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j}1flgs cWoog 

(Scientific Study) 
!

lrq  1.2 j}1flgs l;sfOsf r/0fx¿

lrq 1.1 df lbOPsf kmnk"mn tyf /f;folgs kbfy{x¿df x'g] cDnLo, Iff/Lo jf t6:y u'0fsf] 
j}1flgs cWoogsf nflu k|Zg, kl/sNkgf, k|of]ufTds sfo{ / tYofª\s ;ª\sng ljlw s] s] x'g 
;S5g\ < 

dfly lrq 1.2 df j}1flgs l;sfOsf r/0fx¿ lbOPsf 5g\ . j}1flgs l;sfOcGtu{t tYofª\s 

tyf k|df0fsf] ;ª\sngsf nflu ljleGg lsl;dsf k|of]ufTds sfo{x¿ ul/G5g\ . lrq 1.1 
df lbOPsf kmnk"mn tyf /f;folgs kbfy{x¿df x'g] cDnLokgf, Iff/Lokgf jf t6:y u'0faf/] 
j}1flgs cWoogsf nflu k|of]ufTds sfo{af6 cfjZos tYofª\s -pH dfg_ ;ª\sng ul/G5 . 
j}1flgs cWoogdf k|of]ufTds sfo{x¿ k|of]uzfnfdf jf aflx/L jftfj/0fdf ul/G5g\ . j}1flgs 
cWoogsf nflu tYofª\s ;ª\sng ubf{ tyf lj1fgsf ljleGg ljifo j:t'x¿sf] cWoog ubf{ 
;fgf tyf 7'nf kl/df0fx¿sf] gfk lng'k5{ . To:tf gfknfO{ j}1flgs k4ltcg';f/ n]lvG5 . 
gfkdf x'g ;Sg] ;Defljt q'l6 Go"g ug{ k6s k6ssf] dfkgaf6 cf};t gfksf] dfg lnOG5 . 

1.1  j}1flgs k|lj|mofut l;kx¿ (Science process skills)

j}1flgs l;kn] j}1flgs l;sfOsf] cfwf/ tof/ kf5{g\ . xfdLdf lj1fg;DaGwL 1fgsf cltl/St 

cjnf]sg÷ lh1fzf÷ 
vf]hsf nflu k|Zg

j}1flgs l;sfOsf r/0fx¿

k|ltj]bg

kl/sNkgf lgdf{0f

k|of]uaf6 k/LIf0f

kl/0ffd / lgisif{

kl/sNkgf k/LIf0f

kl/sNkgf k|dfl0ft gePdfkl/sNkgf k|dfl0ft ePdf

lrq  1.1
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j}1flgs k|lj|mofut l;k / j}1flgs clej[lQ -scientific attitude_ cfjZos k5{ . j}1flgs 
k|lj|mofut l;kcGtu{t cjnf]sg ug]{ -observing_, k|Zg ;f]Wg] -questioning_, juL{s/0f ug{] 
-classifying_, cg'dfg ug]{{ -predicting_, JofVof ug]{ (interpreting_, dfkg ug]{ (measuring_, 
lgisif{ lgsfNg] (concluding_, ;~rf/ ug]{ -communicating_ cflb l;kx¿ k5{g\ . j}1flgs 
k|lj|mofut l;kx¿sf] cEof;sf nflu tnsf lj|mofsnfk ug'{xf];\ M

lj|mofsnfk 1.1

p2]Zo M j}1flgs k|lj|mofut l;k cEof; ug'{

cfjZos ;fdu|L M sfuh, s}FrL

ljlw  

1. tnsf lrqx¿df b]vfOP h:t} sfuhsf] xjfO{hxfhsf ljleGg gd'gf vf]hL u/L cWoog  
 ug'{xf];\ . 

2. tLdWo] s'g gd'gf 5fg]/ xjfO{hxfh agfpFbf pSt xjfO{hxfh nfdf] ;do xfjfdf /xg],  
 6f9f;Dd p8\g] aG5 xf]nf < cg'dfg ug'{xf];\ . 

3. A4 ;fOhsf] sfuhsf kfgf lng'xf];\ / cfk"mnfO{ pko'St nfu]sf] gd'gf 5fGg'xf];\ . tkfOFn]  
 5fg]sf] gd'gfcg';f/sf] hxfh lgdf{0f ug'{xf];\ . 

4. tkfO{Fn] agfPsf] hxfhnfO{ p8fpg'xf];\ / ;fyLx¿n] agfPsf] hxfh;Fu t'ngf ug'{xf];\ . 

lrq  1.3 sfuhsf] xjfO{hxfh gd'gf s

lrq  1.4 sfuhsf] xjfO{hxfh gd'gf v

5nkmn / lgisif{ M tkfO{Fn] 5fGg' ePsf] gd'gfdf s'g} lsl;dsf] kl/dfh{g u/]/ s;/L klxn]sf] 
eGbf /fd|f] gd'gfdf ¿kfGt/0f ug{ ;lsG5, ljrf/ ug'{xf];\ . o; lj|mofsnfkaf6 s'g s'g j}1flgs 
k|lj|mofut l;kx¿ k|of]u eP, 5nkmn ug'{xf];\ . 
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1.2  j}1flgs l;sfO (Scientific learning)

lrq  1.5 jfikLs/0f / b|jLs/0fsf] cjnf]sg lrq  1.6 k|fs[lts 36gf -hnrj|m_

lrq 1.7 j}1flgs ljlwaf6 sf]/f]gf efO/; la?4sf]  
vf]k ljsf;sf dxŒjk"0f{ r/0fx¿

lsTnLdf lrof ksfpFb} ubf{ 6'6Laf6 lgl:sPsf] afkm wft'sf] lr;f] l/sfkLsf] lkFwdf kbf{ yf]kf 
ag]/ tn em5{ . pSt lr;f] l/sfkLnfO{ x6fP/ tftf] kfgL ePsf] l/sfkL /fVbf kfgLsf] yf]kf 
aGg] k|lj|mof sd x'G5 . l/sfkL w]/} lr;f] x'Fbf a9L yf]kfx¿ aG5g\ eg] tftf] x'Fbf sd yf]kfx¿  
aG5g\ . of] cWoogaf6 afkmaf6 kfgLsf yf]kf aGg] k|lj|mofdf afkm 7Ss/ vfg] ;txsf] tfkj|mdsf] 
e"ldsf x'G5 egL lgisif{ lgsfNg ;lsG5 . 

cfsfzdf afbn agL kfgL kg]{ k|lj|mofdf klg xfjfsf] tfkj|mdsf] e"ldsf x'G5 . To;}n] df};d 
k"jf{g'dfg ljefun] k[YjLsf] ;txaf6 prfO a9\bf tfkj|md 36\g] j|mdaf/] cfjZos tYofª\s  
;ª\sng ub{5 / pSt tYofª\ssf] ljZn]if0fsf cfwf/df jiff{sf] dfqfsf] k"jf{g'dfg ub{5 . 

lj1fgnfO{ 1fg lgdf{0f k|lj|mofsf ¿kdf lnOG5 . of] k|fs[lts 36gfnfO{ k|df0fsf cfwf/df 
JofVof ug{ k|of]u x'g] Ps ;ª\ul7t ljlw xf] . 1fg ljsf;sf nflu cfjZos k|df0fx¿ xfd|f  
1fg]lG›o / ljleGg pks/0fx¿sf] k|of]uåf/f k|fKt ul/G5 .  lrq 1.2 df b]vfOP h:t} u/L j}1flgs 
l;sfOsf ljleGg r/0fx¿ x'G5g\ . s'g} 36gf jf ;d:ofsf] cjnf]sg ug{] / To;sf ;DaGwdf lh1f;f /fVg] 
jf vf]hsf nflu k|Zg agfpg] sfo{ j}1flgs l;sfOsf] klxnf] r/0f xf] . bf];|f] r/0fdf kl/sNkgf lgdf{0f  
ul/G5 eg] t];|f] r/0fdf k|of]ufTds sfo{ u/L tYofª\s ;ª\sng ul/G5 . rf}yf] r/0fdf  
;ª\slnt tYofª\ssf] ljZn]if0faf6 kl/0ffd / lgisif{ lgsflnG5 . kfFrf}F r/0fdf lgisif{sf cfwf/df  
kl/sNkgf ldn] gldn]sf] k/LIf0f ul/G5 . kl/sNkgf ldn]df cg';Gwfgsf] k|ltj]bg tof/ u/L ;~rf/  
ul/G5 . of] j}1flgs cWoogsf] clGtd r/0f xf] . kl/sNkgf gldn]df cWoogsf] k|Zg /  
kl/sNkgf kl/dfh{g u/L k'gM ;a} r/0fx¿ bf]xf]¥ofOG5 . 

5nkmn u/f}“

lrq 1.7 df pNn]v ePcg';f/ j}1flgs 
ljlwaf6 sf]/f]gf efO/; lj?4sf] vf]k ljsf;sf 
dxŒjk"0f{ r/0fx¿cGtu{t s] s:tf lsl;dsf 
k|Zg, cg'dfg, k|of]ufTds sfo{ / tYofª\sx¿  
;ª\sng ul/Psf x'g ;S5g\ < 
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lrq 1.9 ;Gb's ?Ot

lrq 1.7 df sf]/f]gf] efO/; lj?4sf] vf]k ljsf;sf nflu pSt efO/;sf] d';fdf kg]{ c;/sf] 
cjnf]sg ul/of] . To;kl5 d';fdf k/]sf] c;/sf] cWoogsf nflu cfjZos tYofª\sx¿sf]  
;ª\sng / ltgsf] ljZn]if0f ul/of] . To;sf cfwf/df gd'gf EoflS;gsf] ljsf; u/L vf]hstf{x¿n] 
cg'dfg u/]cg';f/sf] glthf cfP gcfPsf] k/LIf0f ug{ klxn] 5gf]6 ul/Psf hgfj/df vf]k 
nufOof] . To;sf] k"0f{ ;kmntfkZrft\ 5gf]6 ul/Psf dflg;df k/LIf0f ul/of] . ;du|df vf]ksf] 
;kmntfkl5 dfq pSt vf]knfO{ cGo dflg;x¿df nufpgsf nflu cg'dlt lbOof] .

j}1flgs l;sfOaf6 k|fKt lgisif{sf cfwf/df lgod tyf l;4fGtx¿ k|ltkfbg ul/G5g\ . 
j}1flgsx¿n] dfly pNn]v u/]sf j}1flgs l;sfOsf r/0fx¿ cjnDag u/L k|s[lt;Fu ;DalGwt 
an, pmhf{, kbfy{, hLjx¿sf] pTklQ, k[YjLsf] agf]6nufot cGtl/If h:tf ljleGg If]qx¿ af/]df 
Jojl:yt cWoog u/]sf 5g\ . pgLx¿n] j}1flgs cWoogsf] lgisif{af6 lgod tyf l;4fGtx¿ 
k|ltkfbg u/]sf 5g\ . pbfx/0fsf ¿kdf ;/ cfOHofs Go'6g -Sir Issac Newton_ n] s'g} b'Ocf]6f 
lk08x¿lar pTkGg x'g] u'?Tjfsif{0f an;DaGwL lgod k|ltkfbg u/]sf 5g\ .

1.3 lj1fgsf If]qx¿ (Fields of science)

hLjg lj1fg, ef}lts lj1fg, /;fog lj1fg, e" tyf cGtl/If lj1fg, jftfj/0f lj1fg cflb 
lj1fgsf d'Vo If]qx¿ x'g\ . 

-s_ hLj lj1fg (Biology)

lrq 1.8 df b]vfOPsf ds}sf la?jfx¿ -kf]l;nf] ds}_ g]kfn s[lif 
cg';Gwfg s]Gb|sf [Nepal Agricultural Research Council (NARC)] 
j}1flgsx¿n] ljsf; u/]sf] ds}sf] k|hflt xf] . o:tf k|hfltsf] 
ljsf;sf nflu hLjsf j+zf0f'x¿sf] cWoog ul/G5 . hLjx¿sf af/]df 
Jojl:yt cWoog ul/g] If]q hLj lj1fg xf] . hLj lj1fg cWoog ug]{ 
j}1flgsx¿ hLj zf:qL -Biologist_ x'g\ . hLj zf:qLx¿n] ;hLjx¿sf 
u'0fx¿, k|hgg, lgisf;g, Zjf;k|Zjf; / hLjgz}nL, zf/Ll/s ;+/rgf, 
ltgsf] cGo hLjx¿ tyf jftfj/0fl;tsf] cGt/lj|mofaf/] cWoog 
u5{g\ . o;cGtu{t cfFvfn] b]Vg g;lsg] ;"Id hLjf0f'b]lv ax'sf]ifLo 
7'nf :tgwf/L hLjx¿sf af/]df cWoog ul/G5 . 

hLj lj1fgsf If]qdf gofF gofF cfljisf/x¿ eO/x]sf x'G5g\ . g]kfnsf 
cfFvf ;h{g -Eye surgeon_  ;Gb's ?Otn] klg hLj lj1fgsf If]qdf 
sfo{ ubf{ ub}{ OG6«fcs'n/ n]G; -Intra ocular lens_ sf] cflj:sf/ u/]sf 
5g\ . o;n]  ubf{ df]ltlaGb' -Cataract_ sf] lgs} ;:tf] / e/kbf]{ pkrf/ 
;Dej ePsf] 5 .  

lrq  1.8 gfs{åf/f ljsf; 
ul/Psf] ds}sf] k|hflt
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-v_ ef}lts lj1fg -Physics)

u'?Tjfsif{0f an;DaGwL lgod / rfn;DaGwL lgodx¿ ;/ cfOHofs 
Go'6gn] k|ltkfbg u/]sf lyP . To;}u/L :6]km]g xlsG;n] a|x\df08;DaGwL 
a[xt\ cWoog u/]sf lyP . an, rfn, zlSt tyf cGo ef}lts k|lj|mof;DaGwL 
cWoog ug]{ ljifonfO{ ef}lts zf:q elgG5 . ef}lts zf:q;DaGwL cWoog 
ug]{ j}1flgs ef}lts zf:qL -Physicist_ x'g\ . ef}lts lj1fgcGtu{t  
k/df0f'b]lv a|Xdf08;Ddsf ef}lts k|lj|mofx¿sf] cWoog ul/G5 .  

-u_ /;fog lj1fg (Chemistry)

hf]g 8fN6gn] k/df0f'sf] agfj6;DaGwL l;4fGt k|ltkfbg u/]sf lyP 
. o;}u/L lbldqL d]G8lnen] tŒjsf u'0fx¿sf] cWoog u/L ltgnfO{ 
kf/df0fljs ef/sf cfwf/df juL{s/0f u/]sf lyP . kbfy{ 
/ ltgsf u'0fx¿df s;/L kl/jt{g cfpF5 egL Jojl:yt 
cWoog ul/g] If]q /;fog zf:q xf] . /;fog zf:q 
cWoog ug]{ j}1flgsx¿ /;fog zf:qL -Chemist_ x'g\ . 
/;fog lj1fgcGtu{t k/df0f' / c0f'sf cfwf/df kbfy{sf 
u'0fx¿ cWoog ul/G5 . o;cGtu{t ;fdfGo /f;folgs 
k|ltlj|mofb]lv Go'lSno/ k|ltlj|mof;Ddsf] cWoog kb{5 . 

dfly plNnlvt tLg d'Vo If]qx¿af6 k|fKt 1fgsf 
cfwf/df ag]sf lj1fgsf s]xL ljlzi6 If]qx¿ klg  
5g\ . o:tf If]qx¿nfO{ cGt/ljifos If]qx¿ dfGg ;lsG5 . e"lj1fg, cGtl/If lj1fg, s[lif 
lj1fg, jftfj/0f lj1fg cflb cGt/ljifos If]qsf pbfx/0f x'g\ . 

 lj|mofsnfk 1.2

tnsf] tflnsfdf lbOPsf lj1fgsf If]q, ltgsf zfvf, / k];fut cj;/x¿ cWoog tyf 
5nkmnaf6 ;DalGwt sfo{x¿ n]Vg'xf];\ .

If]q zfvf k];fut cj;/x¿ sfo{

hLj lj1fg

Zoology, Botany, Genetic, 

Microbiology, Medical 

science, Biotechnology

hLj zf:qL, lrlsT;s, h]g]l6s 

OlGhlgo/,  

ef}lts zf:q

Neuclear Physics , Atomic 

physics, Optics, Astro 

physics, Modern physics 

Engineering, Raidography, 

Measurement

OlGhlgo/, /]l8of]nf]lh:6,  

Gffktf}n lj1, ef}lts zf:qL

lrq 1.10 ;/ cfOHofs Go'6g 
(Sir Issac Newton)

lrq 1.12 lbldqL d]G8lne 
(Dmitri Mendeleev)
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/f;fog zf:q

Organic Chemistry, 

Inorganic Chemistry, 

Physical Chemistry, Bio- 

chemistry, Nano chemistry  

kmd{sf]nf]lh:6, /;fog zf:qL, 

(Chemist) /;fog OlGhlgo/

cGt/ljifos 

If]qx¿

e"lj1fg, vuf]n lj1fg, 

jftfj/0f lj1fg,

s[lif lj1fg 

e"ue{ljb\ -geologist_, vuf]nljb\ 

-astronomist_, AffnL lj1, 

df6f] lj1, jftfj/0fljb\ 
-Environmentlist_

kl/of]hgf sfo{ 

;d'bfodf lj1fgsf ljleGg If]qx¿dWo] s'g} Ps If]qsf] cWoog u/]sf JolStx¿sf] ljj/0f tn 
tflnsfdf lbOP h:t} u/L ;ª\sng ug'{xf];\ . 

gfd cWoog u/]sf] lj1fgsf] If]q k];fut gfd sfo{

lj1fgsf ljleGg If]qx¿sf] cWoogaf6 k|fKt s]xL dxŒjk"0f{ pknlAwx¿

If]q dxŒjk"0f{ pknlAwx¿

hLj 

lj1fg

;h{/L, Snf]lGfª (Cloning), cª\u k|Tof/f]k0f (Transplantation), EoflS;g (Vaccine), 

6]:66\o'a a]aL (Test tube baby), l7dfxf k|hflt (Hybrid) ljsf; cflb

ef}lts 

lj1fg

ljB't OlGhg (Engine), ;"Idbz{s oGq (Microscope), PS; /] (X-Ray) ;~rf/ 

k|ljlwsf] ljsf;, oftfoft k|ljlwsf] ljsf;

/;fog 

lj1fg

cf}ifwL (Medicine), cf}Bf]lus /;fog -OGwg, Knfl:6s, wft', l;d]G6, /f;folgs 

dn ls6gf;s ljiffbL_ 

lj|mofsnfk 1.3

lj1fgsf ljleGg If]qsf] cWoogaf6 k|fKt dxŒjk"0f{ pknlAwsf] cWoogkZrft\ tkfO{“nfO{ cWoogsf] 
rf;f] nfu]sf] If]q s'g xf] < pSt If]qsf] cWoogkZrft\ tkfO{“sf] ;Defljt vf]hLsf] ljifo s] 
x'G5 xf]nf < sIffdf 5nkmn ug'{xf];\ . 

1.4 lj1fgsf k|of]ufTds sfo{ ubf{ ckgfpg'kg]{ ;'/Iff pkfox¿

lj1fgsf] k|of]ufTds sfo{ ubf{ ckgfpg'kg]{ ;'/Iff pkfox¿ ;DaGwdf tnsf k|Zgx¿df 5nkmn 
ug'{xf];\ M

1. uf9f cDnaf6 lkmSsf cDn s;/L agfOG5 <

2. cNsf]xnnfO{ las/df /fvL ttfpFbf s] x'G5 < 
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j}1flgs cWoogdf k|of]ufTds sfo{x¿ ul/G5g\ . Kf|of]uzfnfdf tyf aflx/L jftfj/0fdf ljleGg 
k|o]fufTds sfo{ ubf{ ;fjwfgL ckgfpg'k5{ . ;fjwfgLlagf sfo{ ubf{ b'3{6gf x'g ;S5 . 
cNsf]xnnfO{ las/df /fvL ttfpFbf aN5 / b'36{gf x'G5 . o;af6 aRg kfgLdf /fvL ttfpFbf 
;'/lIft x'G5 . h;nfO{ jf6/afy elgG5 .

To:t}u/L s8f cDnnfO{ lkmSsf cDn agfpFbf cDndf kfgL xfNg' x'Fb}g . kfgLdf lj:tf/} cDn 
/fVg'k5{ . o;/L s'g} klg lsl;dsf] k|of]u ubf{ xf]l;of/Lk"j{s sfd ug{'k5{ . k|of]ufTds sfo{ ubf{ 
ckgfpg'kg]{ ;'/Iff pkfox¿ lgDgcg';f/ 5g\ M

1. lzIfssf] pkl:yltdf dfq k|of]u ug{'k5{ .

2. k|of]uzfnfdf sfd ubf{ lab coat, r:df, kGhf cflb ;'/Iffsf ;fdu|Lx¿ k|of]u ug'{k5{ .

3. s'g} b'3{6gf ePdf lzIfsnfO{ t'?Gt va/ ug{'k5{ .

4. s'g} pks/0f rnfpg'eGbf klxn] o;sf] af/]df hfgsf/L x'g'k5{ .

5. k|of]u ubf{ /;fog rflxg] hlt dfqfdf dfq lnO{ k|of]u ug{'k5{ .

6. /;fog Kf|of]u ubf{ ;fjwfgL ckgfpg'k5{  .

7. k|of]u ubf{ e\mofn 9f]sf v'nf /fVg'k5{ .

8. s8f cDn rflxPdf lzIfsnfO{ va/ ug'{k5{ .

9. /;fog k|of]u ubf{ rfVg' x'Fb}g .

10. k|of]u ul/;s]kl5 k|of]u u/]sf] 7fFp ;kmf ug{'k5{ / k|of]u u/]sf pks/0fx¿ k"j{ :yfgdf  
 /fVg'k5{ . 

11. k|of]ukl5 ;fa'g kfgLn] xft w'g'k5{ .

lrq 1.14

lrq 1.15  Marie Curie

/]l8of]wdL{ kbfy{;DaGwL k|of]u ug]{ j|mddf plrt ;fjwfgL 

gckgfpFbf /]l8of]wdL{ ljls/0fsf] c;/n] Marie Curie nfO{  

No's]lddf /f]u nflu d[To' ePsf] lyof] .
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1.5 lj1fg tyf k|ljlwsf pknlAw / r'gf}tLx¿

lj1fgsf] ljsf;;Fu} ljleGg sfo{x¿ ;lhnf] u/L l56f] ug{sf nflu ljleGg pkfox¿sf] vf]hL 
eof] . ljleGg dflg;n] j}1flgs cWoogaf6 k|fKt lgisif{af6 k|ljlw;Fu ;DalGwt pks/0fx¿sf] 
cfljisf/x¿ u/] . h]D;jf6 -James Watt_ n] af:k OlGhg -Steam engine_ sf] ljsf; u/]sf 
lyP . o;sf] cljisf/af6 oftfoftsf] k|ljlwdf csNkgLo ¿kfGt/0f ePsf] lyof] . kfgLsf] 
afkmaf6 lah'nL pTkfbg ug]{ csf]{ dxŒjk"0f{ cflj:sf/ xf] . pbfx/0fsf nflu kf/df0fljs e6\6L 
-Nuclear power plant_ df hg]/]6/;Fu hf]l8Psf] 6jf{OgnfO{ kfgLsf] afkmn] 3'dfP/ lah'nL 
pTkfbg ul/G5 . 

lrq 1.16 jf:k OlGhg
lrq 1.17 /l;ofdf cjl:yt kf/df0fljs e6\6L 

k|ljlwsf] ljsf;;Fu} To;sf] plrt Joj:yfkg klg cfjZos x'G5 . dfly pNn]v ul/Psf] af:k 
OlGhg -steam engine_ df kfgL ttfpg k|of]u x'g] sf]Onfn] cTolws dfqfdf jfo' k|b'if0f u¥of] . 
To:t} cf0fljs e6\6Laf6 pTkGg x'g] pkpTkfbg (by product) sf] Joj:yfkg tyf o;sf] ;'/Iff lgs}  
r'gf}tLk"0f{ 5 . pbfx/0fsf nflu hfkfgsf] k'ms';Ldf ;g\ 2011 df uPsf] e"sDkn] kf/df0fljs 
e6\6L eTsg uO{ ljgfzsf/L ljls/0fx¿ jftfj/0fdf 5l/Psf lyP . t;y{ lj1fg tyf k|ljlwsf 
pknlAw;Fu} r'gf}tLx¿ klg hf]l8Psf 5g\ . 

o'j|]mgsf] r]gf]{ljndf ;g\ 1986 df ePsf] kf/df0fljs e6\6L lj:kmf]6g eP/ 5l/Psf] ljls/0fn] 
ubf{ o'j|]mgnufot o;sf cf;kf;sf b]zx¿df wghgsf] 7'nf] Iflt ePsf] lyof] . ;g\ 1984 df  
ef/tsf] ef]kfndf ePsf] UofF; r'xfj6sf sf/0fn] sl/a 2300 hgfsf] Hofg uPsf] lyof] .

lj|mofsnfk 1.4

lj1fg tyf k|ljlwsf] ljsf;n] pknlAw / o;n] NofPsf] r'gf}tLx¿ tn lbOPsf] tflnsfdf lbPsf] 
5 . cWoog tyf 5nkmn u/L yk pknlAw / r'gf}tLx¿ vf]hL ug'{xf];\ . 
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j|m=; If]qx¿ pknlAw r'gf}tLx¿ 
1. :jf:Yo /f]u lgbfg ug{ ;lhnf] ePsf],

k|efjsf/L pkrf/ k4ltsf] ljsf; 
ePsf], sltko /f]ux¿ pGd"ng 
-cf}nf] /f]u_ ePsf], dfgj z/L/sf 
cª\u k|Tof/f]k0f, r]s hfFr k|ljlw 
-PS;/], l;l6:Sofg, cN6«f;fpG8_ 
nufot ljsf; ePsf]

ljls/0f dfqf a9L x'Fbf sf]ifx¿ 

gi6 x'g], ca'{b /f]u -cancer_ x'g] 

;Defjgf x'g]

2. oftfoft hn, :yn, xjfO{ oftfoftdf kx'Fr o;af6 lg:s]sf] w'jfaf6 jfo' 

k|b'if0f x'g], Wjlg k|b'if0f

3. s[lif ls6gfzs ljiffbL, dn, j}1flgs 

s[lif k|0ffnL, pGgt laplahg, 

pTkfbgdf j[l4, ef]sd/L sdL

/}yfg] k|ljlw / lap nf]k x'Fb} 

uPsf] lapljhg tyf s[lif 

pkhx¿df k/lge{/tf a9\b} uPsf], 

df6f]sf] IfoLs/0f x'Fb} uPsf], dfgj 

:jf:Yodf gsf/fTds c;/ k/]sf]
4. lzIff ICT, b'/ lzIff, cg';Gwfg, 

;"rgfsf] kx'Frdf j[l4

ICTsf] a9L k|of]usf sf/0fn] 

ljleGg :Jff:Yo ;d:of,  

PSnf]kgf , jf:tljs ;+;f/ eGbf 

eRo'{on ;+;f/df /dfpg] k|j[lt 

a9]sf], ;fdflhsLs/0f vnn x'g]
5. snsf/vfgf pkef]udf kx'Fr, cTofw'lgs 

pks/0fx¿sf] k|of]u

/f;foflgs k|b'if0f, jftfj/0fLo 

x|f;, ljZjtfkLs/0f
6. P=cfO{=

(Artificial

Inteligence)

:jrflnt k|ljlwsf] ljsf; ePsf]

dfgj hLjgofkgdf ;xh ePsf]

JolStut uf]]kgLotf eª\u x'g], 

a]/f]huf/L a9\g] 

1.6 j}1flgs gfk (Scientific Measurement) 

lj1fgdf gfksf] 7'nf] dxŒj /x]sf] x'G5 . s'g} ef}lts kl/df0fsf] dfkgnfO{ j}1flgs ;ª\s]tdf 
JoSt ug]{ ul/G5 . 

j}1flgs ;ª\s]tg 

lj1fgsf ljleGg k|of]ufTds sfo{x¿ ubf{ j:Tf'sf] dfkg ul/G5 . To;af6 ;ª\sng ul/Psf 
tYofª\sx¿sf] ljZn]if0f u/L lgisif{ lgsflnG5 . j}1flgs cWoog ljlwdf cWoogsf] If]qcg';f/ 
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clt g} ;"Id AofS6]l/of, efO/;b]lv 7'nf 7'nf lk08x¿ h:t}M k[YjLsf] lk08, ;"o{sf] lk08, cflb 
;Fu ;DalGwt gfksf tYofª\s ;ª\sng ug{'kg]{ x'g;S5 . o; j|mdsf ;fgf tyf 7'nf ;ª\Vofsf] 
k|of]u ug{'k5{ . 

pbfx/0fsf nflu Pp6f efO/;sf] ;fOh 0.00000000001 ld6/ / k[YjL / ;"o{larsf] b'/L 
15,00,00,000 lsnf]ld6/nfO{ h:tfsf] To:t} n]Vg sl7gfO x'G5 . o; lsl;dsf] ;fgf] tyf 7'nf] 
;ª\VofnfO{  10 sf] 3ftfª\sdf n]lvG5, o;nfO{ j}1flgs ;ª\s]tg (Scientific Notation) elgG5 .

j}1flgs ;ª\s]tgsf] k|of]un] w]/} ;fgf] ;ª\Vof jf 7'nf] ;ª\VofnfO{ ;lhn};Fu JoSt ug{ ;lsG5 . 
j}1flgs cWoogdf cfsfzLo lk08x¿ larsf] b'/Lsf] dfkgsf ;fy} cfFvfn] b]Vg g;lsg] clt 
;"Id j:t'sf] -k/df0f'sf] ;fOh_ ;fOhnfO{ ;lhn};Fu j}1flgs ;ª\s]tgdf JoSt ug{ ;lhnf] 
x'G5, h:t} M 

 101 = 10    10-1 = 0.1

 102 = 100   10-2 = 0.01

 103 = 1000   10-3 = 0.001

 106 = 1000000  10-6 = 0.000001

 109 = 1000000000  10-9 = 0.000000001

1.7 j}1flgs ;ª\s]tdf JoSt ug]{ tl/sf

pbfx/0fsf ¿kdf k"j{ klZrd /fhdfu{sf] nDafO sl/a 1030 km = 1030×1000 m=1030000 m

5 . o;nfO{ j}1flgs ;ª\s]tdf n]Vbf cGtdf /x]sf] bzdnjsf] :yfgnfO{ 6 :yfg afofF ;f/L 
bzsf] 3ftfª\sdf 6 n]lvG5 .

cGo s]lx pbfx/0fx¿

;ª\Vof -gfk_ ¿kfGt/0fsf] r/0f j}1flgs ;ª\s]t

83,000 MW = 
83000000000 W

bzdnjsf] :yfgnfO{ bz :yfg afofFlt/ 
;fg'{kg]{

8.3×1010  W

k[YjL / ;"o{larsf] b'/L = 
150000000 km

===================== ===============1.5×108 km

sf]/f]gf efO/;sf] ;fOh 
Ö 0.0000001 m

bzdnjsf] :yfgnfO{ ;ft :yfg bfofFlt/ 
;fg'{kg]{

Ö 1×10-7 m

3ftfª\s (indices)
cfwf/ (base)

dlG6;f (mantissa)u'0ffª\s 

(coefficient)

= 1.030×106 mk"j{ klZrd /fhdfu{sf] nDafO
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j}1flgs ;ª\s]tgsf lgodx¿

1. cfwf/ hlxn] klg 10 x'G5 .

2. 3ftfª\s lh/f] x'Fb}g / (+) jf (-) x'G5 .

3. u'0ffª\s 1 b]lv 9 ;Ddsf] k"0f{ ;ª\Vof x'G5 . 

4.  olb lbOPsf] ;ª\Vof 10 sf] u'0ffª\s (Multiples of 10) 5 eg] bzdnj laGb' afofFtkm{ ;5{ 
/  bzsf] 3ftfª\s 3gfTds x'G5, h:t} M 600000 sf] j}1flgs ;ª\s]tg 6×105 x'G5 .

5.   olb lbOPsf] ;ª\Vof 1 eGbf sd ePdf bzdnj laGb' bfofFtkm{ hfG5 / Power 10 sf] dfg  
 C0ffTds x'G5, h:t} M 0.00006 sf] j}1flgs ;ª\s]t 06×10-5 x'G5 .

d]l6«s pk;u{ -Metric prefix_

k|Zg M tkfO{Fn] gfksf PsfOx¿ ¿kfGt/0f ubf{ s'g cª\sn] u'0fg ug]{ jf efu ug]{ egL s;/L  
 7Dofpg'x'G5 <

  PsfOnfO{ j|mdzM10 n] u'0fg ubf{ d]l6«s gfk 7'nf] PsfOdf JoSt x'g] / 10 n] efu ubf{   
 d]l6«s gfk ;fgf] PsfOdf JoSt ePsf] b]vfOPsf] 5, 

 h:t}M Ps lsnf]u|fd (1 kilogram) = 1000 g = 103g x'G5 .

 To:t} u/L 1 ldlnu|fd 10-3 mg x'G5 .

;fgf tyf 7'nf gfksf PsfO;“u hf]l8g] pk;u{x¿sf s]xL pbfx/0fx¿ 

;fgf] gfk
k|of]u x'g] pk;u{sf] 

pbfx/0f
7'nf] gfk

k|of]u x'g] pk;u{sf 
pbfx/0f

cf}ifwLsf] dfq 500 ldlnu|fd l;lnG8/df el/Psf] 
UofF;sf] lk08

14.5 lsnf]u|fd

dflg;sf] 
skfnsf] Jof;

17-181 dfOj|mf]ld6/ g]kfnsf] cg'dflgt 
hnljB't\ Ifdtf

83,000 d]ufjf6

dflysf] tflnsfdf 7'nf] kl/df0f / ;fgf] kl/df0fsf gfkx¿nfO{ d]l6«s k|0ffnLdf JoSt ul/Psf] 
5 . h;df ;fgf] gfksf] OsfOsf] cfufl8 k|of]u ePsf ldnL, dfOj|mf] tyf 7'nf] gfksf PsfOsf] 
cufl8 k|of]u ePsf lsnf], d]uf cflb d]l6«s pk;u{ (Metric prefix) x'g\ . 7'nf] tyf ;fgf] gfksf 

kilo -
x 1000 Hecto -

x 100 Deca -
x 10 Meter -

Gram
Litre

Deci -
1/10 Centi -

1/100 Milli -
1/1000
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nflu k|of]u x'g] d]l6«s pk;u{x¿nfO{ tnsf] tflnsfdf b]vfOPsf] 5 M

dlN6kN; -multiples_ k|]mS;g;\ -fractions_

pk;u{ ;ª\s]t u'0ffª\s 
(Multiplier)

pk;u{ ;ª\s]t u'0ffª\s 
(Multiplier)

deca da or D 101 deci d 10-1

hecto h 102 centi c 10-2

kilo k 103 milli m 10-3

mega M 106 micro μ 10-6

giga G 109 nano n 10-9

tera T 1012 pico p 10-12

s]xL ;fgf tyf 7'nf gfkx¿

o'Sofl/cf]6\;sf] ;fOh 10-4 b]lv 10 mm ;Dd, k|f]sfl/cf]6;sf] ;fOh 10-6 b]lv 10-4 μm 
;Dd,  Pp6f c0f'sf] ;fOh 10-9 nm, Pp6f k/df0f'sf] ;fOh 10-10 nm, k|sf;sf] ult  
3×108 m/s,  k[YjLsf] lk08  6×1024 kg, / ;"o{sf] lk08 2×1030 kg x'G5 .

   k|ZgM 1 gfgf];]s]G8df slt ;]s]G8 x'G5 xf]nf < 

1.8 Go"gtd gfksf] dxŒj (Importance of least count)

lrq 1.18

lrqdf :6kjfr, 5f]6f] :s]n / k|f]6\ofS6/ b]vfOPsf] 5 . oL pks/0fx¿ s'g s'g ef}lts kl/df0f 
dfkgdf k|of]u ul/G5 < oL pks/0faf6 dfkg ug{ ;lsg] ;a}eGbf ;fgf] kl/df0fsf] dfg slt 
x'G5 < 5nkmn u/L lbOPsf] tflnsf k"/f ug{'xf];\ M
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j|m=; pks/0fsf] gfd ef}lts kl/df0f dfkgdf k|of]u x'g] ;a}eGbf ;fgf] kl/df0f
1. :s]n nDafO 0.1 cm = 1 mm

2. :6kjfr
3. Kf|f]6\ofS6/

ljleGg v]ns'b k|ltof]lutfdf :6k jfr k|of]u ul/G5 . pbfx/0fsf nflu ;o ld6/ bf}8 
k|lt:kwf{df klxnf], bf];|f] 5'6\ofpg :6kafrsf] k|of]u ul/G5 . :6kjfraf6 klxnf], bf];|f] v]nf8L 
5'6\ofpg 0.01 ;]s]G8 ;do k|of]u ul/G5 . 

h'g 1 ;]s]G8sf] 100 efusf] 1 efu xf] jf  ;]s]G8 xf] . 

oxfF 0.01 ;]s]G8nfO{ l8lh6n :6kjfrsf] Go"gtd gfk elgG5 . 

To:t} u/L sfkLsf] df]6fO 1.2 cm eP pks/0fsf] Go"gtd gfk 0.1cm jf 1 mm xf] .

o; k|sf/ s'g} klg pks/0faf6 lng ;lsg] ;a}eGbf ;fgf] kl/df0fnfO{ pSt pks/0fsf] Go"gtd 
gfk elgG5 .

dfkgdf k|of]u ul/g] pks/0fcg';f/ Go"gtd gfk klg km/s km/s x'G5 . 

1.  :s]n M Scale 

 :s]ndf b'O{ lsl;dsf] dfkgsf] gfk /flvPsf] x'G5 . Pp6f OGrdf x'G5 eg] csf]{ cm df x'G5 .  

 :s]ndf 1cm nfO{ 10 ;fgf v08df ljefhg ul/Psf] x'G5 .

 :s]nsf] Go"gtd gfk =        cm =  0.1 cm = 1mm

 To;sf/0f :s]nsf] Go"gtd gfk 1mm x'G5 .

2.  k|f]6\ofS6/df 1 b]lv 10 l8u|L;Dd 10 efu ;;fgf v08x¿ x'G5g\ . 1 v08n] 1º hgfpF5

 jf k|f]6\ofS6/sf] ;"Idtf =     =  1º x'G5 .

 o;k|sf/ xfdLn] k|of]u ug]{ pks/0fcg';f/ Go"gtd gfk klg km/s km/s x'G5, h:t}M xft]  
 38Lsf] Go"gtd gfk ;]s]G8 x'G5 eg] l8lh6n :6kjfrsf] ;]lG6;]s]G8 x'G5 . 

 j}1flgs cWoogdf Go"gtd gfksf] dxŒj w]/} x'G5 . o;sf] dbtn] dfkg ;xL tl/sfn] ug{  
 ;lsG5 . tYofª\sx¿sf] ;ª\sng / ljZn]if0f u/L lgisif{df k'Ug ;lsG5 . 

1
100

1
10

10
10



14           lj1fg tyf k|ljlwM sIff (

lj|mofsnfk 1.5

tkfO{“sf] ljBfnosf] k|of]uzfnfdf ePsf] lgDgfg';f/ pks/0f cjnf]sg u/L tflnsf k'/f ug'{xf];\ M

j|m=;= pks/0f lrq Go"gtd gfk

1. Pld6/

2. Eff]N6ld6/

3.
d]hl/ª 
l;lnG8/

1.9 cf};t gfksf] cfjZostf (Importance of taking average in measurement)

lj|mofsnfk 1.6 

Pp6f l6gsf] kftfnfO{ e'O“df c8\ofpg'xf];\ . pSt l6gsf] kftfdf kg]{ u/L u'Rrf jf ;fgf]  
9'ª\ufnfO{ 2 ld6/dflyaf6 v;fNg'xf];\ . u'Rrf jf 9'ª\ufnfO{+ v;fNbf l6gsf] kftfdf k'Ug nfUg] 
;do clen]v /fVg'xf];\ .

cfkm"n] u/]sf] k|of]unfO{ lgDgcg';f/sf] tflnsfdf ePcg';f/ eg{'xf]; .

j|m=;= 9'ª\uf÷u'Rrf Kfftfdf 7f]lsg nfu]sf] ;do cf};t ;do 
1. Kflxnf] k6s v;fNbf 1.2 S

 (1.2+...+...)/32. bf];|f] k6s v;fNbf
3. t];|f] k6s v;fNbf

9'ª\uf jf u'RrfnfO{ 2 ld6/ dflyaf6 v;fn]/ kftfdf 7f]lsg cfpg] ;do clen]v ubf{ ltg} 
k6sdf ;do km/s km/s cfpg ;S5 . o;/L ;do dfkg ubf{ Ps} k6sdf ;xL x'Fb}g . o;nfO{ 
b'O{ tLg k6s bf]xf]¥ofpFbf o;sf] cf};tn] ;xL dfkg lbG5 . 

j}1flgs cWoogdf ;fgf] ;fgf] kl/df0f dfkgdf ;d:of cfpF5 . t;y{ ;xL kl/df0f k|fKt ug{ 
dfkg sfo{nfO{ bf]xf]¥ofO{ t]x]¥ofO{, cf};t lgsfNbf ;xL dfkg k|fKt ug{ ;lsG5 . o;/L dfkg 
sfo{ ubf{ k6s k6s pxL lsl;dsf] kl/0ffd k|fKt ePdf o;nfO{ lk|;fOh -Precise) gfk  
elgG5 .  
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cEof;

1. ;xL pQ/df lrx\g nufpg'xf];\ M

-s_ e]6]g/L k];f lj1fgsf] s'g zfvf;“u ;DalGwt 5 <

 -c_ ef}lts lj1fg  

 -cf_ hLj lj1fg

 -O_ /;fog lj1fg  

 -O{_ e" lj1fg

-v_ Johann Gregor Mendel s'g lj1fgsf] If]q;“u ;DalGwt 5g\ <

 -c_ ef}lts lj1fg   -cf_ /;fog lj1fg 

 -O_ hLj lj1fg    -O{_ vuf]n lj1fg 

-u_ :s]nsf] k|of]u u/L gfKbf lnOg] Go'gtd gfk s'g xf] < 

 -c_ ;]lG6ld6/   -cf_ ldlnld6/

 -O_ 8]l;ld6/   -O{_ ld6/

-3_ 0.000024 cª\snfO{ j}1flgs ;ª\s]tdf s;/L n]lvG5 < 

 -c_ 2 × 10-5   -cf_ 24 ×10–5

 -O_ 0.24 ×10-6   -O{_ 2.4 ×10-5

-ª_ Giga prefix sf] dfg slt x'G5 <

 -c_ 109     -cf_ 1010

 -O_ 1011    -O_ 1012

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

 -s_ j}1flgs cWoog s;/L ul/G5, n]Vg'xf];\ .

 -v_ lj1fgsf If]qx¿sf] ;"rL agfpg'xf];\ .
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 -u_ lj1fgsf If]qx¿sf] cGt/;DaGwnfO{ pbfx/0f;lxt JofVof ug'{xf];\ .

 -3_ j}1flgs k4ltdf k|of]usf] s:tf] dxŒj x'G5 < pbfx/0f;lxt JofVof ug{'xf];\ .

 -ª_ lj1fgsf] k|o]fufTds sfo{ ubf{ ckgfpg'kg]{ ;'/Iffsf pkfox¿sf] ;"rL agfpg'xf];\ .

 -r_ j}1flgs ;ª\s]tgsf] kl/efiff n]Vg'xf];\ .

 -5_ j}1flgs ;ª\s]tg JoSt ubf{ s'g s'g s'/fdf Wofg lbg'k5{, n]Vg'xf];\ .

 -h_ d]l6«s pk;u{ lsg cfjZos 5 < pbfx/0f;lxt aofg ug{'xf];\ .

 -em_ Go"gtd gfk 5f]6s/Ldf aofg ug{'xf];\ .

 -`_  lbOPsf] ;ª\VofnfO{ j}1flgs ;ª\s]tgdf JoSt ug'{xf];\ M 

  -c_ 1230000  -cf_ 0.00042

  -O_ 0.00000001  -O{_ 300000000



lj1fg tyf k|ljlw, sIff ( 17

;hLjx¿sf] juL{s/0f
(Classification of Living Beings)

@

lrq 2.1 hLjx¿

5nkmnsf k|Zgx¿ 

-c_  s] oL hLjx¿sf sf]ifdf s]xL leGgtf x'G5 xf]nf <

-cf_  kf]if0f k|lj|mofsf cfwf/df s'g s'g hLjx¿ ;dfg / s'g s'g km/s xf]nfg\ <

-O_  k|hgg k|lj|mofsf cfwf/df logLx¿lar s] leGgtf xf]nf <

-O{_  oL hLjx¿nfO{ sd ljsl;taf6 a9L ljsl;tsf] j|mddf s;/L ldnfpg ;lsG5 <

xfd|f j/k/ ljleGg k|sf/sf hLjx¿ kfOG5g\ . zf/Ll/s agf]6, af;:yfg / zf/Ll/s k|lj|mofsf 
cfwf/df s]xL hgfj/x¿ ;dfg x'G5g\ eg] s]xL leGg x'G5g\, h:t}M s'g} hLjx¿ kfgLdf a:5g\ 
t s'g} hldgdf a:5g\ . xl/ts0f ePsf jg:kltx¿ :jkf]ifs x'G5g\ eg] cGo hLjx¿ k/kf]ifs 
x'G5g\ . cldaf, kf/fd]l;odnufotsf ;"Id hLjx¿sf] hLjg k|lj|mof ;fdfGo lsl;dsf] x'G5 eg] 
:tgwf/L hLjx¿df ljsl;t hLjg k|lj|mof x'G5 . logLx¿df kfOg] ljz]iftfx¿ zf/Ll/s agf]6, 
vfgf vfg] k|lj|mof, k|hgg / j|md ljsf; cflbsf cfwf/df ;hLjnfO{ ljleGg ;d"xdf 56\ofpg 
;lsG5 . Pp6} k|s[lt / u'0f ePsf ;hLjx¿nfO{ Pp6} ;d"x agfO{ /flvG5 . o;/L ;hLjx¿nfO{ 
ltgLx¿df kfOg] ;dfg / c;dfGf ljz]iftfx¿sf cfwf/df ;d"x / pk;d"xdf ljefhg ul/g] 
k|lj|mofnfO{ ;hLjsf] juL{s/0f (classification of living beings) elgG5 . 

2.1 hLjx¿sf] juL{s/0fsf] dxŒj (Importance of classification of living beings)

;hLjx¿sf] juL{s/0fsf cWoogaf6 lgDglnlvt tYox¿ yfxf kfpg dbt u5{ M

-s_ hLjx¿sf] juL{s/0fn] j|mdljsf;;DaGwL tYox¿ kQf nufpg dbt u5{ . 

-v_  o;sf] dbtaf6 ;hLjx¿sf af/]df 5f]6f] ;dodf g} cWoog ug{ ;lsG5 .

tn lbOPsf hLjx¿sf ;DaGwdf 5nkmn ug'{xf];\ M

 af“b/ cldaf AofS6]l/of Rofp
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-u_  o;n] ubf{ ;hLjx¿sf] j}1flgs gfdfs/0f ug{ ;lhnf] x'G5 . 

-3_  o;n] ;hLjx¿sf] k|fs[lts ;DaGwsf af/]df JofVof ub{5 .

-ª_  o;n] ;hLjx¿sf] cWoognfO{ ;lhnf] / j}1flgs agfpF5 .

2.2 b'O{kbLo gfdfs/0f k|0ffnL (Binomial system of nomenclature)

lrqdf b]vfOPsf s'g s'g hLjx¿ Ps csf{df ldNbfh'Nbf 5g\, 5nkmn u/L tnsf] tflnsf 
eg'{xf];\ M

 af3 l;+x uwf 3f]8f

 abfd cfn' sfutL ;'Gtnf

 

j|m=;= hLjsf] gfd glhssf] ldNg] csf]{ hLj

!= af3

@= cfn'

#= ;'Gtnf

$= 3f]8f

hLjsf] juL{s/0f ug]{ k|lj|mofdf Carolus Linnaeus k|d'v b]g 5 . pgn] ;hLjx¿nfO{ hGt' 
hut\\ (Animal Kingdom) / jg:klt hut\ (Plant Kingdom) u/L b'O{ hut\df ljefhg u/] . 
;fy} ;hLjx¿sf] gfdfs/0f ug]{ Pp6f vfsf (Frame Work) klg tof/ u/] . o;/L ;hLjx¿sf] 

juL{s/0f tyf j}1flgs gfdfs/0f ;DaGwL lj:t[t ¿kdf cWoog ug]{ klxnf] JolSt Linnaeus 
ePsfn] pgnfO{ Father of Modern Taxonomy elgG5 . 

lrq 2.2 jg:klt / hgfj/x¿
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Carolous Linnaeus n] hGt' tyf jg:kltsf] gfdfs/0f ubf{ Nofl6g efiffsf b'O{c]f6f zAbsf] 

k|of]u u/]sf lyP . h:fdf klxnf] Genus (Generic name) / bf];|f] Species (Specific name) 
/x]sf 5g\ . o;/L ;hLjx¿nfO{ h]g]l/s / :k]l;lkms b'O{cf]6f gfdaf6 gfdfs/0f ug]{ k|lj|mofnfO{ 
b'O{kbLo gfdfs/0f k|0ffnL elgG5 . of] j}1flgs gfdfs/0f k|0ffnL xf] . o; k|0ffnLcg';f/ 

gfdfs/0f ubf{ Genus / species sf] k|of]u ul/G5 . Genus sf]  klxnf] cIf/nfO{ Capital / 
species sf] klxnf] cIf/nfO{ Small letter df n]lvG5 . 

Common Name  Generic Name   Specific Name 

tf]/L (Mustard)  Brassica  campestris

s]/fp (Pea)  Pissum  sativum

ds} (Maze)  Zea  mays

wfg (Paddy) Oryza  sativa

cfn' (Potato) Solanum tuberosum   

af3 (Tiger) Panthera tigris

dflg; (Man) Homo sapiens

la/fnf] -Cat) Felis catus 

s's'/ -Dog) Canis lupus

ufO{ (Cow)  Bos taurus

l;+x (Lion) Panthera leo

Genus:  ;a}eGbf a9L u'0fx¿ ldNg] k|hfltx¿sf] ;d"xnfO{ lhGf; (Genus) elgG5 . juL{s/0f 
ubf{ o;nfO{ Family eGbf tn / :k]l;heGbf dfly /flvG5, h:t}M lhg; Soflg; (Canis) 
cGtu{t s's'/, :ofn, Ajf;f] cflb h:tf hgfj/x¿ kb{5g\ .

Species: k|foM Ps} lsl;dsf ljz]iftfx¿ ePsf ;hLjx¿sf] ;d"x h'g Pscfk;df k|hgg 

ug]{ Ifdtf /fV5g\, To;nfO{ :k]l;h elgG5 . of] Taxonomy sf] ;a}eGbf ;fgf] PsfO xf] . 
;hLjx¿sf] juL{s/0f ubf{ ltgLx¿nfO{ ljleGg txdf ljefhg ul/Psf] x'G5 . ;hLjx¿df kfOg] 
u'0fx¿sf cfwf/df Kingdom , Phylum, Class , Order, Family, Genus / Species u/L ljleGg 
txdf juL{s/0f ul/G5, h;nfO{ lgDgcg';f/ rf6{df b]vfpg ;lsG5 M
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juL{s/0fsf] o; rf6{df hlt dflylt/ uof] w]/} ;hLjx¿ ;d]l6G5g eg] tNnf] txlt/ cfpFbf 
ljz'4 lglZrt k|hfltnfO{ dfq ;d]6\5, h:t}M dflg;sf] juL{s/0fsf] ljleGg txsf] cWoog ubf{ 
hut\ (kingdom) df ;a} hgfj/x¿ -d]?b08 ePsf / gePsf, Pssf]ifLo / ax'sf]ifLo cflb_ 
kb{5g\ eg] hut\cGtu{t kg]{ kmfOnd sf]8]{6f (Chordata) df 9f8 ePsf hgfj/x¿ dfq kb{5g\ . 

o;}u/L ju{ -class_ Dofd]lnof (Mammalia) df :tgwf/L hgfj/x¿ dfq kb{5g\ . o;sf ;fy} 
u/L c8{/ k|fOd]6\; (order primates) df afFb/, uf]l/Nnf, luaG; (Gibbons), n]d:f{ (lemurs) / 
dflg; kb{5g\ . c8{/cGt{utsf Family hominidie df lrDkfGhL, uf]l/Nnf, dflg;, cf]/fªuf]6fg\ 
cflb kb{5 eg] juL{s/0fsf] tNnf] tx h]g; homo cGtu{t s]jn dflg; dfq kb{5g\ . o;/L 
juL{s/0f ubf{ dflyNnf] txn] w]/} hLjx¿nfO{ ;d]6\5 eg] ;a}eGbf tNnf] txn] Pp6f dfq k|hflt 
;d]6\g] ub{5 . o;af6 j|mdzM tNnf]af6 dflyNnf] txdf hfFbf Pscsf]{df ;DaGw ePsf] k'li6 
x'G5 .

2.3 kf“r hut\ juL{s/0f k|0ffnL (Five kingdom system of classification) 

lj|mofsnfk 2.1

b'O{ hut\ juL{s/0f k|0ffnLcg';f/ xl/ts0f gePsf] Rofp / xl/ts0f ePsf] plgp“  
b'j}nfO{ km"n gkm'Ng] la?jfdf juL{s/0f ul/Psf] 5 . o; lsl;dsf] juL{s/0fn] logLx¿sf ;a} 
ljz]iftfx¿ ;d]6\g ;s]sf] jf g;s]sf] ;DaGwdf 5nkmn ug'{xf];\ / sIffdf k|:t't ug'{xf];\ .

;hLjx¿sf] juL{s/0f ug{sf nflu ljleGg j}1flgsx¿n] km/s km/s juL{s/0f k|0ffnLsf] 
l;kmfl/; u/]sf 5g\ . xfn b'O{ hut\ k|0ffnLeGbf kfFr hut\ k|0ffnL a9L k|rngdf cfPsf]  
kfOG5 . b'Ohut k|0ffnLsf d"Vo sldsdhf]/L o; k|sf/sf 5g\ M

1=  k|f]sfl/of]6\; / o'Sofl/of]6\; ;hLjnfO{ k|i6;Fu 5'6\ofPsf] 5}g .

2=  Pssf]ifLo / ax'sf]ifLo ;hLjnfO{ 5'6\ofPsf] 5}g .

3= k|sfz ;+Zn]if0f ug{ ;Sg] PNuL / ug{ g;sg] kmGhfOnfO{ k|:6;Fu 5'6\ofPsf] 5}g .

4=  ;a} ;hLjx¿nfO{ ;d]6\g ;s]sf] 5}g .

Kingdom

Division/Phylum

Class

Order

Family

Genus

Species

         Animalia
Chordata

       Mammalia

     Primates

    Hominidie

   Homo 

  sapiens

dflg;lrq 2.3 juL{s/0fsf txx¿

Plantee
Tracheophytes
Angiosperm

Brassicales

Brassicaceae

Brassica

Campestris

tf]/L
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;hLjx¿ 
sf]ifsf] lsl;d

k|f]Sofl/cf]l6s

-1_ hut\ df]g]/f
o'Sofl/cf]l6s

zf/Ll/s ;ª\u7g

sf]if leQfsf] pkl:ylt

sf]if leQf ePsf] 

kf]if0f ljlw

:jkf]ifs

-3_ hut\ KnfG6L

k/kf]ifs -ljR5]bs_

-4_ hut\ kmGhfO{

pkef]Stf

-5_ hut\ Plgd]lnof

sf]if leQf gePsf

k/kf]ifs

Pssf]ifLo

-2_ hut\ k|f]l6:6f

ax'sf]ifLo

b'O{ hut\ k|0ffnLsf sdL sdhf]/Lx¿ x6fpg / ;hLjx¿sf] juL{s/0fnfO{ a9L ;fGble{s / 
j}1flgs agfpg kfFr hut\ k|0ffnL] k|rngdf cfPsf] kfOG5 . KffFr hut\ juL{s/0f k|0ffnLsf] 
cjwf/0f ;g\ 1969 df cd]l/sL 6ofS;f]gf]ld:6 (American Taxonomist) /f]af6{ Pr lj6]s/ 
-Robert Harding Whitaker_ n] NofPsf x'g\ . o; k|0fnLn] a9LeGbf a9L ;hLjx¿nfO{ juL{s/0fdf 
;d]6\g] k|of; u/]sf] 5 .  

2.4 kf“r hut juL{s/0f k|0ffnLsf cfwf/x¿ (Bases of Five kingdom method of   
 classification) 

;Dk"0f{ ;hLjx¿nfO{ sf]ifsf] lsl;dsf cfwf/df b'O{ efudf 5'6\ofOof] . k|f]Sofl/cf]l6s sf]if 
ePsf ;hLjx¿nfO{ hut\ df]g]/fdf /flvPsf] 5 . afFsL ;hLjx¿nfO{ sf]ifsf ;ª\Vof  
-Pssf]ifLo÷ax'sf]ifLo_ sf] cfwf/df Ps sf]ifLo ;hLjx¿nfO{ hut\ k|f]l6:6fdf /flvPsf] 5 . 
afFsL ax'sf]ifLo ;hLx¿nfO{ sf]ifleQfsf] pkl:ylt / cg'kl:yltsf cfwf/df 5'6ofPsf] 5 .  
sf]ifleQf ePsf ;hLjx¿nfO{ kf]if0f ljlwsf cfwf/df k'gM b'O{ efudf afFl8Psf] 5 . :jkf]ifs 
/ sf]if leQf ePsf ;hLjx¿nfO{ hut\ KnfG6L t/ k/kf]ifs sf]if leQf ePsf ;hLjx¿nfO{ 
hut\ kmghfO{df /flvPsf] 5 . o;}u/L sf]if leQf gePsf ;hLjx¿ h'g kfl/l:ylts k|0ffnLdf  
pkef]Stfsf] e"ldsf v]n]sf x'G5g\ ltgnfO{ hut\ Plgd]lnofdf /flvG5 . 
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sf]ifleQfo'St kmGhfO{ / sf]ifleQf laxLg Plgd]lnof b'j} k/kf]ifs eP klg logLx¿ kfl/l:ylts 
k|0ffnLdf km/s km/s e"ldsfdf x'G5g\ . kmGhfO{n] ljR5]bs t/ Plgd]lnofn] pkef]Stfsf] e"ldsf 
v]Nb5 eg] sf]ifleQf ePsf :jkf]ifs pTkfbssf] e"ldsfdf x'G5g\ . o;/L kfFr hutLo juL{s/0f 
k|0ffnLdf ;hLjx¿sf] ljefhg ul/Psf] 5 .

Basis of classification Kingdom
1. Types of cell - Prokyotic Monera

2. Structure of the body - Unicellular Protists

3 . Presence of cell ueall, Autothraphic, Producer  Plante

4. Presence of cell wall, Heterotrophic decomposer Fungi

5. Absence of cell wall, Heterotrophic, consumer Animelia 

o;/L kfFr hutLo juL{s/0f k|0ffnLdf cfwf/sf ¿kdf sf]ifsf] agf]6, zf/Ll/s agf]6, sf]if 
leQfsf] kl:ylt, kf]if0f ljlw / kfl/l:ylts k4ltdf e"ldsfnfO{ cfwf/ agfOPsf] 5 .

1=  hut\ M df]g]/f (Kingdom : Monera)

 df]g]/f hut\cGtu{t ;a} k|f]Sofl/cf]l6s (Prokyarotic)  
 ;"Id ;hLjx¿ Kfb{5g\ . ltgLx¿sf ljz]iftf  
 lgDgfg';f/ 5g\ M 

 -s_ df]g]/f hLjx¿ k|f]Sofl/cf]l6s ;hLjx¿ x'g\ .

 -v_  logLx¿sf sf]ifdf lglzrt Go'lSno; (definite  
  nucleus) x'Fb}g / h]g]l6s d6]l/onsf] ¿kdf   
  l8clS;/fOjf] Go'lSns Pl;8  
  -Deoxyribonucleic acid (DNA) x'G5 . 

 -u_  logLx¿ k|lts"n cj:yfdf klg afFRg ;S5g\ .

 -3_ logLx¿ :jkf]lift (Autotrophic), k/hLjL (Parasite), :ofk|f]6«lks (Saproptrophic)  
  jf l;Dafof]l6s (Symbiotic) x'G5g\ . l;Dafof]l6s ;hLjx¿ k/:k/df cGt/;DalGwt  
  x'G5g\ / ;femf hLjg latfpF5g\ . 

df]g]/f hut\df cfls{AofS6]l/of -Archaebacteria_ o'AofS6]l/of -Eubacteria_ / 
;fogf]AofS6]l/of -Cyanobacteria_ u/L tLg lsl;dsf hLjx¿ kb{5g\ . cfls{AofS6]l/of 
;a}eGbf k|frLg AofS6]l/of x'g\ . logLx¿ w]/} tftf], g'lgnf]  / bnbn (marshy place_ h:tf 
k|lts"n jf;:yfg -extreme habitat_ x¿df kfOG5g\ . logLx¿df xl/ts0f x'G5 . logLx¿ 
:jkf]ifs x'G5g\, h:t} M xfOk/yd{; -Hyperthermus_, kfO/f]nf]a; -Pyrolobus_ cflb . 
o'AofS6]l/of jf:tljs AofS6]l/of (true bacteria) x'g\ . logLx¿sf] aflx/L cfj/0f sf]if 

lrq 2.4 JofS6]l/of
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leQf k]lK68f]UnfOsg -peptidoglycan_ n] ag]sf] x'G5 . logLx¿n] km\nfh]nf (flagella_ 
sf dbtn] rfn b]vfpF5g\, h:t}M /fOhf]laod, Snf]:6«f]l8od cflb . ;fogf] AofS6]l/ofnfO{ 
An''lu|g cNuL klg elgG5 . logLx¿df klg xl/ts0f x'G5 . logLx¿ :jkf]ifs x'G5g\,  
h:t} M g:6s, Pgflagf, :kfO?lngf cflb .

2= hut\ M k|f]l6:6f (Kingdom: Protista)

 k|f]l6:6f hut\cGtu{t Pssf]ifLo  
 ;hLjx¿ Kfb{5g\ . logLx¿df kfOg]  
 ljz]iftfx¿ lgDgfg';f/ 5g\ M

 -s_  o; hut\df kg]{ hLjx¿ 
o'sfl/of]l6s x'G5g\ . logLx¿sf] 
sf]ifdf Go'lSno; x'G5 . 

 -v_  o; hut\df kg]{ k|fo M hLjx¿ 
Pssf]ifLo x'G5g\ . sf]ifsf 
cjojx¿ (cell organelles) nfO{ 
sf]if lemNnLn] 9fs]]sf] x'G5 .

 -u_  logLx¿sf z/L/df gSsnL v'6\6f -pseudopodia_, l;lnof, ˆnfh]nf x'G5 h:fsf] 
dbtn] lxF88'n u5{g\ . 

 -3_ s]xL Pssf]ifLo o'sfl/of]6;\x¿ k/hLjL x'G5g\ . logLx¿n] cf>osf]if (host cell) af6  
vfgf ;f];]/ lnG5g\ .  Zooplankton x¿ k/kf]ifs x'G5g\ .

 -ª_  logLx¿sf] k|hgg cd}y'lgs / d}y'lgs b'j} tl/sfaf6 x'G5 . 

 -r_  o; hut\sf pbfx/0fx¿ cldaf, o'lUngf, kf/fd]l;od cflb x'g\ .

s]xL k|f]l6:6fcGtu{t kg]{ hLjx¿sf] sf]if hGt'sf]if;Fu ldNg] vfnsf] x'G5 . o:tf hLjnfO{ 
hGt' h:tf k|f]l6:6f elgG5, h:t} M cldaf, kf/fd]l;od cflb . s]xL hLjx¿sf] sf]if jg:klt 
sf]if;Fu ldNg] vfnsf] x'G5 . o:tf sf]if x'g] hLjx¿nfO{ jg:klt h:tf k|f]l6:6f elgG5 . 
logLx¿sf] sf]ifdf xl/ts0f x'G5 To;}n] logLx¿n] k|sfz ;+Zn]if0f u5{g\, h:t} M o'lUngf, 
8fo6D; cflb . s]xL hLjx¿sf] sf]if kmGhfO{;Fu ldNg] x'G5 . o:tf hLjx¿nfO{ kmGhfO{ 
h:tf k|f]l6:6f elgG5, h:t} M :nfOd df]N8 -slime mold_, jf6/ df]N8 -water mold_ cflb .

3=  hut\ M kmGhfO{  (Kingdom: Fungi)

 o; hut\cGt{ut 9';L, Rofp h:tf ;hLjx¿Kfb{5g\ . 
logLx¿ ax'sf]ifLo ljR5]bs (multicellular decomposer) 
x'g\ . o; hut\df kg]{ hLjx¿sf ljz]iftf lgDgfg';f/ 5g\ M 

 -s_  kmGhfO{ hut\cGtu{tsf hLjx¿ xl/ts0f gePsf 
Pssf]ifLo -lo:6_ tyf ax'sf]ifLo ;hLjx¿ -Rofp, 9';L_ Kfb{5g\ .

lrq 2.5 Pssf]ifLo hLjx¿

o'lUngf

cldaf

kf/fd]l;og

lrq 2.6 Rofp
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 -v_  oL ;hLjx¿ Kf|foh;f] Saprotrophic x'G5g\ cyf{t\ logLx¿n] ;8]un]sf÷s'lxPsf h}ljs  
  j:t'af6 vfgf k|fKt u5{g\ .

 -u_  logLx¿sf] z/L/ yfNjfO8 (thalloid) x'G5 cyf{t\ logLx¿sf] h/f, kft, 8fF7  
  5'6\l6Psf x'Fb}gg\ .

 -3_  logLx¿sf] z/L/ dfO;]lnodaf6 ag]sf] x'G5 . 

 -ª_+  logLx¿df cd}y'lgs / d}y'lgs b'j} tl/sfaf6 k|hgg x'G5 . 

 -r_  logLx¿n] UnfOsf]h]gsf ¿kdf vfgfnfO{ ;~ro u5{g\ .

 -5_  Pssf]ifLo hLj lo:6 kmd]{G6];g k|lj|mofdf k|of]u ul/G5 . h:t} M cNsf]xn agfpg /  
  a]s/L pTkfbgdf k|of]u ul/G5 . 

 -h_  o; hut\sf pbfx/0fx¿ Do's/ (Mucor), lo:6 (yeast), Rofp cflb x'g\ .

kf]if0f k|fKt ug]{ cfwf/df kmGhfO{ tLg lsl;dsf 5g\ h'g lgDgfg';f/ 5g\ M 

-c_   :ofk|f]6«f]lkms kmGhfO{ (Saprotrophic fungi) M logLx¿n] d/]/ s'lxPsf h}ljs j:t'x¿af6 
cfˆgf] kf]if0f k|fKt u5{g\, h:t}M Do's/, Rofp, k]lGfl;lnod -penicillium_ cflb .

-cf_  k/hLjL kmGhfO{ (Parasitic fungi) M logLx¿n] cGo ;hLjx¿sf] z/L/af6 kf]if0f k|fKt 
u5{g\, h:t} M klS;lgof -puccinia_, 6\oflk|mgf -Taphrina_ cflb .

-O_ l;Dafof]l6s kmGhfO{ (Symbiotic fungi) M o:tf kmGhfO{ c¿ hLjx¿;Fu cGt/cfl>t 
;DaGwdf afFR5g\ . o:tf] ;DaGwdf b'j} hLjx¿ Ps csf{af6 nfeflGjt x'G5g\ . cNuL 
/ kmGhfO{ cGt/cfl>t ;DaGwdf afFRg'nfO{ nfOs]g elgG5 . h;df kmGhfO{n] cNuLnfO{ 
cf>o lbG5 / kfgL pknAw u/fpF5 eg] cNuLn] kmGhfO{sf nflu sfaf]{xfO8«]6 agfOlbG5 . 
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kl/of]hgf sfo{ 

9';Lsf] cWoog (Study of mucor) 

-c_ kfp/f]6L jf /f]6Lsf] ;fgf] 6'j|mf lng'xf];\ . 

-cf_ pSt 6'j|mfnfO{ k|sfz gk'Ug] cf]l;nf] 7fp“df /fVg'xf];\ . 

-O_ b'O{ tLg lbgkl5 /f]6Ldf ePsf] kl/jt{g cjnf]sg ug{'xf];\ . 

-O{_ kfp/f]6L jf /f]6Ldf ePsf] ;]tf] skf; h:tf] agf]6nfO{ 9';L elGfG5 . pSt 9';LnfO{ ;"Id  
 bz{soGqdf /fvL cjnf]sg ug{'xf];\ . 

-p_ cjnf]sgkl5 ;kmf lrq agfO{ sIffdf k|:t't ug{'xf];\ / o;sf] agfj6sf af/]df 5nkmn  
 ug'{xf];\ .

cEof;

1=  tn lbOPsf k|Zgsf] ;xL ljsNkdf uf]nf] 3]/f -)_ nufpg'xf];\ M

 -s_  An'lu|g cNuL s'g hut\cGtu{t kb{5 <

  -c_ df]g]/f      -cf_ k|f]l6:6f    -O_ kmGhfO{   -O{_ KNffG6L

 -v_  s'g sf/0fn] o'lUngf c¿ hGt'eGbf km/s 5 <

  -c_ xl/ts0f kfOg] x'gfn]   -cf_ Pssf]ifLo x'gfn]   

  -O_ kfgLdf kfOg] x'gfn]     -O{_ c¿ hLjdf cfl>t x'gfn]

 -u_  Binomial System of Nomenclature sf k|jt{s sf] x'g\ < 

  -c_ Carolus Linnaeous      -cf_ R. H. Whitaker     

  -O_ Chatton        -O{_ Robert Koch

 -3_  sf]if definite nucleus gx'g] hLj s'g] hut\df k5{ <

         -c_  df]g]/f     -cf_ k|f]l6:6f    -O_ kmGhfO{    -O{_ KnfG6L

 -ª_  tn lbOPsf dWo] k|f]sfl/of]l6s ;"Id hLjsf] pbfx/0f s'g xf] <

         -c_ chf]6f]AofS6/   -cf_ o'lUngf   -O_ lo:6    -O{_ cldaf

2= sf/0f lbg'xf];\ M 

 -s_  hLjx¿sf] b'O{ hut\ k|0ffnLeGbf kfFr hut\ k|0ffnL a9L pko'St / j}1flgs 5 .
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 -v_  kmGhfO{ hut\cGtu{t kg]{ ;hLjnfO{ :ofk|f]6«k klg elgG5 .

 -u_  df]g]/f hut\df kg]{ hLjx¿eGbf k|f]l6:6fcGtu{t kg]{ hLjx¿ a9L ljsl;t dflgG5g\ . 

3=  km/s n]Vg'xf];\ M

 -s_  k|f]Sofl/of]6\; / o'jol/cf]6\;   

 -v_  ;hLjx¿sf] b'O{ hut\ k|0ffnL / kfFr hut\ k|0ffnL 

 -u_  df]g]/f / k|f]l6:6f     -3_ k|f]l6:6f / kmGhfO{   

 -ª_ lo:6 / Rofp   -r_ h]g; / :k]l;h  

 -5_ hut\ / kmfOnd  -h_ Rofp / AofS6]l/of

4=  tnsf k|Zgx¿sf] pQ/ n]Vg'xf];\ M

 -s_  b'O{kbLo gfdfs/0f k|0ffnL eg]sf] s] xf] <

 -v_  dflg;, s]/fp, tf]/L / lrt'jfsf] j}1flgs gfd n]Vg'xf];\ . 

 -u_  lhg; / :k]l;h eg]sf s] x'g\ < :ki6 kfg'{xf];\ .

 -3_  kfFr hut\ k|0ffnLsf] juL{s/0f rf6{ agfO{ k|To]ssf b'O{ b'O{cf]6f pbfx/0f lbg'xf];\ .

 -ª_  df]g]/f hut\sf ljz]iftfx¿ pbfx/0f;lxt k|:t't ug'{xf];\ .

 -r_  k|f]l6:6f hut\sf ljz]iftfnfO{ pbfx/0f;lxt n]Vg'xf];\ . 

 -5_  kmGhfO{ hut\sf ljz]iftf pbfx/0f;lxt k|:6 kfg'{xf];\ .

 -h_  lbOPsf hLjx¿sf hut\sf] gfd n]Vg'xf];\ M

      Eofs'/, cldaf, o'lUngf, kf/fd]l;od, KnfHdf]l8od, An'lu|g PNuL, P6f]AofS6/,  
  Rofp, Do's/ 

 -em_ hLjx¿sf] juL{s/0fsf ljleGg txx¿larsf] cGt/;DaGwnfO{ pbfx/0f;lxt k|:6  
  kfg'{xf];\ .

 -`_ lbOPsf] lrq cWoog ug{'xf];\ / oL ;hLjx¿ s'g s'g hut\df kb{5g\  
  5'6\ofpg'xf];\ . k|To]ssf tLg tLgcf]6f ljz]iftf klg n]Vg'xf];\ . 
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Rofp 
(Mushroom)

#

lrq 3.1 ljleGg lsl;dsf Rofpx¿

lrq 3.2 Rofpsf] agf]6

-c_ Rofp s:tf] 7fp“df pld|G5 <  -cf_ Rofp lsg xl/of] gePsf] xf]nf < 

-O_ s] ;a} Rofp vfg of]Uo x'G5g\ <  -O{_ Rofp v]tL lsg ul/G5 <  

Jfiff{ofddf df6fsf] l9:sf], uf]a/, ?vsf af]j|mfnufotsf :yfgdf Rofp pld|Psf] b]Vg ;lsG5 . 
Rofp Ps k|sf/sf] 9';L -fungus_ xf] . Rofpdf xl/ts0f x'Fb}g . of] d[tf]khLjL -sapro trophic_ 
x'G5 . s]xL Rofpx¿ vfgof]Uo x'G5g\ . 8Nn] Rofp, k/fn] Rofp, sGo] Rofp, uf]a|] Rofp cflb 
vfg of]Uo Rofpsf pbfx/0fx¿ x'g\ .  s]xL hª\unL Rofpx¿ ljiffn' klg x'g ;S5g\ . cfhef]ln 
Rofp v]tL cfDbfgLsf] Ps ;|f]tsf ¿kdf ljsf; x'Fb} uPsf] kfOG5 . 

3.1 Rofpsf] agf]6 (Structure of mushroom)

Rofpsf] z/L/nfO{ dfO;]lnod /  Fruiting body b'O{ efudf afFl8Psf] x'G5 . o;sf] 
e]lh6]l6e (Vegetative) efunfO{ dfO;]lnod elgG5 . of] df6fd'lg /x]sf] x'G5 . dfO;]lnod 
dl;gf wfuf h:tf /];fx¿af6 ag]sf] x'G5 h:fnfO{ xfOkmL elgG5 . dfO;]lnodn] kfgL 
/ h}ljs vfB j:t' ;f];]/ lnG5 . hldgdflysf] efunfO{  Fruiting body elgG5 . 

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

of] Rofpsf] k|hgg efu -Reproductive 
part_ xf] . Rofpdf 8fF7 / 5ftf h:tf efu 
x'G5g\ . Rofpsf] 8f7nfO{ :6fOk elgG5 .  
5ftf h:tf] dflyNnf] efunfO{ kfOn; 
elgG5 . kfOn;sf] tNnf] efudf  
kq}kq ePsf agf]6x¿ x'G5g\, To;nfO{ 
luN; elgG5 . luN;df aLhf0f'x¿ 
-Basidiospore_ x'G5g\ .

kfOn;
luN;

8f7
dfO;]lnod 
xfOlkm
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3.2  Rofpsf] hLjg rj|m (Life cycle of mushroom)

Rofpsf] kfOn;sf] leqL efudf ePsf] kq}kq luN; x'G5g\ . jo:s Rofpsf luN;df 6«fdf, 
;a xfOd]lgod / xfOd]lgod u/L tLg tx x'G5g\ . ;a}eGbf aflx/L txnfO{ xfOd]lgod 
elgG5 . o; txdf a]l;l8od / kf/fkmfOl;;\ u/L b'O{ lsl;dsf sf]ifx¿ x'G5g\ . kf/fkmfOl;;\  
:6]/fOn -Sterile_ x'G5 . a]l;l8oddf Pp6f wgfTds :6«]g -plus strain_ / Pp6f C0ffTds 
:6«]g (minus strain) u/L b'O{cf]6f XofKnf]O8 Go'lSno; x'G5g\ .

           

      

tL XofKnf]O8 Go'lSno;x¿ ;+of]hg eP/ Pp6f l8Knf]O8 Go'lSno; aG5 . pSt Go'lSno; 
ldcf]l;; ljefhg eO{ rf/cf]6f x\ofKnf]O8 Go'lSno;x¿ aGb5g\ . h;dWo] b'O{cf]6f wgfTds 
:6]«g / b'O{cf]6f C0ffTds :6«]g x'G5g\ . To;kl5 a]l;l8odsf 6'Kkfdf rf/cf]6f cf}Fnf h:tf 
agf]6x¿sf] ljsf; x'G5 . oL agf]6nfO{ :6]l/Udf6f elgG5 . To;kl5 k|To]s :6]l/Udf km'n]/ 
cfpF5 / x/]sdf Ps Pscf]6f x\ofKnf]O8 Go'lSno; hfG5 . o;/L k|To]saf6 Ps Pscf]6f 

lrq 3.4 Rofpsf] hLjgrj|m

Aofl;l8og
kf/fkmfOl;;

xfOd]lgod

;j  

xfOd]lgod

6«fdf

luN;

lrq 3.3 Rofpsf luN; / o;sf efux¿

:kf]/

:kf]/ cª\s'/0f

k|fOd/L dfO;]lnod

;]s]08/L dfO;]lnod

ao:s Rofp
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a]l;l8of]:kf]/ aG5 . a]l;l8of]:kf]/dWo] b'O{cf]6f wgfTds :6]«g / b'O{cf]6f C0ffTds :6«]g x'G5g\ . 
a]l;l8of]:kf]/ kl/kSj ePkl5 :6]l/Udf6faf6 5'6\l6G5 . x/]s :kf]/ cg's"n cj:yfdf cª\s'/0f 
eP/ k|fylds dfO;]lnod aG5 . k|To]s k|fylds dfO;]lnodsf] sf]ifdf Pp6f Go'lSno; x'G5 . 
leGbfleGb} :6«]gsf k|fylds dfO;]lnodsf] ;dfudaf6 låtLo dfO;]lnod aG5, h;df b'j} 
:6]«gaf6 cfPsf b'Ocf]6} Go'lSno; x'G5g\ . To;}n] o;nfO{ 8fOSofl/of]l6s dfO;]lnod elgG5 . 
låtLo dfO;]lnoddf cg's"n tfkj|md / cfb|tf ePkl5 Rofp pd|G5 . ;'?df ;fgf ;fgf uf]nf] 
cfsf/sf] Rofp aG5 . kl/kSj ePkl5 v'n]/ 5ftf cfsf/sf] aG5 . Rofpsf] kfOn; d'lglt/ 
kfOg] xfOd]lgod kqsf] ;txdf w]/} ;ª\Vofdf aLhf0f'x¿ pTkfbg x'G5g\ . tL aLhf0f' kl/kSj 
ePkl5 xfjfsf dfWodaf6 otfplt 5l/G5g\ . cg's"n xfjf, kfgL, tfkj|md / h}ljs kbfy{ 
ePkl5 k|To]s aLhf0f'af6 Rofpsf] dfO;]lnod pd|G5g\ . o;/L Rofpsf] hLjg rj|m k"/f x'G5 .

 lj|mofsnfk 3.1  

 rf6{k]k/df Rofpsf] hLjgrj|msf] ;kmf lrq agfO{ sIffdf k|bz{g ug'{xf];\ .

3.3  Rofpsf] k|of]u (Use of mushroom)

k|frLg sfnb]lv g} Rofp vfB kbfy{ / cf}ifwLsf ¿kdf k|of]u x'Fb} cfPsf] s'/f ljleGg 
k|frLg wd{zf:qx¿ rrf{ ePsf] kfOG5 . cfw'lgs lj1fgn] klg RofpnfO{ k|z:t k|f]l6g, 
le6fldg / vlgh tŒjsf ;fy} z"Go sf]n]:6«f]n ePsf] :j:y / kf]lifnf] vfB kbfy{sf ¿kdf 
k|dfl0ft ul/;s]sf] 5 . ljZj vfB ;ª\u7gn] klg RofpnfO{ vfB j:t'x¿sf ¿kdf k|of]u 
ug{ ;lsg] u/L l;kmfl/; u/]sf] 5 . RofpnfO{ dfgj :jf:Yo / cfly{s cfocfh{g ¿kdf 
k|of]u ug{ ;lsG5 . Rofpsf] dxŒjnfO{ lgDgfg';f/ k|:t't ug{ ;lsG5 M

 -s_ dfgj :jf:Yosf nflu Rofpsf] dxŒj (Importance of mushroom in human health)

Rofp cToGt} :j:yjw{s / kf]lifnf] vfB kbfy{ xf] . Rofpdf le6fldg, k|f]l6g, kmfOa/ 
tyf vlghnufotsf tŒjx¿ kfOG5g\ . Rofp /l;nf] / :jflbnf] x'G5 . Rofpsf] 
dxŒjnfO{ lgDgfg';f/ pNn]v ug{ ;lsG5 M

  -c_ k|f]l6gsf] ;|f]tsf ¿kdf M ;'Vvf tf}nsf cfwf/df Rofpdf k|f]l6gsf] dfqf sl/a  
   19 b]lv 35 k|ltzt x'G5 hals rfdndf 7.3 k|ltzt, ux'Fdf 12.7 k|ltzt,  
   e6df;df 38.1 k|ltzt tyf s'v'/fsf] df;'df 18 b]lv 20 k|ltzt /x]sf] x'G5  .  
   Rofpdf kfOg] k|f]l6gdf dfgj z/L/sf] ljsf;sf nflu cTofjZos Pldgf]  
   Pl;8x¿ klg kfOG5g\ .

  -cf_  le6fldgsf] ;|f]tsf ¿kdf M Rofp Riboflavin (B2), Niacin, Pantothonic acid,  
   thiamine(B1), Biofin, Polate / Vitamin B12 nufotsf le6fldgsf] /fd|f]  
   :f|f]t xf] . df5f df;' ;]jg gug]{ JolStx¿sf nflu t Rofp cToGt} cfjZos  
   vfB kbfY{f xf] .
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  -O_  vlgh kbfy{sf] ;|f]tsf ¿kdf M Rofpdf k|z:t dfqfdf kf]6fl;od, ;f]l8od,  
   km:kmf]/;, SoflN;od, tfdf, kmnfd cflb vlgh kbfy{x¿ kfOG5g\ .

  -O{_  cf}ifwLsf ¿kdf M Wf]/} klxn]b]lv g} rLg, hfkfg, sf]l/of h:tf ljsl;t d'n'sx¿n]  
   Rofpsf] cf}ifwLo u'0f kQf nufPsf lyP . g]kfndf klg ljif]z u/L cfo'j]{b  
   lrlsT;sx¿n] Rofpsf] ;]jgnfO{ hf]8 lbg] u/]sf 5g\ . Rofpsf] lgoldt  
   ;]jgn] dw'd]x, pRr /Strfk, SofG;/nufotsf y'k|} /f]ux¿;Fu k|lt/f]w  
   ug]{ Ifdtf ljsf; x'g] s'/f cg';Gwfgaf6 b]lvPsf] 5 . To;} u/L /ftf] Rofpaf6  
   ljleGg cf}ifwL Hf:t} M Concord, Sunchiha pTkfbg ul/Psf] 5 h'g bd,  
   dw'd]x, SofG;/, kfON; / 3f6L;DaGwL /f]ux¿sf nflu pkof]uL dflgG5 . 

 -v_  Rofpsf] cfly{s dxŒj (Economic importance of mushroom) 

Rofpdf kfOg] kf}li6s tŒj / o;sf] cf}ifwLo dxŒjn] ubf{ Rofpsf] Jofj;flos v]tL 
ug]{ ul/Psf] 5 . o;af6 k|z:t cfly{s cfocfh{g ug{ ;lsG5 . Rofpsf] Jofj;flos 
v]tLn] :j/f]huf/ klg l;h{gf u5{ . h'Dnf nufotsf 7fpFdfdf kfOg] Morchella 
hfltsf] Rofp h:fnfO{ Guchi chyau elgG5 . o;sf] cGt/f{li6«o ahf/df k|ltlsnfsf] 
500 8n/eGbf a9L k5{ . g]kfndf h}ljs k|ljlwaf6 Rofpsf] ;'s'6L, crf/ agfO{ /
fd|f] cfocfh{gsf] ;|f]tsf ¿kdf k|of]u ul/Fb} cfPsf] 5 .

g]kfndf ul/g] Rofp v]tLdf sGg] Rofp (Pleurotus ostreatus) Ps k|d'v Rofp v]tLdf 
kb{5 . sf7df8f}Fdf r}t dlxgfb]lv sflQs;Dd of] Rofpsf] v]tL ug{ ;lsG5 . kxf8L 
e]udf uf]a|] Rofp -Agaricus bisporus) sf] Jofj;flos ¿kdf v]tL u/L pTkfbg  
ul/G5 .

3.4  Rofp v]tL (Mushroom farming)

Rofp v]tL ljleGg lsl;daf6 ug{ ;lsG5 . Rofpsf] k|hfltcg';f/ v]tL ug]{ ljlw klg km/s 
km/s x'G5 . s]xL Rofpx¿ ;fwf/0f k|ljlw cKfgfO{ 3/d} klg pTkfbg ug{ ;lsG5 eg] s'g} 
Rofp pTkfbg ug{ ljz]if k|ljlwsf] k|of]u ug'{k5{ . oxfF k/fndf pTkfbg ul/g] sGg] Rofp 
v]tL ug]{ tl/sf j0f{g ul/Psf] 5 . 

lrq 3.5 Rofp v]tL
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 sGg] Rofp v]tL ug]{ tl/sf 

 sGg] Rofpsf] v]tL ug{ lgDglnlvt ljlw ckgfpg] ul/G5 M

 -s_ /fd|f] u'0f:t/Lo k/fn ;ª\sNfg ug]{ / o;nfO{ 1 b]lv 2 OGr;Ddsf] dl;gf] 6'j|mf  
  agfpg]

 -v_  k/fnsf] dl;gf] 6'j|mfnfO{ kfgLdf /fvL sl/a 15 - 20 ldg]6 /fd|/L pdfNg] h;n] ubf{  
  pdfNbf k/fndf ePsf ls6f0f'x¿ gi6 x'G5g\ / k/fn g/d x'G5 . o:tf] k/fndf Rofp  
  /fd|/L pd|g ;S5 .

 -u_  pdfn]sf] k/fnnfO{ /fd|/L ;'Vvf agfpg] / sl/a Ps lbgkl5 pSt ;'Vvf k/fnsf 6'j|mfnfO{  
  Knfl:6ssf y}nLdf ldnfP/ /fVg]

 -3_  k/fnsf] 6'j|mfx¿nfO{ Knfl:6ssf] y}nLdf tx tx agfO{ /fVg] / k|To]s txdf Rofpsf]  
  lap 5g]{

 -ª_  Pp6f Knfl:6ssf] y}nLdf ;fwf/0ftof 5-6 tx agfpg] / k|To]s txsf] prfO 8-10  
  OGr agfpg]

 -r_  k/fnsf] 6'j|mfnfO{ /fd|/L xftn] vfb\g] / To;df 10-12 cf]6f hlt Kjfn agfpg] 

 -5_  Knfl:6ssf] yf}nLnfO{ ;ft lbg;Dd cWof/f] sf]7fdf /fVg],  o;f] ubf{ ;ft lbgkl5  
  Knfl:6sleq dl;gf] e'jf h:tf] ;]tf] j:t'n] 9fs]sf] x'G5 .

 -h_  Knfl:6ssf] emf]nfdf tLgrf/cf]6f Kjfn agfpg] / cfjZostfcg';f/ kfgL 5s{g] .

 -em_  sl/a 10 lbgkl5 Rofp pd|]sf] b]lvG5 . o; a]nf Knfl:6snfO{ sf6]/ lgsfNg'k5{ .  
  sl/a 17 lbgkl5 Kjfn agfPsf] 7fpFaf6 Rofp pd|g yfN5 .

 -`_ sl/a 25 lbgkl5 k"0f{ jo:s x'G5 / To;nfO{ l6Kg ;lsG5 .

kl/of]hgf sfo{ 

ljBfno÷3/df Rofp v]tL ug]{ tl/sf / ljlw k|of]u u/L Rofp pTkfbg ug'{xf];\ . Rofp 
pTkfbgsf nflu ul/Psf k|of;x¿ / pknlAwnfO{ ;d]6L k|ltj]bg tof/ u/L sIffdf k|:t't  
ug'{xf];\ .

3.5 Rofpsf] e08f/0f / pkof]u  (Storage and use of mushroom)

Rofpdf ePsf] ljz]if u'0fn] ubf{ k|frLg sfnb]lv g} o;nfO{ vfB kbfy{ tyf cf}ifwLsf 
¿kdf k|of]u ul/Fb} cfPsf] 5 . RofpnfO{ nfdf] ;do;Dd ;'/lIft /fvL k|of]u ug{ ljleGg 
k|ljlw ckgfOG5 .  o;af6 ;'s'6L, crf/, s]rk, ;'k cflb agfpg ;lsG5 . oLdWo] ;'s'6L 
agfpg] ;fwf/0f ljlw o; k|sf/ /x]sf] 5 M 

 -c_ Rofp ;kmf;Fu kvfNg]

 -cf_ ;fgf ;fgf 6'j|mf kfg]{
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 -O_ plDn/x]sf] kfgLdf 98\ofpg]

 -O{_ RofpnfO{ v'nf 3fd jf cu]gf jf cfw'lgs cf]eg k|of]u u/L ;'sfpg]

 -p_ /fd|/L ;'s]kl5 xfjf gl5g]{ u/L Koflsª ug]{ 

 -pm_ pSt Koflsª ul/Psf] RofpnfO{ pko'St 7fpFdf e08f/0f ug]{

 Rofp ;'sfpg] ljlw

 ;fdfGotof Rofp ;'sfpg lgDglnlvt ljlwsf] k|of]u ug{ ;lsG5 M

-s_ /;fog k|of]u u/L ;'sfpg] M RofpnfO{ 1% kf]6fl;od afO;NkmfO8, 0.2% ;fOl6«s  
 Pl;8, 6 % lrgL / 3% g'gsf] 3f]ndf 16 306f lehfP/ 60 b]lv 62 l8u|L ;]lN;o;  
 tfks|ddf /fvL 8 306f ;'sfpFbf u'0f:t/Lo ;'s'6L aG5 . Rofpsf] ;'s'6LnfO{ w'nf]  
 kf/]/ xfjf gl5g]{ ef8f]df aGb u/L /fVg'k5{ .

-v_  3fddf ;'sfpg] M sGo] RofpnfO{ 25 l8u|L ;]lN;o;eGbf a9L tfkj|md ePsf] 3fddf  
 jf oflGqs tj/n] 40 b]lv 45 l8u|L ;]lN;o; tfkj|mddf ;'sfpg'k5{ . o;/L ;'sfPsf]  
 RofpnfO{ l;n u/]sf] kf]lnlyg Aofuleq 120 lbg;Dd e08f/0f ug{ ;lsG5 .

s]rk, r6gL / crf/sf ¿kdf RofpnfO{ nfdf] ;Do;Dd e08f/0f ug{ ;lsG5 . oL 
pTkfbgnfO{ 20 b]lv 22 l8u|L ;]lN;o; tfkj|mddf sDtLdf 6 dlxgf;Dd e08f/0f ug{ 
;lsG5 . Rofpsf] ;'k, ksf}8f, cf]dn]6 :ofG8ljr, s/L, s]rk, crf/ cflb kl/sf/ agfO{ 
vfg ;lsG5 .

kl/of]hgf sfo{ 

tkfO{“sf] ljBfno jf 3/glhs} Rofp v]tL ul/Psf] 7fp“df e|d0f ug'{xf];\ . If]q e|d0fsf cfwf/df 
Rofp v]tL ug]{ tl/sf, Rofpsf] dxŒj tyf cfly{s cfocfh{g / dfgj :jf:Yosf nflu Rofpsf] 
k|of]u ;DaGwdf hfgsf/Lx¿ ;ª\sng u/L k|ltj]bg tof/ ug'{xf];\ / sIffdf k|:t't ug'{xf];\ .

lrq 3.6 Rofpsf] ;'s'6L lrq 3.7 Rofpsf] crf/
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3.6  vfg] Rofp / ljiffn' Rofp (Edible and poisonous mushroom)

s] ljiffn' Rofp vfgfn] d[To' ePsf 
36gf ;'Gg'ePsf] 5 < k|To]s jif{ 
ljiffn' Rofp vfP/ dflg;sf] 
csfndf g} Hofg uPsf 36\gfx¿ 
ljleGg ;~rf/sf dfWodaf6 ;'lgG5 .  
hª\undf kfOg] RofpnfO{ 
vfg x'g] / vfg gx'g] -ljiffn'_  
5'6\ofpg ufx|f] x'G5 . glrg]sf]  
hª\unL Rofp vfg'x'Fb}g . cfkm"n] 
lrg]sf] jf vfg of]Uo egL k|dfl0ft 
Rofpx¿ dfq vfg'k5{ . ljiffn' Rofp 
klxrfg ug{ 5'6\6} lsl;dsf] k|ljlw 
ljsf; ePsf] kfOFb}g . cu|hx¿sf 
cg'ejsf cfwf/df vfg x'g] / vfg gx'g] Rofp 5'6\ofO{ ;]jg ug]{ ul/Psf] kfOG5 . 
ljiffn' Rofpx¿ 5'6\ofpg] ;lhnf] sfo{ geP klg lgDglnlvt agf]6 ePsf Rofp ljiffn' 
x'g ;Sg] cg'dfg ug{ ;lsG5 . t/ cg'dfgs} cfwf/df s'g} Rofp ljiffn' 5}g eg]/  
vfg'x'Fb}g . k|of]uzfnfdf kl/If0f u/]/ dfq s'g} Rofp ljiffn' xf] jf xf[Og egL Plsg ug{ ;lsG5 . 

 -s_  xNsf v}/f] /ªsf] Rofp

 -v_  ;]tf] luN; (gills) ePsf] Rofp

 -u_ sf08df l/ª (valva) ePsf] Rofp 

 -3_ /ftf] /ª ePsf] Rofp

 -ª_  /ftf] sf08 jf kfOn; ePsf] Rofp

 -r_  ls/f gnfu]sf] lrNnf] kfOn; ePsf] Rofp

 -5_ Rofpsf] kfOn; xNsf lyRbf kx]Fnf] /ª cfpg] Rofp cflb .

kl/of]hgf sfo{ 

xfd|f] b]zdf a;]{lg ljiffn' Rofpsf] ;]jgaf6 dflg;sf] d[To' x'g] u/]sf 36gfx¿sf] af/]df Rofp;DaGwL 
hfgsf/ JolSt;“u ;f]wvf]h tyf OG6/g]6sf dfWodaf6 vf]hL u/L o:fsf] sf/0f, Rofpsf] k|sf/ 
tyf o;af6 aRg cjnDag ug'kg]{ pkfonfO{ ;d]6L k|ltj]bg tof/ ug'{xf];\ / sIffdf k|:t't ug'{xf];\ .

lrq 3.8 ljleGg k|sf/sf Rofp
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cEof;

!= tn lbOPsf k|Zgx¿sf] ;xL pQ/df l7s lrx\g -√_ nufpg'xf];\ M

 -s_  RofpnfO{ d[tf]klhjL (saprotrophic) hLj eGg'sf] sf/0f s'g xf] <  

  -c_ o;n] cfˆgf] vfgf cfkm}F agfpg ;Sb}g . 

  -cf_ o;n] ;8]un]sf s'lxPsf j:t'af6 vfgf k|fKt u5{ .

  -O_ cfˆgf] vfgfsf nflu c¿df e/ k5{ .   

  -O{_ hLjsf] z/L/af6 vfgf ;f];]/ lnG5 .

 -v_  Rofpdf kfOg] d'Vo tŒj s] s] x'g\ < 

  -c_  vlgh, le6fldg, k|f]l6g            -cf_ ;]fl8od, sfaf]{xfO8]6 / k|f]l6g 

  -O_ Pldgf] Pl;8, le6fldg / k|f]l6g       -O{_ SoflN;od, lrNnf] kbfy{ / vlgh

 -u_  s'g Rofpaf6 SofG;/ /f]usf pkrf/sf nflu cf}ifwL agfOG5 <

  -c_ /ftf] Rofp    -cf_ 8Nn] Rofp    

  -O_ sGg] Rofp       -O{_ uf]a|] Rofp

 -3_  xfOd]lgoddf ePsf] :6]/fOn sf]ifnfO{ s] elGg5 <

  -c_ a]l;l8od     -cf_ 6«fdf (Trama)   

  -O_ kf/fkmfOl;;     -O{_ xfOkmf

 -ª_  a]l;l8of]:kf]/ (Basidiospore) sxfF aG5 <

  -c_  xfOd]lgod     -cf_ ;a–xfOd]lgod 

  -O_ 6«fdf     -O{_ kf/fkmfOl;;

@=  sf/0f lbg'xf];\ M

   -s_ RofpnfO{ d[tf]khLjL elgG5 .

   -v_ dflg;sf nflu Rofp kmfObfhgs / xflgsf/s b'j} x'G5g\ .

  -u_ pRr /Strfk, dw'd]x, d'6' /f]u ePsf dflg;nfO{ Rofp ;]jgdf k|f]T;fxg ul/G5 .

   -3_ hª\unL Rofp k|of]u ug{ ;fjwfgL ckgfpg'k5{ .

#=  km/s 5'6\ofpg'xf];\ M

 -s_ vfg] Rofp / laiffn' Rofp 

 -v_ k|fylds / låtLo dfO;]lnod

 -u_ kf/fkmfOl;; (Paraphysis) / a]l;lo8d (Basidium)
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$=  tnsf k|Zgsf] pQ/ n]Vg'xf];\ M 

 -s_ Rofpdf kfOg] kf}li6s tŒjsf] gfd n]Vg'xf];\ .

 -v_ Rofpsf] cf}ifwLo dxŒjsf] j0f{g ug{'xf];\ 

 -u_ …dfgj :jf:Yo tyf cfocfh{gsf nflu Rofp dxŒjk"0f{ dflGfG5Ú, ts{;lxt n]Vg'xf];\ .

 -3_ ;fwf/0f k|ljlwaf6 3/d} Rofpsf] v]tL s;/L ul/G5 < 5f]6s/Ldf j0f{g ug{'xf];\ .

 -ª_ RofphGo pTkfbgsf] ;"rL agfpg'xf];\ .

 -r_ Rofpsf] ;'s'6L agfpg] ljlw j0f{g ug'{xf];\ . 

 -5_ laiffn' Rofpsf ljz]iftf s] s] x'g\, n]Vg'xf];\ .

 -h_ Rofpsf] lrq agfO{ o;sf ljleGg efusf] gfds/0f ug{'xf];\ .

 -em_ Rofpsf] hLjgrj|m lrq;lxt j0f{g ug'{xf];\ .

 -`_ lrq cjnf]sg u/L ;f]lwPsf k|Zgx¿sf] pQ/ lbg'xf];\ M

  -c_  lrqdf b]vfOPsf efusf] gfd n]vL k|To]ssf] Ps  
   Pscf]6f sfd n]Vg'xf];\ .

  -cf_  aLhf0f' s'g efudf x'G5 <

  -O_  lbOPsf EffunfO{  Fruiting body / Mycellium  
   df 5'6\ofpg'xf];\ .

       
    
-6_ lrqdf luN;sf] ;]S;g b]vfOPsf] 5, lrqsf cfwf/df lgDglnlvt k|Zgsf] pQ/  
  n]Vg'xf];\ M

  -c_  lrqdf b]vfOPsf efusf] gfd n]Vg'xf]; .

  -cf_  s / v lar s] km/s 5 <

  -O_ Basidiospore s;/L pTkfbg x'G5, j0f{g ug{'xf];\ .
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j|md ljsf;  
(Evolution)

$

lrq 4.1 

tn lbOPsf k|Zgx¿df cfwfl/t eO{ 5nkmn ug'{xf];\ M 

-c_  k[YjLdf ;a}eGbf klxn] s'g ;hLjsf] pTklQ ePsf] lyof] xf]nf < 

-cf_  s] xfd|f] jl/kl/ kfOg] ;hLjx¿ klxnfb]lv g} cl:tTjdf lyP xf]nfg\ <

-O_  ;hLjx¿df km/skgf s;/L cfof] xf]nf < 

-O{_   nfvf}F jif{ klxn] cl:tTjdf /x]sf hLjx¿sf af/]df s;/L yfxf kfOG5 xf]nf <

cfw'lgs dfGotfcg';f/ k[YjLdf xfnsf ljsl;t hLjx¿ clt ;/n ;"Id hLjx¿af6 j|mdzM 
ljsf; ePsf] dflgG5 . jftfj/0fdf kl/jt{g xF'b} hfFbf ;hLjx¿sf] z/L/df klg kl/jt{g 
x'Fb} uof] . j|mdljsf;sf ljleGg k|df0fx¿sf cfwf/df ;fwf/0f ;hLjaf6 hl6n z/L/ ePsf 
;hLjx¿ pTkGg eP .  

xfd|f] jl/kl/ ljleGg lsl;dsf ;hLjx¿ kfOG5g\ . tL ;hLx¿cGtu{t AofS6]l/of, cldaf 
h:tf ;/n agf]6 ePsf hLjb]lv hl6n agf]6 ePsf ax'sf]ifLo :Qgwf/L hgfj/ tyf km"n 
km'Ng] jg:kltx¿ kb{5g\ .  k|To]s hLjx¿ Ps csf{df leGg b]lvG5g\ . k[YjLsf] agf]6, 
xfjfkfgLcg';f/sf] hLjx¿sf] cg's"ntfnufot cGo ljljw sf/0fn] ubf{ hLjx¿df km/s 
u'0fx¿ ljsf; x'Fb} uPsf] dflgG5 . pbfx/0fsf nflu dflg; tyf xfQL b'j} hLj hldgdf 
a:g] 9f8 ePsf :tgwf/L hgfj/ x'g\ t/ klg logLx¿sf w]/} u'0fx¿ km/s 5g\ . oxfF;Dd ls 
k[YjLsf ljleGg e"efudf a:g] dflg;lar klg 5fnfsf] /ª, prfOnufot w]/} u'0fx¿df cGt/ 
/x]sf] kfOG5 . To:t} u/L km"n km'Ng] jg:kltx¿ Pp6} ;d"xdf kb{5g\ t/ o:tf jg:kltx¿ 
xhf/f}F lsl;dsf 5g\ / Ps csf{df km/s 5g\ .
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4.1 j|md ljsf;sf] kl/ro (Inroduction to evolution)

cfheGbf w]/} jif{ klxn] cl:tTjdf /x]sf hLjx¿sf af/]df ltgLx¿sf cjz]ifsf] cWoogaf6 
yfxf kfpg ;lsG5  . o;/L ;hLjx¿df kfOg] ;dfgtf / leGg u'0fx¿sf cfwf/df s] cg'dfg 
ug{ ;lsG5 eg] k[YjLsf] ;txdf ;a}eGbf klxn] ;fwf/0f hLjsf] pTklQ ePsf] x'g'k5{ . 
jftfj/0f kl/jt{g;Fu} ljleGg k|sf/sf hl6n ;hLjx¿sf] pTklQ ePsf] dflgG5 . ;hLjx¿sf]  
z/L/sf] agfj6 ;fwf/0faf6 hl6n ¿kdf kl/jt{g x'Fb} uP/ ;hLjx¿sf] gofF k|hflt ljsf;  
x'g] k|lj|mof g} j|md ljsf; xf] .

lrqdf ;hLjx¿sf] j|mdljsf;sf] gd'gf 
b]vfOPsf] 5 . k[YjLsf] pTklQ ePsf] nfvf}F 
jif{kl5 dfq} k[YjLsf] ;txdf hLjx¿sf] pTklQ 
ePsf] ljZjf; 5 . ;'? ;'?df hLjx¿ afFRg 
;Sg] cg's"n jftfj/0f lyPg . k[YjLsf] ;txdf 
lg/Gt/ kl/jt{g eof] . kfgL k/]kl5 jftfj/0f 
kl/jt{g x'Fb} uof] . ljleGg k|sf/sf tŒjx¿lar 
/f;folgs k|ltlj|mof eof], kmn:j¿k hf}ljs 
c0f'sf] lgdf0f{ eof] . jftfj/0f kl/jt{g x'g] 
j|md lg/Gt/ rln/x\of] . h}ljs c0f' ag]kl5 
clt ;/n ;"Id hLjf0f' (Virus) sf] pTklQ 
x'g uof] . ;hLjsf nflu cg's"n jftfj/0f 
aGb} uof] . j|mdljsf;sf] j|mddf k|f]Sofl/of]6 
AofS6]l/of h:tf hLjx¿sf] pTklQ eO{ To;kl5 

of]eGbf a9L ljsl;t o'Sofl/cf]l6s sf]ifsf] pTklt eof] . Pssf]ifLo hLjx¿ tyf jg:kltx¿sf] 
ljsf; eof] . To;kl5 cg's"n jtfj/0f ;Fu;Fu} ax'sf]ifLo hGt' tyf jg:kltx¿sf] pTklQ tyf 
ljsf; ePsf] dflgG5 .

;hLjx¿df lg/Gt/ kl/jt{g x'g] j|md rln/xFbf ltgLx¿sf] zf/Ll/s agfj6 ;/naf6 hl6n x'Fb} 
uPsf] kfOG5 . o; j|mddf xfO8«f, 6]kjd{, u8\of}nf, k'tnL, hfFt]ls/f, tf/]df5f h:tf d]?b08 
gePsf hGt'x¿sf] ljsf; x'Fb} uof] . d]?b08 gePsf hGt'af6 d]?b08 ePsf kfgLdf a:g] ;/n 
hLj ;d'b|L 3f]8f, df5f cflbsf] ljsf; eof] . kfgLdf a:g] hLjaf6 peor/, peor/af6 3;|]/ 
lxF8\g] hLj x'Fb} d]?b08 ePsf hl6n hgfj/x¿ h:t} 3f]8f, xfQL, dflg;sf] ljsf; eof] .

To:t} k|sf/n] jg:kltcGtu{t Pssf]ifLo cNuLsf] pTklQkl5 ax'sf]ifLo cNuLsf] ljsf; eof] 
eg] jftfj/0f kl/jt{g ;Fu;Fu} of]eGbf ljsl;t a|fof]kmfO6f, 6]l/8f]kmfO6f jg:kltsf] pTklQ 
eof] . Pjd\ j|mdn] km"n gkm'Ng] jg:kltkZrft\ km"n km'Ng] jg:klt h:t}M lhDgf]:kd{ / km"n km'Ng] 
hl6n agf]6 ePsf jg:kltsf] pTklQ tyf ljsf; eof] .  oL ;du| k|lj|mofnfO{ j|md ljsf;sf 
¿kdf lnOG5 .

lrq 4.2 hLjx¿sf] j|md ljsf;
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4.2 j|md ljsf;sf l;4fGtsf k|df0fx¿ (Evidences of organic evolution) 

k[YjLdf hLjx¿sf] ljsf; j|md ;/naf6 hl6n ePsf] xf] eGg] s'/fsf cfwf/x¿nfO{ k'li6 
ug{ ;xof]u ug]{ k|df0fx¿ g} j|md ljsf;sf l;4fGtsf k|df0fx¿ x'g\ . o:tf j|md ljsf;sf 
l;4fGtsf k|df0fdWo] d'Vo k|df0fnfO{ lgDgfg';f/ pNn]v ul/Psf] 5 M

 -s_ hLjfjz]ifaf6 k|fKt k|df0f (Evidences from fossil) 

w]/} jif{ klxn] d/]sf hGt' tyf jg:kltsf s'g} c+z, 5fk jf lrx\g kq] r6\6fgdf 
kfOG5, To;nfO{ hLjfjz]if (Fossil) elgG5 . hLjfjz]ifsf] af/]df cWoog ug]{ 

ljifonfO{ Paleontology elgG5 . 

hLjfjz]ifsf] cWoogaf6 nfvf}F jif{ cl3 
cl:tTjdf /x]sf ;hLjx¿sf af/]df 
hfgsf/L lng ;lsG5 . hLjfjz]ifaf6 k|fKt 
k|df0fnfO{ j|md ljsf;sf] alnof] cfwf/ 
dflgG5 . 

hLJffjz]if s;/L aG5 xf]nf < lrq x]/L 
5nkmn ug'{xf];\ .

hLjfjz]if kq] r6\6fgdf dfq kfOG5 . 
;hLjx¿ d/]kl5 ltgsf] d[t z/L/nfO{ vf]nf, 
gbL, df6f] afn'jf;Fu} aufP/ n}hfG5 . 
cGtdf 7'nf] tfn jf  ;d'b|df ldl;G5 / 
lj:tf/} lylu|g yfN5 . of] k|lj|mof lg/Gt/ 
rlNf/xG5 . tfn jf ;d'b|sf] lkFwdf Pskl5 
csf]{ tx aGb} hfG5 . nfvfF} jif{kl5 kq] 
r6\6fg aGb5 . k|To]s txdf ePsf 
;hLjx¿sf] sdnf] efu tyf df+zk]zL un]/ 
hfG5 eg] xf8 tyf ;]n'nf]h afFsL /xG5g\ . oL efux¿ Gf} r6\6fgsf kqdf d/]sf 
;hLjsf] 5fksf ¿kdf /xG5 h;nfO{ hLjfjz]if elgG5 .

 o;/L ag]sf] kq] r6\6fgsf] ;a}eGbf tNnf] kqdf ;fwf/0f agf]6 ePsf ;hLj h:t} clNusf] 
hLjfjz]if kfOPsf] 5 eg] dflyNnf] kqdf :tgwf/Lsf] hLjfjz]if kfOPsf] 5 . o;af6 s] 
olsg ug{ ;lsG5 eg] ;hLjx¿sf] ljsf; j|mdzM ;/naf6 hl6n ;+/rgf ePsf ;hLj 
ljsf; EfPsf] :ki6 x'G5 . o;sf/0f ljsf;sf] b[li6sf]0fn] hLjfjz]ifaf6 k|fKt k|df0fnfO{ 
w]/} dxŒj lbPsf] 5 . slt k'/fgf]] r6\6fg xf] egL olsg ug{ sfa{g 8]l6ª / o'/]lgod 8]l6ª 
ljlwaf6 cfo' lgwf{/0f ul/G5 . To;df ePsf] hLjfjz]ifsf] cfo' klg Tolt g} jif{ ePsf]  
dflgG5 . o;sf cfwf/df cfheGbf nfvfF} jif{ cl3 cl:tTjdf /x]sf ;hLjx¿sf af/]df 
hfgsf/L lng ;lsG5 M

lrq 4.3 hLjfjz]if lgdf{0f k|lj|mof
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-v_  t'ngfTds z/L/ /rgfaf6 k|fKt k|df0f (Evidences from comparative morphology 
and anatomy) 

 k|s[ltdf kfOg] hGt' tyf jg:kltx¿sf] zf/Ll/s agf]6 cfcfˆg} lsl;dsf] x'G5 . t/ klg 
oL ;hLjx¿df s'g} g s'g} ;femf u'0fx¿ kfOG5g\ . o;n] s] b]vfpF5 eg] oL ;hLjx¿ 
Pp6} k'vf{af6 pTklQ ePsf x'g\ eGg ;lsG5 . t'ngfTds z/L/ /rgfaf6 kfOg] k|df0fx¿ 
lgDgcg';f/ /x]sf 5g\ M

-c_ ;wdL{ cª\ux¿ (Homologous organs) 

d]?b08 ePsf hgfj/x¿sf] z/L/ ljleGg xf8sf 
6'j|mf ldnL ag]sf] x'G5 . d]?b08 ePsf hgfj/
x¿sf ljleGg cª\usf] agf]6sf] cWoog ubf{ Pp6} 
9fFrf / j|mdaf6 xf8sf 6'j|mf ldnL ag]sf] kfOG5 . 
o;n] hGt'x¿sf] kf/:kfl/s ;DaGw /x]sf] yfxf 
kfpg ;lsG5 . ;hLjx¿df kfOg] cª\ux¿ Hf;sf] 
pTklQ (Embryomic origin) Pp6} x'G5 t/ km/s 
km/s sfdsf nflu k|of]u ul/G5 eg] To;nfO{ 
;wdL{ cª\ux¿ (Homologous organ) elgG5,

Hf:t}M  dflg;sf] xft, 3f]8fsf] cufl8sf] v'6\6f, 
rd]/fsf] kv]6f, Xj]nsf] kv]6fdf kfOg] xf8x¿sf] 
agfj6 Pscfk;df ldNbf]h'Nbf] kfOG5 . dflg;sf] 
xft / 3f]8fsf] cufl8sf] v'6\6fsf] xf8sf] ;+/rgfdf 
j|mdzM Humerus, Radius, Ulna,  Carpels, Meta 
carpels / Phalanges kfOG5 .

o; k|df0fn] pko{'St hgfj/x¿ k'vf{ ;d"xaf6 ljsl;t ePsf] tYo k|dfl0ft x'G5 . ;hLjx¿df kfOg] 
To:tf cª\ux¿ Hf:fsf] pTklQ (Embryonic origin) km/s km/s x'G5 t/ Pp6} sfo{sf nflu k|o]fu ul/G5 
eg] To:tf cª\ux¿nfO{ Pgfnf]u; (Analogous organ) elgG5, h:t} M ls/f, rd]/f / r/fsf kv]6fx¿ 
p8\gsf nflu k|of]u x'g] eP tfklg ls/fsf] kv]6f, r/f / rd]/fsf] kv]6f eGbf 
km/s leqL agfj6 ePsf x'G5g\ . o;n] of] k|dfl0ft u5{ ls r/f, rd]/f /  
ls/fsf k'vf{ km/s km/s ;d"xsf x'g\ . Pjd\ k|sf/n] cGo cª\ux¿ Kflg ;dfGftf kfOG5 . To;}
n] ;wdL{ cª\ux¿sf] cWoogaf6 k|fKt k|df0fn] j|mdljsf;sf] k'li6 ug{ dbt k'¥ofpF5  . 

-cf_  cjz]iffª\uaf6 k|fKt k|df0f (Evidence from vestigial organ) 

xfd|f] z/L/df w]/} cª\ux¿ x'G5g\ . tLdWo] s]xL cª\ux¿sf] pkof]u gePsf] x'gfn] lgis[o eP/ 
/x]sf x'G5g\ eg] s]xL cª\u cGo hgfj/df ljsl;t / sfo{d"ns x'G5g\ . o:tf gd'gfsf ¿kdf 
dfq /x]sf cª\ux¿nfO{ cjz]iffª\u elgG5 . 

lrq 4.4 3f]8fsf] cufl8sf] v'6\6f / dflg;sf] xft
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lrq 4.6 Kn]l6k;
lrq 4.7 cls{of]K6]l/S;sf] cjz]if

lrq 4.5 dflg;df x'g] cjz]iffª\u

8s ljN8 Kn]l6k; (duck build platepus) sf] zf/Ll/s agf]6sf] cWoog ubf{ 
o;df b'O{ ju{sf hgfj/x¿sf u'0f kfOG5g\ . o;sf] r'Rrf] xfF;sf] h:tf] x'G5 
eg] z/L/ :tgwf/Lsf] h:tf] /f}n] 9fs]sf] x'G5 . To:t} u/L o;n] r/fn] h:tf] k'mn 
kf5{ eg] :tgwf/Ln] em} aRrfnfO{ :tgkfg u/fpF5 . o;af6 s] k|:6 x'G5 eg]  
r/fx¿sf] j|md ljsf; eP/ :tgwf/L hgfj/ df ljsf; eO{ cfPsf] xf] . o:t} u/L  
cfls{of]K6]l/;sf] cjz]ifsf] cWoogn] /]K6fOnx¿sf] j|mlds ljsf; kZrft\ r/fs]f 
ljsf; ePsf 5g\ . k|f]6f]K6]/; (protopterus) sf] cWoogaf6 df5fsf] j|mlds ljsf; 
eP/ peor/sf] ljsf; ePsf] dflgg5 . oxfF Kn]l6Kf;, cfls{of]K6]l/; / k|f]6f]K6]/; 
Bridge animal sf pbfx/0f x'g\ . h:fn] tNnf] ju{ / dflyNnf] ju{nfO{ hf]8\5g\ . 
b'O{ ju{sf] cGt/ ;DaGwn] klg al9 ljsl;t hgfj/x¿ sd ljsl;t hgfj/af6 g}  
ag]sf] tYo k|dfl0ft x'G5 .

ljleGg hgfj/ / jg:kltx¿df o:tf cjz]iffª\ux¿ 
/x]sf x'G5g\ . pbfx/0fsf ¿kdf dflg;sf] z/L/df /x]
sf s]xL cjz]iffª\unfO{ g} lng ;lsG5 . dflg;df x'g] 
s's'/ bfFt (Canine teeth) 9f8sf] tNnf] efudf /x]
sf] Tail vertebrae  sfgnfO{ xNnfpg ;Sg] df+;k]zL  
x'G5g\ . o;}u/L kfrg k|0ffnLdf kfOg] eld{kmd{ Pk]lG8S; 
/ cfFvfdf /x]sf lglS66]l6ª d]Da|]gsf] cjz]ifn] dflg;sf] 
k'vf{x¿sf] af/df atfO/x]sf 5G5g\ . pko'{St cjz]iffª\
usf cfwf/df of] eGg ;lsG5 ls dflg;sf k'vf{x¿ cf]
v/ h:tf kmnx¿nfO{ bfFtn] k'm6fpg ;Sg], k'R5/ ePsf, 
zfsfxf/L / sfgnfO{ xNnfpg ;Sg] lsl;dsf lyP . o;}  
cfwf/df dfgjsf] j|mdljsf; PK;\x¿af6 ePsf] 
dfGotf 5 . 

-u_ b'O{ ju{larsf hgfj/af6 k|fKt k|df0fx¿ 
(Evidences from bridge animals) 

pinel gland
wisdom teeth

nipples

thymus gland

appendix
coccyx

membrane
ear muscles
tonsil
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lrq 4.8 e|"0f;DaGwL k|df0f 

 -3_  e|"0f;DaGwL k|df0f (Embryonic evidences) 

d]?b08 ePsf hgfj/x¿sf] k|f/lDes cj:yfx¿sf cWoog ubf{ lgs} ;dfgtf 
kfOG5 . pbfx/0fsf nflu lrqdf b]vfOP h:t} df5f, ;fnfdfG8/, s5'jf, s'v'/f / 
dflg; ;'? cj:yfsf] e|"0fsf] agfj6 sl/a p:t} x'G5 . o; k|sf/ oL ;a} d]?b08 
gePsf hgfj/x¿ Pp6} k'vf{af6 ljsl;t ePsf x'g'k5{ . o;n] klg j|mdljsf;sf] 
l;4fGtnfO{ k'li6 ug{ dbt k'¥ofpF5 .

kl/of]hgf sfo{ 

OG6/g]6 jf cGo ;|f]tx¿af6 j|md ljsf;sf k|df0f;DaGwL ljleGg lrqx¿ vf]hL ;ª\sng ug'{xf];\ . 
;ª\slnt lrqx¿ rf6{k]k/df 6f“:g'xf];\  / sIffdf k|bz{g u/L 5nkmn ug'{xf];\ . 

4.3  j|mdljsf;sf] l;4fGt (Theory of evolution) 

j|mdljsf;sf] l;4fGtsf] k|ltkfbgdf w]/} j}1flgsx¿n] of]ubfg u/]sf 5g\ . Jean Baptide 
Lamark (France), Alfred Russel Wallace, Charles Darwin (Enlgand) / Hugo De Vries 
(Holland) j}1flgsx¿n] j|mdljsf;;DaGwL ljleGg l;4fGtsf] k|ltkfbg u/]sf 5g\ . 

oLdWo] Lamark, Charles Darwin / Hugo De Vries sf j|mdljsf;;DaGwL l;4fGtx¿ 
oxfF pNn]v ul/Psf] 5 .

n]dfs{sf] l;4fGt (Lamarckism Theory)

n]dfs{ Ps hgf k|mfG;]nL bfz{lgs x'g\ h;n] ;j{k|yd ljsf;j|md;DaGwL l;4fGt  
lbP . 5f]6f] 3fF6L ePsf lh/fkmsf] 3fF6L nfdf] s;/L eof] eGg] af/] o;} l;4fGtsf] cfwf/df 

k|f/lDes 
cj:yfsf] e|"0f

dWo cj:yfsf] 
e|"0f

kl/kSj e|"0f

df5f   ;fnfdfG8/    s5'jf        s'v'/f dflg;
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JofVof u/] . n]dfs{sf] j|md ljsf;;DaGwL l;4fGt ;g\ 1809 df Philosophie Zoologique 
eGg] k':tsdf k|sflzt eof] . n]dfs{sf] l;4fGtnfO{ lgDglnlvt tLgcf]6f a'Fbfdf a'‰g 
;lsG5 M

-s_ jftfjf/0fsf] k|ToIf k|efj (Direct environmental effect)

-v_ cª\ux¿sf] pkof]u / cg'kof]u (Uses and disuses of organs)

-u_ k|fKt u'0fx¿sf] ;Gtfgdf k|;f/0f (Inheritance of acquired characters)

ablnFbf] jftjf/0fdf ;hLjsf nflu gofF gofF cfjZostf a9\b} hfG5g\ . o;n] ubf{ 
;hLjsf] z/L/df kl/jt{g cfpF5 . o:tf] kl/jt{gdf cª\ux¿sf] ¿kdfGt/0fb]lv lnP/ gofF  
cª\usf] ljsf; / k'/fgf cª\ux¿sf] nf]k x'g] sfo{ klg x'g ;S5 . cª\usf] ¿kfGt/0f / 
gofF cª\usf] ljsf;n] cª\ux¿sf] pkof]u / cg'kof]udf klg k|ToIf c;/ kfb{5 . a9L 
pkof]udf cfpg] cª\ux¿sf] ljsf; a9L / sd pkof]udf cfpg] cª\ux¿sf] ljsf; sd 
x'G5 / cGttM To:tf cª\ux¿ nf]k x'G5g\ . ;hLjn] cª\ux¿sf] pkof]u / cg'kof]u tyf 
jftfj/0fLo k|efjn] k|fKt u'0fx¿sf] k|;f/0f ;Gtfgdf u5{ . o:t} kl/jt{g x/]s j+zdf x'Fb} 
hfFbf gofF hfltsf] pTklQ x'G5 .

o; l;4fGtnfO{ lh/fkmsf] 3fF6Lsf] nDafO a9\g] ljsf;j|md;Fu o;/L hf]8\g ;lsG5 . 

;'?df ;a} lh/fkmx¿ 5f]6f] 3fF6L ePsf lyP . ltgLx¿ rp/df ePsf] 3fF; rb{y] . 
jftfj/0fLo kl/jt{gn] rp/sf] 3fF;df sdL cfpgfn] ltgLx¿ nDsL nDsL ?vsf] kft 
vfg yfn] . o;/L 3fF6Lsf] k|of]un] ubf{ 3fF6L cln cln ub}{ nfdf] eof] / x/]s j+zdf 
To;sf] k|;f/0f klg x'Fb} uof] . o;/L s}Fof}F j+z;Dd oxL k|lj|mof rn]/ clxn]sf nfdf 3fF6L 
ePsf lh/fkm ljsl;t eP . logsf] l;4fGtnfO{ k|of]uaf6 hfFRbf ;xL kfOPg / j|md 
ljsf;;DaGwL sltko k|Zgx¿af6 of] l;4fGt cg'Ql/t eof] h:t} M

!= s] ;hLjn] cfˆgf] OR5f / cfjZostfcg';f/ cª\ux¿sf] ljsf; ug{ ;S5 <

@= s] ;a} k|fKt u'0fx¿ ;Gtfgdf k|;f/0f x'G5g\ <

8fla{gsf] l;4fGt (Darwin’s Theory)

Charles Darwin cª\u|]h j}1flgs x'g\ . pgn] gofF hfltsf] pTklQ -Origin of  new 

species) k':ts ;g\ 1859 df k|sflzt u/] . 8flj{gsf] l;4fGtnfO{ k|fs[lts 5gf]6sf] 
l;4fGt -Theory of natural selection_ klg elgG5 . pgn] k':tsdf hLj ljsf;;DaGwL 
lgDglnlvt cjwf/0ffx¿ cl3 ;f/]sf 5g\ . 

 -s_  cTolws ;Gtfgf]Tkfbg Ifdtf (Enormus fertility) 

Kf|To]s ;hLjdf ;Gtfgf]Tkfbg ug]{ Ifdtf x'G5 . ;hLjx¿n] hGdfPsf ;GttLx¿ 
;a} afFRg] xf] eg] csf]{ k':tfdf k'Ubf bf]AAf/ x'G5 . ;hLjx¿sf] ;ª\Vof HofldtLo 
cg'kftdf j[l4 xF'b} hfG5 t/ k|s[ltdf ;hLjx¿sf] ;ª\Vofsf] cg'kft o;/L cTolws 
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;ª\Vofdf geO{ sl/a plQg} /x]sf] kfOG5 . pbfx/0fsf nflu xfQLn] cfˆgf] hLjgdf 
sl/a 6 cf]6f aRrfx¿ dfq hGdfpF5 . o;/L hGd]sf hlt ;a} xfQLsf 5fjfx¿ afFRg] 
xf] eg] 750 jif{df Ps hf]8L xfQLaf6 1900000 ;Gtfg pTkfbg x'G5g\ .

 -v_  af“Rgsf nflu ;ª\3if{ (Struggle for existence)

;hLjx¿n] hGdfPsf hlt ;a} ;Gtltx¿ afFRg] xf] eg] k|s[ltdf ;hLjx¿sf] ;ª\Vof 
cTolws j[l4 eP/ hfG5, h;n] ubf{ vfgf / a:gsf] cefj x'G5 . k|To]s ;hLjx¿n] 
vfg, a:g, k|hggnufot kl/jlt{t jftfj/0f;Fu afFRgsf nflu ;ª\3if{ jf k|lt:kwf{ 
ug{'kg]{ x'G5 . o:f lsl;dsf] k|lt:kwf{ cfkm\g} ;d"xlar tyf km/s km/s k|hfltsf 
;d"xlar x'g] ub{5 . h'g hLjx¿ ;ª\3if{ ug{ ;kmn x'G5g\ tL ;hLjx¿dfq afFRg 
;Ifd x'G5g\ eg] ;ª\3if{df c;kmn x'g hLjx¿ nf]k eP/ hfG5g\ . o;nfO{ afFRgsf 
nflu ;ª\3if{ elgG5 .

 -u_  kl/j[lQ / j+zh (Variation and heredity) 

Kf|s[ltdf kfOg] ;hLjx¿ Pp6} k|hfltsf eP tfklg s]xL g s]xL u'0fx¿df leGgtf 
jf km/s x'G5 . cfkm\g} ;xf]b/ jf cfdfafa' tyf ;GttLx¿lar klg km/skg kfOG5, 
h:fnfO{ kl/j[lQ (Variation) elgG5 . jftfj/0f kl/jt{gsf sf/0fn] jf j+zf0f'df x'g] 
kl/jt{gsf  (Genetic reason)  sf/0fn] kl/j[lt x'G5 . kl/j[lQsf] sf/0faf6 gofF u'0f 
;hLjn] k|fKt u5{ / csf]{ j+zdf ;/]/ hfG5 .  ;a} ;hLjx¿df jftfj/0fcg's"n 
kl/j[lQ gx'g klg ;S5 . t;y{ h'g ;hLjx¿df jftfj/0fcg's"n kl/j[lQ x'G5 tL 
afFRg ;Ifd x'G5g\ t/ k|lts"n kl/j[lQ ePdf afFRg ;Ifd xF'b}gg\ . 

 -3_  k|fs[lts 5gf]6 (Natural selection)

;hLjx¿df jftfj/0fcg';f/ cg's"n u'0fx¿ ljsf; ePdf afFRg ;S5g\ t/ k|lts"n 
u'0f ljsf; ePdf lj:tf/} nf]k x'Fb} hfG5g\ . s'g} ;hLj slt afFRg] / s;/L afFRg] eGg] 
s'/f k|s[lt :jod\ cfkm}Fn] lgwf{/0f ub{5 . afFRgsf nflu ;ª\3if{ ubf{ cg's"n u'0fx¿ 
ljsf; x'Fb} hfG5g\ . tL u'0fx¿ ;Gtltx¿df ;b}{ hfG5g\ / k|To]s jz+df cem a9L 
cg's"n u'0fx¿ ljsf; x'Fb} hfG5g\ .  w]/} jif{kl5 ;Gtltx¿ laNs'n} gofF u'0f ePsf 
b]vf k5{g\ . o:tf u'0fx¿sf] pkl:yltn] To; ;hLjnfO{ jftfj/0fdf afFRg ;Ifd 
t'NofpF5, h;nfO{ k|fs[lts 5gf]6 elgG5 . 

 -ª_  gof“ k|hfltsf] pTklQ (Origin of new species) 

afFRgsf nflu ;ª3if{ ub}{ cg's"lnt ePsf ;hLjx¿ afFRgsf nflu ;Ifd x'G5g\ . 
o:tf cg's"lnt x'g] u'0f ;Gtltx¿df ;b}{ hfG5g\ . o;/L kl/jlt{t jftfj/0fdf 
afFRgsf nflu ;Ifd ;hLjsf cg's'lnt u'0fx¿ ;Gtltx¿df ;b}{ hfFbf w]/} j+zkl5 
k'vf{x¿eGbf km/s u'0f ePsf ;Gtfgsf] pTklQ x'G5 . log} ;Gtltx¿ gofF ;hLjsf 
¿kdf ljsl;t x'G5g\ . Pp6} k'vf{af6 b'O{ jf ;f]EfGbf a9L lsl;dsf gofF hLjsf] 
pTklQ x'g hfG5 .  
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 8fla{gsf] l;4fGtsf] cfnf]rgf (Criticism of Darwinism) 

 1. 8fla{gn] kl/j[lQaf6 hLjsf] pTklQ;DaGwL TfYonfO{ :ki6 ¿kdf j0f{g u/]sf 5}gg\ . 

 2. s]xL ;hLjx¿df dfq cg's"n kl/j[lQ x'g] clg c¿df k|lts"n kl/j[lQ lsg x'g] eGg]  
  af/]df :ki6 JofVof u/]sf 5}gg\ .

 3. k|fs[lts 5gf]6 gofF hfltsf] ljsf;sf] sf/s dfq xf] lsgeg] pTkl/jt{gaf6 klg  
  hLjx¿df leGgtf cfpF5 . 

 4. k|fs[lts 5gf]6df olb pkof]uL u'0f dfq 5gf]6 ePsf] eP sfd gnfUg] u'0fx¿ 5gf]6  
  gx'g' kg]{ xf] t/ ePs} kfOG5 . 

kl/j[lQ / pTkl/jt{g (Variation and mutation)

s'g} vf; k|hfltsf] ;d"xdf /xg] x/]s ;hLjsf s]xL g s]xL u'0fx¿df km/skgf x'G5 . h'DNofx¿ 
klg 7ofSs} p:t} kfOb}gg\ . o;/L lglZrt k|hfltx¿sf k|To]s ;b:ox¿lar x'g] km/skgfnfO{ 
kl/j[lQ (Variation) elgG5 . o:tf] kl/j[lQ pxL k|hfltsf ;hLjx¿df klg b]lvG5 . 

;hLjx¿df kl/j[lQ b'O{ lsl;dn] ePsf] kfOG5 . o:tf] kl/j[lQ klxnf] Somatogenic Variation 

/ bf];|f] Blastogenic Variation x'G5 . pbfx/0fsf nflu v]nf8Lsf] df+zk]zLo'St z/L/, 
intelligence cflb somatogenic variation sf pbfx/0fx¿ x'g\ . o:tf u'0fx¿ cfkm\gf k':tfaf6 
;/]/ cfPsf x'Fb}gg\ / ;Gtltdf klg ;/]/ hfFb}gg\ cyf{t\ ;hLjsf] d[To';Fu} ;dfKt x'G5g\ . 

s'g} ;hLjsf] sf]ifdf ePsf j+zf0f'ut u'0f (Gene) df ePsf] kl/jt{gn] ubf{ x'g] kl/j[lQ 
Blastogenic Variation xf] . o; lsl;dsf] kl/j[lQ csf]{ jz+df ;/]/ hfG5 . pbfx/0fsf nflu 
5fnfsf] /ª, z/L/df x'g] /f+}Fsf] /ª, cfFvfsf] /ª cflb . ;hLjx¿df kl/j[lQ jl/kl/ /x]sf] 
jftfj/0fsf] c;/n] ubf{ klg x'g] ub{5 . ;hLjx¿n] Jfftfj/0fdf cg's"ng x'g ;f]xLcg';f/sf 
u'0fx¿ ljsf; u5{g\ .

;hLjx¿n] k|fKt u/]sf kl/j[lQ ;a} cg's"n kl/j[lt (Favourable variartion) ePdf To:tf 
;hLj afFRg ;S5g\ / csf]{ jz+df hfg ;Ifd x'G5g\ t/ k|lts"n kl/j[lQ (Unfavourable 
variation) ljsf; ePdf To:tf ;hLjx¿ nf]k eP/ hfG5g\ . o;/L cg's"n kl/j[lQ ljsf; 
x'Fb} hfFbf ;hLj aFfRg ;Ifd x'G5g\, o;sf ;fy;fy} csf]{ jz+df hfg klg ;Ifd x'G5g\ . o:tf] 
cj:yfdf  cfˆgf k'vf{eGbf km/s u'0f ePsf ;Gtlt ljsf; x'G5g\ . jftfj/0fn] ubf{ ;hLjx¿df 
kl/jt{g ePsf] x'G5 . Pp6} cfdfa'afsf ;Gtfgx¿ km/s km/s jftfj/0fdf x'Fbf pgLx¿sf] 
aflx/L ¿kdf km/skg cfpF5 . oL hLjx¿ j+zf0f'ut ¿kn] Pp6} eP klg jftfj/0fsf] c;/n] 
aflx/L ¿kdf leGgtf x'G5, o;nfO{ jftfj/0fLo kl/j[lQ elgG5 .  

j|mf]df]hf]ddf kl/jt{g x'g uO{ gofF u'0f ePsf] ;Gtltx¿ ljsf; x'g'nfO{ pTkl/jt{Gf 
(Mutation) elgG5 . pTkl/jt{g s'g} hLjdf PSsf;L b]vfkg]{ clg/Gt/ kl/j[lQ xf] . o; 

lsl;dsf u'0fx¿ n'Kt (recessive) x'G5g\, h:t} M xftdf 6 cf]6f cf}Fnf x'g', cf]7 sfl6Psf] 
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aRrf hGdg', 6fpsf] hf]l8Psf] aRrf hGdg', /f}F gePsf] d';f ljsl;t x'g' cflb .  
pTkl/jt{g x'g] k|d'v sf/0fdf j+zf0f' dfly /f;folgs kbfy{ jf /]l8of]wdL{ ljls/0fsf] k|efj  
xf] . h'g ;hLjgdf pTkl/jt{g x'G5 To;nfO{ Do'6\ofG6 / pTkl/jt{gsf] sf/s tŒjnfO{ Do'6fh]g 
elgG5 . pTkl/jt{gn] ubf{ g} cfdfafa'df x'Fb} gePsf nIf0fx¿ ;Gtfgdf b]vf k5{g\ .

kl/of]hgf sfo{ 

1. j/k/sf] ;d'bfo, ljBfno tyf 5/l5d]sdf xftdf ̂  cf]6f cf}“nf ePsf dflg;, zf/Ll/s ¿kdf  
 km/skgf ePsf dflg; cyjf kf“rcf]6f v'6\6f ePsf hgfj/ jf cGo cs:dft\ ePsf] kl/jt{gsf]  
 cjnf]sg jf vf]hL ug{'xf];\ / tL pTkl/jt{g x'gsf sf/0fx¿ / tL kl/jt{gaf6 x'g] kmfObf  
 a]kmfObf;DaGwL hfgsf/L ;ª\sng u/L k|ltj]bg tof/ ug'{xf];\ / sIffdf k|:t't ug'{xf];\ 

2. cfˆgf] kl/jf/df ePsf h]i7 ;b:o;“u rf/ kF“r k':tf cufl8;Ddsf k'vf{x¿df ePsf  
 u'0fx¿sf] ljj/0f ;ª\sng ug{'xf];\ . k'vf{ / clxn]sf ;Gtltdf kfOg] u'0fsf] tflŒjs  
 km/s;lxtsf] ljj/0f tof/ u/L sIffdf k|:t't ug'{xf];\ .

3. OG6/g]6sf dfWodaf6 pTkl/jt{g;DaGwL pbfx/0fx¿sf] lrq ;ª\sng ug{'xf];\ / tL  
 lrqx¿nfO{ rf6{k]k/df 6f“; u/L k|b{zg ug{'xf];\ .

x\o'uf] 8L le|hsf] pTkl/jt{gsf] l;4fGt (Hugo De Vries Mutation Theory)

x\o'uf] 8L le|h (Hugo De Vries) g]b/Nof08sf jg:klt lj1 (Botanist) x'g\ . pgn] ;g 1901 
Dff  pTkl/jt{g;DaGwL l;4fGt k|ltkfbg u/]sf x'g\ . cWoogsf j|mddf pgn] Evening Prime 
Rose (Oenothera lamarkina) la?jf k||of]u u/]sf lyP . pgn] pSt la?jfdf 14 cf]6f j|mf]df]hf]d 
x'g'kg]{df o;sf k|hfltdf 15, 16, 20, 22 s|f]df]hf]d ;ª\Vof kfP . x\o'uf] 8L le|hsfcg';f/ gofF 
hfltsf] pTklQ lg/Gt/ kl/j[lt (Continuous variaton) af6 geO{ pTkl/jt{g (mutation) af6 
x'G5 . pgsf cg';f/ pTkl/jt{gsf (mutation) l;4fGtx¿ lgDgcg';f/ 5g\ M

1. gofF hfltsf] pTklQ pTkl/jt{g (mutation) sf sf/0fn] klg x'G5 . To;sf/0f pTkl/jt{g  
 j|md ljsf;sf] Pp6f cfwf/ xf] .

2. pTkl/jt{gdf PSsfl; gofF u'0f b]vfk5{g\ / t'?Gt} (functional) sfo{d"ns x'G5 .

3. ;a} pTkl/jt{gx¿ csf]{ jz+df ;/]/ hfGf ;S5g\ .

4. pkof]uL kl/j[lQ ePsf hLjx¿ 5gf]6 x'G5g\ / cg'kof]uL kl/j[lQ ePsf hLjx¿ x/fP/ hfG5g\ .

5. kl/j[lQ w]/} ePdf gofF hfltsf] pTklQ x'G5 . 
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x\o'uf] 8L le|hsf] pTkl/jt{g;DaGwL l;4fGtsf] cfnf]rgf  (Critism of Hugo De Vries Mutation 
Theory)

x\o'uf] 8L le|hsf] pTkl/jt{g;DaGwL l;4fGtsf /fd|f kIfx¿ x'Fbfx'Fb} klg s]xL cfnf]rgfx¿ klg 
/x]sf 5g\ h;nfO{ lgDgfg';f/ pNn]v ug{ ;lsG5 M 

1. Oenothera lamarkiana la?jf k'/fgf] k|hfltsf] xfOla|8 (Hybrid) xf] o;df b]lvPsf gofF  
 u'0f s|f]df]hf]dsf] 5'6\l6g] / Rearrangement n] ubf{ x'G5, pTkl/jt{gn] xf]Og .

2. pTkl/jt{gsf] l;4fGtn] j|mdljsf;sf] s'g} lglZrt lbzf lbFb}g .

3. olb pTkl/jt{g cfsl:ds ¿kdf b]vf kg]{ u'0f eP pSt hLjx¿ (Mutant) jftfj/0fdf cg's"ng  
 x'g ;Sb}g lyP t/ To;f] ePsf] kfOFb}g .

4. pgn] pTkl/jt{gdf k|s[ltsf] e"ldsfsf] j0f{g u/]sf] kfOFb}g .

5. ;fwf/0ftof pTkl/jt{gaf6 cfPsf u'0fx¿ recessive x'G5 . 

lj|mofsnfk 4.1 
sIffdf cWoog ug]{ ;fyLx¿ ;d"xdf ljefhg x'g'xf];\ . cfkm\gf ;d"xsf ;fyLx¿lardf 
cfkm\gf k':tf / cfkm"x¿df cfPsf] kl/j[lQ tyf pTkl/jt{gsf af/]df 5nkmn u/L tnsf] 
tflnsfdf e/L sIffdf k|:t't ug'{xf];\ .

cfPsf] kl/jt{g kl/jt{gsf] k|sf/ kl/jt{gsf] k|efj

kl/j[lQ

pTkl/jt{g

 

cEof;

!= tnsf k|Zgsf] ;xL pQ/df l7s lrx\g -√_ nufpg'xf];\ M

 -s_  Kf|fs[lts 5gf]6 l;4fGtsf k|ltkfbs sf] x'g\ <

  -c_ rfN;{ 8flj{g       -cf_ Nf]dfs{   

  -O_ x\o'uf] 8L le|;      -O{_  hf]g u|]u/ d]G8n 

 -v_  ;wdL{ cª\usf] pbfx/0f s'g xf] <

  -c_ xfd|f] xft / 3f]8fsf] cufl8sf] v'6\6f  -cf_ xfd|f] xft / xfQLsf] bf/f 

  -O_ xfd|f] sfg / v/fof]sf] sfg          -O{_ dflg; / l;+xdf kfOg] s's'/ bfFt 
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 -u_  hLjfjz]if s'g r6\6fgdf kfOG5 < 

  -c_ kq] r6\6fg     -cf_ cfUg]o r6\6fg   

  -O_ kl/jlt{t r6\6fg    -O{_ Hjfnfd'vL r6\6fg 

 -3_  j+zf0f' ;+/rgfdf kl/jt{g eO{ ;Gtltx¿df gofF u'0f b]lvg] k|lj|mofnfO{ s] elgG5 < 

  -c_ j|mdljsf;   -cf_ pTkl/jt{g 

  -O_ kl/j[lQ     -O{_ cjz]iffª\u

@=  sf/0f lbg'xf];\ M

 -s_  hLjfcjz]ifaf6 k|fKt k|df0fnfO{ j|mdljsf;sf] alnof] cfwf/ dflg5 .

 -v_  hGd]sf ;Gtltx¿sf] ;ª\Vof w]/} eP tfklg hLjx¿sf] hg;ª\Vof a9]sf] kfOFb}g .

 -u_  kl/j[lQ dfq} gofF hfltsf] pTklQsf] sf/s tŒj xf]Og .

 -3_  dflg;, afFb/, 3f]8f / r/fx¿ Pp6} k'vf{af6 ljsl;t eO{ cfPsf] dflgG5 .

#=  km/s 5'6\ofpg'xf];\ M

 -s_  kl/j[lt / pTkl/jt{g 

 -v_  8fla{g / 8L le|hsf] l;4fGt

 -u_ xf]df]nf]u; / Pgfnf]u; cª\ux¿

 -3_  cjz]if / cjz]iffª\u (fossil and vestigial Organ) 

$=  tnsf k|Zgsf] pQ/ n]Vg'xf];\ M

 -s_  j|md ljsf; eg]sf] s] xf] <

 -v_ hLjfcjz]if s]nfO{ elgG5 < o;n] j|mdljsf;sf] k|df0fnfO{ s;/L k'li6 u5{ <

 -u_  hLjfcjz]if s;/L aG5, j0f{g ug'{xf]; . 

 -3_  j|mdljsf;sf k|df0fx¿ s] s] x'g\ < pbfx/0f;lxt JofVof ug'{xf];\ .

 -ª_  8fla{gsf] j|mdljsf;sf] l;4fGtnfO{ 5f]6s/Ldf j0f{g ug'{xf];\ .

 -r_  k|fs[lts 5gf]6 eg]sf] s] xf], j0f{g ug'{xf];\ .

 -5_  8fla{gsf cg';f/ gofF hfltsf] pTklQ s;/L x'G5, j0f{g ug'{xf];\ . 
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 -h_  pTkl/jt{gsf ljz]iftf pNn]v ug'{xf];\ .

 -em_  pTkl/jt{gn] j|mdljsf;nfO{ s;/L dbt u5{ < 

 -`_  j|mdljsf;sf nflu pTkl/jt{g g} d'Vo sf/s geO{ of] klg Pp6f yk sf/s tŒj  
  xf], :k:6 kfg{'xf];\ . 

 -6_  8fla{gsf] l;4fGtcg';f/ afFRgsf nflu ;ª\3if{ / ;Ifd g} afFRg ;S5 eGg] s'/fsf]  
  k'i6\ofO ug{'xf];\ .

 -7_  8fla{gn] k|ltkfbg u/]sf] j|mdljsf;;DaGwL l;4fGtsf] s;/L cfnf]rgf ul/Psf] 5,  
  JofVof ug'{xf];\ . 

 -8_  hLjfjz]ifsf] cWoogaf6 xfnsf hLjx¿ ljutsf] cljsl;t Pssf]ifLo / ax'sf]ifLo  
  hLjaf6} pTklQ ePsf x'g\ eGg] s'/f k'li6 ug{'xf];\ .

 -9_  lbOPsf] lrq cWoog ug{'xf]; /  
  lgDg k|Zgsf] pQ/ n]Vg'xf];\ M

  -c_  lrqdf s] b]vfOPsf] 5 < 

  -cf_  lrqdf b]vfOPsf] j|mdljsf;sf] k|df0fn]  
   s'g s'g ju{nfO{ hf]8\g vf]H5,  
   n]Vg'xf]; .

  -O_  o; lrqn] j|mdljsf; ePsf] ;DaGwdf yk k|df0f s;/L lbG5 n]Vg'xf];\ .

     -0f_ lbOPsf] lrq cWoog ug{'xf];\ / k|Zgsf] pQ/ n]Vg'xf];\ M

  -c_  b]vfOPsf lrqdf s] kl/jt{g ePsf] 5 < 

  -cf_  s] o:tf u'0f ;a} hLjdf b]vf k5{g\ < 

  -O_  of] u'0f b]vf kg{'sf sf/0f s] xf]nf < 

  -O{_   o;n] j|mdljsf;df s;/L dbt k'¥ofpF5 <

  -p_  o; k|sf/sf] kl/jt{gsf tLgcf]6f kmfObf  
   n]Vg'xf];\ .

 -t_ n]df{ssf] l;4fGt / 8flj{gsf] l;4fGtlar t'ngf ug'{xf];\ .
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zf/Ll/s ;+/rgf / hLjg k|lj|mof 
(Body Structure and Life Process)

%

-c_  oL sf]ifx¿ sxfF x'G5g\ <

-cf_  oL sf]ifx¿df s:tf] leGgtf b]Vg'x'G5 <

-O_  jg:klt / hGt'sf] z/L/df logLx¿sf] s:tf] e"ldsf /x]sf] x'G5 <

-O{_  s] ;a} jg:klt sf]if / hGt' sf]if Ps} lsl;dsf x'G5g\ t <  

-p_ jg:klt / hgfj/x¿df kfOg] tGt'x¿ s;/L ag]sf x'G5g\ <

x/]s ;hLjsf] hLjg Pp6f sf]ifaf6 ;'? x'G5 . Pssf]ifLo hLjn] x/]s sfo{ ToxL Pp6f sf]ifaf6 
g} u5{ . ax'sf]ifLo hLjx¿df sf]if sf]if ldn]/ tGt' ag]sf] x'G5 . ljleGg tGt'x¿ ldn]/ cª\u 
ag]sf] x'G5 . cª\ux¿sf] ;d"x ldn]/ s'g} ljz]if sfo{x¿ ub{5 . cª\ux¿sf] ;d"xnfO{ k|0ffnL 
elgG5 . ;hLjx¿sf] hLjgrj|m ;'rf? /fVgsf nflu z/L/df ljleGg lj|mofsnfkx¿ eO/x]sf 
x'G5g\, h:t} M kf]if0f, Zjf;k|Zjf;, k|sfz ;+Zn]if0f, kl/jxg, lgisf;g, k|hgg cflb . ;hLjdf 
x'g] oL ;a} lj|mofsnfkx¿nfO{ hLjg k|lj|mof elgG5 . ljsl;t hLjx¿df k|To]s hLjg k|lj|mof 
;~rfng ug{ k|0ffnLsf] ljsf; ePsf] x'G5 .

5.1  tGt' (Tissue)

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

lrq 5.1 



50                  lj1fg tyf k|ljlwM sIff (

k|To]s ;hLjx¿sf] z/L/ ;/n / ;;fgf PsfOx¿ ldn]/ ag]sf] x'G5 . pSt ;;fgf PsfOx¿nfO{ 
sf]if elgG5 . hLjx¿ Pssf]ifLo xf];\ jf ax'sf]ifLo ltgLx¿sf] agfj6 / sfo{ sf]ifaf6 g} ;'? 
x'G5 . sf]ifx¿af6 g} hLjsf hLjg k|lj|mofx¿ ;~rfng x'G5g\ / z/L/ lgdf{0f x'G5 . To;}n] 
sf]ifnfO{ hLjx¿sf] z/L/sf] ;+/rgfTds -structural_ / sfo{d"ns -functional_ PsfO elgG5 . 
Pssf]ifLo hLjdf Zjf;k|Zjf;, kf]if0f lgisf;g, j[l4, rfn / k|hgg h:tf hLjg k|lj|mofx¿ 
Pp6} sf]ifleq k"/f x'G5g\ . ljsl;t / ax'sf]ifLo hLjdf oL ljleGg sfo{x¿ 5'6\6f5'6\6} sf]ifx¿sf 
;d"xaf6 ;DkGg x'G5g\ . hLjx¿df x'g] ljleGg hLjg k|lj|mofx¿ ;~rfng ug{sf nflu p:t} 
lsl;dsf cyjf ljleGg lsl;dsf sf]ifx¿sf] ;d"x ag]sf] x'G5 . pSt sf]ifx¿sf] ;d"xnfO{ tGt' 
elgG5 . jg:klt tyf hGt'x¿sf] z/L/df ;~rfng x'g] ljleGg lsl;dsf sfo{sf nflu km/s 
km/s ljz]iftf ePsf tGt'x¿ x'G5g\ . tGt'x¿sf af/]df cWoog ug]{ hLj lj1fgsf] zfvfnfO{ 
lx:6f]nf]hL (Histology) elgG5 . jg:klt / hGt' tGt' u/L tGt' b'O{ k|sf/sf x'G5g\ .  

ljrf/0fLo k|Zg M Ps sf]ifLo hfOuf]6af6 hLjx¿sf] k"/f z/L/ s;/L lgdf{0f x'G5 xf]nf <

jg:klt tGt'  (Plant Tissue) 

Kofhsf] lemNnLdf h:t} jg:kltsf] z/L/sf k|To]s efu p:t} cyjf km/s km/s jg:klt 
sf]ifx¿sf] ;d"x ldnL ag]sf] x'G5 . pSt sf]ifx¿sf] ;d"xnfO{ jg:klt tGt' elgG5 . 
jg:kltsf] z/L/df ljleGg sfo{x¿ ;~rfng ug{sf nflu ljleGg lsl;dsf jg:klt 
tGt'x¿ /x]sf x'G5g\ . jg:klt tGt'x¿nfO{ o;sf] k|s[lt, cfwf/df d]l/:6d]l6s tGt' / 
:yfoL tGt' u/L b'O{ lsl;ddf ljefhg ug{ ;lsG5 . 

1=  d]l/:6d]l6s tGt' (Meristematic tissue) 

jg:kltsf] z/L/df /x]sf ljleGg lsl;dsf sf]ifx¿dWo] s]xL sf]ifx¿ sf]if ljefhg Ifdtf 
/fV5g\ . kl/kSj sf]if ljefhg eO{ cGo sf]ifx¿ aGg] k|lj|mofnfO{ sf]if ljefhg elgG5 . 
ljefhg Ifdtf ePsf sf]ifx¿af6 ag]sf tGt'x¿nfO{ d]l/:6d]l6s tGt' elgG5 . o; tGt'df 
cGt/sf]ifLo vfnL efux¿ g/xg], leQf kftnf] x'g], 7'nf] Go'lSno; / uf9f ;fO6f]KnfHd 
x'G5g\ . d]l/:6d]l6s sf]ifdf sf]if ljefhg eO{ cGo k|sf/sf sf]ifx¿ aGb5g\ . d]l/:6d]l6s 
tGt'x¿ la?jfsf] j[l¢ If]qdf kfOG5g\ . d]l/:6d]l6s tGt'sf] d'Vo sfd jg:kltsf] j[l¢ 
ljsf; ug'{ xf] . of] tGt' kfOg] :yfgsf cfwf/df Plksn d]l/:6]d, Nof6]/n d]l/:6]d  / 
OG6/ Sofn/L d]l/:6]d u/L tLg k|sf/sf x'G5g\ .  

lj|mofsnfk 5.1

udnfdf /f]k]sf b'O{cf]6f slnnf la?jfx¿dWo] Pp6f la?jfsf] 6'Kkf] ef“lrlbg'xf];\ . Ps 
xKtfkl5 pSt la?jfx¿df ePsf] ljsf;sf] cjnf]sg ug'{xf];\ . s] b'j} la?jfsf] j[l¢sf] 
k|s[lt Ps} lsl;dsf] 5 < lsg o:tf] ePsf] xf]nf sIffdf 5nkmn ug'{xf];\ .  
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 -s_  Plksn d]l/:6]d (Apical meristem) 

la?jfsf] j[l¢ x'Fbf 6'Kkfsf] efu j[l¢ ePsf] 
b]lvG5 . la?jfsf 6'Kkfsf] efudf /x]sf 
d]l/:6d]l6s tGt'x¿nfO{ Plksn d]l/:6]d 
elgG5 . of] tGt' 8fF7 / h/fsf 6'Kkfdf 
x'G5 . o;n] 8fF7 / h/fsf] nDafO a9fpF5, 
h:fn] ubf{ la?jfsf] prfO a9\5 .  olb 
la?jfsf] 6'Kkf] efFlrlbof] eg] pSt la?jfsf] 
prfO a9\b}g .

 -v_  Nof6]/n d]l/:6]d (Lateral meristem) 

la?jfsf] h/f tyf 8fF7sf] 5]psf] efudf klg d]l/:6d]l6s tGt'x¿ x'G5g\ . logLx¿n] 
h/f tyf sf08sf] df]6fO j[l4 u5{g\ . la?jfsf] 8fF7 tyf h/fsf] af]j|mfsf] leq  k|d'v 
cIf;Fu ;dfgfGt/ x'g] u/L 5]pdf (lateral side) /x]sf d]l/:6d]l6s tGt'nfO{ Nof6]/n 
d]l/:6]d elgG5 . 

 -u_  OG6/Sofn/L d]l/:6]d  (Intercalary meristem) 

la?jfsf] 8fF7df /x]sf] ufF7f] (node) sf] tndfly klg d]l/:6d]l6s tGt' /x]sf 
x'G5g\ . pSt tGt'nfO{ OG6/Sofn/L d]l/:6]d elgG5 . oL tGt'n] OG6/gf]8sf] nDafO  
a9fpF5g\ .

2=  :yfoL tGt' (Permanent Tissue) 

d]l/:6d]l6s tGt'sf sf]ifx¿ sf]if ljefhg Ifdtf u'dfO;s]kl5 :yfoL tGt'df kl/0ft 
x'G5g\ . :yfoL tGt'df kfOg] sf]ifx¿df ;fwf/0ftof sf]if ljefhg xF'b}g . logLx¿sf] 
lglZrt cfsf/ / ;fOh x'G5 . logLx¿sf] sf]ifleQf afSnf] jf kftnf] x'G5 . of] tGt' hLljt 
jf d[t sf]ifx¿ ldn]/ ag]sf] x'G5 . la?jfdf kfOg] :yfoL tGt'x¿ ;/n tGt' (Simple 
tissue), Hfl6n tGt' (Complex tissue) / ljlzi6 tGt' (Special tissue) u/L tLg k|sf/
sf x'G5g\ .

 lj|mofsnfk 5.3 

 p2]Zo M la?jfdf kfOg] tGt'sf] cjnf]sg

 cfjZos ;fdu|L M la?jfsf] sf08, An]8, jfr Unf;, :ofk|mflgg, lUn;l/g, se/ l:nk,  
 ;"Idbz{s oGq

 ljlw 

 -c_  Pp6f la?jfsf] sf08 lnO{ wfl/nf] An]8sf] dbtn] kftnf ;]S;gx¿ (Sections)  
  sf6\g'xf];\ . 

lrq 5.2 d]l/:6d]l6s tGt'

Plksn d]l/:6]d

Og6/Sofn/L d]l/:6]d

Nof6]/n d]l/:6]d
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 -cf_  pSt ;]S;gx¿nfO{ jfr Unf;df /fVg'xf];\ . 

 -O_  jfr Unf;df Ps yf]kf :ofk|mflgg /fVg'xf];\ . 

 -O{_  s]xL ;dokl5 ;a}eGbf kftnf] ;]S;g 5fgL :nfO8df /fvL Psyf]kf lUn;l/g /fVg'xf];\ .

 -p_  xfjf gl5g]{ u/L se/ l:nkn] 5f]Kg'xf];\ . 

 -pm_  la?jf sf]ifsf] c:yfoL :nfO8 tof/ eof] . 

 cjnf]sg / 5nkmn 

;"Idbz{s oGqåf/f tof/L :nfO8 cjnf]sg u/L b]lvPsf efux¿sf] lrq agfpg'xf];\ . 
b]lvPsf ljleGg lsl;dsf tGt'x¿sf] ;fOh, cfsf/ / ljz]iftfsf af/]df 5nkmn ug'{xf];\ . 
cfjZostfcg';f/ lzIfssf] dbt lng'xf];\ .

lrq 5.3 

e f

g
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-s_  ;/n tGt' (Simple tissue)

;/n :yfoL tGt'x¿ Ps} k|sf/sf sf]ifx¿ ldnL ag]sf x'G5g\ . logLx¿sf] agfj6 Psbd} 
;/n x'G5 . o:tf tGt'n] ;'/Iff ug]{, ;xf/f lbg] tyf vfB kbfy{sf] lgdf{0f / e08f/0f  
ug]{ sfo{ ub{5 . sf]ifsf] agfj6cg';f/ oL tGt'x¿ tLg k|sf/sf x'G5g\ . ltgnfO{ tn 
k|:t't ul/Psf] 5 M

lrq 5.4 k]/GsfOdf

lrq 5.5 sf]n]GsfOdf

-c_  k]/]GsfOdf (Parenchyma) 

k]/]GsfOdf tGt' kftnf] leQf ePsf hLljt 
sf]ifx¿ ldnL ag]sf] x'G5 . o; tGt'df kfOg] 
sf]ifx¿ uf]nf] / nfDrf] cfsf/sf x'G5g\ . 
o;df cGt/sf]ifLo vfnL 7fpF (Inter cellular 
space) x'G5 . o; lsl;dsf tGt'x¿ 8fF7, 
h/f, kft, km"n / kmnsf] g/d efudf x'G5g\ . 
o;sf ;fy} of] tGt' lky (Pith) hfOnd / 
ˆnf]Pddf klg kfOG5 . 

nucleus
Inter cellular 
space
vacuoles

cytoplasm

Kfft tyf xl/of 8fF7df x'g] k]/]GsfOdfdf Snf]/f]Knf:6 (Chloroplast) x'G5 . pSt tGt'nfO{ 
Snf]/]GsfOdf (Chlorenchyma) klg elgG5 . o;n] k|sfz ;+Zn]if0f (Photosynthesis) 
k|lj|mofaf6 vfgf agfpF5 . o;n] vfgf agfpg], ;~ro ug]{ tyf la?jfnfO{ k':6  
/fVg sfo{ dbt u5{ . kfgLdf t}/g] la?jfx¿sf kftdf /x]sf sf]ifx¿sf lardf 
xfjf el/Psf] x'G5 . sf]ifsf lardf xfjfsf y}nLx¿ /x]sf] k]/]GsfOdfnfO{ P/]GsfOdf 
(Aerenchyma) elgG5 . o;n] xfO8«f]kmfO6;\ (hydrophytes) nfO{ kfgLdf t}l/g dbt 
u5{ .

-cf_ sf]]n]GsfOdf (Collenchynma) 

of] tGt' afSnf] sf]if leQf ePsf hLljt 
sf]ifx¿ ldn]/ ag]sf] x'G5 . sf]ifsf] lsgf/f 
efudf ;]n'nf]h (Cellulose) / k]lS6g 
(Pectin) h:tf sfaf]{xfO8«]6 kbfy{x¿ 
hDdf ePsf] x'G5 . To;}n] sf]ifleQf afSnf] 
x'G5 . oL tGt'x¿ sf08sf] Olk8ld{; / 
kftsf] k]l6cf]n (Petiole) df x'G5g\ . o; 
tGt'sf] d'Vo sfo{ j[l4 xF'b} u/]sf] la?jfsf 
cª\udf b/f]kg Nofpg] -Mechanical support_, la?jfnfO{ nrstf (Flexibility) 
k|bfg ug]{ xf] . s'g} s'g} sf]n]GsfOdf tGt'df Snf]/f]Knf:6 kfOG5 . pSt tGt'n] k|sfz 
;+Zn]if0fdf dbt u5{ . 
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-O_ :s]n]/]]gsfOdf (Sclerenchyma)

of] tGt' afSnf] sf]if leQfo'St d[t sf]ifaf6 ag]sf] x'G5 . sf]ifx¿ 
nfDrf], ;fF3'/f / l:kG8n (Spindle) cfsf/sf x'G5g\ . sf]if 
leQf ;]n'nf]h jf lnlUggaf6 ag]sf] x'G5 . sf]ifdf k|f]6f]KnfHd 
x'Fb}g . o; tGt'sf] sf]ifsf] lar efudf ;fF3'/f] vfnL efu 
(narrow lumen) /x]sf] x'G5 . la?jfsf] h/f, sf08 / kftsf] 
g;f (Veins), kmn tyf lapsf] s8f cfj/0fsf] txdf kfOG5 . 
logLx¿sf] cfsf/cg';f/ :s]n]/]GsfOdf kmfOa/ / :s]n]l/8 u/L 
b'O{ lsl;dsf :s]n]/]]gsfOdf tGt'x¿ la?jfdf kfOG5g\ . la?jfnfO{ b/f] agfpg' / l;wf  
c8\ofpg' o;sf] d'Vo sfo{ xf] . o;n] la?jfdf nrstf / s8fkg lbG5 .

-v_  hl6n tGt' (Complex tissue)  

hl6n tGt'x¿ ljleGg lsl;dsf hLljt tyf d[t sf]ifsf] ;d"x ldn]/ ag]sf] x'G5 . oL tGt'x¿ 
b'O{ jf b'O{eGbf a9L ;/n tGt'x¿ ldn]/ ag]sf x'G5g\ . To;}n] logLx¿sf] agfj6 s]xL hl6n 
x'G5 . logLx¿sf] d'Vo sfo{ ;+jfxg ug]{ ePsfn] logLx¿nfO{ ef:s'n/ tGt' (Vascular tissue) 
klg elgG5 . hl6n tGt' b'O{ k|sf/sf x'G5g\, tL o;k|sf/ 5g\ .

lrq 5.6 :s]n]/]]gsfOdf

lrq 5.7 -s_ hfOnd -v_ km\nf]od

-c_ hfOnd (Xylem) 

hfOnd tGt' d[t sf]ifaf6 ag]sf] x'G5 . of] rf/ k|sf/
sf caoaaf6 ag]sf] x'G5 . tL x'g\ M e];N; (vessel), 
6«fls8\; (Trachieds), hfOnd kmfOa/ -Xylem 
fibre) / hfOnd k]/]GsfOdf (Xylem parenchyma) . 
hfOndn] la?jfdf s8fkg lbg] ePsfn] o;nfO{ p8 
(wood) klg elgG5 . o; lsl;dsf] tGt' la?jfsf] 
h/f, 8fF7, kft tyf cGo efusf] leqL txdf kfOG5 . 
hfOndn] h/faf6 vlgh / kfgL la?jfsf ljleGg 
efudf k'¥ofpF5 .

-cf_ ˆnf]Pd (Phloem) 

ˆnf]Pd tGt' hLljt sf]ifx¿ ldnL ag]sf] x'G5 . 
of] tGt' klg rf/ lsl;dsf caoax¿ ldnL ag]sf] 
x'G5 . tL x'g\ M l;e\6o'j (Sieve tube) sDKoflgog 
;]n (companion cell), ˆnf]Pd k]/]GsfOdf (Phloem 
parenchyma) / ˆnf]Pd kmfOa/ (Phloem fibre) . 

of] tGt' la?jfsf ;a} efux¿ h:t}M h/f, 8fF7 / kftdf kfOG5 . of] tGt'nfO{ af:6 (bast) klg 
elgG5 . o;n] kftdf tof/ ePsf] vfgf la?jfsf ljleGg efudf k'¥ofpF5 . o;n] vfgf ;~ro 
ug'{sf ;fy} la?jfnfO{ cf8 (Mechanical support) lbg] sfo{ u5{ 
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-u_  ljlzi6 tGt' (Special tissue)

la?jfdf ljleGg lsl;dsf ljz]if sfo{x¿ ug{sf nflu vf; lsl;dsf tGt'x¿ x'G5g\ . 
pSt tGt'x¿nfO{ ljlzi6 tGt' elgG5 . oL tGt'x¿ ;/n tGt'x¿ ¿kfGt/0f eP/ ag]sf 
x'G5g\ . oL tGt'df x'g] sf]ifx¿n] lgisf;g tyf ;|fj ug]{ (secretion) sfo{ ub{5g\ . oL 
tGt'x¿ b'O{ k|sf/sf x'G5g\, tL x'g\ M UofG8'n/ tGt' (Glandular tissue)  / n]lS6km]/; tGt' 
(Lactiferous tissue).

-c_ UnfG8'n/ tGt' (Glandular tissue) 

UnfG8'n/ tGt' Ps} lsl;dsf UnfG8'n/ sf]ifx¿sf] ;d"x ldn]/ ag]sf] x'G5 . oL tGt'n] 
OGhfOd, xdf]{g, kfrg /;, t]n, /]lhg, ud cflb pTkfbg u5{g\ . oL tGt'x¿ wt'/f], 
t'n;L / ;Nnf h:tf la?jfdf kfOG5g\ .

-cf_ n]lS6km]/; tGt' (Lactiferous tissue)

n]lS6km]/; tGt' ljz]if lsl;dsf sf]ifx¿ ldn]/ ag]sf] tGt' xf] . o;n] b'w h:tf] t/n 
kbfy{ (latex) pTkfbg u5{ . n]6]S;af6 ud agfOG5 . lkkn, nfn'kft], s6x/, /a/, 
cfFs h:tf la?jfdf n]lS6km]/; tGt' kfOG5 .     

hGt' tGt' (Animal tissue)

hGt' sf]ifx¿sf] ;d"x ldn]/ ag]sf] tGt'nfO{ hGt' tGt' elgG5 . k|To]s hGt' tGt'n] Pp6f 
lglZrt sfo{ u5{ . hgfj/ tGt'x¿ ;fdfGotM rf/ lsl;dsf x'G5g\ M

-s_ Olky]lnon tGt' (Epithelial tissue)

-v_ df+zn tGt' (Muscular tissue)

-u_ ;+of]hL tGt' (Connective tissue)

-3_  :gfo' tGt' (Nervous tissue)

-s_  Olky]lnon tGt' (Epithelial tissue) 

hgfj/sf] z/L/ jf o;sf cª\ux¿sf] ;a}eGbf aflx/L kqdf /x]sf sf]ifx¿sf] ;d"xnfO{ Olky]lnon 
tGt' elgG5 . Olky]lnon tGt' Ps} lsl;dsf sf]ifx¿ jf ljleGg lsl;dsf sf]ifx¿ ldn]/ ag]sf] 
x'G5 . o; tGt'sf sf]ifx¿ j];d]G6 d]Da|]gdf 6fFl;P/ /x]sf x'G5g\ . Olky]lnon tGt'n] 
d'Votof 9fSg] (covering), arfpg] (protecting), ;|fj ug{] (secreting), lgisf;g ug{] 
(excreting), ;f]:g] (absorbing) h:tf sfo{x¿ ub{5 .
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 lj|mofsnfk 5.2

 pb]Zo M  Olky]lnon tGt'sf] cjnf]sg ug'{

 cfjZos ;fdfu|L M s'v'/fsf 5fnfsf] Ps 6'j|mf, kmf]/;]k, :nfO8, se/l:nk, cfof]l8g,  
 ;"Idbz{s oGq 

 ljlw 

 -c_  Pp6f kmf]/;]kn] s'v'/fsf] 5fnfsf] tx sf]6\ofpg'xf];\ .

 -cf_  sf]6\ofP/ cfPsf] efunfO{ ;kmf :nfO8df /fvL Ps yf]kf cfof]l8g /fVg'xf];\ /  
  se/l:nkn] 5f]Kg'xf];\ .

 -O_ :nfO8nfO{ ;"Idbz{s oGqåf/f cjnf]sg ug{'xf];\ .

 cjnf]sg / 5nkmn M ;"Idbz{s oGqåf/f cjnf]sg ubf{ b]lvPsf] s'/f lrqdf ptfg'{xf];\ /  
 sIffdf k|bz{g u/L 5nkmn ug'{xf];\ .

sf]ifsf] k|s[lt / df]6fOsf cfwf/df Olky]lnod tGt'nfO{ klg ljleGg efudf afF8\g  
;lsG5 . oLdWo] dxŒjk"0f{ Olky]lnod tGt'x¿ lgDgfg';f/ 5g\ M

-c_ k]ed]G6 Olky]lnod (Pavement epithelium)

-cf_ So'lasn Olky]lnod (Cubical epithelium)

-O_ sf]nDg/ Olky]lnod (Columnar epithelium)

-O{_ UNofG8'n/ Olky]lnod (Glandular epithelium)

-c_  k]ed]G6 Olky]lnod (Pavement epithelium) 

 k]ed]G6 tGt'df r]K6f Kn]6 h:tf ax'e"hLo sf]ifx¿ cfk;df 
6Dd ldn]/ a;]sf x'G5g\ . o;df sf]ifx¿sf] Pskq tx 
dfq x'G5 . o;nfO{ :Sjfd; Olky]lnod (Squamous 
epithelium) klg elgG5 . oL tGt'x¿n] 9fSg] (covering), 
arfpg] (protecting) / 5fGg] (filtrate) h:tf sfo{x¿ ub{5g\ .  of] tGt'n] d'6', kmf]S;f], 
lduf}{nf cflbsf aflx/L cfj/0f agfpF5 .

-cf_  3gfsf/ jf So'lasn Olky]lnod (Cubical epithelium) 

 So'lasn cyf{t\ 3gfsf/ (cubical) sf]ifx¿sf] Ps 
kqn] 9flsP/ So'lasn Olky]lnod aGb5 . o;  
k|sf/sf] tGt'af6 lduf}{nfleqsf yfO/f]O8 u|lGy / 
lgisf;g u|lGysf ljleGg gnLx¿, uef{zosf] leqL efu 
/ Zjf;gnLx¿ ag]sf] x'G5g\ . o;n] 9fSg], arfpg], ;|fj 
ug]{ cflb sfo{ ub{5 .

lrq 5.9 So'lasn Olky]lnod 

lrq 5.8 k]ed]G6 Olky]lnod

Go'lSno;

j];d]G6  
d]Da|]g
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-O_  :tDeL jf sf]nDgf/ Olky]lnod (Columnar epithelium)

 nfDrf cfsf/sf sf]ifx¿ a];d]G6 d]Da|]gdf /x]/ of] tGt' ag]sf] 
x'G5 . o;df sf]ifx¿sf] Ps kq] tx /x]sf] x'G5 . logLx¿sf] 
;tx ;;fgf /f}F h:tf l;lnofn] 9fs]sf] x'g ;S5 . of] l;lnofn] 
glhs} /x]sf] t/n kbfy{nfO{ otfptf rnfpg] sfo{ ub{5 . 
o;k|sf/sf] tGt' lkQ y}nL, ¥ofnu|lGy h:tf ;|fa ug{] cª\ux¿df 
kfOG5 . o;sf] d'Vo sfo{ ;|fa ug{] / ;f]:g' xf]  .

-O{_  UnfG8'n/ Olky]lnod (Glandular epithelium) 

 z/L/df kfOg] u|lGynfO{ ;|fj Olky]lnod sf]ifn] 9fs]sf] x'G5 . 
o:tf sf]ifx¿af6 ag]sf] tGt'nfO{ UnfG8'n/ Olky]lnod elgG5 . 
oL sf]ifx¿n] z/L/nfO{ cfjZos kg{] xdf{]g, OGhfOd, Do's;, 
¥ofn, kfrg /; h:tf kbfy{x¿ pTkfbg ub{5g\ . 

-v_ df+zn tGt'  (Muscular tissue)

 hGt'x¿sf] z/L/sf ljleGGf efudf v'Drg] / km'Sg] h:tf ultx¿ pTkGg ug]{ Ps  
k|sf/sf] tGt'nfO{ df+zn tGt' elgG5 . of] tGt' wfuf]h:tf] nfDrf] cfsf/sf] df+zn kmfOa/ 
sf]ifx¿sf] ;d"xaf6 ag]sf] x'G5 . o;sf] d'Vo sfo{ z/L/df rfn Nofpg' xf] . dfz+n tGt' 
tLg k|sf/sf 5g\ M

-c_  sª\sfnk]zL tGt' (Skeletal muscular tissue) 

 of] tGt' nfdf] cfsf/sf] x'G5 . of] df+zn tGt' xf8x¿;Fu 6fFl;P/ 
/x]sf] x'G5 . o;n] ;+of]hL tGt' -xf8_ ;Fu ldn]/ z/L/df rfn 
pTkGg u5{ . To;}n] o;nfO{ sª\sfnk]zL tGt' elgPsf] xf] . oL 
tGt'x¿df uf9f / lkmSsf w;f{x¿ b]lvG5g\ . To;}n] o;nfO{ 
striped muscle klg elgG5 . of] tGt'nfO{ OR5fcg';f/ rnfpg 
;Sg] ePsfn] o;nfO{ :j]lR5s df+zn (voluntary muscle) klg 
elgG5 .

-cf_  d'6'sf] df+zn tGt' (Cardiac muscular tissue)

 of] tGt' d'6'sf leQfdf dfq /x]sf] x'G5 . of] lg/Gt/ 
v'lDrg] / k'mSg] u5{ . o;sf] v'DrfO / k'msfOsf] sf/0f 
d'6'df w8\sg l;h{gf x'G5 . d'6'n] /ut kDk u5{ . o;df 
klg w;f{x¿ b]lvG5g\ . of] df+zn tGt'nfO{ OR5fcg';f/ 
rnfpg ;lsFb}g . 

lrq 5.12 sª\sfnk]zL tGt' 

lrq 5.13 d'6'sf] df+;n tGt' 

lrq 5.11 UnfG8'n/ Olky]lnod 

lrq 5.10 sf]nDgf/ Olky]lnod 
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lrq 5.14 lrNnf] 
df+;n tGt' 

lrq 5.15 kmfOa|; ;+of]hL tGt' 

-O_ lrNnf] df+zn tGt' (Smooth muscular tissue)

of] df+zn tGt' l:kG8n cfsf/sf df+zn kmfOa/x¿sf] ;d"x ldn]/ ag]sf] x'G5 . 
of] tGt'sf sf]ifx¿df w;f{x¿ x'Fb}gg\ . To;}n] of] lrNnf] b]lvG5 . o; k|sf/sf 
tGt'x¿ cfdfzo / cfGb|fsf] leqL efudf kfOG5g\ . To:t} lk;fasf] gnL /  
/StgnL h:tf cª\ux¿df klg o:tf tGt'x¿ kfOG5g\ . of] tGt'nfO{ 
klg OR5fcg';f/ rnfpg ;lsFb}g . To;}n] o;nfO{ c:j]lR5s df+zn 
(involuntary muscle) tGt' elgG5 . 

-u_ ;+of]hL tGt' (Connective tissue)

Zf/L/df kfOg] ljleGg k|sf/sf tGt'x¿ tyf cª\ux¿nfO{ hf]8\g] tGt'nfO{ ;+of]hL tGt' 
elgG5 . o:tf tGt'sf sf]ifx¿ 5'6\6f 5'6\6} /xG5g\ / z/L/df otfptf ;a} 7fFpdf km}lnPsf 
x'G5g\ . ;+of]hL tGt'sf] d'Vo sfd z/L/nfO{ yfDg', sf]if / tGt'x¿lar cGt/;DaGw sfod 
ug'{ xf] . oL tGt'x¿df sf]ifx¿sf lardf vfnL :yfg x'G5 h;nfO{ cGt/sf]ifLo :yfgx¿ 
(Intercellular space) elgG5 . tL :yfgdf 7f]; jf t/n kbfy{x¿ el/Psf x'G5g\ . h;nfO{ 
d]l6«S; (Matrix) elgG5 . o;df kfgL, kmfOa/  / vlgh kfOG5g\ . tGt'sf] :j¿ksf  
cfwf/df ;+of]hL tGt'nfO{ tLg k|sf/df afF8g ;lsG5 . 

               ;+of]hL tGt'

    g/d ;+of]hL tGt'  s8f ;+of]hL tGt'        t/n ;+of]hL tGt'

   v's'nf] ;+=t=             vFlbnf] ;+=t=       xf8 (bone)    s'/s'/] xf8 (Cartilage)    /ut (Blood)  lnDkm (Lymph)  

 Pl6of]n ;+=t=  Pl8kf]h ;+=t=    6]G8g      lnufd]G6 

    -af];f]_

 -s_  g/d ;+of]hL tGt' (Soft connective tissue)

g/d ;+of]hL tGt'x¿df sf]ifx¿ xn'sf lsl;dn] ldn]/ /x]sf x'G5g\ . oL tGt'x¿sf] 
cGt/sf]ifLo :yfgdf w]/} dfqfdf kmfOa/ / d]l6«S; /x]sf] x'G5 . s'g} tGt'x¿sf] sf]ifdf 
w]/} dfqfdf lrNnf] kbfy{ e08f/0f eP/ /x]sf] x'G5 . oL tGt'x¿ g/d lsl;dsf 
x'G5g\ . kmfOa|; (fibrous) / Pl8kf]h (Adipose) u/L 
g/d ;+of]hL tGt'x¿ b'O{ lsl;dsf x'G5g\ .

  (i) kmfOa|; ;+of]hL tGt' (Fibrous connective tissue) 

of] tGt' xn'sf k|sf/n] hf]l8Psf jf 3gf k|sf/n] kmfOa/af6 
hf]l8O ag]sf x'G5g\ . xn'sf k|sf/n] hf]l8Psf ;+of]hL 
tGt'x¿ 5fnfd'lg, df+zk]zLsf lardf /utsf] gnLsf] 
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rf/}lt/ kfOG5g\ . vFlbnf] ;+of]hL tGt' z/L/df kfOg] ;aeGbf ;fwf/0f k|sf/sf] 
;+of]hL tGt' xf] . 3gf k|sf/sf] kmfOa/ ;+of]hL tGt' tlGsg] vfnsf] x'G5 . o;n] cª\
ux¿nfO{ afFWg] / cfsf/ lbg] ub{5 . o; k|sf/sf tGt'x¿ lduf}{nf, sn]hf], u|lGy, 
dfz+k]zL cflbsf] j/k/ kfOG5g\ . oL tGt'n] dd{t ug]{ sfd klg ub{5g\ . xf8 / 
df+zk];LnfO{ hf]8\g] kmfOa|; ;+of]hL tGt'nfO{ 6]G8g elgG5 . o;}u/L xf8x¿nfO{ 
hf]8\g] kmfOa|; ;+of]hL tGt'nfO{ lnufd]G6 elgG5 . 

(i)  Pl8kf]h ;+of]hL tGt' (Adipose Connective tissue)

v's'nf] ;+of]hL tGt'df kmfOa/sf] dfq sd x'G5 .  
o;sf] Dofl6«S; af];f] jf cGo g/d kbfy{n] ag]sf] 
x'G5 . Pl/cf]n/ / Pl8kf]h tGg' o;sf pbfx/0f 
x'g\ . Pl/cf]n/ 5fnfd'lg kfOg] tGt' xf] h;n] 
5fnfnfO{ df+;k]zL;Fu hf]8\5 . Pl8kf]h tGt'  
eg]sf] af];f] xf] h;n] z/L/leq s';gsf] sfd 
ug'{sf ;fy} tfkj|md lgoGq0fdf dxŒjk"0f{ sfd 
ub{5 .

 -v_ s8f ;+of]hL tGt' (Hard connective tissue)

xf8 / s'/s'/] xf8 s8f ;+of]hL tGt'cGtu{t kb{5g\ . oL 
tGt'x¿df /x]sf] sf]ifnfO{ cf]l:6of];fO6 (osteocyte) 
elgG5 . xf8nfO{ aflx/af6 kftnf] lemNnLn] 9fs]sf] 
x'G5 . pSt lemNnLnfO{ k]l/cf]l:6od elgG5 . xf8x¿df 
SoflN;od y'lk|P/ /x]sf] x'G5 . To;}n] of] Psbd s8f 
x'G5 . s'/s'/]] xf8, gfs, sfg, s07, 8F8fNg'sf lar 
efudf / nfdf] xf8sf] 5]p5]plt/ kfOG5 . o;n] 

lrq 5.17 xf8sf] 6«fG;\e;{ ;]S;g

lrq 5.16 Pl8kf]h ;+of]hL tGt'

z/L/sf rNg] cª\ux¿df 3if{0f 36fpF5 / rf]6 
(shock) nfUgaf6 /f]S5 . lzz' cj:yfdf ag]sf] 
s'/s'/] xf8 SoflN;od nj0fn] ubf{ lj:tf/} s8f x'Fb} 
hfG5 . 6fpsf], xftv'6\6f 8F8fNg' cflbsf xf8x¿ 
s8f xf8af6 ag]sf x'G5g\ . oL ;+of]hL tGt'x¿n]  
z/L/sf ljleGg tGt'x¿nfO{ hf]8\g] / y]Ug] sfd 
u5{g\ .

 -u_  t/n ;+of]hL tGt' (Fluid connective tissue)

  s]xL ;+of]hL tGt'x¿ t/n cj:yfdf /x]sf x'G5g\ . oL ;+of]hL tGt'x¿n] z/L/sf  
  ljleGg k|0ffnLx¿lar ;+of]hssf] sfo{ ub{5g\ . oL tGt'x¿n] z/L/df kl/jxg ug{  
  dbt u5{g\ . hGt'x¿sf] z/L/df /ut / lnDkm u/L b'O{ lsl;dsf t/n ;+of]hL  
  tGt'x¿ x'G5g\ .
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/Stsf]if, ;]tf /Stsf]if / Kn]6n]6\; u/L tLg k|sf/sf sf]ifx¿ x'G5g\ . /ftf /Stsf]ifdf x]df]Unf]lag 
aG5 . o;sf] dbtn] /utn] kmf]S;f]af6 clS;hg lnO{ ;a} 7fpFdf clS;hg k'¥ofpF5 . o;n] 
z/L/sf ljleGg efux¿af6 sfa{g 8fOcS;fO8 ;ª\sng u/]/ kmf]S;f];Dd k'¥ofpF5 . ;]tf] /
Stsf]ifn] xflgsf/s sL6f0f'nfO{ gi6 u5{ . Kn]6n]6\;n] rf]6 nfu]sf 7fFpaf6 /ut aUg glbO{ /
utnfO{ hDg dbt ub{5 .

 -cf_ lnDkm (Lymph)

gnLdf kfOg] /ªxLg t/n ;+of]hL tGt'nfO{ lnDkm 
elgG5 . o;df x]df]Unf]lag x'Fb}g . o;df KnfHdf / 
lnDkmf];fO6 x'G5 . of] z/L/sf ljleGg efux¿ hxfF /
ut k'u]sf] x'Fb}g tL /St gnLaf6 5flgP/ tGt'sf] nflu  
cGtsf]{ifLo :yfgdf cfPsf] t/n g} lnDkm xf] . o;n] 
tGt'sf] kf]if0f ug]{, ;'/Iff ug]{ tyf lgisfzg ug]{ sfo{ 
ub{5 . 

-ª_  :gfo' tGt' (Nervous tissue)

hGt'sf] z/L/sf ljleGg cª\ux¿nfO{ lgb]{zg lbg], 
;~rf/ ug]{ / ;+of]hg ug]{ tGt'nfO{ :gfo' tGt' elgG5 . 
:gfo' tGt'sf] ;a}eGbf ;fgf] PsfOnfO{ Go'/f]g elgG5 . 
:gfo' tGt' Go'/f]g (Neurons) ldn]/ ag]sf] x'G5 . :gfo' 
tGt'nfO{ Go'/f]lUnof gfds ;+of]hL tGt'n] hf]8]/ /fv]sf] 
x'G5 . 

 Go'/f]g cyjf :gfo' sf]if (Neuron or nerve cell)

:gfo' k|0ffnLsf] ;a}eGbf ;fgf] PsfOnfO{ Go'/f]g elgG5 . Pp6f Go'/f]gsf larsf] sf]ifnfO{ 
;]n a8L (cell body) elgG5 . h'g v/fgL /ªsf] x'G5 . To;af6 lg:s]sf] Pp6f dfq 
nfdf] xfFufnfO{ PS;f]g (axon) elgG5 . h'g ;]tf /ªsf] x'G5 . PS;f]gnfO{ dfOlng l;yn] 
9fs]sf] klg x'G5 . To:t} To;af6 lg:s]sf 5f]6f xfFufx¿nfO{ 8]G8«fO6\; (dendrites) 

-c_ /ut (Blood) 

/ut /ftf] t/n ;+of]hL tGt'sf ¿kdf  
z/L/df /x]sf] x'G5 . o;n] ljleGg kbfy{nfO{ z/L/
sf] Ps efuaf6 csf]{ efudf k'¥ofpg] sfo{ ub{5 . /
ut 55 k|ltzt KnfHdf / 45 k|ltzt /Stsf]if ldn]/ 
ag]sf] x'G5 . KnfHdf 90 k|ltzt kfgL / 10 k|ltzt 
7f]; kbfy{ ldn]/ ag]sf] x'G5 . KnfHdfdf 3f]lnP/ 
ljleGg kf]ifs tŒj, OGhfOd, xdf]{g / cGo kbfy{x¿ 
Ps efuaf6 csf]{ efudf kl/jxg x'G5g\, . /utdf /ftf  

lrq 5.19 lnDkm

lrq 5.20 Go'/f]g

lrq 5.18 /ut

Red blood cell

White blood cell platelet
plasma

White blood cell
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elgG5 . 8]G8«fO6\;n] cGo :gfo' sf]ifx¿af6 pQ]hgfnfO{ ;]na8L;Dd k'¥ofpF5 . PShf]gn] 
;]na8Laf6 pQ]hgfnfO{ cGo :gfo' sf]ifx¿df k'¥ofpF5, h:t}M xfd|f] v'6\6fdf rf]6 nfUof] 
eg] pSt rf]6sf] kL8f jf b'vfO dl:tis;Dd k'U5 / xfdLn] dx;'; u5f}{ . of] sfo{ 
Go'/f]gx¿n] ug]{ ;~rf/n] ubf{ ;Dej x'G5 .

cEof;

1=  tnsf k|Zgsf] ;xL ljsNkdf l7s lrx\g -√_ nufpg'xf];\ M

 -s_  sf]ifx¿ ljefhg x'g] Ifdtf ePsf tGt'sf] k|sf/ s'g xf] < 

  -c_  hl6n tGt'     -cf_ ;+of]hL tGt'   

  -O_ :yfoL tGt'      -O{_ df]l/:6d]l6s tGt' 

 -v_  lduf}{nf / ¥ofn u|lGysf gnLx¿sf] leqL ;txdf x'g] tGt' s'g xf] <

  -c_ :Sjfd; lOlky]lnod          -cf_ UnofG8'n/ tGt'

  -O_  So'af]O8n lOlky]lnod          -O{_ sf]n'Dgf/ lOlky]lnod tGt'

 -u_ d]l/:6d]l6s tGt' la?jfsf] s'g efudf x'G5 < 

  -c_ h/fsf 6'Kkfdf          -cf_ sf08 tyf xfFufsf 6'Kkfdf 

   -O_  sf08sf] jl/kl/       -O{_ la?jfsf ;a} efudf 

 -3_  sfl8{ofs df;n tGt' s'g cª\udf kfOG5 < 

  -c_ cfdfzo    -cf_ lduf}{nf

   -O_ d'6'    -O{_ Kofª\lj|mofh

 -ª_  la?jfn] ef:s'n/ tGt' s] sfdsf nflu k|of]u u5{ < 

  -c_ la?jfnfO{ b/f] agfpg  -cf_ vfgf agfpg

   -O_ kfgL / vfgfsf] ;~rf/ ug{  -O{_ la?jfsf] df]6fO a9fpg

2=  sf/0f lbg'xf];\ M

 -s_  /utnfO{ t/n ;+of]hL tGt' elgG5 .

 -v_  la?jfsf] 6'Kkf] sf6\bf prfO j[l4 x'Fb}g .

 -u_  nfn'kft]sf] kft r'8\bf ;]tf] kbfy{ cfpF5 .

 -3_  hfOnd tGt'nfO{ hl6n :yfoL tGt' elgG5 .



62                  lj1fg tyf k|ljlwM sIff (

3= km/s n]Vg'xf];\ M

 -s_  df+;n tGt' / ;of]hL tGt'     

 -v_  hfOnd / ˆnf]Pd   

 -u_  d]l/:6d]l6s tGt' / :yfoL tGt'               

 -3_  :Sn]/]GsfOdf / sf]n]GsfOdf 

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

 -s_  hLjg k|lj|mof eg]sf] s] xf] < pbfx/0f;lxt JofVof ug'{xf];\ .

 -v_  jg:klt tGt' / hGt' tGt'sf] juL{s/0fsf] pbfx/0f;lxtsf] sG;]K6 Dofk tof/ ug'{xf];\ .

 -u_  d]l/:6d]l/s tGt'nfO{ lrq;lxt j0f{g ug'{xf];\ . 

 -3_  :yfoL tGt' eg]sf] s] xf] < of] slt k|sf/sf] x'G5 < 5f]6s/Ldf pbfx/0f;lxt j0f{g  
  ug'{xf];\ .

 -ª_  :s]n}/GsfOdf, sf]n]GsfOdf / k]/]GsfOdfsf] ;kmf lrq agfO{ k|To]ssf sfo{x¿sf]  
  ;"rL tof/ ug'{xf];\ . 

 -r_  Olky]lnon tGt'sf sfo{x¿ n]Vg'xf];\ .

 -5_  hgfj/ tGt'sf k|sf/x¿sf] rf6{ tof/ u/L kfOg] :yfg n]Vg'xf];\ .

 -h_ lrqsf] cjnf]sg u/L tnsf k|Zgsf] pQ/ lbg'xf];\ M 

  -c_ lbOPsf] lrq klxrfg ug{'xf];\ .

  -cf_ lrqdf b]vfOPsf efusf] gfd n]Vg'xf];\ .

  -O_ o; tGt'sf] sfo{ n]Vg'xf];\ .

  -O{_ la?jfdf o; tGt'sf] dxŒj n]Vg'xf];\ .

 -em_ lrqsf] cjnf]sg u/L tnsf k|Zgx¿sf] pQ/ lbg'xf];\ M  

  -c_  lbOPsf] df+zn tGt'sf] gfd n]Vg'xf];\ . 

  -cf_  k|To]s tGt' kfOg] Ps Pscf]6f cª\usf]  
   gfd n]Vg'xf];\ .

  -O_  oL tGt'x¿sf Pp6f Pp6f sfo{ n]Vg'xf];\ .
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 -`_  lrqsf] cWoog u/L tn lbOPsf k|Zgx¿sf] pQ/ n]Vg'xf];\ M

-c_  lbOPsf] lrqsf] klxrfg ug{'xf];\ . 

  -cf_  lrqdf ePsf] s, v, u sf] gfd n]Vg'xf];\ . 

  -O_ s, v / u efusf sfo{ n]Vg'xf];\ . 

5=  kl/of]hgf sfo{ 

 :yfgLo :t/df pknAw j:t'sf] k|of]u u/L hgfj/sf tGt'x¿sf] lrq agfpg'xf];\ / sIffdf 
k|bz{g ug'{xf];\ .

s

u

v
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1.  s]Gb|Lo :gfo' k|0ffnL (Central nervous system)

dfgj z/L/sf] lar efudf /x]sf] 6fpsf]b]lv k'R5/;Dd 
km}lnPsf] :gfo' k|0ffnLsf] efunfO{ s]Gb|Lo :gfo' k|0ffnL elgG5 . 
of] dl:tis / ;'if'Dgf ldn]/ ag]sf] x'G5 . s]Gb|Lo :gfo' k|0ffnL 
Go'/f]g / Uofª\lnof ldn]/ ag]sf] x'G5 . Go'/f]g :gfo' k|0ffnLsf] 
cfwf/e"t sf]if xf] . Go'/f]gnfO{ 5f]k]/ /fv]sf] x'G5 . s]Gb|Lo :gfo' 
k|0ffnL lgDglnlvt b'O{ efu ldn]/ ag]sf efux¿ x'G5g\ . 

-s_ dl:tis (Brain) -v_ ;'if'Dgf (Spinal cord)

5.2  dfgj :gfo' k|0ffnL (Human nervous system)

xfdLn] xfd|f] j/k/sf] jftfj/0fdf x'g] c;/x¿ / kl/jt{gx¿sf af/]df s;/L yfxf  
kfpF5f}F < xfd|f] z/L/sf k|To]s cª\ux¿lar ;~rf/ s;/L x'G5 xf]nf, ljrf/ ug{'xf];\ .

xfd|f] j/k/ ljleGg lsl;dsf j:t'x¿ 5g\ . xfd|f] z/L/df /x]sf 1fg]lGb|o, :gfo' tGt' / 
dl:tissf] dbtn] xfdL j/k/ /x]sf ;a} j:t'x¿sf af/]df hfgsf/L lnG5f}F . dl:tisn] 
z/L/sf k|To]s cª\ux¿nfO{ lgoGq0f ug{] / ;~rfng ug{] u5{ . To:t} xfdL jftfj/0fdf 
x'g] ljleGg kl/jt{gn] pQ]lht eO{ k|ltlj|mof b]vfpF5f}F . o; sfo{sf nflu ljz]if lsl;dsf  
cª\ux¿sf] ;d"x ldn]/ ag]sf] k|0ffnL g} :gfo' k|0ffnL xf] . 1fg]lGb|ox¿ o; k|0ffnLsf 
aflx/L cª\ux¿ x'g\ . To;}u/L z/L/leqsf cª\ux¿lar ;+of]hg ug{sf nflu dl:tis, 
;'if'Dgf / :gfo' tGt'x¿ ldn]/ :gfo' k|0ffnL ag]sf] x'G5 . dfgj :gfo' k|0ffnLdf /x]sf ljleGg 
efux¿ / ltgLx¿sf sfo{sf cfwf/df :gfo' k|0ffnLnfO{ tLg efudf ljefhg ul/Psf] 5 . 

1. s]Gb|Lo :gfo' k|0ffnL (Central nervous System)

2. k]l/km]/n :gfo' k|0ffnL (Peripheral nervous System)

3. c6f]gf]lds :gfo' k|0ffnL (Autonomic nervous System)

lrq 5.21 s]Gb|Lo :gfo' k|0ffnL

:gfo" k|0fnL

s]Gb|Lo :gfo" k|0fnL

l;Dkfy]l6s

Kof;fl;Dkfy]l6s

dl:tis df]6/;]G;/L;'if'Dgf

k]l/km]/n :gfo" k|0fnL c6f]gf]lds :gfo" k|0fnL
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-s_ dl:tis (Brain)

lj|mofsnfk  5.3 ;Dej eP v;Lsf] dl:tis / geP dl:tissf] gd'gf cjnf]sg u/L 
dl:tissf ljleGg efux¿ klxrfg ug'{xf];\ . cfjZos k/] lzIfssf] ;xof]u lng'xf];\ . 
dl:tissf af/]df sIffdf ;d"x agfO{ 5nkmn ug'{xf];\ .

6fpsfsf] vKk/leq /x]sf] s]Gb|Lo :gfo' k|0ffnLsf] ;a}eGbf 7'nf] / dflyNnf] v08 dl:tis 
xf] . o;n] z/L/sf ;Dk"0f{ cª\ux¿sf] ;+of]hg / lgoGq0f ub{5 . dl:tisnfO{ tLg txsf] 
lemNnLn] 9fs]sf] x'G5 . pSt txnfO{ d]lgGh]; elgG5 . 8'/fdf6/ (Dura mater), kfodf6/ 
(Pia mater) / P/fSGjfO8 (Arrachnoid 
mater) d]lgGh]hsf tLg txx¿ x'g\ .  
8'/fdf6/ vKk/sf] leqL txdf 6fFl;P/ 
/x]sf] x'G5 eg] kfodf6/ dl:tissf] 
;tx;Fu 6fFl;P/ /x]sf] x'G5 . P/fSGjfO8 
/ kfodf6/sf lardf vfnL 7fpF /x]sf] 
x'G5 . pSt vfnL 7fpFdf t/n kbfy{ 
/x]sf] x'G5, h;nfO{ ;]/]a|f]:kfOgn ˆn'8 
(Cerebrospinal fluid) elgG5 . o;sf] 
k|d'v sfd dl:tisnfO{ kf]if0f / ;'/Iff 
k|bfg ug]{ xf] . of] kfgL, vlgh, Un'sf]h, 
k|f]l6g ldn]/ ag]sf] cNsnfOg t/n kbfy{ 
xf] .

dl:tissf klg ljleGg efux¿ 5g\ h'g o; k|sf/ 5g\ M

-c_ 7'nf] dl:tis (Cerebrum)

dl:tissf] ;a}eGbf 7'nf] efu 7'nf] dl:tis xf] . o;n] dl:tissf] 80% efu cf]u6]sf] 
x'G5 . of] bfofF / afofF u/L b'O{cf]6f cw{uf]nfsf/ efudf (cerebral hemisphere) 
ljeflht x'G5 . tL cw{uf]nfsf/sf dflyNnf] efu (dorsal) df ulx/f] lr/f (fissure) 
n] b'O{ cw{uf]nfsf/nfO{ 5'6\ofPsf] x'G5 . cw{uf]nfsf/sf] aflx/L ;tx u'h'd'Hh k/]sf] 
x'G5 . h;n] ;txsf] If]qkmn a9fpF5 . 7'nf] dl:tissf] aflx/L ;tx v/fgL /ªsf] / 
leqL efu ;]tf] /ªsf] x'G5 . 7'nf] dl:tisn] z/L/sf ljleGg sfo{x¿sf] ;~rfng / 
lgoGq0f u5{ . o;sf ;fy} 7'nf] dl:tisn] ug]{ cGo sfo{x¿ lgDgfg';f/ 5g\ M

 – af;gf yfxf kfpF5 .

 – af]nL, :d/0f, ;'gfOsf] ;~rfng / lgoGq0f ub{5 .

 – r]tgf, ljrf/, pQ]hgf l;h{gf / lgoGq0f ub{5 .

 – ljleGg ljifosf] ljZn]if0f, ;+Zn]if0f / eljiojf0fL ug]{ Ifdtfsf]  lgoGq0f ub{5 .

lrq 5.22 dl:tis
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 – dl:tissf cGo efunfO{ klg lgoGq0f ub{5 .

7'nf] dl:tisdf rf]6 nfu]df r]tgf x/fpg], :d/0f Ifdtf 36\g], ;+of]hsTj Ifdtfdf x|f; 
cfpg] ;fy} cw{d[t (Coma) cj:yf;Dd k'Ug ;S5 .

-cf_ ;fgf] dl:tis (Cerebellum)

;fgf] dl:tis dl:tissf] bf];|f] 7'nf] efu xf] . o;n] k"/f dl:tissf] 10% efu cf]u6]sf] 
x'G5 . of] 7'nf] dl:tissf] k5fl8 / d]8'nf canª\u]6fsf] dfly b'O{cf]6f sfutLsf bfgf h:tf 
cw{uf]nfsf/ efusf ¿kdf /x]sf] x'G5 . To;nfO{ ;fgf] dl:tis elgG5 . o;sf] klg aflx/L 
efudf v}/f] kbfy{ / leqL efudf ;]tf] kbfy{ x'G5 . o;n] lgDglnlvt sfo{x¿ ub{5 M

– ;fgf] dl:tisn] z/L/df ljleGg sfo{x¿nfO{ lgoGq0f ub{5 .

– df+;k]zLsf] rfndf ;+of]hssf] sfo{ ub{5 . 

– lxF8\bf dflg;sf] z/L/sf] cj:yfnfO{ ;Gt'ngdf /fV5 . 

– :j]lR5s rfnnfO{ klg ;~rfng u5{ . 

– df+;k]zLsf] 6f]g sfod ub{5 .

;fgf] dl:tisdf rf]6 nfu]df z/L/ c;Gt'lnt x'G5 / :j]lR5s rfndf c;/ k5{ . of]  
ckfª\utfsf] cj:yf xf] . /S;Ln] ;fgf] dl:tisdf c;/ ug{] x'Fbf /S;L lkPsf] dflg;  
lxF8\bf n8\al8G5 .

-O_ d]8'nf cAnª\uf6f (Medulla oblongata)

d]8'nf cAnfª\uf6f dl:tissf] tNnf] efudf /x]sf] x'G5 . of] a|]g:6]dsf] tLg cf]6f efux¿ 
dWo]sf] Ps xf] . tL efux¿ dWo]sf] kf]G; Eof/f]nL (Pons varolii) / dWo dl:tis (Mid 
brain) sf] sfd ;'if'Dgf / dl:tis lar k'nsf] sfd ug'{ xf] .

d]8'nf cAnfª\uf6f ;'if'Dgf / kf]G; Eof/f]nLsf lardf /x]sf] x'G5 . of] 8G8L h:tf] gnL 
cfsf/sf] x'G5 . o;sf] aflx/L ;tx / leqL ;tx ;]tf] v/fgL /ªsf] x'G5 . of] vKk/
sf] cfwf/ efudf /x]sf] kmf]/fd]g DofUgd gfds Kjfnaf6 aflx/ lg:s]sf] x'G5 . o;n] 
c:j]lR5s sfo{ (Involuntary action) nfO{ lgoGq0f u5{ . d]8'nf cAnfª\uf6fdf rf]6 nfUof] 
eg] dflg;sf] t'?Gt d[To' x'G5 . d]8'nf cAnfª\uf6fsf sfo{ lgDglnlvt sfo{x¿ ub{5 M

– d]8'nf cAnª\u]6fn] Zjf;k|Zjf; lj|mof ;~rfng u5{ .

– o;n] afGtf ug{], vf]Sg], xflR5pF ug{], vfg]s'/f lgNg] sfo{nfO{ lgoGq0f u5{ .

– o;n] /StgnL v'DRofpg] / tGsfpg] sfo{ u5{ .

– o;n] xdf{]g, kfrs /; / ¥ofn ;|fj ug{ dbt u5{ .

– d]8'nf cAnª\u]6fdf rf]6 nfUof] eg] dflg;sf] t'?Gt} d[To' x'G5 .
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-v_  ;'if'Dgf (Spinal cord)

;'if'Dgf d]?b08sf] leqaf6 
uPsf] Pp6f nfdf] h]nL 
h:tf] agf]6 ePsf] efu 
xf] . of] d]8'nf cAnª\uf6fsf] 
k]mbaf6 ;'? eO{ 9f8sf] bf];|f] 
nDa/ el6{a|];Dd (Lumbar 
vertebrae) km}lnPsf] x'G5 . 
o;sf] aflx/L efu ;]tf] x'G5 
eg] leqL ;tx v/fgL /ªsf] 
x'G5 . o;nfO{ klg d]lgGh];n] 

9fs]sf] x'G5 . of] nueu 45 lrq 5.23 ;'if'Dgf

cm nfdf] / 2 cm Jof; ePsf] x'G5 . ;'if'Dgfn] z/L/sf ljleGg efu / dl:tislar ;~rf/ 
ug'{sf] ;fy} csfDo lj|mof (reflex action) sf] s]Gb|sf] sfo{ u5{ . 

 :gfo' /];f (Nerve fibers)

 :gfo' sf]ifsf PShf]gx¿ ldnL :gfo' /];f aG5 . :gfo' tGt'x¿n] ;'if'Dgf jf dl:tissf  
 nflu ;+jfbbftfsf] sfd u5{g\ . sfo{sf cfwf/df :gfo' /];f tLg k|sf/sf x'G5g\ M

 -c_ Pkm/]G6 jf ;]G;/L :gfo' /];f (Afferent or sensory nerve): o;n] pQ]hgf (nerve  
  impulse) nfO{ k|fks (receptor) af6 dl:tis jf ;'if'Dgf;Dd n}hfg] sfo{ u5{ .

 -cf_  Okm/]G6 jf df]6/ :gfo' /];f (Efferent or motor nerve): o;n] va/ jf pQ]hgf (nerve  
  impulse) nfO{ dl:tis jf ;'if'Dgfaf6 z/L/sf ljleGg efu;Dd k'¥ofpg] sfo{ u5{ .

 -O_ OG6/ Go'/f]g (Inter neuron): o;n] ;]G;/L :gfo' /];f / df]6/ :gfo' /];fnfO{ hf]8\g] /  
  ;]G;/L :gfo' /];faf6 cfPsf] pQ]hgfnfO{ df]6/ :gfo' /];fdf k'¥ofpg] sfo{ ub{5 .

2.  k]l/km]/n :gfo' k|0ffnL (Peripheral nervous system) 

s]Gb|Lo :gfo' k|0ffnL / z/L/sf ljleGg efux¿lar ;~rf/ 
ug{] :gfo' k|0ffnLnfO{ k]l/km]/n :gfo' k|0ffnL elgG5 . of] 
:gfo' /];fx¿af6 ag]sf] x'G5 . :gfo' /];fx¿ lg:s]sf] If]qsf 
cfwf/df :gfo' /];fx¿ b'O{ k|sf/sf x'G5g\ M

-s_ j|m]lgon :gfo' /];f (Cranial nerve)

dl:tisaf6 lg:s]sf :gfo' /];fx¿nfO{ j|m]lgon :gfo' /];f 
elgG5 . j|m]lgon :gfo' /];fx¿ 12 hf]8f x'G5g\ . logLx¿n] 
dl:tis / 6fpsfdf /x]sf ljleGg cª\ux¿ lha|f], cfFvf, 
sfg, gfs cflblar ;~rf/ u5{g\ . lrq 5.24 k]l/km]/n :gfo' k|0ffnL

ganglia
nerves
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 -v_ :kfOgn :gfo' /];f (Spinal nerves):  

;'if'Dgfaf6 lg:s]sf :gfo' /];fnfO{ :kfOgn :gfo' /];f elgG5 . :kfOgn :gfo' /];fx¿ 
#! hf]8f x'G5g\ . o;n] z/L/sf ljleGg efu / ;'if'Dgflar pQ]hgf Nofpg] / n}hfg] 
sfd sfo{ u5{ .

  csfDo lj|mof (Reflex action) 

lrq 5.25 csfDo lj|mof

slxn]sfxLF ;8sdf lxF8\bf cs:dft lrKn]/ n8\bf t'?Gt} xftn] e'Odf 6]S5f}F . To:t} 
tftf] j:t' 5'Fbf PSsfl; xft x6fp5f}F . o:t} k|sf/sf sltko sfo{x¿ xfdLx¿ yfxf 
geO{sg ul//x]sf x'G5f}F . o:tf 36gfk|lt cr]tg cj:yf d} k|ltlj|mof hgfpF5f}F . 
o;/L xfd|f] z/L/sf s'g} cª\usf] :kz{ crfgs s'g} j:t';Fu x'Fbf z/L/n] b]vfpg] 
pSt zL3| k|ltlj|mofnfO{ csfDo lj|mof elgG5 . csfDo lj|mof ;'if'Dgfåf/f ;~rfng 
x'G5 . cfFvfdf s]xL s'/f k:g nfUbf cFfvf lrlDng' klg csfDo lj|mof xf] . csfDo 
lj|mof x'Fbf pQ]hgf :gfo' k|0ffnLsf] Ps lglZrt af6f] eP/ ;~rf/ x'G5, pSt af6f]
nfO{ l/ˆn]S; cfs{ (reflex arc) elgG5, h:t}M tftf] j:t' 5F'bf x'g] csfDo lj|mofdf 
lgDgcg';f/ pQ]hgf ;~rf/ x'G5 . 

k|fks  —         5fnfsf] :gfo' 6'Kkf] h;n] jftfj/0fLo kl/jt{gnfO{ u|x0f u5{ 

;]G;/L :gfo' —    k|fksaf6 ;'if'Dgf;Dd va/ n}hfg] :gfo' 

sg]lS6ª :gfo' —  ;'if'Dgfsf] dflyaf6 tn pQ]hgf Nofpg] :gfo' cyjf ;]G;/L  
   :gfo' / df]6/ :gfo'lar ;dGjo ug]{ :gfo'

df]6/ :gfo' —    ;'if'Dgfaf6 d+fzk]zLdf pQ]hgf n}hfg] :gfo'

Okm]S6/ —       pQ]hgf kfpg] df+z]k]zL
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3. :jrflnt :gfo' k|0ffnL (Autonomic nervous system)

:gfo' k|0ffnLsf] efu h;n] d'6', lduf}{nf, kmf]S;f] h:tf cª\ux¿sf] c:j]lR5s sfo{x¿sf] 
lgoGq0f u5{ . Tof] efunfO{ c6f]gf]lds :gfo' k|0ffnL elgG5 . o;n] Ao'Fem]sf] jf ;'t]sf] 
cj:yfdf df+;k]zL / lglZrt k|sf/sf u|lGysf] sfo{ lgoGq0f u5{, o;sf b'O{ efux¿  
x'G5g\ . h'g lgDgfg';f/ 5g\ M

lrq 5.26 :jrflnt :gfo' k|0ffnL

 -s_  l;Dkfy]l6s :gfo' k|0ffnL  
  (Sympathetic nervous system)

o;n] z/L/sf] cfsl:ds ;ª\s6 cj:yfsf] ;fdgf ug{sf nflu tof/ u5{ . o;n] 
d'6' / kmf]S;f]sf]]] ultnfO{ a9fpF5 . s'g} cfsl:ds 36gf x'Fbf /Strfk / d'6'sf]  
w8\sg a9fP/ a9L zlSt pTkfbg ug{ ;xof]u u5{ . pSt zlStsf] k|of]uaf6 ;hLjn] 
cfˆgf] ;'/Iff u5{ .

 -v_  Kof/fl;Dkfy]l6s :gfo' k|0ffnL (Parasympathetic nervous system)

o;n] l;Dkfy]l6s :gfo' k|0ffnLsf c;/x¿ /f]Sg] sfo{ ub{5 . o;n] d'6'sf] w8\sg / 
/Strfk 36fpF5 . cfsl:ds ;ª\stsf] cj:yf l;l4Pkl5 o;n] d'6' / Zjf;k|Zjf;sf] 
ultnfO{ ;fdfGo cj:yfdf Nofpg dbt u5{ .
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cEof;

1=  tnsf k|Zgx¿sf] ;xL ljsNkdf l7s lrx\g -√_ nufpg'xf];\ M 

 -s_  d]lgGh]hsf] -aflx/L txaf6 leqL tx_ tnsf dWo] s'g j|md ;xL xf] <

  -c_ kfoDof6/, P/fSgf]O8Dof6/ / 8'/fDof6/     

  -cf_ P/fsgf]O8Dof6/, kfoDof6/ / 8'/fDof6/

  -O_  P/fSgf]O8, 8'/fDof6/ / kfoDof6/     

  -O{_ 8'/fDof6/, P/fSgf]O8Dof6/ / kfoDof6/

 -v_  :gfo' k|0ffnLsf] s'g efu v/fgL /ªsf] x'G5 < 

  -c_ :gfo' /];f          -cf_ ;fO6f]g     

  -O_  PS;f]g       -O{_  8]G8«fO6\;

 -u_  dl:tissf] s'g efudf rf]6k6s nfu]df dflg; sf]dfdf hfG5 < 

  -c_ j|]mlgod      -cf_ ;]/]a]nd    

  -O_ ;]/]a|d       -O{_  d]8'nf cAnª\uf6f

 -3_  z/L/sf ljleGg efuaf6 dl:tis;Dd va/ nfg] :gfo' s'g xf] < 

  -c_ df]6/ :gfo'      -cf_ ;]G;/L :gfo'    

  -O_ UofªlUnof    -O{_  df]6/ / ;]G;/L b'j} 

 -ª_= cfsfDo lj|mof :gfo' k|0ffnLsf] s'g efun] lgoGq0f u5{ < 

  -c_ ;]/]a|d      -cf_ ;]/]a]nd     

  -O_ d]8'nf cAnª\uf6f     -O{_  :kfOgn s8{ 

2= sf/0f lbg'xf];\ M

 -s_ 7'nf] dfl:tisdf rf]6k6s nfu]df dflg; cr]tg (Coma) cj:yfdf x'G5 .

 -v_ tftf] j:t'nfO{ cf}Fnfn] 5'Fbf cs:dft xft x6\5 .

 -u_ ;fgf] dl:tisdf rf]6 nfu]df z/L/ c:fGt'lnt x'G5 .

 -3_ ;'if'DgfnfO{ csfDo lj|mofsf] s]Gb| elgG5 . 



lj1fg tyf k|ljlwM sIff ( 71

3=  km/s n]Vg'xf];\ M

 -s_ j|]mlgon / :kfOgn :gfo'      -v_ ;]G;/L / df]6/ :gfo'                 

 -u_ ;]/]a|d / ;]/]a]nd       -3_ l;Dkfy]l6s / kf/fl;Dkfy]l6s :gfo' k|0fnL

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

 -s_  dl:tissf] ;kmf lrq agfO{ ljleGg efux¿sf] gfds/0f ug{'xf];\ .

 -v_  d]8'nf cAnª\u]6fn] s] sfo{ u5{, JofVof ug'{xf];\  .

 -u_  c6f]gf]lds :gfo' k|0ffnLn] s] sfo{ u5{ < lrq;lxt j0f{g ug'{xf];\ .

 -3_  tftf] j:t'nfO{ 5'Fbf PSsfl; xft x6fpF5f}F, pSt csfDo lj|mof s;/L x'G5, lrq;lxt  
  aofg ug{'xf];\ .

 -ª_  :gfo' k|0ffnL s]nfO{ elgG5 < o;sf k|sf/nfO{ 5f]6s/Ldf j0f{g ug'{xf];\ .

 -r_  ;fgf] dl:tis, 7'nf] dl:tis / ;'if'Dgfsf sfo{x¿ n]Vg'xf];\ .  

 -5_  Go'/f]g eg]sf] s] xf] < o;sf] ;kmf lrq agfO{ ljleGg efusf] gfds/0f ug'{xf];\ / k|To]s  
  efusf] sfd n]Vg'xf];\ .

 -h_  csfDo lj|mofsf] pbfx/0f;lxt j0f{g ug'{xf];\ .

 -em_ lbOPsf] lrq cWoog u/L ;f]lwPsf k|Zgsf] pQ/ n]Vg'xf];\ M

  -c_  lrqdf cª\lst efux¿sf] gfd n]Vg'xf];\ .

  -cf_  s, v / u efusf sfo{ n]Vg'xf];\ .

  -O_  u efudf rf]6k6s nfu]df s] x'G5 <

s

v
u
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-s_ gnLo'St u|lGy (Exocrine gland)

gnLo'St u|lGyx¿af6 lg:sg] /; 5'6\6} gnL x'Fb} ;DalGwt :yfgdf k'Ug] u5{g\ . o; u|lGysf pbfx/0f kl;gf 

u|lGy, ¥ofn u|lGy, c>' u|lGy cflb x'g\ . oL u|lGyx¿af6 lg:s]sf /; kfrg, lgisf;g cflb 
h:tf hLjg k|lj|mofdf dxŒjk"0f{ e"ldsf v]N5g\ . o; /;df OGhfOd klg x'g ;S5 h;n] h}ljs 

pTk|]/s -Biological catalyst_ sf] sfd u5{g\ .  
-v_  gnLljxLg u|lGy (Endocrine gland)

gnLljlxg u|lGyn] ;|fj ug]{ /; /utdf ldl;O{ /StgnL x'Fb} ljleGg efudf k'¥ofpF5 . o;nfO{ 
xdf{]g elgG5 . oL xdf{]gn] z/L/sf sf]if / cGo u|lGyx¿sf] sfo{nfO{ pQ]lht kf5{ . xdf{]g 
gnLljxLg u|lGyaf6 pTkfbg x'G5 . t/ o;sf] sfo{ If]q rflxF z/L/sf cGo efux¿df x'G5 . 
To;}n] xdf{]gnfO{ /f;folgs ;+jfbbftf (chemical messenger) elgG5 . lk6\o'6/L u|lGy, yfO/f]O8 
u|lGy, Kof/fyfO/f]O8 u|lGy, Pl8«gn u|lGy cflb gnLljxLg u|lGyx¿ x'g\ . oL u|lGyaf6 pTkflbt 
xdf{]gx¿sf] dfqfdf 36a9 x'Fbf z/L/df ljleGg ;d:ofx¿ cfpF5g\ . oL xdf{]gx¿sf sf/0fn] 
j[l4 ljsf;df c;/ k'U5, k|hgg Ifdtf 36\5 / ljleGg lsl;dsf /f]ux¿ nfU5g\ .

gnLljxLg u|lGyx¿sf] ;d"x ldn]/ gnLljxLg u|lGy k|0ffnL ag]sf] x'G5 . xdf]{g gnLljxLg 
u|lGyx¿sf] ;|fj xf] .

s]xL u|lGyx¿n] pTkfbg ug]{ s]xL /; /utdf ldl;O{ cfk\mgf] sfo{:yfgdf k'U5g\ eg]s]xL /; 5'6\6} 
gnL x'Fb} sfd ug]{  :yfgdf hfG5g\ . KoflGj|mofh / uf]Gof8\; o:tf u|lGysf pbfx/0f x'g\ . o:tf 
u|lGyx¿n] OGhfOd / xdf]{g b'j}sf] pTkfbg u5{g logLx¿ ldl>tu|lGy x'g\ .

5.3  dfgj u|lGy k|0ffnL 
(Human glandular system)

dfgj z/L/df ljleGg u|lGyx¿ x'G5g\ . 
tL u|lGyx¿n] z/L/nfO{ cfjZos ;|fjx¿ 
pTkfbg u5{g\ . u|lGyx¿n] xdf{]g, OGhfOd 
/ /;x¿ pTkfbg u5{g\ . oL ;|fjx¿n] 
xfd|f] z/L/sf ljleGg lj|mofsnfknfO{ ;xh 
agfO{ :j:y /fVg dbt u5{g\ . xfd|f] z/L/
df /x]sf ljleGg u|lGyx¿sf] ;d"xnfO{ u|lGy 
k|0ffnL elgG5 . u|lGy k|0ffnLaf6 pTkfbg 
x'g] ;|fjx¿n] kfrg, k|hgg, lgisf;g 
cflbdf ;xof]u u5{g\ . u|lGyx¿n] pTkfbg 
ug{] ;|fjsf cfwf/df u|lGyx¿ b'O{ lsl;dsf 
x'G5g\ M gnLo'St (Exocrine) / gnLljxLg 

(Endocrine) .

lrq 5.27
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xdf{]gsf sfo{x¿ lgDgfg';f/ 5g\ M

 -c_ xdf{]gsf sf/0fn] zf/Ll/s, dfgl;s / dgf]j}1flgs ljsf; x'G5 .

 -cf_ ljleGg cª\ux¿sf sfo{nfO{ pQ]lht ug{] / lgoGq0f ug{] sfo{ u5{ .

 -O_ xdf]{gn] z'j|mls6 / c08f pTkfbgsf] lgoGq0f u5{ .

 -O{_ dflg;df n}ª\lus u'0fsf] ljsf; u5{ .

 -p_ xdf{]gn] k|hgg Ifdtfsf] lgoGq0f u5{ .

 -pm_ xdf{]gn] z/L/df SoflN;od / km:kmf]/;sf] dfqf ;Gt'ng u5{ .

gnLljxLg / ldl>t u|lGy pSt u|lGy kfOg] :yfg / pTkflbt xdf]{gnfO{ lgDglnlvt tflnsfdf k|:t't  
ul/Psf] 5 M

gnLljxLg u|lGy z/L/df kfOg] :yfg pTkflbt xdf{]g

1= lk6\o'6/L u|lGy dl:tissf] cfwf/ efudf j[l4 xdf{]g ,pTk|]/s xdf{]g

2= yfO/f]O8 u|lGy 3fF6Lleq yfO/f]lS;g÷kf/fyfdf]{g

3= Kof/fyfO/f]O8 3fF6Ldf yfO/f]O8 u|lGysf] dfly Kof/fyfO/f]lS;g

4= Pl8«gn u|lGy lduf{}nfsf] dflyNnf] efudf Pl8«glng

5= Kofª\lj|mofh cfdfzosf] k5fl8 efudf 
8\o'l8gdsf] glhs}

OG;'lng, Un'sfug

6= uf]gf8\;
(a) cG8sf]if (testis)
(b) cG8fzo

k]6sf] tNnf] efu 6]:6f]:6]/f]g
O:6«f]h]g (Oestrogen)
kf]h]:6]/f]g (progesterone)

lk6\o'6/L u|lGy (Pituitary gland)

lk6\o'6/L u|lGy s]/fpsf] bfgf h:t} cfsf/sf] x'G5 . of] u|lGy vKk/leq dl:tissf] tNnf] efudf 
/x]sf] x'G5 . d'Votof o;n] pTk|]/s xdf{]g (stimulating hormone) / j[l4 xdf{]g (growth 
hormone) pTkfbg ub{5 . o;af6 lgl:sg] xdf]{gx¿sf] d'Vo sfo{ zf/Ll/s tyf dfgl;s j[l4 
ug{'sf ;fy} c¿ u|lGyx¿nfO{ pQ]lht ug{' klg xf] . o;n] c¿ ;a} u|lGyx¿sf] sfo{ ;+of]hg / 
lgoGq0f ug{] u5{ . To;}n] o;nfO{ d'Vo u|lGy (master gland) klg elgG5 .

j[l4 xdf{]gn] dflg;sf] zf/Ll/s tyf dfgl;s j[l4 u5{ . olb pSt xdf{]gsf] pTkfbg sd eof] 
eg] dflg; k'8\sf] x'G5 . h;nfO{ 8\jflkm{Hd (dwarfism) elgG5 . z/L/df of] xdf{]gsf] pTkfbg 
w]/} eof] eg] dflg; lgs} cUnf] x'G5 . of] cj:yfnfO{ luHoflG6Hd (gigantism) elgG5 .
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lrq 5.28 

lrq 5.29

yfO/f]O8 u|lGy (Thyroid gland)

yfO/f]O8 u|lGy k'tnL cfsf/sf] x'G5 . of] u|lGy 3fF6Ldf Zjf;gnLsf] bfofF / afFof efudf Ps 
Pscf]6f nf]a km}lnP/ /x]sf] x'G5 . tL b'O{cf]6f nf]ax¿nfO{ ;+of]hL tGt'sf] kftnf] lemNnLn] hf]8]
sf] x'G5 . of] u|lGyn] tLg lsl;dsf xdf{]gx¿ pTkfbg u5{, tL x'g\ M yfO/f]lS;g (T4), 6«fOcfof]8f]
yfO/f]lgg (T3) / SoflN;6f]lgg .

yfO/f]O8 u|lGyn] pTkfbg ug{] yfO/f]lS;g xdf{]gn] z/L/sf sf]ifx¿sf lj|mofdf c;/ kfg{'sf ;fy} 

zf/Ll/s j[l4 / ljsf; u5{ . yfO/f]lS;g xdf{]gdf sl/a 65% cfof]l8g x'G5 . To;}n] xfd|f] 
vfgfdf cfof]l8gsf] dfqf ;dfj]z ug{'k5{ . xfn vfg] g'gdf cfof]l8g ld;fOPsf] x'G5 . cfof]

l8gsf] sdLn] yfO/f]O8 u|lGy ;'lGgP/ cfpF5 . o;nfO{ unufF8 -goitre_ elgG5 . yfO/f]lS;g xdf{]
gsf] sdL ePdf zf/Ll/s tyf dfgl;s b'a{ntf x'g], 5fnf ;'Vvf x'g], sd kl;gf cfpg], af]nL  
n6\kl6g] / :j/ wf]b|f] x'g] x'G5 . yfO/f]lS;g xdf]{g a9L ePdf pkfkrfog lj|mofb/ a9\5 
. cTolws kl;gf cfpg], a9L ef]s nfUg], tf}n 36\g], dfgl;s cl:y/tf x'g], cfFvf aflx/ 
lg:sg] cflb x'G5 . SoflN;6f]lgg xdf]{gn] /utdf a9L ePsf] SoflN;odnfO{ xf8df nu]/ y'kf5{ 
(deposite) / /utdf o;sf] dfqf ;Gt'ng u5{ . 

Kof/fyfO/f]O8 u|lGy (Parathyroid gland)

Kof/fyfO/f]O8 u|lGy yfO/f]O8 u|lGysf] k5fl8 /x]sf] 
x'G5 . logLx¿ rf/cf]6f x'G5g\ . o;n] Kof/fydf{]
g gfds xdf]{g pTkfbg u5{ . o;n] /ut / xf8df SoflN;od cfbfg k|bfg u5{ . /utdf 
SoflN;odsf] dfqf j[l4 u5{ . of] xdf{]g a9L ePdf 6\o'd/ / lduf}{nfdf kTy/L x'G5 . of] xdf{]g 
sd ePdf /utdf SoflN;odsf] dfqf 36\5, df+;k]zL v'DrG5 . o; cj:yfnfO{ l66fgL (tetany) 
elgG5 . 

Pl8«gn u|lGy (Adrenal gland)

Pl8«gn u|lGy k|To]s lduf}{nfsf] dflyNnf] efudf Ps Pscf]6f x'G5g\ 
. Pl8«gn u|lGyn] Pl8«glng xdf{]g / sl6{;g xdf{]g pTkfbg u5{ . 
Pl8«glng xdf{]gn] cfsl:ds vt/f cj:yfdf ;fdgf ug{] agfpF5 . 
sl6{;g xdf{]gn] ;]S; xdf{]gsf] sfd klg u5{ . Pl8«glng xdf{]g a9L 
ePdf /Strfk a9\g] x'G5 . Pl8«glng xdf{]g sd ePdf sdhf]/ x'g], 
/Strfk 36\g], lrgLsf] dfqf sd x'g], jfsjfsL nfUg] x'G5 .            

Kofª\lj|mofh (Pancrease)

Kofª\lj|mofh dflg;sf] z/L/sf] ;a}eGbf 7'nf] u|lGydWo]sf] Ps xf] . of] u|lGy cfdfzo  

k5fl8k6\l6 8\o'8]gdsf] n'kdf /x]sf] x'G5 . of] 12-15 cm nfdf] x'G5 . o;n] Kofª\lj|mofl6s 
/; / xdf{]gx¿ b'j} pTkfbg ug{] x'gfn] o;nfO{ ldl>t u|lGy elgG5 . o;n] pTkfbg ug{] Kofª\
lj|mofl6s /;df ljleGg lsl;dsf OGhfOdx¿ x'G5g\ . oL OGhfOdx¿n] kfrgdf dbt u5{g\ .  
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Kofª\lj|mofhn] pTkfbg ug]{ Un'sfug / OG;'lng 
xdf]{gn] Ps csf{sf] ljk/Lt sfd u5{g\ . To;}n] 
logLx¿nfO{ PG6fuf]lgl:6s xdf{]g elgG5 . OG;'lngn] 
/utdf Un'sf]hsf] dfqf lgoGq0f u5{ eg] Un'sfugn] 
/utdf Un'sf]hsf] dfqf a9fpF5 .

z/L/df OG;'lng sdL ePdf /utdf Un'sf]hsf] 
dfqf a9\5 . o:tf] cj:yfnfO{ dw'd]x elgG5 . of] 
cj:yfdf a9L ef]s nfUg], ltvf{ nfUg], lk;fasf] 
dfqf a9\g] x'G5 . z/L/df OG;'lng a9L ePdf /utdf Un'sf]hsf] dfqf 36\5 . h;n] ubf{ 
dflg;nfO{ rSs/ nfUg], 9Ng], dl:tis3ft cflb x'G5 .

uf]gf8\; (Gonads)

k'?ifdf x'g] c08sf]if (testis) / dlxnfdf x'g] c08fzo (ovary) nfO{ uf]gf8\; elgG5 . 

-s_ c08sf]if (Testis)

k'?ifsf] :j|mf]6d (Scrotum) df b'O{lt/ /x]sf b'O{cf]6f an h:tf u|lGyx¿nfO{ c08sf]if 
elgG5 . o;n] jLo{ pTkfbg ug'{sf ;fy} 6]:6f]:6]/f]g (Testosterone) gfds xdf{]g pTkfbg 
u5{ . pSt xdf{]gn] jLo{ pTkfbg ug{] / låtLo n}ª\lus u'0fx¿ h:t} M bf/L, h'Fuf cfpg]  
lnª\usf] j[l4 x'g] / wf]b|f] :j/ cfpg] cflbsf] ljsf;df dbt u5{ .

-v_ c08fzo (Ovary)

dlxnfsf] tNnf] k]6sf] b'j}lt/ l8DaaflxgL gnL;Fu} /x]sf b'O{cf]6f c08fsf/ efux¿nfO{ 
c08fzo elgG5 . c08fzon] c08f pTkfbg ug{'sf ;fy} O:6«f]h]g / k|f]h]:6]/f]g gfds ;]
S; xdf{]g pTkfbg u5{ . oL xdf{]gn] c08 pTkfbg / dlxnfdf b]lvg] n}ª\lus u'0fx¿sf] 
ljsf; ug{ dbt u5{g\ .

lrq 5.30 Kofª\lj|mofh u|lGy

lrq 5.31 uf]gf8\;

8'8]gd

KoflGj|mofh 

c08sf]if

c08fzo
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kl/of]hgf sfo{ 

gnLljxLg u|lGyx¿ ePsf >Jo b[Zo;fdu|L cjnf]sg ug{'xf];\ . xfd|f] z/L/df x'g] ljleGg OG8f]
j|mfOg u|lGyx¿sf] cjl:yltsf] cjnf]sg u/L rf6{k]k/df lbPsf] tflnsfcg';f/sf] ljj/0f 
tof/ ug'{xf];\ / sIffdf k|:t't ug'{xf];\ . 

 j|m=;= Uf|lGysf] gfd :yfg  xdf]{g  sfo{

    

5.4  jg:klt xdf]{g (Plant Hormone )

tkfO{Fn] ljrf/ ug'{ePsf] 5, < s] jg:kltx¿df x'g] ljleGg hLjg k|lj|mof ;~rfng ug{sf 
nflu hgfj/df h:t} xdf]{gx¿ pTkfbg x'G5g\ xf]nf t <

la?jfsf] j[l4 ljsf; x'g, kmn nfUg, kmn kfSg, kmnaf6 lapx¿ aflx/ lgl:sgsf nflu 
xdf]{gsf] cfjZostf k5{ . jg:kltn] klg jftfj/0fk|lt hgfj/n] h:t} k|ltlj|mof b]vfpF5 
. jg:kltx¿n] u'?Tj, k|sfz, /;fog, :kz{tkm{ k|ltlj|mof b]vfpF5g\ . pbfx/0fsf nfuL 
;"o{d'vL km"n k|sfzlt/ j[l4 x'G5 . jg:kltx¿n] jftfj/0fLo pQ]hgf (stimulus) k|lt 
k|ltlj|mof b]vfpF5g\ . oL ;a} k|ltlj|mofx¿ jg:kltdf pTkfbg x'g] xdf]{gx¿af6} ;Dej x'G5 
. la?jfdf klg hgfj/x¿df h:t} UnfG8'n/ tGt'x¿ x'G5g\ h;n] xdf]{gx¿ ;|fj u5{g\ . 
xdf]{gsf] ;xfotfn] Pp6f sf]ifaf6 csf]{ sf]ifdf ;~rf/ u5{g\ . jg:klt xdf]{gx¿ s'g} kf]
ifs tŒjx¿ xf]Ogg\ . logLx¿ /f;folgs kbfy{x¿af6 ag]sf ;+jfbbftf x'g\ . jg:kltnfO{ 
ljz]if ;dodf, ljz]if efudf, ljz]if lsl;dsf] xdf]{gsf] cfjZostf k5{ .

jg:kltsf] j[l4 ljsf;df afx\o -jftfj/0fLo_ / leqL tŒjx¿n] k|efj kfl//x]sf] x'G5 . 
leqL tŒjx¿dWo] xdf]{g k|d'v tŒj xf] h:fn] la?jfsf] j[l4 ljsf;nfO{ k|ToIf k|efj kfb{5 
. la?jfsf] j[l4 ljsf;df ;xof]u ug]{ xdf]{gnfO{ jg:klt j[l4 xdf]{g elgG5 . lha]/]lng 
(Gibberlins), clShg (Auxin), a|fl;gf]:6]/f]O8 (Brassinosteroid), OyfOlng (Ethylene), 
;fO6f]sfOlgg (Cytokinin) cflb jg:klt j[l4 xdf]{g x'g\ . 

j[l4 xdf]{gsf sfo{x¿ 

j[l4 xdf]{gsf] d'Vo sfo{ la?jfsf] j[l4 ljsf; ug'{ xf] . ;fdfGotof j[l4 xdf]{gx¿ la?jfsf] 
j[l4 If]q h:t} 8fF7 / h/fsf 6'Kkfdf pTkfbg x'G5g\ . clShg xdf]{g 8fF7sf] 6'Kkfdf pTkfbg 
x'G5 . o;n] la?jfsf 8fF7sf] 6'Kkf]nfO{ k|sfzlt/ j[l4 x'g ;xof]u u5{ h;nfO{ kmf]6f]6«lkHd\ 
(phototropism) elgG5 . o;n] Plksn 8f]ldg]G;\ (Apical dominance) sfod ug{ klg 



lj1fg tyf k|ljlwM sIff ( 77

dbt u5{ . ;fO6f]sfOlgg xdf]{g h/fsf] 6'Kkf], OlDa|of] / kmnx¿df k|z:t dfqfdf kfOG5 
. logn] xdf]{gx¿n] la?jfsf] j[l4 ljsf;df dbt u5{g\ .

jg:klt j[l4 xdf]{gsf pkof]lutfx¿

1. l6:o' sNr/ ubf{ s[lqd dfWoddf clShg / ;fO6f]sfOlgg xdf]{g ld;fOG5 . oL xdf]{gn]  
 h/f / sf08sf] j[l4 ug{ dbt u5{g\ . To;}n] clS;g / ;fO6f]sfOlgg xdf]{g ;Gt'lnt ¿kdf  
 ldnfO{ /fVg'k5{ h;n] ubf{ la?jfsf] j[l4 ljsf; l56f] x'G5 .

2. u'0f:t/Lo kmnkm"n tyf t/sf/L pTkfbg ug{, a]df};dL t/sf/L pTkfbg ug{sf nflu 
klg oL xdf]{gn] dxŒjk"0f{ e"ldsf v]N5g\ . t/ t/sf/L tyf kmnk'mndf w]/} xdf]{g k|of]
u ubf{ dfgj :jf:Yodf k|lts'n c;f/ kf5{ .

kl/of]hgf sfo{ 

cfhef]ln s]xL Jofj;flos ls;fgn] cToflws dfqdf s[lqd xdf{]gsf] k|of]u u/L a9L pTkfbg 
ug]{ u5{g\ . o;/L a9L s[[lqd xdf]{g k|of]u u/L pTkfbg ul/Psf t/sf/L tyf kmnk"mnsf]  
pkef]u ubf{ dfgj :jf:Yodf gsf/fTds c;/ k'U5 . glhs}sf] afuafgL jf s[lif cg';Gwfg 
If]q e|d0f ug{'xf];\ . ;DalGwt lj1sf] ;xof]udf k|of]u x'g] jg:klt xdf]{gx¿, To:fsf] k|of]u / 
o;af6 x'g] kmfObfx¿sf] tYofª\s ;ª\sng u/L k|ltj]bg tof/ u/L sIffdf k|:t't ug'{xf];\ .

cEof;

1=  tnsf k|Zgsf] ;xL ljsNkdf l7s lrx\g -√_ nufpg'xf];\ M 

 -s_  /utdf lrgLsf] dfqf lgoGq0f ug]{ xdf]{g s'g xf] <

  -c_ yfO/f]lS;g   -cf_ OG;'lng   

  -O_ kf/fydf]{g     -O{_ O:6«f]hg 

 -v_  s'g xdf]{gn] kmn ksfpg] sfo{ u5{ < 

  -c_ OyfOlng       -cf_ lua{lng   

  -O_ ;fO6f]sfOlgg     -O{_ clShg

 -u_  Apical dominance s'g xdf{]gn] ubf{ x'G5 <

  -c_ ;fO6f]sfOlgg    -cf_ cflShg   

  -O_ OyfOlng     -O{_ lualn{g
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 -3_  d'Vo u|lGy s'g u|lGynfO{ elgG5 < 

  -c_ yfO/f]O8 u|lGy    -cf_ KoflGj|mofh   

  -O_ lk6\o'6/L u|lGy     -O{_  Pl8«gn u|lGy 

 -ª_  k'?ifTjsf] ljsf; tyf lgoGq0f ug]{ xdf]{g s'g xf] <

  -c_ k|]fh]:6]/f]g     -cf_ yfO/f]lS;g     

  -O_ 6]:6f]:6]/f]g     -O{_  O:6«f]hg 

 -r_  kmn kfSg] / k'/fgf kftx¿ Efmg]{ lj|mof s'g xdf]{g;Fu ;DalGwt 5 <

  -c_ OyfOlng       -cf_ :ffO6f]sfOlgg     

  -O_ lualn{g    -O{_ clShg

2= sf/0f lbg'xf];\ M

 -s_ Koflª\j|mofhnfO{ ldl>t u|lGy elgG5 .

 -v_  lk6\o'6/L u|lGynfO{ d'Vo u|lGy (master gland) elgG5 .

 -u_  xdf]{gnfO{ /f;folgs :f+jfbbftf elgG5 .

 -3_  Un'sfuf]g / OG;'lngn] Ps csf{ lj?4 sfo{ ub{5g\ .

 -ª_ OGhfOdnfO{ h}ljs pTk|]/s elgG5 . 

3= km/s n]Vg'xf];\ M

 -s_ gnLo'St / gnLljxLg u|lGy   

 -v_ ;fO6f]sfOlgg / clShg

 -u_ kf/fyfO/f]O8 / yfO/f]O8 u|lGy   

4= tnsf k|Zgsf] pQ/ n]Vg'xf];\

 -s_ u|lGy eg]sf] s] xf] < o;sf k|sf/nfO{ pbfx/0f;lxt rf6{df k|:t't ug'{xf];\ .

 -v_ jg:klt xdf]{gx¿ s'g s'g x'g\, n]Vg'xf];\ .

 -u_ dfgj z/L/df kfOg] ljleGg gnLljxLg u|lGy b]lvg] lrq sf]g{'xf];\ . 

 -3_ lk6\o'6/L u|lGysf af/]df 5f]6s/Ldf j0f{g ug{'xf];\ .
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 -ª_ jg:klt xdf{]gsf] ;"rL tof/ ug{'xf];\ . 

 -r_ jg:klt xdf]{gsf] pkof]lutf n]Vg'xf];\ .

 -5_ Kofª\lj|mofhsf] lrq;lxt j0f{g ug{'xf];\ .

 -h_ cfjZoseGbf a9L dfqfdf xdf]{gsf] pTkfbg ePdf z/L/df s:tf] c;/ k5{ <  
  pbfx/0f;lxt j0f{g ug{'xf];\  .

 -em_ u|lGy k|0ffnL / :gfo' k|0ffnLsf] cGt/;DaGwnfO{ pbfx/0f;lxt k|:6 ug'{xf];\ .

 -`_ lbOPsf] lrqsf] cjnf]sg u/L tnsf k|Zgsf] pQ/ n]Vg'xf];\ .

 -c_  lrqdf b]vfOPsf u|lGyx¿sf] gfd n]Vg'xf];\ .

 -cf_ k|To]s u|lGyn] pTkfbg ug]{ xdf]{gsf] gfd / Pp6f Pp6f sfo{ n]Vg'xf];\ .

 -O_ l66fgLsf nflu s'g xdf]{g ;DalGwt x'G5 <
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k|s[lt / jftfj/0f  
(Nature and Environment)

^

-c_  lrqdf s'g s'g 7fpFsf] kfl/l:ylts k4lt b]vfOPsf] 5 <

-cf_ oL b'j} kfl/l:ylts k4ltdf kg]{ h}ljs tŒjx¿ s] s] 5g\ <

-O_  oL b'j} kfl/l:ylts k4ltdf kg]{ ch}ljs tŒjx¿ s] s] 5g\ <

-O{_  lrqdf b]vfOPsf kfl/l:ylts k4ltdf s] s] km/s kfOG5 <

xfd|f] j/k/ y'k|}  ;hLj tyf lghL{j j:t'x¿ /x]sf x'G5g\ . ;hLj j:t'cGtu{t cf“vfn] b]Vg g;lsg] 
;"Id hLjb]lv dflg;nufotsf cGo hGt' tyf jg:kltx¿ kb{5g\ . o;sf ;fy} df6f], xfjf, kfgL, 
k|sfz cflb lghL{j j:t'x¿ klg jftfj/0fdf /x]sf x'G5g\ . 

xfd|f j/k/ ePsf oL ;Dk"0f{ j:t'x¿sf] ;du| ¿knfO{ s] elgG5 xf]nf < logLx¿larsf] ;DaGw 
s:tf] x'G5 xf]nf, 5nkmn ug'{xf];\ .

6.1  kfl/l:ylts k4lt (Ecosystem)

 lj|mofsnfk 6.1  lrq cjnf]sg u/L tn lbOPsf k|Zgx¿df 5nkmn ug'{xf];\ M

lrq 6.1 hnLo / :ynLo kfl/l:ylts k4lt
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-p_  lrqdf h}ljs / ch}ljs tŒjlar s:tf] ;DaGw /x]sf] 5 <

xl/of jg:kltn] df6faf6 kfgL, nj0f, jfo'd08naf6 sfa{g 8fOcS;fO8af6 k|fKt u/L 
;"o{sf] k|sfzsf] pkl:yltdf kftdf /x]sf] xl/ts0fdf vfgf agfpF5 . jg:kltn] tof/ u/]sf] 
vfgf hgfj/n] pkef]u u5{g\ . hLjx¿n] :ff; km]g{ jftfj/0faf6 clS;hg lnG5g\ / sfa{g 
8fOcS;fO8 UofF; kmfN5g\, h'g la?jfn] vfgf agfpg k|of]u u5{g\ . kf]v/Ldf x'g] hns'DeL 
tyf cGo hnLo jg:kltx¿n] kf]v/Ldf ePsf] kfgL, df6faf6 cfjZos tŒjx¿ ;f];]/ lnG5g\ . 
oL ;a} hLjx¿ d/]kl5 logLx¿sf] z/L/ ljR5]bsåf/f s'lxG5 / ;;fgf c0f'df kl/0ft x'G5 
h:fnfO{ la?jfn] ;f];]/ lnG5g\ . o;/L jftfj/0fdf Pp6f rj|m rln/x]sf] x'G5 h'g rj|mdf hGt', 
la?jfx¿ / jftfj/0flar cGt/;DaGw /x]sf] x'G5 . o;sf ;fy} jftfj/0fdf ePsf ;hLj / 
lghL{j j:t'x¿lar klg cGt/;DaGw /x]sf] x'G5 eg] hGt' tyf jg:klt klg Ps csf{df lge{/ 
/x]sf x'G5g\ . Pp6} ;femf jftfj/0fdf /x]/ Pscsf{df lge{/ x'g] ;hLjx¿sf] ;d"xnfO{ ;d'bfo 
(Community) elgG5 . o; lsl;dsf] k"0f{ ;d'bfo / ef}lts jftfj/0flarsf] cGt/;DaGw 
lg/Gt/ ¿kdf ;~rfng eO/x]sf] x'G5 . 

;hLjx¿ / ltgsf jl/kl/ /x]sf] k|sfz, tfk, kfgL, df6f], xfjf cflb ldn]/ jftfj/0f aGb5 . 
jftfj/0fsf tŒjx¿ / ;hLjx¿lar k|ToIf jf ck|ToIf ¿kdf ;DaGw /x]sf] x'G5 . jftfj/0fdf 
ePsf ;hLjx¿ / ef}lts jftfj/0flarsf] lg/Gt/ tyf :yfoL ¿kdf rln/xg] cGt/;DaGwnfO{ 
kfl/l:ylts k4lt (Ecosystem) elgG5 . 

kfl/l:ylts k4ltsf af/]df 
cWoog ug]{] lj1fgsf] zfvfnfO{ 
kfl/l:ylts lj1fg (Ecology) 
elgG5 . a]nfotL Osf]nf]lh:6 
(Ecologist) P=hL= 6fG:nL (A.G 
Tansley) n] ;g\ 1935 df ;j{k|yd 
kfl/l:ylts k4ltsf] cjwf/0ff 
ljsf; u/]sf lyP .

h}ljs tŒjx¿ / ch}ljs 
tŒjx¿ kfl/l:ylts k4ltsf 
k|d'v efux¿ x'g\ . h;nfO{  
kfl/l:ylts k4ltdf c;/ kfg]{ 
;hLj / lghL{j sf/s tŒjx¿ klg 
elgG5 . h}ljs kIfcGtu{t jg:klt, dflg;, kz'kG5L, hLjf0f' cflb ljleGg lsl;dsf ;hLjx¿ 
kb{5g\ h;nfO{ ;d'bfo elgG5 . ch}ljs kIfcGtu{t df6f], k|sfz, xfjf, kfgL, cfb|tf h:tf 
ljleGg lsl;dsf lghL{j j:t'x¿ tyf ef}lts tŒjx¿ kb{5g\ . kfl/l:ylts k4ltcGtu{tsf 
h}ljs / ch}ljs kIfx¿lar Ps lsl;dsf] zlSt / cGo j:t'x¿sf] lg/Gt/ cfbfg k|bfg 
eO/xG5 . o; lsl;dsf] zlSt k|jfxn] ubf{ g} kfl/l:ylts k4ltdf ;Gt'ng eO/xG5 . 

co2

consumer

herbivores carnivores

Decomposer

photosynthesis

producer

sunlight

lrq 6.2 h}ljs / ch}ljs tŒjx?larsf] cGt/;DaGw
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kfl/l:ylts k4ltsf cjojx¿ (Components of ecosystem)

;a} lsl;dsf kfl/l:ylts k4ltdf ch}ljs / h}ljs u/L b'O{ k|sf/sf tŒjx¿ x'G5g\ . tL 
tŒjx¿sf] j0f{g lgDgfg';f/ /x]sf] 5 M

1=  ch}ljs cjoj (Abiotic components) 

s'g} klg :yfgsf] kfl/l:Ylts k4ltdf k|efj kfg{ ;Sg] lghL{jx¿nfO{ ch}ljs cjoj 
elgG5 . ch}ljs tŒjcGtu{t xfjf, ;f}o{ pmhf{, tfkj|md, df6f], kfgL, cfb|tf cflb kb{5g\ . 
ch}ljs tŒj / h}ljs tŒjx¿ Ps csf{df lge{/ / cGt/;DalGwt x'G5g\ . ch}ljs 
tŒjx¿nfO{ lj:t[t ¿kdf lgDgfg';f/ pNn]v ug{ ;lsG5 M

-s_  xfjf (Air) 

ch}ljs tŒjx¿dWo] xfjf Ps dxŒjk"0f{ tŒj xf] . jfo'd08ndf ljleGg lsl;dsf 
UofF;x¿ h:t} gfO6«f]hg, clS;hg, sfa{g 8fxfOcS;fO8, kfgLsf] afkm cflb /x]sf 
x'G5g\ . xl/of jg:kltx¿n] vfgf agfpFbf sfa{g 8fOcS;fO8 lnG5g\ / clS;hg UoFf; 
kmfN5g\ . dflg;nufot jg:klt tyf cGo hLj hGt'n] Zjf; lnFbf clS;hg UofF; 
lnG5g / sfa{g 8fOcS;fO8 kmfN5g\ . o;/L hLjhGt' / jg:kltx¿lar cfk;df 
;DaGw sfod /x]sf] x'G5 . gfO6«f]hg tŒj jg:kltx¿df Snf]/f]lkmn agfpg cfjZos 
k5{ h:fsf] dbtn] la?jfx¿n] k|sfz ;+Zn]if0f lj|mofaf6 vfgf agfpF5 . jfo'd08ndf 
ePsf] gfO6«f]hg 3'ngzLn gfO6«]6 of}lusdf kl/0ft x'G5 / la?jfsf] h/fn] ;f];]/ lnG5  . 
tL hnjfikx¿n] hnrj|mdf dxŒjk"0f{ e"ldsf v]N5g\ . To;} u/L kfgLsf] afkm  
jfo'd08ndf /xgfn] jfo'd08ndf cfb|tf  agfpF5 . To;}n] xfjf kfl/l:ylts k4ltsf] 
Ps dxŒjk"0f{ / geO{ gx'g] tŒj xf] . 

 -v_  ;f}o{ pmhf{ (Solar energy) 

;f}o{ pmhf{n] jftfj/0fdf kfOg] af]6la?jf, hgfj/ / cGo hLjhGt'sf] hLjg k4ltdf 
dxŒjk"0f{ e"ldsf v]Nb5 . ;"o{af6 k|fKt x'g] k|sfz / tfk zlStn] ;hLjx¿sf] 
hLjgdf dxŒjk"0f{ e"ldsf v]n]sf x'G5 . ;f}o{ pmhf{sf] pkl:yltdf af]6la?jfx¿n] 
k|sfz ;+Zn]if0f k|ls|ofåf/f cfˆgf] vfgf tof/ u5{g\ . ef}uf]lns sf/0fn] ubf{ ;a} 
:yfgdf ;dfg ¿kdf ;f}o{ pmhf{ k|fKt x'Fb}g . o;n] ubf{ ljleGg :yfgsf] xfjfkfgL, 
ToxfF x'g] jif{fsf] dfqf tyf vfBfGg pTkfbg cflbdf leGgtf kfOG5 . To;}n] ljleGg 
7fpFdf kfOg] hgfj/ tyf af]6la?jf klg km/s km/s x'G5g\ . ;"o{af6 k|fKt x'g] tfkn] 
jfo'dG8nsf] tfkj|md ;Gt'lnt /fVg dbt u5{ . o;n] hLjx¿sf] hLjg k|lj|mof 
;xh agfpF5 . tfkj|mdsf cfwf/df km/s km/s 7fFpdf km/s km/s lsl;dsf la?jf 
pd|G5g\ . ;"o{af6 cfpg] tfkn] hnrj|m sfod ug{ dxŒjk"0f{ e"ldsf v]n]sf] x'G5 . 

u'kmfleq / ;d'b|sf] w]/} ulx/fOdf k|z:t dfqfdf hgfj/ / jg:klt lgs} sd dfqdf 
kfOg] sf/0f s] xf]nf <
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-u_  kfgL (Water) 

hGt' tyf jg:kltx¿sf nflu kfgL clt cfjZos tŒj xf] . af]6la?jfx¿df x'g] 
k|sfz ;+Zn]if0f k|lj|mofsf nflu kfgL dxŒjk"0f{ 5 . To:t} u/L hGt' tyf jg:kltsf] 
z/L/ lgdf{0fdf kfgLsf] cfjZostf kb{5 . dflg;, kz'kG5L, cflbn] kf]v/L, tfn, 
s'jf, em/gf gbL tyf ;d'b| cflbsf] kfgL cfˆgf] hLjgsf nflu k|of]u u5{g\ . h}ljs 
j:t'sf] hLjg ;~rfng ug{sf nflu kfgL ckl/xfo{ 5 . hGt' jf jg:kltsf] z/L/df 
kfgLsf] lglZrt dfqf x'G5 . o; lsl;dsf] kfgLsf] dfqfnfO{ hLjx¿n] vfB kbfy{sf 
dfWodaf6 jf zf]if0f u/]/ cfk"lt{ ub{5g\ . z/L/df x'g] ljleGg h}ljs /f;folgs 
k|lj|mof ;~rfng ug{sf nflu kfgLsf] cfjZos kb{5, h:t} M zf/Ll/s pkfkRfog 
k|lj|mofsf nflu hLjhGt'nfO{ kfgLsf] dfqf km/s km/s ¿kdf rflxG5 . kfgL gePsf 
7fpFdf hgfj/ tyf jg:kltnfO{ hLjg hLpg ufx|f] x'G5 .

-3_  df6f] (Soil) 

ch}ljs tŒjdWo] df6f] klg dxŒjk"0f{ tŒj xf] . df6f]df vlgh tŒjx¿, k|fª\ufl/s 
kbfy{, hLjf0f' tyf /f;folgs tŒjx¿ h:t} gfO6«f]hg, km:kmf]/;, kf]6fl;od cflb 
x'G5g\ h'g af]6la?jfsf nflu cfjZos x'G5 . af]6la?jfx¿n] hldgaf6 kfgL, vlgh 
h:tf kbfy{x¿ lnG5g\ . oL tŒjx¿n] af]6la?jf x's{g tyf j[l4sf nflu ;xof]u 
u5{g\ . la?jfaf6 pTkfbg ePsf cGg, ;fukft, kmnkm"n, 3fF;nufotsf j:t'nfO{ 
dflg; tyf cGo hGt'x¿n] cfjZostfcg';f/ pkef]u u5{g\ .  dflg;nufotsf 
hLjx¿sf] jf;:yfg klg df6fdf g} /x]sf] x'G5 . 

2= h}ljs cjojx¿ (Biotic Components)  

h}ljs tŒjx¿n] hLj ;d'bfonfO{ hgfpF5 . kfl/l:ylts k4ltdf ePsf jg:klt, hgfj/, 
kmGhfO{, AofS6]l/of tyf clt ;"Id hLjf0f'x¿nfO{ h}ljs tŒj elgG5 . oL ;Dk"0f{ hLJfx¿lar 
cGt/;DaGw /x]sf] x'G5 . cfˆgf] ;d'bfodf x'g] ;hLjx¿sf] ;DaGwn] jftfj/0fnfO{ c;/ 
kf/]sf] x'G5 eg] cfkm" klg k|ToIf / ck|ToIf ¿kdf k|efljt ePsf] x'G5 . vfgf, jf:f:yfg, 
kl/jxgsf h'g;'s} cj:yfsf nflu ;DaGw :yflkt x'G5g\ . hLj ;d'bfon] pTkfbs 
(producer) pkef]Stf (consumer) / ljR5]bs (decomposer) h:Tff kIfnfO{ ;d]6\5 . 
kfl/l:ylts k4ltdf zlSt k|jfxsf cfwf/df hLj ;d'bfonfO{ lgDdfg';f/ juL{s/0f ug{ 
;lsG5 M 

-s_  pTkfbs (Producer) 

xl/ts0fo'St Pssf]ifLo, ax'sf]ifLo tyf af]6la?jfx¿ h:fn] cfˆgf] vfgf cfkm}F tof/ 
u5{g\ To;nfO{ pTkfbs elgG5 . ;fogf] AofS6]l/of, 8fOP6d cflb kmfO6f]Knfª\6gsf 
pbfx/0f x'g\ . logLx¿n] k|sfz ;+Zn]if0f lj|mofåf/f vfgf agfpF5g\ . vfgf agfpg] 
k|lj|mofdf pTkfbsn] ;f}o{ zlSt jf /f;folgs zlStsf] k|of]u u/L ch}ljs j:t'nfO{ 
h}ljs j:t'df kl/0ft ub{5 . o;nfO{ dflyNnf] txsf hLjx¿n] pkef]u u5{g\ . 
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pTkfbsx¿ vfgfsf nflu c¿ ;hLjdf e/ kb}{gg\ t;y{ logLx¿nfO{ :jkf]lift hLj 
klg elgG5 . kf]v/Ldf x'g] kmfO6f]Knfª\6g, n]p, 3fF;kft / cGo ;a} lsl;dsf xl/of 
af]6la?jf pTkfbs x'g\ . k|foh;f] kfl/l:ylts k4ltdf logLx¿sf] ;ª\Vof ;a}eGbf 
a9L x'G5 . 

-v_  pkef]Stf (Consumer) 

hLjx¿sf] ;d'bfodf cfˆgf] vfgfsf nflu pTkfbsdf e/ kg]{ hLjnfO{ pkef]Stf 
elgG5 . vfgfsf cfwf/df pkef]StfnfO{ lgDglnlvt tLg ;d"xdf ljefhg ug{ 
;lsG5 M 

  -c_ k|fylds pkef]Stf (Primary consumer)

vfgfsf nflu jg:kltx¿df dfq e/ kg]{ ;hLjnfO{ k|fylds pkef]Stf elgG5 . 
oL ;hLjx¿ zfsfxf/L x'G5g\ . oL ;hLjcGtu{t h'Knfª\6g, ls/f, km6\ofª\u|f, 
v/fof], ufO{, e}F;L, xl/0f cflb kb{5g\ .

 -cf_  låtLo pkef]Qf (Secondary consumer)

cfˆgf] vfgfsf nflu k|fylds pkef]Stfdf e/ kg]{ ;hLjx¿nfO{ låtLo pkef]Stf 
elgG5 . ;fgf df5f, :ofn, Eofu'tf cflb låtLo pkef]Stfsf pbfx/0f x'g\ . 

 -O_  t[tLo pkef]Qf (Tertiary consumer) 

kfl/l:ylts k4ltdf låtLo pkef]StnfO{ vfP/ afFRg] ;hLjnfO{ t[tLo pkef]Stf 
elgG5 . oL hgfj/x¿ pRr txsf df+zfxf/L x'g\ . af3, l;+x, 7'nf]df5f -Xj]n_, 
uf]xL cflb t];|f] pkef]Stfsf pbfx/0f x'g\ .

-u_ ljR5]bs (Decomposer)

df6fdf x'g] AofS6]l/of, kmGhfO{ tyf ;"Id hLjx¿ ljR5]bs (decomposer) x'g\ . oL 
;"Id hLjf0f'n] d/]sf hLjsf] z/L/nfO{ s'xfpg], unfpg] sfo{ ub{5g\ / ;/n c0f'df 
kl/0ft u/L df6f]df ldnfpF5g\ . AofS6]l/of tyf kmGhfO{n] d/]sf hGt' tyf jg:kltsf] 
z/L/nfO{ ;/n c0f'df 6'j|ofO{ df6f]df ldnfp5g\ / jftfj/0fnfO{ ;kmf agfpF5g\ . 

To;}n] logLx¿nfO{ natural scavenger elgG5 . ljR5]bsåf/f df6fdf ld;fPsf 
kf}li6s tŒjx¿nfO{ jg:kltx¿n] ;f];]/ lnG5g\ .
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lrq 6.3 rp/sf] kfl/:ylts k4lt

  d'Votof kfl/l:ylts k4ltnfO{ lgDgfg';f/ juL{s/0f ug{ ;lsG5 M

  kfl/l:ylts k4ltsf k|sf/ (Types  of ecosystem)

     kfl/l:ylts k4lt 

 :ynLo kfl/l:ylts k4lt               hnLo kfl/l:ylts k4lt 

   rp/sf] kfl/l:ylts k4lt  kf]v/Lsf] kfl/l:ylts k4lt

   hª\UfNfsf] kfl/l:ylts k4lt  tfnsf] kfl/l:ylts k4lt

   Df?Ef"ldsf] kfl/l:ylts k4lt  ;d'b|sf] kfl/l:ylts k4lt

1=  :ynLo kfl/l:ylts k4lt (Terrestrial ecosystem)

k[YjLsf] Ps ltxfO efu hldgn] 9fs]sf] 5 . hldgsf] kfl/l:ylts k4ltnfO{ ljleGg 
lsl;dsf xfjf kfgL e"agf]6n] c;/ k'¥ofpF5 . log} e"agf]6 tyf xfjf kfgLsf] c;dfg 
ljt/0fsf sf/0fn] km/s km/s kfl/l:ylts k4ltsf] l;h{gf ePsf] kfOG5 . hldgdf ePsf 
ch}ljs tyf h}ljs tŒjx¿larsf] cGt/;DaGwaf6 ag]sf] k4ltnfO{ :ynLo kfl/l:ylts 
k4lt elgG5 . o; k|sf/sf] kfl/l:ylts k4ltcGtu{t rp/sf] kfl/l:ylts k4lt,  
hª\unsf] kfl/l:ylts k4lt, d?e"ldsf] kfl/l:ylts k4lt cflb kb{5g\ . oL kfl/l:ylts 
k4ltx¿dWo] oxfF rp/sf] kfl/l:ylts k4ltsf af/]df j0f{g ul/Psf] 5 .

rp/sf] kfl/l:ylts k4lt (Grassland ecosystem)

v'nf kmfF6 tyf rp/df h}ljs / ch}ljs tŒjx¿larsf] cGt/;DaGwaf6 ag]sf] kfl/
l:ylts k4lt g} rp/sf] kfl/l:ylts k4lt xf] . o;df x'g] ch}ljs / h}ljs tŒjx¿nfO{ 
lgDgcg';f/ pNn]v ug{ ;lsG5 M

-s_ ch}ljs  tŒjx¿ (Abiotic factor) 

rp/sf] kfl/l:ylts k4ltcGtu{t kg]{ ljleGg lsl;dsf ch}ljs tŒjx¿df xfjf, df6f], 
vlgh kbfy{, ;f}o{ pmhf{, cfb|tf,  kfgL cflb kb{5g\ . oL ljljw tŒjx¿cGtu{t la?jfnfO{ 
clt cfjZos kg]{ tŒj kfgL xf] . la?jfn] kfgL / xfjfaf6 sfa{g 8fOcS;fO8sf] k|of]u 
u/L ;f}o{ pmhf{sf] pkl:yltdf vfgf 
agfpg] ub{5g\ . o; kfl/l:ylts 
k4ltsf ;Dk"0f{ hLljt j:t'x¿n] 
Zjf;k|Zjf; ubf{ xfjfdf ePsf] 
clS;hg lng] / sfa{g 8fOcS;fO8 
kmfNg] ub{5g\ . o;sf ;fy} rp/sf] 
kfl/l:ylts k4ltsf ;Dk"0f{ hLjx¿sf] 
cf>o :yn df6f] xf] . df6fdf ePsf 
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nj0f, kfgL la?jfn] ;f];]/ lnG5 . o;/L rp/sf] kfl/l:ylts k4ltdf ch}ljs tŒjx¿n] 
h}ljs tŒjx¿lar cGt/;DaGw sfod u/L ;Gt'lnt kfl/l:ylts k4lt sfod ug{ dbt 
ub{5g\ . 

-v_  h}ljs tŒjx¿ (Abiotic factors) 

rp/df x'g] jg:klt / hLjx¿ ToxfFsf h}ljs tŒjx¿ x'g\ . oL h}ljs tŒjx¿nfO{ 
pTkfbs, pkef]Stf / ljR5]bs u/L tLg efudf afFl8G5 h;sf] rrf{ tn ul/Psf] 5 M

 -c_ pTkfbs (Producer) M 

rp/df ePsf xl/of 3fF;kft, af]6la?jfx¿ pTkfbs x'g\ . oL pTkfbsx¿n] 
kfgL, sfa{g 8fOcS;fO8, ;f}o{ pmhf{sf] dbtn] cfkm\gf] vfgf cfkm}F agfpF5g\ . 
;a} :jkf]ifsx¿ pTkfbs x'g\ .

 -cf_  pkef]Stf (Consumer) 

  rp/sf] kfl/l:ylts k4ltdf lgDglnlvt lsl;dsf pkef]Stfx¿ /x]sf x'G5g\ M

k|fylds pkef]Stf (Primary consumer) 

rp/df ePsf xl/of 3fF;kft, emf/kft vfP/ afFRg] ls/f, km6ofªu|f,  
u8\of}nf, v/fof], d[u cflb klxnf] pkef]Stf x'g\ . ;a} zfsfxf/L hLjx¿ k|fylds  
pkef]Stf x'g\ .

låtLo pkef]Stf (Secondary consumer) 

cfˆgf] vfgfsf nflu k|fylds pkef]Stfdf e/ kg]{ ;hLjnfO{ lålto pkef]Stf 
elgG5 . rp/sf] kfl/:ylts k4ltdf Eofu'tf, r/fr'?ª\uL, :ofn, AjfF;f] cflb 
låtLo pkef]Stf x'g\ .  oL hgfj/x¿ cfˆgf] vfgfsf nflu klxnf] pkef]Stfdf 
e/ kb{5g\ . o; txdf kg]{ s]xL hgfj/x¿ ;j{xf/L klg x'G5g\ . 

t[tLo pkef]Stf (Tertiary consumer)

cfˆgf] vfgfsf nflu låtLo pkef]Stfdf e/ kg]{ hLjx¿nfO{ t[tLo pkef]Stf 
elgG5 . oL hLjx¿ zf/Ll/s ¿kdf alnof df+;fxf/L klg x'G5g\, h:t}M ;k{, af3, 
lrt'jf, l;+x cflb . 

-u_ ljR5]bs (Decomposer) 

rp/sf] kfl/l:ylts k4ltdf pTkfbs, k|fylds pkef]Stf, låtLo pkef]Stf / t[tLo 
pkef]Stf d/]kl5 logLx¿sf] d[t z/L/nfO{ ToxfF ePsf AofS6]l/of tyf kmGhfO{n] 
;8fpg] unfpg] sfo{ ub{5g\ / df6fdf ;/n c0f'df kl/0ft u/L df6fdf ld;fpg] 
ub{5g\ . df6fdf ldn]sf ;/n c0f'x¿nfO{  la?jfsf] h/fn] ;f];]/ lnG5 . AofS6]l/of, 
kmGhfO{ cflb ljR5]bssf pbfx/0f x'g\ .
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lj|mofsnfk 6.2

tkfO{Fsf] j/k/ /x]sf] 3fF;] d}bfgsf] e|d0f ug{'xf];\ . To; jftfj/0fdf ePsf h}ljs / 
ch}ljs tTjx¿sf] cWoog tyf cjnf]sg ug{'xf];\ / lgDgfg';f/ tflnsf eg'{xf];\ . 
cjnf]sg / cWoog u/]sf cfwf/df 3fF;] d}bfgsf] kfl/l:ylts k4ltsf] lrq agfO{ 
sIffdf k|:t't ug'{xf];\ .

j|m=;= pTkfbs k|fylds pkef]Stf låtLo pkef]Stf t[tLo pkef]Stf

2=  hnLo kfl/l:ylts k4lt (Aquatic ecosystem) 

kfgLdf x'g] h}ljs / ch}ljs tŒjx¿larsf] cGt/;DaGwaf6 ag]sf] kfl/l:ylts k4ltnfO{ 
hnLo kfl/l:ylts k4lt elgG5 . ljleGg k|sf/sf kfgLsf] ;|f]tx¿sf] agfj6 / cj:yf km/s 
km/s lsl;dsf] x'G5 . logLx¿sf] cj:yfcg';f/ ToxfF ljleGg lsl;dsf jg:klt tyf hLjhGt' 
kfOG5g\ . 

hnLo kfl/l:ylts k4ltcGtu{t kf]v/L, gbL, ;d'b|, tfn, l;d;f/ cflbsf] kfl/l:ylts k4lt 
kb{5g\ . oL ljleGg lsl;dsf hnLo k4ltdWo] oxfF kf]v/Lsf] kfl/l:ylts k4ltsf] j0f{g ul/Psf] 
5 .  kf]v/Lsf] kfl/l:ylts k4ltdf lgDglnlvt h}ljs / ch}ljs tŒjx¿ kfOG5g\ .

kf]v/Lsf] kfl/l:ylts k4lt (Pond 
ecosystem)

kf]v/Ldf x'g] h}ljs / ch}ljs 
tŒjx¿larsf] cGt/;DaGwnfO{ kf]v/Lsf] 
kfl/l:ylts k4lt elgG5 .  kf]v/Ldf x'g] 
ch}ljs / h}ljs tŒjx¿nfO{ lgDgfg';f/ 
pNn]v ug{ ;lsG5 M

-s_  ch}ljs cjoj (Abiotic components) 

kf]v/Lsf] kfl/l:ylts k4ltsf] ch}ljs tŒjcGtu{t vlgh kbfy{, kfgL, df6f], k|sfz, tfk, 
clS;hg, sfa{g 8fOcS;fO8 UoFf;, gfO6«f]hg cflb /x]sf x'G5g\ . kfgLdf 3'ngzLn clS;hg 
lnO{ df5fn] Zjf;k|Zjf; u5{g\ . kf]v/Lsf] lkFw;Dd k|sfzsf ls/0fx¿ k'U5g\ h;n] ubf{ kf]v/Ldf 
ePsf jg:kltn] kfgLdf 3'n]sf] sfa{g 8fOcSS;fO8 / kfgLsf] pkof]u u/L vfgf agfpg] u5{g\ . o;sf 
cnfjf jg:kltn] kf]v/Ldf ePsf] gfO6«]6 nj0fx¿ ;f];]/ lnG5g\ . ToxfF ePsf h}ljs ;d'bfodf x'g] 
;hLjx¿ vfg / afFRgsf nflu ch}ljs tŒjx¿df e/ kb{5g\ / Ps csf{df cfl>t x'G5g\ . 

-v_  h}ljs cjojx¿ (Biotic components) 

kf]v/Lsf] kfl/l:ylts k4ltcGtu{t kf]v/Ldf ePsf xl/of jg:klt pTkfbs, pTkfbsnfO{ vfP/ 

lrq 6.4 kf]v/Lsf] kfl/l:ylts k4lt
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afFRg] ls/f km6\ofª\u|f, ;fgf df5f, Eofu'tf, 7'nf df5f, ;k{ cflb pkef]Stf x'g\ eg] AofS6]l/of 
ljR5]bs x'g\, h;nfO{ lgDgfg';f/ j0f{g ul/Psf] 5 M

-c_  pTkfbs (Producer) 

kf]v/Ldf pd|g] eneS; (Volvox), SnfdfO8f]df]g; (Chlamydomonas), Snf]:6]l/od -Clos-
terium)  nufotsf n]px¿ pTkfbs x'g\ . kfgLdf kfOg] ;"Id jg:kltx¿nfO{  Phytoplankton 
elgG5 . Phytoplankton, Pisita / Hydrilla h:tf xl/of jg:kltx¿n] ;f}o{ zlStaf6 vfgf 
tof/ u5{g\ . 

-cf_ pkef]Stf (Consumer) 

pTkfbsnfO{ vfP/ afFRg] ;hLjx¿nfO{ pkef]Stf elgG5 . oL ;hLjx¿ k/kf]ifs x'G5g\ / cfˆgf] 
vfgfsf nflu pTkfbsdf k|ToIf ¿kdf e/ k5{g\ . kf]v/Ldf x'g] pkef]Stf lgDgfg';f/ 5g\ M

k|fylds pkef]Stf (Primary consumer) 

kfgLdf x'g] zfsfxf/L ;hLjx¿ h:fn] pTkfbsnfO{ vfP/ afR5g\ ltgnfO{ k|fylds pkef]Stf elgG5 . 

logLx¿ kf]v/Ldf ePsf ;"Id jg:klt vfP/ afFR5g . o:tf ;'Id hLjx¿nfO{ Zooplankton 

elgG5, h:t} M Cyclops, Daphnia, Beetles, Molluscs cflb . kf]v/Ldf x'g] ;fgf df5f, r]kfuFf8f,  
u8\of}nf cflb k|fYflds pkef]Stf x'g\ . 

låtLo pkef]Stf (Secondary consumer)

k|fylds pkef]StfnfO{ vfP/ afFRg] hLjnfO{ låtLo pkef]Stf elgG5 . kf]v/Ldf ePsf ;;fgf 
df5fnfO{ vfP/ afFRg] Eofu'tf, uFu6f, 7'nf df5f låtLo pkef]Stf x'g\ . olb ;k{ klg kf]v/Ldf 
ePsf] v08df ;k{n] Eofu'tf vfP/ afFRg] ePsfn] o;nfO{ t[tLo pkef]Stfsf ¿kdf lnOG5 .

-u_ ljR5]bs (Decomposer) 

kf]v/Ldf ePsf pTkfbs tyf pkef]Stfx¿ d/]kl5, ToxfF ePsf ;"Id hLjf0f'x¿ AofS6]l/of, 
kmGhfO{ cflbn] d/]sf hLjx¿nfO{ s'xfpg], ;8fpg] sfo{ u5{g\ . To;kl5 tL ljR5]bsn] d/]sf 
hLjx¿nfO{ ;/n c0f'df kl/0ft u5{g\ / df6fdf ldnfpF5g\ . To;/L df6fdf ldn]sf tŒjx¿nfO{ 
ToxfF ePsf jg:kltn] ;f];]/ lnG5g\ . o;/L of] k|lj|mof lg/Gt/ rln/x]sf] x'G5 .

lj|mofsnfk 6.3

jl/k/Lsf] kf]v/L e|d0f ug{'xf];\ . To; jftfj/0fdf ePsf h}ljs / ch}ljs tŒjx¿sf] cWoog 
tyf cjnf]sg ug{'xf];\ / lgDgfg';f/ tflnsf eg'{xf];\ . cjnf]sg / cWoog u/]sf cfwf/df 
kf]v/Lsf] kfl/l:ylts k4ltsf] lrq agfO{ sIffdf k|:t't ug'{xf];\ M

j|m=;= pTkfbs Kf|fylds pkef]Stf låtLo pkef]Stf Tf[tLo pkef]Stf
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vfB >[ª\vnf (Food chain)

hLjg k|lj|mof ;~rfng ug{sf nflu zlSt rflxG5 . zlSt vfgfaf6 k|fKt x'G5 . xl/of jg:kltn] 
k|sfz ;+Zn]if0faf6 vfgf tof/ u5{g\ . hGt'x¿df xl/ts0f gePsf sf/0fn] cfˆgf] vfgf  
cfk}mF agfpg ;Sb}gg\ . logLx¿n] pTkfbsaf6 vfgf k|fKt u5{g\ . pbfx/0fsf nflu kmfO6f]Knfª\6g, 
3fF;nfO{ ls/f km6\ofª\u|fn] vfG5g\ . ls/f km6ofª\u|fx¿nfO{ vfP/ r/f, Eofu'tf afFlr/x]sf 
x'G5g\ . df5fn] kfgLdf kfOg] ;;fgf hLjnfO{ vfG5, km]l/ ;k{, as'Nnfn] df5fnfO{ vfG5 . 
kl/l:yltcg';f/ hLjx¿n] cfkm"nfO{ rflxg] vfgf ljleGg ;|f]taf6 k|fKt ul//x]sf x'G5g\ . o;/L 
:jkf]ifs / k/kf]ifs hLjlar ;DaGw sfod ePsf] x'G5 . o; k|sf/ kfl/l:ylts k|0ffnLdf Pp6f 
hLjn] csf]{ hLjnfO{ vfFbf zlStsf] :yfgfGt/0f x'Fb} hfG5 / vfB z[ª\vnf aG5 .

kf/l:ylts k4ltdf /x]sf af]6la?jf tyf hGt'lar cfˆgf] kf]if0f;DaGwL cfjZostfcg';f/ 
Ps csf{dfly lge{/ x'G5g\ . pSt k4ltdf Ps hLjn] csf]{ hLjnfO{ vfFbf zlSt vfg] hLjdf 
;b}{ hfG5 / vfBz[ª\vnfsf] tx aG5 . o:tf] tx pTkfbsaf6 pkef]Stf;Fu :yfgfGtl/t eP/ 
hfG5 . af]6la?jfdf ;f}o{ zlSt l:y/ zlStsf ¿kdf /x]sf] x'G5 . To;sf/0f af]6la?jf ;a} 
k|sf/sf hLjhGt'sf nflu k|fylds ;|f]t x'g\ h;nfO{ k|Yfd kf]if0f tx (first trophic level) 
elgG5 . pTkfbsnfO{ k|fylds pkef]Stfn] vfFbf pTkfbsdf ePsf] zlSt k|fylds pkef]Stfdf 
:yfgfGt/0f x'Fg] x'Fbf k|fylds pkef]StfnfO{ bf];|f] kf]if0f tx -second trophic level) elgG5 . 
Pjd\ j|mdn] zlSt dflyNnf] kf]if0f txdf :yfgfGt/0f x'Fb} hfG5 . 

;Fu}sf] lrqdf :yn Osf]l:f:6ddf x'g] tLg tx, rf/ tx / kfFr txsf pTkfbs / pkef]Stflarsf] 

lrq 6.5  vfB >[ª\vnf
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;DaGw b]vfOPsf] 5 h;df ds}, ufh/, 3fF;kft pTkfbs x'g\ . pTkfbsx¿ klxnf] kf]if0f txdf 
k5{g\ . pTkfbsnfO{ vfP/ afFRg] d';f], v/fof] / ls/f km6ofª\u|f klxnf] pkef]Stf x'g\ . ltgn] 
bf];|f] txsf] kf]if0f tx agfpF5g\ . klxnf] pkf]ef]StfnfO{ vfP/ afFRg] pNn', ˆofp/f], Eofu'tf cflb 
bf];|f] pkf]ef]Stf x'g\ h;n] t];|f] kf]if0f tx agfpF5g\ . o;} u/L bf];|f] pkef]StfnfO{ vfP/ afFRg] 
hLjn] t];|f] kf]if0f tx agfpF5g\ . Pjd\ j|mdn] kf]if0fsf] tx a9\b} hfG5 . cGtdf pSt pTkfbs 
/ pkef]Stf d/]kl5 ljR5]bsn] ltgLx¿nfO{ s'xfP/ df6fdf ldnfpF5g\ . la?jfn] df6f]af6 ;f];]/ 
vfgfsf ¿kdf lnO{ zlStdf g} kl/jt{{g ub{5 . o;/L c¿nfO{ vfg] / c¿åf/f cfkm" vfOg] ub}{ 
pTkfbsb]lv dflyNnf] bhf{sf] pkef]Stf;Dd Pp6} lbzfdf zlSt :yfgfGt/0f x'g] k|lj|mofnfO{ 
vfBz[ª\vnf elgG5 .

 lj|mofsnfk 6.4   vfBz[ª\vnf (Food chain) sf] k|bz{g 

Pp6f rp/sf] kfl/l:ylts k4ltdf x'g] pTkfbs, pkef]Stf, klxnf] pkef]Stf, bf];|f] 
pkef]Stf, t];|f] pkef]Stf tyf ljR5]bssf] Flash card agfpg'xf];\ . o;kl5 ;fyLx¿sf] ;d"x 
agfpg'xf];\ . pTkfbsdf 11 hgf ;fyLx¿, klxnf] pkef]Stfdf cf7 hgf, bf];|f] pkef]Stfdf 
5 hgf clg t];|f] pkef]Stfdf rf/ hgf rog ug{'xf];\ . s:fsf] cfxf/f s] xf] < s;nfO{ vfg]  
xf] < j|md ldnfP/ a:g'xf];\ / vfBz[ª\vnfsf] k|bz{g ug{'xf];\ . k|bz{gk|Zrft\ pTkfbsaf6 
dflyNnf] pkef]Stf;Dd vfgf / zlSt k|jfx ;DaGwdf 5nkmn u/L lgisif{df k'Ug'xf];\ .

vfB hfn (Food web)

lbOPsf] lrqdf sltcf]6f vfBz[ª\vnf b]vfOPsf] 5, 5nkmn ug'{xf];\ M

kfl/l:ylts k4ltdf tLgb]lv kfFr 
kf]if0f tx;Ddsf] vfBz[ª\vnf 
alg/x]sf] x'G5 . w]/} vfBz[ª\vnf 
ldn]/ cfk;df h]lnFb} hfFbf Pp6f 
hl6n ;~hfn aG5, h;nfO{ vfBhfn 
elgG5 . vfBhfn :yfoL k|s[ltsf] 
x'G5, o;df pkef]Stfx¿n] k|fKt ug]{ 
vfgfsf ;|f]tx¿ w]/} x'G5g\ . pbfx/0fsf 
nflu dflyNnf] txsf pkef]Stfn] tNnf] 
txsf w]/} pkef]StfnfO{ vfgfsf ¿kdf 
lnG5 . vfBz[ª\vnf cfxf/ / zlStsf] 
cfk;L ;DaGw xf] .

lrqcg';f/ 3fF;kft, r/f / afhdf tLg txsf]  vfBz[ª\vnf xf] eg] 3f;kft, km6\ofªu|f, 
Eofu'tf, ;k{, afhlarsf] kf]if0f kFfr txsf] vfBz[ª\vnf xf] . o;/L y'k|} ;ª\Vofdf /x]sf] vfBz[ª\
vnf ldn]/ vfBhfn agfpF5 . h:fdf 3f;kftnfO{ vfP/ ls/f km6\ofªu|f afFR5g\ . o;nfO{ r/fn] 
vfG5, km]l/ o;}nfO{ Eofu'tfn] klg vfG5 . o;/L Pp6} hGt'df w]/} hLjx¿ vfgsf nflu e/ kg]{ 

lrq 6.6 vfB hfn
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j|md bf]xf]l/Fb} hfG5 / hl6n hfnf] aG5 . o;/L kfl/l:ylts k4ltdf c¿nfO{ vfg] / c¿åf/f 
cfkm" vfOg] ub}{ pTkfbsb]lv dflyNnf] bhf{sf] pkef]Stfx¿;Dd ax'lbzfdf zlSt :yfgfGt/0f 
x'g] k|lj|mofnfO{ vfBhfn elgG5 .

lj|mofsnfk 6.5 
 dflysf] lrq 6.6 sf] vfBhfnsf] lrqdf ePsf] vfBz[ª\vnfsf]] cjnf]sg ug'{xf];\ / vfBhfn  
 s;/L ag]sf] 5 5nkmn ug'{xf];\ .

6.2 hLjx¿larsf] cGt/lj|mof (Interaction between living beings)

xfd|f] j/k/ /x]sf hLjx¿df Ps csf{;Fu k|ToIf jf ck|ToIf ¿kdf lge{/tf /x]sf] x'G5 . s] 
dflg;x¿ cGo hLjx¿ gx'g] cj:yf x'GYof] eg] afFRg ;Dej x'GYof] xf]nf <

lj|mofsnfk 6.6 
 lbOPsf] tflnsf h:t} sfkLdf tflnsf agfO{ k"/f ug{'xf];\ M 

j|m=;= hGt' jf jg:kltsf] gfd cf>o lbg] hLj k|s[lt 
hLjx¿larsf] 
cGt/;DaGw

1. 6]kjd{ ufO{, dflg;sf] z/L/ leqL k/hLjL 
2. nfdv'6\6] hgfj/sf] z/L/ aflx/L k/hLjL
3. ;'gufef
4. P]Fem]?
5. 9'ª\ufdf x'g] jf ?vsf] 

af]j|mfdf x'g] ‰ofp
 

Rfp/df ufO{ e}F;L r/gdf x'Fbf r/fx¿ ltgLx¿sf] z/L/df a;]sf], 7'nf 7'nf ?vsf af]j|mfdf 
em\ofp ePsf], hgfj/sf] /ut r';]/ afFRg] k/hLjLx¿ 6]kjd{, k]6df kg]{ h'sf b]Vg' ePsf] 
xf]nf . To:t} u/L sf];]afnL, s]/fp, l;dLsf h/fdf dl;gf ufF7fx¿ (Nodules) ePsf] b]Vg' 
ePsf] 5 xf]nf .  

oL ;a} hLjx¿larsf] cGt/;DaGw / cGt/lj|mofsf pbfx/0fx¿ x'g\ . r/fx¿n] hgfj/sf] 
z/L/df a;]/ sfgdf ePsf ls/fx¿ vfOlbG5 . To:t} u/L ?vsf af]j|mfdf x'g] nfOs]g  

hxfF PNuLn] kmª\u;af6 kfgL / cf>o k|fKt u5{ eg] kmª\u;n] PNuLaf6 vfgf k|fKt u5{ . 
o;/L ;hLjx¿lar ljleGg lsl;dsf] cGt/;DaGw / cGt/lj|mof /x]sf] x'G5 . hLjx¿n] 
pgLx¿sf] hLjgk|lj|mof ;~rfngsf nflu ljleGg lsl;daf6 cGt/lj|mof ul//x]sf x'G5g\ . 
cGt/lj|mofx¿ ljleGg lsl;dsf x'G5g\ . tLdWo] d'Vo cGt/lj|mofx¿ lgDgfg';f/ 5g\ M
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 -s_  kf/:kfl/stf (Symbiosis/Mutualism)

;Fu}sf] lrqdf Pp6f r/fn] km"nsf] /; r'l;/x]sf] 
5 . oL b'O{larsf] ;DaGwdf r/fn] km"naf6 /; 
lnG5 eg] r/fn] k/fu;]rgdf dbt ub{5 . 
o;df r/f / la?jf b'j}nfO{ k/:k/df kmfObf 
x'G5 . o;/L ;hLjx¿lar nfdf] ;do;Dd 
/lx/xg] ;DaGw h:fdf b'j} ;hLjx¿ k/:k/df 
nfeflGjt x'G5g\ eg] To;nfO{ kf/:kfl/stf 
(symbiosis) elgG5 . o; lsl;dsf] ;DaGwdf hLjx¿ Ps csf{df cfl>t x'G5g\ . 
kf/:kfl/stfsf cGo pbfx/0fx¿nfO{ lgDgfg';f/ pNn]v ug{ ;lsG5 M

-c_  dflg;sf] kfrggnLdf x'g] AofS6]l/ofx¿lar klg cGt/;DaGw /x]sf] x'G5 .  
 kfrg gnLdf x'g] ;"Id hLjf0f' AofS6]l/ofn] vfgf krfpg dbt u5{g\ eg]  
 csf]{tkm{ tL AofS6]l/ofn] dflg;n] vfPsf] vfgfaf6 vfgf k|fKt ub{5g\ .

-cf_  Clownfish / Sea anemones lar klg cGt/;DaGw /x]sf] x'G5 . h;df Sea  
 anemones sf] 6]G6fsN;df Clownfish a;]sf] x'G5 / ;'/lIft x'G5g\ eg] Clown  
 Fish n] c¿ hGt'nfO{ cfsif{0f u5{ / Sea anemone n] vfG5 .  

 -v_  sdG;lnHd (Commensalism)

lrqdf ufO{ rl//x]sf] ;dodf 
glhs} as'Nnfn] ls/f km6ofª\
u|fx¿ vfg vf]lh/x]sf] 5 . ufO{ 
rl//x]sf] a]nf ls/f km6ofª\
u|fx¿ plk|mG5g\ / ltgnfO{ 
as'Nnfn] vfOlbG5 . o; 
k|lj|mofdf To:tf] h}ljs ;DaGw 
x'G5 h:fdf cfl>t ;hLj a9L 
nfeflGjt x'G5 eg] cf>o 
lbg]nfO{ xfgL k'¥ofpFb}g . o; lsl;dsf] cGt/lj|mofnfO{ Commensalism elgG5 . 

o;sf cGo pbfx/0fnfO{ lgDgcg';f/ pNn]v ug{ ;lsG5 M

  -c_  Pp6f dfs'/fn] ?vdf a:gsf nflu hfnf] agfpF5 t/ o;n] ?vnfO{ xflg  
   k'¥ofpFb}g .

  -cf_  Spiky burrs hgfj/sf] z/L/df 6fFl;Psf] x'G5, pSt hgfj/ lx8\b} hfFbf Tof]  
   burrs em5{ / seed 5l/g dbt u5{ .  

-O_  Barnacles, x\j]nsf] z/L/df 6fFl;P/ a;]sf] x'G5, o;n] Xj]nsf] rfn;Fu} b'/L  
 kf/ ub{5 / Xj]nnfO{ xflg k'¥ofpFb}g . 

lrq 6.8 sdG;lnHd

lrq 6.7 kf/:kfl/stf
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-u_  k/hLljttf (Parasitism)

h}ljs cGt/lj|mof h:fdf cfl>t hLjn] cf>o lbg] hLjsf] 
z/L/af6 vfgf ;f];]/ lnG5 . o; lsl;dsf] cGt/;DaGwdf 
Pp6f ;hLj nfeflGjt x'G5 eg] csf]{nfO{ xflg k'¥ofpF5 .  
o;sf pbfx/0fx¿ lgDgfg';f/ 5g\ M

-c_  plkofF, nfdv'6\6], p8'; h:tf hLjn]  
hgfj/sf] /ut ;f];]/ lnG5g\ . o:tf  
hLjnfO{ afx\o k/hLjL (external parasite)  
elgG5 . 

-cf_ hgfj/sf] cfGb|fdf a:g] 6]kjd{n] hgfj/sf] z/L/af6 vfgf ;f];]/ lnG5 . of]  
hgfj/sf] z/L/leq a:g] ePsfn] o;nfO{ leqL k/hLjL (Internal parasite) elgG5 . 

-O_  dflg;sf] skfndf kg]{ h'd|fn] dflg;sf] /ut r';]/ hLljt /xG5 .  
of] cj:yfdf h'd|fnfO{ kmfObf x'G5 eg] dflg;nfO{ o;n] xflg k'¥ofpF5  . 

-3_  k|lt:kwf{ (Competition)

Pp6f kfl/l:ylts k4ltdf ;hLjx¿n] Pp6} ;|f]t -vfg, a:g_ sf nflu k|lt:kwf{ ul//x]sf 
x'G5g\ . kfl/l:ylts k4ltdf ;a} h}ljs tŒjx¿lar ;Gt'ng sfod ePsf] x'g'k5{ . olb h}ljs 
tŒjx¿sf] ;ª\Vof c;Gt'ng ePdf pSt kfl/l:ylts k4lt lau|G5 . kfl/l:ylts k4ltdf 
hLjx¿n] ug]{ k|lt:kwf{nfO{ lgDgfg';f/ pNn]v ug{ ;lsG5 M

-c_  ;d'b|L :kf]Gh (Sea sponge) / d'uf (Coral) n] vfgfsf nflu ;fd'lb|s ;|f]tsf  
 nflu k|lt:kwf{ ub{5g\ . 

-cf_  b'j} Ajf;f] / efn' hgfj/sf] l;sf/ ug{df k|lt:kwf{ u5{g\ .

-ª_  l;sf/ (Predation)

df+;fxf/L hgfj/x¿n]] cfkm"eGbf sdhf]/ hgfj/x¿nfO{ df/]/ cfˆgf] vfgf k|fKt u5{g\ . o;/L 
cGo hgfj/x¿nfO{ df/]/ vfg] k|lj|mofnfO{ l;sf/ 
ug'{ elgG5 . o:tf] lsl;dsf] cGt/lj|mof df+;fxf/L 
hgfj/x¿df kfOG5 . o; lsl;dsf] cGt/lj|mofsf 
s]xL pbfx/0fx¿ lgDgfg';f/ 5g\ M

-c_  lrt'jfn] xl/0fsf] l;sf/ u/]/ vfG5 .

-cf_  pNn'n] d';fsf] l;sf/ u5{ .

-O_  af3n] cGo hgfj/sf] l;sf/ u5{ . 

lrq 6.9 k/hLjL

lrq 6.10 l;sf/
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cEof;

!=  tnsf k|Zgsf] ;xL ljsNkdf l7s lrx\g  -√_  nufpg'xf];\ M 

 -s_  lbOPsf dWo] s'g hLj ljR5]bs xf] <

  -c_ n]p    -cf_ ls/f    -O_ Rofp   -O{_ ‰ofp 

 -v_  ;hLjx¿df kf]if0f pknAw x'g] k|lj|mofdf pTkfbs / pkef]Stflar cfxf/sf ¿kdf  
  s] aGb5 < 

  -c_ vfB hfn     -cf_ vfB z[ª\vnf    

  -O_ Osf]l;:6d    -O{_ ;d'bfo

 -u_  ?vsf af]j|mfdf nfOs]G;df /x]sf] ;DaGw s'g k|sf/sf] cGt/lj|mof xf] <

  -c_ Mutualism     -cf_ Commesalism    

  -O_ Parasitism      -O{_ Competition

  -3_ h}}ljs cGt/;DaGwdf cfl>t hLjn] cf>o lbg] hLjsf] z/L/af6 vfgf ;f];]/  
  lnG5 . o; lsl;dsf] cGt/;DaGwdf s] x'G5 <

  -c_ Pp6f dfq hLj nfeflGjt x'G5 .

  -cf_ b'O{ hLjnfO{ kmfObf x'G5 .

  -O_ b'j} hLjnfO{ xflg x'G5 .

  -O{_  b'j} hLjnfO{ g xflg x'G5 g kmfObf x'G5 .

 -ª_ k|fylds kf]if0f tx s'g xf] <

  -c_ xl/ofaf]6 la?jfx¿       -cf_ ls/f km6\ofªu|f

  -O_ Eofu'tf                    -O{_ ;k{

@=  sf/0f lbg'xf];\ M

 -s_  kfl/l:ylts k4ltdf ljR5]bs dfq gx'g] xf] eg] of] k4lt vnalnG5 .

 -v_  rp/sf] Osf]l;:6ddf klxnf] pkef]Stf ls/f km6\ofª\u|fsf] ;ª\Vof cTolws a9\g hFfbf  
  pSt Osf]l;:6d c;Gt'lnt x'G5 .

 -u_  k|foh;f] vfBz[ª\vnfdf pkef]Stfsf] ;ª\VofeGbf pTkfbssf] ;ª\Vof a9L x'G5 .

 -3_  kf/:kl/stfdf b'j} ;hLjx¿ nfeflGjt x'G5 .

 -ª_  kfl/l:ylts k4lt ;Gt'lnt ePsf 7fFpdf jftfj/0f :j:ys/ x'G5 .
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#=  km/s n]Vg'xf];\ M

 -s_  pTkfbs / ljR5]bs

 -v_  rp/sf] kfl/l:ylts k4lt / kf]v/Lsf] kfl/l:ylts k4lt 

 -u_  vfB z[ª\vnf / vfB hfn

 -3_  h}ljs / ch}ljs cjoj

 -ª_  kf/:kfl/stf / sdG;lnHd

 -r_  k/hLljttf / kf/:kl/stf

$=  tnsf k|Zgsf] pQ/ n]Vg'xf];\ M

 -s_  kfl/l:ylts k4ltdf x'g] ch}ljs tŒjx¿sf] ;"rL agfO{ k|To]ssf] 5f]6s/Ldf j0f{g  
  ug{'xf];\ .

 -v_  kfl/l:ylts k4ltdf ljR5]bsn] v]Ng] e"ldsf JofVof ug'{xf];\ . 

 -u_  rp/sf] Osf]l;:6dsf] ;kmf lrq agfO{ 5f]6s/Ldf j0f{g ug'{xf];\ .

 -3_  kf]v/Lsf] Osf]l;:6ddf Eofu'tfsf] ;ª\Vof cTolws a9]/ uof] eg] o;n] pSt k4ltdf  
  s:tf] c;/ k'¥ofpnf, JofVof ug'{xf];\ .

 -ª_  v]tdf sfd ug]{ Ps ls;fgn] d';fn] wfg vfof] egL eP hlt ;a} d';f df/] . t/  
  pgsf] v]tdf wfg pTkfbg ;fx}| Go"g ePsf] kfP . wfgsf] pTkfbgdf lsg sdL ePsf]  
  xf]nf < cfˆgf] ts{;lxt k'li6 ug{'xf];\ .

 -r_  kf]v/Ldf x'g] vfB z[ª\vnfsf] lrq agfO{ 5f]6s/Ldf j0f{g ug'{xf];\ .

 -5_  Pp6f Osf]l;:6ddf x'g] pTkfbs, pkef]Stf, ljR5]bs / jftfj/0flar ;Gt'lnt  
  rj|m rln/x]sf] x'G5 . oLdWo] s'g} cjojx¿larsf] ;Gt'ng vNalnPdf Osf]l;:6d  
  lau|G5, o; egfOnfO{ sf/0f;lxt k'li6 ug{'xf];\ . 

 -h_  Osf]nf]lhsn cGt/lj|mofsf k|sf/x¿ pNn]v ug{'xf];\ . k|To]ssf] pbfx/0f;lxt aofg  
  ug{'xf];\ .

 -em_  lbOPsf pbfx/0fx¿ s'g s'g k|sf/sf Osf]nf]lhsn cGt/lj|mof xf], 5'6\ofpg'xf];\ . 

  -c_ df}/L, ed/fn] km"nsf] /; vfg'

  -cf_ dfs'/fn] ?vdf hfnf] agfpg' 

  -O_ uf}FynLn] 3/df u'F8 agfpg' 

  -O{_ hgfj/sf] /ut r';]/ afFRg] p8';, plkofF, nfdv'6\6] 

  -p_ hgfj/sf] z/L/leq a:g] 6]kjd{, h'sf cflb . 
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 -`_  lbOPsf] Osf]l;:6dsf] cWoog ug{'xf];\ / lgDglnlvt k|Zgsf] pQ/ n]Vg'xf];\ M

-c_  o;df ePsf pTkfbs / pkef]Stfsf] klxrfg ug{'xf];\ .

-cf_  pTkfbsx¿n] s;/L vfgf k|fKt ub{5g\ < 

-O_  o; k4ltdf pTkfbssf] ;ª\Vof ;a}eGbf a9L x'G5, lsg < 

-O{_  o;df ljR5]bsn] v]Ng] e"ldsf j0f{g ug'{xf];\ . 

-p_  ;Gt'lnt Osf]l;:6daf6 x'g] kmfObfx¿ n]Vg'xf];\ . 

kl/of]hgf sfo{ 

-s_  kf]v/L tyf rp/sf] Osf]l;:6dsf] pTkfbs, klxnf] pkef]Stf, bf];|f] pkef]Stf, ljR5]bs /  
 ch}ljs tŒjx¿ k|:6;“u b]lvg] lrq rf6{k]k/df tof/ kfg{'xf];\ / sIffdf k|:t't ug'{xf];\ .

-v_  cfkm\gf] j/k/ jf cfkm"n] ljleGg ;dodf b]v]sf hLjx¿larsf] cGt/lj|mofsf k|sf/x¿sf]  
 ;"rL tof/ kfg'{xf];\ . tL cGtlj|mofx¿ s;/L Pscfk;df cGt/;DalGwt 5g\ < ;f]wvf]h u/L  
 k|ltj]bg tof/ ug'{xf];\ / sIffdf k|:t't ug'{xf];\ .
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an / rfn   
(Force and Motion)

&

af6'nLsf] a; ofqf

;+Fu}sf] lrqdf b]vfOPsf] af6f] x'Fb} 
af6'nL :yfg A df a; r9]/ :yfg 
B df k'lug\ . pgn] a; r9]sf] :yfg 
A df s]xL ;do a; l:y/ cj:yfd} 
lyof] . a; rfnsn] OlGhg -engine_ 
:6f6{ u/]kl5 OlGhgn] nufPsf] ann] 
ubf{ a; la:tf/} u'8\g ;'? u¥of] . s]xL 
;dokl5 a; hf]8n] x'OFlsof] . af6fdf 
a; sxLF la:tf/} u'8\g] / sxLF hf]8n] 
x'OFlsg] eO/x]sf] lyof] . 7fpF 7fpFdf 
a;df a|]s nufpFbf pgsf] z/L/ 
cufl8 lt/ x'lQg] uYof]{ .

af6fdf a; ljleGg lbzflt/ u'8\g] uYof]{ . af6'nLn] 3'DtLx¿df rfnsn] :6]l/ª x\ljn -steering 
wheel) 3'dfP/ a;sf] lbzf kl/jt{g u/]sf] cjnf]sg ul//x]sL lyOg\ . s] tkfOFnfO{ hfgsf/L 
5 t, a;sf] :6]l/ª x\ljn lau|bf s] x'G5 < 

af6'nLn] a; u'8\b} ubf{ af6f] 5]psf af6f] b'/L n]v]sf :tDex¿ x]b}{ 

;docg';f/ kf/ u/]sf] b'/L klg l6Kb} uOg\ .

;do -minutes df_ 10 25 30 40 50 ….

kf/ u/]sf] b'/L -km df_ 5 10 a; /f]lsPsf] 15 20 …..

af6'nLn] l;wf af6fdf a; Psgf;n] u'l8/x]sf] cj:yfdf rfnssf] 

cufl8 /x]sf] l:k8f]ld6/ -speedometer_ df 50 km/h k|bz{g ePsf] 
b]lvg\ . pgn] a]nf a]nfdf o:t} gfk x]/]/ a; ;dfg cj:yfn] u'l8/x]df 
l;wf af6fsf] cufl8sf] b'/L kf/ ug{ nfUg] ;dosf] lx;fa ub}{ uOg\ . 

af6'nLn] cfk\mgf] uGtJodf k'u]kl5 rfns;F+u ;f]w]/ a;n] ofqfel/ 
kf/ u/]sf] b'/L 74 km /x]sf] kQf nufOg\ . pSt kf/ u/]sf] b'/L / b'/L 
kf/ ug{ nfu]sf] ;dosf cfwf/df cf};t j]u kQf nufOg\ . pgn] 3/ 
k'u]kl5 OG6/g]6sf] k|of]u u/L u'un d]k vf]hL u/]/ cfk"mn] to u/]sf] 

lrq 7.1 =b'O{ :yfg A / B hf]8\g] af6fsf] u'un gS;f

lrq 7.2 =3'DtLdf a; 

lrq 7.3= a; rfnssf] 
cufl8 ePsf] l:k8f]ld6/
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ofqfdf :yfg A af6 :yfg B df k'Ubf 25.5 km blIf0f k"j{ :yfgfGt/0f -displacement_ ePsf] 
kQf nufOg\ .

k|Zg -s_  OG6/g]6sf] k|of]u u/L lrq 7.1 df b]vfOPsf] gS;f s;/L x]g{ ;lsG5 < sIffdf 
5nkmn ug'{xf];\ .

k|Zg -v_  pknAw k|ljlwsf] k|of]u u/L tkfO{F klg lrq 7.1 df b]vfOP h:t} s'g} b'O{ :yfglarsf] 
;fnfvfnf b'/L / Ps :yfgaf6 csf]{df k'Ubf x'g] :yfgfGt/0f kQf nufpg'xf];\ .

a]u / ult (Speed and velocity)

lj|mofsnfk 7.1

lrq 7.4 n] af6'nLsf] ofqfsf j|mddf af6fdf a; ljleGg lbzflt/ df]l8Psf] b]vfp“5 . 
tkfO{“n] klg ljBfnosf] rp/df 50 m nfdf] lkmtf (measuring tape_ jf 8f]/Lsf] ;xfotfn] 
o:t} lsl;dsf] 6«ofs lgwf{/0f ug'{xf];\ . Pp6f :6k jfrsf] k|of]u u/L s'g} ;fyLnfO{ 
af6fdf sxL“ lx“8\b} / sxL“ la:tf/} bu'b}{ Ps 5]paf6 csf]{ 5]pdf k'Ug nfu]sf] ;do lx;fa  
ug'{xf];\ . af6fsf] ljleGg v08df ;fyLsf] rfn s'g s'g lbzflt/ lyof] < :yfgfGt/0f, 
cf};t j]u tyf s'g} lglZrt v08df cf};t ult lx;fa ug'{xf];\ .

 
cf};t j]u (Vav)= 

  kf/ u/]sf] b'/L (d)  
=

  ... m/s
    nfu]sf] ;do (t)

 j:t'n] lglZrt lbzflt/ k|lt ;]s]G8df kf/ u/]sf] cf};t b'/L,

 
cf};t ult (AV) =

  lglZrt lbzfdf kf/ u/]sf] b'/L (s)

    pSt b'/L kf/ ug{ nfu]sf] ;do (t)  
= m/s …lbzf

lrq 7.4 a;n] kf/ u/]sf] b''/L / o;sf] :yfgfGt/0f

lrq 7.4 df a;n] :yfg A af6 :yfg F ;Dd kf/ u/]sf] hDdf b'/L ABCDEF ld6/ x'G5 / 
:yfgfGt/0f AF ld6/ pQ/ k"j{ x'G5 . s'g} rfn cj:yfdf /x]sf j:t'n] kf/ u/]sf] hDdf nDafO 
b'/L -distance_ xf] . b'/LnfO{ s'g} lglZrt lbzf pNn]v gu/L dfgn] dfq JoSt ul/g] ePsfn] of] 
Ps :s]n/ kl/df0f xf] . k|f/lDes :yfgaf6 lglZrt lbzfdf uP/ clGtd :yfgdf k'Ubf j:t'n] 

kf/ u/]sf] ;a}eGbf 5f]6f] b'/L :yfgfGt/0f 
-displacement_ xf] . jf:tjdf of] b'O{ laGb'larsf] 
l;wf /]vLo b'/L xf] . :yfgfGt/0fnfO{ JoSt ubf{ 
dfg;F+u} lbzf klg pNn]v ul/g] ePsfn] of] Ps 
e]S6/ kl/df0f xf] . 

b'/L ABCDEF nfO{ pSt b'/L kf/ ug{ nfu]sf] 
;don] efu ubf{ a]usf] dfg k|fKt x'G5 . 
a;n] af6fsf ljleGg v08x¿df s'g} lglZrt 
lbzflt/ kf/ u/]sf] b'/LnfO{ pSt b'/L kf/ ug{ 
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nfu]sf] ;don] efu ubf{ ;f] v08df a;sf] ult cfpF5 . lrq 7.4 sf] :yfg B df a; k|lt;s]G8 
10 ld6/ b'/L kf/ ub}{ k"j{lt/ uO/x]sf] lyof] . :yfg C df a;sf] ult kl/jt{g eP/ k|lt ;]s]G8 
20 ld6/ blIf0f k"j{ lbzflt/ ePsf] 5 . af6fsf] DF v08df a;sf] ult 15 ld6/ pQ/k"j{ /x]sf] 
5 . t;y{ j:t'n] k|lt PsfO ;dodf kf/ ug]{ b'/L pSt j:t'sf] j]u -speed_ xf] / j:t'n] lglZrt 
lbzflt/ k|lt PsfO ;dodf kf/ u/]sf] b'/L pSt j:t'sf] ult -velocity_ xf] . olb s'g} lglZrt 
lbzflt/ u'l8/x]sf] j:t' slxn] l56f] / slxn] l9nf] u/L u'8\b} 5 eg] To:tf] rfn c;dfg rfn 
x'G5 . c;dfg ultn] lglZrt lbzfdf u'l8/x]sf] j:t'n] nIodf k'Ubf To;n] kf/ u/]sf] hDdf 
b'/LnfO{ pSt b'/L kf/ ug{ nfu]sf] ;don] efu ubf{ k|fKt x'g] ult Tof] j:t'sf] cf};t ult x'G5 . 

j]unfO{ :s]n/ kl/df0f / ultnfO{ e]S6/ kl/df0f x'g\ . ultsf] dfgdf kl/jt{g geP/ s]jn 
lbzf kl/jt{g x'Fbf ult 
kl/jt{g x'G5 t/ j]u l:y/ 
/xG5 . lrq 7.5  df b]vfOP 
h:t} ;Gbe{ laGb' -reference 
point_ sf cfwf/df s'g} 
Ps lbzfdf uO/x]sf] 
j:t'n] l7s ljk/Lt lbzfdf 
hfFbf ult wgfTdsaf6 
C0ffTds x'G5 . j:t'sf] j]u  
;w}F wgfTds x'G5 . 

k|j]u -Acceleration_

lj|mofsnfk 7.2

 p2]Zo M j:t'df x'g] ult kl/jt{gsf] cjnf]sg ug'{

 cfjZos ;fdu|L M Pp6f ;dtn ;tx ePsf] sl/a 3 m nfdf] sf7sf] kmn]s, s]xL  
 lstfax¿, u'Rrf jf ;fgf] es'G8f], :6k jfr, rs jf k]lG;n

ljlw M 

 1. sf7sf kmn]snfO{ lstfax¿sf] cf8 nufO{ /fVg'xf];\ . 

 2. kmn]ssf] dflyNnf] 5]paf6 u'Rrf jf es'G8f] u'8fpg'xf];\ . 

 3. es'G8f] ul8/xFbf Ps hgfn] :6k jfrsf] ;xfotfn] k|To]s 1 ;]s]G8sf] hgfp ug'{xf];\  
  / csf]{ ;fyLn] kmn]sdf u'8\b} u/]sf] j:t' k'u]sf] :yfgdf lrx\g nufpg'xf];\ . 

 4. u'Rrf jf es'G8f]sf] rfn cjnf]sg ug'{xf];\ .

5nkmn / lgisif{ M u'Rrf jf es'G8f]sf] ult s:tf] /x\of], 5nkmn ug'{xf];\ .

lrq 7.5  ;Gbe{ laGb'cg';f/ wgfTds ult / C0ffTds ult
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rfn cj:yfdf /x]sf j:t'x¿df ;dfg ult gx'g ;S5 . 
u'l8/x]sf a;sf] ult sxLF a9\b} a9\b} hfg] / sxLF 36\b} 
36\b} hfg] x'G5 . Psgf;sf] le/fnf] ;txdf k[YjLsf] u'?Tj 
ann] u'8\b} u/]sf] j:t'df k|lt;]s]G8 ult a9\b} hfG5 . k|lt 
PsfO ;dodf x'g] ult kl/jt{gnfO{ k|j]u elgG5 . o;sf] 
SI PsfO m/s2 xf] . 

 
k|j]u (a) =

 clGtd ult (v) – ;'?sf] ult (u) 

    ;do (t)  

k[YjLsf] u'?Tjansf] sf/0f :jtGq ¿kdf vl;/x]sf] j:t'df 
pTkGg x'g] k|j]u u'?Tj k|j]u xf] . o;nfO{ 'g' n] ;ª\s]t 
ul/G5 . k[YjLsf] ;txdf o;sf] cf};t dfg 9.8 m/s2 x'G5 . 

u'8\b} u/]sf] a;df lj:tf/} a|]s nufpFbf o;sf] ult 36\b} 
u/]sf] cg'ej ug{ ;lsG5 . s'g} rfn cj:yfdf /x]sf] j:t'sf] 
k|ltPsfO ;dodf ult 36\g] b/nfO{ ultx|f; -retardation_ 
elgG5 . o;nfO{ C0ffTds k|j]u klg elgG5 . 

5nkmnsf] k|Zg

lrq 7.6 df :jtGq v;fOsf] cjnf]sgaf6 k|fKt x'g] tYofª\s lbOPsf] 5 . pSt tYofª\snfO{ 
cfwf/ dfgL tn ul/Psf lx;faaf6 s] lgisif{ lgsfNg ;lsG5 < 

cf};t ult (vav) = 

       lglZrt lbzfdf kf/ u/]sf] b'/L (s) 
       pSt b'/L kf/ ug{ nfu]sf] ;do (t)
     =  44.1
           3

     = 14.7m/s k[YjLsf] s]Gb|lt/

cf};t ult (vav) = 

     ;'?sf] ult -u_ ± clGtd ult -v_ 
                           (2)
    =

  (0+29.4)
             2

   = 14.7 m/s k[YjLsf] s]Gb|lt/

:jtGq ¿kn] vl;/x]sf] j:t'sf] rfnsf] lbzf lglZrt eP tfklg k|lt;]s]G8 kf/ ug]{ b'/L km/s km/s 
x'G5 . To;}n] of] c;dfg ult xf] . t/ :jtGq v;fOsf] cj:yfdf j:t'sf] k|j]u eg] k|lt;]s]G8 ;dfg  
x'G5 . j:t' ;dfg k|j]un] l;wf /]vfdf v:bf jf u'8\bf j:t'sf] k|f/lDes ult / clGtd ultsf] 
dWosn] pSt j:t'sf] cf};t ult lbG5 . t;y{ l;wf /]vLo rfndf ;dfg k|j]un] ePsf] j:t'sf 
nflu

cf};t ult (Vav) =
 ;'?sf] ult -u_ ± clGtd ult -v_ 

    2 

lrq 7.6 =:jtGq ¿kn] vl;/x]sf] j:t'sf] 

3s ;Ddsf] rfn 
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l;wf /]vLo rfnsf ;dLs/0fx¿ -Equations of linear motion_

l;wf /]vLo rfnsf ;dLs/0fdf j:t'sf] ;'?sf] ultnfO{ u, clGtd ultnfO{ V kf/ u/]sf] b'/LnfO{ 
s pTkGg x'g] k|j]unfO{ a, j:t' rfn cj:yfdf /xFbfsf] ;donfO{ t n] hgfOG5 . 

1.  l;wf /]vLo rfnsf nflu ;'?sf] ult -u_, clGtd ult -v_, k|j]u -a_ / ;do -t_ ;DaGwL  
 ;dLs/0f

 dfgf}F, s'g} l;wf /]vLo rfndf /x]sf] j:t'sf] ;'?sf] ult -u_ Psgf;n] kl/jt{g x'Fb}  
 s]xL ;do -t_ kl5 clGtd ult -v_ df kl/0ft eof] .

 k|j]usf] kl/efiffcg';f/, k|j]u =
 clGtd ult – ;'?sf] ult 

      ;do

     
a =

   v-u 

      t

     at = v - u

     v = u+at ………………….. (i)

 pbfx/0f 7.1

lqe'jg cGt/f{li6«o ljdfg:ynaf6 p8\g] j|mddf l:y/ cj:yfaf6 wfjgdfu{df pQ/ lbzflt/ 
u'8]sf] xjfO{hxfh 40 s kl5 p8\of] . xjfO{hxfh u'8\bfsf] ;dfg k|j]u 0.75 m/s2 lyof] . pSt 
xjfO{hxfh l7s hldgaf6 p8\g' k"j{sf] ult lx;fa ug'{xf];\ M

 pbfx/0fdf xjfO{hxfhsf nflu lbOPsf] ljj/0f cg';f/, 

 xjfO{hxfhsf] ;'?sf] ult -u_ = 0  (lsgsL l:y/ cj:yfaf6 

 u'8]sf]_

 Psgf;n] ult kl/jt{g ePsf] ;do (t) = 40 s

 xjfO{hxfhsf] k|j]u (a) = 0.75 m/s2

 clGtd ult -v_ = ?

 rfnsf] ;dLs/0f k|of]u ubf{,

 v = u + at 

 v = 0 + 0.75 × 40 

 v = 30 m/s pQ/ lbzftk{m

 xjfO{hxfh l7s hldgaf6 p8\g' k"j{ 30 m/s pQ/  sf] ultn] u'l8/x]sf] lyof] .

lrq 7.7 
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2.  l;wf /]vLo rfnsf nflu ;'?sf] ult -u_, clGtd ult -v_, k|j]u -a_ / :yfgfGt/0f -s_  
 ;DaGwL ;dLs/0f

dfgf}F, s'g} l;wf /]vLo rfndf /x]sf] j:t' Ps :yfgaf6 csf]{ :yfgdf :yfgfGt/0f -s_  
eof] . :yfgfGt/0f x'Fbf ;'?sf] ult -u_ Psgf;n] kl/jt{g x'Fb} s]xL ;do -t_ kl5 lglZrt 
clGtd ult -v_ k|fKt u¥of] .

 ;dfg ¿kn] ult kl/jt{g eO/x]sf] cj:yfdf

 :yfgfGt/0f = cf};t ult × ;do

3.  l;wf /]vLo rfnsf nflu ;'?sf] ult -u_, ;do -t_, k|j]u -a_ / :yfgfGt/0f -s_ ;DaGwL  
 ;dLs/0f

dfgf}F, s'g} l;wf /]vLo rfndf /x]sf] j:t' ;dfg k|j]u -a_ n] Ps :yfgaf6 csf]{ :yfgdf 
:yfgfGt/0f -s_ eof] . k|j]u pTkGg x'Fbfsf] ;do -t_ df pSt j:tsf] ;'?sf] ult -u_ 
kl/jt{g eO{ clGtd ult -v_ aGof] .

;dLs/0f (ii) cg';f/,

(iv)

;dLs/0f (i) cg';f/ t sf] dfg ;dLs/0f 
(ii) df k|lt:yfkg ubf{ .

;dLs/0f (i) af6 v sf] dfg /fVbf .
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pbfx/0f 7.2

k"j{ klZrd /fhdfu{sf] l;wf v08df Pp6f l:y/ cj:yfaf6 rNg ;'? u/]sf] df]6/;fOsn 0.5 m/s2 
sf] ;dfg k|j]un] 400 m k"j{lt/ u'l8;s]kl5 rfnsn] a|]ssf] k|of]u u/] . pSt df]6/;fOsnsf] ult 
4 s ;Dd Psgf;n] 36\b} 6 m/s2 sf] ultx|f; pTkGg eof] . ;'?sf] :yfgaf6 ePsf] df]6/;fOsnsf] 
:yfgfGt/0f lx;fa ug'{xf];\ M

pbfx/0fdf df]6/;fOsnsf nflu lbOPsf] ljj/0fcg';f/,

klxnf] v08sf nflu bf];|f] v08sf nflu

;'?sf] ult -u_ = 0  

k|j]u -a_ = 0.5 m/s2  

:yfgfGt/0f -s_ = 400 m k"j{ 

clGtd ult -v_ = ?

rfnsf] ;dLs/0f k|of]u ubf{,

v2 = u2 + 2as 

v2 = 0 + 2 × 0.5 × 400 

v2=400 

∴ v=20 m/s k\"j{ lbzftk{m

;'?sf] ult -u_ = klxnf] v08sf] clGtd ult = 20 m/s k"j{

;do -t_ = 4 s  

k|j]u -a_ = - 6 m/s2  

:yfgfGt/0f -s_ = ?

rfnsf] ;dLs/0f k|of]u ubf{,

s = ut +
 1

at2

             2 

s= 20 × 4 –
1 

× 6 × 42
                              2 

s= 80-48 

∴ s= 32 m k\"j{ lbzftk{m

;'?sf] :yfgaf6 ePsf] df]6/;fOsnsf] :yfgfGt/0f = klxnf] v08sf] :yfgfGt/0f + bf];|f] 
v08sf] :yfgfGt/0f

 = 400 + 32 = 432 m k\"j{ 

;Lwf /]vLo rfnsf nflu

v = u + at  — (i)

v =    x t — (ii)

v2 = u2 + 2as — (iii)

s = ut +         at2 — (iv)

s'g} j:t' :jtGq ¿kdf k[YjLdf vl;/x]sf] 
cj:yfdf xfjfsf] cj/f]w guGo dfGbf a = g / 
s = h x'G5 .

u + v 
2

1
2
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l;wf /]vLo rfnsf u|fkm (Graph of linear motion)

:yfgfGt/0f ;do u|fkm -displacement- time graph_

;'/hn] cfk\mgf] ljBfnodf cfof]hgf ul/Psf] bf}8 k|ltof]lutfdf bf}8sf] 6«ofsdf /f]xgnfO{ 

ljgoeGbf s]xL cufl8 b]v] . Ps}l5g kl5  ljgon] /f]xgnfO{ kl5 kf/] . tn lrq 7.8 / 7.9 df 
b'j} hgf Psgf;n] cfcfk\mgf] ultn] bu'bf{sf] ;donfO{ x- cIf -x-axis_ / :yfgfGt/0fnfO{ y- cIf 
-y-axis_ df /fv]/ lvlrPsf] u|fkm lbOPsf] 5 .  

lrq 7.8 bf}8sf] 6«ofsdf ljBfyL{ bu'b}{
lrq 7.9 bf}8sf] :yfgfGt/0f ;do u|fkm

k|Zgx¿

1. dflysf] :yfgfGt/0f ;do u|fkmdf b]vfOPsf] s'g /]vfn] /f]xgsf] rfn / s'g /]vfn] ljgosf]  
 rfn hgfpF5 <  

2. ;'?df /f]xg ljgoeGbf slt b'/Ln] cufl8 /x]sf lyP <

3. bf}8sf j|mddf slt ;s]G8kl5 ljgon] /f]xgnfO{ lht]5g\ <

4, /]vf AB / CD dWo] s'g /]vfsf] e'sfj -le/fnf]kgf_ a9L 5 < /]vfx¿sf] e'msfj /  
 ;DalGwt JolStsf] ultlar s:tf] ;DaGw x'G5 xf]nf <

u|fkm k|of]u u/]/ j:t'sf] rfnaf/] j0f{g ug{ ;lsG5 . s'g} j:t'sf] :yfgfGt/0f / ;DalGwt 
:yfgfGt/0fsf nflu nfu]sf] ;dolarsf] ;DaGw b]vfpg] u|fkmnfO{ :yfgfGt/0f ;do u|fkm  
(s - t) elgG5 . :yfgfGt/0f ;do u|fkmdf ;donfO{ x - cIfdf / ;DalGwt :yfgfGt/0fnfO{ y - 
cIfdf k|:t't ul/G5 . pSt u|fkmdf /]vfsf] e'msfjn] rfn cj:yfdf /x]sf] j:t'sf] ult hgfpF5 . 
b'O{cf]6f :yfgfGt/0f ;do /]vfx¿sf] e'msfjsf] t'ngf u/]/ l56f] jf l9nf] u'l8/x]sf] j:t' yfxf 
kfpg ;lsG5 . t'ngfTds ¿kdf e'msfj a9L ePdf j:t'sf] ult klg a9L x'G5 / e'msfj sd 
x'Fbf ult klg sd x'G5 . b'O{ /]vfx¿ sfl6Psf] :yfgdf j:t'sf] kf/ u/]sf] b'/L a/fa/ x'G5 .
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lj|mofsnfk  7.3

p2]Zo M j:t'df x'g] ult kl/jt{gsf] cjnf]sg ug'{

cfjZos ;fdu|L M Pp6f ;dtn ;tx ePsf] sl/a 3 m nfdf] sf7sf] kmn]s, s]xL lstfax¿, 
u'Rrf jf ;fgf] es'G8f], :6k jfr, rs jf k]lG;n, ?n/ jf 6]k

ljlw M 

1. lj|mofsnfk 7.2 nfO{ bf]xf]¥ofpg'xf];\ .

2. u'Rrf jf es'G8f]n] k|To]s ;]s]G8df kf/ u/]sf] :yfgfGt/0f gfkL tnsf] tflnsfdf eg'{xf];\ .  

;do klxnf] ;]s]G8 bf];|f] ;]s]G8 t];|f] ;]s]G8 rf}yf] ;]s]G8

:yfgfGt/0f ============== ============== ============== ==============

ult ============== ============== ============== ==============

3. k|To]s ;]s]G8df u'Rrf jf es'G8f]sf] ult lx;fa ug'{xf];\ .

4. pSt tYofª\snfO{ lrq 7.10 df b]vfOP e}m u|fkmdf k|:t't  
 ug'{xf];\ . 

5. u|fkmdf lvlrPsf] /]vfsf] em'sfj lgDgfg';f/ lx;fa ug'{xf];\ M

 e'msfj =  r9fj   =   :yfgdf cfPsf] cGt/ (∆s)  
   lj:tf/    ;dodf cfPsf] cGt/ (∆t)    = …

 h:t} M lrqdf b]vfOPsf] /]vfsf] nflu

 
e'msfj = 

 8 m/s 
=  4m/s

   
   2s

5nkmn / lgisif{ M s-t u|fkm /]vfsf] e'msfjn] j:t'sf] ult b]vfpF5 . 

pbfx/0f 7.3

tnsf] u|fkmdf Pp6f df]6/;fOsnsf] rfnnfO{ tLgcf]6f v08df b]vfOPsf] 5 . pSt v08df 
df]6/;fOsnsf] cf};t ult / ultsf] cj:yf klg n]Vg'xf];\ M

u|fkmcg';f/, AB v08df 

cf};t ult -VAB_  Ö :yfgfGt/0f ;do /]vfsf] e'msfj 

    Ö laGb' G (10, 200) / laGb' E (30, 600) larsf] e'msfj

lrq 7.10 ;dfg ultn] u'l8/x]sf] 

j:t'sf] lj:yfkg ;do u|fkm 
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Ö
 ∆s 

Ö
 s2 – s1 Ö

 600 – 200 
Ö

 400 
 ∆t t2 – t1            30 – 10  20

 VAB= 20 m/s 

df]6/;fOsn cufl8 a9\b} hfFbf 
;do;Fu} kf/ u/]sf] b'/L klg Psgf;n] 
a9]sf] 5 . df]6/;fOsn ;dfg 
ultn] -l;wf /]vfdf_ u'l8/x]sf] 5 .

BC v08df cf};t ult Ö 0 m/s, 
df]6/;fOsn l:y/ cj:yfdf /x]sf] 5 . 

CD v08df cf};t ult -VCD_ Ö :yfgfGt/0f ;do /]vfsf] e'msfj 

     Ö laGb' H (80,600) / laGb' J (120,200) larsf] e'msfj

     
Ö
 ∆s 

Ö
  s2 – s1 Ö

 200 – 600 
Ö

 – 400 
         ∆t       t2 – t1          120 – 80          40

         VCD  = –10 m/s 

hxfF C0ffTds lrx\gn] df]6/;fOsnsf] rfn ljk/Lt lbzfdf 5 cyf{t\ kms]{/ ;'?sf] :yfglt/ 
cfO/x]sf] eGg] hgfpF5 . df]6/;fOsn k5fl8 kmls{b}F ubf{ a9]sf] ;do;Fu} Psgf;n] b'/L kf/ ub{} 
kms]{sf] 5 . o; v08df klg df]6/;fOsn ;dfg ultn] u'l8/x]sf] 5 . 

lj|mofsnfk  7.4

lbOPsf] u|fkmn] Pp6f l;wf af6fdf Psgf;n] lx“l8/x]sf] dflg;nfO{ Pp6f s's'/n] nv]6\g vf]Hbf 
10s ;dofjlwdf dflg;sf] rfnnfO{ b]vfOPsf] 5 . pSt dflg;sf] rfn j0f{g ug'{xf];\ . ;fyLx¿ 
;d"xdf ldnL pSt rfn k|bz{g ug'{xf];\ . 

lrq g= 7.11

lrq g= 7.12
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v08 AE v08 EH v08 HI

:yfgfGt/0f ;do /]vfsf] e'msfj 
h'g;'s} b'O{ laGb'lar ;dfg

:yfgfGt/0f ;do /]vfsf] s'g} b'O{ 
laGb'df e'msfj km/s km/s

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

x- cIf;Fu ;dfgfGt/ :yfgfGt/0f ;do /]vfn] ;do a9\bf klg j:t'sf] b'/L ga9]sf] cyf{t\ j:t' 
l:y/ cj:yfdf /x]sf] hgfpF5 . e'msfj;lxtsf] l;wf :yfgfGt/0f ;do /]vfn] rfn cj:yfdf 
/x]sf] j:t' ;dfg ultn] uO/x]sf] hgfpF5 . olb :yfgfGt/0f ;do u|fkmdf jj|m /]vf ePdf rfn 
cj:yfdf /x]sf] j:t'sf] ult c;dfg x'G5 .

ult – ;do u|fkm (velocity- time graph)

lj|mofsnfk  7.5

tn tflnsfdf lbOPsf tYofª\ssf cfwf/df ;donfO{ x-cIfdf / ;DalGwt ultnfO{ y-cIfdf  
/fvL 5'6\6f5'6\6} u|fkm lvRg'xf];\ .

l;wf /]vfdf u'l8/x]sf df]6/;fOsnsf 
nflu

tflnsf

;do (s) 0 1 2 3 4 5

ult (m/s) 5 5 5 5 5 5

lglZrt prfOaf6 :jtGq ¿kdf vl;/x]sf 
j:t'sf] nflu

tflnsf

;do (s) 0 1 2 3 4 5

ult (m/s) 0 9.8 19.6 29.4 39.2 49

p8\g ;'? u/]sf xjfO{hxfhsf nflu

tflnsf

;do (s) 0 1 2 3 4 5

ult (m/s) 0 2 6 12 20 30

lrq g= 7.13
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ca tkfOFn] lvRg' ePsf] ult ;do u|fkmsf] cWoog u/L ljZn]if0f ug'{xf];\ .

u|fkm ult ;do /]vf 
cfsf/

ult ;do /]vf 
e'msfj

ljZn]if0f

klxnf] ================== ================== j:t'sf] ult -;dfg÷Psgf;n] kl/jt{g, ========_=

bf];|f]  ================= ====================== ult ;do /]vfsf s'g} b'O{ laGb'larsf] e'msfj 
-;dfg÷c;dfg_ ========

e'msfj / k|j]usf] ;DaGw =======

t];|f] ============ ==================== Psgf;n] ult kl/jt{g x'Fbf / c;dfg ¿kn] 
ult kl/jt{g x'Fbf e'msfjdf b]lvPsf] cGt/ 
==========

s'g} j:t'sf] ult / ;DalGwt ;dolarsf] ;DaGw b]vfpg] u|fkmnfO{ ult – ;do (v - t) u|fkm 
elgG5 . o:tf] u|fkmsf] cjnf]sgaf6 j:t' l:y/ /x]sf], ;dfg ultdf cufl8 a9]sf], /f]lsg 
vf]h]sf] h:tf hfgsf/Lx¿ yfxf kfpg ;lsG5 . ult ;do u|fkmdf ;donfO{ x- cIfdf / 
ultnfO{ y- cIfdf k|:t't ul/G5 . ult ;do /]vfsf] e'msfjn] rfn cj:yfdf /x]sf] j:t'sf] 
k|j]u hgfpF5 . b'O{cf]6f ult ;do /]vfx¿sf] e'msfjsf] t'ngf u/]/ ult kl/jt{gsf] b/df /x]sf] 
leGgtfaf/] hfgsf/L kfpg ;lsG5 . 

x- cIf;Fu ;dfgfGt/ ult ;do /]vfn] ;do a9\bf klg j:t'sf] ult kl/jt{g gePsf] cyf{t\ 
j:t' ;dfg ultn] ljgf k|j]u uO/x]sf] hgfpF5 . e'msfj;lxtsf] l;wf ult–;do /]vfn] rfn 
cj:yfdf /x]sf] j:t' ;dfg k|j]un] uO/x]sf] hgfpF5 . olb :yfgfGt/0f ;do u|fkmdf jj|m /]vf 
ePdf rfn cj:yfdf /x]sf] j:t'sf] ult c;dfg x'G5 .

lrq 7.14

u
lt

 v
 (m

/s
)

;do t (s) 
;dfg ult ;do t (s) 

:jtGq ¿kn] vl;/x]sf] j:t'

;do t (s) 
c;dfg ult



lj1fg tyf k|ljlwM sIff ( 109

lj|mofsnfk  7.6

lbOPsf] ult ;do u|fkmsf] 
cWoog u/L tnsf] tflnsf k"/f 
ug'{xf];\ . 

;dfg k|j]u ePsf v08x¿dWo] 
s'g v08df j:t'sf] ult tLj| 
¿kn] kl/jt{g ePsf] 5 <

;dfg ultsf] v08 ;dfg k|j]usf] v08 c;dfg k|j]usf] v08 ultx|f;sf] v08

BC / …… ……. / …… ……./ …… ……. / ……

AB / GH v08x¿ dWo] GH v08df ult ;do /]vfsf] e'msfj AB v08df eGbf a9L 5 .  
To;}n] pSt j:t'sf] ult GH v08df tLj| ¿kn] kl/jt{g ePsf] yfxf kfpg ;lsG5 . 

Ogl;{of -Inertia_

tn lbOPsf 36gfx¿df ;DalGwt tYo / sf/0f kQf nufpg 5nkmn ug'{xf];\ .

1. lkª v]Ng] j|mddf o;nfO{ dRrfpg / dRrfP/ 5f]8]sf] lkª l:y/ cj:yfdf cfpg s]xL ;do  
 nfU5 . 

2. l:jr cg ug]{ ljlQs} ljB't\ kª\vf hf]8n] 3'Db}g / 3'ld/x]sf] kª\vfsf] l:jr ckm ug]{  
 lalQs} /f]lsFb}g .

ha s'g} j:t'df nfUg] anx¿ ;Gt'lnt x'G5g\, ToxfF j:t'sf] cj:yf -ult jf lbzf_ df s'g} 
kl/jt{g x'Fb}g . j:t'sf] cj:yf kl/jt{g x'g jf j:t' ;g{ pSt j:t'df c;Gt'lnt anx¿ nfUg' 
kb{5 . j:t'n] c;Gt'lnt ansf] k|of]uaf6 o;sf] cj:yfdf ug{ vf]lhg] kl/jt{gsf] cj/f]w u5{ . 
c;Gt'lnt ansf] dfqf lgs} sd ePdf Ps} l5gdf l:y/ cj:yfdf ePsf] j:t'nfO{ rfndf 
/ rfndf ePsf] j:t'nfO{ l:y/ cj:yfdf Nofpg ;lsFb}g . l:y/ cj:yfdf /x]sf] j:t' l:y/ 
cj:yfd} /xg vf]H5 / rfn cj:yfdf /x]sf] j:t' ;dfg ultn] pxL lbzfdf rfndf /xg vf]H5 . 
s'g} klg j:t'n] o;sf] cj:yfdf ug{ vf]lhg] kl/jt{gsf] cj/f]w u/L oyfl:yltdf /lx/xg vf]Hg] 
u'0fnfO{ Ogl;{of elgG5 . 

lrq 7.15 

;do t (s)
u
lt

 v
 (m

/s
)
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 lj|mofsnfk  7.7

 Pp6f 6]a'ndf /flvPsf pl;g]sf] / gpl;g]sf] cG8fnfO{ 6]a'naf6 3'dfpg'xf];\ .  3'ld/x]sf]  
 cG8fnfO{ cf}“nfn] 5f]P/ /f]Sg'xf];\ . /f]lsgf;fy cf}“nf x6fpg'xf];\ . ca s] x'G5 x]g'{xf];\ .  
 cjnf]sg u/L k|fKt glthfnfO{ tnsf] tflnsfsf cfwf/df k'li6 ug'{xf];\ .

cjnf]sg glthf JofVof

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

lk08 / Ogl;{oflarsf] ;DaGw -Relation between mass and inertia_

lj|mofsnfk  7.8

p2]Zo M j:t'df lk08 / Ogl;{oflarsf] ;DaGw k|bz{g ug'{

cfjZos ;fdu|L M p:t} b'O{cf]6f af]tn, 8f]/L, kfgL, 

ljlw M 

1. Pp6f af]tndf kfgL eg'{xf];\ / csf]{nfO{ vfnL /fVg'xf];\ . 

2. b'j}nfO{ ;dfg nDafO ePsf] 8f]/Ln] cufl8 k5fl8 rNg ;Sg] u/L s'g} cf8df  
 e'mG8\ofpg'xf];\ .  

3. ca e'mG8\ofOPsf af]tnx¿nfO{ a/fa/ b'/L;Dd lj:yflkt u/L ;Fu} 5f]8\g'xf];\ /   
 ltgLx¿sf] rfnsf] cjnf]sg ug'{xf];\ . 

5nkmn / lgisif{ M s'g af]tn klxn] l:y/ cj:yfdf cfpF5 < lsg xf]nf, 5nkmn ug'{xf];\ .

cjnf]sg glthf JofVof

sd lk08 ePsfnfO{ /f]lsg nfu]sf] ;do Ö ===

a9L lk08 ePsfnfO{ /f]lsg nfu]sf] ;do Ö ====

=== eGbf ==== klxn] 
/f]lsG5 .

sd lk08 ePsf] tyf a9L lk08 ePsf] b'j} j:t' oyfl:yltdf /xg vf]H5g\ . t;y{ ;a} j:t'df 
Ogl;{of x'G5 . j:t'df x'g] Ogl;{of o;sf] lk08df lge{/ x'G5 . j:t'sf] lk08 a9\bf Ogl;{of klg 
a9\5 / lk08 36\bf Ogl;{of klg 36\5 .
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Ogl;{ofsf lsl;d -Types of inertia_

!=  l:y/ Ogl;{of -Inertia of rest_

lj|mofsnfk  7.8

p2]Zo M j:t'df x'g] l:y/ Ogl;{ofsf] k|bz{g ug'{

cfjZos ;fdu|L M l;Ssf, sfFrsf] lunf;, sf8{

ljlw  

1. lrqdf h:t} lunf;sf] dfly sf8{ / To;sf] dfly l;Ssf 
/fVg'xf];\ . 

2. sf8{nfO{ PSsfl; tfGg'xf];\ / s] x'G5, cjnf]sg ug'{xf];\ .

5nkmn / lgisif{ M l:y/ cj:yfdf /x]sf] l;SsfnfO{ PSsfl; rfndf Nofpg vf]Hbf o;n] 
To;sf] cj/f]w u5{ . sf8{ PSsfl; rfndf cfPsf] x'gfn] l;Ssf rNg gkfpFb} of] l;Ssfaf6 
6f9f hfG5 . h;n] ubf{ l;Ssf lunf;df v:5 . 

s'g} l:y/ cj:yfdf /x]sf] j:t'sf] l:y/ cj:yfd} /lx/xg vf]Hg] u'0f l:y/ Ogl;{of xf] . l:y/ 
Ogl;{ofsf yk pbfx/0f tn k|:t't ul/Psf] 5 M

i. k|of]udf /x]sf] sfk]{6nfO{ e'mG8\ofP/ lxsf{pFbf o;df ePsf] w'nf] em5{ .

ii. ?vdf cfFk kmn]sf] cj:yfdf o;sf] xfFuf xNnfpFbf cfFk v:5g\ .

iii. Sof/d v]Nbf uf]6Lx¿sf] rfªdf l:6fOs/n] hf]8n] lxsf{Pdf s]jn lkFwsf] uf]6L lg:sG5 /  
 afFsL rfFª g9nLsg a:5 .

iv.  a; PSsfl; rfndf cfpFbf To;leq /x]sf ofq'x¿sf] z/L/sf] dflyNnf] efu l:y/  
 cj:yfd} /xg vf]H5 t/ a;sf] ;Dks{df /x]sf] z/L/sf] tNnf] efu eg] a;;Fu}  
 rfndf cfpF5 . h;n] ubf{ ofq'x¿ k5fl8lt/ x'lQG5g\ M

lj|mofsnfk  7.9

sIffdf 5nkmnsf] lgisif{af6 dfly lbOPsf pbfx/0fx¿df pTkGg x'g] Ogl;{ofnfO{ tnsf] 
tflnsfcg';f/ JofVof ug'{xf];\ .

pbfx/0f rfndf cfpg] efu jf 
j:t'

l:y/ cj:yfdf /xg  
vf]Hg] efu jf j:t'

l:y/ Ogl;{ofsf] 
JofVof

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

lrq 7.16
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@=  rfn Ogl;{of -Inertia of motion_

u'8\b} u/]sf] ;fOsndf 7f]lsFbf 9'ª\ufn] ;fOsnsf] ultnfO{ /f]S5 / ;fOsn l:y/ cj:yfdf 
cfpg vf]H5 . ;fOsn rfnssf] z/L/ eg] klxn]s} ultn] cufl8 uO/xg vf]H5 . h;n] 
ubf{ rfns cufl8lt/ x'lQG5 / e'FOdf k5fl/G5 . rfn cj:yfdf /x]sf] j:t'sf] ;dfg 
ultn] pxL lbzfdf rfn cj:yfd} /lx/xg vf]Hg] u'0f rfn Ogl;{of xf] . rfn Ogl;{ofsf 
yk pbfx/0f tn k|:t't ul/Psf] 5 M

i. rfnsn] u'l8/x]sf] ;fOsnsf] k]8ndf an gnufpFbf klg s]xL ;do;Dd u'l8/xG5 .

i. u'l8/x]sf ;jf/L ;fwgx¿ h:t} a;df PSsfl; a|]s nufpFbf o;df ePsf ofq'x¿sf]  
 z/L/ cufl8lt/ x'lQG5 . 

iii. 8«fOe/n] 3'DtLx¿df a; PSsfl; df]8\bf ofq'x¿sf] z/L/ a; df]8]sf] ljk/Lt lbzflt/  
 9lNsG5 .

iv. u'8\b} u/]sf] a;af6 embf{ ofq' e'OFdf k5fl/g] ;Defjgf x'G5 .

v. nª\u hDksf v]nf8Ln] nfdf] 5nfª nufpg s]xL b'/L bu'g]{ u5{g\ .

lj|mofsnfk  7.10

sIffdf 5nkmnsf] lgisif{af6 dfly lbOPsf pbfx/0fx¿df pTkGg x'g] Ogl;{ofnfO{ tnsf] 
tflnsfcg';f/ JofVof ug'{xf];\ . 

pbfx/0f l:y/ cj:yfdf  
cfpg] efu jf j:t'

rfn  cj:yfd} /xg  
vf]Hg] efu jf j:t'

rfn  Ogl;{ofsf] 
JofVof

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

rfn;DaGwL Go'6gsf lgodx¿ -Newton's laws of motion_

;/ cfOHofs Go'6g -Sir Issac Newton_ Ps ef}ltszf:qL / ul0ft1 lyP . pgn] ;g\ 1687 df 
j:t'sf] rfn;DaGwL tLgcf]6f lgod k|ltkfbg u/]sf lyP . Go'6gsf] rfn;DaGwL klxnf] lgodn] 
ansf] kl/efiff lbG5 . bf];|f] lgodn] k|of]udf ePsf] an / j:t'sf] lk08;Fu k|j]usf] ;DaGwsf] 
j0f{g ub{5 . o;sf] k|of]uaf6 ansf] dfkg ug{ ;lsG5 . Go'6gsf] t];|f] lgodn] ansf] u'0f 
atfpF5 . 
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Go'6gsf] rfn;DaGwL klxnf] lgod -Newton's first law of motion_

lj|mofsnfk  7.11

5nkmnaf6 tnsf pbfx/0fx¿ h:t} b}lgs lj|mofsnfkx¿df j:t'sf] cj:yf kl/jt{g ug{ afx\o 
kl/0ffTds ansf] cfjZostf pNn]v ug'{xf];\ .

klxnf] v08 -l:y/af6 rfn_ bf];|f] v08 -lbzf kl/jt{g_ t];|f] v08 -rfnaf6 l:y/_

!= d}bfgdf v]nf8Ln] k'm6an kf; ub{} v]Nbf 

klxnf] v]nf8Lsf] uf]8fn] k|xf/ 
ubf{ nfUg] kl/0ffTds ann] pSt 
ansf] lbzfdf k'm6an u'8\5 .

klxnf] v]nf8Ln] nufPsf] 
ansf] lbzfdf k'm6an l;wf 
u'8]/ hfG5 . csf]{ v]nf8Ln] 
nufPsf] kl/0ffTds ann] 
o;sf] lbzf kl/jt{g x'G5 . 

olb k'm6an / hldglar 
3if{0f an pTkGg gePdf 
k'm6an lg/Gt/ u'8\Yof], h'g 
c;Dej x'G5 . o;/L 3if{0f 
tyf cGo v]nf8Ln] nufpg] 
kl/0ffTds afx\o ann] 
k'm6an l:y/ cj:yfdf 
cfpF5 . 

@= afª\uf]l6ª\uf] af6fdf a; u'8fpFbf

OlGhgn] nufpg] kl/0ffTds 
ansf] c;/

:6]l/ª x\jLn -steering wheel_ 
n] nufpg] kl/0ffTds ansf] 
c;/

a|]s tyf hldgl;tsf] 
3if{0fn] nfUg] kl/0ffTds 
ansf] c;/

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

Go'6gn] rfn;DaGwL lgodx¿ k|ltkfbg ug{'k"j{ j}1flgs Uoflnlnof] UoflnnL -Galileo Galilei_ 
n] rfn;DaGwL Jojl:yt ¿kn] cWoog u/L Ogl;{ofsf] lgod lbO;s]sf lyP . Go'6gn] 
klg Ogl;{ofnfO{ kl/eflift ub}{ rfn;DaGwL klxnf] lgod k|ltkfbg u/]sf lyP . Go'6gsf]  
rfn;DaGwL klxnf] lgodcg';f/ …s'g} c;Gt'lnt ansf] k|of]u gx'Gh]n;Dd l:y/ cj:yfdf /x]sf] 
j:t' l:y/ cj:yfd} /xG5 / rfn cj:yfdf ePsf] j:t' ;dfg ultn] pxL lbzfdf rln/xG5 . 
o; lgodcg';f/ olb kl/0ffTds an -resultant force_ z"Go ePdf j:t' oyfl:yltdf /xG5 . 
l:y/ cj:yfaf6 rfndf Nofpg / ;dfg ultn] u'l8/x]sf] j:t'nfO{ l:y/ cj:yfdf Nofpg 
c;Gt'lnt an nfUg'k5{ . t;y{ an eg]sf] j:t'sf] cj:yf kl/jt{g ug]{ sf/0f tŒj xf] . Go'6gsf] 
klxnf] lgodn] c;Gt'lnt an gnfu'Gh]n l:y/ cj:yfdf /x]sf] j:t' l:y/ cj:yfd} /xg vf]Hg] 
/ rfn cj:yfdf /x]sf] j:t' rfn cj:yfd} /xg vf]Hg] u'0faf/] pNn]v ug]{ ePsfn] o;nfO{ 

Ogl;{ofsf] lgod -law of inertia_ klg elgG5 . 
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rfn;DaGwL Go'6gsf] bf];|f] lgod (Newton's second law of motion)

5nkmnsf] k|Zg M ;fOsnnfO{ l:y/ cj:yfaf6 rnfP/ ult kl/jt{g ub}{ rfF8f]rfF8f] u'8fpg'kg]{ 
cj:yfdf PSn} rfns / rfnssf] k5fl8 csf]{ JolSt a:bf k|j]udf s:tf] leGgtf cfpF5 < 
;Dd k/]sf] Psgf;sf] af6f]df klxnf] k6s ;fOsnsf] k]8ndf sd an nufP/ u'8fpFbf / bf];|f] 
k6s k]8ndf a9L an nufP/ u'8fpFbf pTkGg x'g] k|j]udf s] leGgtf x'G5 <

lrq 7.17 ;fOsn rfns dfq x'“bfsf] 

k|j]u

lrq 7.18 ;fOsn rfns;“u} 

k5fl8 csf]{ JolSt af]Sbfsf] k|j]u

rfnsn] nufpg] an l:y/ 

ePdf, lk08 a9\bf k|j]u 

36\5 . olb lk08 l:y/ 

ePsf] cj:yfdf ;fOsn 

rfnsn] an a9fpg ;s]df 

k|j]u klg a9\5 . 

dflysf] k|Zgdf ;f]lwP h:t} b}lgs hLjgdf nfu' x'g] yk pbfx/0fx¿af/] 5nkmn ug'{xf];\ .

j:t'sf] lk08df x'g] kl/jt{gn] ubf{  
k|j]udf klg kl/jt{g x'g]

j:t'df nufOPsf] ansf] 36a9n] k|j]u klg 
36a9 x'g]

xfdLn] af]s]sf] ef/L la;fP/ l/Q} lxF8\bf rfF8f] 
rfF8f] lxF8\g ;lsG5 . 

psfnfdf u'8\b} u/]sf] 6«ssf] nf]8 36fpFbf ult 
kl/jt{g rfF8f] rfF8f] x'G5 .

;fdfg nf]8 u/]sf] 7]nfuf8fnfO{ u'8fpgeGbf 
vfnL 7]nfuf8fnfO{ u'8fpg ;lhnf] x'G5 .

df+zk]zLaf6 an a9L nufpFbf Ps} l5gdf 
tLj| ultn] bu'g{ ;lsG5 .

;jf/L ;fwgx¿df PS;n/]6/af6 OlGhgn] 
nufpg] an a9fpFbf k|j]u pTkGg x'G5 / 
hf]8n] a|]s lyRbf tLj|  ultx|f; x'G5 .

v]n d}bfgdf annfO{ rfF8f] u'8fpg a9L an 
k|of]u ug'{k5{ .

dflysf pbfx/0fx¿df j:t'sf] lk08df x'g] kl/jt{g tyf pSt j:t'df nufOPsf] andf x'g] 
kl/jt{gn] j:t'sf] k|j]udf kg]{ c;/ b]vfOPsf] 5 . an / lk08;Fu k|j]usf] ;DaGw cWoog ug{ 
tnsf] lj|mofsnfk u/f}F .  

lj|mofsnfk  7.12

p2]Zo M Go'6gsf] rfn;DaGwL bf];|f] lgod k|bz{g ug'{

cfjZos ;fdu|L M 8foglds 6«nL jf v]nf}gf uf8L, SNofDk;lxtsf] 
Ps rSs] l3gL{, wfuf], tf}n em'G8\ofpg] c+s'z, 50 g sf 10 cf]6f 
lk08x¿ -slotted masses_, 38L lrq 7.19 
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ljlw M 

1. lrqdf b]vfP em} pks/0fx¿nfO{ hf]8\g'xf];\ . 

2. l3gL{af6 Ps ld6/ k/ 6]a'ndf lrx\g nufpg'xf];\ . 

3. c+s'zdf 50 g lk08 /fvL 6«nLnfO{ 6]a'nsf] lrx\g dfly  
 /fVg'xf];\ . 

4. 6«nLnfO{ u'8\g lbO{ 6]a'nsf] csf]{ 5]p;Dd k'Ug nfUg] ;do gfKg'xf];\ / tnsf] tflnsfdf  
 eg'{xf];\ . 

5. c+s'zdf csf]{ 50 g lk08 yKg'xf];\ / :6]k 4 bf]xf]¥ofpg'xf];\ .

6. j|mdzM c+s'zdf lk08x¿ yKb} :6]k 5 bf]xf]¥ofpg'xf];\ . 

6«nLnfO{ tfGg] an jf c+s'zdf /flvPsf] 
lk08sf] tf}n -W/N)

:yfgfGt/0f 
-s/m_

;do -t/s_ k|j]u -a = 2s/t2_

========= 1 ======= =============

========= 1 ======= =============

tYofª\s ljZn]if0f / glthf M 6«nLdf nufOPsf] an / k|j]usf] ;DaGwaf/] 5nkmn 
ug'{xf];\ .

tYofª\s ljZn]if0f / glthf M 6«nLdf /flvPsf] lk08 / k|j]usf] ;DaGwaf/] 5nkmn ug'{xf];\ .

5nkmn / lgisif{ M 6«nLsf] lk08 l:y/ /fvL tfGg] an kl/jt{g ubf{ 6«nLsf] k|j]u a9\b} uof] . 
To;}u/L tfGg] an l:y/ /fvL 6«nLdf lk08 yKb} hfFbf k|j]u 36\b} uof] . 

Go'6gsf] rfn;DaGwL bf];|f] lgodcg';f/ …ansf] k|of]uaf6 s'g} j:t'df pTkGg x'g] k|j]u To;df 
nfu]sf] an;Fu ;dfg'kflts / To;sf] lk08;Fu Jo'Tj|mdfg'kflts x'G5 .Ú 

cyf{t\, s'g} j:t'df nfu]sf] kl/0ffTds an a9fpFbf To;df pTkGg x'g] k|j]u klg a9\5 .

k|j]u (a)∞F………………….( i)   -lk08 l:y/ x'Fbf_

j:t'df nfu]sf] kl/0ffTds an l:y/ ePsf] cj:yfdf o;sf] lk08 a9\b} hfFbf k|j]u 36\5 / lk08 
36\bf k|j]u a9\5 .

k|j]u (a) ∞  1/m………………..(ii)  -an l:y/ x'Fbf_

dflysf ;dLs/0f -i_ / -ii_ nfO{ ;+of]hg ubf{, 

 a ∞  F/m    F ∞ ma

s'g} ;DaGwnfO{ ;dLs/0fsf ¿k lbgsf nflu To;df Ps cr/ /flz k|lji6 ug'{k5{ .

F = k ma……………..(iii)  oxfF k|of]u ePsf] k cr/ /flz xf] .
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1 N ansf] kl/efiffcg';f/, s'g} 1 kg lk08 ePsf] j:t'df 1 m/s2 sf] k|j]u pTkGg u/fpg k|of]u 

x'g] annfO{ 1 N elgG5 . ansf] dfg 1 N x'Fbf ;dLs/0f (iii) df k sf] dfg klg 1 x'G5 . 

∴ F = ma 

pbfx/0f 7.5

Pp6f 1500 kg lk08 ePsf] sf/ pQ/ lbzfdf 36 km/h sf] ultn] u'l8/x]sf] lyof] . rfnsn] 
o;sf] PS;n/]6/ lyRbf 4 s kl5 ;dfg k|j]un]  64 m k/ k'Uof] . pSt sf/df nfu]sf] kl/0ffTds 
an lx;fa ug'{xf];\ . sf/df pTkGg k|j]usf] lbzf pNn]v ug'{xf];\ .

oxfF,

 sf/sf] lk08 (m) = 1500 kg

 sf/sf] ;'?sf] ult (u) =  36 km/h =
  36 ×1000m 

= 10 m/s
 

        60 × 60s

 sf/sf] :yfgfGt/0f (s) = 64 m

 :yfgfGt/0fsf nflu nfu]sf] ;do (t) = 4 s

 l;wf /]vLo rfnsf] ;dLs/0f k|of]u ubf{,

 
s = ut +

 1 
at2

  
       2

 
cyjf, 64 = 10 × 4 +

 1 
× a × 42 

                              2 

 
cyjf, 64 – 40 =

 1 
× a × 16 

                     2 

  cyjf,  8a = 24  

  ∴ a = 3 m/s2 

 Go'6gsf] rfn;DaGwL bf];|f] lgod k|of]u ubf{, sf/df nfu]sf] kl/0ffTds an 

 F = m a 

 F =1500 × 3 = 4500 N 

 t;y{ sf/df 4 s ;dfg k|j]u pTkGg x'Fbf nfu]sf] kl/0ffTds an 4500 N /x]5 . sf/df  
 pTkGg k|j]usf] lbzf an nfu]sf] lbzftk{m x'G5 . 

lrq 7.20 
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rfn;DaGwL Go'6gsf] t];|f] lgod (Newton's third law of motion)

k|Zg M s] lxF8\bf xfd|f] k}tnfn] hldgdf tnlt/ gbafO{sg cufl8 a9\g ;S5f}F < Ps k6s sf]l;; 
u/L x]g'{xf];\ . 

lj|mofsnfk  7.13

b'O{cf]6f Psgf;sf l:k|ª t/fh'x¿ lng'xf];\ . tn lrqdf b]vfOP h:t} l:k|ª\ t/fh' B sf] Pp6f 
5]pnfO{ c8\ofP/ /fVg'xf];\ / csf]{ 5]psf] c+s'z]df l:k|ª t/fh' A sf] c+s'z] /fVg'xf];\ . l:k|ª 
t/fh' A sf] csf]{ 5]paf6 lj:tf/} an nufP/ aflx/lt/ tfGg'xf];\ . l:k|ª t/fh' A / l:k|ª t/fh' 
B n] b]vfpg] ansf] dfg / lbzf cjnf]sg ug'{xf];\ .

lrqdf cjnf]sg glthf

lrq 7.21 Pp6 l:k|ª t/fh'n] csf]{nfO{ tfg]sf

l:k|ª t/fh' A n] l:k|ª t/fh' B 
df nufPsf] an Ö 

l:k|ª t/fh' B n] l:k|ª t/fh' A 
df nufPsf] an Ö

lrq 7.23 lrq 7.24

lrq 7.22  b'O{cf]6f anx¿ Pscfk;df  
7f]lsbf Pp6fn] csf]{df nufpg] an

A B

B n] A nfO{ 
nufPsf] an

A n] B nfO{ nufPsf] anlj|mof / k|ltlj|mof b'j} slxNo} klg Pp6} 
j:t'df nfUb}gg\ . Go'6gsf] rfn;DaGwL 
lgodcg';f/ s'g} j:t' A n] j:t' B df 
an nufof] eg] j:t' B n] klg j:t' A 
df plQg} dfqfdf ljk/Lt lbzfdf an 
nufpF5 . 

lj|mof / k|ltlj|mofdf a/fa/ kl/df0f / ljk/Lt lbzf eP tf klg Psn] csf{nfO{ /2 ub}{g . ha 

b'O{ a/fa/ / ljk/Lt an Pp6} j:t'df nfUb5g\ ta dfq kl/0ffTds an -resultant force_ z"Go 
x'G5 . lj|mof / k|ltlj|mof b'O{ km/s j:t' nfUg] ub{5g\ . To;}n] lj|mof / k|ltlj|mofdf Psn] csf{nfO{ 
/2 ug]{ x'Fb}g . 
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lj|mofsnfk 7.14

s'g} Ps j:t'n] bf];|f] j:t'df an nufp“bf bf];|f] j:t'n] klg klxnf] j:t'df ;f]xL dfg a/fa/ t/ 
l7s ljk/Lt lbzdf an nufp“5 .  o;/L b'O{ j:t'x¿df nfUg] hf]8L anx¿dWo] Pp6fnfO{ lj|mof 
-action_ / csf]{nfO{ k|ltlj|mof -reaction_ elgG5 . Go'6gsf] rfn ;DaGwL t];|f] lgodcg';f/ ‘s'g} 
klg lj|mofsf nflu a/fa/ / ljk/Lt k|ltlj|mof x'G5 .’ 

xfd|f] jl/kl/ cjnf]sg ug{ ;lsg] j:t'nfO{ rfndf Nofpg ul/g] lj|mofsnfkdf lj|mof / k|ltlj|mof 
5'6\ofpg'xf];\ . h:t} M

pbfx/0f lrqdf lj|mof k|ltlj|mof

8'ª\uf 
lvofpFbf

8'ª\uf rfnsn] 
ug]{ lj|mof axfgfn] 
an nufP/ kfgLnfO{ 
k5fl8 ws]Ng] 

8'ª\uf rfnsn] nufPsf] 
an af/a/sf] an kfgLn] 
nufpF5 / 8'ª\uf cufl8 
ws]lnG5 .

kfgLdf kf}8L 
v]Nbf

kf}8L v]Ng]n] 
ug]{ lj|mof– xftn] 
an nufP/ kfgLnfO{  
k5fl8 ws]Ng] . 

kf}8L v]Ng]n] nufPsf] 
an a/fa/sf] an kfgLn] 
xftdf nufpF5 / z/L/ 
cufl8 x'lQG5 .

annfO{ 
e'FOdf pkmfbf{

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

/s]6 k|R5]k0f 
ubf{

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

r/f p8\bf ========================== =======================

uf]nL xfGbf ========================== =======================
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lj|mofsnfk  7.15

p2]Zo M Go'6gsf] t];|f] lgod k|bz{g ug{' 

cfjZos ;fdu|L M a]n'g, :6«, wfuf], ;]nf]6]k, s}FrL

ljlw 

1.  a]n'gsf] ;txdf :6«sf] 6'j|mf 6]kn] 6fF:g'xf];\ /  
 :6«df wfuf] l5/fpg'xf];\ .  

2.  lrqdf b]vfP h:t} u/L wfuf]sf b'O{cf]6} 5]pnfO{ s'g} cf8df afFWg'xf];\ . 

3. a]n'gdf xfjf eg'{xf];\ / o;sf] d'v xftn] RofKg'xf];\ . 

5.  a]n'gsf] d'v PSsfl; 5f]8\g'xf];\ / a]n'gsf] rfn cjnf]sg ug'{xf];\ . 

5nkmn / lgisif{ M Go'6gsf] rfn;DaGwL t];|f] lgodsf cfwf/df a]n'gsf] rfnsf] j0f{g ug'{xf];\ .

Onfl:6l;6L / Knfl:6l;6L

tkfOFn] Onfl:6s zAb k9\bf o;;Fu ;DaGwLt s'g s'g j:t' ;lDemg' x'G5 < To:t}, Knfl:6s 
eGgfn] s'g s'g j:t' ;Demg' x'G5, ;"rL agfpg'xf];\ . 

lj|mofsnfk  7.16

an nufp“bf ug'{kg]{ lj|mof lrqdf

ansf] c;/

cfsf/÷;fOhdf 
kl/jt{g

an x6fp“bf k'gM d"n 
cj:yfdf cfpg] ÷gcfpg]

d]6\g] /a/sf b'O{ 5]paf6 
RofKg], tGsfpg], aª\Uofpg], 
a6fg]{

/a/ a]G8 tGsfpg] =============== ============== cfpg]

xftsf cf}Fnfn] 6'y k]:6 
lgrf]{g]

================= cfsf/ kl/jt{g =============

Knfl:6ssf] 6'j|mfnfO{ b'O{  
5]paf6 tGsfpg]

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

lrq 7.25 a]n'gsf] /s]6
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s'g} lglZrt ;Ldf;Dd l8kmd{D8 j:t' 

-deformed body_ af6 l8kmld{ª an x6fpFbf 
pSt j:t' cfˆgf] d"n l:yltdf lkmtf{ cfpF5 . 
s'g} l8kmd{D8 j:t'af6 l8kmld{ª annfO{ x6fpFbf 
cfk\mgf] d"n cj:yf k|fKt ug]{ u'0f Onfl:6l;6L 
xf] . tkfO{Fn] of] kf7sf] ;'?df tof/ kf/]sf] ;"rL 
Onfl:6l;6Lsf] kl/efiff;Fu d]n vfP gvfPsf]  
hfFr ug'{xf];\ .  

agfj6sf cfwf/df j:t'x¿df km/s km/s 
Onfl:6l;6L x'G5 . Onfl:6l;6L a9L x'g] j:t'sf] 
cfsf/ / ;fOh kl/jt{g ug{ ufx|f] x'G5 . 
l:6nsf] Onfl:6l;6L Psbd} a9L x'g] ePsfn] 
o;sf] k|of]u alnof] 3/, k'n, cflb lgdf{0fsf 

xfjf e/]sf] a]n'gnfO{ b'O{ 
xftsf] lardf /fvL lyRg]

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

7f8f] kf/L /flvPsf] 
l:6n l:k|ªnfO{ lj:tf/} 
lyRg]÷tfGg]

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

/a/ AofG8nfO{ lj:tf/} tfGbf o;sf] nDafO a9\5 . o;df nufOPsf] afx\o an x6fpFbf of] cfˆgf] 
d"n nDafOdf lkmtf{ cfpFb5 . To:t} Pp6f /a/sf] an jf el/Psf] a]n'g lyRbf cfsf/ kl/jt{g 
x'G5 / afXo an x6fpFbf k'gM cfk\mgf] jf:tljs cfsf/ k|fKt ub{5 . 

s'g} j:t'df ljleGg lbzfaf6 an nufpFbf ;du|df Psn ansf ¿kdf kl/0ffTds an -resultant 
force_ sf] c;/ b]lvG5 . j:t'sf] agfj6, nufOPsf anx¿sf] kl/df0f tyf lbzfcg';f/ 
kl/0ffTds ann] j:t'sf] cfsf/ / ;fOh kl/jt{g ug{ ;S5 . kl/0ffTds an h;n] j:t'sf] 

cfsf/ / ;fOhdf kl/jt{g NofpF5 To;nfO{ l8kmld{ª an -deforming force_ elgG5 . 

k|Zg M s] l:6n l:k|ªnfO{ hlt ;Sbf] tGsfP kl5 k'gM d"n l:yltdf lkmtf{ cfp“5 xf]nf <

lrq 7.26 Ps vDafdf cl8P/ 
/8x¿n] yfldPsf] s0ff{nL k'n 

d'5]sf] df6f]

nflu ul/G5 . j:t'df lglZrt kl/df0feGbf al9sf] l8kmld{ª\ 
an nufPdf pSt j:t' :yfoL ¿kdf l8kmd{ x'G5 . o;/L 
ansf] k|of]un] j:t'sf] cfsf/ / ;fOhdf :yfoL ?kn] kl/
jt{g cfpg] u'0fnfO{ Knfl:6l;6L elgG5 . Knfl:6l;6Ln] ubf{  
d'5]sf] df6f]nfO{ ;lhn} cfsf/ lbP/ OF6f agfpg ;lsG5 . 
:yfoL ¿kn] l8kmd{D8 j:t'df lg/Gt/ an a9fpFbf r'Fl8g] jf 
efFlrg] x'G5 . 
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5nkmn ug'{xf];\ M

1= s] an nufpFbf tlGsPsf] b]lvg] j:t'x¿ dfq Onfl:6s x'g\ <

2= Onfl:6s j:t'sf u'0fsf cfwf/df /a/ / l:6ndWo] s'g a9L Onfl:6s x'G5 <

kl/of]hgf sfo{ 

-s_ cfk\mgf] jl/kl/ pknAw ;fdu|Lx¿sf] k|of]u u/L a]n'gaf6 rNg] v]nf}gf sf/ lgdf{0f ug'{xf];\ .  
 pSt sf/df km/s km/s Onfl:6l;6L ePsf a]n'g / ljleGg tf}nx¿sf] k|of]uaf6 Go'6gsf]  
 rfn;DaGwL bf];|f] lgod k|bz{g ug'{xf];\ .

-v_ :yfgLo ¿kdf pknAw ;fdu|Lx¿ / /a/ a]G8sf] Onfl:6l;6Lsf] k|of]u u/L Pp6f v]nf}gf   
 x]lnsf]K6/ lgdf{0f ug'{xf];\ . 

k|ltlaDag

1= :yfgfGt/0f ;do u|fkm / ult ;do u|fkmsf] t'ngfTds cWoog 

u|fkm
e'msfjsf] 

dfg

x-cIf ;“u 

;dfgfGt/

u|fkmdf b]vfOP 

e}“m dflylt/ 

uPsf] l;wf  

/]vf 

u|fkmdf b]vfOP 

e}“m e'msfj 

tnlt/ uPsf] 

l;wf /]vf 

jj|m /]vf

:yfgfGt/0f 
;do /]vf

ult e'msfj z"Go, 
j:t' l:y/ 
cj:yfdf

Psgf;sf] 
e'msfj, ;dfg 
ultn] cufl8 

Psgf;sf] 
e'msfj, ;dfg 
ultn] k5fl8

s'g} b'O{ 
laGb'df  
e'msfj 
km/s km/s, 
c;dfg ult

ult ;do 
/]vf

k|j]u e'msfj z"Go, 
;dfg ult

Psgf;sf] 
e'msfj, ;dfg 
k|j]u

Psgf;sf] 
e'msfj, ;dfg 
ultx|f;

s'g} b'O{ 
laGb'df  
e'msfj 
km/s km/s, 
c;dfg k|j]u
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2= l;wf /]vLo rfn;DaGwL ul0ftLo ;d:of ;dfwfgsf nflu pko'St ;dLs/0fsf] 5gf]6

yfxf x'g'kg]{ r/ /flzx¿ t];f]{ rfnsf nflu ;dLs/0f 7f8f] rfnsf nflu ;dLs/0f

;'?sf] ult -u_, clGtd ult 
-v_, k|j]u -a_ / ;do -t_ dWo] 
s'g} tLgcf]6f 

v = u + at v = u + gt 

;'?sf] ult -u_, clGtd ult 
-v_, k|j]u -a_ / :yfgfGt/0f -s_ 
dWo] s'g} tLgcf]6f

v2 = u2+ 2as v2 = u2 + 2gh 

;'?sf] ult -u_, k|j]u -a_ / 
;do -t_ / :yfgfGt/0f -s_ dWo] 
s'g} tLgcf]6f

s = ut +
 1

 at2
 

                      2 
h = ut +

 1 
gt2 

 
             2

3= rfn;DaGwL Go'6gsf lgodx¿ 

klxnf] lgod bf];|f] lgod t];|f] lgod

s'g} c;Gt'lnt ansf] k|of]u gx'Gh]n 
;Dd l:y/ cj:yfdf /x]sf] j:t' l:y/ 
cj:yf d} /xG5 / rfn cj:yfdf 
ePsf] j:t' ;dfg ultn] pxL lbzfdf 
rfn cj:yfd} /lx/xG5 .

ansf] k|of]uaf6 s'g} j:t'df 
pTkGg x'g] k|j]u To;df nfu]sf] 
an;Fu ;dfg'kflts / To;sf] 
lk08;Fu Jo'Tj|mdfg'kflts x'G5 .

s'g} klg lj|mofsf 
nflu a/fa/ / 
ljk/Lt k|ltlj|mof 
x'G5 .

4= Onfl:6l;6L / Knfl:6l;6L

u'0f l8kmld{ª an x6fp“bf
cfsf/df x'g] 

kl/jt{gsf] lsl;d
l/:6f]l/ª an

Onfl:6l;6L klxn] s} cfsf/df cfpg] c:yfoL ljsl;t x'g]

Knfl:6l;6L kl/jlt{t cfsf/ oyfjt\ /xg] :yfoL ljsl;t gx'g]

cEof;

!= ;xL pQ/ 5fGg'xf];\ M

 -s_  ult ;do /]vfsf] e'msfjn] s]sf] dfg lbG5 <

  -c_ j]u   -cf_ ult           

  -O_ k|j]u   -O{_ :yfgfGt/0f
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 -v_ lbOPsf] ult ;do u|fkm;F+u ;DalGwt :yfgfGt/0f ;do u|fkm s'g xf] <

 -c_ -cf_ -O_ -O{_

 -u_ u'8\b} u/]sf] a;af6 cf]n{g' hf]lvdk"0f{ x'G5 . o; egfOnfO{ s'g cfwf/df k'li6 ug{  
  ;lsG5 <

  -c_ l:y/ Ogl;{of   -cf_ rfn Ogl;{of

  -O_ rfn;DaGwL bf];|f] lgod  -O{_ rfn;DaGwL t];|f] lgod

 -3_  lj|mof / k|ltlj|mofsf ;Gbe{df s'g egfO ;xL x'G5 <

  -c_ Psn] csf]{nfO{ /2 ug{ ;S5g\ . -cf_ b'j} Pp6} j:t'df nfU5g\ .

  -O_ a/fa/ t/ pxL lbzfdf nfU5g\ . -O{_ b'O{ km/s km/s j:t'df nfU5g\ .

 -ª_  Onfl:6l;6Lsf] k|of]u s'g xf] <

  -c_ df6f]nfO{ cfsf/ lbP/ udnfdf ¿kfGt/0f ug'{

  -cf_ kmnfdnfO{ lk6]/ kftf agfpg'

  -O_ ldr]sf] lk7f]nfO{ /f]6Lsf] cfsf/ lbg'

  -O{_ Aof8\ldG6gsf] ¥ofs]6n] ss xfGg' 

 -r_  ;8sdf ;dfg ultn] u'l8/x]sf dfnafxs 6«s / sf/df ;dfg an nufpg ;Sg]  
  a|]ssf] k|of]u u/L /f]lsPdf tnsf dWo] s'g egfO ;xL x'G5 <

  -c_ 6«sn] kf/ ug]{ b'/L sf/n] kf/ ug]{ b'/LeGbf sd x'G5 .

  -cf_ sf/n] kf/ ug]{ b'/L 6«sn] kf/ ug]{ b'/LeGbf sd x'G5 .

  -O_ 6«sn] kf/ ug]{ b'/L sf/n] kf/ ug]{ b'/L ;dfg x'G5 .

  -O{_ 6«sn] kf/ ug]{ b'/L sf/n] kf/ ug]{ b'/L ;+u ;DaGwLt x'Fb}g .

@= km/s n]Vg'xf];\ M

 -s_ :yfgfGt/0f ;do u|fkm / ult ;do u|fkm

 -v_ l:y/ Ogl;{of / rfn Ogl;{of

 -u_ Onfl:6l;6L / Knfl:6l;6L

t
V
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#= sf/0f n]Vg'xf];\ M

 -s_ ;dfg ultn] u'l8/x]sf df]6/;fOsn, sf/, 6«s, a;, 6«]g cflbnfO{ l:y/ cj:yfdf  
  Nofpg km/s km/s ;do nfU5 .

 -v_  ?v xNnfpFbf kft tyf kmn v:5g\ .

 -u_  a; ofqfsf j|mddf ofq'n] cfk\mgf] l;6;F+u} e'FOdf /fv]sf] emf]nf a; rn]sf] s]xL ;do  
  kl5 cufl8sf] l;6glhs k'u]sf] e]6] .

 -3_  aGb'saf6 uf]nL 5f]8\bf o;nfO{ bl/nf] cf8 lbg'k5{ .

 -ª_  b'O{cf]6f ;dfg cfsf/ ePsf /a/sf annfO{ ;F+u} e'O{Fdf v;fNbf Pp6f a9L plk|mPsf]  
  kfOof] .

 -r_ /a/ a]G8nfO{ lglZrt ;LdfeGbf a9L tGsfpg' x'Fb}g .

$= tnsf k|Zgsf] pQ/ n]Vg'xf];\ M

 -s_ cf};t ult / k|j]usf] kl/efiff n]Vg'xf];\ .

 -v_ l;wf /]vLo rfnsf lgDglnlvt ;dLs/0fx¿ k|dfl0ft ug'{xf];\ .

  -c_ v = u + at

  -cf_ v2 = u2 + 2as

 
 O_ s = ut +

 1 
at2

 

                 2

 -u_ l;wf /]vLo rfndf ;dfg ultn] u'l8/x]sf] j:t'sf] rfn b]vfpg Ps Pscf]6f  
  :yfgfGt/0f ;do u|fkm / ult ;do u|fkm lrq sf]g'{xf];\ .

 -3_ lbOPsf] tYofª\ssf cfwf/df :yfgfGt/0f ;do u|fkm lvRg'xf];\ . pSt u|fkmdf  
  :yfgfGt/0f ;do /]vfsf] e'msfj cWoog u/L rfnsf] k|s[lt pNn]v ug'{xf];\ .  
  e'msfjsf cfwf/df rfndf /x]sf] j:t'sf] klxnf] 4 s sf] cf};t ult lx;fa ug'{xf];\ .

;do -s_ 0 2 4 6 8 10 12 14

:yfgfGt/0f -m_ 0 4 8 8 12 8 4 0
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-ª_  ;+Fu}sf] :yfgfGt/0f 
;do u|fkmdf v/fof] 
/ s5'jfsf] bf}8af/] 
syfdf v/fof] / 
s5'jfsf] rfnnfO{ 
Ps l;wf /]vLo 
rfnsf ¿kdf k|bz{g 
ul/Psf] 5 . pSt 
u|fkmsf] cjnf]sg 
u/L bf}8sf] ;'?cftb]
lv clGtd;Dd v/fof] / s5'jfsf] bf}8 lj|mof ;dfj]z u/L syf n]Vg'xf];\ . 

 -r_  Ogl;{of eg]sf] s] xf] < l:y/ Ogl;{of / rfn Ogl;{ofsf b'O{ b'O{cf]6f pbfx/0f n]Vg'xf];\ .

 -5_  lk08 / Ogl;{oflarsf] ;DaGw n]Vg'xf];\ .

 -h_  rfn;DaGwL Go'6gsf] klxnf] lgod n]Vg'xf];\ .

 -em_  kl/0ffTds ann] j:t'sf] cj:yf abN5 egL b]vfpg b'O{cf]6f pbfx/0f n]Vg'xf];\ .

 -`_  tLj| ult / Go'6gsf] rfn;DaGwL klxnf] lgodsf cfwf/df  kxf8sf 3'DtLx¿df x'g  
  ;Sg] a; b'3{6gfaf/] JofVof ug'{xf];\ .

 -6_ rfn;DaGwL Go'6gsf] bf];|f] lgod n]vL F = ma  k|dfl0ft ug'{xf];\ .

 -7_ rfn;DaGwL Go'6gsf] t];|f] lgod n]Vg'xf];\ .

 -8_ b}lgs hLjgdf Go'6gsf rfn;DaGwL tLgcf]6} lgoddf cfwfl/t lj|mofsnfksf b'O{  
  b'O{cf]6f pbfx/0fx¿ n]Vg'xf];\ .

 -9_  Go'6gsf rfn;DaGwL klxnf], bf];|f] / t];|f] lgodsf s'g} b'O{ b'O{cf]6f pkof]u  
  vf]hL u/L ltgsf] JofVof ug'{xf];\ .

lj|mofsnfk pkof]u x'g] rfn;DaGwL 
Go'6gsf] lgod

JofVof

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

:y
fg

fGt
/0

f 
s(

m
)

;do t(s)
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 -0f_ tn lrqdf b]vfOPsf lj|mofsnfkdf lj|mof / k|ltlj|mof 5'6\ofpg'xf];\ .

 -t_  pbfx/0f;lxt Onfl:6l;6L / Knfl:6l;6L kl/eflift ug'{xf];\ .

ul0ftLo ;d:ofx¿

-s_ l:y/ cj:yfaf6 wfjg dfu{df blIf0f lbzftk{m u'8\g ;'? u/]sf] xjfO{hxfhdf 1.5 m/s2 
sf] ;dfg k|j]u pTkGg eof] / 30 s kl5 hldgaf6 p8\of] . xjfO{hxfh wfjgdfu{df u'8\
bf ;'?sf] :yfgaf6 clGtd :yfg ;Ddsf] :yfgfGt/0f / l7s hldgaf6 p8\g' k"j{sf] ult 
lx;fa ug'{xf];\ .    (675 m blIf0f, 45 m/s blIf0f_  

-v_ /f]xgn] Pp6f k'nsf] dflyaf6 gbLsf] kfgLdf 9'ª\uf v;fn] / ;'/hn] tn glbsf] 5]pdf a;L 
:6kjfrsf] ;xfotfn] 9'ª\ufnfO{ kfgLsf] ;tx;Dd cfOk'Ug nfu]sf] ;do 2 s kQf nufP . 
9'ª\ufsf] v;fOdf k|j]unfO{ 9.8 m/s2 dfgL kfgLsf] ;txaf6 k'nsf] prfO lx;fa ug'{xf];\ .  
  (19.6 m) 

-u_ ;'/hsf] lk08 50 kg / pgn] r9]sf] ;fOsnsf] lk08 12 kg /x]sf] 5 . pgn] cf]/fnf] af6f]
df ;fOsn u'8fpFbf 2 m/s2 sf] k|j]u pTkGg eof] . pSt cj:yfdf ;fOsndf nfu]sf] 
kl/0ffTds an lx;fa ug'{xf];\ .  (124N)

-3_ Pp6f 1500 kg lk08 ePsf] sf/ 72 km/h sf] ultn] u'l8/x]sf] lyof] . rfnsn] a|]ssf] k|of]

u ubf{ 50 m  b'/L kf/ u/]kl5 To;sf] ult 10 km/h eof] . pSt cjlwdf sf/df nfu]sf] 
kl/0ffTds an lx;fa ug'{xf];\ .  (5850 N )

-ª_  ;Fu}sf] lrqdf Pp6f a;sf] rfnnfO{ ult ;do u|fkmdf b]vfOPsf] 5 . u|fkmsf] cWoog u/L 
tnsf k|Zgx¿sf] pQ/ n]Vg'xf];\ . 

 -c_  ;dfg ult, ;dfg k|j]u, c;dfg  
  k|j]u / ultx|f;sf v08x¿ 5'6\6ofP/  
  n]Vg'xf];\ .

 -cf_  ;dfg k|j]u ePsf v08x¿dWo] s'g  
  v08df j:t'sf] ult tLj| ¿kn]  
  kl/jt{g ePsf] /x]5 <

 -O_   C / D sf] lardf a;sf] k|j]usf] dfg  
  slt 5 <

 -O{_  a;n] C af6 D df k'Ubf x'g] :yfgfGt/0f lx;fa ug'{xf];\ .       -70 m k"j{ tk{m_
;do (s)

:y
fg

fGt
/0

f 
(m

)
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lj|mofsnfk 8.1

 tnsf lrqx¿ cjnf]sg u/L tflnsf k"/f ug'{xf];\ M 

;/n oGq 

ul/Psf 

sfo{

k|of]u  

ePsf]  

;/n oGq

b}lgs hLjgdf ul/g] ljleGg lsl;dsf sfo{nfO{ ;xh agfpg w]/} k|sf/sf cf}hf/sf] 
k|of]u ul/G5 . k]rs;, l3gL{, kfª\u|f / laF8, lrD6f, df]6/ prfNg] Hofs, xFl;of, aGr/f] cflb  
3/fo;L sfo{df k|of]u x'g] cf}hf/x¿ x'g\ . oL cf}hf/ k|of]u ug{ lah'nL, l8h]n jf k]6«f]nsf] 
cfjZostf kb}{g . dfgjLo ann] dfq ;~rfng ug{ ;lsG5 . o;/L xfd|f sfo{nfO{ ;lhnf], 
l56f] / ;'ljwfhgs 9ª\un] ;DkGg ug{ k|of]u ul/g] ;fwf/0f agfj6 ePsf pks/0fnfO{ ;/n 
oGq elgG5 . agfj6sf cfwf/df ;/n oGq rf/ k|sf/sf x'G5g\, tL x'g\, pQf]ns -lever_, l3gL{ 
-pulley_, kfª\u|f / laF8 -wheel and axle_, 
58\s] ;tx -inclined plane_ . k]r -screw_ 

/ km];f] -wedge eg] 58\s] ;txs} ljlzi6 
¿k x'g\ .

;/n oGqsf] k|of]un] an j[l4 ug{ ;lsG5 . 
lrq 8.2 df pQf]nssf] k|of]u u/L sfo{ 
ubf{ 400 N an nufP/ 600 N sf] nf]8nfO{ 

;/n oGq   
(Simple Machine)

*

lrq 8.1

lrq 8.2 pQf]nssf] k|of]un] nf]8 prflnPsf]

600 N

400 N

5 m

10 m
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p7fOPsf] 5 . cyf{t\ nf]8 prfNg k|of]u ePsf] ansf] 1.5 u'0ff a9L nf]8 p7fOPsf] 5 . s'g} 

klg ;/n oGq k|of]u u/L sfo{ ubf{ nf]8 / Okmf]6{sf] cg'kft g} oflGqs kmfObf xf] . cyf{t\

     oflGqs kmfObf (MA) = nf]8 (Load) 
       Okmf]6{ (Effort) 

oflGqs kmfObf b'O{cf]6f ansf] cg'kft ePsfn] o;sf] s'g} PsfO x'Fb}g .

s'g} klg ;/n oGqdf Okmf]{6sf] ult (Velocity of effort) / nf]8sf] ult (Velocity of load) sf] 
cg'kftnfO{ ;/n oGqsf] ult cg'kft elgG5 .

cyf{t\ 

ult cg'kft (VR) =  Okmf]6{sf] ult 
    nf]8sf] ult

b'/L kf/ ug{ nf]8 / Okmf]{6nfO{ a/fa/ ;do nfUg] ePsfn], 

ult cg'kft (VR) = Okmf]{6n] kf/ u/]sf] b'/L    Okmf]{6n] kf/ u/]sf] b'/L  
       nf]8n] kf/ u/]sf] b'/L       ;do     

= Okmf]{6 b'/L÷nf]8 b'/L 
x'G5 . 

lrq 8.2 sf] pQf]nsdf ann] kf/ ug]{ b'/L tf}nn] kf/ ug]{ b'/Lsf] 2 u'0ff 5 . o;n] pSt 
pQf]nssf] ult cg'kft lbG5 . 

ult cg'kft b'O{cf]6f ultsf] cg'kft ePsfn] o;sf] s'g} PsfO x'Fb}g .

dfly pNn]v ePsf ;"qx¿sf] k|of]uaf6 ;a} k|sf/sf ;/n oGqsf nflu oflGqs kmfObf / ult 
cg'kft kQf nufpg ;lsG5 .

1. l3gL{ (Pulley) 

l3gL{sf] k|of]u gu/L emG8f]Qf]ng ubf{ 8f]/Ldf nufOPsf] ansf]] lbzf dflylt/ x'G5 t/ l3gL{sf] 
k|of]u ubf{ an tnlt/ nufOG5 . oxfF l3gL{n] ansf] lbzf kl/jt{g u/]/ sfdnfO{ ;lhnf] 
agfOlbPsf] x'G5 . l3gL{ Ps k|sf/sf] ;/n oGq xf] . cfˆgf] cIfdf :jtGq ¿kdf 3'Dg ;Sg] 
sf7, Knfl:6s jf wft'af6 ag]sf] uf]nf] rSsfnfO{ l3gL{ elgG5 . o;sf] kl/lwdf 8f]/L /fVg 
vfN8f] agfOPsf] x'G5 . 8f]/Lsf] Ps 5]pdf tf}n (load) /flvG5 eg] csf]{ 5]pdf an -effort_  
nufOG5 . l3gL{sf] k|of]u ljleGg 7fpFdf ul/G5, h:t} M Ogf/af6 kfgL tfGg, 7'nf 7'nf 
ejgx¿ agfpFbf lgdf{0f ;fdu|L dflyNnf] tnfdf n}hfg cflb . 
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 lj|mofsnfk 8.2

lrqdf b]vfP h:t} u/L Ps rSs] crn 
l3gL{, Ps rSs] rn l3gL{ / ;+o'St 
l3gL{ h8fg ug{'xf];\ . sdfgL t/fh' 
-spring balance_ sf] k|of]u u/L k|To]s 
l3gL{ k|0ffnLdf kfn}kfnf] lbPsf] nf]8 
prfNg'xf];\ . nf]8nfO{ 20 cm dfly p7fpg 
Okm]f6{nfO{ slt b'/L;Dd tfGg' k¥of] :s]nn] 
gfk]/ kQf nufpg'xf];\ . o; lj|mofsnfkaf6 
cfjZos tYofª\sx¿ ;ª\sng u/L tnsf] h:t} tflnsfdf eg'{xf];\ . 

gf]6 M Okmf]6{n] kf/ u/]sf] b'/L -effort distance_ eGgfn] 8f]/L ;'?sf] :yfgaf6 slt 6f9f k'Uof] 
eGg] hgfpF5 . nf]8n] kf/ u/]sf] b'/L -load distance_ eGgfn] nf]8 ;'?sf] cj:yfaf6 slt 
dfly p7\of] eGg] hfgfpF5 .

l3gL{sf 

k|sf/

nf]=b'= O=b'= O=b'=÷nf]=b'= Nff]8 Okmf]6{ nf]8÷Okmf]6{ ul/Psf] sfo{ 

ÖOkmf]6{ × O=b'
k|fKt x'g] sfo{ Ö 

nf]8 × nf]=b'

5nkmn tyf lg:sif{ M

tYofª\ssf cfwf/df lx;fa ug'{xf];\ / ;f]lwPsf k|Zgx¿ xn ug'{xf];\ .

-c_  klxnf] lrqdf b]vfOPsf] l3gL{ / bf];|f] lrqdf b]vfOPsf] l3gL{df s] leGgtf 5 <

-cf_  Okmf]6{ b'/L / nf]8 b'/Lsf] cg'kft / l3gL{sf] ;ª\Voflar s] ;DaGw 5 <

-O_  s'g l3gL{ ;d"xdf nf]8 / Okmf]6{sf] cg'kft ;a}eGbf sd / s'gdf ;a}eGbf a9L 5 <

-O{_  o:tf l3gL{x¿ s'g s'g 7fpFdf k|of]u u/]sf] b]Vg'ePsf] 5 < 

l3gL{ k|0ffnL crn, rn / ;+o'St u/L tLg k|sf/sf x'G5g . s'g} lglZrt 7fFpdf l:y/ /x]/ 3'Dg] 
l3gL{nfO{ crn l3gL{ elgG5 . o;nfO{ ansf] lbzf kl/jt{g ug{ k|of]u ul/G5 . tf}n;Fu} :yfg 
kl/jt{g x'g] l3gL{nfO{ rn l3gL{ elgG5 . rn l3gL{n] ansf] lbzf kl/jt{g ug{ ;Sb}g . rn 
/ crn b'j} k|sf/sf rSsfx¿ ePsf] l3gL{nfO{ ;+o'St l3gL{ elgG5 . ;+o'St l3gL{df sDtLdf 
Pp6f rn / Pp6f crn rSsfx¿ x'G5g\ . rSsfx¿sf] ;ª\Vof a9fpFb} n}hfFbf l3gL{n] ug]{ sfd 
j|mdzM sd ann] ug{ ;lsG5 . sd ann] w]/} sfd x'g'nfO{ lskmfotL x'g' elgG5 . t;y{ w]/} 
rSsf ePsf l3gL{x¿ a9L lskmfotL x'G5g\ .

lrq 8.3 
crn l3gL{  rn l3gL{ ;+o'St l3gL{
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lj|mofsnfk 8.2 af6 k|fKt lgisif{cg';f/ Ps rSs] crn l3gL{df nf]8n] kf/ ug]{ b'/L / Okmf]6{n] 
kf/ ug]{ b'/L a/fa/ x'g] ePsfn] ult cg'kft 1 x'G5 . o;df eg] 8f]/Lsf] Ps v08n] dfq nf]8 
yfd]sf] x'G5 . t;y{

ult cg'kft (VR) = nf]8nfO{ yfDg k|of]u ul/g] 8f]/Lsf] v08sf] ;ª\Vof x'G5 .

oflGqs kmfObf (Mechanical Advantage)

nf]8 / Okmf]6{sf] cg'kftn] oflGqs kmfObfsf] dfg lbG5 . lj|mofsnfk 8.2 af6 k|fKt lgisif{cg';f/ 
l3gL{ k|0ffnLdf l3gL{sf] ;ª\Vof a9\b} hfFbf oflGqs kmfObf klg a9\b} hfG5 . l3gL{sf] nflu,  

oflGqs kmfObf (MA) =   

pbfx/0fsf nflu l3gL{ k|of]u u/]/ 200N sf] tf}n p7fpg 50N sf] an nufpg' k¥of] eg] o;af6

x'g] oflGqs kmfObf (Mechanical Advantage) MA =    = 4 x'G5 . 

o;sf] cy{ pSt l3gL{sf] k|of]u ubf{ 50N sf] ann] 4 u'0ff a9L tf}n p7fpg ;lsG5 . 

Psn crn l3gL{df 3if{0f guGo ePdf nf]8 
/ Okmf]6{ a/fa/ x'G5 . t;y{ oflGqs kmfObf 
;fdfGotof Ps x'G5 t/ 3if{0fn] ubf{ l3gL{df 
nufpg] an tf}neGbf a9L x'g klg ;S5 . o:tf] 
cj:yfdf o;sf] oflGqs kmfObf PseGbf sd 
x'G5 . oflGqs kmfObf Ps jf PseGbf sd eP 
tfklg o;n] ansf] lbzf kl/jt{g ub{5 . nf]8nfO{ 
;f]em} dfly prfNg'eGbf l3gL{ k|of]u u/L annfO{ tnlt/ nufP/ nf]8dfly prfNg ;lhnf] x'G5 . 

ult cg'kft (Velocity ratio)

Psn rn l3gL{df nf]8n] kf/ ug]{ b'/LeGbf 
Okmf]6{n] kf/ ug]{ b'/L bf]Aa/ x'g] ePsfn] 
ult cg'kft 2 x'G5 . o;df nf]8nfO{  
8f]/Lsf b'O{ v08n] yfd]sf] x'G5 . 

lrq 8.5 58\s] ;tx

60 cm

Spring balance

weight

nf]8 (Load)

Okmf]{6 (Effort)

200N 

50 N

lrq 8.4 Psn rn l3gL{df an b'/L / tf}n b'/L

height 
from the 
pully to 
celling is 
2m

height from 
the pully 
to celling 
is 1m

2m rope

load 
moves 
to 1m

efforts 
moves 
to 2m
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2. 58\s] ;tx (Inclined plane)

 lj|mofsnfk 8.3

km/s km/s ;txsf] nDafO ePsf j|mdzM 200 cm, 300 cm / 400 cm t];f]{ kmn]s 
lng'xf];\ . tL kmn]snfO{ 60 cm hlt cUnf] 7fp“df 58\s] kf/L /fVg'xf];\ . Pp6f  
kmn]ssf] ;tx;“u 3if{0f Psbd} Go"g x'g] lrKnf] ;tx ePsf] sf7sf] ;fgf] Ans lng'xf];\ . 
pSt AnsnfO{ kfn}kfnf] sdfgL t/fh'sf] k|of]u u/L tLgcf]6} 58\s] ;txx¿ dfly tfGbf nfUg] 
ansf] tYofª\s ;ª\sng ug'{xf];\ . k|fKt tYofª\snfO{ tnsf] tflnsfdf eg'{xf];\ / cfjZos 
kl/df0fx¿sf] lx;fa ug'{xf];\ .

j|m=;= 58s] ;tx 
nDafO (l/cm)

58s] ;tx 
prfO (h/cm)

Uflt 
cg'kft

Nff]8 Okmf]6{ oflGqs 
kmfObf

sfo{Ifdtf

1. 200 60

2. 300 60

3. 400 60 

5nkmnsf nflu k|Zgx¿ 
1. 6«saf6 ;fdfg /fVbf -nf]8 ubf{_ / emfbf{ 
-cgnf]8 ubf{_ t];f]{ kmn]s lsg k|of]u ul/G5 < 

2. Psbd} 7f8f] vfnsf] -e'msfj sd ePsf]_ 
e¥ofª / e'msfj a9L ePsf] e¥ofªdWo] s'gdf  
 plSng ;lhnf] x'G5, lsg <

3. kxf8sf] 3'dfp/f] af6fsf] kmfObf s] xf] < 

6«sdf ufx|f}F ;fdfgx¿ /fVg jf emfg{sf nflu 
58\s] agfP/ kmn]s k|of]u ul/G5 . 58\s]  
kmn]saf6 ;fdfgnfO{ u'8fP/ ;lhn} /fVg tyf emfg{ ;lsG5 . s'g} ufx|f}F ef/nfO{ cUnf] 
7fpFdf ;lhn} k'¥ofpg k|of]u ul/g] le/fnf] ;tx ePsf] pks/0fnfO{ 58\s] ;tx (Inclined 
plane) elgG5 . 

;u}Fsf] lrqdf 58\s] ;txdf 58\s] nDafO -AB=l_ n] Okmf]6{n] kf/ u/]sf] b'/L / 58\s] 
;txsf] prfO -BC=h_ n] nf]8n] kf/ u/]sf] b'/L hgfpF5 . t;y{ 58\s] ;txsf nflu

ult cg'kft =  

            = 

  VR = l / h

lrq 8.6 58\s] ;tx
A

B

l
H

Okmf]6{ b'/L

nf]8 b'/L 

58\s] ;txsf] nDafO

58\s] ;txsf] prfO
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prfOnfO{ oyfjt\ /fvL 58\s] ;txsf] 
nDafO a9fpFbf o;n] ;tx;Fu agfpg] sf]0f 
36\b} hfG5 .  58\s] ;txsf] nDafOnfO{ hlt 
nfdf] agfof] Tolt g} an b'/L a9\5 . h;n] 
ubf{ ;/n oGqn] k|jw{g ug]{ an a9\5 / 
sfo{ ug{ ;lhnf] x'G5 . 58\s] ;txdf o;sf] 
prfOnfO{ oyfjt\ /fvL ;txsf] nDafO 
a9fpFb} nfFbf ult cg'kft / oflGqs kmfObf a9\5 . kxf8sf] 
le/fnf] hldgdf lgdf{0f x'g] ;8sx¿df w]/} 3'DtLx¿ /fvL 
;8ssf] nDafO a9fOPsf] x'G5 . h;n] ubf{ psfnfdf 
uf8Lx¿sf] OlGhg -engine_ af6 nfUg] ann] ef/L tf}nnfO{ 
;lhn} tfGg ;S5 . 

lrq 8.8

lrq 8.7 ;dfg prfO t/ km/s km/s le/fnf]kg 
ePsf 58\s] ;tx

300 450 600

Okmf]6{ b'/L

nf]8 b'/L
lrq 8.10

2 -s_ k]m;f] (Wedge)

b}lgs hLjgdf rSs'sf] k|of]un] kmnk"mn sf6\g], r'n];Ln] 
t/sf/L sf6\g], aGr/fn] bfp/f lrg]{ cflb sfo{ u/]sf] cjnf]sg 
ug{ ;lsG5 . oL sfo{x¿df k|of]u ePsf pks/0fx¿ k]m;f]sf 
pbfx/0fx¿ x'g\ . logdf x'g] wf/ b'O{cf]6f 58\s] ;tx ldn]/ 
ag]sf] x'G5 . o;/L Psflt/ df]6f] / km/flsnf] efu ePsf] / 
csf]{lt/ b'j} 58\s] :ftx ;fF3'/f] x'Fb} wfl/nf] ag]sf] pks/0f 
k]m;f] xf] . of] 58\s] ;txsf] l;4fGtdf ag]sf] x'G5 . To;}
n] o;nfO{ 58\s] ;txsf] ljlzi6 ¿k dflgG5 . lrq 8.13 

lrq 8.9 k]m;f]

distance dravelled 
by the effortsheight 

of 
wedge

distance dravelled 
by the load

df k]m;f] j:t'leq l5/]sf] cj:yfdf o;sf] rf}8fO a/fa/sf] efudf 3if{0f pTkGg x'g] ePsfn] 
pSt rf}8fO nf]8 b'/L x'G5 . To:t} j:t'leq k]m;f] ;b}{ ubf{ an nufPsf] :yfgaf6 u8]sf] 
efu;Dd an ;g]{ b'/L an b'/L x'G5 . k]m;f] k"0f{ ¿kn] j:t'leq u8]sf] cj:yfdf, km];f]sf]  
rf}8fO Ö tf}n b'/L / km];f]sf] nDafO Ö an b'/L x'G5 .

k]m;f]sf] ult cg'kft (Velocity ratio of wedge)

km];f] Psflt/ km/flsnf] / df]6f] x'G5 eg] csf]{lt/ b'O{cf]6f 58\s] ;tx ldn]/ wfl/nf] ag]sf] x'G5 
. wfl/nf] efun] rflxPsf] lbzfdf 3if{0f lj?4 -tf}n_ sfo{ ug{ ;lhnf] agfpF5 . 

km];f]n] k"0f{ sfo{ ubf{,

ann] kf/ u/]sf] b'/L Ö km];f]sf] ulx/fO Ö H

tf}nn] kf/ u/]sf] b'/L Ö km];f]sf] rf}8f efu -6fpsf]_ sf] df]6fO Ö L

ult cg'kft (VR) Ö = H
    L
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Okmf]6{ b'/L

nf]8 b'/L

pbfx/0f 

;Fu}sf] lrqdf k]m;f]sf] k|of]un] sf7 lrg{ 200 N sf] an nufOPsf] 5 . k]m;f] sf7leq l5bf{ 
o;sf] ;txdf 600 N a/fa/sf] 3if{0f pTkGg x'G5 eg] oflGqs kmfObf, ult cg'kft / sfo{ 
Ifdtf lx;fa ug'{xf];\ .

lbOPsf], 

k]m;f]df nufOPsf] an -E_ Ö 200 N

k]m;f]sf] ;txdf pTkGg x'g] 3if{0f (W) = 600 N

km];f]sf] ulx/fO -H_ Ö 10 cm

km];f]sf] rf}8f efu -6fpsf]_ sf] df]6fO (L) Ö 2.5 cm

k]m;f]sf oflGqs kmfObf

MA =
  W 

   E 

 
=

  600 N 
     200 N  

= 3

ultcg'kft (VR) Ö 

Ö
 H  

=
   10   

= 4 
     L       2.5

lbOPsf] k]m;f]sf] oflGqs kmfObf 3 / ult cg'kft 4 x'G5 .

lrq 8.11

lrq 8.12

2=-v_ k]r (Screw)

b}lgs hLjgdf k]r lsnfn] sf7sf] 6'j|mf hf]8\g], Hofs :j|m'sf] k|of]un] 
ef/ p7fpg], g6af]N6n] wft'sf kftx¿ s:g] cflb u/]sf] cjnf]sg 
ug{ ;lsG5 . lrq 8.12 df b]vfOP h:t} :j|m'df b'O{cf]6f 58\s] ;txx¿ 
hf]l8Psf] wfl/nf] wfuf] :kfO/n -spiral_ ¿kdf a]l/Psf] x'G5 . To;}n] 
k]rnfO{ :kfO/n 58\s] ;tx -Spiral inclined plane_ elgG5 . k]r Ps 
lsnf h:t} a]ngfsf/ (Cylindrical) j:t'df 58\s] ;tx a]l/P/ ag]sf] 
;/n oGq xf] . :j|'m klg 58\s] ;txs} ljlzi6 ¿k xf] .

thread

pitch

lrq 8.12 df b]vfP h:t} b'O{cf]6f wfuf]larsf] efunfO{ lkr -pitch_ elgG5 . k]rnfO{ Ps kmGsf 
3'dfpFbf Ps lkr a/fa/sf] b'/L j:t'leq ;5{ . t;y{ x]8 -head_ sf] cw{Jof; R ePsf] :j|m'  
-k]r_ nfO{ Ps kmGsf] 3'dfpFbf,
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an b'/L Ö k]rdf an nufOPsf] j[Qfsf/ kysf] kl/lw Ö 2πR

tf}n b'/L Ö j:t' leq ;g{] lkr a/fa/sf] b'/L Ö P

ult cg'kft Ö 

k]rsf oflGqs kmfObf lkrdf e/ k5{ . lkr jf b'O{ u'gflarsf] b'/L hlt sd eof] TolQ g} sfo{ 
ug{ ;lhnf] x'G5 .

3. kfª\u|f / la8 (Wheel and Axle)

lj|mofsnfk 8.4

Pp6f kfª\u|f / la“8sf] df]8]n lng'xf];\ . o;sf] kl/lwdf df]6f] wfuf] a]g{'xf];\ . la“8df  
tf}nnfO{ em'G8\ofP/ kfª\u|fdf ePsf] 8f]/Laf6 Okmf]{6 nufpg'xf];\ . nufOPsf] Okmf]6{ gfKg sdfgL 
t/fh' k|of]u ug{'xf];\ . km/s km/s nf]8 lng'xf];\ / cfjZos tYofª\s ;ª\sng u/]/ tnsf] h:t} 
tflnsfdf e/L lx;fa ug'{xf];\ M

k|of]u  

;ª\

Vof

nf]8 Okmf]{6 oflGqs kmfObf kfª\u|fsf] cw{Jof; (R)
la“8sf] 

cw{Jof; (r) R/r sfo{Ifdtf

1.

2.

3.

4.

rª\uf p8fpg n6\6fO k|of]u x'G5 . To:t} u/L 9f]sfdf x\
ofG8n / ;fOsndf kfpbfg -paddle_ k|of]u ul/Psf] x'G5 . 
oL pks/0fx¿ kfª\u|f / laF8sf pbfx/0fx¿ x'g\ . logLx¿n] 
sfdnfO{ ;lhnf] agfpF5g\ . nfdf] cw{Jof; ePsf] a]ngf 
-kfª\u|f_ / 5f]6f] cw{Jof; ePsf] a]ngf -laF8_ Pscfk;df 
hf]8]/ Pp6} cIfdf ;Fu} 3'Dg ;Sg] u/L agfOPsf] ;/n 
oGqnfO{ kfª\u|f / laF8 elgG5 . kfª\u|fdf an nufO{ laF8df  
em'G8\ofOPsf] tf}nnfO{ prfNbf o;df nufOPsf] an k|jw{g 
(magnify) x'G5 .

kfª\u|f / laF8sf] k|of]u u/L sfd ubf{ kfª\u|f / laF8n] cfˆgf] cIfdf Ps kmGsf] nufpFbf cfcfˆgf] 
kl/lw a/fa/ 8f]/Lsf] nDafO a]l/g] jf km'Sg] x'G5 . kfª\u|f / laF8df Okmf]6{n] kfª\u|fsf] kl/lw a/
fa/sf] b'/L kf/ ubf{ nf]8n] laF8sf] kl/lw a/fa/sf] b'/L kf/ u5{ . t;y{ kfª\u|f / laF8df, 

ult cg'kft  Ö 

lrq 8.13 kfª\u|f / la“8

2πR

P

Okmf]6{ b'/L

nf]8 b'/L 
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  Ö 

olb kfª\u|fsf] cw{Jof; R / laF8sf] cw{Jof; r eP,

 ult cg'kft  =        = R/r

t;y{ kfª\u|f / laF8df kfª\u|fsf] cw{Jof; / laF8sf] cw{Jof;sf] 
cg'kftn] o;sf] ult cg'kftsf] dfg lbG5 . 

kfª\u|f / laF8nfO{ lg/Gt/ufdL pQf]ns klg elgG5 lsgeg] 
o;df pQf]nsdf h:t} nf]8 / Okmf]{6 cIfsf] b'O{lt/ x'G5 . o;sf] 
cIfdf kg]{ s]Gb|nfO{ kmnj|md -F_ sf ¿kdf lng ;lsG5 . o;n] 
sfo{ ubf{ 360º 3'd]/ lg/Gt/ sfo{ ub{5 . o; j|mddf lrqdf b]
vfOP h:t} kfª\u|faf6 an nufpg a]l/Psf] 8f]/Ln] 5f]Psf] Okmf]6{ laGb' -A_ ;+Fu;F+u} laF8df nf]8  
e'mG8\ofpg a]l/Psf] 8f]/Ln] 5f]Psf] nf]8 laGb' -B_ klg kl/jt{g eO/x]sf] x'G5 .

;fwf/0f oGqaf6 sfo{ ubf{ tf}nnfO{ 5f]6f] ;dodf cyf{t\ l56f] prfNg ;lsG5 . plt g} ;dodf 
ann] kf/ ug]]{ b'/LeGbf tf}nn] kf/ ug{] b'/L a9L ePdf oGqn] sfo{sf] j]u a9fpF5 . pbfx/0fsf 
nflu kfª\u|f / laF8 -n6\6fO_ sf] laF8af6 an nufpFbf plt g} ;dodf ann] kf/ ug]]{ b'/LeGbf 
tf}nn] kf/ ug{] b'/L a9L x'G5 . o; cj:yfdf sfo{sf] j]u a9\5 cyf{t\ n6\6fOdf wfuf] rfF8f] 
rfF8f] a]l/G5 . o;sf] l7s ljk/Lt plt g} ;dodf tf}nn] kf/ ug]]{ b'/LeGbf ann] kf/ ug{] b'/L 
a9L ePdf oGqn] nufOPsf] an k|jw{g (magnify) u5{ . pbfx/0fsf nflu rfnsn] :6]l/ª  
x\ljn -steering wheel_ df nufPsf] an k|jw{g eO{ lgs} ux|f}F uf8Lsf] kfª\u|fsf] lbzf kl/jt{g 
x'G5 . :6]l/ª x\ljnsf] Jof; a9\bf an b'/L klg a9\g] ePsfn] a9L dfqfdf annfO{ k|jw{g ug{ 
6«sx¿sf] :6]l/ª x\ljn sf/x¿df x'g] :6]l/ª x\ljneGbf 7'nf] agfOPsf] x'G5 . 

;/n oGqsf] ;+of]hgsf ¿kdf hl6n oGq 

lj|mofsnfk 8.5

kfgL tfGg] kDk, df]6/ uf8Lsf] OlGhg, n'uf l;pg] d]l;g / sf/vfgfdf k|of]u x'g] 7'nf 7'nf d]
l;gsf] lrq jf >Job[Zo ;fdu|L k|bz{g ul/Psf] cjnf]sg ug'{xf];\, / lgDglnlvt k|Zgdf 5nkmn 
u/L lgisif{df k'Ug'xf];\ . 

-s_ uf8Lsf] OlGhgnfO{ lsg hl6n oGqsf ¿kdf lnOG5 < 

-v_ s] ;a} hl6n oGqx¿ ;/n oGqaf6 ag]sf x'G5g\ < 

hl6n k|s[ltsf sfo{x¿ ug{ ;fwf/0f oGqaf6 ;Dej x'Fb}g, h:t}M snsf/vfgfdf h8fg ePsf 
OlGhgn] hl6n k|s[ltsf] sfo{x¿ ug{'kg]{ x'G5 . 7'nf 6«sx¿n] ux|f}F ef/ cf];fg]{ sfdx¿ ub{5 . 
To:t} u/L a'n8f]h/n] af6f] vGg] sfo{ ub{5 . o;/L hl6n sfo{ ug{sf nflu ljleGg k|sf/sf 

2πR

2πr

kfª\u|fsf] kl/lw

laF8sf] kl/lw 

lrq 8.14 lg/Gt/ufdL pQf]ns

A
B
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;/n oGqx¿sf] ;+of]hgaf6 hl6n oGqx¿ ag]sf x'G5g\ . h:fsf dfWodn] l56f], ;lhnf] tyf 
yf]/} an nufP/ sfo{ ug{ ;lsG5 . o;/L b'O{ jf b'O{eGbf a9L ;fwf/0f oGqx¿ ldnL ag]sf 
oGqnfO{ hl6n oGq elgG5 .  

lj|mofsnfk 8.6

pbfx/0fdf lbOP h:t} xfd|f] j/k/ k|of]u ePsf hl6n oGq s'g s'g ;/n oGqx¿ ldnL hl6n 
ag]sf 5g\ < ;f]wvf]h u/L tnsf] h:t} tflnsf agfO{ l6kf]6 ug'{xf];\  M

j|m=;= hl6n oGq ;/n oGq
1. j|m]g pQf]ns / l3gL{

sfo{Ifdtf (Efficiency)

lj|mofsnfk 8.2 df lx;fa ul/Psf] l3gL{sf] k|of]uaf6 k|fKt x'g] sfo{ / l3gL{df ul/Psf] sfo{sf] 
cg'kftnfO{ k|ltztdf JoSt ubf{ pSt l3gL{ k|of]u ePsf] pmhf{dWo] slt k|ltzt jf:tljs sfo{ 
ug{df vkt eof] eGg] hfgsf/L k|fKt x'G5 . o;;Fu} slt k|ltzt pmhf{ cGo ¿kdf ¿kfGtl/t 
eof] eGg] hfgsf/L klg k|fKt x'G5 . pbfx/0fsf nflu olb pSt cg'kftsf] dfg 75% cfPdf 
xfdLn] l3gL{ tfGbf k|of]u u/]sf] hDdf pmhf{sf] 75 % ;b'kof]u x'G5 / afFsL 25 % pmhf{ 3if{0fn] 
ubf{ pTkGg x'g] tfk, Wjlg, cflb zlStdf ¿kfGt/0f ePsf] a'lemG5 . t;y{ xfdLn] k|of]u u/]sf] 
l3gL{sf] sfo{Ifdtf 75 % 5 . l3gL{sf] k|of]uaf6 k|fKt x'g] sfo{ pTkflbt sfo{ xf] . pTkflbt sfo{ 
eGgfn] oGqdf nf]8n] ug{] sfo{nfO{ a'empF5 . ul0ftLo ¿kdf n]Vbf, 

pTkflbt sfo{ = nf]8n] ug]{ sfo{  = nf]8 x nf]8 b'/L 

To:t} l3gL{df ul/Psf] sfo{ nfut sfo{ xf] . nfut sfo{ eGgfn] oGqdf Okmf]{6n] u/]sf] sfo{nfO{ 
a'lemG5 . ul0ftLo ¿kdf n]Vbf, 

nfut sfo{ = Okmf]{6n] ug]{ sfo{  = Okmf]{6 × Okmf]6{ b'/L 

;/n oGqdf pTkflbt sfo{ (Output work) / nfut  sfo{ (Input work) sf] cg'kftnfO{ 
sfo{Ifdtf (Efficiency) elgG5 . o;nfO{ k|ltztdf JoSt ul/G5 . ul0ftLo ¿kdf 

sfo{Ifdtf (Efficiency) =    × 100 %

pTkflbt sfo{ / nfut sfo{sf ;"qnfO{ sfo{Ifdtfsf] ;"qdf k|lt:yfkg ubf{,    

Okmf]6{ b'/L
nf]8 b'/L

sfo{Ifdtf -η_  = 

nf]8
Okmf]6{ × 100 %

sfo{Ifdtf -η_ = oflGqs kmfObf
ult cg'kft

× 100 %

pTkflbt sfo{

nfut  sfo{
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;/n oGqx¿df pTkflbg sfo{ hlxn] klg nfut sfo{eGbf sd x'G5 . sfo{Ifdtf ztk|ltzt 
x'gsf nflu ;Dk"0f{ nfut sfo{ pTkflbt sfo{df kl/0ft ePsf] x'g'k5{ . ;/n oGqx¿df x'g] 
3if{0fsf sf/0fn] ubf{ ;Dk"0f{ nfut sfo{ pTkflbt sfo{df kl/0ft x'g ;Sb}g . h;n] ubf{ ;/n 
oGqsf] sfo{Ifdtf hlxn] klg ztk|ltzteGbf sd x'G5 . ;/n oGqdf t]n jf lu|hsf] k|of]un] 
3if{0f 36fP/ o;sf] sfo{ Ifdtf s]xL a9fpg ;lsG5 .

k"0f{ oGq (Perfect machine)

nfut sfo{ / pTkflbt sfo{ a/fa/ ePsf] cj:yfdf sfo{Ifdtf ztk|ltzt x'G5 . o:tf] 
sfNklgs cj:yfsf] oGqnfO{ k"0f{ oGq (perfect machine) elgG5 . k"0f{ oGqdf oflGqs kmfObf / 
ult cg'kft klg a/fa/ x'G5 . o; lsl;dsf] oGqdf nfut sfo{df s'g} x|f; cfpFb}g .  Jojxf/
df 3if{0f/lxt oGq ;Dej x'Fb}g . t;y{ k"0f{ oGq Jojxf/df ;Dej 5}g . 

pbfx/0f  

s'g} l3gL{ k|0ffnLsf] sfo{Ifdtf 80% 5 / oflGqs kmfObf 4 x'gsf nflu pSt k|0ffnLsf] l3gL{  
;ª\Vof slt x'gk5{ < To; l3gL{ k|0ffnLdf 1000N sf] nf]8 p7fpg slt Okmf]{6 rflxPnf <

 oxfF, 

 sfo{Ifdtf -η_ Ö 80%

oflGqs kmfObf (MA) = 4

nf]8 (L) = 1000N

l3gL{ ;ª\Vof = ?

Okm]f{6 (E) = ?

;"qcg';f/, 

sfo{Ifdtf -η_ =      × 100 % 

or 80% =      × 100 % 

or VR =       = 5

 To;}n] l3gL{ ;ª\Vof = 5

km]/L  MA  =  or 4 =   or E =

To;}n] Okmf]{6   = 250 N 

MA

VR

L

E

4

VR
400

80

1000

E

1000

4
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cEof;
!=  tn lbOPsf k|Zgsf] ;xL pQ/df l7s lrx\g -√_ nufpg'xf];\ M 

 -s_  Ps rSs] crn l3gL{af6 oflGqs kmfObf geP klg o;sf] k|of]u lsg ul/G5 < 

  -c_ ansf] dfqf a9fpg                  -cf_ j:t'sf] ult a9fpg

  -O_ sfo{ Ifdtf a9fpg             -O{_ ansf] lbzf kl/jt{g ug{

 -v_  tLg kfª\u|] rn l3gL{sf] ult cg'kft slt x'G5 <

  -c_ Ps  -cf_ b'O{  -O_ tLg  -O{_ rf/ 

 -u_  @ ld6/ cUnf] 6«sdf ;fdfg r9fpg 6m nfdf] kmn]s k|of]u u/L 58\s] ;txsf]  
  lgdf{0f ul/Psf] 5 eg] pSt 58s] ;txsf] ult cg'kft slt xf]nf < 

  -c_ Ps     -cf_ b'O{    -O_ tLg   -O{_  rf/ 

 -3_  k"0f{oGqsf] sfo{Ifdtf slt x'G5 < 

  -c_ 100%  -cf_ <100% -O_ >100% -O{_ 0%

 -ª_  Ps kfª\u|] 7]nfuf8f s'g s'g ;/n oGq ldnL ag]sf] x'G5 <

  -c_ kfª\u|f / laF8 tyf pQf]ns   -cf_  l3gL{ / km];f]  

  -O_ 58\s] ;tx / k]r    -O{_ pQf]ns / km];f] 

@=  km/s n]Vg'xf];\ M

 -s_ l3gL{ / kfª\u|f tyf laF8

 -v_ VR / MA 

 -u_ Jack Screw / aGr/f] 

 -3_ pTkflbt sfo{ / nfut sfo{

#=  sf/0f lbg'xf];\ M

 -s_ kxf8df r9\g 3'dfp/f] af6f] agfPsf] x'G5 .

 -v_ j|m]gnfO{ hl6n oGq elgG5 .

 -u_ s'g} klg oGqsf] sfo{Ifdtf ztk|ltzt x'Fb}g .

 -3_ jf:tljs oGqsf] oflGqs kmfObf ult cg'kfteGbf sd x'G5 .

 -ª_ kfª\u|f / laF8nfO{ lg/Gt/ufdL pQf]ns elgG5 .
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5m

20 m
300N

90
kg

$=  k|Zgsf] pQ/ n]Vg'xf];\ M

 -s_  ;/n oGq eg]sf] s] xf] < o;sf kmfObf n]Vg'xf];\ .

 -v_  hl6n oGq eg]sf] s] xf] < pbfx/0f;lxt JofVof ug'{xf];\ . 

 -u_  58\s] ;txnfO{ pbfx/0f;lxt k|:6 kfg''{xf];\ . 

 -3_  km];f] eg]sf] s] xf] < pbfx/0f;lxt o;sf] dxŒj n]Vg'xf];\ .

 -ª_  k]r s]nfO{ elgG5 < b}lgs hLjgdf k]rsf] k|of]u s] s] sfdsf nflu ul/G5 <

 -r_  l3gL{sf k|sf/nfO{ lrq;lxt kl/ro lbg'xf];\ . 

 -5_ k]r / km];f]sf oflGqs kmfObf / ultcg'kft s;/L lgsflnG5 < lrq;lxt JofVof  
  ug'{xf];\ .

 -h_ 58\s] ;txsf oflGqs kmfObf / ult cg'kft s;/L a9fpg ;lsG5 < pbfx/0f;lxt  
  n]Vg'xf];\ .

 -em_  s'g} oGqsf] sfo{Ifdtf 75% eGgfn] s] a'lemG5 < 

 -`_ b}lgs hLjgdf k"0f{ oGq c;Dej h:t} x'G5 < sf/0f;lxt JofVof ug'{xf];\ .

 -6_  kfª\u|f / laF8sf] ult cg'kft s;/L kQf nufOG5, lrq;lxt k|:6 kfg'{xf];\ .

 -7_  lgDglnlvt hl6n oGq s'g s'g k|sf/sf ;/n oGq ldnL ag]sf] x'G5, n]Vg'xf];\ M

  -c_ n'uf l;pg] d]l;g    -cf_ l:6r d]l;g  

  -O_ ;fOsn     -O{_ lk7f] lk:g] d]l;g

%=  ul0ftLo lx;fax¿ ug'{xf];\ M

 -s_ lrqdf b]vfOPsf] 58\s] ;txsf  
  nflu oflGqs kmfObf, ult cg'kft /  
  sfo{Ifdtf lx;fa ug'{xf];\ .

     -Ans: MA = 3 , VR = 4, η =75%_

-v_  lrqdf rf/ rSs] l3gL{ k|0ffnL b]vfOPsf] 5  
. olb o;sf] sfo{ Ifdtf 80% 5 eg] pSt l3gL{ k|0ffnLsf nflu tnsf 
k|Zgx¿ xn ug{'xf];\ M

  -c_  1000 N tf}nnfO{ p7fpg slt an nufpg'k5{ < 

  -cf_  oflGqs kmfObf slt x'G5 < 

  -O_  tf}nnfO{ 6 m dfly p7fpFbf x'g] nfut sfo{ / pTkflbt  
   sfo{ lx;fa ug'{xf];\ .

  -Effort = 312.5 N , MA = 3.2, nfut sfo{ Ö 7500 J, pTkflbt sfo{ Ö 6000 J_



140          lj1fg tyf k|ljlwM sIff (

 -u_  kfª\u|f / laF8sf] cw{Jof; j|mdzM 20 cm / 5 cm 5 . o;af6 500 N p7fpg 250 N  
  an nufpg'k5{ eg] o;sf oflGqs kmfObf, ult cg'kft / sfo{ Ifdtf kQf nufpg'xf];\ .   
  -Ans: MA = 2 , VR = 4, η = 50 %_

 -3_  ;+Fu}sf] lrqdf km];f]sf] k|of]un] sf7sf d'9f 
lrb{} u/]sf] b]vfOPsf] 5 . pSt k]m;f]sf] rf}8fO 
6 cm / ulx/fO 12 cm  5 . km];f]df 300 N 
an nufpFbf 500 N a/fa/sf] cj/f]Wf -tf}n_ 
pTkGg x'G5 eg] o;sf oflGqs kmfobf, ult 
cg'kft / sfo{Ifdtf lx;fa ug'{xf];\ . 

  -Ans: MA = 1.67, VR = 2, η=83.33 %_

km];f]

sf7sf] d'9f

12 cm

6 cm
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phf{ 
(Energy)

(

lrq 9.1: tfkn] kfgL afkmdf kl/jt{g x'“b}
lrq 9.2: laB't\af6 rNg] :s'6/

lrq 9.3: vfgf ksfpg Uof“;sf] k|of]u lrq 9.4: pmhf{sf] ¿kfGt/0f 

-c_ lrq 9.1 df s'g phf{n] n'uf ;'s]sf] b]vfOPsf] 5 <

-cf_ On]lS6«s :s'6/n] s'g phf{ k|of]u u5{ < 

-O_ vfgf ksfpg s'g s'g phf{sf] ;|f]t k|of]u ul/G5 <

-O{_ ;'o{af6 k|fKt x'g] phf{nfO{ s'g s'g :j¿kdf ¿kfGt/0f ug{ ;lsG5 < 

;"o{ phf{sf] k|d'v ;|f]t xf] . ;'o{lagf hLjg ;Dej x'Fb}g . hnrj|m ;~rfng ug{, la?jfn] vfgf 
agfpg, la:s'g ;'sfpg, bfp/f ;'sfpg cflb s}og sfo{x¿df ;"o{af6 k|fKt x'g] phf{sf] k|ToIf 
pkof]u x'G5 . vfgLx¿df kfOg] k]6«f]lnod kbfy{, k|fs[lts UofF; nufot hnljB't\ cflb klg 
ck|ToIf ¿kdf ;f}o{ phf{sf ¿kflGtl/t cj:yf x'g\ . To;}n] phf{sf k|foM ;a} ;|f]tx¿ ;f}o{ 
phf{af6 k|ToIf jf ck|ToIf ¿kfGt/0f eO{ ag]sf x'G5g\ .  
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pmhf{sf ;|f]t  (Source of energy)

lj|mofsnfk 9.1

tnsf lrqdf xfd|f] b]zsf ljleGg If]qdf dflg;n] k|of]u ug]{ pmhf{sf ;|f]tx¿ b]vfOPsf 5g\ . 
lrqx¿sf] cWoog u/L 5nkmn ug'{xf];\ . 

u'OF7f bfp/f PnkL UofF;

uf]a/ UofF; k]6«f]lnod t]n laj|m]6

-c_ lrqdf phf{sf s'g s'g ;|f]tx¿ b]vfOPsf 5g\ <

-cf_ oL pmhf{sf ;|f]tx¿ s;/L k|fKt x'G5g\ < 

-O_ tL ;|f]tx¿dWo] s'g s'g ;|f]tx¿ k|s[ltdf lg/Gt/ kfOG5g\ < 

-O{_ s'g s'g ;|f]tx¿ k|s[ltdf lg/Gt/ pTkfbg x'g g;sL lglZrt ;dokl5 ;dfKt x'G5g\ xf]nf < 

xfdL ljleGg ;|f]tx¿af6 cfjZos pmhf{ k"lt{ ul//x]sf x'G5f}F . k|of]uof]Uo pmhf{ lgsfNg ;lsg] 
s'g} klg j:t' pmhf{sf] ;|f]t xf] . sf]Onf, k]6«f]n, l8h]n, dl6t]n, k|fs[lts UofF;, hnljB't cflb 
pmhf{sf ;|f]tx¿ x'g\ . g]kfnsf ljleGg If]qx¿df lah'nL, k]6«f]lnod kbfy{, bfp/f, u'OF7f, afof]
UofF;, ;f}o{ pmhf{, cflbaf6 pmhf{sf] cfk"lt{ x'G5 . pmhf{sf ;|f]tnfO{ d'Vo b'O{ k|sf/df juL{s/0f 
ug{ ;lsG5 h'g lgdgfg';f/ 5g\ M

cgjLs/0fLo pmhf{sf] ;|f]t  -Nonrenewable source of energy _

k|s[ltdf s]xL pmhf{ ;|f]tx¿ nfvf}F jif{sf] ;dokZrft\ tof/ x'G5g\ . To:tf ;|f]tx¿sf] e08f/  
l/lQbf 5f]6f] cjlwdf pTkfbg ug{ ;lsFb}g . ltgnfO{ sfnfGt/;Dd lg/Gt/ k|of]u u/L pmhf{ k|fKt 
ug{ ;lsFb}g . k|of]u ub}{ hfFbf l/lQg] jf cfjZos k/]sf] j]nf k'gM pTkfbg ug{ g;lsg] phf{sf 
;|f]tx¿nfO{ cgjLs/0fLo phf{sf ;|f]t elgG5, h:t}M sf]Onf, vlgh t]n, k|fs[lts UofF; cflb . 

gjLs/0fLo pmhf{sf] ;|f]t  -Renewable source of energy _

s]xL pmhf{sf ;|f]tx¿ 5f]6f] cjlwdf k'gM k"lt{ ug{ ;lsG5 . ltgnfO{ k|of]u ub}{ hfFbf ;bfsf nflu 
l/lQb}gg\ . cyf{t\ cfjZos k/]sf] j]nf ltgnfO{ lgdf{0f ug{ ;lsG5 . k|s[ltdf lg/Gt/ ¿kdf 

lrq 9.5
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pTkfbg eO/x]sf / ck'u gx'g] ;|f]tx¿ pmhf{sf gjLs/0fLo ;|f]t x'g\, h:t}M ;f}o{ phf{, jfo' 
phf{, hnljB't, bfp/f, u'OF7f, uf]a/UofF; cflb .

;f}o{ pmhf{ -Solar energy_

k|ToIf ¿kdf ;"o{af6 k[YjLn] k|fKt ug]{ k|sfz / tfk ;f}o{ pmhf{ xf] . ck|ToIf ¿kdf ljleGg 
k|ljlwx¿af6 klg ;f}o{ pmhf{ k|of]u ug{ ;lsG5, h:t} M ;"o{sf] tfk / k|sfznfO{ ljB't\df 
¿kfGt/0f u/]/ . ;f}o{ pmhf{ k[YjLdf pmhf{sf] d'Vo ;|f]t xf] . ;f}o{ pmhf{sf sf/0f k[YjLdf hLjg 
;Dej 5 . k[YjLn] x/]s lbg k|ToIf ¿kdf ;"o{af6 7'nf] dfqfdf pmhf{ k|fKt u5{ . ;"o{df ePsf 
xfO8«f]hgsf k/df0f'x¿ ;+of]hg eP/ olt 7'nf] dfqfdf pmhf{ pTkGg x'G5 .

;"o{;“u ;DalGwt s]xL tYofª\sx¿

;"o{sf] lk08 = 2×1030 kg, k[YjLaf6 ;"o{sf] b'/L = 1.5×108 km, ;"o{sf] sf]/sf] tfkj|md sl/a  
= 15,000,000 K, ;"o{sf] ;txsf] tfkj|md = 5778 K, ;"o{af6 pTkGg x'g] zlSt = 3.8×1026 J/s 
, ;f}o{ ljls/0fsf ¿kdf k[YjLsf] k|lt ju{ld6/ If]qkmndf cfOk'Ug] pmhf{ = 1.4 kW

;"o{df x'g] Go'lSno/ k|ltlj|mof -Nuclear reaction in the sun _

hfgsf/Lsf nflu

s]xL tŒjsf km/s km/s k/df0f'x¿ x'G5g\ . kf/df0flds ;ª\Vof Pp6} x'g] t/ kf/df0fljs 
lk08 km/s km/s x'g] k/df0f'x¿ cfO;f]6f]k x'g\ . pbfx/0fsf  nflu k|f]l6od, 8\o'6]l/od, 
/ l6«l6od xfO8«f]hgsf cfO;f]6f]k x'g\ . 

;"o{ Ps k|z:t dfqfdf xfO8«f]hg UofF; /x]sf] dWod cfsf/sf] tf/f xf] . ;"o{sf] sf]/ nueu 15 

ldlnog oC sf] pRr tfkj|md 5 . olt pRr tfkj|mddf xfO8«f]hg k/df0f'x¿sf] On]S6«f]gx¿ k/
df0f'af6 cnu x'Fbf xfO8«f]hg cfog -H+_ aG5g\ .  o;sf ;fy} sf]/df xfO8«f]hg cfogx¿ cyf{t\ 
k|f]6f]gx¿ lar pRr ljsif{0f x'g] eP tfklg pRr rfkn]] ltgLx¿nfO{ ;+of]hgsf nflu glhs 
NofpF5 . ;"o{ h:t} tf/fx¿df pRr tfkj|md / rfksf] pkl:yltdf xfO8«f]hg k/df0f'x¿ ;+of]hg 
eO{ lxlnod k/df0f'x¿ aGg] k|lj|mofnfO{ ydf]{Go'lSno/ ˆo'hg elgG5 . o; k|lj|mofdf ljls/0fsf 
¿kdf 7'nf] dfqfdf pmhf{ lg:sG5 . o; k|lj|mofnfO{ tn b]vfOP h:t} tLg r/0fx¿df k|bz{g 
ug{ ;lsG5 M 

-c_  b'O{cf]6f k|f]6f]gx¿ ;+of]hg eO{ xfO8«f]hg cfO;f]6f]k 8\o'6]l/od -1H
2_ ;Fu} kf]lh6«f]g (1e

o) 
aG5 .

 1H
1 +1H

1  1H
2 + 1e

0 + energy

-cf_  dflyNnf] r/0fdf aGg] 8\o'6]l/od;Fu csf]{ k|f]6f]g ;+of]hg eO{ xn'sf] lxlnod cfO;f]6f]k -2He3_ 
aG5 .

 1H
2 + 1H

1  2He3 + γ- radiation
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-O_  cGtdf b'O{cf]6f lxlnod cfO;f]6f]k ldn]/ xfO8«f]hg af6 lxlnod aGg] k|lj|mof k"/f x'G5 .  
 o; r/0fdf b'O{cf]6f k|f]6f]g klg pTkGg x'G5g\ . 

 2He3 + 2He3  2He4 + 1H
1 + 1H

1 + energy

 ;du| ydf]{Go'lSno/ ˆo'hg k|ltlj|mofnfO{ tn pNn]v ul/P e}Fm 5f]6s/Ldf klg n]Vg ;lsG5 . 

 4 1H
1   2He4 + 2 1e

0 + energy

 o;/L ;"o{df ljleGg r/0fx¿ kf/ u/]/ rf/cf]6f H k/df0f'x¿sf] ;+of]hgaf6 Pp6f He  
 k/df0f' aG5 . of] k|lj|mofdf k|z:t pmhf{ pTkfbg x'G5 .  

;"o{df ydf]{Go'lSno/ k\mo'hgsf] nflu pko'St cj:yfx¿ 

-c_  k|r'/ dfqfdf xfO8«f]hg M ;"o{df kof{Kt dfqfdf xfO8«f]hg x'G5 h;n] ydf]{Go'lSno/ ̂ o'hgnfO{  
 hf/L /fV5 .

-cf_  pRr tfkj|md M ;"o{sf] pRr tfkj|mdn] :jtGq ¿kdf /x]sf k|f]6f]gx¿ agfpF5 .

O_  pRr rfk M ;"o{sf] sf]/df kg]{ pRr rfkn] k|f]6f]gx¿nfO{ ;+of]hgsf nflu glhs NofpF5 .

hfgsf/Lsf nflu

cfOG;6fOgsf] lk08 pmhf{ ;DaGw -Einsteins’ mass-energy relation_, E = mc2 (hxfF ’m’ 
n] Go'lSno/ k|ltlj|mofdf gfz x'g] lk08nfO{ hgfpF5 / ’c’ n] k|sfzsf] j]unfO{ hgfpF5_ 
sf cfwf/df Go'lSno/ k|ltlj|mofaf6 pTkGg x'g] pmhf{ lx;fa ug{ ;lsG5 . pbfx/0fsf 
nflu olb s'g} Go'lSno/ k|ltlqmofdf 0.1 g lk08 gfz ePdf To;af6 lg:sg] pmhf{ 
lgDgfg';f/ lx;fa ug{ ;lsG5 M

E = mc2 = 10-4 × ( 3 × 108 )2    = 9× 1016 ×10-4 = 9 × 1012 J

   Go'lSno/ k|ltlj|mofdf Psbd} ;fgf] lk08 gfz x'Fbf klg 7'nf] kl/df0fdf pmhf{ lg:sG5 . 

pmhf{sf] k|d'v ;|f]tsf ¿kdf ;"o{  -Nonrenewable source of energy _

lj|mofsnfk 9.2

tn lbOPsf] lrqsf] cWoog ug'{xf];\ . lrqdf b]vfOPsf] af0f lrGgnfO{ k5\ofp“b} ;f}o{ pmhf{df 
cfwfl/t ljleGg pmhf{sf ;|f]tx¿ 7Dofpg'xf];\ / a'“bfut ¿kdf l6Kg'xf];\ . pSt ;|f]t ;f}o{ pmhf{sf] 
pkh s;/L eof], ;d"xdf 5nkmn ug'{xf];\ . 
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lrq 9.6 pmhf{sf] k|d'v ;|f]tsf ¿kdf ;"o{

k[YjLdf pknAw ;Dk"0f{ zlStsf ;|f]tx¿ h:t}M hnljB't, jfo' phf{, h}ljs phf{, hLjfjz]if phf{ 
cflb ;a} ;f}o{ pmhf{ ¿kfGt/0f eP/ ag]sf x'g\ . To;}n] ;"o{nfO{ zlStsf] d"n ;|f]t dflgG5 .  
o;;DaGwL s]xL pbfx/0fx¿ tn pNn]v ul/Psf 5g\ .

hn;|f]t phf{ -Water energy_

hn rj|mnfO{ xfO8«f]nf]lhsn ;fOsn -Hydrological cycle_ klg elgG5 . of] rj|mdf ;"o{sf] tfkn] 
lxpF / a/kmsf l9Ssfx¿ kUnG5 / kfgLsf ;|f]tx¿df kfgL el/G5 . tfn, gbL, vf]nf, hnfzo 
/ ;d'›sf] kfgL tfTbf afkmdf kl/0ft x'G5 . hnjfik jfo'd08ndf lrl:;P/ afbn aG5 / jiff{ 
x'G5 .  jiff{sf] kfgL gbLdf axG5 jf hnfzodf hDdf x'G5 . pSt kfgLnfO{ 7'nf afFwdf hDdf 
u/L lah'nL pTkfbg ul/G5 . o;/L hnljB't ck|ToIf ¿kdf ;f}o{ pmhf{af6 k|fKt x'G5 .

hLjfz]if phf{ -Fossil fuel_

k[YjLdf k'Ug] ;"o{sf] pmhf{sf] Ps ;fgf] c+z k|sfz ;+Zn]if0f k|lj|mofdfkm{t xl/of] la?jfx¿n] 
cjzf]lift ub{5 . o; k|lj|mofdf, sfa{g 8fOcS;fO8 / kfgL :6fr{df kl/0ft x'G5 . To;kl5 
;"o{sf] pmhf{ /f;folgs pmhf{df kl/0ft eO{ la?jfsf ljleGg efux¿df e08f/0f x'G5 . o;/L 
e08f/ ePsf] kbfy{nfO{ hgfj/x¿n] vfgfsf ¿kdf pkef]u u5{g\ . t;y{ ck|ToIf ¿kdf 
xfdLn] vfgfaf6 k|fKt ug]{ pmhf{ klg ;"o{af6 k|fKt x'G5 . hLjfz]if OGwg sf]Onf, k]6«f]n, l8h]n, 
k|fs[lts UofF; cflb klg k[YjLsf] ;txleq nfvf}F jif{;Dd k'l/Psf d[t la?jf tyf hgfj/af6  
aG5g\ . o;/L hLjfjz]if phf{ ;f}o{ zlStsf] pkh xf] . sf7, jg:klt, afnLsf cjz]if, kmf]xf]/ cflb  
h}ljs kbfy{x¿ klg pmhf{sf ;|f]tsf ¿kdf k|of]u ul/G5g\ . logLx¿ klg ;f}o{ pmhf{sf pkh 
x'g\ . 
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jfo' phf{ -Wind energy_

jfo' pmhf{ klg ;f}o{ pmhf{df cfwfl/t 5 . ;"o{sf] tfkn] hldgsf] ;tx glhs /x]sf] xfjf tfT5 . pSt 
tftf] xfjf xn'sf x'G5 / dfly hfG5 . To; 7fFpdf cGoq af6 lr;f] xfjf cfpF5 . o; j|mddf 
axg] xfjfaf6 jfo' phf{ pTkfbg ug{ ;lsG5 . o;/L jfo' phf{ klg ;f}o{ phf{s} pkh xf] .

;f}o{ pmhf{ k|fKt ug]{ k|ljlw -Solar energy harvesting technology)

 ;f]nf/ Kofgn ;f]nf/ 6'sL ;f]nf/ l:6«6 aQL

 ;f]nf/ 8«fo/ ;f]nf/ jf6/ lx6/ ;f]nf/ s's/ 

k|ljlwsf] k|of]un] ;f}o{ pmhf{nfO{ cGo pmhf{df kl/jt{g ul/G5 . pbfx/0fsf nflu ;f]nf/ Kofgnsf 
dfWoodaf6 ;f}o{ pmhf{nfO{ ljB't\df kl/jt{g ug{ ;lsG5 . s]xL dflg;n] 3/sf] 5fgfdf ;"o{sf] 
tfkaf6 kfgL ttfpg] ;f]nf/ jf6/ lx6/ -Solar water heater_ /fv]/ kfgL tftf] kfg]{ u5{g\ . of] 
Ps ;f}o{ pmhf{ k|fKt ug]{ k|ljlwsf] pbfx/0f xf] . To:t} b}lgs hLjgdf k|of]u x'g] ;f]nf/ 6'sL 
-Solar lamp_, ;f]nf/ l:6«6 aQL -Solar street lamp_, ;f]nf/ 8«fo/ -Solar dryer_, ;f]nf/ 8«fo/ 
-Solar cooker_ cflb ;f}o{ pmhf{ k|fKt ug]{ k|ljlwx¿ x'g\ .

;f}o{ ljB't\ -Solar Electricity_

lrq 9.8 kmf]6f]ef]N6]os ;]n

;f]nf/ Kofgnsf] k|of]uaf6 ;f}o{ pmhf{nfO{ ljB't\df 
¿kfGt/0f u/L ljleGg lsl;dsf ljB't\ pks/0fx¿ 
rnfpg ;lsG5 . of] y'k|} kmf]6f]ef]N6]os ;]n 
-Photovoltaic cell_ x¿sf] ;d"x xf] . oL ;]nx¿ 
cw{;"rfns -Semiconductor_ kbfy{, ;fdfGotof 
l;lnsg -Silicon_ af6 ag]sf x'G5g\ . logdf  
;"o{af6 cfPsf] k|sfz kbf{ l;lnsn k/df0f'x¿af6 

On]S6«f]g :jtGq aGb} rNg yfN5g\ / ;]nsf b'O{ 5]plar ljB't\ wf/f pTkGg x'G5 . ;;fgf ;]nx¿nfO{ 
>]0fLqmd h8fg ubf{ ljB't\wf/fsf] dfqf a9\5 . k|sfzsf] tLj|tf hlt a9L x'G5, ljB'tsf] k|jfx 
Tolt g} a9L x'G5 . To;sf/0f ;f]nf/ Kofgnaf6 k"0f{ Ifdftfdf ljB't\ k|fKt ug{ o;nfO{ /fd|/L 3fd  
kg]{ :yfg 5gf]6 u/L /fVg'k5{ .   

lrq 9.7



lj1fg tyf k|ljlwM sIff ( 147

;f]nf/ aQL -Solar lamp_

;f]nf/ 6'sL / ;f]nf/ l:6«6 aQL -Solar street 
light_ df klg kmf]6f]eN6]os ;]nx¿sf] k|of]
u ePsf] x'G5 . ;f]nf/ 6'sLdf yf]/} ljB't\ 
wf/fsf] k|jfxaf6 aNg] PnO8L (LED_ aQLsf] 
h8fg ul/Psf] xG5 . o;df yf]/} ;ª\Vofdf 
kmf]6f]ef]N6]os ;]nx¿sf] ;d"xLs/0f ul/Psf] 
x'G5 . ;Fu}sf] lrqdf b]vfOP h:t} ;f]nf/ l:6«6 
aQLx¿df ;f]nf/ Kofgn, Aof6«L, PnO8L aQL, / sG6«f]n/ u/L d'Vo rf/cf]6f cjojx¿ x'G5g\ . 
sG6«f]n/df hl8t On]lS6«f]lgs pks/0fn] lbp;f]sf] ;dodf ;f]nf/ Kofngaf6 cfpg] ljB't\af6 
Aof6«LnfO{ rfh{ u5{ / ;fFemkbf{ cfk;]cfkm PnO8L aQLnfO{ cg u/L Aof6«Laf6 aQLdf ljB't\ 
k7fpF5 . 

;f]nf/ 8«fo/ -Solar dryer_

k/Dk/fut ¿kdf vfBfGg h:t} M cfn', d'nf, 
ufh/, 6df6/, eG6f, sfpnL, aGbf, /fof], d:of}/f, 
u'Gb|'s, cflb ;'sfpg v'nf ¿kn] 3fddf /
flvG5 . o;/L ;'sfpFbf a9L ;do nfUg] u5{ .  
;f]nf/ 8«fo/df ;'sfpFbf ;dosf] art x'G5 .  o;df 
vfg]s'/fx¿nfO{ ;'sfpFbf ltgLx¿ afx\o jftfj/0fdf 
;'sfpFbf k|b"lift x'g ;Sg] ;Defjgfaf6 klg  
hf]luG5g\ . ;f]nf/ 8«fo/ agfpgsf nflu tLglt/
af6 s'rfnssf] 3]/f / To;sf] dfly 58\s] ;tx 
x'g] u/L kf/bz{s j:t' h:t} sfFr /fv]/ aS; 
agfOG5 . o;sf] leqL efudf tfksf] zf]ifs jf 
sfnf] /ª nufOG5 . cufl8 k6\l6sf] efuaf6 lr;f] xfjfleq hfgsf nflu Kjfn agfOPsf] 
x'G5 . To:t} k5f8Lk6\l6sf] dflyNnf] efudf tftf] xfjf aflx/ hfg] u/L Kjfn agfOPsf]  
x'G5 . 

;f]nf/ jf6/ lx6/ -Solar water heater_

;f]nf/ jf6/ lx6/df ;"o{sf ljls/0fx¿ cjzf]lift ug{ OEofSo'P6]8 6\o'ax¿ -evacuated tubes_ 
nfO{ ;dfgfGt/ /xg] u/L kfgLsf] 6\ofª\sL;Fu hf]l8Psf] x'G5 . kfgLsf] 6\ofª\sLsf] tNnf] efuaf6 
lr;f] kfgLnfO{ kfOkx¿df el/G5 . lbgdf ;"o{sf] tfkn] 6\o'ax¿df kfgL tfTbf 3gTj 36\5 / 
6\ofª\sLsf] dflyNnf] efudf hDdf x'G5 / a9L 3gTj ePsf] lr;f] kfgL 6\o'adf el/G5 . jf6/ 
lx6/sf] 6\ofª\sLaf6 tfknfO{ aflx/ hfg glbgsf nflu s'rfnssf] k|of]u ul/Psf] x'G5 . h;n] 
ubf{ /ftLsf] ;dodf klg kfgL tftf] /xG5 .

lrq 9.9 ;f]nf/ aQL

lrq 9.10 ;f]nf/ 8«fo/sf] agf]6
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;f]nf/ s's/ (Solar cooker)

;f]nf/ s's/df k|ofKt ;f}o{ tfknfO{ vfgf ksfpg k|of]u x'g] efF8f]df ;ª\sng ug{ 7'nf] lrNnf] 
;tx ePsf] jqmsf/ ;tx h:t} sGs]e P]gfsf] k|of]u ul/Psf] x'G5 . pSt ;txaf6 tfk  
s]lGb|t x'g] :yfgdf efF8f]nfO{ /fVg ldNg] agfOPsf] x'G5 . tfk a9L dfqfdf cjzf]lift xf];\ eg]/  
efF8f]sf aflx/L ;tx sfnf] agfOPsf] x'G5 . 

kl/of]hgf sfo{

tkfO{Fsf] jl/kl/ :yfgLo ¿kdf pknAw ;fdu|Lx¿sf] k|of]u u/L ;f}o{ pmhf{ k|fKt ug]{ k|ljlwdf 
cfwfl/t pks/0fx¿ h:t} ;f]nf/ lx6/sf] lgdf{0f ug{xf];\ .

h}ljs pmhf{ (Bioenergy)

hLjx¿df k|fª\ufl/s kbfy{ x'G5 . of] ljR5]bg x'Fbf tyf hNbf pmhf{ lg:sG5 . jg:kltsf ljleGg 
efux¿ tyf hgfj/x¿sf] dnd"q cflbaf6 k|fKt ul/g] pmhf{nfO{ h}ljs pmhf{ elgG5, h:t} M 
bfp/f, u'OF7f, 5\jfnL, e'; cflb af6 k|fKt x'g] pmhf{ h}ljs phf{ xf] . of] gjLs/0fLo pmhf{ xf] . 
h}ljs pmhf{sf] k|of]u oftfoft OGwg, tfk, lah'nL pTkfbg h:tf k|of]hgsf nflu x'G5 .

afof]df; pmhf{ (Biomass energy)

hLjhGt'af6 k|fKt ;'Vvf k|fª\ufl/s kbfy{ afof]df; -Biomass_ xf] . pbfx/0fsf nflu  
emf/kft, ;'s]sf kftkltª\u/, wfgsf] e';, sf7sf] w'nf], s[lifhGo cjz]if, u'OF7f cflb .  
k/Dk/fut ¿kdf afof]df;nfO{ hnfP/ tfk k|fKt ug]{ ul/G5 . gvfFlbPsf] v'nf afof]df;nfO{ 
e08f/ tyf cf];f/k;f/ ug{ ;d:of x'G5 . v'nf afof]df;nfO{ hnfpFbf /fd|f];+u gang] / w'Fjf 
a9L lg:sg] ePsfn] tfk sd pTkGg x'G5 . t;y{ v'nf afof]df;nfO{ vfFb]/ hnfpFbf dflysf 
;d:of ;dfwg ug{ ;lsG5 .

la|s]6 (Briquettes)

v'nf afof]df;nfO{ vfFb]/ afOG8/sf] k|of]u u/L agfOg] 7f]; OGwg ;|f]tnfO{ la|s]6 elgG5 . 
o;nfO{ tfksf nflu 3/ tyf pBf]ux¿df k|of]u ul/G5 . la|s]6 d'Vo b'O{ lsl;dsf x'G5g\ . h'g 
lgDgfg';f/ 5g\ M

-c_ sfaf]{gfOH8 la|s]6 (carbonized briquette)

sfaf]{gfOH8 la|s]6 cFuf/sf] ;ª\s'lrt Ans xf] . la|s]6 agfpg bfp/f, emf/kft, e'; cflb 
sfa{go'St kbfy{x¿nfO{ Go"g clS;hgdf hnfP/ cFuf/ tof/ kfl/G5 . o;nfO{ rfl/ª (charring) 
ljlw elgG5 . pSt cFuf/nfO{ w"nf] agfP/ afOG8/;Fu ld;fP/ d'l5;s]kl5 Pp6f ;fFrf] -moulder_ 
df /fv]/ rfk lbO{ lglZrt cfsf/sf] la|s]6 pTkfbg ul/G5 . la|s]6 agfpFbf afOG8/sf ¿kdf 
lrD6\ofOnf] df6f], slgsfsf] lk7fsf] df8, v'bf] cflb klg afOG8/sf ¿kdf k|of]u ul/G5 . o;sf 
cltl/St ag:ktLsf] :6fr{ h:t} t?ndf x'g] :6fr{sf] klg k|of]u ug{ ;lsG5 .
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xfd|f] b]zsf] w]/}h;f] u|fld0f e]udf uf]a/df e'; ld;fP/ xft] rfk lbO{ lglZrt cfsf/ lbOG5 / 
To;nfO{ ;'sfP/ u'OF7f agfOG5 . u'OF7f lgDg rfkn] tof/ kl/Psf] Ps lsl;dsf] sfaf]{gfOH8 
gul/Psf] la|s]6 x'g\ . afof]df; h:t} sf7sf] w'nf], e';, sfuh cflbnfO{ pRr rfk lbO{ vfFb]/ 
sfaf]{gfOH8 gul/Psf] la|s]6 agfOG5 . s[lifhGo cjz]ifx¿ pv'sf] lrk8f, ;"o{d'vLsf 8fF7, 
d"+ukmnLsf af]qmf, abfdsf af]qmf, gl/jnsf] af]qmf, cflbnfO{ la|s]6 agfpg k|of]u ug{ ;lsG5 . 
sfaf]{gfOH8 gul/Psf] la|s]6 agfpFbf pRr rfkn] vfFb\g d]l;gsf] k|of]u ul/G5 . pRr rfksf] 
cltl/St cjZostfcg';f/ tfk / afOG8/ k|of]u ul/G5 . sfaf]{gfOH8 gul/Psf] la|s]6 agfpg 
lk:6g k|];, :j|'m k|]; / /f]n/ k|]; k|ljlwsf] k|of]u ul/G5 .

hfgsf/Lsf nflu

;g\ !(*^ df v'dn6f/ s[lif sDKn]S;df hfkfgL lghL sDkgLn] :j|'m k|]; k|ljlwaf6 
e';sf] la|s]6 tof/ kf/]sf] lyof] . 

la=;=@)&* ;fnaf6 g]kfn /fi6« a}Fª\sn] k'/fg e'mqf gf]6x¿nfO{ hnfpg'sf] ;f6f] 
ltgaf6 la|s]6 agfpg d]l;g leq\ofPsf] xf] 

la|s]6sf] k|of]u

-c_  hf8f]ofddf sf]7f ttfpg
-cf_  vfgf ksfpg tyf kfgL ttfpg
-O_  ;'Ts]/L dlxnfnfO{ cfuf] tfKg / aRrf ;]Sg
-O{_  cf}wf]lus ¿kdf ljleGg a:t' h:t} M t/sf/L, Rofp, pg cflb ;'sfpg
-p_  s'v'/f kmd{df rNnfnfO{ tfk lbg

lrq 9.11 sfaf]{gfOH8 la|s]6 lgdf{0fsf r/0fx¿

lrq 9.12 sfaf]{gfOH8 gul/Psf la|s]6

-cf_ sfaf]{hfOH8 gul/Psf la|s]6 (Noncarbonized briquette)
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la|s]6 k|of]u ubf{ x'g] kmfObfx¿

la|s]6 gjLs/0fLo pmhf{sf] ;|f]t xf] . o;sf] k|of]usf kmfObfx¿ lgDgfg';f/ 5g\ M

-c_  o;nfO{ afNbf w'Fjf sd cfpg] ePsfn] jfo' k|b"if0fdf sdL cfpF5 . 

-cf_  ljleGg s[lifhGo cjz]ifx¿nfO{ la|s]6 agfP/ ;b'kof]u ug{ ;lsG5 .

-O_  tfksf nflu bfp/fsf] k|of]u 36\g uO{ jghª\un ;+/If0fdf ;xof]u k'U5 . 

-O{_  la|s]6sf] Aofj;flos pTkfbg u/]/ laj|mLaf6 cfDbfgL ug{ ;lsG5 .

-p_  la|s]6sf] cf];f/ k;f/ / k|of]u ;xh x'g] tyf pRr tfk k|bfg ug]{ ePsfn] ;dosf] art  
 x'G5 .

la|s]6 k|of]usf ljleGg kmfObf /x] tfklg o;nfO{ Aofj;flos ¿kdf pTkfbg ug{ vlr{nf]  
x'G5 . o;nfO{ jiff{ ofddf ;'Vvf /xg] u/L e08f/ ug{ g;Sbf lalu|G5 .  la|s]6sf] k|of]u ubf{  
ckgfpg'kg]{ ;fjwfgLx¿ lgDgfg';f/ 5g\ M

-c_  ‰ofn9f]sf aGb u/]/ la|s]6 afNg' x'Fb}g .

-cf_  an]sf] la|s]6nfO{ afnaflnsfsf] kx'Fraf6 6f9f /fVg'k5{ .

-O{_  la|s]6nfO{ e'FOdf /fv]/ gafnL 9'ª\uf, OF6f cflb dfly s'g} efF8f] dfly /fv]/ hnfpg'k5{ .

afof]Uof“; (Biogas)

afof]UofF; h}ljs kbfy{nfO{ clS;hg /lxt jftfj/0fdf ljR5]bg u/L ;ª\sng ul/Psf] UofF;  
xf] . u|fdL0f e]udf ljz]if u/L hgfj/x¿sf] uf]a/af6 afof]UofF; ;ª\sng ul/G5 . To;}n] o;nfO{ 
uf]a/ UofF; klg elgG5 . afof]UofF;df ldy]g UofF;sf] ;fy;fy} sfa{g 8fOcS;fO8, xfO8«f]hg, 
gfO6«f]hg, kfgLsf] afkm / xfO8«f]hg ;NkmfO8 klg /x]sf x'G5g\ .

afof]Uof“; KnfG6sf] lgdf{0f (Construction of biogas plant)

afof]UofF; KnfG6 lgdf{0f ubf{ ldlS;ª 6\ofª\s, 8f]d, / cfp6n]6 r]Da/ u/L d'Vo tLg efux¿ 
tof/ kfl/G5 . ldlS;ª\ 6\ofª\sdf x'g] kª\vfsf] ;xotfn] uf]a/ jf k|fª\ufl/s kbfy{nfO{ kfgL ;+usf] 
ld>0fdf n]bf] tof/ kf/LG5 . ;Fu}sf] lrqdf b]vfOP h:t} pSt n]bf]nfO{ Ogn]6 kfOkaf6 8fOh]:6/
df k7fOG5 . 8fOh]:6/df clS;hgsf] 
cfefjdf uf]a/ jf k|fª\ufl/s kbfy{ ljR5]
bg eO{ afof]UofF; pTkGg x'G5 . pSt UofF; 
8f]ddf hdf x'G5 . UofF; cfp6n]6 kfOkdf 
h8fg ul/Psf] eNe vf]n]/ hDdf ePsf] 
UofF;nfO{ kfOkdfk{mt k|;f/0f u/L k|of]u ug{ 
;lsG5 . UofF;sf] rfkn] lyRbf 8fOh]:6/df 
a9L ePsf] n]bf] cfp6n]6 r]Da/df ;5{ . pSt r]Da/ klg el/bf :n/L cfp6n]6 x'Fb} n]bf] dn 
aflx/lt/sf] sDkf]:6 vf8ndf hDdf x'G5 . 

lrq 9.13
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afof]Uof“; k|of]usf kmfObfx¿

uf]a/UofF;df tfkLo ;|f]t a9L x'g], o;af6 k|fKt x'g] h}ljs dnsf] u'0f:t/ /fd|f] x'g], k|b"if0f sd 
x'g], agh+unsf] ;+/If0f x'g] h:tf sf/0fx¿n] 

-c_  afof]UofF;sf] k|of]u wF'jf/lxt x'g] ePsfn] afo' k|b"if0f lgoGq0f x'G5 . 

-cf_  afof]UofF; KnfG6 lgdf{0fsf nflu ;'?df nufgL a9L nfUg] ePsf tf klg nfdf] ;dosf nflu  
 of] lgMz'Ns pmhf{sf] ;|f]t h:t} x'G5 .

-O_  afof]UofF;af6 pHofnfsf nflu ljh'nL aQL klg afNg ;lsG5 .

-O{_  afof]UofF;sf] vktaf6 sf7 bfp/fsf] vkt lj:tfkg x'g] ePsfn] jghª\un ;+/If0fdf  
 ;xof]u k'U5 . 

-p_  afof]UofF; KnfG6af6 lg:sg] n]bf] dnnfO{ vf8n agfO{ sDkf]:6 dnsf ¿kdf k|of]u ubf{  
 af]6la?jfx¿sf] /fd|f] j[l4 ljsf; x'G5 . n]bf] dnnfO{ l;w} v]taf/Ldf k|of]u gu/L v'nf  
 5f]8]/ s]xL lbgkl5 dfq k|of]u ug'{ k5{ .

hnljB't\ (Hydroelectricity)

hnljB't alu/xg] kfgLaf6 h]g]/]6/df ePsf] SjfOnnfO{ 3'dfP/ pTkfbg ul/g] phf{ xf] . o;sf] 
pTkfbgsf nflu afFwdf hDdf ePsf] kfgLnfO{ 6g]naf6 k7fO{ tLa| ultdf h]g]/]6/;Fu hf]l8Psf 
6af{Ogdf v;flnG5 . 6af{Og 3'Dbf r'DasLo If]qdf /flvPsf] SjfOn klg 3'D5 / SjfOnsf b'O{ 
5]paf6 ljB't\ wf/f pTkGg x'G5 . pSt ljB't\nfO{ 3/, sfof{no, sf/vfgfdf cflbdf ljt/0fsf 
nflu 6«fG;kmd{/af6 pRr ef]N6]hdf ¿kfGt/0f u/L ;a :6];gx¿df k7fOG5 .

lrq 9.14
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hnljB't\sf k|of]usf kmfObfx¿

;'?df hn ljB't\ pTkfbg nfut a9L k/] tfklg bL3{sfnLg ¿kdf ;:tf] k5{ . o;af6 s'g}  
k|sf/sf] k|b"if0f x'Fb}g . of] pmhf{sf] gjLs/0fLo ;|f]t ePsfn] slxNo} l/lQb}g . ljB't\af6 cfw'lgs 
pks/0fx¿ rnfpg ;lsg] ePsfn] cfly{s lj|mofsnfkx¿ j[l4 ug{ ;lsG5 . xfd|f] b]zdf k|ofKt 
dfqfdf ljB't\sf] pTkfbg / vkt x'Fbf jfo'k|b"if0f 36\5, k]6«f]lnod kbfy{sf] cfoft 36\bf Jofkf/ 
3f6f 36\5, ljB't\ Jofkf/af6 b]zsf] cfly{s j[l4 x'G5 .

g]kfndf j}slNks pmhf{sf ;|f]tx¿sf] k|of]u (Use of alternative sources of energy in Nepal)

g]kfndf 7fpFcg';f/ ljleGg ;|f]tx¿af6 pmhf{sf] cfk"lt{ x'Fb} cfPsf] 5 . jt{dfg ;dodf  
k]6«f]lnod kbfy{sf] k|of]unfO{ lj:yfkg ug{ hnljB't\sf] vkt a9\b} uPsf] 5 . k/Dk/fut ¿kdf  
k|of]u ub}{ cfOPsf d'Vo phf{sf ;|f]tx¿sf] ;6\6fdf k|of]u ug{ ;lsg] phf{sf ;|f]tx¿nfO{  
a}slNks phf{ elgG5 . h:t}M h}ljs phf{, jfo' phf{, ;f}o{ phf{, cflbnfO{ j}slNks pmhf{sf  
;|f]t x'g\ . g]kfndf j}slNks pmhf{ k|j4{g s]Gb|sf] :yfkg ;g\ !((^ gf]e]Da/ # df gjLs/0fLo 
tyf j}slNks pmhf{sf] ;|f]tsf] ljsf; tyf k|j4{g ug]{ p2]Zosf ;fy ePsf] xf] . o;n]  
afof]UofF;, ;f]nf/ k]gn, ;f]nf/ 8«fo/, ;f]nf/ s's/, ljG8 ldn, la|s]6 cflb h:tf j}slNks 
phf{sf ;|f]tx¿sf] pTkfbgdf ;xof]u u5{ .

j}slNks phf{sf ;|f]tx¿sf]¿kdf la|s]6sf] k|of]u d'Vo ¿kdf sf]7f tftf] agfpg], vfgf ksfpg] 
h:tf sfo{sf nflu eO/x]sf] 5 . afof] la|s]6sf pTkfbg tyf k|of]unfO{ yk Jojl:yt agfpgsf 
nflu g]kfn ;/sf/sf] j}slNks pmhf{ k|j4{g s]Gb|nufot, ljleGg ;/sf/L, u}/;/sf/L, lghL tyf 
Jofj;flos z}lIfs ;+:yf cflb sfo{/t 5g\ . j}slNks pmhf{ s]Gb|n] la|s]6 pTkfbg ug{ cfjZos 
tflnd pknAw u/fpFb} cfO/x]sf] 5 .

xfd|f] b]zdf afof]UofF; k|ljlwsf] k|j4{g lj=;= 2030 ;fnb]lv g]kfn  
;/sf/n] ;'? u/]sf] xf] . afof]UofF; ;xof]u sfo{j|mdcGtu{t g]kfn  
;/sf/n] uf]a/UofF; KnfG6 agfpg cg'bfgdfk{mt ls;fgnfO{ k|f]T;flxt 
ub}{ cfO/x]sf] 5 . b]zsf ;a} lhNnfsf u|fdL0f e]ux¿df uf]a/UofF; 
KnfG6x¿lgdf{0f ul/Psf 5g\ . ;Fu}sf] lrqdf b]vfOP h:t} ;x/L  
If]qk|lt nlIft gf}nf] afof]UofF; k|ljlwnfO{ kl/j]z / /xg;xgcg's"n x'g] 
u/L ¿kfGtl/t ul/Psf]5 . o;df k|fª\ufl/s kbfy{nfO{ clS;hg/lxt 
jftfj/0fdf s'lxg] Joj:yf ul/Psf] x'G5 . 

j}slNks pmhf{ s]Gb|n] gu/kflnsfx¿;Fusf] ;fe]mbf/Ldf 7'nf KnfG6 lgdf{0f u/L gu/kflnsfaf6 
lgisf;g x'g] s'lxg] kmf]x/af6 afof]UofF; pTkfbg ug]{ gLlt lnPsf] 5 . xfd|f] b]zdf lglh  
If]qaf6 ;~rflnt 7'nf UofF; KnfG6 klg ;~rflnt 5g\ . gjnk/f;Lsf] ;'j|mf}nLdf cjl:yt  
afof]UofF; g]kfndf lgdf{0f ePsf] sDk]|:8 g]r'/n UofF; -compressed natural gas_, CNG pTkfbg  
ug]{ klxnf] 7'nf] UofF; KnfG6 xf] . o;nfO{ lnSo'kmfO8 k]6«f]lnod UofF; -liquified petroleum gas_, 
LPG sf] ljsNkdf k|of]u ul/G5 .

lrq 9.15
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jfo' phf{ gjLs/0fLo pmhf{sf] ;|f]t xf] . jfo' 6af{Ogsf] 
k|of]un] jfo' pmhf{af6 ljB't\ pTkfbg ug{ ;lsG5 . 
xfjf lg/Gt/ alx/xg] :yfgdf jfo' 6af{Og h8fg u/L 
ljB't\ pTkfbg ug{ ;lsG5 . o; af6 pTkfbg x'g] 
ljB't\ xfjfsf] j]u, lbzf, xfjf axfjsf] lg/Gt/tf, 
cflbdf e/ kb{5 . g]kfnsf] u|fdL0f e]ux¿df ;;fgf 
jfo'pmhf{ pTkfbg s]Gb|x¿ :yfkgf ePsf 5g\ . o; 
lsl;dsf] pmhf{ pTkfbg ubf{ tLj| ¿kn] axg] xfjf jf  
x'/Ln] jfo' pmhf{ 6af{Ogdf Iflt k'Ug] ;Defjgf /xG5 .  
g]kfnsf a9L xfjf rNg] :yfg h:t} d':tfªdf jfo' 
6af{Ogaf6 ljB't\ pTkfbgsf] pRr ;Defjgf /x]sf] 5 . 

s[ifsx¿n] 3/fo;L tyf Jofj;flos k|of]hgsf nflu ;f]nf/ 8«fo/sf] k|of]u u/]/ kmnk"mn, 
;fukft cflb ;'sfp5g\ . pbfx/0fsf nflu ;f]nf/ 8«fo/sf] k|of]un] cfFk, ;'Gtnf, lsaL, u'Gb|'s, 
d:of}/f, Rofp, v';f{gL, cflb ;'sfOG5 . o;sf ;fy} df5fnfO{ ;'sfpg klg ;f]nf/ 8«fo/sf]  
k|of]u u5{g\ . ;f]nf/ 8«fo/df ;'sfP/ tof/ kfl/Psf Jofj;flos pTkfbgx¿ h:t} M u'Gb|'s, 
l;GsL, tfdf, Rofp cflbsf] ahf/ b]z leq / lab]zdf klg /x]sf] 5 . ;'sfOPsf kmnk"mn, 6df6/ 
h:tf pTkfbgx¿n] klg ;x/L If]qdf /fd|f] ahf/ kfPsf 5g\ . ;'sfOPsf hl8a'6L, cb'jf, a];f/, 
cn}rL, lrof cflb ef/tdf lgof{t ul/G5g\ . 

kl/of]hgf sfo{

tkfOFsf] jl/kl/ dflg;n] s] s:tf pmhf{sf j}slNks ;|f]tsf] k|of]u u5{g\ < Ps k|ltj]bg tof/ 
kfg'{xf];\ . 

cEof;

1. tn lbOPsf k|Zgsf] ;xL pQ/ 5fGg'xf];\ M

 -s_ tnsf dWo] s'g cgjLs/0fLo pmhf{sf] ;|f]t xf] <

  -c_ la|s]6   -cf_ afof]UofF;

  -O_ dl6t]n   -O{_ jfo' 6af{Og

 -v_ ;f}o{ pmhf{ ¿kfGt/0f ug]{ ;DaGwdf tnsf dWo] s'g k|ljlw ldNb}g <

 -c_  -cf_  -O_  -O{_ 

lrq 9.16 l;Gw'nLsf] x/Lx/k'/u9Ldf 
cjl:yt 20 kW Ifdtfsf jfo' 6af{Og
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 -u_ h}ljs OGwgsf] ;d'x s'g xf] <

    -c_ cNsf]xn, dl6t]n, afof]UofF;, e';

    -cf_ bfp/f, afof]UofF;, e';, sf]Onf

    -O_ u'OF7f, afof]UofF;, cNsf]xn, e';

    -O{_ la|s]6, cNsf]xn, k]6«f]n, afof]UofF;

 -3_  afof]UofF; s'g s'g UofF;x¿sf] ld>0f xf] <

    -c_ xfO8«f]hg, ldy]g, clS;hg, gfO6«f]hg

    -cf_ gfO8«f]hg, clS;hg, ldy]g, xfO8«f]hg ;NkmfO8

    -O_ gfO8«f]hg, sfa{g 8fOcS;fO8, ldy]g, xfO8«f]hg ;NkmfO8

    -O{_ kfgLsf] afkm, sfa{g df]gf]cS;fO8, ldy]g, xfO8«f]hg ;NkmfO8

2. km/s n]Vg'xf];\ M

 -c_  gjLs/0fLo pmhf{sf ;|f]t / cgjLs/0fLo pmhf{sf ;|f]t

 -cf_  ;f}o{ pmhf{ / jfo' pmhf{

 -O_  sf]af]{gfOH8 la|s]6 / sfaf]{gfOH8 gul/Psf] la|s]6

 -O{_  k|fs[lts UofF; / afof]UofF;

3. sf/0f n]Vg'xf];\ M

 -c_  ;"o{nfO{ pmhf{sf] k|d'v ;|f]t elgG5 .

 -cf_  gjLs/0fLo pmhf{sf ;|f]tx¿sf] k|of]u a9fpg' k5{ .

 -O_  g]kfnsf ;Gbe{df ljB't\af6 rNg] ;jf/L ;fwgsf] k|of]u a9fOg'k5{ .

 -O{_  g]kfnsf nflu hnljB't\ Psbd} pko'st pmhf{sf] ;|f]t xf] .

 -p_  xfd|f] b]zsf u|fdL0f e]usf nflu afof]UofF; Ps pko'St j}slNks phf{sf] ;|f]t xf] .

4. tnsf k|Zgx¿sf] pQ/ n]Vg'xf];\ M

 -s_  pbfx/0f;lxt pmhf{nfO{ kl/eflift ug'{xf];\ .

 -v_  ydf]{Go'lSno/ k\mo'hg eg]sf] s] xf] <

 -u_  ;"o{df Go'lSno/ k\mo'hgsf nflu pko'St cj:yfx¿ n]Vg'xf];\ . 

 -3_  lgDg pmhf{nfO{ ;f}o{ pmhf{sf] pkhsf ¿kdf k'li6 ug'{xf];\ .

  -c_ hnljB't\   -cf_ hLjfz]if OGwg -O_ jfo' pmhf{
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 -ª_  ;"o{df zlSt pTkGg x'g] k|lj|mof JofVof ug'{xf];\ .

 -r_  ;f}o{ pmhf{ k|ljlwdf cfwfl/t s'g} b'O{ pks/0fx¿sf] sfo{ l;4fGt ;lrq j0f{g ug'{xf];\ . 

 -5_  j}slNks pmhf{sf] ;|f]t eg]sf] s] xf] < s'g} b'O{cf]6f pbfx/0fx¿ n]Vg'xf];\ . 

 -h_  lrqdf b]vfOPsf pks/0fx¿ klxrfg u/L ltgsf] sfo{ l;4fGt n]Vg'xf];\ . 

  -em_  h}ljs pmhf{ eg]sf] s] xf] <

 -`_  h}ljs OGwgsf rf/cf]6f pbfx/0f n]Vg'xf];\ .

 -6_  la|s]6sf] k|of]u s] s]sf nflu ul/G5 . o;sf b'O{cf]6f kmfObf n]Vg'xf];\ . 

 -7_  afof]UofF; s;/L pTkfbg ul/G5 < afof]UofF; KnfG6 lgdf{0f b]vfpg] lrq;lxt j0f{g  
  ug{xf];\ . 

 -8_  pmhf{sf] ;|f]tsf ¿kdf afof]UofF; k|of]usf b'O{cf]6f kmfObf n]Vg'xf];\ .

 -9_  tkfO{Fsf] jl/kl/ dflg;n] k|of]u ug]{ j}slNks pmhf{sf s'g} b'O{cf]6f pmhf{  
  ;|f]taf/] n]Vg'xf];\ . 

 -0f_  g]kfndf j}slNks pmhf{sf ;|f]tx¿ ljsf;sf] ;Defjgf zLif{sdf lgaGw n]Vg'xf];\ .
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t/ª\u 
(Wave)

!)

t/ª\u ;~hfn (Wave network)

lrq 10.1  t/ª\ux¿sf] k|of]u 

lrq 10.1 df b]vfOP h:t} xfdL sof}F t/ª\un] 3]l/Psf 5f}F . tL t/ª\ux¿ xfd|f] z/L/;Fu  
7f]lSs/x]sf x'G5g\ . xfdLn] k|sfzsf t/ª\u, 3fddf Gofgf] lbg] t/ª\u, ;~rf/sf nflu ljleGg 
Pkm=Pd=/]l8of] 6«fG;ld6/af6 k|;fl/t t/ª\u, df]afOn ;~rf/sf nflu k|of]u x'g] t/ª\u, 3/df 
jfOkmfO /fp6/n] 5f]8\g] t/ª\u cflbn] af]Sg] zlStsf] k|of]u ul//x]sf x'G5f}F . t/ª\ux¿sf] k|of]u 
;'/Iff vt/fsf j:t'x¿ r]shfFr ug]{, b'/L lx;fa ug]{ h:tf sfo{df klg ul/G5 . dfgj z/L/sf 
leqL cª\ux¿sf] r]shfFrsf nflu Wjlg t/ª\u tyf PS;–/]sf] k|of]u ul/G5 . 
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t/ª\u (Wave)

lj|mofsnfk 10.1

p2]Zo M kfgLdf t/ª\u k|;f/0f x'Fbf c0f'x¿sf] rfn;DaGwL cjnf]sg ug'{

cfjZos ;fdu|L M Pp6f cfwfeGbf a9L kfgL el/Psf] af6f, sfuhsf] 8'ª\uf, 8f]/L /  
l/agsf] 6'j|mf

ljlw  

 1. af6fdf ePsf] kfgLsf] ;tx l:y/ aGg lbg'xf];\ . 

 2. kfgLdf sfuhsf] 8'ª\uf /fVg'xf];\ .

 3. kfgLsf] ;txdf cf}Fnfn] Psgf;n] lxsf{O nx/ -ripple_ l;h{gf ug'{xf];\ . 

 4. kfgLsf] nx/sf] rNg] lbzf / sfuhsf] 8'ª\ufsf] rfn cjnf]sg ug'{xf];\ . 

 5. To;} u/L 8f]/Ldf l/agsf] 6'j|mf afFWg'xf];\ . o;sf] Pp6f 5]p s'g} cf8df afFWg'xf];\ /  
  csf]{ 5]pnfO{ xftn] lg/Gt/ tn dfly rnfpg'xf];\ .

 6. 8f]/Lsf] p7]sf] efu rNg] lbzf / l/agsf] rfn cjnf]sg ug'{xf];\ . 

5nkmn / lgisif{ M s] kfgLdf sfuhsf] 8'ª\ufsf] rfn / kfgLsf] ;txdf nx/ ;g]{ lbzf 
Pp6} 5 < s] 8f]/Ldf afFlwPsf] l/agsf] rfn / 8f]/Lsf] p7]sf] efu ;g]{ lbzf Pp6} 5 < 
5nkmn u/L lgisif{ n]Vg]xf];\ . 

kfgLsf] ;txdf cf}nfn] lxsf{pFbf kfgLsf c0f'x¿df sDkg pTkGg x'G5 . kfgLsf] ;txsf c0f'x¿ 
tn jf dfly ;bf{ tL c0f';Fu}sf c0f'x¿ klg tn tflgg] jf dlfy ws]lng] x'G5 . ;'?df rfndf 
cfpg] kfgLsf c0f'x¿af6 glhs}sf cGo c0f'df zlSt ;5{ . tL c0f'x¿ klg oyf:yfgdf tn 
dfly rNg yfN5g\ . h;n] ubf{ kfgLdf t/ª\u pTkGg eO{ 
zlSt k|;f/0f x'G5 . olb kfgLsf] ;txdf sfuhsf] 8'ª\uf 
/flvPdf kfgLsf c0f'x¿ cfk\mg} :yfgdf tn dfly u/]/ 
rln/xg] tYo cjnf]sg ug{ ;lsG5 . kfgLsf c0f'x¿ tn 
dfly rln/xFbf o;sf] ;txdf p7]sf] efu ;tx x'Fb} ;b}{ 
uPsf] b]lvG5 . 

8f]/Lsf] Ps 5]pnfO{ s'g} cf8df afFw]/ csf]{ 5]pnfO{ xftn] 
8f]/L rnfpFbf k|fKt x'g] ult zlStn] 8f]/Lsf c0f'x¿ 
klg xftsf] rfnsf] lbzfdf ;5{g\ . pSt rfn glhs}sf]  
csf]{ c0f'df klg ;bf{ klxnf] c0f'sf] rfnnfO{ k5\ofpF5 . 
of] j|md lg/Gt/ rln/xFbf 8f]/Lsf] s'g} v08 dfly p7]sf] / 
s'g} v08 ba]sf] b]lvG5 . olb 8f]/Ldf l/ag afFlwPdf pSt 
l/agsf] rfnn] o;df l/kn (ripple) cufl8 a9\bf c0f'x¿ 
oyf:yfgdf tn dfly rln/xg] tYo cjnf]sg ug{ ;lsG5 . 

lrq 10.2 kfgLdf pTkGg t/ª\u

lrq 10.3 8f]/Ldf pTkGg t/ª\u
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ljB'tLo / r'DasLo If]qdf x'g] k]l/of]l8s l8:6/a]G;n] klg zlSt k|;f/0f u5{ . zlSt k|;f/0f 
ug]{ Ps k]l/of]l8s l8:6/a]G; -periodic disturbace_ t/ª\u -wave_ xf] .  

e"sDksf t/ª\ux¿n] k[YjLsf] leqL efudf r6\6fg 7f]lS“sbf pTkGg x'g] zlStnfO{ o;sf] 
;tx;Dd Nofp“5g\ .

t/ª\usf k|sf/ (Types of waves)

 

6«fG;e;{ t/ª\u / nª\luRo'l8gn t/ª\u (Transverse wave and longitudinal wave)

lj|mofsnfk 10.2

p2]Zo M nlª\uRo'l8gn / 6«fG;e;{ t/ª\usf] k|bz{g ug'{ 

cfjZos ;fdu|L M ld6/ 6]k, l:nª\sL -slinky_

ljlw M 

1. ;dtn e'FOdf otfptf grNg] u/L Pp6f ld6/ 6]k la5\ofpg'xf];\ . 

2. l:nª\sL -slinky_ sf] s'g} v08df /ª\uLg wfufsf 6'j|mf afFWg'xf];\ . 

3. l:nª\sLnfO{ ld6/ 6]kdfly /fv]/ Psgf;n] s]xL cufl8 ws]Ng] / k5fl8 tfGg] lj|mofaf6 
pTkGg x'g] t/ª\usf] cjnf]sg ug'{xf];\ . o:tf] t/ª\unfO{ nª\luRo'l8gn t/ª\u elgG5 . 

4. k'gM l:nª\sLnfO{ Psgf;n] bfofF afofF rnfpFbf pTkGg x'g] 6«fG;e;{ t/ª\usf] cjnf]sg 
ug'{xf];\ . o:tf] t/ª\unfO{ 6«fg;e;{ t/ª\u elgG5 . 

5. b'j} lsl;dsf t/ª\ux¿;Fu ;DalGwt hfgsf/Lx¿ tnsf] h:t} tflnsfdf eg'{xf];\ . 

u'0fx¿ nª\luRo'l8gn t/ª\u 6«fG;e;{ t/ª\u

wfufsf] rfn / 
t/ª\u cfj[lQ -f_ 
=======================

wfuf]nfO{ 10 k6s cufl8 k5fl8 rNg 
nfu]sf] ;do Ö

1 s df cufl8 k5fl8 ;/]sf] -f_ Ö ==== 
Hz 

wfuf]nfO{ 10 k6s bfofF 
afFof rNg nfu]sf] ;do Ö 
=========== 1 s df bfofF afFof 
;/]sf] -f_ Ö ==== Hz

t/ª\usf k|sf/

oflGqs t/ª\u  
-Mechanical Wave)

nª\luRo'l8gn t/ª\u 

-Longitudinal wave _

6«fG;e;{ t/ª\u 
-transverse wave)

ljB't\ r'DasLo t/ª\u 
(electromagnetic wave)
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t/ª\u nDafOnfO{   
λ  n] hgfOG5 .

Pp6f vfFlbPsf] efu -compression_  
b]lv glhs}sf] vfFlbPsf] efusf] b'/L Ö 
==== m

6]kaf6 ;a}eGbf 6f9f 
afFoflt/ k'u]sf] efu 
-crest_ af6;Fu}sf]  
csf]{ To:t} efularsf] 
b'/L Ö ==== m

t/ª\usf] ult

v = f × λ

================ Ö ==== m/s ============ Ö ==== m/s

5nkmn / lgisif{ M nª\luRo'l8gn / 6«fG;e;{ b'O{ lsl;dsf t/ª\ux¿lar leGgtfx¿  
5'6\ofpg'xf];\ .

l:nª\sL -slinky_ nfO{ Psgf;n] cufl8 ws]Ng] / k5fl8 tfGg] j|mddf o;sf] s'g} v08df l/ªx¿ 
cufl8 ;/]/ vfFlbg] / k'gM k5fl8 kms]{/ k'mSg] j|md lg/Gt/ rln/xG5 . ;Fu;Fu} slinky df pTkGg 
t/ª\u klg cufl8 al9/x]sf] b]lvG5 . t/ª\u k|;f/0fsf] lbzf / k]l/of]l8s xnrn -periodic 
disturbance_ jf sDkg -vibration_ Pp6} lbzfdf x'g] t/ª\ux¿ nª\luRo'l8gn t/ª\u x'g\ . 
Wjlg t/ª\u nª\luRo'l8gn t/ª\usf] pbfx/0f xf] . nª\luRo'l8gn t/ª\ux¿ 7f];, t/n, / UofF; 
tLgcf]6} dfWodf l;h{gf ug{ ;lsG5 . 

l:nª\sL -slinky_ nfO{ Psgf;n] bfofF afofF rnfpFbf o;sf] s'g} v08df l/ªx¿ bfofF ;g]{ / afofF 

;g]{ j|md lg/Gt/ rln/xG5 . o;;Fu} slinky df pTkGg t/ª\u eg] cufl8 al9/x]sf] b]lvG5 . 

t/ª\u k|;f/0fsf] lbzf / k]l/of]l8s xnrn -periodic disturbance_ jf sDkg -vibration_ Ps 
csf]{l;t nDa x'g] t/ª\ux¿ 6«fG;e;{ t/ª\u x'g\ . kfgLdf pTkGg x'g] t/ª\u, 8f]/Ldf pTkGg 
x'g] t/ª\u cflb 6«fG;e;{ t/ª\usf pbfx/0fx¿ x'g\ . 7f]; dfWod / t/n dfWoddf 6«fG;e;{  
t/ª\ux¿sf] l;h{gf ug{ ;lsG5 t/ UofF; dfWodf l;h{gf ug{ ;lsFb}g . 

6«fG;e;{ t/ª\u / nª\luRo'l8gn t/ª\u;“u ;DalGwt zAbfjnLx¿

nª\luRo'l8gn t/ª\u sDk|];g -compression_ / /]o/k]mS;g -rarefaction_ sf ¿kdf k|;f/0f 
x'G5 . t/ª\u k|;f/0fsf j|mddf dfWodsf c0f'x¿ vfFlbPsf] v08 sDk|];g xf] . c0f'x¿ k'ms]sf] 
v08 /]o/k]mS;g xf] . 6«fG;e;{ t/ª\u j|m]:6 -crest_ / 6«km -trough_ sf ¿kdf k|;f/0f x'G5 . 
t/ª\u k|;f/0fsf j|mddf o;sf] dWo efuaf6 ;a}eGbf dfly p7]sf] efu j|m]:6 xf] / ;a}eGbf tn 
ba]sf] efu 6«km xf] . t/ª\usf] PlDKnRo'8 -amplitude_ n] lj>fd l:yltaf6 dfWodsf c0f'x¿sf] 
clwstd lj:yfkg jf t/ª\usf] dWo efuaf6 j|m]:6 jf 6«km;Ddsf] lj:yfkgnfO{ hgfpF5 .

l:nª\sL -slinky_ df t/ª\u k|;f/0fsf j|mddf y'k|} t/ª\u nx/ -wave cycle_ x¿ l;h{gf eO{ 
kN; -pulse_ cufl8 a9]sf] cjnf]sg ug{ ;lsG5 . k|lt;]s]G8 pTkGg x'g] t/ª\u ;ª\Vofn] t/ª\u 
cfj[lQ -frequency_ hgfpF5 . cfj[lQsf] P;=cfO{= PsfO - SI unit_ xh{ -Hertz_ xf] . Ps k"0f{ 
t/ª\u pTkGg x'g nfUg] ;donfO{ t/ª\usf] ;dofjlw -period_ elgG5 . o;nfO{ 'T' n] hgfOG5 .
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t/ª\u cfj[lQ (f) = 
   t/ª\usf] ;ª\Vof 

    ;do (t)

olb 'f' cf]6f t/ª\ux¿ 1 s df l;h{gf ePdf Ps k"0f{ t/ª\u l;h{gf x'g nfUg] ;do

;dofjlw (T) =
        1  

   cfj[lQ (f)

nª\luRo'l8gn t/ª\udf Pp6f vfFlbPsf] efu -compression_ sf] dWo efuaf6 glhs}sf] csf]{ 

vfFlbPsf] efu -compression_ sf] dWo efu;Ddsf] b'/L cyjf Pp6f k'ms]sf] efu -rarefaction_ 
sf] dWo efuaf6 glhs}sf] csf]{ k'ms]sf] efu -rarefaction_ sf] dWo efu;Ddsf] b'/L t/ª\u 

nDafO xf] . 6«fG;e;{ t/ª\udf Pp6f j|]m:6 -crest_ af6 glhs}sf] csf]{ j|m]:6 -crest_ ;Ddsf] b'/L 

cyjf Pp6f 6«km -trough_ af6 glhs}sf] csf]{ 6«km -trough_ ;Ddsf] b'/L t/ª\u nDafO xf] . 
t/ª\u nDafOnfO{ lu|s cIf/ nfD8f -lambda_, …λÚ n] hgfOG5 . 

;a} t/ª\ux¿ Psgf;n] k|;f/0f x'Fb}gg\ . t/ª\u k|;f/0fsf] b/ ;|f]taf6 k|fKt zlSt, dfWod,  
t/ª\usf] k|s[lt cflbdf e/ k5{ . t/ª\u k|;f/0fsf j|mddf k|ltPsfO ;dodf t/ª\un] kf/ ug]{ 
b'/L t/ª\usf] ult -wave velocity_ xf] . o;nfO{ t/ª\u nDafO / t/ª\u cfj[lQsf] u'0fgkmnaf6 
k|fKt ug{ ;lsG5 . 

t/ª\usf] ult (v) = t/ª\u cfj[lQ (f) × t/ª\u nDafO (λ) 

oflGqs t/ª\u / ljB't\ r'DasLo t/ª\u (Mechanical wave and electromagnetic wave)

s'g} t/Ë k|z;/0fsf] nflu dfWodsf] cfjZos k5{ eg] s'g}nfO{ kb{}g . k|;f/0fsf nflu 
dfWodsf] cjZostf kg]{ t/ª\ux¿nfO{ oflGqs t/ª\u -mechanical waves_ / dfWodsf] 
cfjZostf gkg]{ t/ËnfO{ ljB't\ rDasLo t/ª\u -electromagnetic waves_ elgG5 

. Wjlg t/ª\u Ps oflGqs t/ª\u -mechanical waves_ sf] pbfx/0f xf] . oflGqs t/ª\u 
kbfy{df sDkgåf/f x'g] zlStsf] k|;f/0f xf] . zlSt k|;f/0fsf j|mddf sDkg x'g] kbfy{nfO{ 
dfWod elgG5 . oflGqs t/ª\usf] zlSt dfWoddf vkt x'Fb} hfFbf o;sf] zlSt 36\b} 
hfG5 . To;sf/0f oflGqs t/ª\usf] k|;f/0f dfWodcg';f/ lglZrt ;Ldf;Dd x'G5 . oflGqs  
t/ª\usf] ult 7f];, t/n / UoFf; dfWoddf km/s km/s x'G5 . pbfx/0fsf nflu ;fdfGo cj:yfdf 
xfjf, kfgL / kmnfddf Wjlgsf] ult j|mdzM 343 m/s, 1481 m/s / 5120 m/s x'G5 . oflGqs  
t/ª\ux¿ nª\luRo'l8gn t/ª\u jf 6«fG;e;{ t/ª\u x'g\ .

;"o{nufot cGo tf/fx¿af6 cfpg] k|sfz aflx/L cGtl/Ifsf] z"Go -vacuum_ x'Fb} k[YjL;Dd 
cfOk'U5 . lagf s'g} dfWod k|;f/0f x'g] k|sfzsf t/ª\u tyf cfFvfn] gb]lvg] tfk af]Sg] OGk|mf/]8 
t/ª\u, cN6«fefon]6 t/ª\u cflb ljB't\ r'DasLo t/ª\u x'g\ . ljB't\ r'DasLo t/ª\ux¿sf 
dfWodaf6 zlStsf] k|;f/0f x'g] ljlw ljls/0f -radiation_ xf] . oL t/ª\ux¿ dfWodlagf k|;f/0f 
x'Fbf zlSt ;+/lIft /xG5 . h;n] ubf{ ljB't\ r'DasLo t/ª\u k|sfzsf] ultdf lgs} 6f9f;Dd 
k|;f/0f x'G5g\ . pbfx/0fsf nflu ;"o{df pTkGg k|sfzsf t/ª\ux¿ 3×108 m/s sf] ultn] k|;f/0f 
eO{ nueu 8 ldg]6 20 ;]s]G8df k[YjL;Dd cfOk'U5g\ . ljB't\ r'DasLo t/ª\u (electromagnetic 
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waves) x¿ 6«fG;e;{ t/ª\u x'g\ lsgls ljB'tLo If]q / r'DasLo If]qsf] sDkg t/ª\u k|;f/0fsf] 
lbzf;Fu nDa x'G5g\ . s[lqd ¿kdf /]l8of] 6«fG;ld6/, PS;–/] dl;g cflb af6 ljB't\ r'DasLo 
t/ª\ux¿ pTkGg ug{ ;lsG5 .

ljB't\ r'DasLo j0f{k6 (Electromagnetic spectrum)

lj|mofsnfk 10.3

tkfO{“nfO{ hfgsf/L ePsf s]xL ljB't\ r'DasLo t/ª\ux¿ h:t} M k|sfz t/ª\u, cN6«fefon]6 
t/ª\u cflbsf ;|f]t / ltgsf ljz]iftfx¿ af/] 5nkmn ug'{xf];\ . 

lah'nL aQLaf6 cfpg] pHofnf] af]s]sf t/ª\u / /]l8of] k|;f/0f s]Gb|af6 ;~rf/sf] ;ª\s]t  
af]s]sf] t/ª\u b'j} ljB't\ r'DasLo t/ª\ux¿ x'g\ . ltgLx¿sf] cfj[lQ / t/ª\u nDafO km/s km/s  
x'G5 .  ;a} ljB't\ r'DasLo t/ª\ux¿nfO{ a9\bf] cfj[lQ cyf{t\ 36\bf] t/ª\u nDafOsf cfwf/df 
ul/Psf] juL{s/0f ljB't\ rDasLo j0f{k6 -electromagnetic spectrum_ xf] . /]l8of] t/ª\u 
-radio waves_, dfOj|mf]j]a -microwaves_, OGk|mf/]8 t/ª\u -infrared waves_, k|sfz  -light_, 
cN6«fefon]6 t/ª\u -ultraviolet waves_, PS;–/] -X-ray_  / ufdf /] -γ -ray_ ljB't\ r'DasLo 
j0f{k6 lgdf{0f ug]{ t/ª\ux¿ x'g\ .

lrq 10.4 ljB't\ r'DasLo j0f{k6 

ljB't\ r'DasLo j0f{k6sf] Pp6f 5]pdf ;a}eGbf nfdf] t/ª\u nDafO cyf{t\ sd cj[lQ ePsf  
/]l8of] t/ª\ux¿ /x]sf 5g\ . o;sf] csf]{ 5]pdf ;a}eGbf 5f]6f] t/ª\u nDafO cyf{t\ ;a}eGbf a9L 
cfj[lQ ePsf ufdf /] /x]sf 5g\ . ufdf /], PS;–/] h:tf 5f]6f] t/ª\u nDafO ePsf ls/0fx¿n] 
a9L zlSt af]s]sf x'G5g\ . 
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ljB't\ r'DasLo tª\usf pkof]ux¿ (Application of electromagnetic waves)

/]l8of] t/ª\u -radio waves_

/]l8of] t/ª\ux¿sf] nDafO ;of}F lsnf]ld6/ b]lv 1 m ;Dd x'G5 . 
oL t/ª\ux¿n] hLjx¿sf] z/L/sf sf]ifx¿nfO{ c;/ gug{] ePsfn]  
pkof]usf nflu z'/lIft x'G5g\ . /]l8of] t/ª\u lgDglnlvt sfo{df 
pkof]u ul/G5 M

-c_  6«fG;ld6/df /]l8of] t/ª\u pTkGg u/L /]l8of], l6eL cflbsf] 
;~rf/sf ;ª\s]t k|;f/0f ul/G5 .

-cf_  /]l8of] 6]ln:sf]ksf dbtn]  afx\o cGtl/Ifaf6 cfPsf /]l8of] 
t/ª\u u|x0f u/L a|x\df08sf af/]df cWoog ul/G5 . 

dfOj|mf]j]a -microwave_

dfOj|mf]j]asf] t/ª\u nDafO 1mm b]lv 30 cm ;Dd x'G5 . o;sf] pkof]u lgDglnlvt sfo{sf 
nflu ul/G5 M

-c_  dfOj|mf]j]a cf]egdf pTkGg x'g] dfOj|mf]j]an] kfgLsf c0f'x¿ sDkg x'Fbf tfT5g\ / vfg]
s'/f kfS5 . 

-cf_ /8f/ ;~rf/df dfOj|mf]j]asf] k|of]u ul/G5 . xjfO{ 6«flkms lgoGq0fdf ;le{n]G; /f8f/ 
-Airport Surveillance Radar_ sf] k|of]u ul/G5 . o;}u/L /f8f/ l:k8 ug -radar speed  
gun_ sf] k|of]uaf6 ;8sdf u'l8/x]sf ;jf/L ;fwgsf] ult dfkg ul/G5 .\

-O_ ;~rf/sf k|ljlwdf ;ª\s]t k|;f/0fsf nflu klg dfOj|mf]j]asf] k|of]u ul/G5 . e" pku|x 
;~rf/, df]afOn, jfOkmfO, An'6'y -bluetooth_ cflb k|ljlwdf dfOj|mf]j]asf] k|of]un] 
;~rf/ :yflkt x'G5 .

OGk|mf/]8 t/ª\u -Infrared wave_

OGk|mf/]8 -infrared_ sf] cy{ /ftf]sf] d'lg -below red_ eGg] x'G5 . oL t/ª\ux¿sf] cfj[lQ /ftf] 
/ªsf] k|sfz t/ª\ueGbf sd t/ t/ª\u nDafO /ftf] /ªsf] k|sfzsf] eGbf nfdf] x'G5 . k|ofKt 

lrq 10.6  dfOj|mf]j]a cf]eg lrq 10.7 ljdfg:yn 
;le{n]G; /8f/ lrq 10.8 /8f/ l:k8 ug

lrq 10.5  /]l8of] g]kfn ;'v]{t 
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tLj|tf ePsf OGk|mf/]8 t/ª\u z/L/df kbf{ tftf]kgsf] cg'e'lt x'G5 . logsf] t/ª\u nDafO   
10-3 m  b]lv  7.5 × 10-7 m ;Dd x'G5 . oL t/ª\usf] pkfof]u lgDgcg';f/sf sfo{sf nflu 
ul/G5 M

-c_ OGk|mf/]8 lx6/, s's/ cflbdf OGk|mf/]8 t/ª\uaf6 tfk pTkGg ul/G5 .

-cf_ OGk|mf/]8 ljls/0fsf] tLj|tfsf cfwf/df /]l8P;g ydf]{ld6/n] z/L/sf] tfkj|md dfkg u5{ .

-O_ OGk|mf/]8 l;l;l6eL Sofd/f -Infrared closed circuit television camera-IR CCTV  
 camera _ df cfFvfn] gb]lvg] OGk|mf/]8 t/ª\usf dfWodaf6 /ftLsf] ;dodf klg lgu/fgL  
 ug{ ;lsG5 . 

-O{_ l/df]6 ;]lG;ª -remote sensing_ k|ljlwdf OGk|mf/]8 t/ª\usf] k|of]u ul/G5 . l6eL cg÷ckm  
 ug{ v]nf}gf uf8L rnfpg tyf 8«f]gnfO{ lgoGq0f ug{ l/df]6af6 OGk|mf/]8 t/ª\usf ¿kdf  
 ;ª\s]t k7fOG5 . 

-p_ OGk|mf/]8 6]ln:sf]ksf] k|of]uåf/f cGtl/Ifsf] cg';Gwfg ul/G5 .

k|sfz t/ª\u -light waves_

k|sfz ;d"xsf t/ª\unfO{ xfd|f] cfFvfsf] /]l6gfn] 7Dofpg ;S5 . 
cfFvfn] b]lvg] /ªx¿dWo] /ftf] k|sfzsf t/ª\ux¿sf] t/ª\u nDafO 
;a}eGbf nfdf] -7.5 × 10-7 m_ / a}hgL -violet_ /ªsf t/ª\ux¿sf] 
t/ª\u nDafO ;a}eGbf 5f]6f] -2 × 10-7  m_ x'G5 . k|sfzsf] ;|f]taf6 
cfPsf t/ª\ux¿ s'g} j:t'df kbf{ k/fjt{g x'G5g\ . tL k/fjlt{t  
t/ª\ux¿ xfd|f] cfFvfdf k|j]z ubf{ j:t'nfO{ b]Vg ;lsG5 . k|sfz  
t/ª\usf] pkof]u lgDglnlvt sfo{sf nflu ul/G5 .

-c_ j:t'x¿nfO{ b]Vg  

-cf_ af]6la?jfx¿df k|sfzaf6 k|fKt zlStaf6 k|sfz ;++Zn]if0f lj|mof x'G5 .

-O_  k|sfz t/ª\usf sf/0fn] l6eL df]afOn cflbsf l8:Kn] l:j|mgdf cfs[lt b]lvG5 . 

-O{_ k|sfz t/ª\u k|of]u u/L clK6s kmfOa/åf/f ;~rf/sf ;ª\s]t k|;f/0f ul/G5 .

lrq 10.9  OGk|mf/]8 lx6/ lrq 10.11 IR l/df]6 sG6«f]n k|ljlw 
-6f]osf/, l6eL_

lrq 10.10 OGk|mf/]8  
l;l;l6eL Sofd]/f

lrq 10.12  xl/of] k|sfzsf 
k/fjlt{t t/ª\ux¿
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cN6«fefon]6 t/ª\u -Ultraviolet waves_

cN6«fefon]6 t/ª\ux¿sf] t/ª\u nDafO 4× 10-7  m b]lv 10-9 m  x'G5 . logLx¿ cfFvfn] 
gb]lvP tfklg nfdf] ;do 3fddf a:bf logsf] c;/n] 5fnf 89]sf] cjnf]sg ug{ 
;lsG5 . cTolws dfqfdf cN6«fefon]6 t/ª\ux¿ 5fnfdf kbf{ SofG;/ x'g] ;Defjgf 
x'G5 . k[YjLdf cfpg] cN6«fefon]6 t/ª\ux¿sf] d'Vo 
;|f]t ;"o{ xf] . UV-tube af6 klg cN6«fefon]6 t/ª\u  
pTkGg ug{ ;lsG5 . of] t/ª\usf] pkof]u lgDgcg';f/sf 
sfo{sf nflu x'G5 .

-c_  k\mnf]l/;]G6 aQL -CFL_ leq pTkGg x'g] 
cN6«fefon]6 ls/0fn] o;df n]kg ul/Psf]  
k\mnf]l/;]G6  kfp8/ rlDsG5 / pHofnf] k|bfg 
u5{ .

-cf_  rsf]{ 3fddf /fv]/ vfB kbfy{, n'uf, b}lgs  
k|of]u x'g] efF8fs'F8f cflbdf x'g ;Sg] AofS6]l/of -bacteria_ gf; u/L ;ª\j|md0faf6  
hf]lug ;lsG5 .

-O_ ;f]l8; -Solar Disinfection- SODIS_ ljlwcGtu{t kf/bz{s af]tndf kfgL e/]/ sl/a  
6 306f hlt ltgnfO{ 3fddf /fvL kfgLdf x'g;Sg] /f]usf hLjf0f'x¿ gi6 ul/G5 .

-O{_ 3fddf a:bf k|sfz;Fu} cfpg] cN6«fefon]6 ls/0fsf] pkl:yltn] 5fnfdf le6fldg–D  
 aG5 . xfd|f] j/k/ d'VotM lzz'x¿nfO{ b}lgs s]xL ;do laxfgsf] 3fddf /fVg] ul/G5 . 

PS;–/] -X-ray_

PS;–/]sf] t/ª\u nDafO  10-9 m b]vL 10-12  m  ;Dd x'G5 . PS;–/] k|fs[lts ¿kdf aflx/L 
cGtl/Ifaf6 k[YjLsf] jfo'd08n;Dd cfp5 . s[lqd ¿kdf PS;–/] dl;gaf6 PS;–/] pTkGg 
u/fOG5 . PS;–/]sf] pkof]u lgDglnlvt sfo{sf nflu  
ul/G5 M

-c_  kmf]6fu|f]kmL / l;6L :Sofg h:tf k|ljlwdf PS;–/] sf]  
 k|of]u u/L z/L/sf leqL cª\u tyf x8\8Lx¿ rs]{sf] jf  
 efFlrPsf] r]shfFr ul/G5 . 

-cf_ PS;–/] ;'/Iff :Sofg/ (X-ray security 
scanner) sf] k|of]un] n'sfP/ /flvPsf ;'/Iff  
vt/fsf j:t'x¿nfO{ kQf nufOG5 . pbfx/0fsf nflu 
ljdfg:yndf PS;–/] ;'/Iff :Sofg/af6 ofq'x¿sf emf]nfx¿sf] r]shfFr ul/G5 .

-O_  PS;–/] y]/fkL -X-ray theraphy_ df zlStzfnL PS;–/] ladnfO{ SofG;/ sf]ifx¿tk{m  
 lgb]{lzt u/L ltgnfO{ gi6 ul/G5 .

lrq 10.14

lrq 10.13 ;f]l8; k|ljlwaf6 kfgL z'4Ls/0f
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-O{_ PS;–/]sf] k|of]un] ljleGg lsl;dsf cWoog cg';Gwfgx¿ ul/G5g\ . logsf] k|of]uaf6  
 kbfy{sf] dl0fe ;+/rgfsf] cWoog ug{ ;lsG5 . k[YjLsf] leqL agf]6 tyf vlghx¿sf]  
 klxrfgsf nflu ;d]t PS;–/]sf] k|of]u ul/G5 . 

ufdf /] -γ ray_

ufdf /] k/df0f'sf] Go'lSno; 6'lj|mP/ zlSt lg:sg] lj|mof cyf{t\ /]l8of]PlS6le6L -radioactivity_ 
af6 pTkGg x'g] zlStzfnL t/ª\u x'g\ . logLx¿ ;a}eGbf a9L cfj[lQ ePsf zlStzfnL ljB't\ 
r'DasLo t/ª\u x'g\ . o:tf ls/0fx¿ Psbd} 3fts k|s[ltsf x'G5g\ . logn] hLljt sf]ifnfO{ gi6 
ug'{sf ;fy} SofG;/ u/fpg ;S5g\ . ufdf /]sf] pkof]u lgDgcg';f/sf sfo{sf nflu ul/G5 M

-c_ ufdf /]sf] lgolGqt k|of]uaf6 z/L/df ePsf SofG;/ sf]ifx¿nfO{ gi6 ug{ ;lsG5 . o:tf] 
pkrf/ k4ltnfO{ /]l8of]y]/fkL -radiotherapy_ elgG5 .

-cf_  logsf] k|of]un] zNolj|mofsf nflu k|of]u x'g] pks/0fx¿ -surgical equipment_ lgd{nLs/0f 
ug{ ;lsG5 . 

-O_ ufdf /]sf] k|of]un] ;"Id hLjx¿ -microorganism_ gi6 u/L vfB kbfy{nfO{ nfdf] ;do 
e08f/0f ug{ ;lsG5 .

-O{_ Go'lSno/ pkrf/ k4lt -nuclear medicine_ df ufdf–/] 6]«;/ -gamma ray tracer_ nfO{ 
z/L/df k|j]z u/fO{ r]shfFr ul/G5 .

Wjlg k/fjt{g (Reflection of sound)

Wjlg ;|f]taf6 pTkGg ePsf] t/ª\u s'g} dfWod eP/ k|;f/0f x'G5 . Wjlg t/ª\u k|;f/0fsf j|mddf 
s8f ;txdf 7f]lsP/ kmls{Psf] t/ª\u k/fjlt{t Wjlg xf] . s'g} cUnf] kvf{nsf cufl8 hf]8n] 
s/fpFbf ;''lgg] k|ltWjlg Ps k/fjlt{t Wjlg xf] .

k/fjlt{t Wjlgsf] pkof]u -Application of reflected sound_

Wjlgsf] k/fjt{gsf] pkof]u k|fs[lts ¿kdf ljleGg 
hgfj/x¿n] ul//x]sf x'G5g\ . rd]/fn] cN6«f;fpG8 
pTkGg u5{ / pSt Wjlg jl/kl/sf cj/f]wx¿af6 
kms]{/ cfpF5g\ . k/fjlt{t Wjlgsf cfwf/df rd]/fn] 
cufl8 /x]sf cj/f]w tyf cfk\mgf] cfxf/ -ls/f_ /x]
sf] :yfg kQf nufpF5 . o;/L k|ltWjlgsf dfWodaf6 
:yfg kQf nufpg'nfO{ Osf]nf]s];g -echolocation_ 
elgG5 . 8nlkmgn] klg Osf]nf]s];gaf6 kfgLdf 
cfFvfn] gb]lvg] :yfgsf af/]df hfgsf/L k|fKt u5{ .

20,000 Hz cyf{t 20 kHz eGbf a9L 

cfj[lQ ePsf] WjlgnfO{ cN6«f;fpG8 

-ultrasound_ elgG5 . o:tf] WjlgnfO{ 

xfd|f] sfgn] ;'Gg ;ls“b}g . cfj[lQ a9L 

x'g] ePsfn] cN6«f;fpG8n] a9L zlSt  

af]s]sf] x'G5 .
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s[lqd ¿kdf pTkGg ul/Psf] cN6«f;fpG8sf] k|of]u u/L b'/L lx;fa ug{ ;lsG5 . cN6«f;f]lgs 
?n/ -ultrasonic rular_ n] b'/L dfkg ug{ ;]G8/af6 cN6«f;fpG8nfO{ 7f]; cj/f]wlt/ k7fOG5 . s]
xL ;dosf] cGt/fndf 7f]; cj/f]waf6 k/fjlt{t Wjlg ?n/sf] l/l;e/n] k|fKt u5{ . Wjlg pTkGg 
ePsf] / k|fKt ePsf] ;do cGt/fnsf] cfwf/df b'/L lx;fa ul/G5 . Pp6f pks/0faf6 pTkGg 
cN6«f;fpG8nfO{ 7f]; ;txlt/ k7fOP/ k/fjlt{t cN6«f;fpG8 k|fKt x'Fbf;Ddsf] ;do u0fgf u/L 
b'/L lx;fa ug]{ k|ljlw ;f]gf/ -Sound navigation and ranging- SONAR_ xf] . o; k|ljlwn] kfgL 
hxfhdf hl8t k]myf]ld6/ -fathometre_ sf] k|of]u u/L ;d'b|sf] ulx/fO dfkg ul/G5 . ;f]gf/ 
k|ljlws} l;4fGtdf cfwfl/t cN6«f;f]gf]u|fkmLdf k/fjlt{t cN6«f;fpG8sf] k|of]u u/L z/L/sf leqL 
cª\ux¿sf] r]shfFr ul/G5 .

 

k/fjlt{t cN6«f;fpG8df cfwfl/t ;'/Iff cnfd{ -security alarm_ lgdf{0f ug{ ;lsG5 . 3/sf] 
9f]sfdf k|of]u ul/g] aUn/ cnfd{ -burglar alarm_, sf/ kfls{ª cN6«f;f]lgs ;]G;/ -ultrasonic 
sensor_ cflb o;sf pbfx/0fx¿ x'g\ . 

csl:6s ;'/Iff -Acoustic protection_

sf]7fleq x'g] Wjlg k/fjt{gn] Wjlg c:ki6 aG5 . lrKnf] ;tx ePsf leQfx¿af6 x'g] Wjlg 
k/fjt{g g/d / v;|f] ;txaf6 x'g] Wjlg k/fjt{geGbf clws x'G5 . csl:6s ;'/Iff g/d / 
Kjfno'St -porous_ ;txx¿åf/f cgfjZos Wjlgsf t/ª\ux¿ zf]if0f -absorption_ ug{] k|ljlw 
xf] . o;af6 sf]7f, ;efxn, Wjlg /]sl8{ª :6'l8of] -sound recording studio_ cflbdf x'g] Wjlg 
k/fjt{g lgoGq0f ug{ ul/G5 . csl:6s ;'/Iffsf nflu leQfnfO{ v;|f] agfpg], leQfdf kmf]d 
6fF:g] h:tf pkfox¿ ckgfpg ;lsG5 . ;fpG8 /]sl8{ª :6'l8of], ;efxn cflbsf leQfdf dl;gf 
Kjfn ePsf] csl:6s ;'/Iff k|of]u ul/Psf] x'G5 . 

 

lrq 10.15 cN6«f;f]lgs ?n/ lrq 10.16 kfgL hxfhdf hl8t k]myf]ld6/sf] k|of]u

lrq 10.17 Wjlg zf]if0f ug{ leQfdf k|of]u ul/Psf] csl:6s ;'/Iff lrq 10.18 /]l8of] g]kfn /]sl8{ª :6'l8of] 
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dfgj cª\usf] r]shf“rdf t/ª\ux¿sf] k|of]u (Use of waves in human organ diagnosis)

lj|mofsnfk 10.5

tkfO{“sf] glhssf] c:ktfn jf d]l8sn ;]G6/sf] e|d0f cyjf >Job[Zo ;fdu|L tyf rf6{sf 
dfWodaf6 tn pNn]v ul/Psf t/ª\udf cfwfl/t r]shf“r k|ljlwsf] cjnf]sg ug'{xf];\ . tL 
k|ljlwx¿sf] sfo{ljlwaf/] hfgsf/L ;d]t ;ª\sng ug'{xf];\ .

cN6«f;f]gf]u|fkmL 
-Ultrasonography_

PS;–/] kmf]6f]u|fkmL  
-X-ray photography_

l;6L= :Sofg  
-CT scan_

r]shfFr l/kf]6{ =============== 
6«fG;8\o';/ / sDKo'6/sf] 
k|of]uaf6 lelq cª\usf] lrq 
k|bz{g ug]{ ljlw=============

k|of]u==============

r]shfFr l/kf]6{ ===============

PS;– /]  pTkfbg 
ug]{ pks/0fsf] 
gfd==================,

kmf]6f] lvRg] ljlw,=====

k|of]u =================

r]shfFr l/kf]6{ ===============

sDKo'6/ / PS;–/] dl;gsf] 
k|of]uaf6 8f6fsf] ;ª\sng 
/ k|zf]wgaf6 b'O{ cfoflds 
/ lqcfoflds lrq agfpg] 
ljlw=============

k|of]u==============

cN6«f;f]gf]u|fkmL -Ultrasonography_

cN6«f;f]gf]u|fkmL pkrf/ If]qdf cN6«f Wjlg  
t/ª\usf] k|of]uaf6 z/L/sf leqL efux¿sf]  
r]shfFr ug]{ k|ljlw xf] . o;nfO{ af]lnrflnsf] 
efiffdf lel8of] PS;/] elgG5 .  o;df  
k|of]u x'g] 6«fG;8\o';/ -transducer_ n] pRr 
cfj[lQ ePsf] cN6«f;fpG8 pTkGg u5{ . pSt 
cN6«f;fpG8 z/L/sf] leqL efult/ nlIft  
ul/G5 . z/L/sf ljleGg txaf6 k/fjt{g eO{ 
cfpg] cN6«f;fpG8nfO{ k'gM 6«fG;8 o';/n] u|x0f 
-receive_ u5{ . u|x0f x'g] cN6«f;fpG8nfO{ cfOk'Ug nfu]sf] ;do, To;sf] cfj[lQ cflbsf]  
;ª\s]t sDKo'6/df hfG5 . sDKo'6/n] k|fKt tYofª\ssf cfwf/df leqL agfj6sf] cfs[lt tof/ 
kf5{ . pSt cfs[ltnfO{ ;f]gf]u|fd -sonogram_ elgG5 . 

cN6«f;fpG8 ubf{ z/L/sf sf]ifnfO{ xflg x'Fb}g . o;n] z/L/sf sf]dn tGt' tyf t/nsf] 
cfs[lt k|fKt ug{ ;lsG5 . cN6«f;fpG8sf] k|of]un] lduf}{nf, lkQy}nL, cflbsf] kTy/L, dl:t:s,  
Kofª\lj|mofh cflbdf x'g] 6\o'd/, sn]hf] /f]u, cfGb|fsf] ;d:of, dlxnfx¿sf] kf7]3/sf] ;d:of 
cflb r]shfFr ul/G5 . cN6«f;fpG8sf] k|of]u uef{zodf x's{b} u/]sf] lzz'sf] cfsf/, cj:yf, 
cª\ux¿sf] rfn, s'g} c;fdfGo cj:yf cflbsf] r]shfFrsf nflu ul/G5 . lqcfoflds -three 
dimensional – 3D_ cN6«f;f]lgs k|ljlwsf] k|of]uaf6 lzz'sf] cj:yf cem k|:6 9ª\un] cjnf]sg 

lrq 10.19 USG sf] k|of]u / b'O{ cfoflds ;f]gf]u|fd
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ug{ ;lsG5 . cG6«;fpG8sf] k|of]uaf6 d'6'sf] rfn, eNex¿sf] cj:yf / o;sf sfo{ r]shfFr 
klg ul/G5 . of] k|ljlwnfO{ eg] Osf]sfl8{of]u|fkmL -echocardiography_ elgG5 . 

PS;–/] Od]lhª -X-ray imaging_

PS;–/] ljB't\ r'DasLo t/ª\u xf] . PS;–/] Od]lhª PS;–/]sf] k|of]uaf6 z/L/sf leqL  
cª\usf] lrq tof/ kf/L r]shfFr ug]{ k|ljlw xf] . 

PS;–/] kmf]6f]u|fkmL (X-ray photography) nfO{ ;dfGo efiffdf PS;–/] ug'{ elgG5 . PS;–/] kmf]6f]
u|fkmL z/L/af6 PS;–/]x¿ k7fpFbf aGg] leqL cª\ux¿sf] 5fofsf cfwf/df PS;–/] kmf]6f] k|fKt 
ug]{ k|ljlw xf] . k/Dk/fut PS;–/] k|ljlwdf kmf]6f] lvRg dflg;nfO{ PS;–/] d]l;gsf] cufl8 
lglZrt b'/Ldf /flvG5 . d]l;gnfO{ cg ul/;s]kl5 dflg;sf] z/L/ eP/ uPsf PS;–/]x¿n]  
csf]{k6\l6 /flvPsf] PS;–/] lkmNddf k5{g\ 5fof agfpF5g\ . pSt 5fofsf cfwf/df PS;–/] 
lkmNdaf6 PS;–/] kmf]6f] tof/ kfl/G5 . kmf]6f]df 5fof k/]sf] efunfO{ ;]tf] / c¿ efunfO{ sfnf] 
agfpF5 .  cfw'lgs k|ljlwdf 5fofnfO{ /]s8{ ug{ kmf]6f]u|flkms lkmNdsf] ;6\6f On]S6«f]lgs /]sl8{ª 
pks/0f k|of]u ul/Psf] x'G5 . z/L/sf leqL cª\ux¿sf] 5fofnfO{ sDKo'6/sf] l:j|mgdf cjnf]
sg ug{ ;lsG5 . 

xfd|f] z/L/df ePsf x8\8Ln] PS;–/] a9L zf]if0f u5{g\ . PS;–/] kmf]6fdf logsf] 5fof uf9f  
;]tf] b]lvG5 . cGo tGt'nufot df+zk]zL, af];f]af6 w]/}h;f] PS;–/] l5/]/ hfG5g\ / s]xL dfq  
zf]if0f x'G5g\ . o:tf efux¿sf] Psbd} dw'/f] 5fof b]lvG5 . z/L/sf xfjf x'g] efux¿ h:t} M  
kmf]S;f]af6 PS;–/] ;lhn} l5g]{ ePsfn] PS;–/] kmf]6fdf sfnf] efu b]lvG5 . z/L/df efFlrPsf 
jf rs]{sf x8\8L, bfFtsf h/f, /f]usf] ;ª\j|md0f, 6\o'd/, /StgnLsf] Ans]h cflbsf] r]shfFr ug{ 
PS;–/] ul/G5 . 

lrq 10.20 PS;–/] /]s8{/sf] k|of]u

x-ray dectector

radiograph
monitor observation

print out

x-ray generator

object
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w]/} zlSt ePsf PS;–/] :jf:Yosf nflu xflgsf/s ljls/0f x'g\ . cTolws PS;–/] z/L/df kbf{ 
z/L/sf sf]ifx¿ gfz x'g] tyf j+zf0f' q'l6 x'g] ;d:of b]lvg ;S5 . o;n] dflg;df SofG;/ x'g] 
;Defjgf x'G5 . PS;–/] d]l;g cg ePsf] cj:yfdf PS;–/]x¿ sf]7fdf 5l/Psf x'G5g\ . 5l/Psf 
PS;–/] 5]Sg n]8 -lead_ sf] Pk|f]g nufpg'k5{ . r]shfFrsf j|mddf nfdf] ;do tyf k6s k6s 
PS;–/] z/L/df kg{ lbg'x'Fb}g . 

ef}ltszf:qL ljnx]Nd /f]G6hg -Wilhelm Roentgen_ n] ;g\ 1895 df k|of]uzfnfdf lgDg 
rfkdf /flvPsf Uof“;x¿df ljB't\wf/f k7fp“bf X-ray kQf nufPsf x'g\ .

l;6L :Sofg -CT scan_

sDKo'6/fOH8 6f]df]u|fkmL :Sofg -Computerized 
Tomography scan- CT scan_ PS;–/] kmf]6f]
u|fkmLaf6 ljsl;t ePsf] k|ljlw xf] . l;6L 
:Sofg ug{ dflg;nfO{ Ps 8f]g6 -doughnut_ 
cfsf/sf] dl;gleq k7fOG5 .  d]l;gdf ePsf] 

PS;–/] ;|f]t k'/} dl;g el/ 360o sf] sf]0fdf 
3'Dg ;S5 . ;|f]tsf] l7s cufl8 PS;–/] l86]S6/ 
-X-ray detector_ /flvPsf] x'G5 . ;|f]t 3'Dbf  
l86]S6/ klg ;Fu;Fu} 3'Dg] agfOPsf] x'G5 .

l;6L :Sofg ug{ PS;–/] ;|f]taf6 pTkGg Pp6f 
zlStzfnL ;fF3'/f] PS;–/] lad -beam_ nfO{  
r]shfFr ug'{kg]{ cª\u ePsf] efult/ nlIft  
ul/G5 . PS;–/] ;|f]tnfO{ z/L/sf] jl/kl/ 
3'dfP/ :Sofg ubf{ k|To]s 45o sf] sf]0fsf] cGt/fndf ljleGg lbzfaf6 z/L/sf] Pp6} v08df 
nlIft u/L sDKo'6/sf dfWodaf6 8f6f  ;ª\sng ul/G5 . pSt 8f6fnfO{ sDKo'6/n] k|zf]wg 
-processing_ u/]/ b'O{ cfoflds -2D_ j|m;–;]S;gn lrqx¿ tof/ kfb{5 . o;nfO{ 6f]df]u|flkms 
-tomographic_ lrq elgG5 . z/L/sf] leqL ;+/rgfx¿sf] lj:t[t cfs[ltsf nflu PS;–/] v08x¿ 
-X–ray slices_ af6 8f6f ;+of]hg u/L lqcfoflds -3D_ lrq lgdf{0f ul/G5 . 

6f]df]u|flkms lrqdf k/Dk/fut PS;–/]eGbf clws lj:t[t hfgsf/L ;dfj]z x'G5 . logdf z/L/ 
leqsf g/d tGt'x¿sf] cj:yf klg cjnf]sg ug{ ;lsG5 . lqcfoflds -3D_ lrqaf6 z/L/sf] leqL 
efusf] klxrfg ;xh x'G5 . o;n] leqL ;+/rgfdf cfPsf] kl/jt{g jf c;dfGo cj:yfnfO{ 7Dofpg 
;lsG5 . l;6L :Sofgsf] k|of]u z/L/ leqsf 3fprf]6, /ut hd]sf], 6\o'd/, dl:tissf] cj:yf,  
kmf]S;f]sf] cj:yf cflb r]shfFr ul/G5 . 

lrq 10.21 ;L=6L= :Sofg ljlw 
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cEof;

!= ;xL pQ/ 5fGg'xf];\ M

 -s_ nª\luRo'l8gn t/ª\usf] pbfx/0f s'g xf] <

  -c_ Wjlg t/ª\u    -cf_ kfgLdf pTkGg x'g] t/ª\u 

  -O_ k|sfz t/ª\u    -O{_ /]l8of] t/ª\u

 -v_ cfj[lQ a9L ePsf] t/ª\usf ;DaGwdf tnsf dWo] s'g egfO l7s xf] <

  -c_ j]u sd x'G5    -cf_ t/ª\u nDafO 5f]6f] x'G5

  -O_ PlDKnRo'8 a9L x'G5   -O{_ ;dofjlw a9L x'G5  

 -u_ lbOPsf t/ª\ux¿sf] ;d"xdf a9\bf] t/ª\u nDafOcg';f/ ldn]sf] ;d"x s'g xf] < 

  -c_  PS;–/], cN6«fefon]6 t/ª\u, /ftf] k|sfz t/ª\u, a}hgL k|sfz t/ª\u

  -cf_ a}hgL k|sfz t/ª\u, /ftf] k|sfz t/ª\u, cn6«fefon]6 t/ª\u, PS;–/]  

  -O_  cN6«fefon]6 t/ª\u, a}hgL k|sfz t/ª\u, /ftf] k|sfz t/ª\u, OGk|mf/]8 t/ª\u 

  -O{_  a}hgL k|sfz t/ª\u, /ftf] k|sfz t/ª\u, OGk|mf/]8 t/ª\u, cN6«fefon]6 t/ª\u

 -3_ l6eLsf] l/df]6 sG6«f]n k|ljlwdf s'g ljB't\ r'DasLo t/ª\usf] pkof]u ul/Psf] x'G5 <

  -c_ cN6«fefon]6 t/ª\u   -cf_ OGk|mf/]8 t/ª\u  

  -O_ k|sfz t/ª\u    -O{_ /]l8of] t/ª\u 

 -ª_ ;8s b'3{6gfdf k/]sf dflg;sf] 6fpsfdf aflx/af6 x]bf{ ;fdfGo 3fprf]6 b]lvG5 .  
  pSt dflg;sf] dl:tissf] lj:t[t r]shfFrsf nflu s'g k|ljlw pko'St x'G5 < 

  -c_ k/Dk/fut PS;–/] kmf]6f]u|fkmL  -cf_ l;6L :Sofg  

  -O_ Osf]sfl8{of]u|fkmL    -O{_ cN6«f;f]gf]u|fkmL

 -r_  lbOPsf jfSox¿dWo] s'g jfSo cN6«f;f]gf]u|kmL / PS;–/] Od]lhª;Fu ;DalGwt  
  5 <

  -c_  Pp6f a9L ljZjf;gLo / csf]{ sd ljZj;gLo x'G5 .

  -cf_  Pp6fdf sDKo'6/ k|ljlw / csf]{df ;fdfGo k|ljlwsf] k|of]u x'G5 .
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  -O_  Pp6f 6«fG;e;{ t/ª\u / csf]{ nª\luRo'l8gn t/ª\usf] k|of]udf cfwfl/t x'G5 . 

  -O{_  Pp6f x8\8Lsf] r]shfFr ug{ k|of]u x'G5 / csf]{ sf]dn cª\usf] r]shfFr ug{  
   k|of]u x'G5 .

@=  km/s n]Vg'xf];\ M

 -s_ nª\luRo'l8gn t/ª\u / 6«fG;e;{ t/ª\u

 -v_ ljB't\ r'DasLo t/ª\u / oflGqs t/ª\u

 -u_ k/Dk/fut PS;–/] kmf]6f]u|fkmL / l;6L :Sofg

 -3_ OGk|mf/]8 t/ª\u / cN6«fefon]6 t/ª\u

#=  sf/0f n]Vg'xf];\ M

 -s_ 8f]/Lsf] Ps5]p afFw]/ csf]{ 5]pnfO{ Psgf;n] lg/Gt/ tn dfly rnfpFbf pTkGg x'g]  
  t/ª\unfO{ 6«fG;e;{ t/ª\u elgG5 .

 -v_ e"sDksf] s]Gb|laGb'af6 b'/L a9\b} hfFbf 6f9fsf dlg;nfO{ j|mdzM wSsf sdhf]/  
  ePsf] cg'ej x'G5 .

 -u_ l;6L :Sofg ubf{ dl;gdf ePsf] PS;–/]sf] ;|f]tnfO{ dflg;sf] jl/kl/ 3'Dg] u/L  
  /flvPsf] x'G5 . 

 -3_ l;6L :Sofgn] z/L/sf leqL cª\usf] lj:t[t r]shfFh u/L lqcfolds l/kf]6{ k|fKt ug{  
  ;lsg] eP tfklg kf7]3/sf] lzz'sf] cj:yfaf/] r]shfFrsf cN6«f;f]gf]u|fkmL k|ljlwsf]  
  k|of]u ul/G5 .

$=  tnsf k|Zgsf] pQ/ n]Vg'xf];\ M 

 -s_  t/ª\u eg]sf] s] xf] < 

 -v_ kfgLsf] ;txdf pTkGg x'g] t/ª\u tyf xfdLn] af]Nbf k|;f/0f x'g] Wjlg t/ª\usf]  
  lrq sf]g'{xf];\ . b'j} t/ª\udf ;DalGwt zAbfjnLx¿ gfdª\sg ug'{xf];\ .

 -u_ ljB't\ r'DasLo j0f{k6 eg]sf] s] xf] <

 -3_ ljB't\ rDasLo t/ª\usf] j0f{k6df ;a}eGbf sd t/ª\u nDafO / ;a}eGbf a9L  
  t/ª\u nDafO ePsf t/ª\ux¿sf] gfd n]vL ltgsf b'O{ b'O{cf]6f pkof]lutf  
  n]Vg'xf];\ .
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 -ª_ tnsf] lrqdf sDd/sf]] PS;–/] kmf]6f] / l;6L :Sofg kmf]6f] b]vfOPsf] 5 .  

  -c_  PS;–/] kmf]6f] / l;6L :Sofg kmf]6f] 5'6\ofpg'xf];\ . 

  -cf_  oL b'j} r]shfFr k|ljlwsf r/0fx¿ pNn]v ug'[{xf];\ .

  -O_  PS;–/] kmf]6f]u|fkmL tyf l;6L :Sofgsf pkof]ux¿ n]Vg'xf];\ . 

 -r_ Wjlg k/fjt{gsf s'g} rf/cf]6f pkof]u n]Vg'xf];\ .

 -5_ /f]xgn] Wjlg k/fjt{gaf6 cfk\mgf] 3/sf] l7s cufl8 kg]{ l5d]sLsf] 3/sf] b'/L lx;fa 
u/] . pSt ljlw JofVof ug'{xf];\ . 

 -h_ tkfOFn] pN6«f;fpG8 ;]G8/, l/l;e/nufotsf cfjZos cjojx¿ h8fg u/L agfpg' 
x'g] Wjlg k/fjt{gdf cfwfl/t s'g} ;'/Iff k|ljlwsf] vfsf tof/ kfg'{xf];\ . pSt 
k|ljlwnfO{ gd'gf lrqsf ¿kdf sf]g'{xf];\ .

 -em_ csl:6s ;'/Iff -acoustic protection_ eg]sf] s] xf] < o;sf pkfox¿ n]Vg'xf];\ .

 -`_  cN6«f;f]gf]u|fkmL eg]sf] s] xf] < o;sf r/0f tyf pkof]ux¿ n]Vg'xf];\ .

 -6_ cfw'lgs hLjgz}nLdf ljB't\ r'DasLo t/ª\ux¿sf] e"ldsf zLif{sdf lgaGw  
n]Vg'xf];\ .

BA
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ljB't\\ (Electricity)!!

lrq 11 .1  wf/f ljB't\\sf] k|of]u

ljB't\\ pmhf{sf] d'Vo ;|f]t xf] . ;'rfns tf/af6 ljB't\ k|;f/0f x'G5 . dfly lrq 11.1 df  
b]vfOP h:t} ufx{:Yo ljB't\\ kl/kydf pks/0fx¿nfO{ ;'rfns tf/n] h8fg ul/Psf] x'G5 . 
ljB't\\ pks/0f h8fg u/L k|of]u ug{sf nflu k|To]s pks/0f;Dd b'O{cf]6f tf/ 5'6\6f5'6\6} 
k'¥ofOPsf] x'G5 . xfdLn] k|of]u ug]{ ;a} pks/0fn] ljB't\\ zlStnfO{ cGo zlStdf ¿kfGt/0f  
u5{g\ . zlSt ¿kfGt/0fsf] b/ pks/0fcg';f/ km/s km/s x'G5 . pHofnf]sf nflu k|of]u x'g] 
lrdn] eGbf lx6/n] yf]/} ;dodf w]/} ljB't\\ zlStnfO{ ¿kfGt/0f u5{ . pks/0fcg';f/ To;df hfg]  
ljB't\nfO{ x'g] cj/f]wn] zlSt ¿kfGt/0fdf k|efj kf5{ . ljB't\\ zlStsf] ¿kfGt/0fsf] dfkgsf nflu  
kl/kydf Pp6f ld6/ /flvPsf] x'G5 . o;n] ljB't\\sf] vktafkt ltg'{kg]{ dxz'n lx;fa ug{ 
;lsG5 . 
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ljB't\\ wf/f (Electric current)

lj|mofsnfk 11.1

p2]Zo M ;'rfns tf/, Aofl6« / 3f]nsf] e"ldsf cjnf]sg

cfjZos ;fdu|L M ;'rfns tf/, Aof6«L, g'g, kfgL, sfFrsf] /8, Knfl:6ssf] a6\6f, l:jr / aNa

ljlw M 

 1. lrqdf b]vfOP h:t} ljB't\ kl/ky lgdf{0f ug'{xf];\ . 

 2. ljB't\ kl/kydf k|of]u ePsf] ;'rfns tf/sf b'O{ 5]p  
  A / B nfO{ Knfl:6ssf] a6\6fdf /flvPsf] kfgLdf 8'afpg'xf];\ . 

 3. ca kfgLdf g'gkfgL yKb} sfFrsf] /8n] rnfP/ 3f]Ng'xf];\, aNasf] rlDsnf]kgf  
  cjnf]sg ug'{xf];\ / tnsf] tflnsf eg'{xf];\ M

Aof6«Lsf] e"ldsf 3f]nsf] e"ldsf ;'rfns tf/sf] e"ldsf lgisif{

 5nkmn tyf lgisif{ M 

-c_  g'gkfgLsf] 3f]ndf g'gsf] dfqf a9\b} hfFbf aNasf] pHofnf]df s:tf] kl/jt{g cfpF5 <

-cf_ g'gsf] ;6\6fdf lrgL /fvL cjnf]sg ug'{xf];\ . s] aNa aN5 < o;af/] sIffdf 5nkmn ug'{xf];\ . 

wft'sf k/df0f'df Go'lSno;n] aflx/L ;]ndf /x]sf On]S6«f]gx¿nfO{ nufpg] an t'ngfTds 
¿kdf w]/} sd x'G5 . To;}n] tL On]S6«f]gsf] ;lhn} Ps 
k/df0f'af6 ;g{ ;S5g\ . To;sf/0f ltgLx¿nfO{ :jtGq 
On]S6«f]g elgG5 . On]S6«f]nfO6sf] 3f]ndf wgfTds cfof]

g -ion_ / C0ffTds cfof]g :jtGq ¿kdf jl/kl/ ;g{ 
;S5g\ . ha Aof6«L;Fu hf]l8Psf] tf/sf b'O{ 5]pnfO{ 3f]ndf 
8'afOG5, ltgLx¿ lglZrt lbzfdf ;5{g\ . o;/L :jtGq  
On]S6«f]gx¿ jf wgfTds÷C0ffTds cfof]gx¿ ;bf{ rfh{ k|jfx x'G5 . rfh{sf] k|jfxn] ljB't\\ wf/f 
pTkGg x'G5 . k|ltPsfO ;dodf x'g] wgfTds ljB'tLo rfh{sf] k|jfx cyf{t\ wgfTds rfh{ k|jfxsf]  
b/nfO{ ljB't\\wf/f elgG5 . olb ;'rfnsdf C0ffTds rfh{sf] k|jfx eof] eg] Tolt g} kl/df0fsf] 
wgfTds rfh{ ljk/Lt lbzfdf k|jfx ePsf] dflgG5 . 

olb s'g} ;'rfns tf/af6 't' ;dodf 'Q' rfh{ k|jfx eO/x]sf] 5 eg] ljB't\\ wf/fnfO{ lgDgfg';f/ 
k|:t't ug{ ;lsG5 M

ljB't\\ wf/f (I) =
 rfh{ (Q) 

   ;do (t)

rfh{sf] P;= cfO{= PsfO s'nDa 
-coulomb_ xf] . Pp6f On]S6«f]

gsf] rfh{ 1.6×10 -19 C x'G5 . Ps 
s'nDa rfh{ eGgfn] 6.24 × 1018  

On]S6«f]gx¿sf] rfh{nfO{ hgfOG5 .

A B
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ljBt\ wf/fsf] P;= cfO{= PsfO PlDko/ -ampere) xf] . ldlnPlDko/ -mA), dfOj|mf]PlDko/ -μA_ 
ljB't\\ wf/fsf ;fgf PsfO x'g\ .

1 mA = 10-3A,            

1 μA = 10-6A 

s'g} ;'rfnsaf6 1 ;]s]G8 ;dodf 1 sf]nDa -C_ rfh{ k|jfx x'Fbf 1 PlDko/ -A_ ljB't\\ wf/f 
pTkGg x'G5 . ljB't\\ kl/kydf Pld6/ -ammeter_ nfO{  >]0fLj|md h8fg u/L ljB't\\ wf/fsf] dfkg 
ul/G5 . 

lrq 11.2 sf] ljB't\\ kl/kydf af0f lrx\gn]  
;]nsf] wgfTds w|'jaf6 C0ffTds w'|jlt/ ljB't\\ 
wf/f k|jfxsf] lbzf b]vfOPsf] 5 . o;nfO{ ljB't\\ 
wf/fsf] lbzf -direction_ elgG5 . wgfTds rfh{sf] 
k|jfxsf] lbzfnfO{ ljB't\ wf/sf] lbzf dflgG5 .  

pbfx/0fM 1

olb s'g} ;'rfns tf/df 0.2 C rfh{ -charge_ 5 s df axG5 eg] pSt tf/ eP/ hfg] ljB't\\ wf/f 
-electric current) sf] dfqf lx;fa ug'{xf];\ .

xnM k|Zgdf lbOPcg';f/, 

 tf/df axg] rfh{ -Q_ Ö 0.2 C

 rfh{ ax]sf] ;do -t_ Ö 5 s

;"qfg';f/,

 ljB't\\ wf/f (I) =
 rfh{ (Q)  

=
  0.2 

= 0.04 A   
            ;do (t)     5

  I = 0.04 × 1000 = 40 mA  

pSt tf/df 0.2 C rfh{ 5 s df axFbf 40 mA  ljB't\\ wf/f pTkGg x'G5 .

On]S6«f]df]l6e kmf];{ -electromotive force-e.m.f_ / kf]6]lG;on km/s -potential difference- p.d._

b'O{cf]6f Knfl:6ssf af]tndf el/Psf] kfgLsf] ;tx km/s km/s prfO;Dd /x]sf] 5 . tL b'j}sf 
lardf Pp6f gnLn] hf]8\bf kfgL stfaf6 stflt/ axG5 < s] kfgL lg/Gt/ alx/G5 < olb kfgL 
axg 5f]8]df k'gM kfgL axg] agfpg s] ug'{k5{ < 

h;/L kDkn] kfOkdf kfgLsf] k|jfxnfO{ lg/Gt/tf lbG5, To;} u/L ljB't\ kl/kydf ;]nn] rfh{sf] 
k|jfxnfO{ lg/Gt/tf lbG5 .

lrq 11.2  ;'rfns tf/af6 On]S6«f]gx¿sf] k|jfx
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kfgL tfGg] kDksf] sfo{ / ljB't\\ kl/kydf ;]nn] rfh{ k|jfxsf nflu sfo{ ug'{kg]{ lj|moflar ;dfgtf

kfgL pRr kf]6]lG;on ePsf] cUnf] :yfgaf6 
sd kf]6]lG;on ePsf] xf]rf] :yfglt/ aU5 .

ljBt\ rfh{ pRr kf]6]lG;on ePsf] ;|f]tsf] 
wgfTds w'|j6 Go"g kf]6]lG;on ePsf] 
C0ffTds w|'jlt/ axG5 .

kfOksf b'j} 5]pdf kfgLsf] ;tx ;dfg 
prfOdf k'Uof] eg] kfgL axg 5f]8\5 . 
kfOkaf6 k'gM kfgL axgsf nflu kfgL tfGg] 
ljB't\\ df]6/sf] pmhf{n] kfgLnfO{ sd prfOaf6 
a9L prfO ePsf] efudf k7fpg'k5{ .

ljB't\\ kl/kydf lg/Gt/ rfh{ k|jfx ug{ 
Aof6«Lsf] /f;folgs zlStaf6 o;sf] Pp6f 
5]p C0ffTds rfh{o'St -lgDg kf]6]lG;on_ 
/ csf]{ 5]p wgfTds rfh{o'St -pRr  
kf]6]lG;on_ aGg'k5{ .

df]6/sf] zlStn] x'g] sfo{n] kfgLdf zlSt 
k|bfg u5{ .

Aof6«Ldf x'g] /f;folgs k|ltlj|mofn] rfh{ 
k|jfxsf nflu zlSt k|bfg u5{ .

ljB't\\ df]6/n] zlSt lbg 5f]8\bf kfgLsf] 
;txsf] prfOdf leGgtf cfpg /f]lsG5 / 
kfgL axg 5f]8\5 .

Aof6«Ldf x'g] /f;folgs k|ltlj|mof /f]lsFbf 
o;sf b'j} w|'jlarsf] kf]6]lG;on ;dfg eO{ 
rfh{ k|jfx /f]lsG5 . o;nfO{ xfdL Aof6«L gfz 
ePsf] eG5f}F .

s'g}  kfOkaf6 kfgL axg o;sf] Pp6f 5]p cUnf] efudf ePsf] kfgLsf] ;|f]t;+Fu hf]l8Psf] / csf]{  

5]p xf]rf] efudf x'g'k5{ . kfOkdf kfgL axFbf ;l~rt l:ylt zlSt -potential energy_ cGo 
zlStdf ¿kfgt/0f eO{ sfo{ x'G5 . ljB't\\ kl/kydf klg ;'rfns tf/ tyf ljB't\\ nf]8 -h:t}M 
aNa_ af6 rfh{ sfOg]l6s zlSt jf cGo zlStdf kl/jt{g x'G5g\ . olb kfOkdf 6jf{Og hf]l8Psf] 
eP 6jf{Og 3'D5 / sfo{ x'G5 . of] ljB't\\ ;|f]t -h:t} Aof6«L_ n] ug]{ sfo{ xf] . ljB't\\ ;|f]tn] k|ltPsfO 
rfh{ k|jfx ug{ ;Sg] IfdtfnfO{ kf]6]lG;on elgG5 . pbfx/0fsf nflu Aof6«Lsf] wgfTds w|'j a9L  
kf]6]lG;on ePsf] / C0ffTds w'|j sd kf]6]lG;on ePsf] x'G5 . t;y{ ljB't\\ kl/kydf ljB't\\ 
wf/f pTkGg u/fpg ljB't\\ nf]8sf Pp6f 5]p ljB't\\ ;|f]tsf] pRr kf]6]lG;on / csf]{ 5]p Go"g 
kf]6]lG;on;Fu hf]l8Psf] x'g'k5{ . 

lj|mofsnfk 11.2

p2]Zo M e.m.f. / pd sf] t'ngf ug{  

cfjZos ;fdu|L M ef]N6ld6/, j|mf]sf]8fOn lSnK;, ;'rfns tf/, 8«fO;]n / aNa

ljlw M lrqdf b]vfOP h:t} kl/ky lgdf{0f u/L cfjZos kl/df0fsf] dfkg ug'{xf];\ M

kl/ky cjnf]sg kl/ky cjnf]sg lgisif{

 ef]N6ld6/sf] dfkg 
Ö =====volt

 ef]N6ld6/sf] 
dfkg Ö =====volt

 

5nkmn tyf lgisif{ M b'O{ kl/kydf ef]N6ld6/sf] dfkg t'ngf u/L lg:sif{ n]Vg'xf];\ .

     lrq 11.4  

v x
v
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;'rfnsdf rfh{ k|jfxsf nflu zlSt cfjZos k5{ . h]g/]6/, Aof6«L, ;f]nf/ k]gn h:tf ljB't\\
sf ;|f]tx¿n] rfh{ k|jfxsf nflu zlSt lbG5g\ . ljB't\\sf ;|f]tn] cGo zlStnfO{ ljB't\\ zlStdf 
¿kfGt/0f u5{g\ . Aof6«Ldf /f;folgs zlSt ljB'tLo zlStdf ¿kfGt/0f -Go"g  kf]6]lG;on_  
x'G5 . Aof6«Ldf /f;folgs k|ltlj|mofsf dfWodaf6 l;h{gf x'g] pRr kf]6]lG;on ePsf] wgfTds 
w|'j / ePsf] C0ffTds w|'jnfO{ ;'rfnsn] hf]8\bf k|fKt x'g] zlStåf/f rfh{ k|jfx x'G5 . ljB't\ 
kl/kydf Ps s'nDa rfh{nfO{  jl/kl/ k|jfx u/fpgsf nflu ;|f]tn] k|bfg ug]{ zlStsf] dfqfnfO{ 
On]S6«f]df]l6e kmf];{ (e.m.f.) elgG5 . 

On]S6«f]df]l6e kmf];{ -e.m.f._ n] ljB't\ kl/kydf h8fg ul/g] nf]8sf b'O{ 5]plar kf]6]lG;on km/s 

-potential difference- p.d._ l;h{gf u5{ . ljB't\\ nf]8sf] Pp6f 5]p A nfO{ Aof6«Lsf] wgfTds 

w'|j;F+u / csf]{ 5]p B nfO{ Aof6«Lsf] C0ffTds w'|j;Fu  hf]8\bf A sf] kf]6]lG;on B sf]eGbf a9L 
x'G5 . h;n] ubf{ wgfTds rfh{ A af6 B df axG5 .  kf]6]lG;on km/s -p.d._ sf] sf/0fn] 
nf]8af6 rfh{ k|jfx x'Fbf ljB't\\ zlSt cGo zlStdf ¿kfGt/0f x'G5 . ljB't\\ kl/kysf s'g} b'O{ 
laGb'lar k|lts'nDa rfh{ k|jfx x'Fbf ¿kfGt/0f x'g]  ljB't\\ zlStsf] dfqf tL b'O{ laGb'larsf]  
kf]6]lG;on km/s xf] . o;nfO{ rngrNtLdf ef]N6]h -voltage_ eg]/ lrlgG5 .

kf]6]lG;on km/s (p.d.) = zlSt ¿kfGt/0fsf] dfqf  
         rfh{sf] dfqf

ef]N6ld6/sf] k|of]un] On]S6«f]df]l6e kmf];{ / kf]6]lG;on km/ssf] dfkg ul/G5 . oL b'j} kl/df0fsf] 
dfkgdf zlSt k|ltsf]nDasf] lx;fa ul/g] ePsfn] logsf] P;= cfO{= PsfO -SI unit_ ef]N6  
-volt) xf] . afXo kl/kydf rfh{ k|jfx gePsf] cj:yfdf Aof6«Lsf] b'O{ 5]p larsf] kf]6]lG;on 
km/s / e.m.f a/fa/ x'G5g\ . To;}n] o;sf] dfkgsf nflu ef]N6ld6/nfO{ lrq 11.4 df b]vfOP 
h:t} Aof6«Lsf b'O{ 5]p;Fu hf]l8G5 . kf]6]lG;on km/s dfkg ug{sf nflu ef]N6ld6/nfO{ ljB't\\ 
nf]8;Fu ;dfgfGt/ x'g] u/L o;sf b'O{ 5]p;Fu hf]l8G5 . 

nf]8;lxtsf] kl/kydf ljB't\\ k|jfx x'Fbf Aof6«Lleq s]xL zlStsf] pkof]u x'g] ePsfn] Aof6«Lsf 
b'O{ w|'jlarsf] kf]6]lG;on km/s hlxn] klg On]S6«f]df]l6e kmf];{eGbf sd x'G5 . pbfx/0fsf 
nflu e.m.f.  3 V ePsf] Aof6«Ln] kl/kydf ljB't\\ k|jfx ubf{ nf]8sf b'O{ 5]p -A / B_ larsf]  
kf]6]lG;on km/s 2.5 V b]lvg ;S5 . o;sf] cy{ 1 C rfh{ k|jfx ubf{ Aof6«Ln] k|of]u ug]{ k"0f{ 

zlSt 3 J eP tfklg aNaaf6 k|lt sf]nDa rfh{ k|jfx x'Fbf 2.5 J ljB't\\ zlSt Aofl6« aflx/sf] 
kl/kydf cGo zlSt -tfk / k|sfz_ df ¿kfGt/0f x'G5 eGg] a'lemG5 . On]S6f]df]l6e kmf];{ /  
kf]6]lG;on km/slarsf] leGgtfnfO{ lgDgfg';f/ pNn]v ug{ ;lsG5 M

On]S6«f]df]l6e kmf];{ (e.m.f.) kf]6]lG;on km/s (p.d.)

e.m.f. n] ;|f]taf6 k|lt PsfO rfh{ k|jfxsf 
nflu k|fKt zlStnfO{ hgfpF5 .

kf]6]lG;on km/sn] afx\o ljB't\\ kl/kydf k|lt 
PsfO rfh{ k|jfx x'Fbf ¿kfGt/0f x'g] zlStnfO{ 
hgfpF5 .
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of] aflx/L kl/kydf ePsf cj/f]wssf]  
cj/f]wdf lge{/ x'Fb}g .

of] aflx/L kl/kydf k|of]u ul/Psf  
cj/f]wssf] cj/f]wdf lge{/ x'G5 .

e.m.f. kf]6]lG;on km/s sf] sf/s -cause_ xf] . kf]6]lG;on km/s e.m.f. sf] c;/ -effect_ xf] . 

5nkmnsf nflu k|Zg 

-c_  xfdLn] k|of]u ug]{ 8«fO{ ;]ndf On]S6«f]df]l6e kmf];{ -e.m.f._ 1.5 V n]lvPsf] x'G5 . o;sf] cy{  
 s] xf] <

-cf_ xfdLn] ufx{:Yo ljB't\\ kl/kydf pks/0f k|of]u ug{ lsg o;sf] Pp6f 5]pnfO{ nfOe  
 tf/ / csf]{ 5]pnfO{ Go'6«n tf/;F+u h8fg ul/G5 < ;fdfGotof pSt kl/kydf x'g]  
 kf]6]lG;on km/s slt x'G5 <

cf]xdsf] lgod (Ohm's law)

lj|mofsnfk 11.3

p2]Zo M cf]xf]dsf] lgdo k|bz{g ug{  

 cfjZos ;fdu|L M 1.5 V sf 4 cf]6f ;]n, 6 V sf] DC aNa, Pld6/, ef]N6ld6/, j|mf]sf]8fOn  
 lSnk, / ;'rfns tf/ 

ljlw

 1. ljB't\ kl/ky tof/ kfg'{xf];\ . 

 2. j|mdzM Ps, b'O{, tLg / rf/cf]6f ;]nsf b'O{ 5]psf] kf]6]lG;on km/s -V_ / kl/ky  
  eP/ hfg] ljB't\ wf/f -I_ dfkg ug{'xf];\ . 

 3. pSt tYofª\snfO{ tnsf] h:t} tflnsfdf eg'{xf];\ . kf]6]lG;on km/s -V_ nfO{  
  x-cIfdf / ;DalGwt ljB't\ wf/f -I_ nfO{ y-cIfdf /fv]/ u|fkm lvRg'xf];\ . 

;]nsf] ;ª\Vof kf]6]lG;on km/s -V_ ljB't\\ wf/f -I_ V/I = .... lgisif{

1 ================== ====================== =================

5nkmn / lgisif{ M u|fkmsf] k|s[ltsf cfwf/df 5nkmn u/L lgisif{ n]Vg'xf];\ .

hd{g ef}ltszf:qL hf]h{ ;fOdg cf]xd -George Simon Ohm_ n]  ;'rfnssf b'O{ 5]psf]  
kf]6]lG;on km/s kl/jt{g ubf{ pSt ;'rfns eP/ hfg] ljB't\\ wf/fdf klg kl/jt{g cfpg] 
tYo kQf nufPsf lyP . cf]xdsf] lgodcg';f/ tfkj|md / cGo ef}lts cj:yf l:y/ x'Fbf s'g} 
;'rfnsdf k|jfx x'g] ljB't\\ wf/f -I_ To; ;'rfnssf] b'O{ 5]plar x'g] kf]6]lG;on km/s -V_ ;Fu 
;dfg'kflts x'G5 . 
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olb s'g} ;'rfnssf] b'O{ 5]psf] kf]6]lG;on km/s 'V' / pSt ;'rfns eP/ hfg] ljB't\\ wf/f 'I' 
eP, cf]xdsf] lgodcg';f/,

   I∝V 

 cyjf, V = Constant 
    I  

 cyjf,   V nfO{ cj/f]w (R) elgG5 . 
      I

hxfF R Ps cr/ /flz xf] . o;n] kl/kydf k|of]u ePsf]  
;'rfnssf] ljB't\ cj/f]wnfO{ hgfpF5 . 

ef}lts cj:yf l:y/ x'Fbf,     = R = cr/ dfg 

kf]6]lG;on km/s -V_ nfO{ x–cIfdf / ;DalGwt ljB't\\ wf/f -I_ nfO{ y cIfdf /fv]/ lvlrPsf

u|fkmdf Ps l;wf /]vf k|fKt x'G5 . o;sf] e'msfj =      x'G5 .

ljB't\\ cj/f]w (Electric resistance)

;dfg nDafO ePsf] Pp6f df]6f] tfdfsf] tf/ / csf]{ Psbd} dl;gf] tfdfsf] tf/nfO{ Pp6} 
ljB't\\sf] ;|f]t;Fu h8fg ubf{ df]6f tf/df ljB't\\ rfh{ ;lhn} k|jfx x'G5g\ . s'g} rfnsdf ljB't\\ 
wf/f pTkGg xFbf o;df x'g] rfh{sf] k|jfxnfO{ /f]Sg vf]Hg] u'0fnfO{ ljB't\\ cj/f]w elgG5 . o:tf]  
cj/f]w rfnsdf axg] rfh{ / o;sf k/df0f'x¿larsf] 6s/fj -collision_ n] pTkGg x'G5 . 
ljB't\\ cj/f]wsf] P;=cfO{= PsfO -SI Unit_ cf]xd -ohm_ xf] h'g\ ef}ltszf:qL ;fOdg cf]xdsf] 
vf]hsf] sb/:j¿k pgs} gfdaf6 /flvPsf] PsfO xf] . o;sf] ;ª\s]tsf nflu lu|s efiffsf] 
cIf/ cf]d]uf -omega_ 'Ω' sf] k|of]u ul/G5 . o; PsfOdf ;dfj]z /x]sf cfwf/e"t PsfOnfO{ 
lgDgfg';f/ k|:t't ug{ ;lsG5 M 

R = V/I =
 Energy⁄charge 

=
 Force × displacement 

  charge⁄time         charge2⁄time

 

dflysf] ;dLs/0fdf ePsf ef}lts kl/df0fsf ;ª\s]tx¿nfO{ ltgsf cfwf/e"t PsfOn] k|lt:yfkg 
ubf{,     

W =   =kgm2 A-2S-3

lrq 11.3  kf]6]lG;on km/s / 
ljB't\ wf/fsf] u|fkm

i

V

V
I

V
I

kg x m2

A2 x S3
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cf]xd PsfOdf lk08sf] PsfO 'kg' , nDafOsf] PsfO 'm', ;dosf] PsfO 's' / ljB't\\ wf/fsf] PsfO 
'A' ;dfj]z 5g\ . t;y{ of] Ps tThGo PsfO xf] . 

1 Ω cj/f]w M cf]xdsf] lgodcg';f/,  R =       1 Ω =

s'g} ;'rfnssf b'O{ 5]plar 1 V sf] kf]6]lG;on km/s x'Fbf pSt ;'rfnsdf 1 A sf] ljB't\\ wf/f 

pTkGf x'G5 eg] To;sf] cj/f]w 1 Ω  x'G5 . 

pbfx/0fM 2

Pp6f kfgL ttfpg k|of]u x'g] Od;{g /8 -Immersion rod_ sf] cj/f]w 40W  
5 . pSt /8nfO{ 220 V sf] kf]6]lG;on km/s ePsf] kfj/ Knudf hf]8\bf To;af6 
hfg] ljB't\\ wf/f lx;fa ug'{xf];\ M

 k|Zgdf lbOPcg';f/,  

 kf]6]lG;on km/s (V) = 220 V

 cj/f]w (R) = 40 Ω

 cf]xdsf] lgodcg';f/,

 
s/]G6 (I ) = 

 kf]6]lG;on km/s (V)  
     ljB't\\ cj/f]w (R)

 I =   = 5.5 A 

 pSt Od;{g /8 eP/ hfg] ljB't\\ wf/f 5.5 A x'G5 .

ljB't\\ cj/f]wnfO{ k|efj kfg]{ tŒj -factors affecting resistance_

lj|mofsnfk 11.4

p2]Zo M rfnssf] nDafO / ca/f]wlarsf] ;DaGw cWoog ug{ 

cfjZos ;fdu|L M 1.5 V sf 2 cf]6f ;]n, aNa, Pld6/, ef]N6ld6/, j|mf]sf]8fOn lSnk, ;'rfns 
tf/ / l;;fsnd

ljlw M 

1. Pp6f l;;fsnd af6 gefFlrg] u/L u|fkmfO6 /8  
 lgsfNg'xf];\ . 

2. lrqdf b]vfOP h:t} ljB't\ kl/ky tof/ ug'{xf];\ .

3. u|fkmfO6 /8sf] b'a} 5]pdf lSnkn] hf]8]/ kl/ky tof/ kf/L Pp6f ;]n / b'O{cf]6f ;]n hf]8\

lrq 11.5 ;"q lqe'h -cf]xdsf] 
lgod_

lrq 11.4

A
V

V
I

220
40

1 V
I A
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bf k|fKt x'g] kf]6]lG;on km/s / ljB't\ wf/fsf] dfqf dfkg u/L tYofª\s ;ª\sng ug'{xf];\ . 

4. u|fkmfO6 /8sf] b'a} 5]pdf ePsf lSnknfO{ dWo] s'g} Ps lSnknfO{ larlt/ ;f/]/ k'gM  
 :6]k 3 bf]xf¥ofpg'xf];\ . 

j|m=;= u|fkmfO6 /8df b'O{ lSnk larsf] b'/L -l/cm_ kf]6]lG;on 
km/s -V/V_

ljB't\ wf/f 
-I/A_

cj/f]w 

-R/Ώ_
1a.

1b.

2a.

2b.

  

5nkmn / lgisif{ M b'j} cj:yfdf V / I sf] cg'kft lx;fa ug'{xf];\ . k|fKt glthfnfO{ ljZn]if0f 
u/L lgisif{ n]Vg'xf];\ .

rfnsx¿sf] cj/f]w ltgsf] nDafO, df]6fO, tfkj|md, agf]6 cflbdf e/ k5{ . df]6fO  
a/fa/ ePsf 5f]6f / nfdf tf/dWo] nfdf] tf/df ljB't\\ cj/f]w a9L x'G5 . dl;gf] tf/sf]  
cj/f]w df]6f] tf/sf]eGbf a9L x'G5 . ;'rfns tf/sf] tfkj|md a9\bf cj/f]w klg a9\5 . j:t'sf]  
cj/f]w To;sf] agfj6df klg e/ k5{ . pbfx/0fsf nflu p:t} cfsf/ / ;fOh ePsf sk/
sf] tf/ / gfOj|mf]dsf] tf/dWo] gfOj|mf]dsf] cj/f]w a9L x'G5 . ;'rfnssf] cj/f]w cj:yfcg';f

km/s kg]{ eP tfklg s'g} lglZrt ef}lts cj:yfsf nflu     = R = cr/ dfg, tYo nfu' x'G5 .

cj/f]wsx¿sf] h8fg (combination of resistors)

lj|mofsnfk 11.5

p2]Zo M

cfjZos ;fdu|L M b'O{cf]6f 8«fO{ ;]n, b'O{cf]6f aNa, Pld6/, ef]N6ld6/ / j|mf]sf]8fOn lSnk

xx

A

v

+– A

v

+–

x

x
kl/ky v

kl/ky s

V
I

ljlw M

 1. klxnf] kl/kysf nflu aNax¿nfO{ kl/ky s df b]vfOP h:t} Ps kl5 csf]{ u/]/  
  >]0fLj|mddf h8fg ug'{xf];\ . 
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 2. bf];|f] kl/kysf nflu kl/ky v df b]vfOP h:t} aNax¿nfO{ ;dfgfGt/ ¿kdf h8fg  
  ug'{xf;\ .

 3. kfn}kfnf] b'a} kl/kysf nflu tn tflnsfdf pNn]v ul/Pcg';f/ kf]6]lG;on km/s  
  tyf ljB't\ wf/fsf] dfkg u/L eg'{xf];\ .

kl/ky k|To]s aNasf b'O{ 5]plarsf]  
kf]6]lG;on km/s

b'j} aNalarsf]  
kf]6]lG;on km/s (V)

lgisif{  
V1,V2 / V larsf] ;DaGw

klxnf] aNa V1 bf];|f] aNa V2

s ========== ============ =============== V = …

v =========== =========== ===============
 

kl/ky k|To]s aNa eP/ hfg] ljB't\\ 
wf/f

;Dk"0f{ kl/ky eP/ 
hfg] ljB't\\ wf/f (I)

lgisif{  
I1, I2 / I  larsf] ;DaGw

klxnf] aNa I1 bf];|f] aNa I2

s ========== ============ =============== I = ………..

v =========== =========== ===============

5nkmn tyf lgisif{ M pSt tYofª\ssf] ljZn]if0f u/L lgisif{ n]Vg'xf];\ .

dflysf kl/kydf Pp6f Pp6f aNa yk h8fg u/L aQLx¿sf] pHofnf] cjnf]sg ug'{xf];\ . 
aNasf] pHofnf]kgfdf s]xL kl/jt{g cfof] < cfk\mgf] cjnf]sgsf cfwf/df sf/0f kQf nufpg 
sIffdf 5nkmn ug'{xf];\ .

cj/f]wsx¿sf] >]0fLj|md h8fg (series combination of resistors)

>]0fLj|md h8fgdf cj/f]wsx¿nfO{ j|mlds 
¿kdf Pskl5 csf]{ h8fg u/L cGTodf klxnf] 
/ clGtdnfO{ ljB't\\sf] ;|f]tl;t h8fg ul/G5 . 
>]0fLj|md h8fgdf ljB't\\ wf/fsf nflu Pp6f dfq 
af6f] x'G5 . t;y{ k|To]s cj/f]wsdf ;dfg ljB't\ 
wf/f -I_ x'G5 t/ kf]6]lG;on km/s -V_ eg] k|To]
s cj/f]wsdf afFl8G5 . o; lsl;dsf] h8fgdf 
s'g} Pp6f cj/f]wsdf q'l6 cfpFbf kl/ky v'nf 
aG5 / h8fgel/sf cGo cj/f]wsn] sfd ug{ 5f]8\5g\ . o:tf] h8fgdf k|To]s cj/f]wssf nflu 
5'6\6f5'6\6} l:jr /fvL k|of]u ug{ ;lsFb}g . lbkfjnL cflbdf k|of]u x'g] ;hfj6sf aQLdf o; 
lsl;dsf] h8fg ul/G5 .

lrq 11.6 cj/f]wx¿sf] >]0fLj|md h8fg 
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dfgf}F klxnf], bf];|f] / t];|f] cj/f]wssf b'O{ 5]plarsf] kf]6]lG;on km/s j|mdzM V1 , V2 , / V3  
5 . ltgsf] cj/f]w j|mdzM R1, R2, / R3 5 / ;du|df tLgcf]6} cj/f]wssf] cj/f]w R 5 . o; 
lsl;dsf] h8fgdf kf]6]lG;on km/s afFl8g] ePsfn] kf]6]lG;on km/snfO{ lgDgfg';f/ k|:t't ug{ 
;lsG5 M

  V = V1 + V2 + V3   

cf]xdsf] lgodcg';f/,

 IR = IR1 + IR2 + IR3

\ R = R1 + R2 + R3

t;y{ >]0fLj|md h8fgdf cj/f]wsx¿sf] s'n cj/f]w k|To]ssf] 5'6\6f5'6\6} cj/f]wsf] of]ukmn;Fu 
a/fa/ x'G5 .

cj/f]wsx¿sf] ;dfgfGt/ h8fg -parallel combination of resistors_

;dfgfGt/ h8fgdf b'O{ jf b'O{eGbf a9L cj/f]wsx¿nfO{ 5'6\6f5'6\6}  
ljB't\\sf] ;|f]t;Fu hf]l8Psf] x'G5 . ;a} cj/f]wssf b'O{ 5]plar  
;dfg kf]6]lG;on km/s -V_ x'G5 / k|To]s cj/f]wssf nflu 
ljB't\\ wf/fsf] 5'6\6} af6f] x'G5 . h;n] ubf{ ;dfgfGt/ h8fgdf 
ljB't\\ wf/f ljeflht x'G5 . olb s'g} Pp6f cj/f]wsdf q'l6 cfP 
klg h8fgsf cGo cj/f]wsdf ljB't\ wf/f ;'rf? u/L ltgsf]  
k|of]u ug{ ;lsG5 . o:tf] h8fgdf k|To]s cj/f]wssf nflu 5'6\6f5'6\6} 
l:jr /fvL k|of]u ug{ ;lsG5 . xfdLsf] 3/x¿df ul/g] ljB't\\ nf]8x¿sf] 
h8fg ;dfgfGt/ h8fg xf] .  

dfgf}F klxnf], bf];|f], / t];|f] cj/f]wsdf ljB't\ wf/f j|mdzM I1 , I2 , / I3  5, ltgsf] cj/f]w j|mdzM 
R1 , R2  / R3 5 / ;du|df tLgcf]6} cj/f]wsx¿sf] cj/f]w R 5 . ;dfgfGt/ h8fgdf s'n 
ljw't\ wf/f -I_ ;a} cj/f]wsdf afFl8g] ePsfn] ljB't\ wf/fnfO{ lgDgfg';f/ k|:t't ug{ ;lsG5 M

 I = I1 + I2 + I3   

cf]xdsf] lgodcg';f/,

 V  
=

 V  
+

  V  
+

 V   
 R    R1   R2    R3

\
 1    

=
   1  

+
   1   

+
   1  

 R  R1  R2      R3  

t;y{ ;dfgfGt/ h8fgdf cj/f]wssf] s'n cj/f]wsf] Jo'Tj|md -reciprocal_ k|To]ssf] 5'6\6f5'6\6} 
cj/f]wsf] Jo'Tj|mdsf] of]ukmn;Fu a/fa/ x'G5 .

lrq 11.7 cj/f]wx¿sf]  
;dfgfGt/ h8fg
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x

pbfx/0fM 3

Pp6f ljB't\\ kl/kydf 10W,  20W  / 30W sf cj/f]wsnfO{ 12 V sf] Aof6«L;“u klxn] >]0fLj|md 
h8fg ul/Psf] 5 / To;kl5 ltg} cj/f]wsnfO{ klxn]s} Aof6«Lsf] k|of]u u/L ;dfgfGt/ h8fg ul/
of] . oL b'j} cj:yfsf nflu ljB't\ wf/f lx;fa u/L ltgsf] dfg t'ngf ug'{xf];\ M

 k|Zgdf lbOPcg';f/, 

 klxnf] cj/f]wssf] cj/f]w -R1_ Ö 10Ω

 bf];|f] cj/f]wssf] cj/f]w -R2_ Ö 20Ω

 t];|f] cj/f]wssf] cj/f]w -R3_ Ö 30Ω

 ljB't\\ kl/kydf ePsf] kf]6]lG;on km/s -V_ Ö 12 V

>]0fLj|md h8fgsf nflu ;dfgfGt/ h8fgsf nflu

s'n cj/f]w R Ö R1 + R2 + R3

         R Ö 10Ω + 20Ω + 30Ω = 60Ω

ljB't\\ wf/f   
I =

 V 
=

  12  
= 0.2 A

 
    R     60  

>]0fLj|md h8fgdf s'n cj/f]w 60Ω 
x'G5 / kl/kydf ljB't\\ wf/f 0.2 A 
x'G5 .

s'n cj/f]wsf nflu

1  
=

   1   
+

 1   
+

 1 
R R1  R2     R3

1 
=

  1  
+

  1  
+

  1  
R    10    20    30

1  
= 

  6 + 3 + 2 
=

  11 
R          60            60

R = 5.45 Ω

ljB't\\ wf/f I 
=

  V 
=

  12   
= 2.202 A

 
                         R    5.45

;dfgfGt/ h8fgdf s'n cj/f]w 5.45 Ω x'G5 / kl/
kydf ljB't\\ wf/f 2.202 A x'G5 .

pxL cj/f]wsx¿nfO{ >]0fLj|md h8fgaf6 ;dfgfGt/ h8fgdf ¿kfGt/0f ubf{ kl/kydf ljB't\\ 
wf/f a9\5 . o; pbfx/0fdf >]0fLj|md h8fgnfO{ ;dfgfGt/ h8fgdf ¿kfGt/0f ubf{ ljB't\\ 
wf/f nueu 11 u'0ff a9]sf] 5 .

ljB't\\sf] tfk c;/ (heating effect of electric current)

lj|mofsnfk 11.6

Pp6f 6r{nfO6sf] lrd b'O{cf]6f 8«fO;]n, l:jr / ;'rfns tf/ lng'xf];\ . 
oL ;a}nfO{ h8fg u/L ljB't\\ kl/ky tof/ kfg'{xf];\ . l:jr cg u/]sf] s]
xL ;dokl5 o;nfO{ ckm ug'{xf];\ / lrdsf] tfkj|md cjnf]sg ug'{xf];\ . k|fKt glthfsf] sf/0faf/] 
5nkmn ug'{xf];\ .

+ –

10W 20W

12V

30W

10W

20W

30W

12V
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ljB't\\ nf]8df x'g] cj/f]wn] ljB't\ zlSt cGo zlStdf ¿kfGt/0f x'G5 . gfOj|mf]d ljB't\\ 
lx6/df k|of]u ul/Psf] tf/sf] cj/f]wn] ljB't\\ zlSt tfkdf ¿kfGt/0f x'G5 . o;df k|of]u 
x'g] gfOj|mf]d Ps pRr ljB't\\ cj/f]w ePsf] lgs]n / j|mf]ldodsf] ld>0faf6 agfOg] lxl6ª  

Olnd]G6 -heating element_ xf] . o;sf] kUng] laGb' klg pRr x'G5 . o;nfO{ k|of]u ubf{ 900 oC 
sf] pRr tfkj|md;Dd klg clS;hgsf] pkl:yltdf hNb}g . cj/f]w a9fP/ ljB't\\ zlStnfO{ rfF8} 
tfk zlStdf ¿kfGt/0f ug{ ;lsG5 .  lkmnfd]G6 lrddf ljB't\\ zlStnfO{ tfk / k|sfzdf kl/
jt{g ug{ lgs} dl;gf] 6ª\u;6]g lkmnfd]G6 /flvPsf] x'G5 . ljB't\\ nf]8sf] k|of]u ubf{ ljB't\\ zlSt 
tfkdf ¿kfGt/0f x'g' ljB't\\sf] tfk c;/ xf] . ljB't\\ lx6/, kfgL ttfpg k|of]u x'g] Od;{g /8 

-immersion rod_, O:qL -iron_, /fO; s's/, ljB't\\ s]6nL cflb ljB't\sf] tfk c;/df cfwfl/t 
pks/0fx¿ x'g\ . ljB't\\sf] tfk c;/ kl/kydf axg] ljB't\\ wf/fdf klg e/ k5{ . slxn]sfxLF 
PSsfl; kf]6]lG;on km/s a9\bf nf]8df cTolws ljB't\\ k|jfx x'g uO{ ;'rfns tf/ cTolws 
tft]/ klUnG5 .

ljB't\\ ;fdYo{ (electric power)

lj|mofsnfk 11.7

lrqdf b]vfOPsf pks/0fdf 145 W ;fdYo{ n]lvPsf] 
5 . tkfO{“sf ljBfnodf k|of]u ul/Psf ljleGg ljB'tLo 
pks0fx¿ -LED aQL, kª\vf cflb _ sf]  ;fDfYo{ l6kf]6 
ug'{xf];\ . pSt ljj/0fnfO{ k|of]u u/L tn lbOPsf] h:t} 
tflnsfdf eg'{xf];\ M

pks/0f ;fdYo{ -P_ Ps ;]s]G8df x'g] zlStsf] ¿kfGt/0fsf] dfqf
 LCD TV 145 W  145 J

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

tkfO{Fn] cjnf]sg u/]sf pks/0fdWo] k"0f{ ¿kn] sfo{ ul//x]sf] cj:yfdf s'g pks/0fn] 

k|lt ;]s]G8 ;a}eGbf a9L zlStnfO{ cGo zlStdf ¿kfGt/0f ug]{ /x]5 < 

ljB't\\ nf]8sf] k|of]uaf6 zlSt ¿kfGt/0f x'G5 . s'g} ljB't\\ pks/0fsf] k|of]u ubf{ k|ltPsfO 
;dodf x'g] ljB't\\ zlStsf] ¿kfGt/0f pSt pks/0fsf] ;fdYo{ xf] .

lrq 11.8
On]lS6«s lx6/ On]lS6«s cfO/g /fO; s's/

On]lS6«s hu
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ljB't\\ ;fdYo{ (P) =
 ljB't\\ pks/0fn] ¿kfGt/0f ug]{ zlSt   

====================== -i_ 
             ;do (t)

pks/0fsf b'O{ 5]pdf x'g] kf]6]lG;on km/sn] On]S6«f]g k|jfx eO{ ljB't\\ zlSt ¿kfGt/0f x'G5 .

kf]6]lG;on km/ssf] kl/efiffcg';f/, 

kf]6]lG;on km/s (V) =
 pks/0fsf b'O{ 5]plar rfh{ k|jfx u/fpFbf x'g] sfo{ (W)  

      rfh{ (Q)     

ljB't\\ pks/0fn] ug]{ sfo{ (W)  = QV = ljB't\\ pks/0fn] ¿kfGt/0f ug]{ zlSt 

;dLs/0f -i_ af6

 ljB't\\ ;fdYo{ (P) =
 QV  

      t 

 ljB't\\ ;fdYo{ (P)  = IV                    
\ ljB't\\ wf/f (I) =

  Q 
               t

pbfx/0fM 4

/f]xgn] cfk\mgf] efG5fsf]7fdf ePsf] /fO;s's/df ljB't\\ ;fdYo{ 900 W n]lvPsf] kfP . /
fO;s's/nfO{ cfjZos kg]{ ljB't\ wf/f lgsfNg'xf];\ . -ufx{:Yo ljB't\\ kl/kydf x'g] kf]6]lG;on 
km/s = 220 V_

k|Zgdf lbOPcg';f/, 

kl/kydf x'g] kf]6]lG;on km/s -V_ Ö 220 V

 /fO;s's/sf]  ;fdYo{  -P_ Ö  900 W
;"qfg';f/, 

 ljB't\\ wf/f ;fdYo{ -P_ = IV

 ljB't\\ wf/f (I) = 
  P 

            V  

 ljB't\\ wf/f (I) =
  900  

= 4.09 A
  

            220

/fO;s's/df vfgf ksfpFbf To;sf] SjfOn -coil_ df 4.09 A ljB't\\ wf/f pTkGg x'G5 .

ljB't\\ vkt (electricity consumption)

ljB't\\ pks/0fsf] k|of]u ubf{ ¿kfGt/0f x'g] ljB't\\ zlStsf] dfqf ljB't\\ vkt xf] . 
ljleGg pks/0f k|of]u ubf{ x'g] ljB't\\ vktnfO{ ljB't\\ ld6/sf] k|of]u u/L dfkg  

ul/G5 . ljB't\\ vktsf] Jofj;flos PsfO lsnf]jf6 306f -kWh_ xf] . 1 kWh eg]sf] s'g} Ps  

lrq 11.9
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lrq 11.10

lsnf]jf6 ljB't\\ ;fdYo{ ePsf] pks/0fnfO{ 1 306f  
k|of]u ubf{ ¿kfGt/0f x'g] ljB't\\ zlStsf] kl/df0f xf] . 1 kWh 
nfO{ ;dfGo af]lnrfnLsf] efiffdf 1 o'lg6 elgG5 . 

1 kW h = 1000 W × 1 h

1 kWh = 1000 W ×3600 s 

    = 3.6 × 106 J =3.6 MJ  

ljB't\\ ;fdYo{sf] kl/efiffcg';f/ pks/0fn] ubf{ ¿kfGt/0f x'g] 
ljB't\\ zlSt o;sf] ;fdYo{ / k|of]usf] ;dfojlwdf e/ k5{ . 

ljB't\\ pks/0fn] ¿kfGt/0f ug]{ zlSt (E) = ljB't\\ ;fdYo{ (P) × ;do (t)  

ljB't\\ dx;'n (electricity bill)

lj|mofsnfk 11.8

tkfO{“sf] 3/df k|of]u ul/g] ljB't\\ pks/0f;DaGwL ljj/0f tnsf] h:t} tflnsfdf eg'{xf];\ . pSt 
ljj/0fsf cfwf/df b}lgs ljB't\\ vkt / dfl;s ljB't\\ dx;'n lx;fa ug'{xf];\ .

pks/0f CFLaQL LED aNa ====== ============== =============

;fdYo{ -P_ lsnf]jf6df 15 W = 
15/1000  kW

;ª\Vof -n_

b}lgs k|of]u ul/g] ;do -t_ 
306fdf

ljB't\\ vkt Ö P × n × t

;a} pks/0fsf] b}lgs vkt hf]8\g'xf];\ . pSt vktnfO{ 30 n] u'0fg ubf{ dfl;s vkt k|fKt  
x'G5 . dfl;s ljB't\\ vktnfO{ k|lt o'lg6 z'Nsn] u'0fg u/L dfl;s ljB't\\ dx;'n kQf nufpg'xf];\ . 

xfdLn] ljB't\ pks/0fx¿ k|of]u ubf{ x'g] ljB't\ vktsf] dx;'n e'Stfg u5f}{+ . o;sf nflu ljB't\\ 
ld6/df xfn b]lvPsf] cª\s / cluNnf] dlxgfdf b]lvPsf] cª\ssf] leGgtf lgsfNg'k5{ .  o;/L 
lgsflnPsf] cª\snfO{ k|lto'lg6 z'Nsn] u'0fg u/L ljB't\ dx;'n lgsflnG5 .

ljB't\\ pks/0fsf] ;fdYo{ 'P' -lsnf]jf6df– kW_, To;nfO{ k|of]u ul/Psf] ;do 't' -306fdf– h_, 
/ pxL pks/0fx¿ PseGbf a9L ePsf] cj:yfdf tL pks/0fsf] ;ª\Vof 'n' ePdf ljB't\\ vkt 
lgDgfg';f/ lx;fa ul/G5 M

ljB't\\ vkt Ö P × n × t  unit (kW h)



188                 lj1fg tyf k|ljlwM sIff (

pbfx/0fM 5

Pp6f 3/df 15 W ;fdYo{ ePsf 6 cf]6f l;PkmPn -CFL_ b}lgs 5 306f, 7 W ;fdYo{ ePsf 
4 cf]6f PnO8L (LED_ aNa b}lgs 6 306f, 1 kW ;fdYo{ ePsf 2 cf]6f lx6/ b}lgs 2 306f, 
900 W ;fdYo{ ePsf] /fO;s's/ b}lgs 50 ldg]6 / 800 W ;fdYo{ ePsf] O:qL xKtfdf 30 
ldg]6sf nflu k|of]u ul/G5g\ . pSt 3/sf] dfl;s ljB't\\ vkt slt x'G5 < olb 1 o'lg6 ljB't\\
sf] z'Ns ?= 10 eP dfl;s ljB't\\ dx;'n lx;fa ug'{xf];\ .

xn M k|Zgdf lbOPcg';f/,

pks/0f CFL LED lx6/ /fO;s's/ O:qL

;fdYo{ -P_ 15 W = 

           kW

7 W = 

            kW

1 kW 900 W= 

        =         kW

800 W 

=          =         kW

;ª\Vof -n_ 6 4 2 1 1

b}lgs k|of]u 
ul/g] ;do 
-t_

5 h 6 h 2 h 50 min

=       =        h

30 min k|ltxKtf

=         h b}lgs

;"qfg';f/,

Ps lbgdf l;PkmPn -CFL_ n] ubf{ x'g] ljB't\\ vkt  = P × n ×t

        =          × 6 × 5 = 0.45 kW h  

Ps lbgdf PnO8L -LED_ n] ubf{ x'g] ljB't\\ vkt = P × n × t

       =             × 4 × 6 = 0.168 kW h  

Ps lbgdf lx6/n] ubf{ x'g] ljB't\\ vkt = P × n × t

      = 1 × 2 × 2 = 4 kWh  

Ps lbgdf /fO;s's/n] ubf{ x'g] ljB't\\ vkt = P × n × t

       =         × 1 ×          = 0.75 kWh  

Ps lbgdf O:qLn] ubf{ x'g] ljB't\\ vkt  = = P × n × t

        =          × 1 ×        = 0.057 kWh  

900
1000

8
10

7
1000

15
1000

800
1000

5
6

0.5
7

9
10

50
60

15

1000

8
10

0.5
7

5
6

7

1000

9

1000
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Ps lbgdf x'g] hDdf ljB't\\ vkt  = 0.45+0.168+4+0.75+0.057 =  5.425 kWh (unit)

Ps dlxgfdf x'g] hDdf ljB't\\ vkt  = 5.425 × 30=  162.75 unit

Ps dlxgfsf] ljB't\\ dx;'n = 162.75× 10 = Rs.1627.5 

pSt 3/sf] dfl;s ljB't\\ vkt 162.75 unit x'G5 / dfl;s ljB't\\ dx;'n ?= 1627.5  x'G5 .
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cEof;

!= ;xL pQ/ 5fGg'xf];\ M 

 -s_  tnsf u|fkmdWo] s'gn] cf]xdsf] lgdonfO{ k|bz{g u5{ <

  -c_ A  -cf_ B  -O_ C  -O{_ D 

 -v_ ljB't\\ lx6/df k|of]u x'g] lxl6ª Olnd]G6 -heating element_ s'g kbfy{af6  
  agfOG5 M

  -c_ tfdf -copper_   -cf_ sG;6]G6g -constantan_

  -O_ 6ª\U:6]g -tungsten_   -O{_ gfOj|mf]d -nichrome_   

 -u_  ufx{:Yo ljB't\\ kl/kydf ljB't\\ nf]8x¿nfO{ ;dfgfGt/ ¿kn] h8fg ug'{sf] sf/0f s'g  
  xf] <

 -c_ ;a} nf]8af6 ;dfg s/]G6 k7fpg

 -cf_ ;a} nf]8nfO{ ;dfg kf]6]lG;on km/sdf /fVg

 -cf_ ljB't\\ kl/kydf cj/f]w oyfjt /fVg

 -O_ ljB't\\ kl/kydf cj/f]w a9fpg

 -3_ aNa A df 220 V, 0.5 A / aNa B df 220 V, 0.45 A pNn]v ul/Psf] 5 . b'j}n] k"0f{  
  Ifdtfdf sfo{ ul//x]sf] cj:yfdf tnsf dWo] s'g egfO ;xL x'G5 < 

  -c_ k|lt306f B n] A eGbf a9L ljB't\\ vkt u5{ .

  -cf_ k|lt;]s]G8 A n] B eGbf a9L zlSt ¿kfGt/0f u5{ . 

  -O_ k|lt;]s]G8 B af6 pTkGg x'g] tfk A sf] eGbf a9L x'G5 .

  -O{_ aNa A eGbf B sf] k|of]u a9fpFbf ljB't\\ dx;'n a9\5 . .

 -ª_ ;+Fu}sf] lrqdf b]vfOPsf] kl/kydf R sf] dfg slt x'G5 < 

  -c_ 6 Ω   -cf_ 12 Ω

  -O_ 18 Ω   -O{_ 24 Ω
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 -r_  1 kW sf] lx6/nfO{ 1 306f k|of]u ubf{ ¿kfGt/0f x'g] ljB't\\ zlSt slt x'G5 <

  -c_ 3.6 × 105 J  -cf_ 3.6 × 104 J

  -O_ 3.6 × 103 J  -O{_ 3.6 × 106 J

@= km/s n]Vg'xf];\ M

 -s_ On]S6«f]df]l6e kmf];{ / kf]6]lG;on km/s

 -v_ nf]8x¿sf] >]0fLj|md h8fg / nf]8x¿sf] ;dfgfGt/ h8fg 

#= sf/0f n]Vg'xf];\ M

 -s_  aNanfO{ Pp6f 8«fO{ ;]n;Fu h8fg ul/Psf] eGbf b'O{cf]6f ;]nsf] ;d"x;+Fu h8fg ubf{  
  a9L rlDsnf]kgf b]lvof] .

 -v_ lx6/df gfOj|mf]d tf/sf] k|of]u ul/G5 .

 -u_ ufx{:Yo ljB't\ kl/kydf ljB't\\ nf]8x¿sf] ;dfgfGt/ h8fg ul/G5 .

$= tnsf k|Zgsf] pQ/ n]Vg'xf];\ M

 -s_ ljB't\\ s/]G6sf] kl/efiff n]Vg'xf];\ .

 -v_ On]S6«f]df]l6e kmf];{ eg]sf] s] xf] < s] of] jf:tljs ¿kdf cGo an h:t} xf] < JofVof  
  ug'{xf];\ .

 -u_ Pp6f 8«fO{ ;]ndf n]lvPsf] 1.5 V sf] cy{ n]Vg'xf];\ .  

 -3_ cf]xdsf] lgod n]vL V= IR x'G5 egL b]vfpg'xf];\ .

 -ª_ ljB't\\ cj/f]w eg]sf] s] xf] < 1 Ω ljB't\\ cj/f]w kl/eflift ug'{xf];\ .

 -r_ ;dfg nDafO ePsf df]6f] tf/ / dl;gf] tf/dWo] s'gsf] cj/f]w a9L x'G5 < 

 -5_ ljB't\\sf] tfk c;/ eg]sf] s] xf] < o;df cfwfl/t b'O{cf]6f pks/0fsf] gfd  
  n]Vg'xf];\ . 

 -h_ ljB't\\ ;fdYo{ eg]sf] s] xf] < Pp6f df]afOn kmf]gdf n]lvPsf] 5 W sf] cy{  
  n]Vg'xf];\ .

-em_ ;'/hn] Pp6f 3 V sf] Aof6«L k|of]u u/]/ ul/Psf aNasf] h8fgdf Pp6 aNa 
x6fP/ afFsL aNanfO{ k'gM Aof6L«;Fu hf]8\bf pHofnf] a9]sf] cg'ej u/] . aNax¿ 
s'g lsl;dn] h8fg ul/Psf /x]5g\ . pSt h8fg b]vfpg] ljB't\\ kl/kysf] lrq  
sf]g'{xf];\ . aNax¿sf] pHofnf] a9\g'sf sf/0f pNn]v ug'{xf];\ .
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-`_ tkfO{FnfO{ ;dfg ;fdYo{ ePsf b'O{cf]6f aNa, b'O{cf]6f 8«fO{ ;]n / ;'rfns tf/ 
lbOPsf] 5 . tL aNanfO{ clwstd pHofnf] x'g] u/L afNgsf nflu s'g lsl;dn] 
h8fg ug'{x'G5, lsg < lrq;lxt k|:6 kfg'{xf];\ . 

%= ul0ftLo ;d:of xn ug'{xf];\ M

-s_ 10 mA ljB't\ wf/f ePsf] ;'rfns tf/df 0.2 C rfh{ axg nfUg] ;do lx;fa 
ug'{xf];\ . ( 20 s)

-v_  Pp6f ;'rfns tf/df 5 mA sf] ljB't\\ wf/f 5 . 1 ldg]6sf] ;dodf pSt tf/ eP/ 
axg] rfh{ lx;fa ug'{xf];\ . (0.3 C)

-u_ Pp6f 6r{ nfO6sf] aNadf 3 V, 500 mA pNn]v ul/Psf] 5 . aNasf] cj/f]w / 
;fdYo{ lx;fa ug'{xf];\ . -6 Ω ,1.5 W )

-3_ 220 V sf] ufx{:Yo ljB't\\ kl/ky h8fg ePsf] Pp6f 3/sf] sf]7fdf 1100 W 

;fdYo{ ePsf] lx6/ / 11 W ;fdYo{ ePsf] CFL aflnPsf 5g\ . ;'rfns tf/sf]  
cj/f]w gu0o dfgL k|To]s pks/0f eP/ hfg] s/]G6 / k|To]ssf] ljB't\\ cj/f]w lx;fa  
ug'{xf];\ .  -lx6/– 5 A, 44 Ω , CFL- 0.05 A, 4400 Ω)

-ª_  ;Fu}sf] lrqdf b]vfOPsf] kfgL ttfpg k|of]u x'g] lsTnL 
-kettle_ df 6fFl;Psf] l:6s/ cjnf]sg ug'{xf];\ . pSt 
lsTnLnfO{ 220 V kf]6]lG;on km/s ePsf] ufx{:Yo 
ljB't\ kl/kydf h8fg ubf{ To;af6 hfg] clwstd 
s/]G6 slt  x'G5 < lsTnLdf kfgL plDng 4 ldg]6 
;do nfUof] eg] Tof] lsTnLn] clwstd slt o'lg6 
ljB't\ vkt u5{,  lx;fa ug'{xf];\ . (13.63 A, 0.2 kW h) 

-5_  Pp6f 3/sf] ufx{:Yo ljB't\\ kl/kydf h8fg ul/Psf ljleGg ljB't\\ pks/0fsf] ;fdYo{ 
/ ltgsf] k|of]u ljj/0f lgDgfg';f/ 5 M 

 -c_ 7 W ;fdYo{ ePsf 10 cf]6f PnO8L -LED _ b}lgs 6 306f

 -cf_ 150 W ;fdYo{ ePsf] Pp6f l6eL b}lgs 8 306f

 -O_ 150 W ;fdYo{ ePsf 4 cf]6f kª\vf b}lgs 10 306f

 -O{_ 750 W ;fdYo{ ePsf] Pp6f O:qL xKtfsf] 40 ldg]6 

 pSt 3/df x'g] dfl;s ljB't\\ vkt slt x'G5 < olb Ps o'lg6 ljB't\\sf] d"No ?= 10  
eP Ps dlxgfsf] ljB't\\ dx;'n lx;fa ug'{xf];\ . (Ans: 230.7 kW h, Rs. 2037)
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kl/of]hgf sfo{ 

b}lgs ljB't\\ vktsf] cWoog ug{ tkfO{“sf] jl/kl/sf kf“rcf]6f 3/sf] ;j]{If0f u/L tnsf] h:t} 
tflnsfdf ljj/0f ;ª\sng ug'{xf];\ / k|fKt glthfnfO{ sIffdf 5nkmn ug'{xf];\ .

3/ g= =====

ljB't\\ nf]8 ljB't\\ ;fdYo{ -P_ 
-kW)

;ª\Vof 
-n_

k|of]u ul/g] 
;do -t_

ljB't\\ vkt 
-P × n × t_

ljB't\\ dx;'n 
(kWh × rate)

============= ============ ========== ============== ======== kWh ================
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a|x\df08 (The Universe)!@

lrq 12.1 uf];fOs'08df k/fjlt{s eO{ b]lvPsf] cfsfzuª\uf tf/f k'~h

;|f]t M YEVHEN SAMUCHENKO  

a|x\df08 cGtl/Ifsf] cyfx lj:tf/ xf] . ;Dk"0f{ kbfy{, pmhf{ tyf ;do oxL a|Xdf08df lglxt  
5g\ . lrq 12.1 df k[YjLaf6 vfnL cfFvfn] /ftLsf] v'nf cfsfzdf x]bf{ cGtl/Ifdf b]lvg] 
cfsfzuª\uf -Milkyway galaxy_ sf cgluGtL tf/f b]vfOPsf] 5 . tL tf/fdf klg xfd|f]  
;f}o{d08nsf] ;"o{ h:t} tfk / k|sfz pTkGg x'G5 . ltgLx¿sf] ;a}sf] lglZrt cfo' x'G5 . 
a|x\df08df tf/fx¿sf] lj:kmf]6g x'g], cyfx u'?Tjan ePsf lk08;F+u} csf]{ tf/f klg 3'Db}  
u/]sf] h:tf 36gfx¿ 6]ln:sf]ksf] dbtn] cjnf]sg ug]{ ul/G5 . 6]ln:sf]k cjnf]sgaf6 k|fKt  
hfgsf/Lsf cfwf/df a|x\df08sf af/]df j}1flgs tYox¿ k|ltkfbg ul/Psf 5g\ .
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tf/fsf] hLjg rj|m (Life cycle of stars)

lj|mofsnfk 12.1

;“u}sf] lrqdf ;"o{df Go'lSno/ k\mo'hg -Nuclear fussion_ åf/f 
pmhf{ pTkGg x'g] sf]/, pSt pmhf{ ;~rfng tyf ljls/0fsf 
dfWoodaf6 aflx/lt/ k|;f/0f x'g] /]l8Pl6e hf]g / ;+jfxgsf 
dfWoodaf6 pmhf{ k|;f/0f x'g] sGe]lS6e hf]g b]vfOPsf] 5 . 
tnsf] tflnsf cWoog u/L lbOPsf k|Zgx¿sf ;Gbe{df 5nkmn 
ug'{xf];\ .

tf/f ;f}o{d08n 
af6sf] b'/L

;fOh -cw{Jof; lk08 /ª ;txsf] 
tfkj|md

cfo'

;"o{ -Sun_ – 695,700 km 2×1030 kg kx]Fnf] 
-yellow_

5778 K 4.6 ca{

 

l;l/o; P 
-Sirius A_ 

8.6 k|sfz 
jif{

1.711 u'0ff 
;"o{sf] cw{Jof;

2.063 u'0ff 
;f}o{lk08

lgnf] ldl>t 
;]tf] -bluish 
white_

9940 K 2 s/f]8 
42 nfv

k|f}lS;df  
;]G6f}/L 

4.2 k|sfz 
jif{

0.1542 u'0ff 
;"o{sf] cw{Jof;

0.122 u'0ff 
;f}o{lk08

xNsf /ftf] 
-faint red_

3042 K 4.8 ca{

gf]6 M l;l/o; P -Sirius A_ /ftL cfsfzdf b]lvg] sfnk'?if -orion_ tf/fd08n ;Fu}sf] ;a}eGbf 
rlDsnf] tf/f xf] . k|f]lS;df ;]G6f}/L -Proxima centauri_ ;"o{af6 glhssf] tf/f xf] . -1 k|sfz 

jif{ Ö 9.46×1015 m_

dflysf] tflnsfsf cfwf/df tn lbOPsf k|Zgx¿df 5nkmn ug'{xf];\ M

-c_  ;"o{ slt jif{ klxn] ag]sf /x]5 < 

-cf_  a|x\df08df ePsf tf/fx¿sf] ;fOh, tfkj|md, /ª / cfo' ;"o{sf] eGbf km/s xf]nf < 

-O_  ;"o{sf] tfk pTkGg x'g] sf]/ / cGo efu 5'6\l6P h:t} cGo tf/fx¿sf] ;+/rgf s:tf] x'G5  
 xf]nf < s] ;"o{sf] sf]/af6 tfk ;wF}el/ lg/Gt/ pTkGg x'G5 xf]nf <

;"o{ xfd|f] ;f}o{d08nsf] tf/f xf] . tf/fx¿ tfk / k|sfz pTkGg ug]{ vuf]nLo -celestial_ 
lk08x¿ x'g\ . a|x\df08df c;ª\Vo tf/f 5g\ . xfO8«f]hg k/df0f'x¿ ;+of]hg eO{ lxlnod aGg] 
lj|mofaf6 tf/fx¿df tfk / k|sfz pTkGg x'G5 . tf/fx¿df k/df0f' ;+of]hg x'g] lj|mof logsf] 

lrq 12.2   ;"o{sf] leqL ;+/rgf
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lrq 12.3   cf]l/og g]a'nf Credits: NASA, 
ESA and the Hubble Space Telescope 

Orion Treasury Project Team)

hGd -lgdf{0f_ b]lv d[To' -lj:kmf]6g_ ;Dd rln/xG5 . lj:kmf]6gkZrft\ k'gM gofF tf/f aGg] lj|mof 
;'? x'g] ePsfn] k[YjLdf hLjx¿sf] hLjg rj|m eP h:t} cGtl/Ifdf tf/fx¿sf] klg hLjgrj|m  
x'G5 . hGdsf] cj:yf tyf hLjgrj|msf r/0fcg';f/ tf/fx¿sf] cfsf/, ;fOh, tfkj|md, /ª 
cflbdf leGgtf kfOG5 . 

tf/fsf] hGd (birth of a star)

tf/fx¿sf]] hGd g]a'nfdf x'G5 .  g]a'nf Ps ljzfn 
UofF; / w'nfsf s0fx¿sf] afbn xf] . g]a'nfdf d'VotM  
xfO8«f]hg / lxlnod UofF; /x]sf] x'G5 . oL UofF; / 
w'nfsf s0f cGo tf/fx¿ lj:kmf]6 x'Fbf aG5g\ . zlStzfnL  
6]ln:sf]ksf] dbtn] a|x\df08df /x]sf s]xL g]a'nfx¿sf] 
cjnf]sg ug{ ;lsG5 . pbfx/0fsf nflu sfnk'?if tf/
fd08n -Orion constellation_ ;Fu} /x]sf] cf]l/og g]a'nf 
;lhn} cjnf]sg ug{ ;lsG5 .

tf/f aGg] j|mddf u'?Tjansf sf/0f g]a'nfdf /x]sf w'nfsf s0f / UofF; cfslif{t eO{ v'lDrP/ 
Ps lk08sf] ¿k lnG5 . yk UofF; / 3'nfsf s0f cfsif{0f u/L o;sf] cfsf/ a9\b} hfG5 . lk08 
a9\b} hfFbf o;sf] s]Gb|df rfk a9\b} hfG5 . h;n] ubf{ sf]/sf] tfkj|md j[l4 x'G5 . o;/L w'nfsf 
s0f / UofF;sf] ;+of]hgaf6 aGg] ljzfn lk08nfO{ k|f]6f]:6f/ elgG5 . k|f]6f]:6f/ aGgsf nflu nfvf}F 
jif{ nfU5 . pRr rfk ;Fu} tfkj|md a9\b} hfFbf k|f]6f]:6f/sf] sf]/df Go'lSno/ k\\mo'hg ;'? x'G5 / 

tf/fsf] hGd x'G5 . Go'lSno/ k\mo'hg ;'? x'g sl/a 107 K tfkj|md rflxG5 . 

a|x\df08df xfO8«f]hg / lxlnod ePsf y'k|} lk08 5g\ . t/ tL ;a} lk08 tf/f aGg  
;Sb}gg\ . ltgLx¿df Go'lSno/ k\mo'hg x'gsf nflu cfjZos kg]{ Go"gtd tfk / rfk  
x'Fb}g . gofF tf/fdf x'g] Go'lSno/ k\mo'hg k|ltlj|mofaf6 c/af}F jif{;Dd tfk / k|sfz pTkGg x'G5 . 

tf/fsf] d[To' (death of a star)

gofF tf/fx¿sf] sf]/df k|ofKt dfqfdf xfO8«f]hg /x]sf] x'G5 . logdf ydf]{Go'lSno/ k\mo'hg 
-thermonuclear fusion_ lj|mof lg/Gt/ rln/xG5 . tf/fsf] a9\bf] pd]/;Fu} sf]/df x'g] xfO8«f]hg 
lg/Gt/ lxlnoddf ¿kfGt/0f x'Fb} hfG5 . cGtt sf]/df x'g] xfO8«f]hg ;dfKt x'G5 . To;kl5 
Go'lSno/ k\mo'hg csf]{ r/0fdf k|j]z u5{ . h;cGtu{t lxlnodsf k/df0f' sfa{gdf ¿kfGt/0f 
x'G5g\ . o;/L tf/fsf] s]Gb|df ux|f}F k/df0f'x¿ aGb} hfG5g\ . t/ sf]/df GolSno/ k\mo'hgsf] dfqf 
36\b} hfg] ePsfn] tf/fsf] tfkj|md eg] 36\b} hfG5 . tfkj|mdcg';f/ tf/fsf] /ª klg kl/jt{g 
x'Fb} hfG5 . tf/fx¿sf] /ª / o;sf] tfkj|mdn] pd]/ hgfpF5 .  ev{/ pTklt ePsf tf/fsf] /ª 
lgnf] / clGtd cj:yfdf k'u]sf tf/fsf] /ª /ftf] x'G5 . tf/fsf] /ª / tfkj|md oxfF lbOPsf] 5 M

tf/fsf] /ª lgnf] kx]“nf] ;'Gtnf /ftf]

Tffkj|md 11,000°C- 25,000 °C 5,000°C- 6,000°C 3,500°C- 5,000°C 3,000°C- 3,500°C
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tf/fsf] sf]/df pTkGg tfksf sf/0fn] tf/fsf] aflx/L txdf /x]sf] UofF; km'Sb} hfG5 . t;y{  
pd]/cg';f/ tf/fsf] ;fOh klg j[l4 x'Fb} hfG5 . k'/fgf tf/fx¿ /ftf] /ªsf x'gfsf ;fy} lgs} 7'nf  
b]lvg] ePsfn] ltgLx¿nfO{ /]8 hfOG6 elgG5 . w]/} 7'nf tf/fx¿af6 aGg] /]8 hfOG6nfO{ /]8 
;'k/ hfOG6 elgG5 . ;fgf tf/fx¿rflxF /]8 hfOG6 gaGg klg ;S5g\ . 

w]/} k'/fgf tf/fx¿df aflx/L txsf] UofF; km'Sb} hfFbf s'g} laGb'df sf]/n] cfsif{0f ug{ g;s]/ 
aflx/L tx lj:kmf]6 x'G5 . o:tf] lj:kmf]6gnfO{ gf]ef elgG5 . w]/} zlStzfnL lj:kmf]6g eof] 
eg] ;'k/ gf]ef elgG5 . lj:kmf]6g x'Fbf tf/fsf] aflx/L txdf ePsf] UofF; / w'nf] ax\df08df  
5l/G5 . tL UofF; / w'nfsf s0f ;ª\slnt eO{ k'gM csf]{ g]a'nf aG5 . aflx/L tx lj:kmf]6 eP/  
5'6\l6Pkl5 tf/fsf] sf]/ dfq afFsL /xG5 . o;sf] eljio tf/fsf] ;'?sf] lk08df e/ k5{ . 

An]s 8k{m

-x\jfO6 8k{m lr;f] eO{ cb[Zo aG5_

k|f]6f]:6f/

tf/f

/]8 hfOG6

gf]ef

-/]8 hfOG6sf] lk08 ;"o{sf] 

eGbf sd_

x\jfO6 8k{m

- tftf], dw'/f] b]lvg]_
Go'6«f]g tf/f

- Go'6«f]go'St rf“8f] rf“8f] 

3'Dg]_

kN;/

-lg/Gt/ PS; /]  kN; 

5f]8\g] Go'6«f]g

ANofs xf]n

-cTolws v'Drg] j|mddf w]/} 

u'?Tj an ePsf] lk08_

/]8 ;'k/ hfOG6

;'k/ gf]ef

-/]8 hfOG6sf] lk08 ;"o{sf] eGbf 

w]/} u'0ff a9L_

lrq 12.4 tf/fsf] hLjgrj|m
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-s_  olb tf/fsf] lk08 ;"o{sf] eGbf sd ePdf lglZrt ;dokl5 Go'lSno/ k\mo'hg k|lj|mof 
;dfKt eO{ k|sfz/lxt ;fgf] lk08sf ¿kdf /lx/xG5 . o;nfO{ AofNs 8\jfk{m -black 
dwarf_ elgG5 . 

-v_  olb tf/fsf] lk08 ;"o{sf] lk08sf] xf/fxf/L 5 eg] sf]/df Go'lSno/ k\mo'hg nfdf] ;do;Dd 
rln/xG5 . To;}n] o;nfO{ x\jfO6 8\jfk{m -white dwarf_ elgG5 . 

-u_  olb tf/fsf] lk08 ;"o{sf] lk08eGbf 1.4 b]lv 5 u'0ff;Dd ePsf sf]/ vfFlbP/ Go'6«f]gdfq 
ePsf] lk08df kl/jt{g x'G5, o;nfO{ Go'6«f]g :6f/ elgG5 . 

-3_  olb tf/fsf] lk08 ;"o{sf] lk08sf] 5 u'0ffeGbf a9L ePdf sf]/ v'lDro/ cTolws ;fgf] 
t/ cTolws vFlbnf] lk08 aG5 . o;sf] u'?Tjan olt w]/} x'G5 ls k|sfz klg o;af6 
aflx/ lgl:sg ;Sb}g / cb[Zo lk08sf ¿kdf kl/0ft x'G5 . To;}n] o;nfO{ sfnf] l5b| 

-black hole_ elgG5 . tyflk o;n] lg/Gt/ PS; /] pT;h{g ul//xg] s'/f j}1flgsx¿n] 
kQf nufPsf 5g\ . o;n] jl/kl/sf cGo lk08nfO{ klg cfsif{0f u/L cfkm"df ;dflxt ug{  
;S5 . 

a|x\df08;DaGwL j}1flgs tYox¿ (scientific facts about the universe)

a|x\df08sf] pTklQaf/] 7f]; k|df0f geP tfklg xfn eO/x]sf] a|x\df08sf] lj:tf/n] o;sf] pTklQ 
Ps vfFlbPsf] lk08sf] lj:kmf]6g cyf{t\ lau a]ª\u -Big Bang_ af6 ;'? ePsf] xf] . ;g\ 1920 df 
a]lNhog j}1flgs hf]h{ nd]6/ -Georges Lemaitre_ n] xfd|f] cfsfzuª\uf -milkyway galaxy_ / 
cGo sof}F tf/k'~hx¿ Pscsf{af6 6f9f uO/x]sf] tYo kQf nufPsf lyP . o; l;4fGtcg';f/ 
a|x\df08sf] pTklQ cfheGbf sl/a 13.8 c/a jif{ klxn] ePsf] xf] .  a|x\df08df /x]sf Tff/f, 
tf/fk'~hx¿n] o;sf] lk08sf] s]xL efu dfq cf]u6]sf 5g\ . t;y{ a|x\df08 kbfy{ / pmhf{af6 
ag]sf] 5 . a|x\df08df s'g} klg lk08 l:y/ cj:yfdf 5}g . s'g} g s'g} ;fk]If laGb'sf cfwf/df 
lk08x¿ rfndf x'G5g\ . rGb|df k[YjLsf] jl/kl/ 3'ld/xFbf k[YjL ;"o{sf] jl/kl/ 3'ld/x]sf] x'G5 . 
;f]xL cjlwdf ;"o{ klg cfsfzuª\ufsf] s]Gb| jl/kl/ 3'ld/x]sf] x'G5 . 

a|x\df08df cgluGtL tf/fk'~hx¿ 5g\ . cfsfzuª\ufaf6 glhs}sf] csf]{ tf/fk'~h PG8«f]d]8f  
tf/fk'~h xf] . of] k[YjLaf6 2.5 k|sfz jif{sf] b'/Ldf /x]sf] 5 . tf/fk'~hdf ePsf tf/fx¿ ;a} 
Pp6} pd]/sf x'Fb}gg\ . cfsfzuª\ufsf] Ps 5]pdf /x]sf] ;f}o{d08nsf] pTklQ 4.6 ca{ jif{ klxn] 
ePsf] xf] . k[YjLdf xfn;Dd k|fKt ;a}eGbf k'/fgf] kbfy{sf ¿kdf hs{g dl0fe -zircon crystal_ 
/x]sf] 5 . o;sf] pd]/ nueu 4.4 ca{ jif{ lx;fa ul/Psf] 5 . 

a|x\df08df ljleGg tf/fsf] ;d"xdf k[YjL h:t} cfsf/, ;fOh / x]la6]an hf]gdf ePsf cGo 

u|xx¿ klg kQf nfu]sf 5g\ . ;g\ 2020 sf] hgj/L 5 df kQf nfu]sf] TOI 700 d u|x 8f]/f8f] 

tf/fd08n -Dorado constellation_ df cjl:yt TOI 700  tf/fsf] kl/j|mdf u5{ .  pSt u|x 
k[YjLaf6 101.4 k|sfz jif{sf] b'/Ldf /x]sf] 5 . a|x\df08nufot lj1fgsf ljleGg If]qdf ul/Psf 
vf]hx¿n] gofF gofF hfgsf/Lx¿ kQf nfUb} uPsf 5g\ . 
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ljrf/0fLo k|Zg M s] j}1flgs l;4fGtx¿ (scientific theories) ;do;fk]If kl/jt{g x'g ;S5g\ <

sHdf]nhL -cosmology_ a|x\df08sf] pTklQ / o;sf] ljsf;j|md;DaGwL cWoog ug]{ lj1fg  
xf] . a|Xdf08;DaGwL cWoogsf nflu k|of]u x'g] k|ljlwsf] ljsf;j|md ;Fu} gofF gofF tYox¿ kQf 
nfUb} uPsf 5g\ . s'g} tYox¿ k'/fgf l;4fGt k|lt:yfkg ug]{ klg x'G5g\ . pbfx/0fsf ¿kdf 
;f}o{d08naf/] k|frLg lj1fgn] :yflkt u/]sf] k[YjLs]lGb|t l;4fGt -geocentric theory_ nfO{ 
cfw'lgs lj1fgsf] ;"o{s]lGb|t l;4fGt -heliocentric theory_ n] k|lt:yfkg u/]sf] lyof] . To:t} 
;g\ 2006 eGbf klxn];Dd ;f}o{d08nsf] vuf]nLo lk08 od -pluto_ nfO{ klg u|xsf ¿kdf 
dfGotf lbOPsf] lyof] . u|xsf af/]df ;g\ 2006 df tof/ kfl/Psf cfwf/x¿cg';f/ od u|xsf] 
;"rLaf6 x6fOof] . t;y{ lj1fgsf ljleGg If]qx¿df gofF cWoog, vf]h tyf cg';Gwfg lg/Gt/ 
rln/xg] ePsfn] lj1fg rnfodfg x'G5 . 

a|x\df08sf] eljiosf af/]df ;}4flGts cfwf/df ljleGg kl/sNkgf u/]sf 5g\ . h;cGtu{t  
a|x\df08sf] k|;f/ /f]lsP/ v'Drg ;'? x'g] 5 . o; j|mddf ;Dk"0f{ kbfy{ Ps laGb'df v'lDFrbf lau 
j|mGr -Big Crunch_ l;h{gf eO{ k'gM csf]{ lau Aofª -Big Bang_ ;'? x'g] 5 .

vuf]nLo lk08x¿ larsf] b'/L dfkg ug]{ PsfOx¿ -units to measure distance between 
celestial bodies_

lrq 12.5  s]xL vuf]nLo lk08 larsf] b'/L -b'/L jf:tljs gfkdf g/x]sf]_

k|ZgM lrq 12.5 df vuf]nLo lk08larsf] b'/L b]vfpg vf]lhPsf] 5 . s] k[YjL / rGb|df larsf] 
b'/L tyf ;"o{ / k[YjL larsf] b'/LnfO{ xfdLn] b}lgs hLjgdf k|of]u ug]{ b'/L gfKg] ljlwaf6 ld6/ 
-m_, lsnf]ld6/ -km_ cflbdf JoSt ug{ ;lsG5 <

vuf]nLo lk08x¿ Pscsf{af6 lgs} 6f9f /x]sf x'G5g\ . tL lk08larsf] b'/L dfkg ug{ xfdLn] b}
lgs hLjgdf k|of]u ug]{ nDafO gfKg] ljlw / PsfO -unit_ af6 ;Dej x'Fb}g . o;sf nflu 5'6\6} 
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PsfO lgwf{/0f ul/Psf x'G5g\ . tL PsfOsf] dfg nDafOsf] k|dfl0fs PsfO cyf{t\ ld6/ eGbf  
s}of}F u'0ff a9L x'G5 . s]xL vfu]nLo lk08x¿larsf] b'/L dfkg ug{ k|of]u x'g] PsfO, ltgsf] kl/
efiff, ;ª\s]t / ltgsf] ld6/;Fusf] ;DaGwnfO{ tnsf] tflnsfdf k|:t't ul/Psf] 5 .

PsfO kl/efiff ;ª\s]t ld6/df x'g] dfg

-Astronomical 
Unit_

;"o{ / k[YjL larsf] cf};t b'/LnfO{ 
P:6«f]gf]ldsn PsfO elgG5 .

AU 1 AU = 1.5 ×1011 m

-Light Year_ k|sfzn] Ps jif{df kf/ ug]{  
b'/LnfO{ Ps k|sfz jif{ elgG5 .  

lyr 1 lyr = 9.46 ×1015 m

P:6«f]gf]ldsn PsfOnfO{ ljleGg u|xsf] b'/L gfKg k|of]u ul/G5 . pbfx/0fsf nflu ;"o{af6  
dª\un u|x nueu 1.5 AU b'/Ldf /x]sf] 5 . lrq 12.2 df ;"o{af6 ljleGg u|xx¿sf] b'/L b]
vfOPsf] 5 . To:t} ljleGg tf/fx¿ / tf/fk'~hlarsf] b'/L gfKg k|sfz jif{ PsfOsf] k|of]u ul/G5 .  
tf/fx¿sf] b'/L gfKg lsnf]ld6/ PsfO ;fgf] x'g] / 7'nf] PsfOsf] cfjZostf k/]sf] x'gfn] k|sfz 
jif{ PsfOsf] k|of]u ul/G5 . pbfx/0fsf nflu k[YjLaf6 ;"o{eGbf csf]{ tf/f k|lS;df ;]G6f]/L 
-Proxima Centauri_ 4.246 k|sfz aif{sf] b'/Ldf /x]sf] 5 .   

Ps k|sfz jif{sf] b'/Ldf x'g] ld6/x¿sf] lx;fa

k|sfzsf] ult 3×108 m/s (3 s/f]8 ld6/ k|lt ;]s]G8_ x'G5 . To;}n] Ps k|sfz ;]s]G8 a/fa/ 

3×108 ld6/ x'G5 . Ps aif{df x'g] 365 lbg, Ps lbgdf x'g] 24 306f, Ps 306fdf x'g] 60 ldg]6 
/ Ps ldg]6df x'g] 60 ;]s]G8nfO{ k|sfzsf] ultn] u'0fg ubf{ k|sf;n] Ps jif{df kf/ ug]{ b'/L 
k|fKt x'G5 . t;y{, k|sfzn] Ps jif{df kf/ ug]{ b'/L

1 light year = 365 ×24×60 ×60 × 3 ×108 m = 9.46 ×1015 m

lrq 12.6 M ljleGg u|xx¿sf] ;"o{ af6sf] b'/L 

;|f]tM www.jpl.nasa.gov/edu

lrq 12.7M k[YjLaf6 ;"o{eGbf csf]{ glhssf] tf/f

;|f]tM European Southern Observatory (ESO)/ BBC
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vuf]n lj1fgsf] If]qdf sfo{ ug]{ s]xL /fli6«o ;ª\3;+:yf (Some national and international 
organizations working in the field of astronomy)

g]kfn lj1fg tyf k|ljlw k|1f–k|lti7fg -gf:6_–Nepal Academy of Science and Technology 
(NAST)  

gf:6 lj=;= @)#( ;fndf lj1fg tyf k|ljlwsf] k|jw{g ug]{ p2]Zosf ;fy g]kfndf :yflkt 
:jfoQ ;+:yf xf] . of] lj1fg tyf k|ljlwsf] If]qdf cg';Gwfg ug]{ /fli6«o ;+:yf xf] . o; ;+:yfsf] 
d'Vo rf/cf]6f p2]Zo /x]sf 5g\ .

-s_  b]zsf] ;du| ljsf;sf nflu lj1fg / k|ljlwsf] lj:tf/ ug]{

-v_  k/Dk/fut k|ljlwx¿sf] ;+/If0f / cfw'lgsLs/0f ug]{

-u_  lj1fg / k|ljlw ;DalGw cg';Gwfgsf] clej[l4 ug]{

-3_  pko'St k|ljlwsf] klxrfg tyf x:tfGt/0fsf nflu cfjZos ;xhLs/0f ug]{ 

o;n] lj1fg / k|ljlwsf ljleGg If]qdf cfwfl/t eO{ vf]h cg';Gwfg tyf k|aw{gfTds ultljlwx¿ 
ub}{ cfPsfdf cGtl/If cg';Gwfgsf If]qdf ;d]t sfo{ ug{ yfn]sf] 5 . o;sf nflu gf:6 /fli6«o 
cGtl/If cg';Gwfg s]G› -National Space Research Center_ :yfkgf ug{] ePsf] 5 .  

vuf]n lj1fgsf] If]qdf sfo{ ug]{ s]xL cGt/f{li6«o ;ª\3;+:yf (some international organizations 
working in the field of astronomy)

O{G6/g];gn P:6«f]gf]ldsn o'lgog -cfO{Po'_– International Astronomical Union (IAU)

OG6/g];gn P:6«f]gf]ldsn o'lgog - International Astronomical Union- IAU _  
ljZjJofkL ;xof]u dfkm{t vuf]n lj1fgsf] ljsf;sf nflu lzIff, cg';Gwfg, 
kx'Fr lj:tf/ h:tf kIfx¿nfO{ cufl8 a9fpg] p2]Zosf ;fy ;g\ !(!( df 
k|mfG;sf] kl/;df :yflkt u}/;/sf/L ;+:yf xf] . IAU cGt/f{li6«o vuf]nLo 
;+:yf xf] . o;cGtu{t ljZje/sf !)) eGbf a9L b]zx¿ af6 !@,!#! ;lj|mo 
Jofj;flos vuf]nljb\x¿ ;xeflutf /xG5 . 

IAU sf] d'Vo ultljlwcGtu{t j}1flgs a}7sx¿ -scientific 
meetings_ to ug'{k5{ . k|To]s jif{ IAU n] cGt/f{li6«o IAU  
;ª\uf]i6L cfof]hgf u5{ . o;n] cGtl/If lj1fgsf If]qdf 
ljZjel/ sfo{/t ljleGg ;+:yfx¿nfO{ lglZrt dfkb08sf  
cfwf/df dfGotf lbG5 . IAU n] vuf]nLo lk08x¿nfO{ 
kl/eflift / gfds/0f u5{ . 24 cu:t 2006 df IAU n] 
u|xx¿sf] gofF kl/efiffcg';f/ od -Pluto_ nfO{ u|xx¿sf] 
;"rLaf6 x6fP/ lzz' u|xsf - dwarf planet _ ¿kdf  
kl/eflift u/]sf] lyof] . To:t} IAU n] ;a}eGbf 7'nf] 5'b| 
u|x -asteroid_ dflgPsf] l;/; -Ceres_ nfO{ klg lzz' u|xsf ¿kdf kl/eflift u/]sf] lyof] . 

lrq 8 IAU  ;+uf]i6L 2019  
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OG6/g];gn :s'n km/ oª P:6«f]gf]d;{ -ISYAs_ 1967 df :yfkgf ePsf] IAU sf] Ps kl/of]hgf 
xf] . ISYAs sf] p2]Zo vuf]n lj1fgsf 5gf]6 ul/Psf ljifodf cGt/f{li6«o ;ª\sfoaf6  
;]ldgf/dfk{mt cg'ejsf] cfbfg k|bfg u/L vuf]n lj1fgdf ;xefuLx¿sf] b[li6sf]0fnfO{  
km/flsnf] agfpg' xf] . IAU åf/f lzIff If]qcGtu{t ;~rflnt ljleGg ultljlwx¿ 5g\ . 
h;cGtu{t IAU n] vuf]n lj1fgdfk{mt ljBfno :t/df ul0ft / lj1fgk|lt ?lr hufpg] tyf 
:gfts :t/df cg';Gwfgsf nflu pTk|]l/t u/fpg] h:tf sfo{ ub}{ cfO/x]sf] 5 .

g];gn P/f]gl6S; / :k]; P8ldlg:6«]zg -gf;f_– National Aeronautics and Space 
Administration (NASA)

gf;f cd]l/sfsf] gful/s cGtl/If sfo{j|mdcGtu{t ;g\ 1958 df 
:yflkt cGtl/If cGj]if0f sfo{df ljZjJofkL ¿kn] sfo{/t cu|0fL ;+:yf  
xf] . ?; / cd]l/sflarsf] cGtl/If lj1fgsf If]qdf vf]h cg';Gwfgsf] 
k|lt:k|wf rNb} ubf{ gf;fn] cGtl/If cg';Gwfgsf ljleGg cleofg 
;'? u¥of] . ;g\ 1969 h'nfO{ 20 df lgn cfd{:6«u / ah clN8«gnfO{ 
rGb|dfsf] ;txdf cjt/0f u/fP;Fu} gf;f ;j{k|yd dflg;nfO{ rGb|dfdf cjt/0f  
u/fpg] ;+:yf aGof] . gf;fn] cGtl/If;DaGwL cWoog cg';Gwfgsf nflu ;]6]nfO6 k|If]k0f 
tyf ljleGg :k];j|mfk\m6 x¿sf] lgdf{0f u/L cGtl/Ifdf k7fpg] sfo{ u5{ . o;n]cGtl/Ifdf 
j}1flgs cg';Gwfg tyf vuf]n lj1fg;DaGwL vf]h cg';Gwfgsf nflu cGt/f{li6«o :k]; :6];g - 
International Space Station _ k|If]k0f u/]sf] 5 . of] k[YjLsf] jl/kl/ sl/a 354 km sf] prfOdf 
/x]sf] sIfdf 3'D5 . cGtl/If vf]h ld;g cGtu{t gf;fn] ljleGg ;f}o{d08nsf u|x, pku|x, 

lzz'u|x, 5'b|u|x, k'R5|] tf/fnufot ;"o{sf] cWoogsf nflu :k]; k|f]j -space probe_ k7fO;s]
sf] 5 . 

gf;fn] ;"o{sf] cWoog ug{ k7fPsf] kfs{/ ;f]nf/  

k|f]a -Parker Solar Probe_ n] l8;]Da/ 2021 
df ;"o{sf] sf]/f]gf txdf k|j]z u/];Fu} ToFxfsf s0f / 
r'DasLo If]qaf/] cWoog ug{ ;Dej ePsf] 5 . 
gf;fsf] k[YjLeGbf cGo u|xx¿df hLjgsf] ;Defjgf 
vf]hL ld;gcGtu{t dª\un u|xsf] cWoogsf 
nflu o;sf] ;txdf /f]af]6 ;d]t cjt/0f u/fO;s]sf] 5 . dª\un u|xsf] ;txnfO{ vg]/ 
To;df /x]sf kbfy{ k[YjLdf NofO{ k|of]uzfnfdf cWoog ug]{ of]hgfcGtu{t k|If]k0f  

ul/Psf] k|l;e/]G; /f]a/ -perseverance rover_ 18 k]ma|'c/L 2021 df dª\un u|xsf] ;txdf 
cjt/0f eof] . 

gf;fn] afx\o vuf]n cWoog ld;gcGtu{t 6]ln:sf]kx¿nfO{ k|If]k0f u/]sf] 5 . ;g\ 1990 df  

k|If]k0f u/]sf] xan :k]; 6]ln:sf]k -Hubble Space Telescope_ n] a|x\df08;DaGwL cgf}7f /x:ox¿ 

kQf nufpg ;xh agfPsf] 5 . gf;fn] o'/f]lkog :k]; Ph]G;L -European Space Agency_ / 

lrq 9 k|l;e/]G; /f]j/
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Sofg]l8og :k]; Ph]G;L -Canadian Space Agency_ ;Fusf] ;xsfo{df xan :k]; 6]ln:sf]keGbf 

cTofw'lgs Ogk|mf/]8 ljls/0f klxrfg ug{ ;Sg] h]D; j]a :k]; 6]ln:sf]k -James Webb Space 

Telescope_ lgdf{0f u/]sf] xf] . o;nfO{ ;g\ 2021 l8;]Da/ 25 df cGtl/Ifdf k|If]k0f ul/Psf]  
xf] . o;sf] ;xfotfn] vuf]n lj1fgsf ljleGg /x:ox¿af/] gofF hfgsf/L k|fKt x'g] 5g\ .

 lrq 10 xan :k]; 6]ln:sf]k     lrq 11 h]D; j]a :k]; 6]ln:sf]k

 kl/of]hgf sfo{
vuf]n lj1fgsf] cWoog ug]{ /fli6«o / cGt/f{li6«o ;ª\3;+:yfn] u/]sf sfo{sf] ;DaGwdf  
;f]wvf]h u/L k|ltj]bg k|:t't ug'{xf];\ .

zlSt ;l~rtsf] l;4fGt (principle of conservation of energy)

lj|mofsnfk 12.2

a|x\df08df ePsf s]xL ;hLj tyf lghL{jsf] lglZrt cfo'kZrft\ x'g] zlStsf] ¿kfGt/0faf/] 
5nkmn ug{xf];\ M

;hLj÷lghL{j cfo' d[To' ÷gfz x'“bf x'g] kbfy{ / zlStsf] ¿kfGt/0f

dflg; ===========

 sf7

tf/f tf/fsf] hLjgL gfz ePkl5 k'gM a|x\df08d} ldl;g]

k[YjLdf /x]sf kbfy{x¿ a|x\df08sf] l;h{gfsf a]nf 5l/Psf kbfy{ g} x'g\ . a|x\df08df h] hlt 
kbfy{ tyf pmhf{ /x]sf] 5 Tof] a|x\df08 l;h{gfsf a]nfb]lv /lxcfPsf] xf] . zlSt g pTkGg 
ug{ ;lsG5 g t gi6 g} ug{ ;lsG5, of] Ps ¿kaf6 csf{df ¿kfGt/0f x'G5 . k[YjLdf x'g] 
hLjx¿sf] hLjgrj|m, hn rj|m, /f;folgs rj|mnufot cGtl/Ifdf x'g] tf/fx¿sf] hLjgrj|maf6 
k|f0fLnufot a|x\df08sf ;a} j:t'sf] lglZrt cfo' x'G5 eGg] lgisif{ lgsfNg ;lsG5 . cfo' 
;dfKt eO;s]kl5 k'gM zlSt / kbfy{ a|x\df08d} ;dflxt x'G5g\ . 
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kl/of]hgf sfo{ 

xfd|f] ;dfhdf cGtl/If lj1fgsf] eGbf Hof]ltif lj1fgsf] k|efj a9L /x]sf] kfOG5 eGg] zLif{sdf 
ljleGg ;Gbe{ ;fdu|Lx¿df vf]hL u/L lgaGw n]Vg'xf];\ / sIffdf 5nkmn ug'{xf];\ .

cEof;

!= ;xL pQ/ 5fGg'xf];\ M

 -s_  g]a'nfdf x'g] k|d'v tŒj s'g xf] <

  -c_ lxlnod  -cf_ sfa{g  

  -O_ gfO6«f]hg  -O{_ xfO8«f]hg

 -v_  tf/fsf] d[To'sf j|mddf x'g] Ps 7'nf] lj:kmf]6g ===================== xf] .

  -c_ kN;/   -cf_ Go'6«f]g tf/f  

  -O_ ;'k/ gf]ef  -O{_ ANofs xf]n

 -u_  tf/fsf] hLjgrj|msf nflu s'g ;xL j|md xf] <

  -c_ g]a'nf  → k|f]6f]:6f/ →  tf/f → /]8 hfOG6 → ;'k/ gf]ef → ANofs 8km{

  -cf_ g]a'nf → k|f]6f]:6f/ →  tf/f →  ;k/gf]ef → /]8 hfOG6 → ANofs xf]n

  -O_ g]a'nf → k|f]6f]:6f/ → tf/f → /]8 ;'k/ hfOG6 → ;'k/ gf]ef → ANofs xf]n

  -O{_ g]a'nf → k|f]6f]:6f/ → tf/f →  /]8 ;'k/ hfOG6 → ;'k/ gf]ef → x\jfO6 8km{

 -3_  lbOPsf dWo] s'g a|x\df08;Fu ;DalGwt tYo xf] <

  -c_ a|x\df08 Ps lglZrt ;Ldf;Dd k}mlnPsf] 5 .

  -cf_ a|x\df08sf ;a} kbfy{ tyf pmhf{sf] pTklQ Ps ;femf lk08af6 ePsf] xf] .

  -O_ a|x\df08df cjl:yt zlSt kl/jt{g eO/G5 .

  -O{_ a|x\df08df cjl:yt kbfy{ gfz x'Fbf zlSt 36\5 .

@= km/s n]Vg'xf];\ M

 -s_ k|f]6f] :6f/ -protostar_ / tf/f -star_

 -v_ /]8 hfOG6 / /]8 ;'k/ hfOG6
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 -u_ gf]ef / ;'k/ gf]ef

#= sf/0f n]Vg'xf];\ M

 -s_ g]a'nfnfO{ :6]n/ g;{/L -staller nursery_ klg elgG5 .

 -v_ tf/fx¿ ;a} Ps} /ªsf x'Fb}gg\ .

 -u_ ANofs xf]nnfO{ b]Vg ;lsFb}g .

 -3_ ;f}o{d08ndf /x]sf UofF; hfOG6 -gas giant_ a[x:kltnfO{ c;kmn tf/f -failed star_  
  klg elgG5 .

$= tnsf k|Zgx¿sf] pQ/ n]Vg'xf];\ M

 -s_  g]a'nf eg]sf] s] xf] <

 -v_  ANofs xf]n eg]sf] s] xf] < 

 -u_  tf/fsf] hLjgrj|msf] lrq;lxt JofVof ug'{xf];\ .

 -3_  sfnfGt/df ;"o{sf] OGwg ;dflKtkl5 o;sf] cj:yf s:tf] xf]nf < JofVof ug'{xf];\ .

 -ª_  a|x\df08;DaGwL s]xL j}1flgs tYo n]Vg'xf];\ .

 -r_  vuf]n cWoogdf P:6f]gf]ldsn o'lg6 / k|sfz jif{ h:tf PsfOx¿sf] k|of]u lsg  
  dxŒjk"0f{ x'G5 <

 -5_ g]kfndf vuf]n cWoogsf] cj:yf emNsfpg'x]f;\ .

 -h_ vuf]n lj1fgsf] ljsf;df NASA sf] e"ldsf rrf{ ug'{xf];\ .
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;"rgf tyf ;~rf/ k|ljlw  
(Information and Communication Technology)

!#

lrq 13.1  b"/;~rf/sf] ;ª\s]t l/l;e/ / 6«fG;ld6/ 

lrq 13.3 xfQLsf] 3f“6Ldf /]l8of] sn/ nufO“b} 

lrq 13.2  cd]l/sfsf] elh{lgofaf6 k|If]k0f  
ul/Psf] g]kfnsf] klxnf] e"pku|x 

lrq 13.4  g]kfn 6]lnlehgsf] 6]/]l:6«on,  
:of6]nfO6 / OG6/g]6 tLgcf]6} dfWodaf6 k|;f/0f

lj|mofsnfk 13.1

dflysf ;dfrf/ zLif{sx¿ ljleGg kqklqsf tyf cgnfOg ;dfrf/ kf]6{n -News portal_ 
af6 lnOPsf x'g\ . oL ;dfrf/ ;~rf/ k|ljlw;“u ;DalGwt 5g\ . OG6/g]6 hl8t sDKo'6/df 
a|fph/ -browser- e.g. chrome_ vf]Ng'xf];\ / ;r{ OlGhg -search engine: e.g. www.
google.com_ df oL ;dfrf/sf zLif{s 6fOk u/L k"0f{ ;dfrf/sf] vf]hL ug'{xf];\ . ;dfrf/ 
k9]/ k|fKt hfgsf/Lsf cfwf/df ;DalGwt k|ljlwsf lsl;d, k|of]usf] sf/0f, kmfObf cflbsf 
af/]df 5nkmn ug'{xf];\ . 

hfh/sf]6sf b'u{d tLg ufp“kflnsfdf  
6]lnsdsf] ;~rf/ ;'ljwf lj:tf/ 

w'|j| xfQLdf ;]6]nfO6 /]l8of] sn/ 
-satellite radio collar_ /flvof]  

g]kfnL e"pku|x -g]kfnL :of6–!_ k|If]k0f,  
g]kfn cGtl/If o'udf k|j]z

OG6/g]6n] k]m/]sf] l6eLsf] d'xf/
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xfdL ;"rgf tyf ;~rf/ k|ljlw -Information communication Technology -ICT_ sf] 

o'udf 5f}F . ICT sf] tLj| ljsf;j|md;Fu} k|of]udf cfPsf 6]lnkmf]g, df]afOn kmf]g, ˆofS; d]l;g, 
sDKo'6/ / OG6/g]6n] ljZjsf ljleGg :yfgx¿nfO{ ;~rf/sf dfWodaf6 hf]8]sf] 5 . ;~rf/sf 
nflu k|of]u x'g] cfjfh, zAb, lrq, lel8of] cflbnfO{ sDKo'6/df 8f6fsf ¿kdf e08f/g u/L 
ltgnfO{ OG6/g]6dfk{mt 6f9f 6f9fsf :yfgx¿df ;fg{ / k|of]u ug{ ;Dej ePsf] 5 . ICT Ps 
ljB'tLo pks/0fsf] dbtn] 7'nf] dfqfdf ;"rgfx¿ e08f/g ug]{, k|zf]wg ug]{ / k|;f/0f ug]{ 

dfWod xf] . ;~rf/ e"pku|x -communication satellite_ sf] k|of]un] ICT sf] ljsf;nfO{ cem} 
cTofw'lgs agfPsf]] 5 . 

s[lqd e"pku|x / o;sf] k|of]u (artificial satellite 
and its application)

k[YjLsf] jl/kl/ lglZrt sIfdf lg/Gt/ kl/j|mdf ug]{ 
j:t'nfO{ e"pku|x elgG5 . s[lqd e"pku|xx¿ k[YjLsf] 
kl/j|mdf ug]{ dfgj lgld{t j:t' x'g\ . ltgLx¿nfO{ 
/s]6df /fvL lglZrt prfOdf k'¥ofOG5 / u'?Tjansf] 
lbzf;Fu nDa x'g] u/L lglZrt ultdf k|If]k0f ul/G5 .  
To;kl5 o;n] ;f]xL prfOdf /x]/ k[YjLnfO{ lg/Gt/ 
kl/j|mdf ul//xG5 . s[lqd e"pku|xx¿ lg/Gt/ 3'ld/xg yk pmhf{sf] cfjZostf kb}{g lsgls 
ToxfF jfo'd08nLo 3if{0f x'Fb}g . o;leq /x]sf sDKo'6/ / cGo pks/0fx¿ ;~rfng ug{sf nflu 
eg] ;f}o{ pmhf{sf] k|of]u ul/G5 . 

klxnf] s[lqd e"pku|x :k'tlgs–1 (Sputnik-1)  xf] . o;nfO{ ;f]leot ;ª\3n] ;g\ 1957 

cS6f]a/ 4 tfl/ssf lbg k|If]k0f u/]sf] lyof] .

s[lqd e"pku|xsf sIf

lgDg k[YjL sIf 

(LEO) –  
(180 km-2,000 km)

dWod k[YjL sIf 
(MEO) – (2,000 km-

35,786 km)

e":yfoL sIf -

(GEO) –35,786 km)

lrq 13.5 s[lqd e"pku|x¿sf sIf

lrq 13.6 cklnª\s / 8fpglnª\s

e"pku|x / k[YjL l:yt  u|fpG8 :6];g -ground station_ sf 
lar dfOj|mf]j]a t/ª\ux¿dfk{mt ;DaGw :yflkt ul/Psf] 
x'G5 . e"pku|xn] k[YjLsf] u|fpG8 :6];gaf6 ;ª\s]t k|fKt 
u5{ h;nfO{ cklnª\s ;ª\s]t -uplink signal_ elgG5 . pSt 
;ª\s]tnfO{ e"pku|xdf /x]sf] 6«fg;ld6/n] yk zlStzfnL 
t/ª\udf ¿kfGt/0f u/L k'gM k[YjLtk{m kmsf{OlbG5 . o;  
;ª\s]tnfO{ 8fpglnª\s ;ª\s]t -downlink signal_ elgG5 . 
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  lj|mofsnfk 13.2

>Job[Zo ;fdu|L tyf rf6{sf dfWodaf6 s[lqd e"pku|xsf af/]df hfgsf/Lx¿ ;ª\sng ug'{xf];\ 
/ tnsf] tflnsfdf eg'{xf];\ M

sIf -orbit_ ljz]iftf k|of]hg pbfx/0f

lgDg k[YjL sIf -Low Earth Orbit-LEO_ ===================== ===================== =====================

dWod k[YjL sIf -Medium Earth Orbit-MEO_ ===================== ===================== =====================

e":yfoL sIf -Geostationary Orbit-GEO_ ===================== ===================== =====================

e"pku|xx¿nfO{ ltgsf] p2]Zosf cfwf/df ljleGg sIfdf k|If]k0f ul/G5 . k[YjLsf] cjnf]sg 
ug]{, ;txsf] tl:a/ lvRg], j}1flgs cg';Gwfg ug]{ h:tf sfo{sf nflu e"pku|xnfO{ lgDg k[YjL 
sIfdf k|If]k0f ul/G5 . of] sIf k[YjLsf] ;txsf] glhs x'g] ePsfn] kl/j|mdf ug{ nfUg] ;do 
-orbital period_ lgs} 5f]6f] x'G5 . h;n] ubf{ k[YjLsf] s'g} :yfgdflysf] cfsfzdf e"pku|x 5f]6f] 
;dosf nflu dfq /xG5 / Ps} lbgdf klg k[YjLsf w]/} efux¿sf] cjnf]sg ug{ ;lsG5 . 
k[YjLsf] ;txaf6 sl/a 408 km sf] prfOdf 3'ld/x]sf] cGt/f{li6«o cGtl/If s]Gb| -International 
Space Station-ISS_ klg LEO e"pku|x xf] . o;n] nueu 90 ldg]6df k[YjLsf] Ps rSs/ 
k"/f u5{ . of] j}1flgs k|of]uzfnf xf] / j}1flgsx¿ dlxgf}F;Dd oxfF a;]/ j}1flgs k|of]u tyf 
cg';Gwfg u5{g\ . 

dWod k[YjL sIfcGtu{t sl/a 20,200 km sf] prfOdf k|If]k0f 
ul/Psf g]leu];g e"pku|xx¿nfO{ k[YjLsf] kl/j|mdf ug{ nueu 

12 306f nfU5 . k[YjLsf] ;Dk"0f{ efudfly e"pku|xx¿sf] kxF'r 
k'¥ofpg ;F+u}sf] lrq 13.7 df b]vfOP h:t} dWod k[YjL sIfdf 
;~hfn x'g] u/L 24 cf]6f g]leu];g e"pku|xx¿ k|If]k0f ul/G5 . 
g]leu];g e"pku|xsf dbtn] k[YjLdf j:t'x¿sf] :yfg kQf 
nufpg ;lsG5 . o; k|0ffnLnfO{ lhlkP; -Global Positioning 
System-GPS_ elgG5 . 

e"dWo /]vLo efudfly kg]{ e":yfoL sIfdf /x]sf e"pku|xn] 

k[YjLsf] kl/j|mdf ug{ 23 306f 56 ldg]6 4 ;]s]G8 ;do nfU5 . 
of] ;do k[YjLn] cfk\mgf] cIfdf Ps kmGsf k"/f ug{ nfUg] ;do 
-rotational period_ ;+Fu a/fa/ x'G5 . h;n] ubf{ e"pku|x ;w}F 
k[YjLsf] ;tx;Fu ;fk]lIfs ¿kdf l:y/ x'G5 . oL e"pku|xn] 
6]lnlehg, 6]lnkmf]g, df]afOn tyf OG6/g]6 ;ª\s]t k|;f/0f 
u/L b"/;~rf/df ;xof]u u5{g\ . LEO / MEO e"pku|xx¿n] 
klg e"pku|xs} ;xfotfn] u|fpG8 :6];g;Fu ;~rf/ cbfgk|bfg 
u5{g\ .  e":yfoL sIfdf ljZjsf w]/} b]zx¿n] ;~rf/ e"pku|xx¿ k|If]k0f ul/;s]sf 5g\ .

lrq 13.7 MEO df e"pku|xx¿sf] 
;~hfn

lrq 13.8 e"pku|xsf k|of]ux¿
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g]kfnL:of6 – 1 (NepaliSat-1)

lj|mofsnfk 13.3

g]kfnsf] klxnf] e"pku|xsf af/]df >Job[Zo ;fdu|Lsf] cjnf]sg ug'{xf];\ / o;af/]sf hfgsf/Lx¿ 
;ª\sng u/L sIffdf 5nkmn ug'{xf];\ .

g]kfnL:of6–1 g]kfnsf] klxnf] e"pku|x xf] . o;sf] lgdf{0f 
g]kfn lj1fg tyf k|ljlw k|1f k|lti7fg -NAST_ sf] 
cfly{s ;xof]udf hfkfgsf] So'6]s ljZjljBfno -Kyutech 
University_ af6 :k]; 6]Sgf]nf]hLsf] cWoog ul//x]sf cfefif 
df:s] / On]lS6«sn OlGhlgol/ªdf :gftsf]Q/ ul//x]sf xl//fd 
>]i7n] u/]sf lyP . of] 3gfsf/ ;"Id e"pku|x  -cubical 

nanosatellite_ sf] lk08 1.33 kg 5 . o;nfO{ ;+o'St /fHo 
cd]l/sfsf] elh{lgofaf6 ;g\ 2019 clk|n 18 sf lbg k|If]k0f 
ul/Psf] lyof] . To;sf] Ps dlxgfkl5 cGt/f{li6«o cGtl/If 
s]Gb| -ISS_ af6 ;g\ 2019 h'g 17 sf lbg o;nfO{ k[YjLsf] 
;txaf6 sl/a 400 km sf] prfOsf] sIfdf 5f]l8Psf] lyof] . o;n] sl/a 90 ldg]6df k[YjLsf] 
Ps rSs/ k"/f u¥of] . of] 6 b]lv 10 ldg]6 g]kfnsf] cfsfzdfly /xG5 . o;nfO{ g]kfnsf] 
e"jgf]6, jghª\un, lxdgbL, kxf8, ;8s cflbsf tl:a/x¿ lvr]/ k|;f/0f ug]{ sfo{sf nflu 
k|If]k0f ul/Psf] xf] . 

;"rgf tyf ;~rf/ k|ljlwsf] k|of]u (use of information and communication technology)

lj|mofsnfk 13.4

tkfO{“ b}lgs hLjgdf kqklqsf, /]l8of], 6]lnlehg, 6]lnkmf]g, k\mofS;, df]afOn kmf]g, 
jfO{kmfO{, Od]n, OG6/g]6, lhlkP; cflbsf] k|of]u s'g s'g k|of]hgsf nflu ug'{x'G5 < logsf] 
k|of]uaf/] sIffdf 5nkmn ug'{xf];\ /  ;d"xdf sfo{ u/L k|]hG6];g jf kf]:6/ tof/ kfg'{xf];\ . 
cfk"mn] tof/ kf/]sf ;fdu|LnfO{ sIffdf k|:t't ug'{xf];\ .

kqklqsf, /]l8of], 6]lnlehg (magazine, radio and television)

kqklqsfx¿n] cfk\mgf] jl/kl/ tyf ljZjsf ljleGg 7fpFsf 
hfgsf/L / ;fdfGo 1fg k|bfg u5{g\ . logdf cfly{s ultljlw, 
/fhgLlts 36gf, v]ns'b lj|mofsnfk, dgf]/~hgnufot 1fgjw{s 
;dfrf/ tyf n]vx¿ k|sfzg ul/Psf x'G5g\ . tLdWo] cfk\mgf] 
?lrsf ljifoj:t' k9]/ hfgsf/L tyf 1fg xfl;n ug{ ;lsG5 . 
;"rgf k|;f/0fdf kqklqsfsf] eGbf a[xt\ kx'Fr /]l8of]sf] x'G5 . 
/]l8of] ;ª\s]t cfsfzdf ljB't\ r'DasLo t/ª\udfk{mt\ k|;f/0f x'g] 
ePsfn] /]l8of]af6 ;"rgf, hfgsf/L, ;dfrf/, 1fgjw{s ljifj:t'x¿, 

lrq 13.9 g]kfnL :of6– 1

lrq 13.10.  
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dfgf]/~hg;DaGwL uLt;ª\uLt, syf sljtf cflb k|;f/0f u/L Psbd} l56f] >f]tf;dIf k'¥ofpg 
;lsG5 . 

O6nLsf u'lUnPndf] dfsf]{gL -Guglielmo Marconi_ n] ;j{k|yd /]l8of] ;ª\s]t -radio 
signal_ nfO{ nfdf] b'/Ldf k7fpg ;lsG5 eg]/ k|dfl0ft u/]sf lyP . 

6]lnlehgsf dfWoodaf6 xfdLn] b}lgs b]z tyf 
ljZjsf 36gf, df};d;DaGwL hfgsf/L, lzIff, vf]h, 
lj1fg, k|s[lt, dgf]/~hg cflb ;DaGwL sfo{j|mdsf] 
cjnf]sg ug{ ;lsG5 . 6]lnlehgsf dfWodaf6 
ljZjsf ljleGg 7fpFdf v]lng] v]ns'bsf] k|ToIf 
k|;f/0f x]g{ ;lsG5 . ljZjsf ljleGg b]zaf6 
k|;fl/t sfo{j|mdx¿ /]l8of] t/ª\usf dfWodaf6 
xfd|f] 3/sf] 6]lnlehg;Dd cfOk'U5g\ .

6]lnkmf]g, k\mofS;, df]afOn kmf]g (Telephone, Fax and mobile phone)

6]lnkmf]gsf dfWodaf6 b'O{ km/s :yfgdf 
/x]sf JolStx¿lar s'/fsfgL ug{ ;lsG5 . Pp6f 
6]lnkmf]gaf6 af]n]sf] cfjfh o;sf] dfOj|mf]kmf]gn] 
/]s8{ u5{ / On]lS6«sn ;ª\s]t -electrical signal_ 
df ¿kfGt/0f x'G5 . pSt ;ª\s]t tf/af6 k|;fl/t 
ul/G5 / csf]{ 6]lnkmf]gaf6 ;ª\s]t ¿kfGt/0f 
eP/ k'gM cfjfhsf ¿kdf ;'Gg ;lsG5 . 6]lnkmf]g 
nfOgdfk{mt ˆofS; ug{ ;lsG5 . o;dfk{mt lrq 
/ cIf/sf ¿kdf k|:t't ul/Psf ;"rgfnfO{ Ps 
:yfgaf6 csf{df k|;fl/t ul/G5 . ˆofS; ubf{ 
6«fG;ld6 d]l;g -transmit machine_ n] :Sofg/ -scanner_ sf] k|of]u u/]/ lrq jf cIf/x¿nfO{ 
ljB'tLo ;ª\s]tdf ¿kfGt/0f u5{ . pSt ;ª\s]tnfO{ 6]lnkmf]g nfOgsf dfWodaf6 k7fpg 
vf]h]sf] :yfgsf] d]l;gdf k|;f/0f ul/G5 . ˆofS; k|fKt ug]{ d]l;gn] k|;f/0f ul/Psf] ;ª\s]tnfO{ 
jf:tljs lrq jf cIf/df abN5 / lk|G6 u5{ . df]afOn kmf]gsf] cflj:sf/ eP;Fu} s'/fsgL ug{ 
/ ;Gb]z 6fOk u/]/ k7fpg ;xh eof] . df]afOn kmf]g cfjfhnfO{ cl8of] ;ª\s]tdf ¿kfGt/0f 
u/]/ /]l8of] t/ª\usf dfWoodaf6 k|;f/0f ug{ / o;sf] l7s ljk/Lt /]l8of] t/ª\usf ¿kdf 
cfPsf ;ª\s]tnfO{ k'gM cfjfhdf ¿kfGt/0f ug{ ;Sg] pks/0f xf] . 

ˆofS;sf] cfljisf/ :s6NofG8sf Alexander Bain n] ;g\ 1842 df u/]sf lyP . ;g\ 1924 
df ˆofS;sf] k|of]uaf6 klxnf] k6s lSnen]G8 -Cleveland_ af6 Go'of]s{ -New York_ df 
kmf]6f] k7fOPsf] lyof] .  

lrq 13.11

lrq 13.12 
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OG6/g]6, jfOkmfO, Od]n (internet, wifi and email)

OG6/g]6 ;+;f/sf] ;a}eGbf 7'nf]] sDKo'6/ g]6js{ -network_ xf] . 
df]afOn 8f6f, jfO{kmfO{, OG6/g]6 k|bfos ;+:yfn] lbPsf] tf/ 
jf 6]lnkmf]g nfOgx¿dfkm{t sDKo'6/x¿nfO{ g]6js{df hf]8\g 
;lsG5 . plrt OG6/g]6 6'nsf] k|of]u u/]/ xfdLn] OG6/g]6;F+u 
hf]l8Psf ljleGg sDKo'6/df e08f/g ul/Psf hfgsf/L k|fKt 
ug{ ;S5f}F . pbfx/0fsf nflu u'un -google_, ofx' -yahoo_, 
ljª -bing_ h:tf ;r{ OlGhg -search engine_ sf] k|of]uaf6 
cfk\mgf] cWoogsf] ljifoaf/] hfgsf/Lx¿ vf]Hg ;lsG5 . ;~rf/, l;sfO ;fdu|Lx¿sf] vf]hL, 
dgf]/~hg, cgnfOg ;'ljwfx¿sf] k|of]u cflb OG6/g]6sf s]xL pkof]lutf x'g\ . 

lj|mofsnfk 13.5

sIffdf b'O{cf]6f :df6{ kmf]gdf ePsf] 8f6f÷kmfOn ;fg]{ PlKns];g h:t}M ;]o/ O6 -share it_ 
jf An't'y -blue tooth), jfO{kmfO{ -Wi-Fi_ sf] k|of]uaf6 s'g} kmfOnnfO{ Pp6f kmf]gaf6 csf]{ 
kmf]gdf ;f/]sf] cjnf]sg ug'{xf];\ .

jfO{kmfO{ …jfO/n]; lkm8]n]6LÚ -Wireless fidelity_ 
sf] 5f]6f] ¿k xf] . of] tf//lxt g]6jls{ª -wireless 
networking_ k|0ffnL xf] . jfO{kmfO{df /]l8of] t/ª\u 
-radio wave_ sf dfWoodaf6 pks/0fx¿lar 
;Dks{ :yflkt ePsf] x'G5 . o;sf] k|of]un] 
jfO{kmfO{ ;'ljwf ePsf pks/0fx¿lar 8f6f 
-kmfOn_ ;fg{ tyf ltgnfO{ OG6/g]6;Fu h8fg ug{ 
;lsG5 . Nofk6k, :df6{ kmf]g, :df6{ 6]lnlehg, 
/fp6/ -router_ cflb pks/0fx¿df jfO{kmfO{ 
;'ljwf /flvPsf] x'G5 . OG6/g]6sf] k|of]uaf6 Od]n k7fpg ;lsG5 . Od]n k7fpFbf Psl5gd} 
uGtJodf k'Ug] ePsfn] of] cfw'lgs ;~rf/sf] e/kbf]{ dfWod xf] . Od]n;Fu} sDKo'6/ kmfOn klg 
k7fpg ;lsG5 .

lhlkP; k|ljlw (global positioning system-GPS technology)

lj|mofsnfk 13.6

Pp6f :df6{ kmf]gdf OG6/g]6 ;]jf ;'rf? ug'{xf];\ . cfk\mgf] 
:df6{kmf]gsf] l:j|mgsf] dflyNnf] efuaf6 tnlt/ :jfOk 
-swipe_ u/]/ lhlkP; nf]s];g cg ug'{xf];\ . df]afOndf 
ePsf] Dofk PlKns];gdf uP/ cfk\mgf] df]afOnsf] :yfg 
cjnf]sg ug'{xf];\ .

lrq 13.13 df]afOn a}+lsªdfk{mt 
QR sf]8 

lrq 13.14  jfOkmfO pks/0fx?
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s'g} lhlkP; ;'ljwfo'St pks/0fn] lhlkP;sf b'O{eGbf a9L e"pku|xx¿af6 k|fKt t/ª\udfk{mt 

b'/L lx;fa ug]{ / pSt pks/0fsf] :yfg kQf nufpg] k|ljlw lhlkP; -GPS_ g]leu];g 

xf] . lhlkP; -GPS_ ;+o'St /fHo cd]l/sf -USA_ sf] :jfldTjdf /x]sf] Ps e"pku|xdf 

cfwfl/t /]l8of] g]leu];g k|0ffnL xf] . of] ;+o'St /fHo cGtl/If an -United States Space 

Force_ åf/f ;~rflnt 5 . ljZjsf ljleGg b]zx¿n] cfk\mg} g]leu];g k|0ffnL k|If]k0f u/]sf 

5g\ .  Russian Global Navigation Satellite System (GLONASS), European Union 

Galileo positioning system, Chinese Compass navigation system, Indian Regional 

Navigational Satellite System cflb ljZjsf ljleGg b]zx¿n] k|If]k0f u/]sf g]leu];g 
k|0ffnLsf pbfx/0f x'g\ .

;'?df lhlkP;sf] k|of]u ;}Go lj|mofsnfksf nflu ul/P klg xfn o;sf] k|of]u w]/} If]qx¿df 
ul/G5 . pbfx/0fsf nflu ;jf/L ;fwg 6«oflsª -tracking_, dflg; lxF8]sf] af6f] 6«oflsª ug]{, 
af6f] tyf :yfg kQf nufpg], p8fg lgoGq0f ug]{, kz'kIfLx¿nfO{ 6«oflsª ug]{, 6]S6f]lgs 

Kn]6 rfn -tectonic plate movement_ sf] cWoog ug]{, k[YjLsf] ;txsf] ;j]{If0f ug]{ cflb 
lhlkP;sf k|of]ux¿ x'g\ . 

b"/;~rf/ (telecommunication)

b"/;~rf/ ljleGg lsl;dsf k|ljlwx¿sf] k|of]u u/]/ ;~rf/sf] ;ª\s]t -communication 

signal_ nfO{ tf/, clK6sn kmfOa/, t/ª\u cflbsf dfWoodaf6 Ps :yfgaf6 csf]{ :yfgdf 
k|;f/0f ug]{ k|0ffnL xf] .  /]l8of] / 6]lnlehgaf6 ul/g] k|;f/0f, 6]lnkmf]g, k\mofS;, df]afOn 
kmf]g, OG6/g]6 cflbaf6 ul/g] ;~rf/ b"/;~rf/sf pbfx/0f x'g\ . b"/;~rf/df ljB'tLo / ljB't\ 
r'DasLo k|ljlwsf] k|of]u ul/G5 . 6]lnkmf]gdf ;"rgfx¿nfO{  ljB'tLo ;ª\s]t -electrical signal_ 
sf ¿kdf tf/dfkm{t k7fOG5 . /]l8of] j]an] :yfgLo /]l8of] / 6]lnlehgaf6 k|;fl/t ;"rgfsf 
;ª\s]t af]S5g\ . df]afOn kmf]g / /8f/ ;ª\s]t tyf cGtl/Ifdf /x]sf] e"pku|x;Fusf] ;~rf/sf 
nflu dfOj|mf]j]ax¿ k|of]u ul/G5g\ .

 lrq 11.15 lrq 11.16  GPS 6«flsª              lrq 11.17 GPS  sf/ g]leu];g 
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;g\ 1875 df cn]SHofG8/ u|fxd a]n -Alexander Graham Bell_ n] cfjfhnfO{ ljB'tLo 
;ª\s]tsf ¿kdf Ps 7fp“af6 csf]{ 7fpFdf k7fpg Ps ;/n 6]lnkmf]g df]8nsf] cfljisf/ 
u/]sf lyP .

b"/;~rf/ k|ljlwsf] sfo{ l;4fGt (working principle of telecommunication technology)

lj|mofsnfk 13.7

/]l8of]÷6]lnlehg :6];gsf] cjnf]sg e|d0f jf >Job[Zo ;du|L, kf]:6/ cflbsf dfWodaf6 

b"/;~rf/ k|ljlwsf af/]df cWoog ug'{xf];\ . tnsf] tflnsfdf pNn]v ul/Pe}Fm hfgsf/L 
;ª\sng ug'{xf];\ M

/]sl8{ª ljlw / k|of]u x'g] ;fdu|L, 6«fG;ld6/ 

-/]l8of] ;ª\s]t hg]/]6/, ldS;/_,  
df]8\o'n];g, cflb

k|;f/0f Rofgn 

-t/ª\u, cfj[lQ, 
6fj/sf] prfO_

l/l;e/

-PG6]gf, ;ª\s]t se/]h_

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

b"/;~rf/ k|0ffnLdf ljleGg On]S6«f]lgs tyf clK6sn pks/0fx¿dfkm{t ;"rgfx¿ Ps :yfgaf6 
csf{df k|;f/0f ul/G5 . lrq 13.20 n] b"/;~rf/ k|0ffnLsf tLg efux¿ 6«fG;ld6/, k|;f/0f 
Rofgn / l/l;e/nfO{ b]vfpF5 . 

Ogk'6 ;ª\s]t k|;fl/t ;+s]t 

6«fG;ld6/ k|;f/0f Rofgn l/l;e/ k|of]u stf{

k|fKt ;ª\s]t cfp6k'6 ;ª\s]t

b"/;~rf/ k|ljlwdf dfOj|mf]]kmf]g, l6eL Sofd]/f jf sDKo'6/af6 k|fKt x'g] ;"rgfx¿ Ogk'6 x'g\ . 
Ogk'6nfO{ 6«fG;ld6/n] ljB'tLo pks/0fx¿sf] k|of]uaf6 k|zf]wg -processing_ u/L Ps 7fpFaf6 
csf]{ 7fpFdf k|;f/0fof]Uo ;~rf/sf] ;ª\s]t pTkGg u5{ . o:tf] ;~rf/sf ;ª\s]tn] s'g} cfjfh, 
lrq, jf sDKo'6/ 8f6f af]s]sf x'g ;S5g\ . pSt ;ª\s]tnfO{ s'g} Rofgn -channel_ dfk{mt 
k|;f/0f ul/G5 .  ;~rf/sf] Rofgn /]l8of] t/ª\ux¿ -radio waves_, dfOj|mf]]j]a lad -microwave 
beam_, wft' tf/ -metallic cable_, jf clK6sn kmfOa/ -optical fibre_  x'g ;S5 . cGTodf 
pko'St pks/0fsf] k|of]uaf6 k|;fl/t ;ª\s]tnfO{ k|fKt u/L rflxPsf] ¿kdf ¿kfGt/0f u/]/ 
k|of]u ul/G5 . 
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df]8\o'n];g / l8df]8\o'n];g (modulation and demodulation)

xfdLn] k|of]u ug]{ ;"rgf ;ª\s]t sd zlStzfnL x'g] ePsfn] 7'nf] If]qdf k|;f/0f x'Fb}g . To;}
n] b"/;~rf/sf nflu zlStzfnL /]l8of] t/ª\usf] k|of]u ul/G5 . /]l8of] t/ª\u k|;f/0fsf nflu 
;~rf/ ;"rgfsf] k|s[ltcg';f/ cfj[lQ -frequency_ jf PDklnRo'8 -amplitude_ kl/jt{g u/L 
k|;f/0f ul/G5 . 

lj|mofsnfk 13.8

tkfO{“ /x]sf] :yfgdf /f]l8of]dfk{mt ;'Gg ;lsg] /]l8of] t/ªx¿ s'g :yfgaf6 k|;f/0f  
ul/G5g\ < tL t/ª\u k|;f/0f :6];gx¿sf af/]df hfgsf/L vf]hL u/L tnsf] h:t} tflnsf 
eg'{xf];\ M 

/]l8of] t/ª\u k|;f/0f 
ug]{ s]Gb| / o;sf] 7]ufgf

t/ª\usf] cfj[lQ df]8\o'n];gsf lsl;d

AM/FM

pSt t/ª\u ;'Gg ;lsg] 
:yfg÷lhNnfx¿

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

6«fG;ld6/sf] PG6]gfaf6 pTkGg ;~rf/sf ;ª\s]t l;w} ljB't\ r'DasLo t/ª\udfkm{t l/l;e/ 

PG6]gf -receiver antenna_ ;Dd hfG5g\ . sltko ;ª\s]tx¿ jfo'd08nsf] cfof]lgs tx 

-ionosphere_ df k'u]/ ToxfFaf6 k/fjt{g eO{ s'g} lglZrt b'/L;Dd 5l/G5g\ . xfdLn] ;'Gg] 
:yfgLo Pkm= Pd= -FM_ /]l8of] ;ª\s]t cfsfzLo t/ª\un] af]s]/ NofPsf] x'G5 . nfdf] b'/Lsf 
k|;f/0fsf nflu ;~rf/sf ;ª\s]tnfO{ ljB't\ r'DasLo t/ª\u -cGtl/If t/ª\u_ sf ¿kdf 
;~rf/ e"pku|xdf k7fOG5 / ToxfFaf6 kmsf{P/ k[YjLsf] 7'nf] If]qdf k|;f/0f ul/G5 . ;~rf/ 
e"pku|xx¿n] ljZjJofkL ;~rf/ / k|ToIf k|;f/0f lgs} ;xh agfPsf] 5 . 

lrq 13.18 /]l8of] 6«fG;ld6/ / /]l8of] 

sound wave

microphone

audio ampliphire transmitter broadcasting antenna

sound wave
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cl8of] cfj[lQ -audio frequency_ /]l8of] cj[lQ -radio frequency_ eGbf lgs} sd 
x'G5 . t;y{ /]l8of] t/ª\u k|;f/0fsf nflu ;j{k|yd Psgf;sf] cj[lQ ePsf] /]l8of] ;ª\s]t 
-Radio signal_ pTkGg u/fOG5 . pSt ;ª\s]tnfO{ s]l/o/ -carrier_ t/ª\u elgG5 . pSt  
t/ª\usf] cfj[lt jf PlDnRo'8nfO{ cl8of] ;ª\s]tsf] l8:Kn];d]G6 cg';f/ kl/jt{g ul/G5 .   
of] k|lj|mofnfO{ df]8'n];g elgG5 . df]8'n];g u/]sf] jfxs t/ª\unfO{ ljleGg Rofgn dfk{mt 
k|zf/0f ul/G5 . o:tf t/ª\u zlStzfnL x'g] ePsfn] w]/} 6f9f;Dd k|zf/0f x'G5g\ . /]l8of],  
l6eL, /fp6/ cflbdf Sofl/P/ t/ª\usf] k|s[lt cg';f/ ;"rgfsf] ;ª\s]t k'gM k|fKt ul/G5 . o; 

sfo{nfO{ l8df]8'n];g -demodulation_ elgG5 . cl8of] ;ª\s]t / lel8of] ;ª\s]tsf 8f6fsf] 
k|s[lt km/s x'g] ePsfn] nflu 5'6\6 5'6\6} lsl;dn] df]8\o'n];g ul/G5 / cGTodf Pp6} r]gnaf6 
k|;f/0f ul/G5 .

PlDnRo'8 df]8\o'n];g (Amplitude 
modulation-AM_

cfj[lQ df]8\o'n];g (Frequency 
modulation-FM)

o;df cl8of] ;ª\s]t -audio signal_ sf] 
l8:Kn];d]G6cg';f/ jfxs t/ª\usf] cj[lQ  
l:y/ /fvL PlDNfRo'8 kl/dfh{g ul/G5 . 

PDklnr'8 df]8\o'n];gaf6 dWod tyf nfdf] 
t/ª\u nDafO ePsf t/ª\ux¿ k|;f/0f 

ul/G5 . pbfx/0fsf nflu AM /]l8of]sf] 
cfj[lQ bfo/f -frequency range_ 535 kHz 
b]lv 1705 kHz ;Dd x'G5 . sf7df8f}Fdf /]l8of] 
g]kfnn] 792kHz cfj[ltdf AM /]l8of] 
k|zf/0f u5{ . /]l8of] k|;f/0fdf o:tf 
t/ª\u jf Pp6f PG6]gfaf6 csf]{ Pg6]gfdf  
l;w}F k7fOG5 . jfo''d08nsf] cfof]lgs txaf6 
;lhn} k/fjt{g x'G5g\ / 6f9f;Dd k|;f/0f 
x'G5g\ . P=Pd= k|;f/0fdf afx\o jftfj/0fsf] 
k|efj k5{ . To;}n] o;sf] k|;f/0f lbgsf] 
;dodf eGbf /ftsf] ;dodf k|:6 ;'lgG5 .

o;df cl8of] ;ª\s]tsf] l8:Kn];d]G6 cg';f/ 
jfxs ;ª\s]tsf] PDklnr'8 l:y/ /fvL cfj[lQ 
kl/jt{g ul/G5 .

cfj[lQ df]8\o'n];gaf6 l;h{gf ul/Psf 
t/ª\usf] cfj[lQ a9L x'g] ePsfn] jfo'd08nsf] 
cfof]lgs txaf6 k/fjt{g x'Fb}gg\ . a9L cfj[lQ 
-high frequency_ ePsf t/ª\ux¿dfk{mt 
k|;f/0f x'g] TV, FM /]l8of]sf] k|;f/0f lglZrt 
b'/L;Dd Ps PG6]gfaf6 csf]{ PG6gfdf l;w} 
k7fOG5 t/ o;n] k|zf/0f lglZrt b'/L;Dd 
;Lldt /xG5, h'g e"agf]6 tyf 6«fG;ld6/ 
6fj/sf] prfOdf e/ k5{ . o:tf] k|;f/0f k|:6 
;'Gg ;lsG5 . FM /]l8of]sf] cfj[lQ bfo/f 
-frequency range_  88 MHz b]lv 108 MHz 
x'G5 . /]l8of] g]kfnn] 100MHz df FM /]l8of]  
k|zf/0f u5{ .

cl8of]  
;ª\s]t

jfxs 
t/ª\u 
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lj|mofsnfk 13.9

sIffdf 5nkmnaf6 /]l8of], 6]lnlehg, 6]lnkmf]g, k\mofS;, df]afOn kmf]g, jfOkmfO, Od]n, 
OG6/g]6 / lhlkP; ;a}df b"/;~rf/ k|ljwsf cjojx¿ 5'6\ofpg'xf];\ / ;DalGwt pks/0fx¿sf 
gfd tnsf] h:t} tflnsfdf eg'{xf];\ . s] oL ;a}sf] k|of]u b"/;~rf/ k|ljlwcGtu{t k5{ < lsg, 
5nkmn ug'{xf];\ .

b"/;~rf/sf k|ljlwx¿ 6«fG;ld6/ Rofgn -tf/, t/ª\u, clK6sn kfOa/_ l/l;e/

6]lnlehg k|;f/0f ================= ======================== =============

/]l8of] k|;f/0f ================ ======================== ==============

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

kl/of]hgf sfo{ 

:yfgLo ¿kdf pknAw ;fdu|Lx¿sf] k|of]uaf6 b"/;~rf/ k|ljlwsf sfo{ l;4fGt k|bz{g ug{ 
/]l8of]÷6]lnlehg k|;f/0fsf] gd'gf tof/ kfg'{xf];\ .

cfw'lgs ;~rf/ k|ljlwsf ¿kdf OG6/g]6 (internet as a modern communication tool)

lj|mofsnfk 13.10

;do;“u} k|ljlwsf] ljsf;n] ;~rf/ k|ljlwdf cfPsf] kl/jt{gaf/] vf]hL ug'{xf];\ . ljleGg 
;~rf/sf lj|mofsnfksf k'/fgf tl/sf / jt{dfg ;dodf OG6/g]6sf] k|of]u ul/g] ;DalGwt 
;~rf/sf tl/sfx¿ tnsf] h:t} tflnsfdf eg'{xf];\ . cGTodf 5nkmnaf6 o; lj|mofsnfksf] 
lgisif{ n]Vg'xf];\ M

;~rf/sf 
lj|mofsnfk

klxn] -OG6/g]6sf] 
lj:tf/ k"j{_ sf] tl/sf

cfhef]ln -OG6/g]6sf] lj:tf/kZrft\_ sf] tl/sf

tl/sf k|of]u ul/g] ;~rf/ 6'n  
-communication tool_

kmfObf

lr7L÷;"rgf 
k7fpg

x'nfs, k\mofS; lhd]n -Gmail_

s'/fsfgL ug{ ================ ;fdflhs ;~hfn  
-====, ===_, d];]Gh/

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

sDKo'6/, :df6{ kmf]g / OG6/g]6 k|ljlwsf] ljsf;F+u} ;~rf/ lj|mofsnfksf tl/sf kl/jt{g x'Fb} 
cfPsf 5g\ . OG6/g]6sf] k|of]uaf6 6]lnkmf]g tyf df]afOn kmf]g snsf] ;6\6f >Job[Zo OG6/g]6 
sn - Audio/video internet call _ ug{ ;lsG5 . d"Nosf lx;fan] cgnfOg sn lgs} ;:tf] x'G5 . 
To:t} lr7L, k\mofS; k7fpg'sf] ;6\6f Od]n -electronic mail_ k7fpg ;lsG5 . Od]naf6 ul/g] 
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;~rf/ tLj| / ljZj;gLo x'G5 . dflg;x¿ sfuhL klqsfx¿sf] ;6\6f OG6/g]6sf dfWoodaf6 
cgnfOg ;dfrf/ k9\g ;S5g\ . cgnfOg ;dfrf/x¿ s'g} gofF 36gf 36\g] ljlQs} k|;fl/t u/L 
kf7s;Dd k'¥ofpg ;lsG5 . s]an l6eLsf] :yfgdf OG6/g]6 l6eL -IPTV-Internet Protocol 
Television_ sf] k|of]u ug{ ;lsG5 . OG6/g]6 l6eLaf6 k|;fl/t >Job[Zo ;fdu|L lgs} u'0f:t/ 
-High Quality_ sf] x'G5 . dfly pNn]v ul/Psf lj|mofsnfkx¿df OG6/g]6sf] k|of]u ;~rf/df 
cfw'lgs k|ljlwsf] k|of]usf s]xL pbfx/0f x'g\ .

lj|mofsnfk 13.11

b'O{ b'O{ hgfsf] ;d"xdf tn lbOPsf r/0fsf cfwf/df lhd]n csfpG6 l;h{gf ug'{xf];\ . 
To;kl5 Psn] csf{nfO{ Od]n k7fpg'xf];\ / ;fyLn] k7fPsf] Od]n r]s ug'{xf];\ .

1. tkfO{Fsf] sDKo'6/sf] l:j|mgdf ePsf] a|fph/ cfOsg -pbfx/0fsf nflu j|mf]]d- _ df 8an 
lSns u/L o;nfO{ vf]Ng'xf];\ . o;sf] ;r{ af/ -search bar_ df lSns ug'{xf];\  / www.
gmail.com 6fOk ug'{xf];\ .

2. ljG8f]df b]lvPsf] lj|mP6 Pg csfpG6 -create an account_ df lSns ug'{xf];\ .

3. gofF v'Ng] ljG8f]df uP/ vfnL sf]7fx¿df dfluPsf ;Dk"0f{ ljj/0fx¿ eg'{xf];\ . Username_ 

/  Password k'gM rflxg] ePsfn] cfk"mn] ;lDemg ;Sg] u/L /fVg'xf];\ . cGTodf next df 

lSns ug'{xf];\ .

4. ljG8f]df cfk"mn] eg'{kg]{ kmf]g gDa/nufotsf hfgsf/Lx¿ eg'{xf];\ / g]S:6 lyRg'xf];\ . 
To;kl5 lhd]nsf s]xL ;t{x¿ b]lvg] 5g\ . l:j|mgnfO{ :j|mf]]n -scroll_ ub}{ tn hfg'xf];\ / 
cGTolt/ b]lvg] cfO{= cu|L -I agree_ df lSns ug'{xf];\ . o;/L tkfO{Fsf] lhd]n csfpG6 
tof/ x'G5 . 

      



218                 lj1fg tyf k|ljlwM sIff (

5. cfk\mgf] csfpG6af6 aflx/ cfpg ;fOg cfp6 -sign out_ ug'{k5{ . o;sf nflu lrqdf 
b]vfOP h:t} l:j|mgsf] bfofF s'gfsf] dflyNnf] efudf /x]sf] j[Qdf lSns u/L b]lvg] ;fgf] 
ljG8f]df ePsf] ;fOg cfp6df lSns ug'{xf];\ .

6. cfk\mgf] lhd]n csfpG6af6 d]n k7fpg'k/]df ;j{k|yd lhd]n vf]n]/ ;fOg Og -Sign in_ 

ug'{k5{ . o;sf nflu cfk\mgf] Od]n cfO8L -Email ID- …….. @gmail.com_ 6fOk 
ug'{xf];\ / g]S:6df lSns ug'{xf];\ . To;kl5 kf;j8{ 6fOk u/L ;fOgOg -Sign in_ ug'{xf];\ . 
tkfO{Fn] cfk\mgf] Od]n ljG8f] v'n]sf] b]Vg'x'g] 5 .

7. cfk\mgf] Od]n csfpG6af6 ;fyLnfO{ d]n k7fpg tkfO{Fsf] lhd]nsf] ljG8f]sf] afofF 6'Kkfsf] efult/ 

b]lvg] sDkf]h -compose_ df lSns ug'{xf];\ . To;kl5 Ps ;fgf] ljG8f] v'N5 . pSt ljG8f]df 
tn lrqdf b]vfOP h:t} ;fyLsf] d]n cfO8L -……@gmail.com jf ………..@yahoo.com_, 
ljifo -subject_ /fv]/ ;Gb]z n]Vg'xf];\ . cGTodf ;]G8 -send_ a6gdf lSns ug'{xf];\ . 
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8. tkfO{Fsf ;fyLn] k7fPsf] d]n cfk\mgf] d]n aS;af6 x]g{sf nflu sDkf]h;Fu} /x]sf]  
Og aS; -Inbox_ lSns ug'{xf];\ . To;kl5 b]lvg] ;fyLsf] d]ndf lSns u/L To;nfO{ k9\g  
;Sg'x'G5 .

OG6/g]6sf] k|of]uaf6 cWoog ;fdu|Lx¿sf] vf]h (use of internet to find study materials)

lj|mofsnfk 13.12

OG6/g]6df u'un ;r{ OlGhg -google.com.np_ df tn lbOPsf ;r{ ck/]6/x¿sf] k|of]u u/L 
cWoog ;fdu|Lx¿ vf]Hg'xf];\ / vf]h tyf 5nkmnaf6 ltgsf] cflwsfl/stf kQf nufpg'xf];\ . 
tkfO{“n] vf]h]sf ;fdu|LnfO{ slk/fO6 nfUg]÷gnfUg] kQf nufpg'xf];\ . tkfO{“n] vf]h]sf s'g} 
ljifj:t'sf] l;sfO;“u ;DalGwt cflwsfl/s ;fdu|Lx¿ -text and images_ ;Dkfbg u/L 
kfj/kf]OG6÷lk|hG6];g k|f]u|fddfk{mt 8s'd]G6 tof/ kfg'{xf];\ . cfk"mn] tof/ kf/]sf ;du|LnfO{ 
sIffdf k|:t't ug'{xf];\ .

tflnsfM u'un ;r{ ck/]6/x¿sf] k|of]u -use of google search operators_

;r{ 
ck/]6/ 

vf]h lj|mofaf6 k|bz{g ug{ rfx]sf ljifo j:t'x¿ ;DalGwt pbfx/0f

site: vf]hL ljz]ifsf] j]a;fO6af6 k|sflzt ;fdu|Lx¿ site:moecdc.gov.np

inurl: vf]hL ljz]ifsf zAb ePsf] lnª\s inurl:firewall

*: vf]hL ul/Psf] zAbx¿ ePsf j]a;fO6x¿ *:firewall 

or vf]hL ul/Psf] klxnf] zAb jf bf];|f] zAb cyjf 
b'j} zAb

inurl:firewall or antivirus

and vf]hL ul/Psf klxnf] / bf];|f] b'j} zAb inurl:firewall and antivirus 

- s'g} b'O{ ;+Fu;+Fu} cfpg] zAbx¿af6 Pp6fsf af/]df 
dfq

inurl:firewall -antivirus

" " ck"mn] vf]h]sf zAbx¿ l7s p:t} ePsf j]a;fO6x¿ "cyber bullying in nepal"

filetype: cfjZos hfgsf/L ePsf] s'g} ljz]if lsl;dsf] 
kmfOn h:t} j8{ kmfOn -docx_, kfj/ KjOG6 
-pptx_, lkl8Pkm -pdf_

cyber bullying in nepal 
filetype:docx

map: ;DalGwt gS;faf/] hfgsf/L ;d]l6Psf j]a;fO6 map:rara lake

weather: ;DalGwt :yfgsf] df};d;DaGwL hfgsf/L 
;d]l6Psf j]a;fO6

weather:bidur

;r{ OlGhg -search engine_ Ps OG6/g]6df ePsf j]ak]hdf /flvPsf hfgsf/Lx¿af6 
k|of]ustf{n] vf]h]sf hfgsf/L ePsf k]hx¿nfO{ 5fg]/ ltgsf] ljj/0f k|bz{g ul/lbg] ;k\m6jo/ 
k|0ffnL xf] . u'un ;r{ OlGhg, laª ;r{ OlGhg -www.bing.com_ o;sf pbfx/0f x'g\ . ;r{ 
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OlGhgdf ul/g] kl/is[t vf]hn] cfjZos ljifoj:t';Fu ;DalGwt ;fdu|L dfq k|bz{g x'g] ePsfn] 
sd ;do nlIft vf]h ;Dej x'G5 . o;/L vf]hL ubf{ cflwsfl/s / slk/fO6 nfUg]÷gnfUg] 
;fdu|L 5'6\ofpg ;xh x'G5 . s'g} z}lIfs ;+:yf jf cGo cflwsfl/s ;+:yfn] OG6/g]6df 
ck\mgf] O{k':tsfno -lib.moecdc.gov.np_ leq /fv]sf ;fdu|Lx¿ k|dfl0ft u/]/ /flvPsf x'G5g\ . 
cGTodf .edu, .gov, .org, .com ePsf j]a;fO6x¿ s'g} cflwsfl/s ;ª\3 ;+:yfaf6 ;~rflnt 
x'g] ePsfn] logdf k|sflzt ;fdu|Lx¿ k|foM cflwsfl/s x'G5g\ . k|sflzt ljifoj:t'sf] ldlt, 
kl/dfh{g eP÷gePsf], kf7sx¿n] u/]sf sd]G6 tyf k[i6kf]if0f x]/]/ cfk"mn] OG6/g]6df vfhL 
u/]sf ;fdu|Lsf] cflwsfl/stfaf/] hfgsf/L kfpg ;lsG5 . 

OG6/g]6df vf]lhPsf cWoog ;fdu|LnfO{ k|of]u ug{ gldNg] cyf{t\ slk/fO6 nfUg] ePdf To:tf 
j:t'x¿nfO{ cGo s'g} klg 7fpFdf k|of]u ug{ kfOFb}g . pbfx/0fsf nflu u'un a'S;df -books.
google.com.np_ df /flvPsf a'sx¿df slk/fO6 nfU5 . o;df ePsf lstfax¿ s]an k9\g 
ldN5 . lstfadf ePsf lrq, jfSo cflb cGt st} k|of]u ul/Pdf slk/fO6 ePsf] JolStn] 
rf]/L d'2f btf{ ubf{ k|of]ustf{n] ;hfo ef]Ug'k5{ . s]xL j]a;fO6x¿n] lgz'Ns k|of]u ug{ 
;lsg] ;fdu|L egL pNn]v u/]sf x'G5g\ . pbfx/0fsf nflu k]m6 l;d'n];g -https://phet.
colorado.edu/ _ df k|sflzt ;fdu|Lx¿df slk/fO6 nfUb}g . OG6/g]6df ;r{ u/]sf slk/fO6 
gnfUg] ;fdu|Lx¿ cfk"mn] ;fef/ lnP/ k|hG6];g tof/ kfg'{k/]df pSt ;fdu|L;F+u} To;sf] ;|f]t 
v'nfpg'k5{ . pbfx/0fsf nflu s'g} j]a;fO6af6 lrq ;fef/ lnPdf pSt lrqsf] tn ;|f]t 6fOk 
u/]/ j]a;fO6sf] gfd n]Vg'k5{ .

cgnfOg ;'/Iff pkfox¿ (online security measures)

lj|mofsnfk 13.13

tn lbOPsf a'“bfx¿ ;d]6]/ Pp6f kfj/ kf]OG6 k|]hG6];g jf rf6{ tof/ kfg'{xf];\ / sIffdf 
k|:t't ug'{xf];\ .

-c_ cgnfOgdf k|lji6 -entry_ ul/g] JolStut ljj/0fx¿sf] uf]kgLotf

-cf_ cgnfOgdf ljleGg pd]/ ;d"xsf dflg;x¿;Fu x'g] u/]sf c;fdflhs lj|mofsnfk

-O_ s'g} JolStn] u/]sf cgnfOg lj|mofsnfk;DaGwL ;'/lIft /xg] k|df0fx¿ h'g rfx]sf] v08df  
   kQf nufpg ;lsG5 .

OG6/g]6sf] kx'Fr / k|of]u a9\bf] 5 . o;;Fu} k|of]ustf{df cgnfOg ;'/Iff af/]sf] hfgsf/Lsf] 

cfjZotf klg a9]sf] 5 . cgnfOg ;'/Iff eg]sf] OG6/g]6df ;]o/ -share_ tyf e08f/ ul/Psf 
8f6f jf hfgsf/Lsf] ;'/Iff ug{' xf] . 

;fdflhs ;~hfndf ;]o/ ul/g] kmf]6f, To;df 6fOk ul/g] ;Gb]zx¿, kf;j8{, OG6g]6 a}ª\lsª 

k|of]u ubf{ /fVg] kf;j8{, ljleGg lsl;dsf j]a;fO6df el/g] cgnfOg kmd{ -online form_, 

Od]n kf;j8{ cflbsf] b'?kof]u ePdf ;d:of l;h{gf x'G5 . OG6/g]6 a|fph/ x\ofs -browser 



lj1fg tyf k|ljlwM sIff ( 221

hack_ x'g', JolStut ljj/0f rf]/L x'g' cflb sdhf]/ cgnfOg ;'/Iffsf pkh x'g\ . h;n] ubf{ 
JolStut ljj/0f rf]/L u/L ;DalGwt JolStnfO{ cftª\lst ug]{, a}ª\lsª ljj/0fx¿ rf]/L u/L 
vftfaf6 k};f rf]/L x'g' h:tf 36gfx¿ 36\g ;S5g\ .

cgnfOg uf]kgLotf hf“r  (online privacy checking)

cgnfOg ;'ljwfsf nflu k|of]u ul/g] j]a;fO6 ;'/lIft 
x'gk5{ . cgnfOgdf JolStut ljj/0f k|lji6 ug'{k"j{ 
j]a;fO6sf] cflwsfl/stf tyf ;'/Iff hfFr ug{'k5{ . 
;'/Iff ;l6{lkms]6af/] hfgsf/L yfxf kfpg lrq 13.19 
df b]vfOP h:t} j]a;fO6sf] 7]ufgf cufl8sf] tnfsf] 
;ª\s]tdf lSns ug'{xf];\ . To;kl5 b]lvg] kk ck ljG8f] 
-window_ df pSt j]a;fO6sf] k|df0fLs/0f / To;df 
cfk\mgf] JolStut ljj/0fx¿ /fVg' ;'/lIft /x] g/x]sf] 
af/]df pNn]v ul/Psf] x'G5 .

cgnfOgdf pkxf/, lr6\7f cflbsf gfddf ljj/0f eg{ 
k7fOg] lnª\sx¿, ;fdflhs ;~hfndf k7fOg] cgfjZos lnª\sx¿ ;a} ;'/lIft gx'g ;S5g\ . 
o:tf lnª\sx¿df lSns ubf{ jf ;DalGwt j]a;fO6df ljj/0f ebf{ ;"rgfx¿ rf]/L x'g] ;Defjgf 
x'G5 . s'g} lsl;dsf cgnfOg kmd{ eg'{ k/]df j]a;fO6sf] cflwsfl/stf kQf nufpg'k5{ . s'g} 

j]a;fO6df ;fOg Og -Sign in_ sf] k|of]hg k"/f eO;s]kl5 To;af6 ;fOg cfp6 -Sign out_ 
ug'{k5{ .

;fOa/ a'lnª ;r]tgf (cyberbullying awareness)

;fOa/ a'lnª ;"rgf tyf ;~rf/ k|ljlwsf] b'¿kof]u xf] . OG6/g]6sf 
dfWodaf6 On]S6«f]lgs pks/0fx¿ h:t}M df]afOn kmf]g, sDKo'6/, 
6\ofAn]6x¿ k|of]u u/L s'g} JolSt ljz]ifdf dfgl;s tfgj l;h{gf 
ug]{ u/L x'g] lj|mofsnfk ;fOa/ a'lnªcGtu{t k5{g\ . OG6/g]6sf 
dfWodaf6 s;}sf] JolStut ljj/0f ;fj{hlgs ug]{ wDsL lbg], JolStnfO{ 8/fpg], cZnLn 
;fdu|Lo'St ;Gb]zx¿ k7fpg], JolStdf xLgtf af]w u/fpg], cgnfOgdf JolStsf af/]df 
cgfjZos xNnfx¿ lkmhfpg] h:tf lj|mofsnfk ;fOa/ a'lnªsf pbfx/0f x'g\ . 

lszf]/lszf]/L;Fu ul/g] ;fOa/ a'lnª k|foM ;fdflhs ;~hfn, d];]Gh/, Od]n cflbsf] k|of]uaf6 
x'G5 . ;fOa/ a'lnªuaf6 hf]lug ;fdflhs ;~hfndf hf] ;'s}nfO{ ;fyLsf ¿kdf l:jsfg'{ x'Fb}g . 
cgnfOgdf s'/f ubf{, ;Gb]z k7fpFbf JolStut ljj/0f, uf]Ko s'/fx¿ hfgsf/L u/fpg' x'Fb}g . 
;fdflhs ;~hfndf cfk"mn] ;]o/ u/]sf kmf]6f, tyf cGo ljj/0fx¿ ;'/lIft ug'{k5{ . olb s'g} JolStn] 
;fOa/ a'lnªsf lj|mofsnfk ug{ vf]h]df To;sf] /]s8{ /fvL cleefjsnfO{ hfgsf/L u/fpg'k5{ . 

lrq 13.19  j]j;fO6sf] ;'/Iff ;l6{lkms]6 hf“r

lrq 13.20 ;fOa/ a'lnª
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l8lh6n k'm6lk|G6 ;r]tgf (digital footprint awareness)

l8lh6n k'm6lk|G6 ljleGg lsl;dsf On]S6«f]lgs pks/0fx¿dfk{mt 
OG6/g]6sf] k|of]u ubf{ l;h{gf x'g] 8f6f k|df0f xf] . xfdLn] x]/]sf 
j]a;fO6x¿sf] ljj/0f, k7fpg] Od]nx¿sf] ljj/0f, cgnfOg ;'ljwfsf 
nflu k]; ug]{ hfgsf/Lx¿, ;fdflhs ;~hfndf ul/g] nfOs, ;]o/, 
sd]G6, n]lvg] :6]6; cflbsf] k|df0f /x]sf] x'G5 . To:tf k|df0fx¿ 
rfx]df vf]Hg ;lsG5 . pbfx/0fsf nflu sg} ckl/lrt JolStn] 
j]a;fO6dfk{mt u/]sf lj|mofsnfkx¿sf cfwf/df OG6/g]6 ;]jf 
k|bfosn] lbg] cfOkL 7]ufgf -IP address_ x]/L pSt JolStsf] 7]ufgf 
kQf nufpg ;lsG5 . To:t} s'g} JolStn] ;fdflhs ;~hfn cftª\s l;h{gf ug]{ ;fdu|L /fv]/ 
kl5 pSt ljj/0f x6fP klg Tof] ;fdflhs ;~hfnsf] 8f6fa];df ;'/lIft /xG5 . o;/L e]l6Psf] 
k|df0fs} cfwf/df pSt JolStnfO{ k|x/Ln] klj|mg ;S5 .

OG6/g]6 ;'ljwfsf nflu k|of]u u/]sf pks/0fx¿df JolStn] x]/]sf 
j]a;fO6x¿sf] ljj/0f ;'/lIft /x]sf] x'G5 . To:t} JolStn] e/]sf 
kf;j8{ klg e08f/ eP/ /xg ;S5g\ . o;nfO{ x6fpgsf nflu  
OG6/g]6sf] k|of]ukZrft\ a|fph/ -browser_ sf] lx:6«L -history_ df uP/ 
Sof; -cache_ nfO{ ;kmf -clear_ ug'{k5{ . JolStut pks/0fafx]s cGo 
pks/0fdf OG6/g]6 k|of]u ubf{ j]a;fO6df kf;j8{ ;]e -save_ ug{ 
rfxg'x'G5 < eGg] ;Gb]z cfPdf ;]e ug'{xF'b}g . kf;j8{ ;]e ugf{n] data 
collector af6 o;sf] b'?kof]u x'g ;s5 . 

kmfo/jfn / PlG6efO/; ;'/Iff (firewall and antivirus protection)

lj|mofsnfk 13.14

tkfO{“sf] sDKo'6/sf] ;r{ aS;df kmfP/jfn -Firewall_ 6fOk u/L vf]Hg'xf];\ . kmfo/jfn cg 
/ ckm u/L x]g'{xf];\ . pSt kmfo/jfnaf/] n]lvPsf ljj/0fx¿ k9L o;sf] sfo{af/] 5nkmn 
ug'{xf];\ . pSt sDKo'6/df PlG6efO/; ;k\m6jo/ /flvP g/flvPsf] cjnf]sg ug'{xf];\ . 
sDKo'6/ PlG6efO/;sf] k|of]usf sf/0fx¿af/] 5nkmn ug'{xf];\ . OG6/g]6sf] k|of]u u/L ljleGg 
7fp“df ePsf ;fOa/ c6\ofs -cyber attack_ sf pbfx/0fx¿ vf]hL ug'{xf];\ . 

kmfP/jfn -Firewall_ 
sf] sfo{

PlG6efO/;sf] k|of]usf 
sf/0fx¿

;fOa/ c6\ofs -cyber attack_ 
sf pbfx/0f

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

sDKo'6/ g]6jls{ª -OG6/g]6_ af6 8f6f cfbfg k|bfgsf j|mddf xflgsf/s 8f6f tyf cgflws[t 
g]6jls{ª ;ª\s]tnfO{ 5]Sg] -block_ / ;'/lIft 8f6fnfO{ dfq cfk\mgf] sDKo'6/;Dd cfpg lbgsf 

lrq 13.21  l8lh6n k'm6lk|G6

lrq 13.22  a|fplhª lx:6«L 
x6fOPsf]
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nflu kmfo/jfn -firewall_ rflxG5 . ;k\m6j]o/df 
cfwfl/t kmfo/jfn sDKo'6/ddf ck/]l6ª ;k\m6j]o/ 
-operating software eg. Ms Windows_ ;F+u 
Olg:6n -Install_ ePsf] x'G5 . o;nfO{ ;w}F cg u/]/ 
OG6/g]6sf] k|of]u ug'{k5{ . a}ª\s 8f6f ;e{/ -data 
server_ tyf s]xL ;ª\3;:yfx¿sf j]a;fO6 8f6fa]; 
-database_ df y'k|} JolStsf JolStut ljj/0fx¿ 
/x]sf x'G5g\ . Pl6Pd x\oflsªaf6 x'g] k};f rf]/L, 
j]a;fO6 x\folsªaf6 x'g] 8f6f rf]/L cflb sdhf]/ 
kmfo/jfn (Firewall_ sf glthf x'g\ . o:tf lj|mofsnfknfO{ ;fOa/ c6\ofs -cyber attack_ 
elgG5 . g]kfndf klg o:tf 36gfdf ;fd]n JolStx¿ k|sfp k/]sf pbfx/0f 5g\ .

sDKo'6/ efO/; Ps k|f]u|fd xf] . of] sDKo'6/ ;~rfng ug]{ k|f]u|fddf ldl;P/ cfk\mgf k|ltlnlkx¿ 
agfpF5 / cfjZos k|f]ufdx¿nfO{ ;ª\j|mldt u5{g\ . o;n] la:tf/} sDKo'6/nfO{ cfk\mgf] k|f]u|fdsf 
cfwf/df lgb]{zg lbg yfN5 . h;n] ubf{ efO/; ;ª\j|mldt sDKo'6/df s'g} k|f]u|fd cfk}mF v'Ng], 
s]xL 8f6fx¿ l8ln6 x'g], sDKo'6/sf] d]df]/Ldf ;"rgf k|zf]wgsfnflu nfUg] ;dodf l9nf] x'g] 
h:tf ;d:of b]vf k5{g\ .

sDKo'6/ efO/; cfk}mF Ps sDKo'6/af6 csf]{ sDKo'6/df ;b}{g . Pp6f efO/; ;ª\j|mldt 
sDKo'6/af6 csf]{ sDKo'6/df 8f6f ;fbf{ cb[Zo ¿kdf efO/;sf] kmfOn klg ;5{ . OG6/g]6sf] 
k|of]u ubf{ s'g} cgflwsfl/s j]a;fO6 -website_ af6 sDKo'6/df cfpg] 8f6f;Fu} efO/; k|j]z 
ug{ ;S5 . sDKo'6/ ;'/Iffsf nflu o;df efO/;sf] k|j]z ePdf To;sf] vf]hL u/L x6fpg ;Sg] 

u/L OG:6n ul/Psf] k|f]u|fd PlG6efO/; -antivirus_ xf] . o;nfO{ OG6/g]6 jf cGo dfWod h:t} 
k]g 8«fOa -pen drive_ af6 sDKo'6/df cfPsf efO/;nfO{ kQf nufpg, 5'6\ofpg / ltgnfO{ 
x6fpg k|of]u ul/G5 . pbfx/0fsf nflu dfOj|mf]];k\m6 ljG8f]h l8k]mG8/ -Microsoft Defender  _ 
sDKo'6/df ljG8f]h /fVbf k|fKt x'g] PlG6efO/; ;k\m6j]o/ xf] . ahf/df lsg]/ cGo PlG6efO/; 
;k\m6j]o/ klg sDKo'6/df OG:6n ug{ ;lsG5 . 

kl/of]hgf sfo{ 

-s_  OG6/g]6sf] c;'/lIft k|of]un] ubf{ 36]sf ljleGg lsl;dsf 36gfx¿af/] cWoog ug'{xf];\ . 
tL 36gfx¿sf sf/0f / To:tf 36gf k'gM 36\g glbg ckgfpg'kg]{ ;fjwfgLaf/] vf]hL 
ug'{xf];\ . cfk\mgf] cWoogaf6 k|fKt hfgsf/Lx¿nfO{ l/kf]6{sf ¿kdf k|:t't u/L sIffdf 
5nkmn ug'{xf];\ . 

-v_ g]kfndf 36\g] s]xL d'Vo ;fOa/ ck/fw -cyber crime_ x¿dWo] Pl6Pd cfj|md0f -ATM 

attacks), :k]o/ lkml;ª (spear phishing), uf]kgLotf r'xfj6 (privacy leaks) / ;fdflhs 

;~hfn ck/fwx¿ h:t}M pTkL8g -harassments) klxrfg rf]/L -identify theft), 

ckmjfxx¿ k}mnfpg] (dissemination of false information) cflb . oL 36gfx¿sf 
pbfx/0f vf]hL u/L Ps cWoog l/kf]6{ tof/ kfg'{xf];\ .

lrq 13.23  sDKo'6/ g]6jls{ª / kmfo/jfn
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cEof;

!= ;xL pQ/ 5fGg'xf];\ M

 -s_ e"pku|xnfO{ s'g sIfdf k|If]k0f ubf{ ;w}F k[YjLsf] e"dWo/]vLo efu dflysf] cfsfzdf  
  ;fk]lIfs ¿kdf l:y/ /xg] u/L 3'ld/xG5 <

  -c_ lgDg k[YjL sIf -low earth orbit_ -cf_ dWod k[YjL sIf -medium earth orbit_

  -O_ e":yfoL sIf -geostationary orbit_ -O{_ lhof]l;Gj|mf]]g; sIf -geosynchronous orbit_

 -v_ /]l8of] t/ª\u k|;f/0fsf nflu lrqdf b]vfOPsf] df]8\o'n];g;Fu ldNg] ljz]iftf s'g  
  xf] <

   -c_ k|;fl/t t/ª\x¿sf] cfj[lQ a9L x'G5 .

  -cf_ k|;fl/t t/ª\ux¿ jfo''d08nsf] cfof]lgs txaf6 ;lhn} k/fjt{g x'G5g\ .

  -O_ k|;fl/t t/ª\u lglZrt  b'/L;Dd ;Lldt /xG5g\ .

  -O{_ k|;f/0fdf afx\o jftfj/0fsf] sd k|efj k5{ .

 -u_ tkfO{Fn] ;r{ OlGhg -search engine_ sf] k|of]uaf6 jg:klt tGt' -plant tissue_ sf  
  af/]df kfj/ kf]OG6 lk|hG6];g :nfO8 vf]Hg'k/]df s'g l;G6fS; -syntax_ pko'St  
  x'G5 <

  -c_ filetype:plant tissue.pptx  -cf_ plant tissue filetype.pptx

  -O_ plant tissue filetype:pptx  -O{_ filetype plant tissue:pptx

 -3_  Od]n -e-mail_ eGgfn] s] a'lemG5 <

  -c_ Od/h]G;L d]n -emergency mail_  -cf_ On]S6«f]lgs d]n -electronic mail_ 

  -O_ cnL{ d]n -early mail_  -O{_ Ok]mlS6e d]n -effective mail_  

 -ª_  s'g} ljBfyL{n] ;fdflhs ;~hfndfk{mt ;fyLnfO{ wDsfpg] ;Gb]z k7fP/ s]xL ;dokl5  
  pSt ;Gb]znfO{ ;a}sf nflu gb]lvg] u/L x6fP/ cfk"m ;'/lIft ePsf] 7fg] eg] of]  
  s'g ;r]tgfsf] sdL xf] <

  -c_ cgnfOg uf]klgotf   -cf_ l8lh6n k'm6lk|G6

  -O_ sDKo'6/ efO/;    -O{_ sDKo'6/ kmfo/jfn

@= km/s n]Vg'xf];\ M

 -s_ kmfo/jfn -firewall_ / PlG6efO/; -antivirus_

/
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 -v_  PDklnr'8 df]8\o'n];g -amplitude modulation_ / lk|mSj]G;L df]8\o'n];g -frequency  
  modulation_

#= sf/0f n]Vg'xf];\ M

   -s_ ;+;f/sf ljleGg b]zx¿n] ;~rf/ e"pku|xnfO{ e":yfoL sIfdf k|If]k0f u/]sf 5g\ .

    -v_ nfdf] b"/Lsf] k|;f/0fsf nflu cGtl/If t/ª\unfO{ ;~rf/ e"pku|xdf k7fOG5 .

$= tnsf k|Zgx¿sf] pQ/ n]Vg'xf];\ M

 -s_ ;"rgf tyf ;~rf/ k|ljlw eg]sf] s] xf] <

 -v_ e"pku|xx¿lagf s'g} pmhf{sf] k|of]un] s;/L k[YjLsf] jl/kl/ sIfdf lg/Gt/  
  3'ld/xG5g\ <

 -u_  g]kfnsf] klxnf] e"pku|xnfO{ s] gfd lbOPsf] lyof] <

 -3_  b"/;~rf/sf] eg]sf] s] xf] < b"/;~rf/ k|ljlwsf pbfx/0fx¿ n]Vg'xf];\ .

 -ª_  tkfO{Fn] b"/;~rf/ k|ljlwsf] k|of]u s'g s'g k|of]hgsf nflu ug'{x'G5 <

 -r_  b"/;~rf/ k|ljlwsf] sfo{ l;4fGt pbfx/0f;lxt JofVof ug'{xf];\ .

 -5_ /]l8of] t/ª\u k|;f/0fsf nflu tnsf] lrqdf b]vfOPsf] df]8\o'n];g lrGg'xf];\ .  
  o; lsl;dsf] df]8\o'n];gsf] k|of]hg n]Vg'xf];\ .

  

 -h_ OG6/g]6 ;~rf/ Ps cfw'lgs ;~rf/ k|ljlw xf] . o; egfOnfO{ pbfx/0f;lxt  
  k'li6 ug'{xf];\ .

 -em_ s;/L OG6/g]6sf] k|of]un] 1fg / hfgsf/Lx¿ k|fKt ug{ ;lsG5 < pbfx/0f;lxt  
  JofVof ug'{xf];\ .

 -`_ cgnfOg ;'/Iff eg]sf] s] xf] < cgnfOg ;'/Iffsf pkfox¿ n]Vg'xf];\ .

 -6_ OG6/g]6dfk{mt a}ª\lsª sf/f]af/ tyf ;fdflhs ;~hfn k|of]u ug{ ;'? u/]sf gofF  
  k|of]ustf{nfO{ cgnfOg ;'/Iffsf af/]df tkfO{Fn] lbg' x'g] d'Vo ;'emfjx¿ sf/0f;lxt  
  pNn]v ug'{xf];\ .

 -7_ lzIffdf ;"rgf tyf ;~rf/ k|ljlwsf] k|of]u zLif{sdf lgaGw n]Vg'xf];\ .

/
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k/df0f' ;+/rgf / /f;folgs aG8   
(Atomic Structure and Chemical Bond)

!$

xfd|f] j/k/ ljleGg lsl;dsf kbfy{ kfOG5g\ . tLdWo] s]xL tŒj x'G5g\ eg] afFsL of}lus  
x'G5g\ . ;'g, rfFbL, tfdfnufotsf wft'x¿ / ;Nkm/, cfof]l8gnufotsf cwft' tŒj  
x'g\ . clxn];Dd hDdf 118 cf]6f tŒj kQf nfu]sf 5g\ . j}1flgsx¿af6 tŒjsf]  
vf]hL ug]{ sfd lg/Gt/ rln/x]sf] 5 . tŒjx¿ l;ldt ;ª\Vofdf eP klg tL tŒjaf6 nfvf}Fsf]  
;ª\Vofdf of}lusx¿ ag]sf 5g\ . k|To]s of}lusdf Ps jf PseGbf a9L tŒjsf k/df0f'x¿ /x]sf 
x'G5g\ .

k/df0f'sf] kl/ro (Introduction to an atom)

s'g} tŒjsf] ;a}eGbf ;fgf] s0fnfO{ s] elgG5 < s] tŒjdf o;eGbf klg ;fgf s0f x'G5g\, 
5nkmn u/f}F .

tŒj Pp6f z'4 kbfy{ xf] . o;nfO{ 6'j|m\ofP/ of]eGbf leGg /f;folgs u'0f ePsf] cGo kbfy{ 
agfpg ;lsFb}g . pbfx/0fsf nflu kmnfd Pp6f tŒj xf] < o;sf] kftfnfO{ 6'j|m\ofpFb} hfg] xf] 
eg] leGg u'0f ePsf cGo kbfy{ agfpg ;lsFb}g . tŒj Pp6} k|sf/sf w]/} k/df0f'x¿ ldn]/  
ag]sf] x'G5 . ctM /f;folgs k|ltlj|mofdf efu lng] tŒjsf] ;a}eGbf ;fgf] s0fnfO{  
k/df0f' elgG5 . 

clwsf+z tŒjsf k/df0f' cGo tŒjsf k/df0f'x¿;Fu /f;folgs k|ltlj|mofdf efu lnG5g\ .  
s]xL tŒjsf k/df0f'x¿ /f;folgs ¿kdf lglij|mo x'G5g\ . Pp6} tŒjsf ;a} k/df0f'x¿ ;dfg  
x'G5g\ . ljleGg tŒjsf k/df0f' Pscfk;df leGg x'G5g\ . pbfx/0fsf nflu Pp6f ;'gsf] cf}F7Ldf 
/x]sf ;'gsf ;a} k/df0f' ;dfg x'G5g\ t/ ;'gsf] k/df0f'eGbf rfFbLsf] k/df0f' km/s x'G5 . To;} 
u/L rfFbLsf] k/df0f'eGbf tfdfsf] k/df0f' klg km/s g} x'G5 . 

k/df0f'sf] ;+/rgf (Structure of an atom)

k/df0f'sf] cf};t Jof; nueu 10-10 ld6/ x'G5 . k/
df0f' tLg k|sf/sf cToGt} ;fgf s0fx¿ ldn]/ ag]sf]  
x'G5 . h;nfO{ pkkf/df0fljs s0f (sub-atomic particles)  
elgG5 . tL s0f On]S6«f]g (electron), k|f]6f]g (proton) 
/ Go'6«f]g (electron) x'g\ . tLdWo] k|f]6f]g / Go'6«f]g  
k/df0f'sf] s]Gb| cyf{t Go'lSno; (nucleus) df /x]sf 
x'G5g\ eg] On]S6«f]gx¿ Go'lSno;sf] jl/kl/ ljleGg ;]n (shells) cyf{t\ sIfx¿ (orbits) df tLj| 
ultsf ;fy 3'ld/x]sf x'G5g\ . 

lrq 14.1



lj1fg tyf k|ljlwM sIff ( 227

lj|mofsnfk 14.1 k/df0f'sf] gd'gf lgdf{0f

cfjZos ;fdu|L M :yfgLo ;fdu|Lx¿ h:t} 9nfg tf/, wfuf], 6]a'n6]lg; an jf df6fsf 
;;fgf anx¿ cflb

ljlw  

1. kf/df0fljs ;ª\Vof 1 b]lv 20 ;Ddsf k/df0f'x¿sf] gd'gf Psn jf ;d"xdf tof/ ug{  
 lhDd]jf/L afF8kmfF6 ug'{xf];\ . 

2. pknAw ;fdu|Lx¿sf] k|of]u u/L lhDd]jf/Lcg';f/sf gd'gf tof/ ug'{xf];\ . 

3. k/df0f'x¿sf] ;+/rgfsf] gd'gf cWoog u/L xfO8«f]hgb]lv SoflN;od;Ddsf tŒjx¿sf]  
 ;ª\s]t, kf/df0fljs ;ª\Vof / On]S6«f]g ljGof; tflnsf agfpg'xf];\ . 

cjnf]sg / 5nkmn M tof/ ul/Psf gd'gf / tflnsfnfO{ sIffdf k|bz{g ug'{xf];\ . gd'gf / 
tflnsfsf cfwf/df k|To]s tŒjsf] kf/df0fljs ;+/rgfsf ;DaGwdf 5nkmn ug'{xf];\ . 

8'Kn]6 / 8'Kn]6 lgod  (Duplet and duplet rule)

lxlnodsf] k/df0f'df Pp6f dfq ;]n (K-shell) /x]sf]  
x'G5 . K ;]n g} lxlnod k/df0f'sf] klxnf] / clGtd ;]n  

xf] . k/df0f'x¿sf] On]S6«f]g ljGof; 2n2 ;"qcg';f/ul/G5 hxfF n 

;]nnfO{ hgfpg] ;ª\Vof xf] . 2n2 lgodcg';f/ K ;]ndf hDdf 
b'O{cf]6f On]S6«f]g dfq /xg ;S5g\ . aflx/L K ;]ndf b'O{cf]6f 
dfq On]S6«f]g /x]/ l:y/ k/df0f' aGg] cj:yfnfO{ 8'Kn]6 cj:yf  
elgG5 . 8'Kn]6 cj:yf ePsf] sf/0fn] ubf{ g} lxlnodsf] k/
df0f' /f;folgs ¿kdf lgl:j|mo ePsf] xf] . o;n] s'g} klg /f;folgs k|ltlj|mofdf efu lnFb}g . 
kmn:j¿k lxlnodsf] k/df0f' k|s[ltdf :jtGq ¿kdf kfpg ;lsG5 . 

xfO8«f]hg (H), lnlyod (Li), a]l/lnod (Be) h:tf tŒjsf k/df0f'x¿ On]S6«f]g k|fKt u/]/, 
u'dfP/ jf ;fem]bf/L u/]/ lxlnodsf] h:t} 8'Kn]6 cj:yfdf cfpg ;lj|mo ¿kdf /f;folgs 
k|ltlj|mofdf efu lng] u5{g\ . o;nfO{ g} 8'Kn]6sf] lgod (duplet rule) elgG5 . ctM k/df0f'sf] 
K- ;]ndf b'O{cf]6f On]S6«f]g ePsf] cj:yfnfO{ 8'Kn]6 (duplet) cj:yf elgG5 eg] K- ;]ndf 
8'Kn]6 k'¥ofO{ /f;folgs ¿kdf l:y/ cj:yf (stable state) xfl;n ug]{ lgodnfO{ 8'Kn]6 lgod 
elgG5 .

lrq 14.2  lxlnodsf] kf/df0fljs ;+/rgf

lrq 14.3 lgof]gsf] k/df0f'sf] ;+/rgf

cS6]6 / cS6]6 lgod (octet and octet rule)

lxlnod k/df0f'afx]s lgl:j|mo Uof;sf] ;d"xdf /x]sf cyf{t\  

k]l/of]l8s tflnsfsf] ;d"x 18 df /flvPsf tŒjx¿ (Ne, 

Ar, Kr, Xe / Rn) sf] aflx/L ;]ndf 8 cf]6f On]S6«f]g /x]sf  

x'G5g\ . k/df0f'x¿sf] o; cj:yfnfO{ cS6]6 cj:yf (Octet state)  
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elgG5 . cS6]6 cj:yfdf ePsf k/df0f'x¿ /f;folgs k|ltlj|mofdf efu lnFb}gg\ / k|s[ltdf UofF; 

cj:yfdf kfOG5g\ . To;sf/0f oL tŒjnfO{ lgl:j|mo UofF;x¿ (inert gases) elgG5 . 

cfkm\gf] ;a}eGbf aflx/L ;]ndf 8 eGbf sd On]S6«f]g ePsf k/df0f'x¿ Ps jf PseGbf a9L  
On]S6«f]gx¿ k|fKt u/]/, u'dfP/ jf ;fem]bf/L u/]/ cS6]6 cj:yfdf cfpg /f;folgs k|ltlj|mofdf 

efu lng] u5{g\ . o;nfO{ g} cS6]6sf] lgod (Octet rule) elgG5 . ctM k/df0f'sf] aflx/L  

;]ndf cf7 cf]6f On]S6«f]g ePsf] cj:yfnfO{ cS6]6 (Octet) cj:yf elgG5  eg] aflx/L ;]ndf cS6]6 

k'¥ofO{ /f;folgs ¿kdf l:y/ cj:yf (Stable state) xfl;n ug]{ lgodnfO{ cS6]6 lgod elgG5 . 

Eofn]G; ;]n (valence shell) / Eofn]G; On]S6«f]g (valence electron)

lrq 14.4 ‘s’ ;f]l8odsf] k/df0f'

Valence shell 

K
K

L

L

M

M
11p+

12 n0

17p+

18 n0

lrq 14.4 ‘v’ Snf]l/gsf] k/df0f'

lrq 14.4 …sÚ df ;f]l8odsf] k/df0f' (sodium atom) lbOPsf] 5 . ;f]l8odsf] k/df0f'df s'n 11  
On]S6«f]g x'G5g\ . t/ tL ;a} On]S6«f]g /f;folgs k|ltlj|mofdf efu lnFb}gg\ . o;sf] ;a}eGbf 

aflx/L ;]n (M-;]n) df ePsf] Pp6f On]S6«f]gn] dfq /f;folgs k|ltlj|mofdf efu lnG5 .  
To;}n] ;f]l8odsf] M-;]nnfO{ Eofn]G; ;]n / pSt ;]ndf ePsf] On]S6«f]gnfO{ Eofn]G; On]S6«f]g 

elgG5 . To;} u/L lrq 14.4  …vÚ df lbOPsf] Snf]l/g k/df0f'sf] M-;]nnfO{ Eofn]G; ;]n elgG5 eg] 
pSt ;]ndf /x]sf ;ftcf]6f On]S6«f]gx¿nfO{ Eofn]G; On]S6«f]g elgG5 . ctM k/df0f'sf] ;a}eGbf aflx/L  

;]nnfO{ Eofn]G; ;]n (valence shell) elgG5 eg] Eofn]G; ;]ndf /x]sf On]S6«f]gnfO{ Eofn]G;  

On]S6«f]g (valence electrons) elgG5 . 

;+o'Hotf (Valency)

k/df0f'sf] aflx/L ;]ndf /x]sf Eofn]G; On]S6«f]gx¿ /f;folgs k|ltlj|mofdf efu lng ;Sg] 
;Defljt On]S6«f]g x'g\ . /f;folgs k|ltlj|mof x'Fbf oL k/df0f'x¿n] Eofn]G; ;]naf6 Ps jf PseGbf 
a9L On]S6«f]gx¿sf] n]gb]g jf ;fe]mbf/L ug]{ u5{g\ . o;/L n]vb]g jf ;fe]mbf/L x'g] On]S6«f]gx¿sf]  
;ª\VofnfO{ ;+o'Hotf elgG5 .  /f;folgs k|ltlj|mofsf] j|mddf k/df0f'x¿lar n]gb]g jf ;fe]mbf/L 
x'g] On]S6«f]gx¿sf] ;ª\VofnfO{ ;+o'Hotf elgG5 . s'g} Pp6f k/df0f'n] csf{] k/df0f';Fu ;+of]hg 
ug{] Ifdtf pSt k/df0f'sf] ;+o'Hotf xf] .  
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k/df0fljs ;ª\Vof 1 b]lv 20 ;Ddsf tŒjx¿sf] On]S6«f]lgs ljGof; / ;+o'Hotf tnsf] tflnsfdf 
lbOPsf 5g\ . 

tŒjsf] gfd ;ª\s]t kf/df0fljs 
;ª\Vof

;]nsf] cfwf/df On]S6«f]lgs ljGof; ;+o'Hotf

K L M N

xfO8«f]hg H 1 1 1

lxlnod He 2 2 0

lnlyod Li 3 2 1 1

a]l/lnod Be 4 2 2 2

af]/f]g B 5 2 3 3

sfa{g C 6 2 4 4

gfO6«f]hg N 7 2 5 3

clS;hg O 8 2 6 2

km\nf]l/g F 9 2 7 1

lgof]g Ne 10 2 8 0

;f]l8od Na 11 2 8 1 1

DofUg]l;od Mg 12 2 8 2 2

cflNdlgod Al 13 2 8 3 3

l;lnsg Si 14 2 8 4 4

km:kmf]/; P 15 2 8 5 3, 5

;Nkm/ S 16 2 8 6 2, 6

Snf]l/g Cl 17 2 8 7 1

cfu{g Ar 18 2 8 8 0

kf]6fl;od K 19 2 8 8 1 1

SoflN;od Ca 20 2 8 8 2 2

lj|mofsnfk 14.2

Pp6f rf6{k]k/df kf/df0fljs ;ª\Vof 1 b]lv 20 ;Ddsf k/df0f'x¿sf] agf]6sf] lrq agfpg'xf];\ . 
ca x/]s k/df0f'sf] Eofn]G; ;]n, Eofn]G; On]S6«f]g / ;+o'Hotf ;d]l6Psf] tflnsf agfO{ sIffdf 
5nkmn ug{'xf];\ . 
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;fdfGotof ;+o'Hotf sd ePsf tŒjx¿ a9L ;lj|mo x'G5g\ eg] ;+o'Hotf a9L ePsf tŒj 
/f;folgs ¿kdf sd ;lj|mo x'G5g\ . pbfx/0fsf nflu ;+o'Hotf 1 x'g] ;f]l8od wft', ;+o'Hotf 
2 x'g] DofUg]l;od wft' eGbf al9 ;lj|mo x'G5 . 

s'g} s'g} tŒjsf] ;+o'Hotf o;n] of}lus agfpg] cj:yfcg';f/ km/s km/s x'g ;S5 . pbfx/0fsf 

nflu kmnfdsf] ;+o'Hotf 2 / 3 x'G5 eg] ;'g (Au) sf] ;+o'Hotf 1 / 3 x'G5 . tŒjx¿n] 
/f;folgs k|ltlj|mofdf efu lng] j|mddf ;a}eGbf aflx/L ;]ndf ePsf On]S6«f]g dfq efu 
lnP eg] pSt tŒjsf] Eofn]G;L Pp6f dfq x'G5 . To;} u/L ;+o'Hotf ;]neGbf leqsf] ;]ndf  
/x]sf On]S6«f]g ;d]t /f;folgs k|ltlj|mofdf efu lnP eg] pSt tŒjsf] ;+o'Hotf Pp6feGbf a9L 
x'G5 . pbfx/0fsf nflu tfdf (Cu) sf] ;+o'Hotf 1 / 2 x'g ;S5 . o:tf s]xL tŒjx¿sf] ;++o'Hotf 
tnsf] tflnsfdf lbOPsf] 5 .  

tŒj (Element) ;+o'Hotf (Valency)

kmnfd (Fe) 2 / 3

rfFbL (Ag) 1 / 2

;'g (Au) 1 / 3

Kff/f] (Hg) 1 / 2

cfof]g (Ion)

x/]s k/df0f' a/fa/ ;ª\Vofsf wgfTds rfh{o'St k|f]6f]g / C0ffTds rfh{o'St On]S6«f]gx¿ 

ldn]/ ag]sf] x'G5 . To;sf/0f tŒjsf] k/df0f' ljB'tLo ¿kdf t6:y (electrically neutral)  
x'G5 . ha k/df0f' jf k/df0f'sf] u|'kn] cfˆgf] Eofn]G; ;]naf6 Ps jf a9L On]S6«f]gx¿ u'dfpF5 
jf c¿af6 lnG5, To; cj:yfdf of] k/df0f' rfh{o'St cfof]gdf ablnG5 . pSt rfh{o'St  
k/df0f'nfO{ cfof]g (ion) elgG5 . 

pbfx/0fsf nflu Na+, Mg++, Al+++, K+, Ca++, Zn++, Cu+, Cl– , O– –, N– – – cflb cfof]gx¿  
x'g\ . cfof]gx¿df /x]sf] wgfTds jf C0ffTds rfh{sf] ;ª\Vof g} pSt cfof]gsf] ;+o'Hotf x'G5 .  

cfof]gsf lsl;dx¿ (Type of ions)

Rffh{sf cfwf/df cfof]gx¿ wgfTds / C0ffTds u/L b'O{ lsl;dsf x'G5g\ . 

wgfTds rfh{o'St cfof]g M ha s'g} tŒjsf] k/df0f'n] cfˆgf] Eofn]G; ;]naf6 On]S6«f]gx¿ 
u'dfpF5, of] wgfTds rfh{o'St cfof]g aG5 . To;sf/0f Eofn]G; ;]naf6 Ps jf a9L  

On]S6«f]gx¿ u'dfP/ aGg] cfof]gnfO{ wgfTds rfh{o'St cfof]g Sof6fof]g -cation_ elgG5 . s]xL 
wgfTds rfh{o'St cfof]gx¿ / ltgLx¿sf] ;+o'Hotf tnsf] tflnsfdf lbOPsf] 5 M
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;+o'Hotf 1 ePsf cfof]gx¿ ;+o'Hotf 2 ePsf cfof]gx¿ ;+o'Hotf 3 ePsf cfof]gx¿

cfof]g ;ª\s]t ;"q cfof]g ;ª\s]t ;"q cfof]g ;ª\s]t ;"q

xfO8«f]hg H+ a]l/lnod Be++ af]/f]g B+++

lnlyod Li+ DofUg]l;od Mg++ cfNldlgod Al+++

;f]l8od Na+ SoflN;od Ca++ km]l/s Fe+++

kf]6fl;od K+ DofGuflgh Mn++ cf}l/s Au+++

Pdf]lgod NH4
+ So'lk|s Cu++

So'k|; Cu+ d/So'l/s Hg++

l;Ne/ Ag+ km]/; Fe++

d/So'/; Hg+

c/; Au+

C0fTds rfh{o'St cfof]g M ha s'g} tŒjsf k/df0f'n] c¿ k/df0f'af6 On]S6«f]gx¿ lnG5, Tof] 
C0ffTds rfh{o'St cfof]g aG5 . To;sf/0f c¿ k/df0f'af6 Ps jf a9L On]S6«f]gx¿ k|fKt u/]/ 

aGg] cfof]gnfO{ C0ffTds rfh{o'St cfof]g Pgfof]g -anion_ elgG5 . s]xL C0ffTds rfh{o'St 
cfof]gx¿ / ltgLx¿sf] ;+o''Hotf tnsf] tflnsfdf lbOPsf] 5 M

;+o'Hotf 1 ePsf cfof]g ;+o'Hotf 2 ePsf cfof]g ;+o'Hotf 3 ePsf cfof]g

cfof]g ;ª\s]t ;"q cfof]g ;ª\s]t ;"q cfof]g ;ª\s]t ;"q

km\nf]/fO8 F– cS;fO8 O– – gfO6«fO8 N– – –

Snf]/fO8 Cl– ;NkmfO8 S– – km:km]6 PO4
– – –

a|f]dfO8 Br– ;Nkm]6 SO4
– –

cfof]8fO8 I– sfaf]{g]6 CO3
– –

gfO6«]6 NO3
–

xfO8«f]cS;fO8 OH–

afOsfaf]{g]6 HCO3
–

afO;Nkm]6 HSO4
–

Snf]/]6 ClO3
–

gfO6«fO6 NO2
–
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lj|mofsnfk 14.3

sf8{af]8{ k]k/, wfuf], ud, kf]t]sf /ª\uLg bfgf jf bfnsf bfgfx¿ k|of]u u/L ljleGg  
k/df0f'sf] df]8]n agfpg'xf];\ . tL k/df0f'sf] df]8]naf6 wgfTds rfh{o'St cfof]g / C0ffTds 
rfh{o'St cfof]g aGg] tl/sf k|bz{g ug{'xf];\ .

/f;folgs aG8 (Chemical bond)

tnsf lrq x]/fF} / 5nkmn u/f}F M

        

  

-s_  lrqdf s'g s'g kbfy{x¿sf cf0fljs gd'gf b]vfOPsf 5g\ < 

-v_  H2 / H2O sf cf0fljs gd'gfx¿lar s] km/s 5 < 

-u_  O2 / NaCl sf cf0fljs gd'gfx¿lar s] km/s 5 < 

-3_ kfgLsf] c0f';"q H2O / g'gsf] c0f';"q NaCl  eP h:t}M nfvf}F of}lusx¿df tŒjx¿  
 Pscfk;df s;/L afFlwP/ /x]sf x'G5g\, xf]nf <

of}lusdf tŒjsf k/df0f'x¿ ljz]if k|sf/sf] ann] Pscfk;df afFlwPsf x'G5g\ h;nfO{ /f;folgs 
aG8 elgG5 . ;a} of}lusdf Ps} k|sf/sf /f;folgs aG8 xF'b}g . tŒjx¿lar /f;folgs 
k|ltlj|mof eO{ of}lus aGbf tŒjsf k/df0f'x¿lar Pscfk;df afFlwg Ps k|sf/sf] an nfU5 . 

pSt annfO{ g} /f;folgs aG8 (chemical bond) elgG5 . pbfx/0fsf nflu vfg]g'gsf] c0f'df 
/f;folgs aG8n] ;f]l8od k/df0f' / Snf]l/g k/df0f'nfO{ Pscfk;df afFw]/ /fv]sf] x'G5 . 

lglij|mo UofF;x¿ (He, Ne, Ar, Kr, Xe / Rn) afx]ssf tŒjsf k/df0f' 8'Kn]6 jf cS6]6 
cj:yfdf /x]sf x'Fb}gg\ . To;sf/0f lglij|mo UofF;x¿afx]ssf tŒjsf k/df0f'x¿sf aflx/L  
;]n ck"0f{ x'G5g\ . cfkm\gf aflx/L ;]ndf 8'Kn]6 jf cS6]6 cj:yf k|fKt ug{ oL tŒjsf k/df0f'x¿ 
/f;folgs k|ltlj|mofdf efu lng] u5{g\ .

/f;folgs aG8x¿ w]/} lsl;dsf x'G5g\ . t/ o; PsfOdf xfdLn] On]S6«f]Eofn]G6 aG8 jf  
cfof]lgs aG8 / sf]Eofn]G6 aG8sf af/]df dfq cWoog ug]{ 5f}F . 

On]S6«f]Eofn]G6 aG8 (Electrovalent bond)

;fwf/0ftof wft'sf k/df0f'x¿sf] ;a}eGbf aflx/L ;]ndf 1, 2 jf 3 On]S6«f]g /x]sf x'G5g\ .  
To;sf/0f tL tŒjsf k/df0f'n] cfkm\gf] aflx/L ;]naf6 1, 2 jf 3 cf]6f On]S6«f]g u'dfP/ cS6]6 
jf 8'Kn]6 cj:yf xfl;n ug]{ u5{g\ . 

To;} u/L cwft' tŒjx¿sf k/df0f'sf] ;a}eGbf aflx/L ;]ndf 5, 6 jf 7 cf]6f On]S6«f]g  
/x]sf x'G5g\ . To;sf/0f tL tŒjsf k/df0f'x¿n] cGo k/df0f'sf] aflx/L ;]naf6 3, 2 jf 1  

lrq 14.5
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On]S6«f]g k|fKt u/L cS6]6 jf 8'Kn]6 cj:yf k|fKt ug]{ u5{g\ . wft' / cwft'lar /f;folgs 
k|ltlj|mof x'Fbf wft'sf k/df0f'n] cfkm\gf] aflx/L ;]naf6 Ps jf PseGbf a9L On]S6«f]g 
u'dfpFbf of] wgfTds rfh{o'St cfof]g aG5 . To;} u/L s'g} cwft'sf k/df0f'n] cfkm\gf] aflx/L  
;]ndf cGo k/df0f'af6 On]S6«f]gx¿ k|fKt ubf{ of] C0ffTds rfh{o'St cfof]g aG5 . o; j|mddf 
tL b'O{ ljk/Lt rfh{o'St cfof]gx¿lar cfsif{0f an pTkGg x'G5 / c0f'sf ¿kdf Psfk;df 
ldn]/ a:5g\ . 

o; k|lj|mofdf wft' / cwft'sf k/df0f'lar aGg] aG8nfO{ On]S6«f]Eofn]G6 aG8 elgG5 . o;/L 
Wfft'sf k/df0f'sf] Eofn]G; ;]ndf ePsf On]S6«f]g cwft'sf k/df0f'sf] Eofn]G; ;]ndf :yfgfGt/0f 
eO{ aGg] /f;folgs aG8nfO{ On]S6«f]Eofn]G6 aG8 elgG5 . 

On]S6«f]Eofn]G6 aG8af6 ag]sf of}lusnfO{ On]S6«f]Eofn]G6 of}lus elgG5 . vfg] g'g jf  
;f]l8od Snf]/fO8 (NaCl), SoflN;od Snf]/fO8 (CaCl2), DofUg]l;od cS;fO8 (MgO) cflb  
of}lusdf On]S6«f]Eofn]G6 aG8 /x]sf] x'G5 . To;}n] logLx¿nfO{ On]S6«f]Eofn]G6 of}lus elgG5 .

s]xL On]S6«f]Eofn]G6 of}lusx¿ aGg] tl/sf 

-s_  ;f]l8od Snf]/fO8 (NaCl) aGg] tl/sf

;f]l8od Snf]/fO8 (NaCl) df ;f]l8odsf] Pp6f k/df0f' / Snf]l/gsf] Pp6f k/df0f'lar 
Pp6f On]S6«f]g n]gb]gaf6 On]S6«f]Eofn]G6 aG8 a]g]sf] x'G5 . ;f]l8od k/df0f'sf]  
On]S6«f]g ljGof;  2, 8, 1 x'G5 . o;sf] Eofn]G; ;]ndf Pp6f dfq On]S6«f]g /x]sf] x'G5 . 
To;}u/L Snf]l/g k/df0f'sf] On]S6«f]g ljGof;  2, 8, 7 x'G5 .  o; k/df0f'sf] Eofn]G; ;]ndf 
;ftcf]6f On]S6«f]g /x]sf x'G5g\ . 

;f]l8od k/df0f'n] cfkm\gf] Eofn]G; ;]naf6 Pp6f On]S6«f]g u'dfpFbf wgfTds rfh{o'St  
;f]l8od cfof]g (Na+) aG5 .  Na – e–→  Na+ 

To;}u/L Snf]l/gn] aflx/L ;]ndf Pp6f On]S6«f]g 
k|fKt u/]/ C0ffTds rfh{o'St Snf]/fO8 cfof]g 
(Cl–) aG5 . Cl  + e–  → Cl–

oL b'O{ ljk/Lt rfh{o'St cfof]gx¿lar 
cfsif{0f eO{ On]S6«f]Eofn]G6 aG8 aG5 . 
h;sf] kmn:j¿k ;f]l8od / Snf]l/gsf]  
;+of]hgaf6 ;f]l8od Snf]/fO8 (NaCl) aG5 .  
Na+ + Cl–  → NaCl

o;/L On]S6«f]Eofn]G6 aG8 aGbf b'j} tŒjsf  
k/df0f'n] cS6]6 cj:yf k|fKt u5{g\ .

lrq 14.6
sodium chloride bond
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-v_  DofUg]l;od cS;fO8 (MgO) aGg] tl/sf   

DofUg]l;od cS;fO8df DofUg]l;od wft' xf] eg] clS;hg cwft' xf] . DofUg]l;od  
k/df0f'sf] On]S6«f]g ljGof; 2, 8, 2 x'G5 . o;sf] ;Eofn]G;df ;]n b'O{cf]6f dfq  
On]S6«f]g /x]sf x'G5g\ . To;} u/L clS;hg k/df0f'sf] On]S6«f]g ljGof; 2, 6 
x'G5 . o; k/df0f'sf] Eofn]G; ;]ndf 5cf]6f On]S6«f]g /x]sf x'G5g\ . To;sf/0f  
DofUg]l;od k/df0f'n] Eofn]G; ;]naf6 2 cf]6f On]S6«f]g u'dfP/ wgfTds rfh{o'St  
DofUg]l;od cfof]g (Mg++) agfpF5 .  

Mg – 2e– → Mg++  

o;} u/L clS;hgsf] k/df0f'n] DofUg]l;odsf] 
k/df0f'af6 2 cf]6f On]S6«f]g k|fKt u/L C0ffTds 
rfh{o'St cS;fO8 cfof]g (O– –) agfpF5 . 

O  + 2e–  → O– –

oL b'O{ ljk/Lt rfh{o'St cfof]gx¿lar  
On]S6«f]Eofn]G6 aG8 aGb5 . h;sf] kmn:j¿k 
DofUg]l;od cS;fO8sf] lgdf{0f x'G5 . 
Mg++ + O – –  → MgO

-u_ SoflN;od Snf]/fO8 (CaCl2) aGg] tl/sf  

SoflN;od Snf]/fO8 (CaCl2) Pp6f SoflN;od / b'O{cf]6f Snf]l/g k/df0f'lar  
On]S6«f]Eofn]G6 aG8af6 aGg] of}lus xf] .  SoflN;od k/df0f'sf] Eofn]G; ;]ndf b'O{cf]6f 
On]S6«f]g /x]sf x'gfn] o;n] tL b'O{ On]S6«f]gx¿ u'dfP/ wgfTds rfh{o'St SoflN;od  
cfof]g (Ca++) agfpF5 . 

 Ca – 2e– → Ca++  

aG8 aGg] k|lj|mofdf SoflN;odsf] Eofn]G; ;]ndf /x]sf b'O{cf]6f On]S6«f]gdWo] Pp6f  
On]S6«f]g Pp6f Snf]l/gsf] k/df0f'sf] aflx/L ;]ndf :yfgfGt/0f x'G5 eg] csf]{ On]S6«f]g bf];|f] 
Snf]l/g k/df0f'sf] aflx/L ;]ndf :yfgfGt/0f x'G5 . o;/L b'O{cf]6f Snf]/fO8 cfof]g aG5g\ .

2Cl  + 2e–  → 2Cl– 

lrq 14.7

Ionic Bond
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oL b'O{ ljk/Lt rfh{o'St  
cfof]gx¿lar cfsif{0f 
eO{ On]S6«f]Eofn]G6 
aG8 aGb5 . h;sf] 
kmn:j¿k SoflN;od / 
Snf]l/gsf] ;+of]hgaf6 
SoflN;od Snf]/fO8 
(CaCl2) aG5 . 

lj|mofsnfk 14.4

p2]Zo M k/df0f' ;+/rgfsf] gd'gf lgdf{0f u/L On]G6«f]Eofn]G6 aG8 cWoog ug{ .

cfjZos ;fdu|L M Pp6f sf8{af]8{ k]k/, dfs{/, sDkf;, k]lG;n, wfuf], ud / ljleGg  
/ªsf kf]t], s]/fpsf bfgf, df6f]sf anx¿ cflb 

ljlw  

 1.  cfjZos ;fdu|L ;ª\sng ug'{xf];\ . 

 2.  ;ª\slnt ;fdu|Lx¿sf] k|of]u u/L ;f]l8od, DofUg]l;od, SoflN;od, Snf]l/g /  
  clS;hg k/df0f'sf 5'6\6f5'6\6} gd'gf agfpg'xf];\ . 

cjnf]sg / 5nkmn M tof/ ul/Psf gd'gf k|of]u u/L On]S6«f]gx¿sf] :yfgfGt/0f u/L  
;f]l8od Snf]/fO8, SoflN;od Snf]/fO8, DofUg]l;od Snf]/fO8, DofUg]l;od cS;fO8 
cflb aGg] tl/sf sIffdf 5nkmn / k|bz{g ug'{xf];\ .

On]S6«f]Eofn]G6 of}lussf ljz]iftf (Characteristics of electrovalent compounds) 

On]S6«f]Eofn]G6 of}lussf lgDglnlvt ljz]iftf x'G5g\ M

-s_  On]S6«f]Eofn]G6 of}lusx¿ wft' / cwft' tŒjx¿ ldn]/ ag]sf x'G5g\ .

-v_  On]S6«f]Eofn]G6 of}lusx¿ kfgLdf 3'ngzLn x'G5g\ . oL of}lusx¿ kfgLdf 3'n]/ wgfTds  
 / C0ffTds rfh{o'St cfof]g lbG5g\ .

-u_  oL of}lusx¿sf] pDng] / kUng] ljGb' pRr x'G5 .

sf]Eofn]G6 aG8 (Covalent bond)

xfO8«f]hgafx]s cwft' tŒjsf k/df0f'sf] Eofn]G; ;]ndf 5, 6 jf 7 cf]6f On]S6«f]g /x]sf x'G5g\ . 
To;sf/0f tL tŒjsf k/df0f'n] cGo k/df0f'af6 3, 2 jf 1 On]S6«f]g k|fKt u/L cS6]6 jf 8'Kn]6 
cj:yf k|fKt ug{ vf]H5g\ . b'O{ jf b'O{eGbf w]/} cwft'sf k/df0f'x¿lar /f;folgs k|ltlj|mof 

lrq 14.8

2Cl-
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lrq 14.9

x'Fbf b'j}n] On]S6«f]g k|fKt ug{ vf]Hg] ePsfn] On]S6«f]gsf] n]gb]g ;Dej x'Fb}g . o:tf] cj:yfdf k/
df0f'x¿lar On]S6«f]g ;fem]bf/L u/]/ cS6]6 jf 8'Kn]6 cj:yfdf k|fKt x'G5 / /f;folgs aG8 
aG5 . o:tf] /f;folgs aG8nfO{ sf]Eofn]G6 aG8 elgG5 . b'O{ jf b'O{eGbf a9L ;dfg jf c;dfg 
cwft'sf k/df0f'lar a/fa/ On]S6«f]g hf]8Lsf] ;fem]bf/Laf6 aGg] /f;folgs aG8nfO{ sf]Eofn]G6 

aG8 (covalent bond) elgG5 . 

sf]Eofn]G6 aG8nfO{ k/df0f'x¿sflar l;wf /]vf ( – ) /fv]/ hgfOG5 . cwft'x¿n]  
sf]Eofn]G6 of}lus agfpg] j|mddf Ps hf]8L, b'O{ hf]8L jf tLg hf]8L On]S6«f]gx¿ ;fem]bf/L ug{ 

;S5g\ . kfgLsf] c0f' (H2O), xfO8«f]hg Snf]/fO8 (HCl), ldy]g (CH4), Pdf]lgof (NH3) cflbdf 
sf]Eofn]G6 aG8 aG5g\ . o:tf of}lusx¿nfO{ sf]Eofn]G6 of}lus elgG5 .

xfO8«f]hg Snf]/fO8 (HCl) aGg] tl/sf

Pp6f xfO8«f]hg k/df0f' (H) / Pp6f Snf]l/g k/df0f' (Cl) ldn]/ xfO8«f]hg Snf]/fO8 (HCl) 
sf] Pp6f c0f' aG5 . oxfF xfO8«f]hg k/df0f'sf] K-shell df hDdf Pp6f On]S6«f]g 5 eg]  
Snf]l/gsf] Eofn]G; ;]ndf ;ftcf]6f On]S6«f]g 5g\ . xfO8«f]hg / Snf]l/gsf k/df0f'n] Ps–Ps yf]kf 
On]S6«f]g ;fem]bf/L u/L af]08 agfpF5g\ . o; cj:yfdf xfO8«f]hgn] 8'Kn]6 cj:yf k|fKt u5{ eg] 
Snf]l/gn] cS6]6 cj:yf k|fKt u5{ . o;/L xfO8«f]hg Snf]/fO8sf] c0f' aG5 . sf]Eofn]G6 aG8af6  
xfO8«f]hg Snf]/fO8 ag]sf] x'Fbf o;nfO{ sf]Eofn]G6 of}lus elgG5 .

kfgL (H2O) sf] c0f' aGg] tl/sf

kfgLsf] Pp6f c0f'df b'O{cf]6f xfO8«f]hgsf k/df0f' / Pp6f clS;hgsf] k/df0f' x'G5 . xfO8«f]hg 
k/df0f'df hDdf Pp6f On]S6«f]g x'G5 eg] clS;hgsf] k/df0f'df s'n cf7cf]6f On]S6«f]g /x]sf 
x'G5g\ . oL k/df0f'sf] On]S6«f]g ljGof; o;k|sf/ /x]sf] 5 M

tŒj M xfO8«f]hg     tŒj M clS;hg

       ;]n        ;]n

 K    L     K   L

 1     2 6

H HCl Cl+ * or H - Cl 
 

*
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xfO8«f]hg k/df0f'sf] Eofn]G; ;]nfdf Pp6f dfq On]S6«f]g x'G5 eg] clS;hg k/df0f'sf]  
Eofn]G; ;]ndf 5cf]6f On]S6«f]g /x]sf x'G5g\ . To;sf/0f clS;hgsf] Pp6f k/df0f'n] xfO8«f]
hgsf b'O{cf]6f k/df0f';Fu Ps Ps hf]8L On]S6«f]g ;fem]bf/L ubf{ xfO8«f]hg k/df0f'n] 8'Kn]6 
cj:yf k|fKt u5{g\ eg] clS;hg k/df0f'n] cS6]6 cj:yf k|fKt u5{ . o;/L kfgLsf] c0f'df  
xfO8«f]hg / clS;hglar sf]Eofn]G6 aG8 aG5 . sf]Eofn]G6 aG8af6 aGg] ePsfn] kfgLnfO{ sf]Eofn]G6  
of}lus elgG5 . 

or  H—O—H 

or  
       H
H—C—H 
       H

+

+

ldy]g (CH4) aGg] tl/sf

Pp6f sfa{g k/df0f' / rf/cf]6f xfO8«f]hg k/df0f'lar rf/hf]8L On]S6«f]gsf]  
;fem]bf/Laf6 ldy]gsf] c0f' aG5 . xfO8«f]hg k/df0f'sf] K- ;]ndf Pp6f dfq On]S6«f]g x'G5 eg] 
sfa{g k/df0f'sf] Eofn]G; ;]ndf rf/cf]6f On]S6«f]g x'G5g\ . To;sf/0f Pp6f sfa{g k/df0f'n] 
rf/cf]6f xfO8«f]hg k/df0f';Fu rf/hf]8L On]S6«f]g ;fem]bf/L u/]/ cS6]6 cj:yf k|fKt u5{ eg] 
;f]xL j|mddf xfO8«f]hg k/df0f'x¿n] 8'Kn]6 cj:yf k|fKt u5{g\ . o;sf] kmn:j¿k ldy]g (CH4) 
c0f'sf] lgdf{0f x'G5 . ldy]g c0f'df sfa{g / xfO8«f]hg k/df0f'x¿lar sf]Eofn]G6 aG8 /x]sf] x'gfn]  
o;nfO{ sf]Eofn]G6 of}lus elgG5 .

O O

C C

H H

H

H

H

H

lrq 14.10

lrq 14.11

*

*
*

*
*

**
H *

H *

H * H *

H *H *
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Pdf]lgof (NH3) aGg] tl/sf

gfO6«f]hgsf] Pp6f k/df0f' / xfO8«f]hgsf tLgcf]6f k/df0f'lar tLg hf]8L On]S6«f]gsf]  
;fem]bf/Laf6 Pdf]lgof (Ammonia) sf] c0f' aG5 . 

gfO6«f]hg k/df0f'sf] Eofn]G; ;]ndf kfFrcf]6f On]S6«f]g /x]sf x'G5g\ . aflx/af6 tLgcf]6f  
On]S6«f]g k|fKt u/L o;n] cS6]6 cj:yf k|fKt u5{ . To;} u/L xfO8«f]hgsf] k/df0f'df hDdf 
Pp6f dfq On]S6«f]g /x]sf] x'G5 . To;sf/0f gfO6«f]hgsf] Pp6f k/df0f'n] xfO8«f]hgsf tLgcf]6f 
k/df0f';Fu Ps Ps hf]8L On]S6«f]gsf] ;fem]bf/L ubf{ gfO6«f]hgn] cS6]6 cj:yf k|fKt ub{5 
eg] tLgcf]6} xfO8«f]hg k/df0f'n] 8'Kn]6 cj:yf k|fKt u5{g\ . h;sf] kmn:j¿k Pdf]lgof c0f' 
(NH3) sf] lgdf{0f x'G5 . Pdf]lgof c0f'df sf]Eofn]G6 aG8 /x]sf] x'gfn] o;nfO{ sf]Eofn]G6  
of}lus elgG5 .

   lj|mofsnfk 14.5

p2]Zo M k/df0f'x¿sf] df]8n tof/ u/L sf]Eofn]G6 aG8 cWoog ug'{ .

cfjZos ;fdu|L M sf8{af]8{ k]k/, ljleGg /ªsf kf]t], s]/fpsf bfgf, df6fsf ;;fgf anx¿, 
dfs{/, sDkf;, k]lG;n, ud tyf wfuf] cflb 

ljlw  

1.  cfjZos ;fdu|L ;ª\sng ug'{xf];\ . 

2.  ;ª\slnt ;fdu|Lx¿sf] k|of]u u/L xfO8«f]hg, sfa{g, gfO6«f]hg / clS;hg  
  k/df0f'sf df]8n agfpg'xf];\ .

3.  tof/ ul/Psf gd'gfx¿ k|of]u u/L kfgL, ldy]g, Pdf]lgof / xfO8«f]hg Snf]/fO8sf  
  c0f'df sf]Eofn]G6 aG8 aGbf x'g] On]S6«f]g hf]8fsf] ;fem]bf/Lsf tl/sf k|bz{g ug'{xf];\ . 

cjnf]sg / 5nkmn M tof/ ul/Psf gd'gfx¿ k|bz{g u/L On]S6«f]gx¿sf] ;fem]bf/Laf6 aGg] 
kfgL, ldy]g, Pdf]lgof / xfO8«f]hg Snf]/fO8sf gd'gfx¿ dfly sIffdf 5nkmn ug'{xf];\ .

sf]Eofn]G6 of}lussf ljz]iftf (Characteristics of covalent compounds) 

sf]Eofn]G6 of}lussf lgDglnlvt ljz]iftf x'G5g\ M

-s_ sf]Eofn]G6 of}lusx¿ Ps jf PseGbf w]/} cwft' tŒj ldn]/ ag]sf x'G5g\ .

H

H
H +

H

H
H

N
N or  H—N—H

  H 

lrq 14.12

*
* *

**
*
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-v_  k|foh;f] sf]Eofn]G6 of}lusx¿ kfgLdf c3'ngzLn x'G5g\ .

-u_  sf]Eofn]G6 of}lusx¿ wgfTds / C0ffTds cfof]gx¿df 5'6\l6Fb}gg\ .

-3_  oL of}lussf] pDng] / kUng] laGb' Go"g x'G5 .

cf0fljs ;"q (Molecular formula)

of}lussf] ;a}eGbf ;fgf] c+znfO{ c0f' (Molecule) elgG5 . c0f' b'O{ jf b'O{eGbf a9L  
k/df0f'sf] /f;folgs ;+of]hgaf6 aGb5 h:t} M kfgLsf] c0f' (H2O) xfO8«f]hgsf b'O{cf]6f  
k/df0f' / clS;hgsf] Pp6f k/df0f' ldn]/ ag]sf] x'G5 . To;} u/L ;f]l8od Snf]/fO8 (NaCl) sf] 
c0f' ;f]l8od (Na) / Snf]l/g (Cl) sf k/df0f'x¿sf] ;+of]hgaf6 ag]sf] x'G5 . xfO8«f]hg (H2) 
sf] c0f' b'O{cf]6f xfO8«f]hg (H) sf k/df0f' ldn]/ ag]sf] x'G5 . To;} u/L clS;hgsf] c0f' (O2) 
b'O{cf]6f clS;hgsf k/df0f' (O) x¿ ldn]/ ag]sf] x'G5 . tŒjsf] ;ª\s]t h:t} c0f'x¿nfO{ klg 
5f]6s/Ldf n]Vbf ;ª\s]t jf ;ª\s]t ;d"xsf] k|of]u ul/G5 . o;nfO{ cf0fljs ;"q (Molecular 
formula) elgG5 . To;sf/0f s'g} c0f'nfO{ hgfpg] k/df0f'x¿sf] ;ª\s]t ;d"xnfO{ g} cf0fljs 
;"q elgG5 . pbfx/0fsf nflu s]xL c0f' / ltgLx¿sf cf0fljs ;"q tnsf] tflnsfdf lbOPsf] 5 M

j|m=;= c0f'x¿sf] gfd cf0fljs ;"q

1. xfO8«f]Snf]l/s cDn HCl

2. ;Nˆo'l/s cDn H2SO4

3. ;f]l8od xfO8«f]S;fO8 NaOH

4. DofUg]l;od xfO8«f]S;fO8 Mg(OH)2

5. Pdf]lgof NH3

6. ;f]l8od Snf]/fO8 NaCl

7. DofUg]l;od sfaf]{g]6 MgCO3

8. DofUg]l;od Snf]/fO8 MgCl2

9. kfgL H2O

10. SnflN;od sfaf]{g]6   CaCO3  

11. sfa{g 8fOcS;fO8 CO2

12. Kff]6fl;od gfO6«]6 KNO3

13. ;f]l8od afOsfaf]{g]6 NaHCO3

14. SoflN;od sfaf]{g]6 CaCO3

15. Kff]6fl;od ;Nkm]6 K2SO4

16. Pdf]lgod km:km]6 (NH4)3PO4



240                 lj1fg tyf k|ljlwM sIff (

cf0fljs ;"q n]Vg] tl/sf (Method of writing molecular formula)

lj|m;j|m; ljlw (criss-cross method) sf] k|of]u u/L xfdL ljleGg k|sf/sf of}lusx¿sf] cf0fljs 
;"q n]Vg] u5f}{F . o; ljlwaf6 cf0fljs ;"q n]Vg] tl/sf tn lbOPsf] 5 M

1. ;j{k|yd h'g c0f'sf] cf0fljs ;"q n]Vg'kg]{ xf] To;sf] gfd n]Vg'kg]{ x'G5 . 

 Hf:t} M DofUg]l;od Snf]/fO8

2. pSt c0f' s'g s'g tŒjsf k/df0f'x¿ jf cfof]gx¿ ldn]/ ag]sf] 5 tL k/df0f'sf]  
 ;ª\s]t c0f'sf] gfdsf] l7s tn n]Vg'k5{ . 

 h:t} M    DofUg]l;od    Snf]/fO8

   Mg  Cl

3. ;ª\s]tsf] l7s dfly ;DalGwt k/df0f' jf cfof]gsf] ;+o'Hotf n]Vg'k5{ . 

 Hf:t} M DofUg]l;od    Snf]/fO8

   2  1

   Mg  Cl

4. To;kl5 k/df0f' jf cfof]glar ;+o'Hotf ;f6f;f6 ug'{k5{ . o; s'/fnfO{ af0f lrx\g (→)  
 n] hgfpg'k5{, h:t} M  

       DofUg]l;od  Snf]/fO8

    2  1

    Mg  Cl

5. To;kl5 tŒjsf] k/df0f' jf cfof]glar ;+o'Hotf ;f6f;f6 u/L ;ª\s]t / To;sf] d'lg  
 ;+o'Hotf n]Vg'k5{, h:t} M

    DofUg]l;od  Snf]/fO8

    2   1

    Mg   Cl

                          Mg1Cl2

t/ s'g} tŒj jf cfof]gsf] ;+o'Hotf 1 eP To;nfO{ n]Vg'kb}{g . To;} u/L b'j} ;+o'HotfnfO{ 
s'g} ;ª\Vofn] efu hfG5 eg] efu nfUg] u/L x6fP/ afFsL ;ª\Vof /fv]/ cf0fljs ;"q  
n]Vg'k5{ . To;} u/L cfof]g PseGbf a9L tŒjsf] k/df0f'af6 ag]sf] 5 eg] pSt cfof]gsf]  
;ª\s]t ;d"xnfO{ sf]i7 ( ) leq /fVg'k5{ / sf]i7sf] aflx/ d'lg bfofFlt/ ;+o'Hotf  
n]Vg'k5{, h:t} M
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 ;f]l8od Snf]/fO8  DofUg]l;od afOsfaf]{g]6

   1     1       2    1

   Na1    Cl1    Mg   (HCO3)2

         Na1Cl1       Mg (HCO3)2

  =     NaCl  

 s]xL of}lussf cf0fljs ;"q tn lbOPsf] 5 M

 cf0fljs ;"qaf6 yfxf kfpg ;lsg] tYox¿ M
 1. c0f'df /x]sf tŒjx¿sf] gfd / ;ª\s]t
 2. tŒj jf cfof]gsf] ;+o'Hotf
 3. c0f'df /x]sf k/df0f'x¿sf] ;ª\Vof

kf/df0fljs ef/ / cf0fljs ef/ (Atomic weight and Molecular weight)

s'g} k/df0f'sf] Go'lSno;df /x]sf k|f]6f]g / Go'6«f]gsf] ;ª\Vofsf] of]ukmnnfO{ pSt k/df0f'sf]  

kf/df0fljs ef/ (atomic weight) elgG5 . kf/df0fljs ef/ / cf0fljs ef/nfO{ atomic mass 

unit (amu) df JoSt ul/G5 . 

kf/df0fljs ef/ Ö k|f]6f]gsf] ;ª\Vof ± Go'6«f]gsf] ;ª\Vof
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s]xL k/df0f'sf] kf/df0fljs ef/ 

clS;hgsf] Pp6f k/df0f'df 8 cf]6f k|f]6f]g / 8 cf]6f Go'6«f]g /x]sf x'G5g\ . 

clS;hgsf] kf/df0fljs ef/  = p+ sf] ;ª\Vof   +  no sf] ;ª\Vof
                       = 8  +  8
                       = 16 amu

ctM clS;hgsf] kf/df0fljs ef/  = 16 amu x'G5 .

;f]l8od k/df0f'sf] Go'lSno;df 11 cf]6f k|f]6f]g / 12 cf]6f Go'6«f]g /x]sf x'G5g\ . To;sf/0f  
;f]l8od (Na) k/df0f'sf] kf/df0fljs ef/ (11+12) = 23 x'G5 . 

cf0fljs ef/ (Molecular weight)

s'g} klg c0f'df ePsf ;a} k/df0f'sf] kf/df0fljs ef/sf] of]ukmnnfO{ g} pSt c0f'sf] cf0fljs 
ef/ (molecular weight) elgG5 . c0f'df ePsf k/df0f'x¿sf] kf/dfl0fs ef/ hf]8]/ cf0fljs 
ef/ kQf nufOG5, h:t} M

1.  kfgL (H2O) sf] cf0fljs ef/ = 2 × H sf] kf/df0fljs ef/ + 1 × O  sf] kf/df0fljs ef/

     = 2 × 1 + 1 × 16

      = 2 + 16 

     = 18 amu

2. Pdf]lgod km:km]6 (NH4)3PO4 sf] cf0fljs ef/  = 3 × N + 12 × H + 1 × P + 4 × O

           = 3 × 14 + 12×1+1×31+4×16

           = 42 + 12 + 31 + 64 

         = 149
Go"lSno/ l:y/tf (Nuclear stability)

s'g} klg k/df0f'sf] Go"lSno; k|f]6f]g / Go"6«f]g ldn]/ ag]
sf] x'G5 . Go'lSno;df /x]sf k|f]6f]g / Go"6«f]gsf] cg'kft 
Ps jf ;f]eGbf a9L ePsf] cj:yfdf Go'lSno; cl:y/  
x'G5 . ;fdfGotof kf/df0fljs ;ª\Vof w]/} ePsf 
tŒjx¿sf] Go'lSno; cl:y/ x'G5 . To;}n] kf/df0fljs  
;ª\Vof hlt a9\b} hfG5, Tolt g} Go'lSno; cl:y/ x'G5 . o:tf 
tŒjx¿ cl:y/ cj:yfaf6 l:y/ cj:yfdf hfg vf]lh/x]sf  
x'G5g\ . To; cj:yfdf logLx¿n] zlStzfnL ljls/0f 
pT;h{g u5{g\ . o;nfO{ /]l8of]wdL{ pT;h{g elgG5 . 

n0

p+

n0 
>1 

p+

n0 
=1 

p+

 Go'lSno/ l:y/tf x'g] cj:yf
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/]l8of]wdL{ tŒj / /]l8of]wdL{ pT;h{g (Radioactive elements and radioactive emission)

kf/df0fljs ;ª\Vof w]/} ePsf s]xL k/df0f'sf Go'lSno;x¿ cl:y/ x'G5g\ . oL cl:y/  
k/df0f'x¿n] l:y/tf k|fKt ug{sf nflu cNkmf (α), la6f (β) / ufdf (γ) gfdsf zlStzfnL  
/]l8of]wdL{ ljls/0fx¿ pT;h{g u5{g\ . o; k|sf/sf tTjx¿nfO{ /]l8of]wdL{ tTj elgG5 . ctM  
/]l8of]wdL{ ljls/0f pT;h{g ug{ ;Sg] tŒjnfO{ /]l8of]wdL{ tTj elgG5 . o'/]lgod, Kn'6f]lgod,  
yf]l/od cflb /]l8of]wdL{ tTjsf pbfx/0f x'g\ .  k|foM h;f] /]l8of]wdL{ tTjsf]  kf/df0fljs ;ª\

Vof 83 eGbf a9L x'G5g . /]l8of]wdL{ tŒjaf6 /]l8of]wdL{ ljls/0fx¿ pT;h{g ug]{ k|lj|mofnfO{ 

/]l8of]wdL{ pT;h{g (radioactive emission) elgG5 . /]l8of]wdL{ pT;h{gaf6 pTkGg x'g] 
ljls/0fx¿ dfgj :jf:Yosf nflu cToGt} xflgsf/s x'G5g\ . /]l8of]wdL{ ;lj|motf tyf /]

l8of]wld{tf (radioactivity) sf] vf]h ;g\ 1896 df k|mfG;sf j}1flgs x]g/L a]s/]n (Henri 

Becquerel) n] u/]sf 5g .

Go'lSno/ lkm;g (Nuclear fission)

kf/df0fljs ;ª\Vof w]/} ePsf tŒjsf] cl:y/ k/df0f' 6'lj|mP/ ;fgf k/df0f'x¿ aGg] k|lj|mofnfO{ 
Go'lSno/ lkm;g elgG5 . o; k|lj|mofdf o'/]lgod, Kn'6f]lgod cflbsf k/df0f'x¿nfO{ tLj| ultsf] 
:jtGq Go'6«f]gn] lxsf{pFbf tL k/df0f' 6'lj|mg uO{ ;fgf ;fgf gofF tŒjsf k/df0f' pTkGg x'G5g\ . 
o;/L cl:y/ k/df0f'af6 l:y/ k/df0f'sf] lgdf{0f x'g] j|mddf s]xL lk08 gfz x'G5g\ . gfz ePsf] 
lk08af6 cNkmf (α), la6f (β) jf ufdf (γ) sf ¿kdf ckf/ pmhf{ pTkfbg x'G5 . 

pbfx/0fsf nflu o'/]lgod k/df0f'nfO{ pRr ultsf] Go'6«f]gn] lxsf{pFbf pSt k/df0f' ljR5]bg 
x'g uO{ a]l/od / lj|mK6g gfds xn'sf k/df0f'sf ;fy} tLgcf]6f Go'6«f]g / gfz ePsf] lk08af6 
ckf/ pmhf{ pTkGg x'G5 . 

o'/]lgod ± Go'6«f]g         a]l/od ± lj|mK6g ±  Go'6«f]g ± pmhf{ -ljls/0fsf ¿kdf_

92U236   +    n0       Ba141   +      Kr92    +  n0      +  236 kcal

Go'lSno/ km\o'hg (Nuclear fusion)

cTolws dfqfdf tfk / rfksf] pkl:yltdf xfO8«f]hg h:tf xn'sf tŒjsf k/df0f'x¿  
;+of]hg eO{ 7'nf] tŒj -h:t}M lxlnod_ / pmhf{ lgdf{0f x'g] k|lj|mofnfO{ Go'lSno/ ˆo'hg elgG5 . 
of] k|lj|mof ;"o{ / tf/fx¿df lg/Gt/ eO/x]sf] x'G5 . ;"o{ tyf tf/fx¿df k|z:t dfqfdf x'g]  
xfO8«f]hg / clt pRr tfk / rfkn] ubf{ Go'lSno/ km\o'hg ;Dej ePsf] xf] . o; k|ltlj|mofdf 
rf/cf]6f xfO8«f]hg k/df0f'x¿sf] ;+of]hg eO{ Pp6f lxlnodsf] k/df0f' / ckf/ pmhf{ pTkfbg x'G5 

   xfO8«f]hg                 lxlnod ± pmhf{ 
    41H

1          2He4  + 21e
0   + pmhf{

k/df0f' pmhf{ jf Go'lSno/ pmhf{ (Atomic energy or nuclear energy)

Go'lSno/ k|ltlj|mofaf6 pTkGg x'g] pmhf{{nfO{ k/df0f' pmhf{ jf Go'lSno/ pmhf{ elgG5 . s[lqd 
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tl/sfn] Go'lSno/ lkm;g k|ltlj|mofaf6 phf{ pTkfbg ug{ ;lsG5 . Go'lSno/ ˆo'hg k|ltlj|mofsf 
nflu cTolws tfk / rfksf] cfjZostf kg]{ ePsfn] s[lqd ¿kdf of] k|lj|mofaf6 pmhf{ 
lgsfNg ;lsFb}g . Go'lSno/ k|ltlj|mofaf6 tfk zlSt pTkfbg ug{ cf0fljs e6\6Lx¿ agfOPsf 
x'G5g\ . e6\6Laf6 pTkflbt tfk zlStn] kfgL pdfn]/ afkm agfO{ ;f] afkmaf6 jfik OlGhg  
rnfOG5 . pSt jfik OlGhgn] h]g]/]6/ ;~rfng u/L k|r'/ dfqfdf ljB't\ pTkfbg ug{  
;lsG5 . o; k|ljlwaf6 k|foMh;f] ljsl;t /fi6«x¿df ljB't\ pTkfbg ug]{ ul/G5 . 

To;} u/L Go'lSno/ k|ltlj|mofaf6 k|fKt ljls/0fsf] k|of]u u/L vfg]kfgL, vfB kbfy{, d]l8sn  
cf}hf/ cflbnfO{ lgd{nLs/0f ug{;d]t k/df0f' pmhf{sf] pkof]u ul/G5 . k/df0f' pmhf{nfO{ SofG;/ 
h:tf ljleGg k|sf/sf /f]usf] pkrf/ ug{ klg pkof]u ul/G5 . o;sf ;fy;fy} Go'lSno/ 
pmhf{sf] k|of]uaf6 aGg] cf0fljs xftxltof/sf] b'?kof]u tyf Go'lSno/ pmhf{ pTkfbg ubf{ r'lxg] 
ljls/0fn] dfgj hfltsf nflu 7'nf] hf]lvd klg plQs} /x]sf] 5 .    

kl/of]hgf sfo{ 

1. k/df0f' pmhf{sf pkof]u / xflgsf/s c;/x¿af/] k':ts, kqklqsf tyf OG6/g]6df vf]hL  
 ug'{xf];\ . 

2.  vf]h ul/Psf hfgsf/LnfO{ snfTds tl/sfn] rf6{k]k/df n]vL sIffdf k|:t't ug'{xf];\  
 / 5nkmn ug'{xf];\ .  

3.  5nkmnsf cfwf/df æk/df0f' pmhf{ lj1fgsf] a/bfg ls clezfkÆ eGg] ljifodf sIffdf  
 jfbljjfb k|ltof]lutf cfof]hgf ug'{xf];\ .

4.  5nkmn / jfbljjfbaf6 l;s]sf s'/fx¿ ;d]6L æg]kfndf Go'lSno/ pmhf{Æ ljifodf 5f]6f]  
 k|ltj]bg tof/ ug'{xf];\ . 

cEof;

!= ldNg] pQ/df l7s lrx\g -√_ nufpg'xf];\ M  

 -s_ tŒjnfO{ 6'j|mofpFbf k|fKt x'g] ;a}eGbf ;fgf] c+znfO{ s] elgG5 < 

  -c_ c0f'  -cf_ k/df0f'

  -O_ Go'lSno; -O_ k|f]6f]g

 -v_ k/df0f'sf] cf};t Jof; slt x'G5 <

  -c_ 10-10 m  -cf_ 1010 m

  -O_ 100 m  -O{_ 1000 m
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 -u_ tn lbOPsf dWo] /]l8of]wdL{ tŒj s'g xf] <

  -c_ o'/]lgod  -cf_ Kn'6f]lgod

  -O_ yf]l/od  -O_ dflysf ;a}

 -3_ tn lbOPsf dWo] s'g of}lusdf sf]Eofn]G6 aG8 x'G5 <

  -c_ NaCl  -cf_ H2O

  -O_ CaCl2  -O_ MgO

 -ª_ tnsf dWo] ;+o'Hotf tLg ePsf] k/df0f' s'g xf] <

  -c_ clS;hg -cf_ cflNdlgod

  -O_ SoflN;od -O_ Snf]l/g

 -r_ DofUg]l;od afOsfaf]{g]6sf] cf0fljs ;"q s'g xf] <

  -c_ MgCO3  -cf_ Mg(HCO3)2

  -O_ MgHCO3 -O_ Mg(CO3)2

@= vfnL 7fp“df pko'St pQ/ eg'{xf];\ M  

 -s_ k/df0f'sf] x/]s ;]n jf sIfdf lglZrt pmhf{ x'G5 . of] tYo kQf nufpg] j}1flgs  
  =============== x'g\ .

 -v_ kf/df0fljs ;ª\Vof w]/} ePsf tŒjsf] cl:y/ Go'lSn; 6'lj|mP/ ;fgf k/df0f' aGg]  
  k|lj|mofnfO{ ==============elgG5 . 

 -u_ SoflN;odsf] k/df0f'n] cS6]6 cj:yf k|fKt ug{ Eofn]G; ;]naf6 ==============cf]6f  
  On]S6«f]gx¿ 5f]8\5 . 

 -3_ Pdf]lgofsf] k/df0f'df =============aG8 x'G5 . 

 -ª_ SoflN;od Snf]/fO8sf] cf0fljs ;"q ==================xf] . 

 -r_ ;f]l8od afOsfaf]{g]6sf] cf0fljs ef/ ============= x'G5 . 

#= km/s n]Vg'xf];\ M

 -s_ 8'Kn]6 / cS6]6

 -v_ On]S6«f]Eofn]G6 aG8 / sf]Eofn]G6 aG8
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$= sf/0f lbg'xf];\ M 

 -s_ k/df0f' pmhf{ nfebfos / xflgsf/s b'j} x'G5 .

 -v_ He / Ne tŒjx¿ /f;folgs k|ltlj|mofdf efu lnFb}gg\ .

 -u_  ldy]g (CH4) sf]Eofn]G6 of}lus xf] .

%= tnsf k|Zgsf] pQ/ lbg'xf];\ M

 -s_ k/df0f' eg]sf] s] xf] <

 -v_ pkkf/df0fljs s0fx¿ eGgfn] s] a'lemG5 < 

 -u_ k/df0f' ;+/rgfsf] j0f{g ug'{xf];\ . 

 -3_ /]l8of]wdL{ pT;h{g eg]sf] s] xf] < of] slt k|sf/sf] x'G5 < 

 -ª_ Go'lSno/ lkm;g / Go'lSno/ km\o'hgaf/] 5f]6s/Ldf n]Vg'xf];\ . 

 -r_ 8'Kn]6 / cS6]6 cj:yf eg]sf] s] xf] < pbfx/0f;lxt n]Vg'xf];\ .

 -5_ /f;folgs aG8 eg]sf] s] xf] <

 -Hf_ On]S6«f]Eofn]G6 aG8 / sf]Eofn]G6 aG8 aGg] tl/sfsf] Ps Pscf]6f pbfx/0f;lxt j0f{g  
  ug'{xf];\ . 

 -em_ Pdf]lgof,  ;f]l8od Snf]/fO8 / DofUg]l;od Snf]/fO8 c0f' aGg] tl/sf lrq;lxt j0f{g  
  ug'{xf];\ . 

 -`_ ;+o'Hotfsf] kl/efiff lbg'xf];\ . 

 -6_ cfof]g eg]sf] s] xf] < wgfTds / C0ffTds cfof]g s;/L aG5g\ < pbfx/0f;lxt  
  n]Vg'xf];\ . 

 -7_  cf0fljs ;"q s;/L n]lvG5 < pbfx/0f;lxt JofVof ug{'xf];\ . 

 -8_ cf0fljs ef/ eg]sf] s] xf] < lgDglnlvt c0f'sf] cf0fljs ef/ lx;fa ug'{xf];\ . 

  -c_ ;f]l8od Snf]/fO8

  -cf_ SnflN;od sfaf]{g]6

  -O_ Pdf]lgof

  -O{_ sfa{g 8fOcS;fO8

  -p_ DofUg]l;od ;Nkm]6
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/f;folgs k|ltlj|mof
(Chemical Reaction)

!%

sfutLsf] /; ld;fpFbf b'w kmf6\g', kmnfddf lvof nfUg', sf7 bfp/f hnfpFbf 
v/fgL aGg', b'waf6 bxL aGg' cflb /f;folgs kl/jt{g x'g\ eGg] s'/f xfdLn] cluNnf] sIffdf  
kl9;Sof}F . oL ;a} /f;folgs kl/jt{gdf Pp6f kbfy{af6 leGg u'0f;lxtsf] gofF kbfy{ lgdf{0f 
x'G5 . pbfx/0fsf nflu tnsf lj|mofsnfk u/f}F M

lj|mofsnfk 15.1

cfwf lunf; hlt b'w lng'xf];\ pSt b'wdf b'O{rf/ yf]kf sfutLsf] /; /fv]/ s]xLa]/ rDrfn] 
3f]Ng'xf];\ . ca klxn]sf] b'wdf / clxn]sf] b'wdf s] kl/jt{g eof] cjnf]sg ug'{xf];\ . pSt 
b'wsf] b'O{rf/ yf]kfnfO{ rDrfdf /fv]/ rfVg'xf];\ . s] klxn]sf] b'wsf] / clxn]sf] b'wsf] :jfb 
p:t} 5, atfpg'xf];\ .

/f;folgs kl/jt{g x'g] j|mddf kbfy{sf k/df0f'lar ;f6k]m/, ;ª\u7g jf lj36g k|lj|mof x'G5 . oxL 
k|lj|mofnfO{ /f;folgs k|ltlj|mof elgG5 . ctM /f;folgs kl/jt{gsf] j|mddf kbfy{sf k/df0f'lar 
x'g] ;ª\u7g, ;f6k]m/ jf lj36g k|lj|mofnfO{ /f;folgs k|ltlj|mof elgG5, h:t} M

1.  xfO8«f]hg UofF; + clS;hg UofF;  → kfgL 

 -xfO8«f]hg / clS;hgsf k/df0f'x¿lar ;ª\u7g_

2.  SoflN;od sfaf]{g]6   → SoflN;od cS;fO8  ± sfa{g8fOcS;fO8 

 -SoflN;od sfaf]{g]6sf] lj36g_

3.   DofUg]l;od ± xfO8«f]Snf]l/s cDn   → DofUg]l;od Snf]/fO8 ± xfO8«f]hg UofF; 

 -DofUg]l;od / xfO8«f]Snf]l/s cDnlar ;f6k]m/ _

k|ltlj|mof/t kbfy{x¿ / pTkflbt kbfy{x¿ (Reactants and products)

tnsf] /f;folgs k|ltlj|mof x]/f}F / s'g s'g kbfy{ ldn]/ s'g kbfy{ ag]sf] 5, 5nkmn u/f}F M

sfa{g + clS;hg   → sfa{g8fOcS;fO8

dflysf] /f;folgs k|ltlj|mofdf sfa{g / clS;hg UofF;nfO{ k|ltlj|mof u/fpFbf sfa{g8fOcS;fO8 
ag]sf] 5 . pSt /f;folgs k|ltlj|mofdf efu lng] sfa{g / clS;hg UofF; k|ltlj|mof/t kbfy{ 
x'g\ . o;} u/L pSt /f;folgs k|ltlj|mofaf6 aGg] sfa{g8fOcS;fO8nfO{ pTkflbt kbfy{ elgG5 . 

ctM /f;folgs k|ltlj|mofdf efu lng] kbfy{nfO{ k|ltlj|mof/t kbfy{x¿ (reactants) elgG5 eg] 

k|ltlj|mofsf] kl/0ffd:j¿k k|fKt kbfy{x¿nfO{ pTkflbt kbfy{x¿ (Products) elgG5 . 
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;f]l8od ± Snf]l/g   →   ;f]l8od Snf]/fO8

-k|ltlj|mof/t kbfy{x¿_     -pTkflbt kbfy{_

/f;folgs ;dLs/0f (Chemical equation)

lj|mofsnfk 15.2

Pp6f k/LIf0f gnLdf cfwfeGbf yf]/} lkmSsf xfO8«f]Snf]l/s cDn lng'xf];\ . pSt xfO8«f]Snf]l/s 
cDndf Pp6f ;fgf] lhª\ssf] 6'j|mf /fv]/ x]g'{xf];\ . 

1.   o; k|ltlj|mofdf k|ltlj|mof/t kbfy{x¿ s'g s'g x'g\ <

2. /f;folgs k|ltlj|mof kl5 s] s] kbfy{ aGb5g\ / pSt k|ltlj|mofnfO{ s;/L k|:t't  
 ul/G5, lzIfsnfO{ ;f]Wg'xf];\ .

lhª\ssf] 6'j|mfnfO{ lkmSsf xfO8«f]Snf]l/s cDndf /fVbf lhª\s Snf]/fO8 / xfO8«f]hg UofF; aGg] s'/f 
lj|mofsnfk 15.2 af6 yfxf x'G5 . pSt /f;folgs k|ltlj|mofnfO{ lgDgfg';f/ k|:t't ug{ ;lsG5 M

lhª\s ± xfO8«f]Snf]l/s cDn   →     lhª\s Snf]/fO8 ± xfO8«f]hg UofF;

   Zn + 2HCl   →    ZnCl2 + H2

/f;folgs k|ltlj|mof hgfpg] ;dLs/0fnfO{ /f;folgs ;dLs/0f elgG5 . /f;folgs ;dLs/0fdf 
k|ltlj|mof/t kbfy{x¿ af0f lrx\gsf] afofFlt/ n]lvG5 eg] pTkflbt kbfy{x¿ af0f lrx\gsf] 
bfofFlt/ n]lvG5 . dfly lhª\s / xfO8«f]Snf]l/s cDnlarsf] /f;folgs ;dLs/0f b]vfOPsf] 5 . 
oxfF lhª\s / xfO8«f]Snf]l/s cDn k|ltlj|mof/t kbfy{ x'g\ eg] lhª\s Snf]/fO8 / xfO8«f]hg UofF; 
pTkflbt kbfy{x¿ x'g\ . /f;folgs k|ltlj|mofdf ;+nUg x'g] / k|ltlj|mof kl5 aGg] kbfy{x¿nfO{ 

zAb jf ;"qx¿åf/f k|:t't ug]{ tl/sfnfO{ /f;folgs ;dLs/0f (chemical equation) elgG5 . 

zAb ;dLs/0f (Word equation)

tnsf /f;folgs k|ltlj|mofnfO{ x]/f}F M 

SoflN;od sfaf]{g]6  →  SoflN;od cS;fO8 ± sfa{g8fOcS;fO8 

o; /f;folgs k|ltlj|mofdf SoflN;od sfaf]{g]6nfO{ ttfpFbf SoflN;od cS;fO8 / sfa{g8fO 
cS;fO8 aG5 . pSt k|ltlj|mofnfO{ zAbaf6 k|:t't ul/Psf] 5 . ctM /f;folgs k|ltlj|mofdf 
;+nUg x'g] / k|ltlj|mofkl5 aGg] kbfy{x¿nfO{ zAbåf/f k|:t't ug]{ tl/sfnfO{ zAb ;dLs/0f 

(Word equation) elgG5 . 

;"q ;dLs/0f (Formula equation)

dflysf] k|ltlj|mofnfO{ ;"q ;dLs/0f n]Vbf

      tfk
CaCO3 → CaO + CO2
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o; /f;folgs k|ltlj|mofdf efu lng] k|ltlj|mofnfO{ tŒj tyf of}lussf ;ª\s]t;lxtsf] ;"qaf6 
k|:t't ul/Psf] 5 . ctM /f;folgs k|ltlj|mofdf ;+nUg x'g] / k|ltlj|mof kl5 aGg] kbfy{x¿nfO{ 
;ª\s]t / ;"qaf6 k|:t't ug]{ tl/sfnfO{ ;"q ;dLs/0f (Formula equation) elgG5 . 

c;Gt'lnt /f;folgs ;dLs/0f (Unbalanced chemical equation)

tn lbOPsf /f;folgs ;dLs/0fdf k|ltlj|mof/t kbfy{sf k/df0f'x¿sf] ;ª\Vof / pTkflbt 
kbfy{df ;f]xL tŒjsf k/df0f'x¿sf] ;ª\Vof u0fgf u/L tnsf] tflnsfdf b]vfOPsf] 5 M

1.  Zn + HCl →  ZnCl2  + H2

tŒj k|ltlj|mof/t kbfy{df 
k/df0f' ;ª\Vof

pTkflbt kbfy{df 
k/df0f' ;ª\Vof

lhª\s 1 1

xfO8«f]hg 1 2

Snf]l/g 1 2

 o; ;dLs/0fdf afofFlt/ / bfofFlt/ lhª\ssf] ;ª\Vof a/fa/ 5 t/ xfO8«f]hg / Snf]l/gsf]  
 ;ª\Vof a/fa/ 5}g .

2. Mg + O2 → MgO 

tŒj k|ltlj|mof/t kbfy{df  
k/df0f' ;ª\Vof

pTkflbt kbfy{df  
k/df0f' ;ª\Vof

DofUg]l;od 1 1

clS;hg 2 1

 o; ;dLs/0fdf afofFlt/ / bfofFlt/ DofUg]l;odsf] ;ª\Vof a/fa/ 5 t/ clS;hgsf]  
 ;ª\Vof a/fa/ 5}g .

3.  KClO3  →   KCl ± O2    

tŒj k|ltlj|mof/t kbfy{df  
k/df0f' ;ª\Vof

pTkflbt kbfy{df  
k/df0f' ;ª\Vof

kf]6fl;od 1 1

Snf]l/g 1 1

clS;hg 3 2

o; ;dLs/0fdf afofFlt/ / bfofFlt/ kf]6fl;od / Snf]l/gsf] ;ª\Vof a/fa/ 5 t/ 
clS;hgsf] ;ª\Vof a/fa/ 5}g . 

o:tf /f;folgs ;dLs/0fx¿ c;Gt'lnt /f;folgs ;dLs/0f x'g\ .
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ctM k|ltlj|mof/t kbfy{x¿df efu lng] k|To]s tŒjsf k/df0f'x¿sf] ;ª\Vof / pTkflbt 
kbfy{x¿df ;f]xL tŒjsf k/df0f'sf] ;ª\Vof a/fa/ u/L n]lvPsf] 5}g eg] o:tf] /f;folgs 
;dLs/0fnfO{ c;Gt'lnt /f;folgs ;dLs/0f elgG5 . o:tf /f;folgs ;dLs/0fnfO{ 
;Gt'lnt ug'{k5{ .

;Gt'lnt /f;folgs ;dLs/0f (Balanced chemical equation)

tn lbOPsf /f;folgs ;dLs/0fnfO{ k'gM x]/f}F . oxfF k|ltlj|mof/t kbfy{sf k/df0f'x¿sf] ;ª\Vof 
/ pTkflbt kbfy{df ;f]xL tŒjsf k/df0f'sf] ;ª\Vof u0fgf u/f}F .

1.   Zn + 2HCl → ZnCl2  + H2 

tŒj k|ltlj|mof/t kbfy{df  
k/df0f' ;ª\Vof

pTkflbt kbfy{df  
k/df0f' ;ª\Vof

lhª\s 1 1

xfO8«f]hg 2 2

Snf]l/g 2 2

 o; ;dLs/0fdf afofFlt/ / bfofFlt/ lhª\s, xfO8«f]hg / Snf]l/g k/df0f'sf] ;ª\Vof a/fa/  
 5 .

2.  2Mg + O2 → 2MgO

tŒj k|ltlj|mof/t kbfy{df  
k/df0f' ;ª\Vof

pTkflbt kbfy{df  
k/df0f' ;ª\Vof

DofUg]l;od 2 2

clS;hg 2 2

 o; ;dLs/0fdf afofFlt/ / bfofFlt/ DofUg]l;od / clS;hg k/df0f'sf] ;ª\Vof a/fa/ 5 .

3.  2KClO3   →   2KCl ± 3O2 
 

tŒj k|ltlj|mof/t kbfy{df  
k/df0f' ;ª\Vof

pTkflbt kbfy{df  
k/df0f' ;ª\Vof

kf]6fl;od 2 2

Snf]l/g 2 2

clS;hg 6 6

 o; ;dLs/0fdf afofFlt/ / bfofFlt/ kf]6fl;od, Snf]l/g / clS;hgsf] ;ª\Vof a/fa/  
 5 . o:tf /f;folgs ;dLs/0fx¿ ;Gt'lnt /f;folgs ;dLs/0f x'g\ .
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ctM k|ltlj|mof/t kbfy{x¿df efu lng] k|To]s tŒjsf k/df0f'sf] ;ª\Vof / pTkflbt kbfy{x¿df 
;f]xL tŒjsf k/df0f'sf] ;ª\Vof a/fa/ u/L n]lvPsf] 5 eg] o:tf] /f;folgs ;dLs/0fnfO{ 
;Gt'lnt /f;folgs ;dLs/0f elgG5 . ;Gt'lnt ;dLs/0f n]Vbf k|ltlj|mof/t kbfy{ / pTkflbt 
kbfy{sf] cj:yf JoSt ug'{k5{ . 7f]; cj:yfdf 5 eg] (s), t/n cj:yfdf 5 eg] (l) / Uof; 
cj:yfdf 5 eg] (g) n]Vg'k5{ .

;Gt'lnt /f;folgs ;dLs/0f n]Vg] tl/sf

/f;folgs k|ltlj|mofsf j|mddf kbfy{x¿sf] lk08 gi6 x'Fb}g / pTkfbg klg x'Fb}g . o;nfO{ lk08 
;+/If0fsf] l;4fGt elgG5 . o;} l;4fGtdf cfwfl/t eP/ /f;folgs ;dLs/0fnfO{ ;Gt'lnt 
ul/G5 . /f;folgs ;dLs/0f ;Gt'ng ug]{ ;fdfGo ljlw lx6 / 6«fon ljlw (Hit and trial 
method) xf] . o; ljlwaf6 /f;folgs ;dLs/0fnfO{ ;Gt'lnt ubf{ lgDglnlvt s'/fdf Wofg 
lbg'k5{ M

-s_ ;a}eGbf klxn] /f;folgs k|ltlj|mofnfO{ zAb ;dLs/0fsf ¿kdf JoSt ug'{k5{ .

-v_  k|ltlj|mof/t / pTkflbt kbfy{x¿ k|To]ssf c0f';"q;lxt ;"q ;dLs/0f n]Vg'k5{ .

-u_  /f;folgs ;dLs/0fnfO{ ;Gt'ng ubf{ ;al:j|mK6 (subscript) df ePsf c0f';"qnfO{ kl/jt{g  
 ug{'x'Fb}g .

-3_ cGTodf b'j}lt/ k/df0f'x¿ a/fa/ x'g] u/L cfjZostfcg';f/ c0f';"qsf] l7s cufl8  
 pko'St u'0ffª\s /fv]/ ;dLs/0f ;Gt'lnt ug'{k5{ . 

pbfx/0fsf nflu tnsf] /f;folgs ;dLs/0f x]/f}“ M

xfO8«f]hg ± clS;hg   →   kfgL

lbOPsf] zAb ;dLs/0fnfO{ ;"q ;dLs/0fdf n]Vbf,  

H2 ± O2    →   H2O

o; ;dLs/0fdf ePsf k|To]s k/df0f'nfO{ uGtL u/]/ s'g rflxF k/df0f'sf] ;ª\Vof c;Gt'ng 5, 
kQf nufpFbf

tŒj k|ltlj|mof/t kbfy{df  
k/df0f' ;ª\Vof

pTkflbt kbfy{df  
k/df0f' ;ª\Vof

xfO8«f]hg 2 2

clS;hg 2 1

oxfF xfO8«f]hgsf] ;ª\Vof afofFlt/ / bfofFlt/ a/fa/ /x]sf] 5 . clS;hgsf] ;ª\Vof afofFlt/ 2 
5 eg] bfofFlt/ 1 /x]sf] 5 . afofFlt/ / bfofFlt/ clS;hgsf] ;ª\Vof a/fa/ agfpg kfgLnfO{ 2 
n] u'0fg ug{'kb{5 . o;f] ubf{ xfO8«f]hgsf] ;ª\Vof km]l/ c;Gt'lnt x'G5 . k'gM o;nfO{ ;Gt'lnt 
ug{ afofFlt/sf] xfO8«f]hgnfO{ 2 n] u'0fg ug{'k5{ . o;kl5 /f;folgs ;dLs/0f o;/L n]lvG5 .

2H2 ±O2 →   2H2O
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ca dflysf] /f;folgs ;dLs/0fdf k/df0f'sf] ;ª\Vof lgDgfg';f/ ePsf] 5 M

tŒj afof“lt/ -k|ltlj|mof/t 
kbfy{_ ;ª\Vof

bfofFlt/ -pTkflbt kbfy{_
df k/df0f' ;ª\Vof

xfO8«f]hg 4 4

clS;hg 2 2

ca /f;folgs ;dLs/0f ;Gt'lnt ePsf] 5 . ;Gt'lnt /f;folgs ;dLs/0fsf s]xL pbfx/0fx¿ 
tn lbOPsf 5g\ M

1.  SoflN;od sfaf]{g]6   →    SoflN;od cS;fO8  ± sfa{g 8fO{cS;fO8

      CaCO3        →        CaO ± CO2 

2.  xfO8«f]hg k]/f]cS;fO8     →    kfgL ± clS;hg

      2H2O2         →   2H2O + O2

3.  ;f]l8od xfO8«f]S;fO8 ± xfO8«f]Snf]l/s cDn  →   ;f]l8od Snf]/fO8 ± kfgL

     NaOH ± HCl       →    NaCl + H2O

4.  cflNdlgod ± gfO6«f]hg   →  cfNldlgod gfO6«fO8 

   2Al + N2         →       2AlN

5.  ;f]l8od ± clS;hg    →   ;f]l8od cS;fO8

   4Na + O2         →      2Na2O

;Gt'lnt /f;folgs ;dLs/0faf6 k|fKt x'g] hfgsf/Lx¿ (Information obtained from balanced 
chemical equation)

lj|mofsnfk 15.3

 tn lbOPsf] ;Gt'lnt /f;folgs ;dLs/0f cWoog ug'{xf];\ / tnsf k|Zgx¿sf ;DaGwdf  
 5nkmn ug'{xf];\ M

 4Fe + 3O2    →      2Fe2O3 

     -s_ /f;folgs k|ltlj|mofdf k|ltlj|mof/t kbfy{x¿ / pTkflbt kbfy{x¿ s] s] x'g\ <

 -v_ k|ltlj|mof/t kbfy{x¿ / pTkflbt kbfy{x¿df slt sltcf]6f k/df0f' /x]sf 5g\ <

 -u_ ;Gt'lnt /f;folgs k|ltlj|mofaf6 yk s] s] yfxf kfpg ;lsG5, xf]nf <

∆

∆

∆

∆

∆

∆
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;Gt'lnt /f;folgs ;dLs/0faf6 lgDglnlvt hfgsf/L k|fKt x'G5g\ M 

-s_  k|ltlj|mof/t kbfy{x¿ / pTkflbt kbfy{x¿sf] gfd / c0f';"q

-v_  k|ltlj|mof/t kbfy{x¿ / pTkflbt kbfy{x¿sf] c0f' / k/df0f'x¿sf] ;ª\Vof

-u_  k|ltlj|mof/t kbfy{ / pTkflbt kbfy{x¿sf] c0f'x¿sf] tf}nsf] cg'kft

-3_  /f;folgs k|ltlj|mofsf] k|sf/

b}lgs hLjgdf /f;folgs k|ltlj|mofsf] dxŒj (Importance of chemical reaction in our daily life)

xfdLn] vfPsf] vfgf s;/L kR5 xf]nf < xfdL la/fdL kbf{ vfPsf] cf}ifwLn] s;/L sfd u5{  
xf]nf < b'waf6 bxL s;/L aG5 xf]nf < dflysf ;a} lj|mofsnfkx¿ /f;folgs k|ltlj|mofaf6 
;Dej ePsf x'g\ . /f;folgs k|ltlj|moflagf xfd|f] b}lgs hLjg ;Dej x'b}g . xfdLn] vfPsf] 
vfgf k]6df uP/ kRg', la/fdL kbf{ cf}ifwL vfP/ l7s x'g', Zjf;k|Zjf; lj|mofaf6 phf{ lg:sg', 
k|sfz;+:n]if0f lj|mofaf6 af]6la?jfn] vfgf agfpg', OGwg hn]/ phf{ lgl:sg', b'waf6 bxL aGg' 
h:tf b}lgs lj|mofsnfkx¿df /f;folgs k|ltlj|mof ePsf] kfOG5 . 

kl/of]hgf sfo{ 

xfd|f] b}lgs hLjgdf /f;folgs k|ltlj|mofsf] s] dxŒj 5, ;"rL tof/ kf/L sIffdf k|:t't ug'{xf];\ . 

tfkbfos k|ltlj|mof (Exothermic reaction) 

lj|mofsnfk 15.4

-s_  Pp6f k/LIf0f gnLdf kfgL lng'xf];\ . pSt kfgLdf SoflN;od xfO8«f]cS;fO8 jf ;f]l8od 
xfO8«f]cS;fO8sf s]xL 6'j|mfx¿ /fVg'xf];\ / aflx/af6 5fDg'xf];\ . tftf] jf lr;f] s:tf] 
cg'ej ug'{eof] < 

-v_  r'g9'ª\ufnfO{ kfgLdf /fVg'xf];\ / s] x'G5 cjnf]sg ug{'xf];\ . To;kl5 xftn] 5'g'xf];\ . 
tftf] jf lr;f] s] kl/jt{g kfpg'eof], atfpg'xf];\ . 

/f;folgs k|ltlj|mof x''Fbf jl/kl/af6 tfk k|fKt ug]{ jf tfk pTkGg x'g] cfwf/df logLx¿nfO{ 
b'O{ efudf ljefhg ug{ ;lsG5 h:t}M lj|mofsnfk 15.4 -s_ / -v_ df /f;folgs k|ltlj|mof x'Fbf 
tfk pTkGg x'G5 . o:tf /f;folgs k|ltlj|mofnfO{ tfkbfos k|ltlj|mof (exothermic reaction) 
elgG5 . ctM /f;folgs k|ltlj|mof x'Fbf tfk pTkGg x'g] k|ltlj|mofnfO{ tfkbfos k|ltlj|mof 
elgG5 . vfgfsf] kfrg, sf]ifLo Zjf;k|Zjf;, d}gaQL aNg], kfgL / r'gf ld;fpFbfsf] k|ltlj|mof 
cflb tfkbfos k|ltlj|mof x'g\ .
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tfkbfos k|ltlj|mofsf yk pbfx/0f

 C6H12O6 + 6O2 →   CO2 + 6H2O + Heat
  (aq)  (ag)    (g)       (l)

 CaO + H2O     →         Ca(OH)2  + Heat 
 (s)   (l)             (ag)          (ag)

  C +  O2       →           CO2     +  Heat 
 (s)   (g)        (g)

 NaOH + HCl →   NaCl + H2O + Heat 
 (s)      (l)       (l) 

tfkzf]ifs k|ltlj|mof (Endothermic reaction) 

vfgf kfSgsf nflu tfk cfjZos k5{ . o; k|lj|mofdf UofF; aNg' tfk bfos k|ltlj|mof xf] eg] 
vfgf kfSg] tfkzf]ifs k|ltlj|mof xf] . h'g /f;folgs k|ltlj|mofdf tfk zf]if0f x'G5, To;nfO{ 
tfkzf]ifs k|ltlj|mof elgG5 . 

tfkzf]ifs k|ltlj|mofsf yk pbfx/0f

C + H2O     Heat      CO + H2

 (s)  (l)    (g)     (g)

N2 + O2    
Heat       2NO2 

(g) (g)      (g)

CaCO3  
Heat

 CaO  +  CO2 

(s)   (s)      (g)

cEof;

!= tn lbOPsf ljsNkaf6 ;xL pQ/ 5fGg'xf];\ M

 -s_  tnsf dWo] s'g ;d"xdf s]jn /f;folgs kl/jt{gsf pbfx/0f lbOPsf 5g\ < 

  -c_ sfutLsf] /; ld;fpFbf b'w kmf6\g', kmnfddf lvof nfUg', kfgLaf6 a/km aGg'

  -cf_ sf7 bfp/f hnfpFbf v/fgL aGg', kfgLaf6 afkm aGg', b'waf6 bxL aGg' 

  -O_ rfdnaf6 eft aGg', d/]sf] hLj s'lxg', k]6df vfgf kRg' 

  -O{_ sf7 jf df6faf6 v]nf}gf agfpg', kmnfddf lvof nfUg', sfuh hnfpFbf v/fgL aGg' 
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 -v_  /f;folgs k|ltlj|mofsf j|mddf tnsf dWo] s] s] x'G5 <  

  -i_ k/df0f'sf] ;f6k]m/   -ii_ k/df0f'sf] ;ª\u7g 

  -iii_ c0f'x¿sf] lj36g   -iv_ k/df0f'lar 3if{0f

  -c_ (i),  (iii) / (iv)     -cf_ (i),  (ii) / (iv) 

  -O_ (ii),  (iii) / (iv)       -O{_ (i),  (ii) / (iii) 

 -u_ tnsf ck"0f{ /f;folgs k|ltlj|mofdf k|ltlj|mof/t kbfy{x¿ s] s] x'G5g\ < 

   Zn + …………….    →      ZnCl2  + H2 

  -c_ lhª\s / ;f]l8od Snf]/fO8 

  -cf_ lhª\s / Snf]l/g   

  -O_ lhª\s / kfgL

  -O{_ lhª\s / xfO8«f]Snf]l/s cDn

 -3_ kbfy{ s / v nfO{  cnu cnu k/LIf0f gnLdf /fVbf ;lhn} xftn] ;dfpg ;lsG5  
  t/ b'j} kbfy{nfO{ Pp6} k/LIf0f gnLdf /fVbf k/LIf0f gnL tft]/ xftn] 5'g ;lsFb}g .  
  o:tf] s] sf/0fn] ePsf] xf]nf <

  -c_ tfkzf]ifs k|ltlj|mofsf sf/0fn]

  -cf_ tfkbfos k|ltlj|mofsf sf/0fn]

  -O_ tfkzf]ifs / tfkbfos b'j} k|ltlj|mofsf sf/0fn]

  -O{_ tfkzf]ifskl5 tfkbfos k|ltlj|mofsf sf/0fn]

@=  cGt/ n]Vg'xf];\ M

 -s_ ;Gt'lnt / c;Gt'lnt /f;folgs k|ltlj|mof

 -v_ tfkbfos / tfkzf]ifs /f;folgs k|ltlj|mof

#=  tnsf k|Zgsf] pQ/ n]Vg'xf];\ M

  -s_ /f;folgs kl/jt{g ef}lts kl/jt{g eGbf s;/L km/s x'G5 <

 -v_  /f;folgs ;dLs/0f eg]sf] s] xf] < s'g} Ps pbfx/0faf6 k|:6 kfg'{xf];\ .

 -u_ /f;folgs k|ltlj|mof geP xfd|f] b}lgs hLjg c;Dej k|foM x'g] lyof] eGg] egfOnfO{  
  /f;folgs k|ltlj|mofsf] dxŒj;Fu hf]8]/ JofVof ug'{xf];\ . 

 -3_ Pp6f dflg;n] r'nfdf bfp/f afn]/ eft ksfpFb} 5g\ . oxfF ePsf tfkbfos /  
  tfkzf]ifs /f;folgs k|ltlj|mof s'g s'g x'g\ <
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$=  tn lbOPsf zAb ;dLs/0fnfO{ ;Gt'lnt ;"q ;dLs/0fdf abNg'xf];\ M

  -s_  gfO8«f]hg  + xfO8«f]hg  → Pdf]lgof 

  -v_  ;f]l8od + clS;hg    → ;f]l8od cS;fO8 

  -u_  DofUg]l;od + gfO6«f]hg   → DofUg]l;od gfO6«fO8 

  -3_  SoflN;od sfaf]{g]6  → sfa{g 8fOcS;fO8 + SoflN;od cS;fO8 

  -ª_  lhª\s + xfO8«f]Snf]l/s Pl;8  → lhª\s Snf]/fO8 + xfO8«f]hg 

  -r_  Pn'ldlgod + gfO6«f]hg  → Pn'ldlgod gfO6«fO8 

  -5_  kf]6fl;od + Snf]l/g    → kf]6fl;od Snf]/fO8 

  -h_  xfO8«f]hg  + Snf]l/g    → xfO8«f]hg Snf]/fO8

%=  tn lbOPsf c;Gt'lnt ;"q ;dLs/0fnfO{ ;Gt'lnt ;"q ;dLs/0f agfO{ n]Vg'xf];\ M

 -s_ Na+ O2             → Na2O 

  -v_ Hg +O2              → HgO 

  -u_ Ca + N2           → Ca3N2 

  -3_ Fe + O2               → Fe2O3 

  -ª_ Fe + CuSO4         → FeSO4 + Cu 

  -r_ HCl + NaOH        → NaCl + H2O 

  -5_ HCl + KOH       → KCl + H2O 

  -h_ HNO3 + Ca(OH)2   → Ca(NO3)2+ H2O

^= tn lbOPsf ;"q ;dLs/0fnfO{ k"/f u/L ;Gt'lnt ug'{xf];\ M

  -s_ Fe + HCl        →  ................ + H2

  -v_ HCl + .............  → NaCl + H2O 

  -u_ H2SO4 + NaOH  →    ............. + H2O 

  -3_ Na + ............    →  Na2O 

  -ª_ Ca +  O2    →  ............ 

 -r_............ +  O2      →   HgO 

  -5_ Fe + ...........    → Fe2O3 

  -h_...........+ Ca(OH)2   →   Ca(NO3)2 + H2O
 -em_ Al + N2    →  ............. 
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Uof“; 
(Gas)

!^

k[YjLnfO{ jl/kl/af6 xfjfn] 9fs]sf] txnfO{ jfo'd08n elgG5 . jfo'd08ndf ljleGg lsl;dsf 
UofF; /x]sf x'G5g\ . dfly lbOPsf] kfOrf6{ x]/f}F / jfo'd08ndf kfOg] ljleGg k|sf/sf UofF;sf] 
cfotgsf] t'ngf u/f}F M

lbOPsf] kfOrf6{af6 xfdLn] jfo'd08nsf] nueu 99 k|ltzt lx:;f gfO6«f]hg / clS;hgn] 
cf]u6]sf] 5 eGg] s'/fsf] :ki6 x'G5 . jfo'd08ndf oL UofF;x¿afx]s sfa{g 8fOcS;fO8, 
xfO8«f]hg, cfu{g, cf]hf]g cflb UofF; klg /x]sf x'G5g\ . 

jfo'd08ndf dfq geO{ jg:klt, hLjhGt', kfgL, vfgf, vlgh kbfy{ cflbdf klg ljleGg 
k|sf/sf UofF; of}lussf ¿kdf /x]sf x'G5g\ . oL UofF; Zjf;k|Zjf;, k|sfz ;+Zn]if0f, ljleGg 

k|sf/sf of}lussf] lgdf{0f cflbdf k|of]u x'G5g\ . ef/sf cfwf/df dfgj z/L/sf] nueu 96 
k|ltzt lx:;f hDdf rf/cf]6f tŒj clS;hg, xfO8«f]hg, gfO6«f]hg / sfa{g ldn]/ ag]sf] x'G5 
h;dWo] clS;hg, xfO8«f]hg / gfO6«f]hg UofF; x'g\ . To;sf/0f UofF; xfd|f nflu clt dxŒjk"0f{ 
5g\ . xfdLnfO{ rflxg] UofF;x¿ l;wf jfo'd08naf6 jf cf}Bf]lus lgdf{0faf6 k|fKt u5f}F{ . j}1flgs 
cWoogsf nflu UofF;x¿nfO{ k|of]uzfnfdf klg lgdf{0f ug]{ ul/G5 .  

xfO8«f]hg Uof“; (Hydrogen gas) 

a|x\df08df kfOg] ;a}eGbf xn'sf tŒj xfO8«f]hg xf] . xfO8«f]hg UofF; ljleGg k|sf/sf of}lus 

lrq 16.1 jfo'd08ndf Uof“;x¿

gfO6«f]hg
78%

clS;hg
21%

cGo
1%



258                 lj1fg tyf k|ljlw M sIff (

h:t} M cDn, Iff/, xfO8«f]sfa{g, sfaf]{xfO8]6, k|f]l6g cflb_ sf ¿kdf kfOG5g\ . ;"o{nufot 
tf/fx¿df k|z:t dfqfdf xfO8«f]hgsf cfO;f]6K;x¿ kfOG5g\ . 

k/df0f' ;ª\Vof ;dfg t/ k/df0f' ef/ leGg ePsf tŒjnfO{ cfO;f]6K; elgG5 . h:t} M 1H
1, 

1H
2, 1H

3

/;fogzf:qL x]g/L Sofe]lG8h -Henry Cavendish) n] ;g\ 1893 df xfO8«f]hgnfO{ …k|Hjng 
xfjfÚ eg]sf lyP . o; UofF;nfO{ clS;hg;Fu aNbf kfgL aGg] ePsfn] Nofef]Oh/ -Lavoisier) 
n] pSt UofF;nfO{ xfO8«f]hg gfds/0f u/]sf x'g\ . xfO8«f]hgsf] cy{ …kfgL agfpg]Ú cyf{t\ water 
producer xf] . 

xfO8«f]hgaf/] s]xL tYo o;k|sf/ lbOPsf] 5 M

;ª\s]t kf/df0fljs ;ª\Vof           kf/df0fljs ef/     c0f';"q  3gTj
H             1 1                         H2                     0.09 kgm-3

k||of]uzfnfdf xfO8«f]hg Uof“; agfpg] tl/sf (laboratory preparation of hydrogen gas) 

h:tf -Zn_, DofUg]l;od -Mg_ nufotsf ;lj|mo wft'x¿n] cDndf ePsf] xfO8«f]hgnfO{ lj:yflkt 
u/L xfO8«f]hg UofF; agfpF5g\ . o;} tYonfO{ cfwf/ dfg]/ k|of]uzfnfdf h:tfsf 6'jmfx¿ 
-granulated zinc_ / lkmSsf xfO8«f]Snf]l/s cDnlar k|ltlj|mof u/fO{ xfO8«f]hg UofF; agfOG5 . 
z'4 lhª\ssf] k|of]un] k|ltlj|mof l9nf] x'G5 . To;}n] cz'4 lhª\s k|of]u ul/G5 . cz'4 lhª\sdf 
ePsf] cz'4tfn] pTk|]/ssf] sfd u/L /f;folgs k|ltlj|mof l56f] x'g dbt u5{ .

Zn  (s) +      2HCl (aq)     →   ZnCl2  (aq)      +        H2↑ 

(zinc)   (dil. hydrochloric acid)        (zinc chloride)    (hydrogen)

ljlw (Method)

k|of]ufTds lj|mofsnfk M 1

xfO8«f]hg UofF; agfpg] tl/sf 

-s_  Pp6f ;kmf pNkm af]tndf lhª\ssf 6'j|mf /fVg'xf];\ .  

-v_ lrqdf b]vfOP h:t} ss{sf] k|of]u u/L af]tnsf] Pp6f d'vdf ly;n kmg]n / csf]{ d'vdf 
8]lne/L 6\o'a h8fg ug'{xf];\ . 

-u_  d'vdf ss{ /fVbf xfjf glgl:sg] u/L aGb ug'{xf];\ . 

-3_  8]lne/L 6\o'asf] csf]{ 5]pnfO{ kfgL ePsf] 6«kmdf 8'Ag] u/L /flvPsf] ljxfOe ;]Nkmdf 
hf]8\g'xf];\ .

-ª_  Pp6f UofF; hf/nfO{ k"0f{ ¿kdf kfgL e/]/ ljxfOe ;]Nkmdfly 3f]K6\ofpg'xf];\ . 

-r_  ly;n kmg]naf6 lkmSsf xfO8«f]Snf]l/s cDnnfO{ la:tf/} vGofpg'xf];\ . 
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xfO8«f]hg Uof“;sf] k/LIf0f (Test of hydrogen gas)

k|of]uzfnfdf agfPsf] UofF; xfO8«f]hg g} xf] egL kQf nufpg k/LIf0f ul/G5 . o;sf nflu 
UofF; hf/nfO{ pN6f] cj:yfdf g} la:tf/} aflx/ lgsfnL aln/x]sf] ;nfOsf] sfF6L UofF; hf/sf] 
d'vdf n}hfFbf d}gaQL lgE5 / 'pop' cfjfh;lxt lgnf] Hjfnfdf aN5 . 

;fjwfgLx¿ (Precautions) 

1.  ;a} pks/0f ;kmf;Fu wf]Psf] x'g'k5{ .

2.  cz'4 lhª\ssf] k|of]u ug'{k5{ . 

3.  pks/0fx¿ h8fg ubf{ xfjf gl5g]{ x'g'k5{ . 

4.  lkmSsf cDnsf] k|of]u ug'{kb{5 lsgeg] uf9f cDnn] 
xfO8«f]hg UofF; lbFb}g .

5.  ly;n kmg]nsf] 6'Kkf] 8'Ag] / 8]lnel/ 6\o'asf] 6'Kkf] g8'Ag] 
u/L cDn /fVg'k5{ . 

6.  UofF; hf/ kfgLn] 6Dd e/]sf] x'g'k5{ cyf{t\ xfjfsf 
kmf]sfx¿ x'g'x'Fb}g .

xfO8«f]hg Uof“;sf ef}lts u'0fx¿ (Physical properties of hydrogen gas) 

1.  xfO8«f]hg UofF; /ªxLg, uGwxLg / :jfbxLg x'G5 . 

2.  xfO8«f]hg UofF; xfjfeGbf xn'sf x'G5 . 

3.  xfO8«f]hg UofF; kfgLdf 3'Nb}g . 

4.  xfO8«f]hg UofF;n] ln6d;df s'g} c;/ kfb}{g, To;}n] of] t6:y UofF; xf] .

5.  xfO8«f]hg UofF; 253°C df t/n / -259°C df 7f]; cj:yfdf kl/0ft x'G5 .

lhª\s;Fu cDnsf] ;Dks{ x'gf;fy xfO8«f]hg UofF; lgl:sg yfN5 . o;/L lgl:s]sf] UofF;n] 
hf/df /x]sf] kfgLnfO{ tnlt/ lj:yfkg u/L hDdf x'G5 . xfO8«f]hg kfgLeGbf xn'sf 
ePsfsf/0fn] kfgLnfO{ tnlt/ lj:yflkt u5{ .  

lrq 16.3 

lrq 16.2 k|of]uzfnfdf xfO8«f]hg Uof“; agfpg] ljlw

lkmSsf ;Nk\mo'l/s Pl;8

h:tfsf 6'j|mf kfgL
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xfO8«f]hg Uof“;sf /f;folgs u'0fx¿ (Chemical properties of hydrogen gas)

1.  xfO8«f]hgn] clS;hg;Fu /f;folgs k|ltlj|mof ubf{ kfgL aG5 .

 2H2  + O2   →      2H2O

2.  pRr tfkj|mddf xfO8«f]hg UofF;n] k|foh;f] cwft'x¿;Fu k|ltlj|mof u5{ .

 C  +  2H2      →       CH4  -ldy]g_

 S  +  H2        →        H2S -xfO8«f]hg ;NkmfO8_

3.  ;f]l8od, kf]6fl;od, SoflN;od cflb wft'x¿ xfO8«f]hg;Fu /f;folgs k|ltlj|mof u/]/  
 cl:y/ xfO8«fO8 agfpF5g\ .

 2Na  +  H2   2NaH   -;f]l8od xfO8«fO8_

 2K  +  H2    2KH    -kf]6fl;od xfO8«fO8_

 Ca  +  H2    CaH2   -SoflN;od xfO8«fO8_

4.  xfO8«f]hg UofF;nfO{ sd ;lj|mo wft'sf] /ftf] tftf] cS;fO8df k7fpFbf o;n] wft' / kfgL  
 agfpF5 . wft'sf] cS;fO8af6 wft' lgsfNg of] k|lj|mof ckgfOG5 . o; k|lj|mofnfO{ l/8S;g  

 k|ltlj|mof (reduction reaction) elgG5 . o;df xfO8«f]hgn] wft'sf] cS;fO8df /x]sf]  
 clS;hg;Fu k|ltlj|mof u/L kfgL agfpF5 / wft'nfO{ :jtGq u/fOlbG5 .  To;}n] o;  
 k|ltlj|mofnfO{  l/8S;g k|ltlj|mof elgPsf] xf] .

 l/8S;g k|ltlj|mof M xfO8«f]hg hf]l8P/ of}lus aGg] k|ltlj|mof jf wft'sf] cS;fO8af6  
 clS;hg x6]/ :jtGq wft' aGg] k|ltlj|mofnfO{ l/8S;g k|ltlj|mof elgG5 .

 2Fe2O3  +  6H2    → 4Fe  +  6H2O

 CuO  +  H2    →       Cu +  H2O

 PbO  +  H2    → Pb  +  H2O

xfO8«f]hg Uof“;sf] pkof]lutf (Uses of Hydrogen Gas) 

1.  wft'sf cS;fO8af6 wft' lgsfNg xfO8«f]hg UofF; k|of]u ul/G5 .  

2.  xfO8«f]hg UofF;nfO{ gfO6«f]hg;Fu k|ltlj|mof u/L Pdf]lgof UofF; agfOG5 . 

3.  jg:klt t]ndf xfO8«f]hg UofF; k7fP/ jg:klt l3p agfOG5 . o; k|lj|mofnfO{  
 xfO8«f]lhg];g elgG5 . 

4.  /s]6x¿df OGwgsf ¿kdf xfO8«f]hg UofF;sf] k|of]u ul/G5 . xfO8«f]hg / clS;hglar   
 k|ltlj|mof x'Fbf k|z:t zlSt lgl:sG5 / To;n] /s]6 k|If]k0f ug{ ;xof]u u5{ . 

5.  clS;hgsf] pkl:yltdf xfO8«f]hg afNbf sl/a 3000°C ;Ddsf] tfkj|md lgl:sG5 .  
 clS;hg / xfO8«f]hg aNbf lgl:sg] pSt HjfnfnfO{ oxy-hydrogen flame elgG5 . o;nfO{  

 wft'x¿ sf6\g / hf]8\g k|of]u ul/G5 / ;f] k|lj|mofnfO{ welding elgG5 .
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clS;hg Uof“; (Oxygen gas) 

hLjx¿nfO{ Zjf;k|:jf; ug{ clS;hg UofF; cfjZos k5{ . cfotgsf lx;fan] jfo'd08ndf 
clS;hg UofF; nueu 21% kfOG5 . sfaf]{xfO8«]6, k|f]l6g, af];f], sf7 cflb k|fª\ufl/s of}lusx¿df 
/ r'g9'ª\uf, l;lnsf, kfgL cflb ck|fª\ufl/s of}lusx¿df clS;hg tŒj kfOG5 . 

;g\ 1774 df la|l6; j}1flgs hf];]km lk|:6ln (Joseph Priestley) n] kf/f]sf] /ftf] cS;fO8 

(HgO) nfO{ ttfP/ klxnf] k6s clS;hg UofF; agfPsf lyP eg] Nofef]O;/ -Lavoisier) n] 
clS;hg gfds/0f u/]sf lyP . log} j}1flgsn] xfjfsf] kfFr efudf Ps efu clS;hg x'G5 
egL kQf nufPsf lyP .

clS;hgaf/] s]xL tYox¿ tn lbOPsf] 5 M

;ª\s]t  kf/df0fljs ;ª\Vof kf/df0fljs ef/ c0f';"q 3gTj

0 8 16  O2 1.43 kgm-3

k|of]uzfnfdf clS;hg agfpg] tl/sf (Laboratory preparation of oxygen gas)

-s_  tfksf] k|of]u u/]/ 

 cS;fO8 nj0fnfO{ ttfpFbf clS;hg UofF; lg:sG5 . o; tYosf cfwf/df k|of]uzfnfdf  
 kf]6fl;od Snf]/]6 (KClO3) nfO{ Dofª\uflgh 8fOcS;fO8 (MnO2) pTk|]/ssf] pkl:yltdf  
 ttfpFbf clS;hg UofF; aG5 . 

 2KClO3                  2KCl + 3O2 

 ljlw (Method)

lrq 16.4  k|of]uzfnfdf clS;hg agfpg] ljlw -tfk k|of]u u/]/_

MnO2

DofUg]l;od 8fOcS;fO8 / kf]6fl;od Snf]/fO8

tfk

clS;hg

kfgL



262                 lj1fg tyf k|ljlw M sIff (

 k|of]ufTds lj|mofsnfk M 2

 -s_  Pp6f ;kmf s8f sfFrsf] k/LIf0f gnL (hard glass test tube) df rf/ efu kf]6fl;od  
  Snf]/]6 / Ps efu Dofª\uflgh 8fOcS;fO8 /fVg'xf];\ . 

 -v_  lrqdf b]vfOP h:t} u/L k/LIf0f gnLsf] 8]lne/L 6\o'a h8fg ug'{xf];\ . 

 -u_  d'vdf ss{ /fVbf xfjf glgl:sg] u/L aGb ug'{xf];\ . 

 -3_  k/LIf0f gnLsf] d'vlt/sf] efu s]xL tn em'sfP/ :6\ofG8df h8fg ug'{xf];\ .

 -ª_  8]lne/L 6\o'asf] csf]{ 5]pnfO{ kfgL ePsf] 6«kmdf 8'Ag] u/L /flvPsf] ljxfOe ;]Nkmdf  
  hf]8\g'xf];\ .

 -r_  Pp6f UofF;hf/nfO{ k"0f{ ¿kdf kfgL e/]/ ljxfOe ;]Nkmdfly 3f]K6\ofpg'xf];\ . 

 -5_  aG;]g ag{/ cyjf l:kl/6 NofDksf] ;xfotfn] ld>0fnfO{ ttfpg'xf];\ .  

k/LIf0f gnLdf ePsf] ld>0fnfO{ ttfpFbf clS;hg UofF; lgl:sG5 . o;/L lg:s]sf] 
UofF;nfO{ kfgLdfly 3f]K6\ofOPsf] UofF; hf/df kfgLnfO{ lj:yflkt u/L hDdf ul/G5 . 
clS;hg UofF; kfgLeGbf xn'sf / cf+lzs 3'ngzLn x'g] ePsfn] kfgLnfO{ tnlt/ lj:yfkg 
u/L clS;hg UofF; hDdf x'G5 .  

 ;fjwfgL (precautions) 

 1.  xf8{ Unf; 6]:66\o'anfO{ lrqdf b]vfP h:t} yf]/} 9NsfP/ h8fg ug'{k5{ . o;n] ubf{  
  /f;folgs k|ltlj|mof x'Fbf ag]sf] kfgL k|ltlj|mof/t kbfy{df ldl;g lbFb}g . 

 2.  pks/0fx¿ h8fg ubf{ xfjf gl5g]{ x'g'k5{ .

 3.  UofF; hf/ kfgLn] 6Dd e/]sf] x'g'kb{5 cyf{t\ xfjfsf kmf]sfx¿ x'g' x'Fb}g .

-v_ tfk k|of]u gu/Lsg 

k|of]uzfnfdf xfO8«f]hg k]/f]S;fO8 (H2O2) n] Dofª\uflgh 8fOcS;fO8 (MnO2) pTk|]/ssf] 
pkl:yltdf ljefhg eO{ clS;hg UofF; lbG5 .

  2H2O2                      2H2O + O2 

 ljlw 

 k|of]ufTds lj|mofsnfk M 3

 -s_ ;j{k|yd Pp6f ;kmf sf]lgsn k\mnf:s (conical flask) df Dofª\uflgh 8fOcS;fO8  
  /fVg'xf];\ .

MnO2
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 -v_  lrqdf b]vfOP h:t} u/L sf]lgsn k\mnf:s, ly;n kmg]n, 8]lne/L 6\o'a cflbnfO{  
  h8fg ug'{xf];\ . 

 -u_ ly;n kmg]nsf] ;xfotfn] xfO8«f]hg k]/f]S;fO8nfO{ la:tf/} sf]lgsn k\mnf:sdf ly;n  
  kmg]nsf] tNnf] 5]p 8'Ag] u/L vGofpg'xf];\ .

 ha xfO8«f]hg k]/f]S;fO8 Dofª\uflgh 8fOcS;fO8sf] ;Dks{df cfpF5 ta /f;folgs  
 k|ltlj|mof eP/ clS;hg UofF; lgl:sG5 . o;/L lg:s]sf] UofF;nfO{ kfgLdfly 3f]K6\ofOPsf]  
 UofF; hf/df kfgLnfO{ tnlt/ lj:yflkt u/L hDdf ul/G5 . 

;fjwfgL (precautions) 

1.  UofF; lgdf{0fsf] j|mddf k|of]uzfnfdf pks/0fx¿ h8fg ubf{ xfjf gl5g]{ (air tight) u/L 
hf]8\g'k5{ . 

2.  ly;n kmg]nsf] tnsf] 6'Kkf] 8'Ag] u/L xfO8«f]hg k]/f]S;fO8 /fVg'k5{ . 

3.  z'4 DofUoflgh 8fOcS;fO8sf] k|of]u ug'{k5{ .

clS;hg Uof“;sf] k/LIf0f (test of oxygen gas)    

k|of]uzfnfdf agfPsf] UofF; clS;hg xf] egL k/LIf0f ug{ UofF; hf/nfO{ pN6f] cj:yfdf la:tf/} 
aflx/ lgsfnL aln/x]sf] ;nfO{sf] sfF6L UofF; hf/sf] d'vdf n}hfFbf emg\ rlDsnf] eP/ aNof] eg] 
pSt UofF; clS;hg xf] egL k'li6 x'G5 .  

lrq 16.5 k|of]uzfnfdf clS;hg UofF; agfpg] tl/sf -tfk k|of]u gul/sg_ 

ly;n kmg]n

clS;hg

kfgL

DofUoflgh 8fOcS;fO8

xfO8«f]hg k]/f]S;fO8

clS;hg

a9L an]sf]

lrq 16.6

sd an]sf]



264                 lj1fg tyf k|ljlw M sIff (

 clS;hg Uof“;sf u'0f (Properties of oxygen gas)

 ef}lts u'0fx¿ (Physical properties)

 1.  clS;hg UofF; /ªxLg, uGwxLg / :jfbxLg x'G5 . 

 2.  clS;hg UofF; xfjfeGbf s]xL ux|f}F x'G5 . 

 3.  clS;hg UofF; kfgLdf c+flzs ¿kdf 3'N5 . 

 4.  clS;hg UofF; t6:y x'G5 . To;}n] o;n] ln6d; k]k/df s'g} k|ltlj|mof b]vfpFb}g . 

 5.  clS;hg UofF; -183°C df t/n cj:yfdf / -219°C df 7f]; cj:yfdf kl/jt{g x'G5 .

  /f;folgs u'0f (Chemical properties)

 1.  s]xL wft'x¿nfO{ clS;hgsf] pkl:yltdf afNbf wft' cS;fO8 aG5g\ .     

  wft' ± clS;hg  wft' cS;fO8              

  4Na + O2          2Na2O -;f]l8od cS;fO8_

  4K + O2     2K2O -kf]6fl;od cS;fO8_

  2Mg + O2    2MgO -DofUg]l;od cS;fO8_

 ls|ofsnfk 

 Pp6f DofUg]l;od l/agsf] 6'j|mf lng'xf];\ . pSt l/ag afn]/ DofUg]l;od cS;fO8 aGg]  
 lj|mofsf] cjnf]sg ug'{xf];\ . 

 2.  cwft'x¿nfO{ clS;hgsf] pkl:yltdf afNbf cwft' cS;fO8 aG5g\ .

  cwft' ± clS;hg  cwft' cS;fO8 

  2H2 + O2          2H2O -kfgL_

  C + O2    CO2 -sfa{g 8fOcS;fO8_

  S + O2    SO2 -;Nkm/ 8fOcS;fO8_

  4P + 5O2    2P2O5 -km:kmf]/; k]G6fcS;fO8_

 3.  xfO8«f]sfa{gx¿ clS;hgsf] pkl:yltdf aNbf sfa{g 8fOcS;fO8, kfgL / zlSt  
  lbG5g\ .

  xfO8«f]sfa{g ± clS;hg   sfa{g 8fOcS;fO8 ± kfgL ± zlSt

  CH4  + 2O2                CO2 + 2H2O + zlSt
  -ldy]g_ 

  C2H4 + 3O2                 2CO2 + 2H2O + zlSt
  -Olyg_ 
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4.  clS;hgn] Un'sf]h;Fu k|ltlj|mof u/L sfa{g 8fOcS;fO8, kfgL / zlSt lbG5 . ;hLjsf]  
 Zjf;k|Zjf; k|lj|mofdf o; k|sf/sf] /f;folgs k|ltlj|mofåf/f zlSt pTkGg x'G5 . 

 C6H12O6 + 6O2     6CO2 + 6H2O + -zlSt_

 -Un'sf]h_ 

5.  clS;hgn] cNsf]xn;Fu k|ltlj|mof u/L sfa{g8fOcS;fO8, kfgL / zlSt lbG5 .

   C2H5OH + 3O2     2CO2 + 3H2O + -zlSt_

 -OyfOn cNsf]xn_ 

clS;hg Uof“;sf] pkof]lutf (Uses of oxygen gas) 

1. hLjhGt'x¿n] Zjf;k|Zjf; k|lj|mofdf clS;hg UofF;sf] k|of]u u/L zlSt pTkfbg u5{g\ .   

2. wft'x¿ sf6\g jf hf]8\g (welding) clS;hgsf] k|of]u ul/G5 . o;sf nflu oxy-acetylene  
 flame jf oxy-hydrogen flame sf] k|of]u x'G5 .

3. Zjf;k|Zjf; ug{ sl7g ePsf la/fdLx¿nfO{ s[lqd Zjf;k|Zjf; ug{ clS;hg l;lnG8/sf]  
 k|of]u ul/G5 .   

4. jfo'd08nLo clS;hg kof{Kt gx'g] vfgL, kj{tf/f]x0f, cGtl/If ofqf, kfgLleq sfd ubf{  
 clS;hg l;lnG8/sf] k|of]u ul/G5 .

5. l:6n pTkfbg ubf{ clS;hgsf] k|of]u ul/G5 . 

cf]hf]g (Ozone)

cf]hf]g tLgcf]6f clS;hgsf k/df0f' ldn]/ ag]sf] lgnf] /ªsf] UofF; xf] . t/n cj:yfdf eg] of] 
UofF; uf9f lgnf] b]lvG5 . ;"o{af6 cfpg] k/fj}hgL ls/0fn] cf]hf]gsf] c0f'nfO{ 6'j|mfP/ clS;hg 

k/df0f' (nascent oxygen) x¿ aG5g\ . clS;hgsf] Pp6f c0f' / Pp6f k/df0f' (nascent 

oxygen) ldn]/ cf]hf]g c0f' (O3) aG5 .  

 O2                  O + O (nascent oxygen)

  O2 + O       O3 (ozone) 

o;/L lgdf{0f ePsf] cf]hf]g cTolws dfqfdf jfo'd08nsf] ;dtfk d08ndf hDdf eO{ afSnf] 
tx lgdf{0f x'G5 . jfo'd08nsf] ;dtfk d08ndf ag]sf] o; txnfO{ cf]hf]g tx elgG5 . of] tx 
k[YjLsf] ;txb]lv nueu 25 b]lv 40 km ;Dd k}mlnPsf] x'G5 .

cf]hf]g txsf] dxŒj (Importance of ozone layer) 

jfo'd08ndf /x]sf] cf]hf]g txn] ;"o{af6 cfpg] clwsf+z k/fj}hgL ljls/0fnfO{ ;f]:5 . h;n] 
ubf{ ;"o{af6 cfpg] xflgsf/s ljls/0fx¿ k[YjLsf] ;tx;Dd cfpg kfpFb}gg\ . To;}n] o; 

txnfO{ /Iff d08n (protective layer) elgG5 . 

k/fj}hgL ls/0f

k/fj}hgL ls/0f
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-s_  cf]hf]g txn] k[YjLsf] df};d / tfkj|md ;Gt'ng /fVg dxŒjk"0f{ e"ldsf lgjf{x u/]sf] x'G5 . 

-v_  cf]hf]g txn] k[YjLdf ePsf hnLo / :ynLo kfl/l:ylts k4ltnfO{ hf]ufpg ;xof]u u5{ .

-u_  cf]hf]g txn] kfl/l:ylts k|0ffnLx¿ lj36g x'gaf6 arfpF5 / ;Gt'lnt cj:yfdf /fVg  
 ;xof]u u5{ .

-3_  cf]hf]g txn] ;"o{af6 cfpg] clwsf+z k/fj}hgL ljls/0fnfO{ ;f];]/ dfgjnufot cGo  
 hLjx¿df xflgsf/s ljls/0faf6 x'g ;Sg]  /f]ux¿af6 arfpF5 . 

cf]hf]g txsf] x|f; (Depletion of ozone layer) 

;dtfk d08ndf cf]hf]g tx kftnf] xF'b} hfg] k|lj|mofnfO{ cf]hf]g txsf] x|f; elgG5 . cf]hf]g 
txnfO{ ljgfz ug]{ d'Vo /;fog Snf]/f]km\nf]/f]sfa{g (CFCs) xf] . o;sf ;fy} ldyfOn Snf]/f]kmd{ 
(methyl chloroform), sfa{g 6]6«fSnf]/fO8 (carbon tetrachloride), ldyfOn a|f]dfO8 (methyl 
bromide), gfO6«f]hgsf cS;fO8 (oxides of nitrogen) cflb /;fogx¿ klg o;sf] ljgfzsf 
sf/s tŒj x'g\ . cfw'lgs pks/0fx¿df k|of]u ul/g] ljleGg lsl;dsf /;fogx¿ jfo'd08ndf 
ldl;O{ ;dtfk d08ndf k'U5g\ / k/fj}hgL ls/0fsf] pkl:yltdf ljR5]bg eP/ Snf]l/g, a|f]ldg 
tŒjsf k/df0f' lgl:sG5g\ . o;/L lgl:sPsf k/df0f'x¿n] w]/} ;ª\Vofdf cf]hf]gsf c0f'nfO{  
6'j|\mofP/ clS;hgdf kl/0ft u/L cf]hf]g txnfO{  g:6 u5{g\ . cf]hf]g txsf] lg/Gt/ ¿kdf x|f; 
x'Fb} hfFbf cf]hf]g txdf Kjfn (Ozone hole) k5{ . 

Snf]/f]km\nf]/f]sfa{g (CFCs) n] cf]hf]g txsf] ljgfz ug]{ k|lj|mofnfO{ lgDglnlvt pbfx/0fdf 
b]vfOPsf] 5 M

CFCl2         CFCl + Cl   

ClO + O3     ClO + 2O2  

2ClO            2Cl + O2

cf]hf]g tx x|f;sf c;/x¿ (Effects of ozone layer depletion) 

cf]hf]g txsf] x|f;n] ubf{ ;"o{af6 cfpg] clwsf+z k/fj}hgL ljls/0fx¿ k[YjLsf] ;txdf 
cfOk'U5g\ . o;n] h}ljs tyf ef}lts kIfx¿nfO{ lgDglnlvt tl/sfn] c;/ k'¥ofpF5 M

-s_ dfgj :jf:Yodf kg]{ c;/ M k/fj}hgL ljls/0fsf] c;/n] dflg;sf] cfFvf kf]Ng], lrnfpg] 
x'g'sf ;fy} df]tLlaGb' u/fpF5 .  o;n] hLjhGt'sf] z/L/ kf]Ng], z/L/ lrnfpg], 5fnf km'6\g] 
cflb x'G5 . o;sf] c;/n] 5fnfsf] SofG;/ x'g] ;Defjgf klg a9]/ hfG5 . dflg;sf] 
k|lt/Iff k|0ffnL sdhf]/ x'Fb} hfG5 eg] hLjhGt'sf] k|hgg Ifdtfdf x|f; cfpF5 . 

-v_ af]6 la?jfdf kg]{ c;/ M k/fj}hgL ljls/0fsf] c;/n]] af]6la?jfsf] j[l4df afwf k'¥ofpF5 . 
af]6la?jfsf] k|sfz ;+Zn]if0f k|lj|mofdf klg cj/f]w NofpF5 . h;n] ubf{ s[lif pTkfbgdf 
sdL cfpF5 . 

UV rays
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-u_  tfkj|mddf j[l4 M cf]hf]g txsf] ljgfzn] ubf{ cTolws w]/} tfkzlSt ePsf] k/fj}hgL 
ljls/0fx¿ a9L dfqfdf k[YjLdf cfpF5g\ . kmn:j¿k k[YjLsf] tfkj|md j[l4 x'g hfG5 .

-3_  kfl/l:ylts k|0ffnLdf c;/ M cf]hf]g txsf] ljgfzn] kfl/l:ylts k|0ffnLsf tŒjnfO{ c;/ 
kfg]{ x'Fbf kfl/l:ylts k|0ffnL c;Gt'lnt x'G5 .

5nkmn u/f}“ M

tnsf ;d:ofx¿ s] slt sf/0fn] ePsf xf]nfg\ < cfcfkm\gf] ts{;lxt sIffdf 5nkmn u/f}F M

-s_ klxn]eGbf clxn] lxdfndf lxpFsf] dfqf 36\b} uO/x]sf] 5 / lxp kg]{ 7fFp sfnf 8fF8fdf  
 kl/0ft eO/x]sf 5g\, lsg xf]nf < 

-v_ dflg;sf cfFvfdf df]ltlaGb', cfg'jf+lzs cGt/ h:tf /f]u al9/x]sf 5g\, lsg < 

cf]hf]g txsf] ;+/If0f ug]{ tl/sf (Ways to protect ozone layer) 

-s_  cf]hf]g tx ljgfzsf] k|d'v sf/0f Snf]/f]km\nf]/f] sfa{g ePsfn] o;sf] k|of]u x'g] oGq tyf 
;fwgx¿sf] k|of]u sd ug'{k5{ .

-v_  Snf]/f]km\nf]/f] sfa{g k|of]u x'g] oGqdf xfO8«f]km\nf]/f] sfa{g k|of]u ug{ k|f]T;flxt ug'{k5{ . 

-u_  gfO6«f]hgo'St dnaf6 gfO6«f]hgsf cS;fO8x¿ lgl:sg] ePsfn] o;sf] k|of]u sd ug'{k5{ .

-3_  k]6«f]lnod kbfy{x¿af6 rNg] ;jf/L ;fwgx¿sf] k|of]u sd u/L ljB'tLo ;jf/L ;fwgx¿sf] 
k|of]u a9fpFb} hfg'k5{ .

gfO6«f]gh Uof“; (Nitrogen Gas)

lj|mofsnfk

cfotgsf] lx;fan] jfo'd08ndf ;a}eGbf w]/} dfqfdf kfOg] Uof“; s'g xf]nf / pSt Uof“;sf] s:tf] 
dxŒj 5, OG6/g]6 tyf cGo ;|f]tx¿af6 vf]hL u/f}“ .

;g\ 1772 df Daniel Rutherford n] Pp6f lglij|mo UofF; kQf nufPsf lyP eg] ;g\ 1790 df 

Chaptal n] pSt UofF;sf] gfd gfO6«f]hg /fv]sf lyP . gfO6«f]hg cGo UofF;sf] t'ngfdf lglij|mo 
UofF; xf] . of] UofF; ;fdfGo cj:yfdf c¿ tŒj jf of}lusx¿;Fu k|ltlj|mof ub}{g . gfO6«f]hg 

UofF; jg:klt / hLjhGt'df kfOg] k|f]l6g, PGhfOd (enzymes), RNA, DNA cflbdf kfOG5 . 
o;} u/L s]xL 9'ª\uf / vlgh kbfy{df klg of] UofF; of}lussf ¿kdf kfOG5 .

k|of]uzfnfdf gfO6«f]hg UofF; agfpg] tl/sf (Laboratory Preparation of 
Nitrogen Gas)

k|of]uzfnfdf ;f]l8od gfO6«fO6 (NaNO2) / Pdf]lgod Snf]/fO8 (NH4Cl) sf] ld>0fnfO{ 

kfgLdf 3f]n agfO{ ttfP/ gfO6«f]hg UofF; agfOG5 . 

 NaNO2 + NH4 Cl                      N2 ↑  + NaCl + 2H2Oheat
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k|of]uzfnfdf ;f]l8od gfO6«fO6 (NaNO2 ) / Pdf]lgod Snf]/fO8 (NH4Cl) sf] ld>0fnfO{ 
kfgLdf 3f]n agfO{ ttfP/ gfO6«f]hg UofF; agfOG5 . 

ljlw  (Procedure)

Pp6f uf]nf] lkw ePsf] ;kmf kmnf:sdf nueu kfFr u|fd ;f]l8od gfO6«fO6 / nueu rf/ 

u|fd Pdf]lgod Snf]/fO8sf] ld>0f /flvG5 . pSt ld>0fdf nueu 50 ml hlt kfgL /fv]/ 3f]n 
agfOG5 . afsL pks/0fx¿nfO{ lrqdf b]vfP h:t} u/L h8fg ul/G5 . ca ld>0fsf] 3f]nnfO{ 
la:tf/} ttfOG5 . ld>0f tft]kl5 gfO6«f]hg UofF; lg:sG5 . pSt UofF;nfO{ kfgLsf] lj:yfkg 
lalwåf/f UofF; hf/df hDdf ul/G5 .

;fjwfgL (Precautions) 

1.  pks/0fx¿ h8fg ubf{ xfjf gl5g]{ x'g'k5{ / ld>0fnfO{ la:tf/} ttfpg'k5{ .

2.  7f]; Pdf]lgod Snf]/fO8 sd tfkj|mddf g} UofF;df kl/0ft x'g] (volatile) ePsfn] 
ttfpg'cl3 3f]n agfpg'k5{ .

Uof“;sf] k/LIf0f (Test of the gas)
aln/x]sf] DofUg]l;odsf] l/agnfO{ UofF; hf/leq 3';fpFbf aln/xG5 / cGTodf kx]Fnf] kfp8/df 
kl/0ft x'G5 . pSt kxF]nf] kfp8/df s]xL yf]kf kfgL /fVbf Pdf]lgofsf] uGw cfof] eg] UofF;hf/
df hDdf ePsf] UofF; gfO6«f]hg g} xf] egL lg:sif{ lgsfNg ;lsG5 . 

-s_ gfO6«f]hg Uof“;sf ef}lts u'0fx¿ (Physical properties of nitrogen gas) 

1.  gfO6«f]hg UofF; /ªxLg, uGwxLg / :jfbxLg x'G5 . 

2.  gfO6«f]hg UofF; xfjfeGbf xn'sf x'G5 . 

3.  gfO6«f]hg UofF; s]xL dfqfdf kfgLdf 3'N5 . 

4.  gfO6«f]hg UofF; t6:y x'G5 .  To;}n] o;n] ln6d;df s'g} c;/ ub}{g . 

5.  gfO6«f]hg UofF; cfk}mF aNb}g / c¿nfO{ aNg dbt klg ub}{g . 

6.  gfO6«f]hg UofF; -196°C tfkj|mddf t/n / -210°C tfkj|mddf 7f]; cj:yfdf kl/0ft 
x'G5 . 

lrq 16.7
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-v_ gfO6«f]hg UofF;sf /f;folgs u'0f (Chemical properties of nitrogen gas) 

gfO6«f]hg cGo UofF;sf] t'ngfdf lglij|mo UofF; xf] . o;n] c¿ tŒjx¿;Fu ;lhn} k|ltlj|mof  
ub}{g . s]xL ljz]if cj:yfdf o;n] ljleGg kbfy{;Fu k|ltlj|mof u5{ . 

1.  sl/a 450°C tfkj|md / 500 Atm jfo'd08nLo rfksf ;fy} pTk|]/s (Fe/Mo) sf] 
pkl:yltdf gfO6«f]hgn] xfO8«f]hg;Fu k|ltlj|mof u/L Pdf]lgof UofF; agfpF5 . 

 N2 + 3H2      2NH3 -Pdf]lgof UofF;_

2.  2000°C b]lv 3000°C sf] tfkj|mddf ljB'tLo rfk (electric arc) df gfO6«f]hgn] 
clS;hg;Fu /f;folgs k|ltlj|mof u/L gfOl6«s cS;fO8 agfpF5 . 

 N2 + O2                2NO -gfOl6«s cS;fO8_

3.  gfO6«f]hg UofF; ePsf] efF8fdf DofUg]l;od, Sofnl;od, Pn'ldlgod cflb h:tf wft' 
afnL 3';fpFbf lg/Gt/ anL g} /xG5 / wft'sf gfO6«fO8 agfpF5 .

 3Mg  + N2          Mg3N2 -DofUg]l;od gfO6«fO8_

 3Ca  + N2          Ca3N2 -SoflN;od gfO6«fO8_

gfO6«f]hg Uof“;sf pkof]lutf (Uses of Nitrogen gas)

1.  /f;folgs dnsf] cf}Bf]lus pTkfbg ug{ rflxg] Pdf]lgof, gfOl6«s Pl;8 h:tf of}lus 
agfpg gfO6«f]hg UofF;sf] a9L k|of]u x'G5 .

2.  Kofs]6sf vfg]s'/f lau|gaf6 arfpg Kofs]6df gfO6«f]hg UofF; el/G5 . 

3.  lah'nL aQLsf] aNaleq ePsf] 6ª\u:6]gsf] tf/nfO{ hNgaf6 /f]Sg aNaleq gfO6«f]hg 
UofF; el/G5 . 

4.  t/n gfO6«f]hgsf] tfkj|md -196.5°C ePsfn] o;nfO{ /]lk|mh]/]6/ (refrigerator) lr;f] 
kfg{ k|of]u ul/G5 .

kl/of]hgf sfo{ 

cf]hf]g txnfO{ ;"o{af6 cfpg] k/fj}hgL ljls/0f /f]Sg] /Iff txsf ¿kdf dflgG5 . o:tf] dfGg'sf] 
sf/0f s] xf]nf < cf]hf]g tx x|f;sf w]/} c;/ 5g\ . To;}n] cf]hf]g txsf] ;+/If0f ug{ clt 
cfjZos 5 . s] s] ubf{ cf]hf]g txsf] ;+/If0f x'G5 < OG6/g]6, kqklqsf tyf cGo ljleGg 
k|sf/sf ;|f]t k|of]u u/L Pp6f l/kf]6{ tof/ kfg'{xf];\ . 

450°C and 500 atm

electric  arc

heat

heat
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cEof;

!=  ;xL pQ/ 5fGg'xf];\ M

 -s_ k|of]uzfnfdf tnsf dWo] s'g kbfy{nfO{ ttfP/ clS;hg UofF; agfOG5 <

  -c_ KClO3   -cf_ CaCO3

  -O_ H2O2   -O{_  Fe2O3

 -v_  DofUg]l;odnfO{ clS;hg;Fu afNbf s'g of}lus aG5 <

  -c_ DofUg]l;od gfO6«]6  -cf_ DofUg]l;od gfO6«fO6

  -O_ DofUg]l;od cS;fO8  -O{_ DofUg]l;od gfO6«fO8

 -u_  ;'Svf xfO8«f]hgnfO{ tftf] wft'sf] cS;fO8df k7fpFbf wft' / kfgL aGb5 . o;  
  k|lj|mofnfO{ s] elgG5 < 

  -c_ xfO8«f]lhg];g   -cf_ l/8S;g

  -O_ clS;8];g   -O{_ sfaf]{g];g

 -3_  cf]hf]g tx ljgfz ug]{ d'Vo UofF; s'g xf] < 

  -c_ Snf]/f]km\nf]/f]sfa{g  -cf_ ldy]g 

  -O_ sfa{g 8fOcS;fO8    -O{_ ;Nkm/ 8fOcS;fO8  

 -ª_  vfnL 7fFp k"/f ug{ s'g of}lus pko'St x'G5 <

  C6H12O6 + O2      …….. + H2O + zlSt

  -c_ CO    -cf_ CO2

  -O_ CaO    -O{_ CaCO3

@=  sf/0f n]Vg'xf];\ M

 -s_  cf]hf]g txnfO{ /Iff tx elgG5 .

 -v_  xfO8«f]hg / clS;hg UofF;nfO{ kfgL lj:yfkg ljlwaf6 hDdf kfl/G5 .

 -u_ lbg k|ltlbg lxdfndf ePsf] lxpF klUng] b/ al9/x]sf] 5 .

#=  tnsf k|Zgsf] pQ/ lbg'xf];\ M 

 -s_  k|of]uzfnfdf xfO8«f]hg UofF; agfpg k|of]u x'g] /f;folgs ;dLs/0f n]Vg'xf];\ . 

 -v_  k|of]uzfnfdf xfO8«f]hg UofF; agfpg ;fdu|L h8fg ul/Psf] ;kmf lrq agfO{ pSt  
  UofF; agfpg] ljlw;d]t r/0fa4 ¿kdf n]Vg'xf];\ . 

 -u_  gfO6«f]hg UofF;sf s'g} rf/cf]6f ef}lts u'0f / s'g} rf/cf]6f pkof]lutfx¿ n]Vg'xf];\ . 
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 -3_  tkfO{FnfO{ s'g} UofF; hf/df lbOPsf] UofF; xfO8«f]hg xf] jf xf]Og kQf nufpg lbOPdf  
  s;/L kQf nufpg'x'G5, n]Vg'xf];\ . 

 -ª_  lgDglnlvt kbfy{;Fu xfO8«f]hgsf] /f;folgs k|ltlj|mof x'Fbf s'g s'g kbfy{ aG5g\ <  
  ;Gt'lnt ;"q ;dLs/0f;lxt n]Vg'xf];\ . 

  -c_ ;f]l8od  -cf_  clS;hg  -O_ SoflN;od   -O{_ km]l/s cS;fO8 

 -r_  k|of]uzfnfdf gfO6«f]hg agfpg] ljlw ;lrq j0f{g ug'{xf];\ . 

 -5_  k|of]uzfnfdf tfk lbP/ clS;hg agfpg] ljlw lrq;xlt j0f{g ug'{xf];\ . 

 -h_  clS;hgsf] s'g} rf/cf]6f ef}lts u'0f / rf/cf]6f pkof]lutf n]Vg'xf];\ . 

 -em_  tkfO{FnfO{ s'g} UofF; hf/df lbOPsf] UofF; clS;hg xf] jf xf]Og kQf nufpg lbOPdf  
  s;/L kQf nufpg'x'G5, n]Vg'xf];\ . 

 -`_  lgDglnlvt kbfy{;Fu clS;hg UofF;sf] /f;flolgs k|ltlj|mof x'Fbf s'g s'g kbfy{  
  aG5g\ < ;Gt'lnt ;"q ;dLs/0f;lxt n]Vg'xf];\ M 

  -c_ DofUg]l;od   -cf_ sfa{g   -O_ ldy]g   -O{_ Un'sf]h

 -6_  cf]hf]g tx s] xf] < o;sf] lgdf{0f / IfoLs/0f s;/L x'G5, ;dLs/0f;lxt n]Vg'xf];\ .

 -7_  k[YjLdf hLjg /Iffsf nflu cf]hf]g txsf] e"ldsf n]Vg'xf];\ . 

 -8_  k[YjLdf a9\b} uPsf] ljls/0fsf] dfqfsf] d'Vo lhDd]jf/ dflg; xf] . o; egfOnfO{  
  pbfx/0f;lxt k'li6 ug'{xf];\ .

 -9_  k[YjLsf] s'g} efudf ;"o{af6 cfOk'Ug] ljls/0fx¿sf] dfqf a9]sf] dfkg ul/of] . o;sf]  
  sf/0f / k|efj pNn]v ug'{xf];\ .

$= tnsf /f;folgs ;dLs/0f k"/f ug'{xf];\ M 

 (i)  2H2 +  …………    2H2O

  (ii)  Na + H2    ……………..  

 (iii)  ………..          KCl + 3O2↑  

 (iv)  ………+ O2        CO2 + 2H2O + energy  

 (v)  C6H12O6 + O2           ………….+  ……… + energy  

 (vi)  3Mg + O2       ………………..

 (vii)  4P + 5O2      ………………..

 (viii) Zn + ............     ZnSO4 + H2
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lrq 17.1

wft' / cwft' 
(Metals and Non-metals)

!&

xfd|f] jl/kl/ ljleGg k|sf/sf kbfy{ kfOG5g\ . oL kbfy{dWo] s]xL kbfy{x¿ tŒj x'g\ . tŒjnfO{ 
wft', cw{wft' / cwft' u/L tLg ju{df ljefhg ug{ ;lsG5 . xfdLn] wft', cw{wft' / cwft' ;a}sf] 
k|of]u ul//x]sf 5f}F . t/ oLdWo] wft'sf] k|of]u ;a}eGbf w]/} ePsf] kfOG5 . b}lgs pkef]usf 
efF8fs'F8f, oftfoftsf ;fwg, ljB'tLo pks/0f cflb agfpg wft'sf] k|of]u x'G5 . wft'x¿ z'4 
¿kdf jf cGo of}lusx¿df ldl;P/ klg /x]sf x'G5g\ . xfd|f] /utdf klg wft' -kmnfd_ kfOG5 
eg] af]6la?jfsf] Snf]/f]lkmn (chlorophyll) df klg wft' -DofUg]l;od_ kfOG5 . To;}n] wft'sf] 
cWoog dxŒjk"0f{ x'G5 . 

lj|mofsnfk 17.1

lbOPsf lrq cjnf]sg u/L tnsf k|Zgsf] pQ/ lbg'xf];\ M

1.  dflysf lrqdf b]vfOPsf j:t' s'g s'g wft'af6 ag]sf x'g\, lrg]/ gfd atfpg'xf];\ . 

2.  tkfO{Fn] b]v]sf ljleGg k|sf/sf wft'sf] gfd / ltgsf] k|of]u pNn]v ug{'xf];\ . 
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wft'sf ;fdfGo u'0f (General properties of metals) 

wft'sf u'0fx¿nfO{ ef}lts u'0f / /f;folgs u'0f u/L b'O{ efudf ljefhg ul/G5 M

-s_ wft'sf ef}lts u'0f (Physical properties of metals)

 wft'sf s]xL ef}lts u'0fx¿nfO{ tnsf] lrqdf b]vfOPsf] 5 M 

1.   wft'nfO{ lk6]/ kftf agfpg ;lsG5 .

lj|mofsnfk 17.2

tkfO{“sf jl/kl/ kfOg] sf7sf] 6'j|mf, g/d kmnfdsf] lsnf jf tf/, tfdfsf 6'j|mf, l;Ssf, 
cflNdlgodsf] 6'j|mf, ;Nkm/, sf]Onf cflb j:t' hDdf kfg'{xf];\ . lzIfs jf cleefjssf] 
lgu/fgLdf pSt j:t'nfO{ j|mdzM s'g} s8f j:t'dfly /fv]/ Pp6f xyf}8f (hammer) sf] 
;xof]un] lxsf{pg'xf];\ . s'g s'g j:t' kftf h:tf eP / s'g s'g j:t' 6'lj|mP < cjnf]sg 
u/L tnsf] tflnsfdf eg'{xf];\ M

lk6\bf kftf h:tf] x'g] j:t' lk6\bf 6'lj|mg] j:t'

dflysf lj|mofsnfkaf6 xfdLnfO{ yfxf x'G5 ls kmnfd, tfdf, cflNdlgod, l6g, 
rfFbL, ;'g h:tf wft' lk6\bf km}lnP/ kftf x'G5g eg] ;Nkm/, sfa{g h:tf cwft'  
lk6\bf 6'lj|mG5g\ . lk6]/ kftnf] kftf h:tf] x'g] wft'sf] u'0fnfO{ dflnoflaln6L (malleability) 

s8f
Hard

6Nsg]
Lusture

;'rfns
Good  

conductor

lk6]/ kftf agfpg 

ldNg]
Malleable

tfg]/ tf/ h:tf] 

agfpg ldNg]
Ductile

pRr plDng] / 

kUng] tfkj|md
High boiling and 

melting temprature.

;f]gf]/; 
Sonorous

wft'sf  

ef}lts 

u'0f
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Ω

elgG5 . dflnoflaln6Lsf] d'Vo sf/0f wft'sf k/df0f'lar nfUg] d]6flns aG8 (metallic 
bond) g6'l6sg Pp6f k/df0f' csf]{ k/df0f'dfly ;b}{ hfg' xf] .

2.   wft'nfO{ ttfP/ tfGbf nfdf] tf/ agfpg ;lsG5 .

  lj|mofsnfk 17.3

 tkfO{“n] s'g s'g wft'sf tf/ b]Vg'ePsf] 5 < cjnf]sg u/L ;"rL tof/ kfg'{xf];\ . 

tkfO{Fn] kmnfd, tfdf, cflNdlgod cflbsf nfdf nfdf tf/ b]Vg' ePsf] xf]nf < tL ;a} tf/ 
wft'nfO{ tGsfP/ agfOPsf x'G5g\ . o;f] ubf{ wft'sf u'0fdf s]xL kl/jt{g x'Fb}g . tGsfP/ 
tf/ agfpg ;lsg] wft'sf] o; u'0fnfO{ 8lS6ln6L (ductility) elgG5 . 8lS6ln6Lsf] d'Vo 
sf/0f wft'sf k/df0f'x¿lar nfUg] d]6flns aG8 (metallic bond) g6'l6sg Pp6f k/df0f' 
csf]{ k/df0f'dfly ;b}{ hfg' xf] . 

3.   wft'x¿ ljB't\sf ;'rfns x'G5g\ . 

Ω
A B

 lj|mofsnfk 17.4  

Pp6f 8«fO;]n, tf/sf 6'j|mf / Pp6f ;fgf] 
lrd lng'xf];\ . tnsf lrqdf b]vfP h:t} u/L 
;a}nfO{ hf]8\g'xf];\ . hf]8\g af“sL /x]sf] AB 
:yfgdf j|mdzM cflNdlgodsf] tf/, sf7sf] 
6'j|mf, sfuhsf] 6'j|mf, ;Nkm/sf] 6'j|mf, tfdfsf] 
tf/, kmnfdsf] lsnf cflb j:t'nfO{ kfn}kfnf] 
/fvL kl/kynfO{ k"/f ug'{xf];\ . s'g s'g j:t' hf]8\bf aNa aN5, cjnf]sg ug'{xf];\ . h'g j:t' 
hf]8\bf aQL aN5, tL wft' x'g\ eg] h'g j:t' hf]8\bf aQL aNb}g, tL cwft' x'g\ . 

cflNdlgodsf] tf/, tfdfsf] tf/, kmnfdsf] lsnf, l;Ssf, h:tfsf 6'j|mf cflb /fv]/ k"/f 
u/]sf] ljB't\ kl/kydf aNa aN5 eg] ;Nkm/sf 6'j|mf, sf]Onf cflb /fv]/ ag]sf] ljB't\ 
kl/kydf aNa aNb}g . o;af6 lgisif{ lgl:sG5 ls wft' ljB't\sf ;'rfns x'G5g\ eg] 
cwft' ljB't\sf s'rfns x'G5g\ . wft'sf k/df0f'df :jtGq / ultzLn On]S6«f]g x'G5g\ . wft'  
ljB't\sf ;'rfns x'G5g\ .

4.    wft' tfksf ;'rfns x'G5g\ .  

 lj|mofsnfk 17.5

kmnfdsf lsnf, l:6nsf] rDrf, cflNdlgodsf] kftf, k]lG;n, sf7sf] 6'j|mf cflb j:t' hDdf 
kfg'{xf];\ . lzIfs jf cleefjssf] lgu/fgLdf oL j:t'nfO{ kfn}kfnf] u/L Pp6f 5]pdf ;dftL 
aln/x]sf] cfufdf xNsf ttfpg'xf];\ . o;/L Ps 5]pdf ttfp“bf csf]{ 5]pdf tftf] eof] ls 
ePg 5f]P/ x]g'{xf];\ . 
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Ω

wft'sf] Ps 5]paf6 tfk csf]{ 5]p;Dd ;5{ eg] cwft'x¿af6 tfk ;b}{g . To;}n] wft'nfO{ 
tfksf ;'rfns elgG5 eg] cwft'nfO{ tfksf s'rfns elgG5 . wft'sf k/df0f'df :jtGq 
/ ultzLn On]S6«f]g x'G5g\ . wft' tfksf ;'rfns x'G5g\ .

5.   wft'nfO{ lk6\bf ljz]if k|sf/sf] Wjlg pTkGg x'G5 .

 lj|mofsnfk 17.6

wft'af6 ag]sf] Pp6f yfn lng'xf];\ . yfnnfO{ 8G8Ln] lxsf{pg'xf];\ . s:tf] cfjfh cfof] 
;'Gg'xf];\ . of] cfjfhnfO{ dlGb/ / ljBfnodf ahfOg] 3G6Lsf] cfjfh;“u t'ngf u/L 
sIffsf]7fdf 5nkmn ug'{xf];\ . 

wft'af6 ag]sf 8G8L, kftf, 3G6L cflbnfO{ lxsf{pFbf l6ª cfjfh cfpF5 . wft'sf] o; 
u'0fnfO{ ;f]gf]/; (sonorous) elgG5 . 

6.   k|foh;f] wft' s8f x'G5g\ . 

 lj|mofsnfk 17.7  

Pp6f kmnfdsf] kftf, cflNdlgodsf] kftf, tfdfsf] ef“8f, sf]Onf, ;Nkm/ cflb j:t' 
hDdf kfg'{xf];\ . tL j:t'nfO{ j|mdzM 5fd]/, sf6]/ jf kmnfdsf] lsnfn] sf]tf/]/ s8fkg / 
g/dkgsf] k/LIf0f ug'{xf];\ . k'gM tL j:t'nfO{ 6'j\|mofpg] sf]l;; ug'{xf];\ . o;/L k/LIf0f ubf{ 
tkfO{“n] s] s:tf] kl/0ffd k|fKt ug'{eof], tflnsf agfO{ k|:t't ug'{xf];\ . 

lj|mofsnfkaf6 xfdLnfO{ :ki6 x'G5 ls k|foh;f] wft' s8f x'G5g\ . lognfO{ ;lhn} sf6\g, 
sf]tfg{ / 6'j\|mofpg ;lsFb}g . cwft' g/d x'G5g\ eg] lognfO{ ;lhn} sf6\g, sf]tfg{ / 
6'j\|mofpg ;lsG5 .

gf]6M ;a} wft' s8f x'Fb}gg\ . h:t} M ;f]l8od / kf]6fl;od . oL wft' g/d x'G5g\ / rSs'n] 
;lhn};Fu sf6\g ;lsG5 . lx/f cwft' ePklg ;a}eGbf s8f j:t' xf] .  

7.  k|foh;f] wft'x¿sf] kUng] tfkj|md (melting point) / pDng] tfkj|md (boiling point) w]/}  
 x'G5 .

wft'sf k/df0f'x¿lar alnof] cfsif{0f an x'G5 . To;}n] k|foh;f] wft'x¿ alnof / s8f 
x'G5g\ eg] logsf] kUng] tfkj|md (melting point) / pDng] tfkj|md (boiling point) w]/} 
x'G5 . k|foM cwft'x¿sf] kUng] tfkj|md (melting point) / pDng] tfkj|md (boiling point) 
sd x'G5 . 

wft'sf /f;folgs u'0f (Chemical properties of metals) 

1.   k|foh;f] wft'x¿n] xfjf;“u k|ltlj|mof u/]/ Iff/Lo cS;fO8 agfp“5g\ . 
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 lj|mofsnfk 17.8

lrD6fsf] ;xfotfn] DofUg]l;odsf] Pp6f 6'j|mfnfO{ ;dft]/ ag{/df afNg'xf];\ . an]sf] 
DofUg]l;odsf] wft'af6 lgl:sPsf] v/fgLnfO{ Pp6f k/LIf0f gnLdf hDdf kfg'{xf];\ . pSt 
v/fgLsf] /ª / uGw cjnf]sg u/L yf]/} kfgL /fvL k/LIf0f gnLnfO{ xNnfpg'xf];\ . pSt 
v/fgLsf] 3f]ndf j|mdzM /ftf] / lgnf] ln6d; k]k/ 8'afP/ cDn / Iff/sf] k/LIf0f u/L 
sIffdf 5nkmn ug'{xf];\ .

 wft'x¿n] clS;hg;Fu k|ltlj|mof u/]/ wft'sf cS;fO8 agfpF5g\ . tL cS;fO8x¿  
 Iff/Lo u'0fsf x'G5g\ .

 wft' ± clS;hg  wft' cS;fO8

4Na + O2    2Na2O  -;f]l8od cS;fO8_

2Mg + O2     2MgO  -DofUg]l;od cS;fO8_

4Al + 3O2      2Al2O3  -cflNdlgod cS;fO8_

4Fe +3O2       2Fe2O3  -k]ml/s cS;fO8_

2Cu + O2       2CuO   -sk/ cS;fO8_

2 .   ;lj|mo wft'x¿n] lkmSsf cDn;“u /f;folgs k|ltlj|mof u/]/ wft'sf nj0f / xfO8«f]hg Uof“;  
 agfp“5g\ .

 lj|mofsnfk 17.9 

Pp6f k/LIf0f gnLdf lkmSsf xfO8«f]Snf]l/s cDn lng'xf];\ . pSt cDndf DofUg]l;od 
l/agsf] Pp6f 6'j|mf /fVg'xf];\ . s]xLa]/sf] /f;folgs k|ltlj|mofkl5 k/LIf0f gnLaf6 xfO8«f]hg 
Uof“; lg:sG5 eg] k/LIf0f gnLdf DofUg]l;od Snf]/fO8sf] nj0f /xG5 . o:t} lj|mofsnfk 
cflNdlgod, kmnfd cflb wft';“u u/]/ x]g'{xf];\ . k|ltlj|mofaf6 lg:s]sf] xfO8«f]hg Uof“;sf] 
k/LIf0f ug'{xf];\ M

 wft' ± lkmSsf cDn   wft' cS;fO8

Mg + dil.2HCl     MgCl2 + H2 

2Al + dil.6HCl    2AlCl3 + 3H2 

2Fe + dil. 6HCl    2FeCl3 + 3H2

Zn + dil. H2SO4    ZnSO4 + H2

Mg + dil. 2HNO3   Mg(NO3)2 + H2
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3.   ;lj|mo wft'n] kfgL;“u /f;folgs k|ltlj|mof u/]/ wft'sf] xfO8«f]S;fO8 -cNsfnL_ / xfO8«f]hg  
 Uof“; agfp“5g\ .

 lj|mofsnfk 17.10  

Pp6f k/LIf0f gnLdf s]xL kfgL lng'xf];\ . pSt kfgLdf ;f]l8od, kf]6fl;od jf SoflN;odsf] 
Pp6f ;fgf] 6'j|mf /fVg'xf];\ . s]xLa]/sf] /f;folgs k|ltlj|mofkl5 k/LIf0f gnLaf6 xfO8«f]hg 
Uof“; lgl:sG5 eg] k/LIf0f gnLdf wft'sf] xfO8«f]S;fO8 /xG5 . kf]6fl;od / SoflN;od 
h:tf ;lj|mo wft'x¿nfO{ gfª\uf] xftn] 5'g'x'“b}g . k|ltlj|mofaf6 ag]sf wft' xfO8«f]cS;fO8 /  
xfO8«f]hgnfO{ k/LIf0f ug'{xf];\ .

;fjwfgL M ;f]l8od wft' clt ;lj|mo x'g] ePsfn] kfgLdf /fVbf lj:kmf]6g x'g ;S5 .

lnlyod, ;f]l8od, kf]6fl;od, SoflN;od h:tf ;lj|mo wft'x¿n] kfgLaf6 xfO8«f]hgnfO{ 
lj:yflkt u5{g\ / wft'sf] xfO8«f]S;fO8 agfpF5g\ . 

;lj|mo wft' ± kfgL  wft' xfO8«f]cS;fO8 ± xfO8«f]hg UofF; 

2Li + 2H2O    2LiOH + H2 

2Na + 2H2O    2NaOH + H2 

Ca + 2H2O    Ca(OH)2 + H2

2K + 2H2O    2KOH + H2 

wft' / cwft'lar km/s (Differences between metals and non-metals)

wft' / cwft'larsf] leGgtfnfO{ lgDgfg';f/ a'Fbfut ¿kdf cWoog ug{ ;lsG5 M

j|m=;= u'0f wft' cwft'

1. lk6]/ kftf agfpg] u'0f lk6]/ kftf agfpg ;lsG5 . lk6]/ kftf agfpg ;lsFb}g .

2. Tffg]/ nfdf] tf/ agfpg] 
u'0f

tfg]/ nfdf] tf/ agfpg 
;lsG5 .

tfg]/ nfdf] tf/ agfpg 
;lsFb}g .

3. ljB't\sf] rfnsTj ljB't\sf] ;'rfns x'G5 . ljB't\sf] s'rfns x'G5 .

4. tfksf] rfnsTj tfksf] ;'rfns x'G5 . tfksf] s'rfns x'G5 .

5. pDng] / kUng] laGb' b'j} pRr x'G5 . t'ngfTds ¿kdf sd x'G5 .

6. s8fkg k|foh;f] s8f x'G5g\ / 
6'S|ofpg ;lsFb}g .

k|foh;f] g/d x'G5g\ / 
6'S|ofpg ;lsG5 .
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 lj|mofsnfk 17.11 

 dfly kf7df cWoog u/]sf cfwf/df tnsf] tflnsf k"/f ug'{xf];\ M

kbfy{ ef}lts u'0f /f;folgs u'0f

clS;hg;Fusf] k|ltlj|mof kfgL;Fusf] k|ltlj|mof cDn;Fusf] k|ltlj|mof

wft'

cwft'

   

dfgj z/L/sf nflu rflxg] s]xL wft'

dfgj z/L/leq x'g] ljleGg k|sf/sf h}ljs lj|mofsnfkx¿ lgoldt ¿kdf ;~rfng ug{sf nflu 
s]xL wft' clt cfjZos x'G5g\ . h:t} M ;f]l8od, kf]6fl;od, DofUg]l;od, SoflN;od, kmnfd, 
h:tf cflb . oL wft' ljleGg k|sf/sf vfB kbfy{sf dfWodaf6 xfd|f] z/L/df k'Ug] ub{5g\ . oL 
wft'sf] cfefjdf dfgj z/L/sf lj|mofsnfkdf c;/ k5{ . pbfx/0fsf nflu /utdf kmnfdsf] 
sdL x'Fbf /StcNktf x'G5, /utdf ;f]l8od / kf]6fl;odsf] sdL x'Fbf d'6'sf] w8\sg clgoldt 
x'G5 . To;}n] xfd|f] b}lgs vfgfaf6 cfjZos wft' kfpgsf nflu ltgsf ;|f]tsf] hfgsf/L 
x'g'k5{ . o; kf7df xfdLn] ;f]l8od, kf]6fl;od, DofUg]l;od, SoflN;od / kmnfdsf ;|f]t, logn] 
dfgj z/L/df k'¥ofpg] kmfObf / sdLn] x'g] c;/sf af/]df 5f]6s/Ldf hfgsf/L k|fKt ug]{ 5f}F .

wft'sf] gfd
;|f]t dfgj z/L/df k'¥ofpg] 

kmfObf
sdLn] dfgj z/L/df x'g] 
c;/

lhª\s

1. la?jfsf lapx¿ 
-h:t} M km;L{sf] 
lap, cfn;sf] 
lap, ;"o{d'vLsf] 
lap, u]8fu'8L, 
Rofp, abfd, 
sfh', cf]v/, 
cflb ._ 

2. b'Uw hGo kbfy{, 
df5fdf;', cG8f 
cflb

1.   dfgj z/L/df 
k|lt/f]wfTds Ifdtf 
a9fpF5 .

2.   z/L/leq AofS6]l/of 
/ efO/; lj?4 n8\g] 
Ifdtf a9fpF5 .

3.   z/L/sf sf]ifdf k|f]l6g, 
DNA, cfg'jf+lzs 
kbfy{ cflbsf] lgdf{0f 
u5{ .

4.   uef{j:yfdf ue{sf] 
j[l4 ljsf;df ;xof]u 
u5{ .

1. skfn emg]{

2. uGw / :jfbdf sdL 
cfpg]

3. dfgj zl//df  
cN5L kg cfpg]

4. kvfnf nfUg] / tf}n 
36\g]

5. 3fp tyf rf]6 lgsf] x'g 
w]/} ;do nfUg]
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kmnfd

1. kfn'ª\uf], u]8fu'8L, 
a|f]sfpnL, la?jfsf 
lap cflb kmnfdsf 
;|f]t x'g\ .

2. df5fdf;'af6 klg 
kmnfd k|fKt x'G5 .

1. /utdf kmnfd x'G5 
h;n] z/L/df clS;hg 
:yfgfGt/0f u5{ .

2. kmnfdn] z/L/df DNA  
lgdf{0f u5{ .

3. o;n] :jf;k|:jf;df 
;xof]u u5{ .

4. o;n] z/L/sf] /f]u 
k|lt/f]wL Ifdtf /fd|f] agfO 
/fV5 eg] pmhf{ pTkfbgdf 
;xof]u u5{ .

1. kmnfdsf] 
sdLn] /StcNktf 

Anemia gfds /f]u 
nfU5 .

2. o;sf] sdLn] z/L/df 
ysfg pTkGg x'G5 eg] 
Zjf;k|Zjf;df klg 
sl7gfO x'G5 .

;f]l8od

1. vfg] g'g dfgj 
z/L/df cfjZos 
;f]l8od k"lt{sf] 
k|d'v ;|f]t xf] .

2. o;sf cltl/St 
df;', cG8f cflbaf6 
klg ;f]l8od k|fKt 
x'G5 .

1. ;f]l8odn] dfgj 
z/L/sf] sf]ifleq / 
sf]ifaflx/ kfgL / nj0fsf] 
dfqf ;Gt'lnt agfO/fV5 .

2. ;f]l8odn] :gfo' / 
df+;k]zLsf] sfo{ Ifdtf 
lgoldt agfpF5 .

1. ;f]l8odsf] sdLn] 
Hyponatremia gfds /f]u 
nfU5 .

2. o;sf] sdLn] 

df+zk]zLdf P]7g (Muscle 

spasm) x'G5 .

3. o;sf] sdLn] jfGtf 
x'g], l/Fu6f nfUg], cr]t x'g] 
/ d[To';d]t x'g ;S5 .

kf]6fl;od

1. xfd|f] z/L/nfO{ 
rflxg] kf]6fl;od 
kmnk"mn, ;f]oflag, 
t/sf/L, b'UwhGo 
kbfy{af6 k|fKt ug{ 
;lsG5 . 

2. s]/f, Pef]sf8f], 
afF;sf] tfdf, b'w, 
bxL cflbaf6 klg 
kf]6fl;od k|fKt ug{ 
;lsG5 . 

1. xfd|f] z/L/df 
kf]6fl;odn] t/n kbfy{sf] 
dfqf, df+;k]zL / :gfo' 
k|0ffnLsf] sfo{ Ifdtf 
lgoldt agfO/fV5 .

2. o;n] x8\8L sdhf]/ x'g 
lbFb}g eg] lduf}{nfdf kTy/L 
x'gaf6 /f]S5 .

1. kf]6fl;odsf] sdLn] 

Hypokalemia gfdsf] 
/f]u nfU5 .

2. o;sf] sdLn] /Strfk 
a9\5 . slAhot x'G5 . 
z/L/df sdhf]/L cfpF5 / 
df+;k]zL sdhf]/ x'G5g\ . 
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 lj|mofsnfk 17.12  

 dfly kf7df cWoog u/]sf] cfwf/df tnsf] tflnsf k"/f ug'{xf];\ M

dfgj :jf:Yosf nflu rflxg] vlgh kmnfd h:tf ;f]l8od kf]6fl;od

;|f]t

dfgj z/L/df k'¥ofpg] kmfObf

sdLn] dfgj z/L/df x'g] c;/

n]8 (Pb) / kf/f] (Hg) n] kfg]{ gsf/fTds c;/ (Harmful effect of mercury and lead) 

 lj|mofsnfk 17.13

ds{/L / n]8sf] k|of]u x'g] j:t'x¿sf] ;"rL tof/ kfg'{xf];\ . tL wft'x¿ dfgj z/L/df k|j]z ubf{ 
s:tf c;/ kf5{g\ < c;/x¿sf] vf]hL u/L ;"rL tof/ kfg'{xf];\ . pSt ;"rLnfO{ 5nkmnsf 
nflu sIffdf k|:t't ug'{xf];\ .

n]8 (Lead)

n]8sf] k|of]u uf8Lsf] Aof6«L, /ª, k]6«f]lnod kbfy{, ln8 lj|m:6n Unf;, /]l8of]wdL{{ ;'/Iff kftf 
cflbdf x'G5 . xfd|f] z/L/df o;sf y'k|} gsf/fTds c;/ 5g\ . n]8n] z/L/sf k|foh;f] ;a}  
cª\udf Iflt k'¥ofpF5 . 

afnaflnsfdf o;sf] c;/ c¿sf] eGbf a9L x'G5 . n]8sf] sf/0fn] 6fpsf] b'Vg], k]6 b'Vg], 
:jefjdf kl/jt{g cfpg], Plgldof x'g] -/St cNktf_ dl:tis ljsf; gx'g] cflb ;d:of 
b]lvG5g\ . n]8 ;a}eGbf a9L xf8df y'lk|G5 . h;n] ubf{ /utsf sf]if aGg / SoflN;odnfO{ ;f];]/ 
lngaf6 jl~rt u5{ . n]8n] xf8x¿ clt sdhf]/ agfpF5 . 

kf/f] (Mercury) 

kf/f]sf] k|of]u ydf]{ld6/, Aof/f]ld6/, 6\o'anfO6 cflbdf x'G5 . xfd|f] z/L/df o;sf y'k|} gsf/fTds 
c;/ 5g\ . kf/f]sf] ljiffSt c;/nfO{ xfO8«f/lhl/of (hydrargyria) cyjf d/So'[l/oflnHd 
(mercurialism) elgG5 . 

1.   kf/f]sf] Ps yf]kfn] /utsf g;fx¿ aGb u/fOlbG5 / dflg;sf] d[To';d]t x'g ;S5 .

2.   kf/f]sf of}lusn] dl:tisdf Iflt k'¥ofpF5g\ . h;n] ubf{ dflg;sf] x]g]{, ;'Gg] / af]Ng]  
 zlSt lgs} sdhf]/ x'G5 . 

3.   kf/f]sf of}lusx¿n] lduf}{nf / kmf]S;f]nfO{ Iflt k'¥ofpF5g\ . 

4.   kf/f]sf of}lusx¿n] ue{df /x]sf lzz'x¿nfO{ c;/ k'¥ofpF5g\ lsgeg] kf/f]sf of}lusx¿  
 Knf;]G6f (placenta) af6 ;lhn} l55{g\ / lzz'sf] j[l4 ljsf;df g/fd|f] c;/ k'¥ofpF5g\ . 

5.   kf/f]sf of}lusn] lzz'sf] dl:tis ljsf;df klg gsf/fTds c;/ kf5{g\ .
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cEof;

 != ;xL pQ/ 5fGg'xf];\ M

 -s_  tnsf dWo] s'g cwft'sf] pbfx/0f xf] <

  -c_ kf/f]   -cf_ a|f]ldg

  -O_ kmnfd   -O{_ tfdf

 -v_  tnsf dWo] s'g cwft'sf] u'0f xf] <

  -c_ tfksf] ;'rfns   -cf_ ;lhn} 6'lj|mg]

  -O_ tfg]/ tf/ h:tf] agfpg ;lsg] -O{_ lk6]/ kftf h:tf] agfpg ;lsg]

 -u_  tnsf dWo] s'g wft' xfd|f] z/L/sf nflu xflgsf/s 5 <

  -c_ Fe   -cf_  Ca

  -O_ Zn   -O{_ Pb

 -3_  kf/f]sf] ljiffSt c;/nfO{ s] elgG5 <

  -c_ xfO8«flhl/of  -cf_  Plgldof

  -O_ lxdf]lkmlnof  -O{_ :sjL{

 -ª_  wft'n] s/]G6sf] k|jfx ug{ ;S5 . wft'sf] o; u'0fsf] d'Vo sf/0f tnsf dWo] s'g xf] <

  -c_ wft'df :jtGq On]S6«f]g x'g' -cf_  wft'df On]S6f«]g lng] Ifdtf x'g''

  -O_ wft'sf] k/df0f'sf] aflx/L ;]n k"0f{ x'g' -O{_ wft'sf k/df0f' rfndf x'g'

@= km/s 5'6\ofpg'xf];\ M

 -s_  ef}lts u'0fsf cfwf/df wft' / cwft' 

 -v_  dflnoflaln6L / 8lS6ln6L
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#=  sf/0f n]Vg'xf];\ M

 -s_ wft'nfO{ lk6]/ kftf / tfg]/ tf/ agfpg ;lsG5 .

 -v_ wft'sf] kUng] / pDng] laGb' pRr x'G5 .

 -u_ s]6fs]6LnfO{ kf/f]o'St ydf]{ld6/ d'vdf /fVg lbg'x'Fb}g .

$=  tnsf k|Zgsf] pQ/ n]Vg'xf];\ M

 -s_  wft'x¿sf ef}lts u'0fx¿sf] ;"rL agfpg'xf];\ . 

 -v_ …wft'x¿ ljB't\sf ;'rfns x'g\Ú eGg] s'/f s;/L k|dfl0ft ug{ ;lsG5, k|:6 kfg'[{xf];\ .

 -u_  wft'sf s'g} tLgcf]6f /f;folgs u'0f /f;folgs ;dLs/0f;lxt n]Vg'xf];\ .

 -3_  dfgj z/L/df kf/f] / n]8n] kfg{ ;Sg] b'O{÷b'O{cf]6f gsf/fTds c;/ n]Vg'xf];\ .

 -ª_  dfgj z/L/df rflxg] lgDglnlvt wft'sf ;|f]tsf] ;"rL tof/ kfg'{xf];\ M

wft' kmnfd -Fe_ h:tf -Zn_ ;f]l8od -Na_ kf]6fl;od -K_

;|f]t
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sfa{g / o;sf of}lusx¿ 
(Carbon and its Compounds)

!*

sfa{gsf] kl/ro -Introduction to Carbon_

s] tkfO{“n] sf]Onf, Wjf“;f], uf]n cflb b]Vg'ePsf] 5 < b]v]sf] eP logsf] /ª s:tf] x'G5 < oL 
s]af6 ag]sf x'G5g\, 5nkmn u/f}“ .  

sf]Onf, WjfF;f], uf]n cflbsf] /ª sfnf] x'G5 . oL sfa{gaf6 ag]sf x'G5g\ . …sfa{gÚ zAb Nofl6g 
efiffaf6 cfPsf] xf], o;sf] cy{ uf]n x'G5 . ;fwf/0ftof sfa{gsf] /ª sfnf] x'G5 / xfjfdf 
;lhn};Fu aN5 . sfa{g aNbf sfnf] d':nf] jf w'Fjfsf ;fy} tfk / k|sfz klg lgl:sG5 . olb s'g} 
j:t' afNbf sfnf] d':nf] jf w'Fjf lgl:sG5 / an]/ afFsL ePsf] 7f]; kbfy{ sfnf] x'G5 eg] To; 
kbfy{df sfa{g 5 egL yfxf x'G5 . xfn dflg;x¿ sfa{gaf6 dfq} ag]sf ljleGg lx/f, u|fkmfO6 
cflbsf] cTolws k|of]u ul//x]sf 5g\ . o;} u/L sfa{g ;a} k|fª\ufl/s of}lussf] d'Vo tŒj 
ePsfn] o;sf] cWoog / pkof]u klg Jofks ePsf] 5 . sfa{g Pp6f c;fdfGo sfnf] /ªsf] 

cwft' xf] h;sf] k/df0fljs ;ª\Vof 6  / k/df0fljs ef/ 12 x'G5 .    

lj|mofsnfk 18.1

sf]Onf, Wjf“;f], uf]n, k]lG;nsf] ln8, ;]nleq /fv]sf] sfnf] 58 cflb hDdf u/L sfa{gsf] /ª 
tyf cGo u'0fx¿sf af/]df cWoog ug'{xf];\ . 

sfa{gsf ;|f]tx¿ (Sources of Carbon) 

tnsf pbfx/0fx¿df s]xLa]/ ljrf/ u/f}F M

bfp/f afNbf sfnf] w'Fjf lgl:sG5, d}gaQL afNbf klg sfnf] w'Fjfsf] d':nf] cfpF5 .  lrgL 89fpFbf 
sfnf] cFuf/ aG5 . To;f]eP s] w'Fjf, WjfF;f], cFuf/ cflb sfa{gsf ;|f]t x'g\ t < oL pbfx/0fsf 
cfwf/df sfa{gsf ;|f]tsf] ;DaGwdf 5nkmn u/f}F . 

;a} k|sf/sf hLjhGt'sf] z/L/df sfa{g ljleGg k|sf/sf of}lussf ¿kdf kfOG5 . To;}n] 
sfa{gnfO{ ;hLj j:t'x¿sf] agf]6sf] cfwf/ elgG5 . xfdLn] vfg] vfgf, nufpg] sk8f, k|of]u 
ug]{ 6]a'n s';L{, k]g, k]lG;n cflbdf sfa{gsf of}lus /x]sf x'G5g\ .  sfa{gsf s]xL ;|f]t tnsf] 
tflnsfdf lbOPsf 5g\ M
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sfa{g tŒjsf ¿kdf sfa{g of}lussf ¿kdf

ck|fª\ufl/s of}lus k|fª\ufl/s of}lus

sf]Onf (coal) 

WjfF;f] (sooty)

uf]n (charcoal)

lx/f (diamond) 
u|fkmfO6 (graphite) 
u|flkmg (graphene)

sfaf]{g]6\;x¿, afOsfaf]{g]6\; 
sfaf{O8\;x¿ -h:t}M CaC2, SiC) 

vlgh kbfy{x¿,  
9'ª\ufx¿, UofF;x¿ CO2, CO 
cflb

sfaf]{xfO8]«6, k|f]l6g, lrNnf] kbfy{ 
-t]n, l3p_, k]6«f]n, o'l/of, le6fldg 
cf}ifwLx¿, l;Ns, sfuh, ;fa'g 
cflb . xfO8«f] sfa{g UofF;x¿ 

-h:t}M ldy]g, Oy]g, LPG cflb_

lj|mofsnfk 18.2

 sf7 / lrgLdf sfa{g x'G5 eGg] s'/f k|dfl0ft u/f}“ .

Pp6f sf7sf] 6'j|mfnfO{ afn]/ cjnf]sg ug'{xf];\ . s] tkfO{“n] sfnf /ªsf uf]n k|fKt ug'{eof] < 
rDrfdf clnslt lrgL /fv]/ ttfp“b} cjnf]sg ug'{xf];\ . tflt/x]sf] lrgLsf] /ª / af:gfdf 
s:tf] kl/jt{g cfof] cjnf]sg ug'{xf];\ . lrgLsf] /ª s:tf] x'“bf ld7f] af:gf cfof] < lrgLsf] 
ld7f] af:gf cfpg] cj:yfnfO{ Sof/fd]n (caramel) elgG5 . lrgL ttfp“b} hf“bf af“sL /x]sf] 
sfnf] / gld7f] uGwsf] kbfy{nfO{ ;'u/ rf/sf]n (sugar charcoal) elgG5 . o;/L sf7 / 
lrgLdf sfa{g x'G5 eGg] s'/fsf] k'li6 x'G5 .

sfa{gsf] :jefj (Nature of carbon) 

sfa{g Ps ljz]if k|sf/sf] c;fdfGo cwft' xf] . o;sf] k/df0f'df /x]sf 5cf]6f On]S6«f]gdWo] 
rf/cf]6f On]S6«f]g ;+o'Hotf ;"rs sIfdf /x]sf x'G5g\ . sfa{gn] cS6]6 agfpg rf/}cf]6f On]S6«f]g 
;fem]bf/L u5{g\ / rf/cf]6f sf]Eofn]G6 aG8 agfpF5g\ . To;}n] sfa{gsf] ;+o'Hotf rf/ x'G5 . 
o;n] xfO8«f]hg, sfa{g, clS;hgnufotsf cGo tŒjx¿;Fu ldn]/ ;lhn} sf]Eofn]G6 of}lus 
agfpF5 . sfa{gsf] o;} u'0fsf sf/0f xfn;Dd nfvf}F sfa{go'St of}lus kQf nfu]sf 5g\ . 

-s_  Sofl6]g];g (Catenation)

k|foh;f] tŒjn] cfk"m h:t} tŒj;Fu sf]Eofn]G6 
aG8 agfpFbf w]/}cf]6f k/df0f';Fu On]S6«f]gx¿ 
;fem]bf/L u/]sf] kfOFb}g . t/ Pp6f sfa{gsf] 
k/df0f'n] csf]{ sfa{gsf] k/df0f'';Fu sf]Eofn]G6 
aG8 agfpFb} nfdf] l;j|mL (chain) agfpg] cgf}7f] 
u'0fnfO{ Sofl6g];g elgG5 .  sfa{gsf] o;} u'0fsf] 
sf/0fn] Ao'6]g, k]G6]g, kf]lnlyg, kf]lnlegfOn 
Snf]/fO8 cflb cgluGtL of}lus ag]sf x'G5g\ . 

lrq 18.1
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sfa{gdf ePsf] Sofl6g];g u'0fn] ubf{ olt w]/} sfa{go'St of}lusx¿ kQf nfu]sf x'g\ . 
To;}n] /;fog zf:qdf sfa{gsf of}lussf] cWoog ug{ 5'6\6} zfvf 5, h;nfO{ cuf{lgs 
s]d]:6«L (Organic chemistry) elgG5 .

-v_  Pnf]6«K; (Allotrops) / Pnf]6«f]kL (Allotropy)

xfdLn] sfa{gsf ;|f]tx¿df sfa{g tŒjdfq} ePsf s]xL kbfy{ b]Vof}F . h:t} M sf]Onf, uf]n, 
WjfF;f], u|flkmg, lx/f, u|fkmfO6 cflb . oL ;a} kbfy{ sfa{gsf ljleGg ¿k x'g\ . h;nfO{ 
Pnf]6«K; (Allotrops) elgG5 . cnu cnu ef}lts u'0f ePsf Pp6} tŒjsf ljleGg ¿knfO{ 
Pnf]6«K; elgG5 eg] Pnf]6«K; aGg] k|lj|mofnfO{ Pnf]6«kL (Allotropy) elgG5 . 

u|fkmfO6df tLgcf]6f On]S6«f]gn] af]G8 agfpF5 t/ Pp6f On]S6«f]g :jtGq x'G5 t/ lx/fdf  
Eofn]G; ;]ndf ePsf] rf/cf]6} On]S6«f]gx¿n] aG8 agfpF5 . to;}n] u|fkmfO6 tfk / ljB't\sf] 
;'rfns xf] . t/ lx/f s'rfns xf] .

sfa{gsf ef}lts u'0f (Physical properties of carbon) 

1.  sfa{g 7f]; cj:yfdf kfOg] tŒj xf] . lx/f, u|fkmfO6 / alSdlg:6/ km'nl/g dl0fe  

 (crystalline) cj:yfdf kfOG5g\ eg] sf]Onf, uf]n / rf/sf]n w'nf] cj:yfdf (amorphous)  
 kfOG5g\ . 
2.  sfa{g kfgLdf c3'ngzLn tŒj xf] .
3.  clt pRr tfkj|mddf ttfpFbf sfa{g 7f];af6 Ps}rf]6L UofF;df ¿kfGt/ x'G5 .
4.  sfa{g sfnf] /ªsf] x'G5 t/ lx/f /ªxLg Pjd\ kf/bzL{ x'G5 . 
5.  sfa{gdf 6ns x'Fb}g . lx/f eg] 6lNsG5 . 

sfa{gsf Pnf]6«f]K;

dl0fe Pnf]6«f]K;

lx/f u|fkmfO6
alSdlg:6/ km'nl/g 

sf]Onf uf]n WjfF;f]

w'nf] Pnf]6«f]K;

graphite diamond
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6.  sfa{g ljB't\ / tfksf] s'rfns xf] t/ u|fkmfO6 ljB't\sf] ;'rfns xf] . 

7.  o;sf] 3gTj Pnf]6«K;cg';f/ 1.5 g/cm3 b]lv 3.5 g/cm3 ;Dd x'G5 . 

sfa{gsf /f;folgs u'0f (Chemical properties of carbon) 

1.  aNg] u'0f (combustion)

k|z:t clS;hgsf] pkl:yltdf sfa{g an]/ sfa{g 8fO{ cS;fO8 lbG5 t/ yf]/} clS;hg 
ePsf] cj:yfdf eg] sfa{g df]gf]cS;fO8 lbG5 . 

w]/} clS;hgdf afNbf C + O2    CO2 + tfk 

yf]/} clS;hgdf afNbf 2C + O2    2CO + tfk 

2.  wft';“u k|ltlj|mof (reaction with metal)

 sfa{gn] ;lj|mo wft';Fu k|ltlj|mof u/L wft' sfaf{O8 agfpF5 .

 ;lj|mo wft' ± sfa{g  wft' ± sfaf{O6 

4Al  +  3C     Al4C3   -Pn'ldlgod sfaf{O8_

3Fe + C   Fe2C  -cfO/g sfaf{O8_

2Li + 2C    Li2C2    -lnlyod sfaf{O8_

Ca + 2C      CaC2    -SoflN;od sfaf{O8_

3.  l/8\o'l;ª u'0f (reducing property)

 tŒjsf cS;fO8af6 clS;hg cnu ug]{ /f;folgs k|lj|mofnfO{ l/8\o'l;ª u'0f elgG5 .

 -s_  sfa{gn] sd ;ls|o wft'sf cS;fO8af6 wft' lgsfNg dbt u5{ . 

  wft' cS;fO8 ± sfa{g   wft' ± sfa{g df]gf]cS;fO8

  Fe2O3  + 3C                2Fe  +  3CO   

  ZnO  +  C               Zn  +  CO  

  PbO  +  C     Pb  +  CO

 -v_  sfa{gn] s]xL cwft' cS;fO8x¿;Fu k|ltlj|mof u/L sfaf{O8 agfpF5 . 

  cwft' cS;fO8 ± sfa{g  sfaf{O8 ± sfa{g df]gf]cS;fO8

  SiO2 + 3C     SiC + 2CO  

                                -l;lnsg sfaf{O6\;_

  CaO + 6C     2CaC2 +2 CO  

heat

heat

heat

heat

heat

heat

heat

heat

heat
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4.  afkm;“u k|ltlj|mof (Reaction with steam)
 kfgLsf] afkmnfO{ sl/a 1000°C tfkj|mddf ttfPsf] sfa{gdf k7fof] eg] sfa{g  

 df]gf]S;fO8 / xfO8«f]hg UofF; aG5, pSt ld>0fnfO{ water gas elgG5 . 
 C + H2O    CO + H2 

k|fª\ufl/s / ck|fª\ufl/s of}lus (organic and inorganic compounds)

xfd|f] j/k/ ljleGg k|sf/sf of}lus kfOG5g\ . tLdWo] s]xL of}lusdf sfa{g tŒj x'G5 eg] s]xLdf 
sfa{g tŒj x'Fb}g . of}lusx¿nfO{ sfa{gsf] pknAwtfsf cfwf/df b'O{ ;d"xdf ljefhg ul/G5 . 

k|fª\ufl/s of}lus (Organic compounds) 

ldy]g, Oy]g, ldyfgf]n, Snf]/f]kmd{, o'l/of, OG;'lng, k|f]l6g, sfaf]{xfO8«]6, t]n cflb k|fª\ufl/s 
of}lussf pbfx/0f x'g\ . xfO8«f]sfa{g / o;af6 ag]sf of}lusx¿nfO{ k|fª\ufl/s of}lus elgG5 . 
;fdfGotof k|fª\ufl/s of}lusx¿df sfa{g tŒj x'G5 / of}lusdf ePsf ljleGg tŒjx¿lar 
sf]Eofn]G6 aG8 ag]sf] x'G5 . k|fª\ufl/s of}lusdf k|foh;f] sfa{gn] sfa{g;Fu / xfO8«f]hg;Fu 
sf]Eofn]G6 aG8 agfpF5 eg] clS;hg, gfO6«f]hg, x]nf]hg, ;Nkm/ km:kmf]/; cflb klg sf]Eofn]G6 
aG8åf/f hf]l8Psf x'G5g\ . s'g} s'g} k|fª\ufl/s of}lusdf wft'x¿ klg alG8ª eP/ a;]sf x'G5g\ . 

sfa{g eP tfklg sfa{g 8fO{cS;fO8, sfa{g df]gf]S;fO8, sfaf]{g]6, afOsfaf]{g]6 sfaf{O6\; cflb 
of}lus ck|fª\ufl/s of}lus x'g\ . 

w]/} h;f] k|fª\ufl/s of}lus kfgLdf 3'Nb}gg\ lsgls logn] kfgL;Fu xfO8«f]hg aG8 agfpg 
;Sb}gg\ . pbfx/0fsf nflu l3p, d}g, k]6«f]n, dl6t]n cflb . kfgL;Fu xfO8«f]hg aG8 agfpg] 
k|fª\ufl/s of}lus eg] kfgLdf 3'N5g\, h:t} M lrgL, cNsf]xn . k|fª\ufl/s of}lus k|fª\ufl/s 

3f]ns (Organic solvents) df 3'N5g\ . Oy/, sfa{g 6]\6«fSnf]/fO8, a]lGhg cflb k|fª\ufl/s 
3f]ns x'g\ .  

ck|fª\ufl/s of}lus (Inorganic compounds) 
sfa{g;Fu xfO8«f]hg ghf]l8Psf ;a} of}lusnfO{ ck|fª\ufl/s of}lus elgG5 cyf{t\ k|fª\ufl/s 
of}lusafx]ssf ;a} of}lusnfO{ ck|fª\ufl/s of}lus elgG5 .  ck|fª\ufl/s of}lusx¿df sfa{g 
cTofjZos tŒj xf]Og . ljleGg tŒjx¿ ldn]/ ck|fª\ufl/s of}lus aG5g\ . ck|fª\ufl/s 
of}lusx¿df d'Votof On]S6«f]Eofn]G6 aG8 x'G5 eg] s]xLdf sf]Eofn]G6 jf b'j} aG8 x'g ;S5g\ . 
ck|fª\ufl/s cDn, Iff/, nj0f cflb ck|fª\ufl/s of}lus x'g\ . ;fy} sfa{gsf cS;fO8x¿, sfaf]{g]6, 
afOsfaf]{g]6 / sfaf{O8x¿ klg ck|fª\ufl/s of}lus x'g\ .

w]/} h;f] ck|fª\ufl/s of}lus kfgLdf 3'N5g\ lsgls oL kfgLdf cfof]gLs/0f eP/ cfof]gx¿df 
5'\6\l6G5g\ . h:t} M ;f]l8od Snf]/fO8 -NaCl_, xfO8«f]Snf]l/s cDn -HCl_, DofUg]l;od 
xfO8«f]cS;fO8 -Mg(OH)2_ cflb . kfgLdf cfof]gx¿ 5'6\l6g g;Sg] ck|fª\ufl/s of}lusx¿ eg] 
kfgLdf 3'Nb}gg\ . h:t} M l;Ne/ Snf]/fO8 -AgCl_, a]l/od ;Nkm]6 -BaSO4_, SoflN;od sfaf]{g]6 
-CaCO3_ cflb . 
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lj|mofsnfk 18.3

cfˆgf] 3/df jf ljBfnosf] k|of]uzfnfdf kfOg] k|fª\ufl/s / ck|fª\ufl/s of}lusx¿ ;ª\sng 
u/L sIffdf k|bz{g ug'{xf];\ .

k|fª\ufl/s of}lus / ck|fª\ufl/s of}luslar leGgtf (Difference between organic and 

inorganic compounds)

lj|mofsnfk 18.4

lrgL, t]n, l3p, o'l/of h:tf k|fª\ufl/s of}lus / cDn, Iff/, nj0f, sfaf]{g]6, afOsfaf]{g]6 
h:tf ck|fª\ufl/s of}luslar /ª, uGw, ef}lts cj:yf, 3'ngzLn, HjngzLn cflbdf s] leGgtf 
kfOG5, cjnf]sg ug'{xf];\ M

leGgtfsf 
cfwf/

k|fª\ufl/s of}lus ck|fª\ufl/s of}lus

1. ef}lts  
   cj:yf

7f];, t/n / UofF; ltg} cj:yfdf 
kfOG5g\ . 

k|foh;f] 7f]; cj:yfdf x'G5g\ eg] s]xL 
t/n -kfgL, xfO8«f]Snf]l/s cDn cflb_ / 
s]xL UofF; cj:yfdf  -sfa{g 8fOcS;fO8, 
xfO8«f]hg ;NkmfO8 cflb_ x'G5g\ .

2. /f;folgs     
   aG8

k|fª\ufl/s of}lusdf sf]Eofn]G6 
aG8 x'G5 .

ck|fª\ufl/s of}lusdf k|foh;f] 
On]S6«f]Eofn]G6 aG8 x'G5 eg] s]xLdf 
sf]Eofn]G6 aG8 klg x'G5 .

3. cfof]gLs/0f k|fª\ufl/s of}lus cfof]gLs/0f 
x'Fb}gg\ .

ck|fª\ufl/s of}lus cfof]gLs/0f x'G5g\ .  

4. 3'ngzLntf w]/} h;f] k|fª\ufl/s of}lusx¿ 
kfgLdf 3'Nb}gg\ t/ k|fª\ufl/s 
3f]nsdf 3'N5g\ . 

w]/} h;f] ck|fª\ufl/s of}lus kfgLdf 3'N5g\ 
t/ k|fª\ufl/s 3f]nsdf 3'Nb}gg\ . 

5. klUng] 
/ plDng] 
tfkj|md

k|fª\ufl/s of}lussf] klUng] / 
plDng] tfkj|md sd x'G5 . 

ck|fª\ufl/s of}lussf] klUng] / plDng] 
tfkj|md a9L x'G5 .

6. HjngzLntf k|fª\ufl/s of}lus ;lhn};Fu 
aNb5g\ . -h:t} M l3p, t]n, 
k]6«f]n, LPG cflb_

ck|fª\ufl/s of}lus k|foM aNb}gg\ . -h:t}M 
g'g, r'g 9'ª\uf cflb_

b}lgs hLjgdf k|fª\ufl/s of}lussf pkof]lutfx¿ (uses of organic compounds in our daily life)

lj|mofsnfk 18.5

xfd|f] b}lgs hLjgdf k|of]u x'g] ljleGg k|sf/sf k|fª\ufl/s of}lussf] vf]hL u/L ;"rL tof/ 
kfg'{xf];\ . pSt of}lus s] s:tf sfddf k|of]u x'G5g\, atfpg'xf];\ . 
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xfdLn] b}lgs hLjgdf w]/} k|sf/sf k|fª\ufl/s of}lus pkof]u ul//x]sf x'G5f}“ . tLdWo] s]xL tn 
lbOPsf 5g\ M 

1.  vfgf M xfdLn] xfd|f] b}lgs hLjgdf bfn, eft, t/sf/L, df5f, df;', b'w, bxL, kmnkm"n 
cflb vfG5f}F . oL ;a} vfg]s'/fx¿df sfaf]{xfO8«]6, k|f]l6g, le6fldg cflb k|fª\ufl/s of}lus  
x'G5g\ .

2.  nQf sk8f M xfdLn] nufpg] nQf sk8f ljleGg k|sf/sf kbfy{ -h:t}M skf;, l;Ns, h'6, 
pmg cflb_ af6 ag]sf x'G5g\ . oL kbfy{ ljleGg k|sf/sf k|fª\ufl/s of}lusaf6 ag]sf 
x'G5g\ .

3.  cf}ifwL M xfdL la/fdL kbf{ vfg] tyf nufpg] clwsf+z cf}ifwLx¿ k|fª\ufl/s of}lusaf6 
ag]sf x'G5g\ .

4.  phf{ pTkfbg M l8h]n, k]6«f]n, dl6t]n, l:k|6 cflb k|fª\ufl/s of}lusaf6 ag]sf kbfy{ x'g\ . 
oL kbfy{ phf{ pTkfbg ug{ tyf ;jf/L ;fwgdf xfNg k|of]u x'G5g\ .

5.  s[lif pTkfbg tyf s[lifdf k|of]u x'g] vfB kbfy{ M ljleGg k|sf/sf s[lif pTkfbg -h:t}M bfn, 
rfdn, t/sf/L, kmnkm"n cflb_ df sfaf]{xfO8«]6, k|f]l6g, le6fldg cflbdf k|fª\ufl/s of}lus 
x'G5g\ . s[lifdf k|of]u x'g] ljleGg k|sf/sf vfB kbfy{, sL6gfzs cf}ifwL, le6fldg cflb 
kbfy{df klg k|fª\ufl/s of}lus x'G5g\ .

6.  ;f}Gbo{ ;fdfu|L M ;f}Gbo{sf nflu k|of]u x'g] clwsf+z s:d]l6S;df k|fª\ufl/s of}lus x'G5g\ .
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cEof;

!= ;xL pQ/ 5fGg'xf];\ M

 -s_ tnsf dWo] sfa{gsf] u'0f s'g xf] <

  -c_ 7f];, t/n / UofF; cj:yfdf kfOg]    -cf_ kfgLdf 3'ngzLn x'g]

  -O_ pRr tfkj|mddf 7f];af6 UofF;df ¿kfGt/0f x'g] -O{_ 6ns x'g]

 -v_  sfa{go'St of}lussf] k|of]uaf6 kf]lnlyg aGg' tnsf dWo] sfa{gsf] u'0f;Fu  
  s'grflxF ;DalGwt 5 <

  -c_ Pnf]6«kL    -cf_ Sofl6g];g

  -O_ l/8\o'l;ª u'0f   -O{_ aNg] u'0f

 -u_  tnsf dWo] k|fª\ufl/s of}lussf] ;d"x s'g xf] <

  -c_ k|f]l6g, sfaf]{xfO8«]6, Pdf]lgof, ldy]g

  -cf_ lUnl;l/g, lkmgf]n, cNsf]xn, sfa{g 8fO{cS;fO8

  -O_ ldy]g, ldyfgf]n, Snf]/f]kmd{, o'l/of    

  -O{_ Oy/, Pdf]lgof,  ldy]g, OG;'lng 

 -3_  bfp/f afn]/ vfgf ksfpFbf efF8fsf] aflx/L ;txdf sfnf] df];f] hDdf x'g'n] s]  
  k|dfl0ft x'G5 <

  -c_ efF8f] hn]sf]    -cf_ bfp/fdf sfa{g ePsf]

  -O_ bfp/f lr;f] ePsf]    -O{_ bfp/f afNbf k|b'if0f ePsf] 

@= km/s n]Vg'xf];\ M

 -s_  u|fkmfO6 / lx/f

 -v_  k|fª\ufl/s of}lus / ck|fª\ufl/s of}lus

#= sf/0f n]Vg'xf];\ M

 -s_  hf8f] ofddf sf]7fsf] e\mofn 9f]sf y'g]/ leq sf]Onf÷bfp/f hnfpg' xF'b}g .

 -v_  u|fkmfO6sf] w'nf]nfO{ 8«fO n'la|s]G6sf ¿kdf k|of]u ug{ ;lsG5 . 
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 -u_  u|fkmfO6 / lx/f b'j} sfa{gsf Pnf]6«k x'g\ . u|fkmfO6df ljB't\ k|jfx x'G5 t/ lx/fdf 
x'Fb}g .

 -3_  ck|fª\ufl/s of}lusx¿sf] kUng] / pDng] tfkj|md k|fª\ufl/s of}lussf] eGbf a9L 
x'G5 .  

 -ª_  r'nfdf bfp/f afNbf slxn] sfnf] w'Fjf cfpF5 eg] slxn] sd w'Fjf cfP/ cfuf] /fd|f];Fu  
aN5 . 

$= tnsf k|Zgsf] pQ/ n]Vg'xf];\ M

 -s_  sfa{gdf x'g] Sofl6g];g / Pnf]6«kL u'0fnfO{ pbfx/0f;lxt kl/eflift ug'{xf];\ .

 -v_  lrgLnfO{ lg/Gt/ ttfpFb} hfFbf Ps sfnf] kbfy{ k|fKt x'G5 . o;af6 s] lgisif{ 
lgsfNg ;lsG5 <

 -u_  dl0fe x'g] tyf w'nf] x'g] sfa{gsf Pnf]6«ksf b'O{ b'O{cf]6f pbfx/0f n]Vg'xf];\ .

 -3_  sfa{g hNbf sfa{g df]gf]cS;fO8 jf sfa{g 8fOcS;fO8 aGg] cj:yf pNn]v u/L 
;DalGwt /f;folgs ;dLs/0f n]Vg'xf];\ .

 -ª_  jf6/ UofF; eg]sf] s] xf] < 

 -r_  sfa{gnfO{ kfgLsf] afkm;Fu k|ltls|of u/fpFbf s] aG5 < pSt k|lj|mofsf] /f;folgs 
;dLs/0f n]Vg'xf];\ .

 -5_  /f]xgsf n'ufdf nfu]sf] lu|hnfO{ ;fa'gkfgLn] ;kmf ug{ ;s]g . cfdfn] /f]xgnfO{ 
lu|h ePsf] 7fpFdf clnslt k]6«f]n /fVg ;'emfpg'eof] . s] /f]xgsf] ;d:of ;dfwfg 
x'G5 < /f]xgsf] ;d:ofsf] sf/0f / ;dfwfgsf] pkfonfO{ ;DalGwt j}1flgs 
tYox¿sf cfwf/df JofVof ug'{xf];\ . 

 -h_  tkfO{FFsf] b}lgs hLjgdf k|of]u x'g] rf/cf]6f k|fª\ufl/s of}lussf pbfx/0f n]Vg'xf];\ . 
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s[lif If]qdf k|of]u x'g] kbfy{x¿  
(Materials used in Agriculture)

!(

xfdLn] vfg] w]/} h;f] vfB kbfy{x¿ af]6la?jfaf6 k|fKt x'G5g\ . af]6la?jfn] df6faf6 kf]ifs 
tŒj k|fKt u5{g\ . df6fdf dnhnlagf nuftf/ v]tL ub}{ hfFbf df6f] ?vf] x'Fb} hfG5 . af]6la?jfdf 
df};dcg';f/ cg]s k|sf/sf /f]u nfU5g\ . ;du|df df6fsf] pa{/f zlSt 36\5 . df6fsf] pj{/f 
zlSt a9fpg / cg]s k|sf/sf /f]u gi6 ug{ ljleGg k|sf/sf /f;folgs kbfy{sf] k|of]u ul/G5 . 
af]6la?jfx¿sf] j[l4 ljsf;sf nflu /f;folgs dn / /f]u tyf ls/fx¿af6 ltgsf] ;'/Iffsf 
nflu sL6gfzs ljiffbL k|of]u ul/G5g\ . oL /f;folgs kbfy{x¿ pkof]uL eP tfklg logsf 
gsf/fTds c;/ klg /x]sf 5g\ . 

xs{axfb'/sf] v]tLls;fgL ubf{sf] cg'ej

Psk6s xs{axfb'/sf] af/Ldf /f]k]sf] pGgt hftsf] ds}sf] lap nfdf] ;dodDd pld|Pg . nfdf] 
;dokl5 pd|]sf la?jf x's{Fb} hfFbf ltgsf 8fF7, kft, k"mnsf] ;fOhdf 7fpFcg';f/ leGgtf 
b]lvof] . s]xL la?jfdf h/f sdhf]/ eP/ 9Ng], kft kx]FlnP/ emg{] tyf ;'s]/ hfg] h:tf ;d:of 
klg b]lvP . pgn] l5d]sLsf] ;Nnfxcg';f/ v]tdf o'l/of dn /fv] . o'l/of /fv]sf] s]xL lbgkl5 
s'g} s'g} 7fpFsf la?jfx¿ xn{Ss a9] . la?jfdf b]lvPsf ;a} ;d:of ;dfwfg ePgg\ . tL 
la?jfdf nfu]sf ds}sf] 3f]uf Pjd\ lapsf] cfsf/df klg Ps¿ktf cfPg . To;kl5 pgn] s[lif 
sfof{nosf lj1sf] ;'emfjcg';f/ v]taf/Lsf] ljleGg 7fpFsf] df6f] hfFr u/fP . df6f] hfFraf6 
ljleGg 7fpFsf] df6fdf ljleGg k|sf/sf tŒjsf] sdL tyf clDnokgfdf leGgtf /x]sf] kQf 
nfUof] . 

csf]{ k6ssf nflu xs{axfb'/n] df6fsf] l/kf]6{cg';f/ ljleGg 7fpFdf cjZos tŒjo'St 
/f;folgs dn -sxLF o'l/of, sxLF Pdf]lgod kmf]:km]6, sxLF kf]6fl;od ;Nkm]6_ k|of]u u/]/ afnL 
nufP . To:t} v]taf/Lsf] s]xL 7fpFdf r'g k|of]u u/] eg] s]xL 7fpFdf SoflN;od Snf]/fO8 
k|of]u u/] . bf];|f] k6sdf ;a} 7fpFsf] afnL /fd|f];Fu x'ls{P/ cfP tfklg afnLdf ls/fsf] k|sf]kn] 
xs{axfb'/nfO{ b'Mv lbof] . To;kl5 pgn] lj1sf] ;Nnfxdf ;fjwfgLk"j{s sL6gfzs ljiffbL 
5/]/ cfk\mgf] afnL ;'/lIft u/] . 

–  pGgt lsl;dsf] lap nufpFbf klg ;'?df xs{axfb'/sf] afnL lsg /fd|f] ePg <

–  o'l/ofn] v]tsf s'g} afnL ;lk|P klg cGo afnLdf lsg ;'wf/ x'g ;s]g xf]nf < 

–  v]tsf] ljleGg 7fpFdf o'l/of, Pdf]lgod kmf]:km]6 / kf]6fl;od ;Nkm]6 k|of]u ug'{kgf{sf] sf/0f  
 s] xf]nf <

– xs{axfb'/n] v]tdf r'g / SoflN;od Snf]/fO8 k|of]u ug'{sf] sf/0f s] xf]nf <
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la?jfnfO{ cfjZos kf]ifs tŒj (Necessary nutrients for plants)

df6fdf la?jfsf] lap pd|G5 . gofF la?jf x's{b} Ps jo:s la?jf aG5 . pSt la?jfdf k"mnaf6 
kmn x'Fb} gofF lap tof/ x'G5 . o;/L la?jfsf] hLjg rj|m lg/Gt/ rln/x]sf] x'G5 . af]6la?jfnfO{ 
j[l4 ljsf; tyf hLjg rj|m k"/f ug{sf nflu rflxg] ;a} tŒj cfjZos tŒj x'g\ . la?jfx¿n] 
hLjg k|lj|mofsf nflu rflxg] tŒjx¿ df6f]af6 k|fKt u5{ . 

la?jfsf nflu cfjZos 17 tŒj

sfa{g -C_, xfO8«f]hg -H_, clS;hg -O_, gfO6«f]hg -N_, km:kmf]/; -P_, kf]6fl;od -K_, ;Nkm/ 
-S_, SoflN;od -Ca_, DofUg]l;od -Mg_, af]/f]g -B_, Snf]l/g -Cl_ , sk/ -Cu_, kmnfd -Fe_, 
DofGulgh -Mn_, df]lnA8]gd -Mo_, lgs]n -Ni_, / h:tf -Zn_ 

la?jfnfO{ cfjZos kf]ifs tŒjnfO{ k|d'v kf]ifs tŒj / ;xfos kf]ifs tŒj u/L b'O{ ;d"xdf 
ljefhg ul/G5 M

-c_ k|d'v kf]ifs tŒjx¿ -primary nutrients_ M 

 la?jfnfO{ w]/} dfqfdf rflxg] gfO6«f]hg -N_, km:kmf]/; -P_ / kf]6fl;od -K_ k|d'v  
 kf]ifs tŒjx¿ x'g\ . af]6 la?jfsf] /fd|f] j[l4 ljsf;sf nflu df6fdf oL tŒjsf]  
 Joj:yfkg cTofjZos x'G5 . 

-cf_ ;xfos kf]ifs tŒj -secondary nutrients_ M

la?jfnfO{ k|d'v kf]ifs tŒjeGbf sd dfqfdf cfjZos x'g] tŒj ;xfos tŒj x'g\ . 
SoflN;od, DofUg]l;od, ;Nkm/, af]/f]g, kmnfd, lhª\s, cflb ;xfos kf]ifs tŒj x'g\ . 
df6fdf logsf] cfefjn] af]6la?jfsf] j[l4 ljsf;df tyf ltgsf] pTkfbg 36\5 .

df6fdf cjZos kf]ifs tŒj k|fs[lts ¿kdf k|fª\ufl/s kbfy{ s'lxP/ lgdf{0f eO/x]sf 
x'G5g\ . v]taf/Lx¿df lg/Gt/ v]tL ubf{ x'g] kf]ifs tŒjsf] cefj k"lt{sf nflu dnsf 
¿kdf tL tŒjo'St /f;folgs kbfy{ df6fdf /fVg'kg]{ x'G5 .

dn (fertilizer)

la?jfx¿n] cfkm"nfO{ rflxg] kf}li6s tŒj df6faf6 lng] u5{g\ . la?jfnfO{ cfjZos kf]ifs tŒj 
k'¥ofpg] of}lusnfO{ dn elgG5 . s[lqd ¿kdf df6fdf la?jfsf nflu cfjZos tŒjsf] cefj 
k"/f ug{ dnx¿ k|of]u ul/G5 . dnsf] k|of]u u/L df6fsf] pj{/fzlSt a9fpg ;lsG5 . dnn] 
af]6la?jfsf] j[l4 tyf ljsf; u5{ / /f]uaf6 ;'/Iff k|bfg u5{ . 

dnsf lsl;d -Types of fertilizers_

dnx¿ k|fª\ufl/s / ck|fª\ufl/s u/L b'O{ lsl;dsf x'G5g\ M 

-c_  k|fª\ufl/s dn (Organic fertilizer)

hLjx¿af6 pT;h{g x'g] dnd"q tyf d[t z/L/sf efux¿ s'xfP/ agfOPsf] dnnfO{ 
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k|fª\ufl/s dn elgG5 . o;cGtu{t sDkf]:6 dn, xl/of] dn, v/fgL, lkgfsf] w'nf], x8\8Lsf] 
w'nf] dn k5{g\ .

sDkf]:6 M hgfj/n] pT;h{g u/]sf] dnd"q, ?v, la?jfsf kft kltª\u/, d/]sf hgfj/sf] 
l;gf], k/fn, 3fF;kft, ;f]t/ cflb j:t' s'lxP/ ag]sf] dnnfO{ k|fª\ufl/s dn elgG5 . uf]a/ 
dn klg Ps lsl;dsf] k|fª\ufl/s dn g} xf]] . 

xl/of] dn M k|d'v afnL nufpg'cufl8 
v]taf/Ldf l56f] s'lxg] la?jfx¿ x'sf{pg] 
ul/G5 . o:tf la?jf df6fdf k'/]/ s'xfpFbf 
dn aG5 . bnxg afnLsf af]6nfO{ hldgdf 
s'xfP/ dn agfpFbf df6fdf la?jfsf nflu 
cfjZos gfO6]«6sf] dfqf pknAw x'G5 . o;sf 
;fy} slkto la?jfsf efu klg v]taf/Ldf 
s'xfP/ dn agfOG5 . o;/L xl/of] la?jfnfO{ 
l;w} v]taf/Ldf s'xfP/ agfOg] dnnfO{ xl/of] 
dn elgG5 . pbfx/0fsf ¿kdf kftL, c;'/f], 
lv/f]{, ufFhf, cflb xl/of] dnsf nflu v]tdf nfufOg] la?jf x'g\ .

 k|fª\ufl/s dnsf kmfObfx¿ (Advantages of organic fertilizers) 

k|fª\ufl/s dnn] df6fsf] pj{/fzlSt a9fpF5 . o;sf] k|of]un] df6f]sf] kfgL ;~ro ug]{ 
Ifdtf a9fpF5 . of] dn k|of]u ubf{ bL3{sfn;Dd klg df6f]df s'g} gsf/fTds c;/ kb}{g .  
o;n] jftfj/0fLo k|b"if0fnfO{ lgoGq0f u5{ . k|fª\ufl/s dnsf] k|of]un] t/sf/L / kmnk"mnnfO{ 
:jflbnf], kf]l;nf] / :jf:Yojw{s agfpF5 . o:tf] dndf plAhPsf t/sf/L / kmnk"mn vfFbf 
dfgj :j:Yodf s'g} gsf/fTds c;/ kb}{g .

-cf_ ck|fª\ufl/s dn (Inorganic fertilizer)

df6fdf la?jfnfO{ rflxg] kf]ifs tŒj kof{Kt gePdf o;sf] pj{/fzlSt x|f; x'G5 . 
o;sf nflu kf]ifs tŒjo'St /f;fogx¿ df6fdf /flvG5 . df6fdf ld;fpFbf la?jfsf 
nflu cfjZos gfO6«f]hg -N_, km:kmf]/; -P_, kf]6fl;od -K_ cflb lbg] ck|fª\ufl/s 
kbfy{x¿nfO{ ck|fª\ufl/s dn elgG5 . oL dn vlghsf] /f;folgs k|ltlj|mofaf6 lgdf{0f 
ul/G5g\ . pbfx/0fsf ¿kdf Pdf]lgof -NH3_ / sfa{g 8fOcS;fO8 -CO2_ lar /f;folgs 
k|ltlj|mof u/fO{ o'l/of [CO(NH2)2] tof/ kfg{ ;lsG5 . ck|fª\uf/Ls dnnfO{ /f;folgs dn 
(chemical fertilizers) klg elgG5 . 

/f;folgs dn kfgLdf ;lhn} 3'Ng] ePsfn] logsf] k|of]usf] c;/ la?jfdf rfF8} cjnf]sg 
ug{ ;lsG5 . logdf lglZrt kf]ifs tŒjsf] dfqf al9/x]sf] x'G5 . la?jfnfO{ cfjZos k|d'v 
kf]ifs tŒjsf cfwf/df /f;folgs dnnfO{ gfO6«f]hgo'St, km:kmf]/;o'St / kf]6fl;odo'St 
u/L tLg lsl;dn] juL{s/0f ug{ ;lsG5 .

lrq 19.1 xl/of] dnsf nfuL ul/g] 9}“rf v]tL
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gfO6«f]hgo'St dn (Nitrogenous fertilizer)

la?jfsf nflu cfjZos gfO6«f]hgsf ;|ftsf] ¿kdf k|of]u ul/g] ck|fª\ufl/s of}lus -nj0fx¿_ 
gfO6«f]go'St dn x'g\ . Pdf]lgod ;Nkm]6  
[(NH4)2SO4], Pdf]lgod gfO6«]6 [NH4NO3] 
/ o'l/of [CO(NH2)2] gfO6«f]hgo'St 
/f;folgs dnsf pbfx/0f x'g\ .

gfO6«f]hgo'St dnsf] dxŒj (Importance 
of nitrogen fertilizer)

gfO6«f]hgn] la?jfsf] tLj| j[l4 ljsf;sf 
;fy} pTkfbg j[l4df ;xof]u u5{ . o;n] 
la?jfsf] xl/ts0f ;+Zn]if0f, k|f]l6g / 
k|f]6f]KnfHd lgdf{0fdf a9fjf lbG5 .

la?jfdf gfO6«f]hg sdLsf c;/ (Effects of deficiency of nitrogen in plants) 

gfO6«f]hgsf] sdLn] la?jfsf] j[l4 ljsf;sf ;fy} pTkfbgdf sdL NofpF5 . la?jfsf kftx¿ 
kx]Fnf x'g'sf ;fy} km"n, kmn / lapsf] cfsf/ ;fgf] x'G5 .

km:kmf]/;o'St dn (Phosphatic fertilizers)

la?jfsf nflu cfjZos km:kmf]/;sf ;|f]tsf ¿kdf 
k|of]u ul/g] ck|fª\ufl/s of}lusx¿ -nj0fx¿_ km:kmf]/;o'St dn 
x'g\ . Pdf]lgod kmf]:km]6 [(NH4)3PO4], SoflN;od ;'k/ kmf]:k]m6  
[Ca(H2PO4)2CaSO4], l6«kn ;'k/ kmf]:km]6  [3Ca(H2PO4)2], / 
Pdf]lgod d]6f kmf]:k]m6 [NH4(H2PO4)] km:kmf]/;o'St /f;folgs 
dnsf pbfx/0f x'g\ . 

km:kmf]/;o'St dnsf] dxŒj (importance of phosphatic fertilizer)

kmf]:kmf]/;n] la?jfsf h/fx¿sf] lgdf{0f / ljsf;df ;xof]u ub{5 . o;n] afnLgfnL / lapdf 
l56f] kl/kSjtf NofP/ bfgfx¿ k'i6 agfpF5 .  o;n] la?jfnfO{ /f]uaf6 arfpg ;xof]u u5{ . 

la?jfdf km:kmf]/;sf] sdLaf6 x'g] sdLsf c;/ (Effects of deficiency of phosphorus in 
plants) 

km:kmf]/;sf] sdLn] la?jfsf h/fx¿ /fd|/L ljsf; x'g kfpFb}gg\ . o;sf] sdLn] la?jfsf] sf]if 
ljefhgdf dGbtf cfpF5 / la?jfx¿ b'Anf / kftnf b]lvG5g\ . km:kmf]/;sf] sdLn] afnLgfnL 
/ lapdf l9nf] kl/kSjtf cfpF5 eg] bfgfx¿ rfpl/Psf x'G5g\ . o;sf] sdL eO/xFbf la?jfdf 
/f]u k|lt/f]wfTds Ifdtfdf 36\b} hfG5 . 

lrq 19.2 o'l/of dn

lrq 19.3 l6«kn ;'k/ km:k]m6 dn
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kf]6fl;odo'St dn (Potassium fertilizer)

la?jfsf nflu cfjZos kf]6fl;odsf] ;|f]tsf 
¿kdf k|of]u ul/g] ck|fª\ufl/s of}lus -nj0fx¿_ 
kf]6fl;odo'St dn x'g\ . kf]6fl;od Snf]/fO8 [KCl], 
kf]6fl;od ;Nkm]6 [K2SO4], kf]6fl;od gfO6]«6 [KNO3] 
/ kf]6fl;od sfaf]{g]6 [K2CO3] kf]6fl;odo'St dnsf 
pbfx/0f x'g\ . 

kf]6fl;odo'St dnsf] dxŒj (Importance of potassium fertilizer)

v/fgLdf klg kf]6fl;od kfOG5 . kf]6fl;odn] la?jfsf] sf08 / h/fx¿nfO{ alnof] agfpF5 
/ /f]u;Fu n8\g;Sg] Ifdtf a9fpF5 . o;n] la?jfdf km"nsf] j[l4 ljsf; ug{ ;xof]u u5{ . 
kf]6fl;odn] la?jfdf k|f]l6g, :6fr{nufot cGo j:t'sf] lgdf{0fdf klg ;xof]u u5{ . 

la?jfdf kf]6fl;od sdLsf c;/  (Effects of deficiency of potassium in plants)

kf]6fl;odsf] sdLn] la?jfdf k|f]l6g, :6fr{nufot cGo j:t'sf] lgdf{0fdf sdL cfpg'sf ;fy} 
sf]if ljefhgdf klg sdL cfpF5 . h;n] ubf{ la?jfsf] j[l4 ljsf; sdhf]/ x'Fb} hfG5 .  o;sf] 
sdLn] la?jfsf kft ;fgf x'G5g\ / l56f] em5{g\ . kf]6fl;odsf] sdLn] ubf{ ;fgf la?jfx¿ ;'Sg] 
jf dg]{ ;Defjgf w]/} x'G5 .

lj|mofsnfk 19.1

tkfO{“sf] j/k/ /x]sf] v]taf/Ldf /fd|f];“u x's{g g;s]sf la?jfsf nIf0f cWoog  
ug'{xf];\ . tL nIf0fx¿ gfO6«f]hg, km:kmf]/; jf kf]6fl;oddWo] s'gsf] sdLn] ubf{ b]vf k/]sf xf]nfg\, 
5'6\ofpg'xf];\ . 

/f;folgs dnsf kmfObfx¿ (Advantages of chemical fertilizers)

-s_  /f;folgs dndf af]6la?jfx¿sf nflu rflxg] ljz]if k|sf/sf kf]ifs tŒj x'G5g\ . o;n]  
 ubf{ /f;folgs dnn] df6fsf] pj{/fzlSt a9fpg] sfd u5{ .

-v_  /f;folgs dn ;lhn};Fu kfgLdf 3'ngzLn x'G5g\ . To;sf/0fn] af]6la?jfn] cfkm"nfO{  
 cfjZos kg]{ kf]ifs tŒj df6faf6 ;lhn} ;f];]/ lnG5g\ .

-u_  /f;folgs dnx¿nfO{ hDdf ug{, Ps 7fpFaf6 csf]{ 7fpFdf n}hfg / k|of]u ug{ ;lhnf] x'G5 . 

lj|mofsnfk 19.2

ljleGg k|sf/sf /f;folgs dnx¿ ;ª\sng u/L ltgsf] kfgLdf 3'ngzLntf cjnf]sg ug'{xf];\ .

/f;folgs dnsf a]kmfObf (Disadvantages of chemical fertilizers) 

/f;folgs dn pkof]uL eP tfklg o;sf] cTolws k|of]usf y'k|} a]kmfObf 5g\ . o;sf s]xL 

lrq 19.4 kf]6fl;od Snf]/fO8 dn
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a]kmfObf lgDgfg';f/ 5g\ M

-s_  /f;folgs dnx¿ g;8\g] ePsfn] jftfj/0fnfO{ k|b"lift agfpF5g\ .

-v_  /f;folgs dnx¿n] df6fsf] cDnLokg jf Iff/Lokg a9fpg] sfd u5{g\ .

-u_  df6fdf /f;folgs dnx¿ k|of]u ug{ yfn]kl5 lgoldt ug'{kg]{ x'G5 . cGoyf df6f] ?vf] x'Fb}  
 hfG5 / pAhfp lgs} 36\5 .

-3_  /f;folgs dnsf] k|of]un] t/sf/L tyf kmnk"mnsf] kf]l;nf] / :jflbnf]kg 36]/ hfG5 .

kl/of]hgf sfo{ 

la?jfdf kf]ifs tŒjsf] sdLn] b]lvg] nIf0fsf] cWoog ug'{xf];\ . s]xL gd'gfsf] kmf]6f] ;ª\sng 
ug'{xf];\ / tnsf] tflnsfdf lbOPcg';f/sf] k|ltj]bg tof/ u/L sIffdf k|:t't ug'{xf];\ M

kf]ifs tŒj kf]ifs tŒj k|fKt 
x'g] dn

df6fdf x'g] sdLsf] 

nIf0f ;ª\slnt gd'gfsf] lrq 6f“:g'xf];\ 

gfO6«f]hg Pdf]lgod ;Nkm]6, 
Pdf]lgod gfO6«]6, 
o'l/of 

kftx¿ kx]Fnf , km"n, 
kmn / lapsf] cfsf/ 
;fgf]

km:kmf]/; ================== ============= ===============

kf]6fl;od ================= ============ =================

sL6gfzs ljiffbL (Insecticides) 

ljleGg xflgsf/s ls/fn]] afnLgfnL pTkfbg 36fpF5 . o:tf xflgsf/s ls/fx¿ dfg{ jf 
lgoGq0f ug{ ljleGg k|sf/sf sL6gfzs /f;fogx¿sf] k|of]u ul/G5 . xfd|f] afnLgfnLsf nflu 
xflgsf/s ls/f lgoGq0f ug{ / dfg{ k|of]u x'g] /f;folgs of}lusx¿ sL6gfzs ljiffbL x'g\ . 
sL6gfzs ljiffbLx¿nfO{ w'nfsf ¿kdf 5s{g] jf t/nsf ¿kdf 5g]{ ul/G5 . pbfx/0fsf ¿kdf 
dfnflyg sL6gfzs ljiffbLsf] k|of]un] t/sf/L afnL, kmnk"mn, cflbdf cfj|md0f ug]{ ls/f gi6 
ug{ ;lsG5 . 

lj|mofsnfk 19.3

tkfO{“sf] j/k/sf] v]taf/L jf au}“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 / 5nkmn ug'{xf];\ .

 -s_  sL6gfzs cf}ifwLsf] 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 cf}ifwLsf] k|of]usf gsf/fTds c;/ klg 5g\ <
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sL6gfifs ljiffbLsf k|sf/ (Types of insecticides)

ljiffbLx¿nfO{ h}ljs ljiffbL -bioinsecticides_ / /f;folgs ljiffbL -chemical insecticides_ 
u/L b'O{ lsl;dn] juL{s/0f ul/Psf] 5 .

-s_ h}ljs ljiffbL (Bio-insecticides) 

:yfgLo ¿kdf kfOg] ls/fx¿n] dg gk/fpg] af]6la?jfsf efu ;ª\sng u/L h}ljs ljiffbL 
agfpg ;lsG5 . emf]ndf]n Ps h}ljs ljiffbLsf] pbfx/0f xf] . u|fdL0f e]usf ls;fgx¿n] 
af/Ldf 5g]{ u/]sf] v/fgL klg h}ljs ljiffbLsf] k|of]usf] Ps pbfx/0f xf] . u|fdL0f e]udf 
cfn' /f]Kg'cufl8 c;'/f] /fVg], cGg e08f/gdf lgdsf] kft /fVg], p8'; dfg{sf nflu 
ltt]kftL / lgdsf] emf]n k|of]u ug]{ h}ljs ljiffbLsf] k|of]usf pbfx/0f x'g\ .

ljleGg k|sf/sf /f;folgs ljiffbLsf] cg'lrt k|of]un] ef}lts Pjd\ h}ljs jftfj/0fnfO{ 
k|b"lift u/fpF5 . ltgsf] k|of]usf] ;6\6f h}ljs ljiffbLsf] k|of]u ug{ ;lsG5 . h}ljs 
ljiffbLn] af]6la?jfdf nfUg] ls/fnfO{ eufpg tyf /f]uaf6 hf]ufpg dbt u5{ . o;sf] 
k|of]un] df6f] tyf cGo hLjnfO{ c;/ ub}{g . o;n] dfgj :jf:Yodf klg c;/ kfb}{g . 

lj|mofsnfk 19.4

 :yfgLo ¿kdf h}ljs cf}ifwL s;/L agfpg ;lsG5 <

-c_ :yfgLo ¿kdf kfOg] l;:gf], lgd, l6d'/, asfOgf], c;'/f], wt'/f], s]t'sL, ltt]kftL, 
t'n;L, afa/L, cb'jf, n;'g, Kofh, cflbsf kft, ;'Gtnfsf] af]j|mf h:tf uGw cfpg] 
la?jfsf efunfO{ 6'j|mf kf/]/ ld;fpg'xf];\ .

-cf_ 6'j|mf kf/]/ ld;fPsf] kbfy{sf] lk08sf] nueu cfwf hlt lk08 x'g] u/L uf}d"q / s]xL 
dfqfdf ufO{sf] uf]a/ ld;fpg'xf];\ . pSt ld>0fnfO{ 15 lbg ;Dd xfjf gl5g]{ u/L 
9fs]/ /fVg'xf];\ . ld>0fnfO{ rfF8f] rfF8f] s'xfpgsf nflu hLjf0f' tyf 9';L -lo:6_ 
ePsf] emf]n /fVg ;lsG5 .

-O_ o;/L tof/ kfl/g] ljiffbLsf] Ps efu;Fu tLgb]lv kfFr efu;Dd kfgL ld;fP/ 
afnLdf 5g{ ;lsG5 . 

-v_  /f;folgs ljiffbL (Chemical insecticides)

/f;folgs ljiffbLx¿ cf}wf]lus ¿kdf ljleGg /;fogx¿af6 tof/ kfl/g] of}lus 
x'g\ . pbfx/0fsf ¿kdf DDT (Dichloro diphenyl trichloroethane), BHC (Benzene hexa 
chloride), d]yf]lS; Snf]/fO8 (methoxy chloride), PlN8«g (aldrin), 8folN8«g (dialdrin) 
cflb /f;folgs sL6gfzs ljiffbL x'g\ . 
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 sL6gfzs ljiffbLsf kmfObf (Advantages of insecticides)

sL6gf;s laiffbLn] afnLdf nfUg] ls/fx¿nfO{ gi6 u/L afnLsf] pTkfbg a9fpF5 . logn] 
afnLgfnLsf] /Iff u/]tf klg jftfj/0fdf y'k|} gsf/fTds c;/ l;h{gf u5{g\ . /f;folgs 
sL6gfzs ljiffbLsf] k|of]u ls;fgsf] OR5f xf]Og afWotf xf] . o:tf /f;olgs kbfYf{ Ps 
k|sf/sf ljif x'g\ . lognfO{ ;'/lIft ¿kdf e08f/g ug'{k5{ .

 /f;folgs ljiffbLsf a]kmfObf -Disadvantages of insecticides)

sL6gfzs ljiffbLsf cjz]ifx¿ dfgj z/L/df k|j]z ubf{ :jf:Yodf k|ToIf c;/ 
k5{ . pbfx/0fsf nflu  DDT (Dichloro diphenyl trichloroethane) kfp8/sf] k|of]un] 
Zjf;k|Zjf;;DaGwL /f]ux¿ lgDTofpF5 . /f;folgs ljiffbLsf] ;Dks{df cfpFbf :gfo'k|0ffnL, 
u|lGyk|0ffnLdf cflbdf c;/ k5{ . /f;folgs sL6gfzs ljiffbLsf] k|of]un] xfjf, kfgL 
/ hldg k|b"if0f x'G5 . ljiffbLsf] k|of]un] kfl/l:ylts k4ltdf c;/ k5{ . /f;folgs 
sL6gfzs ljiffbLn] xflgsf/s ls/f dfq geP/ pkof]uL ls/f klg dfg]{ u5{g\ . pbfx/0fsf 
nflu DDT kfp8/ ldl;Fbf xfjf / kfgL k|b"if0f x'G5 . k|b"lift kfgLdf hnLo hLjx¿ afFRg 
;Sb}gg\ eg] afFr]sf hLjx¿df k|hgg Ifdtf 36\b} hfG5 . r/f tyf df5fx¿sf] j[l4 / 
k|hgg Ifdtfdf sdL cfpF5 .

 /f;folgs ljiffbL k|of]u ubf{ ckgfpg'kg]{ ;fjwfgL

sL6gfzs ljiffbLsf] k|of]uk"j{ o;sf] k|of]u ljlwaf/] /fd|f];Fu cWoog ug{k5{ . ljiffbL 5g]{ 
JolStn] ;'/Iffsf nflu pko'St kf];fs nufpg'k5{ . ljiffbLnfO{ d'VotM cfFvf / d'vsf] 
;Dks{df cfpg lbg'x'Fb}g . afnLgfnLdf sL6fgzs ljiffbL 5bf{ xfjfsf] lbzflt/ 5g'{k5{ . 
ljiffbL 5bf{ afFsL /x]sf] dfqfsf] ;'/lIft e08f/g jf Joj:yfkg ug'{k5{ . ljiffbL 5g{ k|of]u 
ePsf pks/0fx¿nfO{ kfgLsf] d'xfgglhs ;kmf ug'{x'Fb}g . 

df6fsf] u'0f:t/ ;+/If0f (Conservation of soil quality)

v]tLaf6 pAhgL k|fKt ug{ df6fsf] lg/Gt/ u''0f:t/ sfod /fVg'k5{ . pAhgL a9fpg cTolws 
¿kdf k|of]u u/L /f;folgs kbfy{x¿n] o;sf] u'0f:t/ laufg]{ ;Defjgf x'G5 . df6fsf] u'0f:t/ 
;+/If0f ug{ b]xfPsf pkfox¿ cjnDag ug{ ;lsG5 M 

-s_  df6fsf] u'0f:t/ k/LIf0f ug]{ M a]nfa]nfdf df6fsf] u'0f:t/ k/LIf0f ugf{n] df6f]nfO{ s'g 
kf]ifs tŒj cfjZos 5 eGg] s'/f yfxf kfpg ;lsG5 . o;sf ;fy} df6f]sf] agf]6cg';f/ 
s'g k|sf/sf] v]tL pko'St x'G5 eGg] s'/f klg df6f] k/LIf0faf6 yfxf kfpg ;lsG5 .

-v_ pko'St v]tL k|ljlwsf] k|of]u M df6f]sf] u'0f:t/ sfod /fVg rj|mLo v]tL, ldl>t v]tL, s[lif 
r'gsf] k|of]u, k|fª\ufl/s dnsf] w]/} k|of]u, /f;folgs dnsf] sd k|of]u, pko'St l;FrfO 
k|ljlwsf] k|of]u cflb sfo{ ug{ ;lsG5 . 

-u_ hldgsf] plrt k|of]u ug]{ M v]taf/L afFemf] /fVbf j|mdzM o;sf] pa{/fzlSt x|f; x'Fb} hfG5 . 
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kft kltª\u/ 89fpgfn] df6f]df x'g] pkof]uL ;"IdhLjx¿ gi6 x'G5g\ . le/fnf] hldgdf 
u/f gagfO{ v]tL ubf{ df6fdf ePsf] dn aufP/ n}hfG5 . To;}n] df6fsf] u'0f:t/ sfod 
/fVg v]taf/L afFemf] g/fVg], v]taf/Ldf kft kltª\u/ g89fpg], le/fnf] hldgdf u/f 
agfP/ v]tL ug]{nufotsf sfo{ ug'{k5{ .  

cEof;

!= ;xL pQ/ 5fGg'xf];\ M

 -s_  tn lbOPsf dWo] s'g 3/fo;L kbfy{sf] k|of]un] df6fdf x'g] km:kmf]/;sf] sdL k"/f ug{  
  ;lsG5 <

  -c_ v/fgL    -cf_ x8\8Lsf] w'nf]

  -O_ s]/fsf] af]j|mf   -O{_ sf];]afnL

 -v_ lrqdf s'g} Ps hldgdf x'ls{Fb} u/]sf] ds}sf] la?jf b]vfOPsf] 5 .  
  pSt hldgsf] df6fdf s'g kf]ifs tŒjsf] cfefj /x]sf] xf]nf <  

  -c_ gfO6«f]hg   -cf_ km:kmf]/;

  -O_ kf]6fl;od   -O{_ SoflN;od

 -u_ tnsf] lrqdf ljleGg :yfgsf] hldgdf x'ls{Psf la?jfsf kftx¿ b]vfOsf 5g\ .  
  s'g kftn] pSt la?jf x'ls{Psf] hldgsf] df6fdf kf]6fl;odsf] sdL ePsf]  
  ;ª\s]t u5{ <

A B C D

  -c_ D    -cf_ A

  -O_ C    -O{_ B

 -3_  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
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  -O_ 8folN8«g, l8l86L, d]yf]lS; Snf]/fO8   

  -O{_  kf]6fl;od Snf]/fO8, PlN8«g, dfnflyg

@= km/s 5'6\ofpg'xf];\ M

 -s_ /f;folgs dn / h}ljs dn

 -v_ /f;folgs sL6gfzs ljiffbL / h}ljs sL6gfzs ljiffbL

#= sf/0f n]Vg'xf];\ M

 -s_ h}ljs dnsf] k|of]u jftfj/0fd}qL x'G5 .

 -v_ DDT kfp8/sf] k|of]un] kfl/l:ylts k4ltdf c;Gt'ng NofpF5 .

$= tnsf k|Zgsf] pQ/ n]Vg'xf];\ M

 -s_  Pglks] -NPK_ dn eg]sf] s] xf] < o;sf] dxŒj n]Vg'xf];\ .

 -v_ gfO6«f]hg, km:kmf]/; / kf]6fl;odo'St dnsf b'O{ b'O{cf]6f pbfx/0f n]Vg'xf];\ . 

 -u_  lrqdf b]vfOPsf la?jf Pp6} lsl;dsf lapaf6  
/f]lkPsf la?jf x'g\ . t'ngfTds ¿kn] b'j} la?jfsf]  
ljsf; cj:yf cjnf]sg u/L tL larsf] leGgtfsf] sf/0f  
tyf ;d:of ;dfwfgsf pkfo ;'emfpg'xf];\ .

 -3_ Ps hgf ls;fg pTkfbg a9fpgsf nflu /f;folgs dnsf] k|of]u ug]{ ls gug]{ egL 
b'ljwfdf 5g\ . tkfO{Fn] pgnfO{ s] s:tf ;'emfj lbg'x'G5 < 

 -ª_  /f;folgs dn k|of]u ug{ grfxg] s[ifssf nflu /f;folgs dnsf] ljsNk s]  
x'g ;S5 < pSt dnsf kmfObf pNn]v ug'{xf];\ .

 -r_  /f;folgs sL6gfzs ljiffbL s] xf] < o;sf b'O{cf]6f pbfx/0f n]Vg'xf];\ . 

 -5_  h}ljs ls6gfzs ljiffbL s] xf] < o;sf b'O{cf]6f pbfx/0f n]Vg'xf];\ .

 -h_ …/f;folgs sL6gfzs ljiffbLsf] k|of]unfO{ h}ljs sL6gfzs ljiffbLsf]  
k|of]un] lj:yfkg ul/g'k5{ .Ú o; egfOnfO{ b'O{cf]6f sf/0f;lxt k'li6 ug'{xf];\ .

 -em_ /f;folgs dn tyf sL6gfzs ljiffbLsf] k|of]usf] dxŒj n]Vg'xf];\ .

 -`_ cfhef]ln s]xL :yfgx¿df Jofkfl/s ¿kn] kmfObfsf nflu t/sf/L v]tLdf x'g] u/]sf]  
cTolws /f;folgs dn tyf /f;folgs sL6gfzs ljiffbLsf] k|of]un] dfgj :jf:Yodf 
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gsf/fTds c;/ kf/]sf] 5 . o;;DaGwL r]tgf k}mnfpg s'g} b'O{cf]6f gf/f -slogan_ 
n]Vg'xf];\ .

 -6_ /f;folgs sL6gfzs ljiffbLsf] cTolws k|of]un] kg]{ b'O{cf]6f c;/ pbfx/0f;lxt  
 n]Vg'xf];\ . 

 -7_ tkfO{Fsf] jl/kl/ k|of]u ul/g] /f;folgs dn tyf /f;folgs sL6gfzs ljiffbLsf  
ljsNksf b'O{ b'O{cf]6f pbfx/0f n]Vg'xf];\ .


