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©	 kf7\oj|md ljsf; s]�Gb|

o; kf7\ok':��ts;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 Jofkfl/��s k|of]��hgsf nflu 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= ;+= @)*)
kl/dflh{t ;+:s/0f	 M	 lj= ;+= @)*@

d'b|0f	 M 	 hgs lzIff ;fdu|L s]Gb| ln=
		  ;fgf]l7dL, eStk'/

d"No ?=	 M

kf7\ok':ts;DaGwL kf7ssf s'g} klg k|sf/sf ;'emfj ePdf kf7\oj|md ljsf; s]Gb|, ;dGjo 
tyf k|sfzg zfvfdf k7fOlbgx'g cg'/f]w 5 . kf7saf6 cfpg] ;'emfjnfO{ s]Gb| xflb{s 
:jfut u5{ .
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xfd|f]���� egfO
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 sfo{nfO{ lg/�Gt/�tf lbOFb}� cfPsf]� 5 . ljBfyL{df 
1fgsf]� vf]�hL u/�L l;sfO /� jf:�tljs hLjglar ;DaGw :�yflkt ug]�{, l;4fGt /� Jojxf/�sf]� ;dGjo 
ug]�{, :�jk/�fjlt{t x'Fb}� 1fg, l;k /� IfdtfnfO{ cBfjlws ug]�{ ;Ifdtfsf]� ljsf; x'g' cfjZos 5 . 
ljBfyL{df clwsf/�, :�jtGqtf /� ;dfgtfsf]� k|jw{g ug]�{, :�j:�y hLjgsf]� cEof; ug]�{, tfls{s 
ljZn]�if0f u/�L lg0f{o ug]�{, j}�1flgs ljZn]�if0fsf cfwf/�df JolSt, ;dfh /� /�fi6«sf]� lbuf]� ljsf;df 
;l/�s x'g]� ;Ifdtfsf]� ljsf; klg lzIffn]� ug'{k5{ . ljBfyL{df g}�lts cfr/�0f k|bz{g ug]�{, ;fdflhs 
;b\efjk|lt ;+j]�bgzLn x'g]�, kof{j/�0fLo ;Gt'ngk|lt ;+j]�bgzLn x'g]�, åGå Joj:�yfkg ub}�{ lbuf]� zflGtsf 
nflu k|lta4 /�xg]� ;Ifdtfsf]� ljsf; klg dfWolds txsf]� lzIffaf6 ck]�lIft 5g\ . o; txsf]� 
lzIffaf6 cfw'lgs 1fg, l;k, ;"rgf tyf ;~rf/� k|ljlwsf]� k|of]�u ug]�{, :�jfjnDaL /� Joj;fod'vL 
l;ksf]� cEof; ug]�{, /�fi6«, /�fli6«otf /� /�fli6«o cfbz{sf]� ;Ddfg ug]�{, ;dfh :�jLsfo{ cfr/�0f /� 
sfo{ ;+:�s[ltsf]� cjnDag ug]�{, ;lxi0f'efj /�fVg]� ;Ifdtf ePsf]� gful/�s tof/� ug{]� ck]�Iff /�x]�sf]� 
5 . To:�t}� l;h{gzLn, sNkgfzLn, pBdzLn Pjd\ pRr ;f]�r /� cfbz{df cfwfl/�t Jojxf/� ug]�{, 
;d;fdlos r'gf}�tLx¿sf]� ;kmn Joj:�yfkg ug{]�nufotsf ljz]�iftfn]� o'St :�jfjnDaL, b]�zeSt, 
kl/�jt{gd'vL, lrGtgzLn Pjd\ ;dfj]�zL ;dfh lgdf{0fdf of]�ubfg ug{ ;Sg]� ;Ifdtf;lxtsf]� gful/�s 
tof/� ug'{ dfWolds lzIffsf]� nIo /�x]�sf]� 5 . oxL nIo k"lt{sf nflu dfWolds lzIffsf]� /�fli6«o 
kf7\oj|md k|f¿k, @)&^ sf]� dfu{bz{g l;4fGtcg'¿k ljsf; ePsf]� ljBfno lzIff -sIff (–!)_ 
sf]� kf7\oj|mdcg';f/� tof/� kfl/�Psf]� kf7\ok':�tsnfO{ b]�zsf ljleGg ljBfnodf k/�LIf0f u/�L k|fKt 
k[i7kf]�if0f;d]�t ;dfof]�hg u/�L of]� kf7\ok':�ts tof/� kfl/�Psf]� xf]� .

o; kf7\ok':�tssf]� n]�vgsfo{ 8f= OGb|/�fh pkfWofo, >L ldgf >]�i7, >L hgs/�fh kGt, >L o'j/�fh 
clwsf/�L /� >L njb]�j e6\6af6 ePsf]� xf]� . s]�Gb|sf dxflgb]�{zs >L o'j/�fh kf}�8]�n / >L j}�s'07k|;fb 
cof{nsf ;fy}�, k|f=8f= s[i0feSt dxh{g, 8f= sdnk|;fb cfrfo{, >L k|ldnf avtL, >L pdfgfy 
nD;fn, >L s]�z/�axfb'/� v'nfn, >L x]�/�Da/�fh sF8]�n, >L z}�n]�z axfb'/� k|wfg, >L lrGtfd0fL kGyL, 
>L ;'/�hafa' l3ld/�]�, >L ;'/�]�Gb|hª sfsL{ /� >L ;l~hjgL of]�~hgnufotsf dxfg'efjsf]� ljz]�if 
of]�ubfg /�x]�sf]� 5 . o;sf]� efiff ;Dkfbg >L lrgfs'df/�L lg/�f}�nfaf6 ePsf]� xf]� . o;sf]� snf ;Dkfbg 
>L >Lxl/� >]�i7af6 ePsf]� xf]� . o; ;+:�s/�0fsf]� efiff ;Dkfbg >L k'?iff]�Qd l3ld/�]� /� >L s'df/� 
l3ld/�]� tyf n]�cfp6 l8hfOg >L eStaxfb'/� sfsL{af6 ePsf]� xf]� . o; k':�tssf]� ljsf; sfo{df 
;+nUg ;a}�k|lt kf7\oj|md ljsf; s]�Gb| wGojfb k|s6 u5{ .

kf7\ok':�tsnfO{ lzIf0f l;sfOsf]� dxŒjk"0f{ ;fwgsf ¿kdf lnOG5 . o;af6 ljBfyL{n]�  
kf7\oj|mdåf/�f nlIft ;Ifdtf xfl;n ug{ dbt k'Ug]� ck]�Iff ul/�Psf]� 5 . o; kf7\ok':�tsnfO{ ;s]�;Dd 
lj|mofsnfkd'vL, cg'ejs]�lGb|t, p2]�Zod"ns /� ?lrs/� agfpg]� k|oTg ul/�Psf]� 5 . l;sfO /� 
ljBfyL{sf]� hLjGt cg'ejlar tfbfTDo sfod ub}�{ o;sf]� ;xh k|of]�u ug{ lzIfssf]� e"ldsf ;xhstf{, 
pTk|]�/�s, k|jw{s /� vf]�hstf{sf ¿kdf ck]�Iff ul/�Psf]� 5 . kf7\ok':�tsnfO{ cem}� kl/�is[t kfg{sf 
nflu lzIfs, ljBfyL{, cleefjs, a'l4hLjL Pjd\ ;Dk"0f{ kf7ssf]� ;d]�t dxŒjk"0f{ e"ldsf /�xg]� 
x'Fbf ;Da4 ;a}�sf]� /�rgfTds ;'emfjsf nflu kf7\oj|md ljsf; s]�Gb| xflb{s cg'/�f]�w u5{ .

	 g]��kfn ;/��sf/��
	 lzIff, lj1fg tyf k|ljlw dGqfno
lj= ;+= @)*@ 	 kf7\oj|md ljsf; s]��Gb|
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 j}�1flgs cWoog 
(Scientific Study)

j}�1flgs cWoogdf j}�1flgs tYo, l;4fGt, j}�1flgs df]�8]�n, k|of]�u /� ef}�lts cj:�yf 
;dfj]�z x'G5g\ . j}�1flgs cWoogn]� k|s[ltdf ePsf ljleGg j:�t'x¿sf]� of]�hgfa4 /�  
;ª\\ul7t tl/�sfn]� cWoog u5{ . o;n]� j}�1flgs ljlw, k|fof]�lus jf dfkgof]�Uo k|df0fx¿df 
cfwfl/�t 36gfx¿sf]� cg';Gwfg;d]�t tfls{s ¿kn]� u5{ . k|s[ltdf 36]�sf ljleGg 36gf 
tyf cGj]�if0fdf ljleGg sf/�s tÎjx¿sf]� e"ldsf /�x]�sf]� x'G5 . To;}� u/�L cg';Gwfg tyf 
k|of]�ufTds sfo{df r/�x¿sf]� dxÎjk"0f{ e"ldsf /�x]�sf]� x'G5 . k|of]�ufTds sfo{ ubf{ k|ToIf 
jf ck|ToIf ;DaGw /�fVg]� tÎj, ljz]�iftf jf u'0fnfO{ r/� (variable) elgG5 .

1.1 j}�1flgs cg';Gwfgsf r/�x¿ (Variables of scientific research)

xfdL s'g}� 36gf jf kl/�jt{gnfO{ b]�v]�kl5 Tof]� lsg eof]� < To;sf sf/�s tÎjx¿ s]� s]� 
x'g\ /� ltgLx¿n]� s:�tf]� k|efj kf/�]�sf 5g\ egL hfGg pT;'s x'G5f}�F . o:�tf pT;'stfn]� 
xfdLnfO{ s:�tf]� sfo{ ubf{ glthf s]� x'G5 egL ;xL cg'dfg ug{ ;3fpF5 . pbfx/�0fsf 
nflu udnf jf s/�]�;faf/�Lsf]� s'g}� la?jf cf]�OnfPsf]� b]�lvof]� eg]� xfdL hfGg rfxG5f}�F 
ls of]� lsg cf]�Onfof]� < kfgL sd eP/� xf]� < 3fd a9L eP/� jf cGo s'g}� sf/�0fn]� 
xf]� < pQ/� kQf nufpg xfdL To; la?jfnfO{ 5xf/�L lbP/� x]�5fF}�{, kfgL xfn]�/� x]�5f}�{F jf 
cGo k|of]�u u/�]�/� x]�5f}�{F . o:�tf lsl;dsf pT;'stf jf rf;f]�sf cfwf/�df k|fKt cg'ej 
tyf 1fgaf6 g}� xfdLn]� s]�xL lbg la?jfnfO{ kfgL lbg lal;{Psf]� v08df jf rsf]�{ 3fd 
nfu]�sf j]�nf la?jfsf]� cj:�yf s:�tf]� xf]�nf egL ;xL cg'dfg ug{ ;S5f}�F /� la?jfnfO{ 
arfpg]� pkfo ckgfpg ;S5f}�F .

x/�]�s 36gf jf kl/�jt{gsf sf/�s tÎj /� c;/� x'G5g\ . dflysf]� pbfx/�0fdf kfgLsf]� 
sdL jf 3fdsf]� rsf]�{kgf sf/�s tÎj x'g ;S5 eg]� la?jf cf]�Onfpg' To;sf]� c;/� 
xf]� . s'g}� 36gfsf]� c;/�sf]� dfqf To;sf sf/�s tÎjx¿sf]� kl/�df0fdf e/� k5{,  
h:�t}� M la?jfsf]� 8fF7sf]� s8fkgf (rigidity) sf]� dfqf kfgLsf]� dfqfdf e/� k5{ . To;}�n]� 
s'g}� klg ;xL cg'dfgsf nflu To;sf sf/�s tÎjsf]� dfqf /� c;/�sf]� dfqflarsf]� 
;DaGw yfxf x'g cfjZos x'G5 . of]� ;DaGw j}�1flgs k|of]�uaf6 kQf nufpg ;lsG5 . 

1
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jf:�tjdf Pp6f j}�1flgssf]� sfd g}� k|of]�uåf/�f ljleGg ef}�lts kl/�df0flarsf]� ;DaGw 
:�yfkgf u/�L k|s[ltn]� s;/�L sfd u5{ egL kQf nufpg' xf]� .

lj|mofsnfk 1.1

zLif{s 	M	 /�a/� AofG8sf]� u'n]�nL

;fdu|L	 M	 /�a/� AofG8 -sl/�a 5 ;]�=ld= nfdf]�_, 15 ;]�=ld= sf]� ?n/�, sfuhsf ;fgf 
6'j|mf -sl/�a 2 ;]�=ld= nfdf /� sl/�a 2 ;]�=ld= rf}�8f_, d]�hl/�ª 6]�k

ljlw

1. 	 sfuhsf 6'j|mfnfO{ a]�/�]�/� a]�ngfsf/� agfpg'xf]�;\ /� lardf bf]�afg'{'xf]�;\ . o;n]� 
u'n]�nLdf uf]�nLsf]� sfd u5{ .

2.	 lrqdf b]�vfP em}�F /�a/� AofG8df cfˆgf]� 
Ps xftsf]� a'9Lcf}�Fnf /� rf]�/�cf}�Fnf 
l5/�fpg'xf]�;\ .

3. 	 ca csf]�{ xftn]� clu a]�/�]�sf]� sfuhsf 
6'j|mfnfO{ /�a/� AofG8sf]� b'a}� v08sf lar 
efudf cNemfP/� cfk"mlt/� tfGg'xf]�;\ /� 
/�a/� AofG8nfO{ tGsfpg'xf]�;\ .

4.	 ;fyLnfO{ tkfO{Fsf]� /�a/� AofG8 a]�l/�Psf]� cf}�Fnfb]�lv sfuhsf]� uf]�nL;Ddsf]� b'/�L 
gfKg nufpg'xf]�;\ . tGsfOnfO{ kl/�jt{g u/�]�/� cf}�Fnf /� uf]�nLsf]� b'/�L 4 ;]�=ld= 
agfpg'xf]�;\ /� uf]�nLnfO{ 5f]�l8lbg'xf]�;\ . sfuhsf]� uf]�nL kmflnG5 .

5. 	 sfuhsf]� uf]�nL tkfO{Faf6 slt 6f9f k'Uof]�, gfKg'xf]�;\ .

6. 	 /�a/� AofG8sf]� tGsfO /� uf]�nLn]� kf/� u/�]�sf]� b'/�L tnsf]� tflnsfdf eg'{xf]�;\ .

j|m=;= /�a/� AofG8sf]� tGsfO -;]�=ld=_ uf]�nLn]� kf/� u/�]�sf]� b'/�L -ld=_

1. 4
2. 6
3. 8
4. 10

lrq 1.1
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7.	 ca /�a/� AofG8nfO{ 6 ;]�=ld= tGsfP/� uf]�nL kmfNg'xf]�;\ /� To;n]� kf/� u/�]�sf]� b'/�L 

gfKg'xf]�;\ . To;}� u/�L 8 ;]�=ld= /� 10 ;]�=ld= tGsfP/� kmfNbf uf]�nLn]� kf/� u/�]�sf 

b'/�L gfKg'xf]�;\ .

j}�1flgs cg';Gwfg ubf{ Pp6f ef}�lts kl/�df0fsf]� dfqf kl/�jt{g ul/�G5 /� To;sf]� 

kl/�jt{gn]� csf]�{ ef}�lts kl/�df0fdf s:�tf]� kl/�jt{g Nofof]� egL x]�l/�G5, h:�t}� M dflysf 

k|of]�udf /�a/� AofG8sf]� tGsfOnfO{ k6s k6s kl/�jt{g ul/�of]� /� To;n]� sfuhsf]� 

6'j|mfnfO{ kmfn]�sf]� b'/�Ldf cfPsf]� kl/�jt{g x]�l/�of]� . oxfF /�a/� AofG8sf]� tGsfO /� 6'j|mfn]� 

kf/� u/�]�sf]� b'/�L b'a}� ef}�lts kl/�df0f x'g\ t/� logLx¿sf dfg eg]� k|To]�s k/�LIf0fdf km/�s 

km/�s 5g\ . o:�tf ef}�lts kl/�df0fnfO{ cª\u|]�hLdf variable /� g]�kfnLdf r/� elgG5 

lsgls logLx¿sf]� dfg kl/�jt{gzLn 5 . cyf{t\ cg';Gwfgsf j|mddf kl/�jt{g x'g]� jf 

x'g ;Sg]� tÎjx¿ -ef}�lts kl/�df0fx¿_ g}� To; cg';Gwfgsf r/� x'g\ . dflysf k|of]�udf 

/�a/� AofG8sf]� tGsfO /� sfuhn]� kf/� u/�]�sf]� b'/�L To; k|of]�usf r/�x¿ x'g\ . To;}� u/�L 

pSt k|of]�udf /�a/� AofG8sf]� df]�6fO tyf sfuhsf 6'j|mfsf]� ;fOh klg kl/�jt{g ug{ 

;lsGYof]� . To;}�n]� tL klg o; cg';Gwfgsf r/�x¿ x'g\ .

k|To]�s r/�sf]� gfd x'G5 /� n]�Vg ;lhnf]� xf]�;\ eg]�/� ltgLx¿nfO{ k|tLsfTds lrx\g 

-symbol_ lbOG5 . r/�x¿ larsf]� ;DaGwnfO{ ul0ftLo ;"qsf ¿kdf k|:�t't ul/�G5, 

h:�t}� M dflysf]� k|of]�usf nflu /�a/� AofG8sf]� tGsfO -e_ /� sfuhn]� kf/� u/�]�sf]� b'/�L 

-x_ sf]� ;DaGwnfO{ x ∝ e n]� hgfOG5 .

r/�sf k|sf/� (Types of variables)

r/�x¿nfO{ k|foM tLg k|sf/�df juL{s/�0f ul/�G5Ù :�jtGq r/� (independent variable), 
cfl>t r/� (dependent variable) /� lgolGqt r/� (controlled variable) .

-s_ :�jtGq r/� (Independent variable)

j}�1flgs k|of]�u jf cg';Gwfg ubf{ k|of]�ustf{n]� s'g}� Ps r/�sf]� dfqfnfO{ lglZrt 

kl/�df0fdf kl/�jt{g u5{ /� To;n]� csf]�{ r/�df NofPsf]� kl/�jt{gnfO{ gfK5 . 

k|of]�ustf{n]� u/�]�sf]� kl/�jt{g sf/�s tÎj xf]� eg]� csf]�{ r/�df cfkm}�F cfPsf]� kl/�jt{g  

c;/� xf]� .
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dflysf]� k|of]�udf /�a/� AofG8sf]� tGsfOn]� ubf{ sfuhsf]� 6'j|mf kmflnG5 . To;}�n]� /�a/� 
AofG8sf]� tGsfO sf/�s tÎj xf]� eg]� sfuhsf]� 6'j|mfn]� kf/� u/�]�sf]� b'/�L To;sf]� c;/� 
xf]� . /�a/� AofG8nfO{ slt tGsfpg]�]� eGg]� lg0f{o ug{ k|of]�ustf{ :�jtGq x'G5, cyf{t\ 
p;n]� rfx]�sf]� dfg /�fVg ;S5 . k|of]�ustf{n]� dfg lgwf{/�0f ug{ ;Sg]� r/�nfO{ :�jtGq 
r/� (independent variable) elgG5 . lj|mofsnfk 1.1 df /�a/� AofG8sf]� tGsfO 
:�jtGq r/� xf]� .

k|of]�ustf{n]� k|of]�ufTds sfo{ ubf{ k|of]�u ug]�{ kIf;Fu ;DalGwt sf/�s tÎjx¿ :�jtGq 
r/� x'g\, h:�t}� M la?jfsf]� j[l4 ljsf;df dn, k|sfz /� kfgLsf]� dfqf :�jtGq r/� x'g\ .

-v_ cfl>t r/� (Dependent variable)

k|of]�u 1.1 df sfuhsf 6'j|mfn]� kf/� ug]�{ b'/�L k|of]�ustf{n]� k|ToIf lgwf{/�0f ug{ ldNb}�g . 
of]� t /�a/� AofG8sf]� tGsfOsf]� dfqfdf e/� k5{ . To;}�n]� o:�tf]� r/�nfO{ cfl>t r/� 
(dependent variable) elgG5 . t;y{ cfl>t r/� eg]�sf]� To:�tf]� r/� xf]� h;sf]� 
dfg c¿ r/�sf]� dfgdf lge{/� /�xG5 /� k|of]�ustf{n]� k|ToIf lgwf{/�0f ug{ ldNb}�g, h:�t}� M 
lj|mofsnfk 1.1 df sfuhsf]� uf]�nLn]� kf/� ug]�{ b'/�L cfl>t r/� xf]� . To;}� u/�L la?jfsf]� 
j[l4 ljsf;df k|sfzsf]� dfqfn]� kfg]�{ k|efj x]�g'{kbf{ k|sfzsf]� dfqf :�jtGq r/� xf]� eg]� 
la?jfsf]� j[l4 jf prfO cfl>t r/� xf]� .

-u_ lgolGqt r/� (Controlled variable)

s'g}� klg k|of]�u jf cg';Gwfgdf b'O{eGbf a9L r/� x'g ;S5g\ . x/�]�s r/�n]� k|of]�u jf 
cg';Gwfgsf]� glthfnfO{ k|efj kf5{g\ . o;/�L glthfdf cfPsf]� kl/�jt{g s'g r/�sf 
sf/�0fn]� cfPsf]� xf]� eg]�/� ls6fg ug{ ldNb}�g . o:�tf]� cj:�yfdf lgisif{ lgsfNg ufx|f]� 
x'G5 /� o:�tf]� lgisif{sf]� j}�wtf sd x'G5 . To;}�n]� k|of]�usf]� lgisif{nfO{ dfGo agfpg, 
glthfnfO{ ljZj;gLo agfpg /� z'4tf sfod ug{ tf]�lsPsf]� :�jtGq r/� /� cfl>t 
r/�afx]�s cGo r/�nfO{ lgoGq0f ug'{k5{ tfls ltgLx¿n]� glthfdf s'g}� c;/� gkf?g\ . 
k|of]�u ubf{ lgoGq0fdf lnOg]� ePsf]� x'Fbf o:�tf r/�x¿nfO{ lgolGqt r/� (controlled 
variables) elgG5 .

lj|mofsnfk 1.1 df /�a/� AofG8sf]� df]�6fO tyf sfuhsf]� uf]�nLsf]� ;fOh k"/�}� lj|mofsnfkdf 
Pp6}� /�fVg'k5{ . slxn]� Pp6f /�a/� AofG8 t slxn]� csf]�{ ul/�of]� eg]� k|fKt lgisif{ 
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ljZjf; ug{ nfos x'Fb}�g . To;}�n]� of]� lj|mofsnfksf nflu /�a/� AofG8sf]� df]�6fO tyf 
sfuhsf]� ;fOh lgoGq0f ug{'kg]�{ -lgolGqt_ r/� x'g\ . To:�t}� olb xfdL la?jfdf k|sfzsf]� 
k|efjaf/�]� cWoog ub}�{ 5fF}� eg]� k/�LIf0fdf /�flvPsf ;a}� la?jf ;'?df Psgf;]� x'gk5{ . 
cg';Gwfgsf]� cjlwe/� ltgLx¿n]� kfpg]� kfgL, dn, xfjfnufot ;a}�df Ps¿ktf 
sfod ug'{k5{ . To;}�n]� la?jfsf]� ;'?sf]� cj:�yf /� ltgLx¿nfO{ lbOg]� kfgL, dn, xfjf 
cflbsf]� dfqf lgolGqt r/� x'g\ .

To:�t}� olb r'g9'ª\ufsf]� ;txsf]� If]�qkmn /� cDnlarsf]� /�f;folgs k|ltlj|mofsf]� b/�sf]� 
cWoog ub}�{ 5fF}� eg]� k|To]�s k6s k|of]�u ul/�g]� cDnsf]� uf9fkg, dfqf /� r'g9'ª\ufsf]� tf}�n 
pxL x'g'k5{ . o; k|of]�udf ;txsf]� If]�qkmn :�jtGq r/� xf]�, k|ltlj|mofsf]� b/� cfl>t r/� 
xf]� eg]� cDnsf]� uf9fkg, dfqf /� r'g9'ª\ufsf]� tf}�n lgolGqt r/� x'g\ . o:�tf r/�nfO{ 
lgoGq0f ug{sf nflu k|of]�usf]� 9fFrf tof/� ubf{ g}� ljz]�if Joj:�yf ug'{kg]�{ x'g ;S5 .

lj|mofsnfk 1.1 df

:�jtGq r/� M 	 /�a/� AofG8sf]� tGsfO

cfl>t r/� M 	 sfuhsf]� uf]�nLn]� kf/� ug]�{ b'/�L

lgolGqt r/� M 	 /�a/� AofG8sf]� df]�6fO /� sfuhsf]� uf]�nLsf]� ;fOh

r/�sf k|sf/�sf cGo yk pbfx/�0fnfO{ tnsf]� tflnsfdf pNn]�v ul/�Psf]� 5 M

j|m=;= cg''';Gwfgsf]� 
ljifo

:�jtGq r/� -d s]� 
kl/�jt{g u5'{ <_

cfl>t r/�  
-d s]� gfK5' <_

lgolGqt r/� 
-d s]� s]� pxL 
/�fV5' <_

1. Wff/�fsf]� 6'6L 
(Knob) sf]� 
3'dfO /� wf/�faf6 
kfgL aUg]� b/�sf]� 
;DaGw

Wff/�fsf]� 6'6Lsf]� 
3'dfOsf]� dfqf 
-l8u|Ldf_

k|ltldg]�6df 
v;]�sf]� kfgLsf]� 
dfqf -ln6/�df_

kfgLsf]� rfk
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2. ;f]�n]�GjfO8 
-solenoid_ df 
ljB't\ s/�]�G6 
/� r'DasTjsf]� 
;DaGw

ljB't\\ s/�]�G6sf]� 
dfqf -PlDko/�df_

;f]�n]�GjfO8n]� 
tfg]�sf 
lkgx¿sf]�  
;ª\Vof

;f]�n]�GjfO8df 
tf/�sf]� kmGsfsf]� 
;ª\Vof, lkgsf]� 
;fOh

3. lrgLsf]� 3f]�No 
dfqfdf tfksf]� 
c;/�

kfgLsf]� 
tfkj|md -l8u|L 
;]�lN;o;df_

kfgLdf 
k"0f{¿kdf 3'Ng 
;Sg]� lrgLsf]� 
dfqf -u|fddf_

kfgLsf]� dfqf 
-;w}�F ;o u|fd_

4. d'6'sf]� w8\sgdf 
s;/�tsf]� k|efj

s;/�t ug]�{ ;do 
-ldg]�6df_

Ps ldg]�6df d'6' 
w8\sg]� ;ª\Vof

s;/�tsf]� 
lsl;d, 
s;/�tsf]� 
cGTo /� w8\sg 
gfksf]� yfngLsf]� 
cGt/�fn

r/�;DaGwL Wofg lbg'kg]�{ kIfx¿

1. 	 Pp6f k|of]�u jf cg';Gwfgdf Pp6f dfq :�jtGq r/� x'g'k5{ .

2. 	 Pp6f k|of]�u jf cg';Gwfgdf Pp6f dfq cfl>t r/� x'g'k5{ .

3. 	 5flgPsf]� :�jtGq /� cfl>t r/�afx]�ssf r/�nfO{ lgoGq0f ug{'k5{ .

4.	 r/�x¿sf ;DaGwnfO{ ul0ftLo ;dLs/�0fdf n]�Vbf k|foM cfl>t r/�nfO{ ;dLs/�0fsf 
afofFk6\l6 /� :�jtGq r/�nfO{ bfofFk6\l6 /�flvG5 . To;}�n]� slxn]�sfxLF :�jtGq r/�nfO{ 
bfofF jf bflxg]� r/� /� cfl>t r/�nfO{ afofF jf b]�a]�| r/� klg eGg]� ul/�G5, h:�t}� M 
rfndf /�x]�sf j:�t'n]� kf/� ug]�{ b'/�L ;do;Fu s;/�L kl/�jt{g x'G5 egL cWoog 
ul/�Psf]� xf]� eg]� ltgLx¿sf]� ;DaGwsf]� ul0ftLo ;dLs/�0f s = vt x'G5 . oxfF b'/�L 
(s) cfl>t r/� xf]� eg]� ;do (t) :�jtGq r/� xf]� /� j]�u (v) lgolGqt r/� xf]� .

5. 	 b'O{ r/�x¿larsf]� ;DaGwnfO{ u|fkmdf k|:�t't ubf{ cfl>t r/�nfO{ ;w}�F y-axis jf 
7f8f]� cIfdf /� :�jtGq r/�nfO{ x-axis jf t]�;f{]� cIfdf /�flvG5 . To;}�n]� cfl>t 
r/�nfO{ 7f8f]� r/� /� :�jtGq r/�nfO{ t]�;f]�{ r/� klg eGg]� ul/�G5 . cfl>t r/�nfO{ 
y r/� /� :�jtGq r/�nfO{ x r/� eGg klg ldN5 . u|fkmn]� hlxn]� klg :�jtGq r/�sf]� 
kl/�jt{gn]� cfl>t r/�df s:�tf]� kl/�jt{g kf5{ egL b]�vfpF5 .
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1.2 PsfOsf k|sf/� (Types of units)

ef}�lts kl/�df0fsf PsfO x'G5g\ . ef}�lts kl/�df0fsf PsfOnfO{ b'O{ k|sf/�df juL{s/�0f 
ug{ ;lsG5 M

1. 	 cfwf/�e"t PsfO (fundamental unit)

2. 	 tThGo PsfO (derived unit)

cfwf/�e"t PsfO (Fundamental unit)

cfˆgf]� :�jtGq cl:�tTj ePsf cyf{t\ c¿ PsfOdf lge{/� g/�xg]� /� c¿ PsfOdf 
6'S|ofpg g;lsg]� gfksf PsfO cfwf/�e"t PsfO x'g\, h:�t}� M lk08sf]� PsfO lsnf]�u|fd 
(kilogram) xf]� . ;dosf]� PsfO ;]�s]�G8 (second) xf]� . To:�t}� nDafOsf]� PsfO ld6/� 
(meter) xf]� . SI k|0ffnLdf hDdf 7 cf]�6f cfwf/�e"t PsfO 5g\, tL lgDgfg';f/� 5g\ M

j|m=;= ef}�lts kl/�df0f PsfOsf]� gfd ;ª\s]�t

1. nDafO (length) ld6/� (meter) m

2. lk08 (mass) lsnf]�u|fd (kilogram) kg

3. ;do (time) ;]�s]�G8 (second) s

4. tfkj|md (temperature) s]�lNeg (kelvin) K

5. k|sfzsf]� tLj|tf (luminous 
intensity)

SofG8]�nf (candela) cd

6. wf/�f ljB't\\ (electric current) PlDko/� (ampere) A

7. kbfy{sf]� kl/�df0f (amount of 
substance)

df]�n (mole) mol

tThGo PsfO (Derived unit)

cfˆgf]� :�jtGq cl:�tTj gx'g]� cyf{t\ b'O{ jf b'O{eGbf a9L cfwf/�e"t PsfOsf]� ;+of]�hgaf6 
lgdf{0f ug{ ;lsg]� PsfO tThGo PsfO x'g\, h:�t}� M 3gTjsf]� PsfO lsu|f÷3=ld= 
(kg/�m3) xf]� . o;df b'O{cf]�6f cfwf/�e"t PsfO lsnf]�u|fd (kg) /� ld6/� (m) ;dfj]�z 
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5g\ . o;/�L g}� ansf]� PsfO kgms-2 xf]�, h;df lsnf]�u|fd (kg), ld6/� (m) /� ;]�s]�G8 
(s) u/�L 3 cf]�6f cfwf/�e"t PsfO ;dfj]�z 5g\ . b}�lgs k|of]�udf kgms-2 eGg ufx|f]� 
x'g]� ePsfn]� of]� ld>0fnfO{ Go'6g -N_ gfd lbOPsf]� 5 . To;}�n]� N = kgms-2 x'G5 . 
To:�t}� rfksf]� PsfO kf:�sn -Pa_ xf]� /� of]� PsfO a/�fa/� kgm-1s-2 x'G5 . o;/�L y'k|}� 
tThGo kl/�df0fsf PsfOnfO{ ljlzi6 gfd lbOPsf]� 5 eg]� sltko kl/�df0fsf xsdf 
cfwf/�e"t PsfOsf]� ld>0fnfO{ g}� k|of]�u ul/�G5, h:�t}� M 3gTjsf]� PsfO kgm-3 g}� xf]� .

tThGo PsfOsf s]�xL pbfx/�0fnfO{ tflnsfdf lbOPsf]� 5 M

kl/�df0f ;"q 
;"qsf cfwf/�df 

cfwf/�e"t PsfOsf]� 
;+of]�hg

;+nUg 
cfwf/�e"t 
PsfO

tThGo 
PsfO

If]�qkmn (area) nDafO (l) × rf}�8fO (b) meter × meter m2 m2

cfotg 
(volume)

nDafO (l) × rf}�8fO (b) × 
prfO (h)

meter × meter × 
meter

m3 m3

3gTj 
(destiny)

lk08 (mass)

cfotg (volume)

kilogram

meter3

kg/m3 kg/m3

ult (velocity) :yfgfGt/0f 
(displacement)

;do (time)

meter

second

m/�s m/�s

k|j]�u (accel-
eration)

ult (velocity) df 
kl/jt{g

;do (time)

meter
second × second

m/s2 m/�s2

an (force) lk08 (mass) ×  
k|j]�u (acceleration)

kilogram × meter
second × second

kg m/�s2 newton (N)

rfk 
(pressure)

an (force)
If]qkmn (area)

(kgm/�s2) /�meter2 kg/�ms2 pascal 
(Pa)

sfo{ (work) an (force) × b'/�L (distance) kgm/�s2× meter kgm2/�s2 joule (J)

;fdYo{ 
(power)

sfo{ (work)

;do (time)

(kgm2/�s2)/�second kgm2/�s3 watt (W)
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df]�d]�G6 
(moment)

an (force) × nDa b'/�L 
(distance)

(kgm/�s2) × meter kgm2/�s2 Nm

cfj[lQ 
(frequency)

1

time

1

s
s-1 Hz

s'g}� klg tThGo PsfO s'g s'g cfwf/�e"t PsfO ldn]�/� ag]�sf]� 5 egL kQf nufpg 
Tof]� ef}�lts kl/�df0fsf]� kl/�efiffsf cfwf/�df ljZn]�if0f ug{ ;lsG5, h:�t}� M

-s_	 If]�qkmnsf]� PsfO ju{ld6/�

If]�qkmn = nDafO × rf}�8fO

=
=

m × m 
m2

To;}�n]� If]�qkmnsf]� PsfO m2 x'G5 . of]� b'O{cf]�6f cfwf/�e"t PsfO ldn]�/� ag]�sf]� 5 .

-v_ 	ansf]� PsfO Go'6g (N)

ansf]� kl/�efiffcg';f/�, F = ma x'G5 .

lk08 -m_ sf]� PsfO kg /� k|j]�u (a) sf]� PsfO ms-2 x'G5 .

To;}�n]� ansf]� PsfO (N) = kgms-2 x'G5 . t;y{ lsnf]�u|fd, ld6/� /� ;]�s]�G8 

h:�tf cfwf/�e"t PsfO ldn]�/� ansf]� PsfO Go'6g ag]�sf]� 5 .

lj|mofsnfk 1.2

tkfO{Fsf]� b}�lgs hLjgdf ljleGg ef}�lts kl/�df0f gfKg k|of]�u ePsf PsfO kQf 

nufpg'xf]�;\ . tL PsfOnfO{ cfwf/�e"t /� tThGo u/�L b'O{ efudf juL{s/�0f u/�L tn 

lbP h:�t}� tflnsf agfO{ eg'{xf]�;\ M

cfwf/�e"t PsfO tThGo PsfO
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cfwf/�e"t /� tThGo PsfOdf ePsf]� km/�snfO{ lgDgfg';f/� k|:t't ug{ ;lsG5 M

cfwf/�e"t PsfO tThGo PsfO

-s_ of]� c¿ PsfOdf e/� kb}�{g . -s_ of]� cfwf/�e"t PsfOdf e/� k5{ .

-v_ cfh;Dd ;ftcf]�6f dfq 
cfwf/�e"t PsfO k|of]�udf cfPsf 
5g\ .

-v_ ;ftcf]�6f cfwf/�e"t PsfOaf6 
w]�/�}� tThGo PsfO lgdf{0f ePsf 
5g\ .

;dLs/�0fsf]� PsfOut ljZn]�if0f (Analysis of unitwise equation)

j}�1flgs cWoogaf6 lgisif{sf ¿kdf ljleGg ;"q /� ;dLs/�0f k|fKt x'G5g\ . o:�tf 
;"q tyf ;dLs/�0fsf]� Ps¿ktf /� j}�wtf To;df ;lDdlnt ef}�lts kl/�df0fsf 
PsfOsf]� ljZn]�if0faf6 hfFr ug{ ;lsG5 . ;dLs/�0f dfGo x'g ;dLs/�0fsf b'a}�k6\
l6sf cfwf/�e"t PsfOdf Ps¿ktf x'g'k5{, h:�t}� M s = v × t ;dLs/�0fsf]� PsfOut 
ljZn]�if0f ubf{ afofFk6\l6sf]� kl/�df0fsf]� cfwf/�e"t PsfO m x'G5 eg]� bfofFk6\l6sf]� 
kl/�df0fsf]� cfwf/�e"t PsfO klg ms-1× s = m g}� x'G5 . To;}�n]� of]� ;dLs/�0f dfGo  
x'G5 .

olb s;}�n]� s = v/�t egL bfaL u/�]�sf]� v08df PsfOut ljZn]�if0f ubf{ ;dLs/�0fsf]� 
afofFk6\l6sf]� kl/�df0fsf]� cfwf/�e"t PsfO m x'G5 eg]� bfofFk6\l6sf]� kl/�df0fsf]� 
cfwf/�e"t PsfO ms-1/�s =ms-2 x'G5 . afofFk6\l6sf]� kl/�df0fsf]� cfwf/�e"t PsfO /� 
bfofFk6\l6sf]� kl/�df0fsf]� cfwf/�e"t PsfOdf Ps¿ktf gePsf]� x'Fbf of]� ;dLs/�0f dfGo  
x'Fb}�g .

ef}�lts kl/�df0fsf]� hf]�8, 36fp klg cfwf/�e"t PsfO Pp6}� eP dfq ;Dej x'G5,  
h:�t}� M u + v ;Dej x'G5 lsgls u /� v b'a}�sf cfwf/�e"t PsfO m/s x'G5 .  
To:�t}�, s - at2 klg ;Dej x'G5 lsgls s sf]� cfwf/�e"t PsfO m xf]� eg]� at2 nfO{ 
PsfOut ljZn]�if0f ubf{ o;sf]� cfwf/�e"t PsfO klg m g}� x'G5 . t/� s + at ;Dej 
x'Fb}�g lsgls s sf]� cwf/�e"t PsfO m xf]� eg]� at sf]� cfwf/�e"t PsfO ms-1 x'G5 . 
cfwf/�e"t PsfOdf Ps¿ktf gePsf]� x'Fbf ltgLx¿nfO{ hf]�8\g ldNb}�g .



lj1fg tyf k|ljlw M sIff !) 11

pbfx/�0f M PsfOut ljZn]�if0f u/�L tn lbOPsf ;dLs/�0fsf]� dfGotf k/�LIf0f ug'{xf]�;\ M

(i)	 v2 = u2+2as

ca,

cyf{t\, (ms-1)2 = (ms-1)2 + ms-2 × m 	 [cª\s 2 sf]� PsfO x'Fb}�g]�

of]� ;dLs/�0fdf PsfOsf]� Ps¿ktf 5 . To;}�n]� of]� ;dLs/�0f dfGo x'G5 .

(ii)	 s = ut+ ½ a2t

cyf{t\, m = ms-1 × s + (ms-2)2 × s

jf, 	 m = m + m2s-3

of]� ;dLs/�0fdf PsfOsf]� Ps¿ktf 5}�g . To;}�n]� of]� ;dLs/�0f dfGo x'Fb}�g . 

ef}�lts ;dLs/�0fsf]� z'4tf (accuracy) k|dfl0ft ug{, ef}�lts kl/�df0flarsf]� 
cGt/�;DaGw kQf nufpg, ljleGg gfksf k|0ffnLx¿df PsfOsf]� ¿kfGt/�0f ug{ 
;dLs/�0fsf]� PsfOut ljZn]�if0fsf]� cfjZostf k5{ .
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cEof;

1. 	 tnsf k|Zgsf]� ;xL ljsNk 5gf]�6 ug'{xf]�;\ M

-s_	 tnsf dWo]� s'g cfwf/�e"t PsfO xf]� <

	 -c_ Go'6g 		  -cf_ kf:�sn

	 -O_ lsnf]�u|fd 		  -O{_ h'n

-v_	 lbOPsf dWo]� s'g ef}�lts kl/�df0fsf]� PsfO ms-1 x'G5 <

	 -c_ k|j]�u			   -cf_ ult

	 -O_ an			   -O{_ 3gTj

-u_	 tnsf dWo]� s'g tThGo PsfO xf]� <

	 -c_ SofG8]�nf 		  -cf_ PlDko/�

	 -O_ h'n 			   -O{_ s]�lNeg

-3_ 	tnsf dWo]� s'g cfwf/�e"t PsfOsf]� ;d"xn]� ansf]� PsfO Go'6g (N) 
tThGo PsfO hgfpF5 <

(i) kgms-2		  (ii) kgm2s-2

(iii) kgm-2 s-2		  (iv) kgms-1

2. 	 sf/�0f lbg'xf]�;\ M

-s_ sfo{sf]� PsfO h'n tThGo PsfO xf]� .

-v_ k|of]�u ubf{ s]�xL r/�x¿nfO{ lgoGq0f ug{'k5{ .

-u_ v2 = ut x'Fb}�g .

3.	 km/�s n]�Vg'xf]�;\ M

-s_ 	:�jtGq /� cfl>t r/�

-v_ 	cfwf/�e"t /� tThGo PsfO
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4. 	 lbOPsf k|Zgsf]� pQ/� lbg'xf]�;\ M

-s_ 	PsfO eg]�sf]� s]� xf]� <

-v_ 	lk08, tfkj|md, zlSt /� 3gTjsf PsfOx¿ n]�Vg'xf]�;\ .

-u_	 ;dLs/�0fdf PsfOsf]� Ps¿ktf s;/�L hfFr ul/�G5, pbfx/�0f;lxt k|:�6 
kfg'{xf]�;\ .

-3_ 	rfksf]� PsfOdf /�x]�sf cfwf/�e"t PsfOx¿ n]�Vg'xf]�;\ .

-ª_ 	 lbOPsf]� tThGo PsfOdf k|of]�u ePsf cfwf/�e"t PsfO kQf nufpg'xf]�;\ M

-c_ Go'6g (N)		  -cf_ jf6 (W)

-O_ h'n (J)		  -O{_ kf:�sn (Pa)

-r_	 lgefn]� ;fdYo{sf]� ;"q, P = mv2 clg rfksf]� ;"q P = mv/�A x'G5 egL 
bfaL ul/�g\ . PsfOsf]� ljZn]�if0faf6 lgefn]� lbPsf ;"qsf]� dfGotf hfFr 
ug'{xf]�;\ .

-5_	 :�jtGq r/�, cfl>t r/� /� lgolGqt r/�nfO{ pbfx/�0f;lxt JofVof ug'{xf]�;\ .

-h_	 sdf{n]� s]�xL tf/�sf 6'j|mf k|of]�u u/�]�/� Pp6f 8«fO;]�nnfO{ lrddf hf]�8L aQL 
afn]� . pgnfO{ k|of]�u ul/�Psf tf/�sf]� df]�6fOn]� 8«fO;]�nsf]� cfo'nfO{ s;/�L 
c;/� u5{ eg]�/� hfGg dg nfUof]� . o;af/�]� pgn]� ug]�{ k/�LIf0fdf :�jtGq 
r/�, cfl>t r/� /� lgolGqt r/� 5'6\ofpg'xf]�;\ .

-em_	 rfFbgLnfO{ df6fdf ldl;Psf j:�t'n]� la?jfsf]� j[l4df s]� c;/� kf5{ egL 
cg';Gwfg ug{ dg nfUof]� . pgn]� df6fdf r'g, o'l/�of dn, vfg]� g'g /� 
sDkf]�:�6 dnsf]� c;/� hfFRg]� lgwf]� ul/�g\ . To;kl5 af/�Laf6 Ps afN6L 
/�fd|f]� df6f]� NofOg\ /� To;nfO{ /�fd|/�L rflng\ . Tof]� df6fnfO{ 12 cf]�6f 
Ps}�gf;]� udnfdf a/�fa/� /�flvg\ . tLgcf]�6f udnfdf b'O{ b'O{ rDrf r'g, 
csf{]� tLgcf]�6f udnfdf b'O{ b'O{ rDrf o'l/�of dn, csf]�{ tLgcf]�6f udnfdf 
b'O{ b'O{ rDrf vfg]� g'g /� csf]�{ tLgcf]�6f udnfdf b'O{ b'O{ rDrf sDkf]�:�6 
dn xflng\ . To;kl5 ;a}� udnfdf Ps}� gf;sf lap /�f]�k]�/� ;a}�nfO{ 3/�sf]� 
k]�6Lsf]� 3fd nfUg]� 7fpFdf /�flvg\ . k|To]�s lbg ;a}� udnfdf kfgL xflng\ 
/� la?jf pd]�|kl5 b}�lgs k|To]�s la?jfsf]� prfO gfk]�/� clen]�v /�flvg\ .



lj1fg tyf k|ljlw M sIff !)14

-c_	 rfFbgLsf]� k|of]�udf :�jtGq r/�, cfl>t r/� /� lgolGqt r/�  
5'6\ofpg'xf]�;\ .

-cf_	 rfFbgLn]� lsg x/�]�s ld;fj6sf nflu tLg tLgcf]�6f udnf k|of]�u 
u/�]�sL xf]�lng\ <

-`_	 ;'af]�wn]� j:�t'sf]� /�ªn]� p:�fsf]� tfk wf/�0f ug{ ;Sg]� IfdtfnfO{ s;/�L km/�s 
kf5{ egL kQf nufpg rfx]� . To;sf nflu pgn]� rf/�cf]�6f sf]�lgsn 
ˆnfS; lnP /� klxnf]�df sfnf]� Ogfd]�n, bf]�;|f]�df ;]�tf]� Ogfd]�n, t]�;|f]�df 
xl/�of]� Ogfd]�n /� rf}�yf]�df /�ftf]� Ogfd]�n kf]�t]� . To;kl5 k|To]�s ˆnfS;df 
kfgL e/�]�/� ltgLx¿sf]� d'v ss{n]� aGb u/�L 3fddf /�fv]� . s]�xL ;dokl5 
ydf]�{ld6/�sf]� ;xfotfn]� k|To]�s ˆnfS;sf]� kfgLsf]� tfkj|md gfk]� /� l6kf]�6 
u/�]� .

-c_	 ;'af]�wsf]� o; k|of]�udf :�jtGq r/� /� cfl>t r/� 5'6\ofpg'xf]�;\ . ;fy}� 
;'af]�wn]� s'g s'g r/�nfO{ lgoGq0f ug'{knf{, n]�Vg'xf]�;\ .

-6_	 dlgiffnfO{ cfˆgf]� s's'/�sf]� vfgf vfg]� tl/�sf;DaGwL k/�LIf0f ug{ dg 
nfUof]� . pgn]�]� vfgfsf]� dfqf /� vfgf lbg]� ;don]� s's'/�n]� vfgf vfg]� 
ultnfO{ s;/�L km/�s kf5{ egL cWoog ug]�{ ljrf/� ul/�g\ . dlgiffsf]� of]� 
k|of]�usf]� 9fFrfdf s]� uNtL 5 /� To;nfO{ pgn]� s;/�L ;'wfg{ ;lS5g\ <

-7_	 ljB't\\ cj/�f]�wsf]� PsfO cf]�xd\ (Ω) = kg m2 s-3 A-2 x'G5 egL k|dfl0ft 
ug{'xf]�;\ .
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2 hLjx¿sf]� juL{s/�0f 
(Classification of Living Beings)

lrq cjnf]�sg u/�L lgDglnlvt k|Zgdf 5nkmn ug'{xf]�;\ M

 

AofS6]l/of o'lUngf Rofp plgp“ Eofu'tf]

lrq 2.1

-c_	 kfFr hutLo juL{s/�0f k|0ffnLcg';f/� lrqdf lbOPsf hLj s'g s'g hut\\df 
k5{g\ <

-cf_ 	AofS6]�l/�of /� o'lUngf Pscfk;df s;/�L leGg 5g\ <

-O_ 	 Rofp /� plgpFdf /�x]�sf ;dfgtf /� c;dfgtf s]� s]� xf]�nfg\ <

-O{_	 s'g cfwf/�df plgpF /� Eofu'tfnfO{ j|mdzM jg:�klt hut\\ /� hGt' hut\\df 
/�flvPsf]� xf]�nf <

jftfj/�0fdf gfª\uf]� cfFvfn]� b]�Vg g;lsg]� ;"Id hLjb]�lv clt ljzfn An'Xj]�n, xfQL, 
j/�, lkkn h:�tf ljzfn hLj klg kfOG5g\ . oL hLjx¿sf]� sf]�if, zf/�Ll/�s agfj6, 
kf]�if0f ljlw, sf]�ifleQf x'g]� jf gx'g]� cflbsf cfwf/�df Robert Harding Whittaker 
n]� kfFrcf]�6f hut\\df juL{s/�0f u/�]�sf 5g\ . kfFrcf]�6f hut\\dWo]� df]�g]�/�f (monera), 
k|f]�l6:�6f (protista) /� kmGhfO (fungi) hut\\sf af/�]�df sIff 9 d}� 5nkmn ul/�;s]�sf 
5fF}�+ . oL tLgcf]�6f hut\\df kg]�{ hLjsf k|d'v ljz]�iftf Ps k6s oxfF k'gM:�d/�0f  
u/�f}�+F M
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df]�g]�/�fdf kg]�{ ;a}� hLjdf cljsl;t Go'lSno;o'St sf]�if (prokaryotic cell) x'G5 . 
k|f]�l6:�6fdf Pssf]�ifLo hLjx¿ k5{g\ eg]� hut\\ kmGhfOdf sf]�ifleQf ePsf t/� xl/�ts0f 
gePsf d[tf]�khLjL (saprotrophic) hLjx¿ k5{g\ . dfly lbOPsf hLjx¿dWo]� 
AofS6]�l/�of k|f]�Sofl/�of]�l6s (prokaryotic) hLj xf]� . o'lUngf Pssf]�ifLo hLj xf]� . plgpF 
/� Rofpdf sf]�ifleQf x'G5 . Rofpdf xl/�ts0f x'Fb}�g . o;n]� la?jfsf d[t efux¿nfO{ 
ljR5]�bg u/�L cfˆgf]� vfgf k|fKt u5{ . plgpFdf xl/�ts0f x'gfn]� of]� :�jkf]�ifs x'G5 t/� 
Eofu'tfdf xl/�ts0f gx'gfn]� k/�kf]�ifs x'G5 .

Organism

Prokaryotes

Unicellular

Monera

Fungi Plantae

Eukaryotes

Unicellular Multicellular

Protista

with cell wall without cell wall

Animalia
Autotrophic  

Nutrition
Heterotrophic

Nutrition

lrq 2.2 kf“r hut\ juL{s/�0f k|0ffnL

2.1 jg:�klt hut\ (Plantae Kingdom)
lbOPsf lrq cjnf]sg u/L tnsf k|Zgdf 5nkmn ug'{xf];\\ M

	 d;	 plgp“	 SnfdfO8f]df]g;	 ds}	 s]/fp	 ;Nnf]

lrq 2.3
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-c_ 	 lrqdf b]�vfOPsf hLjdf s]� ;dfgtf kfOG5 <

-cf_ 	oL hLjx¿ s'g hut\\df k5{g\ <

-O_ 	 oL hLj kg]�{ hutsf k|d'v ljz]�iftf s]� s]� x'g\ <

-O{_ 	 d; /� plgpFdf s]� leGgtf kfOG5 <

:kfO/f]ufO/f, d;, plgpF, ;Nnf]�, s]�/�fp / ds}� xl/�ts0fo'St xl/�of la?jf x'g\ . oL 
hLjx¿ jg:�klt hut\\cGtu{t k5{g\ . jg:�klt hut\cGtu{t w]�/�}� lsl;dsf la?jf k5{g\ . 
o;cGtu{t Pssf]�ifLob]�lv ax'sf]�ifLo (Multicellular) / xl/�ts0f (chlorophyll) 
ePsf la?jfx¿ k5{g\ . logLx¿sf]� sf]�ifdf x'g]� sf]�if leQf ;]�n'nf]�h (cellulose) n]� 
ag]�sf]� x'G5 . logLx¿ :�jkf]�lift (autotrophs) x'G5g\ . oL jg:�kltx¿dWo]� s'g}� km"n 
km'Ng]� /� s'g}� km"n gkm'Ng]� x'G5g\ . SnfdfO8f]�df]�g;, d;, plgpFF h:�tf la?jfdf km"n 
km'Nb}�g . ;Nnf]�, s]�/�fp, ds}� h:�tf la?jfx¿df km"n km'N5 . agfj6sf cfwf/�df jg:�klt 
hut\df kg]�{ la?jfx¿nfO{ cNuL (Algae), a|fof]�kmfO6f (Bryophyta) /� 6«flsof]�kmfO6f 
(Trachaeophyta) u/�L d'Vo tLg l8lehg (division) df juL{s/�0f ul/�Psf]� 5 .

1. cNuL (Algae)

lj|mofsnfk 2.1 cNuLsf]� cWoog

p2]�Zo M cNuLsf ljz]�iftfsf]� klxrfg ug'{

cfjZos ;fdu|L M af]�tn, 8«k/�, Unf; :�nfO8, kfgL;lxtsf]� se/� l:�nk (Cover 
slip), ;"Idbz{s oGq

ljlw

-c_	 glhs}�sf]� kf]�v/�L jf cf]�l;nf]� 7fpFaf6 kfgL;lxtsf]� cNuL af]�tndf ;ª\sng 
ug'{xf]�;\ .

-cf_	 8«k/�sf]� ;xfotfn]� af]�tnaf6 Ps yf]�kf kfgL;lxt cNuLnfO{ :�nfO8df /�fVg'xf]�;\ .

-O_	 cNuL /�fv]�sf]� efunfO{ se/�l:�nkn]� 5f]�Kg'xf]�;\ .

-O{_	 ;"Idbz{s oGqsf]� ;xfotfn]� :�nfO8df /�fv]�sf]� cNuL cjnf]�sg ug'{xf]�;\ .

-p_	 cjnf]�sgkl5 pSt cNuLsf]� agfj6sf]� lrq lvRg'xf]�;\ .

-pm_	 cjnf]�sgsf cfwf/�df pSt cNuLsf ljz]�iftf 5nkmn ug'{xf]�;\ .
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lgisif{

tnsf lrqsf]� cjnf]�sg u/�L ljz]�iftf klxrfg ug'{xf]�;\ M

	 :�kfO/�f]�ufO/�f 	 eNeS;	 ˆo's;

lrq 2.4

lrqdf b]�vfOPsf :�kfO/�f]�ufO/�f, eNeS;, ˆo's; cflb la?jfx¿df h/�f sf08 /� kft 
5'6\ofpg ;lsFb}�g . oL la?jfsf]� z/�L/�nfO{ yfn; (thallus) elgG5 . oL la?jfsf]� 
sf]�ifdf sf]�ifleQf /� Snf]�/�f]�lkmn x'G5 . To;}�n]� oL la?jfx¿ l8lehg cNuLcGtu{t 
k5{g\ . o; l8lehgcGtu{t kg]�{ la?jfsf ljz]�iftf lgDgfg';f/� 5g\ M

-s_ 	oL jg:�kltx¿ Pssf]�ifLo tyf ax'sf]�ifLo x'G5g\ .

-v_	 oL la?jfdf Snf]�/�f]�lkmn (chlorophyll) x'g]� x'gfn]� logLx¿ :�jkf]�lift x'G5g\\ . 
logLx¿n]� :�6fr{sf]� (starch) ¿kdf vfgf hDdf u5{g\ .

-u_	 sf]�if leQf (cell wall) ;]�n'nf]�hn]� ag]�sf]� x'G5 .

-3_	 d}�y'lgs jf cd}�y'lgs lsl;dsf]� k|hgg u5{g\ .

-ª_	 oL jg:�kltx¿ kf]�v/�L, gbL, ;d'b| /� cf]�l;nf]� 7fpFdf kfOG5g\ .

h:�t}� M :�kfO/�f]�ufO/�f (Spirogyra), o'nf]�ly|S; (Ulothrix), ˆo's; (Fucus) cflb .

2. a|fof]�kmfO6f (Bryophyta)

lj|mofsnfk 2.2 d; (moss) sf]� cjnf]�sg 

p2]�Zo M a|fof]�kmfO6fsf ljz]�iftf klxrfg ug{' 

cfjZos ;fdu|L M d;, lg8n (needle), rf6{k]�k/� 
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ljlw

-c_	 d;sf]� la?jf lng'xf]�;\ . 

-cf_	 o;sf ljleGg efusf]� cjnf]�sg u/�L Kflxrfg ug'{xf]�;\ .

-O_	 cjnf]�sgsf cfwf/�df o;sf ljz]�iftf l6kf]�6 ug'{xf]�;\ .

-O{_	 cjnf]�sgsf cfwf/�df rf6{k]�k/�df o;sf]� ;kmf lrq sf]�g'{xf]�;\ .

-p_	 OG6/�g]�6sf]� ;xof]�udf o;sf cGo ljz]�iftf klg vf]�hL ug'{xf]�;\ .

-pm_	 k|ToIf cjnf]�sg /� OG6/�g]�6df u/�]�sf]� vf]�hLsf cfwf/�df d;nfO{ cfwf/� dfgL 
a|fof]�kmfO6fsf ljz]�iftf sIffdf k|:�t't ug'{xf]�;\ .

-C_	 5nkmnsf cfwf/�df a|fof]�kmfO6fsf ljz]�iftfsf]� ;"rL tof/� ug'{xf]�;\ .

lgisif{

tnsf lrq cjnf]�sg u/�L ljz]�iftf klxrfg ug'{xf]�;\ M

	 dfs]�{lG;of	 d;	 l/�l;of 

lrq 2.5

lrqdf lbOPsf dfs]�{lG;of (Marchantia), d; (moss) / l/�l;of (Riccia) cNuLeGbf 
s]�xL ljsl;t x'G5g\ . oL la?jf xl/�of x'G5g\ . dfs]�{lG;ofsf]� z/�L/� yfn; (thallus) 
x'G5 eg]� d;sf]� /�fOHjfO8 (Rhizoid), sf08 /� ;fwf/�0f kft x'G5 . oL la?jf cf]�l;nf]� 
7fpFdf kfOG5g\ . a|fof]�kmfO6fcGtu{t kg]�{ oL la?jfnfO{ d}�y'lgs k|hggsf]� ;dodf 
lgif]�rg x'g kfgL geO{ x'Fb}�g . To;}�n]� logLx¿nfO{ peor/� jg:�klt (amphibian 
plant) elgG5 . a|fof]�kmfO6fcGtu{t kg]�{ jg:�kltsf ;fdfGo ljz]�iftf lgDgcg';f/� 5g\ M

-s_	 oL jg:�klt ax'sf]�ifLo x'G5g\ .

-v_	 logLx¿ :�jkf]�lift (autotrophs) x'G5g\ .
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-u_	 s'g}� la?jfsf]� z/�L/� yfn; x'G5 eg]� s'g}� la?jfsf]� z/�L/� /�fOHjfO8, sf08 /� 
;fwf/�0f kftdf ljeflht x'G5 .

-3_	 logLx¿ cf]�l;nf]� Pjd\ lr;f]�]� 7fpFdf kfOG5g\ .

-ª_	 Uofd]�6f]�kmfO6 cj:�yfdf efn]� /� kf]�yL la?jf 5'6\6f5'6\6}� x'G5g\ . efn]� la?jfn]� 
PGy]�l/�l8od (Antheridium) df efn]� Uofd]�6 pTkfbg u5{ . kf]�yL la?jfn]� 
cfls{uf]�lgod (Archegonium) df kf]�yL Uofd]�6 pTkfbg u5{ . To;}�n]� of]� 
cj:�yfnfO{ Uofd]�6f]�kmfO6 elgG5 . PGy]�l/�l8oddf /�x]�sf]� efn]� Uofd]�6 kfgLsf 
dfWodåf/�f kf]�yL la?jfsf]� cfls{uf]�lgod;Dd k'uL ToxfF /�x]�sf]� kf]�yL Uofd]�6 jf 
cf]�ed;Fu lg;]�rg eO{ hfOuf]�6 aG5 . pSt hfOuf]�6sf]� cª\s'/�0f eP/� :�kf]�/�f]�kmfO6 
cj:�yfsf ¿Kfdf ljsf; x'G5 . :�kf]�/�f]�kmfO6df /�x]�sf]� :�kf]�/� dft[sf]�ifsf]� ldof]�l;; 
sf]�if ljefhg eP/� XofKnf]�O8 :�kf]�/� pTkfbg x'G5 . To;}�n]� :�kf]�/� pTkfbg ug]�{ 
of]� cj:�yfnfO{ :�kf]�/�f]�kmfO6 elgG5 .

-r_ 	Pp6f la?jfdf :�kf/�fkmfOl6s (sporophytic) /� Uofd6fkmfOl6s (gametophytic) 
r/�0f Pskl5 csf]�{ u/�L k"/�f x'g]� hLjgrj|mnfO{ cN6/�g]�;g ckm h]�g]�/�]�;G; 
(alternation of generations) elgG5 . logLx¿sf ]� hLjgrj|mdf 
Uofd]�6f]�kmfOl6s h]�g]�/�]�;g (gametophytic generation) nfdf]� cjlwsf]� cyjf 
k|an (dominant) /� :�jtGq (independent) x'G5 .

-5_	 oL la?jfdf ef:�s'n/� tGt' (vascular tissue) x'Fb}�g . To;}�n]� logLx¿n]� prfO 
lng ;Sb}�gg\ . logLx¿ hldgdf km}�lnPsf jf s]�xL ;]�=ld= ;Dd dfq cUnf 
x'G5g\, h:�t}� M dfs]�{lG;of (Marchantia), d; (moss), l/�l;of (Riccia) cflb .

3. 6«flsof]�kmfO6f (Tracheophyta)

lbOPsf lrq cjnf]�sg u/�L ltgLx¿sf]� agfj6 /� ljz]�iftfsf af/�]�df 5nkmn ug'{xf]�;\ M

	 plgp“	 ;fOs;	 s]�/�f	 lkkn

lrq 2.6
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lrqdf lbOPsf la?jf plgpF, ;fOs;, s]�/�f, lkkn cflb h/�f, sf08 /� kftdf ljefhg 
x'G5g\ . oL la?jfdf Eff:�s'n/� tGt' hfOnd (xylem) /� ˆnf]�od (phloem) x'G5g\ 
h;n]� kl/�jxgsf]� sfo{ u5{g\ . To;}�n]� oL la?jf l8lehg 6«flsof]�kmfO6fcGtu{t 
k5{g\ . l8lehg 6«flsof]�kmfO6fcGtu{t km"n gkm'Ng]� plgpFF, ;fgf emf/�kft, a'6\ofgb]�lv 
clt 7'nf /� ljsl;t la?jf klg k5{g\ . la?jfsf]� agfj6sf cfwf/�df l8lehg 
6«flsof]�kmfO6fcGtu{t kg]�{ la?jfnfO{ 6]�l/�8f]�kmfO6f, lhDgf]�:�kd{ /� PlGhcf]�:�kd{ u/�L 
tLgcf]�6f ;a l8lehgdf ljefhg ul/�Psf]� 5 h'g lgDgfg';f/� 5g\ M

-s_ 6]�l/�8f]�kmfO6f (Pteridophyta)
lj|mofsnfk 2.3 plgpFFsf]� cjnf]�sg

p2]�]�Zo M plgpFsf]� la?jfsf]� ljz]�iftf klxrfg ug{' 

cfjZos ;fdu|L M plgpFsf]� la?jf, rf6{k]�k/�, ud cflb . 

ljlw

-c_ 	plgpFFsf la?jf h/�f;d]�t pv]�n]�/� Nofpg'xf]�;\ .

-cf_	 o;sf h/�f, sf08 /� kftsf]� /�fd|f]�;Fu cjnf]�sg ug'{xf]�;\ .

-O_	 cjnf]�sgsf cfwf/�df o;sf ljz]�iftf l6kf]�6 ug'{xf]�;\ .

-O{_	 cjnf]�sgsf cfwf/�df rf6{k]�k/�df plgpFFsf]� ;kmf lrq sf]�g'{xf]�;\ .

-p_	 cfkm"n]� tof/� u/�]�sf]� rf6{k]�k/� af]�8{df 6fF;]�/� o;sf ljz]�iftf sIffdf 5nkmn ug'{xf]�;\ .

-pm_	 5nkmnsf cfwf/�df plgpFsf ljz]�iftfsf]� ;"rL tof/� ug'{xf]�;\ .

lgisif{  

	 plgp“ 	 x;{ 6]�n	 Sna d;

lrq 2.7
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plgpFF, Sna d;, x;{ 6]�n h:�tf la?jfdf h/�f, sf08 /� kft :�ki6 b]�lvG5 /� oL la?jfdf 
k"mn km'Nb}�g . oL la?jfsf kftx¿ KjfFv h:�t}� b]�lvG5g\ . ;fdfGotof logLx¿sf]� 
sf08 /�fOhf]�d (rhizome) sf ¿kdf hldgd'lg t]�;f]�{ k/�]�/� /�x]�sf]� x'G5 . ;a l8lehg 
6]�l/�8f]�kmfO6fcGtu{t kg]�{ oL la?jfsf ;fdfGo ljz]�iftf lgDgfg';f/� 5g\ M

-s_	 oL la?jf cf]�l;nf]� /� 5fof k/�]�sf]� 7fpFdf kfOG5g\ .

-v_	 oL la?jfsf]� lap x'Fb}�g t/� h/�f, sf08 /� kft k|:�6;Fu 5'6\l6Psf]� x'G5 . KjfFv 
h:�tf]� kft, sd ljsl;t hldgd'lg kfOg]� sf08 -/�fOhf]�d_ /� ljsl;t h/�f 
x'G5g\ .

-u_	 logLx¿df ef:�s'n/� tGt' -hfOnd /� ̂ nf]�od_ h:�tf hl6n tGt'sf]� ljsf; ePsf]� 
x'G5 .

-3_	 oL la?jfsf]� kftsf]� k5fl8k6\l6 y'k|}� v}�/�f yf]�Knfx¿ x'G5g\, h;nfO{ ;f]�/�L (sori, 
singular:� sorus) elgG5 . ;f]�/�;df /�x]�sf :�kf]�/�flGhodn]� aLhf0f' (spore) 
pTkfbg u5{ . ;a}� kftdf ;f]�/�L gx'g ;S5 . ;f]�/�L x'g]� kftnfO{ :�kf]�/�f]�lkmn 
(sporophyll) /� gx'g]� kftnfO{ 6«f]�kf]�lkmn (Tropophyll) elgG5 . :�kf]�/� pTkfbg 
ug]�{ ePsfn]� oL la?jfnfO{ :�kf]�/�f]�kmfO6 elgG5 .

-ª_	 aLhf0f' (spore) hldgdf em/�]�kl5 cª\s'/�0f eP/� k|f]�Yofn; gfd u/�]�sf]� 
Uofd]�6f]�kmfO6 aG5 . Uofd]�6f]�kmfO6n]� d}�y'lgs k|hggsf nflu efn]� /� kf]�yL b'a}� 
y/�L Uofd]�6 pTkfbg u5{ .

-r_	 logLx¿sf]� hLjgrj|mdf klg cN6/�g]�;g ckm h]�g]�/�]�;G; (alternation of 
generations) x'G5 . oL la?jfx¿df :�kf]�/�f]�kmfOl6s r/�0f k|an /� nfdf]� ;dosf]� 
x'G5 .

plgpF (Fern), lgp/�f]� (Fiddlehead fern), kfgL cdnf (Ground gooseberry), 
nfOsf]�kf]�l8od (Lycopodium), l;nflhg]�nf (Selaginella), 6]�l/�; (Pteris) cflb 
o; l8lehgdf kg]�{ la?jf x'g\ .
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-v_ lhDgf]�:�kd{ (Gymnosperm)

tn lbOPsf lrq cjnf]�sg u/�L 5nkmn ug'{xf]�;\\\ M

	 ;Nnf]�	 w'kL	 ;fOs;

lrq 2.8

-c_ 	oL la?jfdf k"mn km'N5 ls km'Nb}�g <

-cf_ 	oL la?jfsf]� lap sxfF /� s:�tf]� x'G5 <

-O_ 	 c¿ la?jfsf]� eGbf logLx¿sf]� kft s;/�L km/�s x'G5 <

;fOs;, w'kL, ;Nnf]� cflb la?jfnfO{ k"mn km'Ng]� la?jfcGtu{t g}� /�flvG5 t/� 
logLx¿df jf:�tljs k"mnsf]� ;6\6f zª\s' jf sf]�g (cone) x'G5 . kmnljgfsf]� gfª\uf]� 
lap x'G5 . To;}�n]� oL la?jfx¿ ;al8lehg lhDgf]�:�kd{cGtu{t k5{g\ . ;al8lehg 
lhDgf]�:�kd{cGtu{t kg]�{ la?jfx¿sf ljz]�iftf lgDgfg';f/� 5g\ M

-s_	 la?jfsf]� ljsf;j|mddf lhDgf]�:�kd{ lap pTkfbg ug]�{ klxnf]� la?jf xf]� .

-v_	 oL la?jfdf jf:�tljs k"mnsf]� ;6\6f sf]�g (cone) x'G5 . logLx¿df efn]� sf]�g /� 
kf]�yL sf]�g 5'6\6f5'6\6}� x'G5g\ . To;}�n]� logLx¿ Ps lnª\uL (unisexual) x'G5g\ . 
k/�fu;]�rg (pollination) xfjfsf dfWodaf6 x'G5 .

-u_	 zª\s' jf sf]�gdf cf]�e/�L (ovary) x'Fb}�g h;n]� ubf{ kmn nfUb}�g . To;}�n]� lap 
kmnleq geO{ gfª\uf]� (naked) x'G5 .

-3_	 logLx¿sf]� kft nfDrf]� /� l;of]� h:�tf]� ltvf]� x'G5 .

-ª_	 sf08nfO{ aflx/�af6 afSnf]� af]�j|mfn]� 5f]�k]�sf]� x'G5 .

-r_	 k|foM la?jfx¿ 3f]�lK6Psf]� ;f]�nL cfsf/�sf x'G5g\ To;}�n]� logLx¿nfO{ sf]�0fwf/�L 
la?jf (coniferous plants) elgG5 .

-5_	 oL la?jfx¿sf h/�f hldgdf 6f9f;Dd k}�mlnPsf x'G5g\ .
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pbfx/�0f M ;fOs; (Cycas), ;Nnf]� (Pinus), w'kL (Juniper), nf]�7 ;Nnf]� (Himalayan 
yew) / b]�jbf/� ( Himalayan cedar) .

-u_ PlGhcf]�:�kd{ (Angiosperm)

	 af“;	 e6df;

lrq 2.9

e6df;, afF; h:�tf la?jf jf:�tljs k"mn k'mNg]� la?jf x'g\ . logLx¿sf]� lap kmnleq 
x'G5 . To;}�n]� oL la?jfx¿ ;al8lehg PlGhcf]�:�kd{cGtu{t k5{g\ . ;al8lehg 
PlGhcf]�:�kd{cGtu{t kg]�{ la?jfsf ;fdfGo ljz]�iftf lgDgcg';f/� 5g\ M

-s_	 oL la?jfx¿ jg:�klt hut\sf ;a}�eGbf ljsl;t la?jf x'g\ .

-v_	 oL la?jfx¿ kfgL /� hldg ;a}�lt/� kfOG5g\ .

-u_	 oL la?jfx¿df ljsl;t h/�f, sf08, kft, km"n /� kmn x'G5g\ .

-3_	 oL la?jfx¿df jf:�tljs k"mn x'G5g\ . k"mndf cf]�e/�L /� cf]�Eo'n (ovule) b'a}� 
x'G5g\ .

-ª_	 s'g}� la?jf b'O{lnª\uL (bisexual) x'G5g\ eg]� s'g}� Pslnª\uL (unisexual) klg 
x'G5g\ .

-r_	 k/�fu;]�rg xfjf, kfgL, ls/�f tyf hgfj/�sf dfWodaf6 x'G5 .

-5_	 oL la?jfx¿sf]� kmnleq lap x'G5 .

;'Gtnf, ds}�, s]�/�f, wfg, e6df;, kfgLdf kfOg]� hns'DeL, n]�Dgf, lkl:�6of cflb o; 
;al8lehgcGtu{t k5{g\ .
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lapdf kfOg]� aLhkq jf kmSn]�6fsf cfwf/�df PlGhcf]�:�kd{nfO{ PsbnLo (monocotyledon) 
/� b'O{bnLo (dicotyledon) u/�L b'O{cf]�6f ju{ (class) df afFl8Psf]� 5 .

-c_ PsbnLo (Monocotyledon)

lj|mofsnfk 2.4 ds}�sf]� af]�6sf]� cjnf]�sg

p2]�Zo M PsbnLo la?jfdf kg]�{ la?jfx¿sf ljz]�iftf klxrfg ug{'

cfjZos ;fdu|L M ds}�sf]� af]�6, rf6{k]�k/�, ud

ljlw
-c_	 h/�f;d]�tsf]� ds}�sf]� af]�6 Nofpg'xf]�;\ .

-cf_	 o;sf h/�f, sf08, kft, k"mn, kmn /� lapsf]� /�fd|f]�;Fu cjnf]�sg ug'{xf]�;\ .

-O_	 cjnf]�sgsf cfwf/�df o;sf kftdf /�x]�sf g;fx¿sf]� cjl:�ylt, h/�fsf k|sf/�, 
k"mnsf efu /� lapsf ljz]�iftf l6kf]�6 ug'{xf]�;\ .

-O{_	 cjnf]�sgsf cfwf/�df rf6{k]�k/�df ds}�sf]� af]�6sf]� ;kmf lrq sf]�g'{xf]�;\ .

-p_	 cfkm"n]� tof/� u/�]�sf]� rf6{k]�k/� af]�8{df 6fF;]�/� o;sf ljz]�iftf sIffdf 5nkmn ug'{xf]�;\ .

-pm_	 5nkmnsf cfwf/�df ds}�nfO{ cfwf/� dfgL df]�gf]�sf]�l6n]�8gsf ljz]�iftfsf]� ;"rL 
tof/� ug'{xf]�;\ .

wfg
afF; a];f/

hf} s]/f

lgisif{

s]�/�f lrq 2.10
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lrqdf b]�vfOPsf la?jfx¿sf kft nfdf]� /� ;n{Ss k/�]�sf 5g\ . kftdf g;fx¿ 
;dfgfGt/� ¿kdf cjl:�yt 5g\ . oL la?jfsf h/�fx¿ ;a}� a/�fa/� /� Ps}� 7fpFaf6 
lgl:�sPsf e'mKk k/�]�sf 5g\ . To;}�n]� oL la?jfx¿ Snf; df]�gf]�sf]�l6n]�8gcGt{ut k5{g\ . 
o; Snf;cGtu{t kg]�{ la?jfsf ;fdfGo ljz]�iftf lgDgfg';f/� 5g\ M

-s_	 o; ju{cGtu{t kg]�{ la?jfsf kftdf ;dfgfGt/� lz/�fj|md (parallel venation) 
x'G5 .

-v_	 e'mKk k/�]�sf u'R5]� h/�f (fibrous root) x'G5g\ .

-u_	 sf08 cS;/� vf]�j|mf]� (hollow) x'G5 . sf08df lgoldt b'/�Ldf ufF7fx¿ (nodes) 
:�ki6 b]�lvG5g\ . ufF7faf6 xfFuf /� kft lg:�s]�sf x'G5g\ . sf08nfO{ kftsf]� cfj/�0f 
(sheath) n]� 5f]�k]�sf]� x'G5 .

-3_	 hfOnd /� ˆnf]�od tGt' ldn]�/� ag]�sf ef:�s'n/� aG8n (vascular bundle) 
sf08df 5l/�P/� /�x]�sf x'G5g\ .

-ª_	 k"mnsf efux¿ tLg jf tLgsf]� u'0ffª\ssf]� ;ª\Vofdf x'G5 .

-r_	 logLx¿sf]� kmnleq lap x'G5 . lapdf Pp6f dfq kmSn]�6f (cotyledon) x'G5 .

-5_	 logLx¿ kfgL /� hldg ;a}� 7fpFdf kfOG5g\ . ux'F, pv', s]�/�f, hf}�, afF; cflb 
o; Snf;cGtu{t kg]�{ la?jf x'g\ .

-cf_ b'O{bnLo (Dicotyledon)

lj|mofsnfk 2.5 rgfsf]� cjnf]�sg

p2]�Zo M b'O{bnLodf kg]�{ la?jfsf ljz]�iftf klxrfg ug'{ 

cfjZos ;fdu|L M rgfsf]� af]�6, rgfsf]� lap, rf6{k]�k/�, Un' ljlw

-c_	 Pp6f srf}�/�fdf s]�xL rgfsf]� lap lehfpg'xf]�;\ .

-cf_	 lelh;s]�kl5 Pp6f lapsf]� aflx/�L af]�j|mf 5f]�8fpg'xf]�;\ /� To;df sltcf]�6f kmUnF]�6f 
5g\, cjnf]�sg ug'{xf]�;\ /� skLdf l6kf]�6 ug'{xf]�;\ .

-O_	 rgfsf]� h/�f;d]�tsf]� la?jf lng'xf]�;\ . la?jf geP OG6/�g]�6df rgfsf]� la?jf 
vf]�hL cjnf]�sg ug'{xf]�;\ .



lj1fg tyf k|ljlw M sIff !) 27

-O{_	 o;sf h/�f, sf08, kft, k"mn, kmn /� lapsf]� /�fd|f]�;Fu cjnf]�sg ug'{xf]�;\ .

-p_	 cjnf]�sgsf cfwf/�df o;sf kftdf /�x]�sf g;fx¿sf]� cjl:�ylt, h/�fsf k|sf/�, 
k"mnsf efu /� lapsf ljz]�iftf l6kf]�6 ug'{xf]�;\ .

-pm_	 cjnf]�sgsf cfwf/�df rf6{k]�k/�df rgfsf]� af]�6sf]� ;kmf lrq sf]�g'{xf]�;\ .

-C_	 cfkm"n]� tof/� u/�]�sf]� rf6{k]�k/� af]�8{df 6fF;]�/� o;sf ljz]�iftf sIffdf 5nkmn 
ug'{xf]�;\ .

-P_	 5nkmnsf cfwf/�df rgfnfO{ cfwf/� dfgL b'O{bnLo la?jfsf ljz]�iftfsf]� ;"rL 
tof/� ug'{xf]�;\ .

lgisif{

	 tf]�/�L	 e6df;	 ;'Gtnf	 l;dL	 s]�/�fp 

lrq 2.11

lrqdf b]�vfOPsf la?jfx¿ tf]�/�L, s]�/�fp, ;'Gtnf, e6df; /� l;dLsf kft km/�flsnf 
x'G5g\ . kftdf Pp6f d'Vo g;f /� d'Vo g;faf6 zfvf k|zfvfx¿ lgl:�sP/� kftsf]� 
n]�ldgf (lamina) e/�L hfnf]� h:�t}� u/�L k}�mlnPsf x'G5g\ . logLx¿sf]� Pp6f d"n h/�f 
/� cGo zfvf h/�fx¿ x'G5g\ . oL la?jfsf lapdf b'O{cf]�6f kmSn]�6f x'G5g\ . To;}�n]� 
oL la?jf 8fOsf]�l6n]�8g Snf;df k5{g\ . 8fOsf]�l6n]�8gdf kg]�{ la?jfsf ljz]�iftf 
lgDgfg';f/� 5g\ M

-s_ oL ;fgf emf/�kftb]�lv w]�/�}� 7'nf ?v;Ddsf x'G5g\ .

-v_	 logLx¿sf]� d"n h/�f k|0ffnL (tap root system) x'G5 .
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-u_	 sf08 cS;/� vFlbnf]� /� b/�f]� x'G5 . w]�/�}�h;f]� la?jfsf]� sf08df sf7 x'G5 . sf08df 
ufF7fx¿ cS;/� lgoldt b'/�Ldf x'Fb}�gg\ .

-3_	 ef:�s'n/� aG8n sf08leq jl/�kl/� l/�ªsf ¿kdf /�x]�sf x'G5g\ .

-ª_	 kftdf hfnLbf/� lz/�fj|md (reticulate venation) x'G5 . ;/�n (simple) jf 
;+o'St (compound) lsl;dsf]� kft x'G5 . kftsf]� 8fF7 (petiole) x'G5 .

-r_	 k"mnsf efux¿ rf/� jf kfFr jf ltgsf u'0ffª\ssf]� ;ª\Vofdf x'G5g\ . k"mn  
Pslnª\uL (unisexual) jf b'O{lnª\uL (bisexual) x'G5g\ . s'g}�df :�jk/�fu;]�rg 
(self-pollination) x'G5 eg]� s'g}�df xfjf, kfgL, hgfj/� cflbsf dbtn]� 
k/�k/�fu;]�rg (cross-pollination) x'G5 .

-5_	 la?jfsf]� kmnleq lap x'G5 . lapdf b'O{cf]�6f kmUnF]�6f (cotyledons) x'G5g\ .

e6df;, tf]�/�L, s]�/�fp, ;'Gtnf, cfFk, rgf, af]�8L, l;dL, km;L{ cflb o; Snf;cGtu{t 
k5{g\ .

lj|mofsnfk 2.6 la?jfsf]� juL{s/�0f

p2]�Zo M la?jfsf]� juL{s/�0f ug{'

cfjZos ;fdu|L M cfˆgf]� ljBfno /� 3/� j/�k/� kfOg]� ljleGg la?jf

ljlw

-c_	 cfˆgf]� j/�k/� kfOg]� ;;fgf la?jf h/�f;lxt pv]�n]�/� ;ª\sng ug'{xf]�;\ .

-cf_	 7'nf 7'nf la?jfsf kft ;ª\sng ug'{xf]�;\ .

-O_	 sIffsf]�7fdf ;d"x agfO{ ;ª\sng u/�]�sf la?jfsf]� cjnf]�sg ug'{xf]�;\ . ;ª\sng 
u/�L NofOPsf la?jfsf]� h/�f, sf08 /� kftsf]� t'ngfTds cWoog u/�L s'g s'g 
la?jf s'g s'g l8lehg /� Snf;df k5{g\, ;d"xdf 5nkmn u/�L 5'6\ofpg'xf]�;\ .

-O{_	 rf6{k]�k/�df jg:�klt hut\\sf]� juL{s/�0f rf6{ agfO{ cfkm"n]� NofPsf la?jfx¿ 
s'g s'g ;d"xdf k5{g\ eGg]� tYo olsg u/�L pSt ;d"xdf 6fF:�g'xf]�;\ .

-p_	 o;/�L tof/� u/�]�sf]� rf6{k]�k/� sIffsf]�7fsf]� leQfdf 6fF:�g'xf]�;\ .
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kl/�of]�hgf sfo{ 2.1

cfˆgf]� j/�k/� kfOg]� h/�f, sf08, kft, km"n;lxtsf ljleGg la?jf ;ª\sng u/�L xa]�{l/�od 
(Herbarium) tof/� ug'{xf]�;\ .

2.2. hGt' hut\ (Kingdom animalia)

lbOPsf hgfj/�sf lrq x]�/�]�/� 5nkmn ug'{xf]�;\ M

df5f 		  k/�]�jf 	 ufO{

;fOsg u“8\of}�nf]�  ;fª\nf]� :�6f/�lkm;

lrq 2.12

-c_ 	oL hLjx¿ s'g hut\df k5{g\ <

-cf_ 	s]� oL hLjx¿sf]� z/�L/�df /�x]�sf]� sf]�ifdf sf]�ifleQf x'G5 <

-O_	 s'g s'g hLjx¿sf]� z/�L/�df d]�?b08 x'G5 <

-O{_	 :�6f/�lkm; /� df5fdf s]� s]� leGgtf kfOG5 <

-p_	 oL ;a}� hLjnfO{ Pp6}� hut\df /�fVg'sf]� sf/�0f s]� xf]�nf <

oL ;a}� hLjsf]� z/�L/� sf]�ifleQf gePsf ljsl;t Go'lSno;o'St sf]�ifx¿ (eukaryotic 
cells) ldn]�/� ag]�sf]� x'G5 . oL hLjx¿ k/�kf]�ifs x'G5g\ . ;fOsg, uF8\of}�nf,  
;fª\nf]�, :�6f/�lkm;df d]�?b08 x'Fb}�g t/� df5f, 9's'/� /� ufO{df d]�?b08 x'G5 . oL ;a}� 
hLjx¿ hGt' hut\\df k5{g\ . o; hut\\df w]�/�}� lsl;dsf hgfj/�x¿ kfOG5g\ . oL 
hgfj/�x¿ Pscsf{;Fu zf/�Ll/�s agf]�6, cfsf/�, ¿k cflbdf km/�s x'G5g\ . s'g}� 
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hgfj/�sf]� cfGtl/�s cl:�yk~h/� x'G5 eg]� s'g}� hgfj/�sf]� z/�L/�nfO{ s8f cfj/�0fn]� 
9fs]�sf]� x'G5 . s]�xL hgfj/�sf]� z/�L/� ;fwf/�0f agf]�6sf]� x'G5 eg]� s'g}� hgfj/�df 
;Dk"0f{ k|0ffnLsf]� ljsf; ePsf]� x'G5 . o;cGtu{t kg]�{ s]�xL hLjx¿df d]�?b08 xF'b}�g 
ltgLx¿nfO{ OGel6{a]�|6 -invertebrate) elgG5 . d]�?b08 x'g]� hLjx¿nfO{ el6{a|]�6 
-Vertebrate_ elgG5 . kfFr hut\ k|0ffnLcg';f/� hGt' hut\df kg]�{ hLjdWo]� d]�?b08 
gePsf hLjnfO{ kf]�l/�km]�/�f (Porifera), l;n]�G6/�]�6f (Coelenterata), Kn]�l6x]�lNdlGy; 
(Platyhelminthes), lgdfy]�lNdlGy; (Nemathelminthes), Plgln8f (Annelida), 
cfy|f]�{kf]�8f (Arthropoda), df]�n:�sf (Mollusca), OsfOgf]�8df{6f (Echinodermata) 
u/�L cf7cf]�6f kmfOnd tyf gf]�6f]�s8{ (notochord) jf d]�?b08 (vertebral column) 
ePsf hLjnfO{ Pp6f kmfOnd M sf]�8]�{6f (Chordata) u/�L hDdf gf}�cf]�6f kmfOnddf 
juL{s/�0f ul/�Psf]� 5 .

1. kf]�l/�km]�/�f (Porifera)

lbOPsf hgfj/�sf lrq cjnf]�sg u/�L 5nkmn ug'{xf]�;\ M

	 :�kf]�lGhnf	 ;fOsf]�g 	 o':�kf]�lGhof 

lrq 2.13

-c_	 oL hLjx¿ sxfF kfOG5g\ xf]�nf <

-cf_	 oL hLjn]� kf]�if0f /� lgisf;g s;/�L u5{g\ xf]�nf <

-O_	 oL hLj Ps 7fpFaf6 csf]�{ 7fpFdf s;/�L ;5{g\ xf]�nf <

lrqdf lbOPsf :�kf]�lGhnf, ;fOsf]�g /� o':�kf]�lGhof ax'sf]�ifLo hLj x'g\ . oL hLj ;d'b|df 
kfOG5g\ . oL hLjsf]� z/�L/�df w]�/�}� l5b| x'G5g\ . oL l5b|af6 kfgL z/�L/�leq k|j]�z ug]�{ /� 
aflx/� lg:�sg]� u5{ . z/�L/�el/� c;ª\Vo l5b| ePsfn]� logLx¿nfO{ kf]�l/�km]�/�f kmfOnddf 
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/�flvPsf]� xf]� . kf]�l/�km]�/�fG; (poriferans) sf]� cy{ …�l5b}�|l5b| x'g'Ú� eGg]� a'lemG5 . oL hLj 
kfgLleq /�x]�sf c¿ j:�t'df 6fFl;P/� /�x]�sf x'G5g\ . o; kmfOndcGtu{t kg]�{ hLjsf 
;fdfGo ljz]�iftf lgDgcg';f/� 5g\ M

-s_	 kf]�l/�km]�/�f kmfOnddf kg]�{ hgfj/�x¿ klxnf]� ax'sf]�ifLo hLj x'g\ .

-v_	 logLx¿df tGt'sf]� ljsf; ePsf]� x'Fb}�g .

-u_	 logLx¿sf]� z/�L/� e|"0f cj:�yfdf b'O{ txaf6 ljsf; ePsf]� x'G5 . To;}�n]� o; 
;d"xsf]� hgfj/�sf]� z/�L/� l8Knf]�Anfl:�6s (diploblastic) x'G5 .

-3_	 z/�L/�el/� dl;gf l5b|x¿ x'G5g\ h;nfO{ cf]�l:�6of (ostia, singular:� ostium) 
elgG5 . z/�L/�sf]� dflyNnf]� efudf Pp6f 7'nf]� l5b| klg x'G5, h;nfO{ cf]�:�s'nd 
(osculum) elgG5 . z/�L/�df ePsf]� cf]�l:�6ofaf6 kfgLleq k:�5 /� cf]�:�s'ndaf6 
aflx/� lg:�sG5 . o;/�L kfgLleq hfFbf logLx¿n]� kfgLdf ePsf]� clS;hg /� 
vfgfnfO{ ;f]�;]�/� lnG5g\ /� z/�L/�df pTkflbt cgfjZos kbfy{ lgisf;g u5{g\ . 
o:�tf]� Joj:�yfnfO{ jf6/� Sofgn l;:�6d -water canal system_ elgG5 .

-ª_	 logLx¿n]� z/�L/�sf]� ;txaf6 klg ;f; km]�5{g\ .

-r_	 logLx¿ jo:�s cj:�yfdf kfgLleq s'g}� j:�t'df 6fFl;P/� /�x]�sf x'G5g\ .

-5_	 oL hLjdf l/�h]�g]�/�]�;g Ifdtf (regeneration capacity) pRr x'G5 . To;}�n]� 
s'g}� sf/�0fn]� oL hLjsf]� z/�L/� 6'lj|mof]� eg]� pSt 6'j|mfaf6 gofF hLjsf]� ljsf; 
x'G5 .

-h_	 oL hLjdf cd}�y'lgs /� d}�y'lgs b'a}� lsl;dsf]� k|hgg x'G5 . cd}�y'lgs k|hgg 
al8ª /� l/�h]�g]�/�]�;g ljlwaf6 x'G5 . d}�y'lgs k|hggsf nflu logLx¿n]� Uofd]�6 
pTkfbg u5{g\ .

-em_	 logLx¿sf]� z/�L/�nfO{ h'g}� lbzfaf6 sf6\bf klg a/�fa/� b'O{ efudf ljefhg ug{ 
;lsG5 . To;}�n]� k|foM logLx¿sf]� z/�L/�n]� /�]�l8Pn l;d]�6«L -radial symmetry) 
b]�vfpF5g\ cyf{t\ ;fdfGotof logLx¿ /�]�l8oNnL l;d]�l6«sn -radially 
symmetrical_ x'G5g\ .

:�kf]�Gh (Sponge), No'sf]�;f]�n]�lgof (Leucosolenia), xfOnf]�lgdf (Hylonema), lSncf]�gf 
(Cliona) cflb hgfj/�x¿ o; kmfOndcGtu{t k5{g\ .
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2. l;n]�G6/�]�6f (Coelenterata)

lrqdf lbOPsf hgfj/�sf]� cjnf]�sg u/�L 5nkmn ug'{xf]�;\ M

	 xfO8«f	 h]�lnlkm;	 sf]�/�n

lrq 2.14

-c_	 oL hgfj/�sf]� z/�L/�af6 lg:�s]�sf Pk]�G8]�h]�h (appendages) sf]� sfd s]� xf]�nf <

-cf_	 oL hgfj/�n]� s;/�L vfgf k|fKt u5{g\ xf]�nf <

-O_	 oL hLjsf]� z/�L/�sf]� agfj6 s:�tf]� x'G5 xf]�nf <

lrqdf lbOPsf xfO8«f, sf]�/�n /� h]�lnlkm;sf]� z/�L/�af6 lg:�s]�sf Pk]�G8]�h]�hnfO{ 6]�G6fsN; 
(tentacles) elgG5 . oL 6]�G6fSN;n]� oL hLjx¿nfO{ vfg]�s'/�f d'vleq n}�hfg /� rfndf 
cfpg dbt u5{g\ . logLx¿sf]� z/�L/� l/�Qf]� efF8f]� h:�t}� x'G5, To;}�n]� logLx¿ kmfOnd 
l;n]�G6/�]�6fcGtu{t k5{g\ . l;n]�G6]�/�f]�g (coelenteron) sf]� cy{ …�z/�L/�leq /�x]�sf]� sf]�7fÚ� 
eGg]� x'G5 . o; kmfOndcGtu{t kg]�{ hLjsf ;fdfGo ljz]�iftf lgDgcg';f/� 5g\ M

-s_	 o; kmfOnddf kg]�{ hgfj/� ax'sf]�ifLo /� l8Knf]�Anfl:�6s (diploblastic) x'G5g\ .

-v_	 logLx¿ tGt' ljsf; ePsf klxnf]� hgfj/� (first tissue graded animals) 
x'g\ . logLx¿sf]� z/�L/�leq l/�Qf]� efF8f]� h:�tf]� 7fpF x'G5 h;nfO{ l;nG6]�/�f]�g 
(coelenteron) elgG5 . l;n]�G6]�/�f]�gn]� kfrg /� kl/�jxgsf]� sfd u5{, To;}�n]� 
o;nfO{ Uof:�6«f]�ef:�s'n/� Sofle6L -gastrovascular cavity_ klg elgG5 .

-u_	 logLx¿sf]� z/�L/�df Pp6f dfq v'n]�sf]� efu x'G5 h;nfO{ d'v (mouth, or 
hypostome) elgG5 . pSt d'vsf]� jl/�kl/� 6]�G6fsN; (tentacles) x'G5g\ . 
6]�G6fsN;sf]� dbtn]� vfgf d'v;Dd k'¥ofpg]� /� lxF8\8'n ug]�{ u5{g\ . logLx¿sf]� 
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6]�G6fsN;df 8:�g]� sf]�ifx¿ (nematocysts) x'G5g\ h;n]� logLx¿sf]� l;sf/�nfO{ 
8:�g÷dfg{ dbt u5{ .

-3_	 logLx¿n]� z/�L/�sf]� ;txaf6 ;f; k]�m5{g\ .

-ª_	 logLx¿n]� d}�y'lgs /� cd}�y'lgs b'a}� tl/�sfaf6 k|hgg u5{g\ . cd}�y'lgs k|hgg 
al8ª /� l/�h]�g]�/�]�;g ljlwaf6 u5{g\ .

-r_	 oL hgfj/� kf]�v/�L, tfn tyf ;d'b|df kfOG5g\ .

-5_	 logLx¿sf]� z/�L/�n]� /�]�l8on l;d]�6«L (radial symmetry) b]�vfpF5g\ . 

pbfx/�0f M xfO8«f (Hydra), d'uf (coral), h]�lnlkm; (jelly fish) cflb . 

3. Kn]�l6x]�lNdlGy; (Platyhelminthes) 

lbOPsf lrq cjnf]�sg ug'{{xf]�;\ . ;Dej eP oL hLjsf af/�]�df OG6/�g]�6df vf]�Hg'xf]�;\ 
/� tnsf k|Zgx¿sf cfwf/df 5nkmn ug'{xf]�;\ M

	 6]�kjd{	 lne/� ˆn's 	 An8 ˆn's

lrq 2.15

-c_	 lbOPsf hLjx¿sf]� zf/�Ll/�s agfj6 s:�tf]� 5 <
-cf_	 s]� oL hLjx¿df k|0ffnLsf]� ljsf; ePsf]� x'G5 <	
-O_	 oL hLjx¿ sxfF kfOG5g\ <	
-O{_	 logLx¿sf]� kf]�if0f s:�tf]� lsl;dsf]� x'G5 <	

lrqdf lbOPsf hLjx¿ 6]�kjd{, lne/� ˆNo's, An8 ˆNo'ssf]� z/�L/� 6]�k jf kfth:�t}� 
r]�K6f]� x'G5 . oL hLjx¿ clwsf+z k/�hLjL x'g\ . logLx¿ cGo hgfj/�sf z/�L/�df 
cf>o lnP/� a:�5g\ . logLx¿ kmfOnd Kn]�l6x]�lNdlGy;cGtu{t kg]�{ hgfj/� x'g\ . Kn]�l6sf]� 
cy{ …�RofK6f]�Ú� /� x]�lNdlGy;sf]� cy{ …�ls/�fÚ� eGg]� x'G5 . logLx¿sf ;fdfGo ljz]�iftf 
lgDgcg';f/� 5g\ M
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-s_	 logLx¿sf]� z/�L/� kft h:�tf]� r]�K6f]� jf l/�ag h:�tf]� nfdf]� cfsf/�sf]� x'G5 . To;}�n]� 
o; kmfOnddf kg]�{ hgfj/�nfO{ r]�K6f ls/�f elgG5 .

-v_	 logLx¿sf]� z/�L/� e|"0f cj:�yfdf tLg kqaf6 ljsf; ePsf]� x'G5 . To;}�n]� o:�tf 
hgfj/�nfO{ l6«Knf]�Anfl:�6s (triploblastic) elgG5 .

-u_	 z/�L/�sf]� cufl8sf]� efu (anterior part) jf tNnf]� ;tx -ventral surface_ 
df d'v x'G5 t/� dnåf/� -anus_ x'Fb}�g . d'vsf]� jl/�kl/� cª\s'z (hook) x'G5 . 
cª\s'zsf]� dbtn]� cf>o sf]�if (host cell) df 6fFl;P/� a:�5g\ .

-3_	 logLx¿sf]� d'v r';s (sucker) df ¿kfGtl/�t ePsf]� x'G5 h;sf]� dbtn]� /�ut 
/ vfgf ;f]�;]�/� lnG5g\ .

-ª_	 logLx¿df cª\ux¿sf]� ;ª\u7g b]�lvG5 t/� k"0f{ k|0ffnLsf]� ljsf; ePsf]� x'Fb}�g .

-r_	 logLx¿sf z/�L/�sf leQf /� cª\ux¿sf lardf /�x]�sf]� vfnL efu k]�/�]�GsfOdf 
(parenchyma) gfds v's'nf]� ;+of]�hL tGt' (loose connective tissue) n]� 
el/�Psf]� x'G5 . o; tGt'n]� kl/�jxgdf dbt u5{ . t/� /�St;~rf/� k|0ffnL x'Fb}�g .

-5_	 logLx¿n]� z/�L/�sf]� ;txaf6 ;f; km]�5{g\ .

-h_	 logLx¿df efn]� /� kf]�yL k|hgg cª\u b'a}� Pp6}� z/�L/�df x'G5 . To;}�n]� logLx¿nfO{ 
peolnª\uL (hermaphrodite) elgG5 . logLx¿df leqL uef{wfg x'G5 .

-em_	 logLx¿df d}�y'lgs /� cd}�y'lgs b'a}� tl/�sfaf6 k|hgg x'G5 . cd}�y'lgs k|hgg 
|̂ofUd]�G6]�;g (fragmentation) jf l/�h]�g]�/�]�;g (regeneration) ljlwaf6 x'G5 .

-`_	 logLx¿dWo]� w]�/�}�h;f]� leqL k/�hLjL (endoparasite) x'G5g\ eg]� s]�xL :�jtGq 
(free living) x'G5g\ .

pbfx/�0f M lne/�̂n's (Liverfluke), 6]�kjd{ (Tapeworm), l8Knf]�h'g (Diplozoon), 
c6f]�Knfgf (Otoplana), An8 ˆn's -Blood fluke_, Knfg]�l/�of -Planaria_ cflb .
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4. lgdfy]�lNdlGy; (Nemathelminthes)

lbOPsf lrq cjnf]�sg ug'{xf]�;\ /� tnsf k|Zgsf cfwf/df 5nkmn ug'{{xf]�;\ M

	uf]�nf]� h'sf -P:�sfl/�;_	 x'sjd{	 lkgjd{

lrq 2.16

-c_	 s]� tkfO{Fsf k]�6df slxNo}� h'sf k/�]�sf]� 5 <

-cf_	 k]�6df kg]�{ h'sf (Ascaris) sf]� zf/�Ll/�s agfj6 s:�tf]� x'G5 <

-O_	 x'sjd{ /� lkgjd{ sxfF kfOG5g\ <

-O{_	 s]� oL hLjn]� dflg;sf]� z/�L/�nfO{ xflg k'¥ofpF5g\ <

P:�sfl/�;, x'sjd{ /� lkgjd{ k/�hLjL x'g\ . logLx¿n]� dflg;nufot cGo hLjx¿sf]� 
z/�L/�af6 /�ut r';]�/� lnG5g\ . logLx¿sf]� z/�L/� nfdf]� /� uf]�nf]� eO{ b'a}�k6\l6 r'Rrf]� 
k/�]�sf]� x'G5 . logLx¿ lgdfy]�lNdlGy; kmfOnddf k5{g\ . o; kmfOnddf kg]�{ hgfj/�sf 
ljz]�iftf lgDgcg';f/� 5g\ M

-s_	 o; kmfOnddf kg]�{ hgfj/�sf]� z/�L/� nfdf]� /� a]�ngfsf/� eO{ b'a}�k6\l6 r'Rrf]� k/�]�sf]� 
x'G5 .

-v_	 z/�L/�nfO{ b'O{ a/�fa/�L efudf afF8\g ;lsG5 h;nfO{ afOn]�6]�/�NnL l;d]�l6«sn 
(bilaterally symmetrical) elgG5 .

-u_	 logLx¿ l6«Knf]�Anfl:�6s (Triploblastic) x'G5g\ .

-3_	 logLx¿df d'v, dnåf/� /� r';s cª\u;lxtsf]� kfrg k|0ffnL ljsf; ePsf]� 
x'G5 .
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-ª_	 logLx¿df Zjf;k|Zjf; k|0ffnL /� /�St;~rf/� k|0ffnL ljsf; ePsf]� x'Fb}�g .

-r_	 z/�L/�sf]� ;txaf6 ;f; km]�5{g\\ .

-5_	 logLx¿ Pslnª\uL (unisexual) x'G5g\ .

-h_	 logLx¿n]� d}�y'lgs tl/�sfaf6 dfq k|hgg u5{g\ . logLx¿df leqL uef{wfg 
(internal fertilization) x'G5 .

-em_	 logLx¿ k|foMh;f]� k/�hLjL x'G5g\ eg]� s]�xL :�jtGq x'G5g\ . k/�hLjLx¿n]� cGo 
hgfj/�sf]� z/�L/�df /�f]�u lgDTofpF5g\ .

pbfx/�0f M k]�6df kg]�{ h'sf (Ascaris), cª\s';]� h'sf (Hookworm), r'gf{ (Pin 
worm) cflb .

5. Plgln8f (Annelida)

lj|mofsnfk 2.7 uF8\of}�nfsf]� cjnf]�sg

p2]�Zo M kmfOnd Plgln8fsf]� ljz]�iftf klxrfg ug{'

cfjZos ;fdu|L M uF8\of}�nf, lg8n, kmf]�/�;]�k

ljlw

-c_	 Pp6f uF8\of}�nf lng'xf]�;\ . pSt uF8\of}�nfsf]� zf/�Ll/�s agfj6 /�fd|f]�;Fu cjnf]�sg 
ug'{xf]�;\ .

-cf_	 To;sf ljz]�iftf l6kf]�6 ug'{xf]�;\ .

-O_	 yk hfgsf/�Lsf nflu uF8\of}�nfsf af/�]�df OG6/�g]�6df vf]�Hg'xf]�;\ /� ljz]�iftf l6kf]�6 
ug'{xf]�;\ .

-O{_	 rf6{k]�k/�df uF8\of}�nfsf]� ;kmf lrq agfpg'xf]�;\ .

-p_	 rf6{k]�k/� af]�8{df 6fF;]�/� uF8\of}�nfsf ljz]�iftf 5nkmn ug'{xf]�;\ .

-pm_	 5nkmnsf cfwf/�df uF8\of}�nfnfO{ cfwf/� agfO{ kmfOnd Plgln8fsf]� ljz]�iftfsf]� 
;"rL tof/� ug'{xf]�;\ .
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lgisif{

tnsf lrq cjnf]�sg u/�L ltgsf ljz]�iftfdf 5nkmn ug'{xf]�;\ M

	 uF8\of}�nf	 h'sf	 g]�l/�;

lrq 2.17

uF8\of}�Fnf, h'sf /� g]�l/�; lr;f]� cf]�l;nf]� 7fpFdf kfOg]� hgfj/� x'g\ . oL hgfj/�sf]� z/�L/� 
nfDrf]�, 8f]�nf]� /� v08 v08 ldnL ag]�sf]� x'G5 . uF8\of}�nf :�jtGq ¿kdf cf]�l;nf]� df6fdf 
a:�5 . h'sf cf]�l;nf]� 7fpFdf a:�g]� k/�hLjL xf]� . o;n]� el6{a|]�6sf]� /�ut r';]�/� lnG5 . 
oL ;a}� hgfj/� kmfOnd Plgln8fcGtu{t k5{g\ . o; kmfOndcGtu{t kg]�{ hgfj/�sf 
ljz]�iftf lgDgcg';f/� x'G5g\ M

-s_	 o; kmfOnddf kg]�{ hgfj/�x¿sf]� z/�L/� nfDrf]�, 8f]�nf]� /� leq /� aflx/�af6 v08 
v08 ldnL ag]�sf]� x'G5 .

-v_	 z/�L/� afOn]�6]�/�NnL l;d]�l6«sn (bilaterally symmetrical) /� l6«Knf]�Anfl:�6s 
(triploblastic) x'G5 .

-u_	 logLx¿sf]� 5fnf cf]�l;nf]� (moist) x'G5 .
-3_	 logLx¿n]� z/�L/�sf]� ;txaf6 ;f; km]�5{g\ .
-ª_	 lgisf;gsf nflu g]�lk|ml8ofx¿ (nephridia) sf]� ljsf; ePsf]� x'G5 .
-r_	 logLx¿df ljsl;t /�St;~rf/� k|0ffnL x'G5 . /�utdf x]�df]�Unf]�lag x'G5 .
-5_	 ge{ l/�ª -nerve ring_ ;lxtsf]� :�gfo' k|0ffnLsf]� ljsf; ePsf]� x'G5 .
-h_	 logLx¿df ljsl;t kfrg k|0ffnL x'G5 .
-em_	 s]�xL hgfj/� peolnª\uL (hermaphrodite) x'G5g\ eg]� s]�xL Pslnª\uL 

(unisexual) x'G5g\ . h:t} M g]l/; .
-`_	 logLx¿df l/�h]�g]�/�]�;g Ifdtf cTolws x'G5 .
-6_	 logLx¿ cf]�l;nf]� df6f]� /� kfgLdf kfOG5g\ eg]� s'g}� afx\o k/�hLjLsf ¿kdf klg 

kfOG5g\ .

pbfx/�0f M uF8\of}�nf (Earthworm), h'sf (Leech), g]�l/�; (Nereis) cflb .
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6. cfy|f{]�kf]�8f (Arthropoda)

tn b]�vfOPsf hgfj/�sf]� lrq jf ;Dej eP :�k]�l;d]�g cjnf]�sg u/�L 5nkmn ug'{xf]�;\ M

	 k'tnL	 u“u6f]�	 lem“u]� df5f	 Dffs'/�f]�	 vh'/�f]� -;]�lG6k]�8_

lrq 2.18

-c_	 oL hgfj/�sf]� zf/�Ll/�s agfj6df s]� ;dfgtf 5 <

-cf_	 oL hgfj/� sxfF kfOG5g\ <

-O_	 logLx¿sf]� z/�L/�nfO{ 9fs]�sf]� cfj/�0f s]�n]� ag]�sf]� x'G5 <

-O{_	 oL hgfj/�nfO{ lsg cfy|f]�{kf]�8fcGtu{t /�flvPsf]� xf]�nf <

k'tnLn]� kv]�6fsf]� ;xfotfn]� xfjfdf p8]�/� km"n rxf5{ . ;]�lG6k]�8sf w]�/�}� v'6\6f x'G5g\ . 
leFmu]� df5f /� uFu6f]� kfgLleq a:�5g\ . oL hgfj/�x¿df v08 v08 hf]�l8P/� ag]�sf v'6\6f 
x'G5g\ . To;}�n]� oL hgfj/�x¿ kmfOnd cfy|f]�{kf]�8fdf k5{g\ . of]� hGt' hut\sf]� ;a}�eGbf 
7'nf]� kmfOnd xf]� . o; kmfOndcGtu{t kg]�{ hgfj/�x¿df lgDglnlvt ljz]�iftf x'G5g\ M

-s_	 o; kmfOnddf kg]�{ hgfj/�sf]� z/�L/�nfO{ s8f cfj/�0fn]� 9fs]�sf]� x'G5 h;nfO{ afx\o 
c:�yL -exoskeleton_ elgG5 . pSt cfj/�0f sfOl6g (chitin) n]� ag]�sf]� x'G5 . 
z/�L/� afOn]�6]�/�NnL l;d]�l6«sn (bilaterally symmetrical) /� l6«Knf]�Anfl:�6s 
(triploblastic) x'G5 .

-v_	 z/�L/� v08 v08 k/�]�sf]� x'G5 .

-u_	 w]�/�}�h;f]� hgfj/�x¿sf]� z/�L/� 6fpsf]�, 5ftL /� k]�6 -head, thorax, abdomen_ df 
5'6\l6Psf]� x'G5 . kfgLdf a:�g]� hltsf]� 6fpsf]� /� 5ftL hf]�l8P/� l;kmfnf]�yf]�/�fS; 
(cephalothorax) ag]�sf]� x'G5 .

-3_	 6fpsfdf Ps hf]�8L sDkfpG8 cfFvf, PlG6gf /� d'vsf efu (mouth parts) 
x'G5g\ .
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-ª_	 5ftLsf]� efuaf6 v'6\6f lgl:�sPsf x'G5g\ . v'6\6f v08 v08 ldnL ag]�sf x'G5g\ .

-r_	 ;fdfGotof ls/�fx¿ (insects) sf]� 5ftLsf]� efuaf6 b'O{hf]�8f kv]�6fx¿ lgl:�sPsf 
x'G5g\ . t/� s]�xL cfy|f]�{kf]�8df Pshf]�8f /� s]�xLdf kv]�6f g}� x'Fb}�gg\ .

-5_	 efn]� /� kf]�yL 5'6\6f5'6\6}� x'G5g\ . d}�y'lgs k|hgg dfq u5{g\ .

-h_	 5fnf, luN; jf 6«oflsof (Trachea) af6 ;f; km]�5{g\ . hldg, xfjf /� kfgL 
;a}� 7fpFdf kfOG5g\ .

-em_	 logLx¿df /�St;~rf/� k|0ffnL, lgisf;g k|0ffnL, kfrg k|0ffnL, df+;k]�;L k|0ffnL 
/ :�gfo' k|0ffnLsf]� ljsf; ePsf]� x'G5 .

-`_	 logLx¿ hldg, kfgL /� xfjf ;a}�lt/� kfOG5g\ .

7. df]�n:�sf (Mollusca)
tn b]�vfOPsf hgfj/�sf lrq cjnf]�sg u/�L 5nkmn ug'{xf]�;\ M -;Dej eP :�k]�l;d]�gsf]� 
cjnf]�sg ug'{xf]�;\_

	 lrKn]�ls/�f	 zª\v]�ls/�f	 s6nlkm;	 cS6f]�k;

lrq 2.19

-c_	 oL hgfj/�sf z/�L/�df /�x]�sf]� s8f cfj/�0fsf]� sfd s]� xf]�nf <

-cf_	 oL hgfj/�n]� zq' cfPsf]� s;/�L yfxf kfP/� cfˆgf]� z/�L/� cfj/�0fleq l5/�fpF5g\ 
xf]�nf <

-O_	 logLx¿n]� s;/�L rfn b]�vfpF5g\ xf]�nf <

-O{_	 s]� logLx¿sf]� z/�L/�nfO{ a/�fa/� b'O{ efudf ljefhg ug{ ;lsG5 xf]�nf <

lrKn]�ls/�f /� zª\v]�ls/�f cf]�l;nf]� 7fpFdf kfOG5g\ . cS6f]�k; /� s6nlkm; ;d'b|df 
kfOG5g\ . oL hgfj/�sf 6fpsfdf 6]�G6fsN; x'G5 . o;sf]� ;xfotfn]� j/�k/�sf]� 
jftfj/�0fsf af/�]�df hfgsf/�L k|fKt u5{g\ . logLx¿sf]� z/�L/�df df+;k]�zLaf6 ag]�sf 
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v'6\6f x'G5g\ . tL v'6\6fsf ;xfotfn]� logLx¿ lxF8\8'n u5{g\ . To;}�n]� oL hgfj/�x¿ 
kmfOnd df]�n:�sfcGtu{t k5{g\ . o; kmfOndcGtu{t kg]�{ hgfj/�x¿df lgDglnlvt 
ljz]�iftf x'G5g\ M

-s_	 df]�n:�sf kmfOnddf kg]�{ hgfj/�sf]� z/�L/� g/�d (soft) x'G5 .

-v_	 logLx¿sf]� z/�L/� 6fpsf]� (head), le;]�/�n df; (visceral mass), df+;k]�zLn]� 
ag]�sf]� Pp6f v'6\6f ( muscular foot) /� DofG6n (mantle) df ljeflht x'G5 .

-u_	 logLx¿dWo]� w]�/�}�sf]� z/�L/� SoflN;odaf6 ag]�sf]� s8f cfj/�0fn]� 9flsPsf]� x'G5 . 
s'g}� j:�t'df :�k;{ x'g]�lalQs}� s8f cfj/�0fleq z/�L/�nfO{ n'sfpF5g\ .

-3_	 6fpsfdf 6]�G6fsN;sf ;fy}� cfFvf x'G5g\ .

-ª_	 logLx¿sf]� z/�L/�nfO{ a/�fa/� b'O{ efudf ljefhg ug{ ;lsFb}�g . To;}�n]� k|foM 
logLx¿sf]� z/�L/� cl;d]�l6«sn (asymmetrical) x'G5 .

-r_	 df+;k]�zLn]� ag]�sf]� v'6\6fn]� ;txdf lrlKng jf kfgLdf kf}�l8g ;xof]�u u5{ .

-5_	 logLx¿n]� z/�L/�sf]� ;tx jf luN; jf kNdf]�g/�L :�ofs (pulmonary sac) sf 
dbtn]� Zjf;k|Zjf; u5{g\ .

-h_	 logLx¿sf]� z/�L/�df kfrg k|0ffnL, /�St;~rf/� k|0ffnL /� :�gfo' k|0ffnL ljsf; 
ePsf]� x'G5 .

-em_ w]�/�}� hgfj/�x¿ Pslnª\uL (unisexual) x'G5g\ eg]� s]�xL peolnª\uL 
-hermaphrodite_ klg x'G5g\ .

-`_	 logLx¿ hldg /� kfgL b'a}�df kfOG5g\ h;df lrKn]�ls/�f (Slug), zª\v]�ls/�f (Snail), 
cS6f]�k; (Octopus), s6nlkm; (Cuttle fish), l;kL (Unio) cflb k5{g\ .

8. OsfOgf]�8d{]�6f (Echinodermata) 

	 :�6f/�lkm;	 l;So'sDa/�	 l;clr{g 

lrq 2.20
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lrqdf b]�vfOPsf hgfj/�sf]� z/�L/� sfF8]�bf/� cfj/�0fn]� 9fs]�sf]� x'G5 . oL hgfj/�x¿ 
kmfOnd OsfOgf]�8d]�{6fcGtu{t k5{g\ . o; kmfOnddf kg]�{ hgfj/�x¿sf lgDglnlvt 
ljz]�iftf x'G5g\ M

-s_	 z/�L/� sfF8fo'St s8f cfj/�0fn]� 9fs]�sf]� x'G5 . pSt cfj/�0f SoflN;od sfaf]�{g]�6 
jf r'g9'ª\ufn]� ag]�sf]� x'G5 .

-v_	 o; kmfOndf kg]�{ hgfj/�x¿ tf/�f cfsf/�sf, nfDrf]� tyf uf]�nf]� cfsf/�sf x'G5g\ .

-u_	 logLx¿sf]� z/�L/�df :�ki6 6fpsf]� b]�lvFb}�g .

-3_	 logLx¿ l6«Knf]�Anfl:�6s (triploblastic) /� /�]�l8oNnL l;d]�l6«sn (radially 
symmetrical) x'G5g\ .

-ª_	 logLx¿ 6\o'a lkm6 (tube feet) sf]� dbtn]� lxF8\8'n u5{g\ .

-r_	 kfrg k|0ffnL ljsf; ePsf]� x'G5 .

-5_	 luN;sf]� dbtn]� ;f; km]�5{g\ .

-h_	 logLx¿ Pslnª\uL (unisexual) x'G5g\ .

-em_	 logLx¿df d}�y'lgs k|hgg x'G5 .

-`_	 logLx¿df l/�h]�g]�/�]�;g Ifdtf;d]�t x'G5 .

-6_	 o; kmfOnddf kg]�{ ;a}� hgfj/� ;d'b|sf]� g'lgnf]� kfgLdf dfq kfOG5g\ h;df 
:�6f/� lkm; (Star fish), l;clr{g (Sea-urchin), l;So'sDa/� (Sea-cucumber) 
cflb k5{g\ .

kl/�of]�hgf sfo{ 2.2 hLjx¿sf]� ;ª\sng /� juL{s/�0f

lzIfssf]� ;xof]�udf ljBfyL{sf]� ;d"x agfO{ cfˆgf]� ljBfno j/�k/� kfOg]� ;fgf 
hLjx¿sf]� ;ª\sng ug'{xf]�;\ . ;ª\sng ubf{ cfjZos ;fjwfgL ckgfpg'xf]�;\ . 
lzIfssf]� lgb]�{zgsf]� kfngf ug'{xf]�;\ . ;ª\slnt hLjx¿sf]� ;fjwfgLk"j{s cjnf]�sg 
ug'{xf]�;\ . ltgLx¿sf ljz]�iftfsf cfwf/�df juL{s/�0f ug'{xf]�;\ . ;ª\slnt hLjx¿sf 
kmfOndx¿sf af/�]�df l/�kf]�6{ tof/� u/�L sIffdf k|:�t't ug'{xf]�;\ .
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9. kmfOnd sf]�8]�{6f (Chordata)

hGt' hut\\df kg]�{ ;a}�eGbf ljsl;t hgfj/�x¿ o; hut\\df k5{g\ . ;a}� gf]�6f]�s8{ 
x'g]� hgfj/�nfO{ kmfOnd sf]�8]�{6fdf /�flvPsf]� 5 . kmfOnd sf]�8]�{6fdf kg]�{ hgfj/�sf 
ljz]�iftf lgDgcg';f/� x'G5g\ M

-s_	 logLx¿sf hLjgsf]� s'g}� cj:�yfdf ge{ s8{ /� kfrg gnLsf lardf sfl6{n]�haf6 
ag]�sf]� /�8 cfsf/�sf]� gf]�6f]�s8{ (notochord) sf]� ljsf; ePsf]� x'G5 .

-v_	 e|"0f cj:�yfdf afx\o 3fF6Lsf]� efudf lunl:�n6\; (gill-slits) sf]� ljsf; ePsf]� 
x'G5 .

-u_	 e6]�{a|L (vertebrae) leqsf]� vfnL efu gnL cfsf/�sf]� g;fn]� el/�Psf]� x'G5 .

-3_	 cl:�yk~h/�nfO{ df+;k]�zLn]� 9fs]�sf]� x'G5 .

-ª_	 aGb /�St;~rf/� k|0ffnL (closed circulatory system) ljsf; ePsf]� 
x'G5 . kmfOnd sf]�8]�{6fnfO rf/�cf]�6f ;akmfOnddf ljefhg ul/�Psf]� 5 . tL 
;akmfOndx¿ x]�ldsf]�8]�{6f (hemichordata), o'/�f]�sf]�8]�{6f -urochordata), 
;]�kmfnf]�sf]�8]�{6f -cephalochordata_ /� el6{a|]�6f -Vertebrata_ x'g\ . klxnf]� 
tLgcf]�6f ;akmfOndx¿nfO{ k|f/�lDes sf]�8]{6f jf k|f]�6f]�sf]�8]�{6f (protochordata) 
klg elgG5 . ltgLx¿ rf}�yf]� ;akmfOnd el6{a|]�6feGbf sd ljsl;t x'G5g\ . 
oxfF xfdL ;akmfOnd el6{a|]�6fsf af/�]�df dfq cWoog u5f}�{F .

;akmfOnd el6{a|]�6f (Sub-phylum vertebrata)

	 df5f	 ;k{ 	 Eofu'tf]�	 k/�]�jf	 af3

lrq 2.21

lrqdf lbOPsf ;a}� hgfj/�df d]�?b08 x'G5 . d]�?b08 ePsf hgfj/�nfO{ el6{a|]�6  
elgG5 . o; ;akmfOnddf kg]�{ hgfj/�x¿df e"|0f cj:�yfdf ljsf; ePsf]� gf]�6f]�s8{nfO{
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kl5 d]�?b08n]� lj:�yflkt u5{ . df5f, Eofu'tf, ;k{, k/�]�jf, af3, x\j]�n, rd]�/�f cflb 
hgfj/�x¿ ;akmfOnd el6{a|]�6fdf k5{g\ . oL ;Dk"0f{ hgfj/�sf s]�xL ljz]�iftf km/�s 
eP tfklg s]�xL ljz]�iftf eg]� ;dfg kfOG5g\ . o; ;akmfOnddf kg]�{ hgfj/�x¿sf 
ljz]�iftf lgDgcg';f/� 5g\ M

-s_	 logLx¿sf]� z/�L/� afOn]�6]�/�NnL l;d]�l6«sn (bilaterally symmetrical) x'G5 .

-v_	 Zjf;k|Zjf; lj|mof luN; jf 5fnf jf kmf]�S;f]�af6 ;~rfng x'G5 .

-u_	 s'g}� hgfj/�x¿sf]� z/�L/�sf]� tfkj|md jftfj/�0fcg';f/� kl/�jt{g eO/�xG5, h;nfO{ 
ljifdtfkL (poikilothermic) hgfj/� elgG5 . ljifdtfkL hgfj/�nfO{ lr;f]� 
/�ut ePsf (cold blooded) hgfj/� klg elgG5 .

-3_	 s'g}� hgfj/�sf]� jftfj/�0fcg';f/� z/�L/�sf]� tfkj|md kl/�jt{g x'Fb}�g . ltgLx¿nfO{ 
;dtfkL (homeothermic) elgG5 . ;dtfkL hgfj/�sf]� zf/�Ll/�s tfkj|md 
jftfj/�0fsf]� tfkj|mdeGbf s]�xL a9L x'G5 To;}�n]� ltgLx¿nfO{ tftf]� /�ut ePsf 
(warm blooded) hgfj/� klg elgG5 .

-ª_	 logLx¿df ljsl;t /�St;~rf/� k|0ffnL x'G5 . d'6'df b'O{b]�lv rf/�cf]�6f sf]�7fx¿ 
x'G5g\ .

-r_	 s'g}� hgfj/�n]� k'mnaf6 aRrf sf]�/�N5g\ h;nfO{ cf]�leKof/�; (oviparous) elgG5 . 
s'g}� hgfj/�n]� l;w}� aRrf hGdfpF5g\ ltgLx¿nfO{ leleKof/�; (viviparous) 
elgG5 .

zf/�Ll/�s agfj6 /� ljsf;sf cfwf/�df ;akmfOnd el6{a|]�6fnfO{ dT:�o ju{ (pisces), 
peor/� (amphibia), ;l/�;[k (reptilia), kIfL (aves) /� :�tgkfoL (mammalia) 
u/�L kfFrcf]�6f ju{ -class_ df ljefhg ul/�Psf]� 5 .

-s_ dT:�o ju{ (Pisces)

lj|mofsnfk 2.8 M df5fsf]� cjnf]�sg

p2]�Zo M df5f ju{sf]� ljz]�iftf klxrfg ug'{

cfjZos ;fdu|L M df5f
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ljlw

-c_	 Pp6f df5f lng'xf]�;\ .

-cf_	 df5fsf]� zf/�Ll/�s agfj6 /�fd|f]�;Fu cjnf]�sg ug'{xf]�;\ .

-O_	 lzIfssf]� ;xof]�udf o;sf ;Dk"0f{ cª\usf]� cjnf]�sg /� klxrfg ug'{xf]�;\ .

-O{_	 cjnf]�sgsf cfwf/�df ljz]�iftf l6kf]�6 ug'{xf]�;\ .

-p_	 rf6{k]�k/�df df5fsf]� ;kmf lrq sf]�/�L gfds/�0f ug'{xf]�;\ .

-pm_	 pSt df5fsf]� cjnf]�sgsf cfwf/�df df5f ju{sf ljz]�iftf sIffdf 5nkmn ug'{xf]�;\ .

	 ;d'b||L 3f]�8f 	 df5f 	 ;fs{

lrq 2.22

lrqdf b]�vfPsf hgfj/�x¿ dT:�o ju{df k5{g\ . o; ju{df kg]�{ hgfj/�sf ;fdfGo 
ljz]�iftf lgDgcg';f/� 5g\ M

-s_	 logLx¿sf]� z/�L/� nfDrf]�, r]�K6f]� / 8'ª\uf cfsf/�sf]� -streamlined_ x'G5 . z/�L/� 
sTnfn]� 9fs]�sf]� x'G5 .

-v_	 logLx¿sf]� z/�L/�nfO{ 6fpsf]� (head), lhp (trunk) /� k'R5/� (tail) u/�L tLg 
efudf afFl8Psf]� x'G5 . 3fF6L x'Fb}�g .

-u_	 6fpsfsf b'a}�lt/� luN; (gills) x'G5g\ h;n]� ;f; km]�g{ dbt u5{ .

-3_	 k|foM kfFr cf]�6f lkmG; (fins) sf dbtn]� kfgLdf kf}�l8G5g\ .

-ª_	 logLx¿sf]� z/�L/�leq xfjfsf y}�nfx¿ (swim bladder) x'G5g\ .

-r_	 d'6'df b'O{ sf]�7f (two chamber) x'G5g\ .

-5_	 logLx¿ ljifdtfkL (poikilothermic) x'G5g\ .
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-h_	 logLx¿ Pslnª\uL (unisexual) x'G5g\ .

-em_	 logLx¿dWo]� w]�/�}�h;f]� cf]�leKof/�; (oviparous) x'G5g\ eg]� s]�xL leleKof/�; 
(viviparous) x'G5g\ .

-`_	 w]�/�}�h;f]� df5fdf afx\o uef{wfg (external fertilization) x'G5 eg]� s'g}� -;fs{_ 
df leqL uef{wfg (internal fertilization) klg x'G5 .

-6_	 logLx¿ kfgLdf a:�5g\ . ;a}� k|sf/�sf df5fx¿, ;d'b|L 3f]�8f (Sea horse) cflb 
o; ju{df k5{g\ .

-v_ peor/� (Amphibia)

lj|mofsnfk 2.9 Eofu'tfsf]� cjnf]�sg

p2]�]�Zo M PlDkmlaof ju{sf]� ljz]�iftf klxrfg ug{'

;fdu|L M Eofu'tf

ljlw

-c_	 Pp6f Eofu'tf]� lng'xf]�;\ .

-cf_	 Eofu'tfsf]� zf/�Ll/�s agfj6sf]� /�fd|f]�;Fu cjnf]�sg ug'{xf]�;\ .

-O_	 lzIfssf]� ;xof]�udf o;sf ;Dk"0f{ cª\usf]� cjnf]�sg /� klxrfg ug'{xf]�;\ .

-O{_	 cjnf]�sgsf cfwf/�df ljz]�iftf l6kf]�6 ug'{xf]�;\ .

-p_	 pSt Eofu'tfsf]� cjnf]�sgsf cfwf/�df PlDkmlaof ju{sf ljz]�iftf sIffdf 5nkmn 
ug'{xf]�;\ .

lgisif{

	 v;|]� Eofu'tf]� (Toad) 	 Eofu'tf]� (Frog) 	 ;fnfdfG8/� (Salamander)

lrq 2.23
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6f]�8, ;fnfdfG8/� (Salamander) /� Eofu'tf kfgL /� hldg b'a}�df a:�5g\ . logLx¿ 
ju{ PlDkmlaofdf k5{g\ . o; ju{df kg]�{ hgfj/�sf ljz]�iftf lgDgcg';f/� 5g\ M

-s_	 logLx¿sf]� z/�L/� cf]�l;nf]� 5fnf (moist skin) n]� 9fs]�sf]� x'G5 .

-v_	 logLx¿sf]� z/�L/�nfO{ 6fpsf]� /� 9f8 u/�L b'O{ efudf 5'6\ofpg ;lsG5 . 
ckjfbafx]�s logLx¿df k'R5/� x'Fb}�g .

-u_ 	 logLx¿sf rf/�cf]�6f v'6\6f (limbs) x'G5g\ .

-3_	 logLx¿ ljifdtfkL (poikilothermic) x'G5g\ .

-ª_	 logLx¿n]� r]�kfufF8f (tadpole) cj:�yfdf luN;af6 ;f; km]�5{g\ . t/� jo:�s 
cj:�yfdf kmf]�S;f]� /� 5fnfaf6 ;f; km]�5{g\ .

-r_	 logLx¿sf]� d'6'df tLgcf]�6f sf]�7f x'G5g\ .

-5_	 logLx¿ Pslnª\uL (unisexual) x'G5g\ .

-h_	 logLx¿ cf]�leKof/�; x'G5g\ . logLx¿n]� kfgLdf km'n kf5{g\ . logLx¿df afx\o 
uef{wfg x'G5 .

-em_	 logLx¿nfO{ k|hggsf nflu kfgL cfjZos x'G5 . Eofu'tf (Frog), 6f]�8 (Toad) 
/� ;fnfdfG8/� (Salamander) cflb o; ju{df k5{g\ .

-u_ ;l/�;[k (Reptilia)

dfp;'nL

;k{ uf]�xL s5'jf

lrq 2.24

;k{, dfp;'nL, uf]�xL, s5'jf cflb hgfj/�x¿ hldgdf 3;|]�/� lxF8\5g\ . To;}�n]� oL 
hgfj/�x¿ /�]�lK6lnof Snf;cGtu{t k5{g\ . o; ju{cGtu{t kg]�{ hgfj/�sf ljz]�iftf 
lgDgcg';f/� 5g\ M
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-s_	 logLx¿sf]� z/�L/� ;'Svf x'g'sf ;fy}� s8f sTnf (dry and horny scale) n]� 
9fs]�sf]� x'G5 .

-v_	 logLx¿sf]� z/�L/�nfO{ 6fpsf]�, 3fF6L, 9f8 /� k'R5/� u/�L rf/� efudf 5'6\ofpg 
;lsG5 .

-u_	 logLx¿sf b'O{ hf]�8L v'6\6f (limbs) x'G5g\ . logLx¿ hldgdf 3;|]�/� lxF8\5g\ .

-3_ 	 logLx¿ ljifdtfkL (poikilothermic) x'G5g\ .

-ª_ 	 logLx¿n]� kmf]�S;f]�af6 ;f; km]�5{g\ .

-r_ 	logLx¿sf]� d'6'df tLgcf]�6f sf]�7f (three chamber) x'G5g\ t/� uf]�xLsf]� d'6'df 
eg]� rf/�cf]�6f sf]�7f x'G5g\ .

-5_	 logLx¿ Pslnª\uL (unisexual) x'G5g\ . logLx¿df leqL uef{wfg x'G5 . 
logLx¿ cf]�leKof/�; x'G5g\ .

-h_	 logLx¿ w]�/�}�h;f]� hldgdf a:�5g\, s'g}� s'g}� hldg /� kfgL b'a}�df a:�5g\ . kfgLdf 
a:�g]� eP tfklg ;f; km]�g]�{ a]�nfdf kfgLsf]� ;txdf cfpF5g\ .

;k{ (Snake), 5]�kf/�f]� (Lizard), dfp;'nL (Wall lizard), uf]�xL (Crocodile), s5'jf 
(Tortoise) o; ju{df k5{g\ .

;'uf

xf“; 8f“km]� s'v'/�f

do"/�

-3_ kIfL (Aves)

lrq 2.25
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;'uf, 8fFk]�m, do"/�, xfF;, s'v'/�f cflb kIfLsf cufl8sf lnDA; kv]�6fdf ¿kfGt/�0f ePsf]� 
x'G5 . d'vdf r'Rrf]� jf 7'F8 (bill or beak) x'G5 . logLx¿sf]� z/�L/� KjfFvn]� 9fssf]� 
x'G5 . To;n]� oL ;a}� hgfj/�x¿ kIfLcGtu{t k5{g\ . o; ju{df kg]�{ hgfj/�x¿sf 
;fdfGo ljz]�iftf lgDgcg';f/� 5g\ M

-s_	 z/�L/� KjfFv (feather) n]� 9flsPsf]� x'G5 .

-v_	 logLx¿sf]� z/�L/� 6fpsf]�, 3fF6L, lhp /� k'R5/�df ljefhg ePsf]� x'G5 .

-u_	 logLx¿sf b'O{ hf]�8f lnDA; x'G5g\ . cufl8sf]� lnDA; (fore limbs) kv]�6fdf 
¿kfGt/�0f ePsf]� x'G5 eg]� k5fl8sf]� lnDA; (hind limbs) lxF8\gsf nflu k|of]�u 
x'G5 .

-3_	 logLx¿sf]� z/�L/�df x'g]� xf8 vf]�j|mf]� x'G5, h;nfO{ Go'Dofl6s xf8 (pneumatic 
bone) elgG5 h;n]� logLx¿sf]� tf}�n sd eO{ p8\g ;lhnf]� agfpF5 .

-ª_	 logLx¿ ;dtfkL (homeothermic) x'G5g\ .

-r_	 logLx¿ kmf]�S;f]�n]� Zjf;k|Zjf; u5{g\ .

-5_	 logLx¿sf d'6'df rf/�cf]�6f sf]�7f x'G5g\ .

-h_	 logLx¿ Pslnª\uL x'G5g\ . logLx¿sf]� leqL uef{wfg x'G5 . logLx¿ cf]�leKof/�; 
(oviparous) x'G5g\ .

-em_	 logLx¿sf]� z/�L/�df xfjfsf]� y}�nf (air sac) x'G5g\ . logLx¿ hldgdf a:�g'sf 
;fy}� xfjfdf p8\5g\ . ;'uf (Parrot), 8fFkm]� (Lophophorus), do"/� (Pea- 
cock), s'v'/�f (Hen) cflb o; ju{df k5{g\ .

-ª_ :�tgkfoL (Mammalia)

l;+x

rd]�/�f]�

x\j]�n d';f

lrq 2.26
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lrqdf b]�vfPsf d';f]�, rd]�/�f]�, x\j]�n, l;+x, ufO{ ;a}� hgfj/�sf]� z/�L/� /�f}�Fn]� 9fs]�sf]� x'G5 . 
logLx¿n]� aRrf hGdfP/� b'w r';fpF5g\ . To;}�n]� oL ;a}� hgfj/� :�tgkfoL ju{df 
k5{g\ . o; ju{cGtu{t kg]�{ hgfj/�sf ljz]�iftf lgDgcg';f/� 5g\ M

-s_	 logLx¿sf]� z/�L/� /�f}�F (hair) n]� 9fs]�sf]� x'G5 .

-v_	 ;fdfGotof logLx¿sf]� z/�L/�df 6fpsf]�, 3fF6L, lhp /� k'R5/� x'G5 .

-u_	 z/�L/�df b'wsf]� u|lGy (mammary gland) x'G5 .

-3_	 logLx¿n]� kmf]�S;f]�af6 ;f; k]�m5{g\ .

-ª_	 logLx¿ ;dtfkL (homeothermic) x'G5g\ .

-r_	 logLx¿sf d'6'df rf/�cf]�6f sf]�7f (four chamber) x'G5g\ .

-5_	 logLx¿ Pslnª\uL x'G5g\ . logLx¿df leqL uef{wfg x'G5 . logLx¿ leleKof/�; 
(viviparous) x'G5g\ .

dflg; (Man), 3f]�8f (Horse), x\j]�n (Whale), ufO{ (Cow) cflb o; ju{df k5{g\ .

lj|mofsnfk 2.10 hgfj/�sf]� :�k]�l;d]�g cWoog

p2]�Zo M hgfj/�sf]� juL{s/�0f ug{' /� ljz]�iftf klxrfg ug{'

cfjZos ;fdu|L M lj1fg k|of]�uzffnfdf /�x]�sf hgfj/�sf]� :�k]�l;d]�gx¿

ljlw

-c_	 lj1fg k|of]�uzfnfdf /�x]�sf hgfj/�sf]� :�k]�l;d]�gx¿ cjnf]�sg ug'{xf]�;\ . pSt 
hgfj/�x¿sf ljz]�iftf cWoog ug'{xf]�;\ .

-cf_	 ljz]�iftfsf cfwf/�df hLjx¿sf]� juL{s/�0f ug'{xf]�;\ .

-O_	 rf6{k]�k/�df hgfj/�sf]� juL{s/�0f rf6{ tof/� u/�L cfkm"n]� cjnf]�sg u/�]�sf hgfj/� 
sxfF k5{g\, pSt rf6{df eg'{xf]�;\ .

;hLjsf juL{s/�0f /� j|mdljsf;sf ;DaGw (Relation of classification 
of living beings and evolution)

;“u}�sf]� lrq cjnf]�sg u/�L tnsf k|Zgdf 5nkmn ug'{xf]�;\ M

-c_	 df]�g]�/�fdf kg]�{ hLjx¿ /� k|f]�l6:�6fdf kg]�{ hLjx¿dWo]� s'g hLjsf]� klxnf ljsf; 
eof]� xf]�nf <
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-cf_	 lrqdf kfFrcf]�6f hut\nfO{ j[Iflrqdf b]�vfOPsf]� 5 . o; lrqaf6 j|md ljsf; 
/� hLjsf]� juL{s/�0flarsf]� ;DaGw 5nkmn ug'{xf]�;\ .

Animalia

Protista

Plantae

Monera

Fungi

lrq 2.28 hLjx¿sf]� juL{s/�0f

kfFr hutLo juL{s/�0f k|0ffnLsf cfwf/�sf]� cWoog ubf{ s'g}� hut\x¿lar w]�/�}� ;femf 
ljz]�iftf 5g\ eg]� s'g}� hut\x¿lar yf]�/�}� ;femf ljz]�iftf 5g\ . o;n]� klg s]� b]�vfpF5 
eg]� ;a}� hLjx¿sf]� ljsf; ;femf k"j{haf6 ePsf]� xf]� . oxfF ;a}�sf ;femf u'0f eg]�sf]� 
;a}� hLjx¿ Pp6f ;hLj sf]�ifaf6 ljsf; ePsf x'G5g\ . hLjx¿sf]� juL{s/�0fsf]� 
cfwf/�n]� s]� b]�vfpF5 eg]� k[YjLdf ;a}�eGbf klxn]� k|f]�Sofl/�of]�l6s hLjsf]� pTklQ ePsf]� 
lyof]� h'g df]�g]�/�f hut\\df k5{ . To;af6}� la:�tf/�}� o'Sofl/�of]�l6s Pssf]�ifLo hLjx¿sf]� 
ljsf; eof]� h'g k|f]�l6:�6f hut\\df k5{ . o;/�L j|mlds ljsf; x'Fb}� hfFbf ax'sf]�ifLo 
hLjx¿ kmGhfO, jg:�klt /� hGt' hut\\sf]� ljsf; ePsf]� kfOG5 .

;hLjsf]� juL{s/�0f /� j|mdljsf; hLj lj1fgsf b'O{cf]�6f 5'6\6f5'6\6}� efu x'g\ . 
hLjx¿sf ;dfgtf /� leGgtfsf cfwf/�df ljleGg ;d"xdf ljefhg ug'{nfO{ ;hLjsf]� 
juL{s/�0f elgG5 . To:�t}� j|mdljsf;df ;/�n hLjx¿af6 ljsl;t hLjx¿sf]� 
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ljsf; x'g]� k|lj|mofsf]� cWoog 
ul/�G5 . ;hLjx¿sf juL{s/�0f 
ubf{ ;a}�eGbf w]�/�}� ;femf u'0f 
x'g]� hLjx¿nfO{ Pp6f ;d"xdf 
/�flvG5, h:�t}� M Snf; Dofd]�lnofdf 
kg]�{ ;a}� hgfj/�sf w]�/�}� ;femf u'0f 
x'G5g\ . t/� Snf; Dofd]�lnofdf 
kg]�{ hgfj/� /� Snf; PE;df 
kg]�{ hgfj/�x¿lar t'ngf ubf{ 
s]�xL sd ;femf u'0fx¿ x'G5g\ . 
To:�t}� Snf; Dofd]�lnof /� Snf; 
kfOl;hlar t'ngf ubf{ cem 
yf]�/�}� ;femf u'0fx¿ x'G5g\ . o;n]� 
s]� b]�vfpF5 eg]� Dofd]�lnofdf kg]�{ 
hgfj/�x¿ w]�/�}� sd jif{ klxn]� dfq Pp6}� k"j{haf6 k|hftLs/�0f ePsf x'g\ .

el6{a|]�6fsf]� ljleGg ;d"xdf kg]�{ hgfj/�x¿sf]� ljsf;j|mdnfO{ x]�bf{ df5fsf d'6'df 
b'O{cf]�6f sf]�7f x'G5g\ . ;l/�;[ksf]� d'6'df tLgcf]�6f sf]�7f x'G5g\ eg]� kIfL ju{ /� :�tgkfoL 
ju{sf hgfj/�x¿sf]� d'6'df rf/�cf]�6f sf]�7fx¿ x'G5g\ . o;n]� klg ljsl;t hgfj/�x¿ 
sd ljsl;t hgfj/�x¿af6 ljsf; ePsf]� hgfpF5 . log}� leGg u'0fx¿sf sf/�0fn]� 
hLjx¿sf]� juL{s/�0fdf klg dbt k'u]�sf]� 5 .

kfOl;h, PE; /� Dofd]�lnofdf /�x]�sf ;femf u'0faf6 s]� yfxf x'G5 eg]� oL ltg}� Snf;df 
kg]�{ hLjx¿ w]�/�}� jif{ klxn]� Pp6}� k"j{haf6 ljsf; ePsf lyP . ljsf;sf]� j|mddf 
hLjx¿sf]� cg's"ngsf nflu gofF gofF u'0fx¿sf]� ljsf; x'Fb}� hfFbf k|hftLs/�0f x'Fb}� uof]� 
/� gofF gofF hLjx¿sf]� pTklQ x'Fb}� uof]� . oxfF kfOl;h ju{eGbf PE; ju{ Dofd]�lnof 
ju{sf]� w]�/�}� glhs b]�lvG5 . o;sf]� cy{ PE; /� Dofd]�lnof kfOl;heGbf w]�/�}� sd jif{ 
klxn]� dfq Pp6}� k"j{haf6 k|hftLs/�0f ePsf]� b]�lvG5 . kfOl;h, PE; /� Dofd]�lnofsf 
;femf u'0fn]� oL ;a}� hLj Pp6}� k"j{haf6 ljsf; ePsf]� hgfpF5 . o;/�L g}� hGt'  
hut\\df kg]�{ ljleGg kmfOndsf ljz]�iftf cWoog u¥of}�F eg]� ltgLx¿lar klg ;femf 
u'0fx¿ kfOG5g\ . o;af6 s]� k|dfl0ft x'G5 eg]� hGt' hut\\df kg]�{ ;a}� hLjx¿sf 
k"j{h Pp6}� lyP . ljsf;sf j|mddf la:�tf/�}� gofF gofF k|hfltsf]� ljsf; x'Fb}� uof]� .

lrq 2.27 hLjx¿sf]� ljsf;j|md /� juL{s/�0f
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kl/�of]�hgf sfo{ 2.3 ;hLjsf]� juL{s/�0f /� j|mdljsf;sf]� ;DaGwsf]� cWoog

;hLjsf]� juL{s/�0f rf6{ lng'xf]�;\ . o;df juL{s/�0fsf]� cfwf/�sf uxg cWoog ug'{xf]�;\ . 
ljleGg ;d"xdf /�x]�sf hLjx¿sf ljz]�iftfaf/�]� ;xkf7Lx¿lar 5nkmn ug'{xf]�;\ . 
ltgLx¿ larsf ;dfg /� c;dfg ljz]�iftf klxrfg ug'{xf]�;\ . cfjZostfcg';f/� lzIfs 
/� OG6/�g]�6sf]� ;xof]�u lng'xf]�;\ . cfˆgf]� cWoog /� ;f]�wvf]�hsf cfwf/�df ;hLjsf]� 
juL{s/�0f /� j|mdljsf;sf]� ;DaGwsf af/�]�df 5f]�6f]� k|ltj]�bg tof/� ug'{xf]�;\ . ;Dej eP 
pSt k|ltj]�bgsf]� power point presentation tof/� u/�L sIffdf k|:�t't ug'{xf]�;\ .
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cEof;

1.	 tnsf k|Zgsf]� ;xL ljsNk 5gf]�6 ug'{xf]�;\ M

-s_ 	jg:�klt hut\\df kg]�{ hLjx¿sf d'Vo ljz]�iftf s]� s]� x'g\ <

-c_ 	 o'Sofl/�of]�l6s sf]�if, sf]�ifdf sf]�if leQf ePsf]�, k/�kf]�ifs

-cf_ 	o'Sofl/�of]�l6s sf]�if, sf]�ifdf sf]�if leQf gePsf]�, k/�kf]�ifs

-O_ 	 o'Sofl/�of]�l6s sf]�if, sf]�ifdf sf]�if leQf ePsf]�, :�jkf]�ifs

-O{_ 	 o'Sofl/�of]�l6s sf]�if, sf]�ifdf sf]�if leQf ePsf]�, :�ofk|f]�6«f]�lkms

-v_ 	;fOs;nfO{ lsg lhDgf]�:�kd{df /�flvPsf]� xf]� <

-c_ 	 o;df k"mn km'N5, lap pTkfbg u5{ .

-cf_ 	o;df k"mn km'N5, o;sf kft ltvf x'G5g\ .

-O_ 	 o;df k"mnsf]� ;6\6f sf]�g x'G5, kmnljgfsf]� gfª\uf]� lap x'G5 .

-O_ 	 o;df k"mnsf]� ;6\6f sf]�g x'G5, kmnleq lap x'G5 .

-u_	 oxfF b'O{cf]�6f hLjsf]� lrq lbOPsf]� 5 . oL b'a}� hLj Pp6}� hut\\df k5{g\ . 
oL lrqx¿ cjnf]�sg ug'{xf]�;\ . oL b'a}�nfO{ Pp6}� hut\\df /�fVg'sf]� d'Vo 
sf/�0f s]� xf]� <

-c_	 ax'sf]�ifLo eO{ ljleGg k|0ffnLo'St x'G5g\ .

-cf_	 ax'sf]�ifLo eO{ k/�kf]�ifs x'G5g\ .

-O_	 ax'sf]�ifLo eO{ k/�hLjL x'G5g\ .

-O{_	 ax'sf]�ifLo eO{ cf]�leKof/�; x'G5g\ .
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-3_	 j|mdljsf;sf cfwf/�df lbOPsf dWo]� ;a}�eGbf w]�/�}� glhssf]� ;DaGw ePsf 
hLjx¿sf]� ;d"x s'g xf]� <

-c_	 kf]�l/�km]�/�f, Plgln8f, sf]�8]�{6f

-cf_	 kf]�l/�km]�/�f, cfy|f]�{kf]�8f, sf]�8]�{6f

-O_	 l;n]�G6/�]�6f, cfy|f]�{kf]�8f, sf]�8]�{6f

-O{_	 Kn]�l6x]�Nd]�lGy;, lgdfy]�Nd]�lGy;, Pg]�ln8f

-ª_ 	 Xj]�nnfO{ :�tgwf/�L ;d"xcGtu{t /�flvg'sf]� d'Vo sf/�0f s'g xf]� <

-c_ kmf]�S;f]�n]� ;f; k]�m5{ . 		 -cf_ z/�L/�df d]�?b08 x'G5 .

-O_ leleKof/�; x'G5 . 		  -O{_ aRrf hGdfP/� b'w r';fpF5 .

-r_	 d;eGbf Snad; ljsl;t x'g'sf]� k|d'v sf/�0f s'g xf]� <

-c_	 Snad; hldgdf x's{G5 .

-cf_	 Snad; :�kf]�/�f]�]�kmfO6 xf]� .

-O_	 Snad;df hfOnd /� ˆnf]�od tGt' x'G5 .

-O{_	 cN6/�g]�;g ckm h]�g]�/�]�;G;df :�kf]�/�f]�kmfO6 k|an x'G5 .

-5_	 sf]�ifdf sf]�ifleQf x'g]� hLjx¿sf hut\\ s'g s'g x'g\ <

-c_ 	 df]�g]�/�f, kmGhfO, Plgdlnof

-cf_ 	kmGhfO, KnfG6L, k|f]�l6:�6f

-O_ 	 kmGhfO, KnfG6L, Plgdlnof

-O{_ 	 kmGhfO, KnfG6L, df]�g]�/�f

-h_	 d'6'df rf/�cf]�6f sf]�7f x'g]�, z/�L/� e'Tnf /� kv]�6fn]� 5f]�k]�sf]�, cf]�leKof/�; 
hgfj/� s'g ;d"xdf k5{ <

-c_ 	 :�tgkfoL 		  -cf_ ;l/�;[k

-O_ 	 kIfL 		  -O{_ peor/�
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-em_	 tnsf dWo]� s'g ;d"x PlGhof]�:�kd{cGtu{t k5{g\ <

-c_ ;Nnf]�, plgpF, s]�/�fp 		 -cf_ w'kL, ds}�, rgf

-O_ d;, ds}�, l;dL 		  -O{_ wfg, s]�/�f, cfFk

-~f_	 z/�L/�df ef:�s'n/� tGt' x'g]� la?jfsf]� l8lehgnfO{ s]� elgG5 <

-c_ :�kf]�/�f]�kmfO6f 			   -cf_ Uofd]�6f]�kmfO6f

-O_ 6«flsof]�kmfO6f 			  -O{_ :�kdf{6f]�kmfO6f

2. 	 km/�s n]�Vg'xf]�;\ M

-s_ jg:�klt hut\\ /� hGt' hut\\ 	 -v_ df5f /� tf/�fdf5f

-u_ h]�nL lkm; /� s6n lkm; 		  -3_ d; /� Snad;

-ª_ ;Nnf]� /� lkkn 			   -r_ df5f /� x\j]�n

-5_ 9's'/� /� rd]�/�f]�

3. 	 sf/�0f lbg'xf]�;\ M

-s_	 ;hLjx¿sf]� juL{s/�0f ug{ cfjZos 5 .

-v_	 ˆo's; /� dfs]�{lG;of x]�bf{ p:�t}� b]�lvG5g\ t/� ˆo's;nfO{ cNuL /� 
dfs]�{lG;ofnfO{ a|fof]�kmfO6fcGtu{t /�flvG5 .

-u_	 lhDgf]�:�kd{df kmn nfUb}�g .

-3_	 uf]�xLdf rf/�cf]�6f sf]�7f ePsf]� d'6' x'G5 t/� of]� /�]�lK6lnofcGtu{t k5{ .

-ª_	 rd]�/�f]� /� x\j]�nsf w]�/�}� ljz]�iftf c;dfg 5g\ t/� klg logLx¿ Pp6}� ju{df 
k5{g\ .

-r_	 l/�l;ofnfO{ PlDkmlaog la?jf elgG5 .

-5_	 plgpFFdf k"mn km'Nb}�g, ;fOs;df k"mn km'N5 t/� kmn kmNb}�g, s]�/�fdf k"mn 
klg km'N5 /� kmn klg kmN5Ù t/� klg oL ;a}� la?jfx¿ Pp6}� l8lehgdf 
k5{g\ .
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4. 	 tnsf k|Zgsf]� pQ/� n]�Vg'xf]�;\ M

-s_	 jg:�klt hut\\df kg]�{ hLjx¿nfO{ slt l8lehgdf ljefhg ul/�Psf]� 5 <

-v_	 jg:�klt hut\\sf d'Vo ljz]�iftf n]�Vg'xf]�;\ .

-u_	 lhDgf]�:�kd{ /� PlGhof]�:�kd{df kg]�{ la?jfx¿sf ;dfgtf n]�Vg'xf]�;\ .

-3_	 tkfO{FnfO{ 6«flsof]�kmfO6fdf kg]�{ s]�xL la?jfx¿sf kft dfq lbP/� cfkm"n]� 
sIffdf k|fKt u/�]�sf]� juL{s/�0f;DaGwL 1fgsf]� k|of]�u u/�L oL la?jfx¿sf]� 
;al8lehg 5'6\ofpg elgof]� . s]� of]� ;Dej 5, ts{;lxt :�ki6 kfg'{xf]�;\ .

-ª_	 ;al8lehg 6]�l/�8f]�kmfO6fsf k|d'v ljz]�iftf n]�Vg'xf]�;\ .

-r_	 /�f]�zgLn]� cfˆgf]� au}�Frfdf gofF la?jfdf km"n]�sf k"mnsf]� dfq cjnf]�sg 
u/�]�/� Tof]� la?jf df]�gf]�sl6n]�8gdf kg]�{ lgisif{ lgsflng\ . o:�tf]� ug'{ l7s 
xf]� ls xf]�Og, sf/�0f;lxt :�ki6 kfg'{xf]�;\ .

-5_	 lrqdf b'O{cf]�6f la?jfx¿ b]�vfOPsf]� 5 . b'a}� lrq cjnf]�sg ug'{xf]�;\ /� 
tn ;f]�lwPsf k|Zgsf]� pQ/� n]�Vg'xf]�;\ M

	

-c_ 	 oL b'O{ la?jflar t'ngf u/�L ;dfgtf /� leGgtf n]�Vg'xf]�;\ .

-cf_	 logLx¿sf]� ;al8lehg pNn]�v ug'{xf]�;\ . ;fy}� pSt ;al8lehgdf 
kg'{sf]� sf/�0f klg n]�Vg'xf]�;\ .

-O_	 oL b'O{dWo]� s'g la?jf ljsl;t 5, sf/�0f;lxt :�ki6 kfg'{xf]�;\ .
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-h_	 of]� rf6{n]� hgfj/�x¿sf]� rf/� ;d"x b]�vfpF5 . df5f s'g ;d"xdf k5{ <

hldgdf a:�g]� kfgLdf a:�g]�

d]?b08 gePsf

d]�?b08 ePsf

-em_	 kmfOnd kf]�l/�k]�m/�fdf kfrg k|0ffnL ljsf; ePsf]� x'Fb}�g . logLx¿df kfrg 
s;/�L x'G5, n]�Vg'xf]�;\ .

-~f_	 /�fs]�zn]� rp/�df v]�Nbfv]�Nb}� Pp6f gofF hgfj/� b]�v]�5g\ . pgn]� hGt'  
hut\\sf]� juL{s/�0fsf]� 1fg k|of]�u u/�]�/� pSt hgfj/� s'g kmfOnddf k5{ 
eg]�/� s;/�L kQf nufpF5g\, JofVof ug'{xf]�;\ .

-6_	 ;fs{ /� x\j]�n b'a}� kfgLleq a:�g]� hgfj/� x'g\ . oL hgfj/�sf ljz]�iftfsf 
cfwf/�df oL b'O{dWo]� s'grflxF ljsl;t hgfj/� xf]�, sf/�0f;lxt JofVof 
ug'{xf]�;\ .

-7_	 oxfF b'O{cf]�6f hgfj/�sf]� lrq lbOPsf]� 5, t'ngfTds cWoog u/�L tnsf 
k|Zgsf]� pQ/� n]�Vg'xf]�;\ M

	

-c_	 oL hgfj/�x¿ s'g kmfOnd /� Snf;cGtu{t k5{g\ <

-cf_	 oL hgfj/�x¿larsf s'g}� b'O{ ;dfgtf /� c;dfgtf n]�Vg'xf]�;\ .

-O_	 oL hgfj/�sf]� cWoogn]� j|mdljsf;sf]� cjwf/�0ffnfO{ s;/�L :�ki6 
kf5{ <
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-8_	 ;hLjx¿sf]� juL{s/�0f /� j|mdljsf;larsf]� ;DaGw JofVof ug'{xf]�;\ .

-9_	 kfFr hutLo juL{s/�0f k|0ffnLcg';f/� jg:�klt hut\\sf]� juL{s/�0f rf6{ 
agfpg'xf]�;\ .

-0f_	 kfFr hutLo juL{s/�0f k|0ffnLcg';f/� hGt' hut\\sf]� juL{s/�0f rf6{ 
agfpg'xf]�;\ .

-t_	 lrqsf]� cjnf]�sg u/�L tnsf k|Zgsf]� hjfkm lbg'xf]�;\ M

-c_ 	 s'g hgfj/�sf]� z/�L/�df b'O{ sf]�7f ePsf]� d'6' x'G5 <

-cf_ 	s'g hgfj/�n]� aRrfnfO{ b'w r';fpF5 <

-O_ 	 Eofu'tf /� ;k{larsf b'O{cf]�6f ;dfgtf n]�Vg'xf]�;\ .

-O{_ 	 oL hgfj/�dWo]� s'g s'gsf z/�L/�df xfjfsf y}�nL x'G5g\ <



lj1fg tyf k|ljlw M sIff !) 59

3 df}/L 
(Honey Bee)

lbOPsf lrq cjnf]sg u/L 5nkmn ug'{xf];\ M

lrq 3.1 df}/Lsf 3f/

-c_	 lrqdf b]�vfOPsf df}�/�Lsf 3f/� s:�tf lsl;dsf df}�/�Lsf 3f/� x'g\ <

-cf_	 s]� df}�/�LnfO{ dflg;n]� 3f/� agfOlbg'k5{ <

-O_	 df}�/�L s:�tf]� lsl;dsf]� hgfj/� xf]� <

36gf cWoog u/�f}�“

;fg'dfof cfˆgf]� au}�Frfdf ePsf km"ndf kfgL xfNb}� lyOg\ . Tolt a]�nf ls/�f e'ge'g 
u/�]�sf]� cfjfhlt/� pgsf]� Wofg tflgof]� . kfgL xfNg 5f]�8]�/� pgL tL ls/�f lsg e'ge'gfPsf]� 
xf]�nfg\ eg]�/� Wofg lbP/� x]�g{ yflng\ . tL ls/�fx¿sf]� cjnf]�sgkZrft\ jf:�tjdf tL ls/�f 
df}�/�L /�x]�sf]� yfxf kfOg\ . ltgLx¿ km"nx¿sf]� /�; r':�b}� e'ge'gfPsf /�x]�5g\ . ;fg'dfof 
lgs}�a]�/� Wofg lbP/� x]�g{ yflng\ . pgn]� df}�/�Lx¿ km"ndf a:�b}� Psl5gdf p8]�/� hfFb}� u/�]�sf]� 
klg b]�lvg\ . df}�/�L stf uPsf xf]�nfg\ eg]�/� kQf nufpg sf]�l;; ul/�g\ /� k5\ofpFb}� hfFbf 
glhs}�sf]� ?vdf agfPsf]� 3f/�df uP/� a;]�sf]� b]�lvg\ . cln 6f9}�af6 eP klg pgn]� 
df}�/�Lsf]� 3f/� klg cjnf]�sg ul/�g\ . ToxfF pgn]� ljleGg lsl;dsf df}�/�L b]�lvg\ .

s]� tkfO{Fn]� klg cfˆgf]� 3/� jf j/�k/� st}� df}�/�Lsf]� 3f/� b]�Vg'ePsf]� 5, cfˆgf]� cg'ej 
tyf dflysf]� 36gfsf cfwf/�df tnsf k|Zgdf 5nkmn ug'{xf]�;\ M
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-c_	 df}�/�L s]� vfP/� afFR5 <

-cf_	 s]� df}�/�Lsf]� 3f/�df ;a}� Ps}� lsl;dsf df}�/�L a:�5g\ <

-O_	 df}�/�Ln]� dflg;nfO{ s:�tf]� kf7 l;sfpF5 <

-O{_	 df}�/�Ln]� dx pTkfbg u/�]�/� dfq}� dflg;nfO{ ;xof]�u u5{ ls c¿ tl/�sfn]� 
klg ;xof]�u u5{ <

df}�/�L k|fs[lts ¿kdf cfkm}�Fn]� agfPsf]� ljz]�if lsl;dsf]� 3f/�df :�jtGq ¿kdf a:�g]� 
ls/�f xf]� . of]� cfy|f]�{kf]�8f kmfOndcGtu{t k5{ . df}�/�Lkfng ubf{ df}�/�Lkfnsn]� df}�/�Lsf 
nflu s[lqd 3f/�sf]� lgdf{0f u/�]�sf x'G5g\ . df}�/�L 7'nf]�]� ;d"xdf a:�g]� ;fdflhs ls/�f 
xf]� . df}�/�Lsf]� 3f/�df /�fgL, sdL{ /� efn]� u/�L tLg lsl;dsf df}�/�L a:�5g\ . df}�/�Lsf 
;b:�ox¿lar pRr ;dembf/�L /� s8f cg'zf;g /�xG5 . logLx¿lar pRr:�t/�Lo 
>d ljefhg kfOG5 . df}�/�Lsf k|To]�s ;b:�o Psbd}� cg'zfl;t, pBdL /� ldlxg]�tL 
x'G5g\ ;fy}� ltgLx¿n]� cfkm"nfO{ ;wF}�+ Jo:�t /�fV5g\ . df}�/�Ln]� km"nsf]� /�; (nector) /� 
k/�fus0f (pollen grains) a6'n]�/� dx agfpF5g\ .

k/�fk"j{ sfnb]�lv g}� dflg;n]� dx pTkfbgsf nflu k/�Dk/�fut ¿kdf df}�/�Lkfng u/�]�sf]� 
kfOG5 . la;f}�F ztfAbLb]�lv df}�/�LnfO{ dx pTkfbgsf nflu dfq geP/� afnLgfnLdf 
k/�fu;]�rg ug{sf nflu ;fy}� d}�g pTkfbgsf nflu ;d]�t kfNg]� ul/�G5 . clxn]� j[mlif 
Joj;fosf ¿kdf df}�/�Lkfng ug{ cfw'lgs 3f/�x¿ lgdf{0f ug]�{ ul/�G5 . o;af6 
w]�/�}�eGbf w]�/�}� dx pTkfbg ug{ ;lsG5 . o;/�L Jofj;flos p2]�Zon]� df}�/�Lkfng ug]�{ 
k|lj|mofnfO{ PlksNr/� (apiculture) elgG5 . Jofj;flos p2]�Zon]� df}�/�Lkfng ug{sf 
nflu df}�/�Lsf af/�]�df 5'6\6}� cWoog cg';Gwfg ul/�G5 . df}�/�Lsf af/�]�df cWoog ug{]� 
lj1fgnfO{ Plksf]�nf]�hL jf d]�ln6f]�nf]�hL (Apicology or melittology) elgG5 h'g 
sL6lj1fg -Entomology_ sf]� Pp6f zfvf xf]� .

df}�/�Lsf]� aflx/�L agfj6 (External structure of honeybee)

lj|mofsnfk 3.1 df}�/�Lsf]� cjnf]�sg /� cWoog

p2]�Zo M df}�/�Lsf]� zf/�Ll/�s agf]�6sf]� cWoog ug'{

cfjZos ;fdu|L M ;Dej eP df}�/�Lx¿ -/�fgL df}�/�L, sdL{ df}�/�L /� efn]� df}�/�L_ geP ;a}� 
lsl;dsf df}�/�Lx¿sf]� zf/�Ll/�s agfj6 b]�lvg]� lel8of]� jf lrq
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ljlw

-c_	 sIffsf ;fyL tLg ;d"xdf ljefhg x'g'xf]�;\ .

-cf_	 k|To]�s ;d"xn]� Pp6f Pp6f df}�/�L -/�fgL df}�/�L, sdL{ df}�/�L /� efn]� df}�/�L_ sf]� lrq 
lng'xf]�;\ geP lel8of]� cjnf]�sg ug'{xf]�;\ /� o;sf]� zf/�Ll/�s agfj6sf]� cWoog 
ug'{xf]�;\ .

-O_	 rf6{k]�k/�df pSt df}�/�Lsf]� lrq sf]�/�]�/� o;sf ljz]�iftf l6kf]�6 ug'{xf]�;\ .

-O{_	 cfnf]�kfnf]� u/�L k|To]�s ;d"xn]� sIffdf k|:�t't u/�L 5nkmn ug'{xf]�;\ .

lgisif{ 

5nkmnsf cfwf/�df df}�/�Lsf]� zf/�Ll/�s agfj6sf]� lgisif{ lgsfNg'xf]�;\ .

/�fgL df}�/�L efn]� df}�/�L sdL{ df}�/�L

lrq 3.2 df}�/�Lsf k|sf/�

;fdfGotof df}�/�Lsf]� cfsf/� 9 mm b]�lv 20 mm ;Dd x'G5 . cGo ls/�fsf]� h:�t}� 
logLx¿sf]� z/�L/� 6fpsf]�, 5ftL /� k]�6 -head, thorax, abdomen_ u/�L tLg efudf 
ljeflht x'G5 . logLx¿sf]� 6fpsfdf Pshf]�8L sDkfpG8 cfFvf, Ps hf]�8L PG6gf 
/� d'vsf efu x'G5g\ . PG6gfsf ;xfotfn]� df}�/�Ln]� jftfj/�0fdf x'g]� kl/�jt{g yfxf 
kfpF5g\ . sDkfpG8 cfFvfn]� 6fpsf]� g3'dfO{ jl/�kl/� x]�g{ ;S5 . 5ftLdf tLgcf]�6f v08 
x'G5g\ . k|To]�s v08sf]� tNnf]� efuaf6 Ps Ps hf]�8L v'6\6f lg:�s]�sf x'G5g\ . logLx¿sf]� 
v'6\6f v08 v08 hf]�l8P/� ag]�sf x'G5g\ . To;}�n]� df}�/�L cfy|f]�{kf]�8f kmfOndcGtu{t 
k5{g\ . logLx¿sf]� 5ftLsf]� dflyNnf]� efuaf6 b'O{hf]�8f kv]�6f lg:�s]�sf x'G5g\ h;n]� 
logLx¿nfO{ 6f9f;Dd p8\g dbt u5{g\ . k]�6sf]� efu 9 v08df ljeflht x'G5 t/� 
jo:�s kf]�yLdf 6 v08 /� jo:�s efn]�df 7 v08 :�ki6 b]�lvG5 .

df}�/�Lsf]� 3f/�df /�fgL df}�/�L, efn]� df}�/�L /� sdL{ df}�/�L u/�L tLg lsl;dsf df}�/�L x'G5g\ . 
k|To]�s df}�/�Lsf cfˆg}� ljz]�iftf x'G5g\ h;sf af/�]�df oxfF cWoog ul/�G5 M
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/�fgL df}�/�L (Queen bee)

df}�/�Lsf]� 3f/�df /�x]�sf]� ;a}�eGbf 7'nf]�]� /� ;nSs k/�]�sf]� 
nfDrf]� cfsf/�sf]� df}�/�L /�fgL df}�/�L xf]� . o;sf]� 6fpsf]� 
c¿sf]� eGbf ;fgf]� /� uf]�nfsf/� x'G5 . o;sf]� ;'F8 
5f]�6f]� /� /�f}�+Fn]� 9fs]�sf]� x'G5 . /�fgL df}�/�Lsf]� k]�6sf]� 
clGtd efudf lvn x'G5 . ;fdfGo cj:�yfdf Pp6f 
uf]�nfdf Pp6f dfq /�fgL df}�/�L x'G5 . o;sf]� d'Vo 
sfd km'n kfg{' xf]� . o;n]� 3f/�sf]� ;Dk"0f{ df}�/�LnfO{ kl/�l:�yltcg';f/� ;~rfng u5{ . 
o;sf]� z/�L/�af6 ljz]�if lsl;dsf]� uGw cfpF5 h;nfO{ ;]�S; k]�m/�f]�df]�g elgG5 . o;n]� 
;dfud (mating) sf nflu efn]� df}�/�LnfO{ cfsif{0f u5{ . ;fy}� Tof]� uGw uf]�nfsf]� 
;Dk"0f{ df}�/�Ln]� u|x0f u/�]�sf x'G5g\ . o;}�sf cfwf/�df df}�/�Ln]� cfˆgf]� 3f/� kQf nufpF5 . 
3f/�df ;a}�eGbf nfdf]� ;do;Dd afFRg]� /�fgL df}�/�L xf]� . of]� sl/�a 2 b]�lv 5 jif{;Dd 
afFR5 . To;kl5 sdL{ df}�/�Ln]� s'g}� nfef{nfO{ /�f]�on h]�nLdfq v'jfP/� csf{]� gofF /�fgL 
df}�/�L agfpF5g\ .

efn]� df}�/�L (Drone Bee)

efn]� df}�/�L /�fgL df}�/�LeGbf ;fgf]� t/� sdL{ df}�/�LeGbf 
7'nf]�]�, sfnf]� /� em'l;nf]� x'G5 . o;sf]� ljif u|lGy, 
dx agfpg]� u|lGy /� v'6\6fdf k/�fu y}�nL s]�xL klg 
x'Fb}�g . logLx¿ clt cN5L x'G5g\ . logLx¿nfO{ 
vfgf;d]�t sdL{ df}�/�Ln]� v'jfpg'k5{ . efn]� df}�/�Ln]� 
/�fgL df}�/�LnfO{ uef{wfg u/�fpg]� sfd dfq u5{g\ . 
efn]� df}�/�L x\ofKnf]�O8 (haploid) x'G5g\ . logLx¿df 16 cf]�6f j|mf]�df]�hf]�d dfq x'G5g\ eg]� 
cGo df}�/�L -/�fgL /� sdL{_ diploid x'G5g cyf{t\ logLx¿df 32 cf]�6f j|mf]�df]�hf]�d x'G5g\ . 
efn]�x¿ uef{wfg gePsf km"nx¿af6 ljsf; x'G5g\ . o; k|lj|mofnfO{ kfy{]�gf]�h]�g]�l;; 
-parthenogenesis_ elgG5 . logLx¿ sl/�a 2 dlxgf afFR5g\ .

sdL{ df}�/�L (Worker bee)

3f/�df /�x]�sf df}�/�LdWo]� ;a}�eGbf ;fgf df}�/�L sdL{ df}�/�L x'g\ . 
logLx¿sf zf/�Ll/�s agfj6 ljz]�if lsl;dsf]� x'G5 . sdL{ 
df}�/�Lsf]� d'v rkfpg]� /� rf6\g]� (chewing and lapping) 
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k|s[ltsf]� x'G5 . sdL{ df}�/�L c;fWo}� ldlxg]�tL x'G5g\ . v'6\6fx¿ em'l;nf]� /�f}�+Fn]� 9flsPsf 
x'G5g\ .

logLx¿sf]� v'6\6fdf kf]�n]�g af:�s]�6 x'G5 h;df logLx¿n]� kf]�n]�g hDdf u/�]�/� NofpF5g\ . 
logLx¿n]� km"nsf]� /�; hDdf ug{]�, 3f/� agfpg]�, nfef{sf]� x]�/�rfx ug{]�, zq';Fu n8\g]� 
cflb sfo{ u5{g\ . Pp6f 3f/�df sl/�a 20,000 b]�lv 80,000 sf]� ;ª\Vofdf sdL{ df}�/�L 
x'G5g\ . logLx¿sf]� cfo' ;fdfGotof 6 xKtfb]�lv 6 dlxgf;Dd x'G5 .

ljrf/�0fLo k|Zg M df}�/�Ln]� lrNbf lsg ;'lGgG5 < 

df}�/�Lsf]� hLjgrj|m (Life cycle of honey bee) 

lj|mofsnfk 3.2 df}�/�Lsf]� hLjgrj|m cjnf]�sg /� cWoog

p2]�Zo M df}�/�Lsf]� hLjgrj|msf]� cWoog u/�L lrq tyf gd'gf lgdf{0f ug'{ /� ljz]�iftf 
tof/� ug'{

cfjZos ;fdu|L M df}�/�Lsf]� hLjgrj|msf]� lel8of]� jf lrqx¿, Sn]�, d]�6fsf8{ cflb .

ljlw

-c_	 sIffsf ;fyLx¿ rf/� ;d"xdf ljefhg x'g'xf]�;\ .

-cf_	 k|To]�s ;d"xn]� df}�/�Lsf]� lel8of]� cjnf]�sg ug'{xf]�;\ .

-O_	 k|To]�s ;d"xn]� df}�/�Lsf]� hLjgrj|msf]� Pp6f Pp6f cj:�yf -km'n, nfef{, Ko'kf /� 
jo:�s_ sf]� uxg cWoog /� 5nkmn u/�L o;sf]� lrq d]�6fsf8{df sf]�/�]�/� o;sf 
ljz]�iftf l6kf]�6 ug'{xf]�;\ . ;fy}� Sn]�sf]� k|of]�u u/�L df}�/�Lsf]� hLjgrj|msf]� gd'gf 
klg tof/� ug'{xf]�;\ .

-O{_	 kfnkfnf u/�L k|To]�s ;d"xn]� d]�6fsf8{x¿ /� tof/� u/�]�sf gd'gf j|mda4 tl/�sfn]� 
af]�8{df 6fF;]�/� hLjgrj|msf]� gd'gf tof/� ug'{xf]�;\ /� sIffdf k|:�t't u/�L 5nkmn 
ug'{xf]�;\ .

lgisif{ M 5nkmnsf cfwf/�df df}�/�Lsf]�]� hLjgrj|msf]� lgisif{ lgsfNg'xf]�;\ .

df}�/�Lsf]� hLjgrj|m k"/�f x'g nfUg]� ;do cjlw df}�/�Lsf]� hftcg';f/� km/�s km/�s x'G5 .  
;a}� df}�/�Lsf]� hLjgrj|m km'n, nfef{, Ko'kf /� jo:�s u/�L rf/� cj:�yfdf k"/�f x'G5 . oL 
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cj:�yfx¿sf]� ;do cjlw df}�/�Lsf]� hftcg';f/� km/�s km/�s x'G5 . df}�/�Lsf]� hLjgrj|m 
k"/�f x'g k'/�fgf tGt'x¿ gi6 x'g]� -histolysis_ /� gofF tGt'x¿ aGg]� -histogenesis_ 
klj|mof x'G5 . o; k|lj|mofcg';f/� k'mnaf6 nfef{, nfef{af6 Ko'kf /� Ko'kfaf6 jo:�s df}�/�L 
aG5 . o; k|lj|mofnfO{ slDKn6 d]�6fdkmf]�{l;; (complete metamorphosis) elgG5 .

df}�/�Lsf]� 3f/�df sdL{ df}�/�Lsf]� ;ª\Vof lgs}� a9]�df /�fgL df}�/�Ln]� y'k|}� sdL{ df}�/�L;Fu ldnL 
gofF ;d"x lgdf{0f u5{ /� 3f/� 5f]�8]�/� cGt}� hfG5 . sdL{ df}�/�Ln]� gofF 3f/� lgdf{0f u5{g\ . 
k'/�fgf]� 3f/�df /�x]�sf sdL{ df}�/�Ln]� lg;]�lrt c08af6 hlGdPsf]� Pp6f nfef{nfO{ /�f]�on 
h]�nL dfq v'jfP/� gofF /�fgL df}�/�L tof/� u/�]�sf x'G5g\ . ha /�fgL df}�/�L jo:�s x'G5 
ta glKron ˆnfO6 (nuptial flight) jf d]�l6ª ˆnfO6 (mating flight) sf nflu 
lg:�sG5 . ;fdfGotof /�fgL df}�/�L ;fFemsf]� ;dodf d]�l6ª ̂ nfO6sf nflu lg:�sG5 . ha 
/�fgL df}�/�L aflx/� lg:�sG5 ta 3f/�df /�x]�sf efn]� df}�/�Lx¿ /�fgL df}�/�Lsf]� kl5 nfU5g\ . 
/�fgL df}�/�Ln]� w]�/�}� efn]� df}�/�L;Fu ;Def]�u u5{ . ;Def]�ukZrft\ efn]� df}�/�L d5{g\ .

;Def]�ukZrft\ z'j|msL6x¿ /�fgL df}�/�Lsf]� z/�L/�df e08f/�0f x'G5g\ h'g nfvfF}�+ k'mnx¿nfO{ 
lg;]�rg ug{ sfd nfU5g\ . /�fgLsf]� z/�L/�df efn]�sf z'j|msL6x¿ hDdf x'g]� y}�nfnfO{ 
:�kd{ :�ofS; jf :�kDof{y]�sL -spermathecae_ elgG5 . ;Def]�ukZrft\ lnª\u /� k]�6sf 
tGt'x¿ g/�fd|/�L Rofltg]� x'gfn]� efn]� df}�/�L d5{ . ;Def]�usf]� 2–3 lbgkl5 /�fgL df}�/�Ln]� 
3f/�df /�x]�sf a|'8 k|sf]�i7 (brood cell)df km'n kfg{ ;'? u5{ .

jo:�s	
k'mn

Ko'kf
nfef{

lrq 3.3 df}�/�Lsf]� hLjgrj|m
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km'n (Egg)

df}�/�Lsf]� km'n ;]�tf]� /�ªsf]� nfDrf]� cfsf/�sf]� x'G5 . h'g klxnf 
lbg a'|8 k|sf]�i7sf lkFwdf 7f8f xG5 . bf]�;|f]� lbg 9Ns]�sf]� 
x'G5 /� t]�;|f]� lbgdf 9n]�sf]� x'G5 . /�fgL df}�/�Ln]� efn]� agfpg 
efn]� k|sf]�i7df, sdL{ agfpg sdL{ k|sf]�i7df /� /�fgL agfpg 
/�fgL k|sf]�i7df km'n kf5{ . /�fgL df}�/�Ln]� pko'St ;dodf 
k|ltlbg 3000 cf]�6f;Dd km'n kf5{ . df}�/�Lsf]� hftcg';f/� 
km'nsf]� ;ª\Vof 36a9 x'g ;S5 . km'n cj:�yf ;a}� df}�/�Lsf]� 
tLg lbgs}� x'G5 . km'nsf]� ;fOh 1mm b]�lv 1.5mm 
;Ddsf]� x'G5 . km'n lg;]�lrt -fertilized_ /� clg;]�lrt 
-unfertilized_ u/�L b'O{ lsl;dsf x'G5g\ . lg;]�lrt 
km'naf6 sdL{ df}�/�L /� /�fgL df}�/�L aG5g\ . clg;]�lrt km'naf6 efn]� df}�/�L aG5 .

nfef{ (Larva)

/�fgL df}�/�Ln]� km'n kf/�]�sf]� tLg lbgkl5 df}�/�Lsf lsl;dcg';f/� 
/�fgL k|sf]�i7df kfFrb]�lv ;f9]� kfFr lbg, sdL{ k|sf]�i7df 5 
lbg /� efn]� k|sf]�i7df 5 lbg;Ddsf]� cjlwnfO{ nfef{ cj:�yf 
elgG5 . o; cj:�yfdf nfef{n]� w]�/�}� vfG5 . /�fgL /� efn]� 
df}�/�Lsf]� nfef{, sdL{ df}�/�Lsf]� eGbf 7'nf]�]� x'G5 . /�fgL df}�/�L 
/� sdL{ df}�/�L lg;]�lrt km'naf6 aG5g\ ;fy}� b'a}� kf]�yL df}�/�L 
x'g\ . To;}�n]� /�fgL df}�/�L agfpg]� ls sdL{ df}�/�L agfpg]� eGg]� 
s'/�f nfef{nfO{ v'jfpg]� vfgfdf e/� k5{ . tLg lbg;Dd ;a}� 
k|sf/�sf nfef{nfO{ /�f]�on h]�nL v'jfOG5 . t/� To;kl5sf]� 
vfgfsf]� tflnsf df}�/�Lcg';f/� km/�s km/�s x'G5 . /�fgL df}�/�L 
agfpg' k/�]�df nfef{ cj:�yfsf]� cjlwe/� kf]�if0fo'St tÎj 
/�f]�on h]�nL (royal jelly) dfq v'jfpF5g\ eg]� sdL{ df}�/�L agfpgsf nflu tLg lbgkl5 
dx /� s'6sf]� ld>0f v'jfpF5g\ . pSt dx /� s'6sf ld>0fnfO{ dw'/�f]�6L -honey-
bread_ elgG5 . efn]� df}�/�LnfO{ klg tLg lbgkl5 dx /� s'6sf]� ld>0f v'jfpF5g\ . 
nfef{ cj:�yfdf df}�/�Ln]� rf/�b]�lv kfFr k6s;Dd sfFr'nL -moulting_ km]�5{ . nfef{nfO{ 
v'jfpg]� vfgf km/�s km/�s ePsfn]� logLx¿sf]� ljsf;sf]� cj:�yfsf]� cjlw klg km/�s 
km/�s x'G5 . 
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Ko'kf cj:�yf (Pupa Stage)

Ko'kf cj:�yfdf logLx¿ vfgf gvfO{ tyf grnL lglij|mo /�xG5g\ . 
t/� logLx¿sf]� zf/�Ll/�s kl/�jt{g rflxF eO/�x]�sf]� x'G5 . of]� 
cj:�yfdf tLg hf]�8f v'6\6f, kv]�6f tyf d'vsf efux¿ ljsf; 
x'G5g\ . df}�/�Lsf]� ju{cg';f/� /�fgL df}�/�Ldf sl/�a 8 lbg, sdL{ df}�/�Ldf 
12 lbg /� efn]� df}�/�Ldf 14 lbgsf]� cjlwdf ;Dk"0f{ ljsf; eO{ 
Ko'kf cj:�yf k"/�f x'G5 .

jo:�s cj:�yf (Adult Stage)

ljleGg kl/�jt{gkZrft\ clGtddf Ko'kf jo:�sdf kl/�0ft x'G5 . d'vdf /�x]�sf]� DoflG8an 
(mandible) n]� a|'8 k|sf]�i7 (brood cells) sf]� d'v 6fn]�sf]� d}�gsf]� kq (layer) sf6]�/� 
ev{/� ag]�sf]� jo:�s df}�/�L aflx/� lgl:�sG5 . ;a}� ju{sf df}�/�LdWo]� sdL{ df}�/�Lx¿ t'?Gt 
c¿ df}�/�LnfO{ ;3fpg yfN5g\ . ltgLx¿sf 3f/�df cToGt dxÎjk"0f{ sfdx¿ x'G5g\, 
h:�t}� M a|'8 k|sf]�i7sf]� x]�/�rfx ug{]�, nfef{nfO{ v'jfpg]�, 3f/�sf]� cfGtl/�s /�Iff ug{]� cflb .

k'mn nfef{ nfef{ Ko'kf Ko'kf jo:�s

6 lbg 10 lbg 15 lbg 18 lbg 21 lbg

lrq 3.4 df}�/�Lsf ljleGg cj:�yfx¿

;fdfGotof km'nb]�lv jo:�s cj:�yf;Dd k'Ugsf nflu df}�/�Lsf]� ju{cg';f/� km/�s km/�s 
;do cjlw nfU5 .
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df}�/�L km'n nfef{ Ko'kf hDdf
/�fgL df}�/�L 3 5.5 7.5 16 lbg
sdL{ df}�/�L 3 6 12 21 lbg
efn]� df}�/�L 3 7 14 24 lbg

ev{/�}� hGd]�sf sdL{ df}�/�Lx¿nfO{ sl/�a tLg xKtf;Dd 3f/�leq}� sfddf nufOG5 . 
To;kl5 sdL{ df}�/�L aflx/�sf]� sfddf vl6G5g\ . logLx¿n]� km"nsf]� /�; hDdf ug{]�, 
3f/�sf]� ;'/�Iff ug{]� / zq';Fu n8fOF ug{]� u5{g\ . 

df}�/�Lsf]� ju{ /� pd]�/�cg';f/�sf]� sfo{ ljefhg 

j|m=;= ju{ pd]/ sfo{

!= efn] hLjge/ /fgL df}/LnfO{ uef{wfg u/fpg] / 3f/nfO{ Gofgf] kfg{] 
sfo{ u5{ .

@= /fgL hLjge/ km'n kfg{], z/L/af6 ljleGg lsl;dsf uGwx¿ lgsfn]/ 
3f/sf] ;~rfng / lgoGq0f u5{ .

#= sdL{ 1-3 lbg of] pd]/df sdL{ df}/Ln] rfsfdf 6fFl;P/ c¿ km'n, nfef{ 
/ Ko'kfnfO{ Gofgf] lbg] Pjd\ sf]if ;kmf ug{] sfd u5{g\ .

4-6 lbg nfef{nfO{ dx / s'6 v'jfpF5g\ .

7-11 lbg of] pd]/df logLx¿sf] lz/ u|lGyaf6 /f]on h]nL pTkfbg 
x'G5 . of] h]nL nfef{ / /fgL df}/LnfO{ v'jfpF5g\ .

12-17 lbg of] pd]/sf sdL{ df}/Ldf $ hf]8f d}g u|lGy ljsf;  
x'G5 . ToxfFaf6 pTkflbt d}gsf] k|of]u u/]/ rfsf 
nufpg], nfef{ / dx sf]ifx¿ aGb u5{g\ . To;}n] sdL{ 
df}/LnfO{ lgdf{l0fsf klg elgG5 .

18-20 lbg ljif u|lGy ljsf; ePsfn] 3f/sf] ;'/Iff u5{g\ .

21 lbgkl5 k'ik /;, k/fu, rf]k, kfgL cflb ;ª\Sng ug{] sfd 
u5{g\ .



lj1fg tyf k|ljlw M sIff !)68

hfgL /�fvf}�“

dxsf]� pTkfbg (Honey production)

dx /�f]�on h]�nL h:�tf]� df}�/�Lsf]� z/�L/� jf s'g}� u|lGyaf6 pTkfbg x'g]� j:�t' xf]�Og . of]� 
ljleGg lsl;dsf k'ik/�;x¿sf]� ld>0faf6 jfikLs/�0f x'g ;Sg]� hlt kfgLnfO{ k|fs[lts 
atf; tyf sdL{ df}�/�Ln]� kv]�6f km8\km8fpFbf rNg]� atf;sf]� ;xof]�uaf6 jfikLs/�0f 
u/�L tof/� ul/�Psf]� df]�gf]�;fsf/�fO8 ;'u/� (Mono-saccharide sugar), ljz]�if u/�L 
k|m'S6f]�h tyf Un'sf]�hsf]� ;lDd>0f xf]� . o;df sl/�a 80-85% sfaf]�{xfO8«]�6, 15-17% 
kfgL, 0.3% k|f]�l6g /� 0.2% Pldgf]� Pl;8, le6fldg /� cGo j:�t'x¿ x'G5g\ . dxsf]� 
/�ª, af:�gf /� k|efjsfl/�tf sdL{ df}�/�Låf/�f ;ª\slnt k'ik/�;sf]� lsl;ddf e/� k5{ .

df}�/�Lsf]� pkof]�lutf (Use of honey bee)

df}�/�L dflg; /� kfl/�l:�ylts k4ltsf nflu cltpkof]�uL ls/�f xf]� . df}�/�Lsf]� pkof]�lutfnfO{ 
lgDgfg';f/� k|:�t't ug{ ;lsG5 M

1. 	 df}/�Lsf /�xg;xg, sfo{ljefhg tyf pRr cg'zf;gn]� ubf{ dflg;nfO{ klg 
ljleGg ;fdflhs Jojxf/�df k|f]�T;fxg u5{ .

2.	 df}�/�Ln]� ljz]�iftM kf}�li6s tÎjo'St j:�t' dx agfpF5 . dxaf6 ljleGg k|sf/�sf 
cfo'j{]�lbs cf}�ifwL, SofG8L, s]�s tyf /�f]�6L tof/� ul/�G5 .

3. 	 df}�/�Ln]� la?jfsf]� k"mnaf6 /�; r':�g]� j|mddf ltgLx¿df k/�fu;]�rg u/�fpF5 . To;}�n]� 
j[mlif pTkfbgdf j[l4 u/�fpgsf nflu klg df}�/�Ln]� dxÎjk"0f{ e"ldsf v]�N5 .

4.	 o;n]� pTkfbg ug]�{ d}�g klg ljleGg lsl;dsf s:�d]�l6S; ;fdfg, h:�t}� M lj|md, 
lnlk:�6s cflb agfpg, d}�g aQLnufot cGo ljleGg j:�t'x¿ agfpgsf nflu 
k|of]�u ul/�G5 .

5.	 /�f]�on h]�nL ;ª\sng ug]�{ k|ljlwsf]� 1fg ePdf s[ifsn]� cToGt 7'nf]� wg/�flz 
k|fKt ug{ ;S5g\ .

6.	 df}�/�Lkfng u/�]�/� s[ifsn]� dgUo]� cfocfh{g ug{ ;S5g\ h;n]� b]�zsf]� cfly{s j[l4df 
/�fxt k'¥ofpF5 .
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kl/�of]�hgf sfo{ M df}�/�L kfng If]�q e|d0f

ljBfno glhs}� /�x]�sf]� df}�/�Lkfng If]�q e|d0f u/�L df}�/�Lsf]� agfj6, df}�/�Lsf]� hLjgrj|m, 
df}�/�Lkfng /� o;sf]� dxÎjsf af/�]�df cjnf]�sg tyf ;f]�wvf]�h ug'{xf]�;\ . o;sf cfwf/�df 
5f]�6f]� k|ltj]�bg tof/� u/�L sIffdf 5nkmn ug'{xf]�;\ .
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cEof;

1= 	 tnsf k|Zgsf]� ;xL ljsNk 5gf]�6 ug'{xf]�;\ M

-s_ 	s'g df}�/�Ldf 16 cf]�6f dfq j|mf]�df]�hf]�d x'G5g\ <

-c_ /�fgL df}�/�L 		  -cf_ sdL{ df}�/�L

-O_ efn]� df}�/�L 		  -O{_ /�fgL df}�/�L /� sdL{ df}�/�L

-v_	 /�f]�on h]�nL sxfFaf6 pTkfbg x'G5 <

-c_ /�fgL df}�/�Lsf]� lz/�u|lGyaf6

-cf_ efn]� df}�/�Lsf]� lz/�u|lGyaf6

-O_ sdL{ df}�/�Lsf]� lz/�u|lGyaf6

-O{_ sdL{ df}�/�Lsf]� ¥ofnu|lGyaf6

-u_	 df}�/�Lsf]� nfef{nfO{ /�f]�on h]�nL dfq vfg lbFbf s'g df}�/�L aG5 <

-c_ /�fgL df}�/�L 		  -cf_ efn]� df}�/�L

-O_ sdL{ df}�/�L 		  -O{_ /�fgL df}�/�L /� sdL{ df}�/�L

-3_	 lbOPsf]� lrqdf df}�/�Lsf]� s'g cj:�yf b]�vfOPsf]� 5 <

-c_ k'mn 			  -cf_ nfef{

-O_ Ko'kf 			  -O{_ jo:�s

-ª_	 df}�/�LnfO{ ;fdflhs ls/�f eGg'sf]� sf/�0f s]� xf]� <

-c_ o;n]� dx pTkfbg u5{ .	 -cf_ o;n]� la?jfdf k/�fu;]�rg u/�fpF5 .

-O_ of]� ;d"xdf ldn]�/� a:�5 .	 -O{_ of]� 3/�kfn'jf ls/�f xf]� .

-r_	 sdL{ df}�/�Lsf v'6\6fdf /�x]�sf]� kf]�n]�gaf:�s]�6 s'g}� sf/�0fjz r'Fl8P5 . ca 
p;sf]� s'g sfo{ ug]�{ Ifdtf 36\5 <

-c_ k"mnsf]� /�; hDdf ug]�{ 		  -cf_ a|'8 k|sf]�i7 lgdf{0f ug]�{

-O_ nfef{nfO{ /�f]�on h]�nL v'jfpg]� 	 -O{_ k"mnsf]� k/�fus0f hDdf ug]�{
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-5_	 tnsf dWo]� s'g rfFlx efn]� df}�/�Lsf]� ljz]�iftf xf]� <

-c_ 	 x\ofKnf]�O8, :�6]�/�fOn, demf}�nfsf/�, e'ml;nf]�

-cf_ 	x\ofKnf]�O8, km6f{On, demf}�nfsf/�, e'ml;nf]�

-O_ 	 l8Knf]�O8, :�6]�/�fOn, demf}�nfsf/�, lrNnf]�

-O{_ 	 l8Knf]�O8, km6f{On, demf}�nfsf/�, e'ml;nf]�

-h_	 /�fgL df}�/�Ln]� glKron ˆnfO6kZrft\ efn]�af6 k|fKt z'j|msL6 sxfF hDdf 
u/�]�/� /�fV5 <

-c_ kf]�n]�g :�ofs 			  -cf_ cf]�e/�L

-O_ :�kd{ :�ofs 			   -O{_ Pu :�ofs

2. 	 km/�s n]�Vg'xf]�;\ M

-s_ 	efn]� df}�/�L /� sdL{ df}�/�L

-v_ 	/�fgL df}�/�L /� sdL{ df}�/�L

-u_ 	/�fgL df}�/�L /� efn]� df}�/�L

3. 	 sf/�0f lbg'xf]�;\ M

-s_ 	df}�/�LnfO{ ;fdflhs k|f0fL elgG5 .

-v_ 	df}�/�Lkfngsf nflu r/�gIf]�qsf]� cfjZostf k5{ .

-u_ 	efn]� df}�/�L ;dfudkl5 d5{ .

-3_ 	df}�/�L ax'pkof]�uL ls/�f xf]� .

4. 	 tnsf k|Zgsf]� pQ/� lbg'xf]�;\ M

-s_ 	df}�/�Lsf]� 3f/�df /�x]�sf df}�/�Lsf k|sf/� n]�Vg'xf]�;\ .

-v_ 	efn]� df}�/�Lsf]� sfd s]� xf]� <

-u_ 	olb s'g}� sf/�0fjz /�fgL df}�/�Lsf]� d[To' eof]� eg]� pSt df}�/�Lsf]� 3f/�sf]� lgoGq0f 
s;n]� u5{ <
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-3_ 	/�fgL df}�/�Ln]� c¿ df}�/�LnfO{ s;/�L lgoGq0f u5{ <

-ª_ 	 dxsf]� pkof]�lutf n]�Vg'xf]�;\ .

-r_ 	/�fgL df}�/�Lsf]� zf/�Ll/�s agfj6sf af/�]�df j0f{g ug{'xf]�;\ .

-5_ 	sdL{ df}�/�Lsf sfo{ pNn]�v ug{'xf]�;\ .

-h_ 	df}�/�Lx¿df sfo{ ljefhg s;/�L x'G5, JofVof ug{'xf]�;\ .

-em_ 	df}�/�Lsf]� hLjgrj|m lrq;lxt JofVof ug{'xf]�;\ .

-`_ 	clg;]�lrt km'naf6 efn]� df}�/�L ljsf; x'g]� k|lj|mofnfO{ s]� elgG5 <

-6_ 	 Ps hgf j[mifsn]� df}�/�Lkfng ubf{ jl/�kl/�sf j[mifsx¿sf]� klg cfocfh{gdf 
j[l4 x'G5 . o; egfOnfO{ cfˆgf ts{;lxt :�ki6 kfg'{xf]�;\ .

-7_	 df}�/�Lkfng If]�qdf r/�gsf]� ;d:�ofn]� ubf{ df}�/�Lkfnsn]� df}�/�LnfO{ ToxfFaf6 
cGt}� ;f/�]�5g\ . To;f]� ubf{ glhs}�sf]� j[mifssf]� tf]�/�L afnLsf]� pTkfbgdf x|f; 
cfP5 . o;sf cfwf/�df df}�/�Lkfng /� s[lif pTkfbgsf]� ;DaGw JofVof 
ug'{xf]�;\ .

-8_	 lbOPsf]� sG;]�K6 Dofk cWoog u/�L pSt Dofk k"/�f ug'{xf]�;\ M

k|hggof]�Uo kf]yL

k|hgg ug{ g;Sg] kf]yL

kfy]�{gf]�h]�g]�l;; df}�/�L uef{wfg
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4 j+zfg'j|md 
(Heredity)

lrqx¿ cjnf]�sg u/�L lgDglnlvt k|Zgdf 5nkmn ug'{xf]�;\ M

chromosome

cell

DNA

gene

lrq 4.1 j+zf0f', lnª\u lgwf{/�0f, cfg'j+lzs k|ljlw

-c_	 dflysf]� lrqdf sf]�ifsf]� Go'lSno;df /�x]�sf w;f{x¿ s]� x'g\ <

-cf_	 hLjx¿sf ;Gtfg pgLx¿ h:�t}� x'g'sf]� /�x:�o s]� xf]� <

-O_	 hLjx¿df ePsf u'0f Ps k':�tfaf6 csf]�{ k':�tfdf s;/�L x:�tfGt/�0f x'G5g\ <

-O{_	 hLjsf]� z/�L/�df sf]�ifsf]� ;ª\Vof s;/�L a9\5 <

-p_	 dflysf]� lrqdf DNA af6 ;fgf]� 6'j|mf lgsfn]�/� csf]�{ 6'j|mf lsg hf]�8\g vf]�lhPsf]� 
xf]�nf <

;a}� hLj ;w}�Fel/� afFRb}�gg\ . hLjx¿ kl/�kSj -mature_ ePkl5 cfkm" h:�t}� ;Gtfg 
pTkfbg u5{g\ . ;a}� hLjx¿df cluNnf]� k':�tfaf6 kl5NNff]� k':�tfdf u'0fx¿ ;b}�{ hfg]� 
ePsfn]� ;a}� hLjx¿sf ;Gtfgx¿ cfˆgf a'afcfdf jf cleefjs -parent_ ;Fu ldNbf 
h'Nbf x'G5g\ . To;sf nflu hLjsf]�ifsf]� Go'lSno;df /�x]�sf j|mf]�df]�hf]�dx¿ lhDd]�jf/� 
x'G5g\ . sf]�if ljefhgsf j|mddf j|mf]�df]�hf]�dx¿ ljefhg eP/� ;Gtlt sf]�ifdf hfG5g\ . 
cleefjsaf6 j+zf0f'ut u'0fx¿ ;b}�{ ;b}�{ ;Gtfgdf cfpg]� eP tfklg jftfj/�0fLo 
k|efjsf ;fy}� cGo ljleGg sf/�s tÎjsf]� k|efjn]� Pp6}� k|hflt -species_ df kg{]� 
hLj klg ;a}� 7\ofSs}� p:�t}� x'Fb}�gg\ . j|mf]�df]�hf]�dn]� hLjx¿sf u'0fx¿ lgwf{/�0f u5{ . 
;hLjx¿sf u'0f ltgLx¿df ePsf j|mf]�df]�hf]�dsf]� ;ª\Vof /� tL j|mf]�df]�hf]�ddf /�x]�sf nfvf}�F 
j+zf0f' -gene_ df lge{/� /�xG5 . ;]�S; j|mf]�df]�hf]�dn]� hLjsf]� lnª\u lgwf{/�0fdf d'Vo 
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e"ldsf v]�N5 . j|mf]�df]�hf]�ddf /�x]�sf j+zf0f'n]� hLjx¿sf]� u'0f lgwf{/�0f ug]�{ /� csf]�{ j+zdf 
u'0f ;fg]�{ sfd u5{ . j+zf0f'sf]� cWoog ug]�{ hLjlj1fgsf]� zfvf h]�g]�l6S; -genetics_ 
xf]� . d]�08nn]� o;;DaGwL lgod k|ltkfbg u/�]�sf 5g\ h;n]� o; If]�qdf ljleGg k|of]�u ug{ 
;xh agfPsf]� 5 . xfn h]�g]�l6S;cGtu{t ljleGg k|ljlwsf]� ljsf; ePsf]� 5 . tL h]�g]�l6s 
k|ljlw ljleGg cg';Gwfg /� dflg;sf]� b}�lgs hLjgdf klg k|efjsf/�L ;flat ePsf 5g\ . 
h]�g]�l6s OlGhlgol/�ªsf]� ljsf;n]� j[mlqd k|hggåf/�f ljleGg hLjsf]� k|hggdf ;xof]�u 
u/�]�sf]� 5 ;fy}� ljleGg xfOla|8 hLjsf]� ljsf; ug{ ;Dej ePsf]� 5 .

4.1 sf]�if ljefhg (Cell divion)

tnsf lrq cjnf]�sg ug'{xf]�;\ /� 5nkmn ug'{xf]�;\ M
Meiosis

sperm egg

male
2n

fertilisation

zygote

mitosis

mass of cells
differentiation

female
2n

offspring
2n

lrq 4.2 hLjx¿df sf]�if ljefhg /� j[l4 ljsf;

5nkmnsf nflu k|Zg

-c_	 z/�L/�df rf]�6 k6s nfUbf 3fp s;/�L lgsf]� x'G5 xf]�nf <

-cf_	 Ps sf]�ifLo hfOuf]�6af6 s;/�L ljzfn z/�L/�sf]� ljsf; x'G5 xf]�nf <
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-O_	 s]� k|hgg sf]�if -Uofd]�6_ /� hLjsf cGo zf/�Ll/�s sf]�if -somatic cells_ Ps}� 
lsl;daf6 aG5g\ <

-O{_	 k|hgg sf]�if /� zf/�Ll/�s sf]�iflardf s]� km/�s 5 xf]�nf < 

hLjx¿sf ljsf; j|mddf k|f]�Sofl/�ofl6s sf]�ifaf6 o'Sofl/�ofl6s sf]�if /� la:�tf/�}� Ps 
sf]�ifLo hLjaf6 ax'sf]�ifLo hLjsf]� pTklQ ePsf]� kfOG5 . k|hggsf j|mddf :�qL /� k'?if 
b'a}�sf d'Vo k|hgg cª\udf /�x]�sf dft[sf]�ifsf]� ldof]�l;; (meiosis) sf]�if ljefhg eP/� 
Uofd]�6 aG5g\ . o;/�L ag]�sf efn]� Uofd]�6 /� kf]�yL Uofd]�6 ;Def]�usf a]�nf cfk;df ldn]�/� 
hfOuf]�6 aG5 . hfOuf]�6 cfkm}�Fdf PSnf]� sf]�if xf]� . pSt Ps sf]�ifLo hfOuf]�6sf]� nuftf/� 
dfO6f]�l;; (mitosis) sf]�if ljefhg eP/� ag]�sf c;ª\Vo zf/�Ll/�s sf]�ifsf ;+of]�hgaf6 
k"0f{ z/�L/�sf]� ljsf; x'G5 . ldof]�l;; /� dfO6f]�l;; b'a}� k|sf/�sf]� sf]�if ljefhg k|lj|mof 
Sofl/�of]�sfOg]�l;; -karyokinesis_ /� ;fO6f]�sfOg]�l;; (cytokinesis_ u/�L b'O{ r/�0fdf 
k"/�f x'G5 . Sofl/�of]�sfOg]�l;; k|lj|mofdf sf]�ifdf /�x]�sf Go'lSno;sf]� ljefhg x'G5 eg]� 
;fO6f]�sfOg]�l;;df sf]�if lemNnL (cell membrane) ;lxt ;fO6f]�KnfHdsf]� ljefhg 
eO{ Pp6f dft[sf]�ifaf6 ldof]�l;;df rf/�cf]�6f /� dfO6f]�l;;df b'O{cf]�6f gofF sf]�ifx¿ 
aG5g\ . ldof]�l;; sf]�if ljefhgaf6 ag]�sf gofF rf/�cf]�6f sf]�ifnfO{ n}�ª\lus sf]�if cyf{t\ 
Uofd]�6 -gamete_ elgG5 eg]� dfO6f]�l;;af6 ag]�sf b'O{cf]�6f gofF sf]�ifnfO{ zf/�Ll/�s 
sf]�if (somatic cell) elgG5 .

-s_ dfO6f]�l;; sf]�if ljefhg (Mitosis cell division)

lj|mofsnfk 4.1 dfO6f]�l;; sf]�if ljefhgsf]� cWoog

p2]�Zo M dfO6f]�l;; sf]�if ljefhgsf]� df]�8]�n lgdf{0f u/�L cWoog ug'{

cfjZos ;fdu|L M ljleGg /�ªsf]� Sn]�, 
ljleGg /�ªsf pgLsf]� wfufsf 6'j|mf, 
sf8{af]�8{

ljlw

-c_	 Pp6f sf8{af]�8{ lng'xf]�;\ . s'g}� 
Pp6f	/�ªsf]� Sn]� k|of]�u u/�]�/� sf]�ifsf]� 
cfsf/� agfpg'xf]�;\ .

Two diploid cells

DNA replication

lrq 4.3 dfO6f]�l;; sf]�if ljefhg df]�8]�n
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-cf_	 b'O{cf]�6f km/�s km/�s /�ªsf]� wfuf]� k|of]�u u/�]�/� j|mf]�df]�hf]�d agfpg'xf]�;\ .

-O_	 lrqdf b]�vfP h:�t}� csf]�{ sf]�if agfO{ DNA sf]� replication ePsf]� b]�vfpg'xf]�;\ .

-O{_ 	 ca b'O{cf]�6f cnu cnu sf]�ifdf a/�fa/� ;ª\Vofdf j|mf]�df]�hf]�d uPsf]� b]�vfpg'xf]�;\ .

-p_	 tof/� ePsf]� dfO6f]�l;; sf]�if ljefhgsf]� df]�8]�n af]�8{df 6fF;]�/� sIffdf 5nkmn 
ug'{xf]�;\ . 5nkmn ubf{ sf]�ifsf]� ;ª\Vof, j|mf]�df]�hf]�dsf]� ;ª\Vof cflbnfO{ cfwf/� 
dfGg'xf]�;\ .

dfO6f]�l;; sf]�if ljefhg k|hgg sf]�ifafx]�s 
z/�L/�sf cGo sf]�ifdf x'G5 . dfO6f]�l;; 
sf]�if ljefhg x'Fbf Pp6f sf]�if ljefhg 
eP/� b'O{cf]�6f sf]�if aG5 . of]� sf]�if 
ljefhg ljz]�if u/�L z/�L/�sf]� j[l4 ljsf; 
/� k'gMlgdf{0fsf nflu x'G5 . xfd|f]� z/�L/�df 
Uofd]�6afx]�s cGo zf/�Ll/�s sf]�ifx¿df 
cfdf /� a'afaf6 k|fKt Ps Ps ;]�6 u/�L 
hDdf b'O{ ;]�6 -diploid_ j|mf]�df]�hf]�d  
x'G5g\ . o:�tf sf]�ifnfO{ l8Knf]�O8 sf]�if elgG5 /� 2n n]� ;ª\s]�t ul/�G5 . dfO6f]�l;; sf]�if 
ljefhg x'g'eGbf cufl8 sf]�ifsf]� Go'lSno;df /�x]�sf]� DNA /�]�lKns]�;g -replication_ 
eO{ b'O{ ;dfg k|lt¿k agfpF5 . sf]�if ljefhgsf]� j|mddf gofF aGg]� sf]�ifx¿ (;Gtlt 
sf]�if_ df ;dfg DNA k|lt¿k sfod x'G5 . o;/�L gofF aGg]� sf]�ifdf cfg'j+lzs 
u'0fx¿ (genetic characteristics_ h:�tfsf]� To:�t}� :�yflkt x'G5 . To;}�n]� o; sf]�if 
ljefhgdf ;Gtlt sf]�ifdf /�xg]� j|mf]�df]�hf]�dsf]� ;ª\Vofdf s'g}� kl/�jt{g x'Fb}�g . ;Gtlt 
sf]�ifdf klg dft[sf]�ifdf hlt g}� j|mf]�df]�hf]�d ;ª\Vof /�xG5 . t;y{ o;nfO{ ;dLs/�0fLo 
sf]�if ljefhg (equational cell division_ klg elgG5 .

dfO6f]�l;; sf]�if ljefhgsf]� dxŒj (Significance of mitosis cell division)

1.	 dfO6f]�l;; sf]�if ljefhgdf ;dfg cfg'j+lzstf ePsf sf]�ifsf]� ;ª\Vof j[l4 x'g]� 
x'Fbf o;n]� zf/�Ll/�s j[l4 ljsf;df d'Vo e"ldsf v]�N5 .

2. 	 3fp rf]�6 nfu]�sf :�yfgdf sf]�ifsf]� k'gMlgdf{0f u/�L klxn]�s}� cj:�yfdf kmsf{pg 
dbt u5{ .

lrq 4.4 dfO6f]�l;; sf]�if ljefhg

2n

2n

2n
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3. 	 sltko jg:�klt tyf 9f8 gePsf s]�xL hgfj/�df cd}�y'lgs k|hgg ug{ dbt 
u5{ .

4.	 dfO6f]�l;; sf]�if ljefhgn]� cfg'j+lzs l:�y/�tf sfod u5{ .

-v_ ldof]�l;; sf]�if ljefhg (Meiosis cell division)

lj|mofsnfk 4.2 ldof]�l;; sf]�if ljefhgsf]� cWoog

p2]�Zo M ldof]�l;; sf]�if ljefhgsf]� df]�8]�n lgdf{0f u/�L cWoog ug'{ 

cfjZos ;fdu|L M ljleGg /�ªsf]� Sn]�, ud, rf6{k]�k/� jf yd{sf]�n l;6 ljlw

-c_	 Pp6f sf8{af]�8{ jf yd{sf]�n l;6 lng'xf]�;\ . Pp6f /�ªsf]� Sn]� k|of]�u u/�]�/� sf]�ifsf]� 
cfsf/� agfpg'xf]�;\ .

-cf_ b'O{cf]�6f km/�s /�ªsf]� Sn]� k|of]�u u/�]�/� 
j|mf]�df]�hf]�d agfpg'xf]�;\ .

-O_	 lrqdf b]�vfP h:�t}� csf]�{ sf]�if 
agfO{ DNA sf]� replication ePsf]� 
b]�vfpg'xf]�;\ .

-O_	 ca b'O{cf]�6f cnu cnu sf]�if 
agfP/� cfwf ;ª\Vofdf j|mf]�df]�hf]�d 
agfP/� 6fF:�g'xf]�;\ .

-p_	 ca rf/�cf]�6f sf]�if agfP/� lrqdf 
b]�vfP h:�t}� u/�L rf/�cf]�6}� sf]�ifdf a/�fa/� ;ª\Vofdf j|mf]�df]�hf]�d agfpg'xf]�;\ .

-pm_	 tof/� ePsf]� ldof]�l;; sf]�if ljefhgsf]� df]�8]�n af]�8{df 6fF;]�/� sIffdf 5nkmn 
ug'{xf]�;\ . 5nkmn ubf{ gofF aGg]� sf]�ifsf]� ;ª\Vof /� j|mf]�df]�hf]�ddf cfPsf]� kl/�jt{g 
cflbnfO{ cfwf/� dfGg'xf]�;\ .

ldof]�l;; sf]�if ljefhg hLjsf]� d'Vo k|hgg cª\usf dft[sf]�ifdf dfq ;Lldt /�xG5 . 
o; sf]�if ljefhgdf Pp6f l8Knf]�O8 dft[sf]�if ljefhg eP/� rf/�cf]�6f x\ofKnf]�O8 ;Gtlt 
sf]�ifx¿ cyf{t\ Uofd]�6 aG5g\ . x\ofKnf]�O8 sf]�if eGgfn]� b'O{k|ltaf6 36]�/� Psk|lt dfq 
j|mf]�df]�hf]�dsf]� ;ª\Vof ePsf]� sf]�if a'lemG5 . o;af6 aGg]� Uofd]�6df j|mf]�df]�hf]�dsf]� ;ª\Vof 
dft[sf]�ifdf /�x]�sf j|mf]�df]�hf]�dsf]� ;ª\Vofsf]� cfwf x'G5, h;nfO{ (n) n]� ;ª\s]�t ul/�G5 . 

lrq 4.5 ldof]�l;; sf]�if ljefhgsf]� df]�8]�n
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rf/�}�cf]�6f Uofd]�6sf]� cfg'j+lzstfdf klg yf]�/�}� leGgtf x'G5 . of]� sf]�if ljefhg b'O{cf]�6f 
r/�0fdf k"/�f x'G5 . klxnf]� r/�0fdf dft[sf]�ifdf ePsf j|mf]�df]�hf]�dsf hf]�8Ln]� cfk;df 
j+zf0f'x¿ n]�gb]�g u/�L cfˆgf]� klxn]�sf]� j+zf0f'sf]� agfj6nfO{ x]�/�km]�/� u5{g\ h;nfO{ 
j|ml;ª cf]�e/� elgG5 /� cfk;df 5'6\l6P/� b'O{cf]�6f x]�Knf]�O8 Go'lSno; agfpF5g\ . 
o;/�L Pp6f Go'lSno;af6 b'O{cf]�6f Go'lSno; aGg' Sofl/�of]�sfOg]�l;; xf]� . o;kl5 
;fO6f]�sfOg]�l;; eO{ To;af6 b'O{cf]�6f x]�Knf]�O8 sf]�if aG5g\ . bf]�;|f]� k]�mhdf k|To]�s sf]�ifdf 
k'gM Sofl/�of]�sfOg]�l;; eO{ k|To]�s Go'lSno;af6 dfO6f]�l;; s]�fif ljefhgdf h:�t}� x/�]�s 
j|mf]�df]�hf]�d laraf6 lrl/�P/� b'O{cf]�6f j|mf]�df]�hf]�ddf ablnG5 /� To;af6 cfg'j+lzstfdf s]�xL 
km/�skgf -variation_ ePsf b'O{cf]�6f Go'lSno; aG5g\ /� km]�l/� bf]�;|f]� k6s ;fO6f]�sfOg]�l;; 
eO{ hDdf rf/�cf]�6f x]�Knf]�O8 (n) ;Gtlt sf]�ifx¿ cyf{t\ Uofd]�6 aG5g\ . klxnf]� r/�0fdf 
x'g]� j|ml;ªcf]�e/�sf sf/�0f rf/�cf]�6f Uofd]�6sf cfg'j+lzstfdf s]�xL km/�skgf cfPsf]� xf]� . 
ldof]�l;; sf]�if ljefhgdf ;Gtlt sf]�ifdf dft[sf]�ifsf]� eGbf j|mf]�df]�hf]�dsf]� ;ª\Vof cfwf 
x'g]� ePsfn]� o;nfO{ l/�8S;g sf]�if ljefhg -reduction cell division_ klg elgG5 . 
jo:�s z/�L/�df ePsf c08sf]�if (testes) /� l8Dafzo (ovary) x¿n]� d}�y'lgs k|hggåf/�f 
;Gtfg hGdfpgsf nflu cfjZos kg]�{ Uofd]�6sf]� pTkfbg ug{ ldof]�l;; sf]�if ljefhg 
x'G5 . efn]� /� kf]�yLlar d}�y'lgs k|hgg x'Fbf Pp6f efn]� /� Pp6f kf]�yL Uofd]�6sf]� ldng 
(fertilization) eO{ k'gM l8Knf]�O8 hfOuf]�6 aG5 . pSt hfOuf]�6sf]� dfO6f]�l;; sf]�if 
ljefhg eP/� kl5 k"0f{ z/�L/� aG5 .

ljrf/�0fLo k|Zg M Pp6}� cfdfafa'af6 hGd]�sf ;Gtfgsf]� cg'xf/�, lhp8fn, cfgLafgL 
OToflb lsg 7\ofSs}� p:�t}� gePsf]� xf]�nf <

ldof]�l;; sf]�if ljefhgsf]� dxŒj (Significance of meiosis cell division)
1. 	 ldof]�l;; sf]�if ljefhgn]� hLjx¿sf]� d}�y'lgs k|hggdf d'Vo e"ldsf v]�N5 .

2. 	 o;n]� cfg'j++lzs ljljwtf Nofpg]� ePsfn]� j|mdljsf; (organic evolution) 
df ;xof]�u u5{ .

3.	 j|mf]�df]�hf]�ddf x'g]� cfg'j+lzs bf]�if (chromosomal disorder) sf]� dd{t ug{ 
dbt u5{ .

lj|mofsnfk 4.3

dfO6f]�l;; /� ldof]�l;; sf]�if ljefhgsf]� leGgtfnfO{ rf6{k]�k/�df jf kfj/� KjfOG6 tof/� 
u/�L k|:�t't ug'{xf]�;\ /� sIffdf 5nkmn ug'{xf]�;\ .
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p2]�Zo M dfO6f]�l;; /� ldof]�l;; sf]�if ljefhgsf]� leGgtfsf]� cWoog ug'{

cfjZos ;fdu|L M rf6{ k]�k/�, ljleGg /�ª jf cGo cfjZos ;fdu|L .

ljlw M lj|mofsnfk 4.1 /� 4.2 df tof/� u/�]�sf]� dfO6f]�l;; /� ldof]�l;; sf]�if ljefhgsf]� 
cjnf]�sg /� cWoog u/�L rf6{ k]�k/�df ltgLx¿lar leGgtf n]�Vg'xf]�;\ jf kfj/� KjfOG6 
tof/� kf/�L sIffdf 5nkmnsf nflu k|:�t'tLs/�0f ug'{xf]�;\ .

4.2 l8clS;/�fOaf]� Go'lSns Pl;8 -l8PgP_ (Deoxyribo Nuclic Acid-DNA)

sf]�ifdf /�x]�sf cfg'j+lzs u'0f af]�s]�sf 
dl;gf /� nfdf TofGb|f g}� l8PgP -DNA_ 
x'g\ . k|f ]�Sofl/�ofl6s sf]�ifdf DNA 
;fO6f]�KnfHddf /�x]�sf]� x'G5 eg]� of]� 
o'Sofl/�of]�l6s sf]�ifdf Go'lSno;leq /�x]�sf]� 
j|mf]�df]�hf]�ddf x'G5 . efO/�;df /�x]�sf]� DNA 
SoflK;8n]� dfq 5f]�lkPsf]� x'G5 . DNA df 
s'g}� Ps gfO6«f]�hg a]�; /� l8clS;/�fOaf]�h 
;'u/� ldn]�/� ag]�sf]� Psn PsfO -single 
unit_ nfO{ Go'lSnof]�;fO8 (nucleoside_ 
elgG5 eg]� gfO6«f]�hg a]�;, l8clS;/�fOaf]�h 
;'u/� /� km:�km]�6 cfof]�g ldn]�/� ag]�sf]� Psn 
PsfO (single unit_ nfO{ Go'lSnof]�6fO8 (nucleotide_ elgG5 . k|To]�s JolStdf 
Go'lSnof]�6fO8sf]� j|mldstf km/�s km/�s x'G5 . To;}�n]� ltgLx¿sf]� u'0fdf klg kl/�jt{g 
b]�lvG5 . DNA b'O{cf]�6f PlG6Kof/�fnn (antiparallel_ :�6«fG8x¿ ldn]�/� ag]�sf]� x'G5 . 
DNA df Pl8lgg (Adenine_, Ujflgg -Guanine_, ;fO6f]�l;g -Cytosine_ yfPldg 
-Thymine_ u/�L rf/� lsl;dsf gfO6«f]�hg a]�; x'G5g\ . P8]�lgg yfPldg;Fu b'O{cf]�6f 
aG8 agfP/� cg'alGwt x'G5 eg]� Ujflgg ;fO6f]�l;g;Fu tLgcf]�6f aG8 agfP/� cg'alGwt 
x'G5 . DNA n]� hLjsf]� cfg'j+lzs u'0f af]�s]�sf]� x'G5 . hLjdf Pp6f ljz]�if cfg'j+lzs 
u'0fsf]� k|ltlglwTj jf hfx]�/� ug]�{ DNA sf]� Pp6f v08 (segment) nfO{ j+zf0f' -Gene_ 
elgG5 . o:�tf j+zf0f' Pp6}� j|mf]�df]�hf]�ddf xhf/�f}�Fsf]� ;ª\Vofdf x'g]� u5{g\ . sf]�if ljefhg 
x'Fbf DNA n]� cfg'j+lzs ;"rgf dft[sf]�ifaf6 ;Gtlt sf]�ifdf ;fg]�{ j|mddf cfg'j+lzs u'0f 
Ps k':�tfaf6 csf]�{ k':�tfdf k|jfx ug]�{ sfo{ u5{ . DNA n]� 6«fG;lj|mK;g u/�L ljleGg 
lsl;dsf]� RNA agfpF5 h;n]� k|f]�l6g ;+Zn]�if0fdf ;xof]�u u5{ .

lrq 4.6 l8PgPsf]� agfj6

nitrogen base

bond nucleotide

phosphate 
molecule

sugar

nucleoside
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kl/�of]�hgf sfo{ M DNA df]�8]�n lgdf{0f

:�yfgLo :�t/�df kfOg]� j:�t' k|of]�u u/�]�/� DNA sf]� df]�8]�n lgdf{0f u/�L sIffdf k|:�t't 
ug'{xf]�;\ .

4.3 /�fOaf]�Go'lSns Pl;8 -cf/�PgP_ Ribonucleic acid (RNA)

RNA gfO6«f]�hg a]�;, /�fOaf]�h ;'u/� /� km:�km]�6 
c0f' ldn]�/� ag]�sf]� kf]�lnGolSnof6fO8 
xf]� . cf/�PgPdf Psn :�6«fG8 x'G5 . 
;fdfGotof RNA ;fO6f]�KnfHd /� s]�xL 
dfqfdf j|mf]�df]�hf]�ddf klg /�x]�sf]� x'G5 . 
efO/�;df RNA SoflK;8n]� 3]�l/�P/� /�x]�sf]� 
x'G5 . efO/�;df o;n]� h]�g]�l6s d]�6]�l/�on 
-genetic material_ sf]� sfd u5{ . 
RNA df P8]�lgg (Adenine_, Ujflgg 
(Guanine), ;fO6f]�l;g -Cytosine_ /� 
o'/�fl;n (Uracil_ u/�L rf/� lsl;dsf 
gfO6«f ]�hg a]�; x'G5g\ . o;df ;w}�F 
Pl8lggn]� o'/�fl;n;Fu b'O{cf]�6f aG8 
agfP/� hf]�l8Psf]� x'G5 eg]� Ujflggn]� 
;fO6f]�l;g;Fu tLgcf]�6f aG8 agfP/� 
hf]�l8Psf]� x'G5 . Messenger RNA (m-RNA), transfer RNA (t-RNA), ribosomal 
RNA (r-RNA) u/�L tLg lsl;dsf RNA x¿ x'G5g\ . RNA sf]� d'Vo sfo{ k|f]�l6g 
;+Zn]�if0f ug'{ xf]� .

lj|mofsnfk 4.4

p2]�Zo M DNA /� RNA lar leGgtf 5'6\ofpg' 

cfjZos ;fdu|L M DNA /� RNA sf]� df]�8]�n jf lrq

ljlw

-c_	 DNA /� RNA sf]� df]�8]�nsf]� /�fd|f]�;Fu cjnf]�sg ug'{xf]�;\ .

Adenine 

guanine

Cytosine

Uracil

lrq 4.7 cf/�PgPsf]� agf]�6

Ribonucleic acid (RNA)
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-cf_	 b'a}�df /�x]�sf]� gfO6«f]�hg a]�; /� ;'u/� c0f'sf]� klxrfg ug'{xf]�;\ /� tn lbPsf]� tflnsf 
eg'{xf]�;\ M

leGgtfsf]� cfwf/� DNA RNA

gfO6«f]�hg a]�;

;'u/�

sfo{

kfOg]� :�yfg

4.4 j|mf]�df]�hf]�d (Chromosome)
lrq cjnf]�sg u/�L tnsf k|Zgdf 5nkmn ug'{xf]�;\ M

cell

chromosome

gene

DNA protein

lrq 4.8 sf]�if, j|mf]�df]�hf]�d /� j+zf0f' cjl:�ylt
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-c_ j|mf]�df]�hf]�d z/�L/�sf]� s'g efudf x'G5g\ <

-cf_ j|mf]�df]�hf]�d s]� s]� ldn]�/� ag]�sf]� x'G5 <

-O_ hLjx¿sf]� z/�L/�df x'g]� j+zf0f'sf]� e"ldsf s]� x'G5 xf]�nf <

-O{_ s]� ;a}� hLjsf z/�L/�df j|mf]�df]�hf]�d x'G5g\ <

hGt' tyf jg:�klt sf]�ifnfO{ dfOj|mf]�:�sf]�kåf/�f 
cjnf]�sg u¥ofF}�+ eg]� sf]�ifsf]� Go'lSno;leq dl;gf 
TofGb|fsf]� hfnf]� b]�lvG5 . tL TofGb|fnfO{ j|mf]�dfl6g 
kmfOa/� elgG5 . sf]�if ljefhgsf]� ;dodf pSt 
j|mf]�dfl6g kmfOa/� 5f]�6f]� /� df]�6f]� l/�ag h:�tf]� x'Fb}� 
hfG5 /� k|:�6;Fu b]�lvG5 . To;nfO{ g}� j|mf]�df]�hf]�d 
elgG5 . DNA /� lx:�6f]�g k|f]�l6g ldn]�/� j|mf]�df]�hf]�d 
ag]�sf]� x'G5 . j|mf]�df]�hf]�ddf y'k| }� j+zf0f'x¿ 
x'G5g\ . k|To]�s j+zf0f'n]� Ps ljz]�if u'0f hfx]�/� 
u5{ . j|mf]�df]�hf]�ddf /�x]�sf]� DNA sf ;fgf]� c+z 
g} j+zf0f' xf]� . j|mf]�df]�hf]�ddf d'Vo b'O{ efu x'G5g\ . tL x'g\ M j|mf]�dfl68 (Chromatid) 
/� ;]�G6«f]�ldo/� (Centromere) .

/�]�lKns]�6]�8 j|mf]�df]�hf]�ddf /�x]�sf b'O{cf]�6f p:�t}� TofGb|fnfO{ j|mf]�dfl68 elgG5 . j|mf]�df]�hf]�ddf 
/�x]�sf]� ufF7f]� h:�tf]� ;+/�rgfnfO{ ;]�G6«f]�ldo/� elgG5 .

j+zf0f' (Gene)

j|mf ]�df]�hf]�ddf /�x]�sf]� Pp6f ljz]�if 
u'0f af ]�s]�sf DNA sf]� ;a}�eGbf 
;fgf]� c+znfO{ j+zf0f' elgG5 . Pp6f 
j|mf]�df]�hf]�ddf w]�/�}� j+zf0f' x'G5g\ . 
k|To]�s j+zf0f'n]� hLjsf]� Pp6f ljz]�if 
u'0f af]�s]�sf]� x'G5 . j+zf0f'n]� j+zf0f'ut 
u'0fnfO{ Pp6f k':�tfaf6 csf]�{ k':�tfdf 
;fg]�{ sfo{ u5{ . j+zf0f'n]� pTkl/�jt{g 
(mutation) /� h]�g]�l6s l/�slDag]�;g 
(genetic recombination) ljlwaf6 j|mdljsf;df dbt u5{ .

lrq 4.9 j|mf]�df]�hf]�dsf]� agfj6

sister
chromatids

Centromere

nucleus 
cell

chromosome

DNA

gane

lrq 4.10 j+zf0f'sf]� cjl:�ylt
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j|mf]�df]�hf]�dsf lsl;d

sfdsf cfwf/�df j|mf]�df]�hf]�d b'O{ lsl;dsf x'G5g\ . tL x'g\, ;f]�dfl6s j|mf]�df]�hf]�d 
(somatic chromosome) /� ;]�S; j|mf]�df]�hf]�d (sex chromosome) .

kl/�of]�hgf sfo{ 4.1 dflg;sf]� Sofl/�of]�6fOksf]� df]�8]�n lgdf{0f

cfjZos ;fdu|L M ljleGg /�ªsf]� Sn]�, sf8{af]�8{ jf yd{sf]�n l;6, ud, dflg;sf]� 
Sofl/�of]�6fOksf]� rf6{ jf lrq

ljlw

-c_	 dflg;sf]� Sofl/�of]�6fOksf]� rf6{ jf lrq cjnf]�sg u/�L ljleGg /�ªsf]� Sn]� k|of]�u 
u/�]�/� 22 hf]�8f ;f]�dfl6s j|mf]�df]�hf]�d tyf dlxnf /� k'?ifdf x'g]� Ps Ps hf]�8f 
;]�S; j|mf]�df]�hf]�dsf]� gd'gf agfpg'xf]�;\ .

-cf_	 ca pSt gd'gfnfO{ sf8{af]�8{ jf yd{sf]�n l;6df j|mda4 ¿kdf 6fF:�g'xf]�;\ .

-O_	 tof/� ePsf]� Sofl/�of]�6fOksf]� gd'gfnfO{ sIffdf k|:�t't ub}�{, ;f]�dfl6s j|mf]�df]�hf]�d 
/� ;]�S; j|mf]�df]�hf]�dsf af/�]�df 5nkmn ug'[{xf]�;\ .

-s_ ;f]�dfl6s j|mf]�df]�hf]�d (Somatic chromosome)

z/�L/�sf]� ;Dk"0f{ agf]�6sf u'0f hfx]�/� ug{]� j|mf]�df]�hf]�dnfO{ ;f]�dfl6s j|mf]�df]�hf]�d (somatic 
chromosome) elgG5 . logLx¿sf]� hf]�8Lsf]� agfj6 p:�t}� x'g]� x'gfn]� logLx¿nfO{ 
c6f]�hf]�d (autosome) klg elgG5 .

-v_ ;]�S; j|mf]�df]�hf]�d (Sex chromosome)

hLjsf lnª\u lgwf{/�0f ug{ j|mf]�df]�hf]�dnfO{ ;]�S; j|mf]�df]�hf]�d elgG5 . logLx¿sf 
hf]�8Lsf agfj6 km/�s km/�s x'g]� x'gfn]� o;nfO{ x]�6]�/�f]�hf]�d (heterosome) klg 
elgG5 . j|mf]�df]�hf]�dsf]� ;ª\Vof (Number of chromosome) hLjx¿sf]� sf]�ifdf kfOg]� 
j|mf]�df]�hf]�dsf]� ;ª\Vof lglZrt x'G5 . ljleGg k|hfltsf hLjdf j|mf]�df]�hf]�dsf]� ;ª\Vof km/�s 
km/�s x'G5, h:�t}� M dflg;sf]� sf]�ifdf 46 cf]�6f j|mf]�df]�hf]�d x'G5g\ eg]� uf]�l/�Nnfsf]� sf]�ifdf 
48 cf]�6f j|mf]�df]�hf]�d x'G5g\ . j|mf]�df]�hf]�dsf]� ;ª\Vof pNn]�v ubf{ ;fdfGotof hf]�8fdf 
pNn]�v ul/�G5, h:�t}� M dflg;sf]� sf]�ifdf 23 hf]�8f j|mf]�df]�hf]�d x'G5g\ . o;/�L pNn]�v ug{'sf]� 
p2]�Zo dflg;sf]� sf]�ifdf /�x]�sf j|mf]�df]�hf]�ddWo]� Ps ;]�6 -23 cf]�6f_ j|mf]�df]�hf]�d a'afaf6 /� 
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csf{]� Ps ;]�6 -23 cf]�6f_ j|mf]�df]�hf]�d 
cfdfaf6 cfPsf x'G5g\ egL 
b]�vfpg' xf]� . ;fdfGotof hLjx¿sf]� 
;f]�dfl6s sf]�ifdf 2 ;]�6 j|mf]�df]�hf]�d 
x'G5g\ . To;nfO{ l8Knf]�O8 (2n) 
elgG5  . Uofd ] �6x¿df Ps 
;]�6 j|mf]�df]�hf]�d x'G5g\ To;nfO{  
x\ofKnf]�O8 (n) elgG5, h:�t}� M 
dflg;sf]� ;f]�dfl6s sf]�ifdf 46 
-2 × 23_ j|mf]�df]�hf]�d x'G5g\, of]� 
l8Knf]�O8 xf]� . dflg;sf]� cf]�ed /� 
z'j|msL6df 23 -1× 23_ cf]�6f dfq j|mf]�df]�hf]�d x'G5g\, of]� x\ofKnf]�O8 xf]� .

4.5 dflg;sf lnª\u lgwf{/�0f (Sex determination) df ;]�S; j|mf]�df]�hf]�dsf] e"ldsf

kl/�of]�hgf sfo{ 4.2 dflg;df x'g]� lnª\u lgwf{/�0f k|lj|mofsf]� df]�8]�n lgdf{0f

cfjZos ;fdu|L M ljleGg /�ªsf]� Sn]�, sf8{af]�8{ jf yd{sf]�n l;6, ud, dflg;df x'g]� 
lnª\u lgwf{/�0f k|lj|mofsf]� rf6{ jf lrq

ljlw

-c_	 dflg;sf]� lnª\u lgwf{/�0f k|lj|mofsf]� rf6{ jf lrq cjnf]�sg u/�L ljleGg /�ªsf]� 
Sn]� k|of]�u u/�]�/� X /� Y j|mf]�df]�hf]�d agfpg'xf]�;\ .

-cf_	 sf8{af]�8{ jf yd{sf]�n l;6df lnª\u lgwf{/�0f k|lj|mofsf]� ljleGg cj:�yfdf /�x]�sf X 
/� Y j|mf]�df]�hf]�dx¿ cfjZos ;ª\Vofcg';f/� 6fF:�g'xf]�;\ /� :�ki6 gfds/�0f ug'{xf]�;\ .

-O_	 tof/� ePsf]� gd'gfnfO{ sIffdf k|:�t't ub}�{, lnª\u lgwf{/�0fdf ;]�S; j|mf]�df]�hf]�dsf]� 
e"ldsfsf af/�]�df 5nkmn ug{'[xf]�;\ .

hLjx¿sf]� j|mf]�df]�hf]�ddf /�x]�sf]� j+zf0f'sf sf/�0fn]� hLjsf u'0fx¿ lgwf{/�0f x'G5g\ . hLjdf 
;]�S; j|mf]�df]�hf]�ddf /�x]�sf j+zf0f'sf]� sf/�0fn]� hLjsf]� lnª\u efn]� jf kf]�yLdf 5'6\l6g'nfO{ 
lnª\u lgwf{/�0f elgG5 . ;]�S; j|mf]�df]�hf]�dn]� gofF ;Gtltdf lnª\u lgwf{/�0f u5{ .

lrq 4.11 dflg;sf]� j|mf]�df]�hf]�dsf]� ;ª\Vof
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dflg;sf]� sf]�ifdf @# hf]�8f j|mf]�df]�hf]�d x'G5g\ h;dWo]� @@ hf]�8f c6f]�hf]�d x'G5g\ /� 1 
hf]�8f ;]�S; j|mf]�df]�hf]�d cyf{t\ x]�6]�/�f]�hf]�d x'G5g\ . k'?ifsf]� sf]�ifdf X /� Y u/�L 1 hf]�8f ;]�S; 
j|mf]�df]�hf]�d x'G5g\ eg]� dlxnfsf]� sf]�ifdf X /� X u/�L 1 hf]�8f ;]�S; j|mf]�df]�hf]�d x'G5g\ . 
k|hggsf]� pd]�/�df k'?if /� dlxnfsf]� z/�L/�df /�x]�sf l8Knf]�O8 (2n = 2 × 23) k|hgg 
sf]�ifdf ldof]�l;; sf]�if ljefhg eP/� x\ofKnf]�O8 (n = 23) Uofd]�6x¿ aG5g\ . k'?if 
k|hgg cª\usf]� dft[ sf]�ifdf (44 + XY) j|mf]�df]�hf]�d x'G5g\ . pSt sf]�if ldof]�l;; sf]�if 
ljefhg x'Fbf (22 + X) /� (22 + Y) j|mf]�df]�hf]�d ePsf z'j|msL6x¿ pTkfbg x'G5g\ . 
:�qL k|hgg cª\usf]� dft[ sf]�ifdf (44 + XX) j|mf]�df]�hf]�d x'G5g\ . pSt sf]�if ldof]�l;; 
sf]�if ljefhg x'Fbf 22 + X j|mf]�df]�hf]�d ePsf]� l8Da (ovum) aG5 . olb (22 + X) 
j|mf]�df]�hf]�d ePsf]� z'j|mls6 cf]�ed;Fu ldNof]� eg]� hGdg]� ;Gtlt :�qLlnª\u cyjf 5f]�/�L 
x'G5 . olb 22 + Y j|mf]�df]�hf]�d ePsf]� z'j|msL6 cf]�ed;Fu ldnL uef{wfg eof]� eg]� 
hGdg]� ;Gtlt k'?if cyjf 5f]�/�f x'G5 . k'?ifdf pTkfbg x'g]� z'j|msL6x¿dWo]� 50 % 
X j|mf]�df]�hf]�d ePsf /� 50 % Y j|mf]�df]�hf]�d ePsf x'gfn]� uef{wfg k|lj|mofdf 5f]�/�f jf 
5f]�/�L aGg]� ;Defjgf 50 % x'G5 .

lrq 4.13 lnª\u lgwf{/�0f rf6{
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cEof;

1. 	 tnsf k|Zgsf]� ;xL ljsNk 5gf]�6 ug'{xf]�;\ M

-s_ 	dflg;sf]� sf]�ifdf slt hf]�8f ;]�S; j|mf]�df]�hf]�d x'G5g\ <

-c_ 1 hf]�8f 			   -cf_ 22 hf]�8f

-O_ 23 hf]�8f 			   -O{_ 46 hf]�8f

-v_ 	j|mf]�df]�hf]�d s]� s]� ldn]�/� ag]�sf]� x'G5 <

-c_ DNA /� RNA 		  -cf_ DNA /� sfaf{]�xfO8«]�6

-O_ DNA /� lx:�6f]�g k|f]�l6g		 -O{_ RNA /� k|f]�l6g

-u_ 	;]�S; j|mf]�df]�hf]�dsf]� d'Vo sfo{ s]� xf]� <

-c_ ;f]�dfl6s u'0f lgwf{/�0f ug{]�

-cf_ lnª\u lgwf{/�0f ug{]�

-O_ /�f]�u k|lt/�f]�ws Ifdtf a9fpg]�

-O{_ cfFvfsf]� agf]�6 lgwf{/�0f ug{]�

-3_	 j+zf0f'ut u'0f ;fg{]� j|mf]�df]�hf]�dsf]� ;a}�eGbf ;fgf]� PsfOnfO{ s]� elgG5 <

-c_ DNA 				   -cf_ j|mf]�dfl68

-O_ ;]�G6«f]�ldo/� 			   -O{_ j+zf0f'

-ª_	 dfO6f]�l;; sf]�if ljefhgsf nflu tnsf dWo]� s'g egfO l7s xf]� <

-c_ of]� sf]�if ljefhgdf Ps}� k6sdf rf/�cf]�6f sf]�if aG5g\ .

-cf_ of]� sf]�if ljefhgdf x\ofKnf]�O8 sf]�if aG5g\ .

-O_ of]� sf]�if ljefhg k|hgg sf]�ifdf x'G5 .

-O{_ of]� sf]�if ljefhgn]� sf]�ifsf]� k'gM lgdf{0f u5{ .
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-r_ 	/�]�l8of]�y]�/�fkL Nofadf sfd ug]�{ Ps hgf 6]�lSgl;ogsf]� ljjfxsf]� nfdf]� 
;dokZrft\ klg ;Gtfgsf]� hGd gx'Fbf k/�LIf0f u/�fP5g\ . k/�LIf0fkZrft\ 
pgn]� nfdf]� ;do;Dd high intensity radiation df sfd u/�]�sfn]� pgdf 
;Gtfg pTkfbg Ifdtf sdL ePsf]� b]�lvof]� . To;df sf]�ifsf]� s'g efudf 
c;/� k/�]�sf]� xf]�nf <

-c_ DNA 					    -cf_ RNA

-O_ ;fO6f]�KnfHd 				   -O{_ Go'lSnof]�n;

-5_	 olb sf]�ifdf DNA transcription ePg eg]� s'g k|lj|mofdf c;/� k5{ <

-c_ k|sfz ;+Zn]�if0f 			   -cf_ k|f]�l6g ;+Zn]�if0f

-O_ d}�y'lgs k|hgg 			   -O{_ sf]�if ljefhg

-h_	 DNA replication x'Fbf s'g}� Pp6f Go'lSnof]�6fO8sf]� gfz eof]� eg]� hLjdf 
s]� c;/� k5{ <

-c_ h]�g]�l6s ;d:�of b]�lvG5 . 	 -cf_ sf]�if ljefhgdf ;d:�of cfpF5 .

-O_ k|hggdf ;d:�of cfpF5 . 	 -O{_ j|mf]�df]�hf]�dn]� sfd ub}�{g .

-em_	 lgDgdWo]� s'gn]� dlxnfsf]� z/�L/�df /�x]�sf sf]�ifsf]� j|mf]�df]�hf]�dsf]� ;ª\s]�t 
u5{ <

-c_ 44 + XY 			   -cf_ 44 + XX

-O_ 22 + XY 			   -O{_ 22 +XY

-~f_	 tnsf dWo]� s'g egfO ;xL 5 <

-c_	 cG8fdf Y j|mf]�df]�hf]�d dfq x'G5 eg]� z'j|mf0f'df X j|mf]�df]�hf]�d x'G5 .

-cf_	 cG8fdf X j|mf]�df]�hf]�d dfq x'G5 eg]� z'j|mf0f'df Y j|mf]�df]�hf]�d x'G5 .

-O_	 cG8fdf X j|mf]�df]�hf]�d dfq x'G5 eg]� z'j|mf0f'df X jf Y dWo]� s'g}� Ps 
j|mf]�df]�hf]�d x'G5 .

-O{_	 cG8f /� z'j|mf0f' b'a}�df X /� Y j|mf]�df]�hf]�d x'G5g\ .
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2. 	 km/�s n]�Vg'xf]�;\ M

-s_ c6f]�hf]�d /� ;]�S; j|mf]�df]�hf]�d 		 -v_ dfO6f]�l;; /� ldof]�l;;

-u_ DNA /� RNA 				   -3_ x\ofKnf]�O8 /� l8Knf]�O8

3. 	 sf/�0f lbg'xf]�;\ M

-s_ 	;Gtltx¿df cfdfa'af h:�t}� u'0fx¿ x'G5g\ .

-v_	 lnª\u lgwf{/�0fdf k'?ifsf]� d'Vo e"ldsf x'G5 .

-u_	 k'?ifdf X /� Y b'a}� vfnsf ;]�S; j|mf]�df]�hf]�d eP tfklg s;}� s;}�sf]� 5f]�/�Ldfq 
jf 5f]�/�fdfq hGdG5g\ .

-3_	 ldof]�l;; sf]�if ljefhgnfO{ l/�8S;g l8lehg klg elgG5 .

-ª_	 dfO6f]�l;; sf]�if ljefhgnfO{ ;dLs/�0fLo ljefhg klg elgG5 .

-r_	 ldof]�l;; sf]�if ljefhgljgf d}�y'lgs k|hgg ;Dej 5}�g .

-5_	 ldof]�l;; sf]�if ljefhgn]� kl/�j[lQ NofpF5 .

4. 	 tnsf k|Zgsf]� pQ/� n]�Vg'xf]�;\ M

-s_	 j+zf0f' s]�nfO{ elgG5 <

-v_	 j|mf]�df]�hf]�d s]�nfO{ elgG5, hLjsf]� z/�L/�df o;sf]� e"ldsf :�ki6 kfg'{xf]�;\ .

-u_	 zf/�Ll/�s ljsf;df dfO6f]�l;; sf]�if ljefhgsf]� dxÎj JofVof ug'{xf]�;\ .

-3_	 hLjx¿sf]� k|hggdf ldof]�l;; /� dfO6f]�l;; sf]�if ljefhgsf]� e"ldsf :�ki6 
kfg'{xf]�;\ .

-ª_	 olb hLjsf]� dft[ k|hgg sf]�ifdf ldof]�l;; sf]�if ljefhg ePg eg]� pSt 
hLjdf s:�tf]� c;/� b]�lvPnf, JofVof ug'{xf]�;\ .

-r_	 hLjsf]� cfg'j+lzs u'0fsf]� k|;f/�0fdf j+zf0f'sf]� e"ldsf :�ki6 kfg'{xf]�;\ .

-5_	 dflg;df s;/�L lnª\u lgwf{/�0f x'G5, rf6{;lxt JofVof ug{'xf]�;\ .

-h_	 Ps dlxnf ue{jtL l5g\ . pgn]� 5f]�/�L hGdfpg ;Sg]� ;Defjgf slt 5, 
k|ltztdf n]�Vg'xf]�;\ .
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-em_	 Ps hf]�8L bDktLsf 3 hgf 5f]�/�f dfq hlGdP . o;sf nflu s]� k'?ifsf]� 
c08sf]�ifaf6 Y j|mf]�df]�hf]�d ePsf z'j|msL6 dfq pTkfbg ePsf xf]�nfg\ t, 
:�ki6 kfg{'xf]�;\ .

-~f_	 s /� v sG;]�K6 Dofk k"/�f u/�L oL b'O{ k|lj|mofx¿lar leGgtf n]�Vg'xf]�;\ .

k|hgg sf]�if
===================
sf]�if ljefhg

Uofd]�6

s

zf/�Ll/�s sf]�if
====================
sf]�if ljefhg

===================

v
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4.8 h]�g]�l6S; /� h]�g]�l6s k|ljlw

j+zf0f'j|md /� d]�G8nsf]� l;4fGt (Heredity and Mendelism)

;a}� ;hLjdf cfk"m h:�t}� ;Gtfg pTkfbg ug]�{ Ifdtf x'G5 . o;sf sf/�0f pgLx¿n]� 
cfkm" h:�t}� ;Gtfg pTkfbg u/�]�/� cfˆgf j+znfO{ lg/�Gt/�tf lbG5g\ . ;Gtfgdf cfˆgf 
k'vf{x¿sf u'0f b]�lvG5g\ t/� hLjx¿ x]�bf{ p:�t}� b]�lvP klg Pscfk;df s]�xL g s]�xL 
u'0fx¿ eg]� km/�s x'G5g\ . cd}�y'lgs jf d}�y'lgs k|hgg b'a}�af6 hGd]�sf ;Gtfgdf 
cfdfa'afsf u'0fx¿ ;/�]�sf x'G5g\ . oL u'0fx¿ Pp6f j+zaf6 csf]�{ j+zdf ;fg]�{ sfd 
sf]�ifsf]� Go'lSno;df /�x]�sf j|mf]�df]�hf]�ddf x'g]� j+zf0f'n]� u5{ . k|To]�s j+zf0f'n]� Pp6f 
ljz]�if u'0f af]�s]�sf]� x'G5 h;n]� ubf{ cfdfa'afdf ePsf j+zf0f'ut u'0fx¿ ;Gtltdf ;b}�{ 
hfG5 . o;/�L cfdfa'afdf ePsf j+zf0f'ut u'0f ;Gtltdf ;g]�{ k|lj|mofnfO{ j+zf0f'j|md 
-heredity_ elgG5 eg]� ;g]�{ u'0fx¿nfO{ j+zf0f'ut u'0f elgG5 .

lj|mofsnfk 4.5 ljleGg lsl;dsf s]�/�fpsf]� cWoog

cfjZos ;fdu|L M ljleGg lsl;dsf s]�/�fpsf]� lap, d]�G8nsf]� k|of]�udf cfwfl/�t k|an 
/� n'Kt u'0fx¿sf]� rf6{, rf6{k]�k/�, ud

ljlw

-c_	 cfˆgf]� 3/� jf l5d]�sdf kfOg]� ljleGg lsl;dsf s]�/�fpsf lapx¿ hDdf ug'{xf]�;\ . 
ltgLx¿nfO{ cfsf/�, ;fOh / /�ªsf cfwf/�df ljleGg ;d"xdf 5'6\ofpg'xf]�;\ .

-cf_	 ca d]�G8nsf]� k|of]�usf]� rf6{df plNnlvt u'0fsf]� 5nkmn ug'{xf]�;\ . 5nkmnsf 
cfwf/�df tL lapnfO{ k|an u'0f ePsf /� n'Kt u'0f ePsfdf 5'6\ofpg'xf]�;\ .

-O_	 rf6{k]�k/�df tL s]�/�fpsf lap 6fF;]�/� ltgsf u'0f klg pNn]�v u/�L sIffdf k|:�t't 
ug'{xf]�;\ .

lgisif{

j+zf0f', j+zf0f'j|md /� kl/�j[lQsf af/�]�df cWoog ug]�{ hLjlj1fgsf]� Pp6f ljwfnfO{ 
h]�g]�l6S; (genetics) elgG5 . h]�g]�l6S;cGtu{t h]�g]�l6s OlGhlgol/�ª, d]�l8sn h]�g]�l6S; 
h:�tf pkljwf k5{g\ . h]�g]�l6S;sf af/�]�df ljleGg cg';Gwfg u/�]�/� lgod k|ltkfbg ug]�{ 
klxnf]� j}�1flgs u|]�u/� hf]�x\g d]�G8n x'g\ .
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lrq 4.13 s]�/�fpsf]� lj?jfdf k|an /� n'Kt u'0fx¿

pgL h'nfO{ 22, 1822 df cl:�6«ofdf hlGdPsf lyP . pg}�nfO{ h]�g]�l6S;sf lktf elgG5 . 
d]�G8nn]� cfˆgf]� au}�Frfdf pdfl/�Psf s]�/�fpsf la?jf (Pisum sativum) df j+zf0f'ut 
u'0fsf]� k|;f/�0f;DaGwL cg]�sf}�F k|of]�u -experiment_ u/�]�sf lyP . s]�/�fpsf la?jfdf 
k|of]�u ubf{ pgn]� ;ftcf]�6f ljleGg u'0fnfO{ cfwf/� dfg]�sf lyP, tL x'g\ M

1. 	 la?jfsf]� prfO M cUnf]� /� xf]�rf]� (Tall and dwarf)

2. 	 k"mnsf]� :�yfg M sfk /� 6'Kkf]� (Axial and terminal)

3. 	 sf]�;fsf]� /�ª M xl/�of]� /� kx]�Fnf]� (Green and yellow)

4. 	 sf]�;fsf]� cfsf/� M kf]�l6nf]� /� v08 v08 k/�]�sf]� (Inflated and constricted)

5. 	 lapsf]� cfsf/� M uf]�nf]� /� rfpl/�Psf]� (Round and wrinkled)

6. 	 k"mnsf]� /�ª M a}�hgL /� ;]�tf]� (Purple and white)

7. 	 lapsf]� /�ª M kx]�Fnf]� /� xl/�of]� (Yellow and green)
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d]�G8nn]� cfˆgf]� k|of]�usf nflu s]�/�fpsf]� af]�6 5fGg'sf sf/�0f

1.	 s]�/�fpsf]� k"mn b'O{lnª\uL (bisexual) /� aGb (closed) ePsfn]� k|fs[lts ¿kd}� 
:�jk/�fu;]�rg eO{ k|hgg x'g ;S5 .

2. 	 o;df cfjZostfcg';f/� k/� k|hgg u/�fpg klg ;lsG5 .

3. 	 o;sf]� hLjgrj|m 5f]�6f]� ePsfn]� l56f]� l56f]� glthf lng ;lsG5 .

4. 	 o;df w]�/�}� hf]�8f km/�s u'0fx¿ (contrasting characteristics) x'G5g\ .

5. 	 Ps}� k6sdf w]�/�}� lapx¿ pTkfbg ug{ ;lsG5 h;af6 ;lhn}� w]�/�}� ;ª\Vofdf gofF 
la?jf pTkfbg ug{ ;lsG5 .

6. 	 logLx¿nfO{ pdfg{ klg ;lhnf]� x'G5 .

d]�G8nsf]� k|of]�usf]� ljlw (Method of Mendel's experiment)

d]�G8nn]� s]�/�fpsf]� af]�6df kfOg]� ;ft hf]�8f u'0f z'4 (pure) /� l7dfxf (hybrid) sf 
af/�]�df 5'6\6f5'6\6}� cWoog u/�L k|To]�s j+zhsf]� u'0fcg';f/� juL{s/�0f klg u/�]� . d]�G8nn]� 
j+zf0f'j|mdsf]� cWoogsf nflu s]�/�fpsf z'4 cUnf /� xf]�rf la?jf 5fgL k/� k/�fu;]�rg 
(cross pollination) u/�fP . o; k/�fu;]�rgaf6 k|fKt ePsf]� lapaf6 la?jf pdfl/�of]�, 
h;nfO{ klxnf]� j+z (first filial generation) elgof]� . klxnf]� j+zdf k|fKt la?jfx¿ 
;a}� cUnf kfOof]� . o;/�L g}� pgn]� afFsL ;ftcf]�6f hf]�8f u'0fsf]� klg 5'6\6f5'6\6}� ¿kdf 
k/�fu;]�rg u/�fO{ cWoog u/�]� . t/� klxnf]� j+zdf Pp6}� dfq nIf0f kfP . km/�s hf]�8f 
u'0fx¿ (contrasting character) nfO{ cfk;df k/�fu;]�rg u/�fpFbf klxnf]� j+zdf 
k|fKt x'g]� u'0fnfO{ d]�G8nn]� k|an u'0f (dominant character) gfd lbP eg]� h'g u'0f 
klxnf]� j+zdf b]�lvPg pSt u'0fnfO{ n'Kt u'0f (recessive character) gfd lbP .

d]�G8nn]� klxnf]� j+zdf k|fKt l7dfxf cUnf la?jflardf :�jk/�fu;]�rg (self 
pollination) u/�fP . o;/�L :�jk/�fu;]�rgkZrft\ k|fKt bf]�;|f]� j+zsf la?jf cjnf]�sg 
ubf{ cUnf]� /� xf]�rf]� b'a}� u'0f ePsf la?jf b]�vf k/�]� . h;nfO{ rf6{df lgDgfg';f/� k|:�t't 
ug{ ;lsG5 M
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gf]6 M z'c Ö z'4 cUnf] (TT), l7c Ö l7dfxf cUnf] (Tt), z'xf] Ö z'4 xf]rf] -tt_

z'4 cUnf] z'4 xf]rf]z'c l7c l7c z'xf] z'c l7c l7c z'xf]

lrq 4.14 :� cUnf]� s]�/�fp /� xf]�rf]� s]�/�fplarsf]� df]�gf]�xfOla|8 j|m; -t]�;|f]� j+zh;Dd_

d]�G8nsf]� k|of]�usf glthfx¿

1. 	 z'4 cUnf s]�/�fpaf6 cUn}� dfq la?jf pTkfbg eP .

2. 	 l7dfxf cUnf la?jfaf6 k]�ml/� 3:�1 sf cg'kftdf cUnf /� xf]�rf la?jf pTkfbg 
eP .

3. 	 z'4 xf]�rf la?jfaf6 xf]�rf la?jf dfq pTkfbg eP .

d]�G8nsf]� k|of]�udf lkmgf]�6fOlks cg'kft /� lhgf]�6fOlks cg'kft

hLjx¿sf]� aflx/�L ¿kdf b]�lvg]� u'0fnfO{ lkmgf]�6fOlks u'0fx¿ elgG5 . hLjx¿sf]� 
cfg'j+lzs ;+/�rgf -genetic constitution_ nfO{ lhgf]�6fOlks u'0f elgG5 . d]�G8nsf]� 
k|of]�udf bf]�;|f]� j+zsf]� lkmgf]�6fOlks /� lhgf]�6fOlks cg'kft lgDgfg';f/� 5 M

lkmgf]�6fOlks cg'kft -cUnf]� M xf]�rf]�_ = 3:�1

lhgf]�gfOlks cg'kft -z'4 cUnf]� M l7dfxf cUnf]� M z'4 xf]�rf]�_ = 1:�2:�1
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df]�gf]�xfOla|8 j|m; /� 8fOxfOla|8 j|m; (Monohybrid cross and dihybrid cross)

Pp6f dfq km/�s u'0f (contrasting character) nfO{ cfwf/� dfgL la?jfsf lardf 
k/�k/�fu;]�rg u/�fO{ l7dfxf la?jf pTkfbg ug'{nfO{ df]�gf]�xfOla|8 j|m; elgG5,  
h:�t}� M cUnf]� /� xf]�rf]� s]�/�fpsf]� lardf j|m; u/�fpFbf klxnf]� j+zdf 100% l7dfxf cUnf]� 
la?jf pTkfbg x'G5g\ .

To:�t}� b'O{cf]�6f km/�s u'0fx¿nfO{ cfwf/� dfgL la?jfsf lardf k/�k/�fu;]�rg u/�fP/� 
l7dfxf la?jf pTkfbg ug]�{ k|lj|mofnfO{ 8fOxfOla|8 j|m; elgG5 .

lj|mofsnfk 4.6 df]�gf]�xfOla|8 j|m;;DaGwL d]�G8nsf]� k|of]�usf]� bf]�;|f]� lkmlnPn h]�g]�/�]�;g;Ddsf]� 
rf6{ rf6{k]�k/�df tof/� u/�]�/� sIffdf o;sf af/�]�df 5nkmn ug'{xf]�;\ .

d]�G8nsf lgodx¿

u|]�u/� hf]�xfg d]�G8nn]� s]�/�fpsf ljleGg u'0fx¿ lnP/� u/�]�sf k|of]�ukZrft\ pknAw 
glthfsf cfwf/�df lgDglnlvt lgod k|ltkfbg u/�]�sf lyP . o; kf7df d]�G8nsf]� 
b'O{cf]�6f lgodsf af/�]�df dfq 5nkmn ug]�{ 5f}�F M

1. 	 k|antfsf]� lgod (Law of dominance)

2. 	 n}�ª\lus z'4tfsf]� lgod (Law of purity of gamete or law of segregation)

3. 	 :�jtGq u'0f k|;f/�0fsf]� lgod (law of independent assortment)

k|antfsf]� lgod (Law of dominance)

k|antfsf]� lgodfg';f/� z'4 u'0f ePsf dfp hLjlar k/�k/�fu;]�rg u/�fpFbf klxnf]� 
j+zdf k|anu'0f dfq b]�vfk5{ . o;/�L Ps hf]�8f z'4 t/� km/�s u'0f ePsf dfp 
hLjx¿lar k/�k/�fu;]�rg 
u/�fpFbf klxnf]� j+zdf s'g}� 
Pp6f dfq u'0f b]�lvg'nfO{ 
k|antfsf]� lgod elgG5 . 
d]�G8nsf]� k|of]�udf klg 
s'g}� u'0f klxnf]� j+zdf 
b]�vf k/�]�sf]� kfOof]� eg]� 
s'g}� u'0f blaP/� /�x]�sf lrq 4.15 d]�G8nsf]� k|antfsf]� lgod b]�vfpg]� rf6{
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kfOof]� . o;/�L k|ToIf ¿kdf 
b]�vf kg]�{ u'0fnfO{ k|an u'0f 
/� blaP/� /�x]�sf]� u'0fnfO{ n'Kt 
u'0f elgG5 .

d]�G8nsf]� k|antfsf]� lgod 
lugL lkudf klg cWoog ug{ 
;lsG5 . o; k|of]�udf sfnf]� 
/�ªsf]� lugL lku (BB) /� ;]�tf]� 
/�ªsf]� lugL lku (bb) nfO{ 
cfk;df j|m; u/�fpFbf klxnf j+zdf l7dfxf sfnf]� lugL lku dfq hGdG5g\ . oxfF 
sfnf]� /�ª k|an u'0f /� ;]�tf]� u'0f n'Kt u'0f x'G5 .

n}�ª\lus z'4tfsf]� lgod (Law of purity of gamete)

klxnf]� j+zsf]� l7dfxfdf b'O{ km/�s u'0f;Fu}� /�x]� klg h]�g]�l6s txdf cfcfˆgf]� df}�lnstf 
u'dfPsf x'Fb}gg\ ha l7dfxfdf Uofd]�6 aG5 . ldof]�l;; sf]�if ljefhg x'Fbf dfpsf]�ifdf 
/�x]�sf z'4 jf l7dfxf Plnn -allele_ sf j+zf0f'x¿ 5'6\l6P/� k|To]�s Uofd]�6df z'4 u'0f 
dfq hfG5 . o; lgodnfO{ n}�ª\lus z'4tfsf]� lgod elgG5 . o;sf]� cy{ Uofld6x¿ 
;w}�F z'4 x'G5g\ . pbfx/�0fsf nflu d]�G8nsf]� k|of]�udf klxnf]� j+zdf k|fKt cUnf]� la?jfdf 
:�jk/�fu;]�rg u/�fpFbf l7dfxf Plnnsf j+zf0f'x¿ 5'6\l6Psfn]� g}� bf]�;|f]� j+zdf cUnf 
/� xf]�rf b'a}� k|sf/�sf s]�/�fpsf la?jf b]�lvPsf x'g\ h;df cUnf /� xf]�rfsf]� cg'kft 
3:�1 x'G5 .

klxnf]� j+zh lkmgf]�6fOk
klxnf]� j+zh lhgf]�6fOk

bf];|f] j+zh lhgf]6fOk
bf];|f] j+zh lkmgf]�6fOk

Plnn 5'6\l6P/ ag]sf Uofd]6

uef{wfg

cUnf]� cUnf]� cUnf]� xf]rf]

cUnf]    ×    xf]�rf]�

lrq 4.17 klxnf]� j+zhaf6 pTkflbt l7dfxfdf :�jk/�fu;]�rgkZrft\ pTkflbt bf]�;|f]� j+zh

lrq 4.16 z'4 sfnf]� lugL lku /� z'4  

;]�tf]� lugL lkular j|m; k|hgg
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lugL lkudf x'g] xfOla|8 j|m;

lrq 4.18 l7dfxf sfnf]� lugL lkunfO{ :�jk|hgg u/�fp“bf k|fKt bf]�;|f]� a+z

To;}� u/�L sfnf]� lugL lku /� ;]�tf]� lugL lkular j|m; u/�fpFbf klxnf]� j+zdf k|fKt 
ePsf l7dfxf sfnf]� lugL lkunfO{ :�jk|hgg u/�fpFbf bf]�;|f]� j+zdf 75% sfnf]� /� 25% 
;]�tf]� lugL lku b]�lvPsf lyP . To;df klg lkmgf]�6fOlks cg'kft -sfnf]� M ;]�tf]�_ 3:�1 
lyof]� eg]� lhgf]�6fOlks cg'kft -z'4 sfnf]� M l7dfxf sfnf]� M z'4 ;]�tf]�_ 1:�2:�1 lyof]� .

cfg'j+lzs k|ljlw (Genetic technology)

xfnsf]� ljZj k|ljlwsf]� If]�qdf lgs}� cufl8 
al9;s]�sf]� 5 . To;dWo]� cfg'j+lzs k|ljlw 
klg Ps xf]� . o; k|ljlwn]� DNA df ;lhn}� /� 
l56\6}� ljleGg kl/�jt{g u/�fO{ gofF gofF u'0f 
ljsf; ug{ dbt u5{ . o; k|ljlwdf j+zf0f'sf]� 
df]�l8lkms]�;g ul/�G5 . xfn j}�1flgsx¿n]� 
j+zf0f' s]� x'g\ < ltgLx¿sf]� sfo{ s]� xf]� < 
ltgLx¿nfO{ yk]�/�, 36fP/� jf k|lt:�yfkg u/�]�/� 
DNA s;/�L kl/�dfh{g ug{ ;lsG5 egL kQf 
nufpg ;Ifd ePsf 5g\ . j+zf0f'x¿ ;a}� 
hLjdf kfOG5g\ /� Ps k':�tfaf6 csf]�{ k':�tfdf ;b}�{ hfG5g\ . ltgLx¿ sf]�8]�8 lgb]�{zs x'g\ 

lrq 4.19 Pp6f hLjsf]� DNA df csf]�{ 

hLjsf]� DNA sf]� 6'j|mf hf]�8\b}
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h'g ljleGg k|f]�l6g lgdf{0f ug{ /� cfg'j+lzs u'0fx¿ gofF k':�tfdf ;fg{ k|of]�u x'G5g\ . 
cfg'j+lzs k|ljlw eg]�sf]� j+zf0f' cleJolSt -genetic expression_ a'em]�/�, k|fj[mlts 
cfg'j+lzs leGgtfsf]� kmfObf p7fpFb}� j+zf0f' kl/�dfh{g ug]�{ /� gofF hLjdf j+zf0f'x¿ 
x:�tfGt/�0f ug]�{ k|lj|mof xf]� . cfg'j+lzs k|ljlwdWo]� cfg'j+lzs OlGhlgol/�ª Ps k|lj|mof 
xf]� h;n]� k|of]�uzfnfdf cfwfl/�t k|ljlw k|of]�u u/�]�/� hLjsf]� DNA ;+/�rgf kl/�jt{g u5{ . 
o;nfO{ cfg'j+lzs kl/�dfh{g -genetic modification_ klg elgG5 . o;df Psn 
gfO6«f]�hga]�; hf]�8L -A-T jf C-G_ kl/�jt{g ug]�{, DNA df /�x]�sf]� s'g}� j+zf0f' x6fpg]� 
jf yKg]� u/�L gofF u'0fsf]� ljsf; ul/�G5 . cfg'j+lzs OlGhlgol/�ªdfk{mt agfOPsf 
j+zf0f'sf e]�l/�oG6x¿ -variants_ Ps k':�tfaf6 csf]�{ k':�tfdf x:�tfGt/�0f ug{ ;lsG5 . 
j+zf0f'x¿ /� ltgLx¿sf sfo{ klxrfg ug'{ cfg'j+lzs k|ljlwsf]� dxÎjk"0f{ k|of]�u xf]� . 
afof]�6]�Sgf]�nf]�hL /� cf0fljs hLjlj1fg -molecular biology_ df cfg'j+lzs k|ljlwsf]� 
dxÎjk"0f{ :�yfg /�x]�sf]� 5 . o;df DNA cg'j|md -DNA sequencing_ sf]� hfgsf/�Lsf 
cfwf/�df o;sf]� ;+/�rgf, sfo{ /� k|lj|mof cflbdf k|of]�u u/�]�/� la?jfsf ljz]�iftfnfO{ 
kl/�jt{g jf lgoGq0f ug{ ;Dej agfPsf]� 5 . xfn DNA cf0fljs dfs{/�x¿ -DNA 
molecular markers_, 6«fG;h]�lgs 6]�Sgf]�nf]�hL -transgenic technology_ /� j+zf0f' 
cleJolSt -gene expression_ df cfwfl/�t cfg'j+lzs k|ljlw s[lif pTkfbgdf Jofks 
¿kdf k|of]�u ul/�Psf]� 5 h;n]� s[lif pkh /� u'0f:�t/� ;'wf/� ug{, ljleGg h}�ljs /� 
ch}�ljs tgfjn]� ubf{ x'g]� gf]�S;fgnfO{ sd ug{ tyf k|hgg Ifdtfdf ;'wf/� ug{ 7'nf]� 
;Defjgf b]�vfPsf]� 5 . pRr ;DefJotf /� cfjZostf ePsf oL cfw'lgs DNA 
k|ljlw j[mlifsf]� lbuf]� ljsf;sf]� Uof/�]�G6L ug]�{ dxÎjk"0f{ pkfo x'g\ . xfn DNA k|ljlwn]� 
kmf]�/�]�lG;s lj1fgsf]� If]�qdf klg dxÎjk"0f{ :�yfg lnPsf]� 5 . ljleGg cfk/�flws 36gfsf]� 
cg';Gwfg ug{ DNA k|ljlwsf]� k|of]�u ul/�G5 h;nfO{ DNA k/�LIf0f elgG5 .

ljleGg cg';Gwfgdf l8PgP k/�LIf0fsf]� e"ldsf

l8PgP k/�LIf0f k|ljlwsf]� k|of]�u u/�]�/� ljleGg cfk/�flws d'2fx¿sf]� 5fglag ug{ /� 
bf]�ifLsf]� klxrfg ug{ ;xh ePsf]� 5 . DNA k/�LIf0f d'Votof cfk/�flws cg';Gwfg /� 
lkt[Tj k/�LIf0fsf nflu a9L k|of]�u ul/�G5 . j}�1flgs ljlwsf ¿kdf tYox¿ :�yflkt 
ug{ of]� k|efjsf/�L 5 t/� DNA k/�LIf0f hl6n /� clt ;+j]�bgzLn sfo{ xf]� . Ps ;fwf/�0f 
q'l6n]� klg 7'nf]� unt glthf Nofpg ;S5 . To;}�n]� DNA k/�LIf0fnfO{ ljZj;gLo, 
Gofok"0f{ /� k|efjsf/�L agfpg gd'gf ;ª\sng Pjd\ To;sf]� 9'jfgLdf ;fy}� ;ª\j|md0f 
x'g glbg klg ljz]�if Wofg lbg'k5{ .
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kl/�of]�hgf sfo{

OG6/�g]�6sf]� k|of]�u u/�]�/� ljleGg If]�qdf k|of]�u x'g]� DNA k/�LIf0fsf af/�]�df vf]�h u/�L 
kfj/�kf]�OG6 :�nfO8 tof/� ug'{xf]�;\ /� sIffdf k|:�t't u/�L 5nkmn ug'{xf]�;\ .

5gf]�6 k|hgg (Selective breeding)

k/�fk"j{ sfnb]�lv g}� cfk"mn]� rfx]�h:�tf]� s[lif pkhsf nflu dflg;n]� la?jf tyf 
hgfj/�dWo]� /�fd|f /� c;n u'0f ePsf dfp 5gf]�6 u/�L k|hgg u/�fpFb}� cfPsf 5g\ . 
o;/�L pQd ljz]�iftf ePsf hgfj/� tyf la?jf 5gf]�6 u/�]�/� ltgLx¿lar d}�y'lgs 
k|hgg u/�fO{ cfkm"n]� rfx]� h:�tf ljz]�iftf ePsf ;Gtfg pTkfbg ug]�{ k|lj|mof g}� 5gf]�6 
k|hgg (selective breeding) xf]� . s'g}� hLjdf ePsf dflg;nfO{ dg kg]�{ ljz]�iftfsf 
cfwf/�df k|hgg u/�fO{ tL u'0fnfO{ efjL ;Gtltdf :�yflkt ug'{ 5gf]�6 k|hggsf]� d'Vo 
p2]�Zo xf]� . o; ljlwdf cfkm"n]� rfx]� h:�tf af]�6la?jf /� hgfj/� pTkfbg ug{ To:�tf 
ljz]�iftf ePsf cfdf jf a'af jf b'a}� 5fg]�/� k|hgg u/�fOG5 . 5gf]�6 k|hggn]� hLjx¿df 
k|fj[mlts ¿kdf cjl:�yt j+zf0f' leGgtfsf]� k|of]�u u/�]�/� k|fj[mlts k|hggnfO{ hf]�8 lbG5 . 
5gf]�6 k|hgg u/�fpFbf sltko k|fs[lts u'0fx¿ nf]�k x'g]� jf To;af6 pTkl/�jt{g eO{ 
cGo cjfl~5t u'0fx¿ b]�vfkg{ ;Sg]� ePsfn]� sltko dflg;n]� o;sf]� cfnf]�rgf;d]�t 
u5{g\ . pbfx/�0fsf nflu olb xfdLn]� xf]�rf]� hgfj/�nfO{ alxisf/� u/�L cUnf]� hgfj/�sf 
lardf dfq}� k|hgg u/�fpF5f}�F eg]� ;Gtfgn]� cUnf]� agfpg]� j+zf0f' k|fKt u5{g\ . olb of]� 
k|lj|mof w]�/�}� k':�tfx¿;Dd bf]�xf]�¥ofOof]� eg]� efjL k':�tfdf cUnf]� x'g]� u'0f :�yflkt x'Fb}� 
hfG5 /� xf]�rf]� x'g]� u'0f j|mdzM nf]�k x'Fb}� hfG5 .

kl/�of]�hgf sfo{

cfˆgf cu|hx¿;“u ;f]�wk'5 u/�]�/� jf OG6/�g]�6sf]�]� k|of]�u u/�]�/� ljleGg hLjdf x'g]� 5gf]�6 
k|hggsf af/�]�df 5f]�6f]� k|ltj]�bg tof/� ug'{xf]�;\ /� sIffdf 5nkmnsf nflu k|:�t't ug'{xf]�;\ .

5gf]�6 k|hggsf a]�kmfObf

1.	 5gf]�6 k|hggn]� k|foM w]�/�}� ;dfg cfg'j+lzs u'0f ePsf hgfj/� tyf la?jfsf]� 
hg;ª\Vof dfq j[l4 u5{ .

2.	 ;ª\j|md0ffTds /�f]�u cfg'j+lzs ¿kdf k}�mng]� ;Defjgf a9L x'G5 .

3. 	 o; k|hgg ljlwdf k|foM w]�/�}� glhssf]� gftf ePsf hLjx¿lar k|hgg x'g]� x'Fbf 
hGdhft cfg'j+lzs ;d:�ofaf6 kLl8t x'g]� ;Defjgf a9L x'G5 .
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4. 	 5gf]�6 k|hggnfO{ j[mlqd rog klg elgG5 lsgls o;df dfgj x:�tIf]�k x'G5 .

5. 	 5gf]�6 k|hggn]� k|fs[lts ¿kdf ljBdfg sltko cfg'j+lzs u'0fnfO{ lgif]�w 
ug]�{ x'Fbf h}�ljs ljljwtfdf c;/� kg{ ;S5 h;n]� ubf{ eljiodf hLjsf]� s'g}� 
k|hfltx¿ Pp6}� v/�fj nIf0fsf sf/�0f ;dfKt x'g]� ;Defjgf /�xG5 .

5gf]�6 k|hggsf ljlw

5gf]�6 k|hgg u/�fpFbf ljleGg ljlw ckgfpg ;lsG5 . tLdWo]� s]�xL ljlw oxfF lbOPsf]� 
5 .

Ogla|l8ª (Inbreeding)

cg'dflgt ljz]�iftf ePsf hLjx¿sf]� :�yfkgf 
ug{sf nflu Ogla|l8ª ul/�G5 . o; ljlwdf 
w]�/�}� glhssf]� ;DaGw ePsf hLjx¿sf lardf 
k|hgg u/�fOG5 . o; lsl;dsf]� k|hgg w]�/�}� 
k':�tfdf lg/�Gt/� u/�fOof]� eg]� cfg'j+lzs ¿kdf 
;dfg u'0f ePsf ;Gtfg pTkfbg x'G5g\ . o;/�L 
pTkflbt . hLjnfO{ z'4 g:�nsf ¿kdf JofVof 
ul/�G5 . :�ofldh la/�fnf]� /� Nofa|f8f]�/� l/�l6«e/� s's'/� z'4 g:�nsf pbfx/�0f x'g\ .

nfOg k|hgg (Line breeding)

of]� klg Ps lsl;dsf]� Ogla|l8ª xf]� . o;df s]�xL 6f9fsf]� ;DaGw ePsf hLjx¿lar 
k|hgg u/�fP/� rfx]�sf ljz]�iftf ePsf hLjx¿sf]� pTkfbg ul/�G5 . o;n]� z'4 g:�n x'g]� 
b/�nfO{ 36fpF5 . o;n]� z'4 g:�n x'g]� hLjdf b]�vf kg{ ;Sg]� cfg'j+lzs c:�j:�ytfsf]� 
hf]�lvd 36fpg dbt u5{ .

:�jk/�fu;]�rg (Self pollination)

w]�/�}�h;f]� la?jfdf efn]� /� kf]�yL k|hgg cª\u Pp6}� km"ndf x'G5g\ . o:�tf k"mnx¿ 
:�jk/�fu;]�rg ug{ ;Ifd x'G5g\ . :�jk/�fu;]�rgaf6 pTkflbt lapaf6 pdfl/�Psf 
la?jfsf s]�xL u'0fx¿ d"n la?jf;Fu ldNbf x'G5g\ t/� ;a}� u'0fx¿ ldNb}�gg\ . o;sf]� 
k|d'v sf/�0f d}�y'lgs k|hgg x'Fbf j+zf0f'sf]� km]�/�abn x'g' xf]� . o; ljlwaf6 cfg'j+lzs 
¿kdf w]�/�}� ;dfg u'0fx¿ ePsf hLjsf]� pTkfbg ug{ dbt u5{ .

lrq 4.20 :�ofldh la/�fnf]� /� 

Nofa|f8f]�/� l/�l6«e/� s's'/�
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j|m; k|hgg (Cross breeding)
of]� k|hgg Pscfk;df c;DalGwt b'O{ hLjsf]� lardf u/�fOg]� k|hgg xf]� . ;fdfGotof 
o; lsl;dsf]� k|hgg Pp6}� h]�g;df kg]�{ b'O{ km/�s k|hfltsf hLjlar u/�fOG5 . of]� 
k|foM b'O{ km/�s hLjaf6 cfkm"n]� rfx]�sf ljz]�if lsl;dsf ljz]�iftfsf]� klxrfg u/�L pSt 
ljz]�iftf ePsf ;Gtfg hGdfpgsf nflu k|of]�u ul/�G5 . b'O{ z'4 g:�nsf hLjsf]� j|m; 
k|hgg u/�fO{ cfˆgf]� ?lrsf ljz]�iftf ePsf hLjsf]� ljsf; ug{ of]� ljlw pko'St x'G5 . 
j|m; k|hgg ljlwaf6 pTkflbt ;GtfgnfO{ l7dfxf -hybrid_ elgG5 . j|m; k|hggsf]� 
k|d'v p2]�Zo l7dfxf u'0fnfO{ clwstd agfpg' xf]� . l7dfxf u'0fx¿ To;kl5sf ;a}� 
k':�tfdf x:�tfGt/�0f x'Fb}�gg\ .

j|m; la|l8ªaf6 pTkflbt s]�xL hLjx¿

nfOu/� (Liger)

efn]� l;+x /� kf]�yL af3lar j|m; k|hgg u/�fP/� 
hGd]�sf]� l7dfxf hgfj/� nfOu/� xf]� . of]� Pp6f k|l;4 
l7dfxf hgfj/� xf]� . of]� cfdfa'afeGbf w]�/�}� 7'nf]� x'G5 . 
logLx¿n]� ;fdfGotof af3eGbf l;+x h:�t}� Jojxf/� 
u5{g\ .

6fOug (Tigon)

efn]� af3 /� kf]�yL l;+xlar j|m; k|hgg u/�fP/� 
hGd]�sf]� hgfj/� 6fOug xf]� . 6fOug nfOu/�eGbf w]�/�}� 
;fgf]� x'G5 . cfdfa'afeGbf klg ;fgf]� x'G5 . ltgLx¿ 
af3 h:�t}� b]�lvG5g\ t/� w]�/�}� u'0fx¿ l;+x;Fu ldN5g\,  
h:�t}� M uh{g]� Ifdtf /� ;fdflhsLs/�0f Ifdtf cflb .

lakmfnf]� (Beefalo)

e}�F;L -American Bison_ /� ;fF9]�lar j|m; k|hgg 
u/�fP/� lakmfnf]� pTkfbg ul/�G5 . cGo w]�/�}� lsl;dsf 
l7dfxf kz'eGbf logLx¿ km/�s 5g\ /� logLx¿n]� k'gM 
k|hgg Ifdtf /�fV5g\ .

lrq 4.21 nfOu/� 

lrq 4.21a 6fOug

lrq 4.22 lakmfnf]�
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h]�a|f]�O8 (Zebroid)

h]�a|f /� 3f]�8flar j|m; k|hgg u/�fP/� pTkflbt  

l7dfxf h]�a|f]�O8 xf]� . logLx¿df k'gM k|hgg Ifdtf 

x'Fb}�g .

vRr/� (Mule)

uwf /� 3f]�8flar j|m; k|hgg u/�fO{ pTkflbt  

hgfj/� vRr/� xf]� . o;n]� uwfn]� h:�t}� ef/�L af]�Sg 

/� 3f]�8f h:�t}� l56f]� lxF8\g ;S5 . o;df k'gM k|hgg 

Ifdtf x'Fb}�g .

kf]�df6f]� (Pomato)

cfn' /� 6df6/�lar j|m; k|hgg u/�fP/� pTkflbt la?jf 

kf]�df6f]� xf]� . of]� la?jfdf hldgdflysf]� sf08df r]�/�L 

6df6/� /� hldgd'lg ;]�tf]� cfn' kmN5 .

lj|mofsnfk 4.7
dfly k|:�t't ul/�Psf pbfx/�0fafx]�s tkfO{Fn]� b]�Vg'ePsf]� jf sIffdf ;fyLx¿;“u 5nkmn 
u/�L jf OG6/�g]�6df vf]�h]�/� 5gf]�6 k|hggaf6 pTkflbt hgfj/�x¿sf]� ;"rL tof/� kfg'{xf]�;\ 
/� sIffdf 5nkmn ug'{xf]�;\ .

j|m; k|hggsf kmfObf

j|m; k|hgg la?jf /� hgfj/� b'a}� k|sf/�sf ;hLjdf ug{ ;lsG5 . o; ljlwaf6 ljleGg 
lsl;dsf gofF hLjsf]� pTkfbg ug{ ;lsG5 . of]� ljlwaf6 j[mifsx¿ nfeflGjt x'G5g\ . 
o;sf s]�xL kmfObf lgDgfg';f/� /�x]�sf 5g\ M

1. 	 of]� ljlwn]� b'O{ k|hfltsf j+zf0f'x¿ ld;fP/� cltl/�St j+zf0f'ut ljz]�iftfnfO{ 
;+of]�hg u5{ .

2.	 dflg;n]� cfk"mn]� rfx]� h:�tf ljz]�iftf ePsf hLjsf]� pTkfbg ug{ ;S5g\ .

lrq 4.23 h]�a|f]�O8

lrq 4.24 vRr/

lrq 4.25 kf]�df6f]�
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3.	 j|m; k|hggn]� cfg'j+lzs ;fdu|Lsf]� km/�flsnf]� bfo/�fsf]� k"0f{ k|of]�u ug]�{ cj;/� 
k|bfg u5{ .

4.	 d"n hgfj/�eGbf /�fd|f]� ljz]�iftf k|bz{g ug]�{ hLjsf]� ljsf; x'G5 .

5. 	 o; ljlwaf6 hLjsf]� /�f]�u k|lt/�f]�wfTds Ifdtf j[l4 u/�fO{ ltgLx¿sf]� alnof]�kgf, 
pd]�/� /� ultzLntfdf ;'wf/� ug{ ;lsG5 .

6. 	 o; ljlwaf6 pTkflbt la?jfaf6 afnLsf]� pTkfbgdf j[l4 ug{ ;lsG5 .

j|m; k|hggsf a]�kmfObf

1.	 j|m; k|hgg k|ljlwsf]� ;xL a'emfO /� Joj:�yfkg x'g g;s]�df eljiodf gLltut 
;d:�ofx¿ cfpg ;S5g\ .

2. 	 z'4 g:�nsf t'ngfdf j|m; k|hggaf6 pTkflbt pkhx¿sf]� d"No sd kg]�{ x'gfn]� 
pTkfbgsf]� t'ngfdf ls;fgn]� ;f]�r]�hlt cfDbfgL ug{ ;Sb}�gg\ .

3. 	 lgof{t ahf/�df j|m; k|hggaf6 pTkflbt hLjsf]� laj|mLdf ;Lldttf kfOG5 .

4. 	 l7dfxf hLjsf afx\o u'0f /� cg'jf+lzs ljz]�iftfdf kl/�jt{g x'Fb}� hfFbf z'4 
g:�nx¿ nf]�k x'g]� ;Defjgf a9\5 .

5. 	 o; k|hgg ljlwdf cfdfa'afsf k|fj[mlts u'0f ;Gtfgdf k"0f{ ¿kdf x:�tfGt/�0f 
x'Fb}�gg\ h;n]� ubf{ pSt k|fj[mlts u'0f la:�tf/�}� nf]�k x'Fb}� hfG5g\ .

j[mlqd uef{wfg (Artificial insemination)

lxhf]�cfh ljleGg k|ljlwsf]� ljsf;sf]� sf/�0f k|fj[mlts ¿kdf efn]� /� kf]�yLsf]� ;Def]�uljgf 
klg uef{wfg ;Dej ePsf]� 5 . w]�/�}� 6f9f /�x]�sf pGgt hftsf efn]� hLjsf]� jLo{ 
:�yfgfGt/�0f u/�]�/� kf]�yL hLjx¿df uef{wfg u/�fO{ pGgt hftsf ;Gtltx¿ pTkfbg 
ug]�{ k|rng lxhf]�cfh lgs}� a9]�sf]� 5 . o;/�L pGgt g:�nsf]� efn]�af6 jLo{ ;ª\sng 
u/�L pks/�0fsf]� k|of]�uåf/�f l7s ;dodf kf]�yLsf]� k|hgg kydf k|j]�z u/�fpg]� k|ljlw g}� 
j[mlqd uef{wfg (AI) xf]� . o; ljlwaf6 hGd]�sf ;Gtfg k|fs[lts ;Def]�uaf6 hGd]�sf 
h:�t}� ;fdfGo g}� kfOPsf 5g\ . o; k|lj|mofdf :�j:�y cj:�yfdf /�x]�sf]� efn]�sf]� z/�L/�df 
pTkflbt jLo{nfO{ s[lqd ljlwåf/�f plrt ;dodf ;ª\sng u/�L kf]�yLsf]� kf7]�3/�df 
k7fO{ uef{wfg u/�fOG5 .
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3/�]�n' hgfj/�sf]� j[mlqd uef{wfgdf klxnf]� j}�1flgs cg';Gwfg O6flnog j}�1flgs 
nfhf/�f]� :�kfNnfGhfgL (Lazzaro spallanzani) n 1784 df s's'/�df u/�]�sf lyP . pgsf]� 
k|of]�un]� k|hgg zlSt jLo{sf]� t/�n efudf geO{ To;df kf}�8]�/� /�xg]� ;"Id z'j|msL6df 
/�xg]� s'/�f k'li6 u/�]�sf]� lyof]� . ue{wf/�0fsf lglDt tof/� ePsf kf]�yLdf pGgt hftsf 
efn]�sf z'j|msL6x¿ k|;f/�0f u/�L w]�/�}� ;ª\Vofdf pGgt ;Gtltx¿ tof/� ug'{ g}� s[lqd 
uef{wfgsf]� d'Vo p2]�Zo xf]� . s[lqd uef{wfgsf]� k|ljlwsf sf/�0f kz'kfngdf nfu]�sf 
ls;fgx¿ To:�tf ljz]�if u'0fo'St dxª\uf]� efn]� cfkm}�Fn]� kfNg'kg]�{ emGem6af6 hf]�luG5g\ 
h;n]� pgLx¿sf]� cfly{s:�t/�nfO{ dha't agfpg ;xof]�u k'U5 . xfn w]�/�}� hgfj/�,  
h:�t}� M ufO{, e}�F;L, afv|f, e]�8f cflb hgfj/�df k|fs[lts ;Def]�usf]� ;6\6f s[lqd 
uef{wfg k|rngdf /�x]�sf]� 5 . of]� Ps ;xfos k|hgg ljlw xf]� h'g ljZjJofkL ¿kdf 
k|of]�u ul/�G5 . o; k|sf/�sf]� k|hgg kz'kfng If]�qdf cfg'j+lzstfsf]� u'0f:�t/� ;'wf/� 
ug]�{ Ps pkof]�uL k|ljlw xf]� .

j[mlqd uef{wfgsf kmfObf

k|fs[lts ;Def]�usf]� t'ngfdf j[mlqd uef{wfgsf w]�/�}� kmfObf 5g\ . tLdWo]� s]�xL kmfObf 
o;k|sf/� 5g\ M

1. 	 k|hggsf nflu efn]� hgfj/�sf]� kfngkf]�if0f cfjZos kb}�{g h;n]� ubf{ kfngkf]�if0f 
vr{ art x'G5 .

2. 	 o;n]� ;Def]�usf sf/�0f ;ª\j|md0f eO{ k}�mng ;Sg]� /�f]�usf]� lgoGq0f ug{ dbt 
u5{ .

3. 	 efn]�af6 jLo{ ;ª\sng u/�]�kl5 To;sf]� lgoldt k/�LIf0f /� k|hgg Ifdtf hfFr 
ul/�g]� x'Fbf efn]�sf]� k|hgg Ifdtf ;'lglZrt x'G5 .

4. 	 efn]�sf]� d[To'kl5 klg ;ª\sng u/�]�/� /�flvPsf]� ljz]�if jLo{sf]� k|of]�u ug{ ;lsG5 .

5. 	 ;ª\slnt jLo{nfO{ uef{wfgsf nflu w]�/�}� 6f9f;Dd klg ;lhn}� k'¥ofpg ;lsG5 .

6. 	 o;n]� ;fOhdf 7'nf]� leGgtf ePsf hgfj/�df klg s'g}� klg hgfj/�nfO{ rf]�6 
glbO{ uef{wfg ;Dej agfpF5 .

7. 	 o;n]� uef{wfgsf]� b/� j[l4 u5{ .

8. 	 o;n]� hgfj/�df x'g]� k|hggsf]� ;xL /�]�s8{ /�fVg dbt u5{ .
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j[mlqd uef{wfgsf a]�kmfObf

s[lqd uef{wfgsf a]�kmfObf lgDgfg';f/� 5g\ M

1. 	 /�fd|f]�;Fu k|lzlIft hgzlSt /� ljz]�if pks/�0f rflxG5 .

2. 	 o;sf]� tof/�Lsf nflu k|fs[lts k|hggdf eGbf a9L ;do rflxG5 .

3. 	 pks/�0fsf]� plrt ;/�;kmfO gul/�Pdf k|hgg gx'g ;S5 /� k|hgg cª\udf  
;ª\j|md0f x'g ;S5 .

Og le6«f]� kml6{nfOh]�;g (In vitro fertilization, IVF)

36gf cWoog M ue{jtL gePsL #* jifL{o dlxnf /� pgsf 42 jifL{o >Ldfg\n]� ljut 
5 jif{b]�lv ;Gtfg hGdfpg]� k|of; ul/�/�x]�sf 5g\ . afFemf]�kg d"Nofª\sgn]� ;d:�ofsf 
nflu s'g}� sf/�0f b]�vfPsf]� 5}�g . pgsf]� zl/�/�df lgoldt ¿kdf cf]�e'n]�;g eO/�x]�sf]� 
5 . lx:�6]�/�f]�;flNkªf]�u|fd (dlxnfsf]� leqL k|hgg cª\usf]� ljz]�if k|sf/�sf]� X-ray) n]� 
pgsf]� k|hgg ky zf/�Ll/�s ¿kdf ;fdfGo /�x]�sf]� b]�vfpF5 . pgsf]� >Ldfg\sf]� z'j|mf0f'sf]� 
u0fgf klg ;fdfGo 5 . t/� clxn]� ;Dd klg aRrf gx'Fbf pgLx¿ lg/�fz 5g\ . o:�tf]� 
cj:�yfdf lrlsT;sn]� pgLx¿nfO{ Og le6«f]� kml6{nfOh]�;g ljlw ckgfpg ;Nnfx 
lbP . tkfO{FnfO{ Og le6«f]� kml6{nfOh]�;gsf af/�]�df s]� yfxf 5, OG6/�g]�6 jf cu|h;Fu 
;f]�wvf]�h u/�L sIffdf 5nkmn ug'{xf]�;\ .

hfgL /�fvf}�F
DofGr]�:�6/�, a]�nfotdf a:�g]� n]�:�n]� a|fpg gfds dlxnfn]� ˆofnf]�lkog 6\o'ax¿ cj?4 ePsf 
sf/�0f a;f}�{F;Dd afFemf]�kg ef]�u]�sL lyOg\ . To;sf]� lgjf/�0fsf nflu gf]�e]�Da/� 1977 df pgn]� 
tTsfnLg k|of]�ufTds IVF k|lj|mof k|of]�u ul/�g\ . o;sf nflu pgsf]� c08fzoaf6 Pp6f kl/�kSj 
c08f lgsflnof]� /� k|of]�uzfnfdf k/�LIf0f gnL (test tube_ df pgsf]� >Ldfg\sf]� z'j|msL6;Fu 
ldnfP/� e"|0f agfOof]� . To;sf]� s]�xL lbgkl5 pSt e"|0f pgsf]� kf7]�3/�df k|Tof/�f]�k0f ul/�of]� . 
o;df a]�nfotL :�qL/�f]�u ljz]�if1 Kofl6«s :�6]�K6f]� /� j}�1flgs /�f]�a6{ P8j8{;n]� Ps bzs cufl8b]�lv 
cWoog cg';Gwfg ul/�/�x]�sf lyP . ldl8ofn]� o;sf af/�]�df yfxf kfPkl5 a|fpgn]� tLj| ;fj{hlgs 
5fglagsf]� ;fdgf ug'{k/�]�sf]� lyof]� . 25 h'nfO{, 1978 df n]�:�n]� a|fpgn]� l;h]�l/�og ;]�S;g 
-Cesarean section_ åf/�f 5f]�/�LnfO{ hGd lbOg\ . o;/�L hGd]�sf n'O; hf]�o a|fpg IVF åf/�f 
ue{wf/�0f eO{ hGdg]� ;+;f/�sf]� klxnf]� aRrf x'g\ .

g]�kfndf IVF k|ljlwsf]� ;'?cft ;g\ 2004 df cf]�d c:�ktfndf IVF s]�Gb|sf]� :�yfkgfdfk{mt ePsf]� 
lyof]� . oxL k|lj|mofaf6 ;g\ 2005 dfr{ 3 df /�fh]�Gb| tfdfª /� ;GWof tfdfªaf6 g]�kfns}� klxnf]� 
6]�:�6 6\o'a a]�aLsf ¿kdf cf]�ddl0f tfdfªsf]� hGd ePsf]� lyof]� .
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IVF ;xfos k|hgg k|ljlwsf]� 
;a}�eGbf k|efjsf/�L ljlw xf]� . of]� 
ljlw k|hgg Ifdtf sd ePsf 
jf cfg'j+lzs ;d:�of ePsf 
hf]�8LnfO{ ue{wf/�0fdf ;xof]�u 
ug{ k|of]�u ul/�g]� k|lj|mofsf]� Ps 
hl6n z[ª\vnf xf]� . IVF ;fdfGo 
of}�g ;Dks{eGbf km/�s tl/�sfaf6 
ue{wf/�0f ug]�{ tl/�sf xf]� . IVF 
af6 hGdg]� aRrfsf]� dfgl;s 
/� zf/�Ll/�s ljz]�iftf ;fdfGo 
aRRffsf]� h:�t}� x'G5 . IVF af6 
hGd]�sf]� aRrfsf]� u'0fx¿ p;sf]� 
cfˆgf cfdfafa';Fu ldNg klg ;S5 jf gldNg klg ;S5 lsgls of]� k|lj|mof Ps 
hf]�8Lsf]� cfˆg}� c08f /� z'j|mf0f' k|of]�u u/�]�/� klg ug{ ;lsG5 jf s'g}� hf]�8Ldf c08f 
/� z'j|mf0f' pTkfbgd}� ;d:�of 5 eg]� 1ft jf c1ft bftfaf6 k|fKt c08f /� z'j|mf0f' 
klg k|of]�u ul/�G5 . Og le6«f]� kml6{nfOh]�;g ug{ k|of]�uzfnfdf dlxnfsf]� c08fzoleq 
/�x]�sf]� kl/�kSj c08f -ovum_ lgsfn]�/� k]�l6«l8;df /�fvL k'?ifsf]� z'j|mf0f';Fu k]�l6«l8;d}� 
lg;]�lrt ul/�G5 . pSt lg;]�lrt c08f cyjf e|"0fnfO{ s]�xL lbgkl5 dlxnfsf]� kf7]�3/�df 
;fl/�G5 . o;sf]� k"0f{ rj|msf nflu nueu 3 xKtf nfU5 t/� ;d:�ofsf]� k|j[mlt x]�/�]�/� 
Tof]�eGbf w]�/�}� ;do klg nfUg ;S5 . o; k|ljlwdf klg ;fdfGo ue{wf/�0fdf h:�t}� e"|0f 
dlxnfs}� kf7]�3/�df x's{G5 .

IVF sf kmfObf

1. 	 IVF ue{wf/�0f;DaGwL ljleGg ;d:�ofsf sf/�0fn]� aRrf hGdfpg g;s]�sf 
hf]�8Lx¿sf nflu ue{wf/�0f u/�fpg]� pko'St k|ljlw xf]� .

2. 	 o;n]� bDktLsf]� cfˆg}� c08f /� z'j|mf0f' k|of]�u u/�]�/� cfˆg}� aRrf hGdfpg klg 
cg'dlt lbG5 ;fy}� bftfaf6 k|fKt c08f /� z'j|mf0f'af6 aRrf hGdfpg klg dbt 
u5{ .

3. 	 of]� cGo ;xfos k|hgg k|ljlweGbf a9L ;kmn 5 .

lrq 4.25 cfOlePkm k|hgg ljlw
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4.	 ljleGg lsl;dsf j|mf]�df]�hf]�dn ;d:�ofsf sf/�0f aRrfdf b]�lvg]� ;d:�ofsf]� klg 
;dfwfg ug{ ;xof]�uL x'G5 .

5.	 afFemf]�kg /� cfg'j+lzs ;d:�ofsf]� pkrf/� o; ljlwaf6 x'G5 .

6.	 ue{wf/�0f Ifdtf a9fpg'sf]� ;fy}� ue{kftsf]� ;d:�of 36fpF5 .

7.	 :�j:�y aRrf hGdfpg]� ;Defjgf a9fpF5 .

IVF sf a]�kmfObf

1. 	 IVF rj|msf]� Uof/�]�G6L x'Fb}�g . of]� c;kmn klg x'g ;S5 . o;sf ;kmntfsf nflu 
PseGbf a9L rj|m ug'{kg]�{ klg x'g ;S5 .

2. 	 o;sf]� k|of]�u ubf{ ljleGg ;fO8 Ok]�mS6 klg b]�lvg ;S5g\ .

3. 	 Ps}� k6sdf ax' ue{wf/�0fsf]� ;d:�of klg cfpg ;S5 .

4. 	 of]� k|ljlw ckgfpFbf bDktLnfO{ efjgfTds ¿kdf tgfj klg x'g ;S5 .

5. 	 uef{;oeGbf aflx/�L efudf e"|0f /�xg]� ;Defjgf klg x'G5 .

6. 	 IVF pkrf/� dxFuf]� x'G5 .

7. 	 aRrf rfF8}� hGdg]� /� sd tf}�nsf]� aRrf hGdg]� ;Defjgf klg x'G5 .
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cEof;

1. 	 tnsf k|Zgsf]� ;xL ljsNk 5gf]�6 ug'{xf]�;\ M

-s_ 	d]�G8nn]� cfˆgf]� k|of]�usf nflu s'g la?jf lnPsf lyP <

-c_ s]�/�fp 		  -cf_ rgf

-O_ ds}� 			   -O{_ l;dL

-v_	 df]�gf]�xfOla|8 j|m;sf]� lhgf]�6fOlks cg'kft tnsf dWo]� s'g xf]� <

-c_ 1:�2 			   -cf_ 3:�1

-O_ 1:�2:�1 			  -O{_ 9:�2:�3:�1

-u_ 	Pp6f j+zaf6 csf]�{ j+zdf ;g]�{ u'0fnfO{ s]� elgG5 <

-c_ k|an u'0f 		  -cf_ n'Kt u'0f

-O_ j+zf0f'ut u'0f 	 -O{_ cfofltt u'0f

-3_	 sfnf]� j0f{ ePsf cfdfa'afx¿af6 uf]�/�f]� j0f{ ePsf]� aRrf hlGdof]� . o:�tf]� 
x'gsf]� sf/�0f s]� xf]� <

-c_ cfdfa'af l7dfxf x'g'

-cf_ cfdfa'af b'a}�df z'4 sfnf]� u'0f x'g'

-O_ uf]�/�f]� j0f{ k|an u'0f x'g'

-O{_ sfnf]� u'0f n'Kt u'0f x'g'

-ª_	 s[ifsn]� /�fd|f]� df;' pTkfbg ug{sf nflu af]�o/� hftsf]� af]�sf vf]�h]�/� :�yfgLo 
afv|fx¿;Fu j|m; u/�fP/� k|hgg u/�fpg]� u5{g\ . o;/�L k|hgg u/�fpg' 
s:�tf]� lsl;dsf]� ljlw xf]� <

-c_ j[mlqd k|hgg 		  -cf_ 5gf]�6 k|hgg

-O_ IVF 				    -O{_ k|fs[lts rog
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-r_ /�ldtn]� ;'Gtnf /� sfutLlar k|hgg u/�fP/� gofF la?jf pTkfbg u/�]�sf 
5g\ . pSt la?jf s:�tf]� la?jf xf]� <

-c_ pGgt hftsf]� la?jf 	 -cf_ z'4 la?jf

-O_ l7dfxf la?jf 		  -O{_ j[mlqd la?jf

-5_	 /�f]�zgL lxdfnL If]�qsL ljBfyL{ x'g\ . pgsf]� 3/�df 9'jfgLsf nflu vRr/� 
kflnPsf]� 5 . t/� pgsf]� vRr/� a'9f]� ePsfn]� pgsf]� 3/�df gofF vRr/� 
Nofpg]� s'/�f rln/�x]�sf]� 5 . o; ;Gbe{df pgn]� a'afnfO{ vRr/�n]� s;/�L 
aRrf hGdfpF5 eg]�/� ;f]�lwg\ < pgsf]� a'afn]� lbPsf]� ;xL pQ/� tnsf dWo]� 
s'g xf]� <

-c_ vRr/�n]� k|fs[lts ¿kdf aRrf hGdfpF5 .

-cf_ vRr/�n]� Ogla|l8ª u5{ .

-O_ vRr/�n]� cfk}�mF aRrf hGdfpg ;Sb}�g .

-O{_ vRr/�n]� s[lqd tl/�sfn]� aRrf hGdfpF5 .

2. 	 km/�s 5'6\ofpg'xf]�;\ M

-s_ 	k|an u'0f /� n'Kt u'0f

-v_ 	lkmgf]�6fOk /� lhgf]�6fOk

-u_ 	Og la|l8ª /� j|m; la|l8ª

-3_ 	s[lqd ue{fwfg /� OlGe6«f]� kml6{nfOh]�;g

-ª_ 	 6fOug /� nfOu/�

3. 	 sf/�0f lbg'xf]�;\ M

-s_ 	;Gtfg cfˆgf cfdfa'af h:�t}� x'G5g\ t/� b'?:�t p:�t}� x'Fb}�gg\ .

-v_ 	d]�G8nn]� cfˆgf]� k|of]�usf nflu s]�/�fpsf]� la?jf /�f]�h]� .

-u_	 cUnf]� s]�/�fpsf]� af]�6 /� xf]�rf]� s]�/�fpsf]� af]�6lar k/�k/�fu;]�rg u/�fpFbf, klxnf]� 
j+zdf ;a}� af]�6 cUnf eP .
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-3_	 l7dfxf hLjdf :�j;]�rg u/�fpFbf cnu cnu lsl;dsf ;Gtltsf]� pTkfbg 
x'G5 .

-ª_	 cfk/�flws cg';Gwfgdf DNA k/�LIf0fnfO{ a9L ljZj;gLo dflgG5 .

-r_	 h]�g]�l6s OlGhlgol/�ªdf DNA sf]� ;"Id cWoog ul/�G5 .

-5_	 j|m; la|l8ªaf6 hlGdPsf hLj gk'+;s klg x'g ;S5g\ .

-h_	 l8PgP k/�LIf0fsf nflu gd'gf ;ª\sng ubf{ pRr ;ts{tf ckgfpg'k5{ .

4. 	 tnsf k|Zgsf]� pQ/� n]�Vg'xf]�;\ M

-s_	 h]�g]�l6S; eg]�sf]� s]� xf]� <

-v_	 l8PgP k/�LIf0f eg]�sf]� s]� xf]� < of]� s]�sf nflu k|of]�u ul/�G5 <

-u_	 h]�g]�l6s k|ljlwsf pbfx/�0f lbg'xf]�;\ .

-3_	 h]�g]�l6s k|ljlwdf DNA sf]� dxÎj pNn]�v ug'[{xf]�;\ .

-ª_	 h]�g]�l6s OlGhlgol/�ªsf]� dxÎj j0f{g ug'{xf]�;\ .

-r_	 df]�gf]�xfOla|8 j|m; eg]�sf]� s]� xf]� < /�ftf]� (RR) k"mn k'mNg]� s]�/�fp /� ;]�tf]� (rr) 
k"mn k'mNg]� s]�/�fpsf]� lar klxn]� k/�k/�fu;]�rg To;kl5 :�jk/�fu;]�rg u/�fpFbf 
klxnf]� /� bf]�;|f]� j++zdf cfpg]� kl/�0ffdnfO{ lkmlnon rf6{åf/�f b]�vfpg'xf]�;\ .

-5_	 d]�G8nsf]� k|of]�u la?jfdf dfq geO{ hgfj/�df klg ug{ ;lsG5 eGg]� 
tYonfO{ Pp6f pbfx/�0f;lxt :�ki6 kfg'{xf]�;\ .

-h_	 d]�G8nsf]� k|antfsf]� lgod /� ;GtfGfsf]� z'4tfsf]� lgodsf]� JofVof ug'{xf]�;\ .

-em_	 kf]�l6nf]� lap x'g]� s]�/�fp /� rfpl/�Psf]� lap x'g]� s]�/�fplar klxn]� k/�k/�fu;]�rg 
/� To;kl5sf]� j+zdf :�jk/�fu;]�rg u/�fpFbf bf]�;|f]� j+zdf cfpg]� kl/�0ffd 
tnsf]� tflnsfdf b]�vfOPsf]� 5 . To; tflnsfsf cfwf/�df tnsf k|Zgsf]� 
pQ/� lbg'xf]�;\ .

R r
R RR Rr
r Rr rr
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-c_ k|an /� n'Kt u'0fx¿ b]�vfpg]� la?jfsf]� cg'kft slt x'G5 <

-cf_ logLx¿sf]� lkmgf]�6fOlks cg'kft /� lhgf]�6fOlks cg'kft n]�Vg'xf]�;\ .

-O_ oLdWo]� s'grflxF z'4 kf]�l6nf]� lap x'g]� la?jf xf]�, lsg <

-`_	 Pp6f sfnf]� lugL lku /� ;]�tf]� lugL lkular k/�k|hgg u/�fpFbf klxnf]� 
j+zdf ;a}� lugL lkux¿ sfnf dfq b]�vf k/�]� . of]� j+zdf ;]�tf lugL lkux¿ 
gb]�lvg'sf]� sf/�0f :�ki6 kfg{'xf]�;\ .

-6_	 Ps hgf dfgl;s ;Gt'ng u'dfPsL lszf]�/�L anfTsf/�sf]� l;sf/� eP/� 
aRrf hGd]�5 . pSt aRrfsf]� lktf s;/�L kQf nufpg ;lsPnf <

-7_	 Ps}� k6sdf w]�/�}� ufO{df k|hgg u/�fpgsf nflu lhNnf kz' ljsf; s]�Gb|n]� 
lzlj/� rnfof]� . o;df pSt ;+:�yfn]� s'g ljlw k|of]�u u¥of]�, pSt ljlwsf]� 
;ª\lIfKt JofVof ug'{xf]�;\ .

-8_	 h]�gl6s OlGhlgol/�ª jt{dfg o'usf nflu j/�bfg ls clezfk xf]�, cfˆgf 
ts{ k|:�t't ug'{xf]�;\ .

-9_	 AI k|ljlw cfd j[mifssf]� d'xf/�df v';L Nofpg s;/�L ;xof]�uL ag]�sf]� 5, 
JofVof ug'{xf]�;\ .

-0f_	 lgM;Gtfg bDktLsf nflu IVF j/�bfg ;flat ePsf]� 5 . pSt egfOnfO{ 
:�ki6 kfg'{xf]�;\ .
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zf/�Ll/�s ;+/�rgf /� hLjg k|lj|mof 
(Physiological Structure and Life Process)

dfgj z/�L/�df /�St;~rf/� (Blood circulation in human body) 

/�f]�ZfgLsf]� xh'/�a'afnfO{ 3'F8f b'Vg]� ;d:�of lyof]� . pxfFn]� 8fS6/�nfO{ hFrfP/� cf}�ifwL 
vfFbf pSt ;d:�of sd x'Fb}� uP5 . o; ;Gbe{nfO{ Wofgdf /�fvL tnsf k|Zg sIffdf 
5nkmn ug'{xf]�;\ M

-c_ 	d'vaf6 vfPsf]� cf}�ifwL 3'F8f;Dd s;/�L k'U5 <

-cf_ 	o; k|lj|mofdf dfgj z/�L/�sf]� s'g k|0ffnLn]� ;xof]�u u5{ <

-O_ 	 pSt k|0ffnLsf]� k|d'v cª\u s'g xf]� <

lrq cjnf]�sg u/�L 5nkmn ug'{xf]�;\ M

-c_ ;Fu}�sf]� lrqdf dflg;nfO{ s]� ePsf]� xf]�nf <

-cf_ o; cj:�yfdf la/�fdLsf]� s;/�L dbt ug{ ;lsG5 < 

dfgj z/�L/�df ljleGg k|0ffnL x'G5g\ . k|To]�s k|0ffnLn]� 
cfcfˆgf]� sfo{ u5{g\ . kfrg k|0ffnLdf vfgf kr]�/� kf]�ifs 
tÎjx¿ ;/�n /� 3'ngzLn c0f'df kl/�0ft x'G5g\ . pSt 
;/�n tÎjx¿ /�St;~rf/� k|0ffnLsf]� ;xof]�un]� z/�L/�sf 
k|To]�s sf]�ifdf k'U5g\ . To;/�L g}� clS;hg, cf}�ifwL tyf 
xdf]�{g klg /�utdf ldl;P/� z/�L/�sf Ps efuaf6 csf]�{ efu;Dd k'U5g\ . dfgj z/�L/�df 
x'g]� kl/�jxgdf /�St;~rf/� k|0ffnLsf]� d'Vo e"ldsf /�x]�sf]� x'G5 . /�St sl0fsf /� KnfHdf 
ldn]�/� /�ut ag]�sf]� x'G5 /� d'6'n]� k}�bf u/�]�sf]� rfksf]� ;xof]�un]� /�StgnLdf Psn lbzfdf 
axG5 . d'6'n]� k}�bf u/�]�sf]� pSt rfk g}� /�Strfk xf]� h;nfO{ wdgLdf 5fd]�/� dx;'; 
ug{ ;lsG5 . ljleGg sf/�0fn]� ubf{ slxn]�sfxLF /�Strfk ;fdfGo cj:�yfeGbf pRr jf 
Go"g x'g ;S5 . pRr /�Strfk tyf d'6'df jf wdgLsf leqL leQfdf sf]�n]�:�6f]�/�]�n hDg]� 
h:�tf sf/�0fn]� d'6'df ljleGg ;d:�of x'g ;S5 . d'6'sf]� ;d:�ofsf]� pkrf/�sf nflu 

5

lrq 5.1
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ljleGg cfw'lgs k|ljlw k|of]�u ul/�G5, h:�t}� M PlGhof]�knf:�6L -Angioplasty_, cf]�kg 
x6{ jfOkf; ;h{/�L -open heart bypass surgery_ cflb . dflg;df A, B, AB /� O 
rf/�cf]�6f jf logLx¿sf kf]�h]�l6e /� g]�u]�l6e u/�L hDdf cf7cf]�6f /�St ;d"x x'G5g\ .

5.1 dfgj /�St;~rf/� k|0ffnL (Human blood circulatory system)

Dffgj z/�L/�df /�x]�sf gf}�cf]�6f k|0ffnLdWo]� Pp6f k|0ffnL 
/�St;~rf/� k|0ffnL xf]� . o; k|0ffnLn]� dfgj z/�L/�sf 
cGo k|0ffnLnfO{ ;+of]�hg ug{]� sfo{ u5{ . /�St;~rf/� 
k|0ffnLsf]� k|d'v cª\u d'6'n]� z/�L/�sf ljleGg efuaf6 
cfpg]� /�ut ;ª\sng ug]�{ /� ljleGg efudf /�ut kDk 
ug]�{ sfo{ u5{ . d'6'n]� kDk u/�]�sf]� /�ut /�StgnLdf 
axG5 . /�StgnLsf dbtn]� /�ut z/�L/�sf k|To]�s 
sf]�ifdf k'U5 . /�utn]� kfrg k|0ffnLdf /�x]�sf kf]�ifs 
tÎjx¿ tyf kmf]�S;f]�df /�x]�sf]� clS;hgnfO{ z/�L/�sf 
k|To]�s sf]�ifdf k'¥ofpF5 . To;}�u/�L z/�L/�sf k|To]�s 
sf]�ifdf pTkflbt sfa{g8fOcS;fO8nfO{ kmf]�S;f]�df 
/� cGo ljsf/� kbfy{nfO{ lgisf;g k|0ffnL;Dd 
k'¥ofpF5 . d'6', /�StgnL /� /�ut /�St;~rf/� k|0ffnLsf 
k|d'v efu x'g\ .

5.2 /�ut (Blood)

Pp6f :�j:�y jo:�s dflg;sf]� z/�L/�df nueu 5.5  
ln6/� /�ut x'G5 . /�utn]� cfjZos kf}�li6s tÎj, clS;hg tyf xdf]�{g z/�L/�sf ;Dk"0f{ 
sf]�ifdf k'¥ofpF5 . ;fy}� cgfjZos xflgsf/�s kbfy{nfO{ lgisf;g k|0ffnL;Dd k'¥ofpF5 . 
/�utdf xNsf Iff/�Lo u'0f x'G5, o;sf]� pH dfg 7.35 b]�lv 7.45 x'G5 .

/�utsf]� agf]�6 (Structure of blood)

lj|mofsnfk 5.1

p2]�Zo M /�utsf cjojsf]� cWoog ug{'

cfjZos ;fdu|L M ;"Idbz{s oGq, /�utsf]� l:�do/�sf]� :�yfoL :�nfO8

lrq 5.2 dfgj /�St;~rf/� k|0ffnL
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-s_	 /�utsf]� l:�do/�sf]� :�yfoL :�nfO8nfO{ ;"Idbz{s oGqsf]� ;xfotfn]� cjnf]�sg 
ug'{xf]�;\ .

-v_	 cjnf]�sg ubf{ ;"Idbz{s oGqnfO{ pRr kfj/�df /�fv]�/� /�utsf k|To]�s cjojnfO{ 
klxrfg ug'{xf]�;\ .

-u_	 cjnf]�sg u/�]�sf /�utsf cjojsf]� ;kmf lrq sf]�g'{xf]�;\ .

-3_	 cjnf]�sgsf cfwf/�df /�utsf]� agfj6sf af/�]�df sIffdf 5nkmn ug'{xf]�;\ .

/�ut /�ftf]� /�ªsf]� afSnf]� t/�n ;+of]�hL tGt' xf]� . /�ut 55 % KnfHdf /� 45 % /�Stsf]�ifx¿ 
ldn]�/� ag]�sf]� x'G5 . /�utdf tLg lsl;dsf /�Stsf]�ifx¿ x'G5g\ . tL x'g\ M /�ftf /�Stsf]�if 
(Red blood cell), ;]�tf /�Stsf]�if (White blood cell) /� Kn]�6n]�6\; (Platelets).

KnfHdf (Plasma)

v;L af]�sf sf6\bf /�ut hDdf u/�]�/� /�fv]�sf]� b]�Vg'ePsf]� 5 < o;/�L hDdf u/�]�sf]� /�ut 
hd]�sf]� cj:�yfdf x'G5 To;df s]�xL t/�n efu klg 5'6\l6Psf]� x'G5 . ToxL t/�n efu 
/�utsf]� KnfHdf xf]� . /�utdf 55 
k|ltzt KnfHdf x'G5 . KnfHdf 
xNsf kx]�Fnf]� /�ªsf]� kf/�bzL{ t/�n 
kbfy{ xf]� . o;df 80 b]�lv 90 % 
kfgL /� 10 b]�lv 20 % 7f]�; kbfy{ 
x'G5g\ . sfaf]�{xfO8«]�8, k|f]�l6g, 
af]�;f]�, nj0f cflb KnfHdfdf 
/�x]�sf 7f]�; j:�t' x'g\ . KnfHdfdf 
cNa'ldg (albumin), Unf]�a'lng 
(globulin) /� kmfOla|gf ]�lhg 
(fibrinogen) u/�L tLg lsl;dsf k|f]�l6g x'G5g\ .

KnfHdfsf sfo{

1. 	 KnfHdfn]� z/�L/�leq kfgLsf]� k|jfx /� dfqfnfO{ ;Gt'lnt /�fV5 .

2. 	 KnfHdfn]� kf}�li6s tÎj /� cgfjZos kbfy{nfO{ z/�L/�sf]� Ps efuaf6 csf{]� efudf 
k'¥ofpF5 .

lrq 5.3 /�utsf]� agf]�6

KnfHdf

/�ftf /�Stsf]�if

Kn]�6n]�6\;

;]�tf /�Stsf]�if
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3. 	 KnfHdfn]� OGhfOd /� xdf{]�gnfO{ u|lGyaf6 z/�L/�sf cGo tGt';Dd k'¥ofpF5 .

4. 	 KnfHdfdf /�x]�sf]� kmfOla|gf]�lhgn]� /�ut hDg dbt u5{ .

5. 	 KnfHdfn]� z/�L/�sf]� tfkj|md ;Gt'ng u5{ .

6. 	 o;n]� /�utsf]� /�f;folgs ;+/�rgf ;Gt'ng u/�L /�utsf]� PH dfg ;Gt'lnt /�fV5 .

7. 	 kmfOla|gf]�lhg x6fO;s]�kl5sf]� KnfHdfnfO{ l;/�d (serum) elgG5 . ljleGg 
/�f]�usf]� k/�LIf0f ug{sf nflu l;/�d k|of]�u ul/�G5 .

/�Stsf]�if (Blood corpuscles)

-s_ /�ftf /�Stsf]�if (Red blood cell)

/�utdf /�x]�sf /�ftf]� /�ªsf afOsGs]�e, uf]�nfsf/� 
Go'lSno; gePsf /�Stsf]�ifnfO{ /�ftf /�Stsf]�if 
elgG5 . logLx¿nfO{ Ol/�y|f]�;fO6 (Erythrocyte) 
klg elgG5 . oL /�Stsf]�ifdf x]�df]�Unf]�lag gfds 
/�ª\us0f (pigment) x'G5 . /�ftf /�Stsf]�ifsf]� dfqf 
w]�/�}� x'gfn]� /�ut /�ftf]� x'G5 . x]�df]�Unf]�lag kmnfd /� 
Unf]�lag k|f]�l6g ldn]�/� ag]�sf]� x'G5 . x]�df]�Unf]�lagdf 
/�x]�sf]� kmnfdn]� k|z:�t dfqfdf clS;hg sf]�ifdf 
k'¥ofpg]� u5{ . ;fy}� sf]�ifdf pTkfbg ePsf]� sfa{g8fOcS;fO8nfO{ kmf]�S;f]�;Dd k'¥ofpF5 . 
clS;hgo'St x]�df]�Unf]�lagnfO{ clS;x]�df]�Unf]�lag (Oxyhaemoglobin) elgG5 . sfa{g 
8fOcS;fO8o'St x]�df]�Unf]�lagnfO{ sfaf{]�clS;x]�df]�Unf]�lag (carboxyhaemoglobin) 
elgG5 .

Ps 3gldlnld6/� /�utdf 45 nfvb]�lv 50 nfv;Dd /�ftf /�Stsf]�if x'G5g\ . logLx¿sf]� 
cfo' 90 b]�lv 120 lbgsf]� x'G5 . k|lt;]�s]�G8 20 nfv /�ftf /�Stsf]�if aG5g\ eg]� Tolt 
g}� ;ª\Vofdf gfl;G5g\ klg . /�ftf /�Stsf]�if :�kf]�GhL xf8x¿df /�x]�sf]� af]�gDof/�f]�df 
aG5g\ . logLx¿ sn]�hf]� /� lkmof]�df gi6 x'G5g\ . /�utdf /�ftf /�Stsf]�ifsf]� ;ª\Vof 
sdL ePdf /�StcNktf (anaemia) /�f]�u nfU5 . /�StcNktf ePsf]� dflg; yf]�/�}�  
lxF8\bf klg yfS5 . /�ftf /�Stsf]�ifsf]� ;ª\Vof a9L ePdf kf]�ln;fOy]�ldof (polycythemia) 
eGg]� /�f]�u nfU5 . /�ftf /�Stsf]�if aGg]� /� gi6 x'g]� k|lj|mof hLjge/� rln/�xG5 . /�ftf 
/�Stsf]�if gi6 x'Fbf lg:�sg]� kmnfd k'gM k|of]�udf cfpF5 .

lrq 5.4 /�ftf /�Stsf]�if
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-v_ ;]�tf /�Stsf]�if (White blood cell)

;]�tf /�Stsf]�ifsf]� lglZrt cfsf/� x'Fb}�g t/� 
logLx¿ /�ftf /�Stsf]�ifeGbf 7'nf x'G5g\ . 
logLx¿df Go'lSno; /� cGo cjoj 
x'G5g\ . ;]�tf /�Stsf]�ifdf x]�df]�Unf]�lag 
x'Fb}�g . ;]�tf /�Stsf]�ifnfO{ No'sf]�;fO6 
(leucocyte) klg elgG5 . ;]�tf /�Stsf]�if 
u|fg'n/� /� ggu|fg'n/� u/�L b'O{ lsl;dsf 
x'G5g\ . ;fO6f ]�KnfHdfdf u|fGo'N; 
(granules) x'g]� ;]�tf /�Stsf]�ifnfO{ 
u|fg'n/� /�Stsf]�if elgG5 . Go'6«f]�lkmn (Neutrophil), Ocf]�l;gf]�lkmn (Eosinophil) 
/� a]�;f]�lkmn (Basophil) u|fg'n/� No'sf]�;fO6 x'g\ . ;fO6fKnfHdfdf u|fGo'N; gx'g]� 
;]�tf /�Stsf]�ifnfO{ ggu|fg'n/� /�Stsf]�if elgG5 . lnDkmf]�;fO6 /� df]�gf]�;fO6 ggu|fg'n/� 
No'sf]�;fO6 x'g\ .

;]�tf /�Stsf]�ifsf]� cfo' nueu b'O{ xKtf x'G5 . Ps 3gldlnld6/� /�utdf 4 xhf/�b]�lv 
11 xhf/�;Dd ;]�tf /�Stsf]�if x'G5g\ . logLx¿ af]�gDof/�f]� (bone marrow) df aG5g\ 
/� lkmof]� (spleen) df gi6 x'G5g\ . /�utdf ;]�tf /�Stsf]�ifsf]� ;ª\Vof lgs}� a9\of]� eg]� 
logn]� /�utdf /�x]�sf c¿ /�Stsf]�ifnfO{ gi6 u5{g\ . o;/�L /�utdf ;]�tf /�Stsf]�ifsf]� 
;ª\Vof lgs}� a9\g'nfO{ No's]�ldof (leukemia) cyjf /�St SofG;/� elgG5 . ;]�tf 
/�Stsf]�ifn]� z/�L/�df aflx/�af6 k|j]�z u/�L /�f]�usf sL6f0f';Fu n8\5g\ /� tL sL6f0f'x¿nfO{ 
df5{g\ . To;}�n]� oL /�Stsf]�ifnfO{ z/�L/�sf ;]�gf klg elgG5 . ;]�tf /�Stsf]�ifx¿n]� z/�L/�sf]� 
/�f]�u k|lt/�f]�wfTds Ifdtfsf]� j[l4 u5{g\ . ;]�tf /�Stsf]�if c:�jfefljs 9ª\un]� 36\g'nfO{ 
No'sf]�k]�lgof (leukopenia) elgG5 .

-u_ Kn]�6n]�6\; (Platelets)

/�utdf /�x]�sf ;a}�eGbf ;fgf uf]�nfsf/� cfsf/�sf 
Go'lSno; gePsf /�Stsf]�ifnfO{ Kn]�6n]�6\; jf 
y|f]�Daf]�;fO6 (thrombocytes) elgG5 . logLx¿ clt 
g}� ;"Id x'G5g\ . Ps 3g ldlnld6/� /�utdf 2 b]�lv 
4 nfv;Dd  Kn]�6n]�6\; x'G5g\ . logLx¿ xf8df /�x]�sf]� 
/�]�8 af]�gDof/�f]� (Red bone marrow) df aG5g\ . 

neutrophil

lrq 5.5 ;]�tf /�Stsf]�if

monocyte eosinophil basophil

lymphocytes

lrq 5.6 Kn]�6\n]�6\;\
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logLx¿sf]� cfo' 2 b]�lv 3 lbg;Dd x'G5 . logLx¿ lkmof]�df g:�6 x'G5g\ . z/�L/�df 
rf]�6k6s nfu]�df kmfOla|gf]�lhg;Fu ldn]�/� /�ut hDg dbt u5{g\ . /�utdf kmfOla|gf]�lhg 
/� Kn]�6n]�6\;sf]� sdL ePdf z/�L/�df ;fgf]� rf]�6k6s nfUbf klg /�ut hDb}�g . o:�tf]� 
cj:�yfnfO{ lxdf]�lkmlnof -haemophilia_ elgG5 . /�utdf Kn]�6n]�6\; c;fdfGo ¿kdf 
a9L x'Fbf y|f]�Daf]�;fO6f]�l;; (thrombocytosis) eGg]� /�f]�u nfU5 h;sf sf/�0fn]� x[bof3ft 
tyf dl:�tis 3ft x'g ;S5 .

/�utsf sfo{

1. kl/�jxg (Transportation)

/�utn]� clS;hg /� sfa{g8fOcS;fO8sf]� cf]�;f/�k;f/� u5{ . z/�L/�nfO{ cfjZos kf]�ifs 
tÎj, OGhfOd, xdf{]�g /� cgfjZos kbfy{nfO{ z/�L/�sf]� Ps efuaf6 csf{]� efudf 
k'¥ofpF5 .

2. lgoGq0f (Regulation)

/�utn]� z/�L/�sf]� tfkj|mdnfO{ ;Gt'ng u5{ . z/�L/�df cfjZos kfgL, cGo t/�n kbfy{ 
/� /�f;folgs kbfy{sf]� dfqf lgoGq0f u5{ .

3. ;'/�Iff (Protection)

/�utn]� /�f]�usf sL6f0f';Fu n8]�/� z/�L/�nfO{ /�f]�u nfUgaf6 arfpF5 . rf]�6k6s nfu]�sf 
7fpFdf /�utnfO{ hdfO{ /�ut aUgaf6 arfpF5 . PlG6a8Lsf]� pTkfbg u/�L /�f]�u 
k|lt/�f]�wfTds Ifdtf j[l4 u5{ .

5.3 /�St ;d"x (Blood group)

lj|mofsnfk 5.2 /�St ;d"x clen]�vLs/�0f ug'{

p2]�Zo M sIff bzsf ljBfyL{sf]� /�St ;d"xsf]� clen]�vLs/�0f

cfjZos ;fdu|L M rf6{k]�k/�, k]�lG;n, dfs{/�
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1. 	 Pp6f rf6{k]�k/� lng'xf]�;\ .

2. 	 rf6{k]�k/�df lgDgfg';f/�sf]� tflnsf agfpg'xf]�;\ .

3. 	 tflnsfdf cfˆgf]� sIffsf k|To]�s ljBfyL{sf]� ljj/�0f e/�]�/� sIffsf]�7fsf]� leQfdf 
6fF:�g'xf]�;\ .

j|m= ;= ljBfyL{sf]� gfd /�St ;d"x

1. ====== ========
2.
3.

lrq 5.7 /�St ;d"x k/�LIf0f

/�utdf /�x]�sf /�St sf]�lifsfdf ljleGg lsl;dsf PlG6h]�G; x'G5g\ . dflg;sf]� /�utdf 
/�x]�sf /�ftf /�Stsf]�ifsf]� ;txdf P -A_ /� aL -B_ gfds PlG6h]�G; 6fFl;P/� /�x]�sf 
x'G5g\ . of]� dflg;sf]� j+zf0f'ut u'0fdf cfwfl/�t x'G5 . ltg}� P /� aL PlG6h]�G;sf]� 
pkl:�ylt jf cg'kl:�yltsf cfwf/�df dfgjsf]� /�St ;d"x A, B, AB /� O 5'6\ofOG5 . 
To;n]� JolStsf]� /�St ;d"x 6fOk A, 6fOk B, 6fOk AB /� 6fOk O x'g ;S5 . /�ftf 
/�Stsf]�ifsf]� ;txdf A PlG6h]�g x'g]� /�utnfO{ 6fOk A ;d"x elgG5 . /�ftf /�Stsf]�ifsf]� 
;txdf B PlG6h]�g /�utnfO{ 6fOk B ;d"x elgG5 . s'g}� s'g}� JolStsf]� /�utdf A /� 
B PlG6h]�G; b'a}� x'g ;S5 eg]� To:�tf]� /�St ;d"xnfO{ 6fOk AB ;d"x elgG5 . olb 
/�utdf b'a}� PlG6h]�G; A /� B 5}�g eg]� To:�tf]� /�utnfO{ 6fOk O /�St ;d"x elgG5 . /�St 
;d"x O ;+;f/�df ;a}�eGbf w]�/�}� kfOg]� -Common_ /�St ;d"x xf]� . A /� B PlG6h]�gafx]�s 
/�utdf D PlG6h]�g jf l/�;;\ ˆofS6/� -Rhesus (Rh) factor_ klg x'G5 . Rh factor 



lj1fg tyf k|ljlw M sIff !)118

sf pkl:�ylt /� cg'kl:�yltsf cfwf/�df /�St ;d"xnfO{ kf]�lhl6e -Positive_ /� g]�u]�l6e 
-Negative_ u/�L b'O{ ;d"xdf 5'6\ofOPsf]� 5 . Rh factor x'g]� kf]�lhl6e -Positive_ 
;d"x /� Rh factor gx'g]� g]�u]�l6e ;d"x xf]� . olb s'g}� JolStsf]� /�St ;d"x A+ve 5 
eg]� p;sf]� /�utdf A PlG6h]�g /� Rhesus factor b'a}� x'G5 . olb s'g}� JolStsf]� /�utdf 
s'g}� PlG6h]�G; 5}�g eg]� pSt ;d"x O-ve x'G5 . Blood transfusion ubf{ /�St ;d"x 
kQf nufpg' cToGt h?/�L 5 . olb la/�fdLnfO{ /�ut lbFbf p;sf]� /�St ;d"x;Fu 
gldNg]� /�ut lbOof]� eg]� la/�fdLsf]� /�utdf OG6«fe]�g; SnlDkª -/�StgnLd}� /�ut hDg]�_ 
x'g ;S5 h'g la/�fdLsf nflu 3fts x'G5 . To;}�n]� la/�fdLnfO{ /�ut r9fpg'cufl8 
la/�fdLsf]� cfˆgf]� /�ut /� r9fpg]� /�utlar d]�n x'G5 x'Fb}�g k/�LIf0f ul/�g' h?/�L x'G5 .

kl/�of]�hgf sfo{

lj1fg lzIfssf]� ;xof]�udf cfˆgf]� ljBfno glhs}�}� /�x]�sf]� :�jf:�Yorf}�sL e|d0f cfof]�hgf 
ug'{xf]�;\ . :�jf:�Yorf}�sLdf /�ut /� /�St;~rf/�;DaGwL pknAw ljj/�0f ;ª\sng ug'{xf]�;\ 
;fy}� /�St ;d"x yfxf gx'g]�n]� /�St ;d"x k/�LIf0f u/�fpg'xf]�;\ . ;ª\slnt ljj/�0fcg';f/� 
dfgj /�ut /� /�St;~rf/�;DaGwL 5f]�6f]� k|ltj]�bg tof/� ug'{xf]�;\ . cfjZostfcg';f/� 
OG6/�g]�6sf]� ;xof]�u lng'xf]�;\ . tof/� u/�]�sf]� k|ltj]�bg sIffdf k|:�t't u/�L 5nkmn 
ug'{xf]�;\ .

5.4 d'6' (Heart)

lj|mofsnfk 5.3 d'6'sf]� cjnf]�sg

p2]�Zo M d'6'sf]� cjnf]�sg u/�L lrq agfpg'

cfjZos ;fdu|L M v;L jf /�fFufsf]� d'6', 8fO;]�S;g aS;, 8fO;]�S;g 6«]�

ljlw

-c_ 	df;' k;naf6 v;L jf /�fFufsf]� d'6' Nofpg'xf]�;\ .

-cf_	 xftdf k~hf nufP/� v;L jf /�fFufsf]� d'6'sf]� aflx/�L agfj6sf]� cjnf]�sg ug'{xf]�;\ .

-O_	 lzIfssf]� ;xof]�un]� d'6'sf aflx/�L efu klxrfg ug'{xf]�;\ .

-O{_	 d'6'sf]� aflx/�L efusf]� ;kmf lrq sf]�g'{xf]�;\ .

-p_ 	pSt d'6'nfO{ 8fO;]�S;g 6«]�df /�fVg'xf]�;\ .
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-pm_	 la:�tf/�}� nDaLo -vertical_ ;]�S;g cfpg]� u/�L 7f8f]� lrg'{xf]�;\ .

-C_	 lzIfssf]� ;xof]�un]� d'6'sf leqL efu cjnf]�sg ug'{xf]�;\ /� klxrfg ug'{xf]�;\ .

-P_	 d'6'sf]� leqL agfj6sf]� ;kmf lrq sf]�g'{xf]�;\ .

-P]�_	 d'6'sf]� agfj6sf af/�]�df sIffdf 5nkmn ug'{xf]�;\, cfjZostfcg';f/� lzIfssf]� 
;xof]�u lng'xf]�;\ .

d'6' /�St;~rf/� k|0ffnLsf]� s]�Gb| xf]� . o;af6 z/�L/�sf k|To]�s sf]�if /� tGt'x¿df /�ut 
k'U5 . d'6' z/�L/�sf]� 5ftLleq b'O{ kmf]�S;f]�sf lardf /�x]�sf]� zlStzfnL sfl8{ofs 
df+;k]�zLaf6 ag]�sf]� cª\u xf]� . o;sf]� a9L efu 5ftLsf]� afofFk6\l6 x'G5 cyjf d'6' 
s]�xL afofFk6\l6 9Ns]�sf]� x'G5 . d'6'nfO{ b'O{ kq]� kftnf]� lemNnLn]� 9fs]�sf]� x'G5 h;nfO{ 
k]�l/�sfl8{od elgG5 . b'O{ kqsf lardf Ps k|sf/�sf]� t/�n kbfy{ x'G5 . o;nfO{ 
k]�l/�sfl8{on ˆn'8 elgG5 . o;n]� d'6'nfO{ afx\o rf]�6k6s tyf em6\sfaf6 hf]�ufpF5 . 
dflg;sf]� d'6'sf]� ;fOh p;sf]� xftsf]� d'7Lsf]� ;fOh a/�fa/�sf]� x'G5 . dflg;sf]� d'6'sf]� 
cf}�;t tf}�n 300 u|fdsf]� x'G5 .

d'6' lqcfoflds ;f]�nL cfsf/�sf]� sfl8{ofs df+;k]�zLaf6 ag]�sf]� cª\u xf]� . of]� lgoldt 
¿kdf v'Drg]� /� km'Sg]� u5{ . of]� z/�L/�df /�ut kDk ug{]� cª\u xf]� . o;n]� /�StgnLsf]�  
dbtn]� z/�L/�sf k|To]�s sf]�if /� tGt'df /�ut kDk u5{ . o;sf]� tLg efusf]� b'O{ efu 
5ftLsf]� afofF efudf x'G5 . d'6'df kftnf]� /�f}�F h:�tf /�StgnLx¿ lkmFlhP/� /�x]�sf x'G5g\ . 
tL /�StgnLnfO{ sf]�/�f]�g/�L /�StgnL elgG5 . sf]�/�f]�g/�L cf6{/�Ln]� clS;hgo'St /�ut 
d'6'sf]� k|To]�s tGt'df k'¥ofpF5 eg]� sf]�/�f]�g/�L ;fOg; e]�gn]� sfa{g8fOcS;fO8o'St 
/�ut d'6';Dd k'¥ofpF5 .

superior venacava

lrq 5.8 d'6'sf]� aflx/�L agf]�6

right auricle 

right Ventricle

aorta

pulmonary vein

leftt Ventricle

left auricle
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d'6'sf]� leqL agf]�6 /� /�St;~rf/� (Internal structure of heart and blood 
circulation)

dfgj d'6'leq rf/�cf]�6f sf]�7f x'G5g\ . d'6'sf]� dflyNnf]� efudf /�x]�sf b'O{cf]�6f sf]�7fnfO{ 
cl/�sn (auricle) jf cl6«od (atrium) elgG5 . d'6'sf]� tNnf]� efudf /�x]�sf b'O{cf]�6f 
sf]�7fnfO{ e]�lG6«sn (Ventricle) elgG5 . d'6'sf]� lardf afSnf]� df+;k]�zLn]� ag]�sf]� 
;]�K6d x'G5 . o;n]� d'6'nfO{ bfofF /� afofF efudf 5'6\ofpF5 ;fy}� d'6'leq cz'4 /� z'4 
/�ut ldl;gaf6 /�f]�S5 . d'6'df /�x]�sf rf/�cf]�6f sf]�7fnfO{ bfofF cl/�sn, bfofF e]�lG6«sn, 
afofF cl/�sn /� afofF e]�lG6«sn gfds/�0f ul/�Psf]� 5 . oL rf/�cf]�6f sf]�7f;Fu ljleGg 
/�StgnL hf]�l8Psf x'G5g\ . oL /�StgnLsf]� dbtn]� d'6'n]� /�ut lng]� /� k7fpg]� u5{ . 
cl/�snn]� cGo efuaf6 cfPsf]� /�ut lnG5 eg]� e]�lG6«snn]� d'6'af6 /�ut cGo efudf 
k7fpF5 . d'6'af6 /�ut cGo efudf kDk ubf{ w]�/�}� rfk nfU5 . pSt rfknfO{ k}�bf 
ug{ /� yfDgsf nflu e]�lG6«snsf leQf cl/�snsf leQfx¿eGbf afSnf x'G5g\ . bfofF 
e]�lG6«snn]� /�ut kmf]�S;f]�df dfq kDk u5{ eg]� afofF e]�lG6«snn]� z/�L/�sf cGo efudf 
pRr rfkdf /�ut kDk u5{ . To;}�n]� afofF e]�lG6«snsf]� leQf bfofF e]�lG6«snsf]� eGbf 
afSnf]� x'G5 .

z/�L/�sf ljleGg efux¿af6 cz'4 /�ut d'6'sf]� bfofF cl/�sndf Nofpg]� /�StgnLx¿ 
;'k]�l/�o/� e]�gfsfef /� OGkm]�l/�o/� e]�gfsfef x'g\ . ;'k]�l/�o/� e]�gfsfefn]� z/�L/�sf]� dflyNnf]� 
efuaf6 /� OGkm]�l/�o/� e]�gfsfefn]� z/�L/�sf]� tNnf]� efuaf6 cz'4 -deoxygenated_ /�ut 
d'6'sf]� bfofF cl/�sndf NofpF5g\ . cl/�snx¿ v'DrFbf bfofF cl/�snaf6 cz'4 /�ut 
bfofF e]�lG6«sndf hfG5 . z'4Ls/�0fsf nflu bfofF e]�lG6«snaf6 l8clS;lhg]�6]�8 /�ut 
kmf]�S;f]�df n}�hfg]� /�StgnL kNdf]�g/�L wdgL (pulmonary artery) xf]� eg]� kmf]�S;f]�af6 
z'4 /�ut afofF cl/�sndf Nofpg]� /�StgnL kNdf]�g/�L lz/�f (pulmonary vein) x'g\ . 
dfgj z/�L/�df cz'4 /�ut af]�Sg]� Ps dfq wdgL kNdf]�g/�L wdgL xf]� eg]� z'4 /�ut 
af]�Sg]� lz/�f kNdf]�g/�L lz/�f xf]� . afofF cl/�snsf]� z'4 /�ut afofF e]�lG6«sndf em/�]�kl5 
z/�L/�sf ;Dk"0f{ efudf z'4 /�ut k|jfx ug{]� /�StgnL Pcf]�6f{ (aorta) xf]� .

d'6'df rf/�cf]�6f eNe x'G5g\ . d'6'sf]� bfofF cl/�sn /� bfofF e]�lG6«snsf lardf /�x]�sf]� 
eNenfO{ 6«fOsl:�k8 (tricuspid) eNe elgG5 . of]� eNe v'Nbf /�ut bfofF cl/�snaf6 
bfofF e]�lG6«sndf em5{ . d'6'sf]� afofF cl/�sn /� afofF e]�lG6«snsf lardf /�x]�sf]� 
eNenfO{ afOsl:�k8 jf dfO6«n (bicuspid or mitral) eNe elgG5 /� of]� eNe v'Nbf 
afofF cl/�snsf]� /�ut afofF e]�lG6«sndf em5{ . cl/�sn v'Drg]� a]�nfdf oL b'a}� eNe 
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Ps}�k6s v'N5g\ . cl/�snkl5 e]�lG6«sn v'lDrG5g\ . bfofF e]�lG6«sn v'DrFbf 6«fOsl:�k8 
eNe aGb x'G5 /� bfofF e]�lG6«sn Pjd\� kNdf]�g/�L wdgLsf lardf /�x]�sf]� kNdf]�lgs  
eNe v'n]�/� ToxfFsf]� l8clS;lhg]�6]�8 /�ut z'4Ls/�0fsf nflu kmf]�S;f]�df hfG5 . To;}�u/�L 
afofF e]�lG6«sn v'lDrFbf afOsl:�k8 eNe aGb x'G5 /� Pcf]�6f{ Pjd\� afofF e]�lG6«snsf 
lardf /�x]�sf]� Pcf]�l6{s eNe v'n]�/� ToxfF /�x]�sf]� clS;lhg]�6]�8 /�ut z/�L/�sf ;Dk"0f{  
cª\udf hfG5 .

superior venacava aorta

pulmonary vein

right auricle

pulmonary valve

tricuspid valve

inferior venacava

pulmonary artery 

     pulmonary vein

        left auricle 

            mitral valve
    aortic valve

	 left Ventricle

lrq 5.9 d'6'sf]� leqL agf]�6

5.5 x[bof3ft (Heart attack)

;fdfGo cj:�yfdf z/�L/�sf ljleGg 
efuaf6 /�ut d'6';Dd cfpg]� /� d'6'af6 
k]�ml/� z/�L/�sf ljleGg efudf hfg]� k|lj|mof 
lg/�Gt/� ¿kdf rln/�xG5 . t/� slxn]�sfxLF 
d'6'sf tGt'x¿df x'g'kg]�{ /�utsf]� k|jfx 
PSsfl; Psbd sd x'g]� jf cj?4 x'g]�  
x'G5 o:�tf]� cj:�yfdf d'6'sf]� sfo{df afwf 
k'Ug uO{ JolStnfO{ lgs}� ufx|f]� x'G5 . o:�tf]� 
cj:�yfnfO{ x[bof3ft (heart attack) 
elgG5 . of]� Ps uDeL/� tyf cfkt\sfnLg cj:�yf xf]� . d'6'sf tGt'x¿nfO{ /�ut cfk"lt{ 

coronary artery

lrq 5.10 x[bof3ft x'g]� cj:�yf

blocked blood flow
damaged tissue 
blood clot

plaque
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ug]�{ sf]�/�f]�g/�L wdgL (coronary artery_ df af]�;f]� tyf sf]�n]�:�6«f]�nsf]� lgIf]�kLs/�0f 
-deposit_ x'Fbf wdgL ;fF3'l/�g uO{ o:�tf]� ;d:�of b]�lvg]� u5{ . wdgLsf]� leqL leQfdf 
x'g]� af]�;f]� tyf sf]�n]�:�6«f]�no'St o:�tf]� lgIf]�knfO{ Knfs (plaque) elgG5 . slxn]�sfxLF 
oL Knfs k'm6]�/� ;fgf ;fgf l9Ssf (thrombos) agL s]�lzsf gnL (capillary blood 
vessels) nfO{ y'lglbg ;S5g\ /� o;n]� d'6'sf]� s'g}� vf; efudf /�x]�sf sf]�ifnfO{ gf]�S;fg 
u5{ . x[bof3ftnfO{ dfof]�sfl8{on OGk|mfS;g -myocardial infarction_ klg elgG5 . 
x[bof3ft ePdf d[To'af6 aRg tTsfn pkrf/� cfjZos x'G5 .

x[bof3ft hf]�lvdsf sf/�s tŒjx¿ (Risk factors of heart attack)

pd]�/�

45 jif{eGbf dflysf pd]�/� ;d"xsf k'?if /� 55 jif{ dflysf dlxnfdf o'jfdf eGbf 
x[bof3ftsf]� ;Defjgf a9L x'G5 .

;'tL{hGo kbfy{ ;]�jg

r'/�f]�6, tdfv', ;'tL{ h:�tf ;'tL{hGo kbfy{ ;]�jg ug]�{ JolStdf x[bof3ftsf]� ;Defjgf 
a9L x'G5 .

pRr /�Strfk

nfdf]� ;do;Dd pRr /�Strfk eO/�xFbf klg x[bof3ftsf]� ;Defjgf a9\5 .

pRr sf]�n]�:�6«f]�n jf 6«fOlUn;/�fO8\;

/�utdf /�x]�sf]� pRr v/�fa sf]�n]�:�6«f]�n wdgLsf]� leQfdf hDdf x'gfn]� wdgL ;fF3'/�f]� x'g]� 
;Defjgf x'G5 . o;sf sf/�0fn]� /�utsf]� axfadf cj/�f]�w cfO{ x[bof3ftsf]� hf]�lvd 
a9fpF5 . To;}� u/�L /�utdf pRr 6«fOlUn;/�fO8\; x'Fbf klg x[bof3ftsf]� hf]�lvd 
a9fpF5 .

dw'd]�x

dw'd]�x x'Fbf /�utdf Un'sf]�hsf]� dfqf a9\5 h;sf sf/�0fn]� x[bof3ftsf]� hf]�lvd  
a9fpF5 . 
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x[bof3ftsf]� kfl/�jfl/�s Oltxf;

kfl/�jfl/�s Oltxf;df s;}�nfO{ x[bof3ft ePsf]� 5 eg]� pSt kl/�jf/�sf ;b:�o klg 
x[bof3ftsf]� hf]�lvddf x'G5g\ .

lgoldt Jofofdsf]� cefj /� c:�j:�y cfxf/�
lgoldt Jofofd gug]�{ /� lrgL, hgfj/�sf]� af]�;f]�, k|zf]�lwt vfg]�s'/�f, 6«fG;ˆof6 /� g'g 
a9L ePsf]� vfgfn]� x[bof3ftsf]� hf]�lvd a9fpF5 .

tgfjk"0f{ hLjgz}�nL
efjgfTds tgfj, h:�t}� M cTolws j|mf]�w, cTolws gsf/�fTds ;f]�rfO cflbsf sf/�0fn]� 
x[bof3ftsf]� hf]�lvd a9fpF5 .

cj}�w nfu'cf}�ifw k|of]�u

sf]�lsg /� PDk]�m6fldg h:�tf pQ]�hs kbfy{sf]� ;]�jgn]� sf]�/�f]�g/�L wdgLdf c;/� u/�L 
x[bof3ft lgDTofpg ;S5 .

x[bof3ftsf nIf0fx¿

x[bof3ftsf nIf0fx¿ km/�s km/�s x'G5g\ . ;fdfGotof x[bof3ftsf nIf0fx¿ 
lgDgfg';f/� kfOG5g\ M

-s_	 5ftLdf Psbd}� bafa h:�tf]� dx;'; eO{ PSsfl; ;xg g;Sg]� u/�L b'Vg' tyf 
b'vfO la:�tf/�}� sfFw, xft, 3fF6L, bfFt jf slxn]�sfxLF k]�6;Dd klg k}�mng'

-v_	 lr;f]� kl;gf cfpg', ysfg dx;'; x'g', Zjf; k]�mg{ ufx|f]� x'g'

-u_	 6fpsf]� b'Vg' jf crfgs rSs/� nfUg', jfsjfsL nfUg'

-3_	 sltkonfO{ crfgs x[bof3ft x'G5 . t/� w]�/�}� dflg;nfO{ 306f, lbg jf xKtfclu 
r]�tfjgL nIf0f b]�lvG5g\, h:�t}� M 5ftL b'Vg]� jf 5ftLdf bafa lg/�Gt/� dx;'; 
eO/�xG5 h'g cf/�fd ubf{ klg x6\b}�g . of]� k|f/�lDes r]�tfjgL ;ª\s]�t x'g ;S5 . 

/�f]�syfd /� aRg]� pkfo

-s_	 :�j:�y hLjgz}�nL ckgfpg'k5{ .

-v_	 dBkfg, w"dkfg tyf ;'tL{ ;]�jg ug'{x'Fb}�g .
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-u_	 tf}�n lgoGq0f ug'{k5{ .

-3_	 :�j:�y cfxf/�df Wofg lbg'k5{ .

-ª_	 lgoldt Jofofd ug'{k5{ .

-r_	 tgfj Joj:�yfkg ug'{k5{ .

-5_	 pRr /�Strfk /� dw'd]�x h:�tf s]�xL cj:�yfn]� x[bof3ftsf]� hf]�lvd a9fpg 
;S5g\ . To;}�n]� oL cj:�yfsf]� Joj:�yfkg Pjd\ pkrf/� ug'{k5{ .

-h_	 lgoldt :�jf:�Yo k/�LIf0f ug'{k5{ .

x[bof3ftsf]� k/�LIf0f /� pkrf/�

-s_	 x[bof3ftsf]� lgbfg ug{ /�Strfk, kN; /� tfkj|mdsf]� hfFr ul/�G5 . d'6'sf]�  
w8\sg /� d'6'sf]� ;du| k/�LIf0f u/�L x[bof3ftsf]� lgbfg ul/�G5 .

-v_	 On]�S6«f]�sfl8{of]�u|fd (ECG), /�ut k/�LIf0f, Osf]�sfl8{of]�u|fd, PlGhof]�u|fkmL, CT 
Coronary Angiogram, MRI cflb ljlwaf6 x[bof3ftsf]� k/�LIf0f ul/�G5 .

PlGhof]�u|fkmL

PlGhof]�u|fkmL Ps k|sf/�sf]� fluroscopy PS;-/�]� xf]� . of]� /�StgnLdf x'g]� cj/�f]�w k/�LIf0f 
ug{sf nflu k|of]�u ul/�G5 . ;fdfGo PS;-/�]�df /�StgnL :�ki6 ¿kdf b]�vf kb}�{gg\ . o; 
k|lj|mofdf /�utdf ljz]�if k|sf/�sf]� ;"rs kbfy{ -contrast medium_ OGh]�S6 ul/�G5 . 
o;n]� /�utsf]� k|jfxnfO{ xfOnfO6 u5{ /� /�StgnLdf ePsf]� s'g}� klg ;d:�of x]�g{ ;xh 
agfOlbG5 . PlGhof]�u|fkmLsf]� j|mddf l;h{gf ul/�Psf]� PS;-/�]� Od]�hnfO{ PlGhof]�u|fd 
elgG5 .

x[bof3ftsf]� cj:�yfdf k|To]�s ldg]�6df w]�/�}� x[bosf tGt'x¿ Ifltu|:�t x'G5g\ . /�utsf]� 
k|jfx ;'rf? ug{ /� clS;hgsf]� :�t/� k'g:�yf{lkt ug{ tTsfn pkrf/� cfjZos x'G5 . 
To;sf nflu t'?Gt clS;hg lbg'k5{ . ljz]�if u/�L x[bof3ftsf]� pkrf/�, /�ut k|jfxdf 
cf+lzs jf k"0f{ cj/�f]�w 5 ls 5}�g eGg]�df lge{/� /�xG5 . pkrf/�sf nflu glhssf]� 
:�jf:�Yo ;+:�yfdf k'¥ofP/� lrlsT;ssf]� ;Nnfxadf]�lhd ug'{k5{ . ;fdfGo cj:�yfdf 
angiogram /� angioplast ug]�{ pks/�0f gePsf]� cj:�yfdf lrlsT;sn]� /�ut kftnf]� 
ug]�{ cf}�ifwLsf]� k|of]�u u/�]�/� pkrf/� u5{g\ eg]� cj?4 wdgL vf]�Ng angiogram /� 
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angioplast ug]�{ pks/�0f ePsf 7fpFdf zNolj|mof k|lj|mof ckgfpg'kg]�{ x'G5 . sf]�/�f]�g/�L 
PlGhof]�Knf:�6L /� :�6]�lG6ª, sf]�/�f]�g/�L wdgL afOkf; ;h{/�L h:�tf ljlw k|of]�u u/�L cj?4 
wdgL vf]�lnG5 .

sf]�/�f]�g/�L PlGhof]�Knf:�6L /� :�6]�lG6ª

d'6'sf]� aGb sf]�/�f]�g/�L wdgL vf]�Ngsf nflu o; ljlwsf]� k|of]�u ul/�G5 . o;nfO{ 
Percutaneous coronary intervention (PCI) elgG5 . PlGhof]�Knf:�6Lsf]� ;dodf 
d'6'/�f]�u ljz]�if1 -Cardiologist_ n]� d'6'sf]� wdgLsf]� ;fF3'/�f]� efudf kftnf]�, nlrnf]� 
6\o'a -Sofy]�6/�_ v'6\6fsf]� cyjf xftsf]� wdgLaf6 k7fpF5g\ . PlGhof]�Knf:�6L ubf{ pSt 
Sofy]�6/�åf/�f Pp6f ;fgf]� tf/� hfnL 6\o'a -stent_ k7fP/� wdgLdf /�fVg ;lsG5 . pSt 
hfnLn]� cj?4 wdgL km/�flsnf]� kfg{ /� /�ut k|jfxdf ;'wf/� ug{ dbt u5{ . :�6]�G6n]� 
wdgL v'nf /�fVg /� wdgLnfO{ k]�ml/� ;fF3'/�f]� x'gaf6 hf]�ufpF5 . :�6]�G6nfO{ cf}�ifwLn]� n]�kg 
ul/�Psf]� x'G5 h;n]� wdgL v'nf /�fVg dbt u5{ .

sf]�/�f]�g/�L wdgL afOkf; ;h{/�L

o;nfO{ cf ]�kg x6{ ;h{/�L klg 
elgG5 . of]� k|lj|mof x[bof3ftsf 
;dodf cfkt\sfnLg zNolj|mofsf 
¿kdf ug]�{ ul/�G5 . o; k|lj|mofdf 
lrlsT;sn]� d'6'df x'g]� /�ut k|jfx 
;'rf? ug{ z/�L/�sf]� cGo efuaf6 
-vf; u/�L lk8f}�Fnfaf6_ Pp6f :�j:�y 
/�StgnL lnP/� gofF af6f]� l;h{gf 
u5{g\ . To;kl5 d'6'sf sf]�ifx¿n]� 
gofF af6f]�af6 /�ut kfpg yfN5g\ .

kl/�of]�hgf sfo{

PlGhof]�u|fkmL /� cf]�k]�g x6{ ;h{/�Lsf 
af/�]�df OG6/�g]�6df vf]�hL u/�]�/� kfj/� kf]�OG6 :�nfO8 tof/� u/�L sIffdf k|:�t't ug'{xf]�;\ 
/� 5nkmn ug'{xf]�;\ .

afOkf; u|fˆ6

;fF3'l/Psf  
sf]/f]g/L cf6]{/L

lrq 5.11 sf]�/�f]�g/�L wdgL afOkf; ;h{/�L
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5.6 	 d'6'sf]� w8\sg (Heart beat) /� kN; /�]�6 -pulse rate_ jf  
x6{ /�]�6 -Heart rate_

d'6'sf]� df+;k]�zLdf x'g]� lgoldt /� nofTds (rhythmic) v'DrfO /� km'sfOsf sf/�0fn]� 
dx;'; x'g]� d'6'sf]� 9's9's cfjfhnfO{ d'6'sf]� w8\sg elgG5 . zf/�Ll/�s cj:�yfcg';f/� 
d'6'sf]� w8\sg 36a9 x'g ;S5 . d'6'sf]� w8\sg gfKgsf nflu :�6]�yf]�:�sf]�k (Stethoscope) 
sf]� k|of]�u ul/�G5 . cf/�fd u/�]�sf]� cj:�yfdf Pp6f :�j:�y dflg;sf]� d'6' Ps ldg]�6df 
^) b]�lv !)) k6s w8\sG5 . o;nfO{ x6{ /�]�6 elgG5 . d'6'sf]� 98\sg k|ltldg]�6 
^) eGbf sd x'g'nfO{ l9nf]� x[bo -slow heart_ jf a|fl8sfl8{of -Bradycardia_ 
elgG5 . d'6'sf]� 98\sg k|ltldg]�6 !)) eGbf a9L x'g'nfO{ tLj| d'6' -fast heart_ jf 
6\oflssfl8{of -tachycardia_ elgG5 .

d'6'sf df+;k]�zLdf x'g]� lgoldt /� lg/�Gt/� nofTds v'DrfO tyf km'sfOsf sf/�0fn]� 
d'6'af6 kDk ePsf]� /�ut wdgL x'Fb}� z/�L/�sf]� k|To]�s tGt'df k'U5 . wdgLaf6 /�ut 
axFbf wdgLdf klg /�utn]� lbg]� rfk dx;'; ug{ ;lsG5 . pSt rfknfO{ kN; /�]�6 
-Pulse rate_ elgG5 . ;fdfGotof x6{ /�]�6 /� kN; /�]�6 a/�fa/� x'G5 . To;}�n]� oL b'a}�nfO{ 
kof{osf ¿kdf k|of]�u ul/�G5 . ;fdfGo cj:�yfsf]� :�j:�y dflg;df ;fdfGotof kN; 
/�]�6 60 b]�lv 100 la6\; k|ltldg]�6 x'G5 . s]�jn cf}�Fnfsf]� ;xfotfn]� 3fF6L jf gf8Ldf 
kN; /�]�6 ;lhn}� hfFr ug{ ;lsG5 .

lj|mofsnfk 5.4 kN; /�]�6 dfkg 

p2]�Zo M kN; /�]�6 dfkg ug'{ 

ljlw

1. 	 ;fdfGo cj:�yfdf ;lhnf]� cf;gdf a:�g'xf]�;\ .

2. 	 xftsf]� gf8Ldf a'9LcfF}�+nfsf]� efult/� /�x]�sf]� /�]�l8on wdgL h'g /�]�l8o; x8\8L /� 
6]�G8glar b'O{ cf}�Fnf /�fVg'xf]�;\ . Wofgk"j{s wdgLsf]� kN; dx;'; ug'{xf]�;\ . Ps 
ldg]�6;Ddsf]� la6\; jf kN;sf]� ;ª\Vof u0fgf ug'{xf]�;\ . o;/�L lgsfnL ;s]�kl5 
sIffsf ;Dk"0f{ ;fyLsf]� kN; /�]�6 t'ngf u/�L 5nkmn ug'{xf]�;\ .

3. 	 o;}� u/�L 3fF6Ldf aª\uf/�fsf]� tnk6\l6 /�x]�sf]� Sof/�f]�l68 cf6{/�L -carotid artery_ 
cf}�Fnf /�fv]�/� klg kN; /�]�6 gfKg ;lsG5 .
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lrq 5.12

/�StgnL (Blood vessel)

z/�L/�sf k|To]�s tGt' /� sf]�ifdf /�ut k'¥ofpg]� Pjd\ lkmtf{ Nofpg]� nrsbf/� df+;k]�zLo'St 
gnLnfO{ /�StgnL elgG5 . wdgL, lz/�f /� s]�lzsf u/�L /�StgnL tLg lsl;dsf  
x'G5g\ .

Tunica externa
Tunica media

Valve

Tunica interna

Vein

Blood to the HeartBlood from the Heart
Artery

Capillary

lrq 5.13 ljleGg lsl;dsf /�StgnL

wdgL (Artery)

d'6'af6 /�utnfO{ z/�L/�sf k|To]�s efudf k'¥ofpg]� /�StgnLnfO{ wdgL elgG5 . wdgLsf]� 
leQf afSnf]� df+;k]�zLn]� ag]�sf]� x'G5 . To;}�n]� o;n]� /�utsf]� pRr rfk klg vKg ;S5 . 
o;df eNe x'Fb}�g . dfgj z/�L/�df /�x]�sf]� ;a}�eGbf 7'nf]� wdgL Pcf]�6f{ xf]� . Pcf]�6f{ 
afFl8P/� ;fgf wdgL aG5g\ . tL wdgLx¿ klg afFl8P/� pkwdgL cyf{t\ cf6{]�l/�of]�N; 
(arterioles) aG5g\ . pSt cf6{]�l/�cf]�N; klg afFl8P/� Hofb}� dl;gf /� hfnLbf/� /�St 
s]�lzsf aG5g\ .
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s]�lzsf (Capillary)

pkwdgL -cf6]�{l/�cf]�N;_ ljeflht eO{ ag]�sf clt dl;gf /� hfnLbf/� /�StgnLnfO{ 
s]�lzsf elgG5 . tL /�St s]�lzsfx¿n]� /�utdf 3f]�lnP/� /�x]�sf clS;hg, kf]�ifs tÎjx¿, 
xdf{]�g, OGhfOd cflbnfO{ z/�L/�sf k|To]�s sf]�ifdf k'¥ofpF5g\ . o;sf ;fy}� sf]�ifn]� 
lgisf;g u/�]�sf sfa{g8fOcS;fO8, ljsf/� j:�t'nfO{ lgisf;g k|0ffnL;Dd k'¥ofpg 
sf]�if jf tGt'af6 lnG5g\ . ljsf/� j:�t'x¿ lnPkl5 s]�lzsfx¿ km]�l/� hf]�l8g yfN5g\ 
/� pklz/�f (Venules) aG5g\ .

lz/�f (Vein)

z/�L/�sf ljleGg efuaf6 /�ut hDdf u/�]�/� d'6';Dd k'¥ofpg]� /�StgnLnfO{ lz/�f elgG5 . 
o;sf]� leQf wdgLsf]� leQfeGbf kftnf]� t/� wdgLsf]� h:�t}� tLg txsf]� x'G5 . o;df 
7fpF 7fpFdf eNe x'G5g\ . lz/�fn]� clt dl;gf /�St s]�lzsfsf]� hfnf]� x'Fb}� hDdf u/�]�sf]� 
/�ut d'6';Dd n}�hfg]� x'Fbf o;df aUg]� /�utsf]� rfk /� j]�u sd x'G5 ;fy}� /�ut pN6f]� 
lbzfdf aUg]� ;Defjgf /�xG5 . o;df ePsf eNen]� /�utnfO{ pN6f]� lbzfdf k|jfx x'g 
lbFb}�g . sfdsf cfwf/�df pklz/�f, lz/�f /� dxflz/�f (venacava) ;a}� p:�t}� x'g\ s]�jn 
cfsf/�dfq ;fgf]� 7'nf]� /� ;ª\Vof dfq w]�/�}� yf]�/�}� xf]� .

5.7 /�St;~rf/� k|lj|mof (Blood circulation)

d'6'af6 /�utnfO{ z/�L/�sf k|To]�s efudf k'¥ofpg]� /� z/�L/�sf k|To]�s efuaf6 /�utnfO{ 
d'6';Dd Nofpg]� k|lj|mofnfO{ /�St;~rf/� k|lj|mof elgG5 . Pp6f :�j:�y jo:�s dflg;sf]� 
z/�L/�df Ps ldg]�6df d'6'n]� %–^ ln6/� /�ut kDk u5{ . dfgj z/�L/�df /�St;~rf/� 
b'O{ k|sf/�n]� x'G5 M

1= l;:�6lds /�St;~rf/� (Systemic blood circulation)

2= kNdf]�g/�L /�St;~rf/� (Pulmonary blood circulation)

l;:�6lds /�St;~rf/� (Systemic blood circulation)

d'6'sf]� afofF e]�lG6«snaf6 Pcf]�6f{ tyf cGo wdgL x'Fb}� z/�L/�sf cGo efudf 
clS;hgo'St /�ut k'Ug]� /� lz/�fåf/�f km]�l/� tL efuaf6 sfa{g8fOcS;fO8o'St /�ut 
d'6'sf]� bfofF cl/�sndf k'Ug]� /�St;~rf/�nfO{ l;:�6lds /�St;~rf/� elgG5 . d'6'sf]� 
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afofF e]�lG6«sn v'DrFbf /�ut d'6'af6 
Pcf]�6f{df hfG5 . Pcf]�6f{af6 wdgL, 
wdgLaf6 cf6{]�l/�of]�n /� cf6{]�l/�of]�naf6 
s]�lzsf x'Fb}� z/�L/�sf k|To]�s efudf /�ut 
k'U5 . o;/�L /�utn]� kf}�li6s tÎjx¿, 
clS;hg /� cGo cfjZos tÎjx¿ k|To]�s 
sf]�ifdf k'¥ofpF5 . sf]�ifdf tL tÎjx¿sf]� 
pkof]�u eO;s]�kl5 pTkflbt ljsf/� kbfy{ 
/� sfa{g8fOcS;fO8 Uof; s]�lifsfn]� 
hDdf u/�L lz/�fdf k'¥ofpF5 . lz/�faf6 
e]�gfsfefdf /� e]�gfsfefaf6 d'6'sf]� bfofF 
cl/�sndf cz'4 /�utsf ¿kdf k'U5 . 
o;/�L /�ut d'6'sf]� afofF e]�lG6«snaf6 wdgLdfkm{t z/�L/�sf ljleGg efudf k'Ug]� /� km]�l/� 
lz/�fdfkm{t kms{]�/� d'6'sf]� bfofF cl/�sn;Dd cfOk'Ug]� k|lj|mofnfO{ l;:�6lds /�St;~rf/� 
elgG5 .

left Ventricle  different parts of body  right auricle
artery � vein

kNdf]�g/�L /�St;~rf/� (Pulmonary blood circulation)

d'6' /� kmf]�S;f]�lar kNdf]�g/�L wdgL /� kNdf]�g/�L lz/�fåf/�f x'g]� /�St;~rf/�nfO{ kNdf]�g/�L 
/�St;~rf/� elgG5 . ha bfofF e]�lG6«sn v'DrG5 kNdf]�lgs eNe v'N5, kNdf]�g/�L wdgL 
x'Fb}� cz'4 /�ut kmf]�S;f]�sf xhf/�f}�F PlNeof]�nLx¿ (alveoli) nfO{ rf/�}�lt/�af6 9fs]�/� /�xg 
s]�lzsfsf]� hfnf]�;Dd k'U5 clg cz'4 /�utdf /�x]�sf]� sfa{g8fOcS;fO8 PlNeof]�nLd}� 
5f]�8]�/� ToxfF cfOk'u]�sf]� clS;hg lnP/� kNdf]�g/�L lz/�f x'Fb}� z'4 /�ut d'6'sf]� afofF 
cl/�sndf cfpF5 . o;/�L d'6'sf]� bfofF e]�lG6«snaf6 kmf]�S;f]� /� kmf]�S;f]�af6 d'6'sf]� afofF 
cl/�sndf /�ut k|jfx x'g]� k|lj|mof g}� kNdf]�g/�L /�St;~rf/� xf]� .

right Ventricle  lungs  left auricle
pulmonary artery � pulmonary vein

lrq 5.14 /�St;~rf/�

lungs

systemic 
circulation

venacava

aorta

pulmonary circulation

pulmonary vein
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5.8 /�Strfk (Blood pressure)

ha afofF e]�lG6«sn v'Dr]�/� /�utnfO{ wdgLdf kDk u5{, wdgLsf]� leQfdf rfk pTkGg 
x'G5 . wdgLsf leQfdf /�utn]� lbg]� pSt rfknfO{ /�Strfk elgG5 . /�StgnLsf]� 
cfsf/�, k|jfx /� /�utsf]� dfqf tyf d'6'sf e]�lG6«sn v'lDrFbf pTkGg x'g]� andf 
/�Strfk lge{/� /�xG5 . /�Strfksf]� PsfO mm Hg x'G5 . /�StrfknfO{ b'O{cf]�6f  
;ª\Vofdf b]�vfOG5 . dflyNnf]� txsf]� ;ª\VofnfO{ l;:�6f]�lns rfk (Systolic pressure) 
elgG5 . l;:�6f]�lns rfk d'6'sf]� e]�lG6«sn v'lDrFbf pTkGg x'g]� rfk xf]� . /�Strfksf]� 
tNnf]� txsf]� dfkgnfO{ 8fO:�6f]�lns rfk (Diastolic pressure) elgG5 . pSt rfk 
e]�lG6«sn oyfjt\ l:�yltdf cfpFbf pTkGg x'G5 . jo:�s dflg;df l;:�6f]�lns /�Strfk 
90 mmHg b]�lv 130 mmHg x'G5 . To;}�u/�L 8fO:�6f]�lns rfk 60 mmHg b]�lv 90 
mmHg x'G5 . lxhf]�cfh l8lh6n ljlwaf6 klg /�Strfk kQf nufOG5 .

/�Strfk gfKgsf nflu k|of]�u ul/�g]� pks/�0f l:�kmUdf]�Dofgf]�ld6/� -Sphygmomanometer) 
xf]� . dflg;sf]� /�Strfk p;sf]� dfgl;s cj:�yf, pd]�/�, lnª\u /� zf/�Ll/�s rfndf lge{/� 
/�xG5 . jo:�s dflg;sf]� /�Strfk ;/�b/�df 120/�80 mm Hg x'G5 . 120 mm Hg 
l;:�6f]�lns /�Strfk xf]� eg]� 80 mm Hg 8fO:�6f]�lns /�Strfk xf]� .

pRr /�Strfk (High blood pressure)

olb /�Strfk 140/�90 mmHg jf ;f]�eGbf a9L eof]� eg]� o:�tf]� cj:�yfnfO{ pRr 
/�Strfksf]� cj:�yf elgG5 . pRr /�Strfk x'Fbf b]�vf kg]�{ nIf0fx¿ lgDgfg';f/� 5g\ M

-s_ 	6fpsf]� b'Vg]� /� nfdf]� Zjf; lng g;Sg]�

-v_ 	gfsaf6 /�ut cfpg]�

-u_ 	 kl;gf cfpg]� /� lzlyntf dx;'; x'g]�

-3_ 	cg'xf/� /�ftf]� x'g]�

-ª_ 	 lgb|f gnfUg]� /� cflQg]� cflb

-r_	 dl:tissf s]lzsf km'6\g] / Kof/fnfOl;; x'g]

pRr /�Strfksf sf/�0f

pRr /�Strfk ljleGg sf/�0fn]� ubf{ x'g ;S5 . o;sf s]�xL sf/�0f lgDgcg';f/� /�x]�sf 
5g\ M
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-s_ 	lgoldt ¿kdf zf/�Ll/�s Jofofd gug{'

-v_ 	j+zf0f'ut ¿kdf pRr /�Strfk b]�vf kg{'

-u_ 	 lg/�Gt/� w"dkfg /� dBkfg ug{'

-3_ 	z/�L/�sf]� tf}�n a9L x'g'

-ª_ 	 zf/�Ll/�s tyf dfgl;s tgfj x'g'

-r_ 	g'lgnf]� /� lrNnf]� vfgf w]�/�}� dfqfdf ;]�jg ug'{

pRr /�Strfkaf6 aRg]� pkfo

pRr /�Strfkn]� ubf{ ljleGg zf/�Ll/�s tyf dfgl;s ;d:�of cfpF5g\ . To;}�n]� ;dod}� 
Wofg lbP/� pRr /�Strfk x'gaf6 aRg ;lsG5 . pRr /�Strfkaf6 aRg]� s]�xL pkfo 
lgDgfg';f/� 5g\ M

-s_	 b}�lgs vfg]� s'/�fdf Wofg lbg'k5{ . lrNnf]� kbfy{ /� g'gsf]� dfqf sd ePsf vfg]� 
s'/�fx¿ vfg'k5{ .

-v_	 w"dkfg /� dBkfg ug{'x'Fb}�g .

-u_	 ;Gt'lnt ef]�hg vfg'k5{ .

-3_	 b}�lgs zf/�Ll/�s cEof; ug{'k5{ .

-ª_	 b}�lgs of]�u Wofg ug{'k5{ .

-r_	 ;do ;dodf /�Strfk k/�LIf0f u/�L ;fjwfgL ckgfpg'k5{ .

-5_	 tgfj/�lxt hLjg lhpg'k5{ .

-h_	 ljleGg dgf]�/�~hgfTds lj|mofsnfkdf efu lng'k5{ .

/�utdf pRr Un'sf]�hsf]� cj:�yf jf dw'd]�x (Diabetes)

ljleGg sf/�0fn]� ubf{ z/�L/�df vfgfaf6 k|fKt Un'sf]�hsf]� Joj:�yfkg /� pkof]�udf ;xof]�u 
ug{]� OG;'lng xdf{]�gsf]� sdL x'Fbf /�utdf Un'sf]�hsf]� dfqf a9\5 . /�utdf Un'sf]�hsf]� 
dfqf cfjZostfeGbf w]�/�}� ePsf]� cj:�yfnfO{ dw'd]�x jf lrgL /�f]�u elgG5 . lj1fgsf]� 
efiffdf o;nfO{ xfOk/�UnfO;]�ldof (hyperglycemia) klg elgG5 .
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/�utdf pRr Un'sf]�hsf]� cj:�yfsf nIf0f

-s_	 w]�/�}� ltvf{ /� ef]�s nfUg'

-v_	 l/�Fu6f nfUg]� /� j]�nf j]�nfdf a]�xf]�; x'g'

-u_	 l5g l5gdf lk;fa nfUg'

-3_	 cfFvf wldnf]� x'Fb}� hfg'

-ª_	 b'Anfpg' / l56\6}� ysfg dx;'; x'g'

-r_	 xft v'6\6f afpFl8g' /� emdemdfpg'

-5_	 3fp l56f]� lgsf]� gx'g' cflb .

/�utdf pRr Un'sf]�hsf]� cj:�yfsf sf/�0f

-s_	 OG;'lng xdf{]�gsf]� pTkfbgdf sdL x'g'

-v_	 df]�6f]�kgf /� lglij|mo hLjgz}�nL ckgfpg'

-u_	 c;Gt'lnt ef]�hg ;]�jg ug'{

-3_	 vfgfdf w]�/�}� dfqfdf lrNnf]� kbfy{ /� sfaf{]�xfO8«]�6 ;dfj]�z x'g'

-ª_	 j+zf0f'ut ¿kdf dw'd]�x x'g' cflb .

/�utdf pRr Un'sf]�hsf]� cj:�yf x'gaf6 aRg]� pkfo

-s_	 xl/�of]� ;fu;AhL /� kmnkm"n k|z:�t dfqfdf vfg]�

-v_	 lgoldt zf/�Ll/�s Jofofd ug{]�

-u_	 df]�6f]�kgf 36fpg]�

-3_	 ;lj|mo hLjgz}�nL ckgfpg]�

-ª_	 tgfj/�lxt hLjg lhpg]�

-r_	 laxfg kl;gf cfpg]� u/�L lx+F8\g]�

-5_	 ;Gt'lnt ef]�hg ;]�jg ug{]� cflb .

dw'd]xsf] pkrf/

vfgkfg / hLjgz}nL abnL OG;'lng OGh]S;g lng'k5{ .
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o'l/�s Pl;8 (Uric acid)

gfO6«f]hgo'St kbfy{nfO{ Ko'l/g -purine_ elgG5 . Ko'l/�g x'g]� vfg]�s'/�f a9L pkof]�u ubf{ 
tyf kfrg k|lj|mof tyf hLjsf]�ifleq kf}�li6s tÎjsf]� d]�6faf]�lnhd -metabolism_ x'Fbf 
6'lj|mP/� Ps k|sf/�sf]� lgisf:�o cDn aG5g\ . oxL cDnnfO{ o'l/�s Pl;8 elgG5 . dfgj 
z/�L/�df o'l/�s Pl;8 ljz]�if u/�L cfGb|fdf /� sn]�hf]�df pTkfbg x'G5 /� lgisfl;t x'gsf 
nflu /�ut;Fu}� au]�/� lduf}�{nfdf k'U5 . o; j|mddf o;n]� ljiffSt kbfy{nfO{ x6fpg'sf 
;fy}� /�StgnLsf]� leqL efudf hd]�sf Knfs (plaque) nfO{ x6fO{ /�St;~rf/�nfO{ 
lgjf{w agfO/�fVg 7'nf]� ;xof]�u;d]�t u5{ .

z/�L/�nfO{ o'l/�s Pl;8sf]� ;|f]�t Ko'l/�gsf]� lg/�Gt/� cfjZostf k5{ lsgls DNA /� RNA 
lgdf{0fdf o;sf]� dxÎjk"0f{ e"ldsf x'G5 . Ko'l/�go'St vfg]�s'/�f a9L pkef]�u ul/�of]� 
eg]� z/�L/�df o'l/�s Pl;8sf]� dfqf klg a9\g k'U5 /� :�jf:�Yodf uDeL/� ;d:�of cfpg 
;S5 . o'l/�s Pl;8sf]� dfqf a9\g hfFbf cfOkg]�{ :�jf:�Yo ;d:�ofnfO{ xfOk/�o'/�]� l;ldof 
(hyperuricemia) elgG5 . xfOk/�o'/�]�l;ldof x'Fbf lgDglnlvt ;d:�of cfpg ;S5g\ M

pRr o'l/�s Pl;8sf nIf0fx¿

-s_	 xf8 hf]�gL{ b'Vg'

-v_	 df+;k]�zLsf]� leqL efudf ulx/�f]� b'vfO x'g'

-u_	 lduf}�{nfdf kTy/�L x'g]� ;Defjgf a9\g'

-3_	 5fnf /�ftf]� x'g', ;'lGgg', kf]�Ng' cflb

-ª_	 v'6\6fsf]� a'9Lcf}�+Fnfsf hf]�gL{df cTolws b'vfO x'g'

-r_	 lxF8fO /� rfndf ;d:�of cfpg' cflb .

pRr o'l/�s Pl;8 x'g'sf sf/�0f

-s_	 dw'd]�x jf cGo s'g}� /�f]�usf sf/�0f lduf{}�nfn]� ztk|ltzt sfo{ ug{ g;s]�/� o'l/�s 
Pl;8sf]� lgisf;g x'g g;Sg'

-v_	 Ko'l/�go'St vfgfsf]� ;]�jg a9L dfqfdf x'g'

-u_	 kfgL sd lkpg]� cfbt x'g'
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pRr o'l/�s Pl;8af6 aRg]� /� lgoGq0f ug{]� pkfo

-s_	 lgoldt zf/�Ll/�s Jofofd ug{]�

-v_	 k6s k6s u/�L k|z:�t dfqfdf kfgL lkpg]�

-u_	 dWokfg /� w"dkfg gug{]�

-3_	 a]�lsª ;f]�8fsf]� k|of]�u ug]�{

-ª_	 r]�/�Lx¿sf]� k|of]�u ug]�{ -o;df PGyf]�;folgg gfds PlG8 clS;8]�G6 x'g]� ePsfn]� 
o'l/�s Pl;8 36fpg dbt u5{_

-r_	 af]�;f]�o'St /�ftf]� df;', ;d'b|L vfgf / u]�8fu'8Lsf]� ;]�jg sd ug{]�

-5_	 Ko'l/�go'St vfg]�s'/�f sd vfg]� cflb .

kl/�of]�hgf sfo{

-s_	 glhs}�sf]� c:�ktfn e|d0f u/�]�/� ToxfFsf lrlsT;s /� cGo :�jf:�YosdL{x¿;Fu 
pRr /�Strfk, dw'd]�x /� o'l/�s Pl;8sf af/�]�df ;f]�wvf]�h u/�L 5f]�6f]� k|ltj]�bg 
tof/� ug'{xf]�;\ /� sIffdf 5nkmn ug'{xf]�;\ .

-v_	 cfˆgf]� 3/� kl/�jf/�sf ;b:�odf pRr /�Strfk, dw'd]�x, pRr o'l/�s Pl;8 /�f]�usf]� 
cj:�yf, sf/�0f /� cjnDag ul/�Psf pkfosf af/�]�df ;f]�wvf]�h u/�L tof/� kfl/�Psf]� 
k|ltj]�bg sIffdf 5nkmnsf nflu k|:�t't ug'{xf]�;\ .
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cEof;

1.	 tnsf k|Zgsf]� ;xL ljsNk 5gf]�6 ug'{xf]�;\ M

-s_ 	/�St;~rf/� k|0ffnLsf d'Vo efusf]� ;d"x lgDgdWo]� s'g xf]� <

-c_ d'6', /�ut /� kmf]�S;f]� 		 -cf_ d'6', /�ut /� /�StgnL

-O_ d'6', sn]�hf]� /� kmf]�S;f]� 	 -O{_ d'6', /�StgnL /� sn]�hf]�

-v_ 	Go'lSno; gx'g]� /�Stsf]�if s'g xf]� <

-c_ Go'6«f]�lkmn 			   -cf_ lnDkmf]�;fO6

-O_ df]�gf]�;fO6			   -O{_ Kn]�6n]�6\;

-u_	 /�utdf x]�df]�Unf]�lagsf]� sdL ePdf s'g /�f]�u nfU5 <

-c_ dw'd]�x				   -cf_ x]�df]�lkmlnof

-O_ /�StcNktf 			   -O{_ No's]�ldof

-3_	 dfgj d'6'df sltcf]�6f eNe x'G5g\ <

-c_ 2					    -cf_ 3

-O_ 4					    -O{_ 5

-ª_	 d'6'sf]� afofF e]�lG6«sn v'DrFbf wdgLdf l;:�6f]�lns /�Strfk dx;'; x'g'sf]� 
sf/�0f s]� xf]� <

-c_	 d'6'df cTolws rfk pTkGg x'g'

-cf_	 d'6'sf]� afofF e]�lG6«snn]� /�utdf pTkGg u/�]�sf]� rfk wdgLdf k|;f/�0f 
x'g'

-O_	 d'6'sf]� afofF e]�lG6«sn v'DrFbf wdgL klg v'Drg'

-O{_	 d'6'sf]� afofF e]�lG6«sn v'DrFbf /�ut afSnf]� x'g'
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-r_	 /�f]�lxtn]� /�St ;d"x klxrfgsf nflu /�utsf]� k/�LIf0f u/�fPsf]� glthf tnsf]� 
tflnsfdf b]�vfOPsf]� 5 M

PlG6h]�g A B O D

/�utsf]� l9sf -Blood clot_ b]�lvof]� b]�lvof]� b]�lvPg b]�lvof]�

p;sf]� /�St ;d"x s'g xf]� <

-c_ A kf]�h]�l6e 		  -cf_ O kf]�h]�l6e

-O_ AB kf]�h]�l6e 		 -O{_ B kf]�h]�l6e

-5_	 Ps hgf JolStnfO{ w]�/�}� ltvf{ /� ef]�u nfUg]�, l/�Fu6f nfUg]� /� j]�nf j]�nfdf 
a]�xf]�; x'g]�, l5gl5gdf lk;fa nfUg]�, cfFvf wldnf]� x'Fb}� hfg]� ePsf]� 5 . 
pgL s'g ;d:�ofaf6 u|l;t 5g\ <

-c_ pRr /�Strfk 		  -cf_ /�utdf pRr Un'sf]�hsf]� cj:�yf

-O_ o'l/�s Pl;8sf]� ;d:�of 	 -O{_ Plgldofsf]� cj:�yf

-h_	 d'6'sf]� b'vfOsf]� cj:�yfdf sf]�/�f]�g/�L wdgLdf s'g}� Ans]�h eP gePsf]� 
klxrfg ug{ pko'St hfFr s'g xf]� <

-c_ d'6'sf]� /�Strfk k/�LIf0f 	 -cf_ PlGhof]�u|fkmL

-O_ Ol;hL 			   -O{_ d'6'sf]� w8\sgsf]� hfFr

-em_	 ;fDejL ljBfnodf v]�Nbf v]�Nb}� 9'ª\ufdf 7f]�lSsFbf pgLnfO{ v'6\6fdf rf]�6 
nfUof]� . ljleGg k|oTg ubf{ klg pgsf]� /�ut aUg /�f]�lsPg . o;sf]� sf/�0f 
s]� xf]�nf <

-c_ /�utdf x]�df]�Unflagsf]� sdL	  -cf_ /�utdf ;]�tf /�Stsf]�ifsf]� sdL

-O_ /�utdf Kn]�6n]�6\;sf]� sdL 	  -O{_ /�utdf /�ftf /�Stsf]�ifsf]� sdL
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-~f_	 /�l:�dnfsf]� xh'/�a'afnfO{ /�ftf]� df;', u]�8fu'8L tyf tf/�]�sf vfg]�s'/�f vfFbf 
z/�L/� b'Vg]�, hf]�gL{x¿ ;'lGgg]� ;d:�of b]�lvPsf]� 5 . pgnfO{ s]� ;d:�of 
ePsf]� xf]�nf <

-c_ pRr /�Strfk 		  -cf_ /�utdf pRr Un'sf]�hsf]� cj:�yf

-O_ o'l/�s Pl;8sf]� ;d:�of 	 -O{_ Plgldofsf]� cj:�yf

2.	 leGgtf n]�Vg'xf]�;\ M

-s_	 /�ftf /�Stsf]�if /� ;]�tf /�Stsf]�if

-v_	 cl/�sn /� e]�lG6«sn

-u_	 wdgL /� lz/�f

-3_	 kNdf]�g/�L /�St;~rf/� /� l;:�6lds /�St;~rf/�

-ª_	 l;:�6f]�lns /�St;~rf/� /� 8fO:�6f]�lns /�St;~rf/�

-r_	 Plgldof /� lxdf]�lkmlnof

-5_	 PlGhof]�u|fd /� cf]�kg x6{ ;h{/�L

-h_	 Kn]6n]�6\; /� ;]�tf /�Stsf]�if

3.	 sf/�0f lbg'xf]�;\ M

-s_	 /�ut /�ftf]� x'G5 .

-v_	 WBC nfO{ z/�L/�sf ;]�gf elgG5 .

-u_	 cl/�snsf]� eGbf e]�lG6«snx¿sf]� leQf afSnf]� df+;k]�zLaf6 ag]�sf]� x'G5 .

-3_	 bfofF e]�lG6«snsf]� eGbf afofF e]�lG6«snsf]� leQf afSnf]� x'G5 .

-ª_	 wdgLdf eNe x'Fb}�g t/� lz/�fdf eNe x'G5 .

-r_	 /�StcNktf ePsf]� dflg; s]�xL l5g lxF8\bf g}� yfS5 .

-5_	 wdgLx¿ df+;k]�zLleq blaP/� /�x]�sf x'G5g\ eg]� lz/�fx¿ z/�L/�sf]� aflx/�L 
;txd}� x'G5g\ .
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-h_	 /�Stbfg ug{'[k"j{ /�St ;d"x klxrfg ug'{ cfjZos x'G5 .

-em_	 lxdf]�lkmlnofsf la/�fdLsf]� /�ut lgs}� l9nf]� hD5 jf hDb}�g klg .

4.	 tnsf k|Zgsf]� pQ/� n]�Vg'xf]�;\ M

-s_	 dfgj /�St;~rf/� k|0ffnLsf d'Vo efusf]� j0f{g ug'{xf]�;\ .

-v_	 /�utsf]� d'Vo sfo{ n]�Vg'xf]�;\ .

-u_	 z/�L/�sf]� s'g}� efudf rf]�6 nfUbf s]�xL l5g /�ut au]�kl5 /�f]�lsG5, s;/�L <

-3_	 /�ldnf 5f]�6f]� b'/�L lxF8\bf klg lgs}� yflS5g\ /� :�jfF :�jfF x'G5 < pgnfO{ o:�tf]� 
lsg ePsf]� xf]�, sf/�0f;lxt :�ki6 kfg'{xf]�;\ .

-ª_	 Pp6f dflg;sf]� /�Strfk 130/�90 mmHg 5 . o;sf]� cy{ :�ki6 kfg'{xf]�;\ .

-r_	 /�Strfk gfKg s'g pks/�0fsf]� k|of]�u ul/�G5 <

-5_	 8fS6/�n]� s'g}� la/�fdLnfO{ /�ut lbg'cufl8 /�St ;d"x klxrfg ug{ nufpF5g\, 
lsg <

-h_	 ;l/�tfsf]� xh'/�cfdfnfO{ l5gl5gdf lk;fa nfUg]�, l56\6}� ysfg dx;'; x'g]�, 
xftv'6\6f afpFl8g]� /� emdemdfpg]�, w]�/�}� ltvf{ nfUg]� h:�tf nIf0f b]�lvPsf 
5g\ . pxfFnfO{ s]� ;d:�of ePsf]� 5, pSt ;d:�ofaf6 aRg]� pkfo n]�Vg'xf]�;\ .

-em_	 pRr /�Strfksf c;/� /� aRg]� pkfo n]�Vg'xf]�;\ .

-`_	 dfgj z/�L/�df /�x]�sf Zjf;k|Zjf; k|0ffnL, kfrg k|0ffnL /� /�St;~rf/� 
k|0ffnL Pscsf{df cGt/�;DalGwt 5g\ . o; egfOnfO{ sf/�0f;lxt :�ki6 
kfg'{xf]�;\ .

-6_	 /�Strfk a9]�sf]� jf 36]�sf]� s;/�L yfxf kfOG5 <
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-7_	 lbOPsf lrqn]� z/�L/�df x'g]� s'g k|lj|mof b]�vfpF5 < o; k|lj|mofdf s'g s'g 
k|0ffnLsf]� e"ldsf x'G5, JofVof ug'{xf]�;\ . olb lrq g= 3 sf]� k|0ffnL gx'g]� 
xf]� eg]� lrq g= 1 df b]�vfOPsf]� d'vaf6 vfPsf]� cf}�ifwL 3'F8f;Dd s;/�L 
k'Ug ;S5, sf/�0f;lxt :�ki6 kfg'{xf]�;\ .

	
-8_	 tnsf]� tflnsfsf cfwf/�df k|Zgsf]� pQ/� n]�Vg'xf]�;\ M

/�Stsf]�ifsf]� 
gfd

cfsf/� Go'lSno; pTkfbg x'g]� If]�q Ifo x'g]� I]�fq

X afOsGs]�e x'Fb}�g xf8sf]� af]�gDof/�f]� 
(bone marrow)

sn]�hf]� /� lkmof]�

Y clgoldt x'G5 xf8sf]� af]�gDof/�f]� 
/� lnDkmgf]�8

sn]�hf]�, lkmof]� /�  
;ª\j|md0f If]�q

Z uf]�nf]� /� 
af6'nf]�

x'Fb}�g xf8sf]� af]�gDof/�f]� lkmof]�

-c_ 	 s'g /�Stsf]�ifsf]� sdLn]� ubf{ dflg;df Plgldof x'G5 <
-cf_	 Y /�Stsf]�ifsf]� ;ª\Vof cTolws j[l4 x'Fbf dfgj z/�L/�df s:�tf]� ;d:�of 

x'G5 <
-O_	 olb s'g}� JolStsf]� sf6]�sf]� efudf /�ut Psbd}� l9nf]� hD5 jf hDb}� 

hDb}�g eg]� pSt JolStdf s'g /�Stsf]�ifsf]� sdL 5 xf]�nf < pSt 
cj:�yfnfO{ s]� elgG5 <

-6_	 ;l/�tf af6fdf lxFl8/�x]�sf j]�nf Ps hgf j[4 dflg; 5ftL b'Vof]� eg]�/� 
56k6fO/�x]�sf]� b]�v]�/� pgn]� pSt JolStnfO{ t'?Gt c:�ktfn k'¥ofOg\ . 
k|f/�lDes hfFrdf pgsf]� d'6'df ;d:�of cfPsf]� x'g ;Sg]� cg'dfg ul/�of]� . 
pgsf]� d'6'sf]� cj:�yf klxrfg ug{ s'g hfFr ug'{ pko'St xf]�nf, sf/�0f;lxt 
JofVof ug'{xf]�;\ .
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-7_	 dfgj z/�L/�df x'g]� /�St;~rf/�sf]� lrq;lxt JofVof ug{'xf]�;\ .

-8_	 o'l/�s Pl;8af6 aRg]� pkfo n]�Vg'xf]�;\ .

-9_	 d'6'sf]� cfGtl/�s agf]�6sf]� lrq;lxt JofVof ug{'xf]�;\ .

-0f_	 x[bof3ft x'g'sf]� k|d'v sf/�0f j0f{g ug'[{xf]�;\ .

-t_	 x[bof3ftsf]� k/�LIf0f ug{]� ljlw PlGhof]�u|fdsf]� kl/�ro /� dxÎj pNn]�v 
ug'{xf]�;\ .

-y_	 cf]�k]�g x6{ ;h{/�Lsf]� 5f]�6f]� kl/�ro lbg'xf]�;\ .

-b_	 ;ldksf]� /�ut hfFr u/�fpFbf p;sf]� /�utdf ;]�tf]� /�Stsf]�if ;ª\Vof hDdf 
3000 df kfOof]� . of]� cj:�yfdf p;sf]� z/�L/�df s]� s]� nIf0f b]�lvg ;S5g\, 
sf/�0f;lxt :�ki6 kfg'{xf]�;\ .

-w_	 /�St k/�LIf0faf6 x/�Lzsf]� KnfHdfdf kmfOla|gf]�lhgsf]� dfqf lgs}� w}�/�}� b]�lvof]� . 
o;n]� p;sf]� /�St;~rf/�df cj/�f]�w k'¥ofpF5 ls k'¥ofpFb}�g, sf/�0f;lxt 
cfˆgf]� ts{ k|:�t't ug'{xf]�;\ .

-g_	 tnsf]� tflnsf cWoog u/�L k|Zgsf]� pQ/� n]�Vg'xf]�;\ M

JolSt rf]�6 rf]�6af6 /�utsf]� axfa

X ;txL nuftf/� /�ut alu/�x]�sf]� 5, ;fwf/�0f pkrf/�af6 /�ut 
aUg /�f]�lsPg .

Y ulx/�f]� pRr rfkn]� nuftf/� /�ut alu/�x]�sf]� 5 t/� ;fwf/�0f 
pkrf/�af6 /�ut aUg /�f]�lsof]� .

Z ;txL s]�xL ;do /�ut au]�/� /�f]�lsof]� .

-c_ 	 s'g JolStdf x]�df]�lkmlnof ePsf]� 5 <

-cf_ 	s'g JolStsf]� wdgLdf rf]�6 nfu]�sf]� 5 <

-O_	 Y /� Z sf]� rf]�6dWo]� s'g rflxF a9L vt/�gfs x'G5, sf/�0f;lxt :�ki6 
kfg'{xf]�;\ .
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-k_	 lbOPsf k|Zgsf]� pQ/� lbg'xf]�;\ M

-c_	 /�St;~rf/� k|sf/�x¿ atfpg'xf]�;\ .

-cf_	 kNdf]�lgs /�St;~rf/�sf]� sG;]�K6 Dofk tof/� kf/�L To;df s'g s'g 
efudf wdgL /� lz/�fn]� /�St;~rf/�df dbt u5{g\ <

-km_	 lbOPsf]� lrqsf]� cjnf]�sg u/�L k|Zgsf]� pQ/� n]�Vg'xf]�;\ M

-c_ 	 /�StgnL 15 /� 18 lar leGgtf n]�Vg'xf]�;\ .

-cf_	 eNe 11 /� 13 sf]� sfo{ n]�Vg'xf]�;\ .

-O_	 efu 4 ePg eg]� s]� x'G5 <

-O{_	 6, 7, 8 /� 9 sf]� gfd n]�Vg'xf]�;\ .

-a_ 	gfdfª\lst ;kmf lrq sf]�g{'xf]�;\ M

-c_ 	 d'6'sf]� aflx/�L agf]�6

-cf_	 d'6'sf]� leqL agf]�6

-O_	 wdgL, lz/�f /� s]�lzsf

-O{_	 kNdf]�g/�L /�St;~rf/�

-p_	 l;:�6lds /�St;~rf/�
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k|s[lt /� jftfj/�0f 
(Nature and Environment)

lbOPsf lrq cjnf]�sg u/�L 5nkmn ug'{xf]�;\ M

lrq 6.1

-c_	 Dfflysf lrqdf b]�vfOPsf hgfj/�x¿sf]� ;ª\Vof g]�kfndf slt 5 xf]�nf <

-cf_	 oL hgfj/�x¿sf]� ;+/�If0fdf Wofg k'¥ofpg ;lsPg eg]� dflg;sf]� cl:�tTjdf 
s:�tf]� c;/� k5{ <

-O_	 k[YjLsf]� ;txsf]� tfkj|md lbg k|ltlbg a9\g'sf]� sf/�0f s]� xf]�nf <

-O{_	 lrqdf b]�vfOP h:�t}� lxpF kUn]�/� lxdfn phf8 aGb}� hfg]� j|md hf/�L 5 . o;sf]� 
/�f]�syfd ug{ s;/�L kxn ug{ ;lsG5 <

-p_	 k/�Dk/�fut ¿kdf k|of]�udf cfPsf h8La'6LhGo cf}�ifwL k|of]�u ug'{ xfnsf]� cfw'lgs 
o'udf slQsf]� ;fGble{s x'G5, lsg <

6
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xfd|f]� j/�k/� ljleGg lsl;dsf hLjx¿ kfOG5g\ . oL hLjx¿sf]� cl:�tTj arfO/�fVg 
logLx¿sf nflu pko'St jftfj/�0f /� jf;:�yfg x'g' cfjZos 5 . cfw'lgsLs/�0f /� 
cf}�Bf]�lusLs/�0fsf gfddf ljleGg dfgjLo lj|mofsnfkn]� ubf{ xfd|f]� k[YjLsf]� ;txsf]� 
xfjfkfgLdf kl/�jt{g eO/�x]�sf]� 5 . o;sf ;fy ;fy}� hnjfo'df klg kl/�jt{g ePsf]� 
kfOG5 . hnjfo' kl/�jt{gn]� k|ToIf /� ck|ToIf ¿kdf oxfF kfOg]� hLjx¿sf]� jf;:�yfg 
tyf cl:�tTjd}� k|efj kfl/�/�x]�sf]� 5 . ljleGg k|fj[mlts tyf dfgjLo sf/�0fn]� ubf{ w]�/�}� 
hgfj/� tyf jg:�kltx¿sf]� ;ª\Vofdf sdL x'Fb}� uPsf]� 5 eg]� s]�xL nf]�k x'g]� cj:�yfdf 
klg k'u]�sf 5g\ . o:�tf hLjx¿nfO{ b'n{e hLjx¿ elgG5 . g]�kfndf w]�/�}� k|hfltsf b'n{e 
hgfj/� /� jg:�kltx¿ kfOG5g\ . logLx¿sf]� ;+/�If0f ug'{ xfd|f]� bfloTj klg xf]� tfls 
xfd|f efjL k':�tfn]� klg oL hLjx¿sf af/�]�df hfgsf/�L k|fKt ug{ ;s'g\ . jg:�kltdf 
cf}�ifwLhGo u'0f x'g]� ePsfn]� k/�fk"j{ sfnb]�lv ljleGg lsl;dsf zf/�Ll/�s ;d:�ofx¿sf]� 
;dfwfgsf nflu cf}�ifwLsf ¿kdf k|of]�u ub}�{ cfOPsf]� 5 . o:�tf jg:�kltnfO{ h8La'6L 
elgG5 .

6.1 hnjfo' kl/�jt{g (Climate Change)

lj|mofsnfk 6.1 hnjfo' kl/�jt{gsf]� c;/�sf]� cWoog

hnjfo' kl/�jt{gsf sf/�0fn]� cfˆgf]� 3/� tyf ljBfno j/�k/� x'g ;Sg]� ;Defljt 
jftfj/�0fLo kl/�jt{g tyf� o;sf c;/� klxrfg u/�L tnsf]� tflnsfdf eg'{xf]�;\ /� tL 
ljifodf sIffdf 5nkmn ug'{xf]�;\ M

j|m=;+= jftfj/�0fLo kl/�jt{g jftfj/�0fLo kl/�jt{gsf c;/�x¿

hnjfo' (Climate)

hnjfo' eg]�sf]� 7'nf]� ef}�uf]�lns If]�qsf]� nfdf]� ;do nueu 30 jif{sf]� cjlwsf]� xfjfkfgLsf]� 
l:�yltsf]� cf}�;t cj:�yf xf]� . ;fdfGotof s'g}� Pp6f If]�qsf]� hnjfo' Ps}� gf;sf]� x'G5 . 
k[YjLdf x'g]� ;fgf]� ;fgf]� k|fs[lts kl/�jt{gn]� hnjfo'df kl/�jt{g cfpFb}�g . ljleGg 
dfgjLo lj|mofsnfkn]� ubf{ pT;lh{t ljleGg lsl;dsf xl/�tu[x Uof;x¿n]� ubf{ clxn]� 
ljZjs}� hnjfo'df kl/�jt{g cfPsf]� b]�lvG5 . o;n]� ubf{ 7fpF 7fpFsf]� df}�;dL k|lj|mof 
klg lgs}� ablnPsf]� 5 .
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hnjfo' kl/�jt{g (Climate Change)

hnjfo' kl/�jt{g ljZjJofkL ¿kdf b]�vf k/�]�sf]� uDeL/� ;d:�of xf]� . o;af6 wgL tyf 
ljsl;t /�fi6«sf]� t'ngfdf ljsf;f]�Gd'v /�fi6« a9L k|efljt ePsf 5g\ . ljZjsf]� s'n 
xl/�tu[x Uof; pT;h{gdf g]�kfnsf]� e"ldsf guGo eP klg hnjfo' kl/�jt{gsf k|lts"n 
c;/�sf]� hf]�lvd pRr /�x]�sf /�fi6«dWo]� g]�kfn klg Ps xf]� .

hnjfo' kl/�jt{gdf nfdf]� ;dosf]� cGt/�fndf k|fs[lts ¿kdf x'g]� hnjfo'sf]� ptf/� 
r9fjsf cnfjf k|ToIf jf ck|ToIf ¿kdf dfgjLo lj|mofsnfkn]� jfo'd08nsf]� agf]�6df 
x'g]� km]�/�abnsf sf/�0f k[YjLsf]� hnjfo'df j|mdzM kl/�jt{g eO/�x]�sf]� x'G5 . ljleGg 
lsl;dsf dfgjLo lj|mofsnfk tyf k|fs[lts cl:�y/�tfsf sf/�0fn]� ubf{ nfdf]� ;dosf]� 
cGt/�fndf s'g}� Ps 7fpFsf]� hnjfo'df x'g]� kl/�jt{gsf]� k|lj|mofnfO{ hnjfo' kl/�jt{g 
elgG5 . hnjfo' kl/�jt{g x'Fbf xfjfkfgLsf]� lgoldt rj|mLo k|0ffnL layf]�lnG5 . 
;du|df hnjfo' kl/�jt{g eGgfn]� nfdf]� ;do cjlwdf df}�;dsf]� tYofª\sLo kl/�df0fdf 
kl/�jt{g x'g' xf]� . hnjfo' kl/�jt{gsf af/�]�df ljZjel/�sf j}�1flgsn]� ljleGg ;|f]�t,  
h:�t}� M df}�;dsf tYofª\s, pku|xaf6 lvr]�sf tl:�a/�, hnjfo' kl/�jt{gsf]� rk]�6fdf 
k/�]�sf 7fpFx¿sf]� cg';Gwfg k|ltj]�bg cflbsf]� cWoog u/�]�/� hnjfo' kl/�jt{g /� o;n]� 
kfg]�{ k|efjsf af/�]�df cWoog ul/�/�x]�sf 5g\ . g]�kfndf klg hnjfo' kl/�jt{gsf]� cg'e"lt 
eO/�x]�sf]� 5 . ljutb]�lv g]�kfnsf]� tfkj|md k|To]�s jif{ 0.06°C sf]� b/�n]� al9/�x]�sf]� 5 . 
ljleGg gbLgfnf tyf em/�gf ;'Sb}� uPsf kfOG5g\ . gbLx¿df kfgLsf]� cfotg klg 
36]�sf]� 5 . lxdtfn lj:�kmf]�6sf]� sf/�0fn]� ubf{ af9L hfg]� j|md a9\b}� uPsf]� 5 . lxdfnsf]� 
lxpF kUn]�/� prfO 36\g]� j|md al9/�x]�sf]� 5 . oL ;a}� tYox¿sf cfwf/�df g]�kfndf klg 
hnjfo' kl/�jt{gsf]� gsf/�fTds c;/� k/�]�sf]� 5 eGg ;lsG5 .

hnjfo' kl/�jt{gsf sf/�0f (Causes of climate change)

hnjfo' kl/�jt{gsf sf/�0fdf k|fs[lts tyf dfgj l;lh{t b'a}� /�x]�sf eP tfklg ul/�aL, 
clzIff, ;fdflhs c;dfgtf ;fy}� ;d'bfosf]� hLljsf]�kfh{g k|fs[lts ;|f]�tdf x'g]� a9L 
lge{/�tfsf sf/�0fn]� klg hnjfo' kl/�jt{gsf c;/� k|lt cem ;+j]�bgzLn dflgPsf]� 5 . 
hnjfo' kl/�jt{gsf sf/�0fnfO{ k|fs[lts /� dfgj l;lh{t u/�L b'O{ k|sf/�df ljefhg 
ul/�Psf]� 5 .

k|fs[lts sf/�0f (Natural cause)

k|s[ltdf 36\g]� ljleGg k|lj|mofsf sf/�0f jftfj/�0fdf k|efj kl/�/�x]�sf]� x'G5 . o:�tf 
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k|fs[lts k|efjsf sf/�0f xl/�tu[x Uof;sf]� pT;h{g;d]�t eO/�x]�sf]� x'G5 h;sf]� 
kmn:�j¿k hnjfo'df klg kl/�jt{g cfO/�x]�sf]� x'G5 . tLdWo]� s]�xL k|fs[lts ultljlw 
oxfF lbOPsf]� 5 .

-s_ ;f}�o{ ultljlw (Solar activities)

;"o{df x'g]� ydf]�{Go'lSno/� ̂ o'hg k|ltlj|mofn]� ubf{ pmhf{ pTkfbg x'G5 . pSt k|ltlj|mofsf]� 
b/�df kl/�jt{g x'Fbf ;"o{df pTkfbg x'g]� pmhf{df klg kl/�jt{g x'G5 . o;n]� ubf{ k[YjLsf]� 
;txdf cfOk'Ug]� ;f}�o{ pmhf{sf]� tLj|tfnfO{ c;/� ug{ ;S5 . oL kl/�jt{gn]� k[YjLsf]� 
df}�;dnfO{ c;/� ug{ ;S5 . ;f}�o{ ultljlwdf x'g]� oL leGgtfn]� hnjfo' kl/�jt{gdf 
klg e"ldsf v]�n]�sf]� x'G5 .

-v_ k|sfz k/�fjt{gdf kl/�jt{g (Change in reflection of solar light)

k[YjLsf]� ;txåf/�f k|ltlalDat x'g]� ;"o{sf]� k|sfzsf]� dfqf k[YjLsf]� ;tx /� jfo'd08ndf 
lge{/� u5{ . k[YjLdf k'Ug]� ;"o{sf]� k|sfzsf]� nueu 70 k|ltzt k[YjLdf cjzf]�lift x'G5 . 
o;n]� k[YjLsf]� ;txdf ePsf k|fj[mlts kl/�jt{gx¿, h:�t}� M ;d'b|L a/�km kUng]� tyf 
hnjfo' kl/�jt{gdf of]�ubfg k'¥ofPsf]� 5 . xl/�tu[x Uof;x¿df kfgLsf]� afkm klg 
k5{ h'g ;d'b|, gbLnufotsf kfgLsf ;|f]�taf6 ;"o{sf]� k|sfzn]� jfikLs/�0f u/�fO/�x]�sf]� 
x'G5 . k[YjLdf ;"o{sf]� k|sfz tyf tfksf]� ljljwtfcg';f/� klg jfikLs/�0f k|lj|mof 
a9\g]� 36\g]� x'G5 .

-u_ Hjfnfd'vL lj:�kmf]�6 (Volcano eruption)

Hjfnfd'vL lj:�kmf]�6gn]� df}�;ddf pNn]�vgLo 
e"ldsf v]�n]�sf x'G5g\ . Hjfnfd'vL lj:�kmf]�6 x'Fbf 
sfa{g8fOcS;fO8nufotsf ljleGg Uof;x¿ 
/� afSnf]� w'jfF pT;h{g x'G5 . pSt w'jfF tyf 
Uof; jfo'd08nsf]� dflyNnf]� ;tx;Dd k'U5 
/� ;"o{sf]� k|sfznfO{ 5]�sL s]�xL ;dosf nflu 
k[YjLsf]� ;tx lr;f]� agfpF5 . o;sf cnfjf 
o:�tf]� lj:�kmf]�6af6 pT;lh{t x'g]� xl/�tu[x Uof; 
jfo'd08ndf nfdf]� ;do;Dd /�xL ljZjJofkL pi0ftf a9fO/�x]�sf]� x'G5 .

lrq 6.2 Hjfnfd'vL
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dfgjLo sf/�0f (Human cause)

dflg;n]� ug]�{ ljleGg lj|mofsnfkn]� ubf{ klg hnjfo'df kl/�jt{g cfPsf]� kfOG5 . 
dfgjLo lj|mofsnfkn]� ubf{ xl/�tu[x Uof; cTolws pT;h{g eO{ k[YjLsf]� ;txdf 
afSnf]� tx agfpF5 /� ;"o{sf]� tfknfO{ /�f]�s]�/� /�fvL ;txsf]� tfkj|md j[l4 u5{ . s]�xL 
dfgjLo sf/�0f oxfF lbOPsf]� 5 .

-s_ xl/�tu[x Uof;sf]� pTkfbg (Production of 
greenhouse gases)

sf]�Onf, vlgh t]�n, k|fs[lts Uof; h:�tf hLjfjz]�if 
OGwgsf]� k|of]�u u/�L ljB't\ /� tfk zlSt pTkfbg ubf{ 
w]�/�}� dfqfdf xl/�tu[x Uof; -SO2, CO2, CH4, CFC, etc._ 
tyf cGo xflgsf/�s Uof; klg pT;h{g x'G5g\ . To;sf 
sf/�0fn]� k[YjLsf]� ;txsf]� tfkj|md cTolws j[l4 eO/�x]�sf]� 
5 .

-v_ cf}�Bf]�uLs/�0f (Industralization)

l;d]�G6, l:�6n, ljB'tLo ;fdu|L, Knfl:�6s, sk8fnufot 
cGo ;fdfg pTkfbg ug{ ljleGg pBf]�u ;~rfng 
ul/�Psf]� 5 . pSt pBf]�udf klg hLjfjz]�if OGwg k|of]�u 
ul/�G5 . oL pBf]�u snsf/�vfgfaf6 lg:�sg]� Uof;n]� klg 
jftfj/�0f k|b"lift ug'{sf ;fy}� hnjfo' kl/�jt{gdf klg 
7'nf]� e"ldsf v]�n]�sf x'G5g\ .

-u_ jgljgfz (Deforestation)

v]�tLkftL ug{, a:�tL a;fpg tyf af6f]�3f6f]� h:�tf ljsf; 
lgdf{0fsf sfo{ ubf{ clgolGqt ¿kn]� jghª\un kmF8fgL 
eO/�x]�sf]� kfOG5 . o;/�L jgljgfz ubf{ ?v tyf la?jfn]� 
vfgf agfpg k|of]�u x'g]� sfa{g8fOcS;fO8sf]� pkof]�usf]� 
dfqfdf sdL cfO{ jftfj/�0fdf xl/�tu[x Uof;sf]� 
dfqf a9\g k'U5 . o;n]� ljZjJofkL pi0ftf a9fpF5 . 
jftfj/�0fdf pT;h{g x'g]� sfa{g ;~ro ug]�{ k|d'v e08f/�0f :�yfg g}� jghª\un xf]� .

lrq 6.5 jg ljgfz

lrq 6.3 zlSt pTkfbg s]�Gb|

lrq 6.4 pBf]�u
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-3_ hLjfjz]�if OGwgsf]� bxg (Burning of fossil fuels)

oftfoftsf w]�/�}�h;f]� ;fwg, h:�t}� M sf/�, a;, 
xjfO{hxfh, kfgL hxfh, 6«s cflbdf hLjfjz]�if 
OGwg k|of]�u x'G5 . pSt OGwg aNbf ljleGg 
lsl;dsf xflgsf/�s tyf xl/�tu[x Uof; ljz]�iftM 
sfa{g8fOcS;fO8 Uof; pT;h{g x'G5g\ . tL 
Uof;n]� jftfj/�0f k|b"lift ug'{sf ;fy}� k[YjLsf]� 
;txsf]� tfkj|md j[l4 u5{g\ .

hnjfo' kl/�jt{gsf c;/� (Effects of climate change)

lj|mofsnfk 6.2

sIffsf ljBfyL{ cfjZostfcg';f/�sf]� ;d"xdf ljefhg eO{ kqklqsf, OG6/�g]�6sf]� 
k|of]�u u/�L lxdfn, kxf8 /� t/�fO{df hnjfo' kl/�jt{gn]� ubf{ k/�]�sf c;/�sf]� kmf]�6f]� tyf 
ljj/�0f ;ª\sng ug'{xf]�;\ /� kf]�:�6/� tof/� ug'{xf]�;\ . pSt kf]�:�6/� sIffdf k|bz{g u/�L 
hnjfo' kl/�jt{gn]� ubf{ jftfj/�0f tyf dfgj hLjgdf k/�]�sf c;/�af/�]� 5nkmn ug'{xf]�;\ .

ljut s]�xL bzsotf jfo'd08nLo tfkj|mddf j[l4 /� To;af6 l;lh{t cltj[li6, 
cgfj[li6, v8]�/�L h:�tf hnjfo'hGo k|sf]�kaf6 g]�kfnsf lxdz[ª\vnf /� lxdgbL tyf 
ltgdf cfl>t kfl/�l:�ylts k|0ffnLdf k|lts"n k|efj kl/�/�x]�sf]� 5 . a9\bf]� tfkj|mdsf 
sf/�0f tLj| ultdf lxpF kUng]� x'gfn]� lxdtfnsf]� cfsf/� al9/�x]�sf]� 5 eg]� lxdtfn 
Kf'm6\g]� vt/�f klg a9\b}� uPsf]� 5 . hnjfo' kl/�jt{gsf gsf/�fTds c;/� jg tyf 
h}�ljs ljljwtf, pmhf{, dfgj :�jf:�Yo, ko{6g, a;f]�af;, k"jf{wf/� ljsf;nufot 
hLljsf]�kfh{g;Fu ;DalGwt If]�qdf k|ToIf dx;'; ul/�Psf]� 5 eg]� af9L, klx/�f]�, xfjfx'/�L 
tyf 89]�nf]� h:�tf hnjfo'hGo k|sf]�ksf sf/�0f 7'nf]� dfqfdf x/�]�s jif{ wghgsf]� 7'nf]� 
Iflt eO/�x]�sf]� 5 . hnjfo' kl/�jt{gsf]� c;/�nfO{ lgDgfg';f/� k|:t't ul/�Psf]� 5 M

-s_ v8]�/�L kg'{÷af9L cfpg' (Drought/�flood)

hnjfo' kl/�jt{gn]� kfgLsf]� pknAwtfdf kl/�jt{g NofpF5 /� w]�/�}� If]�qdf st}� v8]�/�L kg]�{ 
;Defjgf /�xG5 eg]� st}� af9L cfpg]� ;Defjgf x'G5 . v8]�/�L tyf af9Lsf sf/�0fn]� 
s[lif pTkfbgdf c;/� u5{, h;n]� ubf{ vfB;ª\s6 lglDtg]� vt/�f a9]�sf]� 5 .

lrq 6.6 oftfoftsf ;fwg



lj1fg tyf k|ljlw M sIff !)148

-v_ ;d'b|L ;txdf j[l4 (Increasing sea level)

jfo'd08ndf xl/�tu[x Uof;sf dfqf a9L ePdf tfkj|mddf j[l4 eO{ hnjfo'df kl/�jt{g 
x'G5 . ljZj tfkdfg j[l¢n]� ubf{ x'g]� ljZjJofkL pi0ftf (global warming) sf sf/�0fn]� 
k[YjLsf]� ;txsf]� tfk j[l4 x'G5 . ;d'b|df /�x]�sf]� kfgLn]� pSt tfk ;f]�;]�/� lnG5 . o;n]� 
ubf{ ;d'b|sf]� kfgLsf]� cfotgdf j[l4 x'G5 . ;fy;fy}� ljZjJofkL pi0ftfsf]� sf/�0fn]� ubf{ 
lxpF kUn]�/� aGg]� kfgLn]� ubf{ klg ;d'b|sf]� ;txdf j[l4 x'G5 . o;sf sf/�0fn]� ;d'b|L 
t6 /� 6fk'sf]� dfly;Dd kfgL k'u]�/� ToxfF /�x]�sf jg:�klt /� hLjx¿ tyf ltgLx¿sf]� 
jf;:�yfg gi6 x'G5 /� ToxfFsf]� ;d'bfodf c;/� k5{ .

-u_ h}�ljs ljljwtfdf c;/� (Effects on biodiversity)

hnjfo' kl/�jt{gn]� ubf{ tfkj|mddf kl/�jt{g x'G5 h;n]� ubf{ hldg tyf ;d'b|df 
kfOg]� hLjx¿sf]� hLjg k|lj|mofdf kl/�jt{g cfpF5 /� h'g sf/�0fn]� ubf{ ltgLx¿sf]� j[l4 
ljsf;df c;/� kf5{ . ;fy}� hnjfo'df x'g]� kl/�jt{gn]� ubf{ ToxfF kfOg]� k|hfltx¿sf]� 
cg's"ngdf klg c;/� k'U5 . o;n]� ubf{ tL hLjx¿sf]� nf]�k x'g]� vt/�f a9\b}� hfG5 .

-3_ dfgj :�jf:�Yodf gsf/�fTds c;/� (Negative impact on human health) 

hnjfo' kl/�jt{gn]� ubf{ jftfj/�0fsf cjojx¿ (components) df gsf/�fTds c;/� 
k5{ . ltgLx¿sf]� c;/� dfgj :�jf:�ydf klg k5{ . o;sf]� sf/�0fn]� 5fnf /�f]�u, dfgl;s 
/�f]�u, kf]�if0fdf sdL h:�tf :�jf:�Yo ;d:�of lgDTofpF5 .

-ª_ df}�;ddf kl/�jt{g (Change in weather)

hnjfo' kl/�jt{gsf sf/�0fn]� df}�;d kl/�jt{gsf]� ;dodf kl/�jt{g ePsf]� 5 . slxn]� 
a]�df}�;dL jiff{ x'G5 . slxn]� jiff{ x'g]� ;dodf v8]�/�L k5{ . o;n]� ubf{ v]�tLkftL ug{ 
klg ;d:�of k5{ lsgls a9L kfgL kg]�{, cfjZos kbf{ kfgL gkg]�{ /� sd kfgLdf x'g]� 
afnLgfnLsf nflu cTolws jiff{ eOlbG5 .

hnjfo' kl/�jt{g Go"gLs/�0fsf pkfox¿ (Controlling measures of climate change)

lj|mofsnfk 6.3

-s_	 hnjfo' kl/�jt{gn]� NofPsf c;/�sf af/�]�df lrqsnf k|bz{gsf]� cfof]�hgf  
ug'{xf]�;\ .
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-v_	 cfˆgf]� j/�k/�sf ultljlwsf]� cjnf]�sg u/�]�/� jf OG6/�g]�6sf]� k|of]�u u/�]�/� 
hnjfo' kl/�jt{gsf Go"gLs/�0fsf pkfox¿ vf]�hL u/�L rf6{k]�k/�df ;"rL 
tof/� ug'{xf]�;\ . To;sf ;fy}� pSt pkfox¿sf af/�]�df sIffdf 5nkmn  
ug'{xf]�;\ .

g]�kfn ;/�sf/�n]� hnjfo' kl/�jt{gsf]� k|lts"n c;/� tyf hf]�lvdsf]� Joj:�yfkg ug{ 
gLlt, lgod tyf sfo{j|mdx¿ th'{df u/�]�sf]� 5 . jftfj/�0f ;+/�If0f P]�g, @)&^ df 
g]�kfn ;/�sf/�, k|b]�z ;/�sf/�, :�yfgLo tx tyf cGo ;fj{hlgs lgsfo Pjd\ lghL 
If]�qaf6 sfof{Gjog ug{ If]�qut gLlt, /�0fgLlt jf sfo{of]�hgfdf hnjfo' kl/�jt{gsf]� 
k|lts"n c;/� tyf hf]�lvd Go"gLs/�0fsf nflu cjnDag ug{'kg{]� pkfosf ;DaGwdf 
g]�kfn /�fhkqdf ;"rgf k|sfzg u/�L cfjZos cfb]�z hf/�L ug{ ;Sg]� gLlt pNn]�v 
u/�]�sf]� 5 . hnjfo' kl/�jt{gsf sf/�0fn]� k[YjLsf]� ;txdf ljleGg lsl;dsf gsf/�fTds 
c;/� b]�lvPsf 5g\ . o;sf]� lgoGq0fsf nflu hnjfo' kl/�jt{gsf]� Go"gLs/�0f ug'{ clt 
cfjZos 5 . o;sf s]�xL pkfox¿ lgDgfg';f/� 5g\ M

-s_ sfa{g pT;h{g 36fpg]� (Reducing carbon emission)

cTolws sfa{g pT;h{gsf sf/�0fn]� ljZjJofKfL pi0ftf (global warming) al9/�x]�sf]� 
5 . sfa{g pT;h{g sd ug{ ;lsof]� eg]� hnjfo' kl/�jt{gdf klg lgoGq0f ug{ 
;lsG5 . o;sf nflu pmhf{ bIftfdf ;'wf/� u/�L pmhf{sf ;|f]�tsf]� pkof]�u /� ;+/�If0fdf 
hf]�8 lbg'k5{ . oftfoftdf j}�slNks pmhf{sf ;|f]�tx¿, h:�t}� M ;f}�o{ tyf jfo' pmhf{ 
cflbsf]� k|of]�udf hf]�8 lbg'k5{ . o;n]� ubf{ hLjfjz]�if OGwg -fossil fuel_ sf]� vktdf 
sdL cfO{ sfa{g pT;h{g 36fpg ;lsG5 .

-v_ sfa{g ;l~rs/�0fdf hf]�8 lbg]� (Emphasizing in carbon storage)

xl/�of la?jfn]� jfo'd08nLo sfa{g8fOcS;fO8nfO{ vfgf agfpg k|of]�u u5{g\ eg]� 
;Dk"0f{ hLjhGt'nfO{ cfjZos kg]�{ clS;hg k|bfg u5{g\ . To;}�n]� jghª\unsf]� ;+/�If0f 
/� j[l4 ljsf;nfO{ k|fyldstfdf /�fvL j[If/�f]�k0f /� jgsf]� ;+/�If0fnfO{ hf]�8 lbg'k5{ h;n]� 
ubf{ w]�/�}�eGbf w]�/�}� sfa{g vkt Pjd\ e08f/�0f eO{ hnjfo' kl/�j{tgnfO{ Go"gLs/�0f ug{ 
dbt k'U5 .
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-u_	 hgr]�tgf hufpg]� /� Jojxf/� kl/�jt{g ug]�{ (Public awareness and change 
in behaviour)

xfdLn]� cfˆgf ultljlw jftfj/�0fd}�qL agfofF}�+ eg]� hnjfo' kl/�jt{gnfO{ Go"gLs/�0f ug{ 
;S5f}�F . xfdLn]� xfd|f afgL Jojxf/�nfO{ jftfj/�0fd}�qL agfpg'sf ;fy}� cfjZostfcg';f/� 
hgr]�tgf hufpg klg ;+nUg /�xg'k5{ .

kl/�of]�hgf sfo{ 6.1
ljleGg kqklqsf, hg{n, n]�v /�rgf /� OG6/�g]�6df vf]�hL u/�L hnjfo' kl/�jt{g;DaGwL 
power point presentation tof/� ug'{xf]�;\ /� sIffdf k|:�t't ug'{xf]�;\ . o;sf af/�]�df 
;xkf7L;Fu 5nkmn ug'{xf]�;\ .

6.2 g]�kfndf nf]�k x'g]� 8/� ePsf jg:�klt tyf hgfj/�x¿ (Endangered 
plants and animals in Nepal)

lrqdf lbPsf hgfj/� tyf jg:�kltx¿sf]� klxrfg ug'{xf]�;\ . oL hLjx¿sf af/�]�df ljleGg 
kqklqsfdf, /�]�l8of]� 6]�lnlehg jf ;~rf/�sf cGo dfWodaf6 k|fKt hfgsf/�L;d]�tsf 
cfwf/�df ltgLx¿sf]� cj:�yfsf af/�]�df sIffdf 5nkmn ug'{xf]�;\ .

lrq 6.7 g]�kfndf nf]�k x'g]� 8/� ePsf jg:�klt tyf hgfj/�x¿

hnjfo' kl/�jt{gnufot cGo ljleGg sf/�0fn]� ubf{ k[YjLdf kfOg]� w]�/�}� lsl;dsf hLjsf]� 
cl:�tTj x/�fpFb}� uO/�x]�sf]� 5 . ;fy}� w]�/�}� hLjx¿sf]� ;ª\Vof 36\b}� klg uO/�x]�sf]� 5 . s]�xL 
hLj nf]�k eO;s]�sf 5g\ . o;/�L nf]�k x'g nfu]�sf hLjx¿nfO{ nf]�kf]�Gd'v jf b'n{e hLj 
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elgG5 . o:�tf b'n{e dflgPsf ljleGg hLj xfd|f]� b]�zsf ljleGg 7fpFdf kfOG5g\ . 
jg:�klt tyf hLjhGt'sf]� hLjg lgjf{x h}�ljs ljljwtfdf lge{/� /�x]�sf]� x'G5 . cfw'lgs 
ljsf; j|mddf dfgjLo lj|mofsnfk tyf k|fs[lts kl/�jt{gsf sf/�0fn]� ubf{ hLjx¿sf]� 
cl:�tTjdf x|f; cfPsf]� kfOG5 . o:�tf ljleGg sf/�0fn]� ubf{ w]�/�}� jg:�klt tyf hgfj/�sf]� 
ljgfz tyf nf]�k x'g]� 8/� 5 . o;sf d'Vo sf/�0f lgDgfg';f/� /�x]�sf 5g\ M

-s_	 k[YjLsf]� ;txdf xfjfkfgL tyf hnjfo' kl/�jt{gsf sf/�0f k|lts"n jftfj/�0fn]� 
ubf{ jg:�klt tyf hgfj/�x¿sf]� ljt/�0fdf c;/� k'Ug'

-v_	 h}�ljs ;|f]�tsf]� clgolGqt k|of]�usf sf/�0f ltgLx¿sf]� ljgfz x'g'

-u_	 gofF gofF k|hfltsf af]�6la?jfx¿ vf]�h cg';Gwfgljgf pdfgf{n]� /�}�yfg]� k|hfltsf]� 
ljt/�0fdf c;/� k'Ug'

-3_	 gofF gofF k|hfltsf hGt'x¿sf]� vf]�h cg';Gwfgljgf kfNg vf]�Hg'

-ª_	 jftfj/�0fLo k|b"if0fdf j[l4 x'g' cflb .

kl/�of]�hgf sfo{ 6.2

cfˆgf]� j/�k/� ePsf ljleGg jg:�klt tyf hgfj/�sf]� cjnf]�sg ug'{xf]�;\ . cfˆgf]� 
5/�l5d]�sdf /�x]�sf cu|hx¿nfO{ ;f]�wL klxn]� ePsf tyf xfn gePsf jg:�klt /� 
hgfj/�x¿sf]� 5'6\6f5'6\6}� ;"rL agfO{ ltgLx¿ s]� sf/�0fn]� 36]�sf x'g\, ;+/�If0f ug]�{ pkfo 
kQf nufpg'xf]�;\ . ;fy}� ltgLx¿sf]� ;+/�If0fdf tkfO{Fsf]� s:�tf]� e"ldsf x'g' cfjZos 
5, ljZn]�if0f;lxt tnsf a'Fbfsf cfwf/�df Pp6f 5f]�6f]� k|ltj]�bg tof/� u/�L sIffdf 
k|:�t't ug'{xf]�;\ M

-s_ 	:�yfgLo af]�6la?jf tyf hgfj/�x¿sf]� ljj/�0f

-v_ 	;ª\Vof 36\b}� uPsf af]�6la?jf /� hgfj/�

-u_ 	 ;ª\Vof 36\b}� hfg'sf sf/�0f

-3_	 ;+/�If0fsf nflu ug{ ;lsg]� pkfo

-ª_	 ;+/�If0fdf cfˆgf]� e"ldsf

6.3 nf]�kf]�Gd'v tyf b'n{e jg:�kltsf]� ;+/�If0fsf pkfo

xfd|f]� b]�zdf ljleGg k|hfltsf jg:�klt kfOG5g\ . tLdWo]� s]�xL dxÎjk"0f{ jg:�klt,  
h:�t}� M h6fd;L, rfFk, ;k{uGwf, kfFrcf}�Fn]�, nf]�7 ;Nnf sd x'Fb}� uPsf 5g\ . oL 
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jg:�klt ljleGg k|of]�hgsf nflu dflg;n]� k|of]�u ub}�{ cfPsf 5g\ . logLx¿sf]� 
cj:�yfsf]� klxrfg gu/�L cTolws k|of]�u ubf{ oL jg:�klt nf]�k x'g]� cj:�yfdf k'u]�sf 
5g\ . oL jg:�kltsf]� ;+/�If0f ug'{ cTofjZos 5 . logLx¿sf]� ;+/�If0fsf nflu ljleGg 
k|of;x¿ eO/�x]�sf 5g\ . g]�kfn ;/�sf/�n]� b'n{e jGohGt' /� jg:�kltsf]� ;+/�If0fsf nflu  
;ª\s6fkGg jGohGt' tyf jg:�kltsf]� cGt/�f{li6«o Jofkf/� lgoGq0f P]�g, @)&# nfu' 
u/�]�sf]� 5 . o;df b'n{e jGohGt' /� jg:�kltsf]� lgolGqt k|hgg, cWoog cg';Gwfg 
tyf laj|mL ljt/�0f;DaGwL ljleGg lgod agfOPsf]� 5 . b'n{e jg:�kltsf]� ;+/�If0fsf 
nflu ;+/�If0fsf s]�xL pkfox¿ lgDgfg';f/� /�x]�sf 5g\ M

-s_ k|fs[lts ¿kdf kfOg]� 7fp“x¿sf]� ;+/�If0f (Conservation of natural places)

3fF; bfp/�f ;ª\sng, jgdf nfUg]� 89]�nf]� tyf r/�g If]�qsf]� lj:�tf/�af6 jg:�klt, k|f0fL 
tyf kz'kG5Lsf]� jf;:�yfgsf]� gi6 x'G5 . o:�tf ultljlwx¿df lgoGq0f ug'{k5{ . 
ltgLx¿sf]� k|fs[lts cj:�yfdf kfOg]� 7fpFsf]� ;+/�If0f u/�L b'n{e jg:�kltsf]� ;+/�If0f 
ug{ ;lsG5 . dflg;n]� jghª\un tyf jg:�klt kfOg]� If]�qdf hyfefjL ufO{j:�t'sf]� 
rl/�r/�g ug{ lbg'x'Fb}�g . ;fy}� o:�tf 7fpFsf]� klxrfg u/�L ;+/�If0f ug'{k5{ .

-v_	 b'n{e /� pkof]�uL la?jfsf]� k"0f{tM gfz x'gaf6 arfpg]� (Conservation of rare 
and endangered plants)

ljleGg snsf/�vfgf tyf pBf]�u ;~rfng ug{ rflxg]� sRrf kbfy{, h:�t}� M sf7, 
vf]�6f]�, h8La'6L cflb ljleGg af]�6la?jfaf6 k|fKt x'G5g\ . o:�tf sRrf kbfy{ ;ª\sng 
ubf{ pkof]�uL af]�6la?jfx¿sf]� cl:�tTj /� pknAwtfnfO{ Wofgdf /�fvL ug'{kg]�{ x'G5 . 
logLx¿sf]� k'g?Tkfbg x'g}� g;Sg]� u/�L df:�g' x'Fb}�g . logsf]� rf]�/�L /� t:�s/�L lgoGq0f 
ug'{k5{ .

-u_	 b'n{e af]�6la?jfsf]� j[If/�f]�k0f sfo{ tLj| /� Jofks ug{ cfw'lgs tl/�sfaf6 
g;{/�L a]�gf{sf]� pTkfbgdf j[l4 (Production of saplings of rare plants for 
afforestation)

b'n{e af]�6la?jfx¿nfO{ j[l4 ug{ ltgLx¿sf laplahg ;ª\sng u/�L g;{/�Ldf pdfg{ 
;lsG5 . cfw'lgs k|ljlw h:�t}� l6:�o' sNr/� k|ljlwaf6 klg Ps}� k6sdf w]�/�}� a]�gf{sf]� 
pTkfbg ug{ ;lsG5 . o;af6 b'n{e /� pkof]�uL la?jfsf]� Jofks j[If/�f]�k0f ug{ ;lsG5 .
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-3_ pko'St sfg'g lgdf{0f tyf k|efjsf/�L sfof{Gjog (Formulation and 
implementation of appropriate laws)

b'n{e eO;s]�sf /� x'g nfu]�sf af]�6la?jfsf]� ;+/�If0f ug{ lgod, sfg'g agfpg'k5{ . o;sf]� 
hfgsf/�L ;j{;fwf/�0fnfO{ ;d]�t lbO{ sfg'gnfO{ k|efjsf/�L ¿kdf sfof{Gjog ug'{k5{ .

-ª_	 b'n{e af]�6la?jfsf]� cf}�ifwLo k|of]�u /� ;+/�If0f (Conservation and application 
of rare plants for medicines)

w]�/�}�h;f]� b'n{e af]�6la?jfnfO{ h8La'6Lsf ¿kdf ;b'kof]�u ug{ ;lsg]� 1fg ;j{;fwf/�0fnfO{ 
lbg' cfjZos 5 . b'n{e af]�6la?jfsf af/�]�df hgr]�tgf clej[l4 ug]�{ sfo{j|mdx¿ 
:�yfgLo :�t/�df ;~rfng ug'{k5{ . ltgsf]� ;+/�If0fdf :�yfgLo JolSt, ;d'bfo /� 
;ª\3;+:�yfx¿nfO{ kl/�rfng ug'{k5{ .

6.4	b'n{e hgfj/� tyf kz'kG5Lsf]� ;+/�If0fsf pkfo (Measures of 
conservation of rare wildlives)

DffgjLo tyf k|fs[lts ljleGg sf/�0fn]� k|f0fL tyf kz'kG5Lx¿ vt/�fdf kg]�{, nf]�k 
x'g]� /� b'n{e x'g]� u5{g\ . kfl/�l:�ylts k|0ffnLdf kl/�jt{g, jf;:�yfgsf]� x|f;, k|fs[lts 
jftfj/�0fdf k|lts"n c;/�, rf]�/�L l;sf/�L /� cj}�w Jofkf/� cflb sf/�0fn]� ubf{ k|f0fL tyf 
kz'kG5Lx¿ vt/�fdf k/�]�sf 5g\ . o;/�L hyfefjL hgfj/�sf]� cj}�w Jofkf/� lgoGq0fsf 
nflu ag]�sf]� lgodfjnL, ;ª\s6fkGg jGohGt' tyf jg:�kltsf]� cGt/�f{li6«o Jofkf/� 
lgoGq0f P]�g, @)&# sfof{Gjog eO/�x]�sf]� 5 . b'n{e kz'kG5Lx¿sf]� ;+/�If0fsf nflu 
lgDglnlvt pkfo ckgfpg'k5{ M

-s_ cWoog tyf cg';Gwfg (Study and research)

b'n{e hgfj/� tyf kz'kG5Lsf]� pko'St ;+jw{g /� ;+/�If0f ug{ pknAw kfl/�l:�ylts 
k|0ffnLsf]� k|fs[lts cj:�yfsf]� oyfy{ l:�ylt kQf nufpg cWoog tyf cg';Gwfgsf 
sfo{ clu a9fpg'k5{ .

-v_ k|fs[lts jf;:�yfgsf]� ;+/�If0f (Conservation of natural habitat)

hgfj/� tyf kz'kG5Lx¿ cfˆgf]� k|fj[mlts jftfj/�0fdf ;lhn}� km:�6fpg ;S5g\ . To;}�n]� 
jghª\un, vf]�nfgfnf, hnfwf/�, r/�g If]�q cflb h:�tf k|fs[lts jftfj/�0fsf]� ;+/�If0f 
u/�L b'n{e jg:�klt tyf k|f0fLsf]� ;+/�If0f tyf ;+jw{g ug'{k5{ .
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-u_	 ;+/�lIft kz'kG5Lsf]� rf]�/�L l;sf/�Ldf s8f k|ltaGw (Strong prohibition of 
poaching conserved wildlives)

ljleGg kz'kG5Lx¿ vt/�fdf kg'{sf]� d'Vo sf/�0f ltgLx¿sf]� rf]�/�L l;sf/�L klg xf]� . 
To;}�n]� logLx¿sf]� ;+/�If0fsf nflu vt/�fdf k/�]�sf /� b'n{e hgfj/� tyf kz'kG5Lx¿sf]� 
l;sf/� ug{ lgoGq0f tyf /�f]�syfd ug{ ag]�sf lgod k|efjsf/�L ¿Kfdf sfof{Gjog 
ug'{k5{ .

-3_ 	 b'n{e kz'kG5LnfO{ k/�:�yfgLo ;+/�If0fsf]� Joj:�yfkg (Management of ex-situ 
conservation for rare wildlives)

b'n{e dflgPsf s]�xL k|f0fL tyf kz'kG5Lx¿nfO{ k/�:�yfgLo ;+/�If0f If]�qdf ;'xfpFbf]� 
jftfj/�0f l;h{gf u/�L PSjfl/�od -aquarium_, jg:�klt pBfg -botanical garden_, 
lrl8ofvfgf -zoo_ tyf p:�t}� jf;:�yfgdf ;+/�If0f ug]�{ Joj:�yf ldnfO{ ltgLx¿sf]� 
;ª\Vof j[l4 ug{ ;lsG5 .

-ª_	 plrt sfg'gL Joj:�yf /� k|efjsf/�L sfof{Gjog (Provision of laws and its 
effective implementation)

b'n{e k|f0fL tyf kz'kG5Lsf]� ;+/�If0fsf nflu ag]�sf pko'St lgod sfg'g k|efjsf/�L 
¿kdf nfu' ul/�g'k5{ . o;n]� ubf{ cj}�w ultljlw lgoGq0f u/�L b'n{e hgfj/�sf]� ;+/�If0f 
ug{ ;lsG5 .

-r_ hgr]�tgf clej[l4 (Promoting public awareness)

b'n{e k|f0fL tyf kz'kG5Lsf]� dxÎj, b'n{e x'g'sf sf/�0f, hf]�ufpgsf nflu ckgfpg'kg]�{ 
pkfo, ;+/�If0faf6 x'g]� kmfObf, :�yfgLo JolStsf]� ;xeflutf, hg pQ/�bfloTj cflb 
kIfdf ;j{;fwf/�0fsf]� r]�tgf clej[l4 ug{]� sfo{j|md ;~rfng ug'{ cfjZos x'G5 .

lj|mofsnfk 6.3

cfk"mnfO{ dg kg]�{ s'g}� Ps b'n{e hgfj/� jf jg:�kltsf af/�]�df OG6/�g]�6df vf]�hL u/�L 
To;sf jt{dfg cj:�yf, ;ª\Vof, To;sf ljz]�iftf, nf]�k x'g'sf sf/�0f, ;+/�If0f ug{]� 
pkfo ;d]�6L …�d]�/�f]� dg kg]�{ b'n{e hgfj/� jf jg:�kltÚ� zLif{s df lrq;lxtsf]� ljj/�0f 
rf6{k]�k/�df tof/� kf/�L sIffdf k|:�t't ug'{xf]�;\ .
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;+/�lIft hgfj/� tyf kG5L (Protected animals and birds)

jGohGt' ;+/�If0f Pjd\ ;+jw{g ug{sf nflu xfd|f]� b]�zdf :�tgkfoLsf ;QfO; k|hflt, 
r/�fr'?ª\uLsf gf}� k|hflt /� ;l/�;[ksf tLg k|hfltnfO{ ;+/�lIft ;"rLdf /�flvPsf]� 5 .

tflnsf M ;+/�lIft hgfj/� tyf kG5Lx¿

:�tgwf/�L hgfj/� kG5L
1. k'8\s]� aFb]�n -Pigmy Hog_
2. xfa|]� -Red Panda_
3. s[i0f;f/� -Black Buck_
4. uf}�/� -Gaur Bison_
5. hª\unL ofs -Wild Yak_
6. cgf{ -Wild Water Buffalo_
7. AjfF;f]� -Grey Wolf_
8. lxl:�k8 v/�fof]� -Hispid Hare_
9. afx|l;ª\u]� -Swamp Deer_
10. hª\unL xfQL -Asiatic wild Elephant_
11. kxfg la/�fnf]� -Lynx_
12. x'F8f/� -Stripped Hyaena_
13. cf;fdL /�ftf]� afFb/� -Assamese Monkey_
14. OlG8og ;fns -Indian Pangolin_
15. rfOlgh ;fns -Chinese Pangolin_
16. s:�t'/�L d[u -Himalayan Muskdeer_
17. WjfF;]� lrt'jf -Clouded Leopard_
18. gfp/�÷gog -Great Tibetan Sheep_
19. kf6]� af3 -Bengal Tiger_
20. lxpF lrt'jf -Snow Leopard_
21. lr? -Tibetan Antelope_
22. ;f]�F; -Gangetic Dolphin_
23. r/�Laf3 -Leopard Cat_
24. lnª\;fª -Spotted Lingsang_
25. u}�F8f -One-horned Rhinoceros_
26. rf}�sf -Four Horned Antelope_
27. lxdfnL efn' -Brown Bear_

1. /�fh wg]�; -Great-horned Hornbill_
2. rL/� sflnh -Cheer Pheasant_
3. ;]�tf]� u?8 -White Stork_
4. sfnf]� u?8 -Black Stork_
5. ;f/�; -Sarus Crane_
6. v/�d'h'/� -Bengal Florican_
7. 8fFkm]� (Impeyan Pheasant_
8. ;fgf]� v/�d'h'/� -Lesser florican_
9. d'gfn–Crimpson horned Pheasant

;l/�;[kx¿
1. 3l8ofn uf]�xL -Gharial)
2. clhª\u/� -Asiatic rock python_
3. ;'guf]�xf]�/�f]� -Golden monitor lizard)
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6.5 g]�kfndf kfOg]� k/�Dk/�fut pkof]�usf h8La'6Lx¿

tnsf lrq lrGg'xf]�;\ /� 5nkmn ug'{xf]�;\ M

lrq 6.8 h8La'6Lx¿

-c_	 dfly lbOPsf la?jfsf]� gfd s]� xf]�nf <

-cf_	 oL la?jfnfO{ s]�sf nflu k|of]�u ug{ ;lsG5 <

-O_	 oL la?jfnfO{ ;fdfGo ¿kdf s]� elgG5 <

-O{_	 oL la?jfsf]� Jofj;flos v]�tL ug{ ;lsof]� eg]� s:�tf lsl;dsf kmfObf x'g 
;S5g\ <

dfly lrqdf b]�vfOPsf la?jf ljleGg lsl;dsf c:�j:�ytfsf cj:�yfdf 3/�]�n' cf}�ifwLsf 
¿kdf k|of]�u ul/�G5g\ . ljleGg cf}�ifwL agfpFbf sRrf kbfy{sf ¿kdf oL la?jfsf 
ljleGg efusf]� k|of]�u ul/�G5 . To;}�n]� o:�tf la?jfnfO{ ;fdfGo ¿kdf h8La'6L elgG5 . 
c;'/�f]�, 3f]�86fk|]�, u'hf{]�, l3ps'df/�L, t'n;L, lgd cflb g]�kfnsf]� ljleGg If]�qdf kfOg]� 
h8La'6L x'g\ . jg:�klt ljefusf cg';f/� g]�kfndf kfOg]� sl/�a ;ft xhf/� k"mn km'Ng]� 
jg:�kltdWo]� xfn;Dd 700 eGbf w]�/�}� k|hfltsf h8La'6Lx¿ klxrfg eO{ cf}�ifwLsf 
¿kdf k|of]�u xF'b}� cfPsf 5g\ . g]�kfndf cf}�ifwLsf ¿kdf k|of]�u x'g]� h8La'6LdWo]� s0ff{nL 
If]�qdf ;a}�eGbf w]�/�}� k|hfltsf h8La'6Lsf]� klxrfg ePsf]� 5 . g]�kfndf h8La'6Lx¿sf]� 
;xL pkof]�u, ltgLsf]� ahf/� lj:�tf/�, xfd|f k/�Dk/�fut 1fg /� l;ksf]� ;xL Pjd\ lbuf]� 
;b'kof]�usf nflu yk cWoog cg';Gwfg ug'{ cfjZos /�x]�sf]� 5 .

lj|mofsnfk 6.5

cfˆgf]� 3/� j/�k/� kfOg]� tyf 3/�df k|of]�u x'g]� h8La'6Lsf]� ;"rL tof/� u/�L ltgLx¿sf]� 
pkof]�lutf lgDgcg';f/�sf]� tflnsfdf eg'{xf]�;\ . ;fy}� tL h8La'6Lx¿sf af/�]�df sIffdf 
5nkmn ug'{xf]�;\ .
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j|m=;= h8La'6Lsf]� gfd h8La'6Lsf ¿kdf k|of]�u ul/�g]� la?jfsf]� efu pkof]�lutf

!= cdnf =============

@=

#=

g]�kfndf klxrfg ePsf h8La'6LdWo]� s]�xL h8La'6Lsf af/�]�df o; kf7df 5nkmn u5f{}�F+ M

t'n;L (Holy basil)

o;sf]� j}�1flgs gfd Ocimum sanctum xf]� . of]� jg:�klt 
;+;f/�sf h'g;'s}� e"efudf klg kfOG5 . of]� ax'pkof]�uL 
h8La'6L xf]� . o;n]� w]�/�}� dfqfdf clS;hg pTkfbg u5{ . 
of]� jg:�klt wfld{s ¿kdf klg dxÎjk"0f{ dflgG5 . To;}�n]� 
k/�Dk/�fcg';f/� hLjgsf]� clGtd If0fdf k'u]�sf dflg;nfO{ 
klg t'n;Lsf]� glhs /�fVg]� k|rng 5 . o;af6 clS;hgsf]� 
sdLnfO{ d]�6fpF5 . t'n;L ljleGg ksjfgx¿df d;nfsf 
¿kdf k|of]�u ul/�G5 . t'n;L lrofsf ¿kdf klg k|of]�u 
ul/�G5 . t'n;Lsf]� kft, xfFuf, k"mn, h/�f / lap ;a}� 
plQs}� dxÎjk"0f{ 5g\ . oL ;a}� efu cf}�ifwLsf ¿kdf 
k|of]�u ul/�G5 . o;sf]� ;]�jgn]� ef]�s hufpg, vfgfdf ?lr 
hufpg]�, kfrglj|mofnfO{ ;lj|mo agfpg]� u5{ . t'n;Lsf]� 
la?jfdf PlG6dfOj|mf]�laon u'0f ePsfn]� o;nfO{ hgfj/� tyf dflg;nfO{ c;/� k'¥ofpg]� 
hLjf0f'x¿sf]� g:�6 ug{sf nflu k|of]�u ul/�G5 . o;nfO{ lgd{nLs/�0f, kfgL z'4Ls/�0f 
/� d'v s'Nnf ug]�{ sfo{sf nflu klg k|of]�u ul/�G5 . g]�kfnsf ufpF3/�df 3fF6L b'v]�df 
t'n;Lsf]� kft kfgLdf pdfn]�/� vfg]� ul/�G5 .

lgd (Neem)

o;sf]� j}�1flgs gfd Azadirachta indica xf]� . o;sf]� 
7'nf]� ?v x'G5 . o;sf ;a}�efux¿ kft, h/�f, sf08, k"mn, 
kmnnufot ;a}� ljleGg lsl;dsf cfo'j]�{lbs cf}�ifwL 
agfpg k|of]�u ul/�G5 . o;sf]� :�jfb cToGt}� lttf]� x'G5 . 
of]� ljleGg :�jf:�Yo ;d:�of h:�t}� 5fnf;DaGwL /�f]�usf 

lrq 6.9 t'n;L

lrq 6.10 lgd
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nflu lgdsf]� h'; cToGt pkof]�uL x'G5 . lgd /�ut z'4 kfg]�{ cr's cf}�ifwL xf]� . 
o;n]� z/�L/�df /�x]�sf]� v/�fa sf]�n]�:�6«f]�n 36fpg]� tyf gi6 ug]�{ u5{ . pRr /�Strfk sd 
ug{nfO{ klg lgdsf]� h'; ;]�jg ug]�{ ul/�G5 t/� o;sf]� w]�/�}� ;]�jg ubf{ /�Strfk 36]�/� 
cGo ;d:�of lgDTofpg klg ;S5 .

u'hf]�{ (Heart-leaved moonseed)

o;sf]� j}�1flgs gfd Tinospora cordifolia xf]� . 
of]� g]�kfnsf]� w]�/�}�h;f]� jg tyf g;{/�Ldf kfOG5 . 
of]� nx/�]� la?jf xf]� . of]� h'g;'s}� la?jfdf klg 
cf8 lnP/� nx/�fsf ¿kdf k}�mlnPsf]� x'G5 . o;sf]� 
sf08af6 ;lhn}� k|hgg u/�fpg ;lsG5 . of]� 
g]�kfnsf]� t/�fO{b]�lv lxdfn;Dd kfOG5 . o;sf]� 
;]�jgn]� z/�L/�sf]� /�f]�u k|lt/�f]�wfTds Ifdtf j[l4 
x[G5 . o;n]� ubf{ ;ª\j|md0faf6 hf]�lug dbt 
u5{ . of]� ax'pkof]�uL h8La'6L xf]� . o;df 
PlG6clS;8]�G6 u'0f x'G5 . o;sf]� l7s dfqfdf 
;]�jg u/�]�df z/�L/�df cGo gsf/�fTds c;/� kb}�{g . 
t/� u'hf]�{sf]� cTolws ;]�jgn]� z/�L/�df lrgLsf]� dfqf 36fpF5 .

3f]�86fk|]� (Asiatic pennywort)

o;sf]� j}�1flgs gfd Centella 
asiatica xf]� . of]� pi0f tfkj|md 
ePsf If]�qdf kfOG5 . of]� emf/�kft 
ju{df kg]�{ nx/�]� la?jf xf]� . of]� 
xNsf af:�gfbf/� la?jf xf]� . of]� 
nfdf]� ;do;Dd afFRg ;Sg]� la?jf 
xf]� . o;sf]� sf08 nx/�fsf ¿kdf 
k}�mlnPsf x'G5g\ . of]� ljz]�iftM 5fof 
kl/�/�fVg]� lr;f]� /� bnbn 7fpF, h:�t}� M 
wfg v]�t, vf]�nfsf lsgf/�df xl/�of un}�Frf h:�t}� k}�mlnPsf x'G5g\ . o;sf]� ;Dk"0f{ efu 
cf}�ifwLsf ¿kdf k|of]�u ug{ ;lsG5 . o;df PlG6clS;8]�G6 tyf PlG6dfOj|mf]�laon 

lrq 6.12 3f]�86fk|]�]�

lrq 6.11 u'hf]�{
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u'0fx¿ x'G5g\ . of]� ;]�jg ubf{ dfgj z/�L/�sf g;fx¿sf]� ;+/�If0f ug]�{ Go'/�f]�k|f]�6]�lS6e 
sfo{ ;lj|mo x'G5 . To;}�n]� o;sf]� lgoldt ;]�jgn]� af}�l4s Ifdtf a9fpF5 h;n]� ubf{ 
:�d/�0f zlSt a9fpg dbt u5{ . o;df PlG6:�6«]�; -anti-stress_ kmd'{nf x'G5 . o;n]� 
l8k|]�;g h:�tf]� dgf]�j}�1flgs /�f]�uaf6 klg d'lSt lbnfpg ;xof]�u u5{ . of]� emf/� k|frLg 
sfnb]�lv g}� ?ufvf]�sLsf]� cf}�ifwLsf ¿kdf k|of]�u ul/�Fb}� cfOPsf]� 5 . o;sf]� tfhf k"mn 
lk;]�/� n]�bf]� agfP/� kf]�n]�sf]� 3fpdf klg nufpg]� ul/�G5 . 5fnf;DaGwL /�f]�ux¿df klg 
o;sf]� n]�bf]� nufpFbf lgsf]� x'g]� hgljZjf; /�x]�sf]� 5 . o;nfO{ ljleGg cf}�ifwL agfpFbf 
sRrf kbfy{sf ¿kdf k|of]�u ul/�G5 . To;}� u/�L ljleGg s:�d]�l6s ;dfgx¿, Hf:�t}� M 
l:�sg s]�o/� lj|md tyf l:�sg 6f]�lgª agfpg klg o;sf]� k|of]�u ul/�G5 .

a]�;f/� (Termeric)

o;sf]� j}�1flgs gfd Curcuma loga xf]� . of]� emf/�kft ju{df kg]�{ la?jf xf]� . o;sf]�  
¿kfGtl/�t sf08 df6f]�d'lg /�x]�sf]� x'G5 . o;df s'/�s'ldg gfds h}�ljs /�;fog x'G5 . 
o:�fsf sf/�0fn]� of]� kx]�Fnf]� x'G5 . oxL /�;fogsf sf/�0fn]� o;df cf}�ifwLo u'0fsf]� ljsf; 
ePsf]� x'G5 . a]�;f/�df le6fldg A, B, B2, C, cflb k|r'/� dfqfdf kfOG5 . o;df SoflN;od, 
km:�kmf]�/�;, kmnfd h:�tf vlgh 
kbfy{ klg kfOG5g\ . o;df 
PlG6dfOj|mf]�laon u'0f ePsf 
sf/�0fn]� xfd|f ]� ef]�hgnfO{ 
cfsif {s agfpg'sf ;fy}� 
vfgfdf /�x]�sf sL6f0f'x¿ 
dfg]�{nufot z/�L/�df /�f]�u 
k|lt/�f]�wfTds Ifdtf klg 
j[ l4 ug{ ;xof ]�u u5{ . 
g]�kfndf o;sf]� v]�tL k|frLg 
sfnb]�lv g}� ub}�{ cfOPsf]� 
5 . s'i7/�f]�u, n'tf]� / ljif gi6 ug{ o;sf]� k|of]�u ul/�G5 . Zjf;k|Zjf;;DaGwL /�f]�u, 
d'6' /�f]�u cflbsf]� lgjf/�0fdf klg a]�;f/�sf]� k|of]�u u/�]�sf]� kfOG5 . ;f}�Gbo{ ;fdu|Lx¿ 
agfpg klg k|of]�u ul/�g'sf ;fy}� ljleGg ;fdu|Lx¿ /�ª\ufpg klg a]�;f/� k|of]�u  
ug]�{ ul/�G5 .

lrq 6.13 a]�;f/�
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c;'/�f]� (Malabar nut)

o;sf]� j}�1flgs gfd Adhatoda vasica 
xf]� . of]� demf}�nf vfnsf]� emf8LcGtu{t 
kg]�{ la?jf xf]� . of]� g]�kfnsf]� r'/�]� 
kj{tdfly pRr dxfef/�t;Dd kfOG5 . 
of]� cf}�ifwLo u'0fn]� el/�k"0f{ la?jf 
xf]� . o;df vasicine, vasicinone, 
hydroxy vasicine nu fots f 
/�f;folgs tÎjx¿ kfOG5g\ . oL 
/�;fogsf]� pknAwtfn]� ubf{ o;nfO{ 
Zjf;k |Zjf;;DaGwL /�f ] �ux¿sf ]� 
pkrf/�sf nflu k|of]�u ul/�G5 . c;'/�f]�sf]� kft ksfP/� s'Nnf ubf{ bfFt tyf luFhfsf]� 
/�f]�usf]� lgjf/�0f x'G5 . o;df /�x]�sf]� PlG6dfOj|mf]�laon u'0fn]� ubf{ o;n]� ljleGg ;ª\
j|md0faf6 arfpF5 . o;sf]� k"mn lk;fa kf]�Ng]� ;d:�ofsf]� ;dfwfgsf nflu k|of]�u 
ul/�G5 . o;sf]� /�; :�qL/�f]�usf]� pkrf/�df klg k|of]�u ul/�G5 . ?ufvf]�sL sd ug{sf 
nflu o;sf]� lrof agfP/� lkpg ;lsG5 . c;'/�f]�sf]� k"mn /� kftsf]� /�;sf]� k|of]�un]� 
kmf]�S;f]�df hd]�sf]� vsf/� lgsfNg]� /� Zjf;gnLnfO{ vf]�Ng]� sfd u5{ . v]�tL ubf{ o;nfO{ 
sf6]�/� dnsf ¿kdf klg k|of]�u ul/�G5 .

af]�hf]� (Calamus)

o;sf]� j}�1flgs gfd Acorus calamus 
xf]� . of]� la?jf af:�gfbf/� x'G5 . of]� kf]�v/�L 
tyf bnbno'St If]�qdf kfOG5 . of]� s'g}� 
:�ofxf/�ljgf klg ;xh}� pd|g]� jg:�klt xf]� . 
o;sf kftx¿ t/�af/� cfsf/�sf x'G5g\ . 
o;sf]� kl/�jlt{t h/�fnfO{ /�fOhf]�d elgG5 . 
o; /�fOhf]�dsf]� k/�Dk/�fut ¿kdf cf}�ifwLsf 
¿kdf k|of]�u ub}�{ cfOPsf]� 5 . af]�hf]� 3fF6Lsf]� 
;d:�ofsf nflu cToGt pkof]�uL h8La'6L 
dflgG5 . kfrg ljsf/� /�  b'vfOsf]� pkrf/�sf nflu klg o;sf]� k|of]�u ug{ ;lsG5 . 
t/� o;sf]� w]�/�}� k|of]�u ubf{ gfsaf6 /�ut cfpg]� ;d:�of cfpg ;S5 .

lrq 6.15 af]�hf]�]�

lrq 6.14 c;'/�f]�
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ofrf{u'Daf (Caterpillar fungus)

o;sf]� j}�1flgs gfd Cordyceps sinensis xf]� . ofrf{u'Daf 
;d'b| ;txaf6 3000 b]�lv 5000 ld6/�;Ddsf]� prfOdf 
lxpFn]� 9flsg]� 3fF;]� d}�bfgx¿df kfOG5 . of]� e'ml;nls/�fsf]� 
z/�L/�df pd|g]� emG8}� 5 b]�lv 8 ;]�=ld= nfdf]� ;]�tf]� v}�/�f]� 
/�ªsf]� 9';L xf]� . ofrf{u'Daf kmGhfO ;d"xdf k5{ . o;sf]� 
k'g?Tkfbg aLhf0f' -spore_ af6 x'G5 . hldgdf /�x]�sf k'/�fgf 
ofrf{u'Dafaf6 xfjfdf k|z:�t aLhf0f' k}�mlnPsf x'G5g\ . oL 
aLhf0f'x¿ ToxfF ePsf]� Ps lsl;dsf]� k'tnLsf]� e'ml;nls/�fsf]� 
z/�L/�df 6fFl;G5g\ . clg tL aLhf0f'x¿ e'ml;nls/�fsf]� 
z/�L/�df pld|G5g\ . logsf /�]�;fx¿ e'ml;nls/�fsf]� z/�L/�leq 
vfgfsf]� vf]�hLdf k|j]�z u5{g\ . o:�tf cj:�yfdf e'ml;nls/�f 
cfˆgf]� cfjZostfcg';f/� lxF8\8'n u5{g\ . 9';Lsf]� /�]�;fx¿ 
e'ml;nls/�fsf]� z/�L/�df hlt k}�mlnG5 Tolt g}� e''ml;nls/�f lzlyn x'G5 . cGTodf 
e''ml;nls/�f hldgleq uP/� d5{ . To;kl5 9';Ln]� cfˆgf]� kf]�if0f To; ls/�faf6 k|fKt 
u/�L ofrf{u'Dafsf ¿kdf ljsl;t x'G5 . To;}�n]� dflyNnf]� efu 9'F;L /� tNnf]� efu ls/�f 
u/�L ofrf{u'Dafsf b'O{ efu x'G5g\ . ofrf{u'Daf lxpFbdf ls/�fsf ¿kdf b]�lvG5 h;df 
9';Lsf]� ljsf; eO/�x]�sf]� x'G5 . jiff{t\df lxpF kUn]�kl5 ls/�f d/�L 9';Lsf]� k"0f{ ljsf; eO{ 
9';Lsf ¿kdf kfOG5 . o;sf]� ;fdfGo la?jfsf]� h:�tf]� 8fF7, kft, km"n /� kmn x'Fb}�g . 
cfo'j]�{lbs k4ltåf/�f ul/�g]� pkrf/�sf nflu cf}�ifwL agfpgdf o;sf]� k|of]�u x'G5 . b'w 
tyf dx;Fu ldnfP/� vfPdf o;n]� zlSt lbG5 . To;}�n]� zlSt lbg]� cf}�ifwLsf ¿kdf 
klg o;nfO{ k|of]�u ul/�G5 . b'n{e k|s[ltsf]� ePsfn]� o;sf]� ljgf cg'dlt ;ª\sng, 
k|of]�u, laj|mL /� lgof{t ug{ gkfOg]� egL ;/�sf/�n]� k|ltalGwt u/�]�sf]� 5 .

ltt]�kftL (mugwort)

of]� emf/�kft ju{df kg]�{ h8La'6L xf]� . o;sf]� j}�1flgs 
gfd Artemisia vulgaris xf]� . of]� g]�kfnsf]� dWo 
kxf8df w]�/�}� dfqfdf kfOG5 . of]� h8La'6L ljleGg 
lsl;dsf ;f}�Gbo{ ;fdu|L lgdf{0f ug{, cQ/� agfpg, 
h}�ljs ljiffbLx¿ agfpg k|of]�u ul/�G5 . ;fdGotof 
of]� emf/� hxfFtxLF pd|G5 . s[ifsx¿n]� o;nfO{ 

lrq 6.16 ofrf{u'Daf

lrq 6.17 ltt]�kftL
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3fF; /� ;f]�Q/�sf ¿kdf k|of]�u u5{g\ . clxn]� o;af6 ;'ulGwt t]�n klg lgsfNg  
yflnPsf]� 5 .

l3ps'df/�L (Aloevera)

o;sf]� j}�1flgs gfd Aloe vera xf]� . 
;fdfGotof of]� ;'Svf If]�qx¿df x's{G5 . 
o;sf kft afSnf /� sfF8]�bf/� x'G5g\ . 
o;n]� kftdf vfgf /� kfgL ;~ro u/�]�/� 
/�fV5 . o;sf kftdf ;l~rt eP/� /�x]�sf]� 
kfgL h]�n h:�tf]� x'G5 . o;sf]� oxL h]�n 
ljleGg /�f]�usf]� pkrf/�sf nflu k|of]�u 
ul/�G5 . l3ps'df/�LnfO{ cfo'j]�{bdf ;~hLjgL 
dflgG5 . o;df dflg;sf]� z/�L/�nfO{ 
cfjZos kg]�{ le6fldg A /� C k|r'/� dfqfdf 
kfOG5 . l3ps'df/�Lsf]� h'; lgoldt ;]�jg ugf{n]� k]�6, xf8hf]�gL{ tyf 5fnf;DaGwL /�f]�u 
lgsf]� x'G5 . o;sf]� h]�n 5fnfdf nufpFbf 3fdaf6 89\g]� ;d:�of, 5fnf k'm6\g]� ;d:�ofaf6 
d'lSt kfpg'sf ;fy}� 5fnfsf]� cf]�l;nf]�kgf sfod u/�L 5fnfdf rds NofpF5 . 5fnfdf 
8G8Lkmf]�/� h:�tf 3fp vl6/�fx¿ cfpg lbFb}�g . o;sf]� h]�n skfndf nufpFbf skfnnfO{ 
;'Gb/� /� rlDsnf]� agfpg'sf ;fy}� h/�f;d]�t alnof]� agfpF5 . kf]�n]�sf]� 3fpdf nufpFbf 
3fp l56f]� lgsf]� x'G5 .

kl/�of]�hgf sfo{ 6.3

cfˆgf]� 3/� tyf ljBfno j/�k/� kfOg]� ljleGg h8La'6L ;ª\sng u/�L Pp6f k]�hdf 
Pp6f x'g]� u/�L 6fF:�g'xf]�;\ . ;fy}� ltgLx¿sf]� pknAwtf /� pkof]�lutf n]�Vg'xf]�;\ . o;/�L 
ljleGg h8La'6Lsf]� hfgsf/�L ;ª\sng u/�L h8La'6L k'l:�tsf tof/� ug'{xf]�;\ .

kl/�of]�hgf sfo{ 6.4

plNnlvt h8La'6Lafx]�s cfˆgf]� :�yfgLo txdf kfOg]� h8La'6Lsf af/�]�df ;f]�wvf]�h 
u/�L ltgLx¿sf]� pknAwtf, k|of]�u tyf ;+/�If0f ;d]�6L 5f]�6f]� k|ltj]�bg tof/� ug'{xf]�;\ /� 
To;sf af/�]�df sIffdf 5nkmn ug'{xf]�;\ .

lrq 6.18 l3ps'df/�L
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cEof;

1. 	 tnsf k|Zgsf]� ;xL ljsNk 5gf]�6 ug'{xf]�;\ M

-s_	 lxhf]�cfh slxn]� cNkj[li6 t slxn]� cltj[li6 eP/� s[lif pTkfbgdf afwf 
k'Ug uPsf]� 5 . o;sf]� d'Vo sf/�0f s]� xf]�nf <

-c_ Hjfnfd'vL lj:�kmf]�6g 		 -cf_ hnjfo' kl/�jt{g

-O_ b'n{e jGohGt'sf]� x|f; 	 -O{_ jfo'd08nLo rfkdf kl/�jt{g

-v_ 	;d'b|L ;txsf]� cfotgdf j[l4 x'g'sf]� d'Vo sf/�0f s]� xf]� <

-c_ clt j[li6 			   -cf_ cNk j[li6

-O_ Unf]�an jfld{ª 		  -O{_ jg ljgfz

-u_ 	tnsf dWo]� s'g ;d"x nf]�kf]�Gd'v hgfj/�sf]� ;d"x xf]� <

-c_ afx|l;ª\u]�, hª\unL xfQL, x'F8f/�	 -cf_ hª\unL xfQL, x'F8f/�, :�ofn

-O_ d[u, af3, lrt'jf 			   -O{_ hª\unL xfQL, af3, efn'

-3_ 	t'n;L s'g ;d"xdf kg]�{ la?jf xf]� <

-c_ nf]�kf]�Gd'v la?jf 		  -cf_ h8La'6L

-O_ sfF8]�bf/� la?jf 		  -O{_ nx/�]�bf/� ;d"x

-ª_	 ls/�f /� kmGhfOsf]� ldngaf6 ofrf{u'Daf aG5 . o; k|lj|mofdf e'ml;nls/�f 
/� kmGhfOsf]� ;DaGw s:�tf]� x'G5 <

-c_ l;Dafof]�l6s 			  -cf_ k/�hLjL

-O_ k/�eIfL 			   -O{_ :�ofk|f]�6«f]�lkms

-r_	 7]�pnf cfpFbf lgdsf]� rGbg 3f]�6]�/� nufpg]�, lgdsf kftx¿ lj:�tf/�fdf 
cf]�5\ofpg]� ul/�G5 . o;n]� 7]�pnf lgsf]� kfg{ dbt u5{ . lgddf /�x]�sf]� s'g 
u'0fn]� lgd"{ngdf ;xof]�u u/�]�sf]� xf]� <
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-c_ PlG6 OGˆnfd]�6/�L u'0fn]� 	 -cf_ PlG6clS;8]�G6 u'0fn]�

-O_ PlG6dfOj|mf]�laon u'0fn]� 	 -O{_ PlG6kfO/�]�l6s u'0fn]�

-5_	 af]�hf]�sf]� s'g efu cf}�ifwLsf ¿kdf k|of]�u ul/�G5 <

-c_ /�fOhf]�d 			   -cf_ kft

-O_ sf08 				   -O{_ k"mn

-h_	 /�dfnfO{ vf]�sL nfu]�sf]� nfdf]� ;do eof]� . o;sf]� pkrf/�sf nflu pgn]� 
s'g h8La'6L k|of]�u ug'[{ pko'St xf]�nf <

-c_ lgdsf]� kfs -sf8f_ 		 -cf_ l3ps'df/�Lsf]� h';

-O_ t'n;Lsf]� kfs -sf8f_ 	 -O{_ ofrf{u'Dafsf]� w'nf]�

	 -em_	 lbOPsf]� lrqdf b]�vfOPsf]� k|fs[lts ljkt\sf]� d'Vo sf/�0f s]� xf]� <

-c_ hnjfo' kl/�jt{g 		  -cf_ jg ljgfz

-O_ clt j[li6 			   -O{_ Hjfnfd'vL ljikmf]�6g

2. 	 leGgtf n]�Vg'xf]�;\ M

-s_	 df}�;d kl/�jt{g /� hnjfo' kl/�jt{g

-v_	 nf]�kf]�Gd'v la?jf /� h8La'6L

-u_	 xl/�tu[x k|efj /� hnjfo' kl/�jt{g
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3. 	 sf/�0f lbg'xf]�;\ M

-s_	 a]�df}�;dL jiff{sf]� d'Vo sf/�s hnjfo' kl/�jt{g xf]� .

-v_	 hnjfo' kl/�jt{gsf sf/�0f ;d'b|sf]� cfotg a9\5 .

-u_	 hgfj/�x¿ nf]�k x'g'sf]� sf/�0f hnjfo' kl/�jt{g klg xf]� .

-3_	 nf]�kf]�Gd'v hLjx¿sf]� jf;:�yfgsf]� ;+/�If0fn]� tL hgfj/�x¿sf]� ;+/�If0f ug{ 
;lsG5 .

-ª_	 h8La'6Lsf]� k|of]�u dflg;sf]� :�jf:�Yosf nflu nfebfos x'G5 .

-r_	 t'n;LnfO{ hLjgk|bfos la?jf klg elgG5 .

-5_	 lgd ax'pkof]�uL h8La'6L xf]� .

-h_	 ofrf{u'Daf zlStjw{s h8La'6Lsf ¿kdf k|of]�u x'G5 .

4.	 tnsf k|Zgsf]� pQ/� n]�Vg'xf]�;\ M

-s_ 	hnjfo' kl/�jt{g eg]�sf]� s]� xf]� <

-v_	 hnjfo' kl/�jt{gsf d'Vo sf/�0f n]�Vg'xf]�;\ .

-u_	 hnjfo' kl/�jt{gsf c;/� JofVof ug'{xf]�;\ .

-3_	 b'n{e hgfj/�x¿ eGgfn]� s:�tf hgfj/�x¿ hgfpF5 <

-ª_	 b'n{e hgfj/�x¿sf]� ;+/�If0f ug{ s]� s]� pkfo cjnDag ug{ ;lsG5 <

-r_	 hnjfo' kl/�jt{gsf sf/�0fn]� g]�kfndf kfOg]� w]�/�}� la?jf nf]�k x'Fb}� uPsf 
5g\ . pSt la?jfsf]� ;+/�If0fdf tkfO{Fsf]� e"ldsf s]� x'g ;S5, ;ª\lIfKt 
JofVof ug'[{xf]�;\ .

-5_	 g]�kfndf kfOg]� h8La'6Lx¿sf]� ;+/�If0f /� k|jw{gsf nflu :�yfgLo hgtfnfO{ 
h8La'6L k|zf]�wg tyf o;sf]� k|of]�u;DaGwL tflnd cTofjZos 5 . o; 
egfOnfO{ cfˆgf ts{;lxt :�ki6 kfg'[{xf]�;\ .

-h_	 ofrf{u'Dafsf]� ;+/�If0f u/�L o;sf]� pTkfbgdf j[l4 ubf{ b]�zsf]� cfly{s :�t/�df 
klg ;'wf/� x'G5 . o; egfOnfO{ :�ki6 kfg'{xf]�;\ .
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-em_	 lbOPsf]� gS;f -sG;]�K6 Dofk_ cWoog u/�L afFsL efu k"/�f ug'{xf]�;\ M

sfa{g pT;h{g 36fpg]� 
sfa{g ;~roLs/�0fdf 
hf]�8 lbg]�
;f}�o{ ljls/�0f Joj:�yfkg

k|fs[lts

hnjfo' 
kl/jt{g

dfgjl;lh{t

k|efj

sf/�0f

-`_	 lbOPsf]� lrq cjnf]�sg u/�L Effu s 
/� v lar /�x]�sf]� leGgtf ljZn]�if0f 
ug'{xf]�;\ . 

s v

-6_	 lbOPsf]� lrqsf]� uxg cjnf]�sg u/�L o;n]� hnjfo' kl/�jt{gdf v]�Ng]� e"ldsf 
JofVof ug'{xf]�;\ .

-7_	 Psl;ª\u]� u}�F+8f nf]�k x'g]� cj:�yfdf k'u]�sf]� 5 . o;sf]� ;+/�If0fsf nflu s]� 
s]� ug{ ;lsG5, ;ª\lIfKtdf n]�Vg'xf]�;\ .

-8_	 xfd|f]� :�yfgLo :�t/�df ljleGg lsl;dsf h8La'6L kfOG5g\ . t/� xfdL 
;fdfGo /�f]�usf]� pkrf/�sf nflu klg k/�lge{/� x'G5fF}�+ . o;sf]� k|d'v sf/�0f 
klxrfg u/�L :�yfgLo h8La'6Lsf]� clwstd k|of]�u ug{sf nflu ug'{kg]�{ 
sfo{af/�]� n]�Vg'xf]�;\ .
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7 rfn /� an 
(Motion and Force)

lrq 7.1 k[YjLaf6  
dª\un u|xdf kl;{e/�]�G; 
/�f]�e/� k7fpg k|of]�u 

ul/�Psf]� /�s]�6

lrq 7.2 k[YjLaf6 dª\un 
u|xdf k7fOPsf]� kl;{e/�]�G; /�f]�e/� 
-perseverance rover_ sf]� 

Kof/�f;'6 NoflG8ª

lrq 7.3 k[YjLsf]� jl/�kl/� 
sl/�a 400 km dflysf]� 

sIfdf cGt/�f{li6«o cGtl/�If 
s]�Gb| -ISS_

xfdLn]� xftaf6 5f]�8]�sf]� 9'ª\uf, ?vaf6 v:�g]� kmn cflb k[YjLlt/� v:�5g\ . cyf{t\ k[YjLn]� 
ljleGg j:�t'nfO{ cfˆgf]� s]�G›tkm{ an nufP/� tfg]�sf]� x'G5 . rGb|df /� k[YjLn]� klg Ps 
csf{nfO{ cfsif{0f ul/�/�x]�sf x'G5g\ . lrq 7.2 df k[YjLaf6 dª\un u|xdf k7fOPsf]� 
kl;{e/�]�G; /�f]�e/� -perseverance rover_ sf]� ;'/�lIft cjt/�0fsf nflu ul/�Psf]� Kof/�f;'6 
NoflG8ª b]�vfOPsf]� 5 . cyf{t\ dª\un u|xn]� klg j:�t'nfO{ cfˆgf]� s]�Gb|lt/� cfsif{0f u5{ .

u'?Tjfsif{0f (Gravitation) /� Go'6gsf]� u'?Tjfsif{0f;DaGwL ljZjJofkL lgod 
(Newton's universal law of gravitation) 

a]�nfotsf ul0ft1÷ef}�ltszf:�qL ;/� cfOh]�s Go'6g -Sir 
Isaac Newton_ n]� ?vaf6 e'OFdf kmn v;]�sf]� b]�Vbf pSt 
kmn t]�;f]�{ geO{ s]�jn 7f8f]� tnlt/� emg'{sf]� sf/�0faf/�]� 
;f]�Rg yfn]� . w]�/�}� cWoog /� ;f]�rkl5 :�ofp /� k[YjLlarsf]� 
cfsif{0fn]� kmn k[YjLsf]� s]�Gb|lt/� v;]�sf]� lgisif{df k'u]� . 
To:�t}� cfsfzdf u|x, rGb|df, ;"o{, tf/�f cflb s;/�L cl8Psf 
xf]�nfg\ egL pgn]� ljrf/� u/�]� . nfdf]� cWoogkl5 Go'6g 
;a}� lk08x¿lar cfsif{0f x'G5 eGg]� lgisif{df k'u]� /� pSt 

falling apple

moon

lrq 7.4

Earth

gravitational force
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cfsif{0fnfO{ pgn]� u'?Tjfsif{0f (gravitation) gfds/�0f u/�]� . ;g\ 1687 df pgn]� 
u'?Tjfsif{0f;DaGwL ljZjJofkL lgod (universal law of gravitation) k|ltkfbg u/�]� .

lj|mofsnfk 7.1

b'O{ lk08 /� tL lk08larsf]� b'/�Lsf]� kl/�jt{gn]� u'?Tjfsif{0f andf cfpg]� cGt/�sf]� lx;fa

lrq 7.5 df OG6/�g]�6 k|of]�u u/�L l;d'n]�;g, h:�t}� M PhET Interactive Simulations, 
åf/�f b'O{ lk08larsf]� u'?Tjfsif{0f ansf]� lx;fa b]�vfOPsf]� 5 . sDKo'6/�df 
pSt lj|mofsnfk vf]�Ngsf nflu OG6g]�6 a|fph/� vf]�n]�/� k]�m6 l;d'n]�;gsf]� lnª\s 
-https:�/�/�phet.colorado.edu/�sims/�html/�gravity-force-lab/� latest/�gravity-
force-lab_en.html_ 6fOk ug'{k5{ . pSt l;d'n]�;gdf b'O{ uf]�nfsf]� lk08 /� ltgsf]� 
b'/�LnfO{ :�nfO8/�dfk{mt ;fg{ ;lsG5 . lk08 kl/�jt{g ubf{ /� b'/�L kl/�jt{g ubf{sf 
b'O{cf]�6f cj:�yfnfO{ tnsf tflnsfdf k|:�t't ul/�Psf]� 5 . tL cj:�yfsf]� cWoog u/�L 
5nkmnaf6 glthf tyf lgisif{ lgsfNg'xf]�;\ .

force on m2 by m1 = 0.000000500556 N 

force on m1 by m2 = 0.000000500556 N

force on m2 by m1 = 0.000001001112 N

force on m2 by m1 = 0.000002002224 N

lrq 7.5 lk08df ul/�Psf]� kl/�jt{gcg';f/� b'O{ j:�t'larsf]� u'?Tjfsif{0f andf cfpg]� cGt/�

-c_	 b'/�L l:�y/� /�fvL klxnf]� k6s Pp6f uf]�nfsf]� lk08 bf]�Aa/� ubf{ /� bf]�;|f]� k6s b'a}� 
uf]�nfsf]� lk08 bf]�Aa/� ubf{

lk08 kl/jt{gk"j{ b'O{ 
lk08larsf] an -F1_

lk08 kl/jt{gkZrft\ b'O{ lk08larsf] an 
-F2_

glthf

klxnf] 
lk08 -m2_

bf];|f] lk08 
-m2_

0.000000500556 N 600 kg 400 kg 0.000001001112 N F2 = 2 F1

0.000000500556 N 600 kg 800 kg 0.000002002224 N ……………..
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-cf_	 lk08 l:�y/� /�fvL b'O{ uf]�nflarsf]� b'/�L b'O{ u'0ffn]� a9fpFbf,

klxnf] 
lk08 
-m1_

bf];|f] 
lk08 
-m2_

;'?sf]
b'/L 
-d1_

an -F1_ kl/jlt{t 
b'/L -d2_

an -F2_ glthf

300 kg 400 kg 4 m 0.000000500556 N 8 m 0.000000125139 N

o; lj|mofsnfkaf6 Pp6f uf]�nfsf]� lk08 b'O{ u'0ff ubf{ /� b'a}� uf]�nfsf]� lk08 b'O{ b'O{ 
u'0ff j[l4 ubf{ u'?Tjfsif{0f an j|mdzM b'O{ u'0ff /� rf/� u'0ff a9]�sf]� kfOG5 . oxfF b'O{ 
lk08sf]� u'0fgkmn rf/� u'0ff a9\bf u'?Tjfsif{0f klg rf/� u'0ff a9]�sf]� 5 . cyf{t\ b'/�L 
l:�y/� /�fVbf u'?Tjfsif{0f an b'O{ j:�t'sf]� lk08sf]� u'0fgkmnl;t ;dfg'kflts -directly 
proportional_ x'G5 . To:�t}� b'O{ uf]�nflarsf]� b'/�L b'O{ u'0ff j[l4 ubf{ u'?Tjfsif{0f an 
rf/� u'0ffn]� 36]�sf]� kfOG5 . cyf{t\ lk08 l:�y/� /�fVbf u'?Tjfsif{0f an b'O{ j:�t'larsf]� 
b'/�Lsf]� ju{;Fu Jo'Tj|mdfg'kflts -inversely proportional_ b]�lvG5 .

lj|mofsnfk 7.1 sf]� lgisif{nfO{ Go'6gsf]� u'?Tjfsif{0f;DaGwL ljZjJofkL lgoddf 
;d]�l6Psf]� 5 . o; lgodcg';f/� a|x\df08df /�x]�sf s'g}� klg b'O{ j:�t'lar pTkGg x'g]� 
u'?Tjfsif{0f an tL b'O{ j:�t'sf lk08x¿sf]� u'0fgkmn;Fu ;dfg'kflts x'G5 /� tL b'O{ 
j:�t'larsf]� b'/�Lsf]� ju{;Fu Jo'Tj|mdfg'kflts x'G5 .

dfgf}�F lrq 7.6 df b]�vfOP h:�t}� b'O{cf]�6f j:�t'dWo]� 
j:�t' A sf]� lk08 m1 /� j:�t' B sf]� lk08 m2 
5 . tL b'O{ j:�t'sf s]�Gb|larsf]� b'/�L d /� tL 
b'O{ j:�t'lardf pTkGg x'g]� u'?Tjfsif{0f an F 
5 . Go'6gsf]� u'?Tjfsif{0f lgodcg';f/� tL b'O{ 
j:�t'larsf]� u'?Tjfsif{0f an (F),  tL j:�t'sf]� lk08 j|mdzM m1 /� m2 sf]� u'0fgkmn;Fu 
;dfg'kflts x'G5 . 

cyf{t\,	 F ∝ m1 m2…�…�…�…� (i) /�

tL j:�t'larsf]� b'/�L -d_ sf]� ju{ -d2_ ;Fu Jo'Tj|mdfg'kflts x'G5 .

cyf{t\, 	 F ∝ 1
d2

…�…�……�…�… (ii)

lrq 7.6 b'O{cf]6f lk08
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;dLs/�0f (i) / (ii) nfO{ ldnfpFbf,

		  F ∝	 m1m2

d2

		  F = G  m1m2

d2  
 …�…�…�…� (iii)

;dLs/�0f (iii) af6 s'g}� b'O{ lk08larsf]� u'?Tjfsif{0f an lx;fa ug{ ;lsG5 . o;df 
/�x]�sf]� G, ;DaGw ;dLs/�0fdf ¿kfGt/�0f ug{ k|of]�u ePsf]� cr/� /�flz -proportionality 
constant_ xf]� . of]� ljZjJofkL u'?Tjfsif{0f cr/� -universal gravitational 
constant) sf gfdn]� lrlgG5 .

u'?Tjfsif{0f cr/� -G_, Ps PsfO b'/�Ldf /�flvPsf 
b'O{cf]�6f PsfO lk08lar x'g]� u'?Tjfsif{0f ansf]� dfg 
xf]� .

lrq 7.7 df b]�vfP em}�F m1=m2=1 kg /� d=1 m x'Fbf x'G5 .

F = G  m1m2

d2  
 = Gx1x1

12  
 = G x'G5 .

u'?Tjfsif{0f cr/�sf]� dfg ;j{k|yd x]�g/�L Sofe]�lG8; -Henry Cavendish_ åf/�f ;g\ 
1798 df Sofe]�lG8; Aofn]�G; -Cavendish balance_ k|of]�u u/�]�/� dfkg ul/�Psf]� 
lyof]� . pSt k|of]�uaf6 G sf]� dfg 6.67 × 10-11 lgwf{/�0f eof]� . o;sf]� dfg h'g;'s}� 
kbfy{af6 ag]�sf b'O{cf]�6f lk08 tyf tL b'O{ lk08lar h'g;'s}� dfWod eP tfklg 
Pp6}� x'g]� ePsfn]� o;nfO{ ljZjJofkL u'?Tjfsif{0f cr/� -universal gravitational 
constant_ elgG5 . o;sf]� PsfO N m2 /�kg2 x'G5 .

pbfx/�0f 7.1

k[YjLsf]� lk08 5.97 × 1024 kg /� o;sf]� cw{Jof; 6371 km 5 . k[YjL /� o;sf]� ;txdf 
/�x]�sf]� 1 kg lk08 ePsf]� kmnfdsf]� uf]�nflarsf]� u'?Tjfsif{0f an lx;fa ug'{xf]�;\ .

k|Zgdf lbOPsf hfgsf/�Lcg';f/�,

	 k[YjLsf]� lk08 -m1_ = 5.97 × 1024 kg

m1= 1 unit m2= 1 unit

g= 1unit

F= G

lrq 7.7 G sf]� kl/�efiff
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k[YjLsf]� ;txdf /�x]�sf]� uf]�nfsf]� lk08 (m2) = 1 kg

k[YjLsf]� cw{Jof; -R_ = 6371 km = 6371 × 1000 m = 6.37 × 106 m

u'?Tjfsif{0f an lx;fa ug{ k|of]�u x'g]� ;"qcg';f/�,

k[YjL /� uf]�nflarsf]� u'?Tjfsif{0f an, F =  
Gm1m2

d2

lbOPsf dfg k|lt:�yfkg ubf{,

			   F =  
6.67 × 10-11 × 5.97 × 1024 × 1

(6.37 × 106)2

		  Or 	 F =  
6.67 × 5.97 × 10-11+24 × 1 

(6.37 × 106)2

		  Or 	 F =  
39.82 ×1013 × 1

40.58 × 102 = 0.986 × 1013-12

		  Or 	 F = 0.981 × 10 = 9.81 N

		  ∴ F = 9.81 N

k[YjL /� o;sf]� ;txdf /�x]�sf]� 1 kg lk08 ePsf]� kmnfdsf]� uf]�nf larsf]� u'?Tjfsif{0f 
an x'G5 .

pbfx/�0f 7.2

k[YjL /� rGb|dfsf]� lk08 j|mdzM 5.97 × 1024 kg /� 7.34 × 1022 kg 5 . k[YjLaf6 
rGb|dfsf]� b'/�L 3.84 × 105 km x'G5 . k[YjL /� rGb|df larsf]� u'?Tjfsif{0f an lx;fa 
ug'{xf]�;\ .

k|Zgdf lbOPsf hfgsf/�Lcg';f/�,

k[YjLsf]� lk08 - m1_ = 5.97 × 1024 kg

rGb|dfsf]� lk08 (m2) = 7.34 × 1022 kg

k[YjL /� rGb|df larsf]� b'/�L -d_ = 3.84 × 105 km = 3.84 × 108 m
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u'?Tjfsif{0f an lx;fa ug{ k|of]�u x'g]� ;"qcg';f/�,

k[YjL /� rGb|df larsf]� u'?Tjfsif{0f an, F =  
Gm1m2

d2

lbOPsf dfg k|lt:�yfkg ubf{,

		  F = 
 
6.67 × 10-11 × 5.97 × 1024 × 7.34 × 1022

(3.84 × 108)2

		  Or 	 F = 
 
6.67 × 5.97 × 7.34 × 10-11+24+22

14.75 × 1016

		  Or 	 F =  
292.28 ×1035 × 10-16

14.745   = 19.82 × 1035-16

		  ∴ F = 19.82 × 1019 N

k[YjL /� rGb|df larsf]� u'?Tjfsif{0f an 1.982 × 1020 N x'G5 .

5nkmnsf nflu k|Zg

pbfx/�0f 7.1 df lx;fa ul/�Pcg';f/� k[YjL /� 1 kg lk08 ePsf]� uf]�nflarsf]� 
u'?Tjfsif{0f an 9.8N x'G5 . h'g b'a}�df ;dfg ¿kn]� nfU5 t/� uf]�nfnfO{ s]�xL 
prfOaf6 v;fNbf k[YjL dflylt/� ;/�]�sf]� gb]�lvP/� s]�jn uf]�nf k[YjLlt/� v;]�sf]� b]�lvG5, 
lsg < Go'6gsf]� rfn;DaGwL bf]�;|f]� lgod k|of]�u u/�L pSt ann]� 1 kg lk08 ePsf]� 
uf]�nfdf pTkGg ug]�{ k|j]�u /� 6 × 1024 kg lk08 ePsf]� k[YjLdf pTkGg ug]�{ k|j]�usf]� 
lx;fa u/�L t'ngf Ufg'{xf]�;\ .

lk08 tyf b'/�L kl/�jt{g x'“bf u'?Tjfsif{0f andf cfpg]� leGgtf (Variation in 
gravitational force with mass and distance)

lj|mofsnfk 7.1 df cjnf]�sg u/�]�sf]� lk08 /� b'/�Lcg';f/� u'?Tjfsif{0f andf cfpg]� 
leGgtfnfO{ ul0ftLo ¿kdf u'?Tjfsif{0f an lx;fa ug{ k|of]�u x'g]� ;"qåf/�f k|:�t't 
ug{ ;lsG5 . dfgf}�F b'O{cf]�6f j:�t'x¿ A /� B sf]� lk08 j|mdzM m1 /� m2 5 . tL b'O{ 
j:�t'larsf]� b'/�L d /� ;'?sf]� cj:�yfdf x'g]� u'?Tjfsif{0f an F1 5 .

	 F1 = 
m1m2

d2  
 …......................………� (i)
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ha Pp6f j:�t'sf]� lk08 b'O{ u'0ff x'G5 ha b'a}� j:�t'sf]� lk08 b'O{ u'0ff x'G5

;dLs/�0f (i) df m2 = 2 m2 /�fVbf,

F2 =
Gm12m2

d2  
= 2

Gm1m2

d2

F2= 2F1

;dLs/�0f (i) df m1= 2m1, m2 = 2m2 
/�fVbf,

 F2 =  
G2m12m2

d2    
=  4

Gm1m2

d2

F2= 4F1

b'O{ j:�t'larsf]� b'/�LnfO{ l:�y/� (Constant) /�fv]�/� s'g}� Pp6f j:�t'sf]� lk08nfO{ 2 u'0ffn]� 
a9fpFbf u'?Tjfsif{0f an klg 2 u'0ffn]� a9\5 . To:�t}� b'a}� j:�t'sf]� lk08nfO{ 2 u'0ffn]� 
a9fpFbf u'?Tjfsif{0f an 4 u'0ffn]� a9\5 .

ha b'O{ j:t'larsf] b'/L cfwf x'G5 ha b'O{ j:t'larsf]� b'/L b'O{ u'0ff x'G5

;dLs/�0f (i) df d = 
d
2   

/fVbf,

F' =
Gm12m2

d
2( )2  

= 4
Gm1m2

d2

F' = 4F

;dLs/�0f (i) df d= 2 d /�fVbf,

F' =  
Gm1m2

(2d)2 =   
1
4

     
Gm1m2

d2

F' =  
1
4 

F

lk08 l:�y/� /�fvL j:�t'larsf]� b'/�L cfwf ubf{ tL b'O{ j:�t'larsf]� u'?Tjfsif{0f an 
4 u'0ffn]� a9\5 . To:�t}� j:�t'x¿larsf]� b'/�L b'O{ u'0ffn]� a9fpFbf tL b'O{ j:�t'larsf]� 
u'?Tjfsif{0f an 4 u'0ffn]� 36\5 .

u'?Tjfsif{0f ansf]� kl/�0ffd (Consequences of gravitational force)

s]�xL u'?Tjfsif{0f ansf]� kl/�0ffdaf/�]� tn k|:�t't ul/�Psf]� 5 M

-c_ 	u'?Tjfsif{0f ann]� ubf{ ;f}�od08nnufot a|x\df08sf]� cl:�tTj ;Dej ePsf]� 5 . 
;"o{ /� u|xx¿larsf]� u'?Tjfsif{0f ann]� u|xx¿ ;"o{sf]� jl/�kl/� kl/�e|d0f u5{g\ .

-cf_	 k[YjLaf6 rG›df ;"o{eGbf glhs ePsfn]� ;"o{sf]� t'ngfdf lgs}� yf]�/�}� lk08 eP 
tfklg dxÎjk"0f{ x'G5 . rGb|dfsf]� u'?Tjfsif{0fsf]� k|efj ;d'b|sf]� kfgLdf hldgdf 
eGbf a9L b]�lvG5 o;sf]� sf/�0f Hjf/�ef6f -tides_ l;h{gf x'G5 .
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-O_ 	 k[YjL /� o;sf]� ;txdf ePsf j:�t'larsf]� u'?Tjfsif{0f ann]� j:�t'x¿ ;txdf 
cl8P/� /�x]�sf x'g\ . olb s'g}� j:�t' dfly kmflnPdf pSt j:�t' k'gM ;txd}� kmls{G5 .

u'?Tjan (Gravity)

k[YjL tyf cGo u|x tyf pku|xn]� cfˆgf glhssf j:�t'nfO{ u'?Tjfsif{0fsf sf/�0f 
cfˆgf s]�Gb|lt/� tflg/�x]�sf x'G5g\ . pSt u|x jf pku|xn]� nufpg]� annfO{ k|foM 
u'?Tjan eGg]� ul/�G5 . o;nfO{ j:�t'sf]� tf}�n klg elgG5 . Go'6gsf]� u'?Tjfsif{0f;DjGwL 
ljZjJofkL lgodcg';f/� u|xaf6 prfO cyf{t\ b'/�L a9\b}� hfFbf u'?Tjan 36\5 /� lglZrt 
b'/�Ldf guGo x'G5 . To;sf/�0f k[YjLnufot cGo u|x÷pku|xx¿sf]� lglZrt u'?Tj  
If]�q x'G5 .

xfdLn]� b}�lgs hLjgdf k[YjLsf]� u'?Tjansf y'k|}� c;/� cjnf]�sg u5f}�{F . tLdWo]� s]�xL 
c;/�x¿ tn k|:t't ul/�Psf 5g\ M

-s_ 	u'?Tjann]� ubf{ ;a}� j:�t'sf]� tf}�n x'G5 .

-v_ 	u'?Tjansf sf/�0f k[YjLnfO{ jfo'd08nn]� 3]�/�]�/� /�fv]�sf]� 5 .

-u_ 	 k[YjLsf]� u'?Tjann]� ubf{ prfOaf6 v;fn]�sf j:�t' k[YjLsf]� s]�Gb|lt/� v:�5g\ .

-3_ 	u'?Tjansf]� c;/�n]� vf]�nf tyf gbLgfnfdf kfgL tnlt/� aU5 .

-ª_ 	 u'?Tjann]� ubf{ vl;/�x]�sf j:�t'df k|j]�u pTkGg x'G5 . 

u'?Tj k|j]�u (Acceleration due to gravity) 

lj|mofsnfk 7.2 u'?Tj k|j]�usf]� lx;fa 

Pp6f ;fgf]� 9'ª\uf /� :�6k jfr -stop watch_ lng'xf]�;\ . 
pSt 9'ª\ufnfO{ lglZrt prfO -h:�t}� M ejgsf 
klxnf]� tnf, bf]�;|f]� tnf_ af6 v;fNg'xf]�;\ . o;/�L 9'ª\
uf v;fNbf tnlt/� gws]�nL la:tf/} 5f]�8\g'xf]�;\ /� ;Fu}� 
:�6kjfr ;'? ug'{xf]�;\ . 9'ª\uf e'OFdf ahfl/�Psf]� cfjfh 
cfpgf;fy :6kjfr aGb u/L nfu]�sf]� ;do u0fgf ug{  
nufpg'xf]�;\ . lrq 7.8 u'?Tj k|j]�u dfkg

sound 1

distance

sound 2
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k|fKt tYofª\s /� ult;DaGwL ;dLs/�0f -h=ut +  
1
2 

 at2, v2 = u2 + 2 ah_ af6 k|j]�u 

tyf 9'ª\uf e'OFdf 7f]�lSsFbfsf]� ult -clGtd ult, v_ lx;fa ug'{xf]�;\ . o;/�L lx;fa 

ubf{ 9'ª\ufsf]� ;'?sf]� ult -u_ z"Go x'G5 .

s]� 9'ª\ufsf]� k|j]�u nueu ;dfg /� ;do a9\b}� hfFbf clGtd ult a9]�sf]� glthf k|fKt 
x'G5 < tYofª\s ;ª\sng /� cfjZos lx;fasf nflu tnsf]� h:�t}� tflnsf lgdf{0f 
ug{ ;lsG5 .

tYofª\s 
;ª\sng

h t a =
  
2h
t2

k|j]usf] cf};t 
dfg

v = (2 ah) glthf

klxnf] k6s ======= ====== a1 = ...
=

 
a1+a2+a3

3

.........................

v1 = (2 ah1) ========

bf];|f] k6s ======= ====== a2 = .... v2 = (2 ah2)

============= ======= ====== ========== v3 = (2 ah3)

lj|mofsnfk 7.2 df xftaf6 5f]�l8Psf]� j:�t' k[YjLsf]� u'?Tjann]� rfndf cfpF5 /� pSt 
u'?Tjan rfn cjlwel/� lg/�Gt/� ¿kdf nfU5 . rfndf /�x]�sf]� j:�t' h:�t}� 9'ª\ufdf ;f]�xL 
lbzftkm{ an nufpFbf To;sf]� ult nuftf/� a9\5 . cyf{t\ j:�t' hlt tnlt/� v:�b}� 
hfG5, To;sf]� v:�g]� ult Tolt g}� a9\b}� hfG5 . j:�t'sf]� ult a9\b}� hfg' eg]�sf]� To;df 
k|j]�u pTkGg x'g' xf]� . t;y{ k[YjLsf]� ;txlt/� ljgf s'g}� cj/�f]�w :�jtGq ¿kn]� vl;/�x]�sf 
j:�t'df u'?Tj ann]� ubf{ k|j]�u pTkGg x'G5 . lj|mofsnfkdf 7.2 df vl;/�x]�sf]� 9'ª\ufdf 
xfjfsf]� cj/�f]�w guGo cyf{t\ nueu z"Go x'Fbf To;df pTkGg x'g]� k|j]�u 9.8 m/�s2 
x'G5 . pSt k|j]�u k[YjLdf x'g]� u'?Tj k|j]�u xf]� . :�jtGq ¿kn]� vl;/�x]�sf]� j:�t'df u'?Tj 
anåf/�f pTkGg x'g]� k|j]�unfO{ u'?Tj k|j]�u elgG5 . u'?Tj k|j]�unfO{ 'g' n]� hgfOG5 . 
o;sf]� SI PsfO ld6/� k|ltju{ ;]�s]�G8 (m/�s2) x'G5 .

ljrf/�0fLo k|Zg

s]� u'?Tj k|j]�u vl;/�x]�sf]� j:�t'sf]� lk08cg';f/� km/�s km/�s x'G5 <

lj|mofsnfk 7.3 

Pp6f ;fgf 9'ª\uf /� sfuhsf]� kfgf lng'xf]�;\ . sfuhsf]� kfgfnfO{ b'O{ a/�fa/� efudf 
RofTg'xf]�;\ . tLdWo]� Pp6fnfO{ sl;nf]� ¿kn]� 8Nnf]� kfg'{xf]�;\ . Roft]�sf]� sfuhsf]� kfgf, 
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sfuhsf]� 8Nnf]� /� 9'ª\ufnfO{ Ps ;fy v;fn]�/� s'g klxn]� hldgdf k'U5, cjnf]�sg 
ug'{xf]�;\ . s]� sfuhsf]� kfgf, sfuhsf]� 8Nnf]� /� 9'ª\uf km/�s km/�s ultn]� v:�5g\ < 
oxL lj|mofsnfk olb rGb|dfdf ul/�Psf]� eP glthf s:�tf]� x'GYof]� xf]�nf <

o; lj|mofsnfkdf lk08 ;dfg ePsf sfuhsf]� kfgf /� sfuhsf]� 8Nnf]� km/�s km/�s 
ultn]� v:�5g\ t/� lk08 km/�s ePsf sfuhsf]� 8Nnf]� /� 9'ª\uf eg]� ;+Fu}� v:�5g\ . cyf{t\ 
k[YjLsf]� ;txlt/� vl;/�x]�sf]� j:�t'sf]� ultdf x'g]� kl/�jt{g b/� pSt j:�t'sf]� lk08;+Fu 
;DalGwt x'Fb}�g . sfuhsf]� kfgf xfjfdf v:�bf To;df xfjfsf]� cj/�f]�wn]� dflylt/� an 
nfU5 /� ult 36\5 t/� sfuhsf]� 8Nnf]� tyf 9'ª\ufdf eg]� xfjfsf]� cj/�f]�w guGo x'G5 
/� ltgLx¿ s]�jn u'?Tjansf]� c;/�n]� ;+Fu;+Fu}� k[YjLsf]� s]�Gb|lt/� v:�5g\ .

rGb|dfsf ;txdf jfo'd08n gePsfn]� 
ToxfF ;a}� j:�t'x¿ljgf cj/�f]�w :�jtGq 
¿kn]� v:�5g\ . o:�tf]� cj:�yfdf ;a}� j:�t' 
;dfg k|j]�u -u'?Tj k|j]�u_ df v:�5g\ . 
lj|mofsnfk 7.3 df pNn]�v ePsf 
sfuhsf]� kfgf tyf 8Nnf]�÷9'ª\ufnfO{ olb 
rGb|dfsf]� ;txdf  ;+Fu}� v;flnPdf ;a}� 
;F+u}� v:�5g\ .

O;fk"j{ 384 df lu|;df hGd]�sf Pl/�:�6f]�6nn]� 
lbOPsf]� rfn;DaGwL lgodcg';f/� ux|f}�F 
j:�t' xn'sf]� eGbf klxn]� v:�5 eGg]� wf/�0ffnfO{ ;qf}�F ztfAbLdf Uoflnlnof]�sf]� k|of]�uåf/�f 
;RofOPsf]� xf]� . ;g\ 1590 lt/� Uoflnlnof]�n]� cfˆgf]� k|of]�udf O6fnLsf]� lnlgª 6fj/� 
ckm lk;f -Leaning tower of Pisa_ af6 b'O{cf]�6f anx¿ ;F+u}� v;fn]� /� b'a}� anx¿ 
;+Fu}� e'FOdf k'u]�sf]� kfP . pgn]� :�jtGq ¿kn]� v:�bf ;a}� lk08 ;dfg u'?Tj k|j]�un]� v:�g]� 
lg:�sif{ lgsfn]� . of]� lg:�sif{kl5 KjfFv /� l;Ssf k|of]�uaf6 k|dfl0ft eof]� .

Kjf“v /� l;Ssfsf]� k|of]�u (Feather and coin experiment)

lrq 7.9 df Pp6f sfFrsf]� l;lnG8/�nfO{ xfjf lemSg]� kDk (Vacuum 
pump) ;Fu hf]�l8Psf]� 5 . pSt l;lnG8/�leq xfjf /�x]�sf]� cj:�yfdf 
Pp6f KjfFv /� l;Ssf /�fv]�/� pN6\ofpFbf l;Ssf l56f]� /� KjfFv l9nf]� 
v:�5 . olb Eofs'd kDksf]� dbtaf6 xfjf lems]�/� km]�l/� l;lnG8/�nfO{ 
pN6\ofpFbf l;Ssf /� KjfFv ;Fu;Fu}� v;]�sf]� b]�lvG5 . klxnf]� k6sdf 

Uoflnlnof]�sf]� 
k|of]�ukZrft\ k'li6 ePsf]�

Uoflnlnof]�sf]� k|of]�u 
k"j{sf]� wf/�0ff

lrq 7.8 km/�s lk08 ePsf ansf]� v;fO

vacumair

lrq 7.9 Kjf“v 
/� l;Ssf k|of]�u
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l;Ssf /� KjfFv;Fu}� gv:�g]� sf/�0f l;lnG8/�leqsf]� xfjfsf]� cj/�f]�w xf]� . l;Ssfsf]� eGbf 
KjfFvsf]� ;txsf]� If]�qkmn a9L x'g]� ePsfn]� KjfFvdf xfjfsf]� cj/�f]�w a9L x'G5 /� k|j]�u 
sd x'G5 . o;n]� ubf{ l;SsfeGbf KjfFv l9nf]� v:�5 . bf]�;|f]� k6s l;lnG8/�leq xfjf 
gx'Fbf s'g}� cj/�f]�w gx'g]� ePsfn]� KjfFv /� l;Ssf b'a}� ;Fu}� v:�5g\ . xfjfsf]� cj/�f]�w 
gx'Fbf ;a}� j:�t'df pTkGg x'g]� u'?Tj k|j]�u ;dfg x'G5 . cyf{t\ 'g' sf]� dfg vl;/�x]�sf]� 
j:�t'sf]� lk08df lge{/� x'Fb}�g .

u'?Tj k|j]�usf]� lx;fa (Calculation of acceleration due to gravity)

dfgf}�F, s'g}� 'm' lk08 ePsf]� j:�t', lk08 'M' /� cw{Jof; 'R' ePsf]� u|xsf]� ;txdf /�x]�sf]� 
5 . pSt u|xsf]� u'?Tjann]� j:�t'df nfUg]� an 'F' 5 eg]� u'?Tjfsif{0f an lx;fa ug]�{ 
;"qcg';f/�,

		  F = 
GMm

R2  
 ….............................………� (i)

o; u'?Tjann]� 'm' lk08 ePsf]� j:�t'df 'g' u'?Tj k|j]�u pTkGg u/�fpF5 eg]� Go'6gsf]� 
rfn;DaGwL bf]�;|f]� lgodcg';f/�,
		  F= mg …�…�…�…�…�......................…�…�.. (ii)

;dLs/�0f (i) /� (ii) af6,

	 	 mg = 
GMm

R2

		  g = 
GM
R2  

…�…�...............…�…�…�…�…�.. (iii)

;dLs/�0f (iii) cg';f/� u'?Tj k|j]�u u|xsf]� lk08 'M' /� cw{Jof; 'R' df lge{/� x'G5 . 
pSt ;dLs/�0fdf vl;/�x]�sf]� j:�t'sf]� lk08 ;dfj]�]�z gePsfn]� Uoflnlnof]�sf]� lj|mofsnfk 
tyf KjfFv /� l;Ssfsf]� lj|mofsnfksf]� lgisif{ h:�t}� o;af6 klg :�jtGq ¿kn]� v:�bf 
;a}� lk08df ;dfg k|j]�u pTkGg x'g]� tYo k'li6 x'G5 .

k[YjL h:�tf k"0f{ ¿kn]� uf]�nf gePsf u|x jf pku|x¿df cw{Jof; 'R' sf]� dfg 
:�yfgcg';f/� kl/�jt{g x'G5 . ;dLs/�0f (iii) df G /� M b'a}� l:�y/� ePsf]� cj:�yfdf u'?Tj 
k|j]�u u|x jf pku|xsf cw{Jof;sf ju{;Fu Jo'Tj|mdfg'kftL (inversely proportional) 
x'G5, cyf{t\,

		  g ∝
1

R2
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u'?Tj k|j]�u u|x jf pku|xsf]� lk08 /� cw{Jof; b'a}�df lge{/� x'G5 . pbfx/�0fsf nflu 
a[x:�kltsf]� lk08 k[YjLsf]� lk08eGbf sl/�a 319 u'0ffn]� a9L 5 t/� o;sf]� u'?Tj 
k|j]�usf]� dfg eg]� s]�jn 2.6 u'0ffn]� a9L x'G5 . o;f]� x'g'df a[x:�kltsf]� cw{Jof;sf]� 
e"ldsf x'G5 . a[x:�kltsf]� cw{Jof; k[YjLsf]� cw{Jof;sf]� 11 u'0ff x'G5 . u'?Tj k|j]�u 
cw{Jof;sf]� ju{;Fu Jo'Tj|mdfg'kftL x'g]� ePsfn]� a[x:�kltsf]� lk08 lgs}� 7'nf]� x'Fbf klg 
o;sf]� u'?Tj k|j]�udf kg]�{ c;/� 

319
121  = 2.6 u'0ffn]� dfq x'G5 .

;dLs/�0f (iii) df k[YjLsf]� lk08sf]� dfg 5.972 ×1024 /� cw{Jof;sf]� dfg 6371 km 
/�fVbf,

g =  
6.67 ×10-11 × 5.972 × 1024

(6.371 × 106)2
   = 

39.8332 ×1013

40.5896 × 1012

 
 
= 9.81m/�s2

k[YjLsf ljleGg 7fpFsf nflu R sf]� dfg kl/�jt{g x'g]� ePsfn]� u'?Tj k|j]�usf]� dfgdf 
leGgtf kfOG5 .

k[YjLsf]� u'?Tj k|j]�udf leGgtf (Variation in acceleration due to gravity of 
the earth)

k[YjL k"0f{ uf]�nfsf/� 5}�g . of]� w|'jlt/� s]�xL y]�lKrPsf]� /� 
e"dWo /�]�vLo efult/� km's]�sf]� 5 . lrq 7.10 df b]�vfOP 
h:�t}� k[YjLsf]� cw{Jof; w|'jlt/� sd /� e"dWo /�]�vLo efult/� 
a9L x'G5 . u'?Tj k|j]�usf]� dfg k[YjLsf]� cw{Jof;sf]� ju{;Fu 
Jo'Tj|mdfg'kftL x'g]� ePsfn]� a9L cw{Jof; /�x]�sf]� e"dWo 
/�]�vflt/� u'?Tj k|j]�u sd x'G5 eg]� sd cw{Jof; x'g]� w|'jlt/� 
u'?Tj k|j]�u a9L x'G5 . jf:�tjdf e"dWo /�]�vLo If]�qdf 'g' 
sf]� dfg 9.78 m/�s2 x'G5 eg]� w|'jLo v08df 'g' sf]� dfg 
9.83 m/�s2 x'G5 . w'|jLo efudf 'g' sf]� dfg a9L x'g]� 
ePsfn]� e"dWo /�]�vLo efusf]� t'ngfdf w|'jLo efudf j:�t' rfF8f]� rfF8f]� v:�5 .

k[YjLdf 'g' sf]� cf}�;t dfg 9.81 m/�s2 dflgG5 . o;sf]� cy{ :�jtGq ¿kn]� hldgdf 
v:�b}� u/�]�sf]� j:�t'sf]� ult 9.81 ld6/� k|lt;]�s]�G8sf]� l:�y/� b/�n]� k|To]�s ;]�s]�G8df a9\5 
eGg]� xf]� . o;sf]� l7s ljk/�Lt 7f8f]� ¿kdf dfly ˆofFlsPsf j:�t'sf]� j]�u 9.81 m/�s

lrq 7.10 k[YjLsf]� cw{Jof;
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sf b/�n]� k|To]�s ;]�s]�G8df 36\5 . pSt j:�t'sf]� ult z"Go eO;s]�kl5 k'gM k[YjLdf g}� 
kms{G5 .

prfO /� u'?Tj k|j]�u (Height and acceleration due to gravity)

lj|mofsnfk 7.4 k[YjLsf]� s]�Gb|af6 b'/�L a9\b}� hfFbf x'g]� u'?Tj k|j]�usf]� t'ngf

Earth

R 2R 3R 4R

lrq 7.11 k[YjLsf]� s]�Gb|af6 

ljleGg b'/�L

k[YjLsf]� 
s]�Gb|af6 
b'/�L (d)

d = 2R d = 3R d = 4R

u'?Tj k|j]�u

g = 
GM
d2

g =   
319

121  =   
319

121

=
1

4
 × 9.8=2.45 m/�s

2

....... .......

lrq 7.11 df b]�vfOPsf]� k[YjLsf]� s]�Gb|af6sf]� b'/�L d = R x'Fbf u'?Tj k|j]�usf dfg,  

g1= GM
d2  = 9.8 m/�s2 x'G5 . pSt lrqdf k[YjLsf]� s]�Gb|af6sf cGo b'/�L d = 2R, 

3R, 4R klg b]�vfOPsf 5g\ . lrq;Fu}�sf]� tflnsfdf k[YjLsf]� s]�Gb|af6 d = 2R b'/�Ldf 

x'g]� u'?Tj k|j]�u lx;fa u/�L b]�vfOPsf]� 5 . To;}� u/�L cGo b'/�Lsf nflu klg u'?Tj 

k|j]�u lx;fa u/�L k[YjLsf]� s]�Gb|af6 b'/�L a9\b}� hfFbf x'g]� u'?Tj k|j]�usf]� t'ngf ug'{xf]�;\ .

k[YjLsf]� ;txaf6 prfO a9\b}� hfFbf u'?Tj k|j]�usf]� dfg 36\b}� 

hfG5 . dfgf}�F, k[YjLsf]� kl/�e|d0f ub}�{ u/�]�sf]� e"pku|x -satellite_ 
sf]� ;txaf6 prfO h 5 . o:�tf]� cj:�yfdf k[YjLsf]� s]�Gb|af6 

e"pku|xsf]� b'/�L, d= R + h x'G5 . pSt prfOdf x'g]� u'?Tj 

k|j]�usf]� dfg g1= GM
(R+h)2 x'G5 . k[YjLdf u'?Tj k|j]�usf]� dfg, 

g= GM
R2 x'G5 . (R+h)2 sf]� dfg R2 sf]� dfgeGbf 7'nf]� x'g]� 

ePsfn]� g1 sf]� dfg 'g' sf]� dfgeGbf ;fgf]� x'G5 .

pbfx/�0f 7.3

k[YjLsf]� lk08 5.97 ×1024 kg /� o;sf]� cw{Jof; 6371 km 5 . k[YjLsf]� ;txaf6 400 
km sf]� prfOdf /�x]�sf]� cGt/�f{li6«o cGtl/�If s]�Gb|df x'g]� u'?Tj k|j]�u lx;fa ug'{xf]�;\ M

Satellite

h
r

Earth

lrq 7.12
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k|Zgdf lbOPsf]� hfgsf/�Lcg';f/�,

k[YjLsf]� lk08 -M_ = 5.97 × 1024 kg

k[YjLsf]� cw{Jof; -R_ = 6371 km = 6371000 m

k[YjLsf]� ;txaf6 cGt/�f{li6«o cGtl/�If s]�Gb|sf]� prfO -h_= 400 km=400000 m

pSt prfOdf x'g]� u'?Tj k|j]�u,

		  g =  
GM

(R+h)2
   

	 or	 g =  
6.67 ×10-11 × 5.97 × 1024

(6.371000 + 400000)2
   

	 or	 g = 
39.82 ×1013

(6771000)2

 
 
= 

39.82 ×1013

4.60 × 1013

		  ∴ g1= 8.66 m/�s2

t;y{ 400 km sf]� prfOdf /�x]�sf]� cGt/�f{li6«o cGtl/�If s]�Gb|df x'g]� u'?Tj k|j]�u  
8.66 m/�s2 x'G5 .

k[YjLsf]� s]�Gb|af6 kxf8sf]� 6'Kkf]�sf]� b'/�L kxf8sf]� km]�bsf]� b'/�L -cw{Jof;, R) eGbf a9L x'g]� x'Fbf 
kxf8sf]� km]�bdf eGbf kxf8sf]� 6'Kkf]�df 'g' sf]� dfg sd x'G5 . t/� o:�tf]� leGgtf lgs}� sd 
x'G5 . pbfx/�0fsf nflu ;u/�dfyfsf]� prfO 8848.86 m 5 . k[YjLsf]� s]�Gb|af6 ;u/�dfyfsf]� 
r'r'/�f]�;Ddsf]� b'/�L, d= R + h = 6371×1000 m + 8848.86m = 6379848.86 m x'G5 .

o; dfgnfO{ g = GM
(R+h)2 

df /fVbf,

		  g1 =  6.67×10-11 × 5.97×1024

(6.379848.86)2
  

= 39.82 ×1013

4.07 × 1013   
= 9.78m/�s2

;u/�dfyfsf]� prfOdf u'?Tj k|j]�usf]� dfg k[YjLsf]� ;txsf]� eGbf s]�jn 0.03 m/�s2 
(9.81-9.78=0.03) sd x'G5 . t;y{ k[YjLsf]� s]�Gb|af6sf]� b'/�Ldf x'g]� ;fgf]� kl/�jt{g 
-h:�t}� M R + h = 6371 km + 8.85 km = 6379.85 km_ sf nflu u'?Tj k|j]�u klg 
lgs}� ;fgf]� dfgn]� kl/�jt{g x'G5 .
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pbfx/�0f 7.4

k[YjLdf u'?Tj k|j]�usf]� dfg 9.8 m/�s2 x'G5 . rGb|dfsf]� lk08 7.35 × 1022 Kg /� 
o;sf]� cw{Jof; 1.74 × 106 m 5 eg]� rGb|dfdf u'?Tj k|j]�u slt x'G5, k[YjLsf]� 
u'?Tj k|j]�u /� rGb|dfsf]� u'?Tj k|j]�ular t'ngf ug'{xf]�;\ .

k|Zgdf lbOPsf hfgsf/�Lcg';f/�,

k[YjLdf u'?Tj k|j]�usf]� dfg, ge = 9.8 m/�s2

u'?Tj k|j]�u lx;fa ug]�{ ;"qfg';f/� rGb|dfdf x'g]� u'?Tj k|j]�u

	 gm =  GMm

R2e

	 gm =  6.67 × 10-11 × 7.35 × 1022

(1.74 × 106)2

		  gm = 1.62 m/s2

k[YjLdf x'g]� u'?Tj k|j]�u /� rGb|dfdf x'g]� u'?Tj k|j]�usf]� cg'kft lnFbf,

	 =  ge

gm

=  9.8

1.62  
= 6.05

rG›dfdf u'?Tj k|j]�usf]� dfg k[YjLsf]� u'?Tj k|j]�usf]� t'ngfdf nueu 6 u'0ff sd x'G5 .

lk08 /� tf}�n (Mass and weight)

u'?Tj k|j]�u;Fu j:�t'sf]� tf}�n ;DalGwt x'G5 . j:�t'df ePsf]� hDdf kbfy{sf]� dfqf 
pSt j:�t'sf]� lk08 xf]� . of]� :�s]�n/� kl/�df0f xf]� . o;sf]� SI PsfO lsnf]�u|fd -kg_ xf]� . 
Pp6f 1 kg kmnfdsf]� 9snfO{ k[YjLsf]� h'g;'s}� :�yfg tyf cGt/�f{li6«o cGtl/�If s]�Gb|, 
rGb|df, dª\un u|x cflbdf hxfF hf]�v]� klg To;df ePsf]� kmnfdsf]� dfqf 1 kg g}� 
x'G5 . To;}�n]� j:�t'sf]� lk08sf]� dfg 7fpFcg';f/� kl/�jt{g x'Fb}�g . ;fgf]�eGbf ;fgf]� s0f 
-particle_ h:�t}� On]�S6«f]�gsf]� klg lglZrt lk08 x'G5 . lk08sf]� dfg z"Go x'Fb}�g . To:�t}� 
;fgf]�eGbf ;fgf]� lk08df klg u'?Tjan nfU5 .
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k[YjLsf]� u'?Tjann]� o;sf]� ;txdf ePsf 
j:�t'nfO{ cfˆgf]� s]�Gb|lt/� tfg]�sf]� x'G5 .  tf}�n 
j:�t'df nfUg]� u'?Tjansf]� gfk xf]� . tf}�n 
j:�t'df nfUg]� an ePsfn]� o;sf]� SI PsfO 
klg Go'6g -N_ g}� x'G5 . of]� e]�S6/� kl/�df0f 
xf]� . tf}�n hlxn]� klg u'?Tj ansf sf/�0fn]� 
u|x÷pku|xsf]� s]�Gb|lt/� lgb]�{lzt x'G5 .

Go'6gsf]� rfn;DaGwL bf]�;|f]� lgodcg';f/� 
u'?Tj ann]� lk08 'm' ePsf]� j:�t'df nfUg]� 
an cyf{t\ tf}�nsf]� dfg W = mg x'G5 hxfF g u'?Tj k|j]�u xf]� . j:�t'sf]� tf}�n pSt 
j:�t'sf]� lk08 /� u'?Tj k|j]�udf lge{/� x'G5 .

k[YjLsf u'?Tj ann]� j:�t'nfO{ cfˆgf]� s]�Gb|lt/� tfGg]� ePsfn]� s'g}� klg j:�t'nfO{ ;txaf6 
dfly prfNg sDtLdf u'?Tjan a/�fa/�sf]� an dflylt/� nufpg ;Sg'k5{ . lk08 /� 
tf}�nsf]� ;DaGwcg';f/� ;fgf tyf 7'nf lk08nfO{ prfNg km/�s km/�s an cfjZos 
k5{ . s'g}� Pp6f :�yfgdf u'?Tj k|j]�usf]� dfg l:�y/� x'g]� ePsfn]� j:�t'sf]� lk08cg';f/� 
tf}�n km/�s k5{ . o:�tf]� cj:�yfdf j:�t'sf]� tf}�n -W_ pSt j:�t'sf]� lk08 -m_ ;Fu 
;dfg'kflts x'G5, cyf{t\

		  tf}�n (W) ∝ lk08 (m)

t;y{ a9L lk08 ePsf j:�t'sf]� tf}�n sd lk08 ePsf j:�t'sf]� eGbf a9L x'G5 . o;n]� 
ubf{ a9L lk08 ePsf j:�t'nfO{ dfly prfNg sd lk08 ePsf j:�t'nfO{ eGbf a9L 
an nufpg'k5{ . To;}�n]� 7'nf 9'ª\ufeGbf ;fgf 9'ª\uf prfNg ;lhnf]� x'G5 .

u'?Tj k|j]�usf]� kl/�jt{gn]� tf}�ndf cfpg]� cGt/� (Variation in weight due to 
change of acceleration due to gravity)

s'g}� lglZrt lk08sf nflu tf}�ndf cfpg]� cGt/� u'?Tj andf lge{/� x'G5 . pSt 
cj:�yfdf j:�t'sf]� tf}�n u'?Tj k|j]�u;Fu ;dfg'kflts x'G5, cyf{t\

		  tf}�n -W_ ∝ u'?Tj k|j]�u -g_

k[YjLdf 'g' sf]� dfg :�yfgcg';f/� kl/�jt{g x'g]� ePsfn]� j:�t'sf]� tf}�n klg kl/�jt{g x'G5 .

lrq 7.13 :� l:�k|ª t/�fh'åf/�f tf}�nsf]� dfkg

spring 

pointer
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lj|mofsnfk 7.5 :  ljleGg :�yfgdf x'g]� j:�t'sf]� tf}�nsf]� t'ngf

tn tflnsfdf lbOP h:�t}� u'?Tj k|j]�u sd÷a9L x'g]� hf]�8f :�yfgx¿ vf]�hL u/�L tL 
:�yfgdf j:�t'sf]� tf}�ndf s:�tf]� cGt/� cfpF5, pNn]�v ug'{xf]�;\ M

hf]�8f :�yfgx¿ u'?Tj k|j]�u 
sd x'g]� :�yfg

u'?Tj k|j]�u 
a9L x'g]� :�yfg

tf}�n sd÷a9L x'g]� :�yfg

e"dWo /�]�vLo /� 
w|'jLo efu

e"dWo /�]�vLo 
efu

w|'jLo efu e"dWo /�]�vLo efudf j:�t'sf]� tf}�n 
w'|jLo efudf eGbf sd x'G5 .

kxf8sf]� 6'Kkf]� /� 
kxf8sf]� k]�mb

============== ============== ==================

u'?Tj k|j]�usf]� dfg k[YjLsf]� s]�Gb|af6sf]� b'/�L;Fu Jo'Tj|mdfg'kflts x'G5, cyf{t\  

g ∝ 1
R2  x'G5 . To:�t}� tf}�n -W_ ∝ u'?Tj k|j]�u -g_ x'g]� ePsfn]� k[YjLsf]� s]�Gb|af6 

6f9fsf :�yfg h:�t}� kxf8sf]� 6'Kkf]�, lxdfn cflbdf u'?Tj k|j]�u 36\bf j:�t'sf]� tf}�n klg 

36\5 . u'?Tj k|j]�usf]� clwstd dfg k[YjLsf]� ;txdf x'g]� ePsfn]� j:�t'sf]� tf}�n klg 

;f]�xL prfOdf clwstd x'G5 .

rGb|dfsf]� u'?Tj k|j]�u -gm_ k[YjLsf]� u'?Tj k|j]�u -ge_ sf]� t'ngfdf nueu 6 u'0ff sd 

gm ∝ 1
6

 
ge x'G5 . o;sf/�0f s'g}� lk08sf]� tf}�n j|mdzM k[YjL /� rGb|dfdf dfkg ubf{ 

rGb|dfdf x'g]� tf}�n k[YjLdf x'g]� tf}�neGbf emG8}� 6 u'0ff sd x'G5 . rG›dfdf k[YjLsf]� 

t'ngfdf dflg; nueu 6 u'0ffdfly pk|mg ;Dej x'G5 . To:�t}� dflg;n]� k[YjLdf 

eGbf rGb|dfdf nueu 6 u'0ff a9L lk08 prfNg ;S5 . t;y{ k[YjL /� cGo u|x tyf 

pku|xlar u'?Tj k|j]�usf]� t'ngf ubf{ tL u|x tyf pku|xdf x'g]� tf}�n km/�s km/�s 

x'G5 . s]�xL pbfx/�0f tnsf]� tflnsfdf k|:�t't ul/�Psf]� 5 M

j:t'sf] 
lk08 -m_ :yfg, u'?Tj k|j]u -g_ m/s2 df / tf}n -Weight = mg) Newton df

50 kg

rGb|df 
-Moon_

a'w 
-Mercury_

dª\un  
-Mars_

z'j|m  
-Venus_

k[YjL  
-Earth_

g1 W1 g2 W2 g3 W3 g4 W4 g5 W5

1.63 81.5 3.61 180.5 3.75 187.5 8.83 441.5 9.81 490
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pbfx/�0f 7.5

k[YjLdf 100 kg lk08 prfNg ;Sg]� dflg;n]� rGb|dfsf]� ;txdf prfNg ;Sg]� lk08 
lx;fa ug'{xf]�;\ . -rGb|dfdf u'?Tj k|j]�u g = 1.63 m/�s2 _

k|Zgdf lbOPsf hfgsf/�Lcg';f/�,

dflg;n]� k[YjLdf prfNg ;Sg]� lk08 -M_ = 100 kg

k[YjLdf u'?Tj k|j]�u -g_ = 9.8 m/�s2 

rGb|dfdf u'?Tj k|j]�u -g'_ = 1.63 m/�s2 

dflg;n]� rGb|dfdf prfNg ;Sg]� lk08 -m_ = ?

dflg;sf df+;k]�zLn]� u'?Tjan lj?4 nufpg ;Sg]� an Ifdtf k[YjL /� rGb|dfdf 
;dfg x'G5 .

rGb|dfdf prfNg ;Sg]� tf}�n = k[YjLdf prfNg ;Sg]� tf}�n

Or m × g' = M ×t g

Or m = 
M × g

g'  
 =  

100 × 9.8
1.63

∴ m = 601.23 kg

t;y{ k[YjLdf 100 kg lk08 prfNg ;Sg]� dflg;n]� rGb|dfsf]� ;txdf 601 kg prfNg 
;S5 .

:�jtGq v;fO (Free fall)

lj|mofsnfk 7.3 df u/�]�sf]� cjnf]�sgcg';f/� Pp6f sfuhsf]� kfgf /� 9'ª\ufsf]� v;fOdWo]� 
9'ª\ufdf xfjfsf]� cj/�f]�w guGo x'Fbf To;nfO{ :�jtGq ¿kn]� v;]� h:�t}� dfGg ;lsG5 . 
To:�tf]� cj:�yfdf 9'ª\ufsf]� k|j]�u k[YjLdf x'g]� u'?Tj k|j]�u -9.8 m/�s2_ a/�fa/� x'G5 . 
o;/�L s'g}� cj/�f]�wljgf s]�jn u'?Tj ansf]� k|efjdf vl;/�x]�sf]� j:�t'sf]� v;fO :�jtGq 
v;fO xf]� . :�jtGq v;fOdf j:�t'sf]� k|j]�u u'?Tj k|j]�u -g_ ;+Fu a/�fa/� x'G5 .

k[YjLsf]� jfo'd08n eP/� v:�g]� j:�t'sf]� agfj6cg';f/� ltgdf nfUg]� 3if{0f ann]� ultdf 
cj/�f]�w l;h{gf x'G5 . 3if{0f;Fu}� vl;/�x]�sf]� j:�t'df nfUg]� pWj{rfk -upthrust_ n]� 
klg u'?Tj ansf]� k|efjnfO{ 36fpF5 . t;y{ k[YjLdf jf:�tljs :�jtGq v;fO s]�jn 
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z"Go :�yfg -vacuum_ df ;Dej x'G5 . rGb|df eg]� vl;/�x]�sf]� j:�t'df k[YjLsf]� h:�tf]� 
jfo'd08nLo cj/�f]�w gx'g]� ePsfn]� To;df :�jtGq v;fO ;Dej x'G5 .

lj|mofsnfk 7.6 Kof/�f;'6sf]� gd'gf (model) lgdf{0f

s}�FrL, kftnf]� Knfl:�6s /� wfuf]� lng'xf]�;\ . Knfl:�6snfO{ lrq 7.16 df b]�vfOPcg';f/� 
ljleGg r/�0fdf k6\ofP/� j[Qfsf/� x'g]� u/�L sf6\gxf]�;\ . wfufsf a/�fa/� 6'j|mfnfO{ j[Qfsf/� 
Knfl:�6ssf]� 5]�pdf a/�fa/�sf]� b'/�Ldf kg]�{ u/�L afFWg'xf]�;\ . 8f]�/�Lsf]� v'nf v08nfO{ Pp6}� 
ufF7f]� kf/�L To;df v]�nf}�gf jf 9'ª\uf c8\ofpg'xf]�;\ . o;/�L tof/� kfl/�Psf]� Kof/�f;'6sf]� 
gd'gfnfO{ prfOaf6 v;fNg'xf]�;\ . To;sf]� v;fO cjnf]�sg ug{'xf]�;\ . s]� Kof/�f;'6 
;'?df x'lQP/� v;]� klg cGTodf ;dfg ultn]� v:�5 <

lrq 7.14 Kof/�f;'6sf]� gd'gf lgdf{0f

ljrf/�0fLo k|Zg

s]� k[YjLdf h:�t}� rGb|dfdf klg Kof/�f;'6 k|of]�u u/�L xfd kmfNbf ;'/�lIft cjt/�0f 
;Dej xf]�nf <

lrq 7.15  
Kof/�f;'6sf]� cjt/�0f

lrq 7.16 cl;gf v:�bf 
nfUg]� /�f]�sfj6 an

lrq 7.17 xfjfåf/�f 5l/�g]� lapx¿



lj1fg tyf k|ljlw M sIff !)186

Kof/�f;'6af6 xfd kmfNbf ha Kof/�f;'6sf]� ult a9\b}� hfG5, xfjfsf]� cj/�f]�w klg 
a9\b}� hfG5 . oxL k|lj|mofn]� Pp6f o:�tf]� cj:�yf cfpF5 ls Kof/�f;'6af6 v:�bfsf]� 
tf}�n -weight_ /� xfjfsf]� /�f]�sfj6 an -drag force_ a/�fa/� x'G5 . o:�tf]� cj:�yfdf 
Kof/�f;'6sf]� k|j]�u z"Go x'G5 . To;kl5 Kof/�f;'6 ;dfg ultdf hldglt/� v:�5 . 
Kof/�f;'6sf]� ;dfg ultn]� hldgdf ;'/�lIft cjt/�0f ;Dej x'G5 . o; lsl;dsf]� 
Kof/�f;'6sf]� v;fO eg]� :�jtGq v;fO xf]�Og .

Kof/�f;'6 k|of]�u u/�L ;'/�lIft cjt/�0fsf nflu jfo'd08nLo cj/�f]�w cfjZos k5{ . 
t/� rG›dfsf]� To:�tf]� cj/�f]�w gx'g]� ePsfn]� Kof/�f;'6 k|of]�u u/�L xfd kmfNbf :�jtGq 
v;fO x'G5 . o;n]� ubf{ Kof/�f;'6;lxt dflg;sf]� ult lg/�Gt/� a9\bf pSt dflg; 
tLj| ultn]� ;txdf ahfl/�G5 . rGb|dfdf Kof/�f;'6 k|of]�u u/�]�/� ;'/�lIft cjt/�0f  
;Dej x'Fb}�g .

prfOaf6 cl;gf k[YjLsf]� ;txdf v:�bf jfo'd08ndf x'g]� cj/�f]�wn]� To;sf]� ult 
lg/�Gt/� ga9]�/� s'g}� lglZrt ultn]� v:�5 . o;n]� cl;gfaf6 k[YjLdf x'g]� IfltnfO{ 
sd u5{ . cl;gfdf xfjfn]� x'g]� 3if{0f jf k|lt/�f]�wn]� dflylt/� /�f]�sfj6 an nfU5 . 
cl;gf hlt tLj| ultn]� v:�5, To;df nfUg]� /�f]�sfj6 an klg a9\b}� hfG5 . k[YjLsf]� 
u'?Tj ann]� cl;gfdf nfUg]� an /� /�f]�sfj6 an a/�fa/� x'G5 . To;kl5 cl;gf ;dfg  
ultn]� v:�5 .

lrq 7.17 df b]�vfOP h:�t}� xfjfåf/�f 5l/�g]� lapdf e'jf tyf ;;fgf kª\vf h:�tf 
;+/�rgf x'G5g\ . ltgn]� Pp6f ;fgf]� Kof/�f;'6sf]� sfd ul/�/�x]�sf x'G5g\ . o; lsl;dsf 
lap 5l/�bf xfjfsf]� cj/�f]�wn]� 3'Db}� emg]�{ /� s]�xL ;do xfjfdf /�xG5g\ . o;n]� ubf{ lap 
6f9f;Dd 5l/�G5g\ . t;y{ jfo'd08nLo cj/�f]�wn]� xfjfåf/�f lap 5l/�g]� af]�6la?jf h:�t}� 
l;dn, ;fn cflbsf lap 6f9f;Dd 5l/�G5g\ .

lj|mofsnfk 7.7 :�jtGq v;fOsf]� cjnf]�sg

lrq	 7.18 df b]�vfOP h:�t}� Pp6f 'U' cfsf/�sf]� kmnfdsf]� k|m]�d lng'xf]�;\ . pSt k|]�mdsf]� 
v'nf efunfO{ lrqdf b]�vfOP h:�t}� nlrnf]� x'g]� u/�L wfufn]� afFWg'xf]�;\ . wfufsf lardf 
Pp6f 9'ª\ufnfO{ klg afFWg'xf]�;\ . lrqdf b]�vfOP h:�t}� l:�k|ª Aofn]�G;sf]� cª\s'; (Hook) 
nfO{ 9'ª\uf afFw]�sf]� 7fpFdf c8\ofP/� ;du| k|]�mdnfO{ prfNg'xf]�;\ . l:�k|ª Aofn]�G;n]� b]�vfpg]� 
tf}�n slt x'G5 < To;kl5 l:k|ª Aofn]G; / k|m]�dnfO{ xftaf6 5f]�8\g'xf]�;\ /� k|]�md;F+u}�sf]� 
8f]�/�Ldf afFlwPsf]� 9'ª\ufsf]� cj:�yf /� l:�k|ª Aofn]�G;sf]� l/�l8ª cjnf]�sg ug'{xf]�;\ . of]� 
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lj|mofsnfk ubf{ l:�k|ªAofn]�G;sf]� ;'/�Iffsf nflu e'OFdf kmf]�d jf sf6'{g laR5\ofpg'xf]�;\ . 
;Dej eP v:�b}� u/�]�sf]� l:�k|ª Aofn]�G;sf]� lel8of]� lvrL kh -pause_ u/�L cjnf]�sg 
ug'{xf]�;\ .

o; lj|mofsnfkdf ha k|m]�dnfO{ xftaf6 
5f]�l8G5, To;kl5 l:�k|ªAofn]�G;, 9'ª\uf 
/� kmnfdsf]� k|m]�d Pp6}� ultn]� tnlt/� 
v:�5g\ . 9'ª\uf afFlwPsf]� 8f]�/�L nlrnf]� 
x'g]� u/�L afFlwPsf]� eP tfklg tnlt/� 
nlRsFb}�g . o;n]� ubf{ 9'ª\uf xfjfdf 
p8]�sf]� h:�tf]� b]�lvG5 . of]� :�jtGq v;fOn]� 
;Dej x'G5 . l:�k|ª Aofn]�G; /� k|]�md b'a}�  :�jtGq v;fOsf]� cj:�yfdf x'g]� ePsfn]� 
l:�k|ªAofn]�G;sf]� l:�k|ªdf tnlt/� an nfUb}�g /� pSt l:�k|ª v'lDrP/� z"Go tf}�n ePsf]� 
cj:�yfdf kmls{G5 . o;/�L :�jtGq v;fOdf /�x]�sf j:�t'sf]� tf}�n z"Go x'G5 . o;nfO{ 
tf}�n ljxLgtf -Weightlessness_ elgG5 . o:tf] cg'ej xjfO{hxfh PSsfl; tn 
embf{ x'G5 .

k[YjLsf]� kl/�e|d0f ug]�{ s[lqd pku|xx¿ tyf cGtl/�If s]�Gb|leqsf cGtl/�If ofqL :�jtGq 
v;fOsf]� cj:�yfdf x'G5g\ . o:�tf]� cj:�yfdf ofgleqsf ofq'n]� tf}�n ljxLgtfsf]� cg'ej 
u5{g\ .

:�jtGq v;fOsf nflu rfn;DaGwL ;dLs/�0fx¿  
(Equation of motion for free fall)
lj|mofsnfk 7.2 df lx;fa u/�]�/� :�jtGq ¿kn]� vl;/�x]�sf]� 9'ª\ufsf]� clGtd ult tyf 
k|j]�u lx;fa ug{ ult;DaGwL ;dLs/�0fsf]� k|of]�u ul/�Psf]� 5 . o;/�L :�jtGq ¿kdf v:�g]� 
j:�t'sf nflu, prfOaf6 k[YjLdf k'Ubfsf]� ult, ;txdf k'Ug nfUg]� ;do /� prfOnfO{ 
rfn;DaGwL ;dLs/�0f k|of]�u u/�]�/� lx;fa ug{ ;lsG5 .

l;wf /]vLo rfnsf nflu :jtGq v;fOdf /x]sf j:t'sf nflu
v = u + at v = u + gt

v2 = u2 + 2as v2 = u2 + 2gh

s = ut +
 

1
2  

at2 h = ut +
 

1
2  

gt2

lrq 7.18 :�jtGq v;fOsf]� cjnf]�sg

wfuf]�
kmnfdsf]� k|m]�d
9'ª\uf



lj1fg tyf k|ljlw M sIff !)188

o;/�L u'?Tj ann]� ubf{ k|j]�u pTkGg x'g]� cj:�yfdf rfn;DaGwL ;dLs/�0fdf k|j]�usf]� 
:�yfgdf u'?Tj k|j]�usf]� dfg /�flvG5 . olb j:�t' l;wf dflylt/� kmflnPsf]� ePdf u'?Tj 
k|j]�usf]� dfg C0ffTds x'G5 lsgls o:�tf]� cj:�yfdf pTkGg x'g]� k|j]�u ultsf]� ljk/�Lt 
lbzfdf x'G5 .

pbfx/�0f 7.6

Pp6f gbL dflysf]� k'naf6 kfgLdf 9'ª\uf v;fNbf 2 ;]�s]�G8kl5 pSt 9'ª\uf kfgLsf]� 
;txdf 7f]�lsPsf]� cfjfh ;'lgof]� eg]� kfgLsf]� ;txaf6 k'nsf]� prfO lx;fa ug'{xf]�;\ .  
-g = 9.8 m/�s2_

k|Zgdf lbOPsf hfgsf/�Lcg';f/�,

9'ª\ufsf]� ;'?sf]� ult -u_ = 0 m/�s lsgls 9'ª\ufnfO{ xftaf6 v;flnPsf]� 5 .

9'ª\ufnfO{ kfgLsf]� ;txdf 7f]�lsg nfu]�sf]� ;do -t_ = 2s

9'ª\ufsf]� k|j]�u -g_ = 9.8 m/�s2

ult;DaGwL ;dLs/�0f k|of]�u ubf{, kfgLsf]� ;txaf6 k'nsf]� prfO

	 Or h = ut+ 
1
2

  gt2

	 Or h = 
1
2

 × 9.8 × 22

	 Or h =19.6 m

t;y{ kfgLsf]� ;txaf6 k'nsf]� prfO 19.6 m x'G5 .

pbfx/�0f 7.7

Pp6f lj|ms]�6 annfO{ l;wf dflylt/� cfsfzdf kmfNbf 30 m sf]� prfOdf k'Uof]� . 
annfO{ dflylt/� kmfNbfsf]� ansf]� ult /� clwstd prfOdf k'Ug nfu]�sf]� ;do lx;fa 
ug'{xf]�;\ .

k|Zgdf lbOPcg';f/�,

ansf]� clwstd prfO -h_ = 30 m

ansf]� clGtd ult -v_ = 0 m/�s (lsgls clwstd prfOdf clGtd ult z"Go x'G5 ._
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ansf]� k|j]�u -g_ = - 9.8 m/�s2 

ult;DaGwL ;dLs/�0f k|of]�u ubf{ 

ansf]� ;'?sf]� ultsf nflu

		  0 = u2 + 2gh

	 Or 	 0 = u2 + 2 × -9.8 × 30

	 Or 	 u2 = 588

		  u=√588 = 24.25 m/�s

annfO{ clwstd prfOdf k'Ug nfUg]� ;dosf nflu

		  v = u + at

	 Or 	 0 = 24.25-9.8 × t

	 Or 	 t =  
24.25

9.8
  

		  t = 2.47 s

t;y{ lj|ms]�6 ansf]� ;'?sf]� ult 24.25 m/�s x'G5 /� pSt annfO{ clwstd prfOdf 

k'Ug 2.47 s ;do nfU5 .

kl/�of]�hgf sfo{

cleefjs jf lzIfssf]� ;xof]�udf ljleGg prfO, h:�t}� M 3/�sf]� 5t, ljBfno ejgsf]� 
5t cflbaf6 9'ª\uf v;fNg'xf]�;\ . 9'ª\uf v;]�sf]� ;'lglZrt ug{sf nflu hldgsf]� ;txdf 
l6g jf cGo s'g}� cfjfh cfpg]� j:�t' /�fVg'xf]�;\ . o;kl5 pSt prfOaf6 hldgsf]� 
;txdf 9'ª\uf k'Ug nfu]�sf]� ;do kQf nufpg'xf]�;\ . ult ;dLs/�0f k|of]�u u/�L 3/�, 
ljBfno ejg cflbsf]� prfO kQf nufpg'xf]�;\ . o;sf nflu cf}�;t gfk lnP/� q'l6 
36fpg'xf]�;\ . cGTodf Pp6f lkmtfn]� jf:�tljs prfO gfkL lx;fa ug'{ePsf]� prfOdf 
/�x]�sf]� q'l6 pNn]�v ug'{xf]�;\ .
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cEof;

1. 	 tnsf k|Zgsf]� ;xL ljsNk 5gf]�6 ug'{xf]�;\ M

-s_	 s'g}� b'O{ j:�t'larsf]� b'/�L -d_ /� tL b'O{ j:�t'larsf]� u'?Tjfsif{0f an -F_ 
larsf]� ;DaGw s'g xf]� <

-c_ F ∝ d    			   -cf_ F ∝ d2

-O_ F ∝ 
1
d

			   -O{_ F ∝ 
1
d2  

-v_	 s'g}� b'O{cf]�6f j:�t'dWo]� b'a}�sf]� lk08 bf]�Aa/� ubf{ tL j:�t'larsf]� u'?Tjfsif{0f 
andf cfpg]� kl/�jt{g s'g xf]� <

-c_ an b'O{ u'0ff a9\5 . 		 -cf_ an rf/� u'0ff a9\5 .

-O_ an b'O{ u'0ff 36\5 . 		 -O{_ an rf/� u'0ff 36\5 .

-u_	 k[YjLdf s'g}� b'O{cf]�6f j:�t'larsf]� u'?Tjfsif{0f an 60 N 5 eg]� rGb|dfdf 
tL b'O{ j:�t'larsf]� u'?Tjfsif{0f an slt x'G5 <

-c_ 10 N 				   -cf_ 6 N

-O_ 9.8 N 				   -O{_ 60 N

-3_ 	tnsf dWo]� ;xL syg s'g xf]� <

-c_ 	 k[YjLsf]� ;txaf6 ulx/�fOdf hfFbf u'?Tj k|j]�usf]� dfg a9\5 .

-cf_	 k[YjLsf]� ;txaf6 prfO a9\bf u'?Tj k|j]�usf]� dfg 36\5 .

-O_	 k[YjLsf]� e"dWo/�]�vLo efudf eGbf w|'jLo efudf u'?Tj k|j]�u sd 
x'G5 .

-O{_	 k[YjLsf]� ;a}�eGbf cUnf]� :�yfgdf u'?Tj k|j]�usf]� dfg ;a}�eGbf a9L 
x'G5 .
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-ª_	 tnsf dWo]� s'g :�yfgdf tkfO{Fsf]� tf}�n dfkg ubf{ ;a}�eGbf a9L tf}�n 
x'G5 <

-c_ ;u/�dfyfsf]� r'r'/�f]� 		  -cf_ emfkfsf]� s]�rgfsjn

-O_ ckL lxdfn 			   -O{_ rGb|flu/�L kxf8

-r_	 k[YjLsf]� cw{Jof; 6371 km /� s'g}� j:�t'sf]� k[YjLdf x'g]� tf}�n 800 N 5 . 
pSt j:�t'sf]� k[YjLsf]� ;txaf6 6371 km sf]� prfOdf x'g]� tf}�n slt 
x'G5 <

-c_ 800 N 			   -cf_ 1600 N

-O_ 200 N 			   -O{_ 3200 N

-5_	 s'g}� vuf]�nLo lk08sf b'a}� lk08 /� cw{Jof; j|mdzM k[YjLsf]� lk08 /� 
cw{Jof;sf]� b'O{ b'O{ u'0ff 5g\ eg]� pSt lk08df x'g]� u'?Tj k|j]�u slt 
x'G5 <

-c_ 9.8 ms-2 			   -cf_ 4.9 ms-2

-O_ 19.6 ms-2 			   -O{_ 10 ms-2

-h_	 k[YjLdf 750 N tf}�n ePsf]� dflg;sf]� rGb|df x'g]� tf}�n slt x'G5 < 
-rGb|dfsf]� u'?Tj k|j]�u = 1.63 m/�s2_

-c_ 124.74 N 			   -cf_ 125 N

-O_ 126.8 N 			   -O{_ 127.8 N

-em_ u|x B sf]� lk08 u|x A sf]� lk08eGbf b'O{ u'0ff a9L 5 t/� To;sf]� cw{Jof; 
eg]� u|x A sf]� cw{Jof;sf]� cfwf 5 . To:�t}� u|x C sf]� lk08 u|x A sf]� 
lk08sf]� cfwf 5 t/� To;sf]� cw{Jof; eg]� u|x A sf]� cw{Jof;sf]� b'O{ u'0ff 
a9L 5 . Pp6f j:�t'sf]� u|x A, B /� C df x'g]� tf}�n j|mdzM W1, W2 /� W3 
xf]� eg]� tnsf dWo]� s'g j|md ;xL 5 <

-c_ W1>W3>W2 		  -cf_ W2>W1>W3

-O_ W1>W2>W3 			  -O{_ W2>W3>W1
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-`_	 k|To]�s ;]�s]�G8df :�jtGq ¿kn]� vl;/�x]�sf]� j:�t'nfO{ cjnf]�sg ubf{ tnsf 
dWo]� s'g lgisif{ ;xL x'G5 <

-c_ b'/�L ;dfg ¿kn]� a9\5 . 	 -cf_ k|j]�u ;dfg ¿kn]� a9\5 .

-O_ ult ;dfg ¿kn]� a9\5 . 	 -O{_ :�yfgfGt/�0f ;dfg ¿kn]� a9\5 .

2. 	 km/�s n]�Vg''xf]�;\ M

-s_	 u'?Tjfsif{0f cr/� G /� u'?Tj k|j]�u g 

-v_	 lk08 /� tf}�n

3.	 sf/�0f n]�Vg'xf]�;\ M

-s_	 k[YjLsf]� ;a}� efudf u'?Tj k|j]�u ;dfg x'Fb}�g .

-v_	 w]�/�}� prfOaf6 xfd kmfNbf rf]�6k6s nfUg]� ;Defjgf a9L x'G5 .

-u_	 a[x:�kltsf]� lk08 k[YjLsf]� lk08eGbf sl/�a 319 u'0ffn]� a9L 5 t/� o;sf]� 
u'?Tj k|j]�u k[YjLdf x'g]� u'?Tj k|j]�ueGbf sl/�a 2.5 u'0ff dfq 5 .

-3_	 k[YjLsf]� „'jLo If]�q /� e"dWo/�]�vLo If]�qdf ;dfg prfOaf6 v;flnPsf]� 
j:�t'dWo]� „'jLo efudf v;flnPsf]� j:�t' rfF8f]� v:�5 .

-ª_	 Pp6f sfkLsf]� b'O{cf]�6f kfgfdWo]� Pp6fnfO{ 8Nnf]� kf/�]�/� /� csf]�{nfO{ TolQs}� 
xfjfdf Ps ;fy v;fNbf 8Nnf]� sfuh l56f]� v:�5 .

-r_	 z"Go :�yfg -vacuum_ df u'Rrf /� r/�fsf]� KjfFv Ps;fy v;fNbf ;F+u}� 
e'OFdf k'U5g\ .

-5_	 ;u/�dfyf r9\b}� hfFbf ;fydf af]�s]�sf]� j:�t'sf]� tf}�n 36\5 .

-h_	 k[YjLsf]� ;txdf 7'nf]� 9'ª\uf prfNg uf/�f]� x'G5 t/� ;fgf]� 9'ª\uf prfNg 
;lhnf]� x'G5 .

-em_	 s'g}� j:�t'sf]� lk08 l:�y/� x'G5 t/� tf}�n 7fpFcg';f/� km/�s x'G5 .

-`_	 /�f]�6]�lkªdf tn embf{ l;l/�ª\ª x'G5 .
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4.	 tnsf k|Zgsf]� pQ/� n]�Vg'xf]�;\ M

-s_	 u'?Tjfsif{0f eg]�sf]� s]� xf]� <

-v_	 Go'6gsf]� u'?Tjfsif{0f;DaGwL ljZjJofkL lgod n]�Vg'xf]�;\ .

-u_	 u'?Tjsif{0f ansf]� k|s[lt n]�Vg'xf]�;\ .

-3_	 u'?Tjfsif{0f cr/� -G_ kl/�eflift ug'{xf]�;\ .

-ª_	 s'g cj:�yfdf u'?Tjfsif{0f an u'?Tjfsif{0f cr/�;Fu a/�fa/� -F=G) x'G5 <

-r_	 u'?Tjfsif{0f ansf b'O{cf]�6f c;/� n]�Vg'xf]�;\ .

-5_	 s'g}� b'O{cf]�6f j:�t'dWo]� b'a}�sf]� lk08 b'O{ b'O{ u'0ff a9fpFbf /� tL j:�t'larsf]� 
b'/�L 4 u'0ff 36fpFbf tL b'O{ j:�t'larsf]� u'?Tjfsif{0f andf cfpg]� cGt/� 
ul0ftLo ¿kdf k|:�t't ug'{xf]�;\ .

-h_	 u'?Tj an eg]�sf]� s]� xf]� <

-em_	 u'?Tj k|j]�u kl/�eflift ug'{xf]�;\ .

-`_	 :�jtGq v;fO eg]�sf]� s]� xf]�, o;sf b'O{cf]�6f pbfx/�0f lbg'xf]�;\ .

-6_	 s:�tf]� cj:�yfdf j:�t'sf]� v;fO :�jtGq x'G5 <

-7_	 KjfFv /� l;Ssf k|of]�usf]� lgisif{ n]�Vg'xf]�;\ .

-8_	 tf}�n ljxLgtf eg]�sf]� s]� xf]� <

-9_	 u'?Tj ansf rf/�cf]�6f c;/� pNn]�v ug'{xf]�;\ .

-0f_	 k[YjLdf u'?Tj k|j]�usf]� dfg o;sf]� cw{Jof;sf]� ju{;Fu Jo'Tj|mdfg'kflts  

(g  ∝ 
1

R2 ) x'G5 egL b]�vfpg cfjZos ;dLs/�0f k|dfl0ft ug'{xf]�;\ .

-t_	 u'?Tj k|j]�unfO{ k|efj kfg]�{ sf/�s tÎjx¿ pNn]�v ug'{xf]�;\ .

-y_	 k[YjLsf]� ;txdf u'?Tj k|j]�u 9.8 m/�s2 x'G5 eGgfn]� s]� a'lemG5 <

-b_	 rGb|dfsf]� lk08 k[YjLsf]� lk08sf]� nueu 81 u'0ff sd /� o;sf]� cw{Jof; 
k[YjLsf]� cw{Jof;sf]� nueu 3.7 u'0ff sd 5 . olb k[YjLnfO{ rG›dfsf]� 
cfotg a/�fa/� x'g]� u/�L vfFb\g ;lsof]� eg]� o;sf]� u'?Tj k|j]�udf s]� c;/� 
k5{, ul0ftLo ¿kdf JoSt ug'{xf]�;\ .



lj1fg tyf k|ljlw M sIff !)194

-w_	 aflx/�L cGtl/�Ifdf Pp6f 1 kg sf]� j:�t'df x'g]� u'?Tj k|j]�u 2 m/�s² 5 . 
pSt :�yfdf 10 kg sf]� j:�t'df x'g]� u'?Tj k|j]�u slt x'G5, ts{;lxt k'li6 
ug'{xf]�;\ .

-g_	 Ps hgf dflg;n]� cfk"ml;t ePsf]� j:�t'sf]� lk08 /� tf}�n klxn]� lxdfndf 
dfkg u/�]� /� kl5 k'gM t/�fO{ efudf uP/� dfkg u/�]� . pgn]� lk08 /� tf}�n 
dfkg ubf{ k|fKt x'g]� tYofª\ssf]� t'ngf ug'{xf]�;\ .

-k_	 Ps hgf ljBfyL{n]� l8lh6n t/�fh'df hf]�v]�/� kxf8L e]�saf6 ;'Gtnf lsg]�/� 
t/�fO{df NofO{ a]�Rbf kmfObf x'g]� o'lSt atfP . pgsf]� Tof]� o'lSt j}�1flgs 
tYosf cfwf/�df ;xL /�x]� g/�x]�sf]� k'li6 ug'{xf]�;\ .

-km_	 Kof/�f;'6 k|of]�u u/�L xjfO{hxfhaf6 k[YjLdf xfd kmfNbf ;'/�lIft cjt/�0f 
s;/�L ;Dej x'G5 < s]� rGb|dfsf]� ;txdf klg Kof/�f;'6af6 ;'/�lIft 
cjt/�0f ;Dej x'G5, sf/�0f;lxt pNn]�v ug'{xf]�;\ .

-a_	 k[YjLdf u'8\b}� u/�]�sf]� j:�t'df pTkGg x'g]� k|j]�u pSt j:�t'sf]� lk08;Fu 
Jo'Tj|mdfg'kflts x'G5 t/� k[YjLsf]� ;txlt/� vl;/�x]�sf]� j:�t'sf nflu eg]� 
pTkGg k|j]�u pSt j:�t'sf]� lk08df lge{/� x'Fb}�g, lsg <

5. 	 ul0ftLo ;d:�of

-s_	 b'O{cf]�6f j:�t'x¿ A /� B sf]� lk08 j|mdzM 20 kg /� 40 kg /�x]�sf]� 5 . tL 
b'O{ lk08sf]� s]�Gb|larsf]� b'/�L 5 m 5 eg]� ltgLx¿ lardf u'?Tjfsif{0f an 
lx;fa ug'{xf]�;\ . Ans:� 2.134 × 10–9 N

-v_	 lrqdf b]�vfOPsf b'O{ lk08larsf]� u'?Tjfsif{0f an lx;fa ug'{xf]�;\ .  
Ans:� 3.14 × 10-11 N

5 cm

2.5 kg

B
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-u_ ;"o{sf]� lk08 2 × 1030 kg /� a[x:�kltsf]� lk08 1.9 × 1027 kg 5 . olb 
;"o{ /� a[x:�kltlarsf]� b'/�L 1.8 × 108 km 5 eg]� ;"o{ /� a[x:�kltlarsf]� 
u'?Tjfsif{0f an lx;fa ug'{xf]�;\ . � Ans:� 4.17 × 1023 N

-3_	 k[YjL /� rGb|df larsf]� u'?Tjfsif{0f an 2.01 × 1020 N 5 . olb oL b'O{ 
lk08sf]� b'/�L 3.84 × 105 km 5 /� k[YjLsf]� lk08 5.972 × 1024 kg 5 
eg]� rGb|dfsf]� lk08 lx;fa ug'{xf]�;\ .

	 Ans:� 7.34 × 1022kg

-ª_	 k[YjL /� ;"o{larsf]� u'?Tjfsif{0f an 3.54 × 1022 N 5 . olb k[YjL /� ;"o{sf]� 
lk08 j|mdzM 5.972 × 1024 kg /� 2 × 1030 kg 5 eg]� oL b'O{larsf]� b'/�L 
slt x'G5 < � Ans:� 1.5 × 1011 m

-r_	 rGb|dfsf]� lk08 7.342 × 1022 kg 5 . k[YjL /� rGb|dflarsf]� cf}�;t b'/�L 
384400 km 5 eg]� rGb|dfn]� k[YjLsf]� k|ltlsnf]�u|fd kfgLdf nufpg]� an 
lx;fa ug'{xf]�;\ . � Ans:� 3.314 × 10-5 N

-5_	 rGb|dfsf]� lk08 7.342 × 1022 kg /� cw{Jof; 1737 km 5 eg]� o;sf]� 
u'?Tj k|j]�u slt x'G5 < � Ans:� 1.63 m/�s2

-h_	 k[YjLsf]� lk08 5.972 × 1024 kg /� rGb|dfsf]� Jof; 3474 km 5 . olb 
k[YjLnfO{ vfFb]�/� rGb|df hqf]� kfl/�of]� eg]� gofF aGg]� k[YjLdf u'?Tj k|j]�u 
jf:�tljs k[YjLsf]� eGbf slt u'0ff kl/�jt{g x'G5 < � Ans:� 13.47

-em_	 dª\un u|xsf]� lk08 6.4 × 1023 kg /� cw{Jof; 3389 km 5 eg]� o;sf]� 
u'?Tj k|j]�u lx;fa ug'{xf]�;\ . dª\un u|xsf]� ;txdf 200 kg sf]� j:�t'sf]� 
tf}�n slt x'G5 < � Ans:� 3.75 m/�s2 , 750 N

-`_	 k[YjLdf u'?Tj k|j]�u 9.8 m/�s2 x'G5 . olb a[x:�kltsf]� lk08 k[YjLsf]� lk08sf]� 
319 u'0ff 5 /� o;sf]� cw{Jof; k[YjLsf]� eGbf 11 u'0ff 5 eg]� a[x:�kltdf 
x'g]� u'?Tj k|j]�u lx;fa ug'{xf]�;\ . pSt u|xdf 100 kg lk08sf]� tf}�n slt 
x'G5 < � Ans:� 25.83 m/�s2, 2583 N
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-6_	 k[YjLsf]� lk08 5.972 × 1024 kg /� o;sf]� cw{Jof; 6371 km 5 . lbOPsf]� 
lrqdf s[lqd e"pku|xsf]� prfOdf x'g]� u'?Tj k|j]�u lx;fa ug'{xf]�;\ .  
Ans:� 0.56 m/�s2

h = 20 200 km

Earth

Global Positioning System 
(GPS) Satellite

-7_	 k[YjLsf]� lk08 5.972 × 1024 kg /� o;sf]� cw{Jof; 6371 km 5 . k[YjLsf]� 
;d'b|L ;txaf6 ;u/�dfyfsf]� prfO 8848.86 m 5 eg]� ;u/�dfyfsf]� 
r'r'/�f]�df 10 kg lk08sf]� tf}�n lx;fa ug'{xf]�;\ .

	 Ans:� 97.87 N

-8_	 dª\un u|xdf u'?Tj k|j]�u 3.75 m/�s2 x'G5 . k[YjLdf 100 kg lk08 prfNg 
;Sg]� ef/�Qf]�nsn]� dª\un u|xdf slt lk08 prfNg ;S5 < 

	 Ans:� 261.33 kg

-9_	 Pp6f gbL dflysf]� k'naf6 kfgLdf 9'ª\uf v;fNbf 2.5 ;]�s]�G8kl5 pSt  
9'ª\uf kfgLsf]� ;txdf 7f]�lsPsf]� cfjfh ;'lgof]� eg]� kfgLsf]� ;txaf6 
k'nsf]� prfO lx;fa ug'{xf]�;\ . (g = 9.8 m/�s2) Ans:� 30.62 m

-0f_	 Pp6f 9'ª\ufnfO{ 15 m sf] prfOaf6 v;fNbf pSt 9'ª\ufnfO{ hldgdf 
k'Ug slt ;do nfU5, pSt 9'ª\uf hldgdf 7f]lSsbfsf] ult lx;fa  
ug'{xf];\ .

	 Ans: 1.75 s, 17.15 m/s

-t_	 Pp6f lj|ms]6 annfO{ 15 m/s sf] ultn] l;wf dfly cfsfzdf kmflnof] 
eg] pSt an clwstd slt prfO;Dd dflylt/ hfG5 < 

	 Ans: 11.47 m
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8 rfk  
(Pressure)

Sponge

Brick

lrq 8.1 OF6fsf]� tf}�nn]�  
kmf]�ddf pTkGg x'g]� rfk

lrq 8.2 kfgLn] kfOksf 
leQfdf lbg]� rfk

Water  
in glass

Cardboard
Weight

Atmospheric pressure

lrq 8.3  
xfjfn]� kf]�:�6sf8{df lbg]� rfk

dflysf lrqdf 7f]�;, t/�n tyf Uof;n]� j:�t'df lbg]� rfk k|:�t't ul/�Psf]� 5 . lrq 8.1 
df Pp6f OF6fnfO{ kmf]�ddf /�fVbf o;n]� kmf]�dsf]� ;txdf rfk pTkGg u/�fpF5 . 7f]�;n]� 
ltgLx¿sf]� tf}�nsf sf/�0f ;txdf rfk lbG5g\ . lrq 8.2 df kfOksf]� leQfn]� kfgLsf]� 
rfk y]�Ug g;Sbf kfOk k'm6]�sf]� xf]� . kfOk k'm6\bf kfgL bfofF /� afofF b'a}�lt/� pRr 
rfksf ;fy aflx/� lg:�s]�sf]� 5 . To:�t}� lrq 8.3 df xfjfsf]� rfkn]� kf]�:�6sf8{nfO{ tn 
v:�g glbP/� dfly ws]�n]�sf]� b]�vfOPsf]� 5 . t/�n tyf Uof; kbfy{n]� ljleGg j:�t'sf 
leQfdf nufpg]� nDa an cyf{t\ y|:�6 -thrust_ n]� ubf{ rfk pTkGg x'G5 . j:�t'sf]� 
;txdf nDa ¿kn]� nfUg]� an y|:�6 xf]� . o;sf]� SI PsfO Go'6g -newton_ xf]� . j:�t'sf]� 
k|ltPsfO ;txdf nfUg]� y|:�6nfO{ rfk -pressure_ elgG5 . rfksf]� SI PsfO kf:�sn 
-pascal_ cyf{t\ Go'6g k|ltju{ld6/� -N/�m2_ xf]� .

t/�n /� Uof; ;lhn}� aUg tyf jxg ;Sg]� 
kbfy{ ePsfn]� ltgnfO{ ˆn'8 -fluid_ 
elgG5 . 7f]�;n]� h:�t}� ˆn'8n]� klg j:�t'df 
rfk lbG5 t/� ˆn'8n]� lbg]� rfk s]�jn 
To;nfO{ /�flvPsf]� efF8fsf]� lkFwdf dfq 
geO{ pSt efF8fsf]� ;a}� leQfdf nfU5 . 
s'g}� j:�t'nfO{ ˆn'8df /�fVbf ˆn'8n]� pSt 

lrq 8.4 kfgLdf 
/�flvPsf]� a]�n'g

lrq 8.5 xfjfdf 
xfO8«f]�hg a]�n'g
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j:�t'sf]� ;txdf rfk lbG5 . lrq 8.4 df kfgLsf]� rfkn]� a]�n'gsf]� ;txdf dflylt/� an 
nfu]�sf]� b]�vfOPsf]� 5 . To:�t}� olb pSt a]�n'gdf xfjf e/�]�/� xfjfdf 5f]�8\bf jfo'd08nLo 
xfjfsf]� rfkn]� ubf{ dflylt/� nfUg]� ann]� pSt a]�n'g p8\5 . prfO a9\bf xfjfsf]� 
3gTj 36\g]� x'Fbf lglZrt prfOdf a]�n'gdf dflylt/� nfUg]� an /� To;sf]� tf}�n a/�fa/� 
x'Fbf pSt a]�n'g t}�l/�G5 .

rfksf]� k|;f/�0f (Transmission of pressure)

lrq 8.6 df 7f]�;, t/�n /� Uof;df x'g]� c0f'sf]� ;+/�rgf b]�vfOPsf]� 5 . 7f]�;df c0f' 
Pscsf{sf]� glhs Psbd}� vfFlbP/� /�xG5g\ . ltgsf]� lglZrt cfsf/� /� cfotg x'G5 . 
7f]�;df c0f' ;/�]�/� :�yfg kl/�jt{g ub}�{gg\ . 7f]�; j:�t'sf]� Ps 5]�pdf an nufpFbf pTkGg 
x'g]� rfk pSt 7f]�; eP/� k|;f/�0f x'Fb}�g . t/�n /� Uof;df c0f' rNg ;Sg]� ePsfn]� aGb 
efF8fdf /�flvPsf]� ˆn'8 -fluid_ df rfk k|;f/�0f x'G5 .

lj|mofsnfk 8.1 ˆn'8 (fluid) df x'g]� rfksf]� k|;f/�0f

SOLID

GAS

LIQUID

plunger

water

air Liquid Gas

lrq 8.6 kbfy{df x'g]� 
c0f'sf]� ;+/�rgf

lrq 8.7 aGb ef“8fdf /�x]�sf]� ˆn'8nfO{ vf“b\g]� lj|mof

b'O{ b'O{cf]�6f l;l/�Gh lng'xf]�;\ . tLdWo]� Pp6fdf kfgL /� csf]�{nfO{ vfnL /�fVg'xf]�;\ . 
lrq 8.7 df b]�vfOP h:�t}� vfnL -xfjf ePsf]�_ l;l/�Ghsf]� g'hnnfO{ cf}�Fnfn]� aGb u/�L 
To;sf]� lk:�6gnfO{ leq ws]�Ng'xf]�;\ . o;}� u/�L kfgL /�flvPsf]� l;l/�Ghsf]� g'hnnfO{ 
cf}�Fnfn]� aGb u/�L To;sf]� lk:�6gnfO{ leq ws]�Ng'xf]�;\ . s'gsf]� lk:�6gnfO{ leq ws]�Ng 
;lsG5 < s]� xfjf ePsf]� l;l/�Ghsf]� lk:�6gnfO{ s]�xLleq ws]�Nbf To;df klg kfgL 
el/�Psf]� l;l/�Ghdf h:�tf]� c;/� b]�lvG5 <

plNnlvt lj|mofsnfkdf kfgL el/�Psf]� l;l/�Ghsf]� lk:�6gdf an nufP/� leq ws]�Ng 
vf]�Hbf leq ;b}�{g cyft\ l;l/�Ghdf ePsf]� kfgLnfO{ vfFb\g ;lsFb}�g . t/� xfjf el/�Psf]� 
l;l/�Ghdf lk:�6gnfO{ s]�xL leq ws]�Nbf To;df ePsf]� xfjf vfFlbG5 /� To;kl5 pSt 
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l;l/�Ghdf klg kfgL el/�Psf]� l;l/�Ghdf 
h:�t}� lk:�6gnfO{ leq ws]�Ng ufx|f]� x'G5 . 
t/�n kbfy{sf c0f'larsf]� vfnL 7fpF 
-Intermolecular space_ Psbd sd 
x'G5 . lrq 8.7 df b]�vfOP h:�t}� aflx/�L 
rfkn]� t/�nsf c0f'nfO{ glhs ;fg{ 
;lsFb}�g . t;y{ rfkn]� aGb efF8fdf /�x]�sf]� 
t/�nnfO{ vfFb\g g;lsg]� ePsfn]� ltgsf]� cfotg 36\b}�g . To;}�n]� t/�nsf]� ;txsf]� s'g}� 
klg ljGb'df rfk lbFbf pSt rfk t/�nleq Psgf;n]� k|;f/�0f eO{ rf/�}�lt/� km}�lnG5 . 
pbfx/�0fsf nflu lrq 8.8a df 6'yk]�:�6 el/�Psf]� 6\o'anfO{ lyRbf pTkGg x'g]� rfk k|;f/�0f 
eO{ To;sf]� d'vaf6 6'yk]�:�6 aflx/� lg:�s]�sf]� b]�vfOPsf]� 5 . t/� Uof;df c0f'larsf]� 
vfnL 7fpF t/�nsf]� t'ngfdf 7'nf]� x'G5 . aflx/�L rfkn]� ltgnfO{ vfFb]�/� cfotg 36fpg 
;lsG5 . t;y{ vfFlbPsf]� Uof;df klg rfksf]� k|;f/�0f x'G5 t/� t/�nsf]� hlt k|efjsf/�L 
x'Fb}�g .

lrq 8.8b df b]�vfOPsf]� a]�n'gdf vfFlbPsf]� xfjfdf xftn]� an nufpFbf pTkGg rfk 
k|;f/�0f ePsf]� b]�vfOPsf]� 5 . t;y{ t/�nsf]� h:�t}� Uof;df rfk k|;f/�0fsf nflu ltgnfO{ 
;'?df k|ofKt dfqfdf vfFb\g'k5{ . 

kf:�snsf]� lgod (Pascal's law) 

lj|mofsnfk 8.2

Pp6f kf]�lnlyg emf]�nf -Polythene bag_ df kfgL 
eg{'xf]�;\ . lrq 8.9 df b]�vfOP h:�t}� pSt emf]�nfsf]� 
dflyaf6 d'7Ln]� s;]�/� To;sf]� jl/�kl/� lkgn]� dl;gf 
Kjfn kfg'{xf]�;\ . tL Kjfnaf6 aflx/� cfpg]� kfgL 
cjnf]�sg ug'{xf]�;\ . s]� ;a}�lt/�sf Kjfnaf6 kfgL 
Psgf;n]� aflx/� cfpF5 < kf]�lnlyg emf]�nfdf kfgL 
36\b}� hfFbf k'gM d'7L tnlt/� ;f/�]�/� s:�g'xf]�;\ . dflysf 
lj|mofsnfkdf d'7L s:�bf kf]�lnlyg emf]�nfsf]� dflyNnf]� efudf /�x]�sf]� kfgLdf pTkGg x'g]� 
rfk kfgL x'Fb}� pSt emf]�nfsf]� leQfel/� k|;f/�0f x'G5 . o;n]� ubf{ ;a}� Kjfnaf6 emf]�nfsf]� 
;txdf nDa x'g]� u/�L kfgLsf kmf]�xf]�/�f aflx/� lgl:�sG5g\ . oxfF aGb kf]�lnlyg emf]�nfdf 

a b

lrq 8.8 ˆn'8 df (fluid) x'g] rfksf] k|;f/0f

lrq 8.9 aGb kf]�lnlyg emf]�nfdf  
el/�Psf]� kfgLdf rfksf]� k|;f/�0f
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/�x]�sf]� kfgLsf]� Ps 7fpFdf pTkGg x'g]� rfk ;a}�lt/� nDa ¿kn]� k|;f/�0f ePsf]� 5 . 
k|mfG;]�nL ul0ft1 An]�h kf:�sn -Blaise Pascal_ n]� ;g\ 1653 df o;;DaGwL lgod 
k|ltkfbg u/�]�sf lyP h;nfO{ kf:�snsf]� lgod -Pascal's law_ elgG5 . kf:�snsf]� 
lgodc'g;f/� Pp6f aGb efF8fdf /�flvPsf]� t/�nsf]� s'g}� ljGb'df an nufpFbf pTkGg 
x'g]� rfk pSt t/�nel/� nDa ¿kn]� ;a}�lt/� k|;f/�0f x'G5 .

B

A C

F2

F3

F4

D

F1

a.

10 pa pressure

10 pa pressure

10 pa pressureb.

lrq 8.10 kf:�snsf]� lgodsf]� k|df0fLs/�0f

kf:�snsf]� lgodsf]� k|df0fLs/�0fsf nflu lrq 8.10 a df b]�vfOP h:�t}� Pp6f rf/�cf]�6f 
lk:�6g j|mdzM A, B, C /� D hf]�l8Psf]� uf]�nfsf/� efF8f]� lng ;lsG5 . dfgf}�F rf/�cf]�6f 
lk:�6gsf]� j|m; ;]�S;gn If]�qkmn -cross-sectional area_ j|mdzM a1, a2 , a3 /� a4 5 . 
pSt efF8fnfO{ t/�nn]� e/�L lk:�6g A df F1 an nufP/� leqlt/� ws]�Nbf lk:�6gsf]� j|m; 
;]�S;gdf pTkGg x'g]� rfk x'G5 . pSt rfkn]� ubf{ afFsL tLgcf]�6f lk:�6g aflx/�lt/� 
;5{g\ . cyf{t\ lk:�6g A df pTkGg rfk t/�n e/�L nDa ¿kn]� k|;f/�0f x'G5 . olb 
aflx/�lt/� ;b}�{ u/�]�sf lk:�6gnfO{ ;g{af6 /�f]�Sg ltgdf leqlt/� nufOPsf]� an j|mdzM 
F2, F3 /� F4 ePdf tnsf]� glthf k|fKt x'G5 .

F1

a1
  = 

F2

a2
  = 

F3

a3
  = 

F4

a4
  

t;y{ aGb efF8fdf /�flvPsf]� t/�nsf]� Ps 7fpFdf pTkGg rfk ;a}�lt/� ;dfg ¿kn]� 
k|;f/�0f x'G5 .

kf:�snsf]� lgodsf pkof]�lutf (Applications of Pascal's law)

kf:�snsf]� lgoddf cfwfl/�t eP/� ljleGg lsl;dsf xfO8«f]�lns d]�l;g h:�t}� xfO8«f]�lns 
a|]�s -hydraulic brake_, xfO8«f]�lns lnˆ6 -hydraulic lift_, xfO8«f]�lns k|]�; 
-hydraulic press_ cflb lgdf{0f ul/�G5g\ .
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xfO8«f]�lns d]�l;g (Hydraulic machine)

lj|mofsnfk 8.3 xfO8«f]�lns d]�l;g (Hydraulic machine) sf]� gd'gf lgdf{0f

b'O{cf]�6f km/�s km/�s df]�6fO ePsf l;/�Gh, 
:�nfOg kfOk /� kfgL lng'xf]�;\ . lrq 8.11 df 
b]�vfOP h:�t}� b'a}� l;l/�Ghsf d'v :�nfOg kfOkn]� 
hf]�8\g'xf]�;\ . Pp6f l;l/�Ghsf]� lk:�6gnfO{ aflx/� 
lems]�/� To;df kfgL eg'{xf]�;\ . kfgL ebf{ 
l;l/�Ghsf]� Aof/�ndf lk:�6gnfO{ aflx/�lt/� ;g]�{ 
vfnL 7fpF /�fvL cfwfeGbf s]�xL a9L eg'{k5{ . ;fgf]� lk:�6gsf]� dfly s]�xL tf}�n /�fvL 
csf]�{k6\l6sf]� lk:�6gdf Tof]�eGbf s]�xL a9L tf}�n ePsf]� j:�t' /�fVbf s]� pSt a9L tf}�n 
ePsf]� j:�t' prflnG5 < 7'nf]� lk:�6g dfly /�flvPsf]� tf}�nnfO{ a9fpFb}� hfFbf pSt tf}�n 
;fgf]� lk:�6gdf /�fv]�sf]� tf}�nn]� prfNg ;lsg]� clwstd tf}�n a/�fa/� k'u]�df b'a}� lk:�6g 
;Gt'lnt cj:�yfdf /�xG5g\ . o; lj|mofsnfkdf pSt tf}�n slt x'G5 < tnsf]� h:�t}� 
tflnsf agfP/� tYofª\s ;ª\sng ug{ ;lsG5 .

;fgf]� lk:�6gdfly 
/�flvPsf]� tf}�n -F1_

7'nf]� lk:�6gdfly 
/�flvPsf]� tf}�n -F2_

glthf

;fgf]� lk:�6gdf nfUg]� an ====== u'0ff 
j[l4 x'G5 .

xfO8«f]�lns d]�l;g kf:�snsf]� lgoddf cfwfl/�t an j[l4 ug]�{ 
pks/�0f xf]� . lrq 8.12 df b]�vfOPsf]� PS;se]�6/� -excavator_ 
jf Aofsxf]� -backhoe_ vGgsf nflu k|of]�u x'g]� efu xfO8«f]�lns 
d]�l;gsf]� pbfx0f xf]� . pSt efunfO{ rfndf Nofpg xfO8«f]�lns 
l;lnG8/� /� lk:�6gsf]� k|of]�u ul/�Psf]� 5 . o;n]� hldgdf vGbf 
d]�l;gsf]� vGg]� efu;+Fu}�sf]� dflyNnf]� efu hldglt/� e'mSg'k5{ /� vGg]� 
efu hldgleq ufl8g'k5{ . To;sf nflu dflysf lj|mofsnfk 8.3 
df h:�t}� lrqdf b]�vfOPsf sfnf /�ªsf dl;gf nrsbf/� kfOkdf 
el/�Psf]� t/�n kbfy{nfO{ lk:�6gdfk{mt ws]�lnG5 . o;n]� ubf{ rfnsn]� 
;fgf]� lk:�6gaf6 nufpg]� an j[l4 eO{ hldg vlgG5 .

lrq 8.11 xfO8«f]lns d]l;gsf] gd'gf lgdf{0f

Small piston Large piston

Small syringe
Large syringe

Rubber tube

F1

F2

A1 A2

lrq 8.12
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xfO8«f]lns d]�l;gsf] lgdf{0f /� sfo{ljlw (Construction and working 
mechanism of hydraulic machine)

xfO8«f]�lns d]�l;g lgdf{0fsf nflu lrq 8.13 df b]�vfOP h:�t}� km/�s km/�s j|m;;]�S;gn 
If]�qkmn -cross-sectional area_ ePsf sDtLdf b'O{cf]�6f l;lnG8/�nfO{ Pscsf{;F+u 
h8fg ul/�Psf]� x'G5 . tL l;lnG8/�leqsf]� t/�n gr'lxg]� u/�L k|To]�ssf]� 5]�pdf lk:�6g 
h8fg ul/�G5 . lrqdf b]�vfOPsf]� xfO8«f]�lns d]�l;gsf]� ;fgf]� lk:�6g /� 7'nf]� lk:�6gsf]� 
j|m;;]�S;gn If]�qkmn -cross-sectional area_ j|mdzM A1 /� A2 5 . To:�t}� ;fgf]� 
lk:�6gdf leqlt/� nufOPsf]� an -F1_ n]� ubf{ 7'nf]� lk:�6gdf aflx/�lt/� nfUg]� an F2 5 .

	

lrq 8.13 xfO8«f]�lns d]�l;gsf]� ;+/�rgf /� sfo{ljlw

xfO8«f]�lns d]�l;gdf kf:�snsf]� lgod nfu' x'g]� cfwf/� lgwf{/�0f ul/�Psf]� x'G5 . cyf{t\ 

d]�l;gsf]� ;fgf]� lk:�6gaf6 an nufpFbf l;lnG8/�df el/�Psf]� t/�n vfFlbFb}�g /� pSt 
lk:�6gsf]� ;txdf pTkGg x'g]� rfk (P1 =  

F1
A1

  ) ;a}� lbzfdf nDa tyf ;dfg ¿kn]� 

k|;fl/�t x'G5 . kf:�snsf]� lgodcg';f/�,

;fgf]� lk:�6gsf]� ;txdf pTkGg rfk -P1_ = 7'nf]� lk:�6gsf]� ;txdf pTkGg rfk -P2_

Or 		
F1
A1   

 = 
F2
A2 

		  F2 = A2 ( 
F1
A1 

) .................................................(i)

;dLs/�0f -i_ af6 7'nf]� lk:�6gdf nfUg]� an -F2_, 7'nf]� lk:�6g /� ;fgf]� lk:�6gsf]� 

j|m;;]�S;gn If]�qkmnsf]� cg'kft (A2
A1

) sf]� F1 u'0ff x'G5 . pSt ;dLs/�0fsf]� u'0ffª\s 
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-factor_, (A2
A1

) df 7'nf]� ;ª\VofnfO{ ;fgf]� ;ª\Vofn]� efu ul/�Psf]� x'gfn]� efukmn hlxn]� 

klg 1 eGbf 7'nf]� x'G5 . o;n]� ubf{ F2 klg F1 eGbf 7'nf]� x'G5 . pbfx/�0fsf nflu 

olb 7'nf]� lk:�6gsf]� j|m;;]�S;gn If]�qkmn ;fgf]� lk:�6gsf]� j|m;;]�S;gn If]�qkmnsf]� b'O{ 

u'0ff 5 eg]� pSt d]�l;gsf]� ;fgf]� lk:�6gdf nufOPsf]� an 7'nf]� lk:�6gsf]� ;tx;Dd 

:�yfgfGt/�0f x'Fbf b'O{ u'0ff j[l4 x'G5 .

xfO8«f]�lns d]�l;gsf s]�xL pbfx/�0f (Some examples of hydraulic machine)

xfO8«f]�lns d]�l;g k|of]�hgcg';f/� ljleGg l8hfOg, ;fOh tyf cfsf/�df lgdf{0f ul/�Psf 
x'G5g\ . o;sf s]�xL pbfx/�0f tn k|:�t't ul/�Psf 5g\ M

-c_ xfO8«f]�lns lnˆ6 (hydraulic lift)

lrq 8.14 kf:�snsf]� lgodsf cfwf/�df 
lgdf{0f ePsf]� xfO8«f]�lns lnˆ6

platform for car

oil reservoir

piston

lrq 8.15 xfO8«f]�lns sf/� lnˆ6

lrq 8.14 df bGt lrlsT;s -dentist_ n]� pkrf/�sf j|mddf s';L{df /�xsf]� la/�fdLsf]� 
prfO cfjZostfcg';f/� ldnfpg k|of]�u ul/�g]� xfO8«f]�lns lnˆ6 b]�vfOPsf]� 5 . pSt 
s';L{sf]� k]�8n hl8t ;fgf]� lk:�6gdf nfUg]� an j[l4 eO{ 7'nf]� lk:�6gsf]� ;txdf a9L 
an nfU5 /� la/�fdL dflylt/� prflnG5 . To:�t}� lrq 8.15 df sf/� prfNg k|of]�u x'g]� 
xfO8«f]�lns sf/� lnˆ6 b]�vfOPsf]� 5 . pSt lnˆ6sf]� ;fgf]� l;lnG8/�df ePsf]� t]�nnfO{ 
leqlt/� ws]�lnG5 /� csf]�{lt/�sf]� 7'nf]� lk:�6gdf /�flvPsf]� sf/� prflnG5 . xfO8«f]�lns 
lnˆ6nfO{ ef/�L j:�t' ;xh ¿kn]� prfNg k|of]�u ul/�G5 .
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pbfx/�0f 8.1 Pp6f xfO8«f]�lns lnˆ6df ;fgf]� lk:�6g /� 7'nf]� lk:�6gsf]� j|m;;]�S;gn 
If]�qkmn j|mdzM 0.25 m2 /� 5 m2 /�x]�sf]� 5 . pSt lnˆ6sf]� k|of]�u u/�L 1200 kg sf]� 
sf/�nfO{ prfNg cfjZos an lx;fa ug'{xf]�;\ .

;dfwfg M k|Zgdf lbOPcg';f/�,

;fgf]� lk:�6gsf]� j|m;;]�S;gn If]�qkmn = 0.25 m2

7'nf]� lk:�6gsf]� j|m;;]�S;gn If]�qkmn = 5 m2

7'nf]� lk:�6gdf dflylt/� an nufP/� prflnPsf]� sf/�sf]� lk08 (m_ =1200 kg
cyf{t\ 7'nf]� lk:�6gdf dflylt/� nfUg]� an -F2_ = sf/�sf]� tf}�n

-W_ = mg=1200×9.8=11760 N
;fgf]� lk:�6gdf nufOPsf]� an -F1_

kf:�snsf]� lgodcg';f/�,

			 
F1
A1   

=  
F2
A2 

Or	 F1 = F2 × 
A1
A2

  = 11760 ×  
0.25

5
 

	 F1 = 588 N

lbOPsf]� lnˆ6sf]� k|of]�u u/�L 1200 kg sf]� sf/�nfO{ prfNg 588 N an cfjZos k5{ .

-cf_ xfO8«f]�lns a|]�s (hydraulic brake)

Brake pedal

Wheel disc

Fluid-filled pipes

Fluid

Disc 
pads

Wheel 
disc

Slave 
cylinders 
in block

Master cylinder
To rear  
wheels

a. rf/� kfª\u|]� ;jf/�L ;fwgdf k|of]�u x'g]�

reservoir tank

brake fluid brake lever

brake hose brake pump

dise

piston seal

brake caliper

brake pad

b. b'O{ kfª\u|]� ;jf/�L ;fwgdf k|of]�u x'g]�

lrq 8.16 xfO8«f]�lns a|]�s k|0ffnL
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xfO8«f]�lns a|]�s k|0ffnLdf df:�6/� l;lnG8/� -master cylinder_ /� a|]�s l;lnG8/� -brake 
cylinder_ hf]�l8Psf]� kfOkdf Ps ljz]�if lsl;dsf]� a|]�s t]�n -brake oil_ el/�Psf]� x'G5 . 
tL b'a}� l;lnG8/�df xfjf gl5g]�{ -airtight_ u/�L lk:�6g h8fg ul/�G5 . lrq 8.16a 
df b]�vfOP h:�t}� rf/� kfª\u|]� ;jf/�L ;fwgdf df:�6/� l;lnG8/�sf]� lk:�6gnfO{ rfnssf]� 
v'6\6f /�xg]� efudf cjl:�yt a|]�s k]�8n;F+u lne/� -lever_ åf/�f h8fg ul/�Psf]� x'G5 . 
To:�t}� 8.16b df b]�vfOP h:�t}� b'O{ kfª\u|]� ;jf/�L ;fwgdf df:�6/� l;lnG8/�sf]� lk:�6gnfO{ 
rfnssf]� xft /�xg]� :�yfgdf a|]�s lne/� -lever_ ;Fu h8fg ul/�Psf]� x'G5 .

a|]�s l;lnG8/� ;jf/�L ;fwgsf]� kfª\u|fdf cjl:�yt x'G5 . a|]�s l;lnG8/�sf]� lk:�6gnfO{ 
a|]�s ;' -brake shoe_ jf a|]�s Kof8 -brake pad_ ;Fu hf]�l8Psf]� x'G5 . df:�6/� 
l;lnG8/�sf]� ;fgf]� lk:�6gdf yf]�/�}� an nufP/� To;leqsf]� t/�n kbfy{df ws]�Nbf pTkGg 
x'g]� rfk k|;f/�0f eO{ a|]�s l;lnG8/�df h8fg ul/�Psf]� 7'nf]� lk:�6gdf w]�/�}� an nfU5 . 
h;n]� ubf{ tLj| ultdf u'l8/�x]�sf]� ;jf/�L ;fwgnfO{ xfO8«f]�lns a|]�ssf]� k|of]�un]� Ps 
l5gd}� /�f]�Sg ;lsG5 .

-O_ xfO8«f]�lns Hofs (Hydraulic jack)

lrq 8.17 xfO8«f]�lns Hofs

xfO8«f]�lns Hofssf]� k|of]�un]� 6«s, a;, sf/� cflbnfO{ hldgaf6 s]�xL dfly prflnG5 . 
lrq 8.17 df b]�vfOP h:�t}� o;df ;fgf]� j|m;;]�S;gn If]�qkmn ePsf]� klDkª lk:�6g 
-pumping piston_ /� 7'nf]� j|m;;]�S;gn If]�qkmn ePsf]� lnlˆ6ª lk:�6g -lifting 
piston_ h8fg ul/�Psf]� x'G5 . oL b'a}� lk:�6gsf lardf el/�g]� t]�nsf]� s]�an bfofFaf6 
afofF PstkmL{ axfa -one way flow_ sf nflu tNnf]� eNe -bottom valve_ /�flvPsf]� 
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x'G5 . To:�t}� t]�nsf]� e08f/� -oil reservoir_ af6 klDkª lk:�6glt/� cyf{t\ afofFaf6 
bfofF PstkmL{ ¿kdf t]�nsf]� axfjsf nflu dflyNnf]� eNe -top valve_ /�flvPsf]� x'G5 .

xfO8«f]�lns Hofsdf l/�lnlhª eNe -releasing valve_ nfO{ s;]�/� lne/� tn ws]�Nbf 
dflyNnf]� eNa aGb x'G5 /� tNnf]� eNe v'N5 . o;n]� ubf{ pSt Hofssf]� klDkª lk:�6gdf 
nufPsf]� an j[l4 eO{ lnlˆ6ª lk:�6g dflysf]� nf]�8 s]�xLdfly ws]�lnG5 . To;kl5 
lne/�nfO{ dfly tfGbf pRr rfkn]� tNnf]� eNe aGb x'G5 /� dflyNnf]� eNe v'N5 . 
o;sf/�0f t]�n e08f/�af6 k|jfx ePsf]� t]�n klDkª lk:�6gsf]� l;lnG8/�df el/�G5 . 
o;/�L csf]�{ r/�0fsf]� klDkªdf k'gM nf]�8 s]�xL dfly ws]�lnG5 /� k6s k6s lne/�nfO{ 
tn ws]�Ng]� /� dfly tfGg]� lj|mofn]� nf]�8nfO{ xfO8«f]�lns Hofssf]� k|of]�u u/�L cfjZos 
prfO;Dd ws]�Ng ;lsG5 .

-O{_ xfO8«f]�lns k|]�; (Hydraulic press)

xfO8 « f ] �lns k | ] �;sf ]� ;fgf ]� 
lk:�6gdf yf]�/�}� an nufpFbf j[l4 
x'g]� anåf/�f ljleGg j:�t'nfO{ 
lyRg ;lsG5 . lrq 8.18 
a df lyRg'kg]�{ j:�t'nfO{ 7'nf]� 
lk:�6g /� pSt lk:�6g dflysf]� 
s8f cf8 -rigid support_ 
sf lardf RoflkPsf]� 5 . 
xfO8«f]�lns  k|]�;sf]� k|of]�un]� 
;jf/�L ;fwgsf d]�sflgsn 
kf6{\; lkm6 ug]�{, wft'sf kftf 
aª\Uofpg]� tyf ltgdf Kjfn kfg]�{, wft'sf 6'j|mf6'j|mL vfFb\g]�, sfuh, skf; tyf k/�fnnfO{ 
vfFb]�/� Kofs -pack_ ug]�{ h:�tf sfo{ ul/�G5 . 

pWj{rfk (Upthrust)

lj|mofsnfk 8.2 pWj{rfksf]� cjnf]�sg

Pp6f vfnL Knfl:�6s af]�tn /� aflN6gdf kfgL lng'xf]�;\ . af]�tnsf]� lasf]�{nfO{ xfjf 
gl5g]�{ u/�L s:�g'xf]�;\ . o;nfO{ kfgLn]� el/�Psf]� aflN6gdf /�fVg'xf]�;\ . af]�tn kfgLdf 

a. vf“b\g]� k|]�;
b. js{;k -workshop_ k|]�;

lrq 8.18 xfO8«f]�lns k|]�;
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t}�l/�G5 . af]�tnnfO{ kfgLleq ws]�Ng'xf]�;\ . cjnf]�sg tyf 5nkmnaf6 tnsf k|Zg 
;dfwfg ug'{xf]�;\ M

-c_ 	s]� af]�tnnfO{ kfgLleq ws]�Nbf pSt af]�tn dflylt/� ws]�lnPsf]� cg'ej x'G5 <

-cf_ 	Knfl:�6s af]�tnnfO{ xfjfdf 5f]�8\bf u'?Tjansf sf/�0fn]� tnlt/� v:�5 t/� 
kfgLsf]� ;txdf /�fVbf lsg g8'a]�sf]� xf]�nf, s]� kfgLdf /�fVbf af]tndf u'?Tjan  
nfUb}g <

lrq 8.19 kfgLdf vfnL Knfl:�6s af]�tnnfO{ 8'afp“bf pSt af]�tndf dflylt/� nfUg]� an

Knfl:�6s af]�tnnfO{ kfgLleq ws]�Nb}� hfFbf ufx|f]� x'g'sf]� cy{ pSt af]�tndf kfgLn]� 
dflylt/� ws]�ln/�fv]�sf]� 5 eGg]� x'G5 . af]�tn k"0f{ ¿kn]� g8'a]�;Dd tnlt/� ulx/�fOdf 
ws]�Nbf kfgLn]� dflylt/� nufpg]� an a9\b}� hfG5 . af]�tnnfO{ 5f]�8\bf of]� k'gM kfgLsf]� 
;txdf kmls{G5 . j:�t'nfO{ kfgLdf /�fVbf kfgLn]� Tof]� j:�t'nfO{ dflylt/� ws]�Ng]� annfO{ 
pWj{rfk -upthrust_ elgG5 . xfjf, kfgLnufotsf ;a}� ̂ n'8n]� pWj{rfk pTkGg x'G5 
t/� pWj{rfksf]� dfqf eg]� ˆn'8sf]� 3gTjcg';f/� km/�s km/�s x'G5 .
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lrq 8.20 /� lrq 8.21 df b]�vfOP h:�t}� s'g}� j:�t'nfO{ xfjf jf kfgLdf /�fVbf u'?Tjann]� 
ubf{ x'g]� tf}�n /� pWj{rfk u/�L b'O{cf]�6f an nfU5g\ . oL b'a}� an Pscsf{sf]� ljk/�Lt 
lbzfdf x'g]� ePsfn]� pWj{rfkn]� tf}�nsf]� dfqfnfO{ 36fpg]� jf lglij|mo ug]�{ u5{ . 
pbfx/�0fsf nflu dflysf]� lj|mofsnfk 8.2 df xfjfn]� Knfl:�6s af]�tndf nufpg]� pWj{rfk 
-U_ eGbf u'?Tjan cyf{t\ af]�tnsf]� tf}�n -W_ a9L x'G5 . u'?Tjann]� tnlt/� nfUg]� 
annfO{ pWj{rfkn]� lglij|mo ug{ ;Sb}�g /� af]�tn xfjfdf 8'A5 jf tnlt/� v:�5 . o;sf]� 
l7s ljk/�Lt af]�tnnfO{ kfgLdf ha/�h:�tL 8'afpFbf af]�tndf nfUg]� pWj{rfk af]�tnsf]� 
tf}�neGbf a9L x'G5 . u'?TjannfO{ pWj{rfkn]� lglij|mo u5{ /� kfgLleq 8'afOPsf]� af]�tn 
aflx/� lgl:�sG5 . af]�tnsf]� tf}�n /� pWj{rfk a/�fa/� ePkl5 af]�tn kfgLdf t}�l/�G5 . 
t;y{ s'g}� j:�t' Uof; jf t/�n -ˆNf'8_ df cflz+s jf k"0f{ ¿kn]� 8'Abf pSt j:�t'df 
dflylt/� nfUg]� kl/�df0ffTds an -resultant force_ nfO{ pWj{rfk elgG5 . o;sf]� 
SI PsfO Go'6g -N_ xf]� .

ljrf/�0fLo k|Zg

-c_	 dflysf]� lj|mofsnfk 8.2 df k|of]�u ePsf]� af]�tndf kfgL e/�]�/� k'gM aflN6gsf]� 
kfgLdf /�fVbf s]� x'G5 <

-cf_	 kfgLdf 8'a]�sf]� aflN6gnfO{ 8f]�/�Ln]� kfgLaf6 aflx/� lemSg]� j|mddf kfgLleq /�x]�sf]� 
cj:�yfdf nufpg'kg]�{ an /� kfgLaf6 aflx/� xfjfdf cfO;s]�kl5 pSt aflN6gnfO{ 
dfly tfGg nufpg'kg]�{ andf s:�tf]� cGt/� kfOG5 <

Pp6f Ogf/�df aflN6g v;fNbf ;'?df s]�xL ;do t}�l/�G5 t/� To;df kfgL el/�Pkl5 
kfgL;lxt To;sf]� tf}�n a9\5 . pSt cj:�yfdf u'?Tjann]� aflN6gdf tnlt/� nfUg]� 
annfO{ kfgLsf]� pWj{rfkn]� lglij|mo ug{ ;Sb}�g /� aflN6g kfgLdf 8'A5 . kfgLleq 
8'a]�sf]� aflN6gdf nfUg]� pWj{rfkn]� pSt aflN6gsf]� kfgLleq x'g]� tf}�nnfO{ 36fpF5 . 
pSt cj:�yfdf aflN6gsf]� tf}�n jf:�tljs tf}�neGbf sd x'G5 . o;n]� ubf{ kfgLleq 
8'a]�sf]� aflN6gnfO{ 8f]�/�Ln]� dfly tfGbf To;sf]� jf:�tljs tf}�neGbf sd an nufpg'k5{ . 
aflN6gnfO{ kfgLaf6 aflx/� tfGg]� j|mddf ha xfjfdf k|j]�z u5{ ta To;df xfjfn]� 
ubf{ nfUg]� pWj{rfk kfgLsf]� pWj{rfksf]� t'ngfdf guGo x'G5 . pSt cj:�yfdf aflN6g 
tfGg nfUg]� an a9\5 . t;y{ Ogf/�sf]� kfgLleq x'Fbf kfgLn]� el/�Psf]� aflN6g tfGg 
;lhnf]� x'G5 .
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;a}� cj:�yfdf xfjfsf]� pWj{rfk guGo x'Fb}�g . Knfl:�6s af]�tn, aflN6g cflbn]� xfjfdf 
yf]�/�}� :�yfg cf]�u6\5 /� ltgdf nfUg]� pWj{rfk lgs}� sd x'G5 . t/� xjfO{hxfhdf pWj{rfk 
a9L nfU5 .

pWj{rfksf]� sf/�0f (Cause of upthrust)

lrq 8.23 df kfgLleq 8'a]�sf]� 3gfsf/� j:�t'sf]� ;txdf kfgLsf]� rfkn]� ubf{ nfUg]� 
annfO{ jf0f lrx\gåf/�f b]�vfOPsf]� 5 . pSt 3gfsf/� j:�t'sf]� dflyNnf]� /� tNnf]� ;txdf 
nfUg]� anafx]�s cGo ;txdf nfUg]� an /� ltgsf]� ljk/�Lt ;txdf nfUg]� an a/�fa/� /� 
ljk/�Lt lbzfdf 5 . o;n]� ubf{ bfofF ;txdf nfUg]� annfO{ afofF ;txdf nfUg]� ann]� 
/� cufl8sf]� ;txdf nfUg]� annfO{ k5fl8sf]� ;txdf nfUg]� ann]� /�2 -cancel_ u5{ .

t/�nn]� o;leq 8'a]�sf j:�t'df ;a}�lt/�af6 nDa ¿kdf 
rfk lbO/�x]�sf]� x'G5 . pSt rfk j:�t'sf]� ulx/�fO a9\bf 
a9\5 . t;y{ kfgLleqsf]� 3gfsf/� j:�t'sf]� tNnf]� ;tx 
a9L ulx/�fOdf /�x]�sfn]� pSt ;txdf nfUg]� rfk;+Fu}� an 
klg dflyNnf]� ;txdf nfUg]� rfk tyf aneGbf a9L 
x'G5 . o;n]� ubf{ 3gfsf/� j:�t'sf]� dflyNnf]� ;txdf nfUg]� 
annfO{ tNnf ;txdf nfUg anaf6 36fpFbf cfpg] 
kl/�df0ffTds an -resultant force_ sf]� lbzf dflylt/� 
x'G5 . o;}nfO{ pWj{rfk elgG5 . pSt j:�t'df nfUg]� pWj{rfksf]� lbzf dflylt/� x'G5 .

lj|mofsnfk 8.3 kfgLdf 8'afOPsf]� 9'ª\ufdf nfUg]� pWj{rfksf]� lx;fa

Pp6f ;fgf]� cfsf/�sf]� 9'ª\uf, cfwfeGbf a9L kfgL el/�Psf]� 
ljs/�, l:�k|ª Aofn]�G; /� wfufsf]� 6'j|mf lng'xf]�;\ . lrq 8.24 
df b]�vfOP h:�t}� 9'ª\ufnfO{ wfufn]� afFw]�/� l:�k|ª Aofn]�G;df 
e'mG8\ofpg'xf]�;\ . pSt 9'ª\ufnfO{ xfjfdf hf]�Vbf x'g]� tf}�n /� 
kfgLdf 8'afP/� hf]�Vbf x'g]� tf}�n dfkg ug'{xf]�;\ . s]� xfjfdf 
x'g]� tf}�n /� kfgLdf x'g]� tf}�n a/�fa/� x'G5 <

s'g}� j:�t'nfO{ t/�n kbfy{df 8'afpFbf pSt j:�t'df nfUg]� 
pWj{rfkn]� tf}�n 36]�sf]� kfOG5 . xfjfdf dfkg ul/�g]� j:�t'sf]� 
tf}�nnfO{ jf:�tljs tf}�n -W1_ /� t/�n kbfy{leq /�x]�sf]� 

Pressure

lrq 8.23 pWj{rfksf]� lbzf

W1 W2

lrq 8.24 kfgLdf 8'afOPsf]�  
9'ª\ufdf nfUg]� pWj{rfk
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j:�t'sf]� dfkg ul/�g]� tf}�nnfO{ cjf:�tljs tf}�n -W2_ elgG5 . t;y{ j:�t'nfO{ t/�n 
kbfy{df 8'afpFbf nfUg]� pWj{rfknfO{ ;"qsf ¿kdf lgDgfg';f/� k|:�t't ug{ ;lsG5 M

pWj{rfk -U_ = jf:�tljs tf}�n -W1_ – cjf:�tljs tf}�n -W2_

pWj{rfknfO{ c;/� ug]�{ tŒjx¿ (Factors affecting upthrust)

-c_ t/�nsf]� 3gTj (Density of a liquid)

lj|mofsnfk 8.4 ljleGg dfWoddf x'g]� 9'ª\ufsf]� tf}�n cjnf]�sg

k"jf{g'dfg M kfgL, lUnl;l/�g /� vfg]�t]�ndWo]� s'g kbfy{df 9'ª\ufnfO{ hf]�Vbf ;a}�eGbf 
sd tf}�n x'G5 <

tLgcf]�6f las/�df j|mdzM kfgL /� vfg]�t]�n lng'xf]�;\ . l:�kª Aofn]�G;df 9'ª\ufnfO{  
e'mG8\ofP/� kfn}�kfnf]� tLgcf]�6}� t/�ndf pSt 9'ª\ufsf]� tf}�n dfkg ug'{xf]�;\ .

kfgLdf x'g]� tf}�n vfg]� t]�ndf x'g]� tf}�n glthf

..................................... ..................................... .............................

vfg]�t]�n /� kfgLsf]� 3gTj j|mdzM 0.90 g/�cm3 /� 1 g/�cm3 x'G5 . dflysf]� lj|mofsnfkdf 
vfg]�t]�ndf eGbf kfgLdf 9'ª\ufsf]� tf}�n sd x'G5 . vfg]�t]�nsf]� eGbf kfgLsf]� 3gTj 
a9L x'g]� ePsfn]� kfgLn]� lbg]� pWj{rfk klg t]�nsf]� eGbf a9L x'G5 . t;y{ s'g}� j:�t'df 
nfUg]� pWj{rfk pSt j:�t'åf/�f lj:�yflkt t/�n kbfy{sf]� 3gTj;Fu ;dfg'kflts x'G5 . 
cyf{t\ s'g}� j:�t'nfO{ j|mdzM klxn]� sd 3gTj ePsf]� t/�n kbfy{ /� To;kl5 a9L 3gTj 
ePsf]� t/�n kbfy{df 8'afpFbf a9L 3gTj ePsf]� t/�n kbfy{n]� lbg]� pWj{rfk a9L x'G5 .

pWj{rfk (upthrust) ∝ t/�n kbfy{sf]� 3gTj (density of a liquid)

pWj{rfk 3gTj;F+u ;dfg'kflts x'g]� ePsfn]� kmnfdsf]� uf]�nf 
kfgLdf 8'A5 t/� pRr 3gTj ePsf]� kf/�f]�df eg]� pSt kmnfdsf]� 
uf]�nf t}�l/�G5 . To:�t}� lrq 8.25 df b]�vfOP h:�t}� Pp6f cfwfeGbf 
a9L wf/�fsf]� kfgL el/�Psf]� sfFrsf]� lunf;df cG8f /�fVbf 8'A5 
t/� pSt kfgLdf vfg]� g'g 3f]�Nb}� hfFbf cG8f t}�l/�g yfN5 . 
g'gkfgLsf]� 3gTj wf/�fsf]� kfgLeGbf a9L x'G5 . To;sf/�0f 

lrq 8.25 wf/�fsf]� 
kfgL /� g'gkfgLdf 
/�flvPsf]� c08f
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cG8fdf g'gkfgLn]� wf/�fsf]� kfgLsf]� t'ngfdf a9L pWj{rfk lbG5 . o;n]� ubf{ cG8f 
wf/�fsf]� kfgLdf 8'A5 t/� g'gkfgLdf t}�l/�G5 . oxL sf/�0fn]� ubf{ ;d'›sf]� kfgLdf kf}�8L 
v]�Ng ;lhnf]� x'G5 . To:�t}� gbLsf]� kfgLdf eGbf ;d'b|sf]� kfgLdf kfgLhxfh sd 8'A5 .

-cf_ lj:�yflkt t/�n kbfy{sf]� cfotg (Volume of the displaced liquid)

150 N
140N 130 N 120 N

lrq 8.26 M pWj{rfk /� lj:�yflkt t/�nsf]� cfotg

dflysf]� lrq 8.26 df Pp6f 7f]�; a]�ngfsf/� j:�t' xfjfaf6 kfgLleq 8'Ag]� j|mddf k"0f{ 
¿kn]� g8'a'Gh]�n;Dd ljleGg cj:�yfdf x'g]� To;sf]� tf}�n b]�vfOPsf]� 5 . 7f]�; j:�t' 8'Ag]� 
j|mddf pSt j:�t'sf]� kfgLleq 8'Ag]� cfotg a9\b}� hfFbf l:�k|ª Aofn]�G;sf]� l/�l8ª 36\b}� 
uPsf]� b]�vfOPsf]� 5 . pSt 7f]�; j:�t' hlt hltleq 8'Ab}� hfG5 Tolt g}� lj:�yflkt 
kfgLsf]� cfotg klg a9\5 . kfgLleq k"0f{ ¿kn]� 8'la;s]�kl5 eg]� l:�k|ªAofn]�G;sf]� 
l/�l8ª l:�y/� /�xG5 .

t/�n kbfy{leq 8'Ag]� j|mddf 7f]�; j:�t'sf]� t/�nleqsf]� 
cfotg a9\b}� hfFbf To;df nfUg]� …�pWj{rfkÚ� klg a9\b}� 
hfG5 /� j:�t' k"0f{tof t/�ndf 8'a]�sf]� cj:�yfdf pWj{rfk 
clwstd x'G5 . j:�t' t/�ndf 8'la;s]�kl5 pSt j:�t'sf]� 
ulx/�fO a9]� klg pWj{rfk eg]� l:�y/� /�xG5 . pbfx/�0fsf 
nflu lrq 8.27 df b]�vfOP h:�t}� b'O{cf]�6f km/�s km/�s 
tf}�n ePsf t/� a/�fa/� cfotg ePsf 3gfsf/� 7f]�;nfO{ 
t/�n kbfy{df k"0f{ ¿kn]�  8'afpFbf ltgdf ;dfg pWj{rfk 
nfU5 . t;y{ sg}� j:�t'nfO{ cf+lzs jf k"0f{ ¿kn]� t/�n 
kbfy{df 8'afpFbf To;df nfUg]� pWj{rfk lj:�yflkt t/�nsf]� cfotg;F+u ;dfg'kflts 

lrq 8.27 M ;dfg cfotg ePsf 
3gfsf/� j:�t'df nfUg]� pWj{rfk



lj1fg tyf k|ljlw M sIff !)212

x'G5 . cyf{t\ t/�n kbfy{df 8'a]�sf]� j:�t'sf]� cfotg a9\bf To;df nfUg]� pWj{rfk klg 
a9\5 .

pWj{rfk ∝ lj:�yflkt t/�n kbfy{sf]� cfotg

xfjf gl5g]�{ u/�L lasf]�{ nufOPsf]� 7'nf]� Knfl:�6ssf]� af]�tn /� 
;fgf Knfl:�6s af]�tnnfO{ kfgLdf 8'afpg vf]�Hbf 7'nf af]�tnn]� 
;fgf]�sf]� eGbf w]�/�}� dfqfdf kfgL lj:�yflkt u5{ . o;n]� ubf{ 
7'nf]� Knfl:�6ssf]� af]�tndf a9L pWj{rfk nfU5 . To;}�n]� 7'nf]� 
Knfl:�6ssf]� af]�tnnfO{ kfgLdf 8'afpg ;fgf]� af]�tndf eGbf 
a9L an nufpg'k5{ . o:�t}� c;/� lxlnod Uof; el/�Psf]� 7'nf]� 
/� ;fgf]� a]�n'gdf klg nfu' x'G5 . 7'nf]� a]�n'gn]� ;fgf]�  a]�n'gsf]� 
eGbf a9L xfjfsf]� cfotgnfO{ lj:�yflkt ug]�{ ePsfn]� To;df 
nfUg]� pWj{rfk klg a9L x'G5 .

s'g}� j:�t'nfO{ ˆn'8 -fluid_ df /�fVbf pSt j:�t'df nfUg]� pWj{rfk /� lj:�yflkt x'g]� 
ˆm\n'8sf]� tf}�nlarsf]� ;DaGw cfls{ldl8hsf]� l;4fGtn]� lbG5 .

cfls{ldl8hsf]� l;4fGt (Archimedes' principle)

lj|mofsnfk 8.5 cfls{ldl8hsf l;4fGtsf]� k|df0fLs/�0f

Pp6f l:�k|ª Aofn]�G;, o'/�]�sf Sofg 
-lj:�yflkt kfgL ;ª\sng ug{ ;lsg]� 
las/�_, las/�, ;fgf]� 9'ª\uf /� dudf kfgL 
lng'xf]�;\ . lrq 8.29 df b]�vfOP h:�t}� 
l:�k|ª Aofn]�G;df  9'ª\ufnfO{ e'mG8\ofP/� 
klxn]� xfjfdf /� To;kl5 o'/�]�sf Sofgdf 
ePsf]� kfgLdf 8'afP/� hf]�Vg'xf ]�;\ .  
9'ª\ufsf]� kfgLdf x'g]� tf}�n hf]�Vbf lj:�yflkt 
x'g]� kfgLsf]� tf}�n klg hf]�Vg'xf]�;\ . o;sf nflu klxn vfnL las/�sf tfn hf]�v]�/� pSt 
tf}�nnfO{ lj:�yflkt kfgL;lxtsf]� las/�sf]� tf}�naf6 36fpg'k5{ .

o; lj|mofsnfkdf cfjZos tYofª\snfO{ lbOPsf]� h:�t}� tflnsfdf ;ª\sng ug{ 
;lsG5 M

lrq 8.28 7'nf]� /� ;fgf]� 
a]�n'gdf nfUg]� pWj{rfk

displaced  
water

lrq 8.29: cfls{ldl8hsf]� l;4fGtsf]� k|df0fLs/�0f

spring 
balance

water
Eureka can

empty beaker
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xfjfdf 
9'ª\ufsf]� 
tf}�n -W1_

kfgLdf 
9'ª\ufsf]� 
tf}�n 
-W2_

pWj{rfk 
-U_ = 
W1 -W2

vfnL 
las/�sf]� 
tf}�n 
-W3_

lj:�yflkt 
kfgL /� 
las/�sf]� tf}�n 
-W4_

lj:�yflkt 
kfgLsf]� 
tf}�n 
-W3_

glthf

U = ..............

o; lj|mofsnfkdf 9'ª\ufnfO{ kfgLdf 8'afpFbf 
To;df nfUg]� pWj{rfk /� lj:�yflkt kfgLsf]� 
tf}�n a/�fa/� x'G5 . o;n]� cfls{ldl8hsf]� 
l;4fGtnfO{ k|dfl0ft u5{ . pbfx/�0fsf 
nflu lrq 8.30 df 7f]�; j:�t'nfO{ kfgLdf 
8'afpFbf nfUg]� 4 N pWj{rfk a/�fa/�sf]� kfgL 
klg lj:�yflkt ePsf]� b]�vfOPsf]� 5 .

cfls{ldl8h O;fk"j{ 287 df hGd]�sf lu|s 
ul0ft1 x'g\ . cfls{ldl8hsf]� l;4fGtcg';f/� 
s'g}� j:�t'nfO{ cf+lzs jf k"0f{ ¿kn]� t/�n 
kbfy{df 8'afpFbf nfUg]� pWj{rfk pSt j:�t'n]� lj:�yflkt ug]�{ t/�nsf]� tf}�n;F+u a/�fa/� 
x'G5 . of]� l;4fGt s]�jn t/�nsf nflu dfq ;To x'g]� geO{ ;a}� ˆn'8df nfu' x'G5 . 

ul0ftLo ¿kdf,

pWj{rfk -U_ = lj:�yflkt t/�nsf]� tf}�n -W_ 

	 U=mg=V ρ g lsgls, t/�nsf]� 3gTj -ρ_ = 
lk08 (m)
cfotg -V_  

Dfflysf]� ;dLs/�0fdf 'V' n]� lj:�yflkt t/�nsf]� cfotg, 'ρ' n]� 3gTj /� 'g' n]� u'?Tj 
k|j]�unfO{ hgfpF5g\ .

t/�ndf /�fv]�sf]� j:�t'df nfUg]� pWj{rfk pSt j:�t'n]� lj:�yflkt ug]�{ t/�nsf]� cfotgdf 
lge{/� x'G5 . To:�t}� cfls{ldl8hsf]� l;4fGtcg';f/� j:�t'df nfUg]� pWj{rfk lj:�yflkt 
t/�nsf]� tf}�n a/�fa/� x'G5 . t;y{ s'g}� j:�t'nfO{ t/�ndf /�fVbf pSt j:�t'sf]� tf}�n /� 
To;df nfUg]� pWj{rfksf cfwf/�df j:�t' t}�l/�g' -float_ jf 8'Ag' -sink_ klg lj:�yflkt 
t/�ndf e/� k5{ .

lrq 8.30 pWj{rfk /� lj:�yflkt t/�nsf]� tf}�n

10N 6N 6N

upthurst = 4 N
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t}�l/�g]� cj:�yf (Floatation)

ljrf/�0fLo k|Zg

-c_	 s:�tf]� cj:�yfdff j:�t'x¿ 8'A5g\ jf t}�l/�G5g\ <

-cf_	 kfgLeGbf sd 3gTj ePsf]� t]�n kfgLsf]� ;txdf t}�l/�G5 . s]� kfgLeGbf a9L 
3gTj ePsf]� kmnfdaf6 ag]�sf]� j:�t' klg kfgLdf t}�l/�g ;S5 <

j:�t'sf]� 3gTj t/�n kbfy{sf]� 3gTjeGbf sd ePdf pSt j:�t' t/�n kbfy{df t}�l/�G5 . 
s]�jn kbfy{sf]� 3gTjnfO{ t/�nsf]� 3gTj;Fu t'ngf u/�]�/� j:�t' t}�l/�g]� jf 8'Ag]� lglZrt 
x'Fb}�g . pSt tYonfO{ lbOPsf]� lj|mofsnfkåf/�f k'li6 ug{ ;lsG5 M

lj|mofsnfk 8.6 8'Ag]� /� t}�l/�g]� cj:�yfsf]� cjnf]�sg

b'O{cf]�6f ;dfg If]�qkmn ePsf cflNdlgod 
kmf]�Onsf 6'j|mf /� Pp6f las/�df cfwfeGbf 
a9L kfgL lng'xf]�;\ . lrq 8.31 df b]�vfOP 
h:�t}� kfn}�kfnf]� Pp6f 6'j|mfnfO{ 8Nnf]� /� csf]�{ 
6'j|mfnfO{ kftfsf ¿kdf kfgLdfly /�fVg'xf]�;\ . 
s'g t}�l/�G5 /� s'g 8'A5, cjnf]�sg ug'{xf]�;\ .

olb cflNdlgod kmf ]�On -foil_ 8Nnf]� 
kfl/�Psf]� 5 eg]� o;sf]� ;txsf]� If]�qkmn sd x'G5 . To;n]� lj:�yflkt ug]�{ kfgLsf]� 
cfotg klg sd x'g]� ePsfn]� pWj{rfk klg sd nfU5 . pWj{rfk kmf]�Onsf]� tf}�neGbf 
sd x'Fbf kfgLdf 8'A5 . olb cflNdlgod kmf]�On -foil_ 8Nnf]� gkf/�L l;wf kftfsf 
¿kdf kfgLdf /�flvPsf]� 5 eg]� To;sf]� ;txsf]� If]�qkmn;F+u}� kfgLn]� nufpg]� pWj{rfk 
klg a9\5 . kmf]�Onsf]� tf}�n /� pWj{rfk a/�fa/� ePsf]� cj:�yfdf pSt kmf]�On t}�l/�G5 .

cfNdf]�lgod -aluminium_ sf]� 3gTj 2700 kg/�m3 x'G5 . of]� kfgLsf]� eGbf 2.7 
u'0ff a9L xf]� . o;/�L 3gTjsf cfwf/�df cflNdlgod kfgLdf 8'Ag]� lgisif{ lgl:�sG5 t/� 
lj|mofsnfk 8.8 sf]� glthfcg';f/� kftfsf ¿kdf /�flvPsf]� cfNdf]�lgod kmf]�On eg]� 
kfgLdf t}�l/�G5 . t;y{ s'g j:�t' t/�ndf t}�l/�g' jf 8'Ag' s]�an kbfy{sf]� 3gTjdf dfq 
geO{ pSt j:�t'sf cfsf/� cyf{t\ pSt j:�t'nfO{ t/�n kbfy{df /�fVbf nfUg]� kl/�df0ffTds 
andf klg lge{/� x'G5 . t/�n kbfy{df /�flvPsf j:�t'df nfUg]� tf}�n /� pWj{rfk l7s 

lrq 8.31 kfgLdf /flvPsf] cflNdlgod kmf]On
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Pscsf{sf]� ljk/�Lt lbzfdf nfUg]� an x'g\ . olb pWj{rfkn]� j:�t'sf]� tf}�nnfO{ /�4 
-cancel_ ug{ ;s]� kl/�df0ffTds an z"Go x'g uO{ pSt j:�t' t/�ndf t}�l/�G5 .

t/�ndf t}�l/�/�x]�sf]� j:�t' cf+lzs jf k"0f{ ¿kn]� t/�nsf]� ;txleq x'g ;S5 . cf+lzs 
¿kn]� t}�l/�/�x]�sf]� cj:�yfdf t/�n kbfy{leq 8'a]�sf]� efun]� dfq t/�n kbfy{ lj:�yflkt 
u5{ . s'g}� j:�t' t/�n kbfy{df t}�l/�g pSt j:�t'sf]� tf}�n lj:�yflkt t/�n kbfy{sf]� 
tf}�n;Fu a/�fa/� x'g'k5{ . cyf{t\ j:�t'' t/�ndf t}�l/�gsf nflu,

j:�t'sf]� tf}�n Ö lj:�yflkt t/�n kbfy{sf]� tf}�n

of]� tYo xfd|f]� b}�lgs hLjg tyf xfd|f]� jl/�kl/� t/�n tyf xfjfdf 36\g]� ljleGg 36gfdf 
nfu' ePsf]� x'G5 . o;;DaGwL s]�xL pbfx/�0f tn k|:�t't ul/�Psf 5g\ M

-c_ t/�ndf t}�l/�g' (floatation in liquids)

lrq 8.32 kfgLdf kmnfdsf]� l9Ssf, srf}�/�f 
/� kmnfdsf]� k|of]�uaf6 ag]�sf]� kfgL hxfh

lrq 8.33 vfnL 8'ª\uf /� ofq' af]�Sb}� u/�]�sf]� 
8'ª\uf

lrq 8.32 df b]�vfOP h:�t}� Pp6f kmnfdsf]� l9SsfnfO{ kfgLdf /�fVbf To;n]� cfˆgf]� 
tf}�n a/�fa/�sf]� kfgLnfO{ lj:�yflkt ug{ ;Sb}�g /� kfgLdf 8'A5 . olb pSt kmnfdsf]� 
l9SsfnfO{ srf}�/�fsf]� cfsf/� lbPdf srf}�/�fn]� cfˆgf]� tf}�n a/�fa/�sf]� tf}�n x'g]� u/�L kfgL 
lj:�yflkt ug{ ;S5 . To:�t}� kfgLhxfhdf klg o;sf]� xn -hull_ lgdf{0f ubf{ kof{Kt 
rf}�8f, nfdf]� /� ulx/�f]� agfpg'k5{ . o;n]� ubf{ hxfhn]� cfˆgf]� tf}�n;F+u a/�fa/� x'g]� u/�L 
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kfgL lj:�yflkt ug{ ;S5 . pbfx/�0fsf nflu 50,000 6g tf}�n ePsf]� kfgLhxfhnfO{ 
8'Agaf6 hf]�ufpg o;sf]� cfsf/� 50,000 6g tf}�nsf]� kfgL lj:�yflkt ug{ ;Sg]� x'g'k5{ . 
t;y{ kmnfd kfgLdf 8'A5 t/� kmnfdsf]� k|of]�uaf6 lgdf{0f x'g]� kfgLhxfh eg]� kfgLdf 
t}�l/�G5 .

kfgLhxfh h:�t}� 8'ª\uf t}�l/�Fbf o;sf]� tf}�n;F+u lj:�yflkt kfgLsf]� tf}�n a/�fa/� x'G5 . 
8'ª\ufsf]� tNnf]� efu la:�tf/�}� kfgLdf 8'Ab}� hfFbf o;n]� lj:�yflkt ug]�{ kfgLsf]� cfotg 
tyf tf}�n klg a9\5 . cfls{ldl8hsf]� l;4fGtcg';f/� 8'ª\ufn]� lj:�yflkt ug]�{ kfgLsf]� 
tf}�n pSt 8'ª\ufdf nfUg]� pWj{rfk;Fu a/�fa/� x'G5 . lrq 8.33 df b]�vfOP h:�t}� 
hlt w]�/�}� dflg; 8'ª\ufdf r9\5g\, 8'ª\uf kfgLdf tn tn 8'Ab}� hfG5 . 8'ª\ufn]� yk 
kfgLnfO{ lj:�yflkt u5{ . lj:�yflkt kfgLsf]� tf}�n a9\b}� hfFbf 8'ª\ufdf nfUg]� pWj{rfk 
klg a9\5 /� pSt 8'ª\ufn]� ylkPsf dflg;n]� ubf{ a9\g]� tf}�nnfO{ wfG5 . olb kfgLsf]� 
tx 8'ª\ufsf]� dflyNnf]� efudf k'Uof]� eg]� yk kfgL lj:�yflkt x'g ;Sb}�g /� pWj{rfk 
klg a9\b}�g . pSt cj:�yfdf 8'ª\ufdflysf]� tf}�n a9]�df 8'ª\uf 8'A5 . t}�l/�/�x]�sf]�  
8'ª\ufsf]� lkFwdf Kjfn k/�of]� eg]� 8'ª\uf 8'A5, lsg < of]� cjwf/�0ff kg8'AaL -submarine_ 
df klg nfu' x'G5 .

kg8'AaL kfgLsf]� ;txdf b]�lvg]� u/�L 
tyf kfgLleq t}�l/�g ;Sg]� u/�L lgdf{0f 
ul/�Psf]� x'G5 . o;sf Anf:�6 6\ofª\sL 
-blast tank_ df kfgL el/�Fbf tf}�n a9]�/� 
kg8'AaL ulx/�fOdf hfG5 /� vfFlbPsf 
xfjfn]� 6\ofª\sLaf6 kfgL aflx/� lgsfNbf 
tf}�n 36]�/� k'gM ;txlt/� t}�l/�G5 . kg8'AaL 
h:�t}� df5fn]� klg cfls{ldl8hsf]� 
l;4fGtnfO{ kfgLdf t}�l/�g /� 8'Ag k|of]�u 
u5{g\ . df5fsf]� l:�jd ANof8/� -swim 
bladder_ cyf{t\ xfjfsf y}�nL -air sacs_ df xfjf el/�Fbf z/�L/�sf]� cfotg a9\5 /� pWj{rfk 
klg a9\5 . df5f kfgLsf]� ;txlt/� t}�l/�G5 . o;sf]� l7s ljk/�Lt kfgLsf]� ulx/�fOdf hfgsf  
nflu df5fn]� Anf8/� vfnL u5{g\ /� z/�L/�sf]� cfotg;F+u}� cfˆgf]� z/�L/�df nfUg]� pWj{rfk 
klg 36fpF5g\ .

lrq 8.34
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xfO8«f]�ld6/� t/�n kbfy{sf]� ;fk]�lIfs 3gTj dfkg ug{ 
k|of]�u ul/�g]� pks/�0f xf]� . ux|f}�+F wft' -heavy metal_ 
/�flvPsf]� sfFrsf]� km/�flsnf]� aNa;F+u}� :�s]�n lgwf{/�0f 
ul/�Psf]� dl;gf]� gnL hf]�l8Psf]� x'G5 . o;sf]� ef/�L 
aNan]� lj:�yflkt ug]�{ t/�nn]� ubf{ o;df cfjZos 
pWj{rfk nfU5 /� t/�ndf 7f8f]� eP/� t}�l/�G5 . 3gTj 
a9L ePsf]� t/�n kbfy{df pWj{rfk a9L nfUg]� ePsfn]� 
xfO8«f]�ld6/� a9L t}�l/�G5 . o;sf]� l7s ljk/�Lt kbfy{sf]� 3gTj sd ePdf xfO8«f]�ld6/� 
a9L 8'A5 . NofS6f]�ld6/� -lactometer_ b'wdf kfgLsf]� ld;fj6 k/�LIf0f ug{ k|of]�u 
ul/�g]� Ps k|sf/�sf]� xfO8«f]�ld6/� xf]� .

-cf_ jfo'd08ndf t}�l/�g' (Floatation in atmosphere)

kfgLdf h:�t}� xfjfdf klg pWj{rfk nfU5 . t/� kfgLsf]� t'ngfdf 
xfjfsf]� 3gTj lgs}� sd x'g]� ePsfn]� s'g}� j:�t''df kfgLn]� lbg]� 
pWj{rfkeGbf xfjfn]� lbg]� pWj{rfk lgs}� sd x'G5 .

ljrf/�0fLo k|Zg

xfO8«f]�hg el/�Psf]� a]�n'g lsg xfjfdf t}�l/�G5 <

t/�ndf h:�t}� j:�t' Uof;df klg t}�l/�g ;S5g\ . xfjfsf]� rfkåf/�f pTkflbt pWj{rfksf 
sf/�0f j:�t' xfjfdf t}�l/�G5g\ jf p8\5g\ . lrq 8.36 df xfO8«f]�hg Uof; el/�Psf 
a]�n'g xfjfdf p8\b}� u/�]�sf]� b]�vfOPsf]� 5 . xfjf xfO8«f]�hgeGbf a9L 3gTj ePsf]� x'G5 . 
xfO8«f]�hg el/�Psf]� a]�n'gn]� lj:�yflkt ug]�{ xfjfsf]� tf}�n cyf{t\ To;df nfUg]� pWj{rfk 
a]�n'gsf]� tf}�neGbf a9L ePdf a]�n'g dflylt/� p8\5 . prfO a9\b}� hfFbf xfjfsf]� 
3gTj 36\b}� hfG5 h;n]� ubf{ a]�n'gdf nfUg]� 
pWj{rfk klg 36\5 . lglZrt prfOdf k'Ubf 
a]�n'gsf]� tf}�n pWj{rfk;Fu a/�fa/� x'G5 . 
o;n]� ubf{ a]�n'g p8\g 5f]�8]�/� t}�l/�g yfN5 . 
lglZrt prfOdf k'u]�/� a]�n'gleq /� aflx/�sf]� 
rfk c;Gt'ng x'Fbf a]�n'gsf]� cfotg a9\b}� 
hfG5 /� cGTodf a]�n'g k'm6\5 .

lrq 8.35 NofS6f]�ld6/�sf]� k|of]�u

lrq 8.36 lxlnod a]�n'g

upthrust  
less than 
weight

upthrust 
greater than 
weight upthrust equal 

to weight

lrq 8.37 xfjfdf tftf]� xfjf el/�Psf]� a]�n'g
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xfO8«f]�hg a]�n'g h:�t}� tftf]� xfjf el/�Psf]� a]�n'g -hot air balloon_ klg xfjfdf 
p8\5 . x6 Po/� a]�n'gleqsf]� 3gTj j/�k/�sf]� xfjfsf]� 3gTjeGbf sd x'G5 . o:�tf]� 
a]�n'gn]� 7'nf]� dfqfdf xfjfnfO{ lj:�yflkt ug]�{ ePsfn]� a]�n'gdf nfUg]� pWj{rfk o;sf]� 
tf}�neGbf a9L x'G5 . o;n]� ubf{ a]�n'g xfjfdf dflylt/� p8\5 . a]�n'g pRr prfOdf 
k'Ubf lj:�yflkt xfjfsf]� tf}�n cyf{t\ pWj{rfkn]� a]�n'gsf]� tf}�nnfO{ ;Gt'ng u5{ . To;kl5 
a]�n'g xfjfdf t}�l/�G5 .

tftf]� xfjf el/�Psf]� a]�n'g xfjfdf p8]�/� dfly hfg]� jf tnlt/� 8'Ag]� cj:�yfnfO{ o;df 
x'g]� ag{/�åf/� leqsf]� xfjfsf]� tfkj|md kl/�jt{g u/�]�/� lgoGq0f ul/�G5 . ag{/�sf]� Hjfnfn]� 
a]�n'gdf xfjf ttfpFbf xfjfsf]� 3gTj 36\5 . h;n]� ubf{ a]�n'g dflylt/� p8\5 . o;sf]� 
ljk/�Lt ag{/� aGb x'Fbf a]�n'gdf xfjf lr;f]� x'G5 /� o;sf]� 3gTj a9\5 . a]�n'gdf xfjf 
kof{Kt lr;f]� x'Fbf a]�n'gsf]� tf}�n o;df nfUg]� pWj{rfkeGbf a9L x'G5 /� a]�n'g xfjfdf 
tnlt/� 8'A5 cyf{t\ hldgdf cf]�ln{G5 .

kl/�of]�hgf sfo{

:�yfgLo ¿kdf pknAw KnfOp8, sf8{af]�8{, l;l/�Gh, ;nfOg, kfOk cflbsf]� k|of]�u u/�]�/� 
lrqdf b]�vfOP h:�t}� kf:�snsf]� lgoddf cfwfl/�t pks/�0f, h:�t}� M xfO8«f]�lns k'n, 
xfO8«f]�lns lnˆ6, xfO8«f]�lns 9f]�sf, 8f]�h/� cflbsf gd'gf tof/� kfg'{xf]�;\ /� sIffdf 
k|bz{g ug'{xf]�;\ .
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cEof;

1.	 tnsf k|Zgsf]� ;xL ljsNk 5gf]�6 ug'{xf]�;\ M

-s_ 	NofS6f]�ld6/� s'g lgod÷l;4fGtdf cfwfl/�t x'G5 <

-c_ kf:�snsf]� lgod 		  -cf_ cfls{ldl8hsf]� l;4fGt

-O_ u'?Tjfsif{0fsf]� lgod 		 -O{_ Go'6gsf]� lgod

-v_ 	xfO8«f]�hg a]�n'g xfjfdf dflylt/� hfg]� cj:�yf s'g xf]� <

-c_ 	 a]�n'gsf]� tf}�n = lj:�yflkt xfjfsf]� tf}�n

-cf_ 	a]�n'gsf]� tf}�n > lj:�yflkt xfjfsf]� tf}�n

-O_ 	 a]�n'gsf]� tf}�n = lj:�yflkt xfjfsf]� cfotg

-O{_	 a]�n'gsf]� tf}�n < lj:�yflkt xfjfsf]� tf}�n

-u_	 xfO8«f]lns d]l;gdf ;fgf] lk:�6geGbf 7'nf] lk:�6gsf] j|m;;]S;gn If]�qkmn 
b'O{ u'0ff 5 eg]� pSt d]�l;gnfO{ ;Gt'lnt cj:�yfdf /�fVg ;fgf]� lk:�6gdf 
/�flvPsf]� tf}�n -W1_ /� 7'nf]� lk:�6gdf /�flvPsf]� tf}�n -W2_ sf]� ;xL ;d"x 
s'g xf]� <

-c_ W1 = 4 N, W2 = 2 N

-cf_ W1 = 5 N, W2 = 10 N

-O_

-O{_

W1 = 2 N,

W1 = 3 N,

W2 = 1 N

W2 = 1.5 N

-3_ 	s'g}� Pp6f j:�t''nfO{ l:�k|ª Aofn]�G;n]� xfjf, kfgL /� lUnl;l/�gdf hf]�Vbf x'g]� 
tf}�n j|mdzM W1, W2, /� W3 5 . a9\bf]� tf}�nsf cfwf/�df ;xL j|md s'g xf]� <

-c_ W1 < W2 < W3		  -cf_ W2 < W1 < W3

-O_ W3 < W1 < W2		  -O{_ W3 < W2 < W1
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-ª_	 kfgLhxfh ;d'b|af6 gbLsf]� kfgLdf k|j]�z ubf{ klxn]�sf]� eGbf a9L 8'a]�sf]� 
kfOof]� . o;sf]� sf/�0f s'g xf]� <

-c_	 ;d'b|sf]� kfgLsf]� tfkj|md gbLsf]� kfgLsf]� eGbf a9L x'G5 .

-cf_	 ;d'b|sf]� kfgLsf]� 3gTj gbLsf]� kfgLsf]� eGbf a9L x'G5 .

-O_	 ;d'b|sf]� kfgLsf]� tfkj|md gbLsf]� kfgLsf]� eGbf sd x'G5 .

-O{_	 ;d'b|sf]� kfgLsf]� 3gTj gbLsf]� kfgLsf]� eGbf sd x'G5 .

-r_	 lrqdf b]�vfOPsf]� xftn]� kfgLleq ws]�Nb}� u/�]�sf]� ss{sf nflu tnsf dWo]� 
s'g ;xL x'G5 <

-c_	 ansf]� kfgLd'lgsf]� ;a}� efudf ;dfg rfk 
nfU5 .

-cf_	 annfO{ hlt kfgLsf]� ;txaf6 leq ws]�Nof]� 
Tolt g pWj{rfk a9\5 .

-O_	 andf nfUg]� kfgLsf]� rfk s]�jn dflylt/� nfU5 .

-O{_	 an kfgLsf]� ;txleq k"0f{ ¿kn]� g8'a'Gh]�n;Dd o;df nfUg]� pWj{rfk 
a9\5 .

-5_	 b'O{cf]�6f km/�s km/�s kbfy{af6 ag]�sf]� 3gfsf/� aS;nfO{ kfgLdf /�fVbf 
ltgdf ;dfg pWj{rfk nfU5 eg]� tL b'a}�df tnsf dWo]� s'g kl/�df0f 
a/�fa/� x'G5 <

-c_ 3gTj 		  -cf_ tf}�n

-O_ cfotg 		  -O{_ lk08

-h_	 lrqdf b]�vfOPsf]� ss{nfO{ t/�ndf /�fVbf nfUg]� pWj{rfk slt x'G5 <

-c_ 3 N 		  -cf_ 4 N

-O_ 5 N 		  -O{_ 1 N
3 N

4 N

4 N

0 N
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2.	 km/�s n]�Vg'xf]�;\ M

-s_	 rfk /� pWj{rfk

-v_	 kfgLdf l:�6nsf]� lkg 8'Ag]� lj|mof /� kfgLdf l:�6nsf]� Kn]�6 t}�l/�g]� lj|mof

-u_	 xfjfdf tftf]� xfjf el/�Psf]� a]�n'g 8'Ag]� lj|mof /� xfjfdf tftf]� xfjf el/�Psf]� 
a]�n'g p8\g]� lj|mof

3. 	 sf/�0f n]�Vg'xf]�;\ M

-s_	 xfO8«f]�lns a|]�sdf Ps ljz]�if lsl;dsf]� t]�nsf]� k|of]�u ul/�G5 .

-v_	 sf7sf]� ss{nfO{ cf}�Fnfn]� an k|of]�u u/�]�/� kfgLsf]� ;txd'lg 8'afP/� 5f]�8\bf 
pSt ss{ t'?Gt}� ;txdf t}�l/�G5 .

-u_	 kfgLdf t}�l/�bf xfd|f]� lhp xn'sf]� ePsf]� cg'ej x'G5 .

-3_	 aflN6gdf 8'la/�x]�sf]� kfgLn]� el/�Psf]� dunfO{ kfgLleqaf6 dfly p7fpFbf 
xn'sf]� x'G5 t/� kfgLaf6 aflx/� lgsfNg]�lalQs}� du ef/�L ePsf]� dx;'; 
x'G5 .

-ª_	 d[t ;fu/� -dead sea_ sf]� kfgLsf]� 3gTj 1240 kg/�m3 5 . l:�jldª k'n 
-swimming pool_ df eGbf d[t ;fu/�sf]� kfgLdf t}�l/�g lgs}� ;lhnf]� 
x'G5 .

-r_	 8'ª\ufdf t}�l/�g ;Sg]� clwstd ofq' ;ª\VofeGbf a9L ofq' /�fVbf pSt  
8'ª\uf 8'Ag]� ;Defjgf x'G5 .

4. 	 tnsf k|Zgsf]� pQ/� n]�Vg'xf]�;\ M

-s_	 kf:�snsf]� lgod n]�Vg'xf]�;\ .

-v_	 b}�lgs hLjgdf kf:�snsf]� lgodsf b'O{cf]�6f pkof]�lutf n]�Vg'xf]�;\ .

-u_	 xfO8«f]�lns d]�l;g eg]�sf]� s]� xf]� <

-3_	 cfls{ldl8hsf]� l;4fGt n]�Vg'xf]�;\ .

-ª_	 pWj{rfk eg]�sf]� s]� xf]� <

-r_	 t}�l/�/�x]�sf]� j:�t'df nfUg]� an lbzf;lxt pNn]�v ug'{xf]�;\ .
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-5_ 	ˆn6]�;gsf]� lgod n]�Vg'xf]�;\ .

-h_	 cfls{ldl8hsf]� l;4fGtsf s'g}� b'O{cf]�6f pkof]�lutf n]�Vg'xf]�;\ .

-em_	 pknAw ;fdu|Lsf]� k|of]�u u/�]�/� t/�n tyf Uof;df nfUg]� pWj{rfk k|bz{g 
ug]�{ Ps Pscf]�6f ljlw pNn]�v ug'{xf]�;\ .

-`_	 j:�t''nfO{ t/�ndf /�fVbf pWj{rfk nfUg'sf]� sf/�0f lrq;lxt JofVof ug'{xf]�;\ .

-6_	 Pp6f 9'ª\uf kfgLdf v;fNbf 8'A5 . s]� pSt 9'ª\ufdf pWj{rfk gnfu]�/� 
8'a]�sf]� xf]�, ts{;lxt n]�Vg'xf]�;\ .

-7_	 Ps hgf dflg;n]� xfO8«f]�lns d]�l;gsf]� 7'nf]� lk:�6gaf6 an nufP/� ;fgf]� 
lk:�6gdf /�x]�sf]� 500 N tf}�n prfNg vf]�Hb}� 5g\ . tL dflg;sf uNtL 
;RofP/� pSt d]�l;gsf]� k|of]�un]� ;xh ¿kdf tf}�n prfNg]� ljlwaf/�]� s;/�L 
hfgsf/�L u/�fpg ;lsG5, xfO8«f]�lns d]�l;gdf an j[l4 x'g]� lj|mofsf 
cfwf/�df lrq;lxt JofVof ug'{xf]�;\ .

-8_	 t/�nsf]� 3gTjeGbf a9L 3gTj ePsf kbfy{ pSt t/�ndf 8'A5g\ . s]� of]� 
egfO k"0f{ ¿kn]� ;To x'G5, pbfx/�0f;lxt k'li6 ug'{xf]�;\ .

-9_	 b'O{cf]�6f Psgf;]� a]�n'gdWo]� Pp6fdf xfjf /� csf]�{df xfO8«f]�hg /�fv]�/� ;dfg 
¿kn]� el/�Psf]� 5 . tL b'a}� a]�n'gnfO{ xfjfdf 5f]�8\bf s]� leGgtf b]�lvG5, 
sf/�0f;lxt JofVof ug'{xf]�;\ .

-0f_	 Pp6f j:�t' kfgLsf]� ;txsf]� l7sd'lg /�x]�/� t}�l/�/�x]�sf]� 5 . olb kfgLdf g'g 
3'nfpFb}� uof]� eg]� pSt j:�t'sf]� cj:�yfdf s:�tf]� kl/�jt{g cfpF5, sf/�0f;lxt 
JofVof ug'{xf]�;\ .

-t_	 lrq -c_ /� -cf_ df b]�vfOPsf tf}�n gfKg]� sfF6fsf]� ;'O{n]� b]�vfpg]� cª\s 
slt slt x'G5g\, sf/�0f;lxt pNn]�v ug'{xf]�;\ .

	 -c_ 	 -cf_
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-y_	 Ps hgf dflg;n]� NofS6f]�ld6/�nfO{ b'wdf /�fVbf To;sf]� dl;gf]� 8G8L 
-narrow stem_ sf]� efu k"/�}� b'wleq 8'Aof]� . o;af6 s]� lgisif{ lgsfNg 
;lsG5 <

5. 	 ul0ftLo ;d:�of ;dfwfg ug'{xf]�;\ M

plastic tube

piston B (area= 5cm2)

syringe B

piston A (area= o.5cm2)

20 N
syringe A

oil

-s_	 lrqdf b]�vfOPsf]� l;l/�Ghaf6 lgld{t xfO8«f]�lns d]�l;gsf]� gd'gfdf l;l/�Gh 
A af6 nufOPsf]� annfO{ ;Gt'ng ug{ l;l/�Gh B df slt an nufpg'k5{ <

-v_	 Pp6f xfO8«f]�lns lnˆ6sf]� leq /�x]�sf]� t/�ndf 30,000 Pa rfk pTkGg 
u/�fOPsf]� 5 . olb tf}�n prfNg k|of]�u ul/�g]� lk:�6gsf]� j|m;;]�S;gn If]�qkmn 
0.1 m2 eP, pSt lnˆ6n]� slt tf}�n prfNg ;S5 <

-u_	 lrqdf b]�vfOPsf b /� c cj:�yfdf j:�t'df nfUg]� pWj{rfk lx;fa ug'{xf]�;\ . 
tL b'O{ cj:�yfdf pWj{rfkdf leGgtf cfpg'sf]� sf/�0f pNn]�v ug'{xf]�;\ .

water dislaced
c

20 N 14 N
10 N

water dislaced
ba
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Tffk 
(Heat)

lrqdf n]�lvPsf ;fjwfgL;“u ;DalGwt j}�1flgs sf/�0faf/�]� 5nkmn ug'{xf]�;\ M

conduction

conduction

Convection

Radiation

plDn/�x]�sf]� kfgLdfly xft /�fVg'x'“b}�g .
lr;f]� df}�;ddf pDnFb}� u/�]�sf]� kfgL afSnf]� sf“rsf]� 
lunf;df vGofpg'x'“b}�g .

l8k lk|mh/�df kfgL e/�L sf“rsf]� af]�tn 
/�fVg'x'“b}�g .

kfSb}� u/�]�sf]� vfgfnfO{ 9fs]�sf]� l:�6nsf]� Kn]�6 
gfª\uf]� xftn]� lemSg'x'Fb}�g .

lrq 9.1 b}�lgs hLjgdf ckgfpg' kg]�{ s]�xL ;fjwfgL

lrq 9.1 df kfgLsf]� afkmdf x'g]� c0f'x¿sf]� tLj| rfnnfO{ nfdf]� jf0f lrx\gn]� k|bz{g 
ul/�Psf]� 5 . tLj| rfnsf sf/�0f c0f'x¿sf]� ult zlSt klg a9L x'G5 . xfd|f]� z/�L/�sf]� 
5fnf afkmsf]� ;Dks{df cfpFbf To;sf c0f'x¿n]� ;lhn}� 5fnfnfO{ 5]�8\5g\ /� 5fnfsf]� 
leqL efu;Dd hNg uO{ b'vfO a9L x'G5 .

9
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afSnf]� sfFrsf]� lunf;df PSsfl; pDn]�sf]� kfgL vGofpFbf o;sf]� leqL efuaf6 tfk 
aflx/� ;g{ gkfpFb}� lunf;sf]� leqL efusf]� cfotg a9\5 /� aflx/�L efudf rfk l;h{gf 
u5{ clg lunf; g}� rls{G5 .

e/�L kfgL ePsf]� sfFrsf]� af]�tnnfO{ /�]�lk|mh/�]�6/�sf]� l8k lk|mhdf /�fVbf kfgL a/km ag]�/ 
cfotg j[l4 eO{ af]�tn rls{G5 . To:�t}� ljleGg j:�t'nfO{ ttfpFbf ;a}�df Psgf;n]� 
tfkj|md a9\b}�g . l:�6nsf]� lunf; /� sfFrsf]� lunf;df plDn/�x]�sf]� kfgL /�fVbf l:�6nsf]� 
tfkj|md Ps}�l5gdf a9\5 /� xftn]� ;dfTbf kf]�N5 .

yd{n zlSt, tfk /� tfkj|md (Thermal energy, heat and temperature)

lj|mofsnfk 9.1

-s_ tLgcf]�6f ljs/� ;ª\sng ug{'xf]�;\ . ltgLx¿df plDn/�x]�sf]� kfgL, wf/�fsf]� kfgL /� 
/�]�lk|mh]�/�]�6/� -refrigerator_ af6 lgsflnPsf]� lr;f]�kfgL 5'6\6f5'6\6}� /�fVg'xf]�;\ . k|To]�sdf 
;dfg dfqfdf vfB /�ª -food colour_ jf cla/� /�fVg'xf]�;\ /� /�ª ldl;Fb}� u/�]�sf]� cj:�yf 
cjnf]�sg ug'{xf]�;\ . olb /�ªsf s0fx¿sf]� rfnnfO{ kfgLsf c0f'sf]� rfn ;dfg dfGg]� 
xf]� eg]� s'gdf c0f'sf]� rfn ;a}�eGbf tLj| x'G5 < lsg xf]�nf <

-v_ tLgcf]�6f ljs/� ;ª\sng ug{'xf]�;\ . ltgLx¿df dgtftf]� kfgL, wf/�fsf]� kfgL /� 
/�]�lk|mh]�/�]�6/� -refrigerator_ af6 lgsflnPsf]� lr;f]�kfgL 5'66f5'6\6}� /�fVg'xf]�;\ . Ps 
xftsf cf}�Fnf dgtftf]� kfgLdf /� csf]�{ xftsf cf}�Fnf lr;f]�kfgLdf 8'afpg'xf]�;\ . Ps 
ldg]�6kl5 b'a}� cf}�Fnf wf/�fsf]� kfgL el/�Psf]� las/�df /�fVg'xf]�;\ . tkfOF{sf]� cjnf]�sg;DaGwL 
5nkmn ug{'xf]�;\ .

kbfy{df y'k|}� k/�df0f' jf c0f' /�x]�sf x'G5g\ . oL ;wF}� 
rfn cj:�yfdf /�x]�sf x'G5g\ . dgtftf]� kfgLdf ePsf 
c0f'sf]� ult zlSt lr;f]�kfgLdf ePsf c0f'sf]� ult 
zlSteGbf a9L x'G5 . tftf]�kfgLdf x'g]� c0f'sf]� ult 
dgtftf]� kfgLsf]� eGbf emg}� a9L x'G5 . c0f'sf]� ult 
zlStsf]� of]�u yd{n zlSt xf]� . tftf]�kfgL, wf/�fsf]� 
kfgL tyf lr;f]�kfgLsf]� lk08 ;dfg ePsf]� cj:�yfdf 
tftf]�kfgLdf x'g]� yd{n zlSt ;a}�eGbf a9L x'G5 /� 
lr;f]�kfgLdf ;a}�eGbf sd x'G5 .

lg/�k]�If z"Go tfkj|md 
(absolute zero 
temperature) M of]� Ps 
;}�4flGts ¿kdf dflgPsf]� 
z"Go yd{n zlStsf]� cj:�yf 
xf]� . o;sf]� tfkj|md 0 K 
cyf{t\ -273.15 °C x'G5 .
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kfgL pdfNbf aflx/�af6 lbOg]� zlStn]� o;df ePsf c0f'sf]� ult zlSt a9\5 . s'g}� 
klg a]�nf kbfy{sf ;a}� k/�df0f' jf c0f'sf]� ult zlSt a/�fa/� x'Fb}�g . To;}�n]� ltgLx¿sf]� 
cf}�;t ult zlSt dxÎjk"0f{ x'G5 . kbfy{sf k/�df0f' jf c0f'sf]� cf}�;t ult zlStn]� 
pSt kbfy{sf]� tfkj|md lgwf{/�0f u5{ . jf:�tjdf tfkj|md j:�t'df ePsf c0f'df ePsf]� 
cf}�;t ult zlStsf]� ;"rsfª\s xf]� . tfkj|mdsf]� P;=cfO{= PsfO -SI unit_ s]�lNeg 
-K_ xf]� . o;nfO{ ydf]�{ld6/�sf]� k|of]�u u/�L dfkg ul/�G5 .

Pp6f tfKs]�df plDn/�x]�sf]� kfgLsf]� tfkj|md 100 °C /� aflN6gdf /�flvPsf]� dg 
tftf]�kfgLsf]� tfkj|md 30 °C eGgfn]� tfKs]�df plDn/�x]�sf]� kfgLsf c0f'sf]� cf}�;t ult 
zlSt aflN6gdf /�flvPsf]� dgtftf]� kfgLsf c0f'sf]� cf}�;t ult zlSteGbf lgs}� a9L 
5 eGg]� hgfpF5 . t/� tfKs]�sf]� kfgLdf ePsf c0f'sf]� ;ª\Vof aflN6gdf ePsf]� dg 
tftf]�kfgLsf c0f'eGbf lgs}� sd x'G5 . To;}�n]� c0f'sf]� ultzlStsf]� cf}�;t tfKs]�sf]� 
kfgLsf nflu a9L eP tfklg oL b'a}�dWo]� c0f'sf]� ult zlStsf]� of]�u eg]� dgtftf]� 
kfgLdf a9L x'G5 lsgls o;df c0f'sf]� ;ª\Vof tfKs]�df ePsf c0f'sf]� ;ª\VofeGbf 
lgs}� w]�/�}� x'G5 . t;y{ tfKs]�df plDn/�x]�sf]� kfgLsf]� eGbf aflN6gdf ePsf]� dgtftf]� 
kfgLdf yd{n zlSt a9L x'G5 . kbfy{sf]� yd{n zlSt o;sf]� lk08 /� c0f'sf]� cf}�;t 
ult (tfkj|md) df lge{/� u5{ .

tfKs]�df plDn/�x]�sf]� tftf]�kfgL /� aflN6gsf]� dgtftf]� kfgLnfO{ ld;fpFbf yd{n zlSt 
tftf]�kfgLaf6 dg tftf]�kfgLdf ;5{ . o;/�L tfkj|mdsf]� leGgtfn]� Ps 7fpFaf6 csf]�{ 
7fpFdf k|;f/�0f x'g]� yd{n zlStsf]� kl/�df0fnfO{ tfk (heat) elgG5 . cGo zlStsf]� 
h:�t}� tfksf]� P; cfO{ PsfO klg h'n -J_ xf]� . o;nfO{ Sofnf]�l/�ld6/� -Calorimeter_ 
sf]� k|of]�u u/�L dfkg ul/�G5 .

tfk s'g}� j:�t'df ;l~rt x'Fb}�g . of]� Ps j:�t'af6 csf]�{ j:�t'df ;g]�{ yd{n zlStsf]� 
kl/�df0f dfq xf]� . tfk k|;f/�0f x'Fbf Pp6f j:�t'sf]� yd{n zlSt 36\5 /� csf]�{ j:�t'sf]� 
yd{n zlSt a9\5 . To;}�n]� tfk k|;f/�0f x'Fbf Pp6f j:�t'sf]� tfkj|md 36\5 eg]� csf{sf]� 
a9\5 .

tfk ;~rfng, ;+jfxg /� ljls/�0f ljlwåf/�f k|;f/�0f x'G5 . xfdLn]� s'g}� j:�t'nfO{ ;dfTbf 
tfk z/�L/�df k|j]�z u/�]�df tftf]� cg'ej x'G5 /� tfk z/�L/�af6 aflxl/�Pdf lr;f]� cg'ej 
x'G5 . tfk a9L tfkj|md ePsf j:�t'af6 sd tfkj|md ePsf j:�t'df ta;Dd k|;f/�0f 
x'G5 ha;Dd b'a}�df ;dfg tfkj|md x'Fb}�g .
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lrq M 9.2 tftf]� j:�t'df k/�df0f'÷c0f'sf]� cf}�;t ult tyf ltgdf x'g]� ult zlSt lr;f]� 
j:�t'df x'g]�eGbf a9L x'G5 .

Hot body Cold body

lrq M 9.2 tftf] j:t'df k/df0f'÷c0f'sf] 
cf};t ult tyf ltgdf x'g] ult zlSt lr;f] 
j:t'df x'g]eGbf a9L x'G5 .

After thermal equilibrium

lrqM 9.3 tfkj|md ;Gt'ng gx'“bf;Dd tfk tftf]� 
j:�t'af6 lr;f]� j:�t'df ;5{ .

tfkn]� cfotgdf kfg]�{ c;/� (Effect of heat on volume)

tnsf lrqdf 7f]�;, t/�n /� Uof; kbfy{df t'ngfTds ¿kn]� ltgsf k/�df0f'÷c0f'larsf]� 
b'/�L km/�s km/�s x'g]� tYonfO{ k|bz{g ul/�Psf]� 5 .

lrq 9.4 7f]�;, t/�n /� Uof;df k/�df0f'÷c0f'sf]� cj:�yf

7f]�; kbfy{sf c0f'x¿ pgLx¿larsf]� cfsif{0f ansf sf/�0f lglZrt j|mddf afFlwP/� 
/�x]�sf x'G5g\ . t/� klg ltgLx¿ l:�y/� geO{ lg/�Gt/� sDkgdf x'G5g\ . s'g}� 7f]�; 
kbfy{nfO{ ttfpFbf o;df ePsf k/�df0f'÷c0f'n]� yk zlSt k|fKt u5{g\ /� ltgLx¿sf]� 
sDkg a9\5 . tfk lg/�Gt/� lbFbf k/�df0f'÷c0f'x¿ b|'t ¿kdf sDkg x'G5g\ . o;n]� ubf{ 
ltgLx¿larsf]� cfsif{0f an sdhf]�/� x'G5 /� Pscsf{af6 6f9f hfG5g\, cyf{t\ cfotg 
a95 . o;sf]� l7s ljk/�Lt j:�t'sf]� yd{n zlSt aflx/� hfFbf c0f'sf]� cf}�;t ult zlSt 
36\g]� ePsfn]� tfkj|md 36\5 /� j:�t' v'lDrG5 . o;/�L clwsf+z kbfy{ tfkj|md j[l4 
x'Fbf k'mS5g\ -cfotg a9\5_ /� tfkj|md 36\bf v'lDrG5g\ -cfotg 36\5_ .
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lj|mofsnfk 9.2

Pp6f kmnfdsf]� e'mG8\ofpg ldNg]� 8Nnf]� /� ;f]�xL ;fOhsf]� 8Nnf]� l7Ssn]� l5g]�{ l/�ª 
lng'xf]�;\ . kmnfdsf]� 8NnfnfO{ s]�xL ;do ttfpg'xf]�;\ /� l/�ªaf6 l5/�fpg]� sf]�l;; 
ug'{xf]�;\ . s]�xL ;dokl5 8Nnf]� ;]�nfpg lbg'xf]�;\ /� k'gM 8NnfnfO{ l5/�fpg]� k|of; 
ug'{xf]�;\ . yd{n zlSt jf tfksf]� kl/�efiffsf cfwf/�df tkfO{Fsf]� cjnf]�sg /� To;sf]� 
sf/�0faf/�]� 5nkmn u/�L lgisif{ n]�Vg'xf]�;\\ .

cjnf]�sg
cjnf]�sg JofVof

l/�ªaf6 l5/�fpg 
vf]�Hbf

8Nnfdf ePsf c0f'sf]� 
ult zlSt

8Nnfdf ePsf 
c0f'larsf]� b'/�L

kmnfdsf]� 8Nnf]� 
ttfpFbf

============ a9\5÷36\5 =============

a9\5÷36\5

==================

kmnfdsf]� 8Nnf]� 
;]�nfpFbf

============ =============== ==========

kfgLsf]� c;fwf/�0f k|;f/� (Anomalous expansion of water)

lrq 9.4 kfgLsf]� cfotg /� 3gTj tyf 3gTj /� tfkj|mdlarsf]� ;DaGw

clwsf+z kbfy{nfO{ ttfpFbf ltgLx¿sf]� cfotg a9\5 . t/� kfgLn]� eg]� s]�xL km/�s 
k|s[lt b]�vfpF5 . ;fwf/�0ftof kfgLnfO{ ttfpFbf o;sf]� cfotg a9\g]� eP tfklg 0°C 
b]�lv 4°C ;Dd ttfpFbf o;sf]� cfotg a9\g'sf]� ;6\6f 36\5 . kfgLnfO{ lr:�ofpFbf klg 
4°C ;Dd cfotg 36\5 eg]� 4°C af6 0°C ;Dd lr:�ofpFbf o;sf]� cfotg a9\5 . 
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To:�f}�n]� 4°C df kfgLsf]� cfotg Go"gtd /� 3gTj clwstd x'G5 . kfgLsf]� of]� cgf}�7f]� 
u'0fnfO{ c;fwf/�0f k|;f/� -Anomalous expansion_ elgG5 .

lrq 9.4 sf]� u|fkmn]� kfgLsf]� cfotg /� 3gTjlarsf]� ;DaGw b]�vfpF5g\ . 4°C tfkj|mdsf]� 
kfgLnfO{ ttfP jf lr;f]� kf/�]� klg o;sf]� cfotg a9\5 /� 3gTj 36\5 .

kfgLsf]� c;fwf/�0f k|;f/�sf c;/�x¿ (Effects of anomalous expansion of 
water)

w]�/�}� lr;f]� x'g]� :�yfgdf hf8f]�ofddf jftfj/�0fsf]� 
tfkj|md 0°C eGbf tn em5{ . jftfj/�0f;Fu}� 
kfgLsf]� tfkj|md klg 36\b}� hfbf 4°C x'g]�lalQs}� 
o;sf]� 3gTj clwstd x'g]� ePsfn]� ux|f}�F x'G5 /� 
lkFwdf hfG5 . To;sf]� dfly j|mdzM 3°C, 2°C, 
1°C /� 0°C sf tx /�x]�sf x'G5g\ . ;txsf]� kfgL 
0°C df kl/�0ft x'Fbf a/�km aG5 /� kfgLsf]� ;txdf 
t}�l/�G5 . t;y{ df5f /� cGo hnLo k|f0fLx¿ a/�kmd'lgsf]� kfgLdf hLljt /�xg ;S5g\ .

lxpFbofddf jf w]�/�}� lr;f]� x'g]� :�yfgdf jftfj/�0fsf]� tfkj|md 4°C af6 j|mdzM 36\b}� 
hfFbf kfOkleqsf]� kfgLsf]� cfotg a9\b}� hfG5 /� o;n]� kfOknfO{ bafa lbG5 . kfgL 
hd]�/� a/�km aGbf rfk cTolws eO{ kfOk km'6\g ;S5 . kfgL el/�Psf]� af]�tnnfO{ 
/�]�lk|mh]�/�]�6/�sf]� l8k lk|mhdf /�fVbf km'6\g'sf]� sf/�0f klg oxL xf]� .

ljlzi6 tfkwf/�0f Ifdtf (Specific heat capacity)

tn lrqdf b]�vfOPsf ;fdu|L jf kbfy{sf ;d"xx¿ cjnf]�sg ug'{xf]�;\ M

lrq 9.6 l:�6n Kn]�6 /� ;]�/�fldS; Kn]�6 lrq 9.7 sf7sf]� s'rL{ /� Knfl:�6s s'rL{

lrq 9.5 a/�kmd'lg hLljt hnLo hLj
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lrq 9.8 afn'jf /� df6f]� lrq 9.9 l:�6nsf]� lunf; /� sf“rsf]� lunf;

dflysf ;fdu|L jf kbfy{df !%–@) ldg]�6 hlt lbpF;f]�sf]� 3fddf /�fVbf s]� ;a}� Psgf;n]� 
tfT5g\ < s'g s'g ;d"xdf tfksf]� c;/� s:�tf]� x'G5, 5nkmn ug'{xf]�;\ .

km/�s km/�s agfj6 ePsf tyf Pp6}� kbfy{n]� ag]�sf j:�t'x¿ eP tfklg cj:�yfcg';f/� 
tfk zf]�if0f b/� /� dfqf km/�s x'G5 .

kbfy{n]� ug]�{ tfk zf]�if0fnfO{ k|efj kfg]�{ tŒj

kbfy{sf]� agfj6cg';f/� tfk zf]�if0f Ifdtf km/�s km/�s x'G5 . Pp6}� kbfy{n]� zf]�if0f 
ug]�{ tfk klg cj:�yfcg';f/� km/�s km/�s x'g ;S5 .

lj|mofsnfk 9.3 tfk, tfkj|md kl/�jt{g /� kbfy{sf]� lk08larsf]� ;DaGw

b'O{cf]�6f las/� lng'xf]�;\ . Pp6f las/�df 200 g /� csf]�{ las/�df 400 g ;dfg tfkj|md 
ePsf]� kfgL lng'xf]�;\ /� la:�tf/�}� ttfpg'xf]�;\ . b'a}� las/�df /�flvPsf]� kfgLsf]� tfkj|md 
10 °C n]� kl/�jt{g xF'bf s'g ljs/�df /�flvPsf]� kfgLdf a9L tfk zf]�if0f eof]� < km]�l/�  
400 g lk08 kfgL ePsf]� las/�nfO{ dfq la:�tf/�}� ttfpg'xf]�;\ /� kfgLsf]� tfkj|md 10°C 
n]� kl/�jt{g xF'bf /� 20°C n]� kl/�jt{g xF'bf s'g cj:�yfdf a9L tfk zf]�if0f eof]� < dflysf]� 
lj|mofsnfksf]� b'a}� cj:�yfnfO{ t'ngf u/�]�/� lgisif{ lgsfNg'xf]�;\ . 

kbfy{sf]� lk08 /� kbfy{n]� zf]�if0f ug]�{ tfk pSt kbfy{sf]� lk08;Fu ;dfg'kflts x'G5 . 
Q ∝ m…�…�…�…�…�…�…�..i [ tfkj|md kl/�jt{gnfO{ l:�y/� -constant_ /�fVbf]�

kbfy{df x'g]� tfkj|md j[l4 To;df x'g]� tfk zf]�if0f;Fu ;dfg'kflts x'G5 .

Q ∝ (T2- T1)…�…�…�…�…�…�..ii [ kbfy{sf]� lk08 -m_ nfO{ l:�y/� -constant_ /�fVbf]�
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;DaGw -i_ /� - ii _ nfO{ ldnfpFbf,

Q ∝ m (T2- T1)

Q= ms (T2- T1) …�…�…�…�…�…�…�…�…�..(iii)

hxFf s cr/� /�flz xf]� /� o;n]� kbfy{sf]� ljlzi6 tfkwf/�0f IfdtfnfO{ hgfpF5 .

j:�t'sf]� tfkj|md kl/�jt{g xF'bf j:�t'n]� zf]�if0f ug]�{ tfk tyf j:�t'af6 hfg]� tfk pSt 
j:�t'sf]� lk08 -m_, ljlzi6 tfkwf/�0f Ifdtf -s_ /� tfkj|mddf x'g]� kl/�jt{g (T2- T1) sf]� 
u'0fgkmnsf]� dfg a/�fa/� x'G5 . cyf{t\ o;nfO{ tfk ;dLs/�0f elgG5 . tfk ;dLs/�0f 
-iii_ af6 s = Q/�m (T2- T1) x'G5 .

olb kbfy{sf]� lk08 m= 1 kg, pSt kbfy{df lbOPsf]� tfk jf pSt kbfy{n]� 5f]�8\g]� tfkn]� 
ubf{ x'g]� tfkj|md kl/�jt{g 1 ° C x'Fbf dflysf]� ;"qcg';f/� s = Q x'G5 .

t;y{ s'g}� 1 kg lk08 ePsf]� kbfy{sf]� tfkj|md 1 ° C n]� kl/�jt{g ug{ cfjZos tfknfO{ 
pSt j:�t'sf]� ljlzi6 tfkwf/�0f Ifdtf elgG5 . o;sf]� PsfO h'n k|lts]�hL k|ltl8u|L 
;]�lN;o; (J/� kg ° C) x'G5 . ljlzi6 tfkwf/�0f Ifdtf kbfy{sf]� k|s[ltcg';f/� km/�s km/�s 
x'G5 . s]�xL kbfy{ /� ltgsf]� ljlzi6 tfkwf/�0f IfdtfnfO{ tflnsfdf k|:�t't ul/�Psf]� 5 M

kbfy{ ljlzi6 tfkwf/�0f 
Ifdtf J/� kg ° C

kbfy{ ljlzi6 tfkwf/�0f Ifdtf 
J/� kg ° C

kfgL 4200 cflNdlgod 887

OyfOn cNsf]�xn 2400 kmnfd 460

dl6t]�n 2100 tfdf 385

a/�km 2100 rfFbL 236

kf/�f]� -mercury_ 126 ;'g 130

dflysf]� tflnsfdf lbOPsf ljlzi6 tfkwf/�0f Ifdtfsf]� cWoog ubf{ k|lt 1 kg kfgLsf]� 
tfkj|md 1 °C n]� kl/�jt{g ug{ 4200 J tfk cfjZos k5{ . To:�t}� k|lt 1 kg a/�kmsf]� 
tfkj|md 1 °C n]� kl/�jt{g ug{ 2100 J tfk cfjZos k5{ . oxfF a/�km /� kfgL Pp6}� 
kbfy{sf b'O{ cj:�yf eP tfklg ljlzi6 tfkwf/�0f Ifdtf km/�s km/�s x'G5 .
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pbfx/�0f 3.1

Pp6f ljB't\ lsTnLdf 10 ° C tfkj|md ePsf]� 5 kg kfgLnfO{ 100 °C ;Dd ttfpFbf 
vkt x'g]� tfk zlSt lx;fa ug'{xf]�;\ .

-kfgLsf]� ljlzi6 tfkwf/�0f Ifdtf = 4200 J kg-1 °C-1 _

xn M	k|Zgdf lbOPcg';f/�, kfgLsf]� lk08 (m) = 5 kg

	 kfgLsf]� ljlzi6 tfkwf/�0f Ifdtf -s_ = 4200 J kg-1 °C-1

	 kfgLsf]� ;'?sf]� tfkj|md (T1) = 10 °C

	 kfgLsf]� clGtd tfkj|md (T2) = 100 °C

	 kfgLsf]� tfkj|mddf x'g]� kl/�jt{g = T2- T1= 100°C - 10°C =90° C

	 tfk ;dLs/�0fcg';f/�, Q = m s (T2- T1)

	 Or 	 Q = 5 × 4200 × 90

		  ∴ Q = 1890000 J=1.89×106 J

10°C tfkj|md ePsf]� 5 kg kfgLnfO{ 100°C ;Dd ttfpFbf 1.89×106 J tfk vkt x'G5 .

pbfx/�0f 3.2

hf8f]�ofddf g'xfpgsf nflu 100°C tfkj|msf]� 5 kg kfgLnfO{ 15°C tfkj|mdsf]�  
15 kg kfgLdf ld;fpFbf x'g]� tfkj|md lx;fa ug'{xf]�;\ . -o;df kfgLnfO{ ld;fpFbf 
aflx/�L jftfj/�0fdf x'g]� tfk k|;f/�0fnfO{ guGo dflgPsf]� 5 ._ 

k|Zgdf lbOPcg';f/�,

	 lr;f]�kfgLsf nflu 	 tftf]�kfgLsf nflu

	 lr;f]�kfgLsf]� lk08 (m1 ) =15 kg 	 tftf]�kfgLsf]� lk08 (m2) = 5 kg

	 lr;f]�kfgLsf]� tfkj|md (T1 )=15°C	 tftf]�kfgLsf]� tfkj|md (T2)=100°C
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	 lr;f]�kfgL /� tftf]�kfgLsf nflu ljlzi6 tfkwf/�0f

	 Ifdtf s1 = s2 = s = 4200 J kg-1 °C-1

	 dfgf}�F kfgLsf]� clGtd tfkj|md =T

	 aflx/�L jftfj/�0fdf tfk gfz gePsf]� cj:�yfdf, 

	 tftf]�kfgLn]� 5f]�8\g]� tfk = lr;f]�kfgLn]� lng]� tfk 

	 or, 	 m1 s (T - T1 ) = m2 s (T2-T)

	 or, 	 15 × (T - 15) =5 × (100-T)

	 or, 	 3 × (T - 15) = (100-T)

	 or, 	 3T - 45 = 100 - T

	 or, 	 4 T = 145

	 ∴ 	 T = 36.25 °C

o;y{ 100 °C tfkj|mdsf]� 5 kg kfgLnfO{ 15 °C tfkj|mdsf]� 15 kg kfgLdf ld;fpFbf 
kfgLsf]� clGtd tfkj|md 36.25°C x'G5 .

kfgLsf]� pRr ljlzi6 tfkwf/�0f Ifdtfsf]� pkof]�lutf

kfgLsf]� ljlzi6 tfkwf/�0f Ifdtf Psbd}� pRr x'G5 . k|To]�s 1 lsnf]�u|fd kfgLsf]� tfkj|md 
1 °C kl/�jt{g x'Fbf 4200 J tfk zf]�if0f u5{ jf 5f]�8\5 . of]� u'0fn]� ubf{ kfgLnfO{ tftf]� 
j:�t' lr:�ofpg]� k|efjsf/�L s'n]�G6sf ¿kdf k|of]�u ul/�G5 . pbfx0fsf ¿kdf tftf]� 
OlGhgnfO{ lr:�ofpg sf/�sf]� /�]�l8P6/�df kfgLnfO{ s'n]�G6sf ¿kdf k|of]�u ul/�G5 . 
pSt kfgLn]� sf/�sf]� OlGhgaf6 7'nf]� dfqfdf tfk zf]�if0f u5{ t/� kfgLsf tfkj|mddf 
eg]� w]�/�}� j[l4 x'Fb}�g . oxL sf/�0fn]� ubf{ ljB't\ pTkfbgsf nflu k|of]�u x'g]� yd{n kfj/� 
:�6]�;gdf klg kfgLnfO{ s'n]�G6sf ¿kdf k|of]�u ul/�G5 . kfgLsf]� oxL u'0fn]� ubf{ x6 
jf6/� Aofudf tftf]�kfgLn]� nfdf]� ;do;Dd tfk lbG5 . To;}�n]� o;nfO{ ;]�Sgsf nflu 
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k|of]�u ul/�G5 . o;}�u/�L k|fs[lts ¿kdf hLjsf]� z/�L/�df x'g]� 70 % b]�lv 90 % kfgLn]� 
z/�L/�sf]� tfkj|md lgoGq0f ug{ dbt u5{ .

lrq 9.10 sf/�sf]� /�]�l8P6/�df 
s'n]�G6sf ¿kdf kfgLsf]� k|of]�u

lrq 9.11 Hj/�f]� cfPsf]� 
JolStsf]� lgwf/�df kfgL k6\6L

lrq 9.12 ;]�Sg]� k|of]�hgsf 
nflu x6 jf6/� Aofu

t6Lo If]�qdf kfgL /� hldgsf]� ljlzi6 tfkwf/�0f Ifdtfsf]� cGt/�n]� ubf{ ;d'b|L ;tx 
dflysf]� xfjf /� hldg dflysf]� xfjf cf]�xf]�/�bf]�xf]�/� eO/�xG5 . lbpF;f]�sf]� ;do hldg /� 
;d'›df ;dfg ¿kn]� ;"o{sf]� tfk kg]�{ u5{ . hldgsf]� ljlzi6 tfkwf/�0f Ifdtf kfgLsf]� 
t'ngfdf sl/�a kfFr u'0ff sd x'g]� ePsfn]� ;d'b|sf]� t'ngfdf hldgsf]� tfkj|md tLj| 
ultdf a9\5 . o;/�L hldg dflysf]� xfjf tftf]� /� xn'sf eO{ dfly p7\bf hldgdfly 
Go"g rfkLo If]�q l;h{gf x'G5 . o;n]� ubf{ ;d'b|dflysf]� pRr rfkLo If]�qdf /�x]�sf]� 
lr;f]� xfjf hldgtkm{ axg yfN5 . o;nfO{ ;L la|h elgG5 .

lrq 9.13 ;L la|h lrq 9.14 n]�G8 la|h

/�ftsf]� ;dodf hldg /� ;d'›n]� ljls/�0fsf dfWodaf6 tfk 5f]�8\5g\ /� ltgsf]� tfkj|md 
36\5 . ;d'›sf]� kfgLsf]� t'ngfdf hldgsf]� tfkj|md tLj| ¿kn]� 36\5 . ;d'›sf]� kfgLsf]� 
ljlzi6 tfkwf/�0f Ifdtf a9L x'g]� ePsfn]� /�ftdf ;d'›L kfgLsf]� tfkj|md hldgeGbf 
a9L x'G5 . o;n]� ubf{ ;d'›sf]� kfgL dflysf]� xfjf Gofgf]� eO{ dfly p7\bf ;d'b|L ;tx 
dflysf]� xfjfsf]� rfk 36\5 /� hldgaf6 lr;f]� xfjf ;d'›lt/� axG5 . o;nfO{ NofG8 
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la|h elgG5 . o;/�L t6Lo If]�qx¿ glhs lbgsf]� ;dodf ;d'b|af6 hldglt/� axg]� 
xfjf /� /�fltsf]� ;do hldgaf6 ;d'b|lt/� axg]� xfjfn]� ubf{ lbg /� /�ftsf]� ;dodf x'g]� 
tfkj|mdlar w]�/�}� leGgtf kfOFb}�g .

tfkj|mdsf]� dfkg

ljleGg k|sf/�sf ydf]�{ld6/� /� ltgsf]� sfo{ l;4fGt

-c_ t/�no'St ydf]�{ld6/� (Liquid in glass thermometer)

t/�no'St ydf]�{ld6/�df Ps tfk ;+j]�bgzLn aNaleq ydf]�{d]�l6«s t/�n /�flvPsf]� x'G5 . 
kf/�f]� Ps tfksf]� ;'rfns /� a9L 3gTj ePsf]� ydf]�{d]�l6«s t/�n xf]� . ha ydf]�{ld6/�sf]� 
aNanfO{ tftf]� j:�t'sf]� ;Dks{df NofOG5, j:�t'af6 kf/�f]�df tfk k|;f/�0f x'G5 /� kf/�f]� 
k|;f/� x'G5 . k|;f/� ePsf]� kf/�f]� aNa;+Fu}� hf]�l8Psf]� s]�zgnL (capillary tube) x'Fb}� 
cufl8 ;5{ . gnLdf kf/�f]� ;g]�{ j|mddf h'g 7fpFdf uP/� ;g{ 5f]�8\5, pSt ljGb'n]� j:�t'sf]� 
tfkj|mdnfO{ hgfpF5 . t/�no'St ydf]�{ld6/�df aflx/�af6 pNn]�v ul/�Psf]� :�s]�nsf]� cª\s 
k9]�/� tfkj|md dfkg ul/�G5 .

-cf_ l8lh6n ydf]�{ld6/� (Digital thermometer)

of]� ljB't\ kl/�kydf hl8t tfk ;+j]�bgzLn yld{:�6/� -thermistor_ sf]� k|of]�uaf6 
j:�t'sf]� tfk dfkg ug]�{ pks/�0f xf]� . o;sf]� k|of]�u ubf{ ydf]�{ld6/� cg u/�L yld{:�6/� 
ePsf]� 5]�psf]� efu -tip_ nfO{ z/�L/�sf]� ;Dks{df /�flvG5 . z/�L/�af6 k|;f/�0f x'g]� 
tfkn]� ubf{{ ydf]�{ld6/�sf]� kl/�kydf x'g]� cj/�f]�w;F+u}� ljB't\ wf/�fdf kl/�jt{g cfpF5 . 
pSt kl/�jt{gsf cfwf/�df ydf]�{ld6/�sf]� l8:�Kn]� l:�j|mgdf dfkg ePsf]� tfkj|md  
cª\ssf ¿kdf k|bz{g x'G5 .

-O_ /�]�l8P;g ydf]�{ld6/� (Radiation thermometer)

of]� j:�t';Fusf]� ;Dks{ljgf To;af6 pTkGg OGk|mf/�]�8 ljls/�0f -infrared radiation_ 
sf cfwf/�df tfkj|md dfkg ug]�{ pks/�0f xf]� . o;sf]� k|of]�usf nflu ydf]�{ld6/�sf]� 
;]�G;/� -sensor_ ePsf]� efunfO{ j:�t'tk{m kmsf{OG5 . ydf]�{ld6/�df k|of]�u ePsf]� n]�G;n]� 
j:�t'af6 cfPsf OGk|mf/�]�8 ljls/�0fnfO{ ;]�G;/�df s]�lGb|t u5{ . ljls/�0fn]� af]�s]�sf]� tfksf 
cfwf/�df ljB't\ ;ª\s]�t pTkGg x'G5 /� j:�t'sf]� tfkj|md l8:�Kn]� l:�j|mgdf k|bz{g x'G5 . 
o; lsl;dsf]� ydf]�{ld6/�n]� tfkj|md dfkg ug{ lgs}� l56f]� /� ;xh x'G5 .
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ydf]�{ld6/�sf]� Soflna|]�;g (Calibration of a thermometer)

ydf]�{ld6/�df :�s]�n lgwf{/�0f ug]�{ k|lj|mof Soflna|]�;g xf]� . Soflna|]�;g ug{ ;'?df b''O{ 
lglZrt ljGb'x¿ -tNnf]� l:�y/� ljGb' /� dflyNnf]� l:�y/� ljGb'_ lgwf{/�0f ul/�G5 /� tL b'O{ 
ljGb'larsf]� b'/�LnfO{ rfx]�sf]� ;ª\Vofdf a/�fa/� v08df ljefhg ul/�G5 . ydf]�{ld6/�sf]� 
Soflna|]�;gsf nflu klUn/�x]�sf]� a/�kmsf]� tfkj|mdnfO{ Go"gtd ljGb' -+0°C_ /� Ps 
P6d;km]�l/�s jfo'd08nLo rfk ePsf]� 7fpFdf plDn/�x]�sf]� kfgLsf]� ;txdflysf]� afkmsf]� 
tfkj|md -+100°C_ nfO{ pRrtd ljGb' dflgG5 oL b'O{ ljGb'larsf]� b'/�LnfO{ 100 cf]�6f 
a/�fa/� v08df ljefhg ul/�G5 . k|To]�s v08n]� 1°C hgfpF5 . 

lj|mofsnfk 9.4

1. 	 Pp6f k|of]�uzfnf ydf]�{ld6/� lng'xf]�;\ .

2. 	 o;df ePsf]� :�s]�ndfly sfuh 6fF;]�/� 9fSg'xf]�;\ .

3. 	 Pp6f las/�df a/�km lng'xf]�;\ .

4. 	 kfgL pdfNgsf nflu cfjZos las/�, ag{/�, :�6\ofG8 cflbsf]� Joj:�yf ug'{xf]�;\ .

5. 	 ydf]�{ld6/�sf]� aNanfO{ a/�kmleq /�fv]�/� o;sf]� :�6]�dnfO{ :�6\ofG8df c8\ofpg'xf]�;\ . 
ydf]�{ld6/�sf]� s]�zgnLdf kf/�f]� emb}�{ u/�]�sf]� cjnf]�sg ug'{xf]�;\ . h'g ljGb'df kf/�f]� 
l:�y/� /�xG5 pSt ljGb'nfO{ 5'6\ofpg sfuhdf lrx\g nufpg'xf]�;\ /� 0 °C n]�Vg'xf]�;\ .

6.	 ydf]�{ld6/�sf]� aNanfO{ plDn/�x]�sf]� kfgLaf6 lg:�s]�sf]� afkmdfly /�xg]� u/�L  
c8\ofpg'xf]�;\ . ydf]�{ld6/�sf]� s]�zgnLdf kf/�f]� r9\b}� u/�]�sf]� cjnf]�sg ug'{xf]�;\ . h'g 
ljGb'df kf/�f]� l:�y/� /�xG5 . pSt ljGb'nfO{ 5'6\ofpg sfuhdf lrx\g nufpg'xf]�;\ 
/� 100°C n]�Vg'xf]�;\ .

7. 	 dflyNnf]� l:�y/� ljGb' /� tNnf]� l:�y/� ljGb'larsf]� b'/�LnfO{ k|ltv08 10°C x'g]� u/�L 
sfuhdfly a/�fa/� b'/�Ldf 9 cf]�6f /�]�vf lvRg'xf]�;\ /� ydf]�{ld6/�df ;]�lN;o; :�s]�n 
tof/� kfg'{xf]�;\ . of]� ydf]�{ld6/� k|of]�u u/�L wf/�fsf]� kfgLsf]� tfkj|md gfKg'xf]�;\ .

ljleGg k|sf/�sf :�s]�nx¿sf nflu l:�y/� ljGb'x¿sf]� dfg km/�s km/�s lnOG5 . ;]�lN;o; 
:�s]�n -Celsius scale_ sf nflu b'O{ l:�y/� ljGb' 0 °C /� 100 °C x'g\ . km/�]�gxfO6 :�s]�nsf 
nflu tNnf]� l:�y/� ljGb'nfO{ 32 °F /� dflyNnf]� l:�y/� ljGb'nfO{ 212 °F dflgG5 . s]�lNeg 
:�s]�ndf tNnf]� l:�y/� ljGb' 273 K /� dflyNnf]� l:�y/� ljGb' 373 K lgwf{/�0f ul/�Psf]� x'G5 .
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cEof;

1. 	 tnsf k|Zgsf]� ;xL ljsNk 5fGg'xf]�;\ M

-s_ 	s'g ljj/�0fn]� tfknfO{ hgfpF5 <

-c_ 	 c0f'x¿sf]� s'n ult zlSt

-cf_	 c0f'x¿sf]� cf}�;t ult zlSt

-O_	 c0f'x¿sf]� ult zlSt /� l:�ylt zlStsf]� of]�u

-O{_	 c0f'x¿sf]� cf}�;t ult zlStsf]� cGt/�n]� k|;f/�0f x'g]� zlSt

-v_	 j:�t'nfO{ ttfpFbf To;sf]� cfotg a9\g'nfO{ s'g cfwf/�df JofVof ug{ 
;lsG5 <

j|md c0f'÷k/�df0f'sf 
ultzlSt

c0f'÷k/�df0f'sf larsf]� 
cfsif{0f

c0f'÷k/�df0f'sf]� 
larsf]� b'/�L

-c_ a9\5 36\5 36\5

-cf_ a9\5 a9\5 36\5

-O_ a9\5 a9\5 36\5

-O{_ a9\5 36\5 a9\5

-u_ 	kbfy{sf]� ljlzi6 tfk wf/�0f Ifdtf tnsf dWo]� s'gdf lge{/� u5{ <

-c_ kbfy{sf]� lk08 		  -cf_ kbfy{sf]� cfotg

-O_ kbfy{sf]� tfkj|md 		  -O{_ kbfy{sf]� k|s[lt

-3_	 kfgLsf]� pRr ljlzi6 tfk wf/�0f Ifdtfsf]� c;/� s'g xf]� <

-c_	 t6Lo If]�qdf lbpF;f]�sf]� ;do ;d'b|sf]� kfgL hldgeGbf rfF8f]� tfT5 .

-cf_	 t6Lo If]�qdf /�fltsf]� ;do ;d'b|sf]� kfgL hldgeGbf rfF8f]� lrl;G5 .

-O_	 t6Lo If]�qdf lbpF;f]�sf]� ;do hldg ;d'b|sf]� kfgLeGbf l9nf]� tfT5 .

-O{_	 t6Lo If]�qdf /�fltsf]� ;do hldg ;d'b|sf]� kfgLeGbf rfF8f]� lrl;G5 .
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-ª_	 df]�6f]� kfOknfO{ ;fF3'/�f]� kfOkdf l5/�fpgsf nflu tnsf dWo]� s'g}� pkfo 
;a}�eGbf pko'St x'G5 <

-c_	 b'a}�nfO{ kfOknfO{ ttfpg]�

-cf_	 b'a}�nfO{ kfOknfO{ lr:�ofpg]�

-O_	 df]�6f]�nfO{ ttfpg]� ;fF3'/�f]�nfO{ lr:ofpg]�

-O{_	 df]�6f]�nfO{ lr:�ofpg]� ;fF3'/�f]�nfO{ ttfpg]�

-r_	 ;]�lN;o, km/�]�gxfO6 /� SoflNeg :�s]�ndf ydf]�{ld6/�sf]� tNnf]� l:�y/� ljGb' slt 
x'G5 <

-c_ 0 °C, 0 °F, 0 K 		  -cf_ 0 °C, 32 °F, 273 K

-O_ 0 °C, 180 °F, 373 K 	 -O{_ 0 °C, 212 °F, 373 K

2. 	 km/�s n]�Vg'xf]�;\ M

-c_ 	 yd{n zlSt /� tfk

-cf_	 tfk /� tfkj|md

-O{_	 ydf]�{ld6/�sf]� tNnf]� crn ljGb' /� ydf]�{ld6/�sf]� dflyNnf]� crn ljGb'

3. 	 sf/�0f n]�Vg'xf]�;\ M

-s_	 xyf}�8fn]� s]�xL ;do nuftf/� lxsf{pFbf kmnfdsf]� sfF6L tfT5 .

-v_	 v'nf 5f]�8]�sf]� sksf]� tftf] lrof s]�xL ;dokl5 lr;f]� x'G5 t/ lrof lr;f]� 
x'g]� j|md s]�xL ;dokl5 /�f]�lsG5 .

-u_	 hf8f]�ofddf cTolws lr;f]� x'g]� :�yfgdf kfgLsf kfOk rls{G5g\ .

-3_	 sf/�sf]� OlGhg lr:�ofpg o;sf]� /�]�l8P6/�df kfgL /�flvG5 .

-ª_	 ;]�Sgsf nflu x6 jf6/� Aofu k|of]�u ul/�G5 .

-r_	 t6Lo If]�qdf lbpF;f]� /� /�fltsf]� ;dodf x'g]� tfkj|mdlar Psbd}� 7'nf]� 
leGgtf kfOFb}�g .
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-5_	 d?e"lddf lbgsf]� tfkj|md /� /�fltsf]� tfkj|mdlar pRr leGgtf /�x]�sf]� 
x'G5 .

4. 	 tnsf k|Zgsf]� pQ/� n]�Vg'xf]�;\ M

-s_	 Ps hgf dflg;sf]� a'emfOdf Pp6f 7'nf]� 6\ofª\sL e/�Lsf]� lr;f]�kfgLdf eGbf 
Pp6f aflN6gdf /�x]�sf]� dgtftf]� kfgLdf tfk a9L x'G5 eGg]� a'emfO /�x]�sf]� 
5 . pSt a'emfOnfO{ yd{n zlSt, tfk /� tfkj|mdsf]� kl/�efiffsf cfwf/�df 
;Rofpg'xf]�;\ .

-v_	 tftf]� lrofsf]� sknfO{ 5'Fbf tftf]� /� a/�kmsf]� l9Ssf 5'Fbf lr;f]� cg'ej 
x'G5 . o;nfO{ c0f'sf]� rfnsf cfwf/�df JofVof ug'{xf]�;\ .

-u_	 l;;fsf]� af]�tnsf]� lasf]�{ gv'n]�df tfksf]� c;/�;DaGwL 1fgsf]� k|of]�u u/�L 
pSt lasf]�{ vf]�Ngsf nflu s:�tf]� pkfo ckgfpg ;lsG5, c0f'x¿sf]� ult 
zlStsf cfwf/�df JofVof ug'{xf]�;\ .

-3_	 ;+Fu}�sf]� u|fkmdf b]�vfOPsf]� kfgLsf]� cfotg /� tfkj|mdsf]� ;DaGw cWoog 
ug'{xf]�;\ /� tnsf k|Zgsf]� pQ/� n]�Vg'xf]�;\ M

-c_	 u|fkmdf b]�vfOPsf]� kfgLsf]� ljz]�if 
u'0fnfO{ s]� elgG5 .

-cf_	 kfgLnfO{ 0°C af6 10 °C ;Dd 
ttfp Fbf cfotgdf b ]�lvg ]� 
kl/�jt{g pNn]�v ug'{xf]�;\ .

-O_	 u|fkmdf b]�vfOPsf]� kfgLsf]� u'0f 
cGo t/�nsf]� eGbf s;/�L leGg 
5 <

-O{_ 	 ljGb' 4°C df kfgLsf]� 3gTj 
clwstd x'G5 ls Go"gtd, 
lsg <

-p_	 b}�lgs hLjgdf o;af/�]� x'g'kg]�{ 1fgsf]� dxÎj n]�Vg'xf]�;\ .
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-pm_	 u|fkmdf b]�vfOPsf]� ;DaGwsf cfwf/�df kfgLsf]� 3gTj /� tfkj|mdlar 
;DaGw b]�vfpg Ps gd'gf u|fkm lvRg'xf]�;\ .

-ª_	 ;ld/�n]� hf8f]�ofddf l:�6nsf]� lunf;df lkpg egL 6]�a'ndf /�fv]�sf]� kfgL 
s]�xL ;dokl5 lkpFb}� hfFbf lunf;sf]� lkFwlt/�sf]� kfgL t'ngfTds ¿kdf 
sd lr;f]� cg'ej u/�]� . pgsf]� cg'ejnfO{ j}�1flgs tYosf cfwf/�df k'li6 
ug'{xf]�;\ .

-r_	 cfotg /� 3gTjsf cfwf/�df kfgL /� l3p hDg]� lj|mofdf s]� leGgtf kfOG5 <

-5_	 ;dfg cfsf/�sf a/�kmsf b'O{cf]�6f 6'j|mfdWo]� Pp6fnfO{ cflNdlgosf]� a6\6fdf 
/� csf]�{nfO{ sf7sf]� a6\6fdf /�fVbf s'g klxn]� kUnG5, kUng]� lj|mofsf 
cfwf/�df JofVof ug'{xf]�;\ .

-h_	 ljlzi6 tfkwf/�0f Ifdtf eg]�sf]� s]� xf]� < o;sf]� P;= cfO{= PsfO klg 
n]�Vg'xf]�;\ .

-em_	 tfk ;dLs/�0f n]Vg'xf];\ .

-~f_	 kfgLsf] pRr ljlzi6 tfkwf/�0f Ifdtfsf s'g}� b'O{cf]�6f pkof]�lutf n]�Vg'xf]�;\ .

-6_	 100°C eGbf sd tfkj|mddf kfgL pdfNg ;Sg]� cj:�yfsf]� j0f{g ug{'xf]�;\ .

-7_	 b}�lgs hLjgdf k|of]�u x'g]� ydf]�{ld6/�sf lsl;d n]�Vg'xf]�;\ . ltgsf]� sfo{ 
l;4fGt klg pNn]�v ug'{xf]�;\ .

-8_	 ydf]�{ld6/� Soflna|]�;g eg]�sf]� s]� xf]�, pSt ljlw n]�Vg'xf]�;\ .

5. 	 tn lbOPsf ul0ftLo ;d:�of ;dfwfg ug'{xf]�;\ M

-s_	 500 g kfgLnfO{ ttfP/� o;sf]� tfkj|md 15 ° C af6 85°C ;Dd k'¥ofpg 
cfjZos kg]�{ tfksf]� lx;fa ug'{xf]�;\ . -147 kJ_

-v_	 kmnfdsf]� ljlzi6 tfkwf/�0f Ifdtf 460 J/�kg °C x'G5 . 5 kg sf]� kmnfdsf 
8NnfnfO{ 430 °C af6 30 °C ;Dd lr:�ofpFbf pSt 8Nnfn]� 5f]�8\g]� tfk 
lx;fa ug'{xf]�;\ . -920 kJ_
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-u_	 2 kg Kof/�flkmgsf]� tfkj|md 10°C n]� j[l4 ug{ 42000 J tfksf]� cfjZostf 
k5{ eg]� 4 kg Kof/�flkmgsf]� tfkj|md 20°C af6 40°C ;Dd k'¥ofpg 
cfjZos tfk lx;fa ug'{xf]�;\ . -1.6 × 105 J_

-3_	 Pp6f 500 g lk08 ePsf]� kbfy{nfO{ 100°C af6 226°C ;Dd ttfpg 
7938 J tfk cfjZos k5{ eg]� pSt kbfy{sf]� ljlzi6 tfkwf/�0f Ifdtf 
lx;fa ug'{xf]�;\ . -126 J/�kg °C_

-ª_	 Pp6f aflN6gdf 25°C tfkj|md ePsf]� 16 kg kfgL 5 . pSt kfgLdf 80°C 
tfkj|md ePsf]� 4 kg kfgL ld;fpFbf x'g]� kfgLsf]� tfkj|md lx;fa ug'{xf]�;\ . 
-oxfF tftf]�kfgL /� lr;f]�kfgL ld;fpFbf aflx/�L jftfj/�0fdf k|;f/�0f x'g]� 
tfknfO{ guGo dflgPsf]� 5 ._ -36°C_



lj1fg tyf k|ljlw M sIff !)242

t/�ª\u 
(Wave)

lrq 10.1 lrq 10.2 lrq 10.3 lrq 10.4 OGb|]�0fL k/�]�sf]�

lrq 10.1 df kfgLdf cfwf 8'afOPsf]� k]�lG;nnfO{ kfgL /� xfjf 5'6\ofpg]� txaf6  
afª\luPsf]� b]�vfOPsf]� 5 . of]� 36gf xfjf eP/� cfpg]� k|sfz t/�ª\u /� kfgL eP/� cfpg]� 
k|sfz t/�ª\usf]� j]�u;Fu ;DalGwt 5 .

lrq 10.2 df P]�gfsf]� ;txaf6 k|sfz k/�fjt{g x'Fbf o;sf]� ;tx 6Ns]� h:�t}� kfgLleqsf 
xfjfsf kmf]�sf 6Ns]�sf]� b]�vfOPsf]� 5 . o; 36gfdf kfgL eP/� hfg]� k|sfz xfjfsf 
kmf]�sfleq k|j]�z gu/�L To;sf]� ;txaf6 g}� kmls{Psf]� 5 . o;/�L Ps hf]�8L dfWoddWo]� 
Pp6f dfWod eP/� uPsf]� k|sfz k'gM ToxL dfWoddf k/�fjt{g x'g]� l;4fGtdf cfwfl/�t 
eP/� clK6sn kmfOa/� lgdf{0f ul/�G5 .

lrq 10.3 df lstfasf cIf/�af6 cfpg]� k|sfz xft]� n]�G; -hand lens_ sf]� sfFr eP/� 
cfpFbf 7'nf]� ePsf]� b]�vfOPsf]� 5 . xft]� n]�G;df k|of]�u ePsf]� sfFrsf]� ljz]�if lsl;dsf]� 
agfj6n]� ubf{ o;af6 x]�bf{ lstfasf cIf/� 7'nf b]�lvG5g\ .

lrq 10.4 df OGb|]�0fL k/�]�sf]� b]�vfOPsf]� 5 . OGb|]�0fL kbf{ ;"o{sf]� k|sfz ;ft /�ªsf  
t/�ª\udf 5'6\l6G5 . OGb|]�0fLsf ;ft /�ª cjnf]�sgsf nflu xfd|f]� cfFvfsf]� ;a}�eGbf leqL 
3]�/�fdf /�x]�sf sf]�g sf]�if -cone cell_ sf]� dxÎjk"0f{ e"ldsf x'G5 . OGb|]�0fL xfd|f nflu 
Ps 6f9fsf]� j:�t' h:�t}� xf]� . xfd|f]� cfFvfdf x'g]� xft]� n]�G; h:�t}� cfsf/� ePsf]� k|fs[lts 
n]�G;n]� 6f9f tyf glhssf ;a}� j:�t'sf]� cjnf]�sg ug{ ;Dej x'G5 . slxn]�sfxLF 

10
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s]�xL dflg;df pSt n]�G; wldnf]� x'g]�, cfjZostfcg';f/� afSnf]� jf kftnf]� gx'g]� 
h:�tf ;d:�of b]�lvG5g\ . s]�xL dflg;df 6f9f jf glhssf j:�t' :�ki6;Fu gb]�Vg]�, /�ª  
5'6\ofpg g;Sg]� h:�tf ;d:�of x'G5g\ . 6f9f jf glhssf]� gb]�Vg]� ;d:�of ePsf 
dflg;n]� cfFvfsf]� hfFr u/�L pko'St r:�df k|of]�u u/�]�df pSt ;d:�of ;dfwfg x'G5 .

xfdLn]� k|sfzsf]� dbtn]� cjnf]�sg ug]�{ 36gfdf xfjf eP/� cfPsf]� k|sfz ljleGg 
k|fs[lts jf s[lqd kf/�bzL{ dfWod eP/� k|;f/�0f x'G5 . tL dfWoddf k|sfzsf]� j]�u 
km/�s km/�s x'G5 . s'g}� dfWoddf x'g]� j]�unfO{ csf]�{ dfWoddf x'g]� j]�u;Fu t'ngf u/�L 
tL b'O{ dfWodnfO{ ;3g dfWod /� lj/�n dfWodsf ¿kdf 5'6\ofpg ;lsG5 .

;3g /� lj/�n dfWod (Denser and rarer medium)

k|sfz k|;f/�0f x'g]� kbfy{ dfWod xf]� . xfjf, kfgL, sfFr cflb km/�s km/�s dfWod x'g\ . 
tn tflnsfdf ljleGg dfWoddf x'g]� k|sfzsf]� j]�u lbOPsf]� 5 M

dfWod k|sfzsf]� j]�u (m/�s) dfWod k|sfzsf]� j]�u (m/�s)

xfjf 3.00 ×108 dl6t]�n 2.08 ×108

kfgL 2.25 ×108 sfFr 2.00 ×108

cNsf]�xn 2.21 ×108 lx/�f 1.24 ×108

lbOPsf ljleGg dfWoddf x'g]� k|sfzsf]� j]�u cWoog ubf{ xfjfdf ;a}�eGbf a9L j]�u 
5 . To:�t}� lx/�fdf ;a}�eGbf sd j]�u /�x]�sf]� 5 . s'g}� b'O{cf]�6f dfWoddWo]� k|sfzsf]� j]�u 
t'ngfTds ¿kdf sd x'g]� dfWod ;3g dfWod xf]� . To;}� u/�L b'O{cf]�6f dfWoddWo]� 
k|sfzsf]� j]�u t'ngfTds ¿kdf a9L x'g]� dfWod lj/�n dfWod xf]� . pbfx/�0fsf nflu 
sfFr /� xfjfsf]� t'ngf ubf{ sfFrdf xfjfsf]� j]�u sd /� xfjfdf k|sfzsf]� j]�u a9L 
x'G5 . oxfF sfFr ;3g dfWod xf]� /� xfjf lj/�n dfWod xf]� .

ljrf/�0fLo k|Zg

dflysf]� tflnsfdf kfgL /� dl6t]�ndf x'g]� k|sfzsf]� j]�ular t'ngf ug'{xf]�;\ . s]� ;3g 
dfWod eGgfn]� 3gTj a9L ePsf]� dfWod eGg]� a'lemG5 <
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kfgLdf dl6t]�n t}�l/�G5 . cyf{t\ kfgLeGbf dl6t]�nsf]� 3gTj sd x'G5 . oL b'O{ dfWoddf 
k|sfzsf]� j]�usf]� t'ngf ubf{ kfgLdf eGbf dl6t]�ndf k|sfzsf]� j]�u sd x'G5 . cyf{t\ 
kfgL lj/�n dfWod /� dl6t]�n ;3g dfWod xf]� . t;y{ k|sfzsf]� ;3g dfWod eGgfn]� 
t'ngfTds ¿kn]� 3gTj a9L ePsf]� dfWod eGg]� a'leFmb}�g . s'g}� b'O{cf]�6f dfWod eP/� 
hfg]� u/�L k7fOPsf]� k|sfzsf]� k|;f/�0fsf j|mddf dfWod kl/�jt{g;Fu}� x'g]� lbzf kl/�jt{g 
cyf{t\ cfjt{gsf cfwf/�df ;3g /� lj/�n dfWod 5'6\ofpg ;lsG5 .

k|sfzsf]� cfjt{g (Refraction of light)

lj|mofsnfk 10.1

lrq 10.5 df b]�vfOP h:�t}� Pp6f n]�h/� lad Kjf]�OG6/� -LASER beam pointer_ /� 
cfwfeGbf a9L kfgL el/�Psf]� las/� lng'xf]�;\ . las/�sf]� kfgLdf 8]�6f]�n jf b'wsf s]�xL 
yf]�kf /�fvL wldnf]� agfpg'xf]�;\, kfgLsf]� ;txdfly aNb}� u/�]�sf]� l;Gs]�w'k /�fv]�/� w'jfF 
agfO{ las/�sf]� d'vnfO{ sfuhn]� 5f]�Kg'xf]�;\ .

lrq 10.5 
n]�h/� lad 
kf]�OG6/�

lrq 10.6 ;fwf/�0f /�]� aS;
lrq 10.7 xfjfaf6 

kfgLdf k|sfz k|;f/�0f

lrq 10.8 kfgLaf6 
xfjfdf k|sfz k|;f/�0f

klxnf]� k6s lrq 10.7 df b]�vfOP h:�t}� n]�h/� ladnfO{ las/�sf]� dflyaf6 58\s]� ¿kdf 
kfgLsf]� ;txleq k7fO{ kfgLdf k|;f/�0f x'g]� ladsf]� lbzf cjnf]�sg ug'{xf]�;\ . bf]�;|f]� 
k6s lrq 10.8 df b]�vfOP h:�t}� n]�h/� ladnfO{ las/�sf]� tnaf6 58\s]� ¿kdf kfgLsf]� 
;txleq k7fO{ xfjfdf k|;f/�0f x'g]� ladsf]� lbzf cjnf]�sg ug'{xf]�;\ .

s]� n]�h/� lad xfjfaf6 kfgLdf /� kfgLaf6 xfjfdf k|j]�z ubf{ o;sf]� k|;f/�0fsf]� lbzf 
kl/�jt{g eof]� <
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xfjf /� kfgLdf k|sfzsf]� j]�u j|mdzM 3.00 ×108 /� 2.25 ×108 m/�s x'G5 . k|sfz 
xfjfaf6 kfgLdf k|j]�z ubf{ j]�u 36\5 . o;n]� ubf{ lrq 10.7 df b]�vfOP h:�t}� n]�h/� 
lad xfjfaf6 kfgLdf k|j]�z u/�]�sf]� :�yfgdf aGg]� sfNklgs nDa /�]�vf cyf{t\ gd{n 
-normal_ lt/� afª\luG5 . kfgLdf n]�h/� lad k|;f/�0f x'Fbf nDalt/� afª\luPsfn]� o;nfO{ 
;3g dfWodsf ¿kdf 5'6\ofpg ;lsG5 . k|sfz kfgLaf6 xfjfdf k|j]�z ubf{ j]�u 
a9\5 . o;n]� ubf{ lrq 10.8 df b]�vfOP h:�t}� n]�h/� lad gd{naf6 6f9f afª\luG5 . 
xfjfdf n]�h/� lad k|;f/�0f x'Fbf gd{naf6 6f9f afª\luPsfn]� o;nfO{ lj/�n dfWodsf 
¿kdf 5'6\ofpg ;lsG5 .

o; lj|mofsnfkdf k|sfz Ps dfWodaf6 csf]�{ dfWoddf k|;f/�0f x'Fbf o;sf]� j]�u 
kl/�jt{g eO{ gd{nlt/� jf gd{naf6 6f9f afª\luP/� k|;f/�0f x'g]� k|sfz cfjlt{t k|sfz 
-refracted light_ xf]� . k|sfzsf]� ls/�0f Ps dfWodaf6 csf]�{ dfWoddf hfFbf afª\lug]� 
jf lbzf kl/�jt{g x'g]� k|lj|mofnfO{ k|sfzsf]� cfjt{g -refraction of light_ elgG5 . 
k|sfz lj/�n dfWodaf6 ;3g dfWoddf hfFbf j]�u 36\g' jf o;sf]� l7s ljk/�Lt k|sfz 
;3g dfWodaf6 lj/�n dfWoddf hfFbf j]�u a9\g' g}� k|sfz cfjt{gsf]� sf/�0f xf]� . 
k|sfzn]� dfWod kl/�jt{g ubf{ hlt w]�/�}� o;sf]� j]�udf kl/�jt{g cfpF5 Tolt g}� a9L 
k|sfz t/�ª\u afª\luG5 cyf{t\ cfjlt{t x'G5 . jf:�tjdf dfWod kl/�jt{g x'Fbf k|sfz 
dfq geO{ ;a}� k|sf/�sf t/�ª\usf]� cfjt{g x'G5 .

lj|mofsnfk 10.2 sf“rsf]� :�Nofaaf6 x'g]� k|sfzsf]� cfjt{g

/�]� aS; -ray box_ jf n]�h/� lad kf]�OG6/� -LASER beam pointer_, cfotfsf/� sfFrsf]� 
:�Nofa, ;fbf kfgf, k]�lG;n, :�s]�n cflb lng'xf]�;\ . Pp6f ;fbf kfgfdf sfFrsf]� :�Nofa 
/�fVg'xf]�;\ . pSt :�Nofasf]� jl/�kl/� k]�lG;nn]� 3]�/�f xfNg'xf]�;\ /� lrq 10.9 df b]�vfOP 
h:�t}� PQRS gfds/�0f ug'{xf]�;\ . ;tx PQ df Pp6f ljGb' O 5fGg'xf]�;\ . pSt ljGb'df 
nDa /�]�vf NN' /� pSt nDa ;Fu tkfO{Fsf]� OR5fcg'¿ksf]� 'i' sf]�0f agfpg]� /�]�vf AO 
sf]�g'{xf]�;\ . k'gM :�NofanfO{ klxn]� sf]�/�]�sf]� 3]�/�fdfly /�fVg'xf]�;\ . /�]� aS;nfO{ :�Nofasf]� ;tx 
PQ k6\l6 kmsf{P/� k|sfz ls/�0f /�]�vf AO dfly kg]�{ u/�L :�Nofasf]� ;txdf kfg'{xf]�;\ . 
pSt ls/�0f :�Nofaleq k|;f/�0f eP/� csf]�{ ;tx RS af6 aflx/� lg:�sG5 . k]�lG;nn]� 
:�Nofasf]� ;txaf6 ls/�0f aflx/� lg:�s]�sf]� :�yfgdf ljGb' B /� aflx/� lg:�s]�sf]� ls/�0fdf 
s'g}� ljGb' C 5fGg'xf]�;\ . ca :�NofanfO{ kfgLaf6 x6fP/� ljGb' B df nDa N1N1' 
lvRg'xf]�;\ /� BC tyf OB hf]�8\g'xf]�;\ .
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k|sfzsf]� ls/�0f xfjfaf6 sfFrleq k|j]�z ubf{ /� sfFraf6 aflx/� k'gM xfjfdf k|j]�z ubf{ 
s'g lbzfdf afª\luPsf]� 5, cjnf]�sg ug'{xf]�;\ .

lrq 10.9 sf“rsf]� :�Nofaaf6 k|sfzsf]� cfjt{g

lrq 10.9 df b]�vfOPsf]� ls/�0f lrq -ray diagram_ cg';f/� k|sfzsf]� cfjt{g;Fu 
;DalGwt zAbfjnL -terminologies related with refraction of light_ lgDgfg';f/� 
5g\ M

-c_ gd{n (normal)

b'O{ dfWodlarsf]� ;txdf nDa x'g]� sfNklgs /�]�vf gd{n xf]� . NN' /� N1N1' b'O{cf]�6f 
gd{n x'g\ .

-cf_ cfkltt ls/�0f (incident ray)

k|sfzsf]� ;|f]�taf6 cfpg]� ls/�0f AO cfkltt ls/�0f xf]� .

-O_ cfkltt sf]�0f (angle of incidence)

cfkltt ls/�0f AO n]� gd{n NN' ;F+u agfpg]� sf]�0f -  AON_ cfkltt sf]�0f xf]� .

-O{_ cfjlt{t ls/�0f (refracted ray)

k|sfz Ps dfWodaf6 csf]�{ dfWoddf k|j]�z ubf{ afª\luP/� uPsf]� ls/�0f OR cfjlt{t 
ls/�0f xf]� .
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-p_ cfjlt{t sf]�0f (Angle of refraction)

cfjlt{t ls/�0f OB n]� gd{n NN' ;+Fu agfpg]� sf]�0f -  BON'_ cfjlt{t sf]�0f xf]� .

-pm_ Od/�h]�{G6 ls/�0f (Emergent ray)

k|sfzsf]� cfjt{gkZrft\ k'gM klxn]�s}� dfWoddf k|;f/�0f x'g]� k|sfz ls/�0f BC, Od/�h]�{G6 
ls/�0f xf]� .

-C_ Odh]�{G6 sf]�0f (Angle of emergence)

Odh]�{G6 ls/�0f BC n]� gd{n N1N1' ;+Fu agfpg]� sf]�0f  CBN' Odh]�{G6 sf]�0f xf]� .

-P_ n]�6/�n l;ˆ6 (lateral shift)

;3g dfWod -sfFrsf]� :�Nofa_ af6 k|sfz cfjt{g eO{ k'gM xfjfdf k|;f/�0f x'Fbf Odh]�{G6 
ls/�0f cfkltt ls/�0fsf]� lbzfdf s]�xL k/� ;g]�{ b'/�L CD nfO{ n]�6/�n l;ˆ6 elgG5 . 
o; lj|mofsnfkdf k|sfz xfjf -la/�n dfWod_ af6 sfFrsf]� :�Nofa -;3g dfWod_ df 
k|j]�z ubf{ gd{nlt/� afª\luG5 . o;sf]� l7s ljk/�Lt k|sfz sfFrsf]� :�Nofaaf6 aflx/� 
k'gM xfjfdf k|;f/�0f xF'bf k|sfzsf]� ls/�0f gd{naf6 6f9f afFª\luG5 .

lrq 10.9 df b]�vfOPsf]� ls/�0f lrq h:�t}� tkfO{Fn]� sf]�/�]�sf]� ls/�0f lrqdf cfkltt sf]�0f 
-∠AON_, cfjlt{t sf]�0f -∠BON'_ /� Odh]�{G6 sf]�0f -∠CBN1'_ gfKg'xf]�;\ . n]�6/�n 
l;ˆ6 -CD_ slt x'G5 <

∠AON=i ∠BON'=r ∠CBN1'=e glthf

30 o ................ ................ ........  ....... ,  ...... = .......

k'gM dflysf]� lj|mofsnfk 10.2 df cfkltt sf]�0fsf]� dfg 36a9 x'g]� u/�L k|sfz 
k7fpFbfsf]� glthf s:�tf]� x'G5 <

lrq 10.9 df xfjf sfFrlarsf]� tx -air-glass interface_ 'PQ' df xfjfaf6 sfFrdf 
k|;f/�0f x'g]� k|sfz ls/�0fsf nflu cfjlt{t sf]�0f -r_ ;wF}�+ cfkltt sf]�0f -i_ eGbf ;fgf]� 
x'G5 . sfFr xfjflarsf]� tx -glass-air interface_ RS df sfFraf6 k'gM xfjfdf 
k|;f/�0f x'g]� k|sfz ls/�0fsf nflu j]�u a9\bf gd{naf6 6f9f afª\luG5 . o;n]� ubf{ 
Odh]�{G6 sf]�0f -e_ /� cfkltt sf]�0f -i_ a/�fa/� x'G5g\ . cyf{t\ k|sfz ls/�0f sfFraf6 
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k'gM xfjfdf k|j]�z ubf{ cfkltt ls/�0f 'AO' sf]� lbzfdf k|;f/�0f x'G5 t/� sfFrsf]� 
:�Nofaaf6 x'g]� cfjt{gn]� ubf{ b'/�L 'CD' n]� n]�6/�n l;ˆ6 x'G5 .

k|sfzsf]� ls/�0f xfjfaf6 kf/�bzL{ dfWoddf hfFbf aGg]� cfjlt{t sf]�0f -r_ sf]� dfg 
dfWod /� cfkltt sf]�0f -i_ df lge{/� u5{ . cfkltt sf]�0f -i_ a9fpFbf jf 36fpFbf 
cfjlt{t sf]�0f -r_ klg j|mdzM a9\5 jf 36\5 . k|sfzsf]� cfjt{gsf]� lgodsf cfwf/�df 
s'g}� cfkltt sf]�0fsf nflu x'g]� cfjlt{t sf]�0f kQf nufpg ;lsG5 .

k|sfz cfjt{gsf lgod (Laws of refraction)

lj|mofsnfk 10.3 k|sfz cfjt{gsf lgodsf]� k|df0fLs/�0f

Pp6f cw{j[Qfsf/� sfFrsf]� :�Nofa -semicircular glass slab_, /�]� aS; jf n]�h/� 
lad kf]�OG6/�, :�s]�n, k|f]�6\ofS6/�, k]�lG;n, ;fbf kfgf cflb lng'xf]�;\ . lrq 10.10 df 
b]�vfOP h:�t}� ;fbf kfgfdf u|fkmdf b'O{ cIf sf]�/�]� h:�t}� cIfx¿ sf]�/�]�/� rf/�cf]�6f rt'yf{+z  
5'6\ofpg'xf]�;\ . klxnf]� rt'yf{Fz /� t]�;|f]� rt'yf{Fzdf k|f]�6\ofS6/�sf ;xfotfn]� l8u|L :�s]�n 
lgwf{/�0f ug'{xf]�;\ . b'a}� cIf sfl6Psf]� ljGb'df cw{j[Qfsf/� :�Nofasf]� dWo efu kg]�{ u/�L 
o;sf]� ;dtn efunfO{ x-cIf dfly /�fVg'xf]�;\ . /�]� aS;af6 k|sfz ls/�0fnfO{ :�Nofasf]� 
;dtn efudf ljleGg sf]�0f agfP/� k7fpg'xf]�;\ . o; j|mddf cIf;Fu cfkltt ls/�0f 
tyf cfjlt{t ls/�0fn]� agfpg]� sf]�0f dfkg u/�L tn lbOP h:�t}� tflnsfdf eg'{xf]�;\ /� 
cfjZos lx;fa u/�L glthf tyf lgisif{ kQf nufpg'xf]�;\ .

lrq 10.10 cw{j[Qfsf/� sf“rsf]� :�Nofaaf6 k|sfzsf]� cfjt{g

lrq 10.10 df b]�vfOP h:�t}� cw{j[Qfsf/� :�Nofasf]� ;dtn efudf nDa ¿kn]� k|sfz 
kbf{ gafª\luP/� l;wf sfFrleq k|;f/�0f x'G5 . To;kl5 k|sfz ls/�0fn]� gd{n;Fu agfpg]� 
sf]�0f -i_ a9fpFb}� hfFbf cfjlt{t sf]�0f -r_ klg j|mdzM a9\b}� hfG5 .
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xfjf /� sf“rdf x'g]� k|sfzsf]� j]�usf]� 

cg'kft

cfkltt 

sf]�0f

-∠i_

cfjlt{t 

sf]�0f

-∠r_
sin i sin r

sin i 

sin r glthf

xfjfdf k|sfzsf]� j]�u
dfWoddf k|sfzsf]�

(3×108) 

(2×108)
 =1.5=

15 10 ........ ........ 1.49 µ  =1.49

======= ======== ===== ===== ======= =======

lgisif{ M =====================

k|sfz cfjt{gsf lgodnfO{ a'Fbfut ¿kdf tn k|:�t't ul/�Psf]� 5 M

a.	 Ps dfWodaf6 csf]�{ dfWoddf k|sfzsf]� k|;f/�0f x'Fbf cfkltt ls/�0f -incident 
ray_, gd{n -normal _ /� cfjlt{t ls/�0f -refracted ray_ ;a}� Pp6}� ;dtndf 
x'G5g\ .

b.	 s'g}� Ps hf]�8f dfWodsf nflu cfkltt sf]�0fsf]� ;fOg -sine of angle of 
incidence_ /� cfjlt{t sf]�0fsf]� ;fOg -sine of angle of refraction_ sf]� 
cg'kft l:�y/� x'G5 . pSt l:�y/� dfgnfO{ µ n]� hgfOG5 .

	
cyf{t\,

 
sin i 
sin r  

= constant (µ) …�…�…�…�…�…�…�…�…�…�…�.(i)

o; cg'kftsf]� l:�y/� dfgnfO{ l/�̂|oflS6e OG8]�S; -refractive index_ elgG5 . o;nfO{ 
kQf nufpg]� ul0ft1 ljnaf]�8{ :�g]�n -Willebrord Snell_ sf]� gfdsf cfwf/�df :�g]�nsf]� 
lgod -Snell's law_ gfds/�0f ul/�Psf]� xf]� .

xfjfaf6 sFfrdf k|j]�z ug]�{ k|sfzsf nflu sin i /� sin r sf]� cg'kftsf]� l:�y/� dfg -µ_ 
xfjfdf x'g]� k|sfzsf]� j]�u -c_ /� sfFrdf x'g]� k|sfzsf]� j]�u -v_ sf]� cg'kft;Fu a/�fa/� 
x'G5 . t;y{ z"Go 7fpF jf xfjfdf x'g]� k|sfzsf]� j]�u /� s'g}� dfWoddf x'g]� k|sfzsf]� 
j]�usf]� cg'kftn]� pSt dfWodsf]� l/�̂|oflS6e OG8]�S;sf]� dfg lbG5 .

	 cyf{t\ µ =	
 

xfjfdf jf z\"Godf k|sfzsf]� j]�u (c) 	
s'g}� dfWoddf k|sfzsf]� j]�u (v)

tnsf tflnsfdf s]�xL dfWoddf x'g k|sfzsf j]�u /� ltgsf l/�̂|oflS6e OG8]�S; 
lbOPsf]� 5 . tflnsfdf lbOPsf ljleGg dfWodsf l/�̂|oflS6e OG8]�S;x¿sf]� a9\bf]� 
j|md /� ;DalGwt dfWoddf x'g]� k|sfzsf]� j]�usf]� 36\bf]� j|mdsf]� cWoogaf6 s]� lgisif{  
lgsfNg ;lsG5 <
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dfWod l/�k|moflS6e 
OG8]�S;

k|sfzsf]� j]�u 
-m/�s_

dfWod l/�k|moflS6e 
OG8]�S;

k|sfzsf]� j]�u 
-m/�s_

kfgL 1.33 2.25 ×108 lUnl;l/�g 1.47 2.04 ×108

cNsf]�xn 1.36 2.19 ×108 sfFr 1.50 2.00 ×108

dl6t]�n 1.44 2.08 ×108 lx/�f 2.42 1.24 ×108

dflysf]� tflnsfdf l/�̂|oflS6e OG8]�S; a9L ePsf]� dfWoddf k|sfzsf]� j]�u sd x'g]� 
tYofª\s k|:�t't ul/�Psf]� 5 . pSt tlnsfsf]� cWoogaf6 l/�̂|oflS6e OG8]�S; 7'nf]� 
ePsf dfWod l/�̂|oflS6e OG8]�S;sf]� dfg ;fgf]� ePsf dWodsf]� t'ngfdf ;3g dfWod 
x'G5g\ eGg]� lgisif{ lgsfNg ;lsG5 .

k|sfz cfjt{gsf kl/�0ffdx¿ (Consequences of refraction of light)

lj|mofsnfk 10.4 b[li6 /�]�vf -line of sight_ eGbf d'lg lunf;sf]� lk“wdf /�x]�sf]� 
l;Ssf cjnf]�sg

Pp6f l:�6nsf]� lunf;, l;Ssf /� kfgL 
lng'xf]�;\ . lunf;nfO{ 6]�a'ndf /�fvL o;sf]� 
lkFwdf Pp6f l;Ssf /�fVg'xf]�;\ . l;Ssf x]�b}�{ 
pSt l;Ssf b[li6 /�]�vfaf6 gx6'Gh]�n;Dd 
cfˆgf]� 6fpsf]� k5fl8 ;fg{'xf]�;\ . l;Ssf b]�lvg 
5f]�8]�sf]� :�yfgdf 6fpsf]�nfO{ cl8u /�fVg'xf]�;\ . 
To;kl5 s;}�nfO{ l;Ssf grNg]� u/�L la:�tf/�}� 
lunf;df kfgL vGofpg eGg'xf]�;\ . s]� 
lunf;df kfgL el/�Fb}� hfFbf l;Ssf k'gM b]�lvG5 <

o; lj|mofsnfkdf lunf;df kfgL vGofPkl5 o;sf]� lkFwdf /�x]�sf]� l;Ssfsf]� ;txaf6 
k/�fjlt{t k|sfzsf ls/�0f kfgL x'Fb}� xfjfdf k|j]�z u5{g\ . lrq 10.11 df b]�vfOP h:�t}� 
kfgL -;3g dfWod_ af6 xfjf -la/�n dfWod_ df hfFbf k|sfzsf ls/�0f kfgL /� xfjf 
5'6\ofpg]� txdf aGg]� gd{naf6 6f9f afª\luG5g\ . tL cfjlt{t ls/�0f cjnf]�sgstf{sf]� 
cfFvfdf k|j]�z ubf{ :�yfg 'I' df /�x]�sf]� l;Ssfaf6 l;wf af6fdf k|;f/�0f eP/� cfPsf]� 

lrq 10.11

visible

invisible

air
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efg x'G5 t/� jf:�tfjdf l;Ssf :�yfg O df /�x]�sf]� x'G5 . o;/�L kfgLleqsf]� l;Ssfaf6 
xfjfdf cfjlt{t k|sfzsf sf/�0f l;Ssf b]�lvg yfN5 .

b}�lgs hLjgdf k|sfz cfjt{gsf sf/�0f l;h{gf x'g]� y'k}� cj:�yf x'G5g\ . lj|mofsnfk 
10.4 df pNn]�v eP h:�t}� k|sfzsf]� cfjt{gsf s]�xL kl/�0ffd tnsf pbfx/�0fdf k|:�t't 
ul/�Psf 5g\ .

-c_	 kfgL /� xfjflarsf]� tx -water-air interface_ df x'g]� k|sfzsf]� cfjt{gsf 
kl/�0ffdx¿

lrq 10.12

Water

Real
depth

Apparent 
depth

A

B

lrq 10.13 lrq 10.14

dflysf lrqn]� k|sfzsf]� cfjt{gsf sf/�0fn]� kfgLdf cfwf 8'a]�sf]� j:�t' afª\uf]� b]�lvg' /� 
kfgLleqsf j:�t'sf]� ulx/�fO jf:�tljseGbf sd b]�lvg' h:�tf tYo k|:�t't u/�]�sf 5g\ .

-cf_ jfo'd08nLo cfjt{gsf kl/�0ffdx¿

lrq 10.15 tf/�fsf]� k|sfzsf]� jfo'd08nLo 

cfjt{g

apparent position 
of sun

Horizon

atmosphare

observer

actual position 
of sun

Earth

lrq 10.16 ;"o{sf ls/�0fsf]� jfo'd08nLo 

cfjt{g

xfdLn tf/�fsf cjnf]�sg ubf aflx/�L cGtl/�Ifaf6 cfpg k|sfz jfod08nLo txx¿df 
cfjt{g eP/� cfpF5 . jfo'd08nleq km/�s km/�s l/�̂|oflS6e OG8]�S; ePsf txx¿ 
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lg/�Gt/� :�yfg kl/�jt{g ul/�/�x]�sf x'G5g\ . o;n]� ubf{ jfo'd08nsf]� Pp6}� :�yfgdf klg 
tf/�faf6 cfpg]� k|sfz 3/�L gd{nlt/� t 3/�L gd{naf6 6f9f afª\lug]� u5{ . o;n]� ubf{ 
tf/�fx¿sf]� :�yfg bfofFafofF ;g]�{ tyf ltgLx¿ 3/�L rlDsnf /� 3/�L dw'/�f b]�lvg]� x'G5g\ . 
o;/�L x'g]� tf/�fx¿sf]� k|sfzsf]� jfo'd08nLo cfjt{gsf sf/�0f ltgLx¿ rlDs/�x]�sf 
b]�lvG5g\ . t/� k[YjLaf6 glhs /�x]�sf u|x tyf pku|x 7'nf]� b]�lvg]� ePsfn]� jfo'd08nLo 
cfjt{gn]� ubf{ x'g]� ltgsf]� :�yfg kl/�jt{g ePsf]� 7Dofpg ;lsFb}�g . To;}�n]� ltgLx¿ 
rlDsPsf b]�lvFb}�gg\ .

k|Zg M lrq 10.16 df b]�vfOPsf]� lIfltheGbf tnsf]� ;"o{nfO{ lj|mofsnfk 10.4 df 
l:�6nsf]� lunf;leqsf]� l;Ssf;Fu t'ngf ug'{xf]�;\ . h;/�L vfnL lunf;sf]� lkFwdf 
/�x]�sf]� l;Ssf b]�lvFb}�g t/� lunf;df kfgL /�fVbf cfjt{gsf sf/�0f b]�lvG5, To;/�L g}� s]� 
lIflthd'lgsf]� ;"o{ klg jfo'd08nLo cfjt{gn]� lIflthdfly b]�lvG5 <

lrq 10.16 df b]�vfOP h:�t}� ;"o{sf ls/�0f aflx/�L cGtl/�Ifaf6 jfo'd08ndf k|j]�z ubf{ 
la/�n dfWodaf6 ;3g dfWoddf k|j]�z ug]�{ ePsfn]� gd{nlt/� afª\luG5g\ . k[YjLsf]� 
;txaf6 a9\bf]� prfOcg';f/� jfo'd08nsf txsf]� l/�̂|oflS6e OG8]�S; kl/�jt{g x'G5 . 
tL txaf6 j|mlds ¿kn]� cfjt{g eO{ cfPsf lIfltheGbf tnsf]� ;"o{sf ls/�0f k[YjLsf]� 
;txdf /�x]�sf]� cjnf]�sgstf{sf]� cfFvfdf k'Ubf lIfltheGbf dflysf]� :�yfgaf6 l;wf 
af6f]� eP/� cfP h:�tf b]�lvG5g\ . To;sf/�0f ;"o{sf ls/�0fsf]� jfo'd08nLo cfjt{gsf 
sf/�0f laxfgsf]� ;do jf:�tljs ;"of]�{boeGbf nueu 2 ldg]�6 klxn]� /� ;"of{:�tsf]� a]�nf 
jf:�tljs ;"of{:�teGbf nueu 2 ldg]�6 kl5;Dd ;"o{nfO{ lIflthdfly b]�Vg ;lsG5 .

k|sfzsf]� k"0f{ cfGtl/�s k/�fjt{g (Total Internal Reflection of light)

l j | m o fsn fk 10.4 df 
cjnf]�sg u/�]� e}�Fm lrq 
10.17 df lunf;leqsf]� 
l;Ssf cjnf]�sg ubf{ kfgL 
-;3g dfWod_ af6 cfPsf 
k|sfzsf ls/�0f gd{naf6 
6f9f afª\luPsf]� b]�vfOPsf]� 5 . pSt cj:�yfdf cfjlt{t sf]�0f -angle of refraction_ 
'r', cfkltt sf]�0f -angle of incidence_ 'i', eGbf 7'nf]� -cyf{t\, r > i_ 5 . olb cfkltt 
sf]�0f 'i' a9\5 eg]�, cfjlt{t sf]�0f 'r' klg a9\5 .

lrq 10.17 km/�s km/�s sf]�0fdf kfgLleqsf]� l;Ssf cjnf]�sg
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k|Zg M ;3g dfWoddf cfkltt sf]�0f -i_ nfO{ a9fpFb}� hfFbf lj/�n dfWoddf cfjlt{t 
sf]�0f -r_ sf]� dfg klg a9]�/� clwstd slt;Dd k'Ug ;S5 xf]�nf <

lrq 10.17 sf]� bf]�;|f]� lrqdf xfjf /� kfgL 5'6\ofpg]�]� tx;Fu ;dfgfGt/� x'g]� u/�L 
cjnf]�sg ubf{ kfgleqsf]� l;Ssf b]�lvG5 . pSt cj:�yfdf cfjlt{t k|sfzn]� gd{n;Fu 
agfPsf]� sf]�0f 90° 5 . oxL g}� k|sfz ;3g dfWodaf6 la/�n dfWoddf hfFbf aGg]� 
cfjlt{t sf]�0f -r_ sf]� clwstd dfg xf]� . pSt cj:�yfdf kfgLleq gd{n;Fu ag]�sf]� 
cfkltt sf]�0f -i_ r/�d sf]�0f -critical angle_ xf]� .

r/�d sf]�0f (Critical angle)

lj|mofsnfk 10.5 ljleGg sf]�0f agfP/� k|sfz ;3g dfWodaf6 la/�n dfWoddf 
k|j]�z ubf{ x'g]� cfjt{g lj|moflrqdf b]�vfOP h:�t}� cw{uf]�nfsf/� sfFrsf]� :�Nofa, n]�h/� 
lad kf]�OG6/� -Laser beam pointer_ jf /�]� aS;, k|f]�6\ofS6/� cflb lng'xf]�;\ . Pp6f 
;fbf kfgfdf u|fkmsf b'O{ cIf sfl6P h:�t}� u/�L /�]�vf lvRg'xf]�;\ . lrqdf b]�vfOP h:�t}�  
k|f]�6\ofS6/�sf]� s]�Gb| -center_ nfO{ pb\ud ljGb' -O_ /� ;Gbe{ /�]�vf -reference line_ 
nfO{ x -cIfdf ;dfgfGt/� x'g]� u/�L sf]�0fsf]� gfksf nflu :�s]�n tof/� kfg'{xf]�;\ . ca 
sfFrsf]� cw{uf]�nfsf/� :�Nofa lng'xf]�;\ /� To;sf]� s]�Gb|ljGb' O df kg]�{ u/�L l;wf efu 
x-cIfdf ;dfgfGt/� x'g]� u/�L kfgf dfly /�fVg'xf]�;\ . sfFrsf]� :�Nofasf]� cw{uf]�nfsf/� 
efult/�sf]� ;txdf nDa x'g]� u/�L n]�h/� ladnfO{ sfFrleq k7fpg'xf]�;\ . cfkltt sf]�0f 
-i_ /� cfjlt{t sf]�0f -r_ dfkg u/�L tnsf]� h:�t}� tflnsfdf eGg'xf]�;\ .

lrq 10.18
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cfkltt sf]�0fsf]� dfg j|mdzM a9fpFb}� hfg'xf]�;\ . s'g cj:�yfdf cfjlt{t ls/�0f sfFr 
xfjf 5'6\ofpg]�]� tx -glass-air interface_ ;F+u ;dfgfGt/� eP/� gd{n;Fu 90° sf]� sf]�0f 
agfP/� hfG5, cjnf]�sg u/�L l6kf]�6 ug'{xf]�;\ . cfjlt{t sf]�0fsf]� dfg 90° eO;s]�kl5 
klg cfkltt sf]�0fsf]� dfg a9fpFb}� ubf{ k|sfz s'g dfWoddf k|;f/�0f x'G5, xfjf ls 
sfFr <

cfkltt sf]�0f cfjlt{t sf]�0f÷k/�fjt{g sf]�0f glthf M k|sfzsf]� cfjt{g÷k/�fjt{g

30° …�…�…�…� k|sfzsf]� cfjt{g
35° …�…�…�…� ==================
…�.. 90° k|sfzsf]� cfjt{g
50° …�…�…�…� =========================

lrqdf b]�vfOP h:�t}� ;3g dfWoddf cfkltt sf]�0fsf]� dfg a9fpFb}� hfFbf Ps ljz]�if 
dfgsf nflu cfjlt{t ls/�0f b'O{ dfWod -sfFr /� xfjf_ nfO{ 5'6\ofpg]� txsf]� ;dfgfGt/� 
eP/� hfG5 /� cfjlt{t sf]�0fsf]� dfg 90° x'G5 . k|sfz ;3g dfWodaf6 lj/�n dfWoddf 
k|j]�z ubf{ cfjlt{t sf]�0fsf]� dfg 90° ePsf]� cj:�yfsf]� cfkltt sf]�0fnfO{ r/�d sf]�0f 
elgG5 .

r/�d sf]�0fsf]� dfg b'O{cf]�6f dfWodsf ¿kdf /�x]�sf kbfy{df e/� k5{ . xfjfsf ;fk]�Ifdf 
s]�xL dfWodsf nflu x'g]� r/�d sf]�0fsf]� dfg tnsf]� tflnsfdf k|:�t't ul/�Psf]� 5 M

dfWod r/�d sf]�0f dfWod r/�d sf]�0f

kfgL 49° lUnl;l/�g 43°

cNsf]�xn 48° sfFr 42°

dl6t]�n 44° lx/�f 24°

dflysf lj|mofsnfk 10.5 df cfkltt sf]�0fsf]� dfg r/�d sf]�]�0feGbf 7'nf]� kfbf{ k|sfz 
cfjt{gsf]� ;6\6f pxL dfWoddf k/�fjlt{t x'G5 . cyf{t\ sfFrsf]� :�Nofasf]� cw{uf]�nfsf/� 
efusf]� ;txaf6 l5/�]�sf]� k|sfz k/�fjlt{t eO{ sfFrd}� kmls{G5 . k|sfz ;3g dfWodaf6 
lj/�n dfWodlt/� k|;f/�0f x'Fbf cfkltt sf]�0fsf]� dfg r/�d sf]�0fsf]� dfgeGbf a9L ePsf]� 
cj:�yfdf k|sfzsf ls/�0f ;3g dfWoddf g}� k/�fjlt{t x'g]� k|lj|mof k"0f{ cfGtl/�s 
k/�fjt{g xf]� . o; k|lj|mofdf k|sfzsf k/�fjt{gsf lgod nfu' x'G5g\ .



lj1fg tyf k|ljlw M sIff !) 255

lrq 10.19 df b]�vfOPsf]� PSj]�l/�odleqsf]� 
df5fnfO{ aflx/�af6 ljz]�if sf]�0fdf cjnf]�sg 
ubf{ df5fsf]� z/�L/�af6 cfPsf k|sfzsf ls/�0f 
kfgL /� xfjf 5'6\ofpg]�]� txaf6 k"0f{ cfGtl/�s 
k/�fjt{g eO{ cjnf]�sgstf{sf]� cfFvf;Dd k'U5g\ . 
cjnfsgstf{n]� kfgL xfjf 5'6\ofpg]� tx -P]�gf 
h:�t}�_ sf cufl8 /�x]�sf]� df5f /� pSt txleq df5fsf]� cfs[lt b]�V5g\ .

;fwf/�0f cj:�yfdf ha k|sfz s'g}� b'O{ kf/�bzL{ dfWodsf]� l;dfgfdf k'U5 ta s]�xL 
v08 k/�fjlt{t x'G5 eg]� s]�xL v08 cfjlt{t eO{ bf]�;|f]� dfWoddf hfG5 . t/� k"0f{ 
cfGtl/�s k/�fjt{gdf k|sfzsf]� k"/�}� v08 k/�fjlt{t x'g]� ePsfn]� o; k|lj|mofdf …�k"0f{Ú� 
zAbsf]� k|of]�u ul/�G5 . k|sfzsf]� k"0f{ cfGtl/�s k/�fjt{g x'gsf nflu rflxg]� cfwf/� 
lgDgfg';f/� 5g\ M

-c_ k|sfzsf ls/�0f ;3g dfWod eP/� lj/�n dfWodlt/� k|;f/�0f ePsf]� x'g'k5{ .

-cf_ cfkltt sf]�0f r/�d sf]�0feGbf 7'nf]� x'g'k5{ .

lj|mofsnfk 10.6 ljleGg dfWoddf x'g]� k|sfzsf]� k"0f{ cfGtl/�s k/�fjt{g

-c_ kfgLdf x'g]� k"0f{ cfGtl/�s k/�fjt{g

lrq 10.20 df b]�vfOP h:�t}� Pp6f Knfl:�6ssf]� af]�tn /� n]�h/� 
lad kf]�OG6/� -Laser beam pointer_ lng'xf]�;\ . af]�tndf 
kfgL e/�]�/� Psb'O{ yf]�kf b'w jf l86f]�n ld;fP/� xNsf wldnf]� 
agfpg'xf]�;\ . ca af]�tnsf]� lkFweGbf s]�xL dflysf]� ;txdf Kjfn 
kfg'{xf]�;\ . pSt Kjfnaf6 kfgL alx/�x]�sf]� wf/�df kg]�{ u/�L af]�tnsf]� ljk/�Lt ;txaf6 
n]�h/� lad k7fpg'xf]�;\ . s]� pSt n]�h/� lad kfgLsf]� axfa;Fu}� k|;f/�0f x'G5 <

lrq 10.21 df b]�vfOP h:�t}� n]�h/� lad kf]�OG6/�nfO{ kfgLn]� 
el/�Psf]� las/�sf]� aflx/�L ;txaf6 58\s]� ¿kdf dflylt/� 
kmsf{P/� kfgLsf]� ;txdf n]�h/� lad kfg'{xf]�;\ . pSt n]�h/� lad 
kf]�OG6/�nfO{ 9NsfP/� cfkltt sf]�0fsf]� dfg kl/�jt{g ug'{xf]�;\ . 
s]� s'g}� lglZrt sf]�0fdf n]�h/� lad kfgLsf]� ;txaf6 k"0f{ ¿kdf 
kfgLdf k/�fjt{g x'G5 < 

air
water

lrq 10.19 PSj]�l/�od -aquarium_

lrq 10.20

lrq 10.21



lj1fg tyf k|ljlw M sIff !)256

o; lj|mofsnfkdf kfgLdf s]�xL yf]�kf b'w /�fVbf n]�h/� lad 5l/�G5 /� kfgLdf x'g]� 
k/�fjt{g cjnf]�sg ug{ ;xh x'G5 .

ls/�0f lrq 10.22 df af]�tnsf]� kfgL o;sf]� ;txsf]� 
Kjfnaf6 axFb}� u/�]�sf]� b]�vfOPsf]� 5 . af]�tnsf]� Kjfndf 
nDa x'g]� u/�L ljk/�Lt ;txaf6 k7fOPsf]� n]�h/� lad kfgL 
tn emb}�{ ubf{ aGg]� wf/�sf]� dflyNnf]� jj|m ;txdf k5{ . 
pSt ;txdf kbf{ n]�h/� lad ;3g dfWod -kfgL_ af6 
la/�n dfWod -xfjf_ lt/� k|;f/�0f x'G5 . cfkltt sf]�0fsf]� 
dfg kfgLsf]� r/�d sf]�0f -49°_ eGbf a9L x'G5 . o;n]� 
ubf{ n]�h/� lad kfgLsf]� ;txaf6 aflx/� cfjt{g geO{ k"0f{ 
cfGtl/�s k/�fjt{g eP/�  kfgLd}� kmls{G5 . To;kl5 pSt 
k/�fjlt{t lad kfgLsf]� axfasf]� j|mddf aGg]� wf/�sf]� ;txsf]� tNnf]� efudf k5{ . pSt 
;txdf klg k'gM k"0f{ cfGtl/�s k/�fjt{g eP/� n]�h/� lad kfgLd}� kmls{G5 . o;/�L j|mlds 
¿kn]� k"0f{ cfGtl/�s k/�fjt{g x'Fb}� n]�h/� lad kfgLsf]� wf/�;Fu}� tnlt/� k|;f/�0f x'G5 .

-cf_ lk|Hddf x'g]� k"0f{ cfGtl/�s k/�fjt{g

lrq 10.23 /� lrq 10.24 df b]�vfOP h:�t}� ;dafx' lqsf]�0fLo lk|Hd /� ;dsf]�0fL 
lqsf]�0fLo lk|Hdsf ljleGg ;txdf n]�h/� lad nDa ¿kn]� kg]�{ u/�L n]�h/� nfO6 kf]�OG6/� 
9Nsfpg'xf]�;\ . s'g s'g cj:�yfdf lk|Hdsf ;txaf6 n]�h/� ladsf]� k"0f{ cfGtl/�s 
k/�fjt{g x'G5, cjnf]�sg ug'{xf]�;\ .

lrq 10.23 ;dafx' 
lqe'hLo lk|Hddf x'g]� k"0f{ 

cfGtl/�s k/�fjt{g
lrq 10.24 ;dsf]�0f lqe'hLo lk|Hddf x'g]� k"0f{ cfGtl/�s k/�fjt{g

lk|Hd Ps lqcfoflds -three dimensional_ cfsf/� xf]� . of]� tLgcf]�6f cfotfsf/� ;tx 
/� b'O{cf]�6f lqe'hfsf/� ;txn]� afFlwPsf]� x'G5 . ;de'h lqe'hLo lk|Hd -equilateral 

lrq 10.22

Air
n=1.00

Water
n=1.3 Normal line

Angle of
incidence



lj1fg tyf k|ljlw M sIff !) 257

triangular prism_ df cfwf/� ;de'h lqe'hsf ¿kdf x'G5g\ . To:�t}� ;dsf]�0f 
lqe'hLo lk|Hd -right angled triangular prism_ df cfwf/� ;dsf]�0fL lqe'hsf]� 
¿kdf x'G5g\ . lrq 10.25 a df b]�vfOP h:�t}� k|sfz ls/�0f PQ, ;de'h lqe'hLo 
lk|Hdsf]� e'hfdf nDa ¿kn]� kbf{ s'g}� klg lbzfdf gafª\luP/� l;wf sfFrleq cfjt{g 
x'G5 . pSt ls/�0f lk|Hdsf]� ;txdf kbf{ gd{n;F+u 60° sf]� sf]�0f agfpF5 . oxfF k|sfz 
;3g dfWod -sfFr_ af6 la/�n dfWod -xfjf_ df k|;f/�0f x'Fbf cfkltt sf]�0f sfFrsf]� 
r/�d sf]�0f 42° eGbf 7'nf]� x'G5 . o;n]� ubf{ k|sfzsf]� ls/�0f k"0f{ cfGtl/�s k/�fjt{g 
eO{ ;tx BC df nDa ¿kn]� k5{ /� cfjt{g eO{ aflx/� xfjfdf k|;f/�0f x'G5 .

10.25 c10.25 a 10.25 b

lrq 10.25 lk|Hddf x'g]� k"0f{ cfGtl/�s k/�fjt{gsf ls/�0f lrq

lrq 10.25 a df h:�t}� lrq 10.25 b /� lrq 10.25 c df klg lk|Hdleq j|mdzM Ps k6s 
/� b'O{ k6s k|sfzsf]� ls/�0fsf]� k"0f{ cfGtl/�s k/�fjt{gkZrft\ cGtdf k|sfzsf]� ls/�0fsf]� 
cfjt{g eO{ lk|Hdaflx/� xfjfdf k|;f/�0f x'G5 . ;dsf]�0f lqe'hLo lk|Hdaf6 k|sfzsf]� 
ls/�0fnfO{ 90° df df]�8\g ;lsg]� ePsfn]� lrq 10.26 df b]�vfOP h:�t}� k]�l/�:�sf]�k, single 
lens reflex (SLR camera) /� b'la{gdf k|of]�u ePsf lk|Hddf x'g]� k"0f{ cfGtl/�s k/�fjt{g 
b]�vfOPsf]� 5 . o;/�L k"0f{ cfGtl/�s k/�fjt{gaf6 k|sfzsf]� lbzf kl/�jt{g ubf{ t/�ª\usf]� 
zlSt x|f; x'g kfpFb}�g /� j:�t'x¿ :�ki6 ¿kn]� cjnf]�sg ug{ ;lsG5 .

lrq 10.26 lk|Hddf x'g]� k"0f{ cfGtl/�s k/�fjt{g nfu' x'g]� pks/�0fx¿
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k"0f{ cfGtl/�s k/�fjt{gsf kl/�0ffdx¿ (Consequences of total internal 
reflection)

-c_ lx/�fsf]� rds (Sparkling diamond)

pRr l/�̂|oflS6e OG8]�S;sf sf/�0f lx/�fsf]� r/�d sf]�0fsf]� dfg 24° x'G5 . lx/�f eP/� 
k|;f/�0f x'g]� k|sfzsf ls/�0f lx/�f /� xfjf 5'6\ofpg]�]� tx -diamond-air interface_ df 
k'Ubf cfkltt sf]�0f -angle of incidence_ r/�d sf]�0f -critical angle_ eGbf 7'nf]� 
x'G5 . o;n]� ubf{ lx/�fdf k|sfzsf]� k"0f{ cfGtl/�s k/�fjt{g x'G5 .

lx/�fsf]� cfsf/� w]�/�}� e'hf x'g]� u/�L lgwf{/�0f ul/�G5 . o;sf e'hfx¿ o;/�L sfl6Psf 
x'G5g\ ls o;leq k|j]�z ug]�{ k|sfzsf clwsf+z ls/�0fsf]� PseGbf a9L k"0f{ cfGtl/�s 
k/�fjt{g x'G5 . /�fd|f]�;Fu sfl6Psf]� lx/�fsf]� dflyaf6 k|j]�z ug]�{ w]�/�}�h;f]� ls/�0fx¿sf]� w]�/�}� 
k6s k"0f{ cfGtl/�s k/�fjt{g x'G5 . o;n]� ubf{ lx/�faf6 aflx/� lg:�sg vf]�Hg]� k|sfzsf 
ls/�0fx¿ o;leq clNemP h:�tf]� x'g]� ePsfn]� of]� rlDs/�x]�sf]� b]�lvG5 . olb sfFrsf]� 
AnsnfO{ lx/�f h:�t}� e'hf x'g]� u/�L sfl6Pdf of]� lx/�f h:�tf]� rlDs/�xsf]� b]�lvFb}�g . sfFrsf]� 
r/�d sf]�0fsf]� dfg 42° x'g]� ePsfn]� o;leq k|j]�z ug]�{ k|sfz ls/�0f cfjt{gsf sf/�0f 
ljk/�Lt e'hfaf6 aflx/� lgl:�sG5g\ .

-cf_ ;tx 6lNsg' (Shining of a surface)

Air bubble

Total internal reflection

Water

lrq 10.27 kfgLleqsf]� xfjfsf kmf]�sf

Eye

Air

Water

lrq 10.28 kfgLleqsf]� vfnL 6]�:�66\o'asf]� ;tx

j:�t'sf]� lrNnf]� ;txaf6 x'g]� k|sfzsf]� k/�fjt{gn]� pSt ;tx 6Ns]�sf]� b]�lvG5 . kfgL 
xfjf 5'6\ofpg]�]� tx (water-air interface) jf sfFr xfjf 5'6\ofpg]�]� tx (water-air 
interface) af6 x'g]� k|sfzsf]� k/�fjt{gn]� tL ;tx 6Ns]�sf b]�lvG5g\ . lrq 10.37 
df b]�vfOP h:�t}� k|sfzsf ls/�0f kfgL -;3g dfWod_ eP/� xfjf -lj/�n dfWod_ lt/� 
hfFbf kfgL /� xfjf 5'6\ofpg]�]� txdf cfkltt sf]�0f (angle of incidence) r/�d sf]�0f 
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(critical angle) eGbf 7'nf]� aG5 . o;n]� ubf{ k|sfzsf ls/�0f kfgLleqsf xfjfsf 
kmf]�sfsf]� 3]�/�faf6 k/�fjlt{t x'G5g\ . kfgL aflx/�af6 cjnf]�sg ubf{ pSt kmf]�sf 6lNsG5 . 
lrq 10.28 df klg k|sfzsf ls/�0f kfgL -;3g dfWod_ af6 58\s]� x'g]� u/�L cfwf 
8'afOPsf]� vfnL 6]�:�66\o'aleqsf]� xfjf -lj/�n dfWod_ lt/� hfFbf kftnf]� sfFrsf]� txaf6 
g}� k"0f{ cfGtl/�s k/�fjt{g ePsf]� b]�vfOPsf]� 5 . aflx/�af6 x]�bf{ 6]�:�66\o'asf]� kfgLleq 
8'a]�sf]� efu 6Ns]�sf]� b]�lvG5 .

-O_ ld/�fh (Mirage)

k|Zg M s]� tkfO{Fn]� udL{ofddf lkr af6fdf lbpF;f]�sf]� ;do ofqf ubf{ lrq 10.29 df 
b]�vfOP h:�t}� kfgL hd]�sf]� h:�tf]� e|dfTds b[Zo b]�Vg'ePsf]� 5 <

T'

B

ET
Cool air

(Denser medium)
Hot air

(Rarer medium)

lrq 10.29 lkr/�f]�8df ld/�fh 	 lrq 10.30 ld/�fh aGbf x'g]� k"0f{ cfGtl/�s k/�fjt{g

lrq 10.29 df b]�vfOP h:�t}� k|foM udL{ofddf jf rsf]�{ 3fd nfu]�sf lbgdf lkr/�f]�8 
-pitched road_ df ofqf ubf{ cufl8 kfgL hd]�sf]� h:�tf]� b[li6e|d l;h{gf x'G5 . ofqf 
ub}�{ pSt :�yfgdf k'Ubf ;8s ;'Svf /�x]�sf]� kfOG5 . ;"o{sf]� tfkn]� k[YjLsf]� ;tx tfTbf 
pSt :�yfgdf kfgL hd]�sf]� h:�tf]� b]�lvg]� b[li6e|d ld/�fh xf]� .

ld/�fh k|sfzsf]� k"0f{ cfGtl/�s k/�fjt{gsf sf/�0f x'G5 . rsf]�{ 3fd nfu]�sf]� lbgdf 
hldgsf]� ;Dks{df /�xg]� xfjf t'ngfTds ¿kdf hldgeGbf dflysf]� xfjfsf]� txx¿eGbf 
a9L tfT5 . hldgsf]� ;txsf]� ;Dks{df /�x]�sf]� xfjfsf]� 3gTj dflyNnf]� txsf]� eGbf sd 
x'G5 . o;n]� ubf{ xfjfsf]� s'g}� Pp6f dflyNnf]� txsf]� l/�̂|oflS6e OG8]�S; pSt tx;+Fu}�sf]� 
tNnf]� txsf]� eGbf 7'nf]� x'G5 . To:�tf :�yfg jl/�kl/�sf j:�t' tyf af]�6la?jf h:�t}� 
?vaf6 cfpg k|sfzsf ls/�0f ;3g dfWodaf6 lj/�n dfWoddf k|;f/�0f x'G5g\ . lrq 
10.30 df b]�vfOP h:�t}� k|sfzsf ls/�0f xfjfsf]� dflyNnf]� txaf6 tNnf]� txdf cfjt{g 
x'Fbf gd{naf6 6f9f afª\luG5g\ . o;/�L ls/�0fx¿ cfjt{g x'Fb}� hfFbf Ps cj:�yfdf b'O{ 
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txlar aGg]� cfkltt sf]�0f -angle of incidence_ r/�d sf]�0f -critical angle_ eGbf 
7'nf]� aG5 /� k|sfzsf]� k"0f{ cfGtl/�s k/�fjt{g x'G5 . tL k/�fjlt{t ls/�0f s]�xL 6f9f 
/�x]�sf]� cjnf]�sgstf{sf]� cfFvfdf k|j]�z ubf{ hldgdf j:�t'sf]� pN6f]� cfs[lt b]�lvG5 . 
xfjfsf txx¿sf]� l/�̂|oflS6e OG8]�S; -refractive index_ lg/�Gt/� kl/�jt{g eO/�xg]� 
ePsfn]� pSt cfs[lt ;tx rNb}� u/�]�sf]� hd]�sf]� kfgLdf rln/�x]�sf]� h:�tf]� efg x'G5 .

ljrf/�0fLo k|Zg

ld/�fh aGbf x'g]� k|sfz t/�ª\ux¿sf]� cfjt{g h:�t}� Wjlg t/�ª\u klg cfjt{g x'Fbf Wjlg 
k|;f/�0fdf To;sf]� c;/� s:�tf]� k5{ xf]�nf <

cool air
warm air

warm air cool air

a b

lrq 10.31 Wjlg t/�ª\usf]� cfjt{g

lrq 10.31 a df b]�vfOP h:�t}� lbpF;f]� Wjlg t/�ª\ux¿n]� j|mlds ¿kdf xfjfsf]� dflyNnf]� 
tx kf/� ubf{ gd{nlt/� afª\luG5g\ /� Wjlg hldgsf ;txaf6 dflylt/� k|;f/�0f x'G5 . 
o;n]� ubf{ lbpF;f]� Wjlg ;|f]�taf6 s]�xL 6f9f hldgdf /�x]�sf ;|f]�tfn]� pSt Wjlg :�ki6 
;'Gb}�gg\ . To:�t}� lrq 10.31 b df b]�vfOP h:�t}� /�flt ;|f]�taf6 k|;f/�0f x'g]� t/�ª\ux¿ 
j|mlds ¿kn]� dflyNnf txx¿df cfjt{g x'Fbf gd{naf6 6f9f afª\luG5g\ /� cGTodf 
k"0f{ cfGtl/�s k/�fjt{g eO{ hldglt/� g}� k|;f/�0f x'G5g\ . o;n]� ubf{ /�flt Wjlg ;|f]�taf6 
s]�xL 6f9f hldgdf /�x]�sf ;|f]�tfn]� pSt Wjlg :�ki6 ;'G5g\ .

k"0f{ cfGtl/�s k/�fjt{gsf pkof]�lutf (Application of total internal reflection)

clK6sn kmfOa/� (optical fibre)

lj|mofsnfk 10.7 kmfOa/� clK6S;df cfwfl/�t OG6/�g]�6 s]�ansf]� cjnf]�sg

Pp6f kmfOa/� clK6S;df cfwfl/�t OG6/�g]�6 s]�a'nsf]� 6'j|mf lng'xf]�;\ . pSt s]�a'n 
aflx/�sf]� Knfl:�6ssf]� cfj/�0f tyf leqL txx¿ j|mdzM v's]�{/� cjnf]�sg ug'{xf]�;\ .
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lrq 10.32 /�fp6/�df clK6sn kmfOa/� sg]�S6/�sf]� h8fg

xfdLn k|of]�u ug{ tf/� hl8t OG6/�g]�6sf nflu OG6/�g]�6 ;]�jfk|bfos sDkgLn]� 
xfd|f]� 3/�;Dd Pp6f s]�a'n ljt/�0f u/�]�sf x'G5g\ . pbfx/�0fsf nflu OG6/�g]�6 h8fg 
ubf{ lrq 10.32 df b]�vfOP h:�t}� Pp6f s]�a'n v's]�{/� To;sf]� ;a}�eGbf leqsf]� /�f}�F 
h:�t}� dl;gf]� sfFrsf]� kmfOa/�nfO{ sg]�S6/�sf]� dbtn]� /�fp6/�;Fu h8fg ul/�G5 . o; 
lsl;dsf]� OG6/�g]�6 ;]�jfdf k|of]�u ul/�g]� s]�a'nleqsf]� dl;gf]� kmfOa/�n]� tLj| ;~rf/� 
;'ljwf k|bfg u5{ . k|sfz k|;f/�0fsf nflu k|of]�u x'g]� dl;gf]� kf/�bzL{ dfWod clK6sn  
kmfOa/� xf]� . 

light ray

core

cladding

plastic 
coating

	 lrq 10.33 /�fp6/� sg]�S6/� 	 lrq 10.34 clK6sn kmfOj/�df k|sfzsf]� k|;f/�0f

lrq 10.33 /� 10.34 df b]�vfOP h:�t}� clK6sn kmfOa/� s]�a'nsf]� leqL efudf 
sf]�/� -core_ sf ¿kdf dl;gf]� kf/�bzL{ dfWod h:�t}� sfFrsf]� kmfOa/� /�x]�sf]� x'G5 . 
To;sf]� jl/�kl/� sf]�/�sf]� eGbf sd l/�̂|oflS6e OG8]�S; ePsf]� Sn]�l8ª -cladding_ 
/�fv]�/� k"0f{ cfGtl/�s k/�fjt{gsf]� cfwf/� tof/� kfl/�G5 . k|sfznfO{ kmfOa/�leq k7fpFbf 
pSt kmfOa/� /� Sn]�l8ªsf]� txdf aGg]� cfkltt sf]�0f r/�dsf]�0feGbf 7'nf]� x'g]� u/�L 
k7fOG5 . To;kl5 j|mlds ¿kdf sfFrleq x'g]� k"0f{ cfGtl/�s k/�fjt{gn]� k|sfz 
tLj| j]�udf cufl8 k|;f/�0f x'G5 . clK6sn kmfOa/� l;wf jf df]�l8Psf]� h:�tf]�;'s}� 
cj:�yfdf eP tfklg Ps 5]�paf6 k|j]�z u/�]�sf k|sfzsf ls/�0f csf]�{ 5]�paf6 aflx/�  
lgl:�sG5g\ .
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;'?df clK6sn kmfOa/�sf]� k|of]�u lrlsT;f If]�qdf z/�L/�sf leqL efu;Dd k|sfz k|;f/�0f 
u/�L ltgsf]� cjnf]�sg ug]�{ k|of]�hgsf nflu ul/�of]� . To;kl5 clK6sn kmfOa/�dfk{mt 
k|sfzsf]� j]�udf ;~rf/� ;ª\s]�t k|;f/�0f ug{ k|of]�u ul/�of]� . jt{dfg ;dodf kmfOa/� 
clK6S;sf]� k|of]�u r]�shfFr, ;hfj6 ;fdu|L lgdf{0f h:�tf ljleGg If]�qdf eP tfklg 
kmfOa/� clK6S;sf]� Jofks k|of]�u ;~rf/� If]�qdf ePsf 5 .

-c_	 b"/�;~rf/�df clK6sn kmfOa/�sf]� k|of]�u (Use of optical fibre in 
telecommunication)

b"/�;~rf/� k|ljlwdf clK6sn kmfOa/� ;~rf/�sf]� ;ª\s]�t cyf{t\ 8f6fnfO{ k|sfzsf ¿kdf 
k"0f{ cfGtl/�s k/�fjt{gaf6 tLj| j]�un]� k|;f/�0f ug]�{ dfWod xf]� . o;sf nflu ;~rf/� 
;ª\s]�tnfO{ clK6sn kmfOa/�dfk{mt k|;f/�0f ug'{k"j{ k|sfzdf ¿kfGt/�0f ul/�G5 . clK6sn 
kmfOa/�af6 k|sfzsf ¿kdf ;~rf/� ;ª\s]�t k7fpFbf 8f6f k|;f/�0f tLj| dfq geO{ 
cGo k|ljlw h:�t}� tf/�ljxLg -wireless_ tyf tfdfsf]� tf/�af6 k|;f/�0f ul/�g]� k|ljlwsf]� 
t'ngfdf 7'nf]� ef]�n'dsf]� 8f6f ;'/�lIft ¿kdf 6f9f;Dd k|;f/�0f x'G5 . pbfx/�0fsf nflu 
clK6sn kmfOa/�af6 1 luufafO6 k|lt;]�s]�G8 -1 Gbps_ sf b/�n]� 8f6f k|;f/�0f ug{ 
;lsG5 . Pp6f clK6sn kmfOa/�n]� Ps}� k6s xhf/�fF}� 6]�lnkmf]�g snsf]� 8f6f k|;f/�0f ug{ 
;S5 . clK6sn kmfOa/�sf]� oxL ljz]�iftfn]� ubf{ jt{dfg ;dodf dflg;n]� OG6/�g]�6sf]� 
k|of]�uaf6 xfO8]�lkmg]�;g -HD_ lel8of]� x]�g{]�, 7'nf]� ef]�n'ddf 8f6f ePsf kmfOn OG6/�g]�6df 
cknf]�8 ug]�{ tyf 8fpgnf]�8 ug]�{ h:�tf sfo{;Dej ePsf 5g\ .

lrq 10.35 df b]�vfOP h:�t}� clK6sn kmfOa/�sf]� k|of]�usf nflu kmfOa/� s]�a'nnfO{ 
aG8nsf ¿kdf hldgdf laR5\ofP/� ljt/�0f ul/�G5 . xfdf]� b]�zsf]� k"j{klZrd 
/�fhdfu{ 5]�p, dWo kxf8L nf]�sdfu{ 5]�p tyf cGo ljleGg /�fhdfu{ 5]�psf]� hldgdf 
clK6sn kmfOa/� laR5\ofP/� ;~hfn tof/� kfl/�Psf]� 5 . pSt ;~hfnnfO{ ef/�t /� 
rLgsf]� ;~hfndfkm{t cGt/�f{li6«o ;~hfndf h8fg ul/�Psf]� 5 . hldgdf dfq geO{ 
;d'b|leqaf6 klg clK6sn kmfOa/� s]�a'nsf aG8nx¿ laR5\ofP/� b"/�;~rf/�sf nflu 
clK6sn kmfOa/�sf]� cGt/�f{li6«o ;~hfn agfOPsf]� x'G5 .

-cf_	 lrlsT;f If]�qdf clK6sn kmfOa/�sf]� k|of]�u (Use of optical fibre in medical field)

OG8f]�:�sf]�kL /� sf]�ng:�sf]�kL (Endoscopy and colonscopy)

OG8f]�:�sf]�kL Ps ljgflr/�kmf/� -nonsurgical_ ljlwaf6 z/�L/�sf leqL cª\usf]� hfFr ug]�{ 
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k|ljlw xf]� . o; k|ljlwdf Sofd]�/�f;Fu}� clK6sn kmfOa/� ePsf]� OG8f]�:�sf]�k -endoscope_ 
sf]� k|of]�u u/�L dflg;sf]� kfrg k|0ffnLcGtu{tsf cGggnL, cfdfzo /� ;fgf]� cfG›fsf]� 
hfFr ul/�G5 . pbfx/�0fsf nflu OG8f]�:�sf]�ksf]� k|of]�uaf6 cfdfzosf]� cN;/� hfFr 
ug{ ;lsG5 . To;sf nflu OG8f]�:�sf]�knfO{ la/�fdLsf]� 3fF6Laf6 l5/�fP/� cGggnL x'Fb}� 
cfdfzolt/� k7fOG5 .

Stomach
Esophagus

Endoscope

Duodenum

Monitor

Scope

Large 
intestine 
(colon)

	 lrq 10.35 OG8f]�:�sf]�kLsf]� k|of]�u 	 lrq 10.36 sf]�ng:�sf]�kLsf]� k|of]�u

OG8f]�:�sf]�kdf clK6sn kmfOa/�sf b'O{ aG8nnfO{ Pscsf{;Fu ;dfgfGt/� x'g]� u/�L /�flvPsf]� 
x'G5 . Pp6f aG8naf6 k|sfznfO{ z/�L/�sf leqL cª\ux¿df kg]�{ u/�L k7fOG5 . csf]�{ 
aG8nn]� leqL cª\usf]� ;txaf6 k/�fjlt{t k|sfz aflx/� kmsf{pF5 . leqL cª\usf]� 
cfs[ltnfO{ k/�fjlt{t k|sfzsf]� dbtn]� k|ToIf jf Sofd]�/�f;Fu h8fg ul/�Psf]� lel8of]� 
l8:�Kn]�dfk{mt cjnf]�sg ug{ ;lsG5 . sf]�nf]�gf]�:�sf]�kL Ps k|sf/�sf]� OG8f]�:�sf]�kL xf]� . 
o;df dnåf/�af6 sf]�nGff]�:�sf]�k -colonoscope_ leq k7fP/� dnfzo -rectum_ /� 
7'nf]� cfG›fsf]� hfFr ul/�G5 .

lsxf]�n ;h{/�L (keyhole surgery)

lsxf]�n ;h{/�L zNolrlsT;s -surgeon_ n]� 5fnfdf kfl/�g]� ;fgf]� lr/�fdfkm{t z/�L/� leq 
ck/�]�;g -operation_ ug]�{ k|ljlw xf]� . o; k|ljlwdf z/�L/�leqsf cª\usf]� cfs[lt b]�vfpg]� 
Nofk|f]�:�sf]�k -laparoscope_ sf]� k|of]�u ul/�g]� ePsfn]� lsxf]�n ;h{/�LnfO{ Nofk|f]�:�sf]�lks 
zNolj|mof -laproscopic surgery_ klg elgG5 . Nofk|f]�:�sf]�kdf z/�L/�leq k|sfz 
k7fpg]� clK6sn kmfOa/�sf]� aG8n /� Sofd]�/�f ;dfj]�z ul/�Psf]� x'G5 . o;df k|of]�u 
ul/�Psf]� Sofd]�/�fn]� z/�L/�leqsf cª\ux¿sf]� cfs[ltnfO{ dlg6/�df l8:�Kn]� u/�fpF5 . 
lsxf]�n ;h{/�Ldf zNolrlsT;sx¿n]� Nofk|f]�:�sf]�k;Fu}� cGo ;lh{sn pks/�0fx¿ klg 
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k|of]�u u/�]�/� ck/�]�;g u5{g\ . Ifltu|:�t jf /�f]�uu|:�t cª\u x6fpg, k/�LIf0fsf nflu l6:�o' 
gd'gf lemSg -afof]�K;L_, kTy/�L ePsf]� lkQy}�nL -gallbladder_ lemSg, lduf{}�nfsf]� 
kTy/�L x6fpg cflbsf nflu lsxf]�n ;h{/�L ul/�G5 .

	 lrq 10.37 lsxf]�n ;h{/�L 	 lrq 10.38 lduf}�{nfsf]� kTy/�L x6fpg lsxf]�n ;h{/�L

k|sfzsf]� ljR5]�bg (Dispersion of light)

lrq 10.39 df lgnf]� /�ªsf]� k|sfz 
;|f]�t /� lrq 10.40 df kx]�Fnf]� /�ªsf]� 
k|sfz ;|f]�t b]�vfOPsf]� 5 . xfdLn]� 
b}�lgs b]�Vg]� ;"o{sf]� k|sfzdf klg 
oLnufot /�ftf]�, ;'Gtnf, xl/�of]�, lg/� 
tyf a}�hgL u/�L ;ft /�ªsf ls/�0f 
ldl;Psf eP tfklg 5'6\6f5'6\6}�}� 
gb]�lvP/� ;du|df ;]�tf]� k|sfz b]�lvG5 . ;"o{sf]� k|sfzsf ;ft /�ªnfO{ s'g}� ljz]�if cfsf/� 
ePsf]� dfWodaf6 k7fP/� 5'6\ofpg ;lsG5 . 

lk|Hdåf/�f k|sfzsf]� ljR5]�bg (Dispersion of light by Prism) 

lj|mofsnfk 10.8 lk|Hdaf6 x'g]� k|sfzsf]� ljR5]�bg cjnf]�sg

Red
Orange
Yellow
Green
Blue
Indigo
VioletWhite Light

Glass Prism

lrq 10.39 lk|Hdaf6 k|sfzsf]� ljR5]�bg

lrq 10.39 k|fs[lts 
Uof; hnfp“bf lg:�sg]� 

k|sfzsf]� /�ª

lrq 10.40 ;f]�l8od 
e]�k/� ;8s aQL afNbf 
lg:�sg]� k|sfzsf]� /�ª
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Pp6f /�]� aS; /� lk|Hd lng'xf]�;\ . /�]� aS;af6 k|sfzsf]� ;fFu'/�f]� lad -narrow beam 
of light_ cyjf ;"o{sf]� k|sfznfO{ lk|Hdsf]� cfotfsf/� ;txdf k7fpg'xf]�;\ . s]� lrq 
10.41 a df b]�vfOP h:�t}� lk|Hd eP/� uPsf]� k|sfznfO{ sIffsf]�7fsf]� leQf jf cGo s'g}� 
kbf{df cjnf]�sg ug'{eof]� < To;kl5 leQf jf kbf{df ;ftcf]�6f /�ªsf]� AofG8 -band_ 
l;h{gf gx'Gh]�n;Dd lk|HdnfO{ 3'dfpg'xf]�;\ .

lk|Hd jf lk|Hdfsf/� ;tx ePsf]� dfWoddf k/�]�sf]� k|sfz pSt dfWod eP/� k|;f/�0f 
x'Fbf ;ft /�ªsf ls/�0f j|mdzM /�ftf]� -Red_, ;'Gtnf -Orange_, kx]�Fnf]� -Yellow_, xl/�of]� 
-Green_, lgnf]� -Blue_, lg/� -Indigo_ /� a}�hgL -Violet_ df 5'6\l6g]� k|lj|mofnfO{ 
k|sfzsf]� ljR5]�bg elgG5 . oL ;ft /�ªsf ls/�0fx¿sf]� t/�ª\u nDafO{ km/�s km/�s 
x'G5, h'g ;Fu}�sf]� tflnsfdf k|:�t't ul/�Psf]� 5 M

k|sfzsf]� /�ª t/�ª\u nDafOsf]� ;Ldf -in metres_

/�ftf]� (Red) 6.2×10-7 b]�lv 7.8×10-7

;'Gtnf (Orange) 5.9×10-7 b]�lv 6.2×10-7

kx]�Fnf]� (Yellow) 5.8×10-7 b]�lv 5.9×10-7

xl/�of]� (Green) 5.0×10-7 b]�lv 5.8×10-7

lgnf]� (Blue) 4.6×10-7 b]�lv 5.0×10-7

lg/� (Indigo) 4.4×10-7 b]�lv 4.6×10-7

a}�hgL (Violet) 3.8×10-7 b]�lv 4.4×10-7

36\bf]� t/�ª\u nDafOsf j|mddf /�x]�sf plN]�nlvt ;ft /�ªsf ls/�0fx¿sf]� AofG8nfO{ 
lelhan :�k]�S6«d -visible spectrum_ elgG5 . lelhan :�k]�S6«dsf ;ft /�ªnfO{ 
leaUof]�/� -VIBGYOR_ sf ¿kdf :�d/�0f ug{ ;lsG5 .
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k|sfz ljR5]�bgsf sf/�0f (Cause of dispersion of light)

z"Go :�yfgdf ;a}� ljB't\ r'DasLo t/�ª\usf]� j]�u ;dfg x'G5 t/� dfWoddf t/�ª\u 
nDafOcg';f/� j]�u km/�s x'G5 . lk|Hddf lelhan :�k]�S6«dsf ;ftcf]�6f /�ªsf k|sfz 
t/�ª\ux¿sf]� j]�u km/�s km/�s x'G5 . ;a}�eGbf nfdf]� t/�ª\u nDafO ePsf]� /�ftf]� /�ªsf]� 
k|sfz t/�ª\usf]� j]�u t'ngfTds ¿kn]� c¿ /�ªsf k|sfz t/�ª\usf]� eGbf a9L x'G5 . 
a}�hgL /�ªsf ls/�0fsf]� t/�ª\u nDafO tyf j]�u ;a}�eGbf sd x'G5 .

lrq 10.41 b df b]�vfOP h:�t}� k|sfzsf ls/�0f lk|Hddf k|j]�z ug]�{ j|mddf /� lk|Hd 
5f]�8]�/� hfg]� j|mddf u/�L b'O{ k6s cfjlt{t x'G5g\ . o;n]� ubf{ lk|Hdleq km/�s km/�s 
j]�un]� 5'6\l6Psf ls/�0fx¿ lk|Hd aflx/� lg:�sFbf o;sf]� cfwf/�lt/� afª\luP/� kbf{sf]� 
km/�s km/�s :�yfgdf k5{g\ . o; k|lj|mofdf nfdf]� t/�ª\u nDafO /� ;a}�eGbf a9L j]�u 
ePsf /�ftf]� /�ªsf ls/�0fx¿ ;a}�eGbf sd afª\luP/� kbf{sf]� dflyNnf]� efudf b]�lvG5g\ . 
o;sf]� l7s ljk/�Lt ;a}�eGbf 5f]�6f]� t/�ª\u nDafO /� ;a}�eGbf sd j]�u ePsf a}�hgL 
/�ªsf ls/�0fx¿ ;a}�eGbf a9L afª\luP/� kbf{sf]� tNnf]� efudf b]�lvG5g\ .

;ft /�ªsf t/�ª\usf]� ;d"xsf ¿kdf k|sfz (Light as a group of seven colour 
waves)

lj|mofsnfk 10.9 Go'6gsf]� rSsf -Newton's disc_ lgdf{0f

lrq 10.42 Go'6gsf]� rSsf -Newton's disc_ lgdf{0f
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Pp6f sf8{af]�8{, ;]tf] lk|G6 k]�k/�, k|sfzsf]� ljR5]�bg x'Fbf b]�lvg]� ;ft /�ª, s}�FrL, wfuf]� 
cflb lng'xf]�;\ . lrq 10.42 df b]�vfOP h:�t}� sf8{af]�8{ /� lk|G6 k]�k/�nfO{ a/�fa/� 
;fOhdf j[Qfsf/� x'g]� u/�L sf6\g'xf]�;\ . j[Qfsf/� lk|G6 k]�k/�df ;ftcf]�6f a/�fa/� v08  
5'6\ofP/� tL v08df VIBGYOR sf]� j|md ldnfP/� ;ftcf]�6f /�ª eg'{xf]�;\ . pSt k]�k/�nfO{ 
sf8{af]�8{df 6fF;]�/� Go'6gsf]� rSsf tof/� kfg'{xf]�;\ . rSsfsf]� lar efudf s]�xL b'/�L 
/�xg]� u/�L b'O{cf]�6f dl;gf Kjfn kfg'{xf]�;\ . tL b'O{ Kjfnaf6 60 cm hlt nfdf]� alnof]� 
wfuf]�sf b'O{ 5]�px¿ l5/�fpg'xf]�;\ /� csf]�{ k6\l6af6 ufF7f]� kfg'{xf]�;\ . pSt rSsfnfO{ tLj| 
j]�un]� 3'dfpg Ps xftn]� rSsfsf]� Psflt/�sf]� 8f]�/�L ;dfTg'xf]�;\ /� csf]�{ xftn]� 8f]�/�L;Fu}� 
rSsfnfO{ 3'dfpg'xf]�;\ . o;/�L 3'dfpFbf 8f]�/�L a6fl/�G5 . 8f]�/�L /�fd|f]�;F+u a6fl/�Pkl5 
klxn]� b'a}� xftn]� 8f]�/�LnfO{ aflx/�lt/� nuL tGsfpg]� /� To;kl5 b'a}� xftleq lt/� NofP/� 
8f]�/�L v'DRofpg]� ug'{xf]�;\ . o;/�L 8f]�/�L tGsfpg]� /� v'DRofpg]� ubf{ rSsf 3'D5 . rSsf 
hf]�8n]� 3'Dbf To;sf]� ;txdf el/�Psf ;ftcf]�6f /�ªx¿ cjnf]�sg ug'{xf]�;\ . s]� ;ftcf]�6f 
/�ªx¿ ljno eP/ ;]�tf]� /�ª aG5 <

white light � white light

	 lrq 10.43 Go'6gsf]� rSsf 	 lrq 10.44 k|sfzsf ;ftcf]�6f /�ªsf]� k'gM;++of]�hg

Go'6gsf]� rSsf k|sfzsf cjoj /�ªnfO{ ;dfg cg'kftdf k]�G6 u/�]�/� tof/� kfl/�Psf]� 
rSsf xf]� . lrq 10.43 df b]�vfOP h:�t}� pSt rSsfnfO{ tLj| j]�udf 3'dfpFbf k|sfzsf 
;ftcf]�6}� /�ªaf6 k/�fjlt{t t/�ª\ux¿ ldl>t xF'bf ;]�tf]� /�ª b]�lvG5 .

lrq 10.44 df b'O{cf]�6f x'ax' Psgf;}� lk|HddWo]� klxnf]�nfO{ ;'N6f]� /� bf]�;|f]�nfO{ klxnf]�sf]� 
glhs}� pN6\ofP/� /�fv]�sf]� b]�vfOPsf]� 5 . oL b'O{ lk|HddWo]� klxnf]� lk|Hdaf6 ljR5]�bg 
ePsf]� k|sfzsf ;ftcf]�6f /�ªsf ls/�0fx¿ bf]�;|f]� lk|Hddf k|j]�z ubf{ ltgsf]� k'gM;+of]�hg 
x'G5 . bf]�;|f]� lk|Hdaf6 aflx/� lg:�sg]� k|sfz klxnf]� lk|Hdaf6 leq k|j]�z ug]�{ k|sfzsf]� 
lbzf;Fu ;dfgfGt/� x'G5 .
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OGb]�|0fL (Rainbow)

xfjfdf /�x]�sf kfgLsf yf]�kf /� tL yf]�kfsf]� lbzfdf x]�l/�/�x]�sf]� dflg;sf]� k5fl8k6\l6 ;"o{ 
x'Fbf cfsfzdf aGg]� ;ft /�ªsf]� j[Qfsf/� rfk -circular arc_ OG›]�0fL xf]� . lk|Hdaf6 
k|sfzsf]� ljR5]�bg eP h:�t}� jiff{sf sf/�0f xfjfdf t}�l/�/�x]�sf kfgLsf yf]�kfåf/�f x'g]� 
k|sfzsf]� ljR5]�bgn]� OGb|]�0fL aG5 . o; k|lj|mofdf lk|Hdsf]� h:�tf]� e"ldsf kfgLsf]� 
yf]�kfsf]� x'G5 .

lrq 10.45 kfgLsf yf]�kfaf6 x'g]� k|sfzsf]� 
ljR5]�bg

lrq 10.46 cfsfzaf6 cjnf]�sg x'g]� 
k"0f{j[Qfsf/� OGb|]�0fL

OGb|]�0fL kg]�{ j|mddf lrq 10.45 df b]�vfOP h:�t}� ;"o{sf]� k|sfzsf]� ls/�0f kfgLsf]� uf]�nfsf/� 
yf]�kfsf]� ;txsf]� s'g}� ljGb' A df 7f]�lsP/� To;leq k|j]�z u5{ . klxnf]� r/�0fdf kfgLsf 
yf]�kfleq k|sfzsf]� cfjt{g;F+u}� ;ft /�ªsf ls/�0f 5'6\l6G5g\ . bf]�;|f]� r/�0fdf kfgLsf 
yf]�kfleq k|sfz k|j]�z u/�]�sf]� ;txsf]� ljk/�Lt ;ftxaf6 k|sfzsf ;ftcf]�6f ls/�0f 
k/�fjlt{t x'G5g\ . lrqdf ;a}�eGbf sd afª\luPsf]� /�ftf]� k|sfz ls/�0f ljGb' B af6 /� 
;a}�eGbf a9L afª\luPsf]� a}�hgL k|sfz ls/�0f ljGb' C af6 k/�fjt{g ePsf]� b]�vfOPsf]� 
5 . t]�;|f]� r/�0fdf k|sfzsf ls/�0fsf]� cfjt{g eP/� yf]�kfaf6 aflx/� lgl:�sG5g\ . xfd|f 
cfFvfsf]� b[li6sf]�0fsf sf/�0f hldgaf6 cjnf]�sg ubf{ OG›]�0fL cw{ j[Qfsf/� b]�lvG5 eg]� 
cfsfzaf6 x]�bf{ k"0f{ j[Qfsf/� b]�lvGf ;S5 .

n]�G; (Lens)

lrq 10.47 df Pp6f r:�df b]�vfOPsf]� 5 . o;df k|of]�u 
ePsf]� sfFrsf uf]�nfsf/� -spherical_ ;txx¿ 5g\ . xft]� 
n]�G; -hand lens_ df k|of]�u x'g]� sfFr jf Knfl:�6ssf 
;txx¿ klg uf]�nfsf/� g}� x'G5g\ . o; lsl;dsf]� agfj6 

lrq 10.47
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ePsf dfWodaf6 x'g]� k|sfzsf]� cfjt{gn]� ls/�0f Ps 7fpFdf s]�lGb|t -converge_ x'g]� 
jf Ps}� 7fpFaf6 ljs]�lGb|t -diverge_ ePsf]� x'G5 .

lj|mofsnfk 10.10 xft]� n]�G; lgdf{0f

lrq 10.48 xft]� n]�G; lgdf{0f

lrq 10.48 df b]�vfOP h:�t}� Knfl:�6s af]�tn, s}�FrL, x6 Un' ug -hot glue gun_, 
l;l/�Gh, kfgL cflb lng'xf]�;\ . Pp6f Knfl:�6s af]�tnnfO{ sf6]�/� b'O{cf]�6f uf]�nfsf/� 
6'j|mf tof/� kfg'{xf]�;\ . b'a}� 6'j|mfsf p7]�sf efu aflx/� kg]�{ u/�L vK6fpg'xf]�;\ /� x6 Un'n]� 
6fF:�g'xf]�;\ . b'a}� 6'j|mfnfO{ 6fF;]�sf]� :�yfgaf6 l;l/�Ghn]� dl;gf]� Kjfn kf/�L leq kfgL 
eg'{xf]�;\ . s]� o;/�L tof/� kfl/�Psf]� n]�G;af6 lstfasf ;fgf cIf/�nfO{ 7'nf]� b]�lvg]� u/�L 
k9\g jf cGo s'g}� ;fgf]� j:�t'nfO{ 7'nf]� kf/�L x]�g{ ;lsG5 <

Knfl:�6ssf b'O{ uf]�nfsf/� ;txsf lardf kfgL e/�]�/� agfOPsf]� n]�G;af6 k|sfzsf ls/�0f 
cfjlt{t x'G5g\ . k|sfzsf]� cfjt{gn]� ubf{ o;af6 cjnf]�sg ul/�g]� j:�t'sf]� cfs[lt 
j:�t'eGbf 7'nf]� b]�lvPsf]� xf]� . oxfF lgdf{0f ul/�Psf]� n]�G; /� uf]�nfsf/� P]�gf -spherical 
mirror_ sf s]�xL ljz]�iftf ldN5g\ .

lrq 10.49 df Pp6f vf]�j|mf ]� uf]�nf 
-hollow sphere_ sf]� uf]�nfsf/� ;txaf6 
sGe]�S; P]�gf /� sGs]�e P]�gf lgdf{0f 
x'g]� b]�vfOPsf]� 5 . To:�t}� dflysf]� 
lj|mofsnfk 10.10 df b'O{cf]�6f uf]�nfsf/� 
;txsf lardf kfgL ebf{ n]�G;sf]� gd'gf 
tof/� x'G5 . b'O{dWo]� Pp6f Knfl:�6ssf]� 
uf]�nfsf/� efudf kfgL /�fVbf klg n]�G;sf]� 
h:�t}� k|sfz cfjt{g x'G5 . pSt n]�G; lrq 10.50 df b]�vfOP h:�t}� b'O{cf]�6f 7f]�; uf]�nf 
-solid sphere_ sf uf]�nfsf/� ;txaf6 ag]�sf]� h:�tf]� b]�lvG5 . t;y{ n]�G; sDtLdf 
Pp6f uf]�nsf/� ;tx ePsf]� kf/�bzL{ dfWod xf]� .

lrq 10.49 uf]�nfsf/� P]�gf
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	 lrq 10.50 sGe]�S; n]�G; 	 lrq 10.51 sGs]�e n]�G;

n]�G;sf lsl;d (Types of a lens)

n]�G; sGe]�S; /� sGs]�e u/�L d'Vo b'O{ lsl;dsf x'G5g\ . lrq 10.50 df b]�vfOP h:�t}� 
lsgf/�df eGbf lardf afSnf]� efu ePsf]� n]�G; sGe]�S; n]�G; xf]� . b"/�lag, Sofd]�/�f, 
dfOj|mf]�:�sf]�k, k|f]�h]�S6/� cflbdf sGe]�S; n]�G;sf]� k|of]�u ul/�G5 . xfd|f]� cfFvfdf klg 
k|fs[lts sGe]�S; n]�G; x'G5 .

lrq 10.51 df b]�vfOP h:�t}� lsgf/�df eGbf lardf kftnf]� efu ePsf]� n]�G; sge]�S; 
n]�G; xf]� . k|sfzsf ls/�0f s]�lGb|t ug]�{ u'0f ePsf sGe]�S; n]�G;nfO{ sGe{lhª n]�G; 
-converging lens_ /� k|sfzsf ls/�0f ljs]�lGb|t ug]�{ u'0f ePsf sGs]�e n]�G;nfO{ 
8fOelh{ª n]�G; -diverging lens_ sf ¿kdf juL{s/�0f ul/�G5 .

a.biconvex	 b. planoconvex 	 c. concavo convex	 a. biconcave	 b. plano concave	 c. convexo
						        concave

lrq 10.52 sGelh{ª\ n]�G;x¿ -converging lenses_	 lrq 10.53 8fOelh{ª\ n]�G;x¿ -diverging lenses_

n]�G;;“u ;DalGwt zAbfjnL (Terminologies related with lens)

-c_ jj|mtfsf]� s]�Gb| (centre of curvature)

jj|mtfsf]� s]�Gb| n]�G;sf uf]�nfsf/� efu agfpg]� uf]�nfsf]� s]�Gb| xf]� . k|foM n]�G;x¿ b'O{cf]�6f 
uf]�nfsf uf]�nfsf/� efuaf6 aGg]� ePsfn]� ltgLx¿df b'O{cf]�6f jj|mtfsf s]�G› x'G5g\ . 
;fdfGotof jj|mtfsf]� Pp6f s]�G›nfO{ C1 åf/�f /� bf]�;|f]�nfO{ C2 åf/�f hgfOG5 .
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-cf_ jj|mtfsf]� cw{Jof; (radius of curvature)

n]�G;sf uf]�nfsf/� efu agfpg]� uf]�nfsf]� cw{Jof; g}� jj|mtfsf]� cw{Jof; xf]� . ls/�0f 
lrqdf o;nfO{ 'R' n]� hgfOG5 .

-O_ clK6sn s]�Gb| (optical centre)

clK6sn s]�Gb| n]�G;sf]� HofldtLo s]�G› -geometrical centre_ cyf{t\ k|d'v cIfdf 
/�x]�sf]� n]�G;sf ;txlarsf]� dWoljGb' xf]� . ls/�0f lrqdf o;nfO{ 'O' n]� hgfOG5 .

lrq 10.54 n]�G;;“u ;DalGwt zAbfjnLx¿

-O{_ k|d'v cIf (principal axis)

n]�G;sf]� tndfly a/�fa/� x'g]� u/�L ljefhg ug]�{ /� clK6sn s]�G› -O_ eP/� hfg]� /�]�vf 
k|d'v cIf xf]� . o;n]� n]�G;sf b'a}� jj|mtfsf s]�Gb| hf]�8\5 .

-p_ s]�Gb|Ls/�0f ljGb' (focus)

lj|mofsnfk 10.11 : sGe]�S; n]�G;af6 x'g]� k|sfzsf ls/�0fsf]� sGelh{ª lj|mof 
-converging action_ /� sGs]�e n]�G;af6 x'g]� 8fOelh{ª lj|mof -diverging action_ 
sf]� cjnf]�sg 

Pp6f tLgcf]�6f l:�n6 ePsf]� /�]� aS;, afSnf sGe]�S; n]�G; /� sGs]�e n]�G; lng'xf]�;\ . lrq 
10.55 df b]�vfOP h:�t}� /�]� aS;sf cufl8 j|mdzM sGe]�S; n]�G; /� sGs]�e n]�G; /�fVg'xf]�;\ .

a. b.

lrq 10.55 sGelh{ª lj|mof /� 8fOelh{ª lj|mofsf]� cjnf]�sg
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/�]� aS;af6 cfPsf ls/�0f s;/�L afª\luG5g\, cjnf]�sg ug'{xf]�;\ /� tn k|:�t't ul/�Psf 
b'/�Lx¿ dfkg ug'{xf]�;\ M

sGe]�S; n]�G; n]�G;sf]� dWo efuaf6 ls/�0fx¿ s]�lGb|t ePsf]� 
ljGb';Ddsf]� b'/�L

=========== ====

sGs]�e n]�G; n]�G;sf]� dWo efuaf6 ljs]�lGb|t ls/�0fnfO{ k5fl8lt/� 
a9fpFbf ltgLx¿ sfl6g]� ljGb';Ddsf]� b'/�L

========== ======

sGe]�S; n]�G;nfO{ lk|Hdsf]� ;+of]�hgaf6 ag]�sf]� dfGg ;lsG5 . lrq 10.56 df b]�vfOP 
h:�t}� sGe]�S; n]�G;sf]� dflyNnf]� cfwf efudf lk|Hdsf cfwf/� tnlt/� x'G5g\ /� tNnf]� 
cfwf efudf lk|Hdsf cfwf/� dflylt/� x'G5g\ . lk|Hdaf6 cfpg]� Odh]�{G6 ls/�0fx¿ 
hlxn]� klg lk|Hdsf]� cfwf/�lt/� afª\luG5g\ . n]�G;sf]� dWo efult/�sf lk|Hdx¿eGbf 
5]�pmlt/�sf lk|Hdaf6 k|sfzsf ls/�0fx¿ a9L cfjlt{t x'G5g\ /� k|d'v cIf eP/� hfg]� 
ls/�0fx¿ gafª\luP/� l;wf k|;f/�0f x'G5g\ . o;n]� ubf{ lrq 10.57 df b]�vfOP h:�t}� 
k|d'v cIf;F+u ;dfgfGt/� eO{ sGe]�S; n]�G;sf]� ;txdf kg]�{ ls/�0fsf]� cfjt{gkZrft\ 
k|d'v cIfsf]� Pp6f ljGb'df s]�lGb|t x'G5g\ . pSt ljGb'nfO{ sGe]�S; n]�G;sf]� s]�Gb|Ls/�0f 
ljGb' -principal focus_ elgG5 . ls/�0f lrqdf pSt ljGb'nfO{ 'F' n]� hgfOG5 .

sGs]�e n]�G;nfO{ klg lk|Hdsf]� ;+of]�hgsf ¿kdf dfGg ;lsG5 . lrq 10.58 df b]�vfOP 
h:�t}� o;sf]� dflyNnf]� cfwf efudf lk|Hdx¿sf cfwf/� dflylt/� x'G5g\ /� tNnf]� cfwf 
efusf lk|Hdx¿sf cfwf/� tnlt/� x'G5g\ . sGe]�S; n]�G; h:�t}� sGs]�e n]�G;df klg 
dWo efult/�sf lk|HdeGbf 5]�plt/�sf lk|Hdaf6 k|sfzsf ls/�0fx¿ a9L cfjlt{t eP/� 
Pscsf{af6 6f9f afª\luG5g\ /� k|d'v cIf eP/� hfg]� ls/�0f gafª\uL l;wf k|;f/�0f 
x'G5g\ . o;n]� ubf{ lrq 10.56 df b]�vfOP h:�t}� sGs]�e n]�G;af6 ljs]�lGb|t -diverged_ 
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ls/�0fx¿ sfl6Fb}�gg\ . tL ls/�0f k5fl8sf]� s'g}� Ps ljGb'af6 ljs]�lGb|t eP/� cfPsf]� 
h:�tf]� b]�lvG5 . pSt ljGb'nfO{ sGs]�e n]�G;sf]� s]�Gb|Ls/�0f ljGb' -focus_ elgG5 .

-pm_ s]�Gb|Ls/�0f b'/�L (focal length)

clK6sn s]�G› -O_ /� s]�Gb|Ls/�0f ljGb' -F_ larsf]� b'/�L s]�Gb|Ls/�0f b'/�L xf]� . o;nfO{  
'f ' n]� hgfOG5 . s]�Gb|Ls/�0f b'/�L jj|mtfsf]� cw{Jof;sf]� cfwf x'G5 .

n]�G;n]� agfpg]� cfs[ltsf]� ls/�0f lrq lvRgsf nflu lgod (Rules to draw image 
formed by a convex lens)

lj|mofsnfk 10.12 lj|mofsnfk 10.11 s]�Gb|Ls/�0f b'/�L dfkg ul/�Psf n]�G;dWo]� Ps 
Pscf]�6f sGs]�e /� sGe]�S; n]�G; lng'xf]�;\ . tL n]�G;x¿df tn b]�vfOPsf ls/�0f lrqdf 
h:�t}� n]�h/� lad k7fpg'xf]�;\ /� glthf l6kf]�6 ug'{xf]�;\ .

n]�h/� lad k7fOPsf]� 
lbzf

ls/�0f lrq
glthf -Odh]�{G6 
ls/�0fsf]� lbzf_

clK6sn s]�Gb| -O_ eP/� =======================

k|d'v cIf;F+u ;dfgfGt/� =======================

s]�Gb|Ls/�0f ljGb' (F) eP/� =======================

n]�G;af6 aGg]� cfs[ltsf]� ls/�0f lrq pSt n]�G;sf]� cfsf/�df lge{/� u5{ . sGe]�S; 
n]�G;af6 s]�lGb|t x'g]� k|sfz ls/�0f /� sGs]�e n]�G;af6 ljs]�lGb|t x'g]� ls/�0fx¿ lrqdf 
k|:�t't ubf{ tnsf lgodx¿ nfu' x'G5g\ M

-c_	 n]�G;sf]� clK6sn s]�G›af6 hfg]� k|sfzsf]� ls/�0f cfjlt{t x'Fb}�g . pSt ls/�0f 
gafª\luP/� l;wf cufl8 a9\5 .
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-cf_	 sGe]�S; n]�G;df lk|lG;kn cIfsf]� ;dfgfGt/� eP/� cfpg]� k|sfz ls/�0f cfjt{gkl5 
s]�Gb|Ls/�0f ljGb' -focus_ eP/� hfG5 eg]� sGs]�e n]�G;df To:�tf]� ls/�0f ljs]�lGb|t  
x'Fbf s]�Gb|Ls/�0f ljGb'af6 cfPsf] h:tf] b]lvG5 .

c cf O

lrq 10.60 n]�G;n]� agfpg]� ls/�0f lrq lvRgsf nflu lgodx¿

-O_ 	 n]�G;df s]�Gb|Ls/�0f ljGb' -focus_ eP/� cfpg]� k|sfz ls/�0f pSt n]�G;sf 
dfWodaf6 cfjt{gkl5 k|d'v cIf;Fu ;dfgfGt/� eP/� hfG5 .

sGe]�S; n]�G;n]� agfpg]� cfs[lt (Image formed by a convex lens)

lj|mofsnfk 10.13 sGe]�S; n]�G;n]� agfpg]� d}�gaQLsf]� cfs[lt cjnf]�sg

lj|mofsnfk 10.11 df s]�Gb|Ls/�0f b'/�L 
dfkg ul/�Psf]� Pp6f sGe]�S; n]�G;, 
d}�gaQL, sf7sf]� ;fgf]� cfotfsf/� 
6'j|mfdf sf8{af]�8{ 6fF;]�/� agfOPsf]� 
l:�j|mg, 1 ld6/�sf]� ?n/ jf lkmtf 
-measuring tape_ cflb lng'xf]�;\ .

lrq 10.61 df b]�vfOP h:�t}� 6]�a'ndf :�s]�n jf lkmtf /�fVg'xf]�;\ . pSt :�s]�ndf bfofFafofF 
n]�G;sf]� s]�Gb|Ls/�0f b'/�L -f_ sf]� b'O{ u'0ffeGbf a9L b'/�L /�xg]� u/�L lardf pSt n]�G;sf]� 
:�yfg lgwf/�{0f ug'{xf]�;\ . ca n]�G;sf]� Psflt/� ljleGg b'/�Ldf d}�g aQL /�fVg]� /� csf]�{lt/� 
l:�j|mgnfO{ cufl8 k5fl8 ;f/�]�/� d}�g aQLsf]� :�ki6 cfs[lt aGg]� :�yfg Pjd\ ljz]�iftf 
cjnf]�sg ug'{xf]�;\ .

lrq 10.61 sGe]�S; n]�G;n]� agfpg]� cfs[lt
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sGe]�S; n]�G;n]� agfpg]� cfs[ltsf ljz]�iftf n]�G;sf]� clK6sn s]�G› -O_ af6 j:�t';Ddsf]� 
b'/Ldf lge{/� u5{ . sGe]�S; n]�G;sf cufl8 ljleGg :�yfgdf j:�t'nfO{ /�fVbf aGg]� 
cfs[ltsf]� ls/�0f lrq /� pSt cfs[ltsf ljz]�iftf tn k|:�t't ul/�Psf 5g\ M

j:�t'sf]� 
:�yfg

ls/�0f lrq cfs[ltsf]� :�yfg, ljz]�iftf /� k|of]�u

cgGtdf

cfs[lt s]�Gb|Ls/�0f ljGb' (F_ df aG5 . of]� 
jf:�tljs, plN6Psf]� /� j:�t'eGbf lgs}� ;fgf]� 
x'G5 . o; lsl;dsf]� cfs[lt 6]�ln:�sf]�kdf 
cAh]�lS6e n]�G;n]� agfpF5 .

;F+u}�sf]� lrqdf lbpF;f]�sf]� rlDsnf]� 3fddf xft]� 
n]�G;n]� Pp6f sfuhdf rlDsnf]� ljGb' aGg]� 
u/�L ;"o{sf ;dfgfGt/� ls/�0f s]�lGb|t ul/�Psf]� 
5 . n]�G;nfO{ s]�xL ;do l:�y/� /�fvL yd{n 
zlSt a9fP/� pSt sfuh hnfpg ;lsG5 .

2F eGbf 
k/�

cfs[lt F /� 2F sf]� 
lardf aG5 . of]� 
jf:�tljs, plN6Psf]� 
/� j:�t'eGbf ;fgf]� x'G5 . o; lsl;dsf]� 
cfs[lt Sofd]�/�fdf aG5 .

2 F df

cfs[lt 2F df aG5 . of]� jf:�tljs, 
plN6Psf]� /� j:�t's}� ;fOhsf]� x'G5 . o; 
lsl;dsf]� cfs[lt 6]�/�]�:�6]�l/�on 6]�ln:�sf]�ksf]� 
O/�]�lS6ª n]�G;n]� agfpF5 .
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F /� 2F sf]�  
lardf

cfs[lt 2F eGbf k/� aG5 . of]� jf:�tljs, 
plN6Psf]� /� j:�t'eGbf 7'nf]� x'G5 . o; 
lsl;dsf]� cfs[lt k|f]�h]�S6/�df aG5 .

F df cfs[lt cgGtdf aG5 . 
of]� jf:�tljs, plN6Psf]� /� 
j:�t'eGbf lgs}� 7'nf]� x'G5 . 
n]�G;sf]� o; lsl;dsf 
k|of]�un]� ̂ Nof;nfO6 -flashlight_ x¿af6 
k|sfz 6f9f k7fOG5 .

F /� O sf]� 
lardf

cfs[lt j:�t' ePs}� lbzflt/� aG5 . of]� 
cjf:�tljs -virtual_, ;'N6f]� /� j:�t'eGbf 
7'nf]� 5 . o; lsl;dsf]� cfs[lt xft]� 
n]�G;af6 j:�t'nfO{ 7'nf]� b]�lvg]� u/�L x]�bf{ 
aG5 .

sGe]�S; n]�G;åf/�f cfs[lt aGg]� j|mddf j:�t' s]�Gb|Ls/�0f ljGb' glhs cfpFbf cfs[ltsf]� 
;fOh j|mdzM 7'nf]� aG5 . j:�t' n]�G;af6 6f9f hfFbf cfs[ltsf]� ;fOh j|mdzM ;fgf]� 
aGb}� hfG5 .

sGs]�e n]�G;n]� agfpg]� cfs[lt (Image formed by a concave lens)

Object F   Image F   lrq 10.62
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sGs]�e n]�G;af6 hfg]� k|sfz ls/�0fx¿ cfjlt{t eO{ k|d'v cIfaf6 6f9f hfG5g\ . 
cfjlt{t ls/�0fx¿ Pscsf{;Fu slxNo}� sfl6Fb}�gg\ . lrq 10.62 df b]�vfOP h:�t}� j:�t'af6 
cfPsf cfjlt{t ls/�0fnfO{ ToxL lbzfdf k5fl8 a9fpFbf sfl6G5g\ /� cjf:�tljs 
cfs[lt aG5 . To;}�n]� sGs]�e n]�G;sf]� cufl8 j:�t' h'g;'s}� ljGb'df x'Fbf aGg]� cfs[lt 
;w}�F cjf:�tljs -virtual_, ;'N6f]� -erect_ /� j:�t'eGbf ;fgf]� -diminished_ x'G5 . o; 
lsl;dsf]� cfs[lt 9f]�sfaf6 lrofpg]� Kjfn -peephole_ df /�flvg]� n]�G;åf/�f aG5 .

n]�G;sf]� ;fdYo{ (Power of a lens)

lj|mofsnfk 10.14 lj|mofsnfk 10.11 df h:�t}� tLgcf]�6f l:�n6 ePsf]� /�]� aS;, ljleGg 
df]�6fOsf tLg tLgcf]�6f sGs]�e tyf sGe]�S; n]�G; lng'xf]�;\ . To;kl5 tn lbOPsf 
lj|mofsnfk ug'{xf]�;\ M

-c_	 r:�df k|of]�u ug]�{ ;fyL jf cfkmGtx¿ ePdf pgLx¿sf]� r:�dfsf]� n]�G;nfO{ /�]� 
aS;af6 cfPsf k|sfz ls/�0fsf cufl8 /�fvL s'g n]�G;af6 ls/�0fx¿ a9L 
cfjlt{t /� s'gaf6 Psbd}� sd cfjlt{t x'G5g\, cjnf]�sg ug'{xf]�;\ . To;kl5 
r:�df nufpg]� JolStnfO{ ;f]�w]�/� pSt r:�dfdf k|of]�u ePsf]� n]�G;sf]� ;fdYo{  
h:�t}� - 4 dioptre (D), + 2 dioptre (D) cflb ;f]�Wg'xf]�;\ . oxfF wgfTds ;fdYo{sf 
n]�G; sGe]�S; n]�G; x'g\ /� C0ffTds ;fdYo{ ePsf n]�G;x¿ sGs]�e n]�G; x'g\ . 
b'O{ jf b'O{eGbf a9L n]�G;x¿sf]� df]�6fO /� tL n]�G;af6 x'g]� cfjt{glar ;DaGw 
kQf nufpg'xf]�;\ . pbfx/�0fsf nflu tnsf]� tflnsfdf Pp6f ;Defljt cjnf]�sg 
lbOPsf]� 5 M

n]�G;sf]� df]�6fOsf]� 
j|md

k|sfz ljs]�lGb|t ug{ ;Sg]� 
Ifdtf

r:�dfdf k|of]�u ePsf]� 
n]�G;sf]� ;fdYo{

;a}�eGbf afSnf]� 
n]�G;

k|sfzsf ls/�0f ;a}�eGbf a9L 
ljs]�lGb|t

+4 D 8fof]�K6/� 
(dioptre)

========================= ===============================

	 glthf M ==============================

-cf_	 tkfO{Fn]� ;ª\sng u/�]�sf sGs]�e tyf sGe]�S; n]�G;nfO{ df]�6fOsf]� a9\bf]� j|mddf 
ldnfOP/� /�fVg'xf]�;\ . To;kl5 lj|mofsnfk 10.11 df h:�t}� n]�G;x¿sf]� s]�Gb|Ls/�0f 
b'/�L -f_ dfkg ug'{xf]�;\ . pSt b'/�L dfkg ubf{ sGe]�S; n]�G;df cfjlt{t ls/�0f 



lj1fg tyf k|ljlw M sIff !)278

jf:�tljs ¿kdf sfl6P/� aGg]� jf:�tljs s]�Gb|Ls/�0f ljGb';Ddsf]� b'/�L -f_ nfO{ 
wgfTds n]�lvG5 . To:�t}� sGs]�e n]�G;df cfjlt{t ls/�0f jf:�tljs ¿kdf gsfl6P/� 
cfjlt{t ls/�0fs}� lbzfdf ltgnfO{ k5fl8 a9fpFbf aGg]� cjf:�tljs s]�Gb|Ls/�0f 
ljGb';Ddsf]� b'/�L -f_ nfO{ C0ffTds n]�lvG5 . tL b'/�Lx¿af6 tn tflnsfdf 
lbOPsf]� ;"q k|of]�u u/�L ;fdYo{ lx;fa ug{ ;lsG5 M

sGe]�S; n]�G;sf nflu

n]G;sf] 
df]6fOsf] j|md

s]Gb|Ls/0f 
b'/L

;fdYo{ P =
 

1

f (in metre)
glthf -s]Gb|Ls/0f 
b'/L / k|sfzsf 
ls/0fx¿ cfjt{g ug]{ 
Ifdtflar ;DaGw_

;a}eGbf kftnf] + 40cm =

+
 

40

100 
m

= + 0.4m

1

(+0.4 m   
= + 2.5 D ======================

=================== =========== ==============

;a}eGbf 
afSnf]

dflysf lj|mofsnfkdf n]�G; eP/� hfg]� k|sfzsf ls/�0fsf]� cfjt{g x'Fbf ;txsf]� jj|mtf 
sd ePsf cyf{t\ df]�6fO sd ePsf n]�G;df eGbf df]�6fO a9L ePsf n]�G;df a9L 
ePsf]� b]�lvG5 . tL ls/�0f slQsf]� lbzf kl/�jt{g u/�L s]�lGb|t jf ljs]�lGb|t x'G5g\ egL 
hfGg n]�G;sf]� ;fdYo{ dfkg ul/�G5 . n]�G;n]� k|sfzsf ls/�0fnfO{ s]�lGb|t jf ljs]�lGb|t 
ug]�{ Ifdtfsf]� dfkg pSt n]�G;sf]� ;fdYo{ xf]� .

olb s'g}� uf]�nfsf/� ;txx¿ -spherical surfaces_ sf]� jj|mtf a9L ePsf]� afSnf]� 
sGe]�S; n]�G;n]� k|sfzsf ;dfgfGt/� ls/�0fnfO{ o;sf]� clK6sn s]�Gb| -O_ sf]� glhs}� 
s]�lGb|t u5{ eg]� pSt n]�G;sf]� s]�Gb|Ls/�0f b'/�L 5f]�6f]� x'G5 . t/� k|sfzsf ls/�0fx¿nfO{ 
s]�lGb|t ug]�{ Ifdtf eg]� pRr x'G5 . o;/�L g}� sGs]�e n]�G;sf nflu klg s]�Gb|Ls/�0f b'/�L 
5f]�6f]� xF'bf pSt n]�G;n]� k|sfzsf ls/�0fx¿nfO{ ljs]�lGb|t ug]�{ Ifdtf a9L x'G5 . t;y{ 
n]�G;sf]� ;fdYo{ o;sf]� s]�Gb|Ls/�0f b'/�L -f_ df lge{/� xG5 . ul0ftLo ¿kdf n]�G;sf]� 
;fdYo{nfO{ s]�Gb|Ls/�0f b'/�L -f_ sf]� Jo'Tj|md -reciprocal_ sf ¿kdf kl/�eflift ul/�G5 .
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cyf{t\, ;fdYo{ P =
  

1

f (in metre) 

n]�G;sf]� ;fdYo{sf]� SI PsfO 8fOcf]�K6/� -dioptre_ xf]� . o;nfO{ D n]� hgfOG5 . wgfTds 
s]�Gb|Ls/�0f b'/�L x'g]� sGe]�S; n]�G;sf]� ;fdYo{ klg wgfTds x'G5 . To:�t}� C0ffTds 
s]�Gb|Ls/�0f b'/�L x'g]� sGs]�e n]�G;sf]� ;fdYo{ C0ffTds x'G5 .

sfFrsf n]�G;x¿sf]� ;txsf]� jj|mtf l:�y/� x'G5 . logLx¿sf]� ;txsf]� jj|mtf cfk}�Fm 
kl/�jt{g x'g ;Sb}�g . t/� xfdLn]� 6f9f tyf glhssf]� j:�t' cjnf]�sg ubf{ xfd|f]� cfFvfsf]� 
n]�G;sf]� ;txsf]� jj|mtfdf cfpg]� kl/�jt{g;+Fu}� n]�G;sf]� ;fdYo{ klg kl/�jt{g x'G5 .

dfgj cf“vf (Human Eye)

dfgj cfFvf sGe]�S; n]�G;dfkm{t x'g]� k|sfzsf]� cfjt{gsf]� l;4fGtcg';f/� k|fs[lts 
¿kdf j:�t'x¿sf]� cfs[lt agfpg]� clK6sn pks/�0f -optical instrument_ xf]� . 
lrq 10.63 df b]�vfOP h:�t}� cfFvfsf tLgcf]�6f txleqsf PSjf; Xo'd/� -aqueous 
humor_ tyf lel6«o; Xo'd/� -vitreous humor_ n]� o;nfO{ uf]�nf]� cfsf/� lbPsf 
x'G5g\ . dfgj cfFvfsf s]�xL dxÎjk"0f{ efuaf/�]� tn rrf{ ul/�Psf]� 5 M

ciliary 
muscles

pupil 

lens

Retina

optic nerve

lrq 10.63 cf“vfsf efux¿ lrq 10.64 /�]�l6gfdf x'g]� /�8 sf]�if /� sf]�g sf]�if

-c_ sf]�lg{of (Cornea)

sf]�lg{of cfFvfsf]� cufl8sf]� k|sfz k|j]�z ug]�{ kf/�bzL{ cfj/�0f xf]� . o;n]� k|sfznfO{ 
/�]�l6gfdf s]�lG›t ug{ dbt u5{ . j:�t'af6 cfPsf k|sfzsf ls/�0f xfjf eP/� cfFvfsf]� 
sf]�lg{of, PSjf; Xo'd/�, n]�G; /� lel6«o; Xo'd/� x'Fb}� /�]�l6gf;Dd k'Ug]� j|mddf tL ls/�0fnfO{ 
;a}�eGbf a9L sf]�lg{ofn]� aª\UofpF5 . o;n]� cfFvfdf Ps d'Vo n]�G;sf]� sfo{ u5{ .
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-cf_ cf“vfsf]� gfgL (Pupil)

cfFvfsf lardf /�x]�sf]� sfnf]� efu o;sf]� gfgL xf]� . o;af6 k|sfz cfFvfsf]� leq k|j]�z 
u5{ . o;sf]� ;fOh k|sfzsf]� rlDsnf]�kgfcg';f/� 36a9 x'G5 . cfFvfsf]� gfgL jl/�kl/�sf]� 
/�ª\uLg df+;k]�zLsf]� 3]�/�f cyf{t\ cfOl/�;n]� o;sf]� cfsf/� lgoGq0f u5{ . rlDsnf]� k|sfzdf 
cfFvfsf]� cfOl/�; df+;k]�zLx¿ tlGsbf gfgL ;fF3'/�f]� aG5 . o;sf]� l7s ljk/�Lt dw'/�f]� 
k|sfzdf cfOl/�; df+;k]�zL v'lDrFbf gfgLsf]� ;fOh km/�flsnf]� aG5 . o;n]� ubf{ w]�/�}� 
rlDsnf]� tyf dw'/�f]� k|sfz ePsf :�yfgdf lgolGqt ¿kn]� k|sfz cfFvfdf k|j]�z u5{ .

-O_ cf“vfsf]� n]�G; (Eye lens)

dfgj cfFvfsf]� sGe]�S; n]�G; k|fs[lts ¿kdf lj|m:�6lng -crystallin_ gfds k|f]�l6gaf6 
ag]�sf]� kf/�bzL{ efu xf]� . cfFvfsf]� sf]�lg{ofaf6 cfjlt{t k|sfzsf ls/�0f n]�G;sf]� ;txdf 
kbf{ k'gM cfjlt{t eO{ /�]�l6gfdf s]�lG›t x'G5g\ .

-O{_ l;lno/�L df+;k]�zL (Ciliary muscle)

l;lno/�L df+;k]�zL cfFvfsf]� n]�G;nfO{ kftnf]� jf jfSnf]� agfpg]�]� nrsbf/� df+;k]�zL 
xf]� . k|sfzsf ls/�0f /�]�l6gfdf s]�lGb|t ug{df cfFvfsf]� n]�G;;Fu hf]�l8Psf l;lno/�L 
df+;k]�zLsf]� dxÎjk"0f{ e"ldsf x'G5 . l;lno/�L df+;k]�zL v'lDrFbf tyf tlGsbf n]�G;sf]� 
jj|mtf;F+u}� s]�Gb|Ls/�0f b'/�Ldf kl/�jt{g cfpF5 .

-p_ /�]�l6gf (Retina)

/�]�l6gf n]�G;sf]� k5fl8k6\l6 /�x]�sf]� k|sfzsf]� /�ª tyf rlDsnf]�kgf 5'6\ofpg ;Sg]� sf]�ifsf]� 
tx xf]� . cfFvfsf]� /�]�l6gfdf k|sfzsf ls/�0fx¿ s]�lG›t x'Fbf cfFvf cufl8sf]� j:�t'sf]� 
cfs[lt aG5 . /�]�l6gfdf /�8 sf]�if -rod cell_ /� sf]�g sf]�if -cone cell_ x'G5g\ . sf]�g 
sf]�ifn]� /�ª klxrfg ug{ dbt u5{g\ /� /�8 sf]�ifn]� k|sfznfO{ ljB'tLo ;ª\s]�tdf kl/�jt{g 
u5{ t;y{ o;n]� k|sfzsf]� pHofnf]�kgf 5'6\ofpF5 .

-pm_ clK6s ge{ (Optic nerve)

clK6s ge{ /�]�l6gfdf x'g]� k|sfz ;+j]�bgzLn -light-sensitive_ sf]�ifx¿åf/�f ljB'tLo 
;ª\s]�tdf ¿kfGtl/�t cfs[ltnfO{ dl:�tis;Dd k7fpg]� :�gfo' sf]�ifsf]� ;d"x xf]� . cfFvfsf]� 
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sGe]�S; n]�G;n]� /�]�l6gfdf aGg]� cfs[lt pN6f]� x'g]� eP tfklg xfd|f]� dl:�tisn]� To;nfO{ 
;'N6f]� ¿kdf k|:�t't u5{ .

dfgj cfFvfsf]� hl6n ;+/�rgfcGtu{t plNnlvt ljleGg efusf sfo{n]� cfs[lt aGg]� 
k|lj|mof ;Dej x'G5 . o;/�L cfs[lt aGg]� j|mddf :�ki6 cfs[lt aGgsf nflu 6f9f tyf 
glhssf j:�t'af6 cfpg]� k|sfz ls/�0f cfjlt{t eO{ ;w}�F /�]�l6gfdf s]�lGb|t x'g'k5{ .

cf“vfsf]� csf]�df]�8]�;g (Accommodation of eye)

ljrf/�0fLo k|Zg

tkfO{Fn]� xftdf lng'ePsf]� kf7\ok':�tssf cIf/�af6 cfFvf x6fP/� e\mofnaf6 aflx/� 
6f9fsf]� s'g}� j:�t' h:�t}� cfsfzsf]� afbn x]�bf{ j:�t'sf]� b'/�Ldf cfPsf]� kl/�jt{glar t'ngf 
ug'{xf]�;\ . To:�t}� b'a}� cj:�yfdf cfFvfsf]� n]�G; /� /�]�l6gflarsf]� b'/�L -n]�G;n]� agfpg]� 
cfs[ltsf]� b'/�L_ lar klg t'ngf ug'{xf]�;\ .

-c_	 s]� sGe]�S; n]�G;sf]� cfs[lt aGg]� k|lj|mofdf n]�G;af6 j:�t'sf]� b'/�L kl/�jt{g x'Fbf 
cfs[ltsf]� b'/�L klg kl/�jt{g x'g]� lj|mof cfFvfsf]� n]�G;sf nflu klg ;Dej x'G5 <

-cf_	 cfFvfsf]� n]�G;sf nflu cfs[lt b'/�L l:�y/� ePsf]� cj:�yfdf 6f9fsf]� j:�t' tyf 
glhssf]� j:�t'af6 cfpg]� k|sfzsf ls/�0fnfO{ ;wF}� /�]�l6gfdf s]�lGb|t ug{ 
cj:�yfcg';f/� n]�G;sf]� jj|mtfdf s:�tf]� kl/�jt{g cfpg'k5{ <

xfdLn]� xftdf lnPsf]� lstfasf cIf/�df x]�bf{ j:�t'sf]� b'/�L 5f]�6f]� x'G5 eg]� cfsfzsf]� 
afbn x]�bf{ j:�t'sf]� b'/�L nfdf]� x'G5 . t/� cfFvf cufl8 ljleGg b'/�Ldf /�x]�sf j:�t'sf]� 
cfs[lt /�]�l6gfdf aGg]� ePsfn]� n]�G;af6 /�]�l6gfsf]� b'/�L cyf{t\ cfs[lt b'/�L eg]� l:�y/� 
/�xG5 . o:�tf]� cj:�yfdf :�ki6 cfs[lt aGgsf nflu n]�G;sf]� df]�6fOdf kl/�jt{g eO{ 
k|sfzsf ls/�0f j|mdzM w]�/�}� afª\lug]� /� sd afª\lug]� x'g'k5{ . o;sf nflu l;lno/�L 
df+;k]�zLn]� cfFvfsf]� n]�G;sf]� df]�6fOnfO{ afSnf]� /� kftnf]� kfg{ ;S5 .

lrq 10.65 df b]�vfOP h:�t}� xfdLn]� 6f9fsf j:�t'df x]�bf{ l;lno/�L df+;k]�zLx¿ tlGsPsf 
-relaxed_ x'G5g\ . pSt cj:�yfdf n]�G; kftnf]� x'g uO{ o;sf]� jj|mtf 36\5 /� 
s]�Gb|Ls/�0f b'/�L a9\5 . o;n]� ubf{ 6f9fsf j:�t'af6 cfpg]� ls/�0f /�]�l6gfdf s]�lG›t x'G5g\ 
/� xfdLn]� pSt j:�t'nfO{ :�ki6 ¿kdf b]�V5f}�F . To:�t}� xfdLn]� glhssf]� b'/�Ldf /�x]�sf j:�t' 
x]�bf{ l;lno/�L df+;k]�zLx¿ v'lDrPsf -contracted_ x'G5g\ . pSt cj:�yfdf cfFvfsf]� 
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n]�G;sf]� ;txsf]� jj|mtf a9\5 cyf{t\ n]�G; afSnf]� aG5 /� o;sf]� s]�Gb|Ls/�0f b'/�L 36\5 . 
o;n]� ubf{ glhssf]� j:�t'af6 cfPsf ls/�0f a9L afª\luP/� /�]�l6gfdf s]�lGb|t x'G5g\ . 
o;/�L cfvfFaf6 j:�t'sf]� b'/�Lcg';f/� l;lno/�L df+;k]�zLsf]� tGsg /� v'Drg lj|mofaf6 
s]�Gb|Ls/�0f b'/�L ;dfof]�hg eO{ /�]�l6gfdf j:�t'sf]� :�ki6 cfs[lt aGg]� k|lj|mofnfO{ cfFvfsf]� 
csf]�df]�8]�;g elgG5 .

a cf“vfsf]� 6f9fsf]� ljGb' -Far point of eye)
lens refraction

b. cf“vfsf]� glhssf]� ljGb' -Near point of 
eye_

lrq 10.65 cf“vfsf]� csf]�df]�8]�;g -eye accommodation_

dfgj cf“vfsf]� 6f9fsf]� ljGb' /� glhssf]� ljGb' (Far point and near point of 
human eye)

j:�t' :�ki6;Fu b]�Vg ;lsg]� cfFvfaf6 ;a}�eGbf 6f9fsf]� b'/�Lsf]� ljGb' cfFvfsf]� 6f9fsf]� ljGb' 
-far point_ xf]� . ;fdfGo cfFvfsf nflu 6f9fsf]� ljGb' cgGtdf x'G5 . lrq 10.65 
a df b]�vfOP h:�t}� 6f9fsf]� ljGb'df /�x]�sf j:�t' x]�bf{ cfFvfsf]� n]�G; ;a}�eGbf kftnf]� 
/� clwstd s]�Gb|Ls/�0f b'/�L ePsf]� cj:�yfdf x'G5 . To:�t}� lrq 10.65 b df b]�vfOP 
h:�t}� s'g}� j:�t'nfO{ 6f9faf6 cfFvfsf]� glhs ;fb}�{ ubf{ Ps lglZrt ljGb'df l;lno/�L 
df+;k]�zLx¿ ltgsf]� clwstd v'Drg ;Sg]� ;Ldfdf k'U5g\ . olb j:�t'nfO{ ce}�m glhs 
;fl/�Pdf l;lno/�L df+;k]�zLx¿ v'lDrFb}�gg\ /� /�]�l6gfdf j:�t'sf]� :�ki6 cfs[lt aGb}�g .

cfFvfcufl8 :�ki6 b]�Vg ;lsg]� u/�L ;a}�eGbf glhssf]� b'/�Ldf j:�t'nfO{ /�flvPsf]� ljGb' 
cfFvfsf]� glhssf]� ljGb' -near point_ xf]� . ;fdfGo cfFvfsf nflu glhssf]� ljGb' 
cfFvfaf6 25 cm sf]� b'/�Ldf x'G5 . o; b'/�LnfO{ :�ki6 b[li6sf nflu Go"gtd b'/�L 
-least distance of distinct vision_ klg elgG5 . glhssf]� ljGb'df ePsf]� j:�t' 
x]�bf{ cfFvfsf]� n]�G;sf]� jj|mtf cyf{t\ df]�6fO clwstd /� s]�Gb|Ls/�0f b'/�L Go"gtd x'G5 .
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cfFvfsf]� glhssf]� ljGb'df JolSt tyf pd]�/�cg';f/� km/�s kg{ ;S5 . s'g}� k|sf/�sf]� 
b[li6bf]�if -defect of vision_ g/�x]�sf]� dfgj cfFvfsf]� b[li6sf]� bfo/�f -Range of vision_ 
25 cm b]�lv cgGt -∞_ ;Dd x'G5 . b[li6bf]�if /�x]�sf]� dfgj cfFvfsf nflu glhssf]� 
ljGb' /� 6f9fsf]� ljGb' ;fdfGo cfFvfsf]� eGbf km/�s x'G5 .

b[li6bf]�if (Defect of vision)

lstfanfO{ cfFvfaf6 ;fdfGo b'/�Ldf /�fv]� cIf/� wldnf]� b]�lvg]� ePkl5 lstfanfO{ cfFvfsf]� 
Psbd}� glhs ;fg'{k5{ . lstfanfO{ cfFvfaf6 ;fdfGo b'/�Ldf /�fv]� cIf/� wldnf]� b]�lvg]� 
ePkl5 lstfanfO{ cfFvfaf6 6f9f ;fg'{k5{ .

Ps ;fdfGo cfFvfsf nflu lrq 10.66 df b]�vfOP h:�t}� 6f9fsf j:�t' tyf glhssf 
j:�t' :�ki6 b]�Vg tL j:�t'af6 cfpg]� k|sfz ls/�0f l7s /�]�l6gfdf s]�lGb|t eO{ :�ki6 
cfs[lt aGg'k5{ . cGoyf j:�t' wldnf]� b]�lvg]� x'G5 . dfgj cfFvfsf nflu glhs jf 
6f9fsf j:�t'df x]�bf{ wldnf]� b]�lvg' cyf{t\ tL j:�t'sf]� :�ki6 cfs[lt /�]�l6gfdf gaGg' 
b[li6bf]�if -defect of vision_ xf]� .

b[li6bf]�ifsf lsl;d (Types of defects of vision)

dfjg cfFvfdf cb"/�b[li6 -short sightedness_ /� b"/�b[li6 -long sightedness_ u/�L 
b'O{ lsl;dsf b[li6bf]�if x'G5g\ .

cb"/�b[li6 jf dfof]�lkof -shortsightedness or myopia_

cb"/�b[li6sf]� ;d:�of ePsf]� cfFvfsf nflu lrq 10.66 a /� 10.66 b df b]�vfOP h:�t}� 
6f9fsf j:�t'af6 cfpg]� k|sfzsf ls/�0f /�]�l6gfsf]� cufl8 s]�lG›t x'g]� ePsfn]� 6f9fsf 
j:�t' wldnf]� b]�lvG5g\ t/� glhssf j:�t'sf nflu eg]� /�]�l6gfdf :�ki6 cfs[lt aG5 . 
dflg;n]� glhssf j:�t' x]�bf{ :�ki6 b]�lvg]� t/� 6f9fsf j:�t' x]�bf{ wldnf]� b]�lvg]� ;d:�of 
cb"/�b[li6 xf]� . of]� d'Votof b'O{ sf/�0fn]� pTkGg x'G5 .

-c_	 s]�xL JolStx¿df cfFvfsf]� 8Nnf]� -eye ball_ nfDrf]� x'Fbf n]�G;af6 /�]�l6gfsf]� 
b"/�L a9\5 . o;n]� ubf{ 6f9fsf]� j:�t'af6 cfPsf ls/�0f /�]�l6gf cufl8 g}� s]�lGb|t  
x'G5g\ .

-cf_	 6f9fsf]� j:�t'df x]�bf{ l;lno/�L df+;k]�zLx¿ kof{Kt dfqfdf tlGsg g;s]� 
n]�G;sf]� jj|mtf 36]�/� kftnf]� x'g ;Sb}�g . o;n]� ubf{ n]�G;sf]� s]�Gb|Ls/�0f b'/�L 
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36\5 /� 6f9fsf j:�t'af6 cfPsf k|sfzsf ;dfgfGt/� ls/�0f /�]�l6gfeGbf 
cufl8 g}� s]�lG›t x'G5g\ . slxn]�sfxLF s]�jn n]�G;sf]� jj|mtf dfq geO{ 
sf]�lg{ofsf]� jj|mtfsf sf/�0f klg cb"/�b[li6 x'G5 . lrq 10.66 c df b]�vfOP h:�t}� 
cb"/�b[li6 ePsf]� cfFvfsf nflu 6f9fsf]� ljGb' cgGtdf geO{ cfFvfaf6 s]�xL  
b'/�Ldf x'G5 .

Elongated
eyeball

a

Far point 
of this eye

Image is 
formed on 
the Retina

Retina

F I

b cornea refraction

Parallel light rays from a 
distant object  (at infinity)

Retina

Image

Image is 
formed in 
front of the 
Retina

c

lrq 10.66 cb"/�b[li6sf sf/�0f 

cb"/�b[li6sf]� ;dfwfg (Correction of shortsightedness) 

cb"/�b[li6sf]� ;d:�of ePsf cfFvfsf 
nflu 6f9fsf]� j:�t'af6 cfpg]� k|sfz 
ls/�0fnfO{ s]�xL ljs]�lGb|t -diverge_ 
u/�L cfFvfdf k7fpg ;s]� pSt ;d:�of 
;dfwfg x'G5 . To;sf nflu lrq 
10.67 df b]�vfOP h:�t}� cfFvfsf]� cufl8 
Ps 8fOelh{ª n]�G; -diverging lens_ 
cyf{t\ sGs]�e n]�G; /�fVg'k5{ . o;n]� 
ubf{  6f9fsf j:�t'af6 cfPsf ;dfgfGt/� 
ls/�0f cfFvfdf k|j]�z ug{'k"j{ pSt 
n]�G;af6 s]�xL ljs]�lGb|t x'G5g\ . tL ljs]�lGb|t ls/�0f cfFvfsf]� sf]�lg{of tyf n]�G;af6 
cfjlt{t eO{ /�]�l6gfdf s]�lGb|t x'Fbf j:�t' :�ki6 b]�lvg yfN5 .

r:�dfsf]� k|of]�uaf6 cb"/�b[li6 ;dfwfgsf nflu 5gf]�6 ul/�g]� sGs]�e n]�G;sf]� s]�Gb|Ls/�0f 
b'/�L o;/�L 5gf]�6 ul/�G5 ls pSt n]�G;n]� ljs]�lGb|t u/�]�sf ls/�0f cfFvfdf k|j]�z ubf{ 
/�]�l6gfdf s]�lG›t x'G5g\ /� tL ls/�0f cb"/�b[li6 ePsf]� cfFvfsf]� 6f9fsf]� ljGb' cyf{t\ 'F' 
af6 cfPsf h:�tf b]�lvG5g\ .

lrq 10.67 cb"/�b[li6sf]� ;dfwfg
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b"/�b[li6 jf xfOk/�d]�6«f]�lkof -Longsightedness or hypermetropia_

b"/�b[li6sf]� ;d:�of ePsf cfFvfsf nflu lrq 10.68 a /� 10.68 b df b]�vfOP h:�t}� 
glhssf j:�t'af6 cfpg]� k|sfzsf ls/�0f /�]�l6gfeGbf k5fl8 s]�lG›t x'g]� ePsfn]� 
glhssf j:�t' wldnf]� b]�lvG5g\ t/� 6f9fsf j:�t'sf nflu eg]� /�]�l6gfdf :�ki6 cfs[lt 
aG5 . dflg;n]� 6f9fsf j:�t' x]�bf{ :�ki6 b]�lvg]� t/� glhssf j:�t' x]�bf{ wldnf]� b]�lvg]� 
;d:�of b"/�b[li6 xf]� . of]� d'Votof b'O{ sf/�0fn]� pTkGg x'G5 .

-c_	 s]�xL JolStdf cfFvfsf]� 8Nnf -eye ball_ af6'nf]� xF'bf n]�G;af6 /�]�l6gfsf]� b'/�L 
36\5 . o;n]� ubf{ glhssf j:�t'af6 cfPsf ls/�0f /�]�l6gf k5fl8 s]�lGb|t x'G5g\ .

-cf_	 glhssf]� j:�t'df x]�bf{ l;lno/�L df+;k]�zLx¿ kof{Kt dfqfdf v'lDrg g;s]� n]�G;sf]� 
jj|mtf a9]�/� afSnf]� x'g ;Sb}�g . o;n]� ubf{ n]�G;sf]� s]�Gb|Ls/�0f b'/�L a9\5 /� 
glhssf j:�t'af6 cfPsf k|sfzsf ls/�0f /�]�l6gfeGbf k5fl8 s]�lG›t x'G5g\ . 
lrq 10.68 c df b]�vfOP h:�t}� b"/�b[li6 ePsf]� cfFvfsf nflu glhssf]� ljGb' 25 
cm df geO{ To;eGbf 6f9f x'G5 . k|foM jo:�s cj:�yfdf of]� ;d:�of b]�lvG5 .

lrq 10.68 a lrq 10.68 c

lrq 10.68 b
lrq 10.68 b"/�b[li6sf sf/�0f

b"/�b[li6sf]� ;dfwfg (Correction of longsightedness)

b"/�b[li6sf]� ;d:�of ePsf]� cfFvfsf nflu 
glhssf]� j:�t'af6 cfpg]� k|sfz ls/�0fnfO{ 
s]�xL s]�lGb|t -converge_ u/�L cfFvfdf k7fpg 
;s]� pSt ;d:�of ;dfwfg x'G5 . To;sf nflu 
lrq 10.69 df b]�vfOP h:�t}� cfFvfsf]� cufl8 
Ps sGelh{ª n]�G; -converging lens_ cyf{t\ 
sGe]�S; n]�G; /�fVg'k5{ . o;n]� ubf{ glhssf]� j:�t'af6 cfPsf ls/�0f cfFvfdf k|j]�z 

lrq 10.69 cb"/�b[li6sf]� ;dfwfg
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ug{'k"j{ pSt n]�G;af6 s]�xL s]�lGb|t x'G5g\ . tL ls/�0f cfFvfsf]� sf]�lg{of tyf n]�G;af6 
cfjlt{t eO{ /�]�l6gfdf s]�lGb|t x'Fbf j:�t' :�ki6 b]�lvg yfN5 .

r:�dfsf]� k|of]�uaf6 b"/�b[li6 ;dfwfgsf nflu 5gf]�6 ul/�g]� sGe]�S; n]�G;sf]� s]�Gb|Ls/�0f 
b'/�L o;/�L 5gf]�6 ul/�G5 ls pSt n]�G;n]� s]�lGb|t u/�]�sf ls/�0f cfFvfdf k|j]�z ubf{ 
/�]�l6gfdf s]�lG›t x'G5g\ /� tL ls/�0f b"/�b[li6 ePsf]� cfFvfsf]� glhssf]� ljGb' cyf{t\ 'N'' 
af6 cfPsf h:�tf b]�lvG5g\ .

r:�dfsf]� k|of]�uafx]�s b[li6bf]�if ;dfwfgsf cGo pkfox¿ (Other ways for correction 
of defect of vision apart from using spectacles)

-c_ sG6\ofS6 n]�G; (Contact lens)

lrq 10.70 df b]�vfOP h:�t}� sG6\ofS6 n]�G; b[li6bf]�if ;'wfg{ 
cfFvfsf]� ;txdf nufOg]� kftnf]� s[lqd n]�G; xf]� . o;n]� 
sf]�lg{ofdf cfF;'sf]� kftnf]� tx -thin film_ dfly /�x]�/� cfFvfsf]� 
cfOl/�; /� gfgLsf]� efunfO{ 9fS5 . o;n]� k|sfz sf]�lg{ofdf 
k'Ug' cufj}� cfjZos dfqfdf cfjt{g u5{ . r:�df k|of]�u ug{ 
grfxg]�, r:�dfsf]� k|of]�u ug{ gldNg]� v]�ns'b v]�Ng]�, kfj/�/�lxt 
;gUnf; -sunglasses_ k|of]�u ug'{kg]�{ h:�tf cj:�yfdf  
sG6\ofS6 n]�G; pkof]�uL x'G5 .

r:�dfsf]� k|of]�u /� sG6\ofS6 n]�G;sf]� k|of]�usf cfcfˆg}� 5'6\6}� kmfObf tyf a]�kmfObf 
/�x]�sf 5g\ . r:�df k|of]�u ug{ w]�/�}� ;xh 5 . o;df k|of]�u x'g]� n]�G; pRr u'0f:�t/� tyf 
ljleGg cfsf/�df pknAw x'G5g\ . pRr kfj/�sf]� n]�G;o'St r:�df afSnf]� x'g]� /� o;af6 
bfofFafofF x]�bf{ kl/�wLo b[Zo ljs[t -distorted_ x'G5 . t/� sG6\ofS6 n]�G; slg{of;Fu}� 
;g]�{ ePsfn]� o:�tf]� ;d:�of cfpFb}�g . sG6\ofS6 n]�G; cfFvfsf]� Psbd}� glhs x'g]� ePsfn]� 
r:�dfsf]� afSnf]� n]�G;sf]� ;6\6f sd kfj/�sf]� sG6\ofS6 n]�G; k|of]�u ug{ ;lsG5 .

sG6\ofS6 n]�G;nfO{ r:�dfeGbf a9L x]�/�rfx rflxG5 . o;nfO{ tf]�lsPsf]� tl/�sfcg';f/� 
/�fVg]� /� ;kmf ug]�{ ug{'k5{ . n]�G;sf]� k'gM k|of]�u ug{'clu ltgsf]� ;kmfO /� lg;ª\j|md0f 
ug{'k5{ . ;ª\j|md0fsf]� /�f]�syfdsf nflu ;w}�F sG6\ofS6 n]�G;nfO{ cfFvfdf /�fVg' /� 
lemSg'clu xft w'g'k5{ . sG6\ofS6 n]�G; nufP/� /�fte/� ;'Tg'x'Fb}�g . sG6\ofS6 n]�G;sf]� 
cg'lrt k|of]�un]� sf]�lg{ofnfO{ c;/� ug{ ;S5 .

lrq 10.70  
sG6\ofS6 n]�G;
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-cf_ cf“vfsf]� n]�h/� ;h{/�L (Laser eye surgery)

	 cb"/�b[li6 ;dfwfgk"j{ 	 sf]�lg{ofdf s]�lGb|t n]�h/� lad 	 cb"/�b[li6 ;dfwfgkZrft\

lrq 10.71 cb"/�b[li6 ;dfwfgsf nflu cf“vfsf]� n]�h/� ;h{/�L

lrq 10.71 df cb"/�b[li6 ePsf cfFvfsf]� sf]�lg{ofsf]� dWo efudf n]�h/� lad s]�lGb|t 
u/�L pSt efunfO{ s]�xL r]�K6f]� kf/�]�sf]� b]�vfOPsf]� 5 . pSt sf]�lg{ofaf6 k|sfzsf ls/�0f 
klxn]�sf]� eGbf s]�xL sd cfjlt{t x'G5g\ /� /�]�l6gfdf s]�lGb|t x'Fbf cb"/�b[li6 ;d:�of ;dfwfg 
x'G5 . o;sf]� l7s ljk/�Lt n]�h/� lad s]�lGb|t u/�L sf]�lg{ofsf]� 5]�plt/�sf]� efunfO{ r]�K6f]� 
/� larsf]� efunfO{ s]�xL dfly p7]�sf]� cj:�yfdf /�fVbf b"/�b[li6sf]� ;d:�of ;dfwfg x'G5 . 
o;/�L Ps k|sf/�sf]� cN6«fefon]�6 n]�h/� cyf{t\ PlS;d/� n]�h/� - excimer laser _ k|of]�u 
u/�]�/� sf]�lg{ofnfO{ k'gM cfsf/� lbO{ b[li6bf]�if x6fpg]� k|lj|mof cfFvfsf]� n]�h/� ;h{/�L xf]� .

cfFvfsf]� n]�h/� ;h{/�L o;sf]� ;a}�eGbf aflx/�L efusf]� sf]�lg{ofdf ul/�G5 . n]�lhs n]�h/� 
cl;:�6]�8 Og l;r' s]�/�f6f]�ldlno; -LASIK– laser-assisted in situ keratomileusis_ 
cfFvfsf]� n]�h/� zNolj|mofsf k|ljlwdWo]� k|rlnt k|ljlw xf]� . o;df sf]�lg{ofdf s]�lGb|t 
ul/�Psf]� n]�h/� ladn]� ˆNofk -flap_ sfl6G5 . pSt ˆNofknfO{ kN6fP/� n]�h/� ladåf/�f 
sf]�lg{ofnfO{ k'gM cfsf/� lbOG5 .

b[li6bf]�ifafx]�s cf“vf;“u ;DalGwt cGo ;d:�ofx¿ (Other problems related to 
eyes apart from defect of vision)

-c_ df]�tLljGb' (Cataract)

dflg;df pd]�/� a9\b}� hfFbf n]�G;sf lj|m:�6lng k|f]�l6g Ps ;fy hDdf eP/� n]�G; wldnf]� 
aG5 . o;n]� ubf{ j:�t'af6 cfPsf ls/�0f l7s /�]�l6gfdf gk'Ugfn]� tL j:�t' wldnf 
b]�lvG5g\ . n]�G;sf]� wldnf]�kgf a9\b}� uP/� cGTodf n]�G;sf]� kf/�bzL{ u'0f x/�fpF5 /� k"0f{ 
¿kn]� cGwf]�kg x'G5 . n]�G;sf]� wldnf]�kgn]� cfFvfsf]� gfgLdf b]�lvg]� v/�fgL /�ªsf]� wAaf 
-gray spot_ nfO{ df]�tLljGb' elgG5 . df]�tLljGb' k|foM j[4 dflg;df b]�lvG5 .
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IOL
IOL

Intraocular lens (IOL) implanted in placeClouded lens 
removed

Clouded  
lens

lrq 10.72 M df]�tLljGb' 	 lrq 10.73 df]�tLljGb' OG6«fps'n/� n]�G;

s]�xL dflg;df ;"o{af6 cfpg]� k/�fa}�hgL ls/�0f -ultraviolet radiations_ w"dkfg, pRr 
dw'd]�x cflbn]� j[4 cj:�yfeGbf klxn]� g}� df]�tLljGb' b]�lvg]� ;Defjgf x'G5 . zNolj|mof 
ljlwaf6 df]�tLljGb'sf]� pkrf/� ul/�G5 .

df]�tLljGb'sf]� zNolj|mofsf nflu sf]�lg{ofsf]� 5]�paf6 
dl;gf]� Kjfn kfl/�G5 . pSt Kjfnaf6 cN6«f;fpG8 
lgsfNg]� pks/�0fnfO{ k7fP/� wldnf]� n]�G; 6'S|ofOG5 
/� Eofs'd 6\o'asf]� ;xfotfn]� tL 6'j|mfx¿ aflx/� 
lgsflnG5 . cfFvfsf]� k|fs[lts wldnf]� n]�G;sf]� 
:�yfgdf s[lqd ¿kn]� l;lnsg jf Pj|m]�lnsaf6 
agfOPsf]� OG6«fps'n/� n]�G; -Intraocular lens_ 
k|lt:�yfkg ul/�G5 . g]�kfnL g]�q/�f]�u ljz]�if1 -eye 
disease specialist_ 8f= ;Gb's ?Otn]� ;g\ 1995 df Psbd}� ;:�tf]� OG6«fps'n/� n]�G; 
ljsf; u/�]�kl5 df]�tLljGb'sf]� pkrf/� klg ;:�tf]� ePsf]� 5 .

-cf_ sn/� ANffOG8g]�; (Colour blindness)

lrq 10.75 /�ªsf]� k/�fjt{g lrq 10.76 /�]�l6gfdf x'g]� sf]�g sf]�ifx¿

lrq 10.74 cf“vf lzlj/�df 8f= ;Gb's ?Ot
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xfdLn]� cjnf]�sg ug]�{ /�ª pSt /�ªsf]� k|sfz t/�ª\u /� /�]�l6gfdf x'g]� /�ª 5'6\ofpg]�]� 
sf]�ifdf lge{/� x'G5 . lrq 10.75 df b]�vfOP h:�t}� lgnf]� /�ª ePsf]� j:�t'df x]�bf{ pSt 
j:�t'sf]� ;txaf6 k/�fjt{g x'g]� k|sfz t/�ª\u cfFvfsf]� /�]�l6gfsf]� lgnf]� sf]�g sf]�if -blue 
cone cell_ df cjzf]�lift x'G5 . cjnf]�sgstf{sf]� dl:�tisdf lgnf]� /�ª cjnf]�sg 
ePsf]� ;Gb]�z k|jfx x'G5 . /�]�l6gfdf lgnf]� sf]�g sf]�if, /�ftf]� sf]�g sf]�if /� xl/�of]� sf]�g 
sf]�if u/�L tLg lsl;dsf sf]�if s/�f]�8f}�Fsf]� ;ª\Vofdf /�x]�sf x'G5g\ . oL sf]�ifn]� /�ª  
5'6\ofpF5g\ . /�]�l6gfsf sf]�g sf]�ifn]� 
sfo{ ug{ 5f]�8]�df xfdLn]� /�ª 5'6\ofpg 
;Sb}�gf}�F . /�ftf]� xl/�of]� sn/� AnfOG8g]�; 
-deuteranopia_ ePsf dflg;n]� 
/�ftf]� /� xl/�of]� /�ª 5'6\ofpg ;Sb}�gg\ . 
o;/�L /�]�l6gfsf sf]�g sf]�ifx¿df q'l6 
eP/� cfFvfn]� /�ª 5'6\ofpg g;Sg' 
sn/� AnfOG8g]�; xf]� . o;sf]� d'Vo 
sf/�0f j+zf0f'j|md xf]� . o;sf cltl/�St 
pTkl/�jt{g -mutation_, xflgsf/�s 
ls/�0fn]� sf]�g sf]�if g:�6 ubf{ klg sn/� AnfOG8g]�; x'G5 . s]� tkfO{F dflysf uf]�nf 
-10.77_ leqsf cª\s b]�Vg ;Sg'x'G5 <

-O_ /�tGwf]� (Night blindness)

/�]�l6gfdf ePsf /�8 sf]�ifn]� xfdLnfO{ dw'/�f]� k|sfzdf j:�t' cjnf]�sg ug{ ;Dej agfPsf 
x'G5g\ . pbfx/�0fsf nflu lbpF;f]�sf]� ;do e\mofn9f]�sf aGb /�x]�sf sf]�7fdf k|sfz lgs}� 
dw'/�f]� x'Fbf klg pSt sf]�7fdf /�x]�sf kmlg{r/�x¿sf]� :�yfg 7Dofpg ;lsG5 . slxn]�sfxLF 
s'g}� /�f]�u, rf]�6k6s, kf}�li6s tÎjsf]� sdL jf cGo sf/�0fn]� ubf{ /�8 sf]�ifn]� /�fd|f]�;Fu 
sfd gu/�]� Psbd}� dw'/�f]� k|sfz ePsf :�yfgsf j:�t' b]�lvFb}�gg\ . /�flt jf sd pHofnf]� 
ePsf :�yfgdf /�fd|f]�;Fu b]�Vg g;Sg' /�tGwf]� -night blindness_ cyf{t\ lgS6nf]�lkof 
-nyctalopia_ xf]� . of]� cfFvfsf]� /�]�l6gfsf]� ;d:�of xf]� . /�]�l6gfsf /�8 sf]�ifdf x'g]� /�f]�8lK;g 
lkUd]�G6 Ps k|sf/�sf]� k|f]�l6g /� le6ldg A af6 aGg]� ePsfn]� z/�L/�df le6fldg A sf]� 
sdL x'Fbf pSt lkUd]�G6sf]� sdL x'G5 . t;y{ z/�L/�df le6fldg A sf]� sdL x'g' /�tGwf]�sf 
k|d'v sf/�0fdWo]� Ps xf]� . of]� /�f]�u j+zf0f'ut klg x'g ;S5 .

a b 

lrq 10.77 Ol;xf/�f 6]�:�6 :�nfO8
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sf]�lg{ofdf nfUg]� rf]�6af6 b[li6df kg]�{ c;/�x¿ (Effects of corneal injury on 
vision)

ljrf/�0fLo k|Zg

slxn]�sfxLF xfjfx'/�L rn]�sf]� j]�nf cfFvfdf w'nf]� jf afn'jf k:�bf s]� ug'{x'G5 < o:�tf]� 
cj:�yfdf nuftf/� cfFvf dfF8\g'sf]� c;/� s]� x'G5 <

sf]�lg{ofdf x'g]� cfjt{g sf]�lg{on cN;/� sf]�lg{on Ol8df s]�/�f6f]�sf]�g;

lrq 10.78 sf]�lg{ofdf nfUg]� rf]�6af6 b[li6df kg]�{ c;/�

cfFvfdf x'g]� k|sfzsf]� cfjt{gdf sf]�lg{ofsf]� d'Vo e"ldsf x'G5 . cfFvfdf k|j]�z ug]�{ 
k|sfzsf]� cfjt{g ;a}�eGbf w]�/�}� sf]�lg{ofdf x'G5 . sf]�lg{ofsf]� l/�̂|oflS6e OG8]�S; 1.376 
/� cfjt{g ;fdYo{ nueu 43 dioptre x'G5 . o;n]� cfFvfsf]� k|sfz cfjt{g ;fdYo{sf]� 
;a}�eGbf a9L b'O{ltxfO efunfO{ k|ltlglwTj u5{ .

cfFvfsf]� sf]�lg{ofnfO{ sf]�tfl/�g -scratch_, 3fp x'g tyf rf]�6k6s nfUgaf6 hf]�ufpg'k5{ . 
slxn]�sfxLF xfjfx'/�Ln]� w'nf]� jf afn'jf cfFvfdf k/�]�sf]� cj:�yfdf nuftf/� cfFvf df8\bf 
sf]�lg{of sf]�tfl/�G5 . To:�t}� 9'ª\uf, wft'sf]� 6'j|mf, b'3{6gf cflbn]� sf]�lg{ofdf rf]�6 nfUg]� 
;Defjgf x'G5 . sG6\ofS6 n]�G;sf]� nuftf/� k|of]�u tyf plrt ;/�;kmfOljgf o;sf]� 
k|of]�u ugf{n]� sf]�lg{ofdf OGk]�mS;g x'G5 . sf]�lg{ofdf xg]� AofS6]�l/�on, efO/�n jf kmª\un 
;ª\j|md0f -bacterial, viral, or fungal infection_ tyf rf]�6k6sn]� sf]�lg{of;DaGwL 
/�f]�u nfUg]� /� b[li6 ;d:�of cfpg]� x'G5 . sf]�lg{ofsf]� OGk]�mS;gn]� sf]�lg{on cN;/� -corneal 
ulcer_ cyf{t\ s]�/�f6fOl6; -keratitis_ x'G5 . ;dod}� sf]�lg{on cN;/�sf]� pkrf/� geP 
o;n]� dflg;nfO{ b[li6ljxLg agfpF5 . sf]�lg{ofdf rf]�6k6s nflu o;sf txx¿lar t/�n 
hDbf x'g]� sf]�lg{on Ol8df -corneal edema_ n]� b[li6 wldnf]� x'G5 . To:�t}� sf]�lg{ofsf]� 
;tx ;f]�nL -cone_ cfsf/�df kl/�jt{g x'Fbf x'g]� s]�/�f6f]�sf]�g; -Keratoconus_ n]� ;'?df 
cb"/�b[li6 -short sightedness_ /� kl5 cfFvfn]� gb]�lvg]� x'G5 .
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;fdfGo cj:�yfsf]� sf]�lg{ofsf]� ;d:�ofnfO{ pkrf/�åf/�f lgsf]� kfg{ ;lsG5 . sf]�lg{ofnfO{ 
pkrf/�af6 lgsf]� kfg{ gl;g]� cj:�yfdf o;sf]� k|Tof/�f]�k0f ug{ ;lsG5 .

sf]�lg{of k|Tof/�f]�k0f (Corneal transplantation)

lrq 10.79 sf]�lg{of k|Tof/�f]�k0f

xfd|f]� b]�zdf b[li6ljxLgtfsf sf/�0fdWo]� df]tLljGb' -cataract_ kl5sf]� bf]�;|f]� d'Vo sf/�0f 
sf]�lg{of lau|]�/� xf]� . hGdhft cfFvfdf k'mnf]� k/�]�sf tyf ljleGg ;ª\j|md0f, rf]�6k6s 
cflbsf]� ;dod}� pkrf/� geP/� sf]�lg{of lau|]�sf dflg;sf]� sf]�lg{of k]�mg{ ;lsG5 . lrq 
10.79 df b]�vfOP h:�t}� cfFvfsf]� ;h{/�L -surgery_ af6 lau|]�sf]� sf]�lg{ofsf 7fpFdf ;xL 
sf]�lg{of /�fVg]� k|lj|mof sf]�lgof k|Tof/�f]�k0f -cornea transplantation_ xf]� .

sf]�lg{of k|Tof/�f]�k0fsf nflu lg/�f]�uL cfFvfsf]� sf]�lg{of cfjZos k5{ . o;sf nflu s]�xL 
dflg;n]� cfˆgf]� d[To'kZrft\ cfFvfsf]� sf]�lg{of cGo dflg;n]� k|of]�u ug{ ;s'g\ egL 
cfFvf a}�ª\s -eye bank_ df cfFvf bfg -eye donation_ u/�]�sf x'G5g\ . cfFvf bfg 
u/�]�sf dflg;sf]� d[To'kZrft\ k"/�}� cfFvf geO{ cfFvfsf]� sf]�lg{ofsf]� efu dfq lemlsG5 /� 
;'/�lIft ¿kdf e08f/�0f ul/�G5 . bfgstf{sf]� d[To'kZrft\ sf]�lg{ofnfO{ k|ToIf 3fdaf6 
hf]�ufpg cfFvf /�fd|/�L aGb ul/�G5 /� 8 b]�lv 12 306fleq cfFvfaf6 sf]�lg{of lemlsG5 . 
d[To'kZrft\ rfF8f]� sf]�lg{of lemSbf To;sf]� u'0f:�t/� /�fd|f]� x'G5 . xfd|f]� b]�zdf sf]�lg{of 
;ª\sng, e08f/�0f /� ljt/�0fsf nflu ltnuª\uf cfFvf k|lti7fgcGtu{t g]�kfn cfFvf 
a}�ª\s -Nepal eye bank_ :�yfkgf ul/�Psf]� 5 .
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kl/�of]�hgf sfo{

-c_	 cfˆgf]� 3/� jl/�kl/�sf ljleGg pd]�/� ;d"xsf dflg;nfO{ ;Dks{ u/�L pgLx¿n]� 
ef]�u]�sf cfFvf;DaGwL ;d:�of, tL ;d:�of ;dfwfgsf nflu ckgfPsf]� pkfo, 
cfFvf bfgaf/�]� hfgsf/�L /�x]� g/�x]�sf]� cflbaf/�]� tYofª\s ;ª\sng ug'{xf]�;\ . tYofª\s 
;ª\sngsf nflu tnsf]� h:�t}� tflnsf tof/� kfg{ ;lsG5 M

j|m=;= JolStsf]� 
gfd

pd]�/� cf“vf;DaGwL 
;d:�of

;d:�of ;dfwfgsf 
nflu ckgfPsf]� pkfo

cf“vf bfgaf/�]� 
hfgsf/�L

==== ============= === =================== ====================== /�x]�sf]�÷ g/�x]�sf]�

	 pSt ;j]�{If0faf6 k|fKt tYofª\snfO{ ljZn]�if0f u/�L s'g}� pd]�/� ;d"xcg';f/� a9L 
b]�lvPsf]� ;d:�of, cfFvf bfg af/�]�sf]� r]�tgf cflb ;d]�6]�/� Ps k|ltj]�bg tof/� 
kfg'{xf]�;\ .

-cf_	 cfFvfsf]� sf]�lg{of k|Tof/�f]�k0f u/�]�sf jf df]�tLljGb'sf]� pkrf/� u/�]�sf JolSt;Fu 
;Dks{ u/�L pxfFx¿sf]� cg'ejaf/�]� ;f]�wvf]�h u/�L Ps k|ltj]�bg tof/� kfg'{xf]�;\ .
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cEof;

1. 	 tnsf k|Zgsf]� ;xL ljsNk 5gf]�6 ug'{xf]�;\ M

-s_	 k|sfz cfjt{gsf j|mddf tnsf dWo]� s'g lgod nfu' x'G5 <

-c_ 	 k|sfz la/�n dfWodaf6 ;3g dfWoddf hfFbf gd{naf6 k/ afª\luG5 .

-cf_ 	k|sfz ;3g dfWodaf6 la/�n dfWoddf hfFbf gd{nlt/� afª\luG5 .

-O_	 k|sfz la/�n dfWodaf6 ;3g dfWoddf hfFbf cfkltt sf]�0f cfjlt{t 
sf]�0feGbf ;fgf]� x'G5 .

-O{_	 k|sfz ;3g dfWodaf6 la/�n dfWoddf hfFbf cfjlt{t sf]�0f cfkltt 
sf]�0feGbf 7'nf]� x'G5 .

-v_	 lbOPsf]� ls/�0flrqsf]� cWoog ug'{xf]�;\ /� ;xL syg 5'6\ofpg'xf]�;\ M

-c_	 dfWod 2 ;3g dfWod /� dfWod 1 
lj/�n dfWod x'g\ .

-cf_ dfWod 2 df k|sfzsf]� j]�u dfWod 1 
df eGbf sd x'G5 .

-O_	 dfWod 2 df eGbf dfWod 1 df 
k|sfzsf]� j]�u b'O{ u'0ff x'G5 .

-O{_	 dfWod 1 ;3g dfWod /� dfWod 2 lj/�n dfWod x'g\ .

-u_	 lrqdf b]�vfOPsf]� sfFrsf]� :�Nofaaf6 x'g]� k|sfz cfjt{gdf b]�vfOPsf  
cª\ssf]� :�yfgdf x'g'kg]�{ ;xL gfdfª\sg 5'6\ofpg'xf]�;\ M cfkltt sf]�0f, 
cfjlt{t sf]�0f, Odh]�{G6 sf]�0f, n]�6/�n l;ˆ6

-c_	 1- cfkltt sf]�0f, 2- cfjlt{t sf]�0f, 3- n]�6/�n 
l;ˆ6, 4- Odh]�{G6 sf]�0f

-cf_	 1- Odh]�{G6 sf]�0f, 2- cfkltt sf]�0f, 3- n]�6/�n 
l;ˆ6, 4- cfjlt{t sf]�0f



lj1fg tyf k|ljlw M sIff !)294

-O_	 1- cfjlt{t sf]�0f, 2- Odh]�{G6 sf]�0f, 3- n]�6/�n l;ˆ6, 4- cfkltt sf]�0f

-O{_	 1- n]�6/�n l;ˆ6, 2- cfjlt{t sf]�0f, 3- cfkltt sf]�0f, 4- Odh]�{G6 sf]�0f

-3_	 sfFrsf]� :�Nofaaf6 k|sfzsf]� cfjt{g cjnf]�sg ubf{ k|fKt x'g]� lgisif{ s'g 
xf]� <

-c_ ∠i = ∠e < ∠r 			   -cf_ ∠i > ∠r = ∠e

-O_ ∠i < ∠e = ∠r 			   -O{_ ∠i = ∠e > ∠r

-ª_	 sfFrsf]� r/�d sf]�0fsf]� dfg slt x'G5 <

-c_ 42° 					     -cf_ 49°

-O_ 24° 					     -O{_ 48°

-r_	 OG8f]�:�sf]�k, r:�df, ld/�fh, k|sfzsf ljR5]�bg, OGb|]�0fL, clK6sn kmfOa/� 
/� xft]� n]�G; h:�tf pks/�0f tyf k|lj|mofdWo]� s'g s'gdf k"0f{ cfGtl/�s 
k/�fjt{g x'G5 <

-c_	 OG8f]�:�sf]�k, r:�df, ld/�fh

-cf_	 k|sfzsf]� ljR5]�bg, OGb|]�0fL, xft]� n]�G;

-O_	 OGb|]�0fL, clK6sn kmfOa/�, ld/�fh

-O{_	 OG8f]�:�sf]�k, r:df, clK6sn kmfOa/�

-5_	 lk|Hdaf6 x'g]� k|sfzsf]� ljR5]�bgsf j|mddf b]�lvg]� xl/�of]�, a}�hgL /� /�ftf]�   
/�ª\sf k|sfz ls/�0fsf]� lk|Hdleqsf]� j]�unfO{ j|mdzM vg , vv , vr n]� hgfOPsf]� 
5 . tL j]�usf nflu s'g j|md ;xL x'G5 <

-c_ vg > vv > vr 			  -cf_ vr > vg > vv

-O_ vg< vr < vv 			   -O{_ vg > vr< vv

-h_	 ;Fu}�sf]� lrqdf b]�vfOPsf]� n]�G; cufl8sf]� j:�t' AB sf]� aGg]� cfs[ltsf 
ljz]�iftf 5'6\ofpg'xf]�;\ .

-c_	 cjf:�tljs, ;'N6f]�, j:�t'eGbf 7'nf]�

-cf_	 jf:�tljs, plN6Psf]�, j:�t'eGbf ;fgf]�
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-O_	 jf:�tljs, ;'N6f]�, j:�t'eGbf 7'nf]�

-O{_	 cjf:�tljs, plN6Psf]�, j:�t'eGbf ;fgf]�

-em_	 sGs]�e /� sGe]�S; n]�G;n]� ;w}F agfpg]� cfs[ltsf u'0fsf cfwf/�df ;xL 
syg 5'6\ofpg'xf]�;\ .

-c_ sGe]�S; n]�G;n]� jf:�tljs, pN6f]� /� j:�t'eGbf ;fgf]� cfs[lt agfpF5 .

-cf_ sGs]�e n]�G;n]� cjf:�tljs, ;'N6f]� /� j:�t'eGbf ;fgf]� cfs[lt agfpF5 .

-O_ sGe]�S; n]�G;n]� jf:�tljs, pN6f]� /� j:�t'eGbf 7'nf]� cfs[lt agfpF5 .

-O{_ sGs]�e n]�G;n]� cjf:�tljs, ;'N6f]� /� j:�t'eGbf 7'nf]� cfs[lt agfpF5 .

-`_	 cfFvfsf]� ;d:�of /� ;DalGwt sf/�0faf/�]�sf]� ;xL a'emfO s'g xf]� <

-c_	 cfFvfsf]� n]�G; wldnf]� x'Fbf sn/� AnfOG8g]�; -colour blindness_ 
x'G5 .

-cf_	 cfFvfsf]� n]�G;sf]� s]�Gb|Ls/�0f b'/�L a9\bf cb"/�b[li6 -short sightedness_ 
x'G5 .

-O_	 sf]�lg{ofsf]� ;txsf]� cfsf/� kl/�jt{g x'Fbf b[li6bf]�if -defect of vision_ 
b]�lvG5 .

-O{_	 /�]�l6gfdf x'g]� sf]�g sf]�if -cone cell_ sf]� sdhf]�/�Ln]� /�tGwf]� x'G5 .

2. 	 km/�s n]�Vg'xf]�;\ M

-s_	 k|sfzsf]� k/�fjt{g /� k|sfzsf]� k"0f{ cfGtl/�s k/�fjt{g

-v_	 sGs]�e n]�G; /� sGe]�S; n]�G;

-u_	 cfFvfsf]� glhssf]� ljGb' /� cfFvfsf]� 6f9fsf]� ljGb'

-3_	 cb"/�b[li6 /� b"/�b[li6

-ª_	 sn/� AnfOG8g]�; -colour blindness_ /� gfO6 AnfOG8g]�; -night 
blindness_
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3.	 sf/�0f n]�VGg'xf]�;\ M

-s_	 sfFr /� kfgLdWo]� sfFrnfO{ ;3g /� kfgLnfO{ la/�n dfWod elgG5 .

-v_	 l;SsfnfO{ kfgL ePsf]� lunf;df /�fVbf jf:�tljs ulx/�fOeGbf s]�xL dfly 
p7]�sf]� b]�lvG5 .

-u_	 sfuhdf n]�v]�sf cIf/�nfO{ sfFrsf]� :�Nofan]� 9fsL dflyaf6 cjnf]�sg ubf{ 
pSt cIf/� s]�xL p7]�sf]� b]�lvG5 .

-3_	 tf/�fx¿ rlDs/�x]�sf b]�lvG5g\ .

-ª_	 ;"o{ jf:�tljs ¿kdf pbfpg'eGbf nueu b'O{ ldg]�6 klxn]� g}� lIflthdf 
b]�lvG5 .

-r_	 lx/�f rlDs/�x]�sf]� b]�lvG5 t/� ToxL cfsf/�df sfl6Psf]� sfFrsf]� 6'j|mf 
rlDsb}�g .

-5_	 ;"o{sf]� k|sfznfO{ lk|Hdaf6 k7fpFbf ljR5]�bg x'G5 .

-h_	 sGe]�S; n]�G;n]� k|sfzsf ls/�0fnfO{ s]�lGb|t u5{ .

-em_	 sGs]�e n]�G;n]� k|sfzsf ls/�0fnfO{ ljs]�lGb|t u5{ .

-`_	 z/�L/�df le6fldg A sf]� sdL x'g' /�tGwf]�sf]� k|d'v sf/�0fdWo]� Ps xf]� .

-6_	 /�]�l6gfsf sf]�g sf]�ifn]� sfo{ ug{ 5f]�8]�df sn/� AnfOG8g]�; b]�lvG5 .

4.	 tnsf k|Zgsf]� pQ/� n]�VGg'xf]�;\ M

-s_	 k|sfzsf]� cfjt{g eg]�sf]� s]� xf]� <

-v_	 k|sfz cfjt{gsf lgod n]�Vg'xf]�;\ .

-u_	 lrqdf cjnf]�sgstf{n]� kfgLdf cfwf 
8'afOPsf]� k]�lG;nsf cfsf/�df s]� kl/�jt{g 
ePsf]� cjnf]�sg u5{ < ls/�0f lrq;lxt 
JofVof ug'{xf]�;\ . pSt cjnf]�sg;F+u ;DalGwt 
k|lj|mofsf]� gfd n]�Vg'xf]�;\ .
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-3_	 k|sfzsf]� ls/�0f kfgLaf6 aflx/� xfjfdf hfFbf kfgL /� xfjf 5'6\ofpg]�]� txdf 
aGg]� cfkltt sf]�0f -angle of incidence_ /� cfjlt{t sf]�0f -angle of 
refraction_ j|mdzM 40.5° /� 60° 5g\ . pSt cfjt{g b]�vfpg]� ls/�0f lrq 
sf]�/�L kfgLleqaf6 aflx/� cjnf]�sg ubf{ aflx/�sf]� j:�t' jf:�tljs :�yfgeGbf 
6f9f b]�lvg'sf]� sf/�0f n]�Vg'xf]�;\ .

-ª_	 r/�d sf]�0f eg]�sf]� s]� xf]� <

-r_	 k|sfzsf]� k"0f{ cfGtl/�s k/�fjt{g eg]�sf]� s]� xf]� <

-5_	 k|sfzsf]� k"0f{ cfGtl/�s k/�fjt{g x'gsf nflu b'O{cf]�6f cj:�yf n]�Vg'xf]�;\ .

-h_	 jt{dfg ;dodf kmfOa/� OG6/�g]�6af6 Psbd}� tLj| b/�df 8f6f k|;f/�0f 
ug{ ;lsG5 . pSt ;'ljwfdf k|sfzsf]� k"0f{ cfGtl/�s k/�fjt{gsf]� e"ldsf 
pNn]�v ug'{xf]�;\ .

-em_ OG8f]�:�sf]�kL, sf]�ngf]�:�sf]�kL tyf lsxf]�n ;h{/�Ldf lr/�kmf/�ljgf dflg;sf]� 
z/�L/�sf leqL cª\ux¿;Dd k|sfz k7fpg k|of]�u ul/�g]� pks/�0fx¿df 
k"0f{ cfGtl/�s k/�fjt{g s;/�L nfu' ePsf]� x'G5 <

-`_	 k|sfzsf]� ljR5]�bg eg]�sf]� s]� xf]� <

-6_	 k|sfz ljR5]�bg x'g'sf]� sf/�0f pNn]�v ug'{xf]�;\ .

-7_	 lgDglnlvt k|lj|mof b]�vfpg]� ls/�0flrq sf]�g'{xf]�;\ M

-c_ 	 sfFrsf]� :�Nofaaf6 x'g]� k|sfzsf]� cfjt{g

-cf_	 lk|Hdaf6 x'g]� k|sfzsf]� ljR5]�bg

-8_	 Ps hgf dflg;nfO{ OGb]�|0fL ;w}�F cw{j[Qfsf/� /� Pp6}� df]�6fOsf]� b]�Vbf cgf}�7f]� 
nfu]�sf]� 5 . OGb]�|0fL kg'{df ;"o{sf]� :�yfg, xfjfdf /�x]�sf kfgLsf yf]�kfsf]� 
:�yfg /� k|sfzsf]� ljR5]�bg k|lj|mof ;d]�6L a'Fbfut ¿kdf pSt dflg;sf]� 
lh1f;fsf]� ;dfwfg n]�Vg'xf]�;\ .

-9_	 n]�G;;F+u ;DalGwt tnsf zAbfjnL kl/�eflift ug'{xf]�;\ M

-c_ jj|mtfsf]� s]�Gb| 		  -cf_ clK6sn s]�Gb|

-O_ k|d'v cIf 			   -O{_ s]�Gb|Ls/�0f ljGb'
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-0f_	 n]�G;sf]� ;fdYo{ eg]�sf]� s]� xf]� <

-t_	 b'O{cf]�6f sGe]�S; n]�G;sf]� ;fdYo{ j|mdzM +2 D /� +4 D 5 .

-c_	 tLdWo]� s'gsf]� df]�6fO a9L x'G5, sf/�0f;lxt n]�Vg'xf]�;\ .

-cf_	 tL b'a}� n]�G;sf]� s]�Gb|Ls/�0f b'/�L lx;fa ug'{xf]�;\ .

-y_	 s'g cj:�yfdf sGe]�S; n]�G;n]� agfpg]� cfs[lt jf:�tljs /� j:�t's}� ;fOhsf]� 
x'G5, ls/�0f lrq;lxt pNn]�v ug'{xf]�;\ .

-b_	 s]� lrqdf b]�vfOPsf]� dflg;n]� aflx/�af6 tLj| 
ultdf xfg]�sf efnfn]� kfgLleqsf df5fnfO{ 
3f]�K5 < kfgLleqsf]� df5fsf]� jf:�tljs ulx/�fOsf 
cfwf/�df JofVof ug'{xf]�;\ .

-w_	 ls/�0f lrqdf s'g k|lj|mof b]�vfpg vf]�lhPsf]� 5, 
pSt k|lj|mofdf cfwfl/�t s'g}� b'O{cf]�6f pks/�0fsf]� 
gfd n]�Vg'xf]�;\ .

-g_	 lbOPsf lrq pQ/�k'l:�tsfdf ;f/�]�/� ls/�0f lrq k"/�f ug'{xf]�;\ M

-c_

-O{_

-cf_

-p_

-O_

-pm_
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-k_	 lrqdf b]�vfOPsf n]�G;sf k|of]�udf nfu' x'g]� tYo ls/�0f lrq;lxt pNn]�v  
ug'{xf]�;\ .

 

-km_	 lbOPsf] lrqdf Pp6f lqe'hLo lk|Hddf 
k|sfz ls/0fsf] ljR5]bg b]�vfOPsf]� 5 . 
pSt ls/�0f lrqsf cfwf/�df ;f]�lwPsf 
k|Zgsf]� pQ/� n]�Vg'xf]�;\ M

-c_	 X /� Y n]� s'g s'g /�ª\sf k|sfz t/�ª\unfO{ hgfpF5g\ .

-cf_	 k|sfz ls/�0fx¿ lk|Hdaf6 aflx/� cfpFbf X a9L afª\lug' /� Y sd 
afª\lug'sf]� sf/�0f n]�Vg'xf]�;\ .

-a_	 lk|Hdaf6 ljR5]�bg ePsf]� k|sfznfO{ k'gM ;]�tf]� k|sfzdf s;/�L ¿kfGt/�0f 
ug{ ;lsG5 <

-e_	 b'O{cf]�6f n]�G;sf]� s]�Gb|Ls/�0f b'/�L j|mdzM +20 cm /� -20 cm 5 . tL b'O{ 
n]�G;sf]� lsl;d pNn]�v ug'{xf]�;\ . tLdWo]� s'g n]�G;n]� j:�t'nfO{ pSt n]�G;af6 
16 cm df /�fVbf cjf:�tljs /� j:�t'eGbf 7'nf]� cfs[lt agfpF5, pko'St 
:�s]�n lgwf{/�0f u/�L ls/�0f lrq sf]�/�]�/� JofVof ug'{xf]�;\ .

-d_	 cfFvfsf lgDglnlvt efusf sfo{ n]�Vg'xf]�;\ M

-c_ l;lno/�L df+;k]�zL 		  -cf_ sf]�lg{of

-O_ n]�G; 				   -O{_ cfOl/�;

-p_ gfgL -Pupil_ 		  -pm_ /�]�l6gf

-o_	 sf]�lg{ofdf rf]�6k6s nfUbf b]�lvg ;Sg]� s'g}� b'O{cf]�6f ;d:�ofaf/�]� n]�Vg'xf]�;\ .
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-/�_	 Pp6f sIffdf a;]�/� z}�Ifl0fs kf6Ldf n]�lvPsf cIf/� cjnf]�sg ub}�{ u/�]�sf 
ljBfyL{n]� sIffsf]� e\mofnaf6 6f9fsf]� j:�t' cjnf]�sg ubf{ cfFvfsf]� n]�G;sf]� 
cfsf/� tyf s]�Gb|Ls/�0f b'/�Ldf cfpg]� kl/�jt{gdf l;lno/�L df;+k]�zLsf]� 
e"ldsf JofVof ug'{xf]�;\ .

-n_	 lbOPsf]� ls/�0f lrqn]� hgfpg]� b[li6bf]�ifsf lsl;d 5'6\ofpg'xf]�;\ . pSt 
b[li6bf]�ifsf b'O{cf]�6f sf/�0f;lxt ;dfwfgsf]� pkfo n]�Vg'xf]�;\ .

-j_	 sIffsf]� Ps hgf ljBfyL{nfO{ cufl8sf]� a]�Grdf a:�bf z}�Ifl0fs kf6Ldf 
n]�lvPsf cIf/�x¿ :�ki6 b]�Vg]� /� clGtd a]�Grdf a:�bf wldnf]� bVg]� ;d:�of 
5 . pSt ;d:�ofsf cfwf/�df tnsf k|Zgsf]� pQ/� n]�Vg'xf]�;\ M

-c_	 of]� s:�tf]� lsl;dsf]� b[li6bf]�if xf]� <

-cf_	 o; lsl;dsf]� ;d:�of b]�vfpg]� ls/�0f lrq sf]�g'{xf]�;\ .

-O_	 o;sf b'O{cf]�6f sf/�0f n]�Vg'xf]�;\ .

-O{_	 of]� ;d:�of ;dfwfgsf nflu k|of]�u x'g]� n]�G;sf]� pSt ;d:�of 
;dfwfgdf /�xg]� e"ldsf ls/�0f lrq;lxt JofVof ug'{xf]�;\ .

-z_	 cfFvfsf]� b"/�b[li6 ;d:�of ;dfwfgsf nflu k|of]�u x'g]� n]�G;sf]� pSt ;d:�of 
;dfwfgdf /�xg]� e"ldsf ls/�0f lrq;lxt JofVof ug'{xf]�;\ .

-if_	 Ps hgf ljBfyL{sf]� a'emfOdf afSnf]� n]�G; ePsf]� r:�df nufpg]� dflg;df 
b[li6bf]�ifsf]� c;/� kftnf]� n]�G; ePsf]� r:�df nufpg]� dflg;sf]� eGbf a9L 
x'G5 eGg]� /�x]�sf]� 5 . s]� pSt a'emfO ;xL /�x]�sf]� 5, pko'St ts{;lxt 
k'li6 ug'{xf]�;\ .
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-;_	 b[li6bf]�if ;dfwfgsf nflu r:�dfsf]� k|of]�u /� sG6\ofS6 n]�G;sf]� k|of]�ular 
t'ngf ug'{xf]�;\ .

-x_ 	 cfFvfsf]� b[li6;DaGwL ;d:�ofsf]� ;dfwfgsf nflu ul/�g]� n]�h/� ;h{/�L 
ljlwaf/�]� JofVof ug'{xf]�;\ .

-If_	 df]�tLljGb' -cataract_ s]� xf]� < df]�tLljGb'sf]� pkrf/�df g]�kfnsf g]�q/�f]�u 
ljz]�if1 8f= ;Gb's ?Otn]� ljsf; ug'{ ePsf]� OG6«fps'n/� n]�G;sf]� e"ldsf 
n]�Vg'xf]�;\ .

5. 	 ul0ftLo ;d:�of ;dfwfg ug'{xf]�;\ M

-s_	 xfjf /� sfFrdf k|sfzsf]� j]�u j|mdzM 3 ×108 m/�s /� 2 ×108 m/�s x'G5 
eg]� sfFrsf]� l/�̂|oflS6e OG8]�S; lx;fa ug'{xf]�;\ . (Ans:� 1.5)

-v_ 	lx/�fsf]� l/�̂|oflS6e OG8]�S; 2.42 x'G5 . xfjfdf k|sfzsf]� j]�u 3 ×108 m/�s 
x'G5 eg]� lx/�fdf x'g]� k|sfzsf]� j]�u lx;fa ug'{xf]�;\ . (Ans:� 1.24×108)

-u_	 k|sfzsf]� ls/�0f Knfl:�6s Ansdf kbf{ pSt ls/�0fn]� gd{n;F+u agfpg]� 
sf]�0f	 45° 5 /� cfjlt{t sf]�0f 33° 5 . pSt Knfl:�6ssf]� l/�̂|oflS6e OG8]�S; 
lx;fa ug'{xf]�;\ . (Ans:� 1.3)

-3_	 ;F+u}�sf]� lrqdf b]�vfOPsf]� dfWod B sf]� l/�̂|oflS6e OG8]�S; lx;fa ug'{xf]�;\ . 
(Ans:� 1.33)

-ª_	 25 cm s]�Gb|Ls/�0f b'/�L ePsf]� sGe]�S; n]�G;sf]� ;fdYo{ lx;fa ug{'xf]�;\ . 
(Ans:� +4 D)

-r_	 Ps hgf ljBfyL{n]� nufPsf]� rDdfdf k|of]�u ePsf]� n]�G;sf]� ;fdYo{ -6 D 
5 . pSt n]�G;sf]� s]�Gb|Ls/�0f b'/�L lx;fa ug'{xf]�;\ . n]�G;sf]� lsl;d klg 
pNn]�v ug'{xf]�;\ . (Ans:� 16.67 cm)
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ljB't\ /� r'DasTj 
(Electricity and Magnetism)

lbOPsf lrq;F+u}� g]�kfndf dflg;n]� d]�gnfOgaf6 ljB't\ cfk"lt{ gxF'bf ckgfPsf pkfoaf/�]� 
pNn]�v ul/�Psf]� 5 M

dflg;n ljB't\ k|jfx ePsf a]�nf rfh{ ug{ ldNg]� 
Odh]�{G;L nfO6sf]� k|of]�u u5{g\ . o:�tf nfO6df 
ePsf]� Aof6«LnfO{ d]�gnfOg ljB't\ k|jfx ePsf]� 
a]�nf rfh{ ul/�G5 .

dflg;n]� ;f}�o{ kftf k|of]�u u5{g\ . o;af6 OGe6{/� 
k|of]�u u/�L ljleGg ljB'tLo pks/�0f rnfOG5 .

d]�gnfOgdf ljB't\ k|jfx ePsf a]�nf Aof6«L rfh{ 
ug{ /� kl5 OGe6{/� k|of]�u u/�L ljB'tLo pks/�0f 
rnfpg ;lsG5 .

ljB't\ cfjZos kg]�{ cj:�yfdf l8h]�n÷k]�6«f]�naf6 
rNg]� 7'nf ;fgf h]�g]�/�6/� k|of]�u u/�L ljB't\ pTkfbg 
ug{ ;lsG5 .

dfly pNn]�v ePsf ljleGg hfgsf/�L;Fu ;DalGwt ljifoj:�t' o; PsfOdf ;dfj]�z 
ul/�Psf 5g\ . s/�]�G6sf lsl;d, ljB't\ h]�g]�/�]�6/� /� 6«fG;kmd{/�sf]� agf]�6 tyf ltgLx¿sf 
sfo{l;4fGt cflbaf/�]� oxfF cWoog ul/�g]� 5 .

11
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8fO/�]�S6 s/�]�G6 /� cN6/�g]�l6ª s/�]�G6 (Direct current and alternating current)

lrq 11.1 8«fO ;]�naf6 k|fKt x'g]� 8fO/�]�S6 s/�]�G6 lrq 11.2 ;f]�nf/�af6 k|fKt x'g]� 8fO/�]�S6 s/�]�G6

lrq 11.1 df 8«fO ;]�nsf b'O{cf]�6f w|'j b]�vfOPsf 5g\ . pSt ;]�nnfO{ ljB't\ kl/�kydf 
h8fg u/�L aQL afNbf ;'rfns tf/�df Ps lglZrt lbzfdf -;]�nsf]� kf]�h]�l6e w|'jaf6 
g]�u]�l6e w|'jlt/�_ s/�]�G6 axFb}� u/�]�sf]� b]�vfOPsf]� 5 .

To:�t}� lrq 11.2 df ;f]�nf/� k]�gnaf6 pTkfbg x'g]� ljB't\af6 aQL afNbf klg ;'rfns 
tf/�df s'g}� Pp6f lglZrt lbzfdf s/�]�G6 ax]�sf]� b]�vfOPsf]� 5 . o;/�L Ps lglZrt 
lbzfdf axg]� ljB't\ s/�]�G6nfO{ 8fO/�]�S6 s/�]�G6 -d.c._ elgG5 . 8«fO ;]�n, kmf]�6f]�;]�n 
-;f]�nf/� k]�gn_, Aof6«L cflb d.c. sf ;|f]�t x'g\ .

lrq 11.3 cN6/�g]�l6ª s/�]�G6sf ;|f]�t
lrq 11.4 8fOgdf]�leq r'Das 3'Dbf pTkfbg 

x'g]� s/�]�G6sf]� lbzf

lrq 11.3 df 8fOgfdf]� -dynamo_ af6 pTkfbg x'g]� ljB't\af6 aNa an]�sf]� b]�vfOPsf]� 
5 . oxfF dflysf lrqdf 8«fO ;]�n /� ;f]�nf/� k]�gnsf w|'j 5'6\ofP h;/�L kf]�h]�l6e w|'j /� 
g]�u]�l6e w|'j 5'6\ofOPsf]� 5}�g . lrq 11.4 df 8fOgfdf]�leq SjfOnsf lardf r'DasnfO{ 
3'dfpFbf pTkfbg x'g]� ljB't\sf]� lbzfnfO{ ;/�nLs[t ¿kdf k|:�t't ul/�Psf]� 5 . pSt 
lrqdf lgnf]� jf0f lrx\gn]� ;'rfns tf/�df s/�]�G6 38L 3'Dg] lbzfdf a9]�sf]� /� /�ftf]� 
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jf0f lrx\gn]� Psl5g kl5 ;f]�xL s/�]�G6 k'gM ljk/Lt lbzfdf cfPsf]� b]�vfpg vf]�lhPsf]� 
5 . o; lsl;dsf]� s/�]�G6sf]� lglZrt ;do cGt/�fndf lbzf kl/�jt{g x'G5 . o;}�u/�L 
s/�]�G6sf]� dfg klg j|mdzM Go"gtdb]�lv clwstdsf lardf kl/�jt{g eO/�xG5 . o;/�L 
s/�]�G6sf]� kl/�df0f /� lbzf lglZrt ;dosf]� cGt/�fndf kl/�jt{g eO/�xg]� s/�]�G6nfO{ 
cN6/�g]�l6ª s/�]�G6 -a.c._ elgG5 . 8fOgfdf]�, h]�g]�/�]�6/� cflb a.c. sf ;|f]�t x'g\ .

s/�]�G6–;do u|fkm (Current-time graph)

8fO/�]�S6 s/�]�G6df ;do a9\b}� hfFbf s/�]�G6sf]� dfg l:�y/� /�xg]� tYonfO{ lrq 11.5 df 
b]�vfOPsf]� h:�t}� ;do s/�]�G6 u|fkmdf k|bz{g ug{ ;lsG5 . To:�t}� cN6/�g]�l6ª s/�]�G6sf 
nflu klg ;do a9\b}� hfFbf kl/�jt{g x'g]� s/�]�G6sf]� dfg /� lbzfnfO{ lrq 11.6 df 
b]�vfOPsf]� h:�t}� u|fkmdf k|bz{g ug{ ;lsG5 .

lrq 11.5 8fO/�]�S6 s/�]�G6sf]� ;do s/�]�G6 u|fkm lrq 11.6 cN6/�g]�l6ª s/�]�G6sf]� ;do s/�]�G6 u|fkm

8fO/�]�S6 s/�]�G6sf]� s/�]�G6 ;do u|fkmdf ;do a9\b}� uP klg s/�]�G6sf]� dfqf lg/�Gt/� 4 A 
/�x]�sf]� b]�vfOPsf]� 5 . To:�t}� cN6/�g]�l6ª s/�]�G6sf]� s/�]�G6–;do u|fkmdf ;'?sf]� cj:�yfsf]� 
z"Go s/�]�G6 a9\b}� uP/� 5 A ePsf]� /� To;kl5 s/�]�G6sf]� dfg 36\b}� uP/� k'gM z"Go ePsf]� 
b]�vfOPsf]� 5 . s]�xL ;dokl5 s/�]�G6sf]� dfg klxn]�sf]� eGbf l7s ljk/�Lt lbzfdf k'gM 
a9\b}� uP/� -5 A x'Fb}� k'gM 36]�/� z"Go x'G5 . o;/�L Pp6f rj|m k"/�f x'G5 . a.c. sf nflu 
Ps ;]�s]�G8df hltcf]�6f rj|m k"/�f x'G5g\ To;nfO{ a.c. sf]� cfj[lQ -frequency_ elgG5 . 
olb Ps ;]�s]�G8df a.c. sf]� Ps rj|m k"/�f ePdf pSt a.c. sf]� cfj[lQ 1 hertz (1 Hz) 
x'G5 . xfd|f]� b]�zdf k|of]�u x'g]� a.c. sf]� cfj[lQ 50Hz 5 /� cf}�;t ef]�N6]�h 220 V b]�lv 
240 V ;Dd x'G5 . o;sf]� cy{ xfd|f]� b]�zdf k|of]�u x'g]� a.c. sf]� lbzf k|To]�s ;]�s]�G8df 
50 k6s kl/�jt{g x'G5 . d.c. df s/�]�G6sf]� lbzf lglZrt ;dosf]� cGt/�fndf kl/�jt{g 
gx'g]� ePsfn]� cfj[lQ x'Fb}�g .
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xfd|f]� b}�lgs hLjgdf k|of]�u ul/�g]� ljleGg 
ljB'tLo pks/�0fdWo]� s]�xL a.c. af6 rNg]�, 
s]�xL d.c. af6 rNg]� /� s]�xL b'a}� a.c. tyf d.c. 
af6 rNg]� x'G5g\ . kª\vf, df]�6/�, /�]�lk|mh/�]�6/� 
cflb a.c. af6 ;~rfng x'G5g\ . On]�S6«f]�lgs 
pks/�0f h:�t}� df]�afOn, sDKo'6/� cflbsf leq x'g]� kl/�kydf d.c. k|jfx x'G5 . On]�lS6«s 
lx6/�, lkmnfd]�G6 aQL h:�tf pks/�0f a.c. /� d.c. b'a}�df sfo{ u5{g\ . /�]�lS6kmfo/� k|of]�u 
u/�]�/� cN6/�g]�l6ª s/�]�G6nfO{ 8fO/�]�S6 s/�]�G6df ¿kfGt/�0f ug{ ;lsG5 .

lj|mofsnfk 11.1

cN6/�g]�l6ª s/�]�G6 /� 8fO/�]�S6 s/�]�G6lar leGgtf lbOPsf]� tflnsfdf eg{'xf]�;\ M

8fO/�]�S6 s/�]�G6 -d.c._ cN6/�g]�l6ª s/�]�G6 -a.c._

ljB't\ wf/�fsf]� r'DasLo c;/� (Magnetic effect of electric current)

;g\ 1820 df 8]�lg; ef}�ltszf:�qL 
tyf lj1fg lzIfs Hans Christian 
Oersted n]� ljB't\ /� r'DasTj 
Pscsf{;Fu ;DalGwt /�x]�sf]� tYo 
kQf nufP . pgn]� ljB't\ s/�]�G6;F+u 
;DalGwt lj|mofsnfk k|bz{g ubf{ 
ljB't\ kl/�ky glhs}� /�x]�sf]� r'DasLo 
sDkf;sf]� lgl8n rn]�sf]� b]�v]� . 
To;kl5 yk cWoogaf6 s/�]�G6sf]� 
lbzf;Fu}� r'DasLo lgl8nsf]� 3'dfOsf]� 
lbzf klg kl/�jt{g ePsf]� kfP . Oersted n]� sDkf;sf]� lgl8nn]� b]�vfPsf]� rfn /� pSt  
rfnsf]� lbzf ljB't\ s/�]�G6 k|jfxaf6 l;h{gf x'g]� r'Dassf]� c;/�n]� ubf{ ePsf]� lgisif{ 
lgsfn]� .

lrq 11.7 /�]�lS6kmfo/� Ans /�]�vflrq

lrq 11.8 ljB't\ s/�]�G6sf]� lbzf;“u}� r'DasLo 
sDkf;sf]� lgl8nn]� b]�vfpg]� rfnsf]� lbzf
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s'g}� klg tf/�df ljB't\ s/�]�G6 k|jfx x'Fbf pSt tf/�sf]� jl/�kl/� r'DasLo If]�q aGg'  
ljB't\sf]� r'DasLo c;/� xf]� . o;/�L aGg]� r'DasLo If]�qsf]� lbzf tf/�df k|jfx x'g]� ljB't\ 
s/�]�G6sf]� lbzfdf lge{/� u5{ .

ljB't\ alx/�x]�sf]� l;wf tf/�sf]� jl/�kl/� aGg]� r'DasLo If]�q (Magnetic field around 
a current carrying straight wire)

lj|mofsnfk 11. 2

-c_	 lrq 11.9 df b]�vfOP h:�t}� Pp6f sf8{af]�8{sf]� juf{sf/� 6'j|mfnfO{ l;wf ;'rfns 
tf/�sf]� 6'j|mfn]� 5]�8]�/� 8«fO;]�n tyf l:�jr ePsf]� ljB't\ kl/�kydf h8fg ug'{xf]�;\ . 
sf8{af]�8{ dfly tf/�sf]� jl/�kl/� r'DasLo an/�]�vf sf]�g{ k|of]�u ul/�g]� ;fgf]� cfsf/�sf]� 
sDkf;nfO{ lrqdf b]�vfOP h:�t}� u/�L /�fVg'xf]�;\ . kl/�kysf]� l:�jr cg u/�L ljB't\ 
k|jfx ug'{xf]�;\ /� tL sDkf;sf lgl8nsf]� cjnf]�sg ug'{xf]�;\ .

	 l:�jr cg u/�]�sf]� cj:�yfdf tf/�sf]� jl/�kl/� /�x]�sf r'DasLo sDkf;sf lgl8n s'g}� 
lglZrt lbzfdf 3'd]�sf]� jf g3'd]�sf]� cjnf]�sg ug'{xf]�;\ . of]� lj|mofsnfk ubf{ 
kl/�kydf s'g}� nf]�8sf]� h8fg gu/�L l:�jr cg u/�]�/� /�fVbf tf/� tfTg]� ePsfn]� 
cfjZos cjnf]�sg nuQ}� l:�jr ckm ug'{k5{ . o;}� lj|mofsnfkdf csf]�{ k6s 
;]�nsf w|'j kl/�jt{g u/�L k'gM l:�jr cg ug'{xf]�;\ /� r'DasLo sDkf;sf]� lgl8nsf]� 
lbzf klxn]�sf]� eGbf l7s ljk/�Lt eP gePsf]� cjnf]�sg ug'{xf]�;\ .

-cf_	 dfly pNn]�v ul/�P h:�t}� Pp6f l;wf tf/�n]� sf8{af]�8{nfO{ 5]�8]�/� ljB't\ kl/�kydf 
h8fg ug'{xf]�;\ . lrq 11. 10 df b]�vfOP h:�t}� sf8{af]�8{ dfly kmnfdsf]� Psbd}� 
dl;gf]� w'nf]� 5ls{g'xf]�;\ . To;kl5 kl/�kysf]� l:�jr cg ug'{xf]�;\ /� sf8{af]�8{nfO{ 
xftsf cf}�Fnfn]� la:�tf/�}� 6s6sfpg'xf]�;\ . kmnfdsf]� w'nf]� s'g}� HofldtLo cfsf/�df 
3]�/�f agfP/� a;]�sf]� jf ga;]�sf]� cjnf]�sg ug'{xf]�;\ .

lrq 11.9 l;wf tf/df ljB't\ k|jfx x'“bf To;sf]� jl/�kl/� 
r'DasLo sDkf;n]� b]�vfpg]� j[Qfsf/� r'DsLo If]�q

lrq 11.10 l;wf tf/df s/�]�G6 k|jfx x'“bf kmnfdsf 
w'nfn]� b]�vfpg]� j[Qfsf/� r'DasLo If]�q
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ljB't\ s/�]�G6sf]� k|jfxsf sf/�0f l;wf tf/�sf]� jl/�kl/� aGg]� r'DasLo If]�q r'DasLo an 
/�]�vf sf]�/�]�/� cjnf]�sg ug{ ;lsG5 .

dflysf lj|mofsnfkdf tf/�sf]� jl/�kl/� r'DasLo sDkf;nfO{ /�fVbf tL sDkf;sf lgl8nn]� 
s'g}� lglZrt lbzf b]�vfP/� Pp6f j[Qfsf/� 3]�/�fsf]� ;ª\s]�t u5{g\ . pSt c;/�lrq 
11.11 df b]�vfOP h:�t}� l;wf tf/�af6 ljB't\ s/�]�G6 k|jfx xF'bf To;sf]� jl/�kl/� j[Qfsf/� 
3]�/�fdf aGg]� r'DasLo If]�qn]� ubf{ ePsf]� xf]� . o;/�L aGg]� r'DasLo If]�qsf]� lbzf tf/�df 
k|jfx x'g]� ljB't\ s/�]�G6sf]� lbzfdf lge{/� u5{ . lrq 11.12 df b]�vfOP h:�t}� olb 
tf/�af6 ljB't\ s/�]�G6 dflylt/� uO/�x]�sf]� cj:�yfdf r'DasLo If]�qsf]� lbzf 38Lsf]� ;'O{ 
3'Dg]� lbzfsf]� pN6f]� lbzfdf xG5 . o;sf l7s ljk/�Lt olb tf/�af6 tnlt/� ljB't\ 
s/�]�G6 k|jfx x'Fbf aGg]� r'DasLo If]�qsf]� lbzf 38Lsf]� ;'O{ 3'Dg]� lbzfdf x'G5 . dflysf]� 
lj|mofsnfkdf klg r'DasLo If]�qsf]� lbzf sDkf;sf]� lgl8n kf]�OG6/� kms]�{sf]� lbzfaf6 
cjnf]�sg ug{ ;lsG5 .

lrq 11.11 l;wf tf/�af6 ljB't\ s/�]�G6 k|jfx 
x'“bf To;sf]� jl/�kl/� j[Qfsf/� 3]�/�fdf aGg]� 
r'DasLo If]�q

lrq 11.12 l;wf tf/�af6 ljB't\ s/�]�G6 
k|jfx x'“bf aGg]� r'DasLo If]�qsf]� lbzf b]�vfpg 
DofS;j]�nsf]� bfof“ xftsf]� a'9Lcf}�“nfsf]� lgod

DofS;j]�nn]� k|ltkfbg u/�]�sf]� lgodcg';f/� olb ljB't\ s/�]�G6 k|jfx eO/�x]�sf]� tf/�nfO{ 
lrq 11.12 df b]�vfOP h:�t}� a'9Lcf}�Fnfn]� s/�]�G6 k|jfxsf]� lbzf b]�vfpg]� u/�L bfofF xftn]� 
d'7L afFw]�/� ;dfTf]�sf]� kl/�sNkgf ubf{ pSt xftsf cf}�Fnfn]� r'DasLo If]�qsf]� lbzf ;ª\s]�t 
u5{g\ . t;y{ l;wf tf/�df uf]�nfsf/� r'DasLo If]�q x'G5 /� r'DasLo an/�]�vfsf]� lbzf 
ljB't\ wf/�fsf]� lbzfdf lge{/� /�xG5 .

;f]�n]�gf]�O8sf]� jl/�kl/� aGg]� r'DasLo If]�q (Magnetic field around a solenoid)

lj|mofsnfk M 11.3 ;f]�n]�gf]�O8sf r'DasLo w|'jsf]� klxrfg

lrq 11.13 df b]�vfOP h:�t}� tfdfsf]� OG;'n]�6]�8 tf/�, r'DasLo sDkf;, 9 V Aof6«L /� Aof6«L 
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sg]�S6/� lng'xf]�;\ . pSt tf/�nfO{ 
a]�ngfsf/� j:�t', h:�t}� M dl;gf]� 
kfOk÷dfs{/� jl/�kl/� y'k|}� kmGsf x'g]� 
u/�L a]�g'{xf]�;\ /� cGTodf a]�ngfsf/� 
j:�t' lems]�/� Ps nfDrf]� l:�k|ª 
cfsf/�sf]� SjfOn tof/� kfg{'xf]�;\ . 
pSt SjfOnsf b'O{ 5]�pnfO{ v's]�{/� 
jf hn]�sf]� d}�g aQLdf ttfP/� OG;'n]�6/�sf]� tx x6fpg'xf]�;\ . tL b'O{ 5]�pnfO{ Aof6«L;Fu 
hf]�8\g'k"j{ SjfOnsf]� glhs}� r'DasLo sDkf;nfO{ /�fVg'xf]�;\ . SjfOndf ljB't\ s/�]�G6 
k|jfx x'Fbf r'DasLo sDkf;sf]� lgl8nsf]� s'g w|'j cfslif{t x'G5, cjnf]�sg u/�L tnsf]� 
h:�t}� tflnsfdf eg'{xf]�;\ . ca SjfOn;Fu hf]�l8Psf Aof6«Lsf w|'j kl/�jt{g ug'{xf]�;\ . 
o; k6s sDkf;sf]� lgl8nsf]� s'g w|'j cfslif{t x'G5, cjnf]�sg u/�L tflnsfdf  
eg'{xf]�;\ .

SjfOn;F+u hf]�l8Psf Aof6«Lsf w|'j kl/�jt{g 
ug'{k"j{

SjfOn;Fu hf]�l8Psf Aofl6«sf w|'j kl/�jt{g u/�]�kl5

SjfOnsf]� bfofFlt/� 
r'DasLo sDkf;nfO{ 
/�fVbf cfslif{t w|'j

SjfOnsf]� afofFlt/� 
r'DasLo sDkf;nfO{ 
/�fVbf cfslif{t w|'j

SjfOnsf]� bfofFlt/� 
r'DasLo sDkf;nfO{ 
/�fVbf cfslif{t w|'j

SjfOnsf]� afofFlt/� 
r'DasLo sDkf;nfO{ 
/�fVbf cfslif{t w|'j

======= w'|j ============ w|'j ======= w'|j ============ w|'j

glthf M bfofFlt/� r'DasLo sDkf;nfO{ /�fVbf 
====== w'|j cfslif{t ePsfn]� SjfOndf pSt 
w|'jsf]� l7s ljk/�Lt cyf{t\ =========== w|'j 
l;h{gf ePsf]� x'g'k5{ .

=======

;f]�n]�gf]�O8 lrq 11.14 df b]�vfOP h:�t}� s'rfns n]�kg ul/�Psf]� cyf{t\ OG;'n]�6]�8 
tf/�nfO{ l:�k|ªsf]� cfsf/�df a]�/�]�/� agfOPsf]� nfDrf]� SjfOn xf]� . ;fdfGotof ;f]�n]�gf]�O8 
tof/� kfg{ a]�ngfsf/� j:�t'sf]� jl/�kl/� OG;'n]�6]�8 tf/� a]�/�]�/� tof/� kfl/�G5 . ;f]�n]�gf]�O8 
tof/� kfg{ k|of]�u ePsf]� tf/�sf b'O{ 5]�pnfO{ s'rfnssf]� n]�kg x6fO{ Aof6«L;Fu  
hf]�8\bf tf/�df s/�]�G6 axG5 /� ;f]�n]�gf]�O8sf]� leq tyf jl/�kl/� Ps r'DasLo If]�q l;h{gf 
x'G5 . pSt ;f]�n]�gf]�O8sf]� jl/�kl/� x'g]� r'DasLo If]�q 58 r'Dassf]� h:�t}� x'G5 . cyf{t\ 
b'a}� 5]�plt/� alnof]� /� dWo efult/� sdhf]�/� x'G5 . ;f]�n]�gf]�O8sf]� leq eg]� Psgf;sf]� 
r'DasLo If]�q x'G5 . ;du|df ;f]�n]�gf]�O8df ljB't\ s/�]�G6 k|jfx x'Fbf o;sf]� Ps 5]�pdf 

lrq 11.13 ;f]�n]�gf]�O8 /� r'DasLo sDkf; /� 9 V Aof6«L
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pQ/�L „'j /� csf]�{ 5]�pdf blIf0f r'DasLo „'j pTkGg x'G5 . olb ljB't\ s/�]�G6 ljk/�Lt 
lbzfdf ax]�df r'DasLo If]�qsf w|'jx¿ klg plN6G5g\ .

lrq 11.14 ;f]�n]�gf]�O8 jl/�kl/�sf]� 

r'DasLo If]�q
lrq 11.15 DofS;j]�nsf]� bfof“ xftsf]� lu|k lgod 

(Max- well's Right hand grip rule)

ljB't\ s/�]�G6 axFb}� u/�]�sf]� ;f]�n]�gf]�O8 jl/�kl/� aGg]� r'DasLo If]�qsf]� lbzfnfO{ DofS;j]�nn]� 
k|ltkfbg u/�]�sf]� bflxg]� xftsf]� lu|k lgodåf/�f kQf nufpg ;lsG5 . pSt lgodcg';f/� 
olb bflxg]� xftsf cfF}�+nfnfO{ ;f]�n]�gf]�O8df ljB't\ s/�]�G6 k|jfx x'g]� lbzflt/� kf/�L d'7L 
a6f/�]�df a'9Lcf}�+Fnfn]� ;f]�n]�gf]�O8 jl/�kl/� aGg]� r'DasLo If]�qsf]� pQ/�L „'j b]�vfpF5 . 
;f]�n]�gf]�O8sf]� r'DasLo If]�qsf]� zlSt lgDglnlvt tÎjdf lge{/� u5{ M

-c_	 ;f]�n]�gf]�O8df k|jfx x'g]� ljB't\ s/�]�G6sf]� kl/�df0f

-cf_	 ;f]�n]�gf]�O8sf]� SjfOndf ePsf kmGsfsf]� ;ª\Vof

-O_	 ;f]�n]�gf]�O8leq /�flvPsf]� kbfy{ -sf]�/�_ h:�t}� g/�d kmnfdsf]� a]�ngfnfO{ ;f]�n]�gf]�O8leq 
/�fVbf r'DasLo If]�qsf]� zlSt a9\5 .

;f]�n]�gf]�O8åf/�f lgld{t r'DasLo If]�q c:�yfoL x'g]� ePsfn]� o;nfO{ ljB't\ r'Das agfpg 
k|of]�u ul/�G5 .

r'DasLo k|jfx (Magnetic Flux)

lrq 11.16 df s/�]�G6 k|jfx eO/�x]�sf]� l;wf tf/�, tf/�sf]� n'k, ;f]�n]�gf]�O8 tyf 58 
r'Das /� k[YjL r'Das jl/�kl/�sf r'DasLo an/�]�vf b]�vfOPsf]� 5 . r'DasLo If]�qsf]� 
;|f]�tcg';f/� r'DasLo an/�]�vfn]� agfpg]� cfsf/� km/�s km/�s x'G5 . lrq 11.17 df 
b]�vfOP h:�t}� r'DasLo If]�qleq /�flvPsf]� j:�t'df k'gM r'DasLo an/�]�vfsf ;ª\Vof 
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:�yfgcg';f/� km/�s k5{ . r'DasLo If]�qleqsf ljleGg :�yfgdf r'Dassf]� c;/�af/�]� 
hfgsf/�Lsf nflu j:�t'sf]� ;txdf kg]�{ r'DasLo an/�]�vfsf]� ;ª\Vof;Fu t'ngf ug{ 
;lsG5 . r'DasLo If]�qleqsf ;txsf If]�qkmn eP/� hfg r'DasLo an/�]�vfsf]� s'n 
;ª\Vofn]� r'DasLo k|jfxnfO{ hgfpF5 . r'DasLo k|jfx s'g}� r'DasLo If]�qleq kg]�{ 
;txsf]� If]�qkmn eP/� hfg]� r'DasLo If]�qsf]� dfkg xf]� . r'DasLo k|jfxnfO{ lu|s 
efiffsf]� cIf/� kmfO{ -Ø_ n]� hgfOG5 . r'DasLo k|jfxsf]� PsfO j]�a/� -weber_ nfO{ 
Wb n]� ;ª\s]�t u5{ . pSt PsfO hd{g ef}�ltszf:�qL ljNx]�d P8\jf8{ j]�a/� -Wilhelm 
Eduard Weber_ sf]� y/�af6 lbOPsf]� xf]� .

lrq 11.16:� ljleGg lsl;dsf r'DasLo If]�q tyf r'DasLo an/�]�vf

r'DasLo If]�qsf]� lrq agfpFbf r'DasLo an/�]�vfsf]� 
3gTjn]� r'DasLo k|jfxsf]� dfqf hgfpF5 . an/�]�vf 
3gf ePsf]� 7fpFdf zlStzfnL r'DasLo k|jfx ePsf]� 
a'lemG5 eg]� an/�]�vfx¿ kftnf]� ePsf]� 7fpFdf sdhf]�/� 
r'DasLo k|jfx ePsf]� a''lemG5 . lrq 11.17 df 
an/�]�vfsf]� 3gTj x]�bf{ 58 r'''Dasdf r'DasLo k|jfx 
w|'asf]� glhs zlStzfnL x'g]� /� DfWoefult/� sdhf]�/� 
x'g]� a'lemG5 .

df]�6/� c;/� (Motor effect)

lj|mofsnfk 11.4

Pp6f zlStzfnL U cfsf/�sf]� r'Das, nrsbf/� ;'rfns tf/�, 6 V sf]� d.c. ;KnfO jf 
9 V sf]� Aof6«L, wfuf]� cflb ;ª\sng ug'{xf]�;\ . ;'rfns tf/�nfO{ :�jtGq ¿kn]� rNg 
;Sg]� u/�L wfufdf afFw]�/� r'Dassf b'O{ w|'jsf lardf e'mG8\ofpg'xf]�;\ . pSt tf/�sf b'O{ 

lrq 11.17 M 58sf]� r'DasLo 
an /�]�vf
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5]�pnfO{ l:�jr /�fv]�/� Aof6«L;Fu h8fg ug'{xf]�;\ . Ps l5gsf nflu l:�jr cg u/�]�/� tf/� 
cjnf]�sg ug'{xf]�;\ . s]� tf/�df s'g}� lbzflt/� rfn pTkGg ePsf]� kfOof]�, cjnf]�sgsf 
cfwf/�df tnsf]� h:�t}� tflnsf k|:�t't ug'{xf]�;\ M

Aof6«Lsf w|'j kl/�jt{g ug'{k"j{  
tf/�sf]� rfnsf]� lbzf

Aof6«Lsf w|'j kl/�jt{g ul/�;s]�kl5  
tf/�sf]� rfnsf]� lbzf

bfofF÷afofF÷cufl8÷k5fl8========= bfofF÷afofF÷cufl8÷k5fl8====

glthf M

r'DasLo If]�qdf :�jtGq ¿kn]� rNg ;Sg]� u/�L e'mG8\ofOPsf]� tf/�df ljB't\ k|jfx ubf{ 
pSt tf/�df rfn pTkGg x'g' df]�6/� c;/� xf]� . kª\vf, kfgL tfGg]� df]�6/�, ldS;/� u|fOG8/� 
cflb pks/�0f df]�6/� c;/�df cfwfl/�t eP/� sfo{ u5{g\ .

ljB't\ s/�]�G6 k|jfx x'Fbf tf/�sf]� jl/�kl/� aGg]� j[Qfsf/� r'DasLo If]�q /� 58 r'Dassf]� 
r'DasLo If]�qsf]� lbzf b]�vfOPsf]� 5 . tL b'O{ r'DasLo If]�qlar x'g]� cfsif{0f /� ljsif{0f 
lj|mofn]� tf/�df rfn pTkGg x'G5 .

 

lrq 11.18M l8;L df]�6/� /�f]�6/� /� :�yfO r'Das lrq 11.19:� l8;L df]�6/� SjfOndf nfUg]� an

Pp6f sf]�/�df OG;'n]�6]�8 tf/� a]�/�]�/� df]�6/�sf]� SjfOn agfOG5 . pSt SjfOnnfO{ lrq 
11.17 df b]�vfOP h:�t}� b'O{ ljk/�Lt r'DasLo w|'jsf lardf /�flvG5 . To;kl5 
SjfOndf cN6/�g]�l6ª s/�]�G6 k|jfx ul/�G5 . SjfOndf ljB't\ k|jfx x'Fbf r'DasTj pTkGg 
x'g hfG5 . cN6/�g]�l6ª s/�]�G6sf sf/�0f SjfOnsf]� r'DasTjsf]� lbzf lg/�Gt/� kl/�jt{g 
eO/�xG5g\ . SjfOnsf r'DasTj /� o;sf]� jl/�kl/�sf]� r'DasLo If]�qaLr cGt/�lj|mofsf]� 
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sf/�0f SjfOn 3'D5 /� o;df hf]�l8Psf j:�t'nfO{ 3'dfpF5 . df]�6/�sf]� SjfOn 3'dfpg]� an 
j[l4 ug{ zlStzfnL r'Dassf]� k|of]�u, SjfOndf tf/�sf kmGsfsf]� ;ª\Vof j[l4, SjfOnsf]� 
;txsf]� If]�qkmn j[l4, g/�d kmnfdsf]� sf]�/�sf]� k|of]�u h:�tf pkfo ckgfpg ;lsG5 .

ljrf/�0fLo k|Zg

tf/�af6 ljB't\ s/�]�G6 k|jfx x'Fbf To;sf]� jl/�kl/� r'DasLo If]�q ag]� h:�t}� s]� r'DasLo 
If]�qdf cjl:�yt ;'rfns tf/�af6 ljB't\ s/�]�G6 pTkfbg ug{ ;lsG5 xf]�nf t <

ljB't\ r'DasLo pkkfbg (Electromagnetic induction)

pGgfO;fF}�}� ztfAbLsf]� ;'?jft -1800 AD_ lt/� wf/�f ljB't\sf]� k|d'v ;|f]�tsf ¿kdf 
ef]�N6fOs ;]�n -Voltaic Cell_ sf]� k|of]�u ul/�GYof]� . ;g\ 1831 df r'DasLo an/�]�vfnfO{ 
;'rfns tf/�n]� nDa ¿kdf sf6\bf pSt ;'rfns tf/�df ef]�N6]�h pTkGg x'g]� /� tf/�sf 
b'O{ 5]�pnfO{ kl/�kydf h8fg ubf{ ljB't\ s/�]�G6 k|jfx x'g]�af/�]� dfOsn kmf/�f8]� -Michael 
Faraday_ sf]� cfljisf/�n]� ljB't\ ;|f]�tsf If]�qdf 7'nf]� kl/�jt{g Nofof]� .

lj|mofsnfk 11.4

lrq 11.20 df b]vfOP h:t} ;f]�n]�Gjf]�Osf b'O{ 5]�pnfO{ Pp6f UofNefgf]�ld6/�;“u h8fg  
ug'{xf]�;\ .

lrq 11.20:� 58 r'Das 
l:�y/� cj:�yfdf

N S

lrq 11.21: 58 r'Dassf 
pQ/�L w|'j SjfOndf k|j]�z ubf{

N S

lrq 11.22: 58 r'Dassf]� pQ/�L 
w|'j SjfOnaf6 aflx/� lgl:�s“bf

ca vf]�j|mf]� efudf 58 r'DasnfO{ k;fpg]� /� lemSg]� ug'{xf]�;\ . lrq 11.21 /� lrq 11.22 
b]�vfOP h:�t}� 58 r'DasnfO{ vf]�j|mf]� efusf cufl8 l:�y/� /�fVbf, leq 58 r'Dassf]� 
pQ/�L w'|j k|j]�z ubf{ /� leq 58 r'Dassf]� blIf0fL w|'j k|j]�z ubf{ UofNefgf]� ld6/�sf]� 
lgl8nsf]� cj:�yf cjnf]�sg ug'{xf]�;\ /� tflnsfdf l6kf]�6 ug'{xf]�;\ .
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58 r'Dassf]� w|'j SjfOnleq k|j]�z ug]�{ jf 
SjfOnaf6 lg:�sg]� lj|mof

UofNefgf]�ld6/�sf]� ;'O{sf]� rfnsf]� 
lbzf

pQ/�L w|'j leq k|j]�z bfofF÷afofF

blIf0fL w|'j aflx/� lg:�sg]�

58 r'DasnfO{ rfF8f]� rfF8f]� leqaflx/� ubf{ klxn]�sf]� cjnf]�sgeGbf gofF cjnf]�sgdf 
s]� leGgtf kfOG5 <

dflysf]� lj|mofsnfk 11.4 df 58 r'DasnfO{ 
;'rfns tf/�sf SjfOnsf leq /� aflx/� u/�L 
rnfpFbf o;sf]� ;txdf kg]�{ r'DasLo an/�]�vfsf]� 
;ª\Vof cyf{t\ r'DasLo k|jfx lg/�Gt/� kl/�jt{g 
x'G5 . o;n]� ubf{ SjfOndf ef]�N6]�h pkkflbt 
x'G5 . o;sf ljk/�Lt ;'rfns tf/�sf SjfOnnfO{ 
r'DasLo If]�qdf 3'dfP/� pSt SjfOn;F+u ;DalGwt 
r'DasLo k|jfx lg/�Gt/� kl/�jt{g u/�fpFbf klg SjfOndf ef]�N6]�h pkkflbt x'G5 . b'a}� 
cj:�yfdf SjfOn jf r'Dassf]� ult kl/�jt{g ubf{ ul/�g]� sfo{ cyf{t\ oflGqs zlSt 
ljB't\ zlStdf ¿kfGt/�0f x'G5 .

o;/�L ;'rfns;Fu ;DalGwt r'DasLo k|jfx kl/�jt{g x'Fbf pSt ;'rfnsdf On]�S6«f]�df]�l6e 
kmf]�;{ -electromotive force_ cyf{t\ ef]�N6]�h pkkfbg x'g]� lj|mof ljB't\ r'DasLo 
pkkfbg -electromagnetic induction_ xf]� .

ljB't\ r'DasLo pkkfbg;DaGwL kmf/�f8]�sf]� lgod (Faradays' law of 
electromagnetic induction)

ljB't\ r'DasLo pkkfbgdf pkkflbt ef]�N6]�h r'DasLo If]�qsf]� zlSt -Strength of 
magnetic field_ /� SjfOnsf kmGsfsf]� ;ª\Vof -Number of turns in the coil_ df 
lge{/� u5{ . r'DasLo If]�qsf]� zlSt tyf SjfOnsf]� kmGsfsf]� ;ª\Vof hlt a9L x'G5 
pkkflbt ef]�N6]�h klg Tolt g}� a9L x'G5 . pkkflbt ef]�N6]�hsf kl/�df0f r'DasLo 
an/�]�vf slt rfF8f]� rfF8f]� jf l9nf]� l9nf]� u/�L SjfOndf k|j]�z ug]�{ tyf 5f]�8\g]� u5{g\ 
eGg]�df klg lge{/� u5{ . w]�/�}� l9nf]� ultn]� r'DasnfO{ SjfOnsf]� leq aflx/� u/�L rnfpFbf 
guGo ef]�N6]�h pkkflbt x'G5 . r'DasnfO{ tLj| ultn]� leqaflx/� u/�L rnfpFbf a9L 
ef]�N6]�h pkkflbt x'G5 .

lrq 11.23M df]�6/� c;/� k|bz{g
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ljB't\ r'DasLo pkkfbgdf pkkflbt e.m.f. sf]� kl/�df0f ;dfj]�z x'g]� u/�L lbOPsf]� 
kmf/�f8]�sf]� lgodnfO{ lgDgfg';f/� k|:t't ul/�G5 M

;'rfns /� r'Daslar ;fk]�lIfs rfn x'Fbf ;'rfnsdf e.m.f. pkkflbt x'G5 /� pSt 
e.m.f.  kl/�df0f ;'rfns;Fu ;DalGwt r'DasLo k|jfxsf]� kl/�jt{gsf]� b/�;Fu ;dfg'kflts 
x'G5 . 

kmf/�f8]�sf]� of]� lgodcg';f/� Pp6f ;'rfns SjfOnnfO{ r'DjsLo If]�qdf 3'dfpFbf of]�;Fu 
;DalGwt r'DasLo If]�q kl/�jt{g eO{ SjfOndf e.m.f. pkkfbg x'G5 . of]� g}� h]�g]�/�]�6/�sf]� 
sfo{ l;4fGt xf . SjfOndf ta;Dd e.m.f. pkkflbt eO/�xG5 ha;Dd SjfOn;Fu 
;DalGwt r'DasLo k|jfx -magnetic flux_ kl/�jt{g eO/�xG5 jf SjfOn 3'ld/�xG5 . 
SjfOnsf]� ;ª\Vof a9fpFbf, r'Dassf]� Ifdtf a9fpFbf jf SjfONfsf]� 3'Dg]� ult a9fpFbf 
SjfOn;Fu ;DalGwt r'DjsLo If]�qsf]� kl/�jt{g b/� a9\5 /� e.m.f. a9\5 .

8fOgfdf]� /� P;L h]�g]�/�]�6/� (Dynamo and a.c. generator)

;fOsn, df]�6/�;fOsn cflbdf 8fOgdf]�sf]� 
k|of]�uaf6 ljB't\ pTkfbg ul/�G5 . To:�t}� 
xfdLn]� b}�lgs hLjgdf u|fx:�y ljB't\ 
kl/�kydf k|of]�u ug]�{ ljB't\ a.c. h]�g]�/�]�6/�af6 
pTkfbg ul/�G5 . 8fOgfdf]�sf]� k|of]�u yf]�/�}� 
kl/�df0fdf ljB't\ pkkfbgsf nflu ul/�G5 
eg]� h]�g]�/�]�6/�sf]� k|of]�uaf6 7'nf]� kl/�df0fdf 
ljB't\ pkkfbg ul/�G5 .

lrq 11.24 df b]�vfOP h:�t}� ;fOsn 8fOgfdf]�df r'Das 3'dfOG5 . r'DasLo 
an/�]�vfnfO{ sf6\g]� u/�L glhs}�sf]� SjfOn /�flvPsf]� x'G5 . SjfOn;Fu ;DalGwt r'DasLo 
k|jfx kl/�jt{g u/�fpg 8fOgfdf]�sf]� SofknfO{ ;fOsnsf]� 6fo/�;Fu 3if{0f u/�fP/� r'Das 
rnfOG5 . o;/�L 8fOgfdf]�sf]� SjfOndf pkkflbt ef]�N6]�hn]� ubf{ k|jfx x'g]� ljB't\ 
s/�]�G6sf]� dfqf SjfOndf ePsf kmGsfsf]� ;ª\Vof, r'DasLo If]�qsf]� zlSt, r'Dassf]� 
rfnsf]� ult cyf{t\ r'DasLo k|jfx kl/�jt{gsf]� b/� cflbdf e/� k5{ .

ljB't\sf 7'nf ;|f]�tx¿ (Large scale electricity sources)

h]�g]�/�]�6/�af6 7'nf]� kl/�df0fdf ljB't\ pkkfbg ul/�G5 . o;sf nflu zlStzfnL r'DasLo 
If]�qdf /�flvPsf]� SjfOnnfO{ Psbd}� tLj| ultdf 3'dfOG5 . lrq 11.25 df b]�vfOP 

lrq 11.24:� ;fOsn 8fOgdf]�
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h:�t}� hnljB't\ u[x -hydropower station_ df h]�g]�/�]�6/�af6 7'nf]� kl/�df0fdf ljB't\ 
pTkfbg ug{ 8\ofddf hDdf ul/�Psf]� kfgLnfO{ pRr rfksf ;fy 6g]�naf6 6af{Ogdf 
v;fnL h]�g]�/�]�6/�nfO{ Psbd}� tLj| ultdf 3'dfOG5 . To:�t}� yd{n KnfG6 -thermal plant_ 
af6 hLjfjif]�z OGwg, h:�t}� M sf]�Onf, l8h]�n cflb k|of]�u u/�L ljB't\ pTkfbg ul/�G5 . 
sf]�Onfo'St yd{n KnfG6df 7'nf]� dfqfdf sf]�Onf hnfpFbf pTkGg x'g]� tfkaf6 kfgL 
pdfn]�/� afkm hDdf ul/�G5 . pSt pRr rfkdf vfFlbPsf]� afkmaf6 hg]�/�]�6/�l;t hl8t 
6af{Ogx¿ 3'dfP/� ljB't\ pTkfbg ul/�G5 . l8h]�n kfj/� KnfG6df eg]� l8h]�g OlGhgn]� 
6jf{Og 3'dfOG5 . plNnlvt ;|f]�tsf cltl/�St jfo' pmhf{sf ¿kdf ljG8 ldn -wind 
mill_ x¿df xfjfsf]� axfjaf6 h]�g]�/�]�6/�l;t hl8t 6af{Og 3'dfP/� ljB't\ pTkfbg ul/�G5 .

sf]�Onfo'St yd{n KnfG6sf]� sfo{ljlw Go'lSno/� kfj/� KnfG6 -nuclear power plant_ df 
klg nfu' x'G5 . o;df sf]�Onfsf]� k|of]�u gu/�L /�]�l8of]�wdL{ tÎj -radioactive element_ 
h:�t}� o'/�]�lgodnfO{ lgolGqt ¿kdf 6'S|ofpFbf kfgL pdfNg cfjZos tfk k|fKt xG5 . 
xfd|f]� b]�zdf ljB't\ pTkfbgsf nflu o; k|ljlwsf]� k|of]�u ePsf]� 5}�g . g]�kfn ljB't\ 
k|flws/�0fåf/�f ;g\ 2022 df k|sflzt tYofª\scg';f/� xfd|f]� b]�zdf pTkflbt hnljB't\ 
Ifdtf nueu 2200 d]�ufjf6 /�x]�sf]� 5 . o;sf cltl/�St b'xjL yd{n KnfG6 /� x]�6f}�F8f 
yd{n KnfG6 af6 53 MW ljB't\ pTkfbg ul/�G5 . dfly plNnlvt k|ltj]�bgcg';f/� 
sl/�a 487 MW Ifdtfsf hnljB't\ cfof]�hgfx¿ lgdf{0ffwLg cj:�yfdf /�x]�sf 5g\ . 
To:�t}� dflyNnf]� c?0f cfof]�hgf, pQ/�uª\uf Pjd\ b'wsf]�zL hnfzoo'St hnljB't\ 
cfof]�hgf tyf cGo cfof]�hgfx¿af6 lgs6 eljiod}� yk 3219 MW ljB't\ pTkfbg 
ug{ ;lsg]� k|:�tfjgf k]�; ul/�Psf]� 5 .

cN6/�g]�l6ª s/�]�G6 h]�g]�/�]�6/� (Alternating current generator)

lrq 11.25:� bf]��nvf lhNnfdf cjl:��yt dflyNnf]�� tfdfsf]��zL 
hnljB't\ u[xsf]�� 8\ofddf hDdf ul/��Psf]�� kfgL

lrq 11.26 M h]�g]�/�]�6/�nfO{ tLj| 
ultdf 3'dfpg k|of]�u x'g]� 6af{Og
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lrq 11.26 df a.c. h]�g]�/�]�6/�sf]� r'DasLo If]�qdf /�flvPsf]� ;'rfns tf/�sf]� cfotfsf/� 
SjfOn b]�vfOPsf]� 5 . SjfOnnfO{ 3'dfpFbf o;n]� r'DasLo If]�q sf6\5 /� SjfOn;F+u 
;DalGwt r'DasLo k|jfx kl/�jt{g x'G5 . o;n]� ubf{ SjfOndf On]�S6«f]�df]�l6e kmf]�;{ 
-e.m.f._ pkkflbt x'G5 h'g r'DasLo k|jfx kl/�jt{gsf]� b/�;Fu ;dfg'kflts x'G5 .

lrq 11.27M a.c. h]�g]�/�]�6/�sf]� SjfOn
lrq 11.28M a.c. h]�g]�/�]�6/�sf]� SjfOndf 
pkkflbt ef]�N6]�h

Jofj;flos h]g]/]6/df eg] ljB't\ r'Das k|of]u u/L SjfOnsf] ;6\6f r'Das 3'dfOG5 .

6«fG;kmd{/� (Transformer)

lrq 11.29 df Pp6f df]�afOn rfh{/�df 
pNn]�v ul/�Psf]� cfp6k'6 ef]�N6]�h /�]�l6ª -5.3 
V_ b]�vfOPsf]� 5 . xfdLn]� df]�afOn rfh{/�nfO{ 
220 V sf]� cN6/�g]�l6ª s/�]�G6 -a.c._ ePsf]� 
ljB't\ kl/�kydf h8fg ul/�Psf]� Knudf 
/�fV5f}�F . oxfF rfh{/�leq h8fg ul/�Psf]� 
pks/�0fn]� 220 V sf]� a.c. nfO{ 36fP/� 
df]�afOn rfh{ ug{ cfjZos kg]�{ 5.3 V sf]� 
a.c. df ¿kfGt/�0f u5{ . To:�t}� dfOj|mf]�j]�e 
cf]�egdf dfOj|mf]�j]�e pTkGg u/�fpg sl/�a 2100 V sf]� cfjZos k5{ . o;sf nflu 
pSt cf]�egleq h8fg ul/�g]� 6«fG;kmd{/�n]� 220 V sf]� a.c. nfO{ 2100 V sf]� a.c. df 
¿kfGt/�0f u5{ . o;/�L cN6/�g]�l6ª s/�]�G6sf]� ef]�N6]�h 36fpg tyf a9fpg k|of]�u ul/�g]� 
pks/�0fnfO{ 6«fG;kmd{/� elgG5 .

lrq 11.29M df]�afOn rfh{/�df pNn]�v ul/�Psf]� 
ef]�N6]�h /�]�l6ª
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lrq 11.30M rfh{/�df 6«fG;kmd{/�sf]� k|of]�u

lj|mofsnfk 11.5M 6«fG;kmd{/� k|of]�u x'g]� pks/�0fsf]� ef]�N6]�h /�]�l6ª ;ª\sng

df]�afOn h:�t}� cGo s'g s'g pks/�0f ;~rfng ug{ 6«fG;kmd{/�sf]� cfjZostf k5{, 
tn lbOP h:�t}� tflnsf agfP/� ltgLx¿sf]� ef]�N6]�h /�]�l6ª ;ª\sng ug'{xf]�;\ M

pks/�0f Ogk'6 ef]�N6]�h /�]�l6ª cfp6k'6 ef]�N6]�h /�]�l6ª
/�fp6/� P8]�K6/� ====================== ======================

Nofk6k P8]�K6/� ====================== ======================

lrq 11.31 :� ljB't\ pTkfbg, k|;f/�0f /� ljt/�0f

A.C. ljB't\sf]� pkof]�usf nflu o;sf]� 
pTkfbg, k|;f/�0f /� ljt/�0f u/�L d'Vo tLg 
v08sf]� cjZostf k5{ . h]�g]�/�]�6/�af6 ljB't\ 
u[xdf pTkflbt ljB't\nfO{ pRr ef]�N6]�h 
-pbfx/�0fsf nflu 132 kV_ df ¿kfGt/�0f 
u/�L k|;f/�0f nfOgaf6 k|;f/�0f ul/�G5 . o;/�L 

lrq 11.32M wg'iff, 9Ns]�j/�df cjl:�yt 400 kV ;a :�6]�;g
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k|;f/�0f ul/�Psf ljB't\nfO{ k|of]�u ug{ ljt/�0f ug'{k"j{ ef/� ;Dk|]�if0f s]�Gb| -substation_ 
df ljB't\nfO{ sd ef]�N6]�h -pbfx/�0fsf nflu 220 V_ df ¿kfGt/�0f ul/�G5 . ljB't\u[x 
tyf ef/� ;Dk|]�if0f s]�Gb|df cfjZostfcg';f/� ef]�N6]�h kl/�jt{g u/�fpg 6«fG;kmd{/�sf]� 
k|of]�u ul/�G5 . xfd|f]� b]�zsf ljleGg ljB't\ u[xaf6 pTkflbt ljB't\nfO{ pRr ef]�N6]�hdf 
k|;f/�0f nfOgdfk{mt b]�zleq jf aflx/� k|;f/�0f ug{ ;lsG5 . pbfx/�0fsf nflu wg'iffsf]� 
9Ns]�j/� ef/� ;Dk|]�if0f s]�Gb|n]� 400 kV df ljB't\ k|;f/�0f u5{ .

6«fG;kmd{/�sf]� agf]�6 /� sfo{l;4fGt (Construction and working principle of 
transformer)

ljB't\ pks/�0fdf k|of]�u x'g]� 6«fG;kmd{/� /� ljB't\u[xaf6 pTkflbt ljB't\ k|;f/�0f tyf 
ljt/�0fsf nflu k|of]�u ul/�g]� 6«fG;kmd{/�sf]� agf]�6df s]�xL leGgtf /�x]� klg sfo{ l;4fGt 
Pp6}� x'G5 . logLx¿df s'rfnssf]� n]�kg ePsf]� dl;gf]� tfdfsf]� tf/�sf]� kmGsf]� a]�/�]�/� 
agfOPsf b'O{cf]�6f SjfOn /�flvPsf x'G5g\ . lrq 11.33 df b]�vfOP h:�t}� ljB't\ 
pks/�0fdf k|of]�u ul/�g]� 6«fG;kmd{/�df b'O{cf]�6f SjfOn x'G5g\ . tL b'a}� SjfOn Pscsf{;Fu 
hf]�l8Psf x'Fb}�gg\ . Pp6f SjfOnaf6 cN6/�g]�l6ª s/�]�G6 k7fpFbf o;sf]� jl/�kl/� cfk}�mF 
k]�l/�of]�l8s ¿kdf kl/�jt{g eO/�xg]� r'DasLo If]�q l;h{gf x'G5 . o;n]� ubf{ glhs}�sf]� 
SjfOn;Fu ;DalGwt r'DasLo k|jfx lnª\s]�h -magnetic flux linkage_ :�jtM 
kl/�jt{g x'Fbf SjfOndf e.m.f. pTkfbg x'G5 . pSt SjfOnsf b'O{ 5]�paf6 cfp6k'6 
s/�]�G6 lgsflnG5 . o;/�L Pp6f SjfOnaf6 a.c. k7fP/� glhs}�sf]� csf]�{ SjfOnaf6 
a.c. pkkfbg x'g'nfO{ Do'Ro'cn OG8S;gsf]� l;4fGt elgG5 . 6«fG;kmd{/� Do'Ro'cn 
OG8S;gsf]� l;4fGtdf cfwfl/�t x'G5 . cN6/�g]�l6ª s/�]�G6sf]� ;6\6f SjfOndf 8fO/�]�S6 
s/�]�G6 k|jfx ubf{ Do'Ro'cn OG8S;g gx'g]� ePsfn]� 6«fG;kmd{/�sf]� k|of]�uaf6 l8;L -d.c._ 
ef]�N6]�h kl/�jt{g ug{ ;lsFb}�g .

lrq 11.33M 6«fG;kmd{/� sf]�/� n]�ldg]�;g lrq 11.34M Do'Ro'cn OG8S;g
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6«fG;kmd{/�sf SjfOnnfO{ 5'6\6f5'6\6}� /�fVgsf nflu s'rfns k]�G6n]� n]�kg ul/�Psf  
E, U, I cfsf/�sf kmnfdsf y'k|}� kftfnfO{ Pp6}� l9Ssf h:�tf]� x'g]� u/�L g6af]�N6sf]� 
;xfotfn]� s;]�/� sf]�/� lgdf{0f ul/�G5 . o; k|lj|mofnfO{ sf]�/�sf]� n]�ldg]�;g elgG5 . 
6«fG;kmd{/�sf]� sf]�/�sf]� n]�ldg]�;g ugf{n]� o;sf SjfOndf cN6/�g]�l6ª s/�]�G6 k|jfx x'Fbf 
l;h{gf x'g]� r'DasLo tLj|tf lnª\s]�h kl/�jt{g eO{ sf]�/�sf]� ;txdf s/�]�G6 pTkGg x'g]� 
/� sf]�/� cTolws ¿kn]� tfTg]� c;/� lgoGq0f x'G5 .

6«fG;kmd{/�sf b'O{cf]�6f SjfOndWo]� cN6/�g]�l6ª s/�]�G6 k|jfx ug{ k|of]�u x'g]� SjfOn -Ogk'6 
SjfOn_ nfO{ k|fOd/�L SjfOn /� kl/�jlt{t s/�]�G6 k|fKt x'g]� SjfOn -cfp6k'6 SjfOn_ 
nfO{ ;]�s]�G8/�L SjfOn elgG5 . k|fOd/�L SjfOndf a]�l/�g]� tf/�sf kmGsfsf]� ;ª\VofnfO{ 
k|fOd/�L kmGsf -Np_ /� ;]�s]�G8/�L SjfOndf a]�l/�g]� tf/�sf kmGsfsf]� ;ª\VofnfO{ ;]�s]�G8/�L 
kmGsf -Ns_ elgG5 . 6«fG;kmd{/�df cN6/�g]�l6ª s/�]�G6sf]� ef]�N6]�h kl/�jt{g u/�fpg 
k|fOd/�L kmGsf /� ;]�s]�G8/�L kmGsfsf]� ;ª\Vof km/�s km/�s /�flvPsf]� x'G5 . 6«fG;kmd{/�sf]� 
k|fOd/�L SjfOndf k7fOg]� P;Lsf]� ef]�N6]�hnfO{ OGk'6 ef]�N6]�h jf k|fOd/�L ef]�N6]�h -Vp_ 
/� ;]�s]�G8/�L SjfOnaf6 k|fKt x'g]� P;Lsf]� ef]�N6]�hnfO{ cfp6k'6 ef]�N6]�h jf ;]�s]�G8/�L 
ef]�N6]�h -Vs_ elgG5 .

6«fG;kmd{/�sf lsl;d (Types of transformer)

6«fG;kmd{/�df ePsf SjfOnsf kmGsfsf]� ;ª\Vofsf cfwf/�df pSt 6«fG;kmd{/�n]� Ogk'6 
ef]�N6]�h a9fpg jf 36fpg lgwf{/�0f x'G5 . lrq 11.35 df b]�vfOPsf 6«fG;kmd{/�sf 
Ans /�]�vflrqsf nflu k|fOd/�L kmGsfsf]� ;ª\Vof /� ;]�s]�G8/�L kmGsfsf]� ;ª\Vofsf]� cg'kft, 
2:�1 5 . olb pSt 6«fG;kmd{/�df Ogk'6 ef]�N6]�h 220 V 5 eg]� cfp6k'6 ef]�N6]�h 
OGk'6 ef]�N6]�hsf]� l7s cfwf cyf{t\ 110V x'G5 . ;]�s]�G8/�L SjfOnsf kmGsfsf]� ;ª\Vof 
k|fOd/�L SjfOnsf kmGsfeGbf sd ePsf]� 6«fG;kmd{/�n]� ef]�N6]�h 36fpF5 . o; lsl;dsf]� 
cN6/�g]�l6ª s/�]�G6sf]� ef]�N6]�h 36fpg]� 6«fG;kmd{/�nfO{ :�6]�k 8fpg 6«fG;kmd{/� elgG5 .

220 110 v

lrq 11.35M :�6]�k 8fpg 6«fG;kmd/� Ans /�]vflrq

110 220 v

lrq 11.37M :�6]�k ck 6«fG;kmd{/� Ans /�]�vflrq
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lrq 11.36 df b]�vfOPsf]� 6«fG;kmd{/�sf]� Ans /�]�vflrq nflu k|fOd/�L kmGsfsf]�  
;ª\Vof /� ;]�s]�G8/�L kmGsfsf]� ;ª\Vofsf]� cg'kft, 1:�2 5 . olb pSt 6«fG;kmd{/�df Ogk'6 
ef]�N6]�h 110 V 5 eg]� cfp6k'6 ef]�N6]�h OGk'6 ef]�N6]�hsf]� l7s b'O{ u'0ff cyf{t\ 220V 
x'G5 . ;]�s]�G8/�L SjfOnsf kmGsfsf]� ;ª\Vof k|fOd/�L SjfOnsf]� kmGsfeGbf a9L ePsf]� 
6«fG;kmd{/�n]� ef]�N6]�h a9fpF5 . o; lsl;dsf]� cN6/�g]�l6ª s/�]�G6sf]� ef]�N6]�h a9fpg]� 
6«fG;kmd{/�nfO{ :�6]�k ck 6«fG;kmd{/� elgG5 .

6«fG;kmd{/�sf k|fOd/�L SjfOnsf kmGsfsf]� ;ª\Vof /� ;]�s]�G8/�L SjfOnsf kmGsfsf]�  
;ª\Vofsf]� cg'kft k|fOd/�L ef]�N6]�h /� ;]�s]�G8/�L ef]�N6]�hsf]� cg'kft;Fu a/�fa/� x'G5 . 
o;nfO{ 6«fG;kmd{/� ;"qsf ¿kdf lgDgfg';f/� k|:�t't ug{ ;lsG5 M

k|fOd/�L kmGsf (Np)

;]�s]�G8/�L kmGsf " (Ns)    
=    

 

k|fOd/�L ef]�N6]�h (Vp)

;]�s]�G8/�L ef]N6]h" (Vs)

pbfx/�0f 11.1

;+Fu}�sf]� lrqdf 220 V sf]� kfj/� ;KnfOdf h8fg ul/�g]� /�fp6/� b]�vfOPsf]� 5 . pSt 

/�fp6/�sf]� P8]�K6/�df pNn]�v ul/�Psf]� ef]�N6]�h /�]�l6ª cjnf]�sg ug'{xf]�;\ . olb pSt 

P8]�K6/�leqsf]� 6«fG;kmd{/�df k|fOd/�L kmGsfsf]� ;ª\Vof 500 ePdf ;]�s]�G8/�L kmGsf 

lx;fa ug'{xf]�;\ .

;dfwfg M k|Zgdf lbOPcg';f/�,

k|fOd/�L ef]�N6]�h -Vp_ = 220 V

;]�s]�G8/�L ef]�N6]�h -Vs_ = 12 V (lrqdf pNn]�v ePsf]� ef]�N6]�h /�]�l6ªcg';f/�)

k|fOd/�L kmGsf -Np_ = 500

;]�s]�G8/�L kmGsf -Ns_ = lx;fa ug'{kg]�{

6«fG;kmd{/� ;"qcg';f/�,

	

k|fOd/�L kmGsf (Np)

;]�s]�G8/�L kmGsf " (Ns)    
=    

 

k|fOd/�L ef]�N6]�h (Vp)

;]�s]�G8/�L ef]N6]h" (Vs)
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;DalGwt dfg ;"qdf k|lt:�yfkg ubf{,

k|Zgdf pNn]�v ePcg';f/�sf]� 6«fG;kmd{/�df ;]�s]�G8/�L kmGsf 28 x'G5 .

pbfx/�0f 11.2

Pp6f 6«fG;kmd{/�df ePsf k|fOd/�L kmGsf /� ;]�s]�G8/�L kmGsfsf]� cg'kft 1:�10 5 . 
pSt 6«fG;kmd{/�nfO{ 220V sf]� kfj/� ;KnfOdf h8fg ubf{ k|fKt x'g]� ;]�s]�G8/�L ef]�N6]�h 
lx;fa ug'{xf]�;\ .

;dfwfgM k|Zgdf lbOPcg';f/�,

k|fOd/�L ef]�N6]�h -Vp_ = 220 V

k|fOd/�L kmGsf -Np_ /� ;]�s]�G8/�L kmGsf -Ns_ sf]� cg'kft= 1:� 10

;]�s]�G8/�L ef]�N6]�h -Vs_ =lx;fa ug'{kg]�{

6«fG;kmd{/� ;"qcg';f/�,

	

k|fOd/�L kmGsf (Np)

;]�s]�G8/�L kmGsf " (Ns)    
=    

 

k|fOd/�L ef]�N6]�h (Vp)

;]�s]�G8/�L ef]N6]h" (Vs)

;DalGwt dfg ;"qdf k|lt:�yfkg ubf{,

	

Np
Ns    

=    
 

220

Vs

or 	  

1

10    
=    

 

220

Vs

 ∴ 	 Vs = 2200 V
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k|Zgdf pNn]�v ePcg';f/�sf]� 6«fG;kmd{/�af6 k|fKt x'g]� ;]�s]�G8/�L ef]�N6]�h 2200 V x'G5 .

kl/�of]�hgf sfo{

-c_	 a.c. h]�g/�]�6/�÷8fOgfdf]�sf]� sfo{k|lj|mof k|bz{g 
ug{ :�yfgLo ¿kn]� pknAw ;fdu|L k|of]�u u/�L 
Ps df]�8]�n tof/� kfg'{xf]�;\ .

-cf_	 lrqdf b]�vfOP h:�t}� SjfOn, r'Das, 8«fO;]�n, 
lkg, ;'rfns tf/� cflb h8fg u/�L Pp6f 
df]�6/�sf]� gd'gf tof/� kfg'{xf]�;\ .
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cEof;

1. 	 tnsf k|Zgsf]� ;xL ljsNk 5gf]�6 ug'{xf]�;\ M

-s_	 tnsf dWo]� s'g a.c. sf]� ;|f]�t xf]� <

-c_ 8«fO;]�n 			   -cf_ ;f]�nf/� Kofgn

-O_ 8fOgfdf]� 			   -O{_ ef]�N6fOs ;]�n

-v_	 ljB't\ wf/�fsf]� r'DasLo c;/� s'g j}�1flgsn]� kQf nufPsf x'g\ <

-c_ dfOsn kmf/�f8]� 		  -cf_ xfG; lj|ml:�rog cf]�/�:�6]�8

-O_ hf]�g PDa|f]�; ˆn]�ldª 		 -O{_ h]�D; Sns{ DofS;j]�n

-u_	 ;'rfns l;wf tf/�af6 ljB't\ s/�]�G6 dflylt/� uO/�x]�sf]� cj:�yfdf r'DasLo 

If]�qsf]� lbzf s'g xf]� <

-c_ 	 38Lsf]� ;'O{ 3'Dg]� lbzfsf]� pN6f]� lbzfdf x'G5 .

-cf_ 	38Lsf]� ;'O{ 3'Dg]� lbzfdf x'G5 .

-O_ 	 ljB't\ s/�]�G6sf]� nDa lbzfdf x'G5 .

-O{_	 ljB't\ s/�]�G6sf]� ljk/�Lt lbzfdf x'G5 .

-3_	 lrqdf b]�vfOPsf ljB't\ ;|f]�tsf nflu tnsf dWo]� s'g egfO ;xL 5 <

-c_ 	 A af6 pTkflbt x'g]� ljB't\ s/�]�G6sf]� 

dfg l:�y/� x'G5 .

-cf_	 B af6 pTkfbg x'g]� ljB't\ s/�]�G6sf]� 

cfj[lQ x'G5 . 

-O_	 A af6 pTkfbg x'g]� ljB't\ s/�]�G6af6 aQL afNbf pHofnf]� 36a9 

x'G5 .

-O{_	 B af6 pTkfbg x'g]� ljB't\ s/�]�G6sf]� lbzf lg/�Gt/� kl/�jt{g x'G5 .

A 			   B
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-ª_ 	 6«fG;kmd{/� s'g l;4fGtdf cfwfl/�t x'G5 <

-c_ On]�S6«f]�DofUg]�l6 OG8S;g 	 -cf_ Do'Rocn OG8S;g

-O_ df]�6/� c;/�			   -O{_ ljB't\ rDasLo c;/�

-r_	 6«fG;kmd{/� ;"q s'g xf]� <

	

2. 	 km/�s n]�Vg'xf]�;\ M

-s_ a.c. /� d.c. 			   -v_ 8fOgfdf]� /� h]�g]�/�]�6/�

-u_ df]�6/� /� h]�g]�/�]�6/� 		  -3_ :�6]�k ck 6«fG;kmd{/� /� :�6]�k 8fpg 6«fG;kmd{/�

3. 	 sf/�0f n]�Vg'xf]�;\ M

-s_ ;f]�n/� Kofgnaf6 lgsflnPsf]� ljB't\ kl/�kydf l;lnªkª\vf h8fg ubf{ 
pSt kª\vf 3'Db}�g .

-v_	 ljB't\ s/�]�G6 k|jfx eO/�x]�sf]� kl/�ky glhs}� r'DasLo sDkf; /�fVbf o;sf]� 
lgl8n rN5 .

-u_	 ljB't\ 3G6Ldf ljB't\ r'Dassf]� k|of]�u ul/�G5 .

-3_	 6«fG;kmd{/�sf k|fOd/�L kmGsf]� /� ;]�s]�G8/�L kmGsfsf]� ;ª\Vof ;dfg x'Fb}�g .

-ª_	 6«fG;kmd{/�sf]� sf]�/� n]�ldg]�;g ul/�Psf]� x'G5 .

-r_	 df]�afOn rfh{/�df 6«fG;kmd{/�sf]� k|of]�u ul/�Psf]� x'G5 .

4. 	 tnsf k|Zgsf]� pQ/� n]�Vg'xf]�;\ M

-s_ 	xfd|f]� b]�zdf k|of]�u x'g]� a.c. sf]� cfj[lQ 50Hz x'G5 eGg'sf]� cy{ n]�Vg'xf]�;\ .

-v_ 	8fO/�]�S6 /� cN6/�g]�l6ª s/�]�G6sf]� ;do u|fkm sf]�g'{xf]�;\ .
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-u_ 	wf/�f ljB't\ alx/�x]�sf]� l;wf tf/�sf]� jl/�kl/�sf]� /� ;f]�n]�GjfO8sf]� jl/�kl/�sf]� 
r'DasLo If]�qsf]� /�]�vflrq sf]�g{'xf]�;\ .

-3_ 	lgDglnlvt lgodsf]� JofVof ug'{xf]�;\ M

-c_	 l;wf tf/�af6 ljB't\ s/�]�G6 k|jfx xF'bf aGg]� r'DasLo If]�qsf]� lbzf 
b]�vfpg DofS;j]�nsf]� bfofF xftsf]� a'9Lcf}�Fnfsf]� lgod

-cf_	 ;f]�n]�GjfO8sf]� jl/�kl/�sf]� r'DasLo an /�]�vfsf]� lbzf kQf nufpg]� 
DofS;j]�nsf]� bfofF xftsf]� lu|k lgod (Maxwell's Right hand 
grip rule)

-ª_ 	 wf/�f ljB't\sf]� r'DasLo c;/� eg]�sf]� s]� xf]� <

-r_ 	r'DasLo k|jfxsf]� kl/�efiff n]�Vg'xf]�;\ .

-5_	 kmnfdsf]� w'nf]�, sf8{af]�8{, ;'rfns l;wf tf/�sf]� k|of]�uaf6 wf/�f ljB't\ 
alx/�x]�sf]� l;wf tf/�sf]� jl/�kl/�sf]� r'DasLo If]�q s;/�L k|bz{g ug{ ;lsG5, 
JofVof ug'{xf]�;\ .

-h_ 	wf/�f ljB't\ alx/�x]�sf]� l;wf tf/�sf]� jl/�kl/�sf]� r'DasLo If]�qsf]� lrq sf]�g{'xf]�;\ .

-em_	 ;f]�n]�GjfO8 eg]�sf]� s]� xf]� < ;f]�n]�GjfO8sf]� jl/�kl/�sf]� r'DasLo If]�qsf]� lrq 
sf]�g'{xf]�;\ .

-`_	 ;f]�n]�GjfO8sf b'O{cf]�6f pkof]�lutf n]�Vg'xf]�;\ .

-6_	 lbOPsf]� lrqdf s'g c;/� k|bz{g ul/�Psf]� 5 <

-7_	 ljB't\ r'DasLo pkkfbg eg]�sf]� s]� xf]� <
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-8_	 lbOPsf]� lrqsf]� cWoog ug'{xf]�;\ /� tn lbOPsf cj:�yfdf s]� x'G5, n]�Vg'xf]�;\ M

-c_	 58 r'DasnfO{ la:�tf/�}� 
:�ff]�n]�GjfO8leq k|j]�z u/�fpFbf

-cf_	 58 r'DasnfO{ tLj| ultdf 
:�jn]�GjfO8leq k|j]�z u/�fpFbf

-O_	 58 r'DasnfO{ :�ff]�n]�GjfO8leq l:�y/� 
/�fVbf

-O{_	 58 r'DasnfO{ :�ff]�n]�GjfO8 aflx/� tLj|¿kn]� tfGbf

-9_	 ljB't\ r'DasLo pkkfbg;DaGwL kmf/�f8]�sf]� lgod n]�Vg'xf]�;\ .

-0f_	 Pp6f ;fOsndf h8fg u/�]�sf]� 8fOgfdf]� h8fg ul/�Psf]� aNa Psgf;sf]� 
rlDsnf]�kgfn]� ganL s'g}� a]�nf rlDsnf]� t s'g}� a]�nf dw'/�f]� aNg]� /� ;fOsn 
l:�y/� cj:�yfdf cfpFbf aNa lge]�sf]� kfOof]� . 8fOgfdf]�sf sfo{k|lj|mofsf 
cfwf/�df o; lsl;dsf]� cjnf]�sgsf]� sf/�0f pNn]�v ug'[{xf]�;\ .

-t_	 s]� ubf{ 8fOgfdf]�af6 pTkfbg x'g]� ljB't\sf]� dfqf a9fpg ;lsG5, s'g}� 
b'O{cf]�6f pkfo n]�Vg'xf]�;\ .

-y_	 g]�kfnsf ljB't\ pTkfbgsf s'g}� b'O{ 7'nf ;|f]�tx¿ -hnljBt\ u[x, ;f]�nf/� 
kfj/� KnfG6_ sf af/�]�df vf]�hL u/�L ltgsf]� Ifdtf, To;af6 pTkfbg x'g 
ljB't\sf lsl;d, k|;f/�0f cflb ;d]�6]�/� vf]�hd"ns k|ltj]�bg tof/� kfg'{xf]�;\ .

-b_	 6«fG;kmd{/� eg]�sf]� s]� xf]� <

-w_	 lrqdf b]�vfOPsf 6«fG;kmd{/� J /� K sf]� lsl;d n]�Vg'xf]�;\ .
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-g_	 :�6]�k ck 6«fG;kmd{/� /� :�6]�k 8fpg 6«fG;kmd{/�sf Ans /�]�vflrq sf]�/�L 
k|To]�ssf pkof]�lutf n]�Vg'xf]�;\ .

5. 	 ul0ftLo ;d:�of

-s_	 220 V sf]� kfj/� ;KnfOaf6 Nofk6k rfh{ ug{ cfjZos kg]�{ rfh{/�df 
6«fG;kmd{/�sf]� k|fOd/�L kmGsfsf]� ;ª\Vof 550 eP ;]�s]�G8/�L kmGsfsf]� lx;fa 
ug'{xf]�;\ hxfF ;s]�G8/�L ef]�N6]�hsf]� dfg 20 V 5 . -50_

-v_	 Pp6f dfOj|mf]�j]�e cf]�egdf k|of]�u ul/�Psf]� 6«fG;kmd{/�sf]� ;]�s]�G8/�L SjfOnsf]� 
kmGsf]� k|fOd/�L SjfOnsf]� kmGsfsf]� 10 u'0ff /�x]�sf]� 5 . pSt dfOj|mf]�j]�e 
cf]�egnfO{ 230 V kf]�6]�lG;on km/�s ePsf]� kl/�kydf h8fg ubf{ ;]�s]�G8/�L 
ef]�N6]�h slt x'G5 <-2300 V_

-u_	 Pp6f 6«fG;kmd{/�sf k|fOd/�L kmGsf /� ;]�s]�G8/�L kmGsfsf]� cg'kft 22:�1 5 
eg]� pSt 6«fG;kmd{/� k|of]�u ul/�Psf]� P8]�K6/�nfO{ 220 V kf]�6]�lG;on km/�s 
ePsf]� kl/�kydf h8fg ubf{ k|fKt x'g]� cfp6k'6 ef]�N6]�h lx;fa ug'{xf]�;\ . 
-10 V_
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a|x\df08 
(Universe)

lrqsf]� cjnf]�sg u/�L cfkm"n]� b}�lgs ¿kdf cjnf]�sg tyf cg'ej u/�]�sf cfwf/�df 
lbOPsf k|Zgdf 5nkmn u/�L lgisif{ k|:�t't ug'{xf]�;\ M

lrq 12.1 a|x\df08df ePsf cfsfzLo lk08

-c_ 	cGtl/�Ifdf s:�tf s:�tf cfsfzLo lk08 cjl:�yt 5g\ <

-cf_	 oL ;a}� cfsfzLo lk08x¿ cGtl/�Ifdf s;/�L cl8Psf xf]�nfg\ <

-O_	 oL ;a}� cfsfzLo lk08 /�x]�sf]� a|x\df08sf]� pTklQ s;/�L eof]� xf]�nf <

-O{_	 a|x\df08df /�x]�sf ;a}� cfsfzLo lk08 rfndf x'G5g\ xf]�nf t <

xfdLn]� cluNnf]� sIffdf klg ljleGg cfsfzLo lk08sf af/�]�df 5nkmn ul/�;s]�sf 5f}�+F . 
xfd|f]� j/�k/� /�x]�sf]� ljzfn If]�qnfO{ a|x\df08 elgG5 . o; a|x\df08df u|x, tf/�f, k'R5«]�tf/�f, 
pku|x, pNsf, pNsflk08, lzz' u|xnufot w]�/�}� cfsfzLo lk08 5g\ . w]�/�}� tf/�fsf]� 
ljzfn ;d"x ldn]�/� tf/�fk'~h ag]�sf]� x'G5 . ;f}�o{d08n / cfsfzuª\uf tf/�fk'~hdf 
k5{ . a|x\df08 Pp6f 7'nf]�]� If]�q xf]� . a|x\df08sf]� cfsf/� ;fOh, pTklQ /� k}�mnfj6sf 

12
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af/�]�df clxn]�;Dd 7f]�; hfgsf/�L lj1fgn]� klg k|fKt ug{ ;s]�sf]� 5}�g . a|x\df08df 
s]�xL w]�/�}� 7'nf cfsfzLo lk08 5g\ . ltgLx¿sf]� lk08 klg w]�/�}� x'G5 . s'g}� cfsfzLo 
lk08 ;fgf klg x'G5g\ . ltgLx¿sf]� lk08 klg yf]�/�}� x'G5 . s'g}� Uof;Lo cj:�yfdf 
x'G5g\ eg]� s'g}� 7f]�; cj:�yfdf x'G5g\ . cfsfzLo lk08nfO{ tf/�f, u|x, pku|x, lzz' 
u|x, k'R5|«]�tf/�f, pNsf, pNsf lk08 cflb gfds/�0f ul/�Psf]� 5 . u'?Tjansf sf/�0fn]� 
ubf{ x/�]�s u|x, pku|x, tf/�f tf/�fk'~hnufot cGo ;a}� cfsfzLo lk08x¿ cGtl/�Ifdf 
cfcfˆgf]� :�yfgdf cjl:�yt /�xG5g\ . oL ;a}� cfsfzLo lk08sf]� ;dli6ut ¿knfO{  
a|x\df08 gfd lbOPsf]� 5 . a|x\df08sf]� pTklQsf af/�]�df ljleGg ;dodf vuf]�nzf:�qLn]� 
ljleGg lsl;dsf l;4fGt k|ltkfbg u/�]�sf 5g\ . tLdWo]� lau Aofª l;4fGt -Big bang 
theory_ ;a}�eGbf ljZj;gLo dflgG5 . o; l;4fGtcg';f/� a|x\df08df /�x]�sf ;a}� 
cfsfzLo lk08 rnfodfg 5g\ . oL cfsfzLo lk08x¿sf]� rfn;DaGwL xAan gfds 
j}�1flgssf]� cWoog dxÎjk"0f{ dflgG5 . oL rnfodfg cfsfzLo lk08x¿lar pTkGg 
x'g]� u'?Tjfsif{0f an /� ltgLx¿sf]� ultsf cfwf/�df a|x\df08sf]� eljioaf/�]� ljleGg 
cjwf/�0ff ljsf; ePsf 5g\, h:�t}� M v'nf a|x\df08, aGb a|x\df08 /� ;dtn a|x\df08 .

lj|mofsnfk 12.1

sIffdf ePsf ljBfyL{ rf/� ;d"xdf ljefhg x'g'xf]�;\ . dfly lbOPsf ljifoj:�t'nfO{ 
cWoog u/�L yk hfgsf/�Lsf nflu OG6/�g]�6df ;d]�t vf]�hL ug'{xf]�;\ . o;sf cfwf/�df 
a|x\df08df ePsf u|x, tf/�f, k'R5«]�tf/�f, pku|x, pNsf, pNsflk08, lzz' u|xnufotsf 
cfsfzLo lk08x¿ emNsfpg]� sf]�nfh agfpg'xf]�;\ /� sIffdf rf/�cf]�6}� ;d"xn]� tof/� 
u/�]�sf]� sf]�nfh k|b{zg u/�L cGtlj{|mof ug'{xf]�;\ .

12. 1 a|x\df08df u'?Tjfsif{0f ansf]� dxŒj (Importance of gravitational 
force in universe)

k[YjL Pp6f u|x xf]�, o;sf]� cfˆg}� lk08 5 . To;s}� sf/�0fn]� o;df cfsif{0f an 
pTkGg x'G5 . ;"o{, k[YjL /� rGb|dfsf]� cfˆg}� u'?Tjan x'G5 . dflysf]� lrqdf 
b]�vfPh:�t}� ltgLx¿lar kf/�:�kl/�s cfsif{0f (mutual force of attraction) an 
x'G5 h;df ljk/�Lt lbzfdf ;"o{n]� k[YjLnfO{ cfˆgf]� s]�Gb|lt/� cfsif{0f ul/�/�x]�sf]� 
x'G5 eg]� k[YjLn]� klg ;"o{nfO{ cfˆgf]� s]�Gb|lt/� cfsif{0f ul/�/�x]�sf]� x'G5 . To;}�u/�L 
k[YjLn]� rGb|dfnfO{ cfˆgf]� s]�Gb|lt/� cfsif{0f u5{ eg]� rGb|dfn]� klg k[YjLnfO{ 
cfˆgf]� s]�Gb|lt/� cfsif{0f ul/�/�x]�sf]� x'G5 . o;sf ;fy}� ljk/�Lt lbzfdf g}� ;"o{n]� 
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rGb|dfnfO{ cfˆgf]� s]�Gb|lt/� cfsif{0f ul/�/�x]�sf]� x'G5 eg]� rGb|dfn]� ;"o{nfO{ klg 
cfˆgf]� s]�Gb|lt/� cfsif{0f ul/�/�x]�sf]� x'G5 . o;/�L g}� cGtl/�Ifdf /�x]�sf x/�]�s 
cfsfzLo lk08x¿lar Pscfk;df cfsif{0f an x'G5 pSt kf/�:�kl/�s cfsif{0f 
annfO{ u'?Tjfsif{0f an -gravitation_ elgG5 . oxL u'?Tjfsif{0f ansf 
sf/�0fn]� k[YjLn]� cfˆgf]� cIfdf kl/�j|md0f -rotation_ ug'{sf]� ;fy}� cfˆgf]� sIfdf 
kl/�e|d0f -revolution_ u5{ . rGb|dfn]� klg k[YjLsf]� kl/�e|d0f u5{ . To;}� u/�L 
;f}�o{d08ndf /�x]�sf x/�]�s cfsfzLo lk08x¿ ;"o{sf]� jl/�kl/� kl/�e|d0f u5{g\ . 
;"o{sf]� jl/�kl/� kl/�e|d0f ug{ /� u|xsf]� kª\lSta4tf sfod ug{ u'?Tjfsif{0f ansf]� 
dxÎjk"0f{ e"ldsf x'G5 .

12.2 a|x\df08sf]� cWoog (Study of universe)

s]� tkfO{Fx¿n]� slxNo}� ;f]�Rg'ePsf]� 5, a|x\df08sf pTklQ s;/�L eof]� xf]�nf <  
a|x\df08sf]� cfsf/� s:�tf]� 5 xf]�nf <

o:�t}� lh1f;fsf ;fy ljleGg ;dodf j}�1flgsn]� o;sf af/�]�df ljleGg vf]�h 
cg';Gwfg u/�]�sf 5g\ . a|x\df08sf]� Oltxf;, eljionufot a|x\df08sf]� ljleGg 
tYosf]� cWoog ug]�{ lj1fgsf]� zfvf a|x\df08 lj1fg -universe science_ xf]� . 
o;sf]� Pp6f zfvf ef}�lts a|x\df08 lj1fg -astrophysics_ n]� a|x\df08sf]� 
pTklQ, ;+/�rgf /� eljiosf]� cWoog u5{ .

lau Aofª\u l;4fGt (Big-bang theory)

lj|mofsnfk 12.2

sIffsf ljBfyL{ cfjZostfcg';f/� ljleGg ;d"xdf ljefhg eO{ lau Aofª\u l;4fGtsf]� 
af/�]�df vf]�hL ug'{xf]�;\ . pSt l;4fGtsf cfwf/�df a|x\df08sf]� pTklQ ;DaGwdf hfgsf/�L  
;ª\sng u/�L kfj/�kf ]�OG6 :�nfO8dfkm {t ;d"xut ¿kdf sIffdf k|:�t't  
ug'{xf]�;\ .

xfd|f]� ;f}�o{d08n sl/�a 100,000 k|sfzjif{ Jof; (diameter) ePsf]� cfsfzuª\uf 
(The Milky way) gfds :�kfO/�n (spiral) tf/�fk'~hsf]� s]�Gb|b]�lv nueu 30,000 
k|sfzjif{sf]� b'/�Ldf k5{ . o; tf/�fk'~hdf dfq}� sl/�a 150 s/�f]�8 tf/�fx¿ /�x]�sf]� 
ul0ftLo cg'dfg 5 . a|x\df08sf]� pTklQ;DaGwL w]�/�}� l;4fGt k|ltkflbt ePsf 5g\ 
tLdWo]� ;a}�eGbf ljZj;gLo l;4fGt lau Aofª l;4fGtnfO{ dflgG5 . 
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lrq 12.3 k/�df0f'sf]� dxflj:�kmf]�6g

cfsfzuª\uf tf/�fk'~hnufot ;a}� tf/�fk'~h 7'nf]�]� ultdf Pscsf{af6 6f9f hfFb}� u/�]�sf]� 
cjnf]�sgaf6 of]� l;4fGtsf]� hGd ePsf]� dflgG5 . o; l;4fGtcg';f/� a|x\df08sf]� 
pTklQ Pp6}� ;"Id lk08sf]� dxflj:�kmf]�6gaf6 ePsf]� dflgPsf]� 5 . 

lj:�kmf]�6gk"j{ a|x\df08df /�x]�sf rf/� cfwf/�e"t an M u'?Tjfsif{0f an -gravitational 
force_, ljB't\ r'DasTj -electromagnetic force_, alnof]� cf0fljs an -strong 
nuclear force_ /� sdhf]�/� cf0fljs an -weak nuclear force_ x¿ PsLs[t ¿kdf 
Psn ansf ¿kdf /�x]�sf]� dflgG5 . To;}�n]� cl:�tTjsf]� klxnf]� r/�0fdf a|x\df08 Psbd}� 
;ª\s'lrt cj:�yfdf /�x]�sf]� dflgG5 . To; ;dodf a|x\df08 ;fgf]� Psn k/�df0f'sf]� 
cfsf/�df Psbd}� pmhf{jfg\ cj:�yfdf /�x]�sf]� dflgG5 . 

lau Aofª l;4fGtcg';f/� cTolws zlSt /� rfksf sf/�0f pSt k/�df0f'sf]� dxflj:�kmf]�6g 
eof]� /� a|x\df08sf]� pTklQ ePsf]� dflgG5 . o; lj:�kmf]�6gaf6 a|x\df08df /�x]�sf 
;Dk"0f{ cfsfzLo lk08x¿sf]� pTklQ ePsf]� dflgG5 . h;/�L Pp6f k6sf k8\sFbf 
To;df /�x]�sf]� lk08x¿ rf/�}�lt/� 5l/�G5g\ /� Pscsf{af6 6f9f 6f9f pl56\l6G5g\ To;/�L 
g}� pSt dxflj:�kmf]�6gkZrft\ ;a}� cfsfzLo lk08 Pscsf{af6 6f9f 6f9f uO/�x]�sf 
5g\ . To;}�n]� a|x\\df08sf]� cfsf/� klg lbgfg'lbg a9\b}� uO/�x]�sf]� 5 . o;sf]� lj:�tf/� 
lg/�Gt/� /� dGb ultdf eO/�x]�sf]� 5 . t/� logLx¿sf]� ult eg]� u'?Tjansf]� sf/�0f 36\bf]�  
j|mddf 5 . logLx¿sf]� ult z'Go x'Fbf u'?Tjan klg z'Go x'gsf nflu cfjZos kg]�{ 
a|Xdf08sf]� 3gTjnfO{ r/�d 3gTj (critical density) elgG5 .
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lj|mofsnfk 12.3

Pp6f a]�n'g lng'xf]�;\ . To;df clnslt xfjf eg'{xf]�;\ . To;kl5 xfjf glg:�sg]� u/�L 
cf}�Fnfn]� a]�n'gsf]� d'v RofKg'xf]�;\ /� a]�n'gsf]� ;txdf ljleGg /�ªsf ;fOgk]�gn]� yf]�Knfx¿ 
agfpg'xf]�;\ . ca a]�n'gnfO{ km'nfpFb}� hfg'xf]�;\ /� yf]�Knflarsf]� b'/�L cjnf]�sg ug'{xf]�;\ . 
a]�n'gsf]� cfotg a9\bf k|To]�s yf]�Knflarsf]� b'/�L a9\5, 36\5 jf pxL /�xG5 <

xAansf]� cWoog (Hubble's study)

cGtl/�Ifdf /�x]�sf tf/�fk'~hx¿ Pscsf{af6 6f9f uO/�x]�sf 5g\ eGg]� tYo kQf nfu]�sf]� 
5 . ;g\ 1929 df cd]�l/�sg vuf]�nzf:�qL P8ljg xAann dfpG6 ljN;gdf /�x]�sf]� 
100 OGrsf]� x's/� 6]�ln:�sf]�ksf]� k|of]�u u/�]�/� ljleGg tf/�fk'~hsf]� j]�u kQf nufpg]� k|of; 
u/�]� . cg';Gwfgsf j|mddf k|To]�s 
tf/�fk'~h Pscfk;af6 6f9f 
;b}�{ 5g\ eGg]� tYo kQf nufP . 
pgn]� ;fgf b]�lvg]� cfsfzLo 
lk08x¿ k[YjLaf6 w]�/�}� g}� 6f9f 
/�x]�sf]� /� ltgLx¿sf]� ult klg w]�/�}� 
ePsf]� cg'dfg nufP . To;kl5 
pgn]� tf/�fk '~hsf ultnfO { 
ltgLx¿larsf]� cfk;L b'/�L;Fu 
u|fkmdf Knl6ª u/�L tf/�fk'~hsf]� 
ult /� ltgLx¿larsf]� b'/�Lsf]� 
;DaGwaf/�]� JofVof u/�]� . 

of]� ;DaGwnfO{ v = Hd ;dLs/�0fn]� hgfOG5 /� o;}�nfO{ xAansf]� lgod elgG5 . oxfF 
v sf]� cy{ tf/�fk'~hsf]� Pscfk;af6 6fl9g]� ult, d sf]� cy{ tL b'O{ cfsfzLo lk08sf]� 
cfk;L b'/�L /� H sf]� cy{ xAansf]� l:�y/�fª\s (Hubble's constant) xf]� . o;sf]� dfg 
73km/�s/� Mpc (kilometer per second per Mega parsec) x'G5 . o;sf]� cy{ 
olb s'g}� b'O{ tf/�fk'~h cfk;df Ps d]�ufkf/�;]�ssf]� b'/�Ldf /�x]�sf 5g\ eg]� ltgLx¿ 
k|lt;]�s]�G8 73 km sf b/�n]� Pscfk;af6 cem}� 6f9f uO/�x]�sf 5g\ eGg]� x'G5 . 

s'g}� b'O{ tf/�fk'~hlarsf]� b'/�LnfO{ d]�ufkf/�;]�sdf pNn]�v u/�L xAansf]� l:�y/�fª\sn]� u'0ff 
ug]�{ xf]� eg]� tL tf/�fk'~h s'g j]�udf Pscfk;df 6fl9Fb}� 5g\ eGg]� lx;fa lgsfNg 

lrq 12.4 xAansf]� ult /� b'/�Llarsf]� ;DaGw
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;lsG5 . o;/�L lx;fa u/�L x]�bf{ tf/�fk'~hx¿ tLj|ultdf Pscfk;af6 emg\ 6f9f x'Fb}� 
uO/�x]�sf]� tYo yfxf x'g cfPsf]� 5 . 

xAansf]� of]� lgisif{af6 h;/�L xfjf el/�Fb}� u/�]�sf]� a]�n'gsf]� cfsf/� a9\b}� hfG5 
/� To;df 5flkPsf a'6\6fsf k|To]�s ljGb' Pscfk;df 6fl9Fb}� hfG5g\ To;/�L g}�  
l;ª\uf]� a|x\df08n]� cf]�u6]�sf]� If]�qsf]� cfsf/� a9\b}� uO/�x]�sf]� 5 . o;df ePsf tf/�fk'~h 
klg Pscfk;df 6fl9Fb}� uO/�x]�sf 5g\ eGg]� s'/�f k|:�6 x'G5 . To;}�n]� ljutdf logLx¿ 
Pscfk;df glhs lyP /� w]�/�}� ;do cufl8 ;a}� Pp6}� ljGb'df lyP eGg]� s'/�f cg'dfg 
nufpg ;lsG5 . o;/�L xAansf]� cWoogn]� lau Aofª\usf]� l;4fGtnfO{ k'li6 ug{  
dbt u5{ .

ljrf/�0fLo k|Zg M a|x\df08df /�x]�sf tf/�fk'~h lbgk|ltlbg lsg 6fl9Fb}� uPsf xf]�nfg\ <

12.3 a|x\df08sf]� eljio (Future of universe)

lj|mofsnfk 12.4

k[YjLaf6 /�s]�6 k|If]�k0f u/�]�kl5 To;sf]� ;'?sf]� ultsf]� sf/�0fn]� k[YjLb]�lv /�s]�6sf]� b'/�L a9\b}� 
hfG5 t/� u'?Tjansf]� sf/�0fn]� /�s]�6sf]� ult 36\b}� hfG5 . b'/�L a9\b}� hfFbf u'?Tjan 
klg 36\b}� hfG5 .

-c_ 	olb /�s]�6sf]� ult z"Go x'g'eGbf klxn]� g}� u'?Tjansf]� k|efj z"Go eof]� eg]� 
/�s]�6sf]� cj:�yf s]� xf]�nf <

-cf_	 olb u'?Tjan z"Go x'g'eGbf klxn]� /�s]�6sf]� ult z"Go eof]� eg]� /�s]�6sf]� cj:�yf 
s]� xf]�nf <

-O_	 olb /�s]�6sf]� ult z"Go x'Fbf u'?Tjansf]� c;/� klg z"Go eof]� eg]� s]� xf]�nf <

dfly 5nkmn ul/�Pcg';f/� a|x\df08sf ;a}� tf/�fk'~h lglZrt j]�udf Pscsf{af6 
6f9f uO/�x]�sf 5g\ /� a|x\df08sf]� ;fOh al9/�x]�sf]� 5 t/� a|x\df08df ePsf lk08sf]� 
u'?Tjfsif{0fsf sf/�0fn]� ;a}� tf/�fk'~hsf]� 6f9f hfg]� ult 3l6/�x]�sf]� 5 . lk08larsf]� 
b'/�L a9\b}� hfFbf u'?Tjfsif{0f k|efj klg 36\b}� uO/�x]�sf]� 5 . ca k|Zg /�xG5 u'?Tj 
k|efjeGbf j]�u klxnf z"Go x'G5 jf j]�ueGbf u'?Tj k|efj klxnf z"Go x'G5 jf b'a}� 
Ps}�k6s z"Go x'G5g\ < o;n]� a|x\df08sf]� eljio lgwf{/�0f u5{ .
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-s_	 v'nf a|x\df08 (Open universe)

olb u'?Tj k|efj z"Go x'Fbf klg lk08sf]� ult afFsL /�x\of]� eg]� tL lk08 ;w}�Fel/� 
Pscsf{af6 6f9f uO/�xG5g\ /� a|x\df08sf]� ;fOh lg/�Gt/� al9/�xG5 . o:�tf]� 
cj:�yfnfO{ v'nf a|x\df08 (open universe) dflGfG5 . olb a|x\df08sf]� cf}�;t 
3gTj r/�d 3gTj -critical density) eGbf sd /�x]�5 eg]� o;df ePsf lk08sf]� 
cfk;L u'?Tjfsif{0f ann]� km}�lng]� j|mdnfO{ y]�Ug ;Sb}�g /� clxn]� nuftf/� km}�lnFb}� 
u/�]�sf]� a|x\df08 eljiodf klg nuftf/� km}�lng}� /�xg]� 5 .

-v_	 ;dtn a|x\df08 (Flat universe)

u'?Tj k|efj /� lk08sf]� ult Ps}� ;dodf z"Go ePsf]� cj:�yfdf pSt lk08 
h'g :�yfgdf 5 ;f]�xL :�yfgdf /�xG5 /� a|x\df08 l:�y/� /�xG5 . o:�tf]� cj:�yfnfO{ 
;dtn a|x\df08 elgG5 . olb a|x\df08sf]� cf}�;t 3gTj r/�d 3gTjl;t a/�fa/� 
/�x]�5 eg]� nuftf/� km}�lnFb}� u/�]�sf]� a|x\df08sf]� km}�lng]� j|md j|mdzM 36\b}� hfg]� 5 /� 
cGttM /�f]�lsg]� 5 . ToltGh]�n;Dd x/�]�s cfsfzLo lk08sf lardf c;Lldt b'/�L 
k}�bf eO;Sg]� 5 h;n]� ubf{ ltgLx¿df cfk;L u'?Tjfsif{0fsf]� k|efj kg]�{ 5}�g . 
olb a|x\df08sf]� cGTo o;/�L x'g]� xf]� eg]� a|x\df08sf]� clxn]�sf]� cfsf/� ;dtn 
(flat) /�x]�sf]� 5 eGg]� a'lemG5 .

-u_	 aGb a|x\df08 (Closed universe)

olb ult z"Go x'Fbf u'?Tj k|efj afFsL /�x\of]� eg]� tL lk08 Pscsf{df glhs 
cfpg yfN5g\\ /� a|x\df08sf]� ;fOh lg/�Gt/� v'lDrg yfN5 /� eljiodf uP/� Pp6}� 
ljGb'df ¿kfGtl/�t x'g]� 5 . c;Lldt lk08 /� zlStn]� el/�Psf]� ljzfn a|x\df08 
v'lDrP/� k'gM ljGb'hq}� aGg]� kl/�36gfnfO{ dxf;ª\s'rg (The Big Crunch) gfd 
lbOPsf]� 5 . olb o:�tf]� x'g]� xf]� eg]� ljGb' lj:�kmf]�6 eO{{ ag]�sf]� a|x\df08 ljGb'd}� 
ljno eP/� ;lsG5 /� k'gM ljikmf]�6 eO{ clxn]�sf]� h:�t}� t/� gofF a|x\df08 aG5 . 
o;sf]� cy{, tf/�fsf]� hLjgrj|m h:�t}� a|x\df08sf]� cfo' klg lglZrt x'G5 /� 
o;sf]� klg hLjgrj|m x'G5 . a|x\df08sf]� hLjgrj|m rNgsf nflu dxflj:�kmf]�6g 
/� dxf;ª\s'rgsf]� (Big Bang and Big Crunch) sf]� o:�tf]� rj|m klg lg/�Gt/� 
rln/�xG5 . olb a|x\df08sf]� cf}�;t 3gTj r/�d 3gTjeGbf w]�/�}� /�x]�5 eg]�  
a|x\df08sf]� km}�lng]� ult j|mdzM 36\b}� hfg]� 5 .
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oL tYox¿nfO{ u|fkmdf k|:�t't ug{ ;lsG5 . u|fkmsf]� k|s[ltcg';f/� v'nf, ;dtn 
/� aGb a|x\df08 gfds/�0f ul/�Psf]� xf]� . a|x\df08sf]� eljio lgwf{/�0f ug]�{ k|d'v 
sf/�s tÎj u'?Tj an xf]� . u'?Tjansf]� dfqf a|x\df08sf]� lk08 /� ;fOh cyf{t\ 
3gTjdf e/�k5{ . cGtl/�Ifdf b]�lvg]� lk08sf cfwf/�df a|x\df08sf]� 3gTj slt 
5 eGg]� cg'dfg ul/�G5 .

lrq 12.5 a|x\df08sf k|sf/�

Open Universe - continued expansion

Flat Universe - expansion but slowing

Closed Universe-the Big Crunch

Time since the Big Bang
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ljrf/�0fLo k|ZGf

s]� a|x\df08sf]� jf:�tljs 3gTj s'g}� lbg lgwf{/�0f ug{ ;lsPnf, ts{ lbg'xf]�;\ .

kl/�of]�hgf sfo{

OG6/�g]�6sf]� k|of]�u u/�L jf cGo s'g}� dfWodåf/�f v'nf, aGb /� ;dtn a|x\df08sf af/�]�df 
vf]�h ug'{xf]�;\ . ltgLx¿sf]� df]�8]�n agfO{ sIffdf k|:�t't ug'{xf]�;\ /� 5nkmn ug'{xf]�;\ .
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cEof;

1. 	 tnsf k|Zgsf]� ;xL ljsNk 5gf]�6 ug'{xf]�;\ M

-s_	 a|x\df08df /�x]�sf cfsfzLo lk08 s'g ansf sf/�0fn]� cfˆgf]� :�yfgdf 
/�x]�sf xf]�nfg\ <

-c_ Go'lSno/� cfsif{0f an 	 -cf_ u'?Tjfsif{0f an

-O_ r'DasLo an 			  -O{_ ljB't\ r'DasLo an

-v_	 a|x\df08sf]� pTklQaf/�]� ;a}�eGbf tYok/�s l;4fGt s'gnfO{ dflgG5 <

-c_ x]�lnof]�;]�lG6«s l;4fGt 	 -cf_ lhof]�;]�lG6«s l;4fGt

-O_ lau Aofªu l;4fGt 		  -O{_ Go'6gsf]� u'?Tjfsif{0f;DaGwL l;4fGt

-u_	 lau Aofª l;4fGtcg';f/� a|x\df08sf]� pTklQ s;/�L ePsf]� lyof]� <

-c_	 Pp6f k/�df0f' cfsf/sf]� zlStzfnL j:t' lj:�kmf]�6gaf6

-cf_	 cfsfzLo lk08x¿ Pscfk;df 7f]�lSsP/�

-O_	 tf/�fsf]� lj:�kmf]�6gaf6

-O{_	 g]�a'nfx¿sf]� ;dfof]�hgaf6

-3_	 xAansf]� l;4fGtcg';f/� tnsf dWo]� s'g tYo ;xL 5 <

-c_	 tf/�fk'~hx¿ hlt 6f9f 5g\ ltgLx¿sf]� ult Tolt g}� a9L 5 .

-cf_	 tf/�fk'~h hlt 6f9f 5g\ ltgLx¿sf]� ult Tolt g}� sd 5 .

-O_	 tf/�fk'~hsf]� ult /� b'/�Ldf s'g}� ;DaGw 5}�g .

-O{_	 tf/�fk'~hx¿sf]� cfsif{0f ann]� ltgLx¿sf]� ultdf s'g}� k|efj kfb}�{g .

-ª_	 s'g cj:�yfdf v'nf a|x\df08sf]� kl/�sNkgf ug{ ;lsG5 <

-c_	 cf}�;t 3gTj r/�d 3gTjeGbf a9L ePsf]� cj:�yfdf

-cf_	 cf}�;t 3gTj r/�d 3gTjeGbf sd ePsf]� cj:�yfdf
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-O_	 cf}�;t 3gTj /� r/�d 3gTj a/�fa/� ePsf]� cj:�yfdf

-O{_	 cf}�;t 3gTj /� r/�d 3gTj t'ngf ug{ g;lsg]� cj:�yfdf

-r_	 xAansf]� l;4fGt v = H d df H sf]� cy{ s]� xf]� <

-c_ prfO 			   -cf_ xAan l:�y/�fª\s

-O_ u'?Tjfsif{0f l:�y/�fª\s 	 -O{_ b'/�L

2. 	 km/�s 5'6\ofpg'xf]�;\ M

-s_ 	aGb a|x\df08 /� v'nf a|x\df08

-v_ 	;dtn a|x\df08 /� aGb a|x\df08

3. 	 sf/�0f lbg'xf]�;\ M

-s_	 cfsfzLo lk08larsf]� b'/�L hlt a9\b}� hfG5 Tolt ltgLx¿sf]� j]�u a9\b}� 
hfG5 .

-v_	 cfsfzLo lk08x¿ a|x\df08df cfˆgf]� oyf:�yfgdf /�lx/�xG5g\ .

4. 	 tnsf k|Zgsf]� pQ/� n]�Vg'xf]�;\ M

-s_	 a|x\df08 eg]�sf]� s]� xf]� <

-v_	 lau Aofª\usf]� l;4fGt n]�Vg'xf]�;\ .

-u_	 xAansf]� cWoogsf]� lgisif{ n]�Vg'xf]�;\ .

-3_	 lau Aofª\usf]� l;4fGtcg';f/� a|x\df08 nuftf/� k}�mln/�x]�sf]� 5 . s]�  
a|x\df08sf]� k}�mnfj6sf]� s'g}� ;Ldf g}� 5}�g xf]�nf t, cfˆgf]� ts{ k|:�t't 
ub}�{ sf/�0f;lxt :�ki6 kfg{'[xf]�;\ .

-ª_	 a|x\df08df cfsfzLo lk08sf]� cjl:�yltdf u'?Tjfsif{0f ansf]� dxÎj 
n]�Vg'xf]�;\ .

-r_	 k[YjL ;"o{sf]� jl/�kl/� 3'D5, rGb|df k[YjLsf]� jl/�kl/� 3'D5 . ltgLx¿sf]� cfˆg}� 
u'?Tjan x'G5 ;fy}� ltgLx¿lar u'?Tjfsif{0f an klg x'G5 t/� ltgLx¿ 
slxNo}� Pscfk;df 7f]�lSsFb}�gg\, sf/�0f;lxt :�ki6 kfg'{xf]�;\ .
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-5_	 a|x\df08sf]� eljiosf]� cjwf/�0ffdf cfwfl/�t eP/� ;dtn a|x\df08sf]� 
cjwf/�0ff :�ki6 kfg'{xf]�;\ .

-h_	 a|x\df08sf]� eljiosf]� cjwf/�0ffsf cWoogsf]� cfwf/�df a|x\df08 s:�tf]� 
xf]�nf M v'nf, ;dtn jf aGb, ts{;lxt cfˆgf]� cjwf/�0ff k|:�t't ug'[{xf]�;\ .
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;"rgf tyf ;~rf/� k|ljlw  
(Information and Communication 

Technology)

lrq 13.1 PlG6gf 
hl8t l6eL

lrq 13.2 s]�a'n hl8t l6eL lrq 13.3 l8; (dish)
l6eL

lrq 13.1=df b]�vfOPsf]� PlG6gf hl8t 6]�lnlehg jt{dfg ;dodf OG6/�g]�6 l6eL 
-Internet TV_ tyf lrq 13.3 df b]�vfOPsf]� l8; l6eL -Dish TV_ åf/�f lj:�yflkt 
ePsf 5g\ . l8; l6eLsf]� k|of]�u a9\g'k"j{ lrq 13.2 df b]�vfOP h:�t}� s]�an l6eL 
-Cable TV_ cTolws x]�l/�GYof]� . plN]�nlvt tLgcf]�6f dWo]� PlG6gf hl8t l6eLsf]� 
>Job[Zo Sjfln6L cGosf]� t'ngfdf sdhf]�/� x'G5 . o; lsl;dsf]� k|;f/�0fsf nflu 
6«fG;ld6/�af6 5f]�l8g]� t/�ª\u dfWod -xfjf_ eP/� k|of]�ustf{sf]� 3/�;Dd k'Ug]� j|mddf 
pmhf{ 36]�/� To;n]� PlG6gfdf l;h{gf ug]�{ kf]�6]�lG;on km/�s klg 36\5 . o;n]� ubf{ 
PlG6gf;Fu hl8t tf/�df pTkGg x'g]� ljB't\ s/�]�G6 klg sd x'G5 / l6eLdf pTkfbg 
x'g]� >Job[Zosf] u'0f:t/ sd x'G5 .

lrq 13.4 df b]�vfOP h:�t}� tf/� eP/� k|;f/�0f x'g]� ;ª\s]�tnfO{ l6eLleqsf]� kl/�kyn]� 
5'6\6}� l8lh6n ;ª\s]�t -digital signal_ df ¿kfGt/�0f u5{ /� k|fKt ;ª\s]�taf6 
>Job[Zo  ;fdu|L k|;fl/�t x'G5 . To:�t}� s]�a'n l6eLdf klg tf/� eP/� ljB'tLo ;ª\s]�t 
k|;f/�0f x'G5 . l8; l6eL -dish TV_ n]� eg]� :�of6]�nfO6af6 k|fKt x'g]� ljB't\ r'DasLo  
t/�ª\un]� NofPsf]� ;ª\s]��t k|of]�u u5{ . 

113
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klxn]� klxn]� b"/�;~rf/�sf nflu lg/�Gt/� ¿kdf kl/�jt{g eO/�xg]� ;ª\s]�t -Analogue 
Signal_ k|of]�u ul/�GYof]� t/� lxhf]�cfh v08 v08 ¿kdf kl/�jt{g x'g]� ;ª\s]�t k|of]�u 
ul/�G5 . ;do;Fu}� kl/�jt{g x'g]� ef}�lts kl/�df0fnfO{ l;Ugn elgG5 . l;Ugn b'O{ k|sf/�sf 
x'G5g\ M Pgfnu /� l8lh6n . logLx¿sf]� leGgtf lgDgcg';f/� 5 M

l8lh6n l;Ugn /� Pgfnu l;Ugnlar leGgtf

Pgfnu l;Ugn l8lh6n l;Ugn

Pgfnu l;Ugn lg/�Gt/� ¿kn]� kl/�jt{g 
eO/�xg]� ef}�lts kl/�df0fnfO{ hgfpg]� 
;ª\s]�t xf]� . 

l8lh6n l;Ugn v08 v08 ¿kdf 
kl/�jt{g eO/�xg]� ef}�lts kl/�df0fnfO{ 
hgfpg]� ;ª\s]�t xf]� .

Pgfnu l;UgnnfO{ sine wave n]� 
hgfOG5 . 

l8lh6n ;ª\s]�tnfO{ square wave n]� 
hgfOG5 . 

ef]�N6]�h la:�tf/�}� 36a9 ubf{ aQLsf]� rxlsnf]�kgfdf lg/�Gt/� kl/�jt{g cfpF5 . o;nfO{ 
Pgfnu l;Ugn eGg ;lsG5 . aQL lgefpg' /� afNg'nfO{ l8lh6n l;Ugnsf]� pbfx/�0f 
dfGg ;lsG5 . 

l8lh6n ;ª\s]�tnfO{ afOg/�L k|0ffnLdf k|of]�u ul/�g]� s]�jn b'O{ cª\s -0, 1_ af6 
hgfOG5 . oL b'O{ afOg/�L cª\ssf]� ;+of]�hgn]� l8lh6n ;ª\s]�tsf]� k|ltlglwTj u5{g\ . 
pbfx/�0fsf nflu tflnsf 1 df b]�vfOPcg';f/� Pp6f afOg/�L cª\sdf dfq b'O{cf]�6f 
;Defljt ;+of]�hg 0 jf 1 x'G5g\ . b'O{cf]�6f afOg/�L cª\ssf]� ;d"xsf nflu rf/�cf]�6f 
;Defljt ;+of]�hg x'G5g\ . To:�t}� tLgcf]�6f afOg/�L cª\saf6 ;Defljt ;+of]�hg cf7 
x'G5 .
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Table 1 Table 2

Number of 
binary digits

Possible 
combination

Numbers Binary Number

1 0, 1 0 00

2 00,   01,   10, 11 1 01

3
0 0 0 ,  0 0 1 ,  0 1 0 ,    
011, 100,  101, 110,    
111

2 10

3 11

dflysf]� tflnsf 2 df b]�vfOPsf 0 / 1 sf km/s km/s ;+of]�hgn]� km/�s km/�s  
cª\snfO{ hgfpF5g\ . o; lsl;dsf]� ;+of]hgnfO{ 8f6f elgG5 . 8f6fnfO{ sDKo'6/�sf]� 
d]�df]�/�Ldf e08f/� ul/�G5 . sDKo'6/�df k|of]�ustf{sf]� cfjZostfcg';f/� e08f/�0f Ifdtf  
(memory) lgwf{/�0f ul/�Psf]� x'G5 . o;n]� :�yfoL ¿kdf 7'nf]� dfqfdf 8f6f e08f/�0f 
ug{ ;S5 . k|of]�ustf{n]� s'g}� klg k|sf/�sf]� 8f6f, h:�t}� M cl8of]�, lel8of]�, lrq, kf7\
ok':�tssf kmfOn /� cGo sfuhft ;lhn}� e08f/�0f ug{ ;S5 .

sDKo'6/� d]�df]�/�L Bit, Byte, kiloByte (kB), MegaByte (MB), GigaByte (GB), 
TeraByte (TB) cflb PsfOdf dfkg ul/�G5 . oL PsfOlarsf]� ;DaGw tnsf]� 
tflnsfdf k|:�t't ul/�Psf]� 5 .

1 Binary Digit 1 Bit

4 Bits 1 Nibble

8 Bits or 2 Nibble 1 Byte

1024 Bytes 1 kilobyte (kB)

1024 kB 1 megabyte (MB)

2024 MB 1 gegabyte (GB)

2024 GB 1 terabyte (TB)
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hfgL /�fvf}�“
Bit :�	 A bit is a smallest form of data on a computer. It is short form 

of binary digit and it can be either 0 or 1.
Byte :�	 A group of eight bits which works as a single unit of data in 

computer.

l;Ugn k|;f/�0f (Signal transmission)

s'g}� k|;f/�0f dfWod jf Rofgnaf6 l;Ugn :�yfgfGt/�0f x'g]� lj|mof l;Ugn k|;f/�0f xf]� . 

xfd|f]� b}�lgs hLjgdf Wjlgsf dfWodaf6 ;~rf/� ul/�G5 . of]� Ps k|sf/sf] Pgfnu 

l;Ugn xf]� . Wjlg xfjfaf6 k|;f/0f x'G5 .

NofG8nfOg kmf]�gdf ;~rf/�sf]� Pgfnu l;UgnnfO{ k|efjsf/�L ¿kdf k|;f/�0f ug{ 

tf/�dfk{mt k7fOG5 .  To:�t}� cGo kf]�6]�lG;on km/�s, ljB't\ r'DasLo t/�ª\u cflbsf 

¿kdf l;h{gf ul/�Psf l;Ugn k|;f/�0faf6 klg ;~rf/� ul/�G5 .

nfdf] b'/Lsf] ;~rf/sf nflu cfjfhåf/f ;"rgf k7fpg ;lsFb}g . o;sf nflu ljB't\ 

r'DasLo l;Ugn k|of]u ul/G5 . ;~rf/�sf]� k/�Dk/�fut ljlwdf nfdf]� b'/�Lsf]� ;~rf/�sf 

nflu ljB't\ r'DasLo Pgfnu l;Ugn k|of]�u ul/�GYof]� . pbfx/�0fsf nflu ldl8od 

j]�a -medium wave_ tyf ;6{ j]�a -short wave_ sf]� k|of]�uaf6 ul/�g]� /�]�l8of]� 

k|;f/�0f Pgfnu l;Ugn k|;f/�0f xf]� . o; lsl;dsf]� k|;f/�0fdf afx\o k|efj h:�t}� cGo  

t/�ª\usf]� ld;fj6, jfo'd08nLo k|efj cflbn]� k|;fl/�t l;Ugn c:�ki6 ;'lgg]� x'G5 . 

To:�t}� Pgfnu l;Ugnsf ¿kdf k|;fl/�t 6]�lnkmf]�g s'/�fsfgLnfO{ hf;';L u/�L /�]�s8{ 

ug]�{ ;d:�of b]�lvG5 . t;y{ l;Ugn lau|g]�, l;Ugn ;'/�Iff h:�tf ;d:�of x6fpgfsf 

nflu Pgfnu l;UgnnfO{ ljleGg k|ljlw k|of]�u u/�]�/� l8lh6fOh -digitize_ ul/�G5 . 

l8lh6fOH8 l;Ugn -digitized signal_ n]� 8f6fdf c;/ gu/L l;UgnnfO{ clws :�ki6 

/� ;l6s agfpF5 . o; k|0ffnLdf 8f6f k|zf]�wg sfo{ ;/�n x'G5 /� k|zf]�wgsf j|mddf 

q'l6sf]� ;Defjgf Psbd}� sd x'G5 .
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l8lh6n ;~rf/� k|0ffnLsf cjoj  
(Components of digital communication system)

l8lh6n ;~rf/�sf cjojaf/�]� Ans lrq -block diagram_ ;lxt tn k|:t't  
ul/�Psf]� 5 M

lrq 13.4 l8lh6n l;Ugn k|;f/�0f k|lj|mof tyf Ans lrq

-c_ ;|f]�t (Source)
l;Ugn k|;f/�0fsf nflu cfjZos ;|f]�t Pgfnu l;Ugn, h:�t}� M Wjlg t/�ª\u cfjZos 
x'G5 .

-cf_ Ogk'6 6«fG;8\o';/� (Input Transducer)
Ogk'6 6«fG;8\o';/�n]� k|fKt Ogk'6 l;UgnnfO{ ljB'tLo l;Ugndf ¿kfGt/�0f u5{ . 
pbfx/�0fsf nflu dfOj|mf]�kmf]�gn]� WjlgnfO{ ljB't\df ¿kfGt/�0f u5{ .
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-O_ OGsf]�8/� (Encoder)

OGsf]�8/�n]� ljB'tLo l;UgnnfO{ Go"gtd la6 ;ª\Vof x'g]�� u/��L 0 /� 1 sf]� ;+of]�hg 

kl/�jt{g u/�L l8lh6n 8f6fdf kl/�jt{g u5{ . ;fy}, 8f6fdf ljz]if sf]8 klg /fV5 

tfls ;DalGwt d]l;g jf dflg;n] dfq Tof] k9\g / a'em\g ;s"g\ .

-O{_ df]�8\o'n]�6/� (Modulator)

df]�8\o'n]�6/�n]� Sofl/�o/� t/ª\u -carrier wave_ nfO{ k|;f/0f ug'{kg]{ 8f6fcg';f/ df]�8\o'n]�6 

u/L l;Ugn tof/ u5{ / k|;f/0fsf nflu Rofgndf k7fpF5 .

-p_ Rofgn (Channel)

Rofgn jf dfWodn]� df]8\o'n]6 ePsf] l;UgnnfO{ 6«fG;ld6/�b]lv l/�l;e/�;Dd k|;f/�0fsf 

nflu af6f]� k|bfg u5{ .

-pm_ l8df]�8\o'n]�6/� (Demodulator)

of]� l;Ugn l/�l;e/� k6\l6 x'g]� klxnf]� r/�0f xf]� . o;df k|fKt l;UgnnfO{ l8df]�8\o'n]�6 

ul/�G5 cyf{t\ df]8\o'n]6 ePsf] Sofl/o/ t/ª\unfO{ k9]/ k'gM sf]8;lxtsf] ljB'tLo 

l8lh6n l;Ugn pTkfbg u5{ .

-C_ l8sf]�8/� (Decoder)

o;n] k|fKt l;Ugnaf6 sf]8 x6fP/ z'4 l;Ugn pTkfbg u5{ .

-P_ cfp6k'6 6«fG;8\o';/� (Output transducer)

o;n] pks/0f x]/L l;Ugncg'¿ksf] cfp6k'6 lbG5 . sDKo'6/h:tf] l8lh6n pks/0f 

eP l8lh6n ljB'tLo l;Ugn g} lbG5 eg] nfp8 l:ks/ jf l6eL h:tf pks/0f eP 

l8lh6n l;UgnnfO{ Pgfnu l;Ugndf kl/jt{g u/]/ ljB'tLo l;Ugn lbG5 .

-P]�_ cfp6k'6 l;Ugn (Output Signal)

of]� ;du| l;Ugn k|;f/�0f k|lj|mofsf]� cGTodf k|fKt x'g]� glthf xf]� . ljB'tLo l;Ugn 

k|fKt ug]�{ pks/�0fn]� pTkfbg ug]�{ l;Ugn g}� cfp6k'6 l;Ugn xf]� . pbfx/�0fsf nflu 

/�]�l8of]�n]� ljB'tLo l;UgnnfO{ Wjlgdf kl/�jt{g u5{ . pSt Wjlg g}� cfp6k'6 l;Ugn xf]� .
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Pgfnu ;~rf/� (analogue communication) /� l8lh6n ;~rf/� (digital 
communication) lar leGgtf

Pgfnu ;~rf/� l8lh6n ;~rf/�

k|fKt Pgfnu l;UgnnfO{ df]8\o'n]6 u/]/ 
Pgfnu l;Ugns} ¿kdf 6«fG;ld6/�af6 
l/�l;e/�;Dd k|;f/�0f ul/�G5 .

k|fKt Pgfnu l;UgnnfO{ l8lh6n l;Ugndf 
¿kfGt/�0f u/�L k'gM cfp6k'6sf ¿kdf 
Pgfnu l;Ugn k|fKt x'G5 .

o;df Rofgn eP/� k|;f/�0f x'g]� l;Ugn 
afx\o k|efjaf6 cTolws k|efljt 
x'G5 .

o;df Rofgn eP/� k|;f/�0f x'g]� l;Ugn 
afx\o k|efjaf6 sd k|efljt x'G5 .

o;df sf]�l8ª ;Dej x'Fb}�g . o;df sf]�l8ª ;Dej x'G5 .

o; lsl;dsf ]� k |;f/�0fsf nf lu 
AofG8lj8\y sd rflxG5 .

o; lsl;dsf]� k|;f/�0fsf nflu a9L 
AofG8lj8\y cfjZos k5{ .

l8lh6n ;~rf/df b'O{ k|sf/sf k|;f/0f k|of]u ul/G5 M a]�;AofG8 k|;f/�0f /� a|f]�8a]�G8 
k|;f/�0f (Baseband transmission and broadband transmission)

a]�;AofG8 k|;f/�0f -baseband transmission_ eg]�sf]� l8lh6n l;UgnnfO{ Pgfnu 
l;Ugndf kl/�jt{g gu/�L Rofgndf k7fpg' xf]� . o; lslddsf]� k|;f/�0fdf l;Ugn 
k7fpg]� /� k|fKt ug]�{ sfo{ Pp6}� Rofgndf kfn}�kfnf]� eO/�x]�sf]� x'G5 . o; lsl;dsf]� 
k|;f/�0f 5f]�6f]� b'/�Lsf nflu ul/�G5 . pbfx/�0fsf nflu s]�anåf/�f b'O{cf]�6f sDKo'6/� h8fg 
u/�L Pp6f sDKo'6/�sf]� 8f6f csf]�{ sDKo'6/�df k7fpg' a]�; AofG8 k|;f/�0f xf]� .



lj1fg tyf k|ljlw M sIff !)346

lrq 13.5 a]�;a]�G8 k|;f/�0f Rofgn

lj|mofsnfk 13.2

tkfO{F;Fu pknAw OG6/�g]�6 hl8t pks/�0f -:�df6{kmf]�g jf Nofk6k_ df OG6/�g]�6 afph/� 
vf]�nL www.speedtest.net j]�a;fO6 vf]�Ng'xf]�;\ . lrq 13.6 df b]�vfOP h:�t}� pSt 
j]�a;fO6 vf]�Nbf b]�lvg]� GO df lSns u/�L tkfO{Fn]� k|of]�u ug'{ePsf]� OG6/�g]�6sf]� l:�k8 
kQf nufpg'xf]�;\ .

lrq 13.6 a|f]�8a]�G8 OG6/�g]�6 l:�k8 6]�:�6
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OG6/�g]�6 ;]�jf k|bfos l:�k8

g]�kfn 6]�lnsd (4G wireless home broadband) =========

================== ==============

lrq 13.7 a|f]�8a]�G8 k|;f/�0f Rofgn

lrq 13.8 l8lh6n l;Ugn df]�8\o'n]�;g

a|f]8a]G8 k|;f/0f eg]sf] To:tf] k|;f/0f xf] h;df w]/}cf]6f l;UgnnfO{ Pp6} Rofgnaf6 
Ps} k6s k7fOG5 . pbfx/0fsf nflu OG6/g]6sf ljleGg ;"rgfnfO{ km/s km/s 
cfj[lQsf t/ª\u k|of]u u/L Ps} k6s k|;f/0f ug{ ;lsG5 . To:t} l6eLsf] l;Ugn 
k7fpFbf cfjfh / lrq;DaGwL l;UgnnfO{ b'O{ km/s cfj[lQsf t/ª\u k|of]u u/L Ps} 
k6s k|;f/0f Pp6} Rofgnaf6 k7fOG5 . a|f]8a]G8 k|;f/0fdf df]8\o'n];g cfjZos x'G5 .
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l8lh6n k|;f/�0fsf kmfObf (Advantages of digital transmission)

l8lh6n k|;f/�0fsf d'Vo kmfObf o;k|sf/� /�x]�sf 5g\ M

-c_	 l8lh6n l;Ugndf ljs[lt, afx\o ld;fj6 -noise_ sf]� k|efj w]�/�}� sd x'G5 .

-cf_	 l8lh6n l;Ugn k|;f/�0fsf nflu k|of]�u x'g]� ;ls{6 clws ljZj;gLo 5g\ .

-O_	 l8lh6n k|;f/�0fdf l;Ugn cf]�e/�Nofk tyf j|m; 6ssf]� ;Defjgf lgs}� sd 

x'G5 .

-O{_	 l8lh6n ;ls{6df OGsf]�l8ª /� sDk|]�;gåf/�f ;"rgfsf]� uf]�Kotf sfod /�fVg ;lsG5 .

-p_	 l;Ugndf q'l6 kQf nufpg]� /� q'l6 ;Rofpg]� sf]�8 k|of]�u ul/�g]� ePsfn]� q'l6 x'g]� 

;Defjgf sd x'G5 .

;"rgf tyf ;~rf/� k|ljlwsf]� ljsf;df l8lh6n k|ljlwsf]� k|efj

l8lh6n k|ljlwsf]� ljsf;n]� ;"rgf tyf ;~rf/�sf]� k|ljlwsf]� u'0f:�t/� j[l4;F+u}� o;sf]� 

k|of]�udf klg Jofkstf cfPsf]� 5 . 6]�lnsDo'lgs]�;g, OG6/�g]�6 ;'ljwf, l8lh6n ldl8of, 

l8lh6n l6eL cflbsf]� cfw'lgsLs/�0f l8lh6n k|ljlwsf]� ljsf;n]� ;Dej ePsf]� xf]� .

-c_ l8lh6n 6]�lnsDo'lgs]�;g (digital telecommunication)

l8lh6n 6]�lnsDo'lgs]�;gn]� tLj| ;~rf/� ;Dej ePsf]� 5 . To:�t}� Pp6}� Rofgn jf 

AofG8lj8\yaf6 Ps};fy y'k}� 6]�lnkmf]�g sn k|;f/�0f ug{ ;lsg]� ePsf]� 5 . o;n]� 

6]�lnkmf]�g ;]jf ;:tf] agfPsf] 5 .

	 lrq 13.9 l8lh6n 6]�lnsDo'lgs]�;g Ans lrq 	 lrq 13.10 l8lh6n ldl8of
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-cf_ l8lh6n ldl8of (Digital media)

jt{dfg ;dodf lrq 13.10 df b]�vfOP h:�t}� ;"rgf tyf ;~rf/�sf nflu ljleGg 

dfWod pknAw 5g\ . ;~rf/�sf nflu On]�S6«f]�lgs pks/�0f k|of]�u x'g]� dfWod l8lh6n 

ldl8of x'g\ . On]�S6«f]�lgs pks/�0fdfkm{t gofF l8lh6n ldl8ofsf]� l;h{gf ug]�{, ;dfrf/� 

x]�g]�{, cgnfOg ;"rgf k|;f/�0f h:�tf sfo{ ug{ ;lsG5 .

-O_ l8lh6n l6eL (Digital TV)

lrq 13.11 df b]�vfOP 

h:�t }� l8lh6n l6eL 

ljleGg cfsf/� tyf 

cfˆg}� ljz]�iftf ePsf 

5g\ . xfO 8]�lkmg]�;g 

l6eL jt{dfg  ;dosf]� 

l8 lh6n k | lj lwa f6 

lgdf{0f ul/�Psf x'G5g\ . 

b}�lgs hLjgdf k|of]�u ul/�g]� l8lh6n k|ljlw (Digital technologies used in 
daily life)

OGk|mf/�]�8 /� l8lh6n ydf]�{ld6/� SofNs'n]�6/� cgnfOg kqklqsf l8lh6n jfn]�6

lrq 13.11 ljleGg k|sf/�sf l8lh6n l6eL
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cgnfOg k':�tsfno l:�k8f]�ld6/� l8lh6n Sofd/�f :�df6{ 38L Sofn]�G8/�

lrq 13.12

l8lh6n k|ljlwsf]� ljsf;;F+u}� lgdf{0f ul/�Psf l8lh6n pks/�0fn]� dfgj lj|mofsnfknfO{ 
lgs}� ;xh t'NofPsf 5g\ . dflysf lrqdf b]�vfOP h:�t}� l8lh6n k|ljlwsf pks/�0f 
lzIff, :�jf:�Yo, dgf]�/�~hg, cfly{s h:�tf ljleGg If]�qdf nfu' x'g]� u/�L pknAw 5g\ . 
l8lh6n k|ljlwsf]� k|of]�un]� dfgj hLjg ;xh agfpg]� eP tfklg tL k|ljlwsf]� 
cJojl:�yt k|of]�un]� ;d:�of klg l;h{gf x'g ;S5 .

b}�lgs hLjgdf l8lh6n k|ljlwsf ;sf/�fTds /� gsf/�fTds k|efj

l8lh6n k|ljlwsf]� lg/�Gt/� ljsf;;Fu}� ltgsf]� k|of]�ustf{ klg a9\5g\ . tLdWo]� s]�xLn]� 
hLjgz}�nLdf g}� kl/�jt{g Nofpg ;S5g\ . l8lh6n k|ljlwsf ;sf/�fTds k|efj 
lgDgfg';f/� 5g\ M

-c_	 l8lh6n k':�tsfno M l8lh6n k':�tsfnodf kf7\ok':�ts tyf cGo k7g ;fdu|L 
/�flvPsf x'G5g\ . o;n]� dflg;df k':�ts k9\g]� afgL ljsf; x'G5 . pbfx/�0fsf nflu 
CDC library df ljleGg kf7\ok':�ts tyf cGo ;Gbe{ ;fdu|L /�flvPsf 5g\ .

-cf_	 cgnfOg kqklqsf M OG6/�g]�6 /� :�df6{kmf]�g pknAw ePsf]� cj:�yfdf ljleGg cgnfOg 
kqklqsf vf]�n]�/� k9\g ;lsG5 . o; lsl;dsf]� afgLn]� dflg;nfO{ r]�tgzLn agfpF5 . 
pbfx/�0fsf nflu www.gorkhapatraonline.com cgnfOg ;dfrf/� kf]�6{n xf]� .

-O_	 l8lh6n e'StfgL M l8lh6n e'StfgLn]� dflg;nfO{ 
lsgd]�nsf nflu w]�/�}� k}�;f af]�s]�/� hfg'kg]�{ ;d:�of 
;dfwfg x'G5 . lrq 13.13 df b]�vfOP h:�t}� QR 
sf]�8 :�Sofg u/�L ljj|m]�tfsf]� a}�ª\s vftfdf k}�;f 
k7fpg ;lsG5 . l8lh6n e'StfgLaf6 /�fh:�j 
a'emfpg]�, a; tyf xjfO{hxfhsf l6s6 sf6\g]� cflb 
klg ug{ ;lsG5 . lrq 13.13 ahf/�df /�flvPsf]� QR sf]�8
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-O{_ 	 cgnfOg Jofkf/� M OG6/�g]�6sf dfWodaf6 Jofkf/� ;fdu|Lsf]� k|rf/�k|;f/� tyf 
ltgsf]� lsgd]�n ug{ ;lsG5 .

-p_ 	;fdflhs ;~hfn M ;fdflhs ;~hfnn]� dflg;nfO{ ;a}� ;fd' cfˆgf]� wf/�0ff 
/�fVg cj;/� k|bfg u/�]�sf]� 5 . o;n]� dflg;nfO{ ef}�lts ¿kdf 6f9f eP tfklg 
l8lh6n k|ljlwsf]� dfWodaf6 hf]�8]�/� /�fv]�sf]� x'G5 .

-pm_ 	dgf]�/�~hg M l8lh6n k|ljlwsf]� ljsf;n]� dflg;sf]� dgf]�/�~hgsf nflu ljleGg 
u]�d, uLt;ª\uLtsf PlKns]�;g pknAw 5g\ .

l8lh6n ldl8ofn]� xfd|f]� hLjgz}�nLdf k|ToIf ¿kdf k|efj kf/�]�sf]� x'G5 . l8lh6n 
k|ljlwsf gsf/�fTds k|efj lgDgfg';f/� 5g\ M

-c_	 Psf]�xf]�/�f]� ¿kdf cgnfOgdf Jo:�t x'g]� JolStsf nflu b}�lgs ¿kdf Pscsf{;Fu 
cGt/�lj|mof ug]�{ z}�nLdf kl/�jt{g cfpF5 .

-cf_	 ;fdflhs ;~hfnaf6 x'g ;Sg]� ck/�fwn]� dflg;sf]� JolStut, kfl/�jfl/�s tyf 
;fdflhs hLjgdf c;/� k5{ . o;n]� JolStsf]� k|lti7fdf cfFr cfpFbf dfgl;s 
tgfj l;h{gf x'G5 .

-O_	 afnaflnsfdf zf/�Ll/�s Jofofdsf]� sdLn]� z/�L/� sdhf]�/� x'g]�, cgfjZos df]�6f]�kgf 
x'g]� h:�tf ;d:�of b]�lvG5g\ .

-O{_	 xTof, lx+;f ;dfj]�z ePsf l8lh6n u]�d -digital game_ x¿n]� JolStsf]� dfgl;s 
:�jf:�Yodf c;/� kfg]�{]�nufot ;dfhdf ljs[lt k}�mnfpg]� ;Defjgf x'G5 .

-p_	 l8lh6n k|ljlwsf]� b'?kof]�u ubf{ ;fOa/� ck/�fw h:�tf lj|mofsnfkn]� cGo 
dflg;nfO{ xflg k'U5 .

dfly pNn]�v ePsf l8lh6n k|ljlwsf ;sf/�fTds /� gsf/�fTds k|efjdf OG6g]�6sf]� 
k|of]�u dxÎjk"0f{ e"ldsf /�x]�sf]� x'G5 . ljZje/�L OG6/�g]�6sf k|of]�ustf{ ljleGg sfo{df 
;+nUg /�xL nfdf]� ;do Joltt ug]�{ ePsfn]� To:�tf JolStnfO{ g]�l6hg -Netizen_ 
elgG5 .
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l8lh6n l;l6hgl;k (Digital citizenship)

jt{dfg OG6/�g]�6sf]� o'udf ljZjsf ;a}� dflg;nfO{ OG6/�g]�6sf]� k|of]�u tyf o;df ;lj|mo 
;xeflutfsf]� ;dfg clwsf/� x'g]� ePsfn]� ;a}�nfO{ l;l6hg ckm b g]�6 -citizen of 
the net_ sf ¿kdf kl/�ro lbg ;lsG5 . ;lj|mo ¿kdf OG6/�g]�6sf]� k|of]�u ug]�{ /� 
o;df ;+nUg /�xg]� JolSt g]�l6hg -netizen_ sf ¿kdf lrlgG5 . g]�l6h]�g zAbn]� 
OG6/�g]�6sf]� gful/�s -citizen) nfO{ a'emfpF5 . t;y{ g]�l6h]�g ljZjJofkL ¿kdf h8fg 
ePsf]� OG6/�g]�6sf]� gful/�s xf]� . To:�t}� l8lh6n l;l6hgl;k eg]�sf]� OG6/�g]�6 jf er{'cn 
;+;f/�df cfa4 g]�l6hgsf]� gful/�stf xf]� . l8lh6n l;l6hgl;k cjwf/�0ffn]� ;du| 
OG6/�g]�6sf]� ;+;f/�nfO{ /�fd|f]� agfpg dbt u5{ . l8lh6n k|ljlwsf]� ljsf;n]� ljZjsf 
ljleGg :�yfgsf gful/�snfO{ ljleGg lsl;dsf ;~rf/�sf dfWod h:�t}� 6]�lnkmf]�g, 
OG6/�g]�6 kmf]�g sn, ;fdflhs ;~hfn ;~rf/� cflbaf6 hf]�8\g ;Dej ePsf]� 5 . o;n]� 
ubf{ Unf]�an len]�h -global village_ sf]� cjwf/�0ff ljsf; ePsf]� xf]� .

5nkmnsf nflu k|Zg

s'g}� /�fHosf]� c;n gful/�ssf ljz]�iftf h:�t}� c;n l8lh6n gful/�ssf s]� s:�tf 
ljz]�iftf x'g'k5{, rf6{k]�k/�df ;"rL tof/� u/�L sIffdf 5nkmn ug'{xf]�;\ .

c;n g]�l6hgsf ljz]�iftf (Characteristics of a good netizen)

l8lh6n l;l6hgl;k;Fu c;n g]�l6hgsf st{Jo tyf OG6/�g6 lzi6frf/� klg hf]�l8Psf 
x'G5g\ . g]�l6hgn]� cgnfOgdf k|bz{g ug]�{ Jojxf/� ;fdflhs ¿kdf :�jLs[t x'g'k5{ . 
cgnfOg ;+jfb tyf Od]�naf6 ul/�g]� ;~rf/�, ;fdflhs ;~hfndf ;fj{hlgs ul/�g]� 
wf/�0ff cflbdf ;Eo tyf lzi6 efiffsf]� k|of]�u ug'{k5{ . cgnfOgdf ul/�g]� Jojxf/�n]� 
JolStut ;Ddfg /� c¿nfO{ cfb/� x'g]� Jojxf/� k|bz{g ug'{k5{ . JolStut ¿kdf gb]�v]� 
klg ;a}�nfO{ cfb/�k"j{s Jojxf/� ug{'k5{ . cgnfOgdf kf]�:�6 u/�]�sf]� h'g;'s}� s'/�f :�yfoL 
x'G5g\ . OG6/�g]�6df /�flvPsf af}�l4s ;DklQ s'g}� c¿sf pTkfbg x'g\ . tL ;fdu|Lsf]� 
cglws[t ¿kdf k|of]�u ug'{x'Fb}�g . olb tL ;fdu|L k|of]�u ug'{k/�]�df ;|f]�t p4[t ug{'k5{ .

cgnfOg /�]�k'6]�;g (Online reputation)

dflg;sf]� Jofjxfl/�s hLjg;Fu hf]�l8g]� k|lti7f h:�t}� OG6/�g]�6sf]� ;+;f/� cfa4 g]�l6hgsf 
nflu k|lti7f Joj:�yfkg cfjZos x'G5 . cgnfOgdf l;h{gf ul/�g]� k|f]�kmfOnx¿df 
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JolStsf]� jf:�tljs gfd, tl:�a/� tyf cGo ;fj{hlgs ug{ ldNg]� ljj/�0f /�fVg'k5{ . 
o;n]� JolStsf]� k|f]�kmfOnsf]� jf:�tljstf /� ljZj;gLotf a9fpF5 . To:�t}� ;a}� ;fdflhs 
;~hfn k|f]�kmfOnsf nflu ;dfg k|of]�ustf{ gfd k|of]�u ug{'k5{ . cgnfOg k|lti7fsf 
nflu jf:�tljs tyf er{'cn ;+;f/�df Pp6}� JolSt x'g'k5{ . JolStn]� ;fdflhs 
;~hfndf ug]�{ kf]�:�6, sd]�G6, ;]�o/� cflbn]� pSt JolStsf]� af}�l4stf tyf ljleGg If]�qsf]� 
1fg, ljz]�if1tf cflb k|bz{g ug]�{ ePsfn]� tL sfo{ ubf{ cgnfOg /�]�k'6]�;gnfO{ Wofg 
lbg'k5{ . cgnfOg /�]�k'6]�;g Joj:�yfkgsf nflu JolStn]� k|of]�u ug]�{ OG6/�g]�6 ;'/�Iffaf/�]� 
;fjwfg /�xg'k5{ . ;fdflhs ;~hfndf sdhf]�/� uf]�kgLotf ;]�l6ªn]� kf;j8{ rf]�/�L x'g]� 
/� k|lti7fdf cfFr cfpg]� ;fdu|L kf]�:�6 x'g]� ;Defjgf /�xG5 .

cgnfOg k|lti7f s]�jn JolStut dfq geO{ s'g}� ;ª\3;+:�yf;F+u klg hf]�l8Psf]� x'G5 . 
s'g}� ;ª\3;+:�yfsf]� j]�a;fO6af6 k|sflzt x'g]� ;"rgf /� ltgsf]� ;fdflhs ;~hfn 
k]�haf6 kf]�:�6 x'g]� :�6]�6;x¿ cflwsfl/�s x'G5g\ . tL k]�hsf kmnf]�c/� -follower_ sf]�  
;ª\Vofn]� pSt ;+:�yfk|ltsf]� ljZj;gLotfnfO{ hgfpF5 . To:�t}� ;+:�yfut ¿kdf l8lh6n 
/�]�k6]�;gsf nflu ;a}� k|d'v ;fO6 tyf ;fdflhs ;~hfndf pkl:�ylt cfjZos k5{ . 
;+:�yfut ¿kdf vf]�lng]� j]�a;fO6 tyf k]�hdf ul/�g]� sd]�G6 tyf u'gf;fsf]� ;dod}� 
ul/�g]� ;dfwfgn]� cgnfOg k|lti7f Joj:�yfkg ug{ ;lsG5 .

l8lh6n cf/�f]�Uotf (Digital wellbeing)

lrq 13.14 l8lh6n cf/�f]�Uotf

lrq 13.14 df b]�vfOP h:�t}� cf/�f]�Uotfsf nflu cfjZos ;Gt'ng a]�jf:�tf u/�L 
cTolws cgnfOg a:�g' :�jf:�Yosf nflu xflgsf/�s x'g ;S5 . o;n]� df]�6f]�kgf, 
clg›f, b[li6 ;d:�of /� dfgl;s tgfj l;h{gf x'g]� h:�tf ;d:�of lgDTofpg ;S5 . 
To:�t}� cJojl:�yt ¿kdf OG6/�g]�6sf]� k|of]�un]� l8k|]�;g, lrGtf, a]�OdfgL, cfTd;Ddfgdf 
sdL, ;fdflhs ¿kdf 6fl9P/� PSnf]�kgf x'g]�, cfj|mfds :�jefj x'g]� cflb ;d:�of b]�vf 
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kg{ ;S5g\ . o:�tf ;d:�of l;h{gf x'g]� ePsfn]� xfd|f]� cgnfOg hLjgdf l8lh6n 
cf/�f]�Uotfsf]� cjwf/�0f nfu' x'G5 . dflg;n]� cgnfOg /� ckmnfOg /�xg]� ;dolar 
;Gt'ng /�fvL ;du|df dfgl;s, zf/�Ll/�s, ;fdflhs /� efjgfTds ¿kn]� :�j:�y /�xg' 
l8lh6n cf/�f]�Uotf xf]� . cgnfOg k|ljlwsf]� k|of]�u ubf{ l8lh6n cf/�f]�Uotf Vofn /�fvL 
xfd|f]� ;du| :�jf:�ydf c;/� gkg{]� u/�L k|of]�u ug{'k5{ .

lrq 13.15 cf/�f]�Uotfsf nflu ;Gt'ng

efjgfTds  
cf/�f]�Uotf

dfgl;s 
cf/�f]�Uotf

;fdflhs 
cf/�f]�Uotf

zf/�Ll/�s  
cf/�f]�Uotf

l8lh6n 
cf/�f]�Uotf

lrq 13.16

l8lh6n cf/�f]�Uotfsf nflu ;hutf (Cautions for digital wellbeing)

lj|mofsnfk 13.3

tkfO{Fsf]� 3/�sf ;b:�on]� cf}�;t ¿kdf b}�lgs slt ;do l8lh6n pks/�0f rnfpg]� 
u5{g\ . l8lh6n pks/�0fsf]� nfdf]� ;do lg/�Gt/� k|of]�usf c;/�af/�]� 5nkmn u/�L 
;Defljt c;/� l6kf]�6 ug'{xf]�;\ .

l8lh6n k|ljlwsf]� ntn]� xfd|f]� hLjgz}�nLnfO{ cJojl:�yt agfpF5 . To;}�n]� l8lh6n 
k|ljlwsf]� cgfjZos k|of]�usf ;Defljt c;/�af/�]� a]�n}�df hfgsf/� agL ;hutf 
ckgfpg l8lh6n cf/�f]�Uotf l;k cfjZos k5{g\ . l:�j|mg ;do -screen time_  
5'6\ofpg]�, ;fdflhs ;~hfnsf]� k|of]�u ug{ pd]�/� ;Ldf 5'6\ofpg]�, sfo{/�t :�yndf 
df]�afOn gf]�l6lkms]�;g ckm ug]�{ h:�tf cEof;n]� l8lh6n cf/�f]�Uotf k|fKt ug{ ;lsG5 .

:�df6{kmf]�gdf l8lh6n cf/�f]�Uotf PlKns]�;g Olg:�6n -install_ u/�L l8lh6n cf/�f]�Uotfsf 
nflu ;hutf ckgfpg ;lsG5 . pbfx/�0fsf nflu Kn]�:�6f]�/�af6 Digital Wellbeing 
(Beta), ActionDash, DigitalDetox, Microsoft Launcher cflb PlKns]�;gsf]� 
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k|of]�u ug{ ;lsG5 . o:�tf PlKns]�;g :�df6{kmf]�g k|of]�ustf{sf]� l:�j|mg ;do -screen 
time_ 36fpgdf ;xof]�uL x'G5g\ .

lj|mofsnfk 13.4 l8lh6n cf/�f]�Uotf PlKns]�;gsf]� k|of]�u

u'un Kn]�:�6f]�/�af6 lrq 13.17 df b]�vfOPsf]� 
cfOsg -icon_ ePsf]� Digital Wellbeing 
(Beta), PlKns]�;g 8fpgnf]�8 ug'{xf]�;\ . pSt 
PlKns]�;g vf]�Nbf lrq 13.18 df b]�vfOP h:�t}� 
:�df6{kmf]�g k|of]�ustf{n]� b}�lgs ¿kdf slt ;do 
s'g s'g PlKns]�;g k|of]�u u/�]� eGg]� cjnf]�sg 
ug{ ;lsG5 . o:�tf PlKns]�;gsf]� k|of]�uaf6 
gf]�l6lkms]�;g aGb ug]�{, PlKns]�;gnfO{ lglZrt 
;do 5'6\ofpg]� h:�tf sfo{ ug{ ;lsG5 .  
To;}�n]� l;sfOsf j|mddf tkfOF{n]� OG:�6n ug'{ePsf]� PlKns]�;gsf]� k|of]�uaf6 hfgsf/�Ldf 
cfpg]� cGo ljz]�iftf klg pNn]�v ug'{xf]�;\ .

OG6/�g]�6sf]� k|of]�uaf6 l;sfO;DaGwL ;fdu|L vf]�hL ug{ ;lsG5 . tL ;fdu|Lsf]� vf]�hL 
tyf cjnf]�sg ubf{ l8lh6n cf/�f]�Uotfsf nflu ;hutf ckgfpg'k5{ . pbfx/�0fsf 
nflu https:�/�/�www.youtube.com/�c/�NCEDVirtual j]�a;fO6 vf]�n/� ljleGg 
ljifo;Fu ;DalGwt >Job[Zo ;fdu|L k|fKt ug{ ;lsG5 . o:�t}� yk >Job[Zo ;fdu|L 
/�]�sl8{ª u/�L lgdf{0f klg ug{ ;lsG5 .

>Jo tyf >Job[Zo ;fdu|L lgdf{0f (Making audio and audio-video materials)

sDKo'6/� tyf :�df6{kmf]�gsf]� dfOj|mf]�kmf]�gåf/�f cfjfh /�]�s8{ u/�L >Jo ;fdu|L lgdf{0f 
ug{ ;lsG5 . To:�t}� Sofd/�f /�]�sl8{ªaf6 >Job[Zo ;fdu|L lgdf{0f ug{ ;lsG5 . o;sf 
nflu :�df6{kmf]�g Sofd/�f jf l8lh6n Sofd/�f k|of]�u ug{ ;lsG5 .

lj|mofsnfk 13.5

lel8of]� /�]�sl8{ª

Pp6f :�df6{kmf]�g, l:�k|ª t/�fh' /� l:�k|ª t/�fh'df em'G8\ofpg ldNg]� u/�L sl/�a 500 g hlt 
lk08 ePsf]� j:�t' lng'xf]�;\ . l:�k|ª Aofn]�G;df nf]�8 e'mG8\ofOPsf]� cj:�yfdf xftaf6 

lrq 13.18lrq 13.17
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l:�k|ª Aofn]�G; v;fNg'xf]�;\ /� ;fyLnfO{ :�df6{kmf]�gsf]� Sofd/�f :�nf]� df]�;g df]�8df /�fvL 
l:�k|ª Aofn]�G;sf]� kf]�OG6/�sf]� cj:�yf b]�lvg]� u/�L lel8of]� /�]�s8{ ug{ nufpg'xf]�;\ . s]� 
lel8of]�df v:�b}� u/�]�sf]� l:�k|ª t/�fh'sf]� kf]�OG6/� z"Godf kms]�{sf]� b]�lvG5 <

o; lj|mofsnfkdf /�]�s8{ ug'{ePsf]� lel8of]� kmfOnsf]� gfd;F+u}� lel8of]� kmfOn OS;6]�G;g 
-video file extension_ klg hf]�l8Psf]� x'G5, h:�t}� M class 10 ICT.MP4 lel8of]� 
kmfOn xf]� . To:�t}� .3GP, .SVI, .MOV cflb klg lel8of]� kmfOn kmd]�{6 x'g\ . oxfF /�]�s8{ 
u/�L tof/� kf/�]�sf]� >Job[Zo ;fdu|Lsf]� s'g}� 7fpFdf cgfjZos ¿kdf /�]�sl8{ª ePsf]� 
5 eg]� pSt v08nfO{ lel8of]�af6 sf6]�/� x6fpg ;lsG5 . To:�t}� b'O{ jf b'O{eGbf a9L 
lel8of]� kmfOn lSnkx¿nfO{ hf]�8]�/� Pp6f l;ª\uf]� lel8of]� kmfOn klg agfpg ;lsG5 . 
o; lsl;dsf]� sfo{ lel8of]� ;DkfbgcGtu{t k5{ .

lel8of]� ;Dkfbg (Video editing)

Sofd/�faf6 /�]�sl8{ª u/�]�sf]� lel8of]� ;Dkfbgsf nflu df]�afOn PlKns]�;g jf sDKo'6/� 
;ˆ6j]�o/� -software_ sf]� cfjZostf k5{ . pbfx/�0fsf nflu P8f]�a lk|ldo/� k|f]� -adobe 
premiere pro_, lkmNdf]�/�f -filmora_ h:�tf sDKo'6/� ;ˆ6j]�o/�sf]� k|of]�u u/�L lel8of]� 
;Dkfbg ug{ ;lsG5 . To:�t}� l;:�6d ;ˆ6j]�o/� -system software_ ;+Fu}� sDKo'6/�df 
x'g]� ljG8f]�h lel8of]� Ol86/� -video editor_ ;ˆ6j]�o/�af6 klg lel8of]� ;Dkfbg ug{ 
;lsG5 . 

lj|mofsnfk 13.6: lel8of]� ;Dkfbg 

lj|mofsnfk 13.5 df /�]�sl8{ª u/�]�sf]� lel8of]�nfO{ ;Dkfbg ug{ sDKo'6/�df skL -copy_ 
ug'{xf]�;\ . pSt lel8of]�df /�x]�sf]� cgfjZos v08nfO{ x6fpg'xf]�;\ . To:�t}� v08 v08 
kf/�]�sf lSnknfO{ hf]�8]�/� Pp6f l;ª\uf]� kmfOn tof/� kfg'{xf]�;\ . o;sf nflu tn k|:t't 
ePsf r/�0f cjnDag ug'{xf]�;\ M

-c_ lel8of]� sl6ª (Video cutting)

/�]�s8{ u/�]�sf]� lel8of]�nfO{ cut u/�L 5f]�6f]� lSnk tof/� kfg'{xf]�;\ . o;sf nflu lgDgfg';f/�sf 
r/�0f cjnDag ug'{xf]�;\ M

;j{k|yd lrq 13.19 df b]�vfOP h:�t}� ;r{ af/�df lSns u/�L lel8of]� Ol86/� vf]�Ng'xf]�;\ . 
New video project df lSns u/�L pSt k|f]�h]�S6sf]� gfd 6fOk ug'{xf]�;\ . pbfx/�0fsf 
nflu Class 10 ICT 6fOk u/�L OK df lSns ug'{xf]�;\ .
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lrq 13.19

sDKo'6/�sf]� d]�df]�/�Laf6 5fg]�/� k|f]�h]�S6 nfOa|]�/�Ldf P8 -add_ ug'{ePsf]� lel8of]�nfO{ lrq 
13.20 df b]�vfOP h:�t}� 8«ofu u/�L Ol8l6ª Kofgndf n}�hfg'xf]�;\ . pSt lel8of]� sl6ª 
-cutting_ sf nflu lel8of]� select u/�]�/� trim df lSns ug'{xf]�;\ .

lrq 13.20

lel8of]� sl6ª ug'{kg]�{ :�yfg 5fGgsf nflu pSt lel8of]�nfO{ Kn]� u/�L start time /� 
end time lrq 13.21 df b]�vfOP h:�t}� b'O{cf]�6f lgnf 8«ofuaf/�n]� 5'6\ofpg'xf]�;\ . 
cGTodf cfjZos clip length hfFr u/�L done df lSns ug'{xf]�;\ .

lrq 13.21
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lrq 13.22

Ol8l6ª Kofgndf /�x]�sf]� sl6ª u/�]�sf]� lSnknfO{ select u/�L cGTodf finish video df 
lSns ug'{xf]�;\ . To;kl5 b]�lvg]� window sf]� export df lSns ug'{xf]�;\ . cGTodf 
sDKo'6/�sf]� s'g :�yfgdf lel8of]� lSnknfO{ save ug]�{ egL :�yfg 5fGg'xf]�;\ . lrq 13.22 
df desktop df lel8of]� kmfOn save u/�]�sf]� b]�vfOPsf]� 5 .

-cf_ lel8of]� HjOlgª (Video joining)

;fyLx¿n]� cut u/�]�/� tof/� kf/�]�sf lSnkx¿ sDKo'6/�sf]� Pp6}� :�yfgdf jf Pp6}� folder 
leq copy ug'{xf]�;\ . Join ug'{kg]�{ lel8of]� lSnk jf kmfOnnfO{ Ps 7fpFdf skL u/�]�/� 
/�fVg'xf]�;\ . To;kl5 klxn]� cutting df ug'{eP h:�t}� lel8of]� Ol8l6ª ;ˆ6j]�o/� vf]�n]�/� 
cfjZos kmfOn sDKo'6/�sf]� d]�df]�/�Laf6 5fg]�/� k|f]�h]�S6 nfOa|]�/�Ldf P8 -add_ ug'{xf]�;\ . 
tL lel8of]�nfO{ select u/�]�/� 8«ofu u/�L Ol8l6ª Kofgndf n}�hfg'xf]�;\ . lrq 13.23 df 
b]�vfOP h:�t}� Ol8l6ª Kofgnsf join ug'{kg]�{ ;Dk"0f{ kmfOn select ug'{xf]�;\ /� Finish 
video df lSns ug'{xf]�;\ .

	 lrq 13.23	 lrq 13.24
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finish video df lSns ubf{ sDKo'6/�df kmfOn save ug{]� :�yfg 5fGg'kg]�{ x'G5 . o;sf 
nflu klxn]� lel8of]� cutting df desktop 5fg]�/� kmfOn save u/�]� h:�t}� lSnkx¿ join 
u/�]�/� tof/� kf/�]�sf]� lel8of]�nfO{ klg 8]�:�s6kdf save ug{ ;lsG5 .

lel8of]� ;Dkfbg sfo{ sDKo'6/� tyf :�df6{kmf]�g b'a}�df ug{ ;lsG5 . :�df6{kmf]�gdf lel8of]� 
;Dkfbgsf nflu 5'6\6}� :�df6{kmf]�g PlKns]�;g x'G5 . ;Dkfbg ug{sf nflu :�df6{kmf]�gsf]� 
Sofd/�faf6 /�]�s8{ ul/�Psf]� lel8of]�nfO{ df]�afOn gallery af6 vf]�Ng ;lsG5 . pSt 
lel8of]�df lSns ubf{ lrq 13.23 df b]�vfOP h:�t}� Pp6f edit icon b]�lvG5 . pSt 
icon df lSns ubf{ lrq 13.24 df h:�t}� cut /� crop icon b]�lvG5g\ . ltgdf lSns 
u/�L lel8of]� cutting jf crop ug{ ;lsG5 .

:�df6{ kmf]�gdf lel8of]� Ol8l6ª PlKns]�;g gePdf Kn]�:�6f]�/� -playstore_ af6 cfjZos 
PlKns]�;g 8fpgnf]�8 ug{ ;lsG5 . pbfx/�0fsf nflu Kn]�:�6f]�/�af6 video cutter 
PlKns]�;g 8fpgnf]�8 ug{ ;lsG5 . pSt PlKns]�;g kmfOn 8fpgnf]�8 ePsf]� :�yfgdf 
uP/� lSns u/�L df]�afOndf OG:�6n -install_ ug{ ;lsG5 .

sDKo'6/� ;ˆ6j]�o/�af6 lel8of]� ;Dkfbg u/�]� h:�t}� cl8of]� kmfOn klg ;Dkfbg ug{ 
;lsG5 . cl8of]� kmfOnsf]� kmfOn PS;6]�G;g -file extension_ .MP3, .WAV, .WMA, 
cflb x'G5 . cl8of]� ;Dkfbgsf nflu cfjZos ;ˆ6j]�o/� jf PlKns]�;g :�df6{kmf]�g 
jf sDKo'6/�df Olg:�6n gePdf windows store, app store cflbaf6 8fpgnf]�8 
u/�L OG:�6n ug{ ;lsG5 . pbfx/�0fsf nflu cl8of]� kmfOn ;Dkfbgsf nflu www.
audacityteam.org af6 audacity 8fpgnf]�8 ug{ ;lsG5 . To:�t}� u'un ;r{ -google 
search_ u/�L s'g}� cflwsfl/�s ;|f]�taf6 mp3 cutter ;ˆ6j]�o/� 8fpgnf]�8 ug{ ;lsG5 .

kl/�of]�hgf sfo{

l8lh6n k|ljlwsf]� k|of]�un]� ;dfhdf ;sf/�fTds k|efj k/�]�sf]� 5 eGg]� kIf /� l8lh6n 
k|ljlwsf]� k|of]�un]� ;dfhdf gsf/�fTds k|efj k/�]�sf]� 5 eGg]� ljkIfdf sIffsf 
;fyLx¿lar zLif{s afF8]�/� jfbljjfbsf]� tof/�L ug{'xf]�;\ /� pko'St ;dodf pSt 
sfo{j|md ;~rfng ug'{xf]�;\ . sfo{j|mdsf]� lel8of]� lvr]�/� cfjZostfcg';f/� ;Dkfbg 
u/�L sIffdf k|:�t't ug'{xf]�;\ .
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cEof;

1. 	 ;xL pQ/� 5fGg'xf]�;\ M

-s_ 	tnsf dWo]� s'gn]� Pgfnu l;Ugnsf]� k|ltlglwTj u5{ <

-c_ OGk|m/�]�8 /�]� ydf]�{ld6/� 		 -cf_ sDKo'6/�
-O_ :�df6{ 38L 			   -O{_ ldl8od j]�a /�]�l8of]�

-v_	 tnsf dWo] s'gn]� 1 byte d]�df]�/�L hgfpF5 <

-c_ 0000 			   -cf_ 00000000
-O_ 100000 			   -O{_ 000001

-u_	 tnsf dWo]� l8lh6n l;Ugn k|;f/�0fsf r/�0fdWo]� ;xL j|mddf /�x]�sf r/�0fsf]� 
;d"x s'g xf]� <

-c_	 ;|f]�t, Ogk'6 6«fG;8\o';/�, l8sf]�8/�, df]�8\o'n]�6/�, Rofgn, l8df]�8\o'n]�6/�, 
OGsf]�8/�, cfp6k'6 6«fG;8\o';/�

-cf_	 ;|f]�t, Ogk'6 6«fG;8\o';/�, OGsf]�8/�, l8df]�8\o'n]�6/�, Rofgn, df]�8\o'n]�6/�, 
l8sf]�8/�, cfp6k'6 6«fG;8\o';/�

-O_	 ;|f]�t, Ogk'6 6«fG;8\o';/�, OGsf]�8/�, df]�8\o'n]�6/�, Rofgn, l8df]�8\o'n]�6/�, 
l8sf]�8/�, cfp6k'6 6«fG;8\o';/�

-O{_	 ;|f]�t, OGsf]�8/�, Ogk'6 6«fG;8\o';/�, df]�8\o'n]�6/�, Rofgn, l8sf]�8/�, 
l8df]�8\o'n]�6/�, cfp6k'6 6«fG;8\o';/�

-3_	 tnsf dWo]� cl8of]� kmfOn kmd]�{6 s'g xf]� <

-c_ .SVI 			   -cf_ .MP3
-O_ .MP4 			  -O{_ .3GP

-ª_	 ;fdflhs ;~hfndf ;do ;dodf gofF j}�1flgs vf]�h;DaGwL hfgsf/�L 
kf]�:�6 ug]�{ Jojxf/�n]� s]� hgfpF5 <

-c_ ;fdflhs ;~hfnsf]� cJojl:�yt k|of]�u

-cf_ l8lh6n cf/�f]�Uotf l;k
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-O_ l8lh6n cf/�f]�Uotfsf nflu ;hutf

-O{_ l8lh6n k|lti7f Joj:�yfkg

2.	 km/�s n]�Vg'xf]�;\ M

-s_	 Pgfnu l;Ugn /� l8lh6n l;Ugn

-v_	 Pgfnu l;Ugn k|;f/�0f /� l8lh6n l;Ugn k|;f/�0f

-u_	 l8lh6n cf/�f]�Uotf /� l8lh6n /�]�k'6]�;g

3.	 tnsf k|Zgsf]� pQ/� n]�Vg'xf]�;\ M

	 -s_	 sDKo'6/� d]�df]�/�Ldf k|of]�u x'g]� lj6 -bit_ /� afO6 -byte_ kl/�eflift ug'{xf]�;\ .

-v_	 jt{dfg ;dodf k|of]�u x'g]� xfO l:�k8 OG6/�g]�6nfO{ a|f]�8a]�G8 k|;f/�0fsf 
¿kdf k|:�t't ug'{xf]�;\ .

-u_	 l8lh6n k|;f/�0fsf rf/�cf]�6f kmfObf n]�Vg'xf]�;\ .

-3_	 s'g}� b'O{cf]�6f pbfx/�0f k|:�t't u/�L ;"rgf tyf ;~rf/� k|ljlwsf]� ljsf;df 
l8lh6n k|ljlwsf]� k|efj k|:�6 kfg'{xf]�;\ .

-ª_	 b}�lgs hLjgdf k|of]�u ul/�g]� l8lh6n k|ljlwsf s'g}� rf/�cf]�6f pbfx/�0f 
k|:�t't ug'{xf]�;\ .

-r_	 b}�lgs hLjgdf l8lh6n k|ljlwsf b'O{ b'O{cf]�6f ;sf/�fTds /� gsf/�fTds 
k|efj n]�Vg'xf]�;\ .

-5_	 l8lh6n l;l6hgl;k kl/�eflift ug'{xf]�;\ .

-h_	 c;n g]�l6hgsf rf/�cf]�6f ljz]�iftf n]�Vg'xf]�;\ .

-em_	 cgnfOg /�]�k'6]�;g eg]�sf]� s]� xf]�, pbfx/�0f;lxt n]�Vg'xf]�;\ .

-`_	 l8lh6n cf/�f]�Uotf eg]�sf]� s]� xf]� <

-6_	 l8lh6n cf/�f]�Uotfsf kmfObf n]�Vg'xf]�;\ .

-7_	 l8lh6n cf/�f]�Uotfsf nflu cfjZos s'g}� rf/�cf]�6f ;hutfaf/�]� n]�Vg'xf]�;\ .
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-8_	 l8lh6n k|lti7f Joj:�yfkg eg]�sf]� s]� xf]� <

-9_	 l8lh6n k|lti7f Joj:�yfkgsf b'O{cf]�6f pbfx/�0f k|:�t't ug'{xf]�;\ .

-0f_	 l8lh6n k|lti7f Joj:�yfkgsf rf/�cf]�6f dxÎj pNn]�v ug'{xf]�;\ .

-t_	 ;fdflhs ;~hfnsf]� k|of]�u tyf pkof]�lutfsf cfwf/�df b'O{cf]�6f ;sf/�fTds 
k|efj n]�Vg'xf]�;\ .

-y_	 ;fdflhs ;~hfnsf]� k|of]�uaf6 ;Defljt b'O{cf]�6f gsf/�fTds c;/� 
n]�Vg'xf]�;\ .

-b_	 sIff 10 sf]� lj1fg tyf k|ljlwcGtu{t s'g}� Pp6f PsfOdf ;dfj]�z 
ljifoj:�t' ;d]�6]�/� 5 ldg]�6sf]� >Job[Zo ;fdu|L agfpg tkfO{Fsf]� of]�hgf 
n]�Vg'xf]�;\ . pSt >Job[Zo ;fd|u|LnfO{ 3 ldg]�6sf]� agfpg s]� ug{ ;lsG5, 
cfjZos r/�0f ;dfj]�z u/�L n]�Vg'xf]�;\ .
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tŒjsf]� juL{s/�0f  
(Classification of Elements)

xfd|f]� j/�k/� z'4 /� cz'4 k|s[ltsf kbfy{ kfOG5g\ . ltgLx¿ tÎj, of}�lus /� ld>0fsf 
¿kdf /�x]�sf x'G5g\ . xfn;Dd 92 cf]�6f k|fs[lts /� 26 cf]�6f s[lqd u/�L hDdf 118 
cf]�6f tÎjx¿ kQf nfu]�sf 5g\ .

s]� oL ;a}� tÎjx¿ Ps}� k|sf/�sf k/�df0f'af6 ag]�sf x'G5g\ < s]� s'g}� tÎjsf ef}�lts 
tyf /�f;folgs u'0fx¿ csf]�{ tÎj;Fu ldNbfh'Nbf x'G5g\ < o;n]� TfÎjsf]� cWoogdf 
s;/�L ;lhnf]� kf/�]�sf]� 5 < tÎjx¿sf]� juL{s/�0f eg]�sf]� s]� xf]� < tÎjx¿sf]� juL{s/�0f 
ug{'sf]� sf/�0f s]� xf]� < tÎjsf]� juL{s/�0fsf cfwf/� s]� s]� x'g\ < cflb ljifodf 5nkmn 
ug{'xf]�;\ . juL{s/�0f ubf{ ;dfg u'0f ePsf tÎjnfO{ Ps}� ;d"x /� c;dfg u'0f ePsf 
tÎjnfO{ km/�s km/�s ;d"xdf /�fVg]� ul/�G5 .

lj|mofsnfk 14.1

b}�lgs hLjgdf k|of]�udf cfO/�xg]� tÎjx¿ clS;hg, kmnfd, rfFbL, ;f]�l8od, Snf]�l/�g, 
cflNdlgod, sfa{g, ;Nkm/� /� gfO6«f]�hgnfO{ wft' /� cwft' ;d"xdf juL{s/�0f u/�]�/� 
tflnsfdf eg{'xf]�;\ .

wft' cwft'

s]� ;a}� wft'sf u'0f Pscfk;df ldNg]� x'G5g\ < tÎjsf u'0fx¿ ldNbfh'Nbf x'g]� jf 
km/�s x'g]� eGg]� s'/�f;Fu ltgLx¿sf kf/�df0fljs ;+/�rgfsf]� s'g}� ;DaGw x'G5 xf]�nf, 
ljrf/� ug{'xf]�;\ .

k]�l/�of]�l8s tflnsf (Periodic table)

;dfg u'0f ePsf tÎjnfO{ Pp6}� ;d"xdf /� km/�s u'0f ePsf tÎjnfO{ leGg ;d"xdf 
/�fv]�/� cWoog ug{sf nflu agfOPsf]� tflnsfnfO{ k]�l/�of]�l8s tflnsf elgG5 .

14
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/�l;og j}�1flgs lbldqL d]�G8]�lne -Dmitri Mendeleev_ n]� 
kf/�df0fljs ef/�sf cfwf/�df tÎjx¿sf]� Jojl:�yt cWoog 
u/�L k]�l/�of]�l8s tflnsf lgdf{0f u/�]�sf lyP . pgn]� cfˆgf]� 
cWoogsf cfwf/�df tÎjx¿sf]� juL{s/�0f;DaGwL lgod 
k|ltkfbg u/�]�sf 5g\, h;nfO{ d]�G8]�lnesf]� k]�l/�of]�l8s lgod 
elgG5 . d]�G8]�lnesf k]�l/�of]�l8s lgodcg';f/� ætÎjsf 
ef}�lts / /�f;folgs u'0f ltgLx¿sf]� kf/�df0fljs ef/�sf]� 
k]�l/�of]�l8s sfo{:�j¿k x'G5g\Æ (The physical and chemical properties of the 
elements are the periodic functions of their atomic weight) .

o;sf]� cy{ olb tÎjx¿nfO{ kf/�df0fljs ef/�sf]� a9\bf]� j|mddf /�fVb}� hfg]� xf]� eg]� 
lglZrt cGt/�fndf ef}�lts /� /�f;folgs u'0f ;dfg ePsf tÎjx¿ bf]�xf]�l/�Fb}� hfG5g\ . 
o; j|mddf u'0fx¿ ;dfg ePsf tÎjx¿ Pp6}� 7f8f]� dxn -column_ df kb}�{ hfG5g\ 
/� u'0fx¿ Pskl5 csf]�{ k6s bf]�xf]�l/�g]� cGt/�fn;Ddsf tÎjx¿ t]�;f]�{ nx/� (row) df 
k5{g\ . o;/�L tÎjx¿sf]� juL{s/�0f tflnsf tof/� x'G5, h;nfO{ k]�l/�of]�l8s tflnsf 
elgG5 . k]�l/�of]�l8s tflnsfsf]� 7f8f]� dxnnfO{ ;d"x -group_ /� t]�;f]�{ nx/�nfO{ lkl/�o8 
-period_ elgG5 .

cfw'lgs k]�l/�of]�l8s tflnsf (Modern periodic table)

d]�G8]�lnen]� tÎjx¿sf]� kf/�df0fljs ef/�nfO{ cfwf/�e"t u'0f dfg]�sf lyP . kf/�df0fljs 
ef/�sf cfwf/�df k]�l/�of]�l8s tflnsf tof/� ubf{ w]�/�}� hl6ntf b]�vf k¥of]� . s]�xL tÎjx¿sf 
kf/�df0fljs ef/� PseGbf a9L x'G5g\, h:�t}� M C-12, C-13 /� C-14 sfa{gsf ¿kx¿ jf 
cfO;f]�6k x'g\ . logLx¿sf]�]� kf/�df0fljs ef/� j|mdzM 12, 13 /� 14 x'G5 . Pp6}� tÎjsf 
km/�s km/�s kf/�df0fljs ef/� ePsf k/�df0f'nfO{ cfO;f]�6K; elgG5 . s'g}� tÎjdf 
k|f]�6f]�gsf]� ;ª\Vof ;w}�F ;dfg x'G5 t/� Go'6«f]�gsf ;ª\Vof slxn]�sfxLF km/�s xg ;S5 . 
To:�tf]� cj:�yfdf cfO;f]�6f]�k aG5g\ . d]�G8]�lnesf]� k]�l/�of]�l8s lgod kf/�df0fljs ef/�df 
cfwfl/�t ePsf]� x'gfn]� Pp6}� tÎjsf ljleGg cfO;f]�6f]�knfO{ 5'6\6f5'6\6}� :�yfg x'g'kg]�{ xf]� 
t/� pgsf]� tflnsfdf Pp6f tÎjnfO{ Pp6}� dfq :�yfg /�x]�sf]� 5 . o;sf ;fy}� pgsf]� 
k]�l/�of]�8s lgodn]� tÎjx¿sf]� cGo s]�xL u'0fx¿ klg JofVof ug{ ;s]�sf]� kfOPg . 
o;sf lj:�t[t cWoog ub}�{ hfFbf j}�1flgsn]� tÎjx¿sf]� kf/�df0fljs ef/� cfwf/�e"t 
u'0f gePsf]� s'/�f k'li6 ub}�{ uP /� k]�l/�of]�l8s tflnsfsf]� gofF lgod vf]�hL ub}�{ uP .
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a]�nfotL j}�1flgs x]�G/�L df]�Hn]�

o;}� j|mddf ;g\ 1913 df a]�nfotL j}�1flgs x]�G/�L df]�Hn]� (Henry Moseley) n]� 
tÎjx¿sf]� u'0f kf/�df0fljs ef/�df geO{ kf/�df0fljs ;ª\Vofdf e/� kg]�{ tYo kQf 
nufP . o;}� tYosf cfwf/�df pgn]� cfw'lgs k]�l/�of]�l8s lgod k|ltkfbg u/�]� . cfw'lgs 
k]�l/�of]�l8s lgodnfO{ o;k|sf/� k|:�t't ug{ ;lsG5, ætÎjx¿sf ef}�lts / /�f;folgs 
u'0f ltgLx¿sf kf/�df0fljs ;ª\Vofsf]� k]�l/�of]�l8s sfo{:�j¿k x'G5g\ .Æ (The physical 
and chemical properties of the elements are periodic function of their 
atomic number.)

pSt k]�l/�of]�l8s lgodsf cfwf/�df pgn]� cfw'lgs k]�l/�of]�l8s tflnsf lgdf{0f u/�]�sf 
5g\, o;nfO{ cfw'lgs k]�l/�of]�l8s tflnsf jf nfdf]� ¿ksf]� k]�l/�of]�l8s tflnsf elgG5 . 
o; tflnsfdf tÎjx¿nfO{ kf/�df0fljs ;ª\Vofsf]� a9\bf]� j|mddf /�flvPsf]� 5 . cfw'lgs 
k]�l/�of]�l8s tflnsfdf klg p:�t}� u'0f ePsf tÎjx¿nfO{ Pp6}� 7f8f]� dxn (vertical 
column) df /�flvG5, h;nfO{ u|'k (group) elgG5 . To;}�u/�L tÎjsf]� kf/�df0fljs 
;ª\Vofsf]� a9\bf]� j|mddf t]�;f]�{ nx/� (horizontal row) df ldnfP/� /�flvG5 . o;nfO{ 
lkl/�o8 (period) elgG5 .
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cfw'lgs k]�l/�of]�l8s tflnsfsf ljz]�iftf (Characteristics of modern periodic 
table)

cfw'lgs k]�l/�of]�l8s tflnsfdf 7 cf]�6f lkl/�o8 /�x]�sf 5g\ . Pp6}� lkl/�o8df kg]�{ 
tÎjx¿sf]� kf/�df0fljs ;+/�rgfdf ;+o'Hotf ;"rs ;]�n -valence shell_ pxL x'G5 . 
cfw'lgs k]�l/�of]�l8s tflnsfsf ljz]�iftfnfO{ lgDgfg';f/� k|:t't ug{ ;lsG5 M

1.	 cfw'lgs k]�l/�of]�l8s tflnsf kf/�df0fljs ;ª\Vofsf]� a9\bf]� j|mddf /�flvPsf]� 5 .

2.	 cfw'lgs k]�l/�of]�l8s tflnsfdf 7 cf]�6f lkl/�o8 /� 18 cf]�6f u|'k /�x]�sf 5g\ .

lkl/�o8 klxnf]� bf]�;|f]� t]�;|f]� rf}�yf]� kfFrf}�“ 5}�6f}�“ ;ftf}�“

tŒjsf]� ;ª\Vof 2 8 8 18 18 32 32

lkl/�o8sf]� :�j¿k w]�/�}� 5f]�6f]� 5f]�6f]� 5f]�6f]� nfdf]� nfdf]� w]�/�}� nfdf]� w]�/�}� nfdf]�

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

IA IIA IIIB IVB VB VIB VIIB VIII IB IIB IIIA IVA VA VIA VIIA VIIIA

K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge AS Se Be Kr

3.	 IUPAC k|0ffnLcg';f/� cfw'lgs k]�l/�of]�l8s tflnsfnfO{ u|'k 1 b]�lv 18 ;Dd 
ljefhg ul/�Psf]� 5 .

4. 	 k]�l/�of]�l8s tflnsfsf]� afofFk6\l6 wft', bfofFk6\l6 cwft' /� lardf cw{wft' /�flvPsf]� 
5 .

5. 	 IUPAC k|0ffnLcg';f/ cNsfnL wft'nfO{ u'|k 1 df, cNsnfOg cy{ wft'nfO{ u|'k 
2 df, ;ª\j|md0f wft'nfO{ u|'k 3 b]�lv 12 df, x]�nf]�hg tÎjnfO{ u|'k 17 df /� 
lglij|mo Uof;nfO{ u|'k 18 df /�flvPsf]� 5 .

6.	 kf/�df0fljs ;ª\Vof 57 nfGyflgod (La) b]�lv kf/�df0fljs ;ª\Vof 71 ePsf]� 
n'6]�l6od (Lu) ;Ddsf 15 tÎjsf]� ;d"xnfO{ nfGyfgfO8\; (lanthanides) 
elgG5 . To;}�u/�L kf/�df0fljs ;ª\Vof 89 PlS6lgod (Ac) b]�lv kf/�df0fljs  
;ª\Vof 103 ePsf]� n/�]�lG;od (Lr) ;Ddsf 15 tÎjnfO{ PlS6gfO8\; (actinides) 
elgG5 . nfGyfgfO8\; /� PlS6gfO8\;nfO{ k]�l/�of]�l8s tflnsfsf]� tn 5'6\6}� 
/�flvPsf]� 5 .
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7.	 u|'k 3 b]�lv 12 ;Ddsf 10 cf]�6f ;Df"xdf /�x]�sf tÎjnfO{ ;lj|mo wft' /� cwft'sf 
lardf /�flvPsf]� 5 . logLx¿nfO{ ;ª\j|md0f wft' (transition metal) elgG5 .

8.	 pk;]�nsf]� On]�S6«f]�lgs ljGof;sf cfwf/�df tÎjnfO{ s, p, d /� f Ansdf juL{s/�0f 
ul/�Psf]� 5 .

lj|mofsnfk 14.2

cfw'lgs k]�l/�of]�l8s tflnsf cWoog ug'[{xf]�;\ . sf8{af]�8{ k]�k/� jf kmf]�6f]�skL k]�k/�df 
pSt tflnsf tof/� ug'{xf]�;\ . tflnsfdf cNsfnL wft', cNsnfOg cy{ wft', x]�nf]�hg, 
lglij|mo Uof;nufotsf tÎjx¿sf]� u|'kdf 5'6\6f5'6\6}� /�ª nufpg'xf]�;\ . tof/� ePsf]� 
tflnsfsf af/�]�df 5nkmn ug'{xf]�;\ .

lj|mofsnfk 14.3

tn lbOPsf]� h:�t}� tflnsfdf k/�df0fljs ;ª\Vof 1 b]�lv 20 ;Ddsf tÎjnfO{ /�fv]�/� 
Pp6f k]�l/�of]�l8s tflnsf lgdf{0f ug'{xf]�;\ . pSt tflnsfdf cNsfnL wft', cNsnfOg 
cy{ wft', x]�nf]�hg tÎj /� lglij|mo Uof;nfO{ km/�s km/�s /�ªaf6 b]�vfpg'xf]�;\ .

1 2 13 14 15 16 17 18

pk;]�nsf cfwf/�df tŒjx¿sf]� On]�S6«f]�lgs ljGof; (Electronic configuration of 
elements based on sub shells)

s'g}� klg k/�df0f'df Go'lSno;sf]� jl/�kl/� On]�S6«f]�gx¿ 3'Dg]� af6f]�nfO{ ;]�n jf clj{6 
elgG5 . k|To]�s ;]�ndf Ps jf w]�/�}� ;a;]�n /�x]�sf x'G5g\ . k|To]�s ;a;]�ndf Ps jf 
PseGbf w]�/�}� clj{6n (Orbital) x¿ /�x]�sf x'G5g\ . clj{6ndf g}� On]�S6«f]�g /�x]�sf x'G5g\ .
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;]�nsf cfwf/�df ul/�g]� On]�S6«f]�g ljGof;n]� tÎjx¿sf ;a}� ljz]�iftf JofVof ug{ 
g;s]�kl5 j}�1flgsn]� uxg cWoog u/�L pk;]�nsf cfwf/�df tÎjx¿sf k/�df0f'sf]� 
On]�S6«f]�lgs ljGof; ug{ yfn]�sf x'g\ . K, L, M / N ;]�nx¿df j|mdzM 1, 2, 3 /� 4  
;ª\Vofdf pk;]�nx¿ /�x]�sf x'G5g\ . K ;]�ndf x'g]� pk;]�nnfO{ 1s, L ;]�ndf x'g]� pk;]�nnfO{ 
2s /� 2p, M ;]�ndf x'g]� pk;]�nnfO{ 3s, 3p /� 3d / N ;]�ndf x'g]� pk;]�nnfO{ 4s, 4p, 
4d /� 4f n]� hgfOG5 . s, p, d /� f pk;]�ndf j|mdzM 2, 6, 10 /� 14 On]�S6«f]�g /�xg ;Sg]� 
Ifdtf /�x]�sf]� x'G5 . 

tflnsf 14.4 a

pk;]�n ;]�n pk;]�n ;]�ndf x'g]� hDdf On]�S6«f]�g

1 K 1s2 2
2 L 2s2, 2p6 8
3 M 2s2, 2p6, 3d10 18
4 N 4s2, 4p6, 4d10, 4f14 32

tflnsf 14.4 b ;]�n /� ;a;]�nsf cfwf/�df tŒjx¿sf]� On]�S6«f]�g ljGof; M

kf/�df0fljs 
;ª\Vof

tŒjsf]� 
gfd ;ª\s]�t

On]�S6«f]�lgs ljGof;

;]�nsf cfwf/�df ;a;]�nsf cfwf/�df
K L M N

1 xfO8«f]�hg H 1 1s1

2 lxlnod He 2 1s2

3 lnlyod Li 2 1 1s2, 2s1

4 a]�l/�lnod Be 2 2 1s2, 2s2

5 af]�/�f]�g B 2 3 1s2, 2s22p1

6 sfa{g C 2 4 1s2, 2s22p2

7 gfO6«f]�hg N 2 5 1s2, 2s22p3

8 clS;hg O 2 6 1s2, 2s22p4

9 ˆnf]�l/�g F 2 7 1s2, 2s22p5

10 lgof]�g Ne 2 8 1s2, 2s22p6
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11 ;f]�l8od Na 2 8 1 1s2, 2s22p6, 3s1

12 DofUg]�l;od Mg 2 8 2 1s
2
, 2s

2
2p

6
, 3s

2

13 cflNdlgod Al 2 8 3 1s
2
, 2s

2
2p

6
, 3s

2
3p

1

14 l;lnsg Si 2 8 4 1s
2
, 2s

2
2p

6
, 3s

2
3p

2

15 km:�kmf]�/�; P 2 8 5 1s
2
, 2s

2
2p

6
, 3s

2
3p

3

16 ;Nkm/� S 2 8 6 1s
2
, 2s

2
2p

6
, 3s

2
3p

4

17 Snf]�l/�g Cl 2 8 7 1s
2
, 2s

2
2p

6
, 3s

2
3p

5

18 cfu{g Ar 2 8 8 1s
2
, 2s

2
2p

6
, 3s

2
3p

6

19 kf]�6fl;od K 2 8 8 1 1s
2
, 2s

2
2p

6
, 3s

2
3p

6
, 4s

1

20 SoflN;od Ca 2 8 8 2 1s
2
, 2s

2
2p

6
, 3s

2
3p

6
, 4s

2

;a;]�nsf cfwf/�df On]�S6«f]�g ljGof; ug]�{ k|lj|mofnfO{ Aufbau sf]� l;4fGtn]� lgb]�{z 
u5{ . Aufbau sf]� l;4fGtcg';f/� w]�/�}� zlSt ePsf ;a;]�neGbf klxn]� Go"g zlSt 
ePsf ;a;]�nx¿df On]�S6«f]�g el/�G5 . pgsf cg';f/� ;a;]�ndf On]�S6«f]�g el/�g]� j|md 
b]�xfPcg';f/� /�x]�sf]� 5 M

Go"g zlStb]�lv w]�/�}� zlSt ePsf ;a;]�nsf]� j|md lgDgcg';f/� 5 M

1s, 2s 2p, 3s 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f, 5d, 6p........

s, p, d /� f ;a;]�ndf c6\g ;Sg]� clwstd On]�S6«f]�gsf]� ;ª\Vof j|mdzM 2, 6, 10 /� 14 
x'G5 . 1s ;a;]�n k"0f{ geO{ 2s df On]�S6«f]�g eg{ ;lsFb}�g . To:�t}� j|mdzM 1s, 2s 2p, 
3s 3p, 4s, 3d, 4p, 5s, 4d, 5p, 6s, 4f, 5d, 6p....df On]�S6«f]�g eg{'k5{ .
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lj|mofsnfk 14.4

tflnsf cWoog u/�L k"/�f ug'{xf]�;\ M

;]�n ;a;]�n
;a;]�ndf /�xg]� clwstd 

On]�S6«f]�gsf]� ;ª\Vof
;]�ndf /�xg]� clwstd 

On]�S6«f]�g ;ª\Vof

K 1s 2 2
L 2s

2 + 6 = 8
2p 6

M 3s
3p
3d 10

N 4s
4p
4d
4f 14

tkfO{Fn]� tof/� ug{'ePsf]� tflnsf cWoog u/�L ;]�ndf x'g]� On]�S6«f]�g ljGof; /� pk;]�ndf 
x'g]� On]�S6«f]�g ljGof;sf]� ;DaGw JofVof ug'{xf]�;\ .

cfw'lgs k]�l/�of]�l8s tflnsfdf tŒjx¿sf]� juL{s/�0f (Classification of elements 
in modern periodic table)

cfw'lgs k]�l/�of]�l8s tflnsfdf tÎjnfO{ ltgLx¿sf]� u'0fsf cfwf/�df ljleGg u|'kdf 
juL{s/�0f ul/�Psf]� 5 M

lj|mofsnfk 14.5

-s_	 xfO8«f]�hg, cNsfnL wft' /� x]�nf]�hg tÎjsf]� On]�S6«f]�lgs ljGof; n]�Vg'xf]�;\ .

-v_	 xfO8«f]�hg, x]�nf]�hg /� cNsfnL wft'sf]� On]�S6«f]�lgs ljGof;sf lardf s]� s]� 
;dfgtf b]�lvG5g\, n]�Vg'xf]�;\ .

-u_	 To:�t}� xfO8«f]�hg, x]�nf]�hg /� cNsfnL wft'sf lardf s]� s]� leGgtf b]�lvG5g\, 
n]�Vg'xf]�;\ .
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-3_	 o;sf cfwf/�df xfO8«f]�hgnfO{ s'g ;d"xdf /�fVbf pko'St x'G5, 5nkmnaf6 
tfls{s lgisif{ lgsfn]�/� k|:�t't ug{'xf]�;\ .

wft', cwft' /� cw{wft' (Metals, non-metals and metalloids)

wflTjs u'0fsf cfwf/�df tÎjnfO{ wft', cw{wft' /� cwft' u/�L tLg ;d"xdf juL{s/�0f 
ul/�Psf]� 5 .

wft' (Metal)

k]�l/�of]�l8s tflnsfdf wft'x¿ afofFlt/� 5g\ . u|'k 1 b]�lv 13 -af]�/�f]�gafx]�s_ sf tÎjx¿ 
wft' x'g\ . u|'k 2 /� 3 sf wft'x¿ cNsfnL wft'eGbf s]�xL sd ;lj|mo x'G5g\ . u|'k 
3 b]�lv 12 ;Ddsf tÎjx¿ sd ;lj|mo ;ª\j|md0f wft' x'g\, h:�t}� M Fe, Co, Ni, Ag, 
Au, Hg, Zn cflb . logLx¿sf]� u'0f ;lj|mo wft' /� cwft'sf lardf kg]�{ ePsfn]� ;ª\
j|md0f wft' (transitional metal) elgPsf]� xf]� . wft'x¿ ljB't\ /� tfksf ;'rfns  
x'G5g\ .

;]�nsf cfwf/�df On]�S6«f]�g ljGof; ubf{ k/�df0f'sf]� aflx/�L ;]�ndf Pp6f On]�S6«f]�g x'g]� 
tÎjx¿ u|'k 1 df k5{g\ . o; u|'kdf Li, Na, K nufotsf tÎjx¿ k5{g\ . oL tÎjx¿ 
;lj|mo wft' x'g\ . kfgL;Fu k|ltlj|mof u/�L s8f cNsfnL agfpg]� ePsfn]� oL wftx'¿nfO{ 
cNsfnL wft' klg elgG5 . oL tÎjx¿sf aflx/�L ;]�n -valence shell_ sf]� On]�S6«f]�g 
ljGof;nfO{ ns1 n]� hgfpg]� ul/�G5 hxfF n n]� ;]�nnfO{ hgfpF5 . pbfx/�0fsf nflu 
;f]�l8od -Na_ sf]� On]�S6«f]�g ljGof; 1s2, 2s22p6, 3s1 x'G5 . o; ;d"xsf tÎjx¿ 
g/�d /� sd 3gTjsf x'G5g\ .

;]�nsf cfwf/�df On]�S6«f]�g ljGof; ubf{ k/�df0f'sf]� aflx/�L ;]�ndf b'O{cf]�6f On]�S6«f]�g x'g]� 
tÎjx¿ u|'k 2 df k5{g\ . o; u|'kdf Mg, Ca nufotsf tÎjx¿ k5{g\ . oL tÎjx¿sf]� 
Eofn]�G; ;]�n -valence shell_ sf]� On]�S6«f]�g ljGof;nfO{ ns2 n]� hgfpg]� ul/�G5 . 
pbfx/�0fsf nflu DofUg]�l;od -Mg_ sf]� On]�S6«f]�g ljGof; 1s2, 2s22p6, 3s2 x'G5 . 
o; ;d"xsf]� tÎjx¿nfO{ cNsnfOg cy{ wft' (Alkaline earth metal) klg elgG5 
lsgls oL wft'sf xfO8«f]�cS;fO8 kfgLdf 3'ngzLn x'G5g\ /� oL wft'x¿ k[YjLsf]� 
;txdf kfOG5g\ .
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cwft' (Non-metal)

k]�l/�of]�l8s tflnsfsf]� bfofFlt/� cwft'x¿ /�flvPsf]� 5 . o;}�u/�L u|'k 15, 16, 17 /� 
18 ;d"xdf /�x]�sf tÎjx¿ cwft' x'g\ . cwft'x¿ ljB't\ /� tfksf s'rfns x'G5g\ .

;]�nsf cfwf/�df On]�S6«f]�g ljGof; ubf{ k/�df0f'sf]� aflx/�L ;]�ndf ;ftcf]�6f On]�S6«f]�g 

x'g]� tÎjx¿ u|'k 17 df k5{g\ . o; u|'kdf F, Cl, Br, I nufotsf tÎjx¿ k5{g\ . o; 

u|'ksf tÎjx¿ ;lj|mo cwft' x'g\ . logLx¿sf]� aflx/�L ;]�ndf cS6]�6 k"/�f x'g Pp6f 

dfq On]�S6«f]�g cfjZos kg]�{ ePsfn]� logLx¿n]� cGo tÎjsf]� k/�df0f'af6 On]�S6«f]�g lnO{ 

/�f;folgs k|ltlj|mofdf ;lj|mo ¿kdf efu lng ;S5g\ . oL tÎjx¿sf]� aflx/�L ;]�n 

-valence shell_ sf]� On]�S6«f]�g ljGof;nfO{ ns2np5 n]� hgfpg]� ul/�G5 . pbfx/�0fsf 

nflu Snf]�l/�g -Cl_ sf]� On]�S6«f]�g ljGof; 1s2, 2s22p6, 3s23p5 x'G5 . o; ;d"xsf 

tÎjx¿ (F, Cl, Br, I) nfO{ x]�nf]�hg klg elgG5 . o; ;d"xsf tÎjx¿ g/�d /� sd 

3gTjsf x'G5g\ . oL cwft'x¿ clt ;lj|mo x'G5g\ .

;]�nsf cfwf/�df On]�S6«f]�g ljGof; ubf{ k/�df0f'sf]� aflx/�L ;]�ndf cf7cf]�6f On]�S6«f]�g 

x'g]� tÎjx¿ u|'k 18 df k5{g\ . He sf]� klxnf]� ;]�n g}� clGtd ;]�n ePsf]� x'Fbf b'O{cf]�6f 

On]�S6«f]�g eP klg ;]�n k"0f{ ePsfn]� o;nfO{ u'|k 18 df g}� /�flvG5 . o; u|'kdf He, 
Ne, Ar, Kr, Xe, Rn nufotsf tÎjx¿ k5{g\ . oL tÎjx¿sf]� Eofn]�G; ;]�n -valence 
shell_ sf]� On]�S6«f]�g ljGof;nfO{ ns2np6 n]� hgfpg]� ul/�G5 . pbfx/�0fsf nflu cfu{g 

-Ar_ sf]� On]�S6«f]�g ljGof; 1s2, 2s22p6, 3s23p6 x'G5 . o; ;d"xsf tÎjnfO{ gf]�an 

Uof; jf lglij|mo Uof; -Inert gas_ elgG5 . oL tÎjx¿sf aflx/�L ;]�n cS6]�6 

cj:�yfdf ePsf]� x'gfn]� cGo kbfy{;Fu /�f;folgs k|ltlj|mof ub}�{gg\ To;}�n]� logLx¿nfO{ 

lglij|mo Uof; elgPsf]� xf]� .

cw{wft' (Metalloid)

k]�l/�of]�l8s tflnsfdf wft' /� cwft'sf lar efudf /�x]�sf t/� s]�xL u'0f wft'sf]� h:�tf]� 

/� s]�xL cGo u'0f cwft'sf]� h:�tf]� b]�vfpg]� tÎjnfO{ cw{wft' elgG5 . logLx¿n]� 

cf+l+zs ¿kdf ljB''t\ k|jfx u5{g\ . logLx¿sf]� ;'rfng Ifdtf wft'sf]� eGbf sd /� 

cwft'sf]� eGbf a9L x'G5 . l;lnsg (Si), hd]�{lgod (Ge), lj:�dy (Bi) cflb cw{wft'  

x'g\ .
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lj|mofsnfk 14.6

cfw'lgs k]�l/�of]�l8s tflnsf cWoog ug'{xf]�;\ . rf6{k]�k/� jf kmf]�6f]�skL k]�k/�df ;d"x IA 
b]�lv O ;d"x ;Ddsf kf/�df0fljs ;ª\Vof 20 ;Ddsf tÎjx¿ ePsf]� tflnsf agfO{ 
;a}� tÎjx¿ eg'{xf]�;\ . o;/�L ebf{ wft', cwft' /� cw{ wft'sf]� gfd km/�s km/�s /�ªsf 
;fOgk]�gn]� n]�Vg'xf]�;\ . tkfO{Fn]� agfPsf]� k]�l/�of]�l8s tflnsfsf]� gd'gf sIffsf]�7fdf 
k|:�t't ug'{xf]�;\ .

k]�l/�ofl8s tflnsfdf /�xsf lkl/�o8 /� u|'ksf ljz]�iftf (Characteristics of period 
and group in periodic table)

tÎjsf ljz]�iftf pSt tÎj /�x]�sf]� k]�l/�of]�l8s tflnsfsf]� u|'k /� lkl/�o8df lge{/� /�xG5 . 
jf:�tjdf oxL sf/�0fn]� g}� tÎjx¿sf]� cWoog ug{ k]�l/�of]�l8s tflnsf dxÎjk"0f{ ePsf]� 
xf]� . k]�l/�of]�l8s tflnsfdf /�x]�sf]� lkl/�o8 /� u|'ksf 5'6\6}� ljz]�iftf x'G5g\ .

-s_ ;+o'Hotf (Valency)

k/�df0f'sf]� ;a}�eGbf aflx/�L ;]�nnfO{ Eofn]�G; ;]�n elgG5 . Eofn]�G; ;]�ndf ePsf 
On]�S6«f]�gnfO{ Eofn]�G; On]�S6«f]�g elgG5 . lkl/�o8sf]� afofFaf6 bfofF hfFbf tÎjx¿sf]� 
On]�S6«f]�g ljGof;df kl/�jt{g x'Fb}� hfG5 . ;]�nx¿sf]� ;ª\Vof pxL eP klg aflx/�L ;]�ndf 
On]�S6«f]�gsf]� ;ª\Vof ylkFb}� hfG5 h:�fn]� ubf{ Pp6}� lkl/�o8df /�x]�sf tÎjx¿sf]� ;+o'Hotf 
km/�s km/�s x'G5 . To;}�n]� s'g}� klg lkl/�o8sf]� u|'k IA b]�lv VIIA jf 0 u|'k;Dd hfFbf 
tÎjsf]� ;+o'Hotf j|mdzM 1, 2, 3, 4, 3, 2, 1 /� 0 x'G5 .

s'g}� tÎjsf]� ;+o'Hotf Eofn]�G; On]�S6«f]�gsf]� ;ª\Vofn]� lgwf{/�0f u5{ . Pp6}� u|'kdf kg]�{ 
;a}� tÎjx¿sf]� ;+o'Hotf Pp6}� x'G5 . u|'k IA /� VIIA sf tÎjsf]� ;+o'Hotf 1, u|'k 
IIA /� VIA sf tÎjx¿sf ;+o'Hotf 2 x'G5 . To;}�u/�L u|'k IIIA /� VA sf tÎjx¿sf 
;+o'Hotf ;fdfGotM 3 x'G5 .

lj|mofsnfk 14.7

cfw'lgs k]�l/�of]�l8s tflnsfdf ;d"x IA /� 3rd k]�l/�of]�8df kg]�{ tÎjx¿sf]� gfd k]�l/�of]�l8s 
tflnsfdf n]�lvP h:�t}� 7f8f]� dxn /� t]�;f]�{ nx/�df n]�Vg'xf]�;\ . pSt tÎjx¿sf]� On]�S6«f]�lgs 
ljGof; n]�Vg'xf]�;\ . ;]�nsf]� ;ª\Vof /� ;+o'Hotfsf cfwf/�df oL tÎjsf lardf ;dfgtf 
/� c;dfgtf n]�Vg'xf]�;\ .
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o;sf cfwf/�df k]�l/�of]�l8s tflnsfdf u|'kdf dflyaf6 tn hfFbf /� k]�l/�of]�8df afofFaf6 
bfofFtkm{ hfFbf ;+o'Hotfdf s]� kl/�jt{g cfpF5, lgisif{ lgsfNg'xf]�;\ .

-v_ kf/�df0fljs ;fOh (Atomic size)

s'g}� klg lkl/�o8sf]� afofFaf6 bfofF hfFbf tÎjx¿sf]� kf/�df0fljs cfsf/� (atomic 
size) 36\b}� hfG5 . kf/�df0fljs ;ª\Vof a9\b}� hfFbf tÎjsf]� k|f]�6f]�g, Go'6«f]�g /� On]�S6«f]�gsf]�  
;ª\Vof t a9\b}� hfG5 t/� ;]�nsf]� ;ª\Vof eg]� ga9\g]� ePsfn]� a9]�sf]� On]�S6«f]�g ;f]�xL 
;]�ndf ylkFb}� hfG5 . To:�t}� k|f]�6f]�g /� Go'6«f]�gsf]� ;ª\Vof a9]�;Fu}� Go'lSno;sf]� wgfTds 
;ª\Vof a9\5 /� cfˆgf]� jl/�kl/�sf ;]�nnfO{ a9L cfsif{0f zlStn]� tfGg yfN5 . kmn:�j¿k 
k/�df0f'x¿ v'lDrg yfN5g\ . To;}�n]� u|'k 1 b]�lv 18 ;Dd hfFbf tÎjsf k/�df0f'sf]� 
cfsf/� 36\b}� hfG5 .

k/�df0f'sf]� Go'lSno;b]�lv Eofn]�G; ;]�n;Ddsf]� b'/�Ln]� kf/�df0fljs ;fOh lgwf{/�0f u5{, 
h:�t}� M lnlyoddf K /� L b'O{cf]�6f dfq ;]�n x'G5 eg]� ;f]�l8oddf K, L /� M u/�L tLgcf]�6f 
;]�nx¿ x'g]� ePsfn]� klxnf]� u|'kdf kg]�{ lnlyodsf]� eGbf ;f]�l8odsf]� ;fOh 7'nf]� x'G5 .

lj|mofsnfk 14.8

1. 	 Li, Be, B, N /� C tÎjx¿sf kf/�df0fljs ;+/�rgfsf]� lrq agfpg'xf]�;\ .

2.	 pSt tÎjx¿nfO{ a9\bf]� kf/�df0fljs ;fOhsf]� j|mddf /�fVg'xf]�;\ .

3. 	 K, Li /� Na sf]� kf/�df0fljs ;+/�rgfsf]� lrq agfpg'xf]�;\ .

4. 	 logLx¿nfO{ klg a9\bf]� kf/�df0fljs ;fOhsf j|mddf n]�Vg'xf]�;\ .

5. 	 o;sf cfwf/�df k]�l/�of]�l8s tflnsfsf]� u|'kdf dflyaf6 tn hfFbf /� k]�l/�of]�8df 
afofFaf6 bfofFtkm{ hfFbf kf/�df0fljs ;fOhdf s]� kl/�jt{g cfpF5, lgisif{ 
lgsfNg'xf]�;\ .

-u_ 	 On]�S6«f]�kf]�h]�l6le6L /� On]�S6«f]�g]�u]�l6le6L (Electropositiviy and 
electronegativity

tÎjx¿sf]� Eofn]�G; ;]�naf6 On]�S6«f]�g 5f]�8]�/� wgfTds cfof]�g agfpg ;Sg]� u'0fnfO{ 
On]�S6«f]�kf]�h]�l6le6L elgG5 . tÎjx¿sf]� Eofn]�G; ;]�ndf On]�S6«f]�g k|fKt u/�]�/� C0ffTds 
cfof]�g agfpg ;Sg]� u'0fnfO{ On]�S6«f]�g]�u]�l6le6L elgG5 . s'g}� klg lkl/�o8sf]� afofFaf6 
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bfofF hfFbf tÎjsf]� k/�df0f'sf]� cfsf/� 36\b}� hfg]� ePsfn]� On]�S6«f]�g lbg ;Sg]� Ifdtfdf 
sdL x'Fb}� hfG5 eg]� On]�S6«f]�g lng ;Sg]� Ifdtfdf j[l4 x'Fb}� hfG5 . o;n]� ubf{ s'g}� klg 
lkl/�o8sf]� u|'k 1 b]�lv 18 ;Dd hfFbf tÎjsf]� On]�S6«f]�kf]�lhl6le6L jf wft'sf]� u'0f 36\b}� 
hfG5 eg]� On]�S6«f]�g]�u]�l6le6L jf cwft'sf]� u'0f a9\b}� hfG5 .

k]�l/�of]�l8s tflnsfsf]� u|'kdf dflyaf6 tnlt/� hfFbf k/�df0f'sf]� ;fOh a9\b}� hfg]� ePsfn]� 
tÎjx¿n]� On]�S6«f]�g 5f]�8\g ;Sg]� Ifdtf klg a9\b}� hfG5 /� On]�S6«f]�kf]�h]�l6le6L u'0f klg 
a9\b}� hfG5 . t/� kf/�df0fljs ;fOh a9\bf Go'lSno;af6 Eofn]�G; ;]�nsf]� b'/�L a9\b}� 
hfg]� /� On]�S6«f]�g k|fKt ug]�{ Ifdtf sd x'Fb}� hfg]� ePsfn]� tÎjx¿sf]� On]�S6«f]�g]�u]�l6le6L 
sd x'Fb}� hfG5 .

lj|mofsnfk 14.9

1.	 i. 	 Na, Mg, Al, Si, P, S /� Cl tÎjx¿sf]� On]�S6«f]�lgs ljGof; n]�Vg'xf]�;\ .

	 ii. 	 pSt tÎjx¿nfO{ a9\bf]� On]�S6«f]�g]�u]�l6lel6sf j|mddf n]�Vg'xf]�;\ .

	 iii. 	 To:�t}� oL tÎjx¿nfO{ a9\bf]� On]�S6«f]�kf]�lhl6le6Lsf j|mddf n]�Vg'xf]�;\ .

2. 	 i.	 To:�t}� Be, Mg, Ca sf]� On]�S6«f]�lgs ljGof; n]�Vg'xf]�;\ .

	 ii.	 pSt tÎjx¿nfO{ a9\bf]� On]�S6«f]�kf]�lhl6le6Lsf j|mddf n]�Vg'xf]�;\ .

k]�l/�of]�l8s tflnsfsf]� ;d]�t cjnf]�sg /� cWoog u/�L of]� lj|mofsnfksf]� lGfisif{ n]�v]�/� 
sIffdf k|:�t't ug{'xf]�;\ .

-3_ /�f;folgs ;lj|motf (Chemical reactivity)

k]�l/�of]�l8s tflnsfsf]� lkl/�o8df afofFaf6 bfofFlt/� hfFbf wft'x¿sf]� /�f;folgs ;lj|motf 
36\b}� hfG5 eg]� cwft'x¿sf]� /�f;folgs ;lj|motf a9\b}� hfG5 . t/� lkl/�o8sf]� ;a}�eGbf 
bfofFsf]� tÎj eg]� lglij|mo x'G5 . pbfx/�0fsf nflu cfw'lgs k]�]�l/�of]�l8s tflnsfsf]� t]�;|f]� 
lkl/�o8sf]� cWoog u/�f}�+F M

kf/�df0fljs ;ª\Vof 11 12 13 14 15 16 17 18

tŒj Na Mg Al Si P S Cl Ar

Eofn]�G; On]�S6«f]�gsf]� ;ª\Vof 1 2 3 4 5 6 7 8

Eofn]�G;L 1 2 3 4 3 2 1 0
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t]�;|f]� lkl/�o8sf]� afofFaf6 bfofF hfFbf tÎjx¿sf]� kf/�df0fljs ;ª\Vof a9\b}� uPsf]� b]�Vg 
;S5fF}� . ;fy}� tÎjsf]� k|f]�6f]�g, Go'6«f]�g /� On]�S6«f]�gsf]� ;ª\Vof klg a9\b}� hfG5 . t/� ;]�nsf]� 
;ª\Vof eg]� a9]�sf]� 5}�g . a9]�sf]� On]�S6«f]�gx¿ ;f]�xL ;]�ndf ylkFb}� uPsf]� 5 . Go'lSno;leq 
k|f]�6f]�gsf]� ;ª\Vof a9\5 h:�fn]� ubf{ Go'lSno;sf]� cfsif{0f zlSt a9\b}� hfG5 /� cfˆgf]� 
jl/�kl/�sf ;]�ndf ePsf]� On]�S6«f]�gnfO{ a9L cfsif{0f zlStn]� tfGg yfN5 . k/�df0f'x¿ 
v'lDrg yfN5g\ . To;}�n]� dfly b]�vfOPsf]� t]�;|f]� lkl/�o8sf]� ;a}�eGbf 7'nf]� ;fOh ePsf]� 
tÎj ;f]�l8od xf]� . To;}�n]� t]�;|f]� lkl/�o8sf]� ;a}�eGbf On]�S6«f]�kf]�lhl6e jf clt ;lj|mo wft' 
;f]�l8od xf]� eg]� ;a}�eGbf ;fgf]� cfu{g xf]� t/� cfu{g lglij|mo Uof; ePsfn]� ;a}�eGbf 
On]�S6«f]�g]�u]�l6e jf clt ;lj|mo cwft' Snf]�l/�g xf]� .

k]�l/�of]�l8s tflnsfsf]� u|'kdf dflyaf6 tnlt/� hfFbf wft'sf]� /�f;folgs ;lj|motf a9\b}� 
hfG5 eg]� cwft'sf]� /�f;folgs ;lj|motf 36\b}� hfG5 . tflnsfdf dflyaf6 tnlt/� 
hfFbf wft'sf kf/�df0fljs ;fOh a9\b}� hfg]� /� On]�S6«f]�g ;lhn}� 5f]�8\g ;Sg]� ePsfn]� 
/�f;folgs ;lj|motf a9\b}� uPsf]� xf]� . pbfx/�0fsf nflu u|'k 2 sf tÎjx¿sf]� /�f;folgs 
;lj|motfsf]� j|md Be<Mg<Ca x'G5 . cwft'x¿sf kf/�df0fljs ;fOh a9\bf On]�S6«f]�g 
k|fKt ug{ ufx|f]� x'g]� ePsfn]� cwft'x¿sf]� /�f;folgs ;lj|motf tflnsfsf]� dflyaf6 
tnlt/� hfFbf 36\b}� hfG5 . pbfx/�0fsf nflu u|'k 16 sf tÎjx¿sf]� /�f;folgs 
;lj|motfsf]� j|md O>S>Se x'G5 .

kl/�of]�hgf sfo{

1. 	 df6f]� jf sfuh jf cGo pko'St ;fdu|L k|of]�u u/�L lnlyod, ;f]�l8od, 
kf]�6fl;odsf kf/�df0fljs gd'gf tof/� ug'{xf]�;\ . o;/�L gd'gf tof/� ubf{ 
lnlyodeGbf ;f]�l8od /� ;f]�l8odeGbf kf]�6fl;odsf]� ;fOh 7'nf]� agfpg'xf]�;\ . 
tL gd'gfsf cjnf]�sg u/�L k]�l/�of]�l8s tflnsfsf]� 1 ;d"xsf ljz]�iftf 5nkmn 
ug'{xf]�;\ .

2. 	 df6f]� jf sfuh jf cGo pko'St ;fdu|L k|of]�u u/�L lnlyod, a]�l/�lnod, af]�/�f]�g, 
sfa{g, gfO6«f]�hgnufot bf]�;|f]� lkl/�o8sf tÎjx¿sf kf/�df0fljs ;+/�rgfsf]� 
gd'gf tof/� ug'{xf]�;\ . gd'gfsf cfwf/�df bf]�;|f]� lkl/�o8sf ljz]�iftf 5nkmn 
ug'{xf]�;\ . ;fy}� lgdf{0f ul/�Psf]� ;fdu|L sIffdf k|:�t't ug{'xf]�;\ .
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cEof;

1. 	 tnsf k|Zgsf]� ;xL ljsNk 5gf]�6 ug'{xf]�;\ M

-s_	 On]�S6«f]�lgs ljGof; 1s2, 2s22p3 ePsf]� tÎj cfw'lgs k]�l/�of]�l8s tflnsfsf]� 
s'g u|'kdf k5{ <

-c_ 13 				    -cf_ 3
-O_ 15 				    -O{_ 5

-v_	 cfw'lgs k]�l/�of]�l8s tflnsfsf]� u|'k 2 /� 13 lardf /�x]�sf tÎjnfO{ s]� 
elgG5 <

-c_ cNsfnL wft' 		  -cf_ ;ª\j|md0f wft'

-O_ cNsnfOg cy{ wft' 		 -O{_ /�]�o/� cy{ wft'

-u_ 	tnsf dWo]� ;a}�eGbf lj|mofzLn cwft' s'g xf]� <

-c_ ˆnf]�l/�g 			   -cf_ Snf]�l/�g

-O_ a|f]�ldg 			   -O{_ cfof]�l8g

-3_ 	tnsf dWo]� ;a}�eGbf lj|mofzLn wft' s'g xf]� <

-c_ lnlyod 			   -cf_ ;f]�l8od

-O_ kf]�6fl;od 			   -O{_ l;lhod

-ª_	 cfw'lgs k]�l/�of]�l8s tflnsfdf lglij|mo Uof; -inert gas_ s'g u|'kdf 
k5{g\ <

-c_ 18 				    -cf_ 1
-O_ 7 				    -O{_ 17

-r_	 tnsf dWo]� s'g ;d"xn]� tÎjsf]� wft' u'0f a9\b}� hfg]� plrt j|md ;ª\s]�t 
u5{ <

-c_ Be<Mg<Ca 			   -cf_ Na<Li<K
-O_ Mg<Al<Si			    -O{_ C<O<N



lj1fg tyf k|ljlw M sIff !) 379

-5_	 tflnsfdf tÎjx¿ A, B, C /� D sf :�yfgx¿ b]�vfOPsf]� 5 . s'g tÎjn]� 
cDnLo cS;fO8 agfpg ;S5 <

-c_ A 				    -cf_ B
-O_ C 				    -O{_ D

2. 	 sf/�0f lbg'xf]�;\ M

-s_	 tÎjx¿sf]� juL{s/�0f ug{ cfjZos 5 .

-v_	 cfw'lgs k]�l/�of]�l8s tflnsfsf]� s'g}� klg Uf|'kdf dflyaf6 tn hfFbf 
tÎjx¿sf]� cfsf/� a9\5 .

-u_	 cfw'lgs k]�l/�of]�l8s tflnsfsf]� s'g}� klg lkl/�o8df afofFaf6 bfofF hfFbf 
tÎjx¿sf]� cfsf/� 36\5 .

-3_	 cfw'lgs k]�l/�of]�l8s tflnsfdf xfO8«f]�hg cwft' xf]� t/� klg o;nfO{ wft'sf]� 
;d"xdf /�flvPsf]� 5 .

-ª_	 ;f]�l8odeGbf kf]�6fl;od a9L lj|mofzLn x'G5 .

-r_	 Snf]�l/�geGbf ˆnf]�l/�g a9L lj|mofzLn x'G5 .

-5_	 cfw'lgs k]�l/�of]�l8s tflnsfsf]� s'g}� klg lkl/�o8df afofFaf6 bfofF hfFbf 
tÎjx¿sf wft'sf]� u'0f 36\b}� /� cwft'sf]� u'0f a9\b}� hfG5 .

-h_	 lglij|mo Uof;nfO{ u|'k z"Godf /�flvPsf]� 5 .

-em_	 lrqdf k]�l/�of]�l8s tflnsfsf]� s'g}� Pp6f v08 b]�vfOPsf]� 5 < o;df 
afofFaf6 bfofFlt/� hfFbf j|mdzM k/�df0f'sf]� cfsf/�df s]� km/�s k5{, sf/�0f 
n]�Vg'xf]�;\ .

1 2 13 14 15 16 17 18
Li Be B C N O F Ne
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3. 	 km/�s n]�Vg'xf]�;\ M

-s_ 	u|'k /� lkl/�o8

-v_ 	Snf]�l/�g /� ;f]�l8od

-u_ 	u|'k 1 /� u|'k 17 sf tÎjx¿

-3_ 	On]�S6«f]�g]�u]�l6le6L /� On]�S6«f]�kf]�lhl6le6L

4. 	 tnsf k|Zgsf]� pQ/� lbg'xf]�;\ M

-s_	 cfw'lgs k]�l/�of]�l8s lgod n]�Vg'xf]�;\ .

-v_	 cfw'lgs k]�l/�of]�l8s tflnsfdf sltcf]�6f u|'k /� lkl/�o8 5g\ <

-u_	 cfw'lgs k]�l/�of]�l8s tflnsfdf ;f]�l8odsf]�]� :�yfg n]�Vg'xf]�;\ . o;nfO{ cNsfnL 
wft' elgg'sf]� sf/�0f s]� xf]� <

-3_	 lbOPsf tÎjx¿sf]� cfw'lgs k]�l/�of]�l8s tflnsfdf :�yfg n]�Vg'xf]�;\ M cNsfnL 
wft', cNsnfOg cy{ wft', lglij|mo Uof;, ;ª\j|md0f wft', NofGy]�gfO8;, 
PlS6gfO8;

-ª_	 ;Nkm/�sf]� On]�S6«f]�lgs ljGof; n]�vL cfw'lgs k]�l/�of]�l8s tflnsfdf o:�fsf]� 
:�yfg n]�Vg'xf]�;\ .

-r_	 cfw'lgs k]�l/�of]�l8s tflnsfdf d'VotofM s]�sf cfwf/�df u|'k /� k]�l/�of]�8  
5'6\ofOPsf]� x'G5 <

-5_	 ˆnf]�l/�g, Snf]�l/�g /� a|f]�ldg k]�l/�of]�l8s tflnsfsf]� s'g ;d"xdf k5{g\ < 
oLdWo]� s'g tÎj ;a}�eGbf ;lj|mo x'G5, lsg <

-h_	 tkfO{FnfO{ cfw'lgs k]�l/�of]�l8s tflnsfdf s]�xL ;'wf/� ug]�{ df}�sf lbOof]� eg]� 
s]� s'/�f ;'wf/� ug{'x'G5, sf/�0f;lxt :�ki6 kfg{'xf]�;\ .



lj1fg tyf k|ljlw M sIff !) 381

15 /f;folgs k|ltlj|mof 
(Chemical Reaction)

xfdLn]� cluNnf]� sIffdf ef}�lts /� /�f;folgs kl/�jt{gaf/�]� cWoog ul/�;s]�sf 5f}�F . ef}�lts 
kl/�jt{g s]� xf]� < /�f;folgs kl/�jt{g s]� xf]� < ef}�lts /� /�f;folgs kl/�jt{gsf lardf s]� 
km/�s 5 < kmnfddf lvof nfUg', b'waf6 bxL aGg', rfdnaf6 eft aGg', bfp/�f hn]�/� 
v/�fgL aGg', ;nfO{sf]� sf6L aNg', k|sfz ;+Zn]�if0f k|lj|mof cflb s'g s'g k|sf/�sf kl/�jt{g 
x'g\ < /�f;folgs kl/�jt{g s]� xf]� < k|ltlj|mof/�t /� pTkflbt kbfy{{ s]� s]� x'g\ < /�f;folgs 
k|ltlj|mofsf k|sf/� s]� s]� x'g\ < o; ljifodf 5nkmn u/�L lgisif{ lgsfNg'xf]�;\ . ;fy}� 
lrqsf]� cjnf]�sg ub}�{ logLx¿df s:�tf /�f;folgs kl/�jt{g x'G5g\, 5nkmn ug{'xf]�;\ .

lj|mofsnfk 15.1 /�f;folgs k|ltlj|mofsf]� cjnf]�sg

p2]�Zo M /�f;folgs k|ltlj|mofsf]� cjnf]�sg ug'{

;fdu|L M k/�LIf0f gnL, 8«k/�, lkmSsf xfO8«f]�Snf]�l/�s cDn, ;f]�l8od xfO8«f]�cS;fO8

ljlw

1.	 k|of]�uzfnfdf Pp6f k/�LIf0f gnL lng'xf]�;\ .

2. 	 lzIfssf]� ;xof]�udf pSt k/�LIf0f gnLdf 8«k/�sf]� ;xfotfn]� 10 yf]�kf hlt lkmSsf 
xfO8«f]�Snf]�l/�s cDn /�fVg'xf]�;\ .
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3.	 pSt cDndf sl/�a 10 yf]�kf lkmSsf ;f]�l8od xfO8«f]�cS;fO8 ld;fpg'xf]�;\ .

4. 	 ca k/�LIf0f gnLdf ePsf]� kl/�jt{g cjnf]�sg u/�L k|fKt lgisif{nfO{ sIffdf 

k|:�t't ug'{xf]�;\ .

lgisif{ M ================================================ .

/�f;folgs ;dLs/�0f (Chemical equation)

/�f;folgs kl/�jt{g xF'bf k|ltlj|mof/�t kbfy{{ (reactants) x¿sf k/�df0f' /� c0f'x¿lar 

On]�S6«f]�gsf]� ;f6k]�m/�, ;ª\u7g jf lj36g eO{ gofF pTkflbt kbfy{{ (products) aG5 . 

o:�tf]� k|lj|mofnfO{ /�f;folgs k|ltlj|mof (chemical reaction) elgG5 . /�f;folgs 

k|ltlj|mofdf ;+nUg -k|ltlj|mof/�t_ /� pTkflbt kbfy{{nfO{ zAb, ;ª\s]�t tyf ;"qx¿åf/�f 

n]�lvPsf]� ;dLs/�0fnfO{ /�f;folgs ;dLs/�0f (chemical equation) elgG5 .

lj|mofsnfk 15.2
lbOPsf]� ;Gt'lnt /�f;folgs ;dLs/�0f cWoog ug'{xf]�;\ . o;sf cfwf/�df lgDglnlvt 

k|Zgdf 5nkmn u/�L 5nkmnsf]� lgisif{ sIffdf k|:�t't ug{'xf]�;\ M

2Al + 3H2SO4 → Al2 (SO4)3 + 3H2

-s_	 k|ltlj|mof/�t kbfy{{ /� pTkflbt kbfy{{ s]� s]� x'g\ <

-v_	 k|ltlj|mof/�t kbfy{{ /� pTkflbt kbfy{{df k|To]�s tÎjsf slt sltcf]�6f k/�df0f' 

/�x]�sf 5g\ <

/�f;folgs k|ltlj|mofsf lsl;d (Types of chemical reaction)

k|ltlj|mof/�t kbfy{{ /� pTkflbt kbfy{{sf k|sf/�sf cfwf/�df /�f;folgs k|ltlj|mofnfO{ 

lgDgk|sf/�df juL{s/�0f ug{ ;lsG5 M

1. ;+of]�hg k|ltlj|mof (Combination reaction)

b'O{ jf b'O{eGbf a9L k|ltlj|mof/�t kbfy{{ (reactant) ldnL Pp6f dfq pTkflbt kbfy{{ 

(product) aGg]� /�f;folgs k|ltlj|mofnfO{ ;+of]�hg k|ltlj|mof (combination reaction) 
elgG5 .
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;+of]�hg k|ltlj|mofsf s]�xL pbfx/�0f

1.	 2Na 	 + 	 Cl2 	 →	 2NaCl

	 ;f]�l8od 		  Snf]�l/�g 		  ;f]�l8od Snf]�/�fO8

2. 	 C 	 + 	 O2 	 → 	 CO2

	 sfa{g 		  clS;hg 		  sfa{g 8fOcS;fO8

3. 	 N2 	 + 	 3H2 	 → 	 2NH3

	 gfO6«f]�hg 		  xfO8«f]�hg 		  Pdf]�lgof

4. 	 2Mg 	 + 	 O2 	 → 	 2MgO

	 DofUg]�l;od 	 clS;hg 		  DofUg]�l;od cS;fO8

5. 	 4Fe 	 + 	 3O2	 → 	 2Fe2 O3

	 cfO/�g (kmnfd_ 	 clS;hg 		  km]�l/�s cS;fO8

2. ljR5]�bg k|ltlj|mof (Decomposition reaction)

ljR5]�bg k|ltlj|mofdf Pp6f k|ltlj|mof/�t kbfy{{ ljefhg eO{ b'O{ jf b'O{eGbf a9L 

pTkflbt kbfy{{ aG5g\ . tfk, rfk /� cGo sf/�0fn]� k|ltlj|mof/�t kbfy{{ ljR5]�bg x'G5g\, 

h:�t}� M lbOPsf s]�xL /�f;folgs k|ltlj|mofsf ;dLs/�0f x]�/�f}�F M

CaCO3(s) 	 →	 CaO(s) 	 +	 CO2(g)

2NaOH(s)	 →	 Na2O(s) 	 +	 H2O(l)

H2CO3(aq)	 →	 CO2(g) 	 +	 H2O(l)

2KClO3 (s)	 →	 2KCl (s)	 +	 3O2(g)
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lj|mofsnfk 15.3

dfly lbOPsf]� lrq cWoog ug'{xf]�;\ /� tnsf k|Zgsf ;DaGwdf 5nkmn u/�L sIffdf 
k|:�t't ug{'xf]�;\ M

-s_	 dfly lbOPsf]� /�f;folgs ;dLs/�0fdf k|ltlj|mof/�t kbfy{{ /� pTkflbt kbfy{{ s]� 
s]� x'g\ <

-v_	 of]� /�f;folgs ;dLs/�0f s'g k|sf/�sf]� /�f;folgs k|ltlj|mof xf]� <

-u_	 /�f;folgs ;dLs/�0fsf]� ;Gt'lnt ;dLs/�0f n]�Vg'xf]�;\ .

3. lj:�yfkg k|ltlj|mof (Displacement reaction)

/�f;folgs k|ltlj|mof x'Fbf Pp6f k|ltlj|mof/�t kbfy{{sf]� k/�df0f' jf /�]�l8snnfO{ csf]�{ 
k|ltlj|mof/�t kbfy{{sf]� k/�df0f' jf /�]�l8snn]� lj:�yfkg u/�L gofF pTkflbt kbfy{{ aGg]� 
k|ltlj|mofnfO{ lj:�yfkg k|ltlj|mof (displacement reaction) elgG5 . lj:�yfkg 
k|ltlj|mof b'O{ k|sf/�sf x'G5g\ .

-s_ Psn lj:�yfkg k|ltlj|mof (Single displacement reaction)

Psn lj:�yfkg k|ltlj|mofdf Ps tÎj jf cfof]�gn]� of}�lussf]� csf]�{ tÎj jf cfof]�gnfO{ 
k|lt:�yfkg u5{ .

Zn(s) + H2SO4 (aq) → ZnSO4(aq) + H2(g)

Zn(s) + 2HCl(aq) → ZnCl2(aq) + H2(g) 

Cu + 2AgNO3 → 2 Ag + Cu(NO3)2

Ca + 2H2O → Ca(OH)2 + H2
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Cl2 + 2NaBr → 2NaCl + Br2

Br2 + 2KI → 2 KBr + I2

lj|mofsnfk 15.4

p2]�Zo M kmnfdsf]� lsnfdf tfdfsf]� n]�kg ug'{

;fdu|L M las/�, sk/�;Nkm]�6sf]� 3f]�n, kmnfdsf]� lsnf, wfuf]�

ljlw

Pp6f las/�df cfwfhlt sk/�;Nkm]�6sf]� 3f]�n lng'xf]�;\ . 

las/�df kmnfdsf]� lsnf 8'afP/� /�ftel/� 5f]�8L lbg'xf]�;\ . 

To;kl5 cjnf]�sg u/�L lgDglnlvt k|Zgdf 5nkmn ug{'xf]�;\ M

-s_	 o;df s:�tf]� kl/�jt{g b]�Vg'eof]� <

-v_	 k|ltlj|mof/�t kbfy{{ /� pTkflbt kbfy{{ s]� s]� x'g\ <

-u_	 lbOPsf]� /�f;folgs k|ltlj|mof s'g k|sf/�sf]� /�f;folgs k|ltlj|mof xf]� <

-3_	 o;sf]� ;Gt'lnt /�f;folgs ;dLs/�0f n]�Vg'xf]�;\ .

-v_ bf]�xf]�/�f]� lj:�yfkg k|ltlj|mof (Double displacement reaction)

b'O{ of}�lusdf /�x]�sf cfof]�gx¿sf]� cfbfgk|bfgåf/�f b'O{ gofF of}�lusx¿ aGg]� /�f;folgs 
k|ltlj|mofnfO{{ bf]�xf]�/�f]� lj:�yfkg k|ltlj|mof elgG5 .
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NaCl + AgNO3 → AgCl + NaNO

BaCl2 + Na2SO4 → BaSO4 + 2NaCl

Pb(NO3)2 + 2 KI → 2 KNO3 + PbI2

4. cDn Iff/� k|ltlj|mof (Acid base reaction)

lj|mofsnfk 15.5

Pp6f las/df cfwfhlt leg]�u/� /�fVg'xf]�;\ . To;df r'gkfgL /�fVg'xf]�;\ . s]� kl/�jt{g 

cfof]�, cjnf]�sg ug{'xf]�;\ . o;sf af/�]�df 5nkmn u/�L lgisif{ sIffdf k|:�t't  

ug{'xf]�;\ . 

cDn /� Iff/�lar /�f;folgs k|ltlj|mof eO{ nj0f /� kfgL pTkfbg x'g]� k|ltlj|mofnfO{ cDn 

Iff/� k|ltlj|mof /� lj:�yfkg k|ltlj|mof elgG5 . of]� klg Ps k|sf/�sf]� bf]�xf]�/�f]� lj:�yfkg 

k|ltlj|mof xf]� . cDn Iff/� k|ltlj|mofsf j|mddf cDnsf]� cDnLokgf /� Iff/�sf]� Iff/�Lokgf 

x6\g uO{ t6:�y kbfy{{ aG5g\ . To;}�n]� o;k|sf/�sf]� k|ltlj|mofnfO{ lg/�fs/�0f k|ltlj|mof 

(neutralization reaction) elgPsf]� xf]� .

Acid 	 +	 Base	 →	 Salt	 +	 Water

cDn 		  Iff/� 		  nj0f 		  kfgL

HCl (cDn)	 + 	 NaOH (Iff/�)	 → 	 NaCl (nj0f) 	 + 	 H2O (kfgL_

H2SO4 (cDn)	 +	 2NaOH (Iff/�)	 →	 Na2 SO4 (nj0f)	 +	 H2O (kfgL)

KOH (Iff/�)		  +	 HNO3 (cDn)	 →	 KNO3 (nj0f) 	 +	 H2O (kfgL) 

CaO (Iff/�)		  +	 2HCl (cDn)	 →	 CaCl2 (nj0f)	 +	 H2O (kfgL)
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/�f;folgs k|ltlj|mofsf]� b/� (Rate of chemical reaction)

ljleGg /�f;folgs k|ltlj|mofsf]� ult km/�s km/�s x'G5 . s]�xL k|ltlj|mof ›'t ultdf x'G5g\ 
eg]� s]�xL la:�tf/�}� x'G5g\ . pbfx/�0fsf nflu cDn /� Iff/�sf]� /�f;folgs k|ltlj|mof b'|t 
ultdf x'G5 eg]� kmnfddf lvof nfUg]� /�f;folgs k|ltlj|mofsf]� ult l9nf]� x'G5 . ctM 
PsfO ;dodf k|ltlj|mof/�t kbfy{{ pTkflbt kbfy{{df kl/�jt{g x'g]� ultnfO{ /�f;folgs 
k|ltlj|mofsf]� b/� elgG5 . /�f;folgs k|ltlj|mof ;'? x'g'clu k|ltlj|mof/�t kbfy{{sf]� 
sg;G6«]�;g (concentration) clwstd x'G5 /� pTkflbt kbfy{sf]� sG;G6«]�;g z"Go 
x'G5 lsgls ;'?df s'g}� pTkfbg x'Fb}�g . ha k|ltlj|mof ;'? x'G5, k|ltlj|mof/�t kbfy{{sf]� 
sG;G6«]�;g 36\g yfN5 eg]� pTkflbt kbfy{{sf]� sG;G6«]�;g pTkfbg x'g yfn]�kl5 a9\g 
yfN5 . t;y{ k|ltlj|mofsf ;fy;fy}� k|ltlj|mof/�t /� pTkflbt kbfy{{sf]� sg;G6«]�;g 
kl/�jt{g x'G5 .

lj|mofsnfk 15.6

p2]�Zo M /�f;folgs k|ltlj|mofsf]� b/� cjnf]�sg ug'{

;fdu|L M las/�, sfutLsf]� /�;, a]�lsª ;f]�8f

ljlw

1.	 Pp6f las/�df 100 ml sfutLsf]� /�; lng'xf]�;\ .

2.	 To;df Ps u|fd a]�lsª ;f]�8f /�fVf]�/� cjnf]�sg ug{'xf]�;\ .

3.	 a]�lsª ;f]�8f (NaHCO3) Iff/� xf]� /� sfutLsf]� /�;df Pl;8 kfOG5 .

4.	 ca a]�lsª ;f]�8f ufoa x'g]� ;dosf]� u0fgf ug{'xf]�;\ .

5.	 a]�lsª ;f]�8f /� sfutLsf]� /�;larsf]� k|ltlj|mofsf]� b/�sf af/�]�df cfˆgf]� lgisif{ 
lgsfNg'xf]�;\ .

lgisif{ M===========================================================.
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/�f;folgs k|ltlj|mofsf]� b/�df k|efj kfg]�{ tŒjx¿ (Factors affecting rate of 
chemical reaction)

-s_ pTk|]�/�s (Catalyst)

lj|mofsnfk 15.7

p2]�Zo M /�f;folgs k|ltlj|mofdf pTk|]�/�ssf]� k|efj cjnf]�sg ug'{

;fdu|L M k/�LIf0f gnL, xfO8«f]�hg k]�/�f]�cS;fO8, MnO2 (Manganese dioxide)

ljlw

1. 	 b'O{cf]�6f k/�LIf0f gnL lng'xf]�;\ .

2. 	 lzIfssf]� ;xof]�udf b'a}� k/�LIf0f gnLdf kfFr kfFr ldlnln6/� xfO8«f]�hg 

k]�/�f]�cS;fO8 /�fVg'xf]�;\ .

3. 	 oLdWo]� Pp6f k/�LIf0f gnLdf MnO2 (Manganese dioxide) /�fVg'xf]�;\ .

4. 	 s'g k/�LIf0f gnLdf l56f]� /�f;folgs k|ltlj|mof ;DkGg x'G5, cjnf]�sg u/�L 

lgisif{ lgsfNg'xf]�;\ .

lgisif{ M =================================================================.

/�f;folgs k|ltlj|mofsf]� b/�nfO{ a9fpg]� jf 36fpg]� /�f;folgs kbfy{{nfO{ pTk|]�/�s 

elgG5 . oL kbfy{{n]� /�f;folgs k|ltlj|mofsf]� b/�nfO{ a9fpg]� jf 36fpg]� sfd dfq 

u5{g\ t/� /�f;folgs k|ltlj|mofdf cfkm" kl/�jt{g x'Fb}�gg\ . /�f;folgs k|ltlj|mofsf]� b/�nfO{ 

a9fpg]� pTk|]�/�s kbfy{{nfO{ ;sf/�fTds pTk|]�/�s (positive catalyst) elgG5, h:�t}� M 

MnO2 (Manganese dioxide), Fe cflb ;sf/�fTds pTk|]�/�s (positive catalyst) sf 

pbfx/�0f x'g\ . To;}�u/�L /�f;folgs k|ltlj|mofsf]� b/�nfO{ 36fpg]� kbfy{{nfO{ gsf/�fTds 

pTk|]�/�s (negative catalyst) elgG5, h:�t} M H3PO4 (Phosphoric acid) cflb 

gsf/�fTds pTk|]�/�ssf pbfx/�0f x'g\ .
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2KClO3 
MnO2  2KCl + 3O2

oxfF MnO2 ;sf/�fTds pTk|]�/�s xf]� .

2H2O2   
H3PO4  2H2O + O2

oxfF H3PO4 gsf/�fTds pTk|]�/�s xf]� .

-v_ tfk (Heat)

lj|mofsnfk 15.8

p2]�Zo M /�f;folgs k|ltlj|mofsf]� b/�df tfksf]� k|efj cjnf]�sg ug'{

;fdu|L M b'O{cf]�6f lunf;, tftf]�kfgL /� lr;f]� kfgL, le6fldg C sf]� rSsL

ljlw

-s_	 b'O{cf]�6f lunf; lng'xf]�;\ .

-v_	 Pp6f lunf;df tftf]�kfgL /� csf]�{ lunf;df lr;f]�kfgL /�fVg'xf]�;\ .

-u_	 b'a}� lunf;df Pp6f Pp6f le6fldg C sf]� rSsL Ps}� ;dodf /�fVg'xf]�;\ .

-3_	 s'g lunf;df l56f]� /�f;folgs k|ltlj|mof ;DkGg x'G5, cjnf]�sg u/�L lgisif{ 
lgsfNg'xf]�;\ .

lgisif{ M ====================================.

;fdfGotof k|ltlj|mof/�t kbfy{sf]� tfkj|md j[l4 ubf{ /�f;folgs k|ltlj|mofsf]� b/� a9\5 
eg]� tfkj|md 36fPdf /�f;folgs k|ltj|mofsf]� b/� klg 36\5 .

	 2KClO3 
Heat

 2KCl + 3O2

-u_ rfk (Pressure)

Uof;x¿larsf]� /�f;folgs k|ltlj|mof k|ltlj|mof/�t cj:�yfsf]� rfkdf lge{/� u5{ . 
;fdfGotof Uof;sf]� rfk j[l4 x'Fbf /�f;folgs k|ltlj|mofsf]� b/� klg j|mdzM a9\b}� hfG5 . 
a9L rfk ePsf]� cj:�yfdf /�f;folgs k|ltlj|mof l56f]� x'G5 .
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N2(g) + 3H2(g) 200-900atm
 2NH3(g)

-3_ ;txsf]� If]�qkmn (Surface area)

/�f;folgs k|ltlj|mof x'Fbf k|ltlj|mof/�t kbfy{{sf]� Pscfk;df ;Dks{df cfpg]� ;txsf]� 
If]�qkmn sd eP /�f;folgs k|ltlj|mof l9nf]� x'G5 . t/� ;txsf]� If]�qkmn a9L ePdf 
/�f;folgs k|ltlj|mof klg l56f]� x'G5 .

lj|mofsnfk 15.9

p2]�Zo M /�f;flogs k|ltlj|mofsf]� b/�df ;txsf]� If]�qkmnsf]� k|efj cjnf]�sg ug'{

;fdu|L M b'O{cf]�6f las/, kfgL, le6fldg C sf]� rSsL /� w'nf]�

ljlw

-s_	 b'O{cf]�6f las/� lng'xf]�;\ .

-v_	 b'a}� las/df kfgL eg{'xf]�;\ .

-u_	 Pp6f las/df le6fldg C sf]� Pp6f rSsL /� csf]�{ lunf;df Pp6f rSsLsf]� 
w'nf]� Ps}� ;dodf /�fVg'xf]�;\ .

-3_	 s'g las/�df l56f]� /�f;folgs k|ltlj|mof ;DkGg x'G5, cjnf]�sg u/�L lgisif{ 
lgsfNg'xf]�;\ .

lgisif{ M ============================================.

-ª_ k|sfz (Light)

lj|mofsnfk 15.7

p2]�Zo M /�f;folgs k|ltlj|mofsf]� b/�df k|sfzsf]� k|efj cjnf]�sg ug'{

;fdu|L M Pp6f las/�, xfO8«f]�hg k]�/�f]�cS;fO8

ljlw

-s_ 	Pp6f las/�df s]�xLdf dfqfdf xfO8«f]�hg k]�/�f]�cS;fO8 lng'xf]�;\ .
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-v_	 To;nfO{ s]�xLa]�/� 3fddf /�fv]�/� o;df cfPsf]� kl/�jt{g cjnf]�sg ug{'xf]�;\ .

-u_	 o;sf sf/�0faf/�]� 5nkmn u/�L lgisif{ lgsfNg'xf]�;\ .

lgisif{ M =================================== .

s'g}� s'g}� /�f;folgs k|ltlj|mof x'g k|sfzsf]� cfjZostf k5{ . k|sfzsf]� pkl:�yltdf 
/�f;folgs k|ltlj|mofsf]� b/� a9\g hfG5 .

6CO2 	 ±	 6H2O k|sfz / chlorophyll
 	 C6H12O6 ± 6O2

 sfa{g8fOcS;fO8 	 kfgL 	 Un'sf]�h 	 clS;hg

2AgNO3 
Light

  	 2NO2 	 ±	 O2 		       + 	 2Ag

l;Ne/� gfO6«]�6 	 gfO6«f]�hg8fOcS;fO8		  clS;hg 		  l;Ne/�
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cEof;

1. 	 tnsf k|Zgsf]� ;xL ljsNkdf l7s lrx\g -√_ nufpg'xf]�;\ M

-s_	 ;f]�l8od Snf]�/�fO8 /� l;Ne/� gfO6«]�6lar x'g]� /�f;folgs k|ltlj|mof s'g xf]� <

-c_ ;+of]�hg k|ltlj|mof 		  -cf_ ljefhg k|ltlj|mof

-O_ Psn lj:�yfkg k|ltlj|mof	 -O{_ bf]�xf]�/�f]� lj:�yfkg k|ltlj|mof

-v_	 4Na + O2 → 2Na2 O, s:�tf]� Kf|sf/�sf]� /�f;folgs k|ltlj|mof xf]� <

-c_ ;+of]�hg k|ltlj|mof 		  -cf_ ljefhg k|ltlj|mof

-O_ cDn Iff/� k|ltlj|mof 		  -O{_ lj:�yfkg k|ltlj|mof

-u_	 lbOPsf]� /�f;folgs k|ltlj|mofdf k|ltlj|mof/�t kbfy{{ X s'g xf]� <

	 HCl + X → NaCl + H2O

-c_ NaOH 			   -cf_ Na

-O_ NaH 				    -O{_ Na + H2O

-3_	 SoflN;od sfaf]�{g]�6nfO{ ttfpFbf x'g]� /�f;folgs k|ltlj|mof s'g k|sf/�sf]� 
xf]� <

-c_ ;+of]�hg k|ltlj|mof 		  -cf_ ljefhg k|ltlj|mof

-O_ cDn Iff/� k|ltlj|mof 		  -O{_ lj:�yfkg k|ltlj|mof

2. 	 sf/�0f lbg'xf]�;\ M

-s_ 	xfO8«f]�hg k]�/�f]�cS;fO8nfO{ kf/�bzL{ efF8fdf /�flvFb}�g .

-v_ 	cDn Iff/� k|ltlj|mofnfO{ lg/�fs/�0f k|ltlj|mof elgG5 .

-u_ 	/�f;folgs k|ltlj|mofsf]� ult k|ltlj|mofcg';f/� km/�s x'G5 .

3.	 km/�s n]�Vg'xf]�;\ M

-s_	 Psn /� bf]�xf]�/�f]� lj:�yfkg /�f;folgs k|ltlj|mof

-v_	 ;+of]�hg /� ljR5]�bg k|ltlj|mof
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4.	 lbOPsf /�f;folgs ;dLs/�0fnfO{ ;Gt'ng u/�L k|sf/� n]�Vg'xf]�;\ M

(s) 	 KClO3 → KCl + O2

(v) 	 CH4 + O2 → CO2 + H2O 

(u)	 Fe + O2 → Fe2O3

(3) 	 Zn + H2SO4 → Zn SO4 + H2

(ª) 	 Al + H2SO4 → Al2 (SO4)3 + H2

5.	 tnsf k|Zgsf]� pQ/� n]�Vg'xf]�;\ M

-s_	 /�f;folgs ;dLs/�0f eg]�sf]� s]� xf]�, s'g}� Pp6f pbfx/�0faf6 k|:�6 kfg'{xf]�;\ .

-v_	 /�f;folgs k|ltlj|mofsf]� b/� eg]�sf]� s]� xf]�, /�f;folgs k|ltlj|mofsf]� b/�nfO{ 
c;/� kfg]�{ s'g}� rf/� tÎj pNn]�v ug'{xf]�;\ .

-u_	 lj:�yfkg k|ltlj|mof eg]�sf]� s]� xf]�, o;sf s'g}� b'O{cf]�6f pbfx/�0f ;Gt'lnt 
/�f;folgs ;dLs/�0f;lxt n]�Vg'xf]�;\ .

-3_	 ljefhg k|ltlj|mofsf s'g}� b'O{cf]�6f pbfx/�0f ;Gt'lnt /�f;folgs 
;dLs/�0f;lxt n]�Vg'xf]�;\ .

-ª_	 tn lbOPsf]� lrqdf s'g k|sf/�sf]� /�f;folgs k|ltlj|mof x'G5 < pSt 
k|ltlj|mofsf]� ;Gt'lnt /�f;folgs ;dLs/�0f n]�Vg'xf]�;\ .

k/�LIf0f gnL
wfuf]�

sk/� ;Nkm]�6

kmnfdsf]� lsnf
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-r_	 rf/� hgf ljBfyL{ A, B,C, D nfO{ lj1fg k|of]�uz.nfdf ljR5]�bg k|ltlj|mof 
ug{ nufOG5 . k|To]�s ljBfyL{n]� tn lbPcg';f/� km/�s km/�s ljlw ckgfP M

-c_	 ljBfyL{ A n]� Mg sf]� l/�ag afn]�5g\ .

-cf_	 ljBfyL{ B n]� Zn nfO{ FeSO4 sf]� 3f]�ndf ld;fP5g\ . 

-O_	 ljBfyL{ C n]� KClO3 nfO{ k/�LIf0f gnLdf ttfP5g\ . 

-O{_	 ljBfyL{ D n]� Zn nfO{ HCl sf]� 3f]�ndf ld;fP5g\ .

	 s'g ljBfyL{n]� ;xL ljlw ckgfP5g\, pSt ljR5]�bg k|ltlj|mofsf]� ;Gt'lnt 
/�f;folgs ;dLs/�0f n]�Vg'xf]�;\ .

-5_	 ;ld/�n]� Pp6f DofUg]�l;od l/�ag hnfpF5g\, h'g l/�ag jf ;fgf]� lkmQf 
h:�tf]� x'G5 . hNbf pSt tÎjn]� pHofnf]� k|sfz lbP/� ;]�tf]� w'nf]� A aG5 . 
ca A s]� xf]� kQf nufpg'xf]�;\ . pSt k|ltlj|mofsf]� ;Gt'lnt /�f;folgs 
;dLs/�0f klg n]�Vg'xf]�;\ .
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16 Uof; 
(Gases)

slxn]�sfxLF Ogf/� ;kmf ubf{ lg:�;fl;P/� dflg; d/�]�sf]� ;dfrf/� ;'Gg'ePsf]� xf]�nf . 
To:�t}� u'kmfdf uPkl5 ps';d's'; ePsf]� cg'ej ug{'ePsf]� xf]�nf . o:�tf]� Ogf/�leq 
hfFbf dflg; lg:�;fl;g'sf]� sf/�0f s]� xf]�nf < To;}�u/�L u'kmfdf uPkl5 ps';d''s'; 
x'g'sf]� sf/�0f s]� x'g;Snf < /�]�lk|mh]�/�]�6/�df k|of]�u ul/�g]� Uof; s'g xf]�nf < o;sf]� k|of]�u 
lsg ul/�G5 xf]�nf < oL k|Zgsf]� pQ/� s]� x'g ;S5 xf]�nf, s]�xLa]�/� ljrf/� u/�f}�F t ! o; 
PsfOdf xfdL dflysf k|Zg;Fu ;DalGwt s]�xL Uof;cGtu{t sfa{g8fOcS;fO8 /� 
Pdf]�lgof Uof;sf af/�]�df 5nkmn ug]�{ 5f}�F .

16.1 sfa{g8fOcS;fO8 Uof; (Carbon dioxide gas)

sfa{g8fOcS;fO8 Uof; sf]�Onf, sf7, dl6t]�n, t]�n, af]�;f]�, d}�g OToflb aNbf lgl:�sP/� 
xfjfdf ldl;G5 . la?jf tyf hgfj/�n]� Zjf;k|Zjf; ubf{, Hjfnfd'vL lj:�kmf]�6g x'Fbf, 
;8]�un]�sf jf s'lxPsf h}�ljs kmf]�xf]�/� cflbaf6 klg of]� Uof; xfjfdf ldl;Psf]� x'G5 . 
k[YjLsf]� jfo'd08ndf /�x]�sf]� xfjfsf]� ;+/�rgfdf sl/�a 0.03 k|ltzt sfa{g8fOcS;fO8 
Uof; k|fs[lts ;|f]�tsf ¿kdf /�x]�sf]� x'G5 . jgljgfz /� OGwgsf]� bxgaf6 pTkGGf 
ePsf]� Uof; sfa{g8fOcS;fO8 Uof;sf s[ltd ;|f]�t x'g\ . ;g\ 1630 df efg x]�Ndf]�G6 
(Van Helmont) n]� sf7nfO{ afn]�/� sfa{g8fOcS;fO8 Uof; kQf nufPsf lyP . 
To;}�u/�L ;g\ 1755 df hf]�;]�km ANofs (Joseph Black) n]� DofUg]�l;od sfaf]�{g]�6nfO{ 
afn]�/� of]� Uof; tof/� u/�]�sf lyP . kl5 ;g\ 1783 df nfef]�OlhP/� (Lavoisier) n]� 
o; Uof;nfO{ sfa{g /� clS;hgsf]� of}�lus egL k|dfl0ft u/�]�sf lyP .

sfa{g8fOcS;fO8 Uof;af/�]� s]�xL tYox¿

c0f' ;"q cf0fljs ef/

CO2 44
x
x

x
x C x

x
x
x

lrq 16.1
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k|of]�uzfnfdf sfa{g8fOcS;fO8 Uof; agfpg]� tl/�sf (Laboratory preparation 
of carbon dioxide gas)

k|of]�uzfnfdf r'g9'ª\uf (CaCO3) sf 6'j|mfnfO{ lkmSsf xfO8«f]�Snf]�l/�s cDn (dil. HCl) 
;Fu /�f;folgs k|ltlj|mof u/�L sfa{g8fOcS;fO8 Uof; agfOG5 .

SoflN;od sfaf]�{g]�6 + lkmSsf xfO8«f]�Snf]�l/�s cDn → SoflN;od Snf]�/�fO8 + kfgL + 
sfa{g8fOcS;fO8

CaCO3 (S) + 2HCl (aq) → CaCl2 (aq) + H2O (l) + CO2 (g)

cfjZos pks/�0f

pNkm af]�tn, Uof;hf/�, ly;n kmg]�n, 8]�lne/�L 6\o'a, /�a/� ss{ tyf s]�xL k/�LIf0f gnLx¿

cfjZos /�;fog

r'g9'ª\uf jf dfa{nsf 6'j|mf cyjf SoflN;od sfaf]�{g]�6sf]� kfp8/� jf cG8fsf af]�j|mf 
jf v/�L9'ª\uf, lkmSsf xfO8«f]�Snf]�l/�s cDn, km]�gf]�Nkmyflng, r'g kfgLsf]� 3f]�n, lkmsf 
;f]�l8od xfO8«f]�cS;fO8, lgnf]� ln6d k]�k/�

ljlw (Method)

k|of]�ufTds lj|mofsnfk M 1

-s_	 Uof; tof/� kfg{sf nflu cfjZos 
kg]�{ pks/�0f /� /�;fog hDdf 
kfg'{xf]�;\ .

-v_	 Pp6f pNkm af]�6ndf To;sf]� Pp6f 
Kjfnaf6 s]�xL r'g9'ª\ufsf 6'j|mf 
/�fVg'xf]�;\ .

-u_	 lrqdf b]�vfOP h:�t}� ss{sf]� k|of]�u 
u/�L pNkm af]�6nsf]� csf]�{ Kjfndf 
ly;n kmg]�n /� 8]�lne/�L 6\o'a xfjf 
glg:�sg]� u/�L h8fg ug'{xf]�;\ .

Gas jar

Calclum carbonate

Hydrochloric acid Delivery 
tube

lrq 16.2
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-3_	 ly;n kmg]�nsf]� ;xfotfaf6 r'g 9'ª\uf 5f]�lkg]� u/�L lkmsf xfO8«f]�Snf]�l/�s Pl;8 
la:�tf/�}� pNkm af]�6ndf vGofpg'xf]�;\ .

-ª_	 8]�lne/�L 6\o'asf]� csf]�{ 5]�p dflylt/� d'v kmsf{P/� /�flvPsf]�]� Uof;hf/�df 
k7fpg'xf]�;\ .

-r_	 r'g9'ª\ufsf 6'j|mf /� cDnlar x'g]� k|ltlj|mof cjnf]�sg ug'{xf]�;\ .

-5_	 k|ltlj|mofkZrft\ sfa{g8fOcS;fO8 Uof; aG5 . o;/�L ag]�sf]� Uof; pNkm 
af]�6naf6 8]�lne/�L 6\o'a x'Fb}� Uof;hf/�df hDdf x'G5 . of]� Uof; xfjfeGbf ux|f}�F]� 
ePsfn]� v'nf Uof;hf/�df xfjfnfO{ dflylt/� lj:�yflkt ub}�{ hDdf x'G5 .

;fjwfgL (Precautions)

1. 	 pNkm af]�tnleq /�x]�sf]� 8]�lne/�L 6\o'asf]� 6'Kkf]� cDndf 8'Ag]� u/�L /�fVg'x'Fb}�g .

2. 	 ly;n kmg]�nsf]� 6'Kkf]� cDndf 8'Ag]� u/�L /�fVg'k5{ .

k/�LIf0f (Test)

1.	 sfa{g8fOcS;fO8 Uof;sf]� k/�LIf0fsf nflu aln/�x]�sf]� ;nfO{sf]� sf6L Uof;hf/�sf]� 
d'vdf n}�hfFbf lgE5 lsgls sfa{g8fOcS;fO8 Uof;n]� j:�t'nfO{ g t afNg 
;xof]�u u5{ g cfkm}�F aN5 .

2. 	 sfa{g8fOcS;fO8 hDdf kfl/�Psf]� Uof;hf/�df leh]�sf]� lgnf]� ln6\d; sfuhnfO{ 
8'afpFbf /�ftf]� /�ªdf kl/�jt{g x'G5 . To:�t}� pSt Uof;hf/�df km]�gf]�̂yflngsf]� 3f]�n 
/�fVbf /�ªxLg b]�lvG5 . o;af6 Uof;hf/�df sfa{g8fOcS;fO8 Uof; g}� hDdf 
ePsf]� 5 eGg]� yfxf x'G5 .

3.	 Pp6f k/�LIf0f gnLdf s]�xL r'gkfgL /�fv]�/� To;df s]�xLa]�/� sfa{g8fOcS;fO8 
Uof; k7fpFbf r'gkfgL b'lwnf]� ;]�tf]� /�ªsf]� (milky) x'G5 . r'gkfgLdf ePsf]� 
SoflN;od xfO8«f]�cS;fO8;Fu sfa{g8fOcS;fO8n]� k|ltlj|mof ubf{ c3'ngzLn 
SoflN;od sfaf]�{g]�6 ag]�sf sf/�0f of]� b'lwnf]� ePsf]� xf]� . km]�l/� Tof]� 3f]�ndf lg/�Gt/� 
s]�xLa]�/� sfa{g8fOcS:�ffO8 k7fpFbf b'lwnf]� /�ª x/�fpF5 /� SoflN;od afOsfaf]�{g]�6sf]� 
/�ªxLg 3f]�n aG5 .
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Ca(OH)2(aq) + CO2(g) → CaCO3(s) (milky) + H2O(l)

CaCO3(s) + CO2(g) + H2O(l) → Ca(HCO3)2(aq) (Colourless)

TURNS MILKY White precipitateLIMEWATER

CARBON DIOXIDE 
GAS

 lrq 16.3

sfa{g8fOcS;fO8 Uof;sf u'0fx¿ (Properties of carbon dioxide gas)

ef}�lts u'0fx¿ (Physical properties)

1. 	 /�ªxLg, uGwxLg /� cwft' cS;fO8 xf]� .

2. 	 of]� Uof; kfgLdf 3'Nbf sfa{lgs cDn aGg]� ePsfn]� cldnf]� :�jfb x'G5 .

3. 	 of]� Uof; kfgLdf sd dfqfdf 3'ngzLn x'G5 .

4. 	 of]� Uof; xfjfeGbf ux|f}�F x'G5 .

5. 	 o;n]� cDnLo u'0f b]�vfpF5 /� leh]�sf]� lgnf]� ln6\d; k]�k/�nfO{ /�ftf]� agfpF5 .

6.	 of]� Uof; ljiffn' x'Fb}�g t/� clS;hgsf]� cefjdf of]� Uof; ePsf 7fpFdf ;hLj 
k|f0fL lg:�;fl;P/� d5{g\ .

7. 	 pRr rfk /� Go"g tfkj|mddf o;nfO{ t/�ndf kl/�jt{g ug{ ;lsG5 .

8. 	 of]� Uof;nfO{ -78 °C df lr:�ofpFbf 7f]�; a/�km aG5 h;nfO{ 8«fOcfO; elgG5 .

9. 	 of]� cfkm" klg aNb}�g /� c¿nfO{ klg aNg dbt ub}�{g .
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/�f;folgs u'0fx¿ (Chemical properties)

1. 	 sfa{g8fOcS;fO8 g t cfk"m aN5 g t c¿nfO{ afNg dbt u5{ . o;n]� 
aln/�x]�sf]� j:�t'nfO{ lgefpF5 . t/� aln/�x]�sf]� DofUg]�l;od l/�agnfO{ of]� Uof; 
ePsf]� hf/�df /�fv]�df t]�lhnf]� aN5 /� k|ltlj|mof eO{ ;]�tf]� kfp8/� DofUg]�l;od 
cS;fO8 (MgO) /� sfa{gsf]� w'nf]� aG5 .

	 2Mg (s) + CO2 (g) → 2MgO (s) + C (s)

2. 	 sfa{g8fOcS;fO8 Uof; kfgLdf 3'n]�/� sfaf]�{lgs cDn (H2CO3) aG5 . k]�o 
kbfy{df pRr rfkdf of]� Uof; /�fvL k]�o kbfy{ cldnf]� :�jfbsf]� agfpg k|of]�u 
ul/�G5 .

	 CO2 (g) + H2O (l)  H2CO3 (aq)

3. 	 sfa{g8fOcS;fO8 Uof;nfO{ ;kmf r'gkfgLdf s]�xLa]�/� k7fPdf /�f;folgs 
k|ltlj|mof eO{ ;]�tf]� c3'ngzLn SoflN;od sfaf]�{g]�6 aGg]� x'gfn]� r'gkfgL b'lwnf]� 
b]�lvG5 .

	 Ca(OH)2 (aq) + CO2 (g) → CaCO3 (s) + H2O (l)

	 sfa{g8fOcS;fO8 Uof;nfO{ w]�/�}� ;do;Dd r'gkfgLdf k7fPdf 3'ngzLn 
SoflN;od xfO8«f]�hg sfaf]�{g]�6 Ca(HCO3)2 aG5 /� SoflN;od sfaf]�{g]�6sf]� 
b'lwnf]�kgf x/�fP/� hfG5 .

	 CaCO3 (s) + H2O (l) + CO2 (g) →Ca (HCO3)2 (aq)

4. 	 xl/�of la?jfn]� kftdf ePsf]� Snf]�/�f]�lkmn /� k|sfz zlStsf]� pkl:�yltdf 
jfo'd08naf6 ;f]�;]�/� lnPsf]� sfa{g8fOcS;fO8 /� kfgLlar k|ltlj|mof u/�L 
sfaf]�{xfO8«]�6 agfpF5g\ .

	
6CO2 + 6H2O

  
Solar energy
Chlorophyll   

C6H12O6 + 6O2

5. 	 sfa{g8fOcS;fO8nfO{ 900°C df red hot coke ;Fu /�f;folgs k|ltlj|mof 
u/�fpFbf sfa{g df]�gf]�cS;fO8 (CO) aG5 .

	 CO2 + C → 2CO
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sfa{g8fOcS;fO8 Uof;sf pkof]�lutf (Uses of carbon dioxide gas)
1. 	 g/d k]�o kbfy{df pRr rfkdf sfa{g8fOcS;fO8 Uof; /�flvPsf]� x'G5 .

2. 	 la?jfn]� vfgf agfpg]� k|lj|mofdf sRrf kbfy{sf ¿kdf of]� Uof;sf]� k|of]�u u5{g\ .

3. 	 of ] � Uof; cfuf ] � lgefpg k |of ] �u 
ul/�G5 . cfuf]� lgefpgsf nflu k|of]�u 
ul/�g]� oGqnfO{ fire extinguisher 
elgG5 . k|foMh;f]� cfuf ]� lgefpg]� 
oGqdf l;lnG8/�leq uf9f ;f]�l8od 
afOsfaf]�{g]�6 3f]�n /� efF8fsf]� d'vlg/�  
Knª\u/�;Fu}� hf]�l8Psf]� ;fgf]� sfFrsf]� 
efF8f]�leq s8f ;Nˆo'l/�s cDn /�flvPsf]� 
x'G5 . cfunfuLsf]� ;dodf Knª\u/�nfO{ 
em6\sf lbFbf sf Frsf]� ef F8f ]� k'm6 ]�/� 
;f]�l8od afOsfaf]�{g]�6;Fu s8f ;Nˆo'l/�s 
cDn ldl;P/� k|ltlj|mof x'Fbf k|z:�t 
sfa{g8fOcS;fO8 Uof; aG5 . pSt 
Uof; tLj| ultsf ;fy aflx/� lgl:�sP/� cfuf]�nfO{ 5f]�K5 h;n]� ubf{ pSt 7fpFdf 
clS;hgsf]� cefj x'g uO{ cfuf]� lgE5 .

2NaHCO3 + H2SO4 → Na2SO4 + 2H2O + 2CO2

4. 	 kmnk"mn, t/�sf/�L, df5fdf;' cflbnfO{ Go"g tfkj|mddf ;'/�lIft /�fVg rflxg]� 
;'Svf a/�km (dry ice) agfpg sfa{g8fOcS;fO8 k|of]�u ul/�G5 .

5. 	 t/�n sfa{g8fOcS;fO8 lrgL ldndf sfaf]�{g]�;g k|lj|mofdfkm{t -lrgL k|zf]�wg_ 
sf nflu k|of]�u ul/�G5 .

6. 	 o;nfO{ o'l/�of dn (NH2CONH2), jfl;ª ;f]�8f (Na2CO3) /� j]�lsª ;f]�8fsf]� 
pTkfbg ug{ klg k|of]�u ul/�G5 .

7. 	 of]� sfaf]�{h]�g (Carbogen) agfpg pkof]�u ul/�G5 . sfaf]�{h]�g lgdf]�lgofaf6 u|:�t 
la/�fdLnfO{ s[lqd Zjf;k|Zjf;sf nflu k|of]�u ul/�G5 .

Plunger
Safety Clip

CO2 gas 
Cartridge

C
O

2

Internal 
Cylinder

DCP 
Powder

Siphon Tube

Discharge Tube

lrq 16.4
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8. 	 jg:�kltn]� k|sfz ;+Zn]�if0f k|lj|mofdf sfa{g8fOcS;fO8 Uof; k|of]�u ug]�{ u5{g\ .

	
6CO2 +6H2O 

 
Solar energy
Chlorophyll    

C6 H12O6 + 6O2

9. 	 a]�s/�L k|f]�8S6nfO{ km'nfpg sfa{g8fOcS:�ffO8 Uof;sf]� k|of]�u ul/�Psf]� x'G5 .

16.2 Pdf]�lgof (Ammonia)

k|s[ltdf Pdf]�lgof :�jtGq /� ld>0fsf ¿kdf kfOG5 . gfO6«f]�hg ePsf kbfy{ clS;hg 
gePsf]� cj:�yfdf s'lxFbf o; k|sf/�sf]� Uof; pTkGg x'G5 . To:�t}� Pdf]�lgof Uof; 
ld>0fsf ¿kdf Pdf]�lgod Snf]�/�fO8 /� Pdf]�lgod ;Nk]�m6df kfOG5 . nfef]�OlhP/� 
(Lavoisier) n]� o; Uof;nfO{ Pdf]�lgod Snf]�/�fO8 /� SoflN;od xfO8«f]�S;fO8sf]� 
ld>0fnfO{ ttfO{ agfPsf lyP .

Pdf]�lgofsf af/�]�df s]�xL dxŒjk"0f{ tYox¿

c0f' ;"q cf0fljs ef/

NH3 17

lrq 16.5

Pdf]�lgofsf]� cf0fljs ef/� 17 x'G5 . clS;hgsf]� cf0fljs ef/� 32, gfO6«f]�hgsf]� 28 
/� sfa{g8fOcS;fO8sf]� 44 x'g]� ePsfn]� Pdf]�lgof Uof; xfjfeGbf xn'sf x'G5 .

k|of]�uzfnfdf Pdf]�lgof Uof; agfpg]� tl/�sf (Laboratory preparation of 
ammonia gas)

Pdf]�lgod Snf]�/�fO8 (NH4Cl) /� SoflN;od xfO8«f]�S;fO8 Ca(OH)2 nfO{ 2:�1 sf]� 
cg'kftdf ld>0f agfP/� xf8{ Unf; 6]�:�66\o'adf /�fvL la:�tf/�}� ttfP/� k|of]�uzfnfdf 
Pdf]�lgof Uof; agfOG5 .

Pdf]�lgod Snf]�/�fO8 + SoflN;od xfO8«f]�cS;fO → SoflN;od SNff]�/�fO8 + kfgL + Pdf]�lgof

2NH4Cl (s) +Ca(OH)2 (s) → CaCl2 (s) + 2H2O (l) + 2NH3 (g)
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cfjZos pks/�0f M xf8{Unf; 6]�:�66\o'a, tfksf]� ;|f]�t, Uof;hf/�, :�6\ofG8, nfOd6fj/�, 
8]�lne/�L 6\o'a cflb .

cfjZos /�;fogx¿ M Pdf]�lgod Snf]�/�fO8 /� SoflN;od xfO8«f]�S;fO8

ljlw (Method)

1. 	 Pdf]�lgof Uof; tof/� kfg{sf nflu cfjZos kg]�{ pks/�0f /� /�;fogx¿ hDdf 
kfg'{xf]�;\ .

 lrq 16.6

2. 	 Pdf]�lgod Snf]�/�fO8 /� SnflN;od xfO8«f]�cS;fO8nfO{ 2 M 1 sf]� cg'kftdf ld>0f 
agfO{ xf8{Unf; 6]�:�66\o'adf /�fVg'xf]�;\ .

3. 	 lrqdf b]�vfP h:�t}� u/�L xf8{Unf; 6]�:�66\o'asf]� d'vdf ss{;lxt 8]�lne/�L gnL 
hf]�8\g'xf]�;\ . clnslt 9Ns]� kg]�{ u/�L 6]�:�66\o'anfO{ :�6\ofG8df hf]�8\g'xf]�;\ /� 8]�lne/�L 
6\o'asf]� csf]�{ 5]�pnfO{ nfOd6fj/�df h8fg ug'{xf]�;\ . 

4.	 ca xf8{Unf; 6]�:�66\o'anfO{ la:�tf/�}� ttfpg'xf]�;\ /� /�f;folgs k|ltlj|mof eP/� 
tof/� ePsf]� Pdf]�lgof Uof; cjnf]�sg ug'{xf]�;\ .

5. 	 of]� Uof;nfO{ ;'Vvf ¿kdf k|fKt ug{ SoflN;od cS;fO8 /�flvPsf]� nfOd 6fj/� 
(Lime tower) sf]� k|of]�u ul/�G5 . Pdf]�lgof kfgLdf cToGt 3'ngzLn x'g]� 
ePsfn]� o;nfO{ kfgLsf]� lj:�yfkg ljlwdfkm{t hDdf ul/�Fb}�g . of]� Uof; xfjfeGbf 
xn'sf]� x'gfn]� xfjfnfO{ tnlt/� lj:�yfkg u/�L Uof;hf/�df hDdf ul/�G5 .
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;fjwfgL (Precautions)

1. 	 xf8{ Unf; 6]�:�66\o'asf]� d'v clnslt 9NsfP/� 
/�fVg'k5{ h;n]� ubf{ Pdf]�lgof Uof;sf]� pTkfbg;Fu}� 
pTkfbg ePsf]� kfgLsf]� afkm nfOd 6fj/�tk{m hfG5 
/� 6]�:�66\o'a k'm6\gaf6 hf]�luG5 .

2. 	 xf8{Unf; 6]�:�66\o'asf]� d'v xfjf gl5g]�{ u/�L ss{n]� 
aGb ug'{k5{ .

3. 	 Pdf]�lgof Uof;nfO{ ;'Svf /� z'4 agfpg SoflN;od 
cS;fO8 el/�Psf]� nfOd 6fj/�df k7fpg'k5{ . of]� 
Uof; kfgLdf cTolws 3'ngzLn ePsfn]�]� lj:�yfkg ljlwåf/�f hDdf ug'{x'Fb}�g .

k/�LIf0f (Test)

1. 	 of]� Uof; Iff/�Lo ePsfn]� leh]�sf]� /�ftf]� ln6\d; k]�k/�nfO{ 
Uof;hf/�leq 3';fpFbf lgnf]� /�ªdf ablnG5 .

2. 	 Pp6f sfFrsf]� /�8nfO{ uf9f xfO8«f]�Snf]�l/�s cDndf 8'afP/� 
Uof;hf/�sf]� d'v glhs}� 7f8f]� kf/�]�/� /�fVbf /�8af6 gld7f]� 
uGw (Pungent smell) ePsf]� ;]�tf]� w'jfF lg:�sG5 . of]� 
w'jfF Ammonium chloride xf]� . 

Pdf]�lgofsf u'0fx¿

ef}�lts u'0fx¿

1. 	 of]� /�ªxLg Uof; xf]� . o;sf]� s8f /� lk/�f]� uGw x'G5 .

2.	 of]� xfjfeGbf xn'sf]� x'G5 .

3.	 of]� kfgLdf cToGt}� 3'ngzLn 5 .

4. 	 of]� Iff/�Lo Uof; xf]� . To;}�n]� o;n]� leh]�sf]� /�ftf]� ln6\d; k]�k/�nfO{ lgnf]� /�ªdf 
aN5 .

5.	 Pdf]�lgof –33.4°C df t/�n aG5 /� –78°C df 7f]�; aG5 .

tkfO{“nfO{ yfxf 5 <

SoflN;od cS;fO8n]� 
Pdf]�lgofdf ePsf]� 
cf]�l;nf]�kgnfO{ ;f]�;]�/� 
lnG5 . To;}�n]� nfOd 
6fj/�af6 o;nfO{ k7fp“bf 
z'4 Pdf]�lgof aG5 .

Red 
litmus 
paper

Heat
lrq 16.7
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/�f;folgs u'0fx¿

1. 	 of]� Uof; kfgLdf 3'ngzLn 5 . o;n]� kfgLdf 3'n]�/� Pdf]�lgod xfO8«f]�S;fO8 

agfpF5 .

	 NH3 -g_ ± H2O -l_ → NH4OH -aq_

2. 	 Pdf]�lgof Uof;n]� Pl;8;Fu k|ltlj|mof u/�L Pdf]�lgod nj0f -ammonium salt_ 
agfpF5 .

	 NH3 -g_± HCl -aq_ → NH4Cl -aq_ 

			   		  Pdf]�lgod Snf]�/�fO8

	 2NH3-g_ ± H2SO4 -aq_ → -NH4_2SO4 -aq_ 

					     Pdf]�lgod ;Nk]�m6

3.	 kfgLdf 3f]�lnPsf]� Pdf]�lgof -NH4OH_ n]� Pl;8;Fu k|ltlj|mof u/�L nj0f /� kfgL 

agfpF5 .

	 2NH4OH -aq_ ± H2SO4 -aq_ → -NH4_2 SO4 -aq_ ± 2H2O -l_

	 NH4OH -aq_ ± HCl -aq_ → NH4Cl -aq_ ± H2O -l_

4. 	 sl/�a 1500°C tfkj|md /� pRr rfkdf Pdf]�lgof /� sfa{g8fOcS;fO8lar 

/�f;folgs k|ltlj|mof eO{ o'l/�of aG5 .

	 NH3 -g_ + CO2 -g_
150-200°C

150 atm  NH2 - CO – NH2 -s_ + H2O (l)
						          -o'l/�of_

	 o'l/�of Ps dxÎjk"0f{ /�f;folgs dn xf]� .

5.	 Pdf]�lgof / clS;hg jfo'd08ndf aNbf kfgL /� gfO6«f]�hg Uof; aG5 .

	 4NH3 -g_± 3O2 -g_ → 6H2O -l_ ± 2N2 (g)
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6. 	 Pdf]�lgof /� clS;hgsf]� ld>0fnfO{ sl/�a 800°C tfkj|mddf Kn]�l6gd uhdf 

k7fpFbf gfOl6«s cS;fO8 aG5 .

	 4NH3 -g_± 5O2 -g_ →pt
800°C  6H2O -l_ ± 2NO (g)

Pdf]�lgofsf]� pkof]�lutf

1. 	 of]� Uof; Pdf]�lgod ;Nkm]�6, Pdf]�lgod gfO6«]�6, o'l/�of, Pdf]�lgod kmf]�:�km]�6 cflb 

h:�tf /�f;folgs dn agfpg k|of]�u ul/�G5 .

2. 	 gfOl6«s Pl;8, Knfl:�6s cflb pTkfbg ug{df k|of]�u ul/�G5 .

3. 	 n'uf w'g]� ;f]�8f agfpg k|of]�u ul/�G5 .

4. 	 Pdf]�lgod nj0fo'St cf}�ifwL agfpg k|of]�u ul/�G5 .

5. 	 An' lk|G6 (Blue Print) lgsfNg k|of]�u ul/�G5 .

6. 	 lr:�ofpg]� kbfy{ -Cooling agent_ sf ¿kdf lk|mhdf k|of]�u ul/�G5 .

7. 	 of]� Uof; kmf]�xf]�/�d}�nf x6fpg]� kbfy{ (Cleansing agent) sf ¿kdf t]�n, lu|h 

cflb x6fpg k|of]�u ul/�G5 .

lj|mofsnfk 16.1 kmfpG6]�g lgdf{0f

cfjZos pks/�0f /� /�;fogx¿ M :�6ofG8, 8«k/�, /�a/� ss{, /�fpG8 a6d ̂ nf:�s, gnL, 

8«fO Pdf]�lgof, km]�gf]�Nkmyflng cflb .

k|of]�u ljlw

1. 	 cfjZos pks/�0f /� /�;fog hDdf ug{'xf]�;\ .

2. 	 lrqdf h:�t}� pks/�0f ;]�6 ug{'xf]�;\ .

3. 	 /�fpG8 a6d ˆnf:�sdf 8«fO Pdf]�lgof /�fVf]�/� To;df xfjf gl5g]�{ agfpg'xf]�;\ .
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4. 	 8«k/� jf l;l/�Ghsf]� ;xfotfn]� Ps yf]�kf hlt kfgL /�fVg'xf]�;\ . o;/�L kfgL /�fVbf 
/�fpG8 a6d ̂ nf:�sleqsf]� Pdf]�lgof kfgLdf 3'n]�/� Tof]� leq Eofs'd lgdf{0f x'G5 .

lrq 16.8

Dry ammonia 
gas

Water
Syringe

Water with 
phenolphthalein

Atmospheric 
pressure

5. 	 /�fpG8 a6d ˆnf:�sleqsf]� xfjfsf]� rfk sd eP/� kmgf]�Nˆyflngsf]� 3f]�n /�fpG8 
a6d ˆnf:�sleq k|j]�z u5{ /� Pdf]�lgofl;t ldl;P/� /�fpG8 a6d ˆnf:�sleq 
u'nfkmL /�ªdf kl/�jt{g x'G5 .

6. 	 of]� k|of]�uaf6 Pdf]�lgof Uof; kfgLdf pRr 3'ngzLn x'G5 eg]�/� k|dfl0ft ug{ 
;lsG5 .

xl/�tu[x k|efj (Greenhouse effect)

tkfO{Fn]� v'nf cfsfz ePsf a]�nfdf eGbf afbn nfu]�sf a]�nfdf tftf]� dx;';  
ug{'ePsf]� 5 xf]�nf < o;sf]� sf/�0f s]� xf]�nf < o;}� u/�L tkfO{Fn]� kfs{, af]�6flgsn 
uf8]�{g, s[lif kmfd{ cflbdf Knfl:�6ssf]� 6g]�n jf sfFrsf]� 3/� klg b]�Vg'ePsf]� 5 
xf]�nf < oL xl/�tu[xsf pbfx/�0f x'g\ . kf/�bz{s Knfl:�6s jf sfFr h:�tf kf/�bz{s 
j:�t'af6 ag]�sf]� 3/� h;n]� ;f}�o{ ljls/�0faf6 k|fKt tfknfO{ ;l~rt u/�L af]�6la?jfsf]�  
xl/�of]�kgnfO{ sfod /�fVg ;3fpF5, To;nfO{ xl/�tu[x elgG5 . To;}�n]� ;f}�o{ ljls/�0faf6 
k|fKt tfknfO{ ;l~rt ug'{nfO{ xl/�tu[x k|efj elgG5 . xl/�tu[x k|fs[lts /� s[lqd 
b'O{ k|sf/�sf x'G5g\ . o;cGtu{t k[YjL klg Pp6f k|fs[lts xl/�tu[x xf]� eg]� kf/�bz{s 
Knfl:�6ssf]� 6g]�n jf sfFrsf]� 3/� s[lqd xl/�tu[x xf]� . xfd|f]� b}�lgs hLjgdf xl/�tu[xsf]� s]� 
dxÎj 5 < of]� gePdf s]� x'G5 < o;sf kmfObf s]� s]� x'G5g\ < cflbaf/�]� Psl5g ljrf/�  
u/�f}�F t .
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k[YjLsf]� ;tx tfTg]� k|lj|mofnfO{ k|fs[lts 
xl/�tu[x k|efj elgG5 . ;"o{af6 cfpg]� 
ljls/�0f k[YjLdf cfpFbf k[YjLsf]� ;txdf 
s]�xL ljls/�0f k/�fjt{g x'G5g\ eg]� s]�xL 
ljls/�0f k[YjLn]� ;f]�:�g]� u5{ . jfo'd08ndf 
xl/�tu[x Uof;, h:�t}� M sfa{g8fOcS;fO8 
(CO2), ldy]�g (CH4), gfO6«; cS;fO8 
(N2O), Snf]�/�f]�̂nf]�/�f]� sfa{g (CFCs), 
cf]�hf]�g (O3) cflbsf]� kq ag]�sf]� x'G5 . 
jftfj/�0fdf /�x]�sf]� xl/�tu[x Uof;sf]� kqn]� k[YjLaf6 k/�fjt{g ePsf s]�xL ljls/�0fnfO{ 
km]�l/� k[YjLd}� kmsf{OlbG5 eg]� s]�xL cGtl/�Ifdf hfg lbG5 .

ljrf/�0fLo k|Zg

jfo'd08ndf sfa{g8fOcS;fO8 s'g s'g ;|f]�taf6 cfPsf]� xf]�nf <

dfgjLo lj|mofsnfk, cf}�Bf]�lus ljsf; /� k|b"if0fsf sf/�0f xl/�tu[x Uof;sf]� kq afSnf]� 
x'Fb}� hfG5 . o;sf/�0f of]� kqn]� cem w]�/�}� ljls/�0fnfO{ k/�fjt{g u/�]�/� k[YjLlt/� kmsf{OlbG5 
/� cGtl/�Ifdf emg\ yf]�/�}� dfqfdf ljls/�0f hfg lbG5 . To;}�n]� dfgjLo lj|mofsnfkn]� 
xl/�tu[x k|efjnfO{ emg a9fOlbg]� u/�]�sf]� x'G5 . jftfj/�0fdf k|fs[lts xl/�tu[x Uof;sf]� 
kq x'g' cfjZos 5 . of]� gePsf]� eP k[YJfLsf]� tfkj|md cToGt}� Go"g x'g]� lyof]� . o;df 
hLjx¿sf]� pkl:�ylt c;Dej x'G5 . xl/�tu[x Uof;sf]� kq k|fs[lts ¿kdf eGbf 
cgfjZos ¿kdf afSnf]� x'Fbf o;n]� k[YjLsf]� tfkj|md c;fdfGo ¿kn]� lg/�Gt/� a9fpFb}� 
uO/�x]�sf]� 5 . To;af6 hnjfo'df kl/�jt{g eO{ y'k|}� gsf/�fTds c;/� kfb}�{ uO/�x]�sf]� 5 .

xl/�tu[x k|efjsf c;/�

-s_ 	tfkj|mddf j[l4 u/�fpF5 .

-v_	 hnrj|mdf kl/�jt{g NofpF5 .

-u_	 dfgj :�jf:�Yodf g/�fd|f]� c;/� kf5{ .

-3_	 s[lif pTkfbg tyf pTkfbsTjdf sdL NofpF5 .

lrq 16.9
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-ª_	 lxdgbL jf lxd z[ª\vnfx¿ kUng]� tyf lxdfndf lxpFsf]� dfqf 36\b}� hfG5 .

-r_	 ;d'›L ;tx a9\g uO{ lsgf/�fsf a:�tLdf 8'afgsf]� ;d:�of cfpg ;S5 .

-5_	 h}�ljs ljljwtfdf x|f; NofpF5 .

-h_	 d?e"dLs/�0f u/�fpF5 .

-em_	 kfl/�l:�ylts k|0ffnLdf c;Gt'ng k}�bf u5{ .

s[lqd xl/�tu[x (Artificial greenhouse)

s[lqd xl/�tu[x sfFr jf k|sfz l5g]�{ kf/�bzL{ 
Knfl:�6saf6 agfOPsf]� x'G5 . o;nfO{ tftf]� 
3/� klg elgG5 . sfFr jf k|sfz l5g]�{ kf/�bzL{ 
Knfl:�6saf6 agfOPsf la?jf /�fVg]� 3/�nfO{ xl/�t 
u[x -green house_ elgG5 . ;"o{af6 pT;lh{t 
n3' t/�ª\u nDafO (short wavelength) ePsf 
ljls/�0f xl/�tu[xdf /�flvPsf l;;faf6 leq 
l55{g\ . leq l5l/�;s]�kl5 ltgLx¿sf]� s]�xL pmhf{ 
xl/�tu[xn]� ;f]�;]�/� lng]� u5{ . o;n]� ubf{ tL ljls/�0f 
bL3{ t/�ª\u nDafO (long wavelength) ePsf 
ljls/�0fdf kl/�0ft x'G5g\ . oL bL3{ t/�ª\u nDafO 
ePsf t/�ª\ux¿ xl/�tu[xaf6 aflx/� lgl:�sg 
;Sb}�gg\ .

tL ljls/�0fx¿ tfk zlStdf kl/�0ft x'Fbf xl/�tu[xdf 
tfk zlSt ;~ro x'G5 o;sf]� kmn:�j¿k s[lqd 
xl/�tu[xleq tfkj|md j[l4 x'G5 . o;nfO{ g}� s[lqd 
xl/�tu[x k|efj -artificial greenhouse effect_ elgG5 .

lj|mofsnfk 16.2

p2]�Zo M s[lqd xl/tu[xsf]� leq /� aflx/� tfkj|mdsf]� cGt/� cjnf]�sg ug'{

;fdUf|L M kf/�bz{s Knfl:�6ssf]� afs;, ydf]�{ld6/�

lrq 16.10

lrq 16.11
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ljlw

1. 	 Pp6f kf/�bz{s Knfl:�6ssf]� afs; lng'xf]�;\ .

2. 	 afs;nfO{ Ps 306f 3fddf /�fVg'xf]�;\ .

3. 	 To;kl5 ydf]�{ld6/�sf]� ;xfotfn]� afs;leq /� aflx/�sf]� tfkj|md dfkg u/�L Pp6f 
tflnsfdf l6kf]�6 ug{'xf]�;\ . o;sf cfwf/�df tnsf k|Zgdf 5nkmn u/�L lgisif{ 
lgsfNg'xf]�;\ M

-s_ afs;leq /� aflx/�sf]� tfkj|mddf s]� km/�s b]�lvof]� <

-v_ tfkj|mddf km/�s b]�lvg'sf]� sf/�0f s]� xf]�nf <

s[lqd xl/�tu[xsf]� dxŒj /� pkof]�lutf (Importance and utility of artificial 
greenhouse)

s[lqd xl/�tu[xdf tfkj|mddf j[l4 x'g]� x'gfn]� a]�df}�;dL t/�sf/�L nufpg ;lsG5 . a]�df}�;dL 
t/�sf/�Laf6 k|z:�t dfqfdf cfocfh{g ug{ ;lsG5 . o;af6 sltko lr;f]� tfkj|mddf 
cfˆgf]� cl:�tTj u'dfpg k'u]�sf la?jfnfO{ hf]�ufpg ;lsG5 . o;sf ;fy}� clt lr;f]� 
7fpFdf x's{g]� la?jfnfO{ hf]�ufpg ;lsG5 . xl/�tu[xsf]� dxÎj /� pkof]�lutfnfO{ a'Fbfut 
¿kdf lgDgfg';f/� pNn]�v ul/�Psf]� 5 M

-s_ 	lglZrt k|sf/�sf la?jfnfO{ jif{el/� g}� pTkfbg ug{ pkof]�uL x'G5 .

-v_ 	lr;f]� xfjfkfgL ePsf 7fpFdf vfBkbfy{ pTkfbg ug{ ;xof]�u u5{ .

-u_ 	 k"mn, ;fukft, kmnk"mn /� ljleGg la?jfsf]� pTkfbg ug{ pkof]�uL x'G5 .

-3_ 	 xl/�tu[xleqsf la?jfn]� jftfj/�0f k|b"if0fnfO{ lgoGq0f ug{ ;xof]�u u5{ .

-ª_ 	 lxpFbsf]� ;dodf klg udL{df x'g]� af]�6la?jf pdfg{ ;lsG5 .

-r_ 	udL{ 7fpFdf x's{g]� la?jfnfO{ lr;f]� 7fpFdf ;d]�t pdfg{ ;lsG5 . 

k[YjL Pp6f k|fs[lts xl/�tu[x xf]�, s;/�L <

jfo'd08ndf /�x]�sf sfa{g8fOcS;fO8, cf]�hf]�g, hnjfik cflbn]� k[YjLnfO{ rf/�}�lt/�af6 
9fs]�sf]� x'G5 . ;"o{af6 cfPsf]� ljls/�0fnfO{ k[YjLsf]� ;tx;Dd cfOk'Ug lbG5 t/� 
k[YjLaf6 k/�fj{tg ePsf]� ljls/�0fnfO{ kms]�{/� hfg lbFb}�g /� jfo'd08ndf g}� /�f]�S5, o;sf]� 
kmn:�j¿k tfkj|md j[l4 x'G5 . o;/�L xl/�tu[x Uof;n]� k[YjLsf]� ;txsf]� tfkj|md j[l4 
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u/�fpF5 . o;n]� s[lqd xl/�tu[xdf /�flvPsf]� sfFrsf]� h:�t}� e"ldsf v]�N5 . To;}�n]� k[YjL 
klg Ps k|fs[lts xl/�tu[x xf]� eGg ;lsG5 .

k[YjLdf xl/�tu[x k|efj 36fpg]� d'Vo pkfox¿

xl/�tu[x k|efj 36fpgsf nflu xl/�tu[x Uof;sf]� pTkfbg tyf k|of]�udf lgoGq0f 
ug{'k5{ . o;sf nflu lgDglnlvt pkfox¿ ckgfpg ;lsG5 M

1. 	 Snf]�/�f]�̂nf]�sfa{gsf]� pTkfbg /� k|of]�u k"0f{ ¿kdf aGb ug]�{

2.	 k]�6«f]�lnod kbfy{ Pjd\ sf]�Onfsf]� k|of]�u sd ub}�{ j}�slNks pmhf{sf ;|f]�tsf]� k|of]�u 
a9fpg]�

3. 	 hnljB't\, jfo'pmhf{ h:�tf j}�slNks pmhf{sf]� k|of]�u a9fpg]�

4. 	 j[If/�f]�k0f ug]�{

5. 	 sfa{g8fOcS;fO8sf]� pTkfbg sd ug]�{

cDnLo jiff{ (Acid rain)

Pl;8 jf cDn s'g}� jg:�kltsf]� kftdf kbf{ s]� x'G5 xf]�nf < To:�t}� lrqdf lbOPsf]� 
;+/�rgf lg/�Gt/� lvOFb}� uO/�x]�sf]� 5 . o;sf]� sf/�0f s]� xf]�nf < lsg o:�tf]� ePsf]� xf]�nf < 
o:�tf]� x'gaf6 hf]�ufpg s]� ug{'knf{ < cflb af/�]�df Psl5g ljrf/� u/�f}�F .

lj|mofsnfk

Pp6f sf“rsf]� af]�tndf cfwfhlt lkmsf xfO8«f]�Snf]�l/�s cDn /�fVg'xf]�;\ . pSt 
xfO8«f]�Snf]�l/�s cDndf v;L jf /�f“ufsf]� x8\8L Ps lbg;Dd /�fVg'xf]�;\ . Ps lbgkl5 
;fjwfgLsf ;fy pSt x8\8L aflx/� lgsfNg'xf]�;\ . o;nfO{ cjnf]�sg ubf{ s:�tf]� b]�lvof]� 
5nkmn ug{'xf]�;\ /� lgisif{ lgsfNg'xf]�;\ .

;g\ 1960 df klxnf]� k6s cDnLo jif{ k'li6 
ePsf]� kfOG5 . ljleGg pBf]�u snsf/�vfgfdf 
df6/� uf8L cflbaf6 lg:�sg ;Nkm/� 8fOcS;fO8, 
sfa{g8fOcS;fO8, gfO6«; cS;fO8, Snf]�l/�g 
h:�tf Uof;n]� cfsfzdf kfgLsf]� afkm;Fu 
k|ltlj|mof u/�L ;Nˆo'l/�s cDn, sfaf]�{lgs cDn, 
gfOl6«s cDn tyf xfO8«f]�Snf]�l/�s cDn cflb lrq 16.12
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agfpF5g\ /� jiff{sf]� kfgL;Fu}� ldl;P/� tn em5{g\ . o;}�nfO{ g}� cDn jiff{ elgG5 . 
;fdfGotof a;f{tsf]� kfgL cDnLo x'G5 . o;sf]� pH 6 x'G5 . cDnLo jiff{sf]� pH 3 
b]�lv 5 ;Dd x'G5 .

2SO2 + O2 	 → 2SO3

SO3 + H2O 	 → H2SO4

CO2 +H2O 	 → H2CO3

cDnLo jiff{n]� k[YjLdf kfg]�{ c;/�

1. 	 cDnLo jiff{n]� dfa{naf6 ag]�sf dlGb/�, ejg, d"lt{ lznfn]�v cflbnfO{ lvofpF5 .

	 CaCO3 (s) + H2SO4 (aq) → CaSO4 (s) + CO2 (g) + H2O (l)

2. 	 df6fsf]� cDnLokgf a9fO{ pTkfbg Ifdtfdf sdL NofpF5 .

3. 	 cDnLo jif{fn]� kfgLsf ;|f]�tdf ldl;P/� hnr/�nfO{ c;/� k'¥ofpF5 .

4. 	 dflg;df 5fnf;DaGwL /�f]�u NofpF5 .

5. 	 dfgj :�jf:�Yodf c;/� k5{ .

o;nfO{ /�f]�Sg]� tl/�sf

1. 	 gfO6«f]�hg cS;fO8 /� ;Nkm/� cS;fO8sf]� pTkfbg sd ug{'k5{ .

2. 	 gjLs/�0fLo pmhf{sf ;|f]�tsf]� k|of]�u ug{'k5{ .

3. 	 cDn jiff{sf sf/�0f /� c;/�sf af/�]�df hgr]�tgf km}�nfpg'k5{ .
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cEof;

1. 	 tnsf k|Zgsf]� ;xL ljsNkdf l7s lrx\g nufpg'xf]�;\ M

-s_	 r'g9'ª\ufnfO{ e6\6Ldf pRr tfkj|mddf sf]�Onf;Fu ttfpFbf aGg]� pTkfbg 
s]� s]� x'g\ <

-c_ ldyg /� rg 				   -cf_ r'g /� sfa{g8fOcS;fO8

-O_ Pl;l6lng /� sfa{g8fOcS;fO8	 -O{_ Pdf]�lgof /� r'g

-v_ 	tnsf dWo]� s'g egfO l7s xf]� <

-c_	 sfa{g8fOcS;fO8 xfjfnfO{ dflylt/� lj:�yflkt u/�L Uof;hf/�df 
hDdf ul/�G5 .

-cf_ sfa{g8fOcS;fO8 xfjfnfO{ tnlt/� lj:�yflkt u/�L Uof;hf/�df hDdf 
ul/�G5 .

-O_	 sfa{g8fOcS;fO8 kfgLnfO{ dflylt/� lj:�yflkt u/�L Uof;hf/�df 
hDdf ul/�G5 .

-O{_	 sfa{g8fOcS;fO8 kfgLnfO{ tnlt/� lj:�yflkt u/�L Uof;hf/�df hDdf 
ul/�G5 .

-u_	 sfa{g8fOcS;fO8 Uof;nfO{ ;kmf r'gkfgLdf s]�xLl5g k7fPdf /�f;folgs 
k|ltlj|mof eO{ aGg]� of}�lus tnsf dWo]� s'g xf]� <

-c_ SoflN;od afO;Nkm]�6 	 -cf_ SoflN;od afOsfaf]�{g]�6

-O_ SoflN;od ;Nkm]�6 		  -O{_ SoflN;od sfaf]�{g]�6

-3_	 k|of]�uzfnfdf Pdf]�lgof pTkfbg ug{ Pdf]�lgod Snf]�/�fO8 /� SoflN;od 
xfO8«f]�S;fO8nfO{ s'g cg'kftdf ld;fOG5 <

-c_ 3:�1 				    -cf_ 2:�3

-O_ 2:�1 				    -O{_ 1:�2
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2. 	 sf/�0f lbg'xf]�;\ M

-s_	 sfa{g8fOcS;fO8 Uof;nfO{ v'nf Uof;hf/�df hDdf ug{ ;lsG5 .

-v_	 t/�n Pdf]�lgofsf]� af]�tn vf]�Ng' klxn]� s]�xLa]�]�/� lr;f]� kfgLdf /�fVg'k5{ .

3. 	 tn lbOPsf k|Zgsf]� pQ/� lbg'xf]�; M

-s_	 k|of]�uzfnfdf sfa{g8fOcS;fO8 Uof; 
agfpg]� ljlw ;lrq j0f{g ug'{xf]�;\ .

-v_	 lrq cWoog u/�L k|Zgsf]� pQ/� lbg'xf]�;\ M

-c_	 Uof;hf/�df s'g Uof; hDdf eO/�x]�sf]� 
5 <

-cf_	 of ]� Uof; agfpg]� k|ltlj|mofsf ]� 
/�f;folgs ;dLs/�0f n]�Vg'xf]�;\ .

-O_	 s:�tf]� /�ªsf]� ln6\d; k]�k/�sf]� k|of]�uaf6 o;/�L tof/� ul/�g]� Uof;sf]� 
klxrfg ug{ ;lsG5 <

-O{_	 lsg of]� Uof;nfO{ ;'N6f]� kfl/�Psf]� vfnL Uof;hf/�df hDdf ul/�Psf]� 
xf]�nf <

-3_ 	sfa{g8fOcS;fO8 Uof;sf s'g}� tLgcf]�6f /�f;folgs u'0f n]�Vg'xf]�;\ .

-ª_ 	sfa{g8fOcS;fO8 Uof;sf s'g}� rf/�cf]�6f pkof]�lutf pNn]�v ug'{xf]�;\ .

-r_ 	k|of]�uzfnfdf Pdf]�lgof Uof; agfpg]� tl/�sf ;lrq j0f{g ug'{xf]�;\ .

-5_ 	lrq cWoog u/�L k|Zgsf]� pQ/� lbg'xf]�;\ M

-c_ 	 Uof;hf/�df s'g Uof; hDdf 
eO/�x]�sf]� 5 <

-cf_ 	of]� Uof; agfpg]�  
k|ltlj|mofsf]� /�f;folgs 
;dLs/�0f n]Vg'xf];\ .

NH4Cl + Ca(OH)2
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-O_	 s:tf] /ªsf] ln6\d; k]k/sf] k|of]uaf6 of] Uof;sf] klxrfg ug{ 
;lsG5 <

-O{_	 xf8{Unf; 6]:66\o'anfO{ lsg clnslt 58\s] kf/]/ /flvG5 <

-p_	 nfOd 6fj/sf] Pp6f pkof]lutf s] xf] <

-h_	 Pdf]lgof Uof;sf s'g} rf/cf]6f pkof]lutf n]Vg'xf];\ .

-em_	 s] x'G5, ;Gt'lnt /f;folgs ;dLs/0f;lxt n]Vg'xf];\ M

-c_ 	 sfa{g8fOcS;fO8nfO{ r'gkfgLdf Psl5gsf nflu k7fpFbf

-cf_	 sfa{g8fOcS;fO8nfO{ r'gkfgLdf w]/}a]/;Dd k7fpFbf

-O_	 aln/x]sf] DofUg]l;odsf] lkmQf sfa{g8fOcS;fO8o'St hf/df 
3';fpFbf

-O{_	 ;f]l8od xfO8«f]S;fO8 / Pdf]lgod ;Nkm]6sf] ld>0fnfO{ ttfpFbf

-p_	 Pdf]lgofnfO{ kfgLdf ld;fpFbf

-pm_	 Pdf]lgof / xfO8f]Snf]l/s cDnlar k|ltlj|mof x'Fbf

-`_	 k[YjLdf xl/�tu[x k|efjsf s'g}� b'O{cf]�6f c;/� n]�Vg'xf]�;\ . logLx¿nfO{ sd 
ug{ tkfO{Fn]� s:�tf]� e"ldsf v]�Ng ;Sg'x'G5 <
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Wfft' /� cwft' 
(Metal and Non-metal)

lbOPsf lrq cjnf]�sg u/�L tnsf k|Zgdf 5nkmn ug'{xf]�;\ M

l:�6nsf]� hu 	 kmnfdsf 8G8L 	 k|]�;/� s's/�	 l;Ssf

;'gsf uxgf	 Knfl:6ssf] aflN6g	 ;]/fldS;sf] sk

lrq 17.1 wft' /� cwft'

-c_	 lrqdf b]�lvg]� j:�t'x¿dWo]� s'g s'g wft' /� s'g s'g cwft' x'g\ <

-cf_	 oL j:�t'x¿ s]� s]� kbfy{n]� ag]�sf xf]�nfg\ <

-O_	 oL j:�t'x¿ agfpg]� kbfy{sflar s]� s]� ;dfgtf /� c;dfgtf x'G5g\ <

-O{_	 dflysf j:�t' agfpg rflxg]� sRrf kbfy{ sxfFaf6 /� s;/�L k|fKt eP xf]�nfg\ <

xfdLn]� b}�lgs hLjgdf ljleGg k|sf/�sf kbfy{sf]� k|of]�u u5f{}�F . tL kbfy{nfO{ z'4 /� 
cz'4 u/�L b'O{ ju{df juL{s/�0f ul/�Psf]� 5 . z'4 kbfy{cGtu{t tÎj /� of}�lus k5{g\ eg]� 

17
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cz'4 kbfy{cGtu{t ld>0f k5{g\ . xfn;Dd j}�1flgsn]� 118 cf]�6f tÎj kQf nufPsf 
5g\ . tL tÎjnfO{ u'0fsf cfwf/�df wft', cwft' /� cw{wft'df juL{s/�0f ul/�Psf]� 5 . 
k]�l/�of]�l8s tflnsfdf ePsf 118 tÎjdWo]� clwsf+z tÎj wft', s]�xL tÎj cwft' /� 
yf]�/�}� tÎj cw{wft' x'g\ . wft', cwft' /� cw{wft'sf u'0f, ;|f]�t /� dxÎjsf af/�]�df xfdLn]� 
cluNnf sIffdf kl9;s]�sf 5f}�F . o; PsfOdf xfdL tL wft' sxfF /� s'g ¿kdf kfOG5g\, 
ltgLx¿nfO{ s;/�L z'4 ¿kdf k|fKt ug{ ;lsG5 eGg]�af/�]� 5nkmn ug]�{ 5f}�F .

vlgh (Minerals)

lrq 17.2: kf]�6fl;od, ;f]�l8od /� SoflN;od r6\6fg

s]�xL wft'afx]�s k|foMh;f]� wft'x¿ k[YjLsf]� j|m:�6df of}�lussf ¿kdf kfOG5g\ . k|fs[lts 
¿kdf kfOg]� oL tÎj jf of}�lusnfO{ vlgh elgG5 . wft'sf]� ;|f]�t vlgh xf]� . k[YjLsf]� 
j|m:�6df ePsf r6\6fg d"ntM wft' /� cwft'hGo kbfy{ ldn]�/� ag]�sf x'G5g\ . s'g}� 
r6\6fg Ps jf PseGbf a9L vlgh kbfy{n]� ag]�sf]� x'G5 . sd ;lj|mo wft' h:�t}� 
;'g, rfFbL z'4 cj:�yfdf k|s[ltdf kfOG5g\ eg]� a9L ;lj|mo wft'x¿ h:�t}� kf]�6fl;od, 
;f]�l8od, SoflN;od, kmnfd cflb cGo tÎj;Fu ldnL of}�lussf ¿kdf kfOG5g\ . 
w]�/�}�h;f]� vlgh kbfy{ ck|fª\ufl/�s, z'4, 7f]�; /� bfg]�bf/� -crystalline_ x'G5g\ . o;/�L 
k|s[ltdf z'4, 7f]�; /� dl0fe cfsf/�df kfOg]� of}�lusnfO{ vlgh elgG5 . logLx¿sf]� 
lglZrt /�f;folgs ;"q x'G5 . k[YjLsf]� j|m:�6 sl/�a 90Ü l;lns]�6 vflghn]� ag]�sf]� 
5 . o;afx]�s oxfF ;NkmfO8, cS;fO8, sfaf]�{g]�6, ;Nkm]�6, km:�km]�6 cflb vlgh klg 
kfOG5g\ . g]�kfnsf ljleGg 7fpFdf x]�df6fO6, So'k|fO6, 6fNs, /�ftf]� df6f]�, u|]�gfO6, 
sf]�Onf cflb w]�/�}� k|sf/�sf vlgh kfOG5g\ . bfª, ;Nofg, /�f]�Nkf, u'NdL, Ko'7fg, nlntk'/�, 
kfNkf, gjnk/�f;L cflb lhNnfdf w]�/�}� vlgh kfOG5g\ .
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wfp (Ore)

vfgLaf6 k|fKt x'g]� wfpx¿df k|Zf:�t dfqfdf cz'l4x¿ /�x]�sf x'G5g\ . oL cz'l4nfO{ 
x6fPkl5 dfq wfpaf6 wft' k|fKt ug{ ;Dej x'G5 . wfpaf6 cz'l4 x6fpg]� k|lj|mof 
To;df ldl;Psf kbfy{sf]� ef}�lts /� /�f;folgs u'0fdf lge{/� u5{ .

ljleGg vlgh kbfy{df kfOg]� wft'sf]� dfqf km/�s km/�s x'G5 . s'g}� vlghdf wft'sf]� 
dfqf a9L x'G5 . o;af6 wft' ;lhn}� /� lskmfotL 9ª\un]� lgsfNg ;lsG5 eg]� s'g}� 
vlghdf wft'sf]� dfqf yf]�/�}� x'G5 /� To;af6 wft' ;lhn}� /� lskmfotL 9ª\un]� lgsfNg 
;lsF+b}�g . cTolws dfqfdf /� gfkmfd"ns 9ª\un]� wft' lgsfNg ;lsg]� vlghnfO{ To; 
wft'sf]� wfp elgG5 . h'g vlghaf6 wft' ;lhn}� /� lskmfotL ¿kn]� lgsfNg ;lsFb}�g, 
To;nfO{ wfp elgFb}�g . o;/�L ;a}� wfp vlgh x'g\ eg]� ;a}� vlgh wfp xf]�Ogg\ . xfd|f]� 
b}�lgs hLjgdf k|of]�u x'g]� wft'x¿ ljleGg wfpaf6 k|fKt ul/�G5 .

kmnfdsf s]�xL wfpx¿ (Some ores of Iron)

Magnetitie

Pyrite Siderite

Hematitie Limonite

lrq 17.3 kmnfdsf wfpx¿

kmnfdsf s]�xL wfpsf gfd lgDgfg';f/� 5g\ M

-c_ x]�df6fO6 -Fe2O3)		  -cf_ ;fO8\/�fO6 (FeCO3)

-O_ DofUg]�6fO6 -Fe3O4)		  -O{_ lndf]�gfO6 (2Fe2O3.3H2O)

-p_ cfO/�g kfO/�fO6 (FeS2)
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o;dWo]� x]�df6fO6 kmnfdsf]� d'Vo wfp xf]� . o; wfpdf kmnfdsf]� dfqf clwstd 75 
k|ltzt kfOG5 .

cflNdlgodsf s]�xL wfpx¿ (Some ores of Aluminium)

cflNdlgodsf s]�xL wfpsf gfd lgDgfg';f/� 5g\ M

-c_ aS;fO6 (Al2O3.2H2O)

-cf_ j|mfof]�nfO6 (Na3AlF6)

-O_ sf]�/�G8d (Al2O3)

oL wfpx¿dWo]� aS;fO6 cflNdlgodsf]� d'Vo wfp xf]� . o;df sl/�a 40–60Ü 
cflNdlgod kfOG5 .

tfdfsf s]�xL wfpx¿ (Some ores of Copper)

lrq 17.5
ChalcopyriteMalachite

Cuprite Chalcocite

-c_ rfNsf]�;fO6 jf sk/�UnfG; (Cu2S)

-cf_ sk/� kfO/�fO6\; (CuFeS2)

-O_ So'k|fO6 (Cu2O)

-O{_ dfnfrfO6 (CuCO3.Cu(OH)2)

oL wfpx¿dWo]� sk/�sf]� d'Vo wfp rfNsf]�kfO/�fO6 xf]� . o;df sl/�a 34.5Ü sk/� 
kfOG5 .
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rf“bLsf s]�xL wfpx¿ (Some ores of Silver)

-c_ ch{]�G6fO6 (Ag2S )

-cf_ xg{ l;Ne/� (AgCl)

-O_ ?aL l;Ne/� (Ag3SbS3)

-O{_ l;Ne/� sk/� UnfG; (Ag(Cu)2 S)

oL wfpdWo]� ch{]�G6fO6 rfFbLsf]� d'Vo wfp xf]� . o;df sl/�a 87Ü rfFbL kfOG5 .

;'g (Gold)

;'g k|s[ltdf z'4 /� wfpsf ¿kdf klg kfOg]� u5{ . ;'g cToGt}� sd lj|mofzLn wft' 
ePsf]� x'gfn]� z'4 cj:�yfdf kfOPsf]� xf]� . of]� k|foM r6\6fg /� r6\6fg lvOP/� ag]�sf]� 
vf]�nfsf]� afn'jfdf kfOg]� u5{ .

lj|mofsnfk 17.1

kmnfd, cflNdlgod, tfdf Pjd\� rfFbLsf wfpsf]� gfd tyf lrq ;ª\sng u/�L rf6{k]�k/�df 
6fF:�g'xf]�;\ /� sIffdf ;d"xut ¿kdf k|:�t't ug{'xf]�;\ .

wft' lj1fg (Metallurgy)

dfOlgª (Mining)

wft' k|fKt ug{ ;j{k|yd k[YjLsf]� j|m:�6 vg]�/� ;DalGwt wft'sf]� vfgLaf6 r6\6fgaflx/� 
lgsflnG5 . o;/�L k[YjLsf]� ef}�ule{s ;txleqaf6 pkof]�uL j:�t' /� vlgh kbfy{ lgsfNg]� 
k|lj|mofnfO{ dfOlgª -mining_ elgG5 . sf]�Onf, k]�6«f]�lnod kbfy{, ;'gnufot ljleGg 
wft'sf wfpnfO{ lgsfNg dfOlgª ul/�G5| . o;kl5 ljleGg r/�0fdf wft'sf]� k|zf]�wg 
ug]�{ sfo{ ul/�G5 .

wft'sf u'0f, ltgsf]� pTkfbg /� wft' z'4Ls/�0f ug]�{ lj1fgsf]� zfvfnfO{ wft' lj1fg 
elgG5 . wfpaf6 wft' lgsfNg]� j|mda4 k|lj|mof;d]�t wft' lj1fgcGtu{t k5{ . wfpaf6 
z'4 wft' k|fKt ug{ ;fdfGotof kfFr r/�0f ckgfOG5 .

lrq 17.6 Argentite
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wft' k|zf]�wg ug]�{ ;fdfGo ljlw (General steps of metallurgy)

1. u|fOlG8ª (Grinding)
of]� wft' k|zf]�wgsf]� k|yd r/�0f xf]� . 7'nf 7'nf d]�l;gleq /�f]�n/�sf]� k|of]�u u/�L wfpnfO{ 
k]�n]�/� ;;fgf s0fdf kl/�0ft ug]�{ k|lj|mofnfO{ u|fOlG8ª elgG5| .

2. sG;G6«]�;g (Concentration)
u|fOlG8ª u/�L ;fgf s0fdf kl/�0ft ul/�;s]�sf]� wfpdf df6f]�, afn'jf, 9'ª\ufnufot cz'4 
kbfy{ -gangue_ x'g]� u5{g\ . ;a}�eGbf klxnf oL cz'4 kbfy{ x6fpg'k5{ . wfpdf 
ldl;Psf cz'4 kbfy{ x6fpg sG;G6«]�;g ul/�G5|| . wfpaf6 cz'4 kbfy{ x6fO{ z'4 
kfg]�{ /� wft'sf]� k|ltzt a9fpg]� k|lj|mof g}� sG;G6«]�;g xf]� . wfpdf ldl;Psf cz'4 
kbfy{sf u'0fcg';f/� ltgnfO{ x6fpg pko'St ljlwsf]� k|of]�u ul/�G5| . pbfx/�0fsf nflu 
wfpdf ePsf]� wft' /� ldl;Psf cz'4 kbfy{sf]� 3gTj km/�s ePdf xfO8«f]�lns jf u'?Tj 
(Hydraulic or gravity separation_ ljlw ckgfOG5 . wft' jf cz'l4dWo]� Pp6f 
r'DasLo /� csf]�{ cr'DasLo kbfy{ ePdf r'DasLo ljlw -magnetic separation_ 
ckgfOG5 . wfpdf ePsf]� wft' /� ldl;Psf cz'4 kbfy{dWo]� Pp6f kfgLl;t cfslif{t 
x'g]� (hydrophilic) /� csf]�{ kfgLeGbf 6f9f hfg vf]�Hg]� (hydrophobic) ePdf k|mf]�y 
ˆnf]�6]�;g -Froth floatation_ ljlw ckgfOG5 .

lj|mofsnfk 17.2
r'DasLo /� cr'DasLo j:�t'sf]� ld>0f 5'6\ofpg r'DasLo ljlwsf]� k|of]�u 

cfjZos ;fdu|L M kmnfdsf]� w'nf]�, cflNdlgodsf]� w'nf]�, df6f]�, afn'jf /� r'Das ljlw

s'g}� efF8fdf afn'jf, df6f]�, kmnfd /� cflNdlgodsf]� w'nf]� jf ;;fgf 6'j|mf ld;fO{ ld>0f 
tof/� kfg{'xf]�;\ . ca To; ld>0fsf]� glhs}� r'Das nfg'xf]�;\ .

cjnf]�sg

tkfO{Fn]� s]� b]�Vg'eof]� < o:�tf]� lsg eof]� xf]�nf <

o;/�L ld>0fsf]� glhs}� r'Das n}�hfFbf kmnfdsf]� w'nf]� h:�tf]� r'DasLo j:�t' r'Dasdf 
6fFl;G5 eg]� df6f]�, afn'jf, cflNdlgod h:�tf cr'DasLo j:�t' r'Dasdf 6fFl;Fb}�gg\ /� 
r'DasLo j:�t'af6 5'6\l6G5g\ .

lgisif{ M=================================================.
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3. clS;8]�;g (Oxidation)

wft'sf]� cS;fO8af6 wft' lgsfNg ;/�n x'g]� x'gfn]� wfpsf]� sG;G6«]�;gkZrft\ o;nfO{ 
wft'sf]� cS;fO8df kl/�jt{g ul/�G5 . wfpnfO{ clS;8]�;g ug]�{ b'O{cf]�6f ljlw 5g\ .

-c_ /�f]�l:�6ª (Roasting)

wfpnfO{ e6\6Ldf /�fvL k|r'/� dfqfdf xfjfsf]� k|jfx u/�fO{ wfpdf ePsf wft'nfO{ ttfP/� 
o;sf]� cS;fO8df kl/�jt{g ug]�{ ljlwnfO{ /�f]�l:�6ª elgG5 . clS;hg gePsf wfpdf 
of]� ljlw k|of]�u ul/�G5 . ;fdfGotof ;NkmfO8 wfpnfO{ wft' cS;fO8df kl/�jt{g ug{ 
/�f]�l:�6ª ul/�G5, h:�t}� M lhª\s ;NkmfO8 -ZnS_ nfO{ lhª\s cS;fO8df -ZnO_ kl/�jt{g 
ug{ o;sf]� k|of]�u ul/�G5 .

-cf_ SoflN;g]�;g (Calcination)

wfpnfO{ e6\6Ldf /�fvL xfjfsf]� k|jfxljgf jf clS;hgsf]� cg'kl:�yltdf ttfO{ wft'sf]� 
cS;fO8df kl/�jt{g ug]�{ k|lj|mofnfO{ SolN;g]�;g elgG5 . sfaf]�{g]�6 wfpnfO{ wft' 
cS;fO8df kl/�jt{g ug{ SolN;g]�;g ul/�G5|, h:�t}� M SoflN;od sfaf]�{g]�6nfO{ SoflN;od 
cS;fO8df kl/�jt{g ug{ of]� ljlwsf]� k|of]�u ul/�G5 .

4. l/�8S;g (Reduction)

wft' cS;fO8af6 clS;hg x6fpg]� ljlwnfO{ l/�8S;g elgG5 . wft' cS;fO8, h:�t}� M 
sk/� cS;fO8, n]8 cS;fO8, cfO/�g cS;fO8 cflbnfO{ sfa{g, sfa{g df]�gf]�cS;fO8, 
xfO8«f]�hg cflb l/�8\o'l;ª Ph]�G6 k|of]�u u/�]�/� wft' cS;fO8af6 clS;hg x6fOG5 .

t/� lhª\s cS;fO8nfO{ sfa{gn]� dfq l/�8S;g ug{ ;lsG5 . l;Ne/� cS:�ffO8 /� 
ds{/�L cS;fO8 w]�/�}� cl:�y/� x'g]� ePsfn]� logLx¿nfO{ ttfpFbf dfq klg l/�8S:�fg ug{ 
;lsG5 . ;lj|mo wft' h:�t}� ;f]�l8od, kf]�6fl;od, SoflN;od, DofUg]�l;od, cflNdlgod 
cflbsf cS;fO8 w]�/�}� l:�y/� x'g]� ePsfn]� logLx¿sf]� l/�8S;g On]�S6«f]�nfOl;; ljlwaf6 
dfq ;Dej x'G5 .

:�d]�lN6ª (Smelting)

clS;8]�;gkl5 wft'sf cS;fO8nfO{ sfa{g, sf]�s, xfO8«f]�hg h:�tf l/�8\o'l;ª Ph]�G6;Fu 
wft'sf]� kUng]� tfkj|mdeGbf dflysf]� tfkj|mddf k|ltlj|mof u/�fOG5 . pSt k|ltlj|mofdf 
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wft'sf]� cS;fO8af6 wft' klUnPsf]� cj:�yfdf 5'6\l6G5 /� afFsL /�x]�sf cz'4 kbfy{nfO{ 
Uof; jf :�nusf ¿kdf aflx/� lgsflnG5 . o; ljlwnfO{ :�d]�lN6ª elgG5 .

5. l/�kmfOlgª (Refining)

wfpsf]� l/�8S;gaf6 k|fKt wft' cem}� klg s]�xL dfqfdf cz'4 x'g]� x'gfn]� o;nfO{ z'4 
agfpg l/�kmfOlgª ul/�G5 . wft'nfO{ ljleGg k|lj|mofaf6 l/�kmfOlgª ug{ ;lsG5, h:�t}� M 
l8l:�6n]�;g, On]�S6«f]�l/�kmfOlgª cflb . cfjZostfcg';f/� pko'St ljlw ckgfO{ wft'nfO{ 
l/�kmfOlgª ul/�G5 /� wft'nfO{ z'4 kfl/�G5 .

-c_ l8l:�6n]�;g (Distillation)

l8l:�6n]�;g ljlwsf]� k|of]�u u/�L wft'df ePsf cz'l4nfO{ pdfn]�/� x6fOG5 . ttfpFbf 
olb jfikLs/�0f eP/� hfg]� wft' jf cz'l4 ePsf]� v08df of]� ljlwsf]� k|of]�u ul/�G5, 
h:�t}� M ds{/�L ttfpFbf jfikLs/�0f eP/� hfG5 .

-cf_ On]�S6«f]�l/�kmfOlgª (Electro-refining)

l/�8S;g k|lj|mofaf6 k|fKt wft'nfO{ z'4 kfg]�{dWo]� Pp6f ljlw On]�S6«f]�l/�kmfOlgª xf]� . 
On]�S6«f]�l/�kmfOlgª ug{ ljB't\ ljR5]�bg -On]�S6«f]�nfOl;;_ ljlw ckgfOG5 . kmnfd, 
rfFbL, tfdf, ;'gnufot w]�/�}� wft' z'4 ¿kdf k|fKt ug{ of]� ljlwsf]� k|of]�u ul/�G5 . 
o;/�L k|fKt wft' sl/�a 99% z'4 x'G5 . o; ljlwdf Pp6f ef]�N6fld6/�df -ljB't\ 
ljR5]�bg ug]�{ efF8f]�_, cz'4 wft'nfO{ Pgf]�8;Fu -;]�nsf]� wgfTds w|'j_ hf]�l8G5 eg]� 
z'4 wft'nfO{ Sofyf]�8 -;]�nsf]� C0ffTds w|'j_ ;Fu hf]�l8G5 . o; ljlwdf h'g wft'sf]� 
On]�S6«f]�l/�kmfOlgª ug{'kg]�{ xf]�, To:�f}�sf]� nj0faf6 ag]�sf]� On]�S6«f]�nfO6 k|of]�u ul/�G5 . 
pbfx/�0fsf nflu cz'4 tfdfnfO{ On]�S6«f]�l/�kmfOlgª ljlwaf6 z'4Ls/�0f ug]�{ lj|mofsnfk  
ug'{xf]�;\ .

lj|mofsnfk 17.3

cz'4 tfdfnfO{ On]�S6«f]�l/�kmfOlgª ljlwaf6 z'4Ls/�0f ug]�{

cfjZos ;fdu|L M ef]�N6fld6/�, cz'4 tfdfsf]� kftf, z'4 tfdfsf]� kftf, Aof6«L, 
lgnf]�t'yf]�sf]� 3f]�n
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Cathode 
(Pure metal)

CuSO4 
solution

Anode 
mud

Anode 
(Impure metal)

+      –

lrq 17.7

ljlw

Pp6f ef]�N6fld6/�df lgnf]�t'yf]�sf]� 3f]�n /�fVg'xf]�;\ . cz'4 tfdfsf]� kftfnfO{ Aof6«Lsf]� 
wgfTds „'j /� z'4 tfdfsf]� kftfnfO{ Aof6«Lsf]� C0ffTds „'j;Fu hf]�8L lrqdf h:�t}� 
j|mdzM Pgf]�8Þ /� Sofyf]�8 agfpg'xf]�;\ . ca ef]�N6fld6/�df ljB't\ k|jfx ug{'xf]�;\ .

cjnf]�sg

tkfO{Fn]� s]� b]�Vg'eof]� < o:�tf]� lsg /� s;/�L eof]� xf]�nf <

Pgf]�8df ePsf]� cz'4 tfdfsf]� kftf lvOFb}� hfG5 /� Sofyf]�8df ePsf]� z'4 tfdfsf]� 
kftfdf z'4 tfdf ylkFb}� hfG5 .

lgisif{

o;/�L ljB't\ ljR5]�bg ljlw k|of]�u u/�L cz'4 tfdfaf6 z'4 tfdf k|fKt ug{ ;lsG5 .

lj|mofsnfk 17.4

d]�6fnhL{sf ljleGg r/�0f emlNsg]� ˆnf]�rf6{ agfO{ sIffdf k|:�t't ug{'xf]�;\ .

kl/�of]�hgf sfo{

OG6/�g]�6df wft' k|zf]�wg ug]�{ ljlwaf/�]� >Job[Zo ;fdu|L cjnf]�sg u/�L wft' k|zf]�wg 
ljlwaf/�]� k|ltj]�bg tof/� ug{'xf]�;\ /� sIffdf k|:�t't ug{'xf]�;\ .
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cEof;

1. 	 tnsf k|Zgsf]� ;xL ljsNk 5gf]�6 ug'{xf]�;\ M

-s_	 kmnfdsf]� d'Vo wfp s'g xf]� <

-c_ aS;fO6 			   -cf_ x]�df6fO6

-O_ ch]�{+G6fO6 			   -O{_ kfO/�fO6

-v_ 	k|s[ltdf z'4 cj:�yfdf kfOg]� wft' s'g xf]� <

-c_ cflNdlgod 			   -cf_ kmnfd

-O_ tfdf 				   -O{_ ;'g

-u_ 	k|f/�lDes r/�0fdf wfpnfO{ z'4 kfg{ ckgfOg]� k|lj|mof s'g xf]� <

-c_ :�d]�lN6ª 			   -cf_ sG;G6«]�;g

-O_ /�f]�l:�6ª 			   -O{_ u|fOlG8ª

-3_	 lbOPsf s'g wfpnfO{ clS;8fOh ug{ SoflN;g];g ul/�G5 <

-c_ x]�df6fO6 			   -cf_ aS;fO6

-O_ l;8]�/�fO6 			   -O{_ So'k|fO6

-ª_ 	 :�d]�lN6ª s'g k|lj|mofcGtu{t k5{ <

-c_ u|fOlG8ª 			   -cf_ l/�kmfOlgª

-O_ clS;8]�;g 			   -O{_ l/�8S;g

2. 	 sf/�0f lbg'xf]�;\ M

-s_ 	;a}� wfp vlgh x'g\ t/� ;a}� vlgh wfp xf]�Ogg\ .

-v_ 	sG;G6«]�;gkZrft\ wfpnfO{ clS;8]�;g ul/�G5 .
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3. 	 km/�s n]�Vg'xf]�;\ M

-s_ 	vlgh /� wfp

-v_ 	/�f]�l:�6ª /� SoflN;g]�;g

-u_ 	clS;8]�;g /� l/�8S;g

4. 	 tn k|Zgsf] pQ/ lbg'xf];\ M

-s_ 	wft' k|fKt ug]{ ;|f]t s] xf] <

-v_ 	kmnfd, tfdf, cflNdlgod / rfFbLsf wfpsf] ;"rL agfpg'xf];\ .

-u_ 	d]6fnhL{ Ps r/0fa4 k|lj|mof xf], s;/L < JofVof ug'{xf];\ .

-3_	 On]S6«f]l/kmfOlgªaf6 s;/L z'4 wft' k|fKt x'G5, Pp6f lj|mofsnfksf] 

;xfotfaf6 JofVof ug'{xf];\ .
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xfO8«f]�sfa{g /� o;sf of}�lusx¿ 
(Hydrocarbon and its Compounds)

xfd|f j/�k/� ljleGg k|sf/�sf of}�lus kfOG5g\ . tL of}�lusx¿nfO{ k|fª\ufl/�s /� 
ck|fª\ufl/�s u/�L b'O{ efudf ljefhg ug{ ;lsG5 . vlgh kbfy{sf]� ;|f]�taf6 k|fKt 
of}�lusx¿nfO{ csfa{lgs of}�lus elgG5 eg]� hgfj/� jf af]�6la?jfaf6 k|fKt of}�lusnfO{ 
sfa{lgs of}�lus elgG5 . sfa{gsf cS;fO8, sfaf]�{g]�6, afOsfaf]�{g]�6 /� sfaf{O8x¿afx]�s 
sfa{gsf ;a}� of}�lusnfO{ sfa{lgs of}�lus elgG5 . sfa{g /� xfO8«f]�hg ldn]�/� ag]�sf 
x'gfn]� sfa{lgs of}�lusnfO{ xfO8«f]�sfa{g klg elgG5 .

xfO8«f]�sfa{g (Hydrocarbon)

lj|mofsnfk 18.1

:�yfgLo ¿kdf ;xh}� k|fKt ug{ ;lsg]� ;fdu|L, h:�t}� M sf7sf 6'j|mf, lrgL, 9'ª\uf, kfgL, 
vfg]�t]�n, l3p, wfg, ds}�, sfFr, kmnfd cflbsf 6'j|mf hDdf kfg{'xf]�;\ . glhs}�sf]� vfnL 
7fpFdf sf7sf 6'j|mf k|of]�u u/�]�/� cfuf]� afNg'xf]�;\ . dfly lbOPsf j:�t'nfO{ 5'6\6f5'6\6}� 
cfufdf /�fv]�/� cjnf]�sg ug{'xf]�;\ . cjnf]�sgkZrft\ cfufdf aNg]� /� gaNg]� j:�t' 
lbOPsf]� tflnsfdf eg{'xf]�;\ M

j|m=;= j:�t'sf]� gfd aNg]� gaNg]�

lgisif{ M o;sf cfwf/�df aNg]� ;a}� j:�t' k|fª\ufl/�s /� gaNg]� j:�t' ck|fª\ufl/�s x'g\ .

;a}� aNg]� j:�t'df sfa{g tyf xfO8«f]�hg kfOG5 . sfa{g /� xfO8«f]�hgaf6 ag]�sf of}�lusnfO{ 
xfO8«f]�sfa{g elgG5 . lah'nL aQL gk'u]�sf 7fpFdf dl6t]�nsf]� 6'sL aflnG5 . vfgf 
ksfpg bfp/�fsf]� k|of]�u ul/�G5 . k|of]�uzfnfdf tfk lgsfNg l:�kl/�6 aQLsf]� k|of]�u 
ul/�G5 . wft' kufn]�/� efF8fs'F8f agfpg uf]�n k|of]�u ul/�G5 . oL ;a}� aNg]� j:�t'df 

18
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sfa{g /� xfO8«f]�hg kfOG5 . logLx¿ hLjx¿af6 k|fKt x'G5g\ . hLjx¿af6 k|fKt x'g]� 
/� aNg]� ePsfn]� oL ;a}� kbfy{ k|fª\ufl/�s of}�lus x'g\ . dfgj z/�L/�df kfOg]� k|f]�l6g, 
xdf]�{g, sfaf]�{xfO8«]�6, af]�;f]�, OGhfOd, k|f]�6f]�KnfHd cflb ;a}� k|fª\ufl/�s of}�lus x'g\ .

k|fª\ufl/�s of}�lus (Organic compounds)

sfa{g ePsf k|foM sfa{gn]� sfa{g;Fu jf xfO8«f]�hg;Fu sf]�Eofn]�G6 aG8 agfpg]� 
of}�lusx¿nfO{ k|fª\ufl/�s of}�lus elgG5 . k|fª\ufl/�s of}�lusdf sfa{gn]� xfO8«f]�hgafx]�s 
c¿ tÎjx¿ clS;hg, gfO6«f]�hg, x]�nf]�hg, ;Nkm/� /� km:�kmf]�/�;;Fu klg sf]�Eofn]�6 
aG8 agfpF5 . ckjfbsf ¿kdf CO2, CO, HCO3 , CO3 cflbdf sfa{g eP klg  
k|fª\ufl/�s of}�lus xf]�Ogg\ . k|foM k|fª\ufl/�s of}�lus sfa{g, xfO8«f]�hg, clS;hg, 
gfO6«f]�hg, x]�nf]�hg, ;Nkm/� /� km:�kmf]�/�; h:�tf tÎjaf6 ag]�sf x'G5g\ . s'g}� s'g}�  
k|fª\ufl/�s of}�lusdf wft'x¿ klg alG8ª eP/� a;]�sf x'G5g\ . k|fª\ufl/�s of}�lussf 
pbfx/�0f ldy]�g, Oy]�g, Olyg, Pl;l6lng, ldyfgf]�n, Snf]�/�f]�kmd{, o'l/�of, OG;'lng, k|f]�l6g, 
t]�n cflb x'g\ . log}� of}�lussf]� cWoog ug]�{ /�;fog lj1fgsf]� zfvfnfO{ k|fª\ufl/�s jf 
sfa{lgs /�;fogzf:�q (Organic Chemistry) elgG5 .

xfO8«f]�sfa{gsf]� k|d'v ;|f]�t k]�6«f]�lnod kbfy{ xf]� . sfa{g /� sfa{g k/�df0f'x¿sf lardf 
/�x]�sf aG8x¿sf k|sf/�sf cfwf/�df xfO8«f]�sfa{gnfO{ ;Gt[Kt /� c;Gt[Kt u/�L b'O{ 
k|sf/�df juL{s/�0f ug{ ;lsG5 .

lj|mofsnfk 18.2: xfO8«f]�sfa{gsf c0f'sf]� gd'gf

p2]�Zo M xfO8«f]�sfa{gsf c0f'sf gd'gf tof/� kfg'{

;fdu|L M d'5]�sf]� df6f]� jf lk7f]�, /�ª /� ;nfO{sf]� sfF6L jf 6'y lks

ljlw

1. 	 d'5]�sf]� df6f]� jf lk7f]�af6 s]�xL 7'nf /� s]�xL ;fgf 8Nnf agfpg'xf]�;\ .

2. 	 7'nf 8Nnfdf /�ftf]� /�ª nufP/� ltgLx¿nfO{ sfa{gsf ¿kdf ;lDemg]� /� ;fgf 
8Nnfdf ;]�tf]� /�ª nufO{ xfO8«f]�hg egL ;lDemg'xf]�;\ .

3. 	 ;nfO{sf]� sfF6L jf 6'y lks k|of]�u u/�L oL 8Nnf hf]�8]�/� lrqdf h:�t}� xfO8«f]�sfa{gsf 
df]�8]�n tof/� kf/�L sIffsf]�7fdf 5nkmn ug'{xf]�;\ .
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CH4
Methane Ethane Propane

C2H6 C3H8

H  C  H

H

H

H  C  C  H

H

H

H

H

H  C  C  C  H

H

H

H

H

H

H

;Gt[Kt xfO8«f]�sfa{g (Saturated hydrocarbon)

b'O{cf]�6f sfa{glar Psn ;x;+of]�hs (single covalent) aG8 /�x]�sf]� xfO8«f]�sfa{gnfO{ 
;Gt[Kt xfO8«f]�sfa{g -saturated hydrocarbon_ elgG5 . logLx¿ Psbd}� l:�y/� 
k|s[ltsf x'G5g\ . /�f;folgs k|ltlj|mofdf sd ;lj|mo x'g]� ePsfn]� logLx¿nfO{ kf/�flkmG; 
-paraffins_ elgG5 . logLx¿nfO{ cNs]�g -alkane_ klg elgG5 . o; lsl;dsf 
xfO8«f]�sfa{gnfO{ CnH2n+2 n]� hgfOG5 . hxfF n eg]�sf]� sfa{gsf]� ;ª\Vof xf]� . o;nfO{ 
n Ö 1, 2, 3, === n]� hgfOG5 .

gfd (Name)
cf0fljs ;"q 
(Molecular 
formula)

sG8]�G;8 ;"q 
(Condensed 
formula)

;+/�rgfTds ;"q 
(Structural formula)

ldy]�g (Methane) CH4 CH4 H  C  H

H

H

Oy]�g (Ethane) C2H6 H3CCH3 H  C  C  H

H

H

H

H
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k|f]�k]�g (Propane) C3H8 H3CCH2CH3

H  C  C  C  H

H

H

H

H

H

H

Ao'6]�g (Butane) C4H10 H3C(CH2)2CH3
H  C  C  C  C  H

H

H

H

H

H

H

H

H

k]�G6]�g (Pentane) C5H12 H3C(CH2)3CH3

H  C  C  C  C  C  H

H

H

H

H

H

H

H

H

H

H

c;Gt[Kt xfO8«f]�sfa{g (Unsaturated hydrocarbon)

b'O{cf]�6f sfa{gx¿lar 8an jf l6«kn ;x;+of]�hs (double or tirple covalent) 
aG8 /�x]�sf]�]� xfO8«f]�sfa{gnfO{ c;Gt[Kt xfO8«f]�sfa{g -unsaturated hydrocarbon_ 
elgG5 . logLx¿ Psbd}� cl:�y/� k|s[ltsf x'G5g\ . /�f;folgs k|ltlj|mofdf ;lj|mo x'g]� 

ePsfn]� logLx¿nfO{ cf]�lnlkmG; -olefins_ elgG5 . logLx¿nfO{ clNsg (alkene) 
/� cNsfOg (alkyne) elgG5 .

clNsg (Alkene)

sfa{g /� sfa{gsf lardf 8an aG8 ePdf o;nfO{ clNsg (alkene) elgG5 . Olyg, 

k|f]�k]�g o;sf pbfx/�0f x'g\ . o; lsl;dsf xfO8«f]�sfa{gnfO{ CnH2n n]� hgfOG5 hxfF 

n eg]�sf]� sfa{gsf]� ;ª\Vof xf]� .
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gfd cf0fljs ;"q sG8]�G;8 ;"q ;+/�rgfTds ;"q

Olyg C2H4 H2C = CH2 H                 H

C = C

H                 H

k|f]�lkg C3H6 H3C-CH= CH2

       H   H      H
        |     |       |
H – C – C = C
        |             |
       H            H

cNsfOg (Alkyne)

sfa{g /� sfa{gsf lardf l6«knaG8 ePsf]� xfO8«f]�sfa{gnfO{ cNsfOg -alkyne_ 
elgG5 . o; lsl;dsf xfO8«f]�sfa{gnfO{ CnH2n–2 n]� hgfOG5 .

gfd
c f 0 f l js 
;"q

sG8]�G;8 ;"q ;+/�rgfTds ;"q

OyfOg C2H2 HC ≡ CH H - C ≡ C – H

k|f]�kfOg C3H4 H3C- C ≡ CH

H
|

H – C – C ≡ C – H
|
H

jg:�klt t]�naf6 jg:�klt l3p tof/� kfg]�{ ljlwnfO{ xfO8«f]�lhg]�;g elgG5 . xfO8«f]�lhg]�;g 
k4ltdf c;+Gt[Kt ˆof6L cDn ;+Gt[Kt ˆof6L cDndf kl/�jt{g x'G5 .

H2C = CH2 	 + H2 	 → 	 C2H6

Alkene 					     Alkane
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;Gt[Kt xfO8«f]�sfa{g /� c;Gt[Kt xfO8«f]�sfa{glar leGgtf

;Gt[Kt xfO8«f]�sfa{g c;Gt[Kt xfO8«f]�sfa{g

1.	 b'O{cf]�6f sfa{gsf k/�df0f'lar 
Psn ;x;+of]�hs af]�G8 ePsf]� 
xfO8«f]�sfa{g ;Gt[Kt xfO8«f]�hg 
xf]� .

1. 	 b'O{cf]�6f sfa{gsf k/�df0f'lar 8an 
jf l6«kn ;x;+of]�hs af]�G8 ePsf]� 
xfO8«f]�sfa{g c;Gt[Kt xfO8«f]�sfa{g 
xf]� .

2. 	 logLx¿ l:�y/� k|s[ltsf x'G5g\ .
2.	 logLx¿ Psbd}� cl:�y/� k|sltsf 

x'G5g\ . cyf{t\ /�f;folgs 
k|ltlj|mofdf a9L ;lj|mo x'G5g\ .

3. 	 logLx¿nfO{ cNs]�g (CnH2n+2) 
klg elgG5,  
h:�t}� M CH4, C2H6, C3H8

3.	 logLx¿nfO{ clNsg (CnH2n) /� 
cNsfOg (CnH2n-2) klg elgG5, 
h:�t}� M C2H4, C2H2, C3H4

xf]�df]�nf]�u; z[ª\vnf (Homologous series)

Pp6}� ;"qdf afFlwg ;Sg]� xfO8«f]�sfa{gsf]� ;d"xnfO{ xf]�df]�nf]�u; z[ª\vnf (homologous 
series) elgG5 . of]� z[ª\vnfsf ;b:�onfO{ xf]�df]�nu -homologue_ elgG5 . xf]�df]�nf]�u; 
z[ª\vnfsf ;a}� ;b:�onfO{ Pp6}� ;fdfGo ;"qaf6 hgfOG5 . Pp6f xf]�df]�nf]�uL ;b:�o 
/� csf]�{ ;b:�olarsf]� cGt/� -CH2- x'G5 . cyjf Pp6f ;b:�oaf6 csf ;b:�oalar 
kf/�df0fljs ef/� 14 n]� km/�s xG5 .

gfd ;"q

ldyfgf]�n CH3OH

Oyfgf]�n CH3CH2OH

Kf|f]�kfgf]�n CH3CH2CH2OH

cNsfOn /�]�l8sn (Alkyl radical)

cNs]�g -alkane_ af6 Pp6f xfO8«f]�hg k/�df0f' x6fpFbf aGg]� k/�df0f'x¿sf]�  
;d"xnfO{ cNsfOn /�]�l8sn -alkyl radical_ elgG5 . /�]�l8snnfO{ ;fdfGo ;"q CnH2n-1 

n]� hgfOG5 .
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kmª\;gn u'|k (Functional group)

sfa{lgs of}�lussf]� lglZrt ;d"xsf]� ;+/�rgfnfO{ kl/�eflift ug]�{ Pp6f k/�df0f' jf 
k/�df0f'sf]� ;d"xnfO{ kmª\;gn u|'k -functional group_ elgG5 . ljleGg ju{sf 
sfa{lgs of}�lus aGgsf nflu cNsfOn /�]�l8snx¿ kmª\;gn u|'k;Fu ldN5g\ .

kmª\;gn u|'ksf s]�xL pbfx/�0f M Oy/ (-O-), PlN8xfO8 (-CHO), sfaf]{lS;lns cDn 
(COOH)

xfO8«f]�sfa{gsf]� gfds/�0f (Nomenclature of hydrocarbons)

IUPAC system nfO{ k"0f{ ¿kdf n]�Vbf International Union of Pure and Applied 
Chemistry (IUPAC) x'G5 . of]� sfa{lgs /� csfa{lgs of}�lusx¿sf gfddf ;+;f/�el/� 
Ps¿ktf xf]�;\ eGg]� x]�t'n]� j}�1flgsn]� :�yfkgf u/�]�sf]� k4lt xf]� . o; k4ltcg';f/� Ps 
of}�lussf]� Pp6f dfq}� gfd x'G5 . o;n]� ubf{ of}�lusnfO{ a'‰g]� j|mddf x'g]� uNtLnfO{ 
x6fpF5 .

xfO8«f]sfa{gnfO{ gfds/�0f ug]�{ ;fdfGo tl/�sf -Common system of 
nomenclature to hydrocarbons_

-i_ 	 xfO8«f]�sfa{gdf ePsf sfa{gsf]� ;ª\Vofsf cfwf/�df j8{?6 -Word root_ kQf 
nufpg]�, h:�t}� M

sfa{g k/�df0f'sf]� ;ª\Vof j8{?6 gf]�6]�;g

C-1 Meth C1

C-2 Eth C2

C-3 Prop C3

C-4 But C4

C-5 Pent C5

C-6 Hex C6

C-7 Hept C7

C-8 Oct C8

C-9 Non C9

C-10 Dec C10
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-ii_	 o;/�L xfO8«f]�sfa{gdf ePsf]� j8{?6 kQf nufO;s]�kl5 o;df ane, ene /� yne 
yKg]� .

	 h:�t}� M CH3 – CH3

o;df sfa{gsf]� ;ª\\Vof 2 5 .

sfa{g sfa{glardf x'g]� aG8 Psn ;x;+of]�hs aG8 ePsfn]� ane yKg]�
o;sf]� gfds/�0f ubf{ eth ± ane Ö ethane x'G5 .

xfO8«f]�sfa{g /� o;sf of}�lusx¿ (Hydrocarbon and its compounds)

ldy]�g (Methane)

of]� Uof; wflknf]� If]�q -marshy place_ df kfOg]� ePsfn]� o;nfO{ 
df;{ Uof; -marsh gas_ klg elgG5 . o;sf]� cf0fljs ;"q CH4 

xf]� . of]� Uof; k|foMh;f]� vlgh t]�nsf]� dfly kfOg]� u5{ . uf]�a/� Uof;, 
afof]� Uof; /� 9nsf]� -sewage_ Uof;df klg ldy]�g kfOG5 . of]� 
Uof; /�ªxLg, uGwxLg /� :�jfbxLg x'G5 . of]� Uof; kfgLdf 3'Nb}�g t/�  
k|fª\ufl/�s of}�lus, h:�t}� M Oy/�, cNsf]�xn cflbdf 3'N5 .

ldy]�gsf]� pkof]�lutf (Uses of methane)
1.	 ldy]�g Uof; uf]�a/� Uof; -afof]� Uof;_ sf ¿kdf vfgf ksfpg /� pBf]�ux¿df 

OGwgsf ¿kdf k|of]�u ul/�G5 .
2.	 sfa{g ANofs pTkfbg ug{ o;nfO{ k|of]�u ul/�G5, h;nfO{ d;L 5fKg, h'Qfsf]� 

kfln; /� /�ª agfpg k|of]�u ul/�G5 .
3.	 ldy]�gnfO{ Snf]�/�f]�kmd{, sfa{g 6]�6«fSnf]�/�fO8, ldyfOn cNsf]�xn, kmdf{lN8xfO8 cflb 

agfpg k|of]�u ul/�G5 .
4.	 xfO8«f]�hgsf]� cf}�Bf]�lus pTkfbg ug{ klg o;sf]� k|of]�u ul/�G5 .

Oy]�g (Ethane)

Oy]�g Ps ;Gt[Kt xfO8«f]�sfa{g xf]� . o;sf]� Ps c0f'df b'O{cf]�6f sfa{g k/�df0f' x'G5g\ . 
o;sf]� cf0fljs ;"q C2H6 xf . of]� Uof; ldy]�g;Fu k|fs[lts Uof;, sf]�n Uof; /� 
k]�6«f]�lnod vfgLdf kfOG5 . of]� Uof; ldy]�g h:�t}� /�ªxLg, uGwxLg /� :�jfbxLg x'G5 . 
of]� Uof; kfgLdf 3'Nb}�g t/� k|fª\ufl/�s of}�lus, h:�t}� M Oy/�, cNsf]�xn cflbdf 3'N5 .

Methane CH4
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Oy]�gsf]� pkof]�lutf (Uses of ethane)
1.	 Oy]�g aNbf tfk lgl:�sg]� ePsfn]� o;nfO{ OGwgsf ¿kdf k|of]�u ul/�G5 .

2.	 sfa{lgs of}�lus OyfOn Snf]�/�fO8, gfO6«f]�Oy]�g OToflb agfpg klg k|of]�u ul/�G5 .

k|f]�k]�g (Propane)

k|f]�k]�g klg Ps ;Gt[Kt xfO8«f]�sfa{g xf]� . o;sf]� Ps c0f'df 
tLgcf]�6f sfa{g k/�df0f' /�x]�sf x'G5g\ . o;sf]� cf0fljs ;"q 
C3H8 xf]� . of]� Uof; k|fs[lts Uof; /� k]�6«f]�lnod vfgLdf kfOG5 . 
of]� Uof; /�ªxLg /� uGwxLg x'G5 . of]� Uof; kfgLdf 3'Nb}�g t/� 
k|fª\ufl/�s of}�lus Oy/�, cNsf]�xn cflbdf 3'N5 .

k|f]�kgsf]� pkof]�lutf (Uses of propane)
1. 	 of]� Uof; cToGt k|HHjngzLn ePsf]� x'gfn]� OGwgsf ¿kdf k|of]�u ul/�G5 .

2. 	 o;nfO{ c¿ sfa{lgs of}�lus agfpg klg k|of]�u ul/�G5 .

3. 	 k]�6«f]�lnod pBf]�udf lr:�ofpg]� sfo{sf nflu klg of]� Uof; k|of]�u ul/�G5 .

Ao'6]�g (Butane)

Ao'6]�g Ps ;Gt[Kt xfO8«f]�sfa{gsf]� rf}�yf]� ;b:�o 
xf]� . o;sf]� Ps c0f'df rf/�cf]�6f sfa{g k/�df0f'x¿ 
x'G5g\ . o;sf]� cf0fljs ;"q C4H10 xf]� . of]� Uof; 
k|fs[lts Uof; /� k]�6«f]�lnod vfgLdf kfOG5 . of]� 
Uof; /�ªxLg /� uGwxLg x'G5 . of]� Uof; kfgLdf 
3'Nb}�g t/� k|fª\ufl/�s of}�lus, h:�t}� M Oy/�, 
cNsf]�xndf 3'N5 .

Ao'6]�gsf]� pkof]�lutf (Uses of butane)

1.	 l;Gy]�l6s /�a/� agfpg sRrf kbfy{sf ¿kdf o;sf]� k|of]�u x'G5 .

2.	 o; Uof;nfO{ ldy]�g;Fu ld;fO{ Liquefied Petroleum Gas (LPG) OGwgsf 
¿kdf k|of]�u ul/�G5 . rfk lbPdf of]� Uof; ;lhn}� t/�n x'G5 .

Propane C3H8

Butane C4H10
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cNsf]�xn (Alcohol)

cNsf]�xnsf of}�lus cNs]�gaf6 pTkfbg ul/�Psf x'G5g\ . cNs]�gdf /�x]�sf]� Ps jf 
PseGbf a9L xfO8«f]�hg k/�df0f'nfO{ xfO8«f]�lS;n ;d"x -OH_ n]� k|lt:�yfkg u/�]�/� ag]�sf]� 
of}�lus cNsf]�xn xf]� . 

o;sf]� ;fdfGo ;"q CnH2n+1OH xf]� . xfO8«f]�lS;n ;d"x cNsf]�xnsf]� kmª\;gn u|'k 
xf]� . xfO8«f]�lS;n ;d"x -OH_ sf]� ;ª\Vofsf cfwf/�df Ps xfO8«f]�lS;n ;d"x ePdf 
df]�gf]�xfOl8«s -monohydric_, b'O{ ePdf 8fOxfOl8«s -dihydric_ /� tLg ePdf 
6«fOxfOl8«s -trihydric_ u/�L tLg efudf juL{s/�0f ul/�G5 .

cNsf]�xnsf of}�lusx¿ (Alcoholic compounds)

ldyfOn cNsf]�xn (Methyl alcohol)

of]� Ps df]�gf]�xfOl8«s cNsf]�xn xf]� . o;sf]� IUPAC gfd ldyfgf]�n -methanol_ xf]� . 
ldyfOn cNsf]�xnsf]� cf0fljs ;"q CH OH xf]� . o;sf]� ;+/�rgfTds ;"qnfO{ lgDgfg';f/� 
hgfOG5 M

H
|

H – C – OH
|
H

ldyfOn cNsf]�xnsf]� pkof]�lutf (Uses of methyl alcohol)

1. 	 ldyfOn]�6]�8 l:�kl/�6 -methylated spirit_ agfpg k|of]�u ul/�G5 .

2. 	 /�ª /� eflg{;nfO{ 3'nfpg o;sf]� k|of]�u x'G5 .

3.	 k/�̂o'd, /�ª, cf}�ifwL /� l;Gy]�l6s sk8f cflb agfpg k|of]�u x'G5 .
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4.	 km/�dN8xfO8 -formaldehyde_ lgdf{0f ug{ o;sf]� k|of]�u ul/�G5 .

5. 	 o;sf]� k|of]�u 8«fO{ lSnlgª -dry cleaning_ df klg ul/�G5 .

OyfOn cNsf]�xn (Ethyl alcohol)

of]� klg df]�gf]�xfOl8«s cNsf]�xn xf]� . o;sf]� IUPAC gfd Oyfgf]�n (ethanol) xf]� . OyfOn 
cNsf]�xnsf]� cf0fljs ;"q C2H5OH xf]� . o;sf]� ;+/�rgfTds ;"q lgDgcg';f/� 5 M

H    H
|      |

H – C – C – OH
|      |
H    H

OyfOn cNsf]�xnsf]� pkof]�lutf (Uses of ethyl alcohol)

1=	 OyfOn cNsf]�xnnfO{ k]�o dfbs kbfy{ lx\j:�sL -whisky_, jfOg -wine_, lao/� 
-beer_ cflbdf k|of]�u ul/�G5 .

2.	 c:�ktfn, :�jf:�Yorf}�sL, gl;{ª xf]�ddf 3fp, l;l/�Gh cflb ;kmf ug{ o;sf]� k|of]�u 
x'G5 .

3.	 k|of]�uzfnfdf afof]�nf]�lhsn :�k]�l;d]�g -biological specimen_ nfO{ ;'/�lIft 
/�fVg o;sf]� k|of]�u x'G5 .

4=	 tfkdfks oGqdf o;sf]� k|of]�u xG5 .

5=	 kf]�lnlyg, 6]�l/�lng, ;fa'g, /�ª, k]�G6 cflb pTkfbg ug{df o;sf]� k|of]�u x'G5 .

6=	 o;nfO{ k|fª\ufl/�s 3f]�nssf ¿kdf k|of]�u ul/�G5 .

lj|mofsnfk 18.3

:�yfgLo ¿kdf cNsf]�xn agfpg]� dflg;nfO{ e]�6]�/� cNsf]�xn agfpg]� tl/�sfaf/�]�df 
5nkmn tyf cjnf]�sg u/�L To;}�sf cfwf/�df l/�kf]�6{ tof/� kf/�L sIffdf k|:�t't ug{'xf]�;\ .
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UnfOsf]�n (Glycol)

of]� 8fO{xfOl8«s cNsf]�xn xf]� . o;df b'O{cf]�6f sfa{g;Fu Pp6f Pp6f xfO8«f]�cS;fO8 
-–OH_ hf]�l8Psf]� x'G5 . ljleGg k|sf/�sf UnfOsf]�nnfO{ cf}�Bf]�lus /� vfB If]�qdf 
pkof]�u ul/�G5 . o;sf]� IUPAC gfd ethane–1,2–diol xf]� . UnfOsf]�nsf]� cf0fljs 
;"q CH2OHCH2OH xf]� . o;sf]� ;+/�rgfTds ;"qnfO{ lgDgfg';f/� ;ª\s]�tn]� hgfOG5 M

	 H 	   H
	 | 	   |
H –	 C  – 	  C – H
	  |	   | 
	 OH      OH

lUn;]�]�/�f]�n (Glycerol)

k|f]�k]�g c0f'sf tLgcf]�6f sfa{gaf6 tLgcf]�6f xfO8«f]�hg x6fO{ tLgcf]�6f xfO8«f]�lS;n -OH) 
;d"x hf]�8]�/� ag]�sf]� of}�lusnfO{ lUn;]�/�f]�n elgG5 . lUn;]�/�f]�nnfO{ 6«fOxfOl8«s cNsf]�xn /� 
lUnl;l/�g klg elgG5 . o;sf]� gfd lu|s efiffsf]� glyceros af6 NofOPsf]� xf]�, h;sf]� 
cy{ u'lnof]� -sweet) x'G5 . of]� /�ªxLg /� u'lnof]� :�jfb ePsf]� afSnf]� t/�n kbfy{ xf]� . 
of]� kfgL /� cNsf]�xndf 3'ngzLn x'G5 eg]� Oy/�df c3'ngzLn x'G5 . o;sf]� IUPAC 
gfd propane-1,2,3-triol xf]� . lUn;]�/�f]�nsf]� cf0fljs ;"q C3H5(OH)3 xf]� . o;sf]� 
;+/�rgfTds ;"q lgDgfg';f/� /�x]�sf]� 5 M

                         H     H       H
                          |       |        |
                 H –  C  –  C  –  C  –  H
                          |       |        | 
	 OH   OH   OH

lUn;]�/�f]�nsf pkof]�lutf (Uses or glycerol)

1. 	 z/�L/�sf cf]�7, ufnfnufot ljleGg efusf]� 5fnfnfO{ ;'/�Iff ug{ o;sf]� k|of]�u 
x'G5 .
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2. 	 ld7fOnfO{ u'lnof]� agfpg o;sf]� k|of]�u x'G5 .

3. 	 /�fd|f]� u'0f ePsf]� ;fa'g, nf]�;g, s:�d]�l6s /� ;]�leª lj|md agfpg o;sf]� k|of]�u 
x'G5 .

4.	 ;'tL{nfO{ /�l;nf]� agfO{ /�fVg, kmnkm"n tyf vfBkbfy{nfO{ ;'Svf x'gaf6 arfpg 
/� ;8\g glbg klg o;sf]� k|of]�u ul/�G5 .

lj|mofsnfk 18.4

tkfO{Fsf 3/�df k|of]�udf NofOPsf xfO8«f]�sfa{g /� ltgLx¿sf of}�lussf]� ;"rL tof/� 
ug{'xf]�;\ . ;"lrt u/�]�sf of}�lusx¿sf]� k|of]�u s;/�L ul/�Psf]� 5, To;sf]� ljj/�0f tof/� 
u/�L sIffdf k|:�t't ug{'xf]�;\ .
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cEof;

1. 	 tnsf k|Zgsf]� ;xL ljsNk 5gf]�6 ug'{xf]�;\ M

-s_	 tnsf dWo]� s'g rflxF xfO8«f]�sfa{g cNs]�g ;d"xcGtu{t k5{ <

-c_ ldy]�g 			   -cf_ Olyg

-O_ Pl;l6lng 			   -O{_ k|f]�kfOg

-v_	 tnsf dWo]� s'g rflxF lUn;]�/�f]�nsf]� cf0fljs ;"q xf]� <

-c_ C3H6(OH)2 			   -cf_ C3H5(OH)2

-O_) C3H4(OH)4 			   -O{_ C3H5(OH)3

-u_	 tnsf dWo]� s'g rflxF k]�o kbfy{sf ¿kdf k|of]�u ul/�g]� cNsf]�xnsf]� IUPAC 
gfd xf]� <

-c_ ldyfgf]�n 			   -cf_ k|f]�kfgf]�n

-O_ Oyfgf]�n 			   -O{_ Ao'6fgf]�n

-3_	 z/�L/�sf cf]�7, ufnfnufot ljleGg efusf]� 5fnfnfO{ km'6\gaf6 hf]�ufpg 
s]�sf]�]� k|of]�u ul/�G5 <

-c_ ldyfOn cNsf]�xn 		  -cf_ OyfOn cNsf]�xn

-O_ lUn;]�l/�g 			   -O{_ Un'sf]�h

-ª_	 tnsf dWo]� s'g xfO8«f]�sfa{gaf6 lUn;]�/�f]�n agfOG5 <

-c_ ldy]�g 			   -cf_ Oy]�g

-O_ k|f]�k]�g 				   -O{_ Un'sf]�h

2. 	 km/�s n]�Vg'xf]�;\ M

-s_ ;Gt[Kt /� c;Gt[Kt xfO8«f]�sfa{g

-v_ cNs]�g /� clNsg

-u_	 df]�gf]�xfOl8«s cNsf]�xn /� 8fOxfOl8«s cNsf]�xn
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3. 	 sf/�0f n]�Vg'xf]�;\ M

	 -s_	 Oy]�gnfO{ ;Gt[Kt xfO8«f]�sfa{g elgG5 .

	 -v_	 lUn;]�/�f]�nfO{ 6«fOxfOl8«s cNsf]�xn elgG5 .

4.	 tnsf k|Zgsf]� pQ/� n]�Vg'xf]�;\ M

-s_	 xfO8«f]�sfa{g s]�nfO{ elgG5, o;sf s'g}� rf/�cf]�6f pbfx/�0f pNn]�v ug{'xf]�;\ .

-v_	 ;Gt[Kt xfO8«f]�sfa{g eg]�sf]� s]� xf]�, pbfx/�0f;lxt n]�Vg'xf]�;\ .

-u_	 ldy]�g Uof;sf]� kl/�ro lbO{ o;sf s'g}� b'O{cf]�6f pkof]�lutf n]�Vg'xf]�;\ .

-3_	 cNsf]�xn eg]�sf]� s]� xf]�, xfO8«f]�lS;n ;d"xsf cfwf/�df o;sf k|sf/� pNn]�v 
u/�L ltgLx¿sf]� cf0fljs /� ;+/�rgfTds ;"q n]�Vg'xf]�;\ .

-ª_	 tnsf of}�lussf]� cf0fljs, sG8]�G:�8 /� ;+/�rgfTds ;"q n]�Vg'xf]�;\ M 

	 OyfOlng, k|f]�lkg, Pl;l6lng, OyfOn cNsf]�xn, lUn;]�/�f]�n

-r_	 lgDglnlvt sfo{df pkof]�u ul/�g]� cNsf]�xnsf]� gfd n]�Vg'xf]�;\ M

-c_ kmd{lN8xfO8 agfpg 	 -cf_ ydf]�{ld6/�df /�fVg

-O_ PlG6;]�lK6ssf ¿kdf 		 -O_ dfbs kbfy{ agfpg

-5_	 Olylngsf]� ;+/�rgfTds ;"q n]�Vg'xf]�;\ . o;df xfO8«f]�hg /� sfa{glar 
s:�tf]� k|sf/�sf]� af]�G8 xG5 < o;df sfa{g sfa{glarsf]� af]�G8 lsg sdhf]�/� 
x'G5 <

-h_	 lbOPsf]� ;+/�rgfTds ;"q cWoog u/�L lgDglnlvt k|Zgsf]� pQ/� lbg'xf]�;\ M

-c_	 of]� of}�lussf]� gfd s]� xf]�, n]�Vg'xf]�;\ .  H  C  C  H

H

H

H

H

-cf_	 s]� of]� ;Gt[Kt xfO8«f]�sfa{g xf]�, sf/�0f;lxt pNn]�v ug{'xf]�;\ .

-O_	 pSt ;"qdf s'g}� Pp6f H sf]� ;6\6f OH ePsf]� eP s'g of}�lussf]� 
c0f';"q aGYof]� xf]�nf, pNn]�v ug{'xf]�;\ .
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-em_	 ldy]�g Uof;sf s'g}� tLgcf]�6f pkof]�lutf n]�Vg'xf]�;\ .

-`_	 Oy]�g /� k|f]�k]�gsf dxÎjk"0f{ pkof]�lutf n]�Vg'xf]�;\ .

-6_	 tnsf zAbfjnLsf]� kl/�efiff n]�Vg'xf]�;\ M

-c_ ;Gt[Kt xfO8«f]�sfa{g 		 -cf_ c;t[Kt xfO8«f]�sfa{g

-O_ cNs]�g 			   -O{_ clNsg

-p_ cNsfOg 			   -pm_ kmª\;gn u'|k

-P_ xf]�df]�nf]�u; z[ª\vnf

-7_	 tn lbOPsf of}�lussf]� c0f';"q n]�Vg'xf]�;\ M

	 lUn;]�/�f]�n, ldy]�g, Oyfgf]�n, Ao'6]�g, k|f]�k]�g, Pl;6fOlng, Olyg, Oy]�g, k|f]�kfOg, 
ldyfOn cNsf]�xn

-8_	 l:�k|6 NofDkdf k|of]�u x'g]� cNsf]�xnsf]� gfd /� ;+/�rgfTds ;"q n]�Vg'xf]�;\ .

-9_	 s'g k|sf/�sf]� xfO8«f]�sfa{gnfO{ Kof/�flkmg elgG5 <

-0f_	 k|f]�k]�g c0f'sf tLgcf]�6f sfa{gaf6 tLgcf]�6f xfO8«f]�hg x6fO{ tLgcf]�6f 
xfO8«f]�lS;n (-OH) ;d"x hf]�8]�/� ag]�sf]� of}�lussf]� ;fwf/�0f gfd /� IUPAC 
gfd n]�Vg'xf]�;\ . pSt of}�lussf]� ;+/�rgfTds ;"q /� s'g}� tLgcf]�6f pkof]�u 
n]�Vg'xf]�;\ .

-t_	 /�dfsf]� xftv'6\6f /� d'vsf]� 5fnf ;'Svf eP/� km'6\g]� u/�]�sf]� 5 . pgsf]� 
5fnf;DaGwL pSt ;d:�of ;dfwfg ug{ s'g /�f;flogs of}�lus k|of]�u 
ug'{knf{ < ;fy}� pSt of}�lussf]� /�f;folgs gfd /� ;+/�rgfTds ;"q 
n]�Vg'xf]�;\ .
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b}�lgs hLjgdf k|of]�u x'g]� /�;fogx¿ 
(Chemicals used in Daily Life)

b}�lgs hLjgdf w]�/�}� k|sf/�sf /�;fog k|of]�u ul/�G5g\ . oLdWo]� s'g}� k|fs[lts t s'g}� pBf]�udf 
pTkfbg ul/�Psf x'G5g\, h:�t}� M ;/�;kmfOsf nflu k|of]�u x'g]� /�;fog, vfBfGgsf]� ;'/�Iffsf 
nflu k|of]�u x'g]� /�;fog, ljiffbL, kmnkm"n tyf t/�sf/�Lsf]� ;'/�Iffsf nflu cfjZos kg]�{ 
/�;fog, /�f;folgs dn cflb kbfy{ b}�lgs hLjgdf k|of]�u x'g]� /�;fog x'g\ . log}� d"ne"t 
ljifoj:�t'sf]� cWoog ug]�{ /�;fog lj1fgsf]� zfvfnfO{ cf}�Bf]�lus /�;fogzf:q elgG5 .

lrgL

l86/�h]�G6 sL6gfzs ljiffbL d';f dfg]�{ ljiffbL

;fa'g vfg]� g'g

lrq 19.1 b}�lgs hLjgdf k|of]�u x'g]� s]�xL /�;fog

plNnlvt /�;fogdWo]� s'g}� ;/�;kmfOdf, s'g}� ljiffbLsf ¿kdf, s'g}� vfBkbfy{sf ¿kdf 
/� s'g}� vfB kl/�/�IfLsf ¿Kfdf k|of]�u ul/�G5g\ . oLafx]�s xfd|f]� b}�lgs hLjgdf k|of]�u x'g]� 
cGo /�;fogsf]� ;"rL tof/� u/�L tnsf]� tflnsfdf eg'{xf]�;\ /� sIffdf 5nkmn ug'{xf]�;\ .

vfBkbfy{sf ¿kdf 
k|of]�u x'g]� /�;fog

vfB kl/�/�IfLsf ¿kdf 
k|of]�u x'g]� /�;fog

;/�;kmfOdf 
k|of]�u x'g] 
/�;fog

ljiffbLsf]� ¿kdf 
k|of]�u x'g]� /�;fog

lrgL /� g'g g'g /� lrgL ;fa'g d';f dfg]�{ ljiffbL

19



lj1fg tyf k|ljlw M sIff !) 443

vfB kl/�/�IfL (Food preservatives)

lj|mofsnfk 19.1

zLif{s	 M	 crf/�df g'g tyf t]�nsf]� k|of]�u

p2]�Zo	 M	 crf/�df g'g tyf t]�nsf]� k|efj cjnf]�sg ug{'

;fdu|L	 M	 df}�;dcg';f/� pknAw ufFh/�, d'nf, aGbfuf]�aL jf cGo crf/� agfpg ldNg]� 
t/�sf/�L /� kmnkm"n, b'O{cf]�6f Knfl:�6s jf sfFrsf]� l;;L, t]�n, g'g

ljlw

-c_ 	df}�;dcg';f/�sf pknAw ufFh/�, d'nf cflb ;fdu|LnfO{ dl;gf 6'j|mfdf sf6\g'xf]�;\ .

-cf_	 s]�xL ;do 3fddf ;'sfpg'xf]�;\ .

-O_	 To;nfO{ b'O{ efu nufpg'xf]�;\ .

-O{_	 Ps efudf g'g t]�n ld;fP/� l;;Ldf vfFb]�/� 3fddf /�fVg'xf]�:�f\ . csf]�{ efu Tolts}� 
l;;Ldf /�fVg'xf]�;\ .

-p_	 Ps xKtfkl5 b'a}� l;;Ldf /�flvPsf crf/�sf]� cjnf]�sg ug{'xf]�;\ .

lgisif{

t]�n /� g'g df]�n]�/� agfPsf]� crf/� ;'/�lIft /� gld;fPsf]� crf/� ;8]�sf]� /�xG5 . g'g /� 
t]�nn]� vfBfGg ;8\g glbg]� ePsfn]� logLx¿nfO{ vfB kl/�/�IfL elgG5 .

vfgfdf AofS6]�l/�of, lo:�6, df]�N8; ljsf; x'Fbf s'lxg yfN5 . o;/�L vfBkbfy{ ;8\g, 
uNg, lalu|g gkfpg]� u/�L ;'/�lIft /�fVg k|of]�u ul/�g]� kbfy{ vfB kl/�/�IfL x'g\ . ljleGg 
jg:�klthGo vfBkbfy{, cGgkft /� bnxg, kmnkm"n /� t/�sf/�L tyf hgfj/�hGo kbfy{ 
df;', b'w /� o;sf kl/�sf/�nfO{ nfdf]� ;do;Dd hf]�ufP/� /�fVgsf nflu logLx¿sf]� 
k|of]�u ul/�G5 . oL vfB kl/�/�IfLn]� vfBkbfy{df AofS6]�l/�of, lo:�6, df]�N8; cflb ljsf; 
x'g lbFb}�gg\ .

kl/�/�IfLnfO{ k|yd >]�0fL /� låtLo >]�0fLdf juL{s/�0f ug{ ;lsG5 .

k|yd >]�0fLsf kl/�/�IfL M o:�tf kl/�/�IfLnfO{ vfBkbfy{df cfjZos dfqfdf k|of]�u ug{ 
;lsG5 . vfg]� g'g, lrgL, sf7sf]� w'jfF, d/�d;nf, leg]�u/�, dx cflb o;sf pbfx/�0f 
x'g\ .



lj1fg tyf k|ljlw M sIff !)444

låtLo >]�0fLsf kl/�/�IfL M lglZrt tf]�lsPsf]� dfqfdf dfq k|of]�u ug{ ;lsg]� kl/�/�IfL 
låtLo >]�0fLsf kl/�/�IfL x'g\, h:�t}� M ;f]�l8od jf kf]�6fl;od gfO6«]�6, a]�Ghf]�Os Pl;8 /� 
To;sf nj0f, :�fNkm/� 8fOcS;fO8 cflb . s'g}� klg vfBkbfy{df PseGbf a9L låtLo 
>]�0fLsf kl/�/�IfL k|of]�u ug{'x'b}�g\ .

vfBkbfy{ b"lift x'g glbgsf nflu ;'sfpg]�, lk|mhdf /�fVg]�, g'g /� lrgLsf]� 3f]�n k|of]�u 
ug]�{ h:�tf ljleGg k/�Dk/�fut /� cfw'lgs ljlwsf]� ;d]�t k|of]�u ul/�G5 . To:�t}� sltko 
kl/�l:�yltdf kmnkm"nnfO{ ksfpg /�f;folgs kbfy{sf]� k|of]�u ul/�G5 . t/� o;/�L k|of]�u 
ul/�g]� /�;fogx¿ dfgj :�jf:�Yo tyf jftfj/�0fsf nflu lgs}� xflgsf/�s klg x'g 
;S5g\ . oL /�;fogsf]� k|of]�u ubf{ xftdf kGhf /� d'vdf dfS; nufpg'k5{ . k|of]�ukl5 
;fa'gkfgLn]� xft w'g'k5{ . o;sf]� cToflws k|of]�u ug{'x'Fb}�g /� ;s]�;Dd k|fs[lts 
kl/�/�IfLsf]� k|of]�u a9L ug{'k5{ .

k/�Dk/�fut tyf cfw'lgs ¿kdf vfBkbfy{ ;+/�If0f ug{ s]� s]� tl/�sf ckgfPsf]� 5, 
5nkmn ug'{xf]�;\ .

kmnkm"n, ;fu;AhL, b'w, bxL, df5fdf;'df /�x]�sf kf]�ifs tÎjnfO{ ;'/�lIft /�fVg, vfBfGg 
lau|g /� ;8\gaf6 hf]�ufpgsf nflu km'8 kl/�/�IfL k|of]�u ul/�G5 . /�f;folgs, k|fs[lts 
/� s[lqd ¿kdf kmnkm"n ksfpg]� u/�L km'8 kl/�/�IfLnfO{ tLg k|sf/�df ljefhg ug{ 
;lsG5, h'g lgDgfg';f/� 5g\ M

1. /�f;folgs km'8 kl//IfL (Chemical food preservatives)

Diatomaceous Earth Pure Raw Honey Garlic

Rosemary 
Oil

FreezingFermentationLemon or 
Lime Juice

Cayenne 
Pepper

Vinegar 
(Pickling)

Salt 
(Curing or Brining)

	 lrq 19.2 a 	 lrq 19.2 b
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g'g /� t]�n /�f;folgs kbfy{ x'g\, h;n]� ;"Id sL6f0f' /� hLjf0f'sf]� j[l4 ljsf;nfO{ 
lgoGq0f u5{g\ . To:�t}� sodium benzonate sorbate, sulphur dioxide, nitrates 
and nitrites, butylated hydroxyanisole (BHA), butylated hydroxytoluene 
(BHT), calcium propionate, sodium metasulphite h:�tf cf}�Bf]�lus /�;fogn]� 
klg /�f;folgs vfB kl/�/�IfLsf ¿kdf sfo{ u5{g\ .

2. k|fs[lts km'8 kl//IfL (Natural food preservatives)

b}�lgs hLjgsf vfBkbfy{ lg/�Gt/� /� 5f]�6f]� ;dodf g}� k|of]�u eO/�xG5g\ . tL kbfy{nfO{ 
lau|gaf6 hf]�ufO/�fVg k|of]�u ul/�g]� /�;fog k|fs[lts vfB kl/�/�IfL -natural food 
preservatives_ x'g\ . o;/�L k|of]�u ul/�g]� ljlwnfO{ k|fs[lts (natural) ljlw elgG5 . 
ltt]�kftLsf]� k|of]�u, lgdsf]� t]�nsf]� k|of]�u, r's cldnfsf]� k|of]�u o;sf pbfx/�0f x'g\ . 
k|frLg ;dob]�lv rng rNtLdf cfO/�x]�sf k|fs[lts tl/�sf, h:�t}� M 3fddf ;'sfpg]�, 
lr;f]� 7fpF jf kfgLdfly /�fVg]�, v/�fgLsf]� k|of]�u ug]�{, a]�;f/� /� t]�n df]�n]�/� vfg]� s'/�f 
/�fVg]� cflb k|lj|mof klg k|fs[lts ;'/�Iffsf pkfox¿ x'g\ . t/� lxhf]�cfh cfw'lgs 
k|ljlw, h:�t}� M pasturization, freezing, cold store sf]� k|of]�u u/�L vfBfGg tyf 
kmnkm"n /� t/�sf/�L /�fVg]� k|ljlwsf]� ljsf; u|fdL0f tyf ;xl/�of hLjgz}�nLdf cfO;s]�sf]� 
5 . oL k|ljlwn]� ;"Id hLjsf]� j[l4 ljsf;nfO{ cfjZos kg]�{ tÎjnfO{ lgoGq0f u/�L 
vfBkbfy{sf]� ;'/�Iff u5{g\ .

3.	s[lqd ¿kdf kmnkm"n ksfpg]� vfB kl/�/�IfL (Induced rippening fruits 
food preservatives)

cfFk, s]�/�f h:�tf kmnkm"n l5lKk;s]�kl5 jf 
kl/�kSs eO;s]�kl5 klg kfSgsf nflu nfdf]� 
;do nfU5 . t/� 5f]�6f]� /� l56f]� ;dodf 
ksfpgsf nflu ljleGg /�;fogsf]� k|of]�u 
ul/�G5 . o;/�L kmnkm"nnfO{ ksfpgsf nflu 
k|of]�u ul/�g]� /�;fognfO{ rippening agent 
elgG5 . Calcium carbide, ethylene gas, 
ethephon cflb rippening agent x'g\ .

k|frLg ;dob]�lv rNb}� cfPsf kmnkm"n ksfpg]� ljleGg ljlw klg 5g\, h:�t}� M h'6sf]� 
af]�/�fdf a]�/�]�/� /�fVg]�, c;'/�f]�sf]� kft k|of]�u ug]�{, vfN8f]� vg]�/� vfN8fdf tftf]� agfP/� af]�/�fn]� 

lrq 19.3: cf“k ksfpg /�flvg]� cf}�ifwL
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a]�/�]�/� kmnkm"nleq /�fvL df6fn]� k'/�L lbg]�, vf]�;]�nf jf ;'s]�sf]� k/�fndf afSnf]� u/�L a]�/�]�/� 
/�fVg]� h:�tf k|frLg k|ljlwsf]� k|of]�u ul/�+Fb}� cfPsf]� 5 . t/� klg lxhf]�cfh ahf/�df 
;lhnf]� /� ;:�tf]� lx;fan]� k|fKt ug{ ;lsg]� calcium carbide nfO{ kmnkm"n ksfpgsf 
nflu cTolws k|of]�u ul/�Psf]� kfOG5 . o; k|sf/�sf /�;fogsf]� k|of]�u ubf{ /� o;af6 
kfs]�sf kmnkm"n vfFbf xf]�l;of/�L ckgfpg]� ug{'k5{ gq eg]� o;sf]� cTolws k|of]�un]� 
5fnf lrnfpg]�, 5fnf kf]�Ng]�, 5fnfdf /�ftf kmf]�sf cfpg]�, o;/�L ksfOPsf kmnkm"nsf]� 
;]�jgaf6 kmf]�S;f]�df kfgL hDg]�, cfFvf lrnfpg]� /� /�ftf]� x'g]� h:�tf c;/� b]�lvG5g\ . 
To;}�n]� o;k|sf/�sf /�;fogsf]� cTolws k|of]�u ug{'x'Fb}�g .

;/�;kmfOdf k|of]�u x'g]� /�;fogsf]� kl/�ro /� k|of]�u (Introduction and use of 
chemicals used in cleansing)

;/�;kmfOdf k|of]u x'g] k|fs[lts kbfy{ (Natural materials used in cleansing)

xfdLn]� b}�lgs hLjgdf ljleGg lsl;dsf k|fs[lts kbfy{ k|of]�u u5f{}� . l/�6\7f, v/�fgL, 
lkgf, sfutLsf]� /�;, ;lhjg cflb ;/�;kmfOsf nflu k|of]�u ul/�g]� k|fs[lts kbfy{sf 
pbfx/�0f x'g\ .

lrq 19.4: ;/�;kmfOsf k|fs[lts kbfy{

l/�6\\7f

l/�6\7fsf af]�j|mfdf ;]�kf]�lgg x'G5 . of Ps k"0f{ k|fs[lts sf]�dn ;fa'g xf]� h'g 
ztflAbof}�Fb]�lv 5fnf /� n'uf ;kmf ug{ k|of]�u x'Fb}� cfPsf]� 5 . of]� Ps k/�Dk/�fut h8La'6L 
xf]� h;sf]� ?v g]�kfn, ef/�t / rLgdf kfOG5 . l/�6\7f]� ;fdfGotof cfo'j]�{lbs cf}�ifwL 
agfpg k|of]�u ul/�G5 . l/�6\7fnfO{ ;fa'g klg elgG5 . o;sf]� ;'s]�sf]� kmnsf]� w'nf]�nfO{ 
:�ofDk'df kmf]�ldª Ph]�G6sf ¿kdf k|of]�u ug{ ;lsG5 .

lkgf

xfd|f]� b]�zdf ljutb]�lv g}� skfnsf]� ;/�;kmfO ug{, skfnnfO{ g/�d /� alnof]� agfpg 
tf]�/�Lsf]� lkgf k|of]�u x'Fb}� cfPsf]� 5 . tf]�/�Lsf]� lkgfdf kmf]�n]�6, lgofl;g, yfofldg /� 
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le6fldg B6 h:�tf cfjZos aL–sDKn]�S; le6fldg x'G5g\, h'g skfnsf]� ;du| :�jf:�Yo, 
;/�;kmfO /� j[l4sf nflu w]�/�}� pkof]�uL x'G5g\ . o;sf]� k|of]�un]� skfn emg{ w]�/�}� xb;Dd 
/�f]�S5 . o;n]� skfnnfO{ g/�d /� kf]�if0fo'St agfpF5 .

v/�fgL

sf7sf]� v/�fgL klg ;/�;kmfOdf k|of]�u x'Fb}� cfPsf]� 5 . o;nfO{ yf]�/�}� dfqfdf kfgLdf 
ld;fP/� k]�:�6 agfOG5 . of]� k]�:�6nfO{ 3if{0f ug]�{ lSng/�sf ¿kdf k|of]�u ul/�G5 . o;n]� 
wft'x¿ rDsfpF5, kmf]�xf]�/� efF8fs'F8f ;kmf u5{ /� 6fFl;Psf]� kmf]�xf]�/� Pjd\ t]�no'St 
kbfy{nfO{ klg x6fpF5 . sf7sf]� v/�fgL af]�6la?jfsf nflu kf]�6fl;od, km:�kmf]�/�; /� 
DofUg]�l;odsf]� /�fd|f]� ;|f]�t klg xf]� .

;lhjg

;lhjg g]�kfnsf ljleGg e"efudf k|fs[lts ¿kdf k|frLg sfnb]�lv pTkfbg x'Fb}� cfPsf]� 
Ps ax'pkof]�uL jg:�klt xf]� . g]�kfndf o;sf]� ljleGg lsl;dn]� k|of]�u x'Fb}� cfPsf]� 5 . 
of]� jg:�klt 3/�kfn'jf hgfj/�n]� gvfg]� ePsfn]� v]�taf/�Ldf af/� agfpgsf nflu k|of]�u 
x'g]� u/�]�sf]� 5 . o;sf]� kft sDkf]�:�6 dn agfpg, o;sf]� /�; kf]�n]�sf]� 3fp lgsf]� kfg{, 
SofG;/� /�f]�usf]� k|lt/�f]�ws cf}�ifwLsf ¿kdf /� ;fgf]� xfFufsf]� 8fF7 bfFt ;kmf ug{ k|of]�u 
ul/�G5 . ;fy}� o;sf]� lkgf cToGt /�fd|f]� lsl;dsf]� gfO6«f]�hg, km:�kmf]�/�; / kf]�6f;o'St 
k|fª\ufl/�s dnsf ¿kdf k|of]�u ul/�G5 .

;lhjgsf]� dxŒjaf/�]� hfgL /�fvf}�F

;lhjgsf]� kftsf]� /�; /� lapnfO{ k]�n]�/� lgsflnPsf]� t]�n bNbf rf}�kfofsf h'd|f dfg{ 
;lsG5 . xftv'6\6f km'6]�sf]�, n'tf]�, bfb, kIf3ft, df+;k]�zL /� hf]�gL{sf]� b'vfO cflbdf 
o;sf]� t]�n bNbf kmfObf k'U5 . o;sf]� t]�naf6 aQL afNg /� ;fa'g agfpg ;lsG5 . 
xfF+ufnfO{ bltjgsf ¿kdf k|of]�u ul/�G5 . t]�naf6 lUnl;l/�g pTkfbg ug{ ;lsG5 . 
kftaf6 ;f]�Q/� /� sDkf]�:�6 dn agfpg ;lsG5 . o;sf]� lkgfnfO{ v]�taf/�Ldf dnsf 
¿kdf k|of]�u ul/�G5 . t]�nnfO{ k|zf]�wgkZrft\ h}�ljs l8h]�nsf ¿kdf k|of]�u ul/�G5 .

g]�kfndf kfOg]� ;lhjg -Jatropha curcas_ ljleGg b]�zsf j}�1flgsn]� cfly{s tyf 
Jofj;flos b[li6sf]�0faf6 afof]�l8hn (Biodiesel) sf nflu ;aeGbf pko'St 7x/� 
u/�L l;kmfl/�; u/�]�sf]� 5 . ;fwf/�0ftof ;lhjgsf]� bfgfdf 30 b]�lv 48 k|ltzt;Dd 
t]�nsf]� dfqf x'G5 . sl/�a 3 s]�hL laofFaf6 Ps ln6/� t]�n lgsfNg ;lsG5 .
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sfutLsf]� /�; M sfutLsf]� /�;df ;fOl6«s Pl;8sf]� dfq pRr x'G5 . o;sf]� sd pH 
/� PlG6AofS6]�l/�on u'0fsf sf/�0f pTs[i6 k|fs[lts lSng/�dWo]� Ps xf]� . o;n]� k|fs[lts 
lAnrsf ¿kdf klg sfd u5{ . sfutLsf]� uGw klg /�fd|f]� x'G5 /� sk8f, sf7 h:�tf 
j:�t' ;kmf ubf{ Iflt k'Ug]� ;Defjgf x'Fb}�g . sfutLsf]� /�; Ps k|fs[lts lSng/� xf]� . 
tfdfsf]� efF8fnfO{ sfutLn]� ;kmf ubf{ tfdfsf efF8fsf]� ;txdf ljz]�if rds cfpF5 . 
sfutLsf]� /�; bzsf}�Fb]�lv cf}�ifwLsf ¿kdf klg k|of]�u x'Fb}� cfPsf]� 5 .

;/�;kmfOdf k|of]�u x'g]� /�f;folgs kbfy{ (Chemicals used in cleansing)

;fa'g (Soap)

pRr ˆof6L cDn (higher fatty acid) sf]� ;f]�l8od jf kf]�6fl;od nj0fnfO{ ;fa'g 
elgG5 . ;fdfGotof ;fa'g pTkfbgsf nflu jg:�kltsf]� t]�n jf hgfj/�sf]� af]�;f]�, 
;f]�l8od xfO8«f]�S;fO8 /� ;f]�l8od Snf]�/�fO8nfO{ sRrf kbfy{sf ¿kdf k|of]�u ul/�G5 . 
o;sf]� pTkfbgsf nflu jg:�klt t]�n -cf]�lne, gl/�jn /� skf;sf]� laof_ jf af]�;f]�nfO{ 
;f]�l8od xfO8«f]�S;fO8 /� ;f]�l8od Snf]�/�fO8;Fu ttfOG5 . jg:�kltsf]� t]�n jf hgfj/�sf]� 
af]�;f]�nfO{ cNsfnL;Fu k|ltlj|mof u/�fP/� ;fa'g pTkfbg ug]�{ k|lj|mofnfO{ ;kf]�lglkms]�;g 
(saponification) elgG5 . s8f kfgLdf ;fa'gsf]� k|ofun]� ubf{ :�sd (scum) gfds 
c3'ngzLn v}�/�f]� kbfy{ agfpg]� ePsfn]� s8f kfgLdf ;/�;kmfOsf nflu ;fa'g Tolt 
pkof]�uL xF'b}�g . o;sf]� h}�ljs ljR5]�bg x'g]� ePsfn]� o;n]� /�f;folgs k|b"if0f ub}�{g .

lj|mofsnfk 19.2

p2]�Zo M ;fag'sf]� lgdf{0f ug'{

cfjZos ;fdu|L M t]�n jf af]�;f]�, ;f]�l8od xfO8«f]�cS;fO8sf]� 3f]�n, vfg]� g'g, ttfpg 
k|of]�u x'g]� efF8f]�, ;f]�nL, lkmN6/� k]�k/�, tfksf]� ;|f]�t

ljlw

-c_ 	Pp6f las/�df 40 ml jg:�klt t]�n lng'xf]�;\ .

-cf_	 csf]�{ las/�df 15 gm ;f]�l8od xfO8«f]�cS;fO8nfO{ 50 ml hlt kfgLdf 3f]�n 
agfpg'xf]�;\ .
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Mixture of  
Oil and NaOH

Glass rod

50 ml NaOH Soap crust

Glycerol

lrq 19.5: cf“k ksfpg /�flvg]� cf}�ifwL

-O_	 b'a}�nfO{ ld;fO{ ttfpFb}� rnfpg'xf]�;\ . of]� afSnf]� k]�:�6 aGg]� 5 . To;df clnslt 
g'g /� ;f]�8f /�fvL rnfpg'xf]�;\ . g'gn]� ;fa'gnfO{ ld>0faf6 5'6\ofpg ;xh 
agfpF5 .

-O{_ 	 lkmN6/� k]�k/�sf]� ;xfotfaf6 lkmN6/� ubf{ lkmN6/� k]�k/�df ar]�sf]� 7f]�; kbfy{ g}� 
;fa'g xf]� . To;nfO{ h'g cfsf/�sf]� ;fa'g rflxG5, ToxL cfsf/�sf]� efF8f]� -;fFrf]�_ 
df vGofpg'xf]�;\ .

-p_	 Ps lbg;Dd /�fv]�kl5 rfx]�sf]� cfsf/�sf]� ;fa'g tof/� x'G5 . ;fa'g agfO{ afFsL 
/�x]�sf]� emf]�n kbfy{af6 lUnl;l/�g agfpg ;lsG5 .

l86/�h]�G6 (Detergent)

l86/�h]�G6 sk8f ;kmfOsf nflu k|of]�u 
ul/�g]� ;fa'geGbf a9L 3'ngzLn j:�t' 
xf]� . xfO8«f]�sfa{gaf6 k|fKt x'g]� ;fa'geGbf 
a9L 3 'ngzLn ;+Zn]�lift k ]�6 « f ]�lnod 
/�;fognfO{ l86/�h]�G6 elgG5 . o;nfO{ 
;fa'g /�lxt ;fa'g (soapless soap) 
klg elgG5 . ;fa'g h:�t}� logLx¿n]�  
sk8f ;kmf u5{g\ . o;sf]� /�f;folgs k|s[lt 
eg]� ;fa'geGbf km/�s 5 . o;nfO{ s8f kfgLdf klg k|of]�u ug{ ;lsG5 . ;f]�l8od nl/�n 
;Nkm]�6 (sodium lauryl sulphate), cNsfOn a]�lGhg ;Nkmf]�g]�6 (alkyl benzene 

lrq 19.6: l86/h]G6
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sulphonate), ;f]�l8od kfO/�f]� kmf]�:�km]�6 (sodium pyrophosphate) OToflb o;sf 
pbfx/�0f x'g\ . /�f;folgs k|sl[tsf]� ePsfn]� o;sf]� h}�ljs ljR5]�bg (biodegradable) 
x'Fb}�g . o;n]� ubf{ o;n]� /�f;folgs k|bi"f0f lgDTofpF5 . logLx¿ w'nf]� jf t/�n ¿kdf 
kfOG5g\ . ahf/�df kfOg]� k|foM ;'ulGwt ;fa'g klg k|fs[lts t]�naf6 gagL l86/�h]�G6 
h:�t}� k]�6«f]�lnod kbfy{af6 ag]�sf x'G5g\ . l86/�h]�G6sf]� k|of]�u ubf{ 5fnf lrnfpg]�, kf]�Ng]�, 
km'6\g]� cflb ;d:�of b]�vf k5{g\ . ;fy}� o;sf]� k|of]�un]� kfgL /� df6fsf]� k|b"if0f x'G5 . 
nfdf]� ;do l86/�h]�G6 k|of]�u u/�L sk8f w'Fbf sk8fsf]� /�ª v'OlnFb}� hfG5 .

ljiffbLo'St /�;fogx¿ (Chemical pesticides)

lj|mofsnfk 19.3

tkfO{Fsf]� j/�k/�sf]� v]�taf/�L jf auF}�rfdf nfUg]� xflgsf/�s ls/�f dfg{ jf lgoGq0f ug{ 
s]� s:�tf sL6gfzs ljiffbL k|of]�u eO/�x]�sf 5g\, cjnf]�sg, ;f]�wvf]�h u/�L tnsf 
k|Zgdf 5nkmn ug'{xf]�;\ M

-s_ sL6gfzs ljiffbLsf]� k|of]�un]� xfdLnfO{ s]� kmfObf xf]�nf <

-v_ ls/�f lgoGq0f ug{ s'g s'g 3/�]�n' pkfo k|of]�u ePsf /�x]�5g\ <

-u_ s]� sL6gfzs ljiffbLsf]� k|of]�usf gsf/�fTds c;/� klg 5g\ <

36gf cWoog u/�f}�“

ldlt	@)&( >fj0f !% ut]� b sf7df8f}�F 
kf]�:�6df k|sflzt ;dfrf/� cg';f/� xl/�k'/� 
gu/�kflnsf lgjf;L Ps ls;fgn]� ljiffbL 
5l/�/�xFbf ljiffbL af]�s]�sf]� efF8faf6 ljiffbL 
r'lxg uO{ pgsf]� z/�L/�sf]� k5fl8sf]� 
efu ljiffbLo'St /�;fogn]� g/�fd|f]�;Fu 
hn]�sf]� lyof]� . To:�t}� u/�L cWoogaf6 
b]�vfOPcg';f/� xl/�jg gu/�kflnsfsf]� t/�sf/�L pTkfbgsf]� d'Vo If]�q 3'sf}�{nLdf ljut 
kfFr jif{df 22 hgf JolStsf]� SofG;/�sf sf/�0fn]� d[To' ePsf]� lyof]� . pSt If]�qdf 5fnf 
tyf /�utsf]� SofG;/�af6 kLl8tsf]� ;ª\Vof klg w]�/�}� b]�lvPsf]� 5 . g]�kfnsf]� ;Gbe{df 
oL k|ltlglw 36gf dfq x'g\ . oyfy{df g]�kfnsf ljleGg If]�qdf ljz]�if u/�L t/�sf/�L, 
afnLgfnL tyf kmnkm"ndf cTolws Pjd\ cj}�1flgs ¿kdf ljiffbL k|of]�u x'G5 .

lrq 19.7: s[lif afnLdf ljiffbL 5s{b}�
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sIffdf ;d"xut ¿kdf cfkm"n]� b]�v]�sf, cg'ej u/�]�sf jf cWoog u/�]�sf ;dfrf/�sf 
cfwf/�df lgDglnlvt k|Zgx¿df 5nkmn ug'{xf]�;\ M

-c_	 cTolws tyf cj}�1flgs 9ªun]� ljiffbL k|of]�u ubf{ jftfj/�0f tyf :�jf:�Yodf 
kg{ hfg]� cGo c;/� s]� s]� xf]�nfg\ <

-cf_	 tkfO{Fsf]� 3/�kl/�jf/� tyf l5d]�sdf cfjZostfeGbf a9L ljiffbL k|of]�u ubf{ k|ToIf 
¿kdf ef]�u]�sf jf b]�v]�sf 36gfsf af/�]�df 5nkmn ug'{xf]�;\ .

-O_	 dfly lrqdf b]�vfOP h:�t}� u/�L ljiffbL 5ls{g pko'St xf]�nf, cfˆgf ts{ sIffdf 
k|:�t't ug'{xf]�;\ .

lap, la?jf, ?v, kz'kIfL, dfgj :�jf:�Yo, lgdf{0f If]�q cflbdf nfUg]� zq'hLj -pest_ 
x¿nfO{ /�f]�Sg]�, x6fpg]�, lgoGq0f ug]�{, Joj:�yfkg ug]�{ /� gfz ug]�{ nIo /�fvL k|of]�u 
ul/�g]� ljiffn' kbfy{nfO{ ljiffbL elgG5 . hLjgfzs ljiffbL Joj:�yfkg P]�g, 2076 n]� 
lbPsf]� kl/�efiffcg';f/� “hLjgfzs ljiffbL” eGgfn]� af]�6la?jf, s[lifhGo kbfy{ /� jg 
tyf jg k}�bfjf/�, hLj, kz'kG5L, dfgj :�jf:�Yo, e08f/�0f, Kofs]�lhª /� lgdf{0f sfo{df 
xflg k'¥ofpg]� /�f]�u, ls/�f, ;'n;'n]�, lgdf6f]�8; -nematodes_, emf/�kft, zªv]�ls/�f, 
d';f -rodents_ nufotaf6 arfpg k|of]�u ul/�g]� k|fª\ufl/�s, jg:�klt, h}�ljs tyf 
/�f;folgs j:�t' a'lemG5 .

g]�kfndf k|yd k6s ;g\ 1952 df cf}�nf]� /�f]�u lgoGq0fsf nflu l8l86L cfoft ul/�Psf]� 
lyof]� . xfn g]�kfndf ljiffbLsf]� cf}�;t k|of]�u 396 u|fd k|ltx]�S6/�sf b/�n]� k|of]�u eO/�x]�sf]� 
5 . s'g}� klg afnLdf k|of]�u ul/�Psf]� sl/�a 80 k|ltzt hLjgfzs ljiffbL ;fwf/�0ftof 
df6fdf 6'ª\lug k'U5 . df6fdf k'u]�sf]� ljiffbL lglij|mo x'g lgs}� ;do nfU5 . o;af6 
df6fdf /�x]�sf ;"Id hLjf0f'nfO{ xflg k'Ug hfg'sf ;fy}� e"ldut hn;|f]�t, vfN8f]� /� 
vf]�nfdf ljif k|b"if0f x'g]� vt/�f a9\g hfG5 .

ljiffbLsf lsl;d (Types of pesticides)

ljiffbLaf6 jftfj/�0fdf kg]�{ k|efj, nlIft hLjdf k|of]�u, ljiffbLsf]� c;/�sf]� k|s[lt cflbsf 
cfwf/�df ljiffbLnfO{ ljleGg ;d"xdf juL{s/�0f ug{ ;lsG5, h'g lgDgfg';f/� 5g\ M

1. jftfj/�0fLo b[li6sf cfwf/�df

jftfj/�0fLo b[li6sf cfwf/�df ljiffbL b'O{ lsl;dsf 5g\ M
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-s_	 jftfj/�0fdf Ifo x'Fb}� hfg]� (Environmentally degradable or non- 
persistent) : o:�tf ljiffbL jftfj/�0fLo cjoj, h:�t}� M kfgL, xfjf, k|sfz, 
tfk cflbsf]� ;Dks{df cfO;s]�kl5 la:�tf/�}� Ifo x'Fb}� hfG5g\ . pbfx/�0fsf nflu 
8fOd]�yf]�o6 -g'u/�, /�f]�u/�, 8fOd]�6_, dfnfyfog cflbnfO{ lng ;lsG5 .

-v_	 jftfj/�0fdf y'lk| Fb }� hfg]� (Environmentally non-degradable or 
persistent : o; ju{cGtu{t kg]�{ ljiffbL jftfj/�0fdf l56}� Ifo gx'g]� jf xfd|f]� 
z/�L/�df vfBz[ª\vnfdfkm{t af]�;f]�sf]� c+zdf ldl;P/� /�lx/�xG5g\ . o; ;d"xsf 
ljiffbL Wf]�/�}�h;f]� d'n'sdf k|ltaGw xF'b}� uPsf 5g\ . g]�kfndf klg oL ljiffbLnfO{ 
cfoft, lgof{t, pTkfbg a]�rlavg tyf k|of]�udf k|ltaGw nufO;lsPsf]� 5 .

2. nlIft hLjsf cfwf/�df

-s_ 	sL6gfzs ljiffbL -Insecticides_

	 ls/�fx¿ lgoGq0f ug{ k|of]�u ul/�g]� ljiffbL, h:�t}� M dfnflyog, ;fOk/�d]�ly|g, 
km]�gafnf/�]�6, lg6]�gkfO/�fd cflb .

-v_	 9';Lgfzs ljiffbL -Fungicides_

	 af]�6la?jfdf nfUg]� ljleGg lsl;dsf 9';L;DaGwL /�f]�u lj?4 k|of]�u ul/�g]� ljiffbL,

	 h:�t}� M 8fOd]�yf]�dkm{, ;]�lS6g, DofGsf]�h]�j, sfa]�{G8flhd cflb .

-u_ 	 emf/�kftgfzs ljiffbL -Herbicides_

	 afnLgfnLnfO{ 8:�g]� ljleGg lsl;dsf emf/�kft dfg{ k|of]�u ul/�g]� ljiffbL,

	 h:�t}� M Ao'6fSnf]�/�, cfO;f]�k|f]�6'/�f]�g, P6«flhg cflb .

-3_	 d';fgfzs ljiffbL -Rodenticides_

	 d';f /� d';f ju{df kg]�{, h:�t}� M b'D;L, nf]�vs]�{, v/�fof]� cflb hgfj/� dfg{ k|of]�u 
ul/�g]� ljiffbL, h:�t}� M lhGs kmf]�:�kmfO8, a|f]�dfl8of]�nfg, So'df6]�6«flnn cflb .

-ª_	 ;'n;'n]�gfzs ljiffbL -Miticides_

	 ;'n;'n]� dfg{ k|of]�u ul/�g]� ljiffbL, h:�t}� M jfOkm]�gfh]�6, km]�gfhfSo'g, k|f]�k/�hfO6, 
km]�gkfO/�f]�lShd]�6 cflb .
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3. sfo{ k|s[ltsf cfwf/�df sL6gfzs ljiffbLsf]� juL{s/�0f

-s_	 ;Dks{ ljiffbL (Contact pesticide)

	 g/�d z/�L/� ePsf ls/�f, h:�t}� M nfxL, em'; gePsf nfef{, ly|K;, ;]�tf]� lemFuf 
cflbsf]� aflx/�L cfj/�0fdf oL ljiffbL k|ToIf ;Dks{df cfO{ o;sf]� c;/�n]� ls/�fx¿ 
d5{g\ . dfnflyPg, Snf]�/�f]�kfOl/�km; cflb o;cGt{ut kg]�{ ljiffbL x'g\ .

-v_	 cfGtl/�s ljiffbL (Stomach pesticide)

	 ljiffbL nfu]�sf la?jfsf kft jf kmnkm"nfO{ ls/�fn]� vfFbf pSt ljifsf]� k|efjn]� 
ubf{ ls/�fx¿ d5{g\ . o;cGtu{t dfnflyPg, ;fOk/�d]�ly|g, km]�ge]�n]�/�]�6 cflb 
ljiffbL k5{g\ .

-u_	 l;:�6]�lds ljiffbL (Systemic pesticide)

	 o; k|lj|mofdf la?jfsf kft jf h/�fn]� ljiffbL ;f]�:�5 kmn:�j¿k ljif ;Dk"0f{ 
efudf k'uL la?jf g}� ljiffSt aG5 . o;/�L ljiffSt la?jfsf]� /�; r':�bf ls/�fx¿ 
d5{g\, h:�t}� M km8\s]�, nfxL, ly|K;, ;]�tf]� lemFuf, lnkm dfOg/�, uaf/�f]� cflbnfO{ 
lgoGq0fsf nflu kmf]�lnlyog, jfof]�dlN6lgd, dlN6lgd cflb ljiffbL k|of]�u ul/�G5 .

-3_	 w'jfpg]� ljiffbL (Fumigants pesticide)

	 o:�tf ljiffbLx¿ xfjfsf]� ;Dks{df cfPkl5 ljiffn' Uof; lgl:�sG5 h:�fsf sf/�0fn]� 
ls/�f d5{g\ . o:�tf ljiffbL Vff; u/�L e08f/�0fdf nfUg]� ls/�f lgoGq0f ug{ k|of]�u 
ul/�G5, h:�t}� M cflNdlgod km:�kmfO8, ldyfOn a|f]�dfO8 cflb .

lj|mofsnfk 19.4

tkfO{Fsf]� 3/� tyf 5/�l5d]�sdf zq'hLj -pest_ lgoGq0fsf nflu cTolws /�f;folgs  
ljiffbLsf]� k|of]�usf]� ljsNksf ¿kdf ckgfOPsf pkfo s]� s]� 5g\, ;d"xut ¿kdf 
5nkmn ug'{xf]�;\ . pSt 5nkmnsf cfwf/�df cfˆgf]� kl/�jf/� tyf ;d'bfodf lbg ;lsg]� 
;'emfjsf]� ;"rL tof/� kf/�L sIffdf k|:�t't ug'{xf]�;\ .
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ljiffbLsf]� e08f/�0f tyf k|of]�u ubf{ ckgfpg'kg]�{ ;fjwfgL (Safety precautions 
in the use and storage of the pesticides)

lrq 19.8

/�f;folgs ljiffbLsf]� e08f/�0f tyf k|of]�u ubf{ lgDgcg';f/�sf ;fjwfgLx¿ clgjfo{ 
¿kdf ckgfpg cfjZos x'G5 M

-s_	 hLjgfzs ljiffbL Joj:�yfkg P]�g, @)&^ /� lgodfjnLn]� Joj:�yf u/�]�cg';f/� 
dfq ljiffbLsf]� cfoft, pTkfbg, lsga]�r /� k|of]�u ug'{k5{ .

-v_	 s[lif k|fljlwssf]� k/�fdz{adf]�lhd dfq ljiffbL vl/�b ug'{k5{ . ;fy}� ljiffbL 5bf{ 
afFsL /�x]�sf]� ljiffbLnfO{ ;'/�lIft 7fpFdf e08f/�0f jf Joj:�yfkg ug'{k5{ .

-u_	 ljiffbL /�fv]�sf]� efF8fdf :�ki6;Fu lrlgg]� u/�L gfd n]�vL /�fVg'k5{ .

-3_	 ljiffbLsf]� e08f/�0f ubf{ afnaflnsfsf]� kx'Fr x'g]� 7fpF tyf vfBkbfy{sf]� glhs 
/�fVg' x'Fb}�g .

-ª_	 ljiffbLnfO{ xfjf gl5g]�{ u/�L Pjd\ gr'lxg]� efF8fdf /�fd|/�L lasf]�{ aGb u/�L /�fVg'k5{ .

-r_	 ljiffbLsf]� k|of]�u ubf{ k|of]�u stf{sf]� ;fgf]� uNtLn]� 7'nf]� b'3{6gf /� xflg gf]�S;fgL 
x'g ;Sg]� ePsfn]� ljiffbLsf]� n]�Afn -;"rs kq_ df n]�lvPsf lgb]�{zg /�fd|/�L k9]�/� 
dfq k|of]�u ug'{k5{ .

-5_	 ljiffbLsf]� k|of]�u ug}�{ k/�]�df sd ljiffn' t/� k|efjsf/�L ljiffbLsf]� dfq k|of]�u ug]�{ 
/� ljiffbL k|of]�u ubf{ ;'/�lIft klx/�g, h:�t}� M gfs tyf d'v 5f]�lkg]� df:�s, xftdf 
kGhf, z/�L/� k"/�}� 9flsg]� u/�L ;'/�Iff kf]�;fssf ;fy}� cfFvfdf r:�dfsf]� clgjfo{ 
k|of]�u ug'{k5{ .

-h_	 ljiffbL 5bf{ k|of]�u ePsf pks/�0fnfO{ tTsfn ;kmf u/�L ;'/�lIft 7fpFdf /�fVg'k5{ . 
t/� o:�tf ;fwg ;kmf ubf{ kfgLsf]� d'xfg glhs eg]� ug'{x'Fb}�g .
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-em_	 ljiffbL 5ls{Pkl5 clgjfo{ ¿kdf g'xfpg]� tyf ;fa'g kfgLn]� /�fd|/�L xft w'g'k5{ .

-`_	 /�f]�u÷ls/�f Joj:�yfkgdf ;Dej eP;Dd PsLs[t zq'hLj Joj:�yfkg -integrated 
pest management_ ljlwsf]� k|of]�u ug'{k5{ .

-6_	 ljiffbL k|of]�u ug]�{lalQs}� afnLgfnL -t/�sf/�L tyf kmnk"mn_ sf]� a]�rlavg tyf 
pkef]�u ug'{x'Fb}�g .

-7_	 w]�/�}� vt/�gfs (group IB) cGtu{t kg]�{ ;"rLs[t ljiffbL ;DalGwt afnL ;+/�If0f 
clws[tsf]� l;kmfl/�;df dfq vl/�b÷laj|mL ug'{k5{ .

-8_	 ;a}� lsl;dsf ljiffbL ljif x'g, tL cf}�ifwL xf]�Ogg\ eGg]� pb\uf/� slxNo}� klg 
la;{g' x'Fb}�g .

kl/�of]�hgf sfo{

g]�kfndf afnLgfnLdf k|of]�u ug{ kfOg]� ljiffbL /� pSt ljiffbL 5ls{Pkl5 kv{g'kg]�{ ;do 
cjlwsf af/�]�df lj1x¿;Fu ;f]�w]�/� tyf vf]�hL u/�]�/� k|ltj]�bg tof/� ug'{xf]�;\ /� sIffdf 
5nkmnsf nflu k|:�t't ug'{xf]�;\ .

/�f;folgs k|b"if0f (Chemical pollution)

dfgjnufot ;a}� hLj hut\nfO{ hLjg latfpg 
sl7gfO pTkGg u/�fpg]� ;d:�of jftfj/�0fLo 
k|b"if0f xf]� . o;n]� ubf{ jftfj/�0fsf ljleGg 
tÎjx¿ xfjf, kfgL, df6f]� cflbsf u'0f:�t/�df x|f; 
NofO{ kfl/�l:�ylts k|0ffnLdf c;Gt'ng u/�fpF5 . 
kmn:�j¿k ljleGg hLjx¿df gsf/�fTds c;/� 
k5{ . jfo' k|bi"f0f x'Fbf jfo'af6 ljleGg /�f]�ux¿ 
;g'{, hn k|b"if0f x'Fbf hnaf6 ;g]�{ /�f]�u ;g'{ 
/� df6f]� k|b"lift x'Fbf df6f]�af6 /�f]�u ;g'{ cflb 
jftfj/�0f k|b"if0fsf gsf/�fTds c;/� x'g\ . jftfj/�0f k|b"if0fsf]� sf/�0fn]� g}� k[YjLsf]� 
jfo'd08ndf sfa{g8fOcS;fO8sf]� dfqf a9L x'g uO{ tfksf]� dfqfdf j[l4 eO/�x]�sf]� 
5 . o;n]� ubf{ ;Dk"0f{ ;hLj hut\df k|ToIf k|efj kl/�/�x]�sf]� 5 .

lrq 19.9: pBf]�uaf6 lg:�s]�sf k|b"if0f
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OG;]�S6, k]�:�6, /�f]�8]�G6 cflb dfg{sf nflu /�f;folgs ljiffbLsf]� k|of]�u ul/�G5 . oL 
/�;fogdf yf]�/�}�}� jf w]�/�}� dfqfdf ljiffbL x'G5 . oL ljiffbLn]� xflgsf/�s ls/�f dfq geP/� 
pkof]�uL ls/�f klg dfg]�{ u5{g\ . o;af6 s'g}�}� 7fpFsf]� kfl/�l:�ylts k4ltdf c;Gt'ng 
cfpF5 . Dichlorodiphenyl trichloroethane (DDT) kfp8/�sf]� k|of]�un]� ef}�lts 
/� h}�ljs jftfj/�0f k|bl"ift u/�fpF5 . k|b"lift kfgLn]� hnLo /� :�ynLo hLjdf g/�fd|f]� 
c;/� k5{ . hLjsf]� k|hgg k|0ffnLdf c;/� u5{ . o;n]� Zjf;k|Zjf;;DaGwL /�f]�ux¿ 
lgDTofpF5 . r/�f tyf df5fsf]� j[l4 /� k|hgg Ifdtfdf c;/� u5{ . r/�fn]� cG8f sd 
kf5{g\ . ;a}� cG8f km6f{On (fertile) xF'b}�gg\ . sltko km6f{On cG8faf6 klg rNnf 
lgl:�sFb}�gg\ lsgls logLx¿sf]� aflx/�L efu kftnf]� ePsfn]� dfp sf]�/�Ng a:�bf g}� cG8f 
km'6\5g\ . To;}� u/�L cGo sL6gfzs ljiffbL, h:�t}� M benzene hexachloride (BHC_, 
d]�yf]�lS;Snf]�/�fO8 (methoxychloride), PlN8«g (aldrin), 8folN8«g (dialdrin) 
OToflbn]� klg hLjdf To:�t}� k|sf/�sf c;/� b]�vfpF5g\ .

 lrq 19.10 

s[lifnfO{ cfw'lgsLs/�0f ub}�{ n}�hfg]� j|mddf ljleGg lsl;dsf sL6gfzs cf}�ifwL (DDT, 
BHC, Aldrin, Dialdrin) k|of]�u ul/�Psf]� kfOG5 . /�f;folgs dnsf]� k|of]�u klg cTolws 
dfqfdf eO/�x]�sf]� 5 . jiff{sf]� kfgLsf]� axfasf sf/�0f jf cGo dfgjLo sf/�0fn]� ubf{ 
o:�tf sL6gfzs cf}�ifwL /� /�f;folgs dn kfgLsf ;|f]�tdf k'uL kfl/�l:�ylts k|0ffnL g}� 
c;Gt'ng x'g hfG5 . o;n]� ubf{ kfgLdf a:�g]� hLjx¿ gi6 x'g hfG5g\ .

v]�tLkftLnfO{ ljleGg xflgsf/�s hLjx¿n]� g:�6 ul/�lbg]� u5{g\ . t;y{ v]�tLkftLnfO{ 
ls/�faf6 arfpgsf nflu ljleGg lsl;dsf sL6gfzs cf}�ifwLsf]� k|of]�u ul/�G5 . o;n]� 
v]�tLkftLnfO{ ls/�faf6 arfpg]� sfd u/�]� tfklg df6fnfO{ eg]� k|b"lift agfpg]� sfd 
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u5{ . Insecticides, fungicides, weedicides h:�tf sL6gfzs cf}�ifwLnfO{ k|b"ifs 
kbfy{sf]� ;|f]�tsf ¿kdf lnOG5 . vf;u/�L l8l86L, 8folN8g, Pnl8g, kf/�fyfOcf]�g 
h:�tf kbfy{n]� df6fsf]� u'0f:�t/�df x|f; Nofpg]� sfd u5{g\ .

hfgL /�fvf}�“
sL6gfzs ljiffbLdf PlN8«g, 8fOclN8«g, l8l8l6=, aL=Pr=;L=, Snf]�/�]�8]�g, lnG8]�g, 
OG8f]�;Nkmfg cflb k5{g\ . oL ;a}� xfn g]�kfndf k|ltalGwt eO;s]�sf 5g\ . 
8fOSnf]�/�f]�e; sL6gfzs ljiffbLnfO{ g]�kfndf cfoft, lgof{t, pTkfbg, a]�rlavg /� 
k|of]�udf k|ltaGw ul/�;s]�sf]� 5 .

l;d]�G6, l;;f, ;]�/�fldS;, Knfl:�6s, kmfOa/�, /�f;folgs dn, ;fa'g, l86/�h]�G6 h:�tf 
cf}�Bf]�lus kbfy{sf]� hyfefjL k|of]�u tyf lj;h{gaf6 klg jftfj/�0fsf ljleGg tÎjx¿ 
xfjf, kfgL, df6f]� cflbsf u'0f:�t/�df x|f; cfpF5 . o:�fn]� ubf{ kfl/�l:�ylts k|0ffnLdf 
c;Gt'ng NofpF5 . To;}�n]� o:�tf k|b"ifs kbfy{sf]� plrt k|of]�u tyf Joj:�yfkg ug{'k5{ . 
oL k|b"ifs kbfy{nfO{ kfgLsf ;|f]�t, s[lif of]�Uo hldg cflbdf lj;h{g ug'{x'Fb}�g .

lrq 19.11: l;;8f]�n 8lDkª ;fO6df l;;f, Knfl:�6s, ;]�/�fldS;, kmfOa/� cflb

dflysf]� lrq cjnf]�sg u/�L lgDglnlvt k|Zgdf 5nkmn ug'{xf]�;\ M

-s_ 	o;/�L hyfefjL lj;h{g ugf{n]� j/�k/�sf]� jftf/�0fdf s:�tf]� c;/� k5{ xf]�nf <

-v_ 	tkfO{Fsf]� ljrf/�df o:�tf lsl;dsf k|b"if0fnfO{ Joj:�yfkg ubf{ ckgfpg'kg]�{ pkfo 
s]� s]� x'g ;S5g\ <
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l;d]�G6, l;;f, sfFr, ;]�/�fldS;, Knfl:�6s, kmfOa/�, /�f;folgs dn, ;fa'g, l86/�h]�G6 
h:�tf cf}�Bf]�lus /�;fogsf]� plrt Joj:�yfkgsf nflu lgDgcg';f/�sf pkfo ckgfpg 
;lsG5 M

-s_	 l;;f, ;]�/�fldS;, Knfl:�6s, kmfOa/� cflbsf 6'j|mfnfO{ hyfefjL gˆofFsL plrt 
:�yfgdf Joj:�yfkg ug]�{

-v_	 l;d]�G6sf af]�/�faf6 l;d]�G6sf]� w'nf]� p8\g gkfpg]� u/�L af]�/�fnfO{ afFw]�/� jf /�fd|/�L 
9fs]�/� /�fVg]�

-u_	 /�f;folgs dnsf]� ljsNksf ¿kdf h}�ljs dn k|of]�unfO{ k|jw{g ug]�{

-3_	 /�f;folgs dn k|of]�u ug'{kbf{ plrt ¿kdf s[lif lj1sf]� ;Nnfxadf]�lhd dfq 
k|of]�u ug]�{

-ª_	 ;fa'g tyf l86/�h]�G6sf]� k|of]�u ubf{ lg:�s]�sf]� kmf]�xf]�/�nfO{ kfgLsf]� ;|f]�t tyf 
s[lifof]�Uo df6f]�df ldl;g glbg]� u/�L cnUu}� 7fpFdf ;ª\sng ug]�{

kl/�of]�hgf sfo{

sIffdf /�x]�sf ljBfyL{dWo]�af6 rf/�cf]�6f ;d"x -s, v, u /� 3_ lgdf{0f ug{'xf]�;\ /� rf/�}� 
;d"xnfO{ lgDglnlvt zLif{sdf cfwfl/�t /�x]�/� ;DalGwt If]�qsf]� If]�q e|d0f u/�L To;sf 
cfwf/�df kl/�of]�hgf sfo{ u/�]�/� sIffdf k|:�t't ug{'xf]�;\ M

;d"x -s_	 ;fa'g /� l86/�h]�G6n]� ug]�{ /�f;folgs k|b"if0f /� o;sf]� c;/�af6 nfUg]� /�f]�u

;d"x -v_	 sL6gfzs ljiffbLn]� ug]�{ /�f;folgs k|b"if0f /� o;sf]� c;/�af6 nfUg]� /�f]�u

;d"x -u_	 /�f;folgs dnaf6 x'g]� c;/� tyf Joj:�yfkg ug]�{ tl/�sf tyf ljlw

;d"x -3_	 l;d]�G6, sfFr, ;]�/�fldS;, kmfOa/�, Knfl:�6s /� /�f;folgs dn cflbaf6 x'g]� 
k|b"if0f, c;/� /� Joj:�yfkg

sIffdf k|:�t't ul/�Psf]� kl/�of]�hgf sfo{df k|fKt ;'emfjsf cfwf/�df kl/�dfh{g u/�L ;xL 
lgisif{ /� ;'emfjsf ;fy kl/�of]�hgf k|ltj]�bg n]�vL ljifo lzIfsnfO{ a'emfpg'xf]�;\ .
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cEof;

1. 	 tnsf k|Zgsf]� ;xL ljsNk 5gf]�6 ug'{xf]�;\ M

-s_ 	l86/�h]�G6nfO{ lsg ;f]�kn]�; ;f]�k elgG5 <

-c_	 ;fa'g h:�t}� o;n]� klg s8f kfgLdf lkmFh lbFb}�g .

-cf_	 ;fa'gsf]� h:�t}� o;sf]� /�f;folgs k|s[lt x'G5 .

-O_	 ;fa'g h:�t}� o;n]� ;kmf u5{ /� o;nfO{ s8f kfgLdf k|of]�u ug{ ;lsG5 .

-O{_	 ;fa'g h:�t}� ;kmf u5{ t/� o;sf]� /�f;folgs k|s[lt eg]� km/�s x'G5 .

-v_	 tnsf dWo]� s'g sL6gfzssf]� ;d"x xf]� <

-c_ 	 kf]�6fl;od Snf]�/�fO8, PlN8«g, a]�lGhg x]�Shf Snf]�/�fO8

-cf_	 l8l86L, ;f]�l8od Snf]�/�fO8, PlN8«g

-O_	 8folN8«g, l8l86L, d]�yf]�lS; Snf]�/�fO8

-O{_	 kf]�6fl;od Snf]�/�fO8, PlN8«g, dfnflyg

-u_	 Sodium stearate of}�lus lbOPsf dWo]� s'gcGtu{t k5{ <

-c_ ;fa'g 				    -cf_ l86/�h]�G6
-O_ sL6gfzs 				    -O{_ vfB kl/�/�IfL

-3_	 l86/�h]�G6sf]� d'Vo k|of]�u s]�sf nflu ul/�G5 <

-c_ xftv'6\6f ;kmf ug{sf nflu		  -cf_ g'xfpgsf nflu
-O_ n'uf w'gsf nflu 			   -O{_ zf}�rfno ;kmfO ug{sf nflu

-ª_ 	s'g of}�lus kmnkm"n ksfpgsf nflu k|of]�u ul/�G5 <

-c_ SoflN;od sfaf{O8		  -cf_ SoflN;od sfaf]�{g]�6
-O_ ;f]�l8od ;Nkm]�6		  -O{_ ;f]�l8od sfaf]�{g]�6

2. 	 km/�s n]�Vg'xf]�;\ M
-s_	 /�f;folgs sL6gfzs ljiffbL /� h}�ljs sL6gfzs ljiffbL
-v_	 /�f;folgs vfB kl/�/�IfL /� k|fs[lts vfB kl/�/�IfL
-u_	 ;fa'g /� l86/�h]�G6

3. 	 sf/�0f n]�Vg'xf]�;\ M
-s_	 DDT kfp8/�sf]� k|of]�un]� kfl/�l:�ylts k4ltdf c;Gt'ng NofpF5 .
-v_	 /�f;folgs ljiffbLsf]� k|of]�u 36fpFb}� n}�hfg'k5{ .
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-u_	 ;fa'g agfpFbf vfg]� g'gsf]� k|of]�u ul/�G5 .
-3_	 crf/� w]�/�}� lbg;Dd /�fVg ;lsG5 .

4. 	 tnsf k|Zgsf]� pQ/� n]�Vg'xf]�;\ M

-s_ 	BHC /� DDT sf]� k"/�f ¿k n]�Vg'xf]�;\ .

-v_	 vfB kl/�/�IfL eg]�sf]� s]� xf]� < o;sf]� k|of]�u lsg ul/�G5 <

-u_	 vfB kl/�/�IfLsf ¿kdf k|of]�u ul/�g]� /�;fog s]� s]� x'g\ <

-3_	 k|fs[lts ¿kdf vfBfGgsf]� kf}�li6s tÎj sfod /�fVg k|of]�u ul/�g]� pkfo 
s]� s]� x'g\, pNn]�v ug{'xf]�;\ .

-ª_	 k|fs[lts vfB kl/�/�IfL eg]�sf]� s]� xf]� < /�f;folgs vfB kl/�/�IfLsf]� t'ngfdf 
o;nfO{ lsg /�fd|f]� dflgG5, ljZn]�if0f ug'{xf]�;\ .

-r_	 s[lqd ¿kdf kmnkm"nnfO{ s;/�L ksfpg ;lsG5, ljlw tyf k|lj|mof pNn]�v 
ug{'xf]�;\ .

-5_	 /�f;folgs ljiffbLsf]� k|of]�u ubf{ Wofg lbg'kg]�{ s'/�f pNn]�v ug{'xf]�;\ .

-h_	 tkfO{Fsf]� 3/� j/�k/� ;/�;kmfOsf nflu s]� s]� ;fdu|L k|of]�u eO/�x]�sf 5g\, ;"rL 
tof/� ug'{xf]�;\ . oL ;fdu|Ln]� jftfj/�0fdf kfg]�{ c;/�sf af/�]�df k|:t'lt lbg'xf]�;\ .

-em_	 ;fa'g s;/�L agfpg ;lsG5, JofVof ug'{xf]�;\ .

-`_	 l86/�h]�G6 eg]�sf]� s]� xf]� < o;sf s'g}� b'O{ pbfx/�0f n]�Vg'xf]�;\ . l86/�h]�G6sf]� 
k|of]�uaf6 dfgj :�jf:�Yo /� jftfj/�0fdf s:�tf]� c;/� k5{ xf]�nf, ts{ k|:�t't 
ug'{xf]�;\ .

-6_	 xl/�sf]� ufpFdf cTolws dfqfdf /�f;folgs sL6gfzs ljiffbLsf]� k|of]�u 
eO/�x]�sf]� 5 . o;sf sf/�0fn]� dfgj :�jf:�Yodf hl6n ;d:�of b]�vf kg{ 
yfn]�sf 5g\ . o:�tf lsl;dsf ;d:�of ;dfwfgsf nflu s]� s:�tf ljsNk 
x'g ;S5g\, ;'emfj k|:�t't ug'{xf]�;\ .

-7_	 /�f;folgs k|b"if0f eg]�sf]� s]� xf]�, o;sf sf/�0f /� lg/�fs/�0f ug]�{ Jofjxfl/�s 
pkfox¿ n]�Vg'xf]�;\ .

-8_	 tkfO{Fsf]� j/�k/� l;d]�G6, l;;f, ;]�/�fldS;, Knfl:�6s, kmfOa/�, /�f;folgs 
dn, ;fa'g, l86/�h]�G6 h:�tf cf}�Bf]�lus kbfy{sf]� sf/�0fn]� pTkGg k|b"if0fsf 
af/�]�df pNn]�v ub}�{ o;sf sf/�0f /� plrt Joj:�yfkgsf af/�]�df ;'emfj 
k|:�t't ug'{xf]�;\ .


