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PsfO

1 gfk
(Measurement)

tkfO{Fx¿n] k;ndf uP/ slxNo} b}lgs pkef]Uo ;fdfgx¿ rfdn, bfn, b'w, t]n, sk8f lsGg'ePsf] 

5 < s] k;n]n] dfkg gu/L tL ;fdfgx¿ tkfO{FnfO{ rflxP hlt lbg ;S5g\ t < rfdn, bfn h:tf 

j:t'x¿ 9s t/fh'sf] k|of]u u/L lsnf]u|fd (kg) PsfOdf gfk]/ lbG5g\ . To:t} t]n ln6/ (l) df, 
sk8f ld6/ (m) df dfkg u/L rflxP hlt dfqfdf pknAw u/fpF5g\ . 

k|To]s ljBfnodf b}lgs sIff ;~rfng tflnsfcg';f/ tf]lsPsf] cjlw (40 min/45 min) kl5 dfq 
306L aH5 . To;}u/L e"sDksf] sDkg /]S6/ :s]n (richter scale) df gflkG5 . dflysf ljleGg 

kl/df0fx¿ dfkg ug{ k|of]u ul/Psf lsnf]u|fd (kg), ln6/ (l), ld6/ (m), ldg]6 (min), /]S6/ 
:s]n (richter scale) cflb ;a} ef}lts kl/df0fsf PsfOx¿ x'g\ . PsfOnfO{ lgDgfg';f/ kl/eflift 

ug{ ;lsG5 M

s'g} klg ef}lts kl/df0f gfKgsf] nflu agfOPsf] :6fG88{ kl/df0f (standard quantity) 
nfO{ PsfO (unit) elgG5 .

PsfOsf k|sf/x¿ (Types of units)

ef}lts kl/df0fsf] PsfOx¿nfO{ b'O{ efudf ljefhg ul/Psf] 5 M

1. cfwf/e"t PsfO (fundamental unit) 2. tThGo PsfO (derived unit)

cfwf/e"t PsfO (Fundamental unit)

lk08sf] PsfO lsnf]u|fd (kilogram) xf] . ;dosf] PsfO ;]s]G8 (second) xf] . nDafOsf] PsfO 

ld6/ (meter) xf] . ;do, lk08, nDafO cflb ef}lts kl/df0fx¿sf] cfk\mg} cl:tTj 5 . logsf 

PsfOx¿ Ps csf{df e/ kb}{gg\ / c¿ s'g} gfksf PsfOn] lognfO{ c;/ ub}{g . o:tf PsfOx¿nfO{ 

cfwf/e"t PsfO elgG5 . ;ª\If]kdf cfwf/e"t PsfOnfO{ lgDgfg';f/ kl/eflift ug{ ;lsG5 M

cfkm\g} :jtGq cl:tTj ePsf / c¿ gfksf PsfOdf e/ gkg]{ PsfOx¿nfO{ cfwf/e"t PsfO 

(Fundamental Unit) elgG5 .
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cfwf/e"t PsfOsf pbfx/0fx¿ tnsf] tflnsfaf6 cWoog u/f}F M

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

1. nDafO (length) ld6/ (meter) m

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

3. ;do (time) ;]s]G8 (second) s

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

5. k|sfzsf] tLj|tf (luminous intensity) SofG8]nf (candela) cd

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

7. kbfy{sf] kl/df0f (amount of substance) df]n (mole) mol

lrq g+= 1.1 :  lk08 gfKg] t/fh' / 9sx¿

lk08 gfKgsf nflu ef}lts t/fh', ;do gfKgsf] nflu 38L, nDafO gfKgsf nflu ld6/ :s]n, 

tfkj|md gfKgsf nflu ydf]{ld6/, s/]G6 gfKgsf nflu Pld6/ h:tf pks/0fx¿ k|of]u ul/G5 . o:tf 

pks/0fx¿ k|of]u u/L cfwf/e"t PsfOdf dfkg ug{ ;lsG5 .

tThGo PsfO (Derived Unit)

3gTjsf] PsfO lsu|f÷ld3 (kg/m3) xf] . o;df b'O{ cf]6f cfwf/e"t PsfOx¿ lsnf]u|fd (kg) / 
ld6/ (m) ;dfj]z 5g\ . o;/L g} ansf] PsfO Go'6g (N) cyjf kgms-2 xf], h;df lsnf]u|fd 

(kg), ld6/ (m) / ;]s]]G8 (s) u/L 3 k|sf/sf cfwf/e"t PsfO ;dfj]z 5g\ . oxfF lbOPsf 3gTj 

/ ansf PsfO b'O{ jf b'O{eGbf a9L cfwf/e"t PsfOx¿sf] ;+of]hgaf6 lgdf{0f ePsf 5g\ . 

logLx¿ k"0f{ ¿kdf cfwf/e"t PsfOdf lge{/ 5g\ . o:tf PsfOx¿nfO{ g} tThGo PsfO (derived 
unit) elgG5 . tThGo PsfOnfO{ xfdL lgDgfg';f/ kl/eflift ug{ ;S5f}F M

;+nUg cfwf/e"t PsfOx¿df e/ kg]{, b'O{ jf b'O{eGbf a9L cfwf/e"t PsfOx¿ ldn]/ ag]sf 

PsfOnfO{ tThGo PsfO (derived unit) elgG5 .
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lj1fg ljifosf] cWoogdf k|z:t} tThGo PsfOx¿ k|of]udf cfpF5g\ . s]xL dxŒjk"0f{ ef}lts 

kl/df0f / ltgsf tThGo PsfOx¿ tnsf] tflnsfaf6 cWoog u/f}F M

s]xL ef}lts kl/df0f, o;sf tThGo PsfO / ;ª\s]tx¿

kl/df0f 
(Quantity)

;"q (Formula) tTthGo PsfO 
(Derived Unit)

;+nUg 

cfwf/e"t 

PsfO 
(Fundamental 

Units involved)

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

cfotg
(volume)

nDafO(l)  rf}8fO(b)  prfO(h) meter  meter  
meter

m3

3gTj
(density)

lk08 (mass)
cfotg (volume)

kilogram
meter3

kg/m3

ult
(velocity)

:yfgfGt/0f (displacement)
;do (time)

meter
second

m/s

k|j]u
(acceleration)

ult (velocity) df kl/jt{g
;do (time)

meter
second  second

m/s2

an
(force)

lk08(mass)    k|j]u(acceleration) kilogram  meter
second  second

or, newton

kgm/s2 or N

rfk
(pressure)

an (force)
If]qkmn (area)

Newton/meter2 or 
pascal

Kg/ms2 or Pa

sfo{
(work)

an (force)  b'/L (distance) Newton  meter or 
Joule

Kgm2/s2 or J

;fdYo{
(power)

sfo{ (work)
;do (time)

Joule/ Second or 
watt

Kgm2/s  or W

dff]d]G6
(moment)

an (force)  nDa b'/L (distance) Newton x meter Kgm2/s2

cfj[lQ
(frequency)

1
second

      1
  second

s-1 or Hzor Hertz
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o;/L cfwf/e"t PsfOdf lge{/ /xg] / cfwf/e"t PsfOsf cfwf/df dfq j0f{g ug{ ;lsg] gfksf 

PsfOnfO{ tThGo PsfO elgG5 .

lj|mofsnfk 1

tkfO{Fsf] b}lgs hLjgdf ljleGg ef}lts kl/df0f 

gfKg k|of]u ePsf PsfOx¿ kQf nufpg'xf];\ . 

tL  PsfOx¿nfO{ cfwf/e"t / tThGo u/L b'O{ 

efudf juL{s/0f u/L tn lbP h:t} tflnsf agfO{ eg'{xf];\ .

d]/f] b}lgs hLjgdf k|of]u ePsf PsfOx¿

cfwf/e"t PsfOx¿ tThGo PsfOx¿

cfwf/e"t / tThGo PsfOlar km/s

cfwf/e"t PsfO tThGo PsfO

-s_ of] c¿ PsfOdf e/ kb}{g . -s_ of] cfwf/e"t PsfOdf e/ kb{5 .

-v_ cfh;Dd ;ft cf]6f dfq cfwf/e"t 

PsfOx¿ k|of]udf cfPsf 5g\ .

-v_ ;ft cf]6f cfwf/e"t PsfOaf6 w]/} tThGo 

PsfOx¿ lgdf{0f ug{ ;lsG5 .

-u_  o;sf pbfx/0fx¿ ls=u|f (kg), ld6/ 
(m), ;]s]G8 (s) cflb x'g\ .

-u_ o;sf pbfx/0fx¿ Go'6g (N), h'n (J), 
kf:sn (Pa), jf6 (W) cflb x'g\ .

s'g} klg ef}lts kl/df0fsf] gfk hgfpg cª\s;lxt PsfOsf] k|of]u ul/G5 . 

ef}lts kl/df0fsf] gfk = cª\s / PsfO

h:t}M  an = 10N, lk08 = 3 kg

P;= cfO{= k|0ffnL (SI System)

ljleGg b]zx¿df ef}lts kl/df0f gfKg] PsfOx¿df Ps¿ktf Nofpg ;g\ 1960 df k|mfG;sf] 

/fhwfgL k]l/;df ljZjel/sf j}1flgsx¿sf] e]nf cfof]hgf ePsf] lyof] . pSt e]nfn] ljZjJofkL 

¿kdf k|of]u ug]{ u/L ljleGg gfksf :6fG88{ PsfOx¿sf] lgwf{/0f u¥of] . ltg} PsfO k|of]u ul/g] 

gfksf] k|0ffnLnfO{ P;=cfO{= k|0ffnL (SI System) elgG5 . SI k|0ffnLcg';f/ k|of]udf NofOg] 

PsfOx¿nfO{ SI PsfO elgG5 . o;sf] k"0f{ ¿k System International de'units xf] .

tkfO{“nfO{ yfxf 5 <

;'g k;n]n] ;'gsf] kl/df0f gfKg tf]nf PsfO k|of]u 
u5{ . ce}m klg ufp“3/df wfg, rfdn, b'w cflb gfKg 
dfgf jf kfyL PsfO k|of]u ug]{ rng klg 5 .
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o; ;Dd]ngaf6 ljZjel/sf b]zx¿n] ckgfpg] 

gfk tf}n ;DaGwL Ps} lsl;dsf] SI unit 
lgwf{/0f u/L k|of]udf NofOof] . ;fy} ljleGg 

kl/df0fx¿nfO{ kl/eflift u/]/ To;}cg';f/sf] 

gd'gf ljZjsf ljleGg b]zx¿df k7fOof] . 

pSt gd'gfsf] cfwf/df ljZjsf] ;a} 7fpFdf 

ef}lts kl/df0fx¿sf] dfkg ul/G5 . t;y{ o; 

k|0ffnLn] ljZjsf ;Dk"0f{ b]zx¿sf] dfkgdf 

Ps¿ktf Nofpgdf dxŒjk"0f{ e"ldsf v]n]sf] 5 . dflysf] tflnsfdf plNnlvt ;a} cfwf/e"t tyf 

tThGo PsfOx¿ P;=cfO{= PsfO (SI units) g} x'g\ .

P;=cfO{= PsfOsf] cfjZostf lsg k¥of] xf]nf < Psl5g ljrf/ ug'{xf];\ t . 

tkfO{Fx¿nfO{ yfx} 5, g]kfndf ;'g tf]nf PsfOdf gflkG5 t/ ljZjsf cGo d'n'sdf ;'gnfO{ u|fd jf 

lsnf]u|fd PsfOdf gflkG5 . xfdLn] tLg tf]nf ;'g cd]l/sf k7fof}F eg] To;nfO{ k]ml/ ghf]vL slt 

lk08 eGg] s'/f cd]l/sLx¿nfO{ yfxf x'Fb}g . sltdf a]Rg] eGg] klg yfxf x'Fb}g . k'gM hf]v]kl5 eg] 

slt u|fd eof], To;}sf] cfwf/df lsga]r ug{ ;lsG5 . km/s km/s b]zdf km/s km/s PsfO k|of]u 

ugf{n] Jofkf/ ug{, lsga]r ug{ sl7g x'g] ePsfn] cGt/f{li6«o :t/df Jofkf/ tyf n]gb]g ;lhnf] 

agfpg P;=cfO{= PsfOsf] cfjZostf k/]sf] xf] . 

;Demg'kg]{ s'/fx¿

1. s'g} klg ef}lts kl/df0f dfkgsf] nflu k|of]u ul/g] lglZrt kl/df0f (standard quantity) 
nfO{ PsfO (unit) elgG5 .

2. s'g} klg kl/df0fsf] dfqf hgfpg ul0ftLo cª\s;lxtsf] PsfO k|of]u ul/G5 .

 ef}lts kl/df0f = cª\s / PsfO

 pbfx/0f M lk08 (m)  = 2 ls=u|f (kg)

3. c¿ gfksf] PsfOdf lge{/ g/xg] / c¿ PsfO;Fu cGt/;DalGwt gx'g] gfksf] PsfOnfO{ 

cfwf/e"t (fundamental unit) PsfO elgG5 . h:t} M nDafOsf] ld6/ (m), lk08sf] 

lsnf]u|fd (kg), tfkj|mdsf] s]lNeg (K) cflb .

4. cfwf/e"t PsfOdf e/ kg]{ b'O{ jf ;f]eGbf a9L cfwf/e"t PsfOx¿ ldn]/ ag]sf gfksf 

PsfOx¿nfO{ tThGo PsfO (derived unit) elgG5 . h:t}M ansf] Go'6g (N), sfo{sf] h'n 

(J), rfksf] kf:sn (Pa) cflb .

5. gfksf cGt/f{li6«o dfGotf k|fKt PsfOx¿nfO{ P;\=cfO{= PsfO (SI Units) elgG5 . o;n] 
ljleGg b]zx¿df k|of]u ul/g] PsfOdf Ps¿ktf NofpF5 .

tkfO{“nfO{ yfxf 5 <

k|mfG;l:yt cGt/f{li6«o gfktf}n ljefudf 0ºC 
tfkj|mddf /flvPsf] Knfl6gd Ol/l8od (Platinum 
- iridium) wft'af6 ag]sf] l;lnG8/sf] lk08nfO{ SI 
k|0ffnLdf Ps lsnf]u|fd elgG5 . of] l;lnG8/ sf] 
lk08 4ºC tfkj|mddf /x]sf] 1 ln6/ kfgLsf] lk08;“u 
a/fa/ x'G5 .
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cEof; 

-s_ tnsf ax'j}slNks k|Zgx¿sf] ;xL pQ/df l7s -_ lrx\g nufpg'xf];\ M

1.  lk08nfO{ cfotgn] efu ubf{ tnsf dWo] s'g ef}lts kl/df0f aG5 <

 (i) tf}n (ii) ult (iii) 3gTj (iv) sfo{ 

2. lbOPsf dWo] s'g ef}lts kl/df0fsf] PsfO ms-1 xf] <

 (i) k|j]u (ii) ult  (iii) an (iv) 3gTj

3. tnsf dWo] s'g rflxF cfwf/e"t PsfO xf]Og <

 (i) SofG8]nf (Cd) (ii) s]lNeg (K) (iii) PlDko/ (A) (iv) kf:sn (Pa)

4. lgDgdWo] s'g rflxF tThGo PsfO xf] <

 (i) lsnf]u|fd (kg) (ii) jf6 (w) (iii) ;]s]G8 (w) (iv) s]lNeg (k)

5. ansf] PsfO Go'6g (N) tThGo PsfO xf] . o;df tnsf dWo] s'g s'g cfwf/e"t 

PsfOx¿ ;dfj]z ePsf x'G5g\ <

 (i) Kg m/s2 (ii) Kgm2/s2 (iii)Kg/m2s2 (iv) Kgm/s

-v_ tn lbPsf k|Zgx¿sf] pQ/ lbg'xf];\ M

1. PsfO eg]sf] s] xf] < lk08, tfkj|md, zlSt / 3gTjsf PsfOx¿ n]Vg'xf];\ .

2. cfwf/e"t / tThGo PsfOlarsf 3 cf]6f km/s pNn]v ug'{xf];\ .

3. P;= cfO{= (SI) k|0ffnL eg]sf] s] xf] < P;=cfO{= PsfO (SI Unit) sf] ljsf; lsg 

ul/Psf] xf] < sf/0f pNn]v ug{'xf];\ .

4. rfksf] PsfO s] xf] < o;nfO{ lsg tThGo PsfO elgPsf] xf] < sf/0f pNn]v ug'{xf];\ .

5. tfkj|mdsf] PsfOnfO{ lsg cfwf/e"t PsfO elgPsf] xf] < sf/0f lbg'xf];\ .

6. tn lbOPsf] tThGo PsfOdf k|of]u ePsf cfwf/e"t PsfOx¿ kQf nufpg'xf];\ .

 (i) Go'6g (N) (ii) jf6 (W) (iii) h'n (J) (iv) kf:sn (Pa)

 (v) 3g ld6/ (cubic meter)
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7. g]kfn u'0f:t/ tyf gfktf}n ljefuaf6 x/]s b'O{ jif{sf] cjlwdf ahf/sf k;nx¿sf] 9s tyf 

ld6/ :s]n hfFr ul/G5, lsg <

8. s] ;+;f/sf ;a} b]zx¿df gflkg] lsnf]u|fdsf] kl/df0f a/fa/ x'G5, lsg <

kl/of]hgf sfo{

tkfO{FFsf] ;x/ jf ufpFdf ljutb]lv xfn;Dd ljleGg ef}lts kl/df0f dfkgsf lglDt k|of]u ePsf 

PsfOx¿sf] vf]hL u/L tnsf] 9fFrfdf tflnsf agfP/ eg'{xf];\ . w]/} ;do klxnf k|of]u ul/Psf PsfO 

/ clxn] k|of]udf cfPsf PsfOdWo] s'g rflxF a9L ljZj;gLo xf]nf < sf/0f;d]t k|:t't ug'{xf];\ .

ef}lts kl/df0f ljutdf k|of]u ul/Psf PsfO clxn] k|of]u eO/x]sf PsfO

nDafO

lk08

;do

zAbfjnL

PsfO    ef}lts kl/df0fsf] lglZrt dfqf (standard quantity) 

cfj[lQ    k|lt ;]s]G8 pTkGg x'g] t/ª\usf] ;ª\Vof
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PsfO

2

xfdLn] uf8Ldf ofqf ubf{ u'l8/x]sf] uf8L crfgs /f]lsFbf jf u'8\bf s] cg'ej u5f}{F < o:tf] lsg x'G5 

xf]nf, ljrf/ ug'{xf];\ . To;}u/L es'G8f]nfO{ leQfdf xfGbf cfk"mlt/ kms{G5 . b}lgs hLjgdf xfdLn] 

cg'ej ug]{ o:tf 36gfx¿ j:t'df x'g] rfn, lj>fd, Ogl;{of / ansf] c;/;Fu ;DalGwt 5g\ . o; 

PsfOdf xfdL log} j}1flgs tYo, ltgLx¿;Fu hf]l8Psf l;4fGt Pjd\ lgodx¿sf af/]df cWoog 

ug]{ 5f}F .

lj>fd / rfn (Rest and motion)

o; a|x\df08sf s'g} klg j:t'x¿ :yfoL ¿kdf lj>fd cj:yfdf /xFb}gg\ . ;Dk"0f{ lrh, j:t'x¿ 

rfndf /x]sf x'G5g\ . pl8/x]sf r/f, u'l8/]x]sf a;, lxFl8/x]sf dflg; ;a} rfndf x'G5g\ . xfd|f] 

k[YjL klg rfn cj:yfdf 5 . a|Dxf08df /x]sf tf/fk'~h, tf/f d08n, ;"o{ / cGo tf/fx¿nufot 

;a} vuf]nLo lk08x¿ klg rfndf x'G5g\ .

xfdLn] xfd|f] j/k/ /x]sf 3/x¿nfO{ l:y/ jf lj>fd cj:yfdf /x]sf eG5f}F . lxFl8/x]sf, pl8/x]sf, 

u'l8/x]sf, rln/x]sf, alu/x]sf j:t'nfO{ rfndf /x]sf eG5f}F . xfdLn] j/k/sf 3/x¿nfO{ l:y/ 

cj:yfdf /x]sf] eGg'sf] cy{ o;n] j/k/sf j:t'x¿sf] t'ngfdf cfkm\gf] :yfg kl/jt{g ub}{g . t/ 

rfndf /x]sf j:t'x¿n] j/k/sf] j:t'x¿sf] ;fk]Ifdf cfkm\gf] :yfg kl/jt{g ul//x]sf x'G5g\ . Pp6f 

j:t' csf]{ s'g} Ps j:t'sf] ;fk]Ifdf rfndf x'g ;S5 eg] pSt j:t' ;f]xL ;dodf csf]{ s'g} j:t'sf] 

;fk]Ifdf lj>fd cj:yfdf x'g ;S5 . h:t} M u'l8/x]sf] a;df ofqf ubf{ a;leqsf Ps ofq' a;sf] 

;fk]Ifdf lj>fd cj:yfdf x'G5 eg] ;f]xL a]nf ;8ssf] ;fk]Ifdf rfn cj:yfdf x'G5 . To;}n] rfn 

/ lj>fd ;fk]lIfs s'/fx¿ x'g\ . t;y{ rfn / lj>fdnfO{ lgDgfg';f/ kl/eflift ug{ ;lsG5 .

rfn M j/k/sf j:t'x¿sf] ;fk]Ifdf s'g} j:t'n] cfkm\gf] :yfg kl/jt{g ub{5 eg] pSt j:t'sf] 

l:yltnfO{ rfn elgG5 . 

lj>fd M j/k/sf j:t'x¿sf] ;fk]Ifdf s'g} j:t'n] cfkm\gf] :yfg kl/jt{g ub}{g eg] pSt j:t'sf] 

l:yltnfO{ lj>fd elgG5 . 

j]u (Speed) / ult (Velocity)

s'g} j:t'sf] j]u (speed) n] of] rfF8f] jf l9nf] s;/L lxFl8/x]sf] 5 eGg] s'/fsf] hfgsf/L lbG5 . o;n] 

s'g} j:t' s'g lbzfdf lxFl8/x]sf] 5 eGg] s'/fsf] hfgsf/L lbFb}g . t;y{ s'g} j:t'n] PsfO ;dodf jj|m 

an
(Force)
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/]vfdf jf h'g;'s} lbzfdf kf/ u/]sf] b'/LnfO{ j]u elgG5 . o;sf] PsfO ld6/ k|lt ;]s]G8 (m/s) xf] .

lglZrt lbzflt/ kf/ u/]sf] b'/LnfO{ :yfgfGt/0f (displacement) elgG5 . Ps hgf JolSt rf/ 

ld6/ k"j{lt/ uof] eg] p;sf] :yfgfGt/0f rf/ ld6/ k"j{ x'G5 . o;df rf/ ld6/ dfg xf] eg] k"j{ 

lbzf xf] . 

s'g} j:t'n] PsfO ;dodf lglZrt lbzflt/ hlt b'/L kf/ u5{, Tof] g} pSt j:t'sf] ult xf] .  

:yfgfGt/0f h:t} ultdf klg dfg / lbzf b'j} x'G5 . s'g} j:t'n] PsfO ;dodf ;/n /]vfdf jf 

lglZrt lbzfdf kf/ u/]sf] b'/LnfO{ ult elgG5 . o;sf] PsfO ld6/ k|lt ;]s]G8 (m/s) xf] .

ult  lglZrt lbzflt/ kf/ ug]{ b'/L jf :yfgfGt/0f

;do

cyf{t\, v = 
d
t      hxfF, v = ult, d = b'/L / t = ;do xf] .

SI k|0ffnLdf b'/Lsf] PsfO ld6/ (m) / ;dosf] PsfO ;]s]G8 (s) ePsfn] ultsf] PsfO ld6/ k|lt 

;]s]G8 (m/s) x'G5 .

ultsf] kl/df0f / lbzf b'j} x'g] ePsfn] of] e]S6/ kl/df0f xf] .

pbfx/0f 1

s'g} df]6/ ;fOsnn] l;wf af6fdf 4 ;]s]G8df 120m b'/L kf/ ub{5 eg] pSt df]6/ ;fOsnsf] 
ult kQf nufpg'xf];\ .

oxfF b'/L :yfgfGt/0f (d) = 120m

;do (t) = 4s

ult (v) = ?

xfdLnfO{ yfxf 5,

ult (v) = 
d
t

120
4

= =30 m/s

;dfg ult (Uniform Velocity)

s'g} j:t'n] Pp6f ;/n /]vfdf lglZrt lbzfdf k|To]s ;]s]G8df ;dfg b'/L kf/ ub{5 eg] pSt j:t'sf] 

ultnfO{ ;dfg ult elgG5 . s'g} j:t'sf] ult ;dfg x'gnfO{ pSt j:t'sf] rfnsf] lbzf klg ;dfg 

x'g'k5{ . j[Qfsf/ kydf s'g} j:t'n] k|lt ;]s]G8 kf/ ug]{ b'/L ;dfg eP klg To;nfO{ ;dfg ult 

elgFb}g lsgls o;sf] kysf] k|To]s laGb'df j:t'sf] lxF8\g] lbzf kl/jt{g eO/x]sf] x'G5 .

tkfO{“nfO{ yfxf 5 <

;a}eGbf a9L j]u ePsf] r/f k]Gu'Og (penguine 
falcon) xf], h;sf] j]u 349 km/hr x''G5 . lrt'jfsf] 
j]u 112 km/hr x'G5 . dflg;sf] cf};t j]u 5km/hr 
x'G5 . To;}u/L xjfO{ hxfhsf] j]u 1100 km/hr x'G5 .



10 lj1fg, sIff 9

c;dfg ult (Nonuniform Velocity) 

s'g} j:t'n] k|To]s ;]s]G8df lglZrt lbzfdf c;dfg b'/L kf/ ub{5 eg] To;nfO{ c;dfg ult 

elgG5 . To;} u/L k|To]s ;]s]G8df ;dfg b'/L km/s km/s lbzfdf kf/ u/]df klg To;nfO{ c;dfg 

ult g} elgG5 . o:tf] cj:yfdf j:t'sf] j]u ;dfg x'G5 t/ ult eg] c;dfg x'G5 . 

k|j]u (Acceleration)

xfd|f] jl/kl/sf j:t'x¿sf] rfn ;dfg jf c;dfg b'j} x'g ;S5 . s'g} a]nf ult 36fpg'kg]{ x'G5 eg] 

s'g} a]nf j:t'sf] ult a9fpg'kg]{ x'G5 . o;/L ;do;Fu} k|To]s j:t'sf] ultdf 36a9 x'g cfpF5 . 

s'g} j:t'n] lglZrt ;do cGt/fn (time interval) df c;dfg ult b]vfPdf o;sf] ult kl/j{tg 

z"Go xF'b}g . o; k|sf/sf] rfnnfO{ k|j]uo'St rfn (accelerated motion) elgG5 . pbfx/0fsf] 

nflu tkfO{Fn] ;fOsnsf] k]8ndf a9L an nufpg'eof] eg] ;fOsnsf] ult a9\5 / a|]s nufpg'eof] 

eg] ult 36\g hfG5 . oxfF ;fOsnsf] rfn k|j]uo'St rfn xf] .

k|lt PsfO ;dodf s'g} j:t'sf] ult kl/jt{gsf] b/nfO{ k|j]u (acceleration) elgG5 .

k|j]u (a)  
ult kl/jt{g

nfu]sf] ;do
  

clGtd ult (v) – ;'?sf] ult (u)
;do (t)

cyjf a = 
v - u

t

k|j]usf] PsfO m/s2 xf] . ;dfg ult ePsf] j:t'sf] k|j]u z"Go (zero) x'G5 . C0ffTds k|j]unfO{ 

ultx|f; (retardation) elgG5 . s'g} j:t'sf] ult 36\b} hfFbf ultx|f; cfpF5 .

lbOPsf] lrqdf uf8Ln] klxnf] ;]s]G8df 5m b'/L kf/ u/]sf] 5 . To;kl5 bf];|f] / t];|f] ;]s]G8df 

j|mdzM 10m, 15m / 20m b'/L kf/ u/]sf] 5 . o;/L uf8Lsf] ult k|To]s ;]s]G8df 5m/s n] a9\b} 
uO/x]sf] 5 . t;y{ pSt uf8Lsf] k|j]u 5m/s2 x'G5 .

dflysf] lrqdf ult j[l4 x'Fb} uPsf] b]vfOPsf] 5 . ;'?sf] ult w]/} / clGtd ult yf]/} ePsf] 

cj:yfdf ult 36\b} hfG5, h;nfO{ ultx|f; elgG5 . k|lt PsfO ;dodf ult 36\g] b/nfO{ ultx|f; 

(retardation) elgG5 .

lrq g+= 2.1

 5m 10m 15m 20m

0 1 sec. 1 sec. 1 sec. 1 sec.
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ult ;DaGwL ;dLs/0f

s'g} klg j:t'sf] ;'? / clGtd ult, k|j]u, nfUg] ;do / b'/L lar cfk;L ;DaGw /x]sf] x'G5 . tL 

;DaGwnfO{ ;"qa4 ug{ ;lsG5 . ;"qsf] k|of]uaf6 ljleGg ul0ftLo ;d:ofx¿ xn ug{ ;lsG5 . tL 

;"qx¿ o; k|sf/ 5g\ M

(i) v = u + at

(ii) s = 
v - u

2  t

(iii) v2 = u2 + 2as

(iv) s = ut + 
1
2 at2

(a) a, v, u / t sf] ;DaGw

s'g} uf8L A :yfgaf6 rNg ;'? u/L B :yfg;Dd k'Ug 't' ;do nfUof] -lrq g+= 2.2_ . A 
:yfgdf /xFbf uf8Lsf] ult -;'?sf] ult_ u / B :yfgdf cfOk'Ubfsf] ult -clGtd ult_ v 5 
eg] k|j]usf] kl/efiff cg';f/, 

k|j]u = 
clGtd ult (v) – ;'?sf] ult (u)

;do (t)

cyjf, a = 
v - u

t

cyjf,  at = v - u
cyjf,  v = u + at …………….(i)

(b) s, u, v / t larsf] ;DaGw

lrqdf A b]lv B ;Ddsf] b"/L s / ;f] b'/L kf/ ug{ nfUg] ;do 't' 5 . ca uf8Lsf] ;'?sf] 

ult u / clGtd ult v 5 eg],

cf};t ult = 
;'?sf] ult (u) + clGtd ult (v)

2
uf8Ln] kf/ ug]{ hDdf b'/L = cf};t ult  ;do

S = 
;'?sf] ult (u)  clGtd ult (v)

2   ;do

 s = 
u + v

2  t .............................(ii)

A
su v

B

lrq g+ 2.2
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(c) u, a, s / v larsf] ;DaGw

kf/ ug]{ b'/L  cf};t ult  ;do

 s = 
u - v

2  t 

cyjf, s = 
u - v

2   
v - u

a    [⸪ a = 
v - u

t ]

cyjf, s = 
v2 - u2

2a

cyjf,  2as = v2 – u2

v2 = u2 + 2as ............................... (iii)

(d) u, a, s / v larsf] ;DaGw

kf/ ug]{ b'/L  cf};t ult  ;do

cyjf,  s = 
u + v

2   t  [⸪ v = u + at]

cyjf, s = 
u + u + at

2  t

cyjf,  s = 
2u + at

2  t

cyjf, s = 
2ut + at2

2  t

cyjf, s = ut + 
1
2 at2 …………………… (iv)

Wofg lbg'kg]{ s'/fx¿

1. j:t' lj>fd cj:yfaf6 rNg ;'? u/]sf] 5 eg] o;sf] ;'?sf] ult z"Go x'G5 . (u = 0)

2.  j:t' kl5 uP/ lj>fd cj:yfdf cfPsf] 5 eg] clGtd ult z"Go x'G5 . (V =0 )

3.  ultx|f; ePsf] 5 eg] k|j]usf] dfg C0ffTds x'G5 .

s]xL ul0ftLo pbfx/0fx¿

pbfx/0f 1. ;'?sf] cj:yfaf6 rNg ;'? u/]sf uf8Lsf] k|j]u 0.5m/s2 5 . 4 ldg]6kl5 uf8Lsf] 

ult slt x'G5 / uf8Ln] slt b'/L kf/ ub{5 <
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oxfF,  xfdLnfO{ yfxf 5,

;'?sf] ult (u) = 0 v = u + at
;do (t)  = 4 min v = 0 + 0.5  240 = 120 m/s
= 4  60 = 240 second km]l/,

clGtd ult (v) = ? v2 = u2 + 2as
k|j]u (a) = 0.5m/s2 or, 1202 = 0 + 2  0.5  s
kf/ u/]sf] b'/L (s) = ? or, 14400 = 1s
  or, s = 14400 m
  s = 14.4 km
To;sf/0f pSt uf8Lsf] clGtd ult (v) = 120 m/s / kf/ u/]sf] b'/L (s) = 14.4 km x'G5 .

pbfx/0f 2. l:y/ cj:yfaf6 rNg ;'? u/]sf] s'g} sf/n] b'O{ ldg]6;Dd 0.2m/s2 sf] k|j]u sfod 

u¥of] eg] pSt ;do cjlwdf kf/ u/]sf] b'/L kQf nufpg'xf];\ .

 oxfF, xfdLnfO{ yfxf 5,

 ;do (t) = 2min s = ut + 1
2

at2

 = 2 x 60 = 120 sec    = 0  t + 1
2   0.2  (120)2

 ;'?sf] ult (u) = 0    = 1
2   0.2  14400

 k|j]u (a) = 0.2m/s2    = 1440 m
 kf/ u/]sf] b'/L (s) = ?
To;sf/0f pSt sf/n] kf/ u/]sf] b'/L (s) = 1440 m x'G5 .

pbfx/0f 3. l:y/ cj:yfaf6 lxF8\g ;'? u/]sf] sf/n] 2 ls=ld=sf] b'/L;Dd 0.5 m/s2 k|j]u sfod 

u¥of] eg] sf/sf] clGtd ult slt xf]nf < 1.6 km b'/L kf/ ug{ slt ;do nfUnf <

oxfF ;"qfg';f/,

;'?sf] ult (u) = 0 v2 = u2 + 2as
kf/ u/]sf] b'/L (s) = 1.6 km  = 02 + 2(0.5)  1600
 = 1.6 x 1000 = 1600 m  = 1600
k|j]u (a) = 0.5 m/s2 or, v = 1600  = 40 m/s
clGtd ult (v) = ? k]ml/, v = u + at

;do (t) = ?  t=
v - u

a 
40 - 0

0.5 =80s

t;y{ pSt sf/n] 1.6 km b'/L kf/ ug{ 80 s ;do nufof] / 40m/s clGtd ult xfl;n u¥of] .
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Ogl;{of (Inertia)

s'g} klg j:t' cfk}Fmn] cfk\mgf] cj:yf kl/j{tg ug{ ;Sb}g . l:y/ cj:yfdff /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} aflx/L ann] dfq o;sf] cj:yf kl/jt{g ug{ ;S5 . o;/L s'g} klg j:t'sf] oyfl:yltdf 

/lx/xg vf]Hg] u'0fnfO{ Ogl;{of (Inertia) elgG5 .

Ogl;{of b'O{ k|sf/sf] x'G5 M

-s_ rfn Ogl;{of (Inertia of motion) -v_ l:y/ Ogl;{of (Inertia of rest)

-s_ rfn Ogl;{of (Inertia of motion)

rfndf /x]sf] j:t'df x'g] Ogl;{ofnfO{ rfn Ogl;{of (inertia of motion) elgG5 . rfn Ogl;{ofn]  

ubf{ g} rfn cj:yfdf /x]sf] j:t' ;dfg ultdf pxL lbzflt/ uO/xG5 . rfn Ogl;{ofsf] s]xL 

36gfx¿ -pbfx/0fx¿_ cWoog u/f}F .

rfn Ogl;{ofn] ubf{ 3'ld/x]sf] kª\vfsf] l:jr ckm u/]kl5 klg kª\vf s]xLa]/;Dd 3'ld/xG5 . 

lah'nLsf] kª\vf ljB't\ zlStn] ubf{ 3'Dg] ub{5 . o;sf/0f l:jr ckm ubf{ pSt kª\vf /f]lsg'kg]{ xf] 

t/ rfn Ogl;{ofsf] sf/0fn] ubf{ pSt kª\vf l:jr ckm ugf{;fy l:y/ cj:yfdf cfpg ;Sb}g / 

s]xLa]/ ;Dd 3'ld/xG5 .

rfn Ogl;{ofn] ubf{ u'l8/x]sf] a; PSsfl; /f]lsFbf ofq'x¿ cufl8lt/ x'lQG5g\ . a; rfn cj:yfdf 

/xFbf a;;Fu} ofq'x¿ klg rfn cj:yfdf g} x'G5g\ . a; PSsfl; /f]lsFbf ofq'sf] z/L/sf] tNnf] efu 

a;;Fu} l:y/ cj:yfdf cfpF5 . t/ z/L/sf] dflyNnf] efu rfn Ogl;{ofn] ubf{ rfn cj:yfdf g} /xg 

vf]H5 . kmn:j¿k xfd|f] z/L/sf] dflyNnf] efu cufl8 x'lQG5 .

-v_ l:y/ Ogl;{of (Inertia of rest)

l:y/ cj:yfdf /x]sf] j:t'df x'g] Ogl;{ofnfO{ l:y/ Ogl;{of elgG5 . l:y/ Ogl;{ofsf] sf/0fn] s'g} 

klg j:t' l:y/ cj:yfdf 5 eg] l:y/ cj:yfd} /lx/xg vf]H5 . 

l:y/ Ogl;{ofn] ubf{ cfFksf] ?vsf] xfFufnfO{ a];/L xNnfpFbf cfFk tn em5{ . ;'?df cfFksf] kmn ?vsf] 

xfFuf;Fu} l:y/ cj:yfdf x'G5 . xfdLn] ?vsf] xfFufnfO{ xNnfpFbf xfFuf rfn cj:yfdf cfpF5 . t/ 

l:y/ Ogl;{ofsf] sf/0fn] ubf{ cfFksf] kmn eg] l:y/ cj:yfd} /xg vf]H5, h;sf] kmn:j¿k cfFk 

xfFufaf6 5'6\l6G5 / tn em5{ . 

To:t} w'nf]df x'g] l:y/ Ogl;{ofn] ubf{ xfdLn] d}nf] n'ufnfO{ n6\7Ln] lk6\bf To;sf] w'nf] em5{ .
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lk08 / Ogl;{oflar ;DaGw

xfdLn] s]xL an nufP/ ;fOsnnfO{ ws]Ng ;S5f}F . t/ Tolt g} an nufP/ 7'nf] 6«snfO{ ws]Ng 

;Sb}gf}F .  ;fOsnsf] l:y/ Ogl;{ofeGbf 6«ssf] l:y/ Ogl;{of a9L 5 . o;af6 s] a'lemG5 eg] a9L 

lk08 ePsf] j:t'sf] Ogl;{of a9L / sd lk08 ePsf] j:t's]f Ogl;{of sd x'G5 . pSt s'/f tnsf] 

lj|mofsnfkaf6 xfdL yk :ki6 x'g ;S5f}F .

lj|mofsnfk 1

b'O{ cf]6f km/s lk08 ePsf OF6x¿ lng'xf];\ / 

lrqdf b]vfOP h:tf] u/L e'mG8\ofpg'xf];\ . ;Unf] / 

cfwf OF6nfO{ an nufP/ k/;Dd k'¥ofpg'xf];\ .  s'g 

OF6nfO{ ws]Ng a9L an nfUof] < ljrf/ ug'{xf];\ . 

cjZo klg ;Unf] OF6nfO{ ws]Ng a9L an nfU5 . 

ca b'O{ OF6nfO{ 5f]8\g'xf];\ / bf]ng (oscillate) x'g 
lbg'xf];\ . ca x]g'{xf];\ s'g OF6 a9L ;do;Dd bf]ng u5{ . cjZo klg ;Unf]] OF6 a9L ;do;Dd bf]ng 

u5{ . oxfF ;Unf] OF6sf] lk08 cfwf OF6sf] eGbf a9L 5 . t;y{ ;Unf] OF6nfO{ ws]Ng a9L an nfU5 . 

;fy} l:y/ cj:yfdf cfpg klg ;Unf] OF6nfO{ a9L ;do / cfwf OF6nfO{ sd ;do nfU5 . o;af6 s] 

a'lemG5 eg] lk08 a9L ePsf] j:t'sf] Ogl;{of a9L / lk08 sd ePsf] j:t'sf] Ogl;{of sd x'G5 . 

df]d]G6d (Momentum)

a9L lk08 ePsf] j:t'nfO{ rfnaf6 l:y/ cj:yfdf Nofpg a9L an nfU5 . To;/L g} a9L ult 

ePsf] j:t'nfO{ l:y/ cj:yfdf Nofpg a9L ansf] cfjZostf k5{ . o;/L s] b]lvG5 eg] s'g} j:t'df 

ePsf] rfnsf] kl/df0f To; j:t'sf] lk08 / ultdf lge{/ ub{5 . ctM s'g} klg j:t'df x'g] rfnsf] 

kl/df0fnfO{ To; j:t'sf] df]d]G6d (momentum) elgG5 . 

ul0ftLo efiffdf kl/eflift ubf{ s'g} j:t'sf] lk08 / To;sf] ultsf] u'0fgkmnnfO{ df]d]G6d 

(momentum) elgG5 .

df]d]G6d (momentum) = lk08 (mass)  ult (velocity)

pko'{St ;"qcg';f/ lk08sf] PsfO kg / ultsf] PsfO m/s ePsfn] df]d]G6dsf] SI PsfO kgm/s 
x'g cfpF5 . l:y/ cj:yfdf /x]sf] j:t'sf] df]d]G6d z"Go x'G5 . 

df]d]G6d j:t'sf] lk08 / o;sf] ultdf lge{/ ub{5 . a9L lk08 / ult ePsf] j:t'sf] df]d]G6d sd 

lk08 / ult ePsf] j:t'sf] df]d]G6deGbf a9L x'G5 . t;y{ Aof8ldG6gsf] ss{n] eGbf lj|ms]6 ann] 

lxsf{pFbf a9L rf]6 nfU5 .

lrq g+= 2.3 :  O“6sf] bf]ng
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Go'6gsf rfn ;DaGwL lgodx¿ (Newton's Laws of Motion)

tkfO{Fn] a]nfotsf k|l;4 j}1flgs Go'6gsf] gfd ;'Gg'ePsf] xf]nf . pgn] k|ltkfbg u/]sf rfn ;DaGwL 

lgodx¿ ;+;f/df cfh;Dd k|l;4 5g\ . ;g\ 1687 df pgn] rfnsf ltg cf]6f lgodx¿ k|ltkfbg 

u/]sf lyP . ca xfdL tL ltg cf]6f lgodx¿sf] af/]df rrf{ u/f}F .

klxnf] lgod (First law)

Go'6gn] k|ltkfbg u/]sf] rfnsf] klxnf] lgod s] /x]5 < egL a'em\gsf] nflu tnsf] lj|mofsnfk tkfO{F 

cfk}mF u/]/ x]g'{xf];\ .

lj|mofsnfk 2

lrqdf h:t} Sof/d af]8{df o;sf uf]6Lx¿nfO{ Psdfly csf]{ 

u/L y'kfg'{xf];\ . ca csf]{ 7'nf] uf]6L jf :6«fOs/n] uf]6Lx¿sf] 

y'k|f]sf] lkFwdf lxsf{pg'xf];\ / x]g'{xf];\ s] x'G5 < sIffdf 

;fyLx¿lar 5nkmn u/L sf/0f kQf nufpg'xf];\ . 

uf]6Lsf] y'k|f]sf] ;a}eGbf tNnf] uf]6L y'k|f]af6 aflx/ lg:sG5 

/ afFsL uf]6Lx¿ h:tfsf] t:t} klxn]s} cj:yfdf pxL :yfgdf 

/lx/xG5g\ . oxfF :6«fOs/n] Sof/dsf] uf]6Lsf] y'k|fsf] ;a}eGbf 

tnsf] uf]6LnfO{ 7Ss/ lbFbf o;df an nfU5 / of] rfn cj:yfdf cfpF5 . t/ To;eGbf dflysf 

uf]6Lx¿df ansf] c;/ gkg]{ ePsfn] ltgLx¿ l:y/ cj:yfdf /lx/xG5g\ . t;y{ ltgLx¿ oyf:yfgdf 

g} /xG5g\ . of] lj|mofsnfksf] cfwf/df xfdL rfnsf] klxnf] lgodnfO{ lgDgfg';f/ kl/eflift ug{ 

;S5f}F . 

s'g} j:t'df aflx/L an gnufP;Dd pSt j:t' l:y/ 5 eg] l:y/ cj:yfd} /lx/xG5 / rfn 

cj:yfdf 5 eg] ;dfg ultn] cufl8 uO/xG5 . 

o;nfO{ Go'6gsf] rfn ;DaGwL klxnf] lgod elgG5 . of] lgod k"0f{ ¿kdf Ogl;{of;Fu ;DalGwt 5 . 

j:t'df lglxt l:y/ Ogl;{ofnfO{ rfn Ogl;{of / rfn Ogl;{ofnfO{ l:y/ Ogl;{ofdf ¿kfGt/ ug{ ansf] 

cfjZostf kb{5 . t;y{ o;nfO{ Ogl;{ofsf] lgod klg elgG5 . o; lgodn] ansf] kl/efiff;d]t 

lbG5 .

bf];|f] lgod (Second law)

s'g} klg j:t'df pTkGg x'g] k|j]u To;df nufOPsf] an;Fu ;dfg'kflts / To; j:t'sf] lk08;Fu 

Jo'Tj|mdfg'kflts x'G5 . o;nfO{ g} rfnsf] bf];|f] lgod elgG5 .

lrq g+= 2.4 : Sof/d af]8{ 
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lj|mofsnfk 3
k|j]udf ansf] c;/

Pp6f k'm6annfO{ d}bfgdf v'6\6fn] an nufP/ lxsf{pg'xf];\ . o;/L lxsf{pFbf k'm6andf k|j]u pTkGg 

x'G5 . k]ml/ pSt k'm6annfO{ klxn]sf] eGbf a9L an nufP/ lxsf{pg'xf];\ . ca k'm6andf klxn]sf] 

eGbf a9L k|j]u pTkGg x'G5 . 

o;af6 s] :ki6 x'G5 eg] j:t'sf] lk08 l:y/ ePdf k|j]u an;Fu ;dfg'kflts x'G5 .

ul0ftLo ¿kdf

k|j]u (a)  an (F)  -j:t'sf] lk08 l:y/ ePsf] cj:yfdf_

-gf]6M dflysf] pbfx/0fdf k'm6ansf] lk08 l:y/ 5 ._

k|j]udf lk08sf] c;/

Pp6f sdfgL t/fh' lng'xf];\ . b'O{ cf]6f km/s lk08 ePsf j:t'nfO{ a/fa/ an nufP/ pxL lbzfdf  

sdfgL t/fh' nufP/ kfn}kfnf] tfGg'xf];\ . b'O{ cf]6f j:t'sf] rfndf s] leGgtf kfpg'eof] < lsg 

o;f] eof] t < ;f]Rg'xf];\ . sd lk08 ePsf] j:t'df a9L k|j]u / a9L lk08 ePsf] j:t'df sd k|j]u 

pTkGg x'G5 .

o;af6 s] :ki6 x'G5 eg] j:t'df pTkGg x'g] k|j]u o;sf] lk08;Fu Jo'Tj|mdfg'kftL x'G5 .

ul0ftLo ¿kdf,

k|j]u (a)  1
m -an l:y/ ePdf_,  

-gf]6M dflysf] pbfx/0fdf b'j} j:t'df a/fa/ an nufOPsf] 5 ._

o;sf/0f olb an F n] lk08 m ePsf] j:t'df k|j]u a pTkGg u/fpF5 eg] Go'6gsf] rfn ;DaGwL 

bf];|f] lgodaf6

a F …………………….. (i) -lk08 l:y/ /xFbf_

a  1
m

 ……………………..(ii) -an l:y/ /xFbf_

b'j} ;dLs/0fx¿nfO{ ;+of]hg ubf{,

a  F
m

or, F  ma ....................... (iii)

t;y{,  F = kma (iv) (k cr/ /fzL xf] ._
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;dLs/0f (iv) df a = 1m/s2, m = 1 kg /fVbf F sf] dfg 1 N cfpF5 . t;y{ K sf] dfg klg 

1 x'G5 .

 F = ma x'G5 .

of] ;"qsf] ;xfotfn] an lgsfNg] ul0ftLo ;d:ofx¿ xn ug{ ;lsG5 . t;y{ rfnsf] bf];|f] lgodn] 

ansf] dfqf -gfk_ lbG5 .

t;y{,

1kg lk08 ePsf] j:t'df 1m/s2 sf] k|j]u pTkGg ug{ cfjZos annfO{ 1 Go'6g elgG5 .

pbfx/0f 1 Pp6f 1200 kg lk08 ePsf] sf/ 50m/s sf] ultn] u'l8/x]sf] 5 . af6fdf aRrf 

b]v]kl5 8«fOe/n] a]|s nufpFbf pSt sf/sf] ult 20s df 36]/ 20m/s x'g k'Uof] 
eg] sf/sf] ultx|f; slt xf]nf < pSt sf/df 8«fOe/n] slt an nufof] < kQf 

nufpg'xf];\ .

oxfF,  xfdLnfO{ yfxf 5,

sf/sf] ;'?sf] ult (u) = 50m/s k|j]u  a = 
u - v

t

clGtd ult (v) = 20m/s = 
20 - 50

20  = - 30
20

nfu]sf] ;do (t) = 20s = -1.5m/s2

sf/sf] lk08 (m) = 1200 kg
sf/sf] k|j]u (a) = ?
sf/df nufPsf] an (F) = ?

-oxfF CT0ffTds lrx\gn] ultx|f;nfO{ ;ª\s]t ub{5 ._

km]l/,

 F = ma
jf, F = 1200  1.5
jf, F = 1800 N

To;sf/0f sf/sf] ultx|f; 1.5 m/s2 / sf/df nufPsf] an 1800 N x'G5 .
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t];|f] lgod (Third law)

lxnf] ePsf] hldgdf tkfO{F lxF8\g'ePsf] 5 < s8f hldgdf h:tf] lxnf] ePsf] hldgdf lxF8\g ;lhnf] 

x'Fb}g . xfd|f] z/L/sf] tf}nnfO{ y]Ug hldgn] dflylt/ an nufpg'k5{, h'g lxnf] hldgn] ;lhn} Tolt 

dfqfsf] an xfd|f] v'6\6fdf nufpg ;Sb}g . To;}n] v'6\6f lxnf]df s]xL tn ufl8G5 . ha xfd|f] v'6\6fn] 

hldglt/ nufPsf] an / lxnf] hldgn] xfd|f] v'6\6fdf nufPsf] an a/fa/ x'Fbf lxnf] ePsf] hldgdf 

klg ;Gt'lnt eP/ pleg jf lxF8\g ;lsG5 .

lj|mofsnfk 4
Pp6f dl;gf] wfuf] lng'xf];\ / To;nfO{ 

;fgf] k/fnsf] kfOkleq l5/fpg'xf];\ . ca 

wfufsf] b'j} 5]pnfO{ b'O{lt/sf] vDaf jf 

kvf{ndf afFWg'xf];\ . Pp6f a]n'g k'mnfP/ 

wfufn] To;sf] d'v aGb ug'{xf];\ / 

lrqdf b]vfP h:t} u/L k/fnsf] kfOk;Fu 

6fF:g'xf];\ . ca a]n'gsf] d'vdf afFw]sf] 

wfuf] x6fpg'xf];\ . s] x'G5 < cjnf]sg 

ug'{xf];\ . a]n'gsf] d'vaf6 xfjf aflx/ 

lg:sFbf k/fnsf] kfOk / a]n'g lxF8\g] lbzf klg cjnf]sg ug'{xf];\ . ha a]n'gsf] d'v vf]lnG5, o;leq 

ePsf] xfjf aflx/ lg:sG5 . aflx/ lg:sg] xfjfn] a]n'gnfO{ ljk/Lt lbzflt/ ws]N5 . a]n'gaf6 

xfjf lg:sg' lj|mof xf] eg] xfjfn] a]n'gnfO{ ljk/Lt lbzflt/ nufpg] an k|ltlj|mof xf] . To;}n] a]n'g 

6fFl;Psf] k/fn / xfjf ljk/Lt lbzflt/ hfG5g\ . o; k|of]usf] cfwf/df xfdL rfnsf] t];|f] lgodnfO{ 

lgDgfg';f/ kl/eflift ug{ ;S5f}F M

x/]s lj|mofdf a/fa/ t/ ljk/Lt k|ltlj|mof x'G5 .

o;nfO{ rfnsf] t];|f] lgod elgG5 . rfnsf] t];|f] lgodn] ansf] u'0fsf] JofVof ub{5 . anx¿ hf]8fdf 

x'G5g\ eGg] s'/fsf] k'li6 ub{5 . o; lgodcg';f/ x/]s lj|mofsf] a/fa/ t/ ljk/Lt k|ltlj|mof x'G5 . 

ca xfdL rfnsf] t];|f] lgodsf] cfwf/df tnsf s]xL 36gfx¿sf] JofVof ljZn]if0f klg u/f}F . 

cGtl/Ifdf /s]6 k|If]k0f ubf{ w'jfF tnlt/ cfpF5 eg] /s]6 dflylt/ hfG5 .

 aGb'sn] uf]nL xfGbf uf]nL cufl8 hfG5 eg] aGb's k5fl8 cfpF5 .

 8'ª\uf lvofpFbf kfgL k5fl8lt/ hfG5 eg] 8'ª\uf cufl8 a9\5 .

 xfjf e/]sf] a]n'gsf] d'v tn kmsf{O{ vf]n]/ 5f]8\bf xfjf tnlt/ cfpF5 eg] a]n'g dflylt/ 

hfG5 .

lrq g+= 2.5 : rfnsf] t];|f] lgod
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;Gt'lnt / c;Gt'lnt an

s'g} j:t'df nfUg] hDdf ansf] kl/df0f z"Go eof] eg] To;nfO{ ;Gt'lnt an elgG5 . ;Gt'lnt ann] 

j:t'nfO{ rfndf Nofpg ;Sb}g . h:t} M 8f]/L tfGg] v]ndf b'j} l6dn] a/fa/ / ljk/Lt an nufpFbf 

8f]/L l:y/ /xG5 . of] ;Gt'lnt ansf] pbfx/0f xf] . 

olb s'g} j:t'df nufOPsf] anx¿sf] of]ukmn z"Go ePg eg] To:tf] annfO{ c;Gt'lnt an elgG5 . 

c;Gt'lnt ann] j:t'nfO{ rfndf NofpF5 . h:t} xfdLn] ;fOsnnfO{ k"j{lt/ ws]Nbf ;fOsn k"j{lt/ 

cufl8 a9\5 . ;fOsnnfO{ ws]Nbf 3if{0fn] rfndf Nofpg cj/f]w u5{ t/ xfdLn] nufPsf] an 3if{0f 

aneGbf a9L x'g uO{ ;fOsndf rfn pTkGg x'G5 . o;a]nf ;fOsndf nfu]sf anx¿sf] of]ukmn 

z"Go x'Fb}g .

;Demg'kg]{ s'/fx¿

1. s'g} j:t'n] j/k/sf j:t'x¿sf] ;fk]Ifdf :yfg kl/jt{g ub}{g eg] To:tf] j:t'nfO{ l:y/ 

cj:yfsf] j:t' / j/k/sf] j:t'x¿sf] ;fk]Ifdf :yfg kl/jt{g u5{ eg] To:tf] j:t'nfO{ rfndf 

ePsf] j:t' elgG5 .

2. k|lt PsfO ;dodf ;/n /]vfdf jf lglZrt lbzflt/ j:t'n]  kf/ ug]{ b'/LnfO{ ult elgG5 . 

o;sf] PsfO m/s xf] . of] e]S6/ kl/df0f xf] .

3. s'g} j:t'n] ;/n /]vfdf jf lglZrt lbzfdf k|lt ;]s]G8 ;dfg b'/L kf/ ub{5 eg] pSt j:t'sf] 

ultnfO{ ;dfg ult elgG5 . 

4. s'g} j:t'n] ;dfg ;do ;Ldfdf lglZrt lbzfdf ;dfg b'/L kf/ ub}{g eg] pSt j:t'sf] ultnfO{ 

c;dfg ult elgG5 .

5. s'g} klg j:t'df x'g] rfnsf] kl/df0fnfO{ df]d]G6d elgG5 . of] lk08 / ultsf] u'0fg kmn klg 

xf] . of] e]S6/ kl/df0f xf] . o;sf] PsfO kg m/s xf] .

6. l:y/ cj:yfdf /x]sf] j:t'sf] df]d]G6d z"Go x'G5 . 

7. s'g} klg j:t'sf] oyfl:yltdf /xg vf]Hg] u'0fnfO{ Ogl;{of elgG5 . 

8. l:y/ cj:yfsf] j:t'df x'g] Ogl;{ofnfO{ l:y/ Ogl;{of / rfn cj:yfdf /x]sf] j:t'df x'g] 

Ogl;{ofnfO{ rfn Ogl;{of elgG5 .

9. aflx/L an k|of]u gu/];Dd l:y/ j:t' l:y/ cj:yfd} /xG5 / ult cj:yfdf /x]sf] j:t' ;dfg 

ultn] ;/n /]vfdf uO/xG5 . o;nfO{ Go'6gsf] rfn ;DaGwL klxnf] lgod elgG5 . o;nfO{ 

Ogl;{ofsf] lgod klg elgG5 .

10. j:t'df pTkGg x'g] k|j]u To;df nufOPsf] an;Fu ;dfg'kflts / To;sf] lk08;Fu 
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Jo'Tj|mdfg'kflts x'G5 . o;nfO{ Go'6gsf] rfn ;DaGwL bf];|f] lgod elgG5 . 

 o;cg';f/ F = ma x'G5 .

11. s'g} klg lj|mofdf a/fa/ t/ ljk/Lt k|ltlj|mof x'G5 . o;nfO{ Go'6gsf] rfn ;DaGwL t];|f] 

lgod elgG5 .

cEof;

-s_ tnsf ax'j}slNks k|Zgx¿sf] ;xL pQ/df l7s -_ lrx\g nufpg'xf];\ M

1. k|lt PsfO ;dodf ;/n /]vfdf jf lglZrt lbzflt/ j:t'n] kf/ ug]{ b'/LnfO{ s] 

elgG5 <

 (i) j]u  (ii) ult (iii) :yfgfGt/0f  (iv) k|j]u

2. lk08 / ultsf] u'0fg kmnnfO{ s] elgG5 <

 (i) df]d]G6d (ii) j]u (iii) df]d]G6 (iv) k|j]u

3. j:t'df pTkGg x'g] k|j]u To;df nufOPsf] an;Fu ;dfg'kflts / To;sf] lk08;Fu 

Jo'Tj|mdfg'kflts x'G5 . of] egfO Go'6gsf] rfn ;DaGwL s'g lgod;Fu ;DalGwt 5 <

 (i) klxnf] lgod (ii) bf];|f] lgod  (iii) t];|f] lgod (iv) rf}yf] lgod

4. Go'6gsf] rfn ;DaGwL s'g lgoddf cfwfl/t eO{ cGtl/Ifdf /s]6 k|If]k0f ul/G5 <

 (i) klxnf] lgod (ii) bf];|f] lgod (iii) t];|f] lgod (iv) rf}yf] lgod

-v_ tnsf k|Zgx¿sf] pQ/ n]Vg'xf];\ M

1. Ogl;{of eg]sf] s] xf] < j:t'sf] lk08 / Ogl;{oflar s:tf] ;DaGw x'G5, n]Vg'xf];\ .

2. k|j]u eg]sf] s] xf] < ;dfg ultdf /x]sf] j:t'sf] k|j]u slt x'G5, lsg <

3. Go'6gsf] rfn ;DaGwL klxnf] lgod n]vL o;nfO{ k'li6 ug]{ s'g} ltg cf]6f pbfx/0fx¿ 

pNn]v ug'{xf];\ .

4. Go'6gsf] rfn ;DaGwL bf];|f] lgod n]vL F = ma k|dfl0ft ug'{xf];\ .
5. rfnsf] klxnf] lgodnfO{ Ogl;{ofsf] lgod elgG5, lsg < :ki6 kfg'{xf];\ .

6. 3'ld/x]sf] lah'nLsf] kª\vfsf] l:jr ckm u/]kl5 klg s]xL a]/;Dd 3'ld/xG5, lsg <

7. n6\7Ln] lk6\bf u'Gb|L jf n'ufsf] w'nf] em5{, lsg < 

8. kf}8Lafhn] kf}8L v]Nbf kfgLnfO{ k5fl8lt/ ws]N5, lsg <
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9. lj|ms]6 v]nf8Ln] an ;dfTbf hldglt/ em's]/ an ;dfT5, lsg <

10. s = ut + 1
2

at2 k|dfl0ft ug'{xf];\ .

11. Go'6gsf] rfn ;DaGwL t];|f] lgod n]vL o;sf s'g} 3 cf]6f Jojxfl/s pkof]u 

n]Vg'xf];\ . 

12. v2 = u2 + 2as x'G5 egL k|dfl0ft ug'{xf];\ .

-u_  tn lbOPsf ul0ftLo ;d:ofx¿ xn ug'{xf];\ M

1. Ps hgf dflg; l;wf ;8sdf 3m/s sf] ;dfg ultn] bf}l8/x]sf] 5 . p;sf] k|j]u  

lgsfNg'xf];\ . [pQ/ M 0 m/s2]

2. l:y/ cj:yfaf6 u'8\g ;'? u/]sf] Pp6f df]6/ ;fOsnn] 6 ;]s]G8df 200 m b'/L kf/ 

ub{5 eg] pSt df]6/ ;fOsnsf] clGtd ult / k|j]u lgsfNg'xf];\ . [pQ/ M a= 11.1 
m/s2, v = 66.6 m/s]

3. Pp6f a; 36 km/hr sf] ultn] uO/x]sf] 5 . 20m cufl8 Pp6f s]6fnfO{ b]Vg] ljlQs} 

8«fOe/n] a|]s nufpFbf a; 10 m cufl8 uP/ /f]lsof] eg] a;sf] ultx|f; / a; /f]lsg 

nfu]sf] ;do kQf nufpg'xf];\ . [pQ/ M a = -5m/s2, t = 2sec]

4. Pp6f /]n 45km/hr sf] ultn] u'l8/x]s]f 5 . 8«fOe/n] a|]s nufpFbf /]n  6 ;]s]G8kl5 

/f]lsof] eg] /]nsf] ultx|f; / l:y/ cj:yfdf cfpg'cl3 /]nn] kf/ u/]sf] b'/L kQf 

nufpg'xf];\ . [pQ/ M - a = 2.08 m/s2, s = 37.56 m]

5. Pp6f sf/ l:y/ cj:yfaf6 rNg ;'? u5{ . o;sf] ult 10s df 90km/hr k'Ub5 eg] 

a;sf] k|j]u / kf/ u/sf] b'/L kQf nufpg'xf];\ . [pQ/ M a = 2.5 m/s2, s = 125m]

6. 900kg lk08 ePsf] sf/ 60 km/hr sf] ultn] u'l8/x]sf] 5 . o;nfO{ 50m sf] b'/Ldf 

lj>fddf NofOof] eg] sf/ /f]Sg nufOPsf] an lgsfNg'xf];\ . [pQ/ M 2497.95 N]

kl/of]hgf sfo{

lzIfssf] ;d]t ;xfotf lnO{ sfOg]l6s 6«nL, sdfgL t/fh'sf] k|of]u u/L Go'6gsf] rfnsf] bf];|f] lgod 

k/LIf0f u/]/ k|j]usf] j:t'sf] lk08 / nufOPsf] an;Fusf] ;DaGw kQf nufpg'xf];\ .

zAbfjnL

Ogl;{of  M j:t'sf] oyfl:yltdf /xg] u'0f

k|j]u  M ult kl/jt{gsf] b/

lk08  M  s'g} j:t'df x'g] kbfy{sf] s'n kl/df0f
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Pp6f lasf]{ sl:;Psf] Ogfd]n /flvPsf] l6gsf] a6\6f 5 . pSt a6\6fsf] lasf]{ vf]Ng tkfO{FnfO{ 

nufOof] eg] pSt lasf]{ s;/L vf]Ng'x'G5 < s] s'g} cf}h/lagf pSt lajmf]{ xftn] ;lhn} vf]Ng 

;Sg'x'G5 < tkfO{Fn] s'g} cf}hf/ k|of]u gu/L ;xh} o;nfO{ vf]Ng ;Sg'x'Gg . o;sf lglDt Pp6f rDrf 

lng'xf];\ . clg rDrfsf] Pp6f 5]p lajmf{] / l6gsf] a6\6fsf] larsf] efudf k;fpg'xf];\ . ca rDrfsf] 

csf]{ 5]pdf an nufpg'xf];\ . ca lajmf{] ;lhn};Fu v'N5 . xftn] vf]Ng uf/f] x'g] / w]/} an nfUg] 

lajmf{], rDrfsf] ;xfotfn] ;lhn} / sd an 

nufO{ vf]Ng ;lsG5 . 

l3gL{ k|of]u u/L / l3gL{ k|of]u gu/L Ogf/af6 

kfgL tfGbf s] km/s dx;'; x'G5 xf]nf < l3gL{ 

k|of]u gu/L kfgL tfGbf an dflylt/ nufpg'kg]{ 

x'G5 h'g sl7g x'G5 . t/ l3gL{ k|of]u u/L 

kfgL tfGbf ;xh / cf/fdbfoL lbzfdf an 

nufP/ ;lhn};Fu kfgL tfGg ;lsG5 .

o;/L xfd|f] sfo{nfO{ ;xh, ;/n / bIftfk"j{s 9ª\un] ;DkGg ug{ k|of]u ul/g] ;fwf/0f agfj6 

ePsf pks/0fx¿nfO{ ;/n oGq elgG5 .

pbfx/0fsf nflu  k]rs;, l3gL{, 58\s] ;tx, kfª\u|f / laF8, n'uf l;pg] sn, lrD6f, df]6/ prfNg] 

Hofs, e¥ofª, aGr/f], xFl;of cflbnfO{ lng ;lsG5 . oL pks/0fx¿nfO{ ;~rfng ug{ s'g} aflx/L 

;fwg h:t} l8h]n, k]6«f]n, lah'nL cflb rflxFb}g . dfgjLo ann] dfq o:tf pks/0f ;~rfng ug{ 

;lsG5 . o; PsfOdf xfdL log} pks/0fx¿sf] oflGqs kmfObf (mechanical advantage), ult 
cg'kft (velocity ratio), sfo{ Ifdtf (efficiency) tyf ansf] 3'Dg] c;/ -df]d]G6_ sf] af/]df 

lj:t[t ¿kdf cWoog ug]{ 5f}F .

oflGqs kmfObf (Mechanical Advantage)

;/n oGq k|of]u u/L sfo{ ubf{ sd Okmf]6{ nufP/ w/} nf]8 p7fpg ;lsG5 . oGqn] sfdnfO{ ;lhnf] 

agfpF5 . ul0ftLo efiffdf o;nfO{ oflGqs kmfObf (mechanical advantage) elgG5 . oflGqs 

kmfObfnfO{ lgDgfg';f/ kl/eflift ug{ ;lsG5 M

;/n oGqn] p7fpg] nf]8 (load) / o;df nufOPsf] Okmf]6{ (effort) sf] cg'kftnfO{ oflGqs kmfObf 

elgG5 .

PsfO

3 oGq
(Machine)

tkfO{“nfO{ yfxf 5 <

Ps k6s Ps hgf dflg;nfO{ s]xL u/f}“ lrh 
p7fpg'kg]{ eP5 . p;n] Pp6f nfdf] n6\7L lnO{ u/f}“ 
j:t'sf] tnlt/ Ps 5]pdf c8\sfP5 / n6\7Lsf] csf]{ 
5]pdf an nufP/ tnlt/ ws]Nbf pSt j:t' ;lhn} 
dflylt/ p7]sf] cfef; ePkl5 klxnf] k6s ;fwf/0f 
oGqsf] cfljisf/ eP5 .
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oflGqs kmfObf (MA) = 
nf]8 (load)

Okmf]6{ (effort)
oflGqs kmfObfsf] s'g} PsfO x'Fb}g lsgls of] b'O{ k|sf/sf ansf] cg'kft xf] . 

s'g} 500N sf] nf]8 prfNg ;/n oGqsf] k|of]u u/L Ps hgf JolStn] 100 N sf] Okmf]6{ k|of]u u/L 

prfNof] eg] pSt ;/n oGqsf] oflGqs kmfObf (MA)= 
500N
100N  = 5 x'G5 .

o;sf] cy{ pSt ;/n oGqn] dfq 100N sf] an k|of]u u/L To;eGbf 5 u'0ff a9L (500N) nf]8 

p7fpg dbt ub{5 .

oflGqs kmfObf PseGbf a9L ePsf] ;/n oGqn] an j[l4 (multiply) u5{ eg] PseGbf sd ePsf] 

oGqn] sfdsf] ult a9fpg] sfd ub{5 . oflGqs kmfObf Ps ePsf] ;/n oGqn] sfdnfO{ ;lhnf] 

agfpg] / ansf] lbzf kl/jt{g ug]{ sfd u5{ .

ult cg'kft (Velocity Ratio)

Okmf]6{sf] ult (velocity of effort) / nf]8sf] ult (velocity of load) sf] cg'kftnfO{ ;/n 

oGqsf] ult cg'kft elgG5 .

ult cg'kft (VR) = 
Okmf]6{sf] ult

nf]8sf] ult

olb nf]8 / Okmf]6{n] lglZrt b'/L a/fa/ ;dodf kf/ u5{ eg],

ult cg'kft (VR) = 
Okmf]6{n] kf/ u/]sf] b'/L÷;do

nf]8n] kf/ u/]sf] b'/L÷;do
 

 = 
Okmf]6{n] kf/ u/]sf] b'/L

nf]8n] kf/ u/]sf] b'/L

 = 
Okmf]6{ b'/L

nf]8 b'/L

ctM ult cg'kftnfO{ Okmf]6{n] kf/ u/]sf] b'/L / nf]8n] kf/ u/]sf] b'/Lsf] cg'kft eGg ;lsG5 .

ult cg'kft b'O{ cf]6f b'/Lsf] cg'kft ePsfn] o;sf] s'g} PsfO xF'b}g .
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s'g} ;/n oGqsf] k|of]u u/L Okmf]6{nfO{ 50m b'/L kf/ u/fpFbf nf]8n] 25 m b'/L kf/ u5{ eg] pSt 

oGqsf] ult cg'kft (VR) = 
50
25  = 2 x'G5 .

o;sf] cy{ pSt ;/n oGqdf Okmf]6{sf] :yfgfGt/eGbf nf]8sf] :yfgfGt/ b'O{ u'0ff sd x'G5 .

s'g} klg oGqsf] ult cg'kft To;sf] oflGqs kmfObfeGbf a9L x'G5 lsgls ult cg'kftnfO{ 3if{0fn] 

c;/ ub}{g t/ oflGqs kmfObfnfO{ eg] 3if{0fn] c;/ ub{5 .

sfo{ Ifdtf (Efficiency)

s'g} oGqn] ug]{ pTkflbt sfo{ (output work) / nfut sfo{ (input work) sf] cg'kftnfO{ sfo{ 

Ifdtf (efficiency) elgG5 .

sfo{ Ifdtf (Efficiency) (η) = 
pTkflbt sfo{

nfut sfo{
  100%

pTkflbt sfo{ M oGqdf nf]8n] ug]{ sfo{nfO{ pTkflbt sfo{ elgG5 . ul0ftLo ¿kdf n]Vbf,

 pTkflbt sfo{ = nf]8n] ug]{ sfo{ = nf]8  nf]8 b'/L

nfut sfo{ M oGqdf Okmf]6{n] ug]{ sfo{nfO{ nfut sfo{ elgG5 . ul0ftLo ¿kdf n]Vbf

 nfut sfo{ = Okmf]6{n] ug]{ sfo{ = Okmf]6{  Okmf]6{ b'/L

sfo{ Ifdtf (η) = 
nf]8  nf]8 b'/L

Okmf]6{  Okmf]6{ b'/L   100%

 = 

nf]8

Okmf]6{

Okmf]6{ b'/L

nf]8 b'/L

  100%

 = 
oflGqs kmfObf

ult cg'kft
  100%

 sfo{ Ifdtf (η) = oflGqs kmfObf

ult cg'kft
  100%

s'g} klg oGqdf pTkflbt sfo{ hlxn] klg nfut sfo{eGbf sd x'G5 . t;y{ sfo{ Ifdtf 100% 

x'g ;Sb}g . sfo{ Ifdtf 100% x'gsf] nflu oGqdf nufOPsf] ;Dk"0f{ nfut sfo{ pTkflbt sfo{df 

kl/0ft x'g'k5{ . t/ 3if{0fn] ubf{ ;Dk"0f{ nfut sfo{ pTkflbt sfo{df kl/0ft x'g g;Sg] ePsfn] o;f] 

x'g uPsf] xf] .
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olb s'g} oGqdf nfut sfo{ a/fa/ pTkflbt sfo{ x'G5 eg] pSt oGqnfO{ k"0f{ oGq (perfect 
machine) elgG5 . nfut sfo{ / pTkflbt sfo{ a/fa/ ePsf] oGqdf oflGqs kmfObf / ult cg'kft 

klg a/fa/ x'G5 . o; lsl;dsf] oGqdf nfut sfo{df x|f; cfpFb}g / ;Dk"0f{ nfut sfo{ pTkflbt 

sfo{df kl/0ft x'G5 . o; lsl;dsf] oGqsf] sfo{ Ifdtf 100% x'G5 . o; k|sf/sf]] oGq l;4fGtdf 

dfq ;Dej x'G5 . 

Jojxfl/s hLjgdf 3if{0f/lxt oGq s'g} klg gePsfn] nfut sfo{sf] s]xL c+z 3if{0f lj?4 k|of]u 

x'g uO{ pTkflbt sfo{ hlxn] klg nfut sfo{eGbf sd x'G5 . kmn:j¿k oGqsf] sfo{ Ifdtf  

eGbf sd x'G5 . oGqdf t]n jf lu|hsf] k|of]un] 3if{0f sd u/]/ oGqsf] sfo{ Ifdtf a9fpg t ;lsG5 

t/ k"0f{ oGq agfpg ;lsFb}g .

s'g} ;/n oGqsf] sfo{ Ifdtf 80% eGg'sf] cy{ s] xf] <

s'g} ;/n oGqsf] sfo{ Ifdtf 80% eGgfn] pSt oGqdf nufOPsf] nfut sfo{dWo] 80% dfq 

pTkflbt sfo{df kl/0ft x'G5 . afFsL 20% nfut sfo{ 3if{0fn] ubf{ tfk / cGo zlStdf kl/0ft 

x'G5 eGg] a'lemG5 .

;/n oGqsf] l;4fGt M ;Gt'lnt cj:yfdf nfut sfo{ / pTkflbt sfo{ a/fa/ x'G5 .

pTkflbt sfo{ = nfut sfo{

nf]8  nf]8 b'/L  Okmf]6{  Okmf]6{ b'/L
ca xfdL ljleGg ;/n oGqx¿sf] olGqs kmfObf (MA) / ult cg'kft (VR) tyf sfo{ Ifdtf () 
sf af/]df cWoog ug]{ 5f}F .

pQf]ns

s'g} klg pQf]nsdf oflGqs kmfObf / ult cg'kft lgsfNg lgDg ;"q k|of]u ul/G5 . 

oflGqs kmfObf (MA) = 
nf]8 (load)

Okmf]6{ (effort)

ult cg'kft (VR) = 
Okmf]6{ b'/L (Effort Distance- ED)
nf]8 b'/L (Load Distance-LD)

klxnf] bhf{sf] pQf]nsdf nf]8 / Okmf]6{sf] lardf kmnj|md x'g] ePsfn] nf]8 b'/L / Okmf]6{ b'/LdWo] 

h'g klg 7'nf] x'g ;S5 . To;}n] ult cg'kft cj:yfcg';f/ Ps jf PseGbf a9L jf PseGbf sd 

x'g ;S5 .

bf];|f] bhf{sf] pQf]nsdf Okmf]6{ / kmnj|mdsf] lardf nf]8 kg]{ ePsfn] hlxn] klg nf]8 b'/LeGbf Okmf]6{ 

b'/L a9L x'G5 . To;}n] o;sf] ult cg'kft hlxn] klg PseGbf a9L x'G5 .
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t];|f] bhf{sf] pQf]nsdf nf]8 / kmnj|mdsf] lardf Okmf]6{ kg]{ ePsfn] hlxn] klg Okmf]6{ b'/LeGbf nf]8 

b'/L a9L x'G5 . To;}n] o;sf] ult cg'kft hlxn] klg PseGbf sd x'G5 .

sk8f sf6\g] s}rLsf] wf/eGbf kmnfd sf6\g] s}FrLsf] wf/ 5f]6f] agfOPsf] x'G5, h;n] ubf{ kmnfd 

sf6\g] s}FrLsf] ult cg'kft sk8f sf6\g] s}FrLsf] eGbf a9L x'G5 / t'ngfTds ¿kdf sd an nufP/ 

klg kmnfd sf6\g ;lsG5 .

pbfx/0f 1 M lbPsf] lrqsf] cfwf/df pQf]nssf] sfo{ Ifdtf kQf nufpg'xf];\ .

oxfF,

 nf]8 (L) = 800N
 Okmf]6{ (E) = 200 N
 nf]8 b'/L (LD) = 2 cm
 Okmf]6{ b'/L (ED)  = 10 cm

oflGqs kmfObf (MA) = nf]8

Okmf]6{
 = 

800
200 = 4

ult cg'kft (VR) = Okmf]6{ b'/L
nf]8 b'/L

 = 
10cm
2cm = 5

sfo{ Ifdtf = 
oflGqs kmfObf

ult cg'kft
  100%

 = 
4
5 = 100%

 = 80%
t;y{ pSt pQf]nssf] sfo{ Ifdtf 80% x'G5 .

l3gL{ (Pulley)
s'g} lglZrt cIfsf] jl/kl/ :jtGq ¿kn] 3'Dg ;Sg], kl/lwdf 8f]/L c8\ofpgsf nflu vfN8f] 

kfl/Psf], 8f]/L tfGbf ;lhn} 3'Dg ;Sg] ;/n oGqnfO{ l3gL{ elgG5 . Ogf/af6 kfgL tfGg, 7'nf 

3/x¿df ;fdfg dflyNnf] tnfdf n}hfg l3gL{sf] k|of]u ul/G5 .

lrq g+= 3.1 : pQf]ns

800N

200N

10cm2cm

lrq g+= 3.2 :  crn / rn l3gL{
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lj|mofsnfk 1

lrqdf h:t} ljleGg k|sf/sf l3gL{x¿ h8fg ug'{xf];\ . 0.4 N nf]8 tfGg slt Okmf]6{ nfU5, k|To]s 

l3gL{ k|0ffnLaf6 5'6\6f5'6\6} gfKg'xf];\ .

To:t} 0.6 N / 0.8 N nf]8 tfGg slt Okmf]6{ nfUnf < k|To]s l3gL{ k|0ffnLdf nf]8nfO{ 30cm dfly 

p7fpg Okmf]6{nfO{ slt b'/L;Dd tfGg'k5{ . :s]nn] gfk]/ kQf nufpg'xf];\ . lnPsf gfkx¿ tflnsfdf 

eg'{xf];\ . ult cg'kft, oflGqs kmfObf / sfo{ Ifdtf lx;fa ug'{xf];\ .

j|m=;= l3gL{ k|0ffnL
nf]8n] kf/ 

ug]{ b'/L

Okmf]6{n] ug]{ 

b'/L

ult 

cg'kft
nf]8 Okmf]6{

oflGqs 

kmfObf

sfo{ 

Ifdtf
1 crn 30cm 0.4N

0.6N

0.8 N 

2 rn 30cm

3 crn / rn 30 cm

l3gL{ k|0ffnL d'Votof b'O{ k|sf/sf x'G5g\ M rn / crn . Pp6f dfq crn l3gL{df ult cg'kft 

Ps x'G5 . o; k|sf/sf] l3gL{df oflGqs kmfObf Ps jf PseGbf sd g} x'G5 . o:tf] l3gL{df 3if{0f 

gePdf nf]8 / Okmf]6{ a/fa/ x'g ;S5 . o;df klg 3if{0fn] ubf{ l3gL{sf] sfo{ Ifdtf 36\5 . nf]8 

hlts} Okmf]6{ nfUg] eP klg l3gL{ lsg k|of]u ul/G5 t < o; l3gL{n] ansf] lbzf kl/jt{g ul/lbG5 . 

s'g} nf]8nfO{ l3gL{ k|of]u gu/L dfly k'¥ofpgsf nflu dflyaf6 g} nf]8 tfGg'kg]{ jf prfNg'kg]{ x'G5 . 

dflyaf6 nf]8 tfGg ufx|f];d]t x'G5 . l3gL{ k|of]u u/]sf] v08df 8f]/L tnlt/ tfGbf nf]8 dfly 

p7\5 . To;}n] ef/ / ult a/fa/ eP klg Okmf]6{sf] lbzf kl/jt{g u/L sfdnfO{ ;lhnf] agfpg crn 

l3gL{sf] k|of]u ul/G5 .

l3gL{ k|0ffnLdf l3gL{sf] ;ª\Vof a9\b} hfFbf ult cg'kft / oflGqs kmfObf a9\b} hfG5 eGg] s'/f 

dflysf] lj|mofsnfkaf6 yfxf x'G5 . ult cg'kft gfKg tnsf] ;"q k|of]u ug'{kb{5 .

ult cg'kft (VR) = nf]8nfO{ yfDg k|of]u ul/Psf] 8f]/L v08sf] ;ª\Vof = l3gL{ k|0ffnLdf k|of]u 

ePsf] l3gL{sf] ;ª\Vof

pbfx/0f 2= s'g} l3gL{ k|0ffnLsf] sfo{ Ifdtf 80% 5 / oflGqs kmfObf 4 x'gsf] nflu pSt 

k|0ffnLsf] l3gL{ ;ª\Vof slt x'g'kb{5 < To; l3gL{ k|0ffnLdf 1000 Go'6g nf]8 p7fpg 

slt Okmf]6{ rflxPnf <
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oxfF, ;"qcg';f/,

sfo{ Ifdtf  80% ult cg'kft = 
oflGqs kmfObf

sfo{ Ifdtf
  100%

oflGqs kmfObf = 4  =  
4

80   100%

nf]8 = 1000 N  = 5

l3gL{sf] ;ª\Vof = ? To;}n], l3gL{sf] ;ª\Vof = 5

Okmf]{6 = ? ca, Okmf]6{ = 
nf]8

oflGqs kmfObf

   = 1000
4  = 250N

58\s] ;tx (Inclined plane)

psfnf] r9\g agfOPsf] k}bn af6f], cf]/fnf] jf psfnf] ;8s, l;F9L, 58s] kf/]/ /flvPsf] kmNofs, 

e¥ofª cflb ;a} 58\s] ;txsf pbfx/0f x'g\ . k]r lsnf / Hofs k]rdf klg 3'dfp/f] vfnsf] 

58\s] ;tx g} agfOPsf] x'G5 . nf]8nfO{ 

cUnf] 7fpFdf ;lhn};Fu k'¥ofpg' kbf{ 

58\s] ;tx pkof]uL ;/n oGq xf] . c¿ 

;/n oGqdf h:t} o;df klg Okmf]6{ yf]/} 

nufpFbf w]/} nf]8 dfly n}hfg ;lsG5 . 

58\s] ;txdf klg nf]8 / Okmf]6{sf] 

cg'kft g} o;sf] oflGqs kmfObf x'G5 . 

oflGqs kmfObf

(MA) = 
nf]8 (load)

Okmf]6{ (effort)

58\s] ;txsf] ult cg'kft eGgfn] 58\s] ;txsf] nDafO / prfOsf] cg'kftnfO{ a'em\g'k5{ .

ult cg'kft (VR) = 
58\s] ;txsf] nDafO (d)
58\s] ;txsf] prfO (h)

 jf VR = d
h

58\s] ;txsf] prfO l:y/ /flvof] eg] nDafO a9]kl5 oflGqs kmfObf / ult cg'kft b'j} a9\5 . 58\s] 

;txsf] prfO l:y/ /flvof] eg] nDafO a9]kl5 o;n] hldg;Fu agfpg] sf]0f 36\5 . pbfx/0fsf nflu 

L

E

A

B

CD

lrq g+= 3.3 : 58\s] ;tx

prfO (h)
nDa

fO (d
)
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dflysf] lrqdf ;txsf] prfO AB / nDafO BC x'g\ . plQs} prfO /fv]/ nDafO BC sf] ;6\6f 

BD /fVg] xf] eg] casf] 58\s] ;txsf] ;xotfn] nf]8 p7fpFbf ult cg'kft a9L x'g cfpF5 . o;f] 

x'gfsf] sf/0f 58\s] ;txsf] nDafO BD eGbf nDafO BC 5f]6f] x'g' xf] . o;af6 xfdL s] lgisif{ 

lgsfNg ;S5f}F eg] prfO l:y/ ePdf 58\s] ;txsf] nDafO a9fpFbf o;sf] ult cg'kft a9\5 eg] 

nDafO 36fpFbf ult cg'kft klg 36\5 .

lj|mofsnfk 2

100cm, 200cm / 300cm nfdf] ltg cf]6f sf7sf kftfx¿ lng'xf];\ . 80cm cUnf] a]Grdf ltg 

cf]6} kftfx¿nfO{ lrqdf h:t} u/L 58\s] kf/]/ /fVg'xf];\ . Pp6f sfOg]l6s 6«nL jf o:t} c¿ j:t'sf] 

tf}n -nf]8_ l:k|ª t/fh'n] gfKg'xf];\ . pSt nf]8nfO{ k|To]s 58\s] ;txdf tfGg slt Okmf]{6 nfU5, 

kfn}kfnf] gfKg'xf];\ . nfu]sf] gfk cjnf]sg u/L tnsf] tflnsfdf eg'{xf];\ M

k|of]u 

;ª\Vof

58\s] ;txsf]
ult cg'kft 

(VR)
nf]8 

(load)
Okmf]6{ 

(effort)
oflGqs kmfObf 

(MA)
sfo{ Ifdtf 

()nDafO 

(d)
prfO 

(h)
1 100 cm 75cm

2 200cm 75cm

3 300cm 75cm

lgDg lnlvt k|Zgx¿sf] pQ/ lbg'xf];\ M

1. s] 58\s] ;txsf] nDafO a9]cg';f/ oflGqs kmfObf a9\b} uPsf] 5 <

2. 58\s] ;txsf] nDafO a9fpFbf sfo{ Ifdtfdf s:tf] k|efj k/]sf] kfpg'eof] < sf/0f;lxt 

n]Vg'xf];\ .

csf]{ ljlwaf6 klg 58s] ;txdf sfo{ Ifdtf lgsfNg ;lsG5 .

sfo{ Ifdtf () = 
pTkflbt sfo{

nfut sfo{
  100%
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jf, sfo{ Ifdtf = 
nf]8 (L)  nf]8 b'/L (LD)

Okmf]6{ (E)  Okmf]6{ b'/L (ED)
  100%

lrq g+ 3.3 df DB nfO{ 58\s] ;tx dfGbf

sfo{ Ifdtf () = 
nf]8 (L)  58\s] ;txsf] prfO (h)

Okmf]6{ (E)  58\s] ;txsf] nDafO (d)

kfª\u|f / la“8 (Wheel and axle) 
kfª\u|f / laF8 w]/} pkof]uL ;/n oGq x'g\ . b}lgs hLjgdf o:tf 

pks/0fx¿sf] k|of]u Jofks ¿kdf ePsf] x'G5 . k]rs; (screw 
driver), g6af]N6 vf]Ng] /]Gr (spanner) 9f]sfsf] x\ofG8n, 

;fOsnsf] x\ofG8n / k]8n h:tf ljleGg oGq kfª\u|f / laF8sf 

pbfx/0fx¿ x'g\ .

lrqdf b]vfP h:t} 7'nf] cw{Jof; ePsf] a]ngf -kfª\u|f_ / 5f]6f] 

cw{Jof; ePsf] a]ngf -laF8_ hf]8]/ kfª\u|f / laF8 aG5 . kfª\u|fdf 

nufPsf] an k|jw{g (magnify) eP/ laF8df w]/} an pTkGg x'G5 . 

lrqdf b]vfOPcg'¿ks} kfª\u|f / laF8 ;a} 7fpFdf k|of]u geP klg o;s} 

l;4fGtdf cfwfl/t pks/0fx¿ w]/} 7fpFdf k|of]u ePsf] kfOG5 .

kfª\u|fsf] cw{Jof; / laF8sf] cw{Jof;sf] cg'kft g} o;sf] ult cg'kft xf] . kfª\u|f / laF8sf] ult 

cg'kft lgsfNg lgDg ;"qsf] k|of]u ul/G5 .

ult cg'kft (VR) = 
kfª\u|fsf] cw{Jof; (R)
laF8sf] cw{Jof; (r)

lj|mofsnfk 3
s'g} Pp6f kfª\u|f / laF8 lnP/ To;sf] laF8df wfuf] a]/]/ lglZrt nf]8 e'mG8\ofpg'xf];\ . kfª\u|ffdf 

wfuf] a]/]/ l:k|ª t/fh' e'mG8\ofO{ nf]8 yfDg slt Okmf]{6 nfU5, gfKg'xf];\ . km/s km/s nf]8 lnP/ 

dflysf] k|of]u bf]xf]¥ofpg'xf];\ . kfª\u|fsf] cw{Jof; / laF8sf] cw{Jof; klg gfKg'xf];\ . nf]8, Okmf]6{, 

kfª\u|fsf] cw{Jof; / laF8sf] cw{Jof; tnsf] tflnsfdf e/L oGqsf] oflGqs kmfObf, ult cg'kft / 

sfo{ Ifdtf lx;fa ug'{xf];\ .

k|of]u 

;ª\Vof

nf]8 
(load)

Okmf]6{ 
(effort)

oflGqs 

kmfObf 
(MA)

kfª\u|fsf] 

cw{Jof; 
(R)

laF8sf] 

cw{Jof; 
(r)

ult cg'kft 
= R/r

sfo{ 

Ifdtf ()

1.
2.
3.

lrq g+= 3.4 : kfª\u|f / la“8
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tnsf k|Zgx¿sf] pQ/ lbg'xf];\ M

1. kfª\u|f Ps kmGsf] 3'dfpFbf Okmf]6{n] kf/ ug]{ b'/L 

/ nf]8n] kf/ ug]{ b'/L slt slt x'G5 <

2. nfut sfo{ / pTkflbt sfo{ kQf nufpg'xf];\ .

3. oGqsf] sfo{ Ifdtf slt x'G5 <

4. o; ;/n oGqsf] sfo{ IfdtfnfO{ s]n] c;/ u5{ <

kfª\u|f / laF8nfO{ lg/Gt/ufdL pQf]ns (continuous 
lever) klg elgG5 lsgls o;df kfª\u|f / laF8 Ps;fy lg/Gt/ ¿kdf s'g} Ps laGb' jf cIfsf] 

jl/kl/ 3'D5 . ;fy} o;df nf]8 / Okmf]6{ kfª\u|f / laF8 3'Dg] cIfsf] b'O{lt/ kg{ hfg] ePsfn] 

pQf]ns;Fu ldNbf] klg b]lvG5 . 

df]d]G6 (Moment)

s'g} j:t'df aflx/L an nufpFbf ls t Tof] j:t' ;/n /]vfdf lxF8\5 ls t Tof] j:t' j[Qfsf/ kydf 

3'D5 . xfdLn] 3/sf] 9f]sf vf]Nbf jf aGb ubf{ 9f]sfdf nufPsf] ann] o;nfO{ lglZrt cIfdf 3'Dg 

dbt u5{ . o:t} ansf] 3'Dg] c;/nfO{ g} df]d]G6 (moment) elgG5 . xfdLn] s'g} g6 vf]Nbf /]Gr'df 

an nufpF5f} / pSt ann] g6nfO{ 3'Dg dbt ub{5 . oxfF g6df ann] kfg]{ c;/ g} df]d]G6 xf] . 

ul0ftLo ¿kdf M

df]d]G6  an  3'Dg] cIfaf6 an;Ddsf] nDa b'/L

ansf] 3'Dg] c;/ -df]d]G6_ nfO{ k|efj ug]{ QTjx¿

1. nufOPsf] ansf] kl/df0f (magnitude of force)

2. 3'Dg] cIf / an;Ddsf] nDa b'/L (the perpendicular distance of the line of action 
of the force)

df]d]G6sf] P;=cfO{= PsfO Go'6g ld6/ jf Nm xf] .

lj|mofsnfk 4

Pp6f /]Gr lng'xf];\ . o;df g6 c8\sfpg'xf];\ . csf]{ 5]j}df 

an nufP/ g6 vf]Ng'xf];\ . ca an nufpg] laGb' kl/j{tg 

u/]/ /]Gr'sf] nDafOsf] lardf n}hfg'xf];\ . oL b'O{ 7fpFdf an 

nufpFbf s'g cj:yfdf ;lhnf] dx;''; eof] <

lrq g+= 3.5 : lg/Gt/ufdL pTtf]ns

lrq g+= 3.6 :  /]Gr

g6 /]Gr Okmf]6{
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cjZo 5]pdf an nufpFbf g6 vf]Ng ;lhnf] dx;'; ug'{eof]  xf]nf . o;sf] cy{ 3'Dg] cIf (axis of 
rotation) / anlarsf] nDa b'/L (the perpendicular distance between the line of action 
and force) a9\of] eg] df]dG6 klg a9\5 eGg] a'em\g'k5{ . df]d]G6 an / 3'Dg] cIfaf6 an;Ddsf] 

nDa b'/Lsf] u'0fg kmn;Fu a/fa/ x'G5 .

df]d]G6sf] lgod (Law of moment)

j:t' ;Gt'ngdf /x]sf] cj:yfdf 38Lsf] ;'O{ 3'Dg] lbzflt/sf] df]d]G6sf] of]ukmn / o;sf]] ljk/Lt 

lbzflt/sf] df]d]G6sf] of]ukmn a/fa/ x'G5 . o;nfO{ df]d]G6sf] lgod (law of moment) elgG5 .

lj|mofsnfk 5

df]d]G6sf] l;4fGt k|dfl0ft ug'{xf];\ . 

Pp6f :s]nsf] lar efudf Kjfn kf/]/ lrqdf b]vfOP h:t} 

e'mG8\ofpg'xf];\ . ca :s]nsf] b'j} 5]pdf km/s nf]8x¿ 

e'mG8\ofpg'xf];\ . bfofFlt/ nf]8 a9L x'Fbf :s]n bfofF -38Lsf] 

;'O{ 3'Dg] lbzf_ lt/ 3'D5 / afofFlt/ nf]8 a9L x'Fb} :s]n afofF 

-38Lsf] ;'O{sf] ljk/Lt lbzf_ lt/ 3'D5 . t/ nf]8 b'j}lt/ a/fa/ 

-;Gt'ng_ x'g] u/L :s]nnfO{ e'mG8\ofpg'xf];\ .

ca, Okmf]6{, Okmf]6{ b'/L, nf]8, nf]8 b'/L kQf nufpg'xf];\ / nf]8 

 nf]8 b'/L / Okmf]6{  Okmf]6{ b'/L lx;fa ug'xf];\ .

o;/L, nf]8  nf]8 b'/L  Okmf]6{  Okmf]6{ b'/L x'G5 . ctM df]d]G6sf] lgod k|dfl0ft eof] .

;Demg'kg]{ s'/fx¿

1. b}lgs hLjgdf cfOk/]sf sfdx¿ ;/n, ;xh / sd ;dodf ;DkGg ug{ k|of]u ul/g] 

pks/0fx¿nfO{ ;/n oGq elgG5 .

2. ;/n oGqsf] agfj6 ;/n x'G5 . o;nfO{ rnfpg OGwgsf] cfjZostf kb}{g .

3. nf]8 / Okmf]6{sf] cg'kftnfO{ ;/n oGqsf] oflGqs kmfObf elgG5 . o;sf] s'g} PsfO x'Fb}g .

4. Okmf]6{ b'/L / nf]8 b'/Lsf] cg'kftnfO{ ult cg'kft elgG5 . o;nfO{ 3if{0fn] c;/ ub}{g . o;sf] 

klg PsfO x'Fb}g .

5. pTkflbt sfo{ / nfut sfo{sf] cg'kftnfO{ sfo{ Ifdtf elgG5 . o;nfO{ k|ltztdf JoSt ug]{ 

k|rng 5 . 

lrq g+= 3.7 : df]d]G6sf] lgod

nf]8

Okmf]6{

nf]=b'=

O=b'=
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6. nfut sfo{ / pTkflbt sfo{ a/fa/ x'g] ;/n oGqnfO{ k"0f{ oGq elgG5 . o;sf] sfo{ Ifdtf 

100%  x'G5 . o:tf] oGq Jojxfl/s ¿kdf agfpg ;Dej 5}g .

7. ansf] 3'Dg] c;/ (turning effect of force) nfO{ df]d]G6 elgG5 . o;sf] PsfO Nm xf] .

8. df]d]G6sf] l;4fGt s'g} j:t' ;Gt'ngdf /x]sf] cj:yfdf 38Lsf] ;'O{ 3'Dg] lbzflt/sf] df]d]G6sf] 

of]ukmn / To;sf] l7s ljk/Lt lbzflt/sf] df]d]G6sf] of]ukmn a/fa/ x'G5 .

cEof;

-s_ tnsf ax'j}slNks k|Zgx¿sf] ;xL pQ/df l7s -_ lrx\g nufpg'xf];\ M

1. k"0f{ oGqsf] sfo{ Ifdtf slt x'G5 <

 (i) 100%  (ii) 90% (iii) 80% (iv) 50%

2. Okmf]6{n] ug]{ sfo{ s'g xf] <

 (i) nfut sfo{  (ii) pTkflbt sfo{ (iii) b'j}  (iv) s'g} klg xf]Og .

3. lgDgdWo] s'gnfO{ 3if{0fn] c;/ ub}{g <

 (i) oflGqs kmfObf  (ii) ult cg'kft (iii) sfo{ Ifdtf (iv) s'g} klg xf]Og .

4. Ps kfª\u|] rn l3gL{sf] ult cg'kft slt x'G5 <

 (i) Ps (ii) b'O{ (iii) ltg (iv) rf/

5. 2m cUnf] 6«sdf ;fdfg r9fpg 6m nfdf] kmNofs k|of]u u/L 58\s] ;txsf] lgdf{0f 

ul/Psf] 5 eg] pSt 58\s] ;txsf] ult cg'kft slt xf]nf <

 (i)  Ps (ii) b'O{ (iii) ltg (iv) rf/

-v_  lbOPsf k|Zgx¿sf] pQ/ lbg'xf];\ M

1. oflGqs kmfObf eg]sf] s] xf] < o;sf] PsfO klg n]Vg'xf];\ .

2. k"0f{ oGq eg]sf] s] xf] < jf:tljs hLjgdf k"0f{ oGq ;Dej xF'b}g, lsg <

3. s'g} oGqsf] oflGqs kmfObf 2 / ult cg'kft 3 5 eGg'sf] cy{ s] xf] <

4. s'g} ;/n oGqsf] sfo{ Ifdtf 90% 5 eGg'sf] cy{ s] xf] < s'g} klg oGqsf] sfo{ 

Ifdtf 100% x'Fb}g, lsg <
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5. s'g} oGqsf] oflGqs kmfObf ult cg'kfteGbf sd x'G5, lsg <

6. n'uf l;pg] sndf af/Daf/ t]n /fVg] ul/G5, lsg <

7. kfª\u|f / laF8sf] ult cg'kft s;/L lgsflnG5 < o;nfO{ lg/Gt/ufdL pQf]ns eGg'sf] 

sf/0f :ki6 kfg'{xf];\ .

8. df]d]G6 eg]sf] s] xf] < df]d]G6sf] lgod n]Vg'xf];\ . sl:;Psf] g6 vf]Ng nfdf] /]Gr 

k|of]u ul/G5, lsg <

9. df]d]G6 s'g s'g s'/fdf lge{/ ub{5, n]Vg'xf];\ .

10. Pp6f lvof nfu]sf] g6 5 . xfdL;Fu 2 cf]6f /]Gr'x¿ Pp6f 15 cm / csf]{ 20 cm 
nfdf] 5g\ . s'g /]Gr'n] g6 vf]Ng ;lhnf] x'G5, lsg <

11. x'/L rNbf xf]rf] ?veGbf cUnf] ?v efFlRrg] ;Defjgf a9L x'G5, lsg < sf/0f 

lbg'xf];\ .

-u_ tn lbOPsf ul0ftLo ;d:ofx¿ xn ug'{xf];\ M

1. Pp6f pQf]ns k|of]u u/]/ 200N Okmf]6{ nufO{ 500N sf] nf]8 p7fOof] . olb nf]8 

b'/L / Okmf]{6 b'/L j|mdzM 20cm / 60cm eP pSt pQf]nssf] oflGqs kmfObf, ult 

cg'kft / sfo{ Ifdtf lgsfNg'xf];\ . [MA = 2.5, VR = 3,  = 83.33%]

2. Pp6f pQf]nssf] sfo{ Ifdtf 60% 5 . o;sf] oflGqs kmfObf 4 eP, 

(i) 1000 N nf]8 p7fpg nfUg] Okmf]6{ kQf nufpg'xf];\ . [E = 250N]

(ii) pQf]nssf] ult cg'kft lgsfNg'xf];\ . [VR = 6.66]

(iii) nf]8nfO{ 20m 3'dfpFbf x'g] pTkflbt sfo{ kQf nufpg'xf];\ . [20,000 Nm]

3. lbOPsf] lrqdf Pp6f 58s] ;txaf6 nf]8 dfly p7fpg vf]h]sf] b]vfOPsf] 5 . o;sf 

cfwf/df lgDg lnlvt k|Zgx¿sf] pQ/ n]Vg'xf];\ M

(i) ;/n oGqsf] ult cg'kft / oflGqs 

kmfObf slt slt 5g\, lgsfNg'xf];\ . 
[MA = 3, VR = 4] 

(ii) sfo{ Ifdtf kQf nufpg'xf];\ .

 [ = 75%]

3 m

200 N
12 m

600 N
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(iii) pSt nf]8nfO{ dfly;Dd k'¥ofpFbf pTklbt sfo{ / nfut sfo{ slt slt 

x'G5 < [pTkflbt sfo{ = 1800Nm, nfut sfo{ = 2400Nm]

(iv) sfo{ Ifdtf kl/jt{g gu/L pSt oGqaf6 ;f]xL nf]8nfO{ oxL 7fpFdf k'¥ofpg 

150 Go'6g Okmf]{6n] tfg'k¥of] eg] 58\s] ;txsf] nDafO slt x'g'k5{ <

[d = 16 m]

4. 20cm nfdf] /]Gr' k|of]u u/]/ Pp6f g6 vf]Ng 20N Okmf]6{ k|of]u ug'{k¥of] eg] pSt 

g6 vf]Nbf pTkGg x'g] df]d]G6 slt x'G5, lgsfNg'xf];\ . [400 Nm]

5. laF8sf] cw{Jof; 2 cm / kfª\u|fsf] cw{Jof; 8 cm ePsf] kfª\u|f / laF8sf] sfo{Ifdtf 

80% 5 eg] pSt oGqdf 800N nf]8nfO{ ;Gt'ng ug{ slt Okmf]6{ nufpg'knf{ < 

[250N]

kl/of]hgf sfo{

tkfO{Fsf] 3/ j/k/ ePsf kmlg{r/ agfpg] sf/vfgfdf hfg'xf];\ . ToxfF ePsf ;/n oGqx¿ / 

ltgLx¿sf] k|of]u s'g s'g sfddf x'Fbf] /x]5 < ld:qL;Fu ;f]w]/ jf cfk}mFn] cjnf]sg u/]/ tn lbOP 

h:t} tflnsf agfO{ n]Vg'xf];\ . 

;/n oGqsf] gfd ;/n oGqsf] k|sf/ o;sf] pkof]u÷k|of]u

zAbfjnL

pTkflbt sfo{  M   nf]8n] ug]{ sfo{ 

nfut sfo{  M   Okmf]6{n] ug]{ sfo{

k"0f{ oGq  M   100% sfo{ Ifdtf ePsf] oGq 

df]d]G6  M   ansf] 3'Dg] c;/

38Lsf] lbzf  M   38Lsf] ;'O{x¿ 3'Dg] lbzf
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PsfO

4

xfdLn] b}lgs hLjgdf ef/L af]Sg], v]t vGg], OF6 :yfgfGt/ ug]{, lxF8\g], bf}8g] h:tf sfo{x¿ ul//x]sf 

5f}F . ef}lts lj1fgdf s'g} j:t'df an nufpFbf o;nfO{ ansf] lbzfdf :yfgfGt/0f ug{ ;s]df dfq 

sfo{ ePsf] elgG5 . sfo{ ug]{ IfdtfnfO{ zlSt eGg] k|rng 5 . tfk, k|sfz, Wjlg, r'Das, cf0fljs 

zlStsf s]xL k|sf/x¿ x'g\ . dflg; Pjd\ oGqx¿sf] sfd ug]{ Ifdtf km/s km/s x'g] ub{5 . oxL 

sfo{ Ifdtfsf cfwf/df s;}n] Pp6} k|s[ltsf] sfo{ klg l56f] / s;}n] l9nf] l;Wofpg] ub{5g\ . o;/L 

sfo{ ug]{ b/nfO{ ;fdYo{ elgG5 . o; PsfOdf xfdL sfo{, zlSt / ;fdYo{sf] af/]df cWoog ug]{ 5f}F .

sfo{ (Work)

b}lgs ¿kdf tkfO{F cfkm\gf] lstfa, sfkLsf] emf]nf af]s]/ ljBfno cfpg] ug'{ x'G5 . s] tkfO{FnfO{ 

cfkm\gf] / emf]nfsf] tf}n yfxf 5 < yfxf geP Kofg Aofn]G; k|of]u u/L kQf nufpg ;Sg'x'g] 5 . 

pSt emf]nf af]s]/ ljBfno cfpFbf kSs} klg tkfO{Fn] an k|of]u ug'{ ePsf] 5 . o;/L an k|of]u u/L 

b'/L kf/ ubf{ sfo{ x'G5 . To:t} u/L Ogf/af6 afN6Ldf kfgL tfGbf klg sfo{ x'G5 .

;fwf/0f efiffdf sfd ug'{nfO{ sfo{ eGg] k|rng 5 . t/ ef}lts lj1fgdf eg] s'g} j:t'dfly an 

nufpFbf pSt j:t' ans} lbzfdf :yfgfGt/0f x'G5 eg] dfq sfo{ ePsf] dflgG5 . ul0ftLo ¿kdf 

JoSt ubf{ jf:tjdf sfo{ eg]sf] an / ansf] lbzfdf j:t'n] kf/ u/]sf] b'/Lsf] u'0fgkmn g} xf] . s'g} 

dflg; jf oGqn] u/]sf] sfo{ lgsfNg tnsf] ;"q k|of]u ul/G5 M

  sfo{ (W)  an  b'/L    jf,  W = F  d

sfo{nfO{ h'n (Joule) PsfOdf gflkG5 . h'nnfO{ 5f]6s/Ldf J n] hgfOG5 . sfo{sf] PsfO h'nsf] 

lj:tfl/t ¿k kgm2/s2 x'G5 .

sfo{ b'O{ k|sf/sf x'G5g\ . ltgLx¿sf] ;ª\lIfKt kl/ro tn lbOPsf] 5 M

3if{0f lj?4sf] sfo{ (Work against Friction)

s'g} j:t'sf ;txdf csf]{ j:t'dfly an k|of]u u/L Ps 7fpFaf6 csf]{ 7fpFdf nfFbf x'g] sfo{ g} 3if{0f 

lj?4sf] sfo{ xf] . o;df nufOPsf] an 3if{0f ansf] lj?4df j:t'nfO{ rfndf Nofpg k|of]u ePsf] 

x'G5 . t];f]{ lbzfdf x'g] sfo{ 3if{0f lj?4sf] sfo{ xf], h:t} df]6/ u'8fpFbf, rf}/df bf}8Fbf, Sof/d 

v]Nbf x'g] sfo{ .

sfo{, zlSt / ;fdYo{
(Work, Energy and Power)



38 lj1fg, sIff 9

u'?Tj an lj?4sf] sfo{ (Work against Gravity)

s'g} j:t'nfO{ hldgaf6 dflylt/ prfNbf x'g] sfo{nfO{ u'?Tj an lj?4sf] sfo{ elgG5 . s'g} j:t'nfO{ 

dfly p7fpFbf u'?Tj ansf lj?4df an nufpg'kg]{ ePsfn] o;nfO{ u'?Tj an lj?4sf] sfo{ elgG5 . 

o:tf] sfo{ lgsfNbf tnsf] ;"q k|of]u ug{ ;lsG5 M

 sfo{ (W) = mgh -hxfF, m = j:t'sf] lk08, g = u'?Tj k|j]u / h = prfO  x'g\ ._

pbfx/0f 1M Ps hgf dflg;n] 16 m prfOsf] 3/sf] 5fgfdf 40 kg sf] l;d]G6sf] af]/f n}hfFbf 

p;n] slt sfo{ ub{5 < kQf nufpg'xf];\ . (g = 9.8 m/s2)

oxfF,

3/sf] prfO (h) = 16 m

l;d]G6sf] lk08 (m) = 40 kg

u'?Tj k|j]u (g) = 9.8 m/s2

sfo{ (W) = ?

xfdLnfO{ yfxf 5,

 W = mgh

  = 40 x 9.8 x 16 = 6272 J

t;y{ To; dflg;n] 6272 J sfo{ ub{5 .

zlSt (Energy)

b}lgs hLjgdf dflg;x¿n] ljleGg k|sf/sf sfo{x¿ u/]sf] tkfO{Fx¿nfO{ yfxf 5 . To;}u/L ljleGg 

k|sf/sf oGqx¿n] klg sfo{ ug]{ ub{5g\ . t/ oL dflg; tyf oGqx¿sf] sfd u/fOsf] ult eg] km/s 

km/s x'g] ub{5 . sfo{ ubf{ zlStsf] ¿kfGt/0f x'g] ub{5 . oxfF zlSt eg]sf] sfo{ ug]{ Ifdtf xf] . 

xfd|f] b}lgs hLjgdf ljleGg k|sf/sf sfo{x¿ ug{ zlStsf] cfjZostf kb{5 . zlSt geO{ s'g} klg 

sfo{ ug{ ;lsFb}g . xfdLn] ljleGg k|sf/sf vfgfx¿af6 zlSt k|fKt ub{5f}F . olb xfdL lbgel/ ;'Tof}F 

eg] klg zlStsf nflu vfgf rflxG5 . JolSt jf oGqsf] sfo{ ug{ ;Sg] Ifdtf (capacity of doing 
work) nfO{ g} zlSt (energy) elgG5 . Wjlg zlSt, k|sfz zlSt, /f;folgs zlSt, l:ylt zlSt 

u/L zlSt ljleGg k|sf/sf x'g] ub{5g\ . oL zlStx¿sf af/]df lgDgfg';f/ JofVof ul/Psf] 5 .
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-s_ l:ylt zlSt (Potential energy) 

lj|mofsnfk 1

d6\ofª\u|f;lxtsf] Pp6f u'n]nLnfO{ tfGg'xf];\ / sf]xL gePsf] v'Nnf 7fpFlt/ ;f]‰ofP/ 5f]8\g'xf];\ . Tof] 

d6\ofª\u|f] k/;Dd hfG5 . o; cj:yfdf df+;k]zLdf /x]sf] zlSt /a/df ;l~rt x'g k'U5 . tlGsPsf] 

/a/df hDdf ePsf] zlSt g} l:ylt zlSt (potential Energy) xf] . olb Pp6f OF6nfO{ prfn]/ 

6]andf /flvof] eg] pSt OF6df klg l:ylt zlSt ;l~rt x'G5 .

s'g} j:t'df To;sf] :yfg jf l:ylt kl/jt{gsf] sf/0fn] ;l~rt /xg] zlStnfO{ l:ylt zlSt 

elgG5 .

afFwdf hDdf ul/Psf] kfgLdf klg l:ylt zlSt ;l~rt x'G5 . o;df cUnf] 7fFpdf ePsf] jf :yfgsf] 

sf/0fn] zlSt ;l~rt /xg uPsf] xf] . s'g} l:k|ªnfO{ bafOof], aª\UofOof], tGsfOof] jf a]l/of] eg] 

To;sf] l:yltdf kl/jt{g x'G5 . l:yltsf] kl/jt{g  ePsf] sf/0fn] g} l:k|ªdf zlSt ;l~rt x'G5 . 

es'G8f] xfGbf, uf]8f prfNbf klg df+;k]zLsf] l:yltdf kl/jt{g cfFp5 / zlSt ;l~rt x'G5 . dflysf 

;a} pbfx/0fx¿ l:ylt zlSt (potential energy) ;l~rt /x]sf pbfx/0f x'g\ . lglZrt prfOdf 

/flvPsf] lk08df ;l~rt x'g] kf]6]lG;on zlStnfO{ u'?Tjfsif{0f kf]6]lG;on zlSt (gravitational 
potential energy) elgG5 .

u'?Tjfsif{0f kf]6]lG;on zlSt (PE) = mgh

dflysf ;"qx¿ cWoog u/L ;f]r ljrf/ ug'{xf];\ t . kf]6]lG;on zlSt / sfo{lar s:tf] ;DaGw 

xf]nf < ul0ftLo ¿kdf x]bf{ u'?Tj an lj?4 x'g] sfo{ / j:t'df ;l~rt x'g] kf]6]lG;on zlSt a/fa/ 

x'G5 . 

-v_ rfn zlSt (Kinetic energy)
aGb'saf6 5f]l8Psf] uf]nLn] s'g} r/fnfO{ nfUof] eg] s] x'G5 < r/f dg{ jf 3fOt] x'g ;S5, lsgls 

uf]nLdf zlSt x'G5 . of] zlSt rfn zlSt xf] . o:t} u'n]nLaf6 5f]l8Psf] d6\ofª\u|f], au]sf] kfgL, 

atf; cflb ultzLn j:t'x¿df klg rfn zlSt g} x'G5 . au]sf] kfgLaf6 lah'nL lgsflnG5 eGg] s'/f 

t yfxf g} 5 . To:t} atf;af6 klg kª\vf 3'dfP/ lah'nL lgsflnG5 . au]sf] kfgL, atf;, pl8/x]sf] 

r/f, u'l8/x]sf] df]6/ cflbdf x'g] zlSt klg rfn zlSt g} xf] .

j:t'df x'g] rfnn] ubf{ pTkGg x'g] zlStnfO{ rfn zlSt elgG5 .

rfn zlSt s] s] s'/fdf lge{/ /xG5 eGg] s'/f yfxf kfpg lgDg lj|mofsnfk ug{ ;lsG5 .

lj|mofsnfk 2

Ps hgfn] Pp6f lj|ms]6 an jf o:t} cGo annfO{ la:tf/} kmfNg'xf];\ / csf]{ ;fyLn] ;f] an 
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;dfTg'xf];\ . annfO{ cln a9L ultdf kmfNg'xf];\ . csf]{ ;fyLn] an km]l/ ;dfTg'xf];\ . s] km/s 

kfpg'eof] < annfO{ a9L ultdf kmfn]sf] a]nf an ;dfTg sl7g x'G5 lsgls o;df a9L ult zlSt 

x'G5 . t;y{ ult a9]df j:t'df ;~ro x'g] rfn zlSt klg a9\5 . To;}n] ult a9L ePsf] ann] rf]6 

nfUg] ;Defjgf a9L x'G5 .

k]ml/ Ps hgfn] Tolt g} hf]8n] 6]an6]lg;sf] an kmfNg'xf];\ / csf]{ ;fyLn] an ;dfTg'xf];\ .

6]an6]lg;sf] aneGbf lj|ms]6 andf lk08 a9L 5 . To;}n] b'j}nfO{ ;dfg hf]8n]] kmflnPsf] eP tfklg 

lj|ms]6 andf rfn zlSt a9L x'G5 / lj|ms]6 ann] a9L rf]6 kfg{ ;S5 . o;}n] an ;dfpg] v]nf8Ln] 

kGhf nufpg] u5{g\ . 

o; k|of]uaf6 s] lgisif{df k'Ug ;lsG5 eg] j:t'df x'g] rfn zlSt j:t'sf] lk08 / ultdf lge{/ 

/xG5 . s'g} j:t'sf] rfn zlSt eg]sf] To; j:t'sf] lk08 / To;sf] ultsf] ju{sf] u'0fg kmnsf] cfwf 

xf] . ul0ftLo ¿kdf rfn zlStnfO{ o;/L JoSt ul/G5 M

rfn zlSt jf ult zlSt (KE) = 1
2  lk08  ult  ult jf KE = 

1
2  mv2

l:ylt zlSt / rfn zlStlar km/s

cfwf/ l:ylt zlSt ult zlSt

kl/efiff j:t'sf] l:yltsf sf/0fn] o;df ;l~rt 

x'g] zlSt g} l:ylt zlSt xf] .

rfn cj:yfdf /x]sf] j:t'df pTkGg 

zlStnfO{ rfn jf ult zlSt elgG5 .

pbfx/0f tGsfOPsf] /a/, afFwsf] kfgL, 5tdf 

/flvPsf] 6\ofª\sL cflbdf l:ylt zlSt 

x'G5 .

aGb'saf6 lg:s]sf] uf]nL, pl8/x]sf] r/f, 

u'l8/x]sf] df]6/, alu/x]sf] kfgL cflbdf 

rfn zlSt x'G5 .

;"q PE = mgh x'G5 . KE = 1
2

mv2 x'G5 .

-u_ ljB't\ zlSt (Electric Energy)

On]S6«f]gsf] rfnsf sf/0fn] s'g} j:t'df pTkGg x'g] zlStnfO{ ljB't\ zlSt elgG5 . ljB't\ zlStn] 

ljB'tLo pks/0fx¿ h:t} 6]lnkmf]g, /]l8of], df]afOn, sDKo'6/, 6]lnlehg, lx6/, /fO; s's/ cflb 

;~rfng ug{ ;lsG5 . ljB't\ zlStnfO{ ;lhnf], ;'/lIft / ;:tf] tl/sfn] cGo k|sf/sf zlStdf 

kl/0ft ug{ ;Sg] ePsfn] o;sf] k|of]u Jofks ePsf] 5 .

-3_ tfk zlSt (Heat Energy)

j:t'df ePsf] c0f'x¿sf] rfnsf sf/0fn] pTkGg x'g] zlStnfO{ tfk zlSt elgG5 . bfp/f, UofF;, 

dl6t]n, k]6«f]n cflb afNbf klg tfk zlSt pTkGg x'G5 . jfik OlGhgdf tftf] kfgLsf] jfkmn]OlGhg 
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;~rfng x'G5 . ;"o{sf] ls/0faf6 k[YjLdf k|r"/ dfqfdf tfk zlSt k|fKt x'G5 .

-ª_ k|sfz zlSt (Light Energy)
k|sfz klg Ps k|sf/sf] zlSt xf], h;sf] sf/0fn] xfdL s'g} j:t'nfO{ b]Vg ;S5f}F . k|sfz zlStsf] 

d'Vo k|fs[lts ;|f]t ;"o{ xf] . la?jfn] k|sfz zlStsf] pkl:yltdf vfgf agfpF5 . cfh ef]ln k|sfz 

zlStaf6 ljB't\ pTkfbg ug{ kmf]6f] ;]nx¿ / ;f]nf/ Aof6«Lsf] k|of]u a9\b} uPsf] 5 .

-r_ Wjlg zlSt (Sound Energy)
j:t'sf] sDkGgaf6 Wjlg zlSt pTkGg x'G5 . WjlgnfO{ xfd|f] sfgn] klxrfg u5{ . Wjlg k|;f/0fsf] 

nflu dfWodsf] cfjZostf kb{5 . Wjlg t/ª\usf] ¿kdf k|;f/0f x'G5 . alh/x]sf j:t'df Wjlg 

zlSt x'G5, h:t} alh/x]sf] /]l8of], 6]lnlehg, dfbn, d'h'/f, ;f/ª\uL cflb .

-5_ r'DasLo zlSt (Magnetic Energy)
r'Sasdf ;l~rt eP/ /x]sf] zlStnfO{ r'DasLo zlSt elgG5 . r'DasLo zlStn] ubf{ r'Dasn] 

r'DasLo j:t'nfO{ cfsif{0f u5{ . r'Dasdf o;sf c0f' r'Dasx¿ Ps cfk;df ;dfgfGt/ ¿kdf 

/x]sf x'G5g\ . Onf]S6«f]DofUg]6df r'DasLo zlSt x'G5 . /]l8of], df]afOn, sDKo'6/ h:tf cfw'lgs 

pks/0fx¿df r'Das k|of]u ul/Psf x'G5g\ .

-h_ cf0fljs zlSt (Nuclear Energy)
k/df0f'sf] Go'lSno;x¿sf] km\o'hg jf lkm;g (nuclear fusion and fission) af6 pTkGg x'g] 
zlStnfO{ cf0fljs zlSt elgG5 . oL b'j} k|lj|mofaf6 7'nf] dfqfdf zlSt pTkGg x'G5g\ . Go'lSno/ 

adx¿df cf0fljs zlSt ;l~rt eP/ a;]sf] x'G5 .

-em_ /f;folgs zlSt (Chemical Energy)
kbfy{df /f;folgs k|ltlj|mofaf6 ;l~rt x'g] zlStnfO{ /f;folgs zlSt elgG5 . l8h]n, k]6«f]n, vfgf 

ksfpg] UofF;, dl6t]n cflbdf /f;folgs zlSt kfOG5 . o:tf kbfy{df ;l~rt zlStnfO{ tfk, k|sfz 

h:tf zlStdf kl/0ft ug{ ;lsG5 .

;fdYo{ (Power)

s'znn] 200 Go'6gsf] ef/L af]s]/ 50 ;]s]G8 ;dodf 10 ld6/ prfOdf k'¥ofP t/ Tolt g} ef/L 

af]s]/ ul/dfn] 40 ;]s]G8df 10 ld6/ prfOdf k'¥ofOg\ eg] s] s'zn / ul/dfn] u/]sf] sfo{ a/fa/ 

5 < s'zn / ul/dfsf] sfddf s] km/s 5 <

oxfF, b'j}n] 2000 h'n sfo{ u/] . b'j}n] u/]sf sfo{ a/fa/ 5 t/ s'znn] 2000 h'n sfo{ ug{ 50 
;]s]G8 ;do nufof] eg] ul/dfn] Tolt g} sfo{ ug{ 40 ;]s]G8 nufOg\ . To;}n] s'znn] k|lt ;]s]G8 

40 h'n sfo{ u¥of] t/ ul/dfn] k|lt ;]s]G8 50 h'n sfo{ ul/g\ . k|lt ;]s]G8df u/]sf] sfo{ ul/dfsf] 
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a9L 5 . To;}n] ul/dfsf] ;fdYo{ (Power) s'znsf] eGbf a9L 5 .

k|lt ;]s]G8 sfo{ ug]{ b/nfO{ ;fdYo{ (power) elgG5 . csf]{ cy{df,zlSt ¿kfGt/ ug]{ b/nfO{ 

;fdYo{ elgG5 .

ul0ftLo ¿kdf eGg'kbf{

;fdYo{ (Power) = u/]sf] sfo{

nfu]sf] ;do
 = zlSt ¿kfGt/0f

;do

jf, ;fdYo{ (P) = 
W
t   [hxfF, W = sfo{ / t = ;do]

jf, P = 
W
t  × W x d

t

jf, P = f  v   = 
d
t  = v ]

sfo{ jf zlStsf] PsfO h'n (J) xf] / ;dosf] PsfO ;]s]G8 (s) 
xf] . t;y{ ;fdYo{sf] PsfO h'n k|lt ;]s]G8 J/s jf jf6 (watt) 
xf] . 

s'g} klg d]l;gsf] ;fdYo{ yfxf ePdf To; d]l;gn] sfo{ slt l56f] ug{ ;S5 eGg] s'/f yfxf x'G5 . 

Pp6f 6«ofS6/n] 1 306fdf 1 /f]kgL v]t hf]Tg ;S5 t/ csf]{ 6«ofS6/n] Tolt g} v]t 40 ldg]6df 
hf]Tg ;Sof] eg] bf];|f] 6«ofS6/sf] ;fdYo{ a9L eof] . Ps hf]8L uf]?n] 1 /f]kgL v]t hf]Tg 5 306f 

nufpF5g\ / csf]{ hf]8Ln] Tolt g} v]t hf]Tg 4 306f dfq ;do nufpF5g\ eg] bf];|f] hf]8Lsf] ;fdYo{ 

a9L 5 .

60 jf6 eg]sf] 60 J/s xf] . cyf{t\ s'g} pks/0fn] Ps ;]s]G8df 60 J sfo{ ub{5 . Pp6f lah'nLsf] 

lrddf 100 W n]lvPsf] 5 eg] To;sf] cy{ pSt lrdn] Ps ;]s]G8 ;dodf 100 J ljB't\ zlStnfO{ 

k|sfz / cGo zlStdf ¿kfGt/0f u5{ eGg] xf] .

sfo{, zlSt / ;fdYo{lar t'ngf

j|m=;+ sfo{ zlSt ;fdYo{

1. of] an / b'/L -:yfgfGt/0f_ 

sf] u'0fg kmn xf] .

of] sfo{ ug]{ Ifdtf xf] . of] sfo{ ug]{ b/ xf] .

2. o;sf] PsfO h'n xf] . o;sf] PsfO h'n xf] . o;sf] PsfO jf6 xf] .

3. o;nfO{ ;don] c;/ kfb}{g . o;nfO{ ;don] c;/ kfb}{g . o;nfO{ ;don] c;/ kf5{ .

tkfO{“nfO{ yfxf 5 <

1kw = 103w

1MW = 106w

1HP = 746w x'G5 .
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pbfx/0f 1.  Pp6f dflg;n] 150N sf] nf]8nfO{ prfn]/ 40 min df 40m b'/L kf/ u/fpF5 eg] 

pSt dflg;sf] ;fdYo{ slt xf]nf < lx;fa ug'{xf];\ .

oxfF, nf]8 (F) = 150 N b'/L (d) = 40 m  

;do (t) = 40 min. = 40 x 60 S = 2400 S

u/]sf] sfo{ (W) = ? ;fdYo{ (P) = ?

xfdLnfO{ yfxf 5, 

W = F x d  = 150 x 40 = 6000 J P = 
W
t  = 6000

2400
 = 2.5 watt

pbfx/0f 2.  15 kg lk08 ePsf] ;fOsn 40 m/s sf] ultdf u'l8/x]sf] 5 . o;sf] ult zlSt 

lgsfNg'xf];\ .

oxfF, lk08 (m) = 15 kg ult (v) = 40 m/s

ult zlSt (KE) = ? 

xfdLnfO{ yfxf 5,

ult zlSt (KE) = 1
2 mv2 = 

1
2  15  (40)2 = 12000J

 pSt ;fOsnsf] ult zlSt 12000 J x'G5 .

pbfx/0f 3. 60 kg lk08 ePsf] j:t'nfO{ 15m sf] prfO;Dd k'¥ofOof] eg] pSt j:t'df slt 

l:ylt zlSt ;l~rt ePsf] xf]nf < kQf nufpg'xf];\ . (g = 10m /s2)

oxfF,  lk08 (m) = 60 kg u'?Tj k|j]u (g) = 10m/s2

prfO (h) = 15m l:ylt zlSt (PE) = ?

xfdLnfO{ yfxf 5,

PE  = mgh = 60 x 10 x 15 = 9000 J

t;y{ pSt j:t'df ;l~rt ePsf] l:ylt zlSt jf kf]6]lG;on zlSt 9000 J x'G5 .
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;Demg'kg]{ s'/fx¿

1. s'g} j:t'df an nufP/ ansf] lbzfdf b'/L kf/ u/fpFbf sfo{ x'G5 .

2. j:t', JolSt jf oGqsf] sfo{ ug]{ IfdtfnfO{ g} zlSt elgG5 . o;sf] PsfO h'n xf] .

3. j:t'sf] :yfg jf l:ylt kl/jt{gsf] sf/0fn] pTkGg x'g] zlStnfO{ l:ylt zlSt elgG5 .   

l:ylt zlSt (PE) = mgh x'G5 .

4. j:t'sf] rfnn] ubf{ pTkGg x'g] zlStnfO{ rfn zlSt elgG5 . rfn zlSt a/fa/ j:t'sf]   

lk08 / ultsf] ju{sf] u'0fg kmnsf] cfw x'G5 . (KE = 
1
2  mv2)

5. k|lt PsfO ;dodf sfo{ ug]{ b/ jf zlSt ¿kfGt/0f x'g] b/ g} ;fdYo{ xf] . o;sf] PsfO J/s 
jf jf6 (watt) xf] .

cEof;

-s_ tnsf ax' j}slNks k|Zgx¿sf] ;xL pQ/df l7s -_ lrx\g nufpg'xf];\ M

1. u'l8/x]sf] a;df tnsf dWo] s'g zlSt x'G5 <

 (i) ult zlSt (ii)  l:ylt zlSt (iii)  ljB't\ zlSt (iv) cf0fljs zlSt

2. tnsf dWo] s'g rflxF zlStsf] PsfO xf] <

 (i) h'n (J) (ii) jf6 (W) (iii) x;{kfj/ (HP) (iv) Go'6g (N)

3. kf]v/Ldf hDdf ePsf] kfgLdf s'g zlSt ;l~rt x'G5 <

 (i) ult zlSt (ii) l:ylt zlSt (iii) tfk zlSt (iv) r'Das zlSt 

4. k|sfz ;+Zn]if0f lj|mofsf] nflu s'g zlSt rflxG5 <

 (i) ult zlSt (ii) tfk zlSt (iii) k|sfz zlSt (iv) cf0fljs zlSt

-v_ tnsf k|Zgx¿sf] pQ/ lbg'xf];\ M

1. zlSt eg]sf] s] xf] < o;sf] PsfO klg n]Vg'xf];\ .

2. s:tf] zlStnfO{ r'DasLo zlSt elgG5 < o;sf] pkof]lutf n]Vg'xf];\ .

3. d]sflgsn zlSt s:tf] zlStnfO{ elgG5 < kf]6]lG;on zlSt / sfOg]l6s zlStlar 

ltg cf]6f km/s n]Vg'xf];\ .

4. aGb'saf6 lg:s]sf] uf]nLdf s'g zlSt x'G5 < pSt zlSt s;/L ;l~rt xf]nf, 

n]Vg'xf];\ .

5. Pp6f ljB'tLo lx6/df 500 W n]lvPsf] 5 . o;sf] cy{ s] xf], n]Vg'xf];\ .
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6. ;fdYo{sf] kl/efiff lbO{ o;sf] PsfO / ;"q klg n]Vg'xf];\ .

7. zlSt / ;fdYo{lar s] ;DaGw 5, pNn]v ug'{xf];\ . l56f] sfd ug]{ oGqsf] ;fdYo{ a9L 

x'G5, lsg < :ki6 kfg'{xf];\ .

8. tn lbOPsf j:t'x¿df s'g zlSt ;l~rt 5 < tflnsf agfO{ n]Vg'xf];\ .

(i)  tGsfOsf] l:k|ª (ii) dl6t]n (iii) u'l8/x]sf] an

(iv)  z'is jf 8«fO ;]n  (v) r'Das (vi) aln/x]sf] lrd

9. u'n]nL tGsfpFbf s'g k|sf/sf] zlSt ;l~rt x'G5 < pSt zlSt s;/L k|fKt x'G5, 

n]Vg'xf];\ .

10. cf0fljs zlSt eg]sf] s] xf] < o; k|sf/sf] zlStsf] b'O{ cf]6f pkof]lutf n]Vg'xf];\ .

-u_  tnsf ul0ftLo ;d:ofx¿ xn ug'{xf];\ M

-s_ 40kg lk08 ePsf] j:t'nfO{ 20 m cUnf] 7fpFdf k'¥ofpFbf slt zlSt ;l~rt xf]nf < 

[8000 J]

-v_ 100 kg lk08 ePsf] Pp6f df]6/;fOsn 20m/s sf] ultn] ;/n /]vfdf lxFl8/x]sf] 

5 eg] pSt df]6/;fOsnsf] ult zlSt kQf nufpg'xf];\ . [20,000 J]

-u_ 100 kg lk08 ePsf] j:t'nfO{ 5m/s2 sf] k|j]un] 10 m k/ ws]Nbf slt sfo{ x'G5 < 

[5000 J]

-3_ gf/fo0fsf] tf}n 70kg 5 . p;n] 3m prfO ePsf] e¥ofª 20 sec df r9\5 eg] 

p;sf] ;fdYo{ kQf nufpg'xf];\ . [105 W]

-ª_ 50 kg lk08 ePsf] Pp6f dflg;n] k|To]s v'8\lsnf 25cm ePsf] 20 cf]6f v'8\lsnf 

r9\g 40 ;]s]G8 nfU5 eg] pSt dflg;sf] ;fdYo{ kQf nufpg'xf];\ . [62.5 W]

kl/of]hgf sfo{

tkfO{Fsf] 3/sf] e¥ofª r9\g'xf];\ . e¥ofª r9\g'cl3 g} e¥ofª r9\g nfUg] ;do gfKg 38Lsf] Joj:yf 

ug'{xf];\ . e¥ofª r9\g nfu]sf] ;do gf]6 ug'{xf];\ . e¥ofªsf] prfO klg ld6/ :s]n k|of]u u/L 

gfKg'xf];\ . glhs}sf] x]Nykf]:6 uPsf] a]nfdf cfkm\gf] tf}n klg gfKg'xf];\ . pko'{St gfkx¿sf] cfwf/df 

e¥ofª r9\bf cfkm"n] u/]sf] sfo{ / ;fdYo{ kQf nufpg'xf];\ .

zAbfjnL

sfo{ M lglZrt an nufP/ j:t'sf] :yfg kl/jt{g ug{'

zlSt M sfo{ ug]{ Ifdtf

;fdYo{ M sfo{ ug]{ b/
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PsfO

5
tkfO{F+x¿n] kfgL ePsf] lunf;df l;;f snd cfwf 8'afP/ x]g'{ePsf] 5 < kfgLdf g8'afpFbf / 

8'afpFbf l;;f sndsf] cfsf/df s]xL km/s kfpg'eof] < kfgL ePsf] lunf; leq l;Ssf /fVbf 

To;sf] :yfgdf s] kl/jt{g b]Vg'eof] < dflysf k|Zgx¿nfO{ ljZn]if0f ubf{ l;;f sndnfO{ kfgLdf 

8'afpFbf afª\uf] b]lvg] / l;SsfnfO{ kfgL ePsf] lunf;df /fVbf To;sf] jf:tljs :yfgeGbf s]xL dfly 

p7]sf] b]lvG5 . o:tf] x'g'sf] k5fl8 s] sf/0f xf]nf < 5nkmn ug'{xf];\ . pSt k|lj|mofx¿ k|sfzsf] 

cfjt{gsf] sf/0fn] ePsf x'g\ . o; PsfOdf xfdL k|sfzsf] cfjt{g / k|sfzsf] ljleGg t/ª\ux¿sf] 

k|s[lt af/]df cWoog ug]{ 5f}F .

k|sfzsf] cfjt{g

k|sfzsf] ls/0f s'g} Pp6f dfWoddf ;/n /]vfdf hfG5 . ha 

k|sfzsf] ls/0f Pp6f dfWodaf6 58\s] ¿kdf csf]{ dfWoddf 

k|j]z ub{5, ta s]xL dfqfdf ls/0fx¿ klxn]s} dfWoddf 

k/fjlt{t x'G5g\ / afFsL ls/0fx¿ csf]{ kf/bzL{ dfWoddf 

k|j]z u5{ . o;/L csf]{ dfWoddf k|j]z u/]sf ls/0fx¿sf] 

lbzf klxn]sf] eGbf km/s x'G5 . cyf{t\ k|sfzsf ls/0fx¿ 

afª\luG5g\ . 

o;/L k|sfzsf] ls/0f Ps dfWodaf6 csf]{ dfWoddf hfFbf afª\lug] jf lbzf kl/jt{g x'g] k|lj|mofnfO{ 

g} k|sfzsf] cfjt{g elgG5 .

lj|mofsnfk 1

1. Pp6f ;]tf] sfuh lng'xf];\ / o;nfO{ 6]andf /fVg'xf];\ .

2. sfuhdfly sfFrsf] :nfa /fv]/ o;sf] aflx/L ;txdf /]vf lvRg'xf];\ .

3. sfFrsf] :nfanfO{ x6fP/ lrqdf lbOPsf] h:t} laGb' Q df NQM gd{n lvRg'xf];\ . 

4. laGb' Q df kg]{ u/L /]vf PQ lvRg'xf];\ / pSt /]vfd} kg]{ u/L b'O{ cf]6f lkgx¿ uf8\g'xf];\ .

5. ca sfFrsf] :nfanfO{ km]l/ klxn]s} 7fpFdf /fVg'xf];\ / lkg uf8]sf] ljk/Lt ;txaf6 /]vf PQ 

df ufl8Psf] lkgx¿ l;wf b]lvg] u/L x]g'{xf];\ . Pp6} nfOgdf kg]{ u/L csf]{ b'O{ cf]6f lkgx¿ 

;tx DC sf] cufl8 uf8\g'xf];\ .

 k|sfz 
(Light)

lrq g+= 5.1 :  k|sfzsf] cfjt{g
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6. lkg uf8]sf] 7fpFaf6 k]ml/ lrqdf h:t} l;wf /]vf lvRg'xf];\ . To;nfO{ RS gfds/0f ug'{xf];\ .

7. ca sfFrsf] :nfa x6fP/ laGb' Q / R nfO{ klg hf]8\g'xf];\ . lrqdf b]vfOP h:t} cfs[lt 

aG5 .

oxfF PQ cfkltt ls/0f (incident ray) xf] . PQN cfkltt sf]0f (incident angle) xf] . ls/0f 

QR cfjlt{t ls/0f (refracted ray) xf] . MQR cfjlt{t sf]0f (refracted angle) xf] . ls/0f 

RS Odh]{G6 ls/0f (emergent ray) xf] eg] MRS Odh]{G6 sf]0f xf] .

k|sfzsf] cfjt{g x'Fbf cfkltt / cfjlt{t sf]0f slxNo} klg a/fa/ x'Fb}g . oxfF xfjf / sfFrsf] 

t'ngf ubf{ xfjfdf k|sfzsf] ult a9L / sfFrdf k|sfzsf] ult sd x'G5 . t;y{ sfFr t'ngfTds 

¿kdf ;3g dfWod (denser medium) / xfjf lj/n dfWod (rarer medium) xf] . dflysf] 

lj|mofsnfkaf6 xfdL lgDg lgisif{ lgsfNg ;S5f}F M

(i) k|sfz lj/n dfWoaf6 ;3g dfWoddf hfFbf gd{nlt/ afª\luG5 .

(ii) k|sfz ;3g dfWodaf6 lj/n dfWoddf hfFbf gd{neGbf 6f9f afª\luG5 .

(iii) k|sfz gd{n eP/ hfFbf gafª\lusg csf]{ dfWoddf k|j]z u5{ .

k|sfz cfjt{gsf] sf/0f

km/s dfWoddf k|sfzsf] ult km/s km/s x'G5 . xfjfdf k|sfzsf] ult 3.0  108 m/s, kfgLdf 
2.2  108 m/s / sfFrdf 2.0  108 m/s x'G5 . k|sfz Ps dfWodaf6 csf]{ dfWoddf k|j]z ubf{ 

o;sf] ult kl/jt{g x'G5 . ult kl/jt{gsf] sf/0fn] ubf{ k|sfz Ps dfWodaf6 csf]{ dfWoddf hfFbf 

afª\luG5 . b'O{ cf]6f dfWoddf k|sfzsf] ultsf] km/s hlt a9L x'G5, k|sfzsf] ls/0f klg Tolt g} 

a9L afª\luG5 .

t'ngfTds ¿kdf a9L 3gTj ePsf] dfWodnfO{ ;3g dfWod / sd 3gTj ePsf] dfWodnfO{ 

lj/n dfWod elgG5 . k|sfz la/n dfWodaf6 ;3g dfWoddf hfFbf cfjlt{t sf]0f (angle of 
refraction) hlxn] klg cfkltt sf]0f (angle of incidence) eGbf ;fgf] x'G5 / ;3g dfWodaf6 

lj/n dfWoddf hfFbf cfjlt{t sf]0f hlxn] klg cfkltt sf]0feGbf 7'nf] x'G5 . 

k|sfz cfjt{gsf lgodx¿

k|sfzsf ls/0fx¿ Ps dfWodaf6 csf]{ dfWoddf k|j]z ubf{ k|sfzsf] cfjt{g x'G5 . k|sfzsf] 

cfj{tgsf lgodx¿ o; k|sf/ 5g\ M

(i) cfkltt ls/0f, cfjlt{t ls/0f / gd{n Pp6} ;txsf] Pp6} laGb'df kb{5g\ .
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(ii) lbPsf] b'O{ cf]6f dfWodsf] nflu cfkltt sf]0f / cfjlt{t sf]0fsf] ;fOgsf] cg'kft l:y/ x'G5 . 

o;nfO{ :g]nsf] lgod (Snell's law)    elgG5 . o;nfO{ greek cIf/ (mew) n] hgfOG5 . 

;"qdf n]Vbf M
sin i
sin r  

  nfO{ dfWodsf] l/k|mflS6e OG8]S; (refractive index) elgG5 .

 csf]{ ¿kdf l/k|mflS6e OG8]S; lgDg ;"q k|of]u u/]/ klg lgsfNg ;lsG5 .

  xfjfdf jf z"Godf k|sfzsf] j]u

s'g} dfWoddf k|sfzsf] j]u

k|sfz cfj{tgsf s]xL pbfx/0fx¿

pbfx/0f 1 M kfgLdf cfwf 8'afOPsf] l;;f snd afª\uf] b]lvG5 .

lbOPsf] lrqdf ABC' k]lG;nsf] cfwf efu 

kfgLleq 58\s] kf/L 8'afOPsf] 5 . k]lG;n B 

laGb'af6 afª\luPsf] b]lvPsf] 5 . k]lG;nsf] 6'Kkf] 

C' af6 cfPsf ls/0fx¿ C'D / C'E kfgLaf6 

xfjfsf] dfWodlt/ cfPsf 5g\ . ls/0fx¿ C'D 

/ C'E xfjfsf] dfWoddf k|j]z ubf{ laGb' D 

/ E df k'u]/ gd{neGbf 6f9f afª\luPsf 5g\ . 

o;/L gd{neGbf 6f9f afª\luPsf ls/0fx¿ 

xfd|f] cfFvfdf kb{5g\ / tL ls/0fx¿ lrqdf 

b]vfOP h:t} C af6 cfPsf h:tf] b]lvG5 . ctM 

k]lG;nsf] 6'Kkf] C' sf] cfs[lt C aGg hfG5 / 

kmn:j¿k k]lG;n afª\luPsf] b]lvG5 .

pbfx/0f 2 M kfgL ePsf] Unf;df /flvPsf] l;Ssf lunf;sf] lkFwaf6 dfly p7]sf] b]lvG5 .

lbPsf] lrqdf l;Ssfaf6 lg:s]sf] ls/0f AB 

kfgLaf6 xfjfsf] dfWoddf k|j]z ubf{ gd{neGbf 

6f9f afª\luP/ BC eO{ xfd|f] cfFvfdf kg{ hfG5 . 

o;/L ls/0f AB afª\luPsf] sf/0fn] ubf{ A af6 

cfPsf] ls/0f A' af6 cfPsf] h:tf] b]lvG5 / 

l;Ssfsf] cfs[lt A' df aGg hfG5 . kmn:j¿k 

l;Ssf jf:tljs 7fpFeGbf dfly b]lvG5 .

lrq g+= 5.2 :  afª\uf] b]lvPsf] k]lG;n

A

A'

B

lrq g+= 5.3 : jf:tljs / cjf:tljs ulx/fO

jf:tljs l;Ssf

l;Ssfsf] cfs[lt
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k|sfz cfjt{gsf s]xL dxŒjk"0f{ pbfx/0fx¿ tn lbOPsf] 5 . tL pbfx/0fx¿sf] cWoog u/L s;/L 

To;f] x'g uPsf] xf]nf sIffdf ;fyLx¿;Fu 5nkmn ug'{xf];\ . 5nkmnkl5 lgrf]8 lzIfs;fd' k|:t't 

u/L yk :ki6 x'g'xf];\ .

-s_ cIf/x¿ ePsf] sfuhdf Unf; :Nofa /fVbf cIf/x¿ dfly p7]sf] b]lvG5 .

-v_ 6\ofª\sLleq kfgLdf dflg;sf] v'6\6f 5f]6f] b]lvG5 .

-u_ kfgLleqaf6 aflx/ s'g} j:t' cjnf]sg ubf{ jf:tljseGbf w]/} 6f9f b]lvG5 . 

-3_ dfemLn] vf]nfdf df5f dfbf{ df5f b]lvPsf] eGbf s]xL k/ efnf xfG5 .

k"0f{ cfGtl/s k/fjt{g (Total Internal Reflection)

k|sfz ;3g dfWodaf6 lj/n dfWoddf hfFbf cfkltt sf]0fsf] dfg r/d 

sf]0f (Critical Angle)  sf] dfgeGbf a9L eof] eg] k|sfzsf ls/0fx¿ 

lj/n dfWoddf hfg'sf] ;6\6f ;3g dfWoddf g} kms{G5g\ . pSt k|lj|mofnfO{ 

k|sfzsf] k"0f{ cfGtl/s k/fjt{g elgG5 . o;/L k"0f{ cfGtl/s k/fjt{g 

-;3g dfWodaf6 ;3g dfWoddf x'g] k/fjt{g_ x'Fbf k|sfz k/fjt{gsf] 

;a} lgodx¿sf] kfngf ePsf] x'G5 . cfjlt{t sf]0fsf] gfk 90 l8u|L 

ePsf] a]nfsf] cfkltt sf]0f g} r/d sf]0f xf] . kfgLsf] r/d sf]0f 49 l8u|L / sfFrsf] 42 l8u|L 

x'G5 . tnsf] lrqdf k|sfzsf ls/0fx¿ sfFraf6 xfjfdf hfg vf]Hbf ePsf] k"0f{ cfGtl/s k/fjt{g 

b]vfOPsf] 5 .

k|sfzsf] ljR5]bg (Dispersion of Light)

3fdkfgL k/]sf] cj:yfdf k|foM OGb| wg'if b]lvG5, lsg xf]nf < ;d"xdf 5nkmn ug'{xf];\ . ha 

3fdkfgL Ps} cj:yfdf kb{5, ;"o{sf] ls/0f kfgLsf] yf]kfdf cfj{tg x'Fbf ljR5]bg eO{ /ftf], ;'Gtnf, 

kx]Fnf], xl/of], lgnf], gL/ / a}hgL ;ft /ª ePsf] ;Kt/ª\uL OGb| wg'if b]lvG5 .

lj|mofsnfk 2

Pp6f sf]7fnfO{ cFWof/f] kfg'{xf];\ . To; sf]7fsf] ‰ofn jf ‰ofndf ePsf] ;fgf] Kjfnaf6 ;"o{sf] k|sfz 

sf]7fleq k:g lbg'xf];\ . k|sfzsf] af6f]df kg]{ u/L Pp6f lqe'hfsf/ lk|Hd /fVg'xf];\ / lk|Hdsf] 

csf]{ 5]p cufl8 ;]tf] sfuh /fVg'xf];\ . o;/L lk|Hdaf6 lg:s]sf] ls/0fx¿ /ªLrª\uL b]lvG5g\ . oL 

/ª\uLrª\uL ls/0fx¿df ;ft cf]6f /ª b]lvG5g\ . dflyb]lv j|mdzM /ftf] (red), ;'Gtnf (orange), 
kx]Fnf] (yellow), xl/of] (green), lgnf] (blue), gL/ (indigo), a}hgL (violet) /ªsf ls/0fx¿ 

b]lvG5g\ .

lrq g+= 5.4 : 
k"0f{ cfGtl/s k/fjt{g
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dflysf] lj|mofsnfkaf6 s] lgisif{ lgsfNg ;lsG5 eg] ;"o{sf] k|sfzsf] ;]tf] ls/0fdf ;ft cf]6f 

/ªsf ls/0fx¿ ldl>t ePsf x'G5g\ . OGb|]0fL b]lvg'df kfgLsf] yf]kfn] ljR5]bg ub{5 eg] lk|Hdn] 

klg k|sfzsf] ljR5]bg ub{5 .

o;/L lk|Hdsf] k|of]u u/L ;]tf] k|sfzsf] ls/0faf6 ljleGg /ªsf ls/0fx¿ 5'6\ofpg] k|lj|mofnfO{ 

k|sfzsf] ljR5]bg elgG5 . kbf{ -jf sfuh_ df b]lvPsf ljleGg /ªsf ls/0fnfO{ :k]S6«d (spectrum) 
jf j0f{k6 elgG5 .

k|sfz ljR5]bgsf] sf/0f

ljR5]bgsf] d'Vo sf/0f km/s km/s /ªsf] k|sfzsf] ult kl/jt{gdf leGgtf x'g' xf] . sfFrdf km/s 

/ª ePsf ls/0fx¿sf] ult km/s km/s x'G5 . ha ;]tf] k|sfzsf] ls/0f lk|Hdsf] klxnf] ;txdf k5{, 

o;df ePsf ljleGg /ªsf] ls/0fsf km/s ultn] ubf{ ltgLx¿ km/s sf]0f agfP/ lk|Hdsf] cfwf/lt/ 

df]l8G5g\ . o;/L df]l8g] j|mddf lk|Hdsf] klxnf] ;txdf g} /ª\uLg k|sfzx¿ 5'6\l6G5g\ . /ftf] /ª 

;a}eGbf sd afª\luG5 / a}hgL /ª ;a}eGbf a9L afª\luG5 . o;/L km/s /ªsf ls/0f km/s sf]0f 

agfP/ lk|Hdsf] bf];|f] ;txdf k'U5 . bf];|f] ;txdf k'gM cfjt{g x'G5 / km/s /ªsf ls/0fx¿ km/s 

sf]0fsf ;fy aflx/ lg:sG5g\, h'g kbf{df kg{ hfG5 . kmn:j¿k kbf{df ;]tf] k|sfzdf ePsf cfFvfn] 

b]Vg ;lsg] ;ft cf]6} /ªsf k|sfzx¿ b]lvG5g\ .

kbf{df b]lvPsf ls/0fx¿dWo] /ftf] /ªsf] ls/0fsf t/ª\u nDafO ;a}eGbf a9L / cfj[lQ ;a}eGbf 

sd x'G5 . a}hgL /ªsf] t/ª\u nDafO ;a}eGbf sd / cfj[lQ ;a}eGbf a9L x'G5 . /ftf] /ªsf] 

t/ª\u nDAffOnfO{ 8  10-7 m / cfj[lQ 3.75  1014 Hz x'G5 eg] j}hgL /ªsf] t/ª\u nDafO 4 
x 10-7 m / cfj[lQ 7.5  1014 Hz x'G5 . /ftf]b]lv a}hgL;Dd hfFbf t/ª\u nDafO 36\b} hfG5 eg] 

cfj[lQ a9\b} hfG5 .

/ftf]
;'Gtnf
kx]“nf]
xl/of]
lgnf]
gL/ 
a}hgL

k|s
fzs

f] ;
]tf] 

ls/
0f

lrq g+= 5.5 : k|sfzsf] ljR5]bg
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ljB't\ r'DasLo t/ª\u (Electromagnetic Wave)

ljB'tLo If]q / r'DasLo If]qaf6 k|efljt gx'g] t/ª\unfO{ ljB't\ r'DasLo t/ª\u elgG5 . o:tf 

t/ª\ux¿ dfWodlagf klg k|;f/0f x'g ;Sb5g\ jf Eofs'ddf klg o:tf t/ª\ux¿ k|;fl/t x'g 

;Sb5g\ . k|sfz klg Pp6f ljB't\ r'DasLo t/ª\u xf] . ;"o{sf] k|sfzdf w]/} lsl;dsf ls/0fx¿ 

x'G5g\ . h;dWo] xfd|f] cfFvfsf] /]l6gfn] ;ft cf]6f ls/0fx¿nfO{ dfq 5'6\ofpg ;S5 / oL ls/0fx¿nfO{ 

xfdL b]Vg ;S5f}F . logLx¿nfO{ b[io j0f{k6 (visible spectrum) elgG5 .

;"o{sf] ;]tf] ls/0f lk|Hdaf6 ljR5]bg u/fpFbf /ftf] /ªeGbf dfly / a}hgL /ªeGbf tn cfFvfn] gb]lvg] 

ljleGg /ªsf ls/0fx¿sf] j0f{k6 (spectrum) x¿ x'G5g\ . oL ls/0fx¿nfO{ xfd|f] cfFvfn] b]Vg 

;Sb}g . logLx¿nfO{ cb[io j0f{k6 (invisible spectrum) elgG5 .

/ftf] ls/0fsf] eGbf a9L t/ª\u nDafO ePsf t/ª\ux¿ OGk|mf/]8 (infrared radiations), dfOj|mf]j]e 
(microwaves) / /]l8of] j]e (radio waves) x'g\ . a}hgL /ªsf] ls/0feGbf sd t/ª\u nDafO 

ePsf t/ª\ux¿ cN6«fefof]n]6 /] (ultraviolet rays), PS;/] (X– rays) / ufdf /] (gamma 
rays) x'g\ . oL ;Dk"0f{ t/ª\ux¿ dfgj :jf:Yosf nflu xflgsf/s x'G5g\ . t/ o:tf t/ª\ux¿ /]l8of] 

k|;f/0f, /]l8of]u|fkmL, /]l8of]y]/fkL cflb sfo{sf nflu eg] pkof]uL 5g\ .

PS;/] (X - ray)

PS;/]sf] t/ª\u nDafO 0.01 nm b]lv 10 nm ;Dd x'G5 . logLx¿ dflg;sf] 5fnf / df;'af6 leq 

l5g{ ;S5g\ t/ xf8df l5g{ ;Sb}gg\ . PS;/]sf] pkof]u a'Fbfut ¿kdf tn lbOPsf] 5 M

1. z/L/leq x8\8L efFlrPsf] kQf nufpg

2. /]l8of]y]/fkL (radiotherapy) ug{

3. dl0fe (crystal) df ePsf cf0fljs ;+/rgf cWoog ug{

4. eG;f/, ljdfg :ynnufot ;+j]bgzLn If]qdf ;'/Iff r]shfFr ug{  

PS;/]sf]] clws k|of]un] z/L/df SofG;/ /f]u nfUg ;S5 .

cN6«fefof]n]6 /] (Ultraviolet ray)
of] t/ª\usf] t/ª\u nDafO 10 nm b]lv 400 nm ;Dd x'G5 . dflg;sf] z/L/df w]/} a]/;Dd 

cN6«fefof]n]6 /] (ultraviolet ray) kg{ lbg'x'Gg . o;n] 5fnfsf] SofG;/ / cfFvfdf df]ltljGb' h:tf 

:jf:Yo ;d:of lgDTofpF5 . ljz]iftM tnsf sfo{df cN6«fefof]n]6 /] k|of]u ul/G5 M

1. uxgf, cG8f, l3p cflbsf] z'4tf kQf nufpg 

2. d]l8sn ;fdu|Lx¿sf] lgd{nLs/0f (sterilization) ug{
3. hgfj/ / la?jfsf] vfgfdf le6fldg l8 (vitamin-D) pTkfbg ug{ 



52 lj1fg, sIff 9

;Demg'kg]{ s'/fx¿

1. k|sfz Ps dfWodaf6 csf]{ dfWoddf k|j]z ubf{ afª\lug] k|lj|mofnfO{ k|sfzsf] cfjt{g 

elgG5 .

2. km/s dfWoddf k|sfzsf] ult km/s km/s ePsfn] k|sfzsf] cfj{tg x'G5 .

3. k|sfz cfjt{gsf sf/0fn] ubf{ kfgLleq cfwf 8'afOPsf] k]lG;n afª\uf] b]lvG5 / tnfpsf] 

ulx/fO jf:tljseGbf sd b]lvG5 .

4. lk|Hdsf] k|of]u u/L ;]tf] /ªsf] ;"o{sf] k|sfzaf6 ljleGg ;ft /ªsf ls/0fx¿ 5'6\ofpg] 

k|lj|mofnfO{ k|sfzsf] ljR5]bg elgG5 .

5. kbf{df b]lvPsf ljleGg /ªx¿dWo] /ftf] /ªsf] t/ª\u nDafO ;a}eGbf a9L cfj[lQ ;a}eGbf 

sd x'G5 .

6. Ps dfWodaf6 csf]{ dfWoddf hfFbf t/ª\u nDafO sd ePsf] ls/0f a9L afª\luG5 / t/ª\u 

nDafO a9L ePsf] ls/0f sd afª\luG5 .

7. ljB'tLo If]q / r'DasLo If]qaf6 k|efljt gx'g] t/ª\unfO{ ljB't\ r'DasLo t/ª\u elgG5 . 

k|sfz klg ljB't\ r'DasLo t/ª\u xf] . o:tf t/ª\ulagf dfWod k|;f/0f x'g ;S5g\ .

8. ;"o{sf] k|sfzdf ePsf ;Dk"0f{ ls/0fx¿nfO{ xfd|f] cfFvfn] b]Vg ;Sb}g . cfFvfn] b]Vg ;lsg] 

ls/0fx¿nfO{ b[io j0f{k6 (visible spectrum) elgG5 eg] cfFvfn] b]Vg g;lsg] ls/0fx¿nfO{ 

cb[io j0f{k6 (invisible spectrum) elgG5 .

cEof;

-s_ tnsf ax' j}slNks k|Zgx¿sf] ;xL pQ/df l7s -_ lrx\g nufpg'xf];\ M

1. ;"o{sf] k|sfz ljleGg /ªdf 5'6\l6g] k|lj|mofnfO{ s] elgG5 <

 (i) ljR5]bg (ii) cfj{tg (iii) k/fjt{g (iv) ;+of]hg

2. k|sfzsf] ls/0f xfjfaf6 kfgLdf hfFbf stflt/ afª\luG5 <

 (i) gd{neGbf 6f9f  (ii) gd{nlt/  (iii) l;wf dflylt/  (iv) l;wf tnlt/

3. sfFrsf] lk|Hdaf6 k|sfz ljR5]bg x'Fbf kbf{df ;a}eGbf dfly tnsf dWo] s'g /ªsf] 

k|sfz x'G5 <

 (i) /ftf]  (ii) kx]Fnf]  (iii) a}hgL (iv) lgnf] 

-3_  tnsf dWo] s'g t/ª\usf] cfj[lQ ;a}eGbf a9L x'G5 <

 (i) PS;/]  (ii) ufdf/]  (iii) dfOj|mf] j]e  (iv)  /]l8of] j]e
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-v_  tnsf k|Zgx¿sf] pQ/ n]Vg'xf];\ M

1. k|sfzsf] cfjt{g eg]sf] s] xf] < k|sfz cfjt{gsf lgodx¿ n]Vg'xf];\ .

2. lj/n dfWod / ;3g dfWodsf] pbfx/0f;lxt kl/ro lbg'xf];\ .

3. k|sfz Ps dfWodaf6 csf]{ dfWoddf hfFbf afª\lug'sf] sf/0f s] xf], n]Vg'xf];\ . 

4. kfgLdf cfwf 8'afOPsf] k]lG;n afª\uf] b]lvG5,  lsg <

5. kfgLleq lunf;df l;Ssf /fVbf l;Ssf lunf;sf] lkFweGbf dfly b]lvG5, lsg <

6. k|sfzsf] k"0f{ cfGtl/s k/fjt{g s]nfO{ elgG5 < sfFr / kfgLsf] r/d sf]0fsf] dfg 

slt slt x'G5, n]Vg'xf];\ .

7. kfgL leqaf6 aflx/ s'g} j:t' cjnf]sg ubf{ jf:tljseGbf 6f9f b]lvG5, lsg <

8. k|sfzsf] ljR5]bg eg]sf] s] xf] < lk|Hddf x'g] k|sfz ljR5]bgsf] k|lj|mofnfO{ lrqdf 

b]vfO{ j0f{k6df b]lvg] ;ft cf]6f /ª\uLg ls/0fx¿sf] gfd;d]t n]Vg'xf];\ . 

9. kfgL k/]sf] ;dodf cfsfzdf OGb|]0fL b]lvg'sf] sf/0f j0f{g ug'{xf];\ .

10. PS;/] / cN6«fefof]n]6 /]sf] pkof]lutf pNn]v ug'{xf];\ .

kl/of]hgf sfo{

1. Pp6f Go'6gsf] rSsf lng'xf];\ / o;nfO{ a];/L 3'dfpg'xf];\ . o;/L 3'dfpFbf s] b]Vg'eof] < 

cjnf]sg u/L To;sf] sf/0f;d]t vf]hL ug'{xf];\ . o;n] s] s'/fsf] k'li6 u5{ <

2. Pp6f Unf; :nfa lng'xf];\ . o;nfO{ ;]tf] sfuhsf] lardf /fVg'xf];\ . Unf; :nfasf] cfkm"lt/sf] 

lsgf/faf6 58\s] kg]{ u/L Unf; :nfadf /]h/ nfO6af6 /ftf] k|sfz k7fpg'xf];\ . pSt /]h/ 

nfO6sf] /ftf] k|sfz uPsf] af6f] cjnf]sg u/L :s]nsf] ;xfotfn] /]vflrq lvRg'xf];\ . pSt 

/]vflrq sIffsf ;Dk"0f{ ljBfyL{dfem k|:t't u/L 5nkmn ug'{xf];\ .

3. Pp6f af6f jf 8]SrLdf kfgL /fv]/ 58\s] kf/L 3fd nfu]sf] 7fpFdf /fVg'xf];\ ha ls kfgLaf6 

lg:s]sf] k|sfz 5fof k/]sf] leQfdf k/f];\ . leQfdf s'g s'g /ªsf] k|sfz b]Vg'eof] < 

cjnf]sg u/L sf/0f;d]t j0f{g ug'{xf];\ .

zAbfanL

j0f{k6 M kbf{df b]lvg] ljleGg /ªsf ls/0fx¿sf] ;d"x

r/d sf]0f M cfjlt{t sf]0f 90 l8u|L x'Fbf ;3g dfWoddf x'g] cfkltt sf]0f 

lgd{nLs/0f M d]l8sn pks/0f jf cGo pks/0fx¿nfO{ sL6f0f'd'St x'g] u/L ;kmf ug]{ sfo{

/]l8of]y]/fkL  M  5f]6f] t/ª\u nDafO ePsf k|sfzsf ls/0fx¿ k|of]u u/L SofG;/o'St sf]ifx¿ 

gi6 ug]{ d]l8sn ljlw
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PsfO

6

k|To]s lbg xfdLn] dflg;, r/f r'?ª\uL, 3G6L, oGq, uf8L, 6]lnlehg, /]l8of] cflbaf6 lg:s]sf] Wjlg 

;'Gg] ub{5f}F . o:tf Wjlg lgsfNg] j:t'x¿nfO{ Wjlgsf ;|f]t elgG5 . xfdLn] xftn] tfnL ahfpFbf 

klg Wjlg lg:sg] ub{5 . To;f] eP oL Wjlgx¿ s;/L lgl:sPsf / ;'lgPsf xf]nfg\ . Psl5g ljrf/ 

ug'{xf];\ t ¤

zlStsf ljleGg ¿kx¿ 5g\ . tLdWo] Wjlg klg zlStsf] Pp6f ¿k xf] . o;n] xfd|f] sfgdf ;'gfOsf] 

r]tgf lbg] ub{5 . ha s'g} dfWoddf sDkg k}bf x'G5, ta To; dfWodaf6 Wjlg pTkGg x'G5 . Wjlg 

oflGqs dfWod h:t M 7f];, t/n / Uof;df k|;f/0f x'G5 . cyf{t\ Wjlgsf t/ª\ux¿ dfWod/lxt 

jftfj/0fdf Ps 7fpFaf6 csf]{ 7fpFdf k|;f/0f x'g ;Sb}gg\ . s'g} Wjlg a9L ltvf] x'G5, t s'g} Wjlg 

sd ltvf] x'G5 . k|sfz h:t} Wjlg klg k/fjt{g / cfjt{g x'g] ub{5 . Wjlgsf] ;|f]t / k/fjt{g ug]{ 

j:t'sf] b'/Lsf cfwf/df o;df k|ltWjlg / u'~hfodfg cfjfh klg ;'Gg ;lsG5 . o; PsfOdf xfdL 

Wjlg t/ª\usf] kl/ro, o;sf ;|f]tx¿, Wjlgsf] k/fjt{g / cfjt{g, Wjlgsf] tLj|tf, ltvf]kg, ult 

tyf Wjlg k/fjt{gsf] pkof]lutf ;DaGwL cWoog ug]{ 5f}F .

Wjlg t/ª\usf] k|s[lt (Nature of sound waves)

lj|mofsnfk 1 M j:t'sf] sDkgaf6 Wjlg lg:sG5 .

Pp6f 6\o'lgª kmf]s{ lng'xf];\ . To;nfO{ /a/ Kof8df 7f]Sg'xf];\ / sfgsf] glhs n}hfg'xf];\ . s] Wjlg 

;'lgG5 . 6\o'lgª kmf]s{nfO{ xftsf] cf}Fnfn] 5fd]/ sDkg cg'ej ug'{xf];\ . tkfO{F+nfO{ s:tf] cg'ej eof], 

;fyLx¿lar cg'ej cfbfg k|bfg ug'{xf];\ .

lj|mofsnfk 2 M Wjlg t/ª\usf] pTklTt / k|;f/0f

lrqdf b]vfP h:t} u/L Pp6f 6]an 6]lg; annfO{ wfufsf] 

;xfotfn] lglZrt 7fpFdf em'G8\ofpg'xf];\ . sDkg 

ul//x]sf] 6\o'lgª kmf]s{n] To; annfO{ la:tf/} 5'g'xf];\ . 

s] x'G5, x]g'{xf];\ / sIffdf 5nkmn ug'{xf];\ .

Wjlg
(Sound)

lrq g+= 6.1 : 6\o'lgª kmf]s{sf] sDkg

U
6]an 6]lg; an

8f]/L

;kf]6{

6\o'lgª kmf]s{
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   o;/L lxsf{pFbf j:t'sf c0f'x¿df cj/f]w x'g uO{ c0f'x¿ otfptf sDkg ubf{ Wjlg pTkGg x'g] 

ub{5 . Wjlgsf t/ª\ux¿ Wjlgsf] ;|f]taf6 pTkGg eO{ c0f'x¿sf] dWo :yfg (mean position) x'Fb} 
cufl8 a9\b5g\ eg] ltgLx¿nfO{ nª\luRo'l8gn t/ª\u (longitudinal wave) elgG5 . Wjlg t/ª\u 
klg nª\luRo'l8gn t/ª\u g} xf] . Wjlg t/ª\ux¿ oflGqs t/ª\ux¿ x'g\ lsgls oL t/ª\ux¿ Ps 

7fpFaf6 csf]{ 7fpFdf k|;f/0f x'g dfWodsf] cfjZostf k5{ .

nª\luRo'l8gn t/ª\usf] pTklTt / k|;f/0f

lj|mofsnfk 3

9'ª\uf k\mofFlsPsf] tnfpsf] ;txsf] s]xL glhs sf7sf] ss{ /fv]/ x]g'{xf];\ . ss{ s]xL ;dol5 

lsgf/f;Dd s;/L k'Ub5 . cjnf]sg u/L n]Vg'xf];\ .

t/ª\u k|;f/0fsf] lbzf / dfWoddf ePsf c0f'x¿sf] sDkgsf] lbzf Pp6} eof] eg] To; k|sf/sf] 

t/ª\unfO{  nª\luRo'l8gn t/ª\u (longitudinal waves) elgG5 . tf/sf] Pp6f nfdf] l:k|ªsf] Ps 

5]pnfO{ s'g} lglZrt 7fFpdf afFw]/ csf]{ 5]pdf xftn] ;dftL cufl8 / k5fl8 

u/fpFbf l:k|ªsf k|To]s rSsf l:k|ªsf] nDafOsf] ;dfgfGt/ sDkg ug{ ;'? x'G5 / l:k|ªdf 

nª\luRo'l8gn t/ª\u ;+/lIft x'g hfG5 . Psl5gd} k'/} l:k|ªnfO{ x]bf{ l:k|ªsf rSsfx¿ s'g} 7fpF 

glhs / s'g} 7fpF 6f9f ePsf] b]lvg] 5 . h'g 7fpFdf l:k|ªsf rSsfx¿ glhs x'G5g\, ltgLx¿nfO{ 

vfFlbPsf] (compression) / h'g 7fpFdf l:k|ªsf rSsfx¿ 6f9f x'G5g\, ltgLx¿nfO{ km's]sf]  

(rarefaction)  elgG5 .

   .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .

 sDkg x'g'eGbf klxn] c0f'x¿sf] cj:yf

   .................  .  .  .  ............  .  .  . .......... .  .  . ................  .  .  .  

      vfF k'm vfF k'm vfF k'm vfF k'm

sDkgkl5sf] c0f'sf] cj:yf

Wjlg t/ª\usf ljz]iftfx¿ (Characteristics of sound wave)

cfj[lQ (Frequency)

k|lt ;]s]G8df pTkGg x'g] hDdf t/ª\usf] ;ª\VofnfO{ cfj[lQ elgG5 . o;nfO{  'f ' n] hgfOG5 . 

P;\= cfO{= k4ltnfO{ xh{ (Hz) PsfOdf gflkG5 . o;sf ;fy} cfj[lQsf cGo PsfOx¿df lsnf]xh{ 

(kilohertz), d]ufxh{ (megahertz) / luufxh{ (gigahertz) x'g\ .

U

U
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;dofjlw (Time Period): 

Ps k"/f t/ª\u aGg nfUg] ;donfO{ ;dofjlw elgG5 . o;nfO{ T n] hgfOG5 / P;= cfO{= k4ltdf 

o;sf] PsfO ;]s]G8 x'G5 .

f  cf]6f k"/f t/ª\ux¿ 1 ;]s]G8df aGb5g\ .

1  k"/f t/ª\u aGg T = 
1
f  ;]s]G8 nfUb5 .

 ;dofjlw (time period) = 
1

cfj[lTt (frequency)
  (T = 

1
f  )

t/ª\u nDafO (Wave length) 

Ps k"/f sDkgdf Wjlg t/ª\un] kf/ u/]sf] b'/LnfO{ t/ª\u nDafO elgG5 . o;nfO{ lu|s cIf/ n]D8f 

-_ n] hgfOG5 / SI k4ltdf o;sf] PsfO ld6/ (m) xf] .

PlDKnRo'8 (Amplitude)

Wjlg k|;f/0fsf] ;dodf Wjlg t/ª\usf] dWo efuaf6 clwstd :yfgfGt/0fnfO{ PlDKnRo'8 elgG5 . 

o;nfO{ 'a' n] hgfOG5 / o;sf] SI PsfO ld6/ (m) xf] . 

t/ª\usf] ult (Wave velocity)

k|lt PsfO ;dodf Wjlg t/ª\un] kf/ u/]sf] b'/LnfO{ t/ª\u ult elgG5 . o;nfO{ 'v' n] hgfOG5 . 

o;sf] P;= cfO{= PsfO ld6/ k|lt ;]s]G8 (m/s) xf] .

Wjlg t/ª\u, cfj[lQ / ultlar ul0ftLo ;DaGw b]vfpg] ;"qnfO{ t/ª\u ;dLs/0f elgG5 . 

o;cg';f/, 

Wjlgsf] ult -v_ = Wjlgsf] cfj[lQ -f_ × Wjlgsf] t/ª\u nDafO -_ x'G5 .

pbfx/0f

200 Hz cfj[lQ / 3.3 m t/ª\u nDafO ePsf] Wjlgsf] ult kQf nufpg'xf];\ .

oxfF, Wjlgsf] cfj[lQ -f_ = 200 Hz

 Wjlgsf] t/ª\u nDafO -_ = 3.3 m 

 Wjlgsf] ult -v_ = ?
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xfdLnfO{ yfxf 5,

Wjlgsf] ult -v_ = Wjlgsf] cfj[lQ -f_  Wjlgsf] t/ª\u nDafO -_

jf,  Wjlgsf] ult -v_ = 200 ×3.3

jf,  Wjlgsf] ult -v_ = 660 m/s

 Wjlgsf] ult 660 m/s 5 .

Wjlgsf] j]u / dfWodlarsf] ;DaGw (Relationship between speed of sound and medium)

Wjlg k|;f/0f x'g 7f];, t/n jf Uof; dfWodsf] cfjZostf kb{5 . t/ km/s km/s dfWoddf Wjlgsf] 

j]u klg km/s km/s g} x'G5 . Uof;df Wjlg k|;f/0f x'g] j]u sd / 7f]; kbfy{df Wjlg k|;f/0f x'g] 

j]u a9L x'G5 . vFlbnf] agfpg ;lsg] kbfy{df Wjlgsf] j]u sd / vFlbnf] agfpg g;lsg] kbfy{df 

Wjlgsf] j]u a9L x'G5 . o;sf] sf/0f 7f]; j:t'df c0f'x¿ Ps csf{;Fu hf]l8Psf x'G5g\ . Pp6f 

c0f'nfO{ t/ª\un] wSsf lbg]lalQs} ;a} c0f'x¿df wSsf l56\6} k|;f/0f x'G5 . To;}n] t/ª\u l56\6} 

g} Pp6f c0f'af6 csf]{ c0f'df k|;f/0f x'G5 / 7f]; kbfy{df Wjlgsf] j]u a9L x'G5 . o;sf] ljk/Lt 

Uof; kbfy{df c0f'x¿ 6f9f /xg] x'Fbf Pp6f c0f'nfO{ wSsf lbFbf ;f] c0f' csf]{ c0f'df 7f]lSsg s]xL 

;do nfU5, h;n] ubf{ Pp6f c0f'af6 csf]{ c0f'df t/ª\u l9nf] k'U5 . To;}n] Uof; kbfy{df Wjlgsf] 

j]u klg sd x'G5 .

ljleGg dfWoddf 0°C tfkj|mddf x'g] Wjlgsf] j]u

dfWod sfa{g 

8fOcS;fO8

xfjf xfO8«f]hg kfgL sfFr Pn'ldlgod l:6n u|]gfO6

j]u 
(m/s)

258 332 1270 1500 5000 5100 5200 6000

Uof“; dfWoddf Wjlgsf] j]u (Speed of sound in air)

Uof; dfWoddf Wjlgsf] j]u lgDg s'/fx¿df lge{/ ub{5 . tnsf tTTjx¿sf] cfwf/df g} s'g 

Uof;df Wjlgsf] j]u a9L / s'gdf sd eGg] s'/f kQf nufpg jf t'ngf ug{ ;lsG5 .

1. xfjfsf] 3gTj (density of  air) : sd 3gTj ePsf] xfjfdf Wjlgsf] j]u a9L x'G5 eg] a9L 

3gTj ePsf] xfjfdf Wjlgsf] j]u sd x'G5  . 

2. xfjfsf] tfkj|md (temperature of air) M xfjfdf tfkj|md a9\bf xfjfsf c0f'x¿ lj:tf/ eO{ 

o;sf] 3gTj 36\5 . xfjfsf] tfkj|mddf j[l4 ePdf Wjlgsf] ult a9L j[l4 eP/ hfG5 .
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3. xfjfsf] cfb|tf (humidity of air) M xfjfdf kfgLsf] afkm /xg'nfO{ xfjfsf] cfb|{tf elgG5 . 

Wjlgsf] j]u cfb{|tf a9L ePsf] xfjfdf a9L x'G5 eg] cfb|{tf sd ePsf] xfjfdf sd x'G5 .

4. xfjfsf c0f'x¿sf] rfn (motion of air molecules) M xfjfdf c0f'x¿sf] rfnsf] lbzf / 

Wjlgsf t/ª\u k|;f/0fsf] lbzf ;dfg ePdf Wjlgsf] ult a9\5 t/ ljk/Lt lbzfdf ePdf 

Wjlgsf] ult 36\5 . 

-gf]6M rfk, lkr / PlDknRo'8df eg] Wjlgsf] j]u lge{/ ub}{g ._

Wjlg t/ª\usf] j0f{k6 (Spectrum of sound wave) 

ljleGg k|sf/sf Wjlg t/ª\usf] ;d"xnfO{ Wjlg t/ª\usf] cfj[lQ j0f{k6 (spectrum of sound 
wave) elgG5 . Wjlg t/ª\usf] cfj[lQ 1 xh{b]lv 108 xh{;Dd x'g] ub{5 . Wjlgsf] cfj[lQ Wjlg 

lg:sg] ;|f]tcg';f/ km/s km/s x'G5 . ult ;dfg ePsf Wjlgx¿sf cfj[lQx¿ klg km/s x'g 

;S5g\ . afnsx¿sf] cfjfh / s]6Lx¿sf] cfjfhsf] cfj[lQ a9L x'g] x'gfn] cfjfh ltvf] x'G5 . 

zf/Ll/s ¿kn] kl/kSjtf cfPkl5 s]6fx¿sf] ltvf] Wjlg kl/jt{g eP/ wf]b|f] x'G5 . k'?ifx¿sf] 

:j/sf] cfj[lQ sl/a 6.5 lsnf]xh{;Dd x'G5 eg] dlxnfsf] :j/sf] cfj[lQ sl/a 8.5 lsnf]xh{;Dd 

x'G5 . dflg;sf] sfgn] ;a} lsl;dsf cfj[lQ ePsf] Wjlg ;'Gg ;Sb}g . dflg;n] 20 Hz b]lv 20 
KHz ;Dd cfj[lQ ePsf] Wjlgdfq ;'Gg ;S5 . Wjlgsf] j0f{k6 tn j0f{g ul/Psf] 5 M

-s_ OGk|mf Wjlg (Infra Sound) 

20 xh{eGbf sd cfj[lQ ePsf] WjlgnfO{ OGk|mf Wjlg (infrasonic sound) elgG5 . o:tf] t/ª\usf] 

cfj[lQnfO{ ;A;f]lgs -sub sonic_ elgG5 . o:tf] cfj[lQ ePsf] WjlgnfO{ OGk|mf jf ;a ;fpG8 (sub 
sound) klg elgG5 . o; WjlgnfO{ sfgn] ;'Gg ;lsFb}g t/ 5fd]/ cg'e"lt ug{ ;lsG5 . e"sDk 

hfFbf, Hjfnfd'vL ljikmf]6g x''Fbf o:tf] Wjlg lg:sG5 . Jx]n / xfQL h:tf hgfj/x¿n] OGk|mf Wjlg 

lgsfN5g\ . u}8fx¿n] klg 5 xh{eGbf sd cfj[lQ ePsf] OGk|mf Wjlg pTkfbg ub{5g\ . 

-v_ cl8an Wjlg (Audible Sound)

20 xh{eGbf a9L / 20 lsnf]xh{eGbf sd cfj[lQ ePsf] WjlgnfO{ cl8jn Wjlg (audible sound) 
elgG5 . oL Wjlgx¿nfO{ dflg;sf] sfgn] ;'Gg ;S5 . lutf/ ahfpFbf lg:s]sf] cfjfh, uLt ufpFbf, 

/]l8of] aHbf lg:s]sf] cfjfh o;sf s]xL pbfx/0fx¿ x'g\ . 

-u_ cN6«f ;fpG8 (Ultra Sound)M

20 lsnf]xh{eGbf a9L cfj[lQ ePsf] WjlgnfO{ cN6«f Wjlg (ultrasonic sound) elgG5 . o;nfO{ 
cN6«f ;fpG8 klg elgG5 . oL WjlgnfO{ dflg;sf] sfgn] ;'Gg ;Sb}g . s]xL hgfj/x¿ h:t M rd]/f], 
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d';f, r/f / ls/fx¿n] of] pTkfbg ug{ / ;'Gg ;S5g\ . o; Wjlgdf a9L cfj[lQ ePsfn] zlStsf] 

dfqf a9L x'G5 . lrlsT;f If]qdf cN6«f ;fpG8sf] dfWodaf6 z/L/sf] leqL cª\ux¿sf] hfFr ug]{ 

k|rng Jofks 5 .

cN6«f ;fpG8sf] Jofjxfl/s pkof]u (Application of ultrasound)

20 lsnf]xh{eGbf a9L cfj[lQ ePsf Wjlg t/ª\ux¿ cN6«f ;fpG8 x'g\ . To;}n] logLx¿sf] t/ª\u 

nDafO cToGt 5f]6f] x'G5 . logLx¿ Ps 7fpFaf6 csf]{ 7fpFdf hfFbf zlSt vr{ gu/L / gafª\uL 

hfG5g\ . 

8fS6/x¿ cN6«f ;fpG8sf] dfWodaf6 cfdfsf] k]6leq /x]sf] 

aRrfsf] lnª\u kQf nufpg / j[l4 ;DaGwL cj:yf kQf 

nufpg, /ut/lxt ck|];g ug{, AofS6]l/ofx¿ dfg{, z/L/sf 

leqL efux¿df ePsf /f]ux¿ klxrfg ug{, 6\o'd/ kQf nufpg, 

To;sf] l:ylt (location) ;d]t kQf nufpg cflb h:tf sfdsf] 

nflu k|of]u u5{g\ . 

;d'b|sf] ulx/fO gfKgsf] nflu ;f]gf/ -sonar or sound navigation ranging_ sf] k|of]u ul/G5 . 

o;df pRr cfj[lQ ePsf] efOj|]6/ -vibrator_, ;|f]t / Pp6f l/l;e/ -receiver_, jf l86]S6/ 

-detector_ sf] k|of]u ul/Psf] x'G5 . cN6«f ;fpG8 t/ª\ux¿ ;d'b|sf] ;txaf6 o;sf] lkFwlt/ 

k7fOG5 / ToxfFaf6 k/fjt{g eP/ cfPsf] t/ª\unfO{ l/l;e/n] k|fKt ub{5 . o;sf] ;fy} cN6«f ;fpG8 

t/ª\ux¿ ;txaf6 lkFwdf k'u]/ km]/L ;txdf cfOk'Ug nfUg] ;do klg /]s8{ /flvG5 / ulx/fO 

lx;fa u/L lgsflnG5 .

Wjlgsf] ;|f]t

c
fkltt Wjlg

;d'b|sf] ;tx

Wjlgsf] l86]S6/

;d'b|sf] ulx/fO

k/
fj
lt
{t 

Wj
lg

;d'b|sf] lk“w

lrq g+= 6.2 : ;f]gf/

tkfO{“nfO{ yfxf 5 <
s's'/ / la/fnf]n] cN6«f ;fpG8 
pTkfbg ug{ ;Sb}gg\, t/ ;'Gg eg] 
;S5g\ .
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pbfx/0f M s'g} hxfhn] Wjlg 5f]8]sf 4 ;]s]G8kl5 ;d'b|sf] lkFwaf6 k|ltWjlg cfof] eg] kfgLsf] 

ulx/fO slt xf]nf . kfgLdf Wjlgsf] ult 1500 m/s 5 .

oxfF,

kfgLdf Wjlgsf] ult -v_ = 1500 m/s

hDdf ;do -2t_ = 4 s   or, t = 2 s

ulx/fO (h) = ?

xfdLnfO{ yfxf 5,

Wjlgsf] ult (v) = 
ulx/fO -h_
;do -t_

ulx/fO{ -h_ = Wjlgsf] ult -v_  ;do -t_

 =1500×2 m = 3000 m

  ;d'b|sf] ulx/fO 3000 m /x]sf] 5 .

Wjlgsf] k/fjt{g (Reflection of sound)

k|sfzsf t/ª\ux¿ k/fjt{g eP h:t} 

Wjlgsf t/ª\ux¿ klg k/fjt{g x'G5g\ . 

Wjlgsf t/ª\ux¿ s'g} ;|f]taf6 lgl:sO{ 

3/sf] leTtf, kxf8sf] ;tx, r6\6fgsf] 

;txnufot s8f j:t'df 7f]lSsg k'Ub5 . 

of] k/fjlt{t eP/ Wjlg t/ª\usf] ;|f]tlt/ 

g} hfG5g\, h;nfO{ Wjlgsf] k/fjt{g 

elgG5 . Wjlgsf t/ª\ux¿ s8f j:t'sf] 

;txdf 7Ss/ vfO{ kmls{g] k|lj|mofnfO{ 

Wjlgsf] k/fjt{g (reflection of 
sound) elgG5 . k|ltWjlg / u'~hfodfg 

c;/ Wjlgsf] k/fjt{gsf] sf/0fn] x'g] 

ub{5 . 

k|ltWjlg (Echo)

xfdL kxf8sf] cufl8 pleP/ af]Nbf d"n Wjlg / k|ltWjlg u/L b'O{ k|sf/sf Wjlg ;'G5f}F . Wjlg 

k/fjt{g ug]{ ;tx Wjlgsf] ;|f]taf6 glhs ePdf k|ltWjlg ;'lgFb}g . o;sf nflu Wjlgsf] ;|f]t / Wjlg 

lrq g+= 6.3 : Wjlgsf] k/fjt{g

leQf

6]an

sfggd{n

38L
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k/fjt{g ug]{ j:t'larsf] b'/L sDtLdf 17 ld6/ x'g'kb{5 . t;y{ s'g} ;|f]taf6 lgl:sPsf] Wjlg 17 
ld6/eGbf 6f9fsf] s'g} ;txdf 7Ss/ vfO{ k/fjt{g eP/ ;'lgg] WjlgnfO{ k|ltWjlg (echo) elgG5 .

k|ltWjlg ;'Ggsf nflu cfjZos cj:yfx¿ (Conditions for occuring echo)

1. Wjlgsf] ;|f]t / Wjlg k/fj{tg ug]{ j:t'larsf] b'/L sDtLdf 17 ld6/ x'g'kb{5 .

2. Wjlg t/ª\usf] af6fdf s'g} klg k|sf/sf Wjlg ;f]:g] j:t'x¿ x'g' xF'b}g . 

3. Wjlgsf] tLj|tf Wjlg k/fj{tg eP/ cfpFbf ;'Gg ;lsg] x'g'kb{5  .

0.1 ;]s]G8eGbf a9L ;dofjlwdf sfgdf k/]sf] Wjlg t/ª\ux¿nfO{ dfq xfd|f] sfgn] 5'6\ofpg 

;S5 . 

dfgf}F, Wjlgsf] ;|f]t / k/fjt{g ug]{ ;txlarsf] b'/L x ld6/ 5 . Wjlgsf] ;|f]taf6 k/fjt{g x'g] 

;txdf 7Ss/ vfO{ kms]{/ sfgdf cfOk'Ubf Wjlgn] 2x b'/L kf/ u5{ . Wjlg t/ª\usf] xfjfdf ult 

332 m/s 5 . To;sf/0f 0.1 ;]s]G8df Wjlg t/ª\un] kf/ ug]{ b'/L 2x ld6/ x'G5 .

oxfF, xfjfdf Wjlgsf] ult -v_ = 332 m/s

Wjlg t/ª\un] kf/ ug]{ b'/L -s_ = 2x m

;do -t_ = 0.1 s

Wjlg t/ª\un] kf/ ug]{ b'/L -2x_ = xfjfdf Wjlgsf] ult -v_  ;do -t_

Wjlg t/ª\un] kf/ ug]{ b'/L -2x_ = 332 × 0.1

2x = 33.2 m

x = 33.2
2  m  = 16.6 m 

 Wjlg t/ª\un] kf/ ug]{ b'/L 16.6 m /x]sf] 5 .

u'~hfodfg (Reverberation)

xfdL vfnL sf]7fdf uP/ s]xL zAbx¿ af]Nbf Wjlg leTtfdf 7f]lSsP/ k/fjt{g eO{ d"n Wjlgdf 

ldl;G5, h;sf] sf/0f Wjlg rsf]{ / nlDaPsf] ;'lgG5 . o;/L Wjlgsf] ;|f]t / k/fjt{g ug]{ 

;txlarsf] b'/L 17 ld6/eGbf sd 5 eg] k/fjlt{t Wjlg d"n Wjlg;Fu ldl;g k'uL Wjlg nlDaPsf] 

;'lgG5, h;nfO{ u'~hfodfg elgG5 . 

l;g]df xnsf leTtfx¿df Wjlg zf]ifs j:t'x¿ 7f]lSsPsf x'G5g\, o;f] ubf{ k/fjlt{t Wjlg 

d"n Wjlg;Fu ldl;g kfpFb}g / bz{sn] cfjfh :ki6 ;'Gg ;S5g\ . ufosx¿sf] cfjfhnfO{ klg 
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u'~hfodfgåf/f nDAofOPsf] x'G5 . 

u'~hfodfgsf nflu rflxg] cj:yfx¿ (Conditions required for reverberation)

-s_ Wjlgsf] ;|f]t / k/fjt{g ug]{ ;txlarsf] b'/L 17 ld6/eGbf sd x'g'kb{5 .

-v_ Wjlgsf] af6fdf s'g} Wjlg zf]ifs j:t'x¿ x'g' x'Fb}g .

k|ltWjlg / u'~hfodfglar leGgtf 

k|ltWjlg u'~hfodfg

Wjlg t/ª\ux¿ s8f k/fjt{s ;txdf 7Ss/ 

vfO{ kmls{g] k|lj|mof xf] .

k/fjlt{t Wjlg d"n Wjlg;Fu ldl;O{ Wjlg 7'nf] 

Pjd\ nfdf] x'g] k|lj|mof xf] .

Wjlgsf] ;|f]t / Wjlg k/fjt{g ug]{ ;txlarsf] 

b'/L 17 ld6/eGbf a9L x'g'kb{5 . 
Wjlgsf] ;|f]t / Wjlg k/fjt{g ug]{ ;txlarsf] 

b'/L 17 ld6/eGbf sd x'g'kb{5 .

k|ltWjlgsf] tLj|tf d"n Wjlgsf] eGbf sd 

x'G5 .

u'~hfodfgsf] tLj|tf d"n Wjlgsf] eGbf a9L 

x'G5 .

Wjlg k/fjt{gsf] pkof]lutf (Application of reflection of sound)
Wjlg k/fjt{g k|lj|mofsf] lgDg sfo{df pkof]u ul/Psf] x'G5 M

-s_ k|ltWjlgsf] k|of]u u/L ;d'b|, tfn cflbsf] ulx/fO kQf nufpg

-v_ a|]g 6\o'd/, lduf}{nfsf] kTy/ cflb kQf nufpg

-u_ cfdfsf] k]6df /x]sf] e|"0fsf] ljsf;fTds cj:yf kQf nufpg

-3_ e'ue{ljb\x¿n] vlghsf] eljiojf0fL ug{

-ª_ ;}lgsx¿n] zq'sf] aGb'ssf] cj:yf kQf nufpg

-r_ u'~hfodfg k|of]u u/L ;fª\lults sfo{j|md x'g] :yfgdf ;ª\uLtnfO{ Jojl:yt agfpg

Wjlgsf] cfjt{g (Refraction of sound)
k|sfzsf t/ª\ux¿ cfjt{g eP h:t} Wjlg t/ª\ux¿ klg cfjt{g x'G5g\ . Ps dfWodaf6 csf]{ 

k|sf/sf] dfWoddf hfFbf Wjlgsf] j]u kl/jt{g x'g] ePsfn] o;sf] cfjt{g x'G5 . Pp6} dfWod -h:t}M 

xfjf_ df tfkj|mdsf] sf/0fn] ;3g / lj/n b'j} dfWod aGg ;S5 / cfjt{g lj|mof x'g ;S5 . 

Wjlg t/ª\ux¿ Ps dfWodaf6 csf]{ dfWoddf hf“bf afª\lug] k|lj|mofnfO{ Wjlgsf] cfjt{g 

-refraction of sound wave_ elgG5 .

Wjlgsf t/ª\ux¿ ;3g dfWodaf6 lj/n dfWoddf hfFbf gd{naf6 6f9f  afª\luG5g\ eg] lj/n 

dfWodaf6 ;3g dfWoddf hfFbf gd{nlt/ afª\luG5g\ . 
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lbgdf eGbf /ftdf cfjfh 
68\sf/f] ;'lgG5, lsg .

lbgsf] ;dodf ;f}o{ ljls/0fn] 

ubf{ hldg tfTb5 . hldg;Fu} 

hldgsf] ;Dks{df /x]sf xfjfsf] 

c0f'x¿ klg tfTb5g\ . prfO a9b} 

hfFbf jfo' d08nsf] tfkj|md 36\b} 

hfG5 . o;a]nf jfo' d08nsf] 

dflyNnf] tx ;3g dfWod / tNnf] tx lj/n dfWod aGb5 . ha Wjlg t/ª\ux¿ tNnf] txaf6 

dflyNnf] txdf hfG5g\, ta ltgLx¿ gd{nlt/ afª\lub} hfG5g\ / cGTodf hldgaf6 6f9f k'U5g\ / 

hldglt/ kms{Fb}gg\ .

/ftsf] ;dodf ;}fo{ ljls/0f gePsfn] hldg lj:tf/} lrl;G5 . jfo' d08nsf] dflyNnf] txdf eGbf 

tNnf] txdf tfkj|md 36L x'G5, h;n] ubf{ tNnf] txn] ;3g dfWod / dflyNnf] txn] lj/n dfWod 

aGb5 . Wjlg t/ª\ux¿ tNnf] tx -;3g dfWod_ af6 dflyNnf] tx -lj/n dfWod_ df hfFbf gd{naf6 

6f9f afª\luG5g\ . o;/L gd{naf6 6f9f afª\lub} hfFbf Wjlg t/ª\usf] k"0f{{ cfGtl/s k/fjt{g -total 
internal reflection_ eO{ k'gM hldglt/ kmls{G5 . kms]{sf] Wjlgsf] sf/0fn] /fltdf cfjfh 68\sf/f] 

;'lgG5 .

Wjlgsf] tLj|tf (Intensity of sound)

Wjlg t/ª\ux¿ Wjlg zlSt af]Sg] u5{g\ . k|lt ;]s]G8 Wjlg t/ª\un] 

;|f]taf6 lnP/ hfg] zlStsf] dfqf g} Wjlgsf] tLj|Tff (intensity 
of sound) xf] . a9L tLj|tf ePsf] Wjlgsf] rsf]{kgf a9L g} x'G5 . 

Wjlgsf] rsf]{kgf (loudness of Sound) nfO{ 8]l;an (decibel) 
PsfOdf gflkG5 . 

s]xL Wjlgsf] tLj|tf lgDgfg';f/ lbOPsf] 5 .

lj|mofsnfk÷Wjlg Wjlgsf] rsf]{kgf

sfg]v'zL 0 - 20 dB

k':tsfnosf] jftfj/0f 20- 40 dB

jftf{nfk -s'/fsfgL_ 40- 60 dB

x]eL l:6«6 6«flkms 60 – 70 dB

5fkfvfgfsf] cfjfh 70 – 80 dB

tkfO{“nfO{ yfxf 5 <
65 dB b]lv 40 dB ;Ddsf] Wjlg g;'Gg] 
cj:yfnfO{ ;':t >j0f / 80 dB ;Ddsf] 
Wjlg klg g;'Gg] cj:yfnfO{ alx/f elgG5 . 
a9L tLj|tf ePsf] Wjlgn] xfd|f] sfgnfO{ xflg 
k'¥ofp“5 .

lbgdf /ftdf

tftf] xfjf

lr;f] xfjf tftf] xfjf

lr;f] xfjf

lrq g+= 6.4 :  lbg / /ftdf Wjlg k|zf/0f

tkfO{“nfO{ yfxf 5 <
120 8]l;aneGbf a9L tLj|tf 
ePsf] Wjlgn] xfd|f] sfgnfO{ 

xflg k'¥ofp“5 .
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/]nuf8Lsf] :6];gsf] xNnf 85 -110 dB

df]6/ sf/sf] cfjfh 110 – 120 dB

;'gfOdf kL8fsf] ;Ldf 120 – 140 dB

oflGqs u8a8Laf6 pTkGg cfjfh 140 – 160 dB

Wjlg k|;f/0f x'Fbf t/ª\usf] dfWodaf6 Wjlg zlSt k|;f/0f x'G5 . k|To]s t/ª\un] ;|f]taf6 zlSt 

af]s]sf] x'G5 . k|lt ;]s]G8 ;|f]taf6 t/ª\un] s]xL zlSt lnPsf] x'G5 . ha t/ª\usf] zlSt a9L x'G5, 

pSt t/ª\usf] PlDKnRo'8 klg a9L x'G5 . Wjlgsf] tLj|tf a9]df Wjlg 7'nf] x'G5 eg] Wjlgsf] tLj|tf 

36]df o;sf] pRrtf klg 36\5 .

Wjlgsf] tLj|tfnfO{ c;/ kfg]{ tTTjx¿ (Factors affecting the intensity of sound)

1. PlDKnRo'8 (Amplitude) 

 Wjlgsf] tLj|tf o;sf] PlDKnRo'8;Fu ;dfg'kftL x'G5 .

2. Wjlgsf] ;|f]taf6 ;|f]tfsf] b'/L (Distance of listener from the source)

 ;|f]tsf] glhs Wjlgsf] tLj|tf a9L / ;|f]taf6 ;|f]tf 6f9f x'Fb} hfFbf Wjlgsf] tLj|tf klg sd 

x'G5 . xfjfdf Wjlg k|;f/0f ubf{ Wjlg zlStsf] s]xL dfqf xfjfsf c0f'x¿n] ;f];]/ lnG5g\ eg] 

s]xL k/fjt{g eO{ kmls{G5g\ . afFsL Wjlg zlSt dfq o;sf] lbzfdf k|;f/0f x'G5g\ . To;}n] 

;|f]taf6 ;|f]tfsf] b'/L a9\b} hfFbf Wjlgsf] tLj|tf sd xF'b} hfG5 . 

3. dfWodsf] 3gTj (Density of medium)

 Uof; dfWoddf Wjlgsf] tLj|tf 3gTj;Fu ;dfg'kftL x'G5 . lr;f] xfjfsf] 3gTj tftf] xfjfsf] 

3gŒjeGbf a9L x'g] ePsfn] lr;f] xfjfdf Wjlgsf] tLj|tf a9L x'G5 .

4. sDkg ug]{ ;txsf] If]qkmn (Area of vibrating body)

 sDkg ug]{ ;txsf] If]qkmn a9L x'Fbf Wjlgsf] tLj|tf klg a9\b} hfG5 . h:t} cf}Bff]lus If]qdf 

7'nf] 3G6L ahfpFbf Wjlgsf] tLj|tf klg a9L x'G5 . 

5. Wjlgsf] cfj[lQ (Frequency of sound)

 Wjlgsf] tLj|tf Wjlgsf] cfj[lQ;Fu ;dfg'kftL x'G5 .

Wjlgsf] tLI0ftf (Pitch of sound)

xfd|f] j/k/sf] jftfj/0fdf ;'lgg] Wjlg km/s km/s x'G5 . s'g} Wjlg df]6f] x'G5 eg] s'g} Wjlg dl;gf] 

x'G5 . Wjlg df]6f] ePdf Wjlgsf] ltvf]kg sd / dl;gf] ePdf Wjlgsf] ltvf]kg a9L x'G5 . Wjlgsf] 
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ltvf]kgn] df]6f] / dl;gf] Wjlg 5'6\ofpg ;xof]u ub{5 . of] ef}lts kl/df0f gePsfn] o;sf] PsfO 

x'Fb}g . Wjlgsf] tLI0ftf cfj[lQdf lge{/ ub{{5 . cyf{t\ Wjlgsf] cfj[[lTt a9]df ltvf]kg klg a9\5 eg] 

cfj[lQ 36]df ltvf]kg klg 36\5 . yk :ki6 x'gsf] nflu tnsf pbfx/0fx¿ x]/f}F M

1. dl;gf] lutf/sf] tf/af6 pTkGg ePsf] Wjlgsf] ltvf]kg df]6f] tf/af6 pTkGg ePsf] Wjlgsf] 

ltvf]kgeGbf a9L x'G5 . 

2. aRrfsf] Wjlgdf ePsf] ltvf]kg jo:ssf] Wjlgdf ePsf] ltvf]kgeGbf a9L x'G5 . 

3. nfdf] af;'/Laf6 pTkGg ePsf] Wjlgsf] ltvf]kg 5f]6f] af;'/Laf6 pTkGg ePsf] Wjlgsf] eGbf 

a9L x'G5 .

lj|mofsnfk 4

Pp6f ;f]gf]ld6/nfO{ 6]ansf] 5]pdf /fVg'xf];\ . ;f]gf]ld6/sf] Pp6f dl;gf] / csf]{ df]6f] tf/x¿nfO{ 

b'O{ cf]6f l3gL{x¿df afFw]/ hldglt/ em'G8\ofpg'xf];\ . b'j} tf/x¿df Ps Ps lsnf]u|fd lk08 

em'G8\ofpg'xf];\ . b'j} tf/af6 kfn}kfnf] Wjlg lgsfn]/ /fd|/L ;'Gg'xf];\ / tnsf k|Zgx¿sf] hjfkm 

lbg'xf];\ .

1. dl;gf] / df]6f]dWo] s'g tf/df cfj[lQ a9L 

x'G5 <

2. s'g tf/af6 lg:s]sf] Wjlg ltvf] 5 <

3. tf/sf] df]6fO;Fu ltI0ftfsf] s] ;DaGw 

5 <

df]6f] tf/sf] cfj[lQ sd x'G5 . dl;gf] tf/af6 cfPsf] Wjlgsf] tLI0ftf a9L x'G5 / Wjlg ltvf] x'G5 . 

jf:tjdf b'j} tf/sf] tGsfO a/fa/ lyof] lsgeg] b'j}df a/fa/ lk08 em'G8\ofOPsf 5g\ . olb b'j}sf] 

tGsfO a/fa/ ePdf df]6f]eGbf dl;gf] tf/sf] cfj[lQ / tLI0ftf a9L x'G5 . 

Wjlgsf] j]u (Speed of sound)

km/s km/s dfWoddf Wjlgsf] j]u km/s km/s x'G5, t/ Pp6} dfWoddf eg] Wjlgsf] j]u l:y/ x'G5 . 

Wjlgsf] j]u eGgfn] PsfO ;dodf Wjlgn]  kf/ u/]sf] b'/LnfO{ hgfpF5 . ul0ftLo ¿kdf 

Wjlgsf] j]u (v)  t/ª\u nDafO ()  cfj[lQ (f)

t/ª\u nDafOnfO{ ld6/ / cfj[lQnfO{ k|lt ;]s]G8df gflkG5 . To;}n] o;sf] PsfO ld6/ k|lt ;]s]G8 

(m/s) x'G5 . s'g} lglZrt dfWoddf Wjlgsf] t/ª\u nDafO / cfj[lQ 36a9 ePklg Wjlgsf] j]udf 

s'g} km/s kb}{g . cfj[lQ a9\bf t/ª\u nDafO a9\g] / cfj[lQ 36\bf t/ª\u nDafO a9\g] ePsfn] 

o;f] ePsf] xf] .

lrq g+= 6.5 :  ;f]gf]ld6/
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sf]nfxn (Noise)

xfdL ;a}sf nflu Wjlg cfjZos 5 . xfdLn] xfd|f ljrf/x¿ Wjlgdfkm{t k|;f/0f ub{5f}F . Wjlgsf 

ljleGg ;|f]tx¿ ePsf] s'/f xfdLn] yfxf kfO;s]sf 5f}F . oL ljleGg ;|f]tx¿af6 lg:sg] WjlgdWo] s'g} 

Wjlgn] dfgj dl:tisdf ;sf/fTds k|efj kfb{5g\ eg] s'g}n] gsf/fTds k|efj kfb{5g\ . dfgjdf 

gsf/fTds k|efj kfg]{ Wjlgx¿nfO{ sf]nfxn (noise) elgG5 . sf]nfxnn] ubf{ jftfj/0fdf Wjlg 

k|b"if0f x'g] ub{5 .

sf]nfxn ePsf] 7fpFdf s'/fsfgL ug{ uf/f] x'g', sfdk|lt Psfu|tf gx'g', An8 k|];/ a9\g', g;f ;DaGwL 

;d:of b]lvg', dfgl;s tgfj x'g', alx/f]kg Nofpg', l/Fu6f cfpg' tyf ylst dx;'; x'g' h:tf 

c;/x¿ b]lvG5g\ .

af6fsf] b'j}lt/ tyf cf}Bf]lus If]qsf] jl/kl/ j[If/f]k0f u/]/, ;fOn]G;/sf] k|of]u u/]/, dfgj a:tLnfO{ 

Po/kf]6{ Pjd\ cf}Bf]lus If]qaf6 6f9f a;fP/ sf]nfxnaf6 x'g] c;/nfO{ sd ug{ ;lsG5 . To:t} 

sf/vfgfdf sfd ug]{ dhb'/nfO{ Oo/ dkm (ear muffs) k|of]u ug{ nufP/, Wjlg k|b"if0f ;DaGwL hg 

r]tgf km}nfP/ sf]nfxn tyf o;af6 x'g] xflgnfO{ Go"gLs/0f ug{ ;lsG5 .

lj|mofsnfk 5

-s_ l;;f sndsf] ;xfotfn] sfkLdf Wjlg t/ª\usf] lrq agfpg'xf];\ .

-v_ tkfO{FnfO{ cfFvf 5f]k]/ s'g} 7fpFdf /flvof] eg] ;f] 7fpF ;/;fdfg ePsf] sf]7f, vfnL sf]7f jf 

v'Nnf 7fpFdWo] s'g xf] egL s;/L 5'6\ofpg'x'G5, n]Vg'xf];\ .

-u_ ljleGg hgfj/x¿sf] Wjlg ;'g]/ jf /]s8{ u/]/ s'g rflxF hgfj/sf] Wjlgsf] tLj|tf 36L jf 

a9L 5 . kQf nufO{ sf/0f lbg'xf];\ .

;Demg'kg]{ s'/fx¿

1. s'g} klg j:t'df sDkg x'Fbf Wjlg zlSt pTkGg eO{ oflGqs t/ª\usf ¿kdf k|;f/0f x'G5 .

2. Wjlg t/ª\u k|;f/0f x'g] lbzf / dfWodsf c0f'x¿sf] sDkgsf] lbzf Pp6} ePsf] t/ª\unfO{ 

nª\luRo'l8gn t/ª\u elgG5 .

3. t/ª\u k|;f/0f x''Fbf s'g} klg vfFlbPsf jf km's]sf c0f'b]lv ;a}eGbf glhs l7s To:t} cj:yfsf 

c0f';Ddsf] b'/LnfO{ t/ª\u nDafO elgG5 .

4. Ps ;]s]G8df pTkGg x'g] hDdf t/ª\usf] ;ª\VofnfO{ cfj[lQ elgG5 .

5. Uof; kbfy{df Wjlg k|;f/0f x''Fbf Wjlgsf] j]u Uof;sf] tfkj|md, 3gTj, xfjfsf] lbzf, xfjfsf] 

cfb|{tfdf lge{/ /xG5 .
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6. dflg;sf] sfgn] ;'Gg ;Sg] 20 xh{b]lv 20 lsnf]xh{;Dd cfj[lQ ePsf] Wjlg t/ª\unfO{ 

cl8an Wjlg elgG5 . 20 xh{eGbf sd cfj[lQ ePsf] OGk|mf;fpG8 xf] eg] 20 lsnf]xh{eGbf 

a9L cfj[lQ ePsf] Wjlg cN6«f ;fpG8 xf] .

7. Wjlgsf] tLI0ftf cfj[lQdf lge{/ x'g] ePsfn] Wjlgsf] cfj[[lTt a9]df tLI0ftf klg a9\5 eg] 

cfj[lQ 36]df tLI0ftf klg 36\5 . 

8. PlDKnRo'8 a9L ePsf] Wjlgdf zlSt a9L x'g] ePsfn] o:tf] Wjlgsf] pRrtf klg a9L x'G5 .

9. Wjlg k/fjt{g ug]{ ;tx Wjlgsf] ;|f]taf6 17 ld6/eGbf glhs ePdf k/fjlt{t Wjlg d"n 

Wjlg;Fu ldl;P/ Wjlg nlDag] k|lj|mofnfO{ u'~hfodfg elgG5 .

10. Wjlg k/fjt{g ug]{ ;tx Wjlgsf] ;|f]taf6 17 ld6/eGbf a9L ePdf k/fjlt{t Wjlg d"n 
Wjlg;Fu gldl;P/ 5'6\6} ;'lgG5 eg] To;nfO{ k|ltWjlg elgG5 .

11. /ftsf] ;dodf Wjlg cfjt{g x'Fb} hfFbf Wjlgsf] k"0f{{ cfGtl/s k/fjt{g x'G5 . kmn:j¿k 

cfjfh 6f9f;Dd 68\sf/f] ;'lgG5 .

12. jftfj/0fnfO{ k|b"lift agfpg] / dflg;sf] :jf:Yodf afwf jf g/fd|f] c;/ k'¥ofpg] vfnsf] 

WjlgnfO{ sf]nfxn elgG5 . 

cEof;

-s_ tnsf ax' j}slNks k|Zgx¿sf] ;xL pQ/df l7s -_ lrx\g nufpg'xf];\ M

1. slt ;dodf pTkGg x'g] t/ª\usf] ;ª\VofnfO{ cfj[lQ elgG5 .

 (i) 1 ;]s]G8 (ii) 2 ;]s]G8 (iii) 3 ;]s]G8 (iv) 4 ;]s]G8

2. cl8an Wjlg eGgfn] slt cfj[lQ ePsf] WjlgnfO{ hgfpF5 .

 (i) 2 xh{b]lv 20 xh{;Dd (ii) 20 xh{b]lv 20 lsnf]xh{;Dd 

 (iii) 20 xh{b]lv 200 lsnf]xh{;Dd (iv) 20 xh{b]lv 200 xh{;Dd 

3. k|ltWjlg x'gnfO{ Wjlg k/fjt{g ug]{ ;tx Wjlgsf] ;|f]taf6 slt ld6/eGbf 6f9f 

x'g'k5{ .

 (i) 10 ld6/ (ii) 20 ld6/  (iii) 17 ld6/ (iv) 27 ld6/

4. Wjlgsf] cfj[[lTt a9]df tLI0ftf s] x'G5 .

 (i) a9\5  (ii) 36\5

 (iii) s]xL km/s kb}{g (iv) slxn] a9\5, slxn] 36\5



68 lj1fg, sIff 9

5. PlDKnRo'8 a9L ePsf] Wjlgdf Wjlgsf] pRrtf s] x'G5 .

 (i) a9L x'G5 (ii) 36L x'G5 (iii) s]xL km/s kb}{g (iv) 36L jf a9L

-v_ tnsf k|Zgx¿sf] pQ/ lbg'xf];\ M

1. nª\luRo'l8gn t/ª\u / 6«fG:e;{ t/ª\ular km/s n]Vg'xf];\ .

2. Wjlg cfj[lQ jf t/ª\u nDafOdf kl/j{tg x''Fb}df Wjlgsf] ultdf c;/ kb}{g, lsg .

3. Wjlgsf] tLI0ftf / Wjlgsf] tLj|tf s]nfO{ elgG5, n]Vg'xf];\ .

4. dflg;n] ;'Gg ;Sg] Wjlg t/ª\usf] cfj[lQ slt x'G5, n]Vg'xf];\ .

5. t/ª\u nDafO, cfj[lQ / j]ular ;DaGw b]vfpg'xf];\ .

6. cN6«f;f]lgs t/ª\u s]nfO{ elgG5 . o:tf] Wjlg ;'Gg / lgsfNg ;Sg] @ hgfj/x¿sf] gfd 

n]Vg'xf];\ .

7. k|To]ssf] s'g} 2 km/s n]Vg'xf];\ .

 (i) k|ltWjlg / u'~hfodfg (ii) Wjlgsf] tLj|tf / tLI0ftf 

8. jftfj/0fdf Wjlg t/ª\uaf6 kg]{ b'O{ cf]6f c;/x¿ / /f]syfd ug]{ b'O{ cf]6f pkfox¿ 

n]Vg'xf];\ .

9. cN6«f ;fpG8 eg]sf] s] xf] < o;sf b'O{ cf]6f pkof]lutf n]Vg'xf];\ .

10. ;dfg t/ª\u nDafO t/ PlDKnRo'8 km/s x'g] u/L b'O{ cf]6f t/ª\ux¿sf] lrq agfpg'xf];\ .

11. lbgdf eGbf /ftdf Wjlg 68\sf/f] ;l'gG5, lsg < sf/0f lbg'xf];\ .

12. xnsf] leTtf / l;lnªdf Wjlg ;f]:g] j:t'x¿n] 9fs]sf] x'G5, lsg <

13. cN6«f;f]lgs t/ª\ux¿ ljleGg 7f];x¿df l5/]/ hfg ;S5g\,  lsg <

14. Wjlg ;|f]taf6 ;'Gg] JolStsf] b'/L 6f9f x'Fb} hfFbf Wjlg dlngf] ;'lgFb} hfG5, lsg <

15. tn tflnsfdf xfjf, kfgL / sfa{g 8fOcS;fO8 u/L ltg cf]6f dfWoddf Wjlgsf] j]u lbOPsf] 

5 . tflnsf x]/L hjfkm lbg'xf];\ .

dfWod Wjlgsf] j]u (m/s)

A 258

B 332

C 1500
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(i)  A  / B  s'g s'g dfWodx¿ x'g\ <

(ii)  Wjlgsf] ult dfWod A df eGbf C df a9L x'G5, lsg <

(iii)  ;dfg cfj[lQ ePsf Wjlgx¿ oL dfWodaf6 5'6\6f5'6\6} k7fpFbf s'g dfWoddf t/ª\u 

nDafO ;a}eGbf a9L x'G5, lsg <

-u_ tnsf ul0ftLo ;d:ofx¿ xn ug'{xf];\ .

1. olb xfjfdf Wjlgsf] j]u 332 m/s 5 / Wjlgsf] cfj[lQ 10 xh{ 5 eg] pSt Wjlgsf] 

t/ª\u nDafO slt x'G5 .  [pQ/M 33.2 m]

2.  15 Hz cfj[lQ ePsf] Wjlgsf] t/ª\u nDafO 22m 5 eg] pSt Wjlg t/ª\usf] j]u 

slt x'G5 .  [pQ/ M 330 m/s] 

3. olb xfjfdf Wjlgsf] ult 332 m/s 5 eg] lgDg k|Zgx¿sf] pQ/ n]Vg'xf];\ .

(i)  dflg;sf] sfgn] ;'Gg ;lsg] Wjlgsf] Go"gtd / pRrtd cfj[lQ slt xf] <

(ii)  dflg;sf] sfgn] ;'Gg ;lsg] pSt t/ª\usf] ;a}eGbf 5f]6f] / ;a}eGbf nfdf] 

t/ª\ux¿sf] t/ª\u nDafO slt slt x'G5 < [16.6 m / 0.0166 m]

kl/of]hgf sfo{

1. Pp6f kf]v/Lsf] 5]paf6 9'ª\uf kmfNbf ToxfF t/ª\ux¿ pTkGg x'G5g\ eg] tL t/ª\ux¿sf] 

k|s[ltaf/] cWoog u/L ;lrq JofVof ug'{xf];\ .

2. ljleGg k|sf/sf Do'lhsn oGqx¿sf] ;"rL agfO{ tL oGqx¿sf] s'g efu Wjlg pTkfbgdf 

k|of]u x'G5, cfk\mgf] ;fyL;Fu 5nkmn ug'{xf];\ .

3. 8f]/Lsf] Ps 5]pnfO{ x'sdf afFw]/ csf]{ 5]p xftn] ;dft]/ tndfly u/fpFbf s:tf] k|sf/sf] 

t/ª\u pTkGg x'G5 . cjnf]sg u/L n]Vg'xf];\ .

4. tkfO{Fsf] k'hf sf]7fsf] 306f jf dlGb/df /x]sf] 306f jf o:t} s'g} afx\o pks/0f ahfpg'xf];\ . 

pSt 306fnfO{ alh/x]sf] a]nf 5'g'xf];\ . s:tf] dx;'; ug'{eof] . gah]sf] a]nfdf 306f 5'Fbf / 

alh/x]sf] 306f 5'Fbf s] km/s kfOof] . cfkm\gf] cg'ej sIffdf ;fyLx¿nfO{ ;'gfpg'xf];\ .

zAbfjnL

cN6«f ;fpG8 M 20 lsnf]xh{eGbf a9L cfj[lQ ePsf] Wjlg t/ª\u

;f]gf]ld6/ M l:6«ª\usf] tGsfOsf] cfwf/df Wjlg / cfj[lQsf] ;DaGw b]vfpg k|of]u ul/g] b'O{ 

cf]6f Kjfn ePsf] vfnL afs; 

Onfl:6l;6L M 7f]; j:t' lauf/L ;s]kl5 k'gM klxn]s} ¿kdf cfpg vf]Hg] k|j[lQ

Ogl;{of M j:t' oyfl:yltdf /xg] u'0f
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wf/f ljB't\ / r'DasTj
(Current Electricity and Magnetism)

PsfO

7

tkfO{Fx¿sf] ufpF3/ / ;x/df ljB't\ lrd s;/L aN5 xf]nf < ufpF3/df ePsf] 6]lnlehg, sDKo'6/ 

s;/L rn]sf] 5 < jf:tjdf xfd|f] ufpF3/ jf ;x/df lrd afNg, /]l8of] ahfpg, sDKo'6/ rnfpg, 

6]lnlehg rnfpg wf/f ljB't\ k|of]u ul/Psf] x'G5 . wf/f ljB't\ Ps 

k|sf/sf] zlSt xf] . o;}af6 xfd|f] 3/df ;w}F k|of]u x'g] lrd, /]l8of], 6]lnlehg, kª\vf, kfgL tfGg] 

df]6/ cflb rln/x]sf] x'G5 . ljB''t\nfO{ ;lhn};Fu cGo zlStx¿ oflGqs zlSt, k|sfz zlSt cflbdf 

kl/0ft ug{ ;lsG5 . ljB''t\ zlStn] ubf{ h'g;'s} sfo{x¿ ;lhn} ug{ ;lsG5 . To;}n] xfd|f] b}lgs 

hLjgdf o;sf] k|of]u Jofks ePsf] 5 .

ljB't\ / r'Das Ps cfk;df cGt/;DalGwt x'G5g\ . Pp6f 58 r'DasnfO{ :jtGq ¿kdf e'mG8\ofpFbf 

o;n] hlxn] klg ef}uf]lns pQ/L w'|j / blIf0fL w'|j b]vfpF5, lsg xf]nf < k[YjLsf] e"–r'DasTjsf] 

sf/0fn] o;f] ePsf] xf] . xfdL o; PsfOcGtu{t cf]xdsf] lgod, cj/f]w, ;'rfng Ifdtf, r'DasLo 

If]q tyf e"–r'DasTjsf tTTjx¿ ;DaGwL cWoog ug]{ 5f}F .

wf/f ljB't\ ;DaGwL s]xL dxŒjk"0f{ ef}lts kl/df0fx¿

!= wf/f ljB't\ jf s/]G6 (Current)

;'rfns tf/df x'g] On]S6«f]g k|jfxnfO{ wf/f ljB't\ jf s/]G6 elgG5 . s/]G6sf] SI PsfO PlDko/ 

(ampere) xf] . s/]G6 gfKgsf] nflu Pld6/ (ammeter) k|of]u ul/G5 . t/ Hofb} ;fgf] dfqfsf] 

s/]G6 gfKg eg] UofNefgf]ld6/ (galvanometer) sf] k|of]u ul/G5 . oL b'j} pks/0fx¿nfO{ ljB't\ 

kl/kydf nf]8 / ;|f]tsf] >[ª\vnfa4 ¿kdf h8fg ul/G5 lsgls s/]G6 pks/0fleq l5/]/ uPkl5 

dfq o;sf] ;xL gfk yfxf kfpg ;lsG5 .  

@= On]S6«f]df]l6e kmf];{ (Electromotive Force)

ljB'tLo ;|f]tx¿ ;]n, h]g]/]6/, ;f]nf/ Aof6«L cflb v'nf kl/kydf x'Fbf jf nf]8;Fu ghf]8]sf] a]nf 

logLx¿sf] b'O{ w|'jx¿larsf] ljB't\ rfksf] cGt/nfO{ On]S6«f]df]l6e kmf];{ elgG5 . o;nfO{ ef]N6 

PsfOdf gflkG5 . 

#= kf]6]lG;on km/s (Potential difference)

aGb ljB't\ kl/kydf nf]8sf] b'O{ 5]plarsf] jf ;|f]tsf] b'O{ w|'jx¿larsf] jf kl/kysf] s'g} b'O{ 

laGb'larsf] ljB't\ rfksf] km/snfO{ kf]6]lG;on km/s elgG5 . o;nfO{ ef]N6 (volt) PsfOdf 
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gflkG5 . kf]6]lG;on km/s gfKgsf] nflu ef]N6ld6/ (voltmeter) sf] k|of]u ul/G5 . ef]N6ld6/nfO{ 

kl/kydf ;dfgfGt/ ¿kdf h8fg ul/G5 lsgls of] clws cj/f]w ePsf] pks/0f xf] .

cf]xdsf] lgod (Ohm's Law)

ljB't\ kl/kydf k|jfx x'g] s/]G6 (current), kl/kydf x'g] cj/f]w (resistance) / kf]6]lG;on km/s 

(potential difference) larsf] ;DaGw ;j{k|yd hd{g ef}lts zf:qL George Simon Ohm n] 

cfljisf/ u/]sf lyP . of] ;DaGwnfO{ cf]xdsf] lgod (Ohm's law) elgG5 . 

cf]xdsf] l;4fGtcg';f/ tfkj|md / cGo ef}lts cj:yf l:y/ ePsf s'g} ;'rfnsdf k|jfx x'g] s/]G6 

To; ;'rfnsssf] b'O{ 5]plar x'g] kf]6]lG;on km/s;Fu ;dfg'kflts x'G5 . cyf{t\ olb s'g} ;'rfnsdf 

k|jfx x'g] s/]G6 I / To; ;'rfnssf] b'O{ 5]plarsf] kf]6]lG;onsf] km/s V eP,

cf]xdsf] lgodcg';f/, I  V

cyjf, V  I

  V = IR  ............. (i)

hxfF, R cr/ /flz xf] . o;nfO{ ljB't\ cj/f]w elgG5 . 

;dLs/0f (i) af6 

ljB't\ cj/f]w (R) = 
kf]6]lG;on km/s

s/]G6

cyjf, R = 
V
I

dflysf] ;DaGwaf6 s'g} ;'rfnssf] cj/f]w eg]sf] To; ;'rfnssf] b'O{ 5]plarsf] kf]6]lG;on km/s 

/ To; ;'rfnsdf k|jfx x'g] s/]G6sf] cg'kft xf] . ljB't\ kl/kydf axg] s/]G6sf] PsfO PlDko/ 

(A) kf]6]lG;on km/ssf] PsfO ef]N6 (V) / ljB't\ cj/f]wsf] PsfO cf]xd (Ω) x'g\ .

lj|mofsnfk 1 M cf]xdsf] lgodsf] k|of]ufTds k|df0fLs/0f

cf]xdsf] lgod k|dfl0ft ug{ tnsf] k|of]u u/L x]/f}“ M

;j{k|yd lrqdf b]vfP h:t} u/L rf/ cf]6f ;]n, cj/f]w, ef]N6ld6/, 

Pld6/, l:jr ePsf] ljB't\ kl/ky h8fg ug'{xf];\ .

ca lgDgfg';f/ ;]nx¿sf] ;ª\Vof km/s km/s kg]{ u/L kl/kydf 

ef]N6]h / s/]G6 gfKg'xf];\ / tnsf] cjnf]sg tflnsfdf gf]6 

ug'{xf];\ . 

A

V
lrq g+= 7.1 :  cf]xdsf] lgod
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1. ;'?df kl/kydf Ps dfq ;]n h8fg u/L ef]N6]h / s/]G6 gfKg'xf];\ .

2. To;kl5 j|mdzM b'O{, ltg / rf/ cf]6f ;]nx¿ kl/kydf h8fg u/L 5'6\6f5'6\6} ef]N6]h / 

s/]G6 gfKg'xf];\ . 

3. dflysf] k|of]uaf6 k|fKt ef]N6]h / s/]G6sf] cfwf/df k|To]s cj:yfdf kl/kydf x'g] cj/f]w 

lgsfNg'xf];\ .

cjnf]sg tflnsf

j|m=;+= ef]N6]h (V) s/]G6 (A) cj/f]w (Ω)[R=V/I] lgisif{

!=

@=

#=

$=

ca ef]N6]hnfO{ X - cIf / s/]G6nfO{ Y - cIfdf kg]{ u/L u|fkm agfpg'xf];\ . u|fkmsf] k|s[lt tnsf] 

lrqdf lbOP h:t} cfpF5 . o;n] klg cf]xdsf] lgod k|dfl0ft ub{5 .

o;n] k|dfl0ft u5{ ls ef]N6]h s/]G6;Fu ;dfg'kftL (directly proportional) x'G5 .

pbfx/0f 1 : 4Ω cj/f]w ePsf] nf]8nfO{ 10V sf] kf]6]lG;on km/ssf] ;|f]t;Fu hf]8\bf kl/kydf 

slt s/]G6 k|jfx x'G5 <

oxfF, cj/f]w (R) = 4Ω kf]6]lG;on km/s (V) = 10V s/]G6 (I) = ?

cf]xdsf] l;4fGtaf6

V = IR

or, 10 = I x 4

or, I = 
10
4  = 2.5A

 pSt kl/kydf 2.5 A s/]G6 axG5 .

s/]G6

ef]N6]h
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ljB't\ cj/f]w (Resistance)

s'g} tf/af6 ljB't\ k|jfx x'Fbf Tof] tf/n] ljB't\ k|jfxnfO{ cf+lzs ¿kdf /f]Sg] sfd u5{ . tf/sf] 

ljB't\ cj/f]w ug]{ Ifdtf ;f] tf/ ag]sf] kbfy{sf] u'0fdf lge{/ x'G5 . t;y{ tf/sf] k|s[ltcg';f/ 

ljB't\ cj/f]w km/s km/s x'G5 . o;/L j:t'sf] ljB't\ k|jfx /f]Sg vf]Hg] u'0fnfO{ g} ljB't\ cj/f]w 

(resistance) elgG5 . o;sf] PsfO cf]xd (Ω) / ;ª\s]t R xf] .

s'g} kl/kydf 1A sf] s/]G6 k|jfx x'Fbf To;df 1V sf] kf]6]lG;on km/s pTkGg x'G5 eg] To; 

kl/kysf] cj/f]wnfO{ 1Ω elgG5 . cj/f]wsf 7'nf PsfOx¿ lsnf] cf]xd (KΩ) / d]uf cf]xd 

(MΩ) x'g\ .

103Ω  = 1 KΩ tyf 106Ω  = 1 MΩ x'G5 .

wft'x¿df k|z:t dfqfdf :jtGq On]S6«f]gx¿ (free electrons) x'G5g\ . o;n] ubf{ wft'x¿df s/]G6 

;lhn} k|jfx x'G5 . o;sf] cy{ wft'x¿n] s/]G6sf] k|jfxnfO{ yf]/} dfqfdf dfq cj/f]w u5{g\ . ljB't\ 

kl/kydf k|of]u ul/g] cfNd'lgod, tfdf cflbsf] tf/n] yf]/} dfqfdf ljB't\ cj/f]w u5{ . lsgls 

logLx¿df w]/} :jtGq On]S6«f]gx¿ x'G5g\ . logLx¿n] guGo dfqfdf ljB't\ cj/f]w k}bf u5{g\ . t;y{ 

logLx¿nfO{ ;'rfns (good conductor) elgG5 .

ahf/df kfpg] cj/f]wsx¿ (resistors) sf] cj/f]w Psbd} w]/} x'G5 . logLx¿nfO{ ljB't\  kl/kydf 

s/]G6sf] dfqf lgoGq0f ug{ k|of]u ul/G5 . To;/L g} /a/, sfFr cflbdf :jtGq On]S6«f]gx¿ x'Fb}gg\ . 

o;n] ubf{ logLx¿n] w]/} ljB't\ cj/f]w ug]{ ub{5g\ . logLx¿nfO{ s'rfns (insulator) elgG5 .

sltko j:t'x¿ l;lnsg (Silicon), hd]{lgod (Germanium) cflb;Fu s]xL dfqfdf :jtGq 

On]S6«f]gx¿ x'G5g\ . logLx¿n] s]xL dfqfdf s/]G6 k|jfx ub{5g\ . logLx¿nfO{ cw{ rfns (semi-
conductor) elgG5 . tfkj|md a9fpFbf oL j:t'x¿n] a9L dfqfdf s/]G6 k|jfx ub{5g\ . cw{ 

rfnsx¿n] ;'rfnseGbf a9L ljB't\ cj/f]w u5{g\ / s'rfnseGbf sd ljB't\ cj/f]w ub{5g\ . 

ljB't\ cj/f]wnfO{ k|efj kfg]{ tTTjx¿ (Factors affecting resistance)

lj|mofsnfk 2

lrqdf b]vfOP h:t} 8«fO;]n, aNa, l:jr / Pld6/ hf]8]/ 

kl/ky agfpg'xf];\ . Ps 7fpFdf b'O{ cf]6f laGb'lar tf/ hf]8\g 

ldNg] u/L vfnL 7fpF /fVg'xf];\ .
A

P Q

lrq g+= 7.2 : cj/f]w gfKg] ;ls{6
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1. ca 10 cm / 100 cm sf b'O{ cf]6f ;dfg df]6fO ePsf tf/x¿ lng'xf];\ / kfn}kfnf] 10 
cm / 100 cm tf/x¿ vfnL 7fpF PQ df /fVg'xf];\ / l:jr cg u/]/ cjnf]sg ug'{xf];\ . 

s'g tf/ /fVbf Pld6/n] a9L s/]G6 b]vfpF5 < kQf nufpg'xf];\ . o;df 10 cm sf] tf/ /fVbf 

Pld6/n] a9L / 100 cm sf] tf/ /fVbf sd s/]G6 b]vfpF5 . o;sf] cy{ df]6fO a/fa/ ePdf 

nfdf] tf/df 5f]6f] tf/df eGbf a9L cj/f]w x'G5 . csf]{ zAbdf eGbf cj/f]w (R) tf/sf] 

nDafO;Fu ;dfg'kftL x'G5 . 

 cyf{t\ R  l  

 hxfF, R tf/sf] cj/f]w / l tf/sf] nDafO xf] .

2. k]ml/ 10 cm nDafO ePsf t/ km/s km/s df]6fO ePsf 2 cf]6f tf/x¿ kfn}kfnf] vfnL 

7fpFdf h8fg u/L s/]G6sf] dfqf Pld6/df cjnf]sg u/L gf]6 ug'{xf];\ s] kfpg'eof] < dl;gf] 

tf/ /fVbf yf]/} s/]G6 k|jfx x'G5 eg] df]6f] tf/ /fVbf w]/} s/]G6 k|jfx x'G5 . o;sf] cy{ 

tf/sf] cj/f]w tf/sf] df]6fO -tf/sf] j|m; ;]S;gn If]qkmn_ ;Fu Jo'Tj|mdfg'kftL x'G5 . 

cyf{t\, R  a
l

hxfF, R cj/f]w / a tf/sf] j|m; ;]S;gn If]qkmn xf] .

3. ca ;dfg nDafO / df]6fO ePsf tfdfsf] tf/ / gfOj|mf]d tf/ kfn}kfnf] vfnL 7fpFdf h8fg 

u/L Pld6/df s/]G6sf] dfqf cjnf]sg ug'{xf];\ . tfdfsf] tf/df eGbf gfOj|mf]d tf/df sd 

dfqf s/]G6 k|jfx x'G5 . oxfF tfdfsf] tf/sf] cj/f]w sd / gfOj|mf]d tf/sf] cj/f]w a9L 

x'G5 . o;sf] cy{ ;'rfns ag]sf] j:t'cg';f/ cj/f]w km/s x'G5 .

4. km]l/ Pp6f gfOj|mf]d tf/ lng'xf];\ / ljB't\ kl/kysf] vfnL 7fpFdf h8fg ug'{'xf];\ . Pld6/df 

s/]G6sf] dfqf gf]6 ug'{xf];\ . ca gfOj|mf]d tf/nfO{ l:k|6 NofDksf] ;xfotfn] ttfpg'xf];\ / 

Pld6/df s/]G6sf] dfqf k'gM cjnf]sg u/L gf]6 ug'{xf];\ . klxn] / kl5 gf]6 ul/Psf] s/]G6sf] 

dfqfdf s] km/s kfpg'eof], 5nkmn ug'{xf];\ . klxn]sf] eGbf kl5Nnf] k6s gf]6 ul/Psf] s/]G6 

sd x'G5 . o;sf] cy{ tfkj|md a9]kl5 tf/sf] cj/f]w klg a9\5 . kmn:j¿k s/]G6sf] dfqf 

36\g hfG5 . 

 cyf{t\ R  T hxfF, T tf/sf] tfkj|md xf] .

cj/f]wnfO{ k|efj kfg]{ dflysf] lj|mofsnfkaf6 xfdL lgDg s'/fx¿sf] lgisif{df k'Ug ;S5f}“ .

-s_ tf/sf] nDafO -v_ tf/sf] df]6fO

-u_ tfkj|md -3_ tf/ ag]sf] j:t'sf] k|s[lt
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;'rfng Ifdtf (Conductivity)

xfdLnfO{ yfxf 5 ls s'g} ;'rfnssf] cj/f]w To; ;'rfnssf] nDafO;Fu ;dfg'kftL / To;sf] 

df]6fO;Fu Jo'Tj|mdfg'kftL x'G5 . 

cyf{t\ 

R   l ........ (i)

R  1
a
............ (ii)

;dLs/0f (i) / (ii) af6,

R  l
a


R  l
a
 ......... (iii) R = (

l
a ) hxfF, (rho) cr/ /fzL xf] . o;nfO{ ;'rfnssf] 

cj/f]wsTj (resistivity) elgG5 . o;sf] PsfO Ωm xf] .

cj/f]wsTjsf] Jo'Tj|mdnfO{ ;'rfng Ifdtf (conductivity) elgG5 . cj/f]w sd x'g] j:t'sf] 

;'rfng Ifdtf a9L / cj/f]w a9L x'g] j:t'sf] ;'rfng Ifdtf sd x'G5 . 6ª\u:6]g, gfOj|mf]d cflbsf] 

cj/f]w a9L x'g] x'gfn] logLx¿sf] ;'rfng Ifdtf sd x'G5 . tfdf, rfFbL, ;'g cflbsf] cj/f]w sd 

x'g] ePsfn] logLx¿sf] ;'rfng Ifdtf a9L x'G5 .

;fwf/0ftof wft'x¿sf] ;'rfng Ifdtf a9L / cwft'x¿sf] ;'rfng Ifdtf sd x'G5 . ;'rfngsf] 

;'rfng Ifdtf ;aeGbf a9L / s'rfnssf] ;'rfng Ifdtf ;aeGbf sd x'G5 .

r'DasTj (Magnetism)

xfdLn] cWoogsf] j|mddf r'Dassf ljleGg u'0fx¿sf] af/]df tNnf] sIffdf g} 5nkmn ul/;s]sf 

5f}F . r'Dasn] glhssf] r'DasLo j:t'nfO{ cfsif{0f ub{5 . b'O{ cf]6f r'Dassf w'|jx¿ glhs n}Fhfbf 

Ps k|sf/sf] an cg'ej x'G5 . o;f] x'g'sf] sf/0f r'Dasdf ePsf] r'DasLo zlSt xf] . r'DassLo 

j:t'df /x]sf c0f' r'Dasx¿ Ps cfk;df ;dfgfGt/ eP/ /x]sfn] r'DasTj pTkGg x'G5 . 

r'DasTjsf] dfqf w|'jLo If]qdf a9L / lardf guGo x'G5 .

r'DasLo If]q (Magnetic Field) 

r'Dasx¿ hlt k/ nluof] Tolt g} Tof] an sdhf]/ eP/ hfG5 . ce}m 6f9f nluof] eg] o:tf] 7fpF 

cfOk'U5, hxfF r'Dasn] r'DasLo j:t' / c¿ r'DasnfO{ c;/ ug{ ;Sb}g . r'DasLo If]qleq dfq 

tkfO{“nfO{ yfxf 5 <
clwsf+z wft'x¿ ljB't\sf] ;'rfns x'G5g\ . 
To;}u/L clwsf+z cwft'x¿ ljB't\sf] s'rfns 
x'G5g\ . t/ u|fkmfO6 cwft' eP tfklg ljB't\sf] 
;'rfns x'G5 .
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r'Dasn] c¿ r'DasLo j:t'nfO{ cfsif{0f ub{5 .

r'Dasn] cfk\mgf] jl/kl/ hxf“;Dd r'DasLo j:t'nfO{ c;/ ub{5, To; If]qnfO{ r'DasLo If]q 

(magnetic field) elgG5 . of] e]S6/ kl/df0f xf] . zlStzfnL r'Dassf] r'DasLo If]q 7'nf] / 
sdhf]/ r'Dassf] r'DasLo If]q ;fgf] x'G5 .

r'DasLo an/]vf (Magnetic lines of force)

r'DasLo If]qleq To;sf] pQ/L w'|jaf6 cgluGtL an/]vfx¿ (lines of force) lg:s]sf x'G5g\ . tL 

an/]vfx¿ aj|mky x'g] u/L blIf0fL w'|jlt/ hfG5g\ . r'DasLo If]qleq /flvPsf] r'DasLo sDkf;sf] 

pQ/L w|'j an/]vfs} lbzflt/ kms]{/ an/]vf;Fu ;dfgfGt/ eP/ a:5 . Pp6f sDkf;nfO{ r'Dassf] 

pQ/L w'|jn] b]vfPsf] ky sf]b}{ hfg] xf] eg] Pp6f jj|m/]vf aG5 / Tof] jj|m/]vf pQ/L w'|jaf6 ;'? eO{ 

blIf0fL w'|jdf cGt x'G5 . o; jj|mkynfO{ g} r'DasLo an/]vf elgG5 .

58 r'Dassf] pQ/L w'|j ef}uf]lns pQ/ lbzfdf kmsf{P/ an /]vfx¿ lvRbf an/]vfx¿sf] :j¿k 

lrqdf b]vfP h:tf] aG5g\ -lrq s x]g'{xf];\_ .

To;}u/L 58 r'Dassf] pQ/L w'|j ef}uf]lns blIf0f lbzfdf kmsf{P/ r'DasLo an /]vfx¿ lvlrPdf 

an /]vfx¿sf] :j¿k lrqdf h:t} aG5 -lrq v x]g'{xf];\_ .

r'DasLo an/]vfsf] s'g} laGb'df :kz{/]vf lvRbf To; :kz{ /]vfn] To; laGb'df r'DasLo If]qsf] lbzf 

b]vfpF5 . 

lj|mofsnfk 3

Pp6f 58 r'DasnfO{ 6]andfly /flvPsf] ;]tf] sfuhsf] lardf /fVg'xf];\ . r'Dassf] aflx/L 3]/f 

l;;f sndn] sf]g'{xf];\ .

r'Dassf] pQ/L w'|jlg/ Pp6f yf]Knf lrx\g nufpg'xf];\ . Pp6f sDkf; (compass) sf] blIf0fL 

lrq s M r'Dassf] pQ/L w|'j 
ef}uf]lns blIf0f kmsf{p“bf

lrq v M  r'Dassf] pQ/L w|'j 
ef}uf]lns pQ/lt/ kmsf{p“bf

lrq g+= 7.3 :  r'DasLo an/]vf
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w'|j ;f] yf]Knfdf kg]{ u/L ldnfpg'xf];\ . 

sDkf;sf] pQ/L w|'jlg/ k]ml/ yf]Knf 

nufpg'xf];\ . ca sDkf;sf] blIf0fL w'|j 

bf];|f] yf]Knfdf kg]{ u/L ldnfpg'xf];\ . 

o;/L g} k]ml/ sDkf;sf] pQ/L w'|jlg/ 

lrx\g nufpg'xf];\ . o:t} u/L sDkf;sf] 

pQ/L w'|jn] b]vfPsf laGb'x¿ lrx\g 

nufpFb} hfg'xf];\ . cGtdf r'Dassf] 

blIf0fL w|'j e]l6g] 5 . ca tL yf]Knfx¿nfO{ hf]8\g'xf];\ . o;/L ag]sf] jj|m/]vfnfO{ g} xfdL r'DasLo 

an/]vf eGb5f}F . o;/L g} w]/} cf]6f jj|m/]vfx¿ lvRb} uPdf r'DasLo If]qsf] gS;f aGg] 5 . 

r'DasLo an/]vf sf]bf{ o:tf laGb'x¿ k]mnf k5{g\, h'g 

laGb'df /flvPsf] sDkf;n] s'g} lglZrt lbzf b]vfpFb}g, 

o:tf laGb'x¿nfO{ t6:y laGb' (neutral point) elgG5 . 
dflysf] lrq s / v df  laGb'x¿ t6:y laGb'x¿ x'g\ . 

t6:y ljGb'df r'DasLo If]q / k[YjLsf] r'DasLo If]q 

l7s ljk/Lt / a/fa/ x'G5g\ . tL ljGb'x¿df kl/0ffTds 

If]q (resultant field) z"Go x'G5 .

e"–r'DasTj (Terrestrial magnetism)

k[YjLdf klg r'DasLo u'0f 5 . k[YjLnfO{ ljzfn r'Dassf ¿kdf klg lng ;lsG5 . o;}n] k[YjLsf] 

klg cfk\mg} r'DasLo If]q x'G5 . k[YjLsf] r'DasLo If]qdf klg an/]vfx¿ 5g\ . r'DasLo sDkf; 

;w}F k[YjLsf] r'DasLo an/]vfs} lbzfdf ;dfgfGt/ eP/ a:b5 . :jtGqtfk"j{s 3'Dg ;Sg] u/L s'g} 

58 r'DasnfO{ /];d jf kf]ln:6/sf] wfufn] e'mG8\ofof}F eg] k[YjLsf] r'DasLo an /]vf;Fu ;dfgfGt/ 

eP/ a:5 . k[YjLsf] r'DasLo an/]vfnfO{ sDkf;sf] dbtn] k5\ofpFb} uof] eg] k[YjLsf] r'DasLo 

blIf0fL w'|jdf k'U5 .

k[YjLsf] r'DasLo pQ/L w|'j ef}uf]lns blIf0fL w|'jlt/ 

kb{5 eg] r'DasLo blIf0fL w|'j ef}uf]lns pQ/L w|'jlt/ 

kb{5 . e"–r'DasLo blIf0fL w'|j pQ/L Sofg8fsf] lsgf/df 

kb{5 eg] k[YjLsf] r'DasLo pQ/L w'|j cG6fs{l6sf 

(antartica) dxfb]zsf] lsgf/fdf kb{5 . 

lbskft (Angle of declination)

k[YjLsf] r'DasLo w'|jx¿ / ef}uf]lns w'|jx¿ l7s ToxL :yfgdf kb}{gg\ . o;}n] s'g} klg 7fpFdf ef}uf]lns 

lrq g+= 7.4 :  r'DasLo an/]vf lvRg] tl/sf

lrq g+= 7.5 : t6:y laGb'

t6
:y 

laG
b'

tkfO{“nfO{ yfxf 5 <
Pp6f kmnfdsf] 58nfO{ ef}uf]lns pQ/ 
blIf0f kmsf{P/ df6fdf uf8]sf] 3, 4 lbgkl5 
of] r'DasLo u'0fo'St x'G5 .
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pQ/ blIf0f hf]8\g] sfNklgs /]vf / r'DasLo 

pQ/ blIf0f hf]8\g] sfNklgs /]vfx¿sf Ps 

cfk;df sfl6G5g\ . t;y{ ef}uf]lns pQ/ blIf0f 

hf]8\g] sfNklgs /]vf / r'DasLo pQ/ blIf0f 

hf]8\g] sfNklgs /]vfx¿ Ps cfk;df sfl6Fbf 

aGg] sf]0fnfO{ lbskft (angle of declination) 
elgG5 . lbskftsf] dfg 7fpFcg';f/ km/s km/s 

x'G5 . ;Fu}sf] lrqdf sf]0f  n] lbskftnfO{ 

hgfpF5 .

s'g} 7fpFsf] ;xL ef}uf]lns lbzf yfxf kfpg lbskft yfxf kfpg'k5{ . xjfO{ hxfh rnfpFbf / ;d'b|df 

kfgL hxfh rnfpFbf lbzf kQf nufpgsf] nflu o;sf] k|of]u ul/G5 . 

cjkft (Angle of dip)

pQ/ / blIf0f lbzflt/ t]l;{Psf] 7f8f] ;txdf :jtGqtfk"j{s 3'Dg 

;Sg] u/L /flvPsf] r'DasLo sDkf;nfO{ l8k lg8n (Dip needle) 
elgG5 . s'g} klg 7fpFdf l8k lg8nn] lIflth;Fu agfPsf] sf]0fnfO{ 

To; 7fpFsf] cjkft (angle of dip) elgG5 . l8k lg8n klg 

k[YjLsf] r'DasLo an/]vf;Fu ;dfgfGt/ eP/ a:b5 . s'g} 7fpFdf l8k 

lg8n hldglt/ t]l;{g'sf] sf/0f To; 7fpFdf an/]vfx¿ hldglt/ 

kms]{sfn] xf] .

cjkft klg k[YjLdf 7fpFcg';f/ km/s km/s x'G5 . k[YjLsf] r'DasLo e"dWo /]vfdf cjkftsf] dfg 

z"Go x'G5 lsgls ;f] 7fpFdf e"–r'Dassf] pQ/L / blIf0fL w|'jsf] k|efj a/fa/ kb{5 . To;}n] sDkf; 

lIflth;Fu ;dfgfGt/ eP/ a:b5 . 

k[YjLsf] e"dWo /]vfaf6 pQ/ jf blIf0flt/ hfFbf 

cjkftsf] dfg j|mdzM a9\b} hfG5 . e"–r'DasLo 

w|'jx¿df o;sf] dfg 900 x'G5 .

;Demg'kg]{ s'/fx¿

1. cf]xdsf] lgodcg';f/ s'g} ;'rfnsdf k|jfx x'g] s/]G6 ;'rfnssf] b'O{ laGb'larsf] kf]6]lG;on 

km/s;Fu ;dfg'kftL x'G5 . cf]xdsf] lgodcg';f/ V = IR x'G5 .

2. j:t'df ljB't\ k|jfx x'Fbf /f]sfj6 k}bf ug]{ u'0fnfO{ ljB't\ cj/f]w (resistance) elgG5 . o;sf] 

PsfO cf]xd (Ω) xf] .

A B

C

F

D

E

ef}uf]lns blIf0fL w|'j

lbskft

e"–r'DasLo 
blIf0fL w|'j

ef}uf]lns 
pQ/L w|'j

lrq g+= 7.6 : lbskf t

lrq g+= 7.7 :  cjkft

tkfO{“nfO{ yfxf 5 <

sf7df8f}“df cjkftsf] dfg 42° x'G5 . o;sf] 

cy{ sf7df8f}“af6 42° sf]0fdf r'DasLo w'|j 
kb{5 .
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3. ljB't\ cj/f]w ;'rfnssf] nDafO, ;'rfnssf] df]6fO, tfkj|md / ;'rfns j:t'sf] k|s[ltdf 

lge{/ ub{5 .

4. cj/f]wsTjsf] Jo'Tj|mdnfO{ To; j:t'sf] ;'rfng Ifdtf (conductivity) elgG5 .

5. zlStzfnL r'Dassf] r'DasLo If]q 7'nf] x'G5 / sdhf]/ r'Dassf] r'DasLo If]q ;fgf] x'G5 .

6. r'DasLo If]qleq r'Dassf] pQ/L w|'jaf6 blIf0fL w|'jlt/ lvlrPsf sfNklgs /]vfx¿nfO{ 

r'DasLo an /]vfx¿ (magnetic lines of force) elgG5 .

7. k[YjLdf klg r'DasLo u'0f 5 . k[YjLnfO{ ljzfn r'Dassf ¿kdf lng ;lsG5 .

8. k[YjLsf] ef}uf]lns pQ/ blIf0f hf]8\g] sfNklgs /]vf / e"–r'DasLo pQ/ blIf0f hf]8\g 

sfNklgs /]vflar aGg hfg] sf]0fnfO{ lbskft (angle of declination) elgG5 .

9. l8k lg8nn] lIflth;Fu agfPsf] sf]0f g} cjkft xf] . o;sf] dfg e"dWo /]vfdf 00 / w|'jdf 

900 x'G5 .

cEof;

-s_ tnsf ax'j}slNks k|Zgx¿sf] ;xL pQ/df l7s -_ lrx\g nufpg'xf];\ M

1. kf]6]lG;on km/snfO{ s'g PsfOdf gflkG5 <

 (i) ef]N6 (ii) PlDko/ (iii) cf]xd (iv) jf6

2. s'g} Pp6f tf/sf] cj/f]w tnsf dWo] s'g s'/fdf lge{/ ub{5 <

 (i) tf/sf] nDafO (ii) tf/sf] df]6fO (iii) tf/sf] tfkj|md (iv) dflysf ;a} 

3. k[YjLsf] e"–r'DasLo w|'jdf cjkftsf] dfg slt x'G5 <

 (i) 0 l8u|L  (ii) 45 l8u|L (iii) 90 l8u|L (iv)180 l8u|L

4.  cjkft gfKgsf nflu tnsf dWo] s'g pks/0f k|of]u ul/G5 <

 (i) Pld6/ (ii) ef]N6ld6/ (iii) UofNefgf]ld6/ (iv) l8k lg8n

5. 2 cf]xd cj/f]w ePsf] tf/df 5 PlDko/ s/]G6 k|jfx x'Fbf kf]6]lG;on km/s slt 

x'G5 <

 (i) 0.4 ef]N6 (ii) 2.5  ef]N6 (iii) 5 ef]N6 (iv) 10 ef]N6

-v_ tnsf k|Zgx¿sf] pQ/ lbg'xf];\ M

1. ljB't\ cj/f]w eg]sf] s] xf] < cj/f]w s'g s'g s'/fdf lge{/ ub{5, pNn]v ug'{xf];\ .

2. 1Ω cj/f]w eg]sf] s] xf] <
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3. cw{ rfns j:t' s]nfO{ elgG5 < o;sf b'O{ cf]6f pbfx/0f lbg'xf];\ .

4. cf]xdsf] lgod n]vL V = IR k|dfl0ft ug'{xf];\ .

5. e"–r'DasTj eg]sf] s] xf] < k[YjLsf] e"–r'DasTj k'li6 ug]{ s'g} b'O{ cf]6f pbfx/0fx¿ 

lbg'xf];\ .

6.  r'DasLo an/]vf eg]sf] s] xf] < o;sf] ljz]iftfx¿ pNn]v ug'{xf];\ .

7.  cjkft eg]sf] s] xf] < k[YjLsf] e"–r'DasLo w|'jdf o;sf] dfg slt x'G5, lsg <

8.  58 r'Dassf] pQ/L w|'jnfO{ k[YjLsf] ef}uf]lns pQ/L w|'jlt/ kmsf{pFbf o;sf] r'DasLo 

If]qleq aGg] r'DasLo an/]vfx¿ lrqdf b]vfpg'xf];\ .

9. On]S6«f]df]l6e kmf];{ / kf]6]lG;on km/slar leGgtf b]vfpg'xf];\ .

10. ljB't\ kl/kydf ef]N6ld6/nfO{ nf]8;Fu ;dfgfGt/ / Pld6/nfO{ >]0fL j|mddf h8fg 

ul/G5, lsg <

11. t6:y laGb' eg]sf] s] xf] < :jtGq ¿kdf 3'Dg ;Sg] u/L e'mG8\ofOPsf] r'Das pQ/ 

blIf0f lbzflt/ kms{G5, lsg <

-u_ tnsf ul0ftLo ;d:ofx¿ xn ug'{xf];\ M

1. 10V sf] Aof6«LnfO{ 40Ω cj/f]w ePsf] lrd;Fu hf]8\bf pSt lrddf slt s/]G6 k|jfx 

x'G5, lgsfNg'xf];\ . [pQ/ M 0.25 A]

2. 4 lsnf]ef]N6 kf]6]lG;on km/s ePsf] ljB'tLo df]6/df 15 PlDko/ s/]G6 k|jfx x'G5 

eg] pSt df]6/df k|of]u ePsf] tf/sf] cj/f]w kQf nufpg'xf];\ . [pQ/ M 266.67 Ω]

kl/of]hgf sfo{

Pp6f ;]tf] sfuh lng'xf];\ / To;df d}g bNg'xf];\ . pSt sfuhnfO{ cfuf]df ttfpg'xf];\ . 6]andfly 

Pp6f 58 r'Dassf] blIf0fL w|'j ef}uf]lns pQ/L w|'jlt/ kg]{ u/L /fVg'xf];\ . r'DaseGbf dfly d}g 

blnPsf] sfuhnfO{ lardf r'Das kg]{ u/L /fVg'xf];\ . ca sfuhdfly kmnfdsf] w'nf] 5s{g'xf];\ . 

r'DasLo an/]vfx¿ s;/L b]vf k5{g\, cjnf]sg ug'{xf];\ .

zAbfjnL 

Pld6/ M s/]G6 gfKg] oGq

ef]N6ld6/ M ef]N6]h jf kf]6f]lG;on km/s gfKg] oGq

r'DasLo an/]vf M r'Dassf] jl/kl/ pQ/L w'j|af6 lg:s]/ blIf0fL w'j|df hfg] sfNklgs /]vf

l8k lg8n M 7f8f] ;txdf :jtGqtfk"k{s 3'Dg ;Sg] u/L /flvPsf] r'DasLo l;of]

r'DasLo If]q M r'Das jl/kl/ r'DasLo an dx;'; ug{ ;lsg] If]q
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tŒjx¿sf] juL{s/0f
(Classification of Elements)

PsfO

8
xfn;Dd 92 k|fs[lts / 26 cf]6f s[lqd u/L 118 cf]6f tŒj kQf nflu;s]sf 5g\ . ;'g, rfFbL, 

sfa{g, xfO8«f]hg, clS;hg, lxlnod cflb xfd|f jl/kl/ kfOg] s]xL tŒjx¿ x'g\ . tL tŒjx¿sf 

;a}eGbf ;fgf] s0fnfO{ k/df0f' elgG5 . On]S6«f]g, k|f]6«f]g / Go'6«f]g ldn]/ k/df0f' aGb5 . ;'g, rfFbL, 

tfdf, h:tf, kmnfd cflb wft'sf] ¿kdf kfOg] tŒjx¿ x'g\ eg] sfa{g, xfO8«f]hg, clS;hg, Snf]l/g 

cflb cwft'sf] ¿kdf kfOg] tŒjx¿ x'g\ . k/df0f'df /x]sf On]S6«f]gx¿sf] ;ª\Vof / cjl:yltsf 

sf/0fn] logLx¿sf] u'0fx¿df leGgtf x'G5 .  /f;folgs k|ltlj|mof x'Fbf On]S6«f]gx¿ Ps k/df0f'af6 

csf]{df hfg] jf ;fem]bf/L u/L a:g] k|j[lQn] ubf{ klg kbfy{sf u'0fx¿df leGgtf cfpF5 . o; PsfOdf 

xfdL tŒjdf k/df0f'x¿sf] ;+/rgf, ltgLx¿sf] On]S6«f]g ljGof;, ;+o'Hotf, /]l8sn, cfof]g cflb 

ljifodf cWoog ug]{ 5f}F . 

tŒj / of}lus (Element and Compound)

xfO8«f]hg / clS;hg ldn]/ kfgL aG5 eg] sfa{g / 

clS;hg ldn]/ sfa{g 8fOcS;fO8 UofF; ag]sf] x'G5 

eGg] s'/f xfdLnfO{ yfx} 5 . xfO8«f]hg, clS;hg, 

sfa{g h:tf kbfy{x¿nfO{ tLeGbf ;/n kbfy{df 6'j|mf 

ug{ ;lsFb}g . o:tf kbfy{x¿nfO{ tŒj (element) 
elgG5 . logLx¿ z'4 kbfy{x¿ x'g\ . tŒjx¿nfO{ 

ef}lts tyf /f;folgs u'0fx¿sf cfwf/df wft', 

cw{wft' / cwft' u/L ltg k|sf/df 5'6\ofOPsf] 5 . 

tŒjsf] ;a}eGbf ;fgf] s0fnfO{ k/df0f' (atom) elgG5 . k/df0f'x¿ On]S6«f]g, k|f]6f]g / Go'6«f]g ldn]/ 

ag]sf] x'G5 .

b'O{ jf b'O{eGbf a9L tŒjx¿sf lar /f;folgs k|ltlj|mof eP/ ag]sf kbfy{x¿nfO{ of}lus 

(compound) elgG5 . 

cfkm\gf] u'0f oyfjt sfod /fVg] tŒj jf of}lussf ;aeGbf ;fgf s0fx¿nfO{ c0f' (molecule)
elgG5 . b'O{ jf b'O{eGbf a9L k|sf/sf c0f'x¿ ldn]/ of}lus aGb5 . kfgL, sfa{g 8fOcS;fO8, 

vfg]g'g, ;f]8f cflb of}lussf pbfx/0fx¿ x'g\ . ;a} of}lussf cfcfÇg} u'0fx¿ x'G5g\ . tL u'0fx¿ 

of}lusdf ePsf tŒjsf u'0fx¿eGbf km/s x'G5g\ . h:t} kfgLsf] ef}lts tyf /f;folgs u'0fx¿ 

clS;hg / xfO8«f]hgsf u'0fx¿eGbf km/s x'G5g\ .

tkfO{“nfO{ yfxf 5 <

kmf]:kmf]/; tŒj xfjfsf] ;Dks{df cfpgf;fy 
cfk}“m aNb5 . eL/kfvflt/ slxn] sfxL“ cfk}m“ cfuf] 
an]sf] b]lvG5, h;nfO{ /f“s]e"t eg]sf] 
kfOG5 . o;/L cfuf] aNg' eg]sf] d/]sf 
hLjhGt'sf] x8\8Ldf ePsf kmf]:kmf]/; / 
o;sf of}lusx¿  clS;hgsf] ;Dks{df 
cfP/ aNg' xf] .
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xfO8«f]hg + clS;hg kfgL 

 -UofF;_  -UofF;_ -t/n_

k/df0f'sf] ;+/rgf / On]S6«f]lgs ljGof; (Structure of Atom and Electronic 
configuration)

On]S6«f]g, k|f]6f]g / Go'6«f]g ldn]/ k/df0f' (atom) aGb5 . k|f]6f]g / Go'6«f]gx¿ k/df0f'sf] Go'lSno;df 

/x]sf x'G5g\ eg] On]S6«f]gx¿ Go'lSno;sf] jl/kl/ 3'Db5g\ . k/df0f'sf] s]Gb||nfO{ Go'lSno; elgG5, 

h;df k|f]6f]g / Go'6«f]g /x]sf x'G5g\ . On]S6«f]gn] Go'lSno;nfO{ 3'Dg] af6fnfO{ sIf jf ;]n (shell) 
elgG5 . csf]{ zAbdf ;]nnfO{ cla{6 (orbit) klg eGg] rng 5 . ljleGg cfsf/sf ;a;]nx¿ 

ldn]/ ;]n ag]sf] x'G5 . To:tf ;a;]nx¿ s'g} uf]nfsf/ (spherical) / s'g} 8d? (Dumb bell) 
cfsf/sf x'G5g\ . 

 uf]nfsf/ (spherical) 8d? cfsf/ (dumb-bell)

lrq g+= 8.1 :  ;a;]nx¿sf] cfsf/

tkfO{“nfO{ yfxf 5 <

;g\ 1913 df Neil Bohr n] On]S6«f]g 3'Dg] sIfx¿ 
r'/f h:t} af6'nf] (circular) 5g\ eg]sf lyP . log} 
j}1flgsn] k/df0f'sf] ;+/rgfaf/] w]/} tYox¿ lbPsf 
lyP . To:t} ;g\ 1917 df /b/kmf]b{ (Rutherford) n] 
k/df0f'sf] lardf Go'lSno; x'G5 egL kQf nufPsf 
lyP . /b/kmf]b{n] /;fog zf:qdf ;g\ 1908 df gf]a]n 
k'/:sf/;d]t (nobel prize) kfPsf lyP .

ca xfdL k/df0f'sf ;]ndf x'g] ;a;]nx¿ / ltgdf c6\g ;Sg] clwstd On]S6«f]gx¿sf] ;ª\Vof 

tnsf] tflnsfaf6 cWoog u/f}F .

;]n (shells) K L M N
;a;]n (subshells) s s p s p d s p d f
On]S6«f]gsf] ;ª\Vof (no. of 
electrons) 2 2 6 2 6 10 2 6 10 14

k/df0f'df ePsf On]S6«f]gx¿ Go'lSno;sf] jl/kl/ lglZrt lgodsf] cfwf/df ljleGg ;]n 

tyf ;a;]nx¿df ldn]/ a:g] tl/sfnfO{ On]S6«f]lgs ljGof; (electronic configuration) 
elgG5 .

k/df0f'sf] On]S6«f]lgs ljGof; b'O{ tl/sfaf6 ug{ ;lsG5 . klxnf] tl/sfcg';f/ On]S6«f]gx¿nfO{ s]jn 

;]nx¿df dfq /flvG5 eg] bf];|f] tl/sfcg';f/ On]S6«f]gx¿nfO{ ;a;]nx¿df klg /flvG5 .
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;]nnfO{ ;ª\Vofn] klg hgfOG5, h:t} M

;n K L M N

;ª\Vof 1 2 3 4

;]nsf] cfwf/df On]S6«f]lgs ljGof; ubf{ clwstd ¿kdf klxnf] ;]n (K) df 2 cf]6f, bf];|f] ;]n 

(L) df 8 cf]6f, t];|f] ;]n (M) df 18 cf]6f, / rf}yf] ;]n (N) df 32 cf]6f On]S6«f]gx¿ c6fpg 

;S5g\ . o;sf nflu 2n2 ;"q k|of]u ul/G5 . hxfF n n] ;]nsf] ;ª\VofnfO{ hgfpF5 .

klxnf] ;]n jf K = 2 x 12 = 2 x 1 = 2

bf];|f] ;]n jf L = 2 x 22 = 2 x 4 = 8

t];|f] ;]n jf M = 2 x 32 = 2 x 9 = 18

rf}yf] ;]n jf N = 2 x 42 = 2 x 16 = 32

;a;]nsf cfwf/df On]S6«f]lgs ljGof; ubf{ k|To]s ;a;]ndf clwstd ;ª\Vofdf /xg] On]S6«f]gsf] 

;ª\Vof lgDgfg';f/ x'G5 M

;a;]n s p d f

On]S6«f]gsf] ;ª\Vof 2 6 10 14

o;/L On]S6«f]lgs ljGof; ubf{ ;a;]ndf On]S6«f]g /fVg] j|md tn lbOPcg';f/ x'G5 M

1s →  2s  →  2p  → 3s  → 3p  → 4s  → 3d  → 4p  → 5s  ……..

;ª\s]tsf] cufl8sf] ;ª\Vofn] sIf jf ;]n (shell), ;ª\s]tn] ;xsIf jf ;a;]n (sub shell) / 
;ª\s]tsf] dflysf] ;ª\Vof (superscript) On]S6«f]gsf] ;ª\Vof hgfpF5 .

;+o'Hotf ;"rs On]S6«f]g / ;+o'Hotf (Valence electron and Valency)

k/df0f'x¿n] /f;folgs k|ltlj|mofdf efu lnFbf On]S6«f]gx¿sf] l:yltdf km/s x'g hfG5 . k/df0f'x¿sf 

lardf On]S6«f]gx¿ ;f6km]/ x'g] jf ;fem]bf/L u/L a:g] ePsfn] /f;folgs k|ltlj|mof x'Fbf k/df0f'x¿ 

ldn]/ c0f' aGg hfG5 . k/df0f'df ePsf ;a} On]S6«f]gx¿n] o; k|lj|mofdf efu lnFb}gg\ . ;fdfGotM 

k/df0f'sf] clGtd ;]n jf ;aeGbf aflx/L ;]ndf /x]sf On]S6«f]gn] dfq} /f;folgs k|ltlj|mofdf efu 

lnG5g\ . k/df0f'sf] aflx/L ;]nnfO{ g} ;+o'Hotf ;"rs ;]n (valence shell) elgG5 . k/df0f'sf] 

1s2
;]n ;a;]n

On]S6«f]gsf] ;ª\Vof
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;+o'Hotf ;"rs ;]neGbf leqsf] c+znfO{ sf]/ (core) elgG5 . sf]/df ;+o'Hotf ;"rs On]S6«f]gafx]s 

afFsL ;a} On]S6«f]g, Go'6«f]g / k|f]6f]g /x]sf x'G5g\ .

;f]l8od (Na) sf] On]S6«f]lgS; ljGof;

 1s2, 2s22p6, 3s1

 sf]/ ;+o'Hotf ;"rs ;]n 

dflysf] pbfx/0fdf t];|f] ;]n ;+o'Hotf ;"rs ;]n xf] . ;+o'Hotf ;"rs ;]ndf /x]sf On]S6«f]gx¿nfO{ 

;+o'Hotf ;"rs On]S6«f]g (Valence electron) elgG5 . tL ;+o'Hotf ;"rs, On]S6«f]gx¿ /f;folgs 

k|ltlj|mofdf efu lng ;Sg] ;Defljt On]S6«f]gx¿ x'g\ .

s'g} klg k/df0f'sf] ;+of]hg ug]{ IfdtfnfO{ o;sf] ;+o'Hotf (valency) elgG5 .

k/df0f'sf] o:tf] ;+of]hg ug]{ Ifdtf aflx/L ;]ndf /x]sf] On]S6«f]gsf] ;ª\Vofdf lge{/ /xG5 . /f;folgs 

k|ltlj|mof x'Fbf k/df0f'x¿lar On]S6«f]gx¿ n]gb]g jf ;fem]bf/L x'g] ub{5 .

;]n / ;a;]nsf] cfwf/df ul/Psf] s]xL tŒjx¿sf On]S6«f]lgs ljGof; / ;+o'Hotf tnsf] tflnsfdf 

lbOPsf] 5 .

kf/df0fljs 
;ª\Vof

tŒjsf] gfd On]S6«f]lgs ljGof; ;+o'Hotf

;]nsf cfwf/df ;a;]nsf] cfwf/df
K L M N

1. xfO8«f]hg 1 1s1 1
2. lxlnod 2 1s2 0
3. lnlyod 2 1 1s2, 2s1 1
4. a]l/lnod 2 2 1s2, 2s2 2
5. af]/f]g 2 3 1s2, 2s22p1 3
6. sfa{g 2 4 1s2, 2s22p2 4
7. gfO6«f]hg 2 5 1s2, 2s22p3 3
8. clS;hg 2 6 1s2, 2s22p4 2
9. Çnf]l/g 2 7 1s2, 2s22p5 1
10. lgof]g 2 8 1s2, 2s22p6 0
11. ;f]l8od 2 8 1 1s2, 2s22p6,3s1 1
12. DofUgl;od 2 8 2 1s2, 2s22p6,3s2 2
13. Pn'ldlgod 2 8 3 1s2, 2s22p6,3s23p1 3
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14. l;lnsg 2 8 4 1s2, 2s22p6,3s23p2 4
15. kmf]:kmf]/; 2 8 5 1s2, 2s22p6,3s23p3 3, 5
16. ;Nkm/ 2 8 6 1s2, 2s22p6,3s23p4 2, 6
17. Snf]l/g 2 8 7 1s2, 2s22p6,3s23p5 1
18. cfu{g 2 8 8 1s2, 2s22p6,3s23p6 0
19. kf]6fl;od 2 8 8 1 1s2, 2s22p6,3s23p6,4s1 1
20. SoflN;od 2 8 8 2 1s2, 2s22p6,3s23p6,4s2 2

tŒjsf] ;+o'Hotfcg';f/ o;sf] /f;folgs k|ltlj|mofdf b]vfpg] ;lj|motf klg km/s km/s x'G5 . z"Go 

;+o'Hotf ePsf tŒjx¿ lglij|mo x'G5g\ . logLx¿sf] aflx/L ;]n k"0f{ x'G5, h;n] ubf{ On]S6«f]g lng], 

lbg] jf ;fem]bf/L ug{ g;sL /f;folgs k|ltlj|mofdf efu lnFb}gg\ . To;}n] o:tf tŒjx¿nfO{ lglij|mo 

tŒj (inert element) klg elgG5 . pbfx/0fsf nflu lxlnod, lgof]g, cfu{g cflb lglij|mo tŒj 

x'g\ .

lglij|mo tŒjx¿afx]s cGo tŒjx¿sf] xsdf ;fdfGotof ;+o'Hotf a9L eP ;lj|motf sd / ;+o'Hotf 

sd eP ;lj|motf a9L x'G5 . h:t} DofUg]l;odeGbf ;f]l8od a9L ;lj|mo x'G5 . 

s'g} tŒjsf] ;+o'Hotf PseGbf a9L x'G5 . /f;folgs k|ltlj|mofsf j|mddf aflx/L ;]nsf On]S6«f]gn] dfq 

efu lnFbf Pp6f dfq ;+o'Hotf x'G5 eg] ;+o'Hotf ;"rs ;]neGbf leqsf] ;]ndf /x]sf] On]S6«f]gn] ;d]t 

k|ltlj|mofdf efu lnPdf csf]{ ;+o'Hotf klg x'G5 . pbfx/0fsf] nflu tn s]xL tŒjx¿sf] ;+o'Hotf 

lbOPsf] 5 .

tŒjsf gfd tŒjsf ;ª\st ;+o'Hotf

kmnfd

tfdf

rfFbL

;'g

l;;f -ln8_

kf/f]

Fe
Cu
Ag
Au
Pb
Hg

2 / 3
1 / 2
1 / 2
1 / 3
2 / 4
1 / 2

/]l8sn (Radical)

/f;folgs k|ltlj|mofsf j|mddf s'g} klg k/df0f' jf k/df0f'x¿sf] ;d"xn] On]S6«f]g lbg], c¿af6 lng] 

jf Ps cfk;df ;fem]bf/L ug]{ sfd ub{5g\ . o;f] ubf{ k/df0f' jf k/df0f'sf] ;d"x rfh{o'St aG5 . 

o:tf] rfh{o'St k/df0f' jf k/df0f'x¿sf] ;d"xnfO{ /]l8sn elgG5 . /]l8snn] /f;folgs k|ltlj|mofsf] 

j|mddf Pp6} PsfOsf] ¿kdf sfo{ ub{5 . s]xL dxTŒjk"0f{ /]l8snx¿sf] ;"q / ltgLx¿sf] ;+o'Hotf 
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tnsf] tflnsfdf lbOPsf] 5 .

s]xL /]l8snsf] ;"q / ;+o'Hotf

;+o'Hotf 1 ePsf /]l8snx¿ ;+o'Hotf 2 ePsf /]l8snx¿ ;+o'Hotf 3 ePsf /]l8snx¿

/]l8sn ;ª\s]t ;"q /]l8sn ;ª\s]t ;"q /l8s]n ;ª\s]t ;"q

afOsfaf]{g]6 HCO3
– sfaf]{g]6 CO3 – – kmf]:km]6 PO4

– – –

xfO8«f]S;fO8 OH– ;Nkm6 SO4
– –

Pdf]lgod NH4
+ ;NkmfO6 SO3

– –

gfO6«]6 NO3
–

gfO6«fO6 NO2
–

Snf]/]6 ClO3
–

cfof]g (Ion) 

k/df0f'df wgfTds rfh{o'St 

k|f]6f]gsf] ;ª\Vof / C0ffTds 

rfh{o'St On]S6«f]gsf] ;ª\Vof 

a/fa/ x'G5 eGg] s'/f xfdLnfO{ 

yfx} 5 . o;} sf/0fn] k/df0f' t6:y 

x'G5 . ha s'g} k/df0f'n] On]S6«f]g 

c¿nfO{ lbG5 jf c¿af6 lnG5, 

ta of] rfh{o'St aGg hfG5 . o:tf 

rfh{o'St k/df0f'nfO{ cfof]g elgG5, h:t} M Na+, Mg++, Ca++, Al+++, O- -  N- - -, Cl-  cflb . 

k/df0f'n] cfkm"df ePsf] On]S6«f]gx¿ c¿nfO{ lbPdf of] wgfTds rfh{o'St aG5 eg] k/df0f'n] 

c¿af6 On]S6«f]g lnPdf C0ffTds rfh{o'St aG5 . 

cS6]6 (Octet) / 8'Kn]6 (Duplet) 

/f;folgs aG8 agfpFbf k/df0f'x¿n] On]S6«f]gx¿sf] n]gb]g jf ;fem]bf/L u/L aflx/L ;]ndf hDdf 

On]S6«f]gsf] ;ª\Vof cf7 cf]6f k'¥ofpF5g\ . o;/L aflx/L ;]ndf cf7 cf]6f On]S6«f]g ePsf] cj:yfnfO{ 

cS6]6 (octet) elgG5 . aflx/L ;]ndf cS6]6 k'¥ofO{ /f;folgs ¿kdf l:y/ cj:yf (stable state) 
xfl;n ug]{ lgodnfO{ cS6]6 lgod (octet rule) elgG5 . K ;]nafx]s ;a} ;]ndf cS6]6sf] lgod 

nfu' x'G5 .

tkfO{“nfO{ yfxf 5 <

/f;folgs k|ltlj|mof x'“bf Go'lSno;sf] s]xL klg e"ldsf x'“b}g . 
t/ Go'lSno;df kl/jt{g eP/ x'g] Go'lSno/ k|ltlj|mof (nuclear 
reaction) gx'g] xf] eg] hLjx¿sf] pTklTt x'g] lyPg . ;"o{af6 h'g 
tfk / k|sfz xfdLn] kfO/x]sf 5f}+, tL ;a} nuclear reaction eP/ 
k|fKt ePsf x'g\ . Nuclear reaction x'“bf Go'lSno;df ePsf] k|f]6f]g 
/ Go'6«f]gsf] ;ª\Vof 36a9 eO{ gof“ tTTj aGg k'Ub5 . of] lj|mof x'“bf 
w]/} tfk / k|sfzsf] ;fy;fy} cGo ljls/0fx¿ klg lgl:s/x]sf 
x'G5g\ .
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K ;]ndf eg] b'O{ cf]6f dfq On]S6«f]g ePkl5 of] ;]n k"0f{ x'g] ePsfn] o;sf] aflx/L ;]ndf 2 cf]6f 

On]S6«f]g k'¥ofpg] lgodnfO{ 8'Kn]6 lgod (duplet rule) elgG5 . 8'Kn]6 / cS6]6sf] cj:yfdf 

k'u]kl5 k/df0f'x¿ lglij|mo x'G5g\ . h'g;'s} /f;folgs k|ltlj|mof klg k/df0f'df 8'Kn]6 jf cS6]6 

k"/f ug{sf nflu x'g] ub{5 . cS6]6 / 8'Kn]6af/] yk :ki6 x'gsf nflu tnsf] tflnsf cWoog u/f}F .

tŒj
On]S6«f]g 
;ª\Vof

On]S6«f]lgs ljGof;
;+o'Hotf 

;"rs sIf

;+o'Hotf 
;"rs On]S6«f]g 

;ª\Vof
;+o'Hotf s}lkmot

He

Ne

Ar

2

10

18

1s2

1s2 2s2 2p6

1s22s22p63s23p6

1s2

2s2 2p6

3s23p6

2

8

8

0

0

0

8'Kn]6

cS6]6

cS6]6

dflysf UofF;x¿n] cGo k/df0f'x¿;Fu k|ltlj|mof gug'{sf] sf/0f logLx¿sf] aflx/L ;]ndf cS6]6 jf 

8'Kn]6 k"/f x'g' xf] . ;+o'Hotf ;"rs ;]n k"/f ePsf]n] logLx¿n] On]S6«f]g n]gb]g jf ;fem]bf/L ug{ 

;Sb}gg\ . To;}n] logLx¿nfO{ lglij|mo UofF; elgG5 . 

/f;folgs aG8 (Chemical Bond)

/f;folgs k|ltlj|mof x'Fbf k/df0f'x¿n] ;+o'Hotf ;"rs On]S6«f]gx¿ lng] jf lbg] jf ;fem]bf/L ug]{ x'gfn] 

logLx¿lar Ps cfk;df cfsif{0f an k}bf x'G5 . pSt cfsif{0f ann] ubf{ k/df0f'x¿ PsLs[t eO{ 

of}lussf] c0f' aGg ;Sb5 . o;/L c0f'df k/df0f'x¿nfO{ Psfk;df af“w]/ /fVg] annfO{ g} /f;folgs 

aG8 (chemical bond) elgG5 . /f;folgs aG8x¿ d'Votof ltg k|sf/sf x'G5g\ . 

-s_ On]S6«f]Eofn]G6 jf cfof]lgs aG8 ( Electrovalent or Ionic bond)

-v_ sf]Eofn]G6 aG8 (Covalent bond)

-u_ sf]cl8{g]6 aG8 (Co-ordinate bond)

oL ltg cf]6f aG8dWo] oxfF On]S6«f]Eof]n]G6 / sf]Eofn]G6 aG8sf] dfq} clxn] cWoog u/f}F . afFsL 

sf]cl8{g]6 aG8sf] af/]df dflyNnf] sIffdf cWoog ug]{ 5f}F .

-s_ On]S6«f]Eofn]G6 aG8 jf cfof]lgs aG8 (Electrovalent or ionic bond) 

lglij|mo UofF;x¿afx]s cGo tŒjx¿n] /f;folgs k|ltlj|mofdf efu lnO{ Psfk;df aG8 agfpF5g\ . 

s]xL tŒjx¿n] ;+o'Hotf ;"rs On]S6«f]gx¿ lng] jf lbg] ub{5g\ . o;/L Ps k/df0f'n] csf]{ k/df0f'nfO{ 

On]S6«f]g lbP/ jf lnP/ aGg] aG8nfO{ On]S6«f]Eofn]G6 elgG5 . o;df cfof]gx¿sf] lgdf{0f x'g] ePsfn] 

o;nfO{ cfof]lgs aG8 klg elgG5 . cfof]lgs aG8 ePsf of}lusx¿nfO{ cfof]lgs of}lus eGg] rng 
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5 . vfg]g'g jf ;f]l8od Snf]/fO8df cfof]lgs aG8 s;/L aGbf] /x]5 < ca cWoog u/f}F .

;f]l8odsf] 11 cf]6f On]S6«f]gx¿dWo] 1 cf]6f On]S6«f]g k/df0f'sf] ;a}eGbf aflx/L ;]ndf /x]sf] x'G5 . 

lrq g+= 8.2 :  ;f]l8od k/df0f' / ;f]l8od cfof]g

;f]l8od (Na)
11 k|f]6f]g = +11 rfh{

11 On]S6«f]g = –11 rfh{

 hDdf rfh{ =  0

;f]l8od cfof]g (Na+)
11 k|f]6f]g = +11 rfh{

10 On]S6«f]g = –10 rfh{

hDdf rfh{ = +1

– e–

To;}n] ;f]l8od lgs} ;lj|mo wft' xf] . ;f]l8odn] csf]{ tŒj;Fu /f;folgs k|ltlj|mof u/L of}lus agfpFbf 

aflx/L ;]ndf ePsf] 1 cf]6f On]S6«f]g c¿ k/df0f'nfO{ lbG5 / ;f]l8od cfof]g (Na+) aGb5 . 
To;/L ;f]l8od cfof]gsf] aflx/L sIfdf 8 cf]6f On]S6«f]g x'g k'U5 . To;sf] On]S6«f]lgs ljGof; ca 

lgof]gsf] (Ne) On]S6«f]lgs ljGof; h:t} aGb5 . k|f]6f]gsf] ;ª\VofeGbf On]S6«f]gsf] ;ª\Vof 1 cf]6fn] 

sd ePsfn] ;f]l8od cfof]gdf 3gfTds rfh{ (positive charge) k}bf x'G5 .

+ e–

lrq g+= 8.3 : Snf]l/g k/df0f' / Snf]/fO8 cfof]g

Snf]l/g (Cl)
17 k|f]6f]g = +17 rfh{

17 On]S6«f]g = –17 rfh{
 hDdf rfh{ =  0

Snf]l/g cfof]g (Cl–)
17 k|f]6f]g = + 17 rfh{

18 On]S6«f]g = – 18 rfh{
  hDdf rfh{ = –1
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Snf]l/gsf] 17 cf]6f On]S6«f]gx¿dWo] 7 cf]6f On]S6«f]g k/df0f'sf] aflx/L ;]ndf 5g\ . cfu{g (Ar) 
sf] On]S6«f]lgs ljGof;df h:t} aflx/L sIfdf 8 cf]6f On]S6«f]g k'¥ofpg ;s] o;sf] cS6]6 k"/f x'g] 

ePsfn] Snf]l/gn] 1 cf]6f On]S6«f]g cGo s'g} k/df0f'af6 lng vf]H5 . 1 cf]6f On]S6«f]g lnO;s]kl5 

Snf]l/g cfof]g (Cl–) aGb5 . ca Snf]l/gdf 1 cf]6f C0ffTds rfh{ k}bf x'g hfG5 .

To;}n] ;f]l8od / Snf]l/gsf] k/df0f'x¿nfO{ ;Fu} /flvlbof] eg] ;f]l8odn] Pp6f On]S6«f]g Snf]l/gnfO{ 

lbP/ ;f]l8od cfof]g (Na+) / Snf]l/g cfof]g (Cl–) aGb5 . ljk/Lt rfh{ ePsf tL b'O{ cfof]gsf] 

lardf cfsif{0f an pTkGg x'G5 . o;/L ;f]l8od Snf]/fO8 (NaCl) sf] c0f'df k/df0f'x¿lar 

On]S6«f]Eofn]G6 aG8 ag]sf] x'G5 . 

lrq g+= 8.4 :  ;f]l8od Snf]/fO8

k|foM wft' / cwft'lar k|ltlj|mof x'Fbf On]S6«f]Eofn]G6 aG8 aGb5 . cfof]lgs of}lus 7f]; dl0fe 

(crystalline solid) sf] cj:yfdf x'G5 . ;lhn};Fu klUng g;Sg] (high melting point) t/ 
6'lj|mg ;Sg] (brittle) x'G5 . ;fy} logLx¿ kfgLdf lgs} 3'ngzLn x'G5 . kUn]sf] cj:yfdf jf 3f]n 

cj:yfdf logLx¿n] ljB't\ k|jfx ub{5g\ .

DofUg]l;od cS;fO8 (MgO), kf]6fl;od Snf]/fO8 (KCl), Sofnl;od Snf]/fO8 (CaCl2), ;f]l8od 

a|f]dfO8 (NaBr) cflb On]6«f]Eofn]G6 of}lussf pbfx/0f x'g\ .

-v_ sf]Eofn]G6 aG8 (Covalent Bond)

k/df0f'x¿n] On]S6«f]g lbg jf lng g;Sg] cj:yfdf of}lus s;/L aGnf < Psl5g ;f]rf}F t . 

k/df0f'x¿lar On]S6«f]gsf] n]gb]g x'g g;Sg] cj:yfdf b'O{ jf ;f]eGbf a9L k/df0f'x¿n] Ps cfk;df 

On]S6«f]g ;fem]bf/L u/L aflx/L ;]ndf cS6]6 jf 8'Kn]6 k"/f ub{5g\ . o;/L On]S6«f]gsf] ;fem]bf/L u/]/ 

aGg] aG8nfO{ sf]Eofn]G6 aG8 elgG5 . pbfx/0fsf nflu kfgLsf] c0f'df s;/L sf]Eofn]G6 aG8 aG5 

egL ca cWoog u/f}F g t .

lrq g+= 8.5 : xfO8«f]hg k/df0f'x¿

xfO8«f]hg (H) xfO8«f]hg (H)
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clS;hg k/df0f'nfO{ aflx/L ;]ndf cS6]6 k"/f ug{ b'O{ cf]6f On]S6«f]g rflxG5 eg] xfO8«f]hgsf] 

k/df0f'nfO{ 8'Kn]6 k"/f ug{ Pp6f On]S6«f]gsf] cfjZostf kb{5 . o; cj:yfdf xfO8«f]hgsf] b'O{ cf]6f 

k/df0f';Fu clS;hgsf] Pp6f k/df0f'n] On]S6«f]g ;fem]bf/L u/L aflx/L ;]n k"0f{ agfpF5g\ . o;/L kfgL 

(H2O) aGbf clS;hgn] b'O{ cf]6f xfO8«f]hg;Fu sf]Eofn]G6 aG8 agfpF5 . k|foM wft' / cwft' ldn]/ 

of}lus aGbf k/df0f'x¿lar sf]Eofn]G6 aG8 aGb5 .

b'O{ jf b'O{eGbf a9L tŒjsf k/df0f'x¿lar On]S6«f]gx¿ ;fem]bf/L u/]/ ag]sf] of}lusnfO{ sf]Eofn]G6 

of}lus (covalent compound) elgG5 . 

sf]Eofn]G6 of}lus 7f];, t/n / UofF; cj:yfdf x'G5 . 7f]; cj:yfsf of}lusx¿ g/d x'G5g\ / 

;lhn};Fu klUng ;Sg] (low melting point) x'G5g\ . k|foh;f] of}lusx¿ kfgLdf c3'ngzLn 

x'G5g\ . sf]Eofn]G6 of}lusx¿n] ljB't\ k|jfx ug{ ;Sb}gg\ .

kfgL (H2O), Pdf]lgof (NH3), sfa{g 8fOcS;fO8 (CO2), xfO8«f]Snf]l/s Pl;8 (HCl) cflb 

sf]Eofn]G6 of}lussf pbfx/0fx¿ x'g\ .

c0f';"q (Molecular Formula)

b'O{ jf b'O{eGbf a9L k/df0f'x¿ ;+of]hg eO{ c0f' aGb5 . s'g} c0f' Pp6} tŒjsf] k/df0f'x¿ ldnL 

aG5g\, h:t}M xfO8«f]hgsf] c0f' (H2) eg] s'g} c0f' b'O{ jf b'O{eGbf a9L tŒjsf k/df0f'x¿ ldn]/ 

aG5 . kfgLsf] c0f' (H2O) xfO8«f]hg / clS;hgsf k/df0f'x¿ ldnL aGb5 . 

c0f'x¿nfO{ hgfpg klg ;ª\s]tsf] k|of]u ul/G5 . o;sf] 5'6\6} ;ª\s]t g/fvL k/df0f'x¿s} ;ª\s]t 

/ ;ª\Vofaf6 g} ;ª\s]t ;d"x -;"q_ agfOPsf] x'G5 . t;y{ Pp6f c0f'nfO{ hgfpg] k/df0f'x¿sf] 

;ª\s]t ;d"xnfO{ c0f';"q elgG5 .

pbfx/0fsf nflu Pdf]lgof UofF;sf] c0f';"q NH3 x]/f}F . of] c0f';"q gfO6«f]hg / xfO8«f]hgsf] ;ª\s]t 

ldnL ag]sf] 5 . gfO6«f]hgsf] Ps dfq k/df0f' / xfO8«f]hgsf] 3 cf]6f k/df0f' ldnL ag]sfn] 

gfO6«f]hgsf]] ;ª\s]t;Fu} s'g} ;ª\Vof pNn]v 5}g eg] xfO8«f]hg;Fu} tnlt/ 3 /flvPsf] 5 . o;/L 

tŒjx¿sf] k/df0f'x¿sf] ;ª\s]t / ltgLx¿sf] ;ª\Vofaf6 g} c0f';"q agfOPsf] x'G5 . c0f';"q n]Vbf 

tŒjx¿sf ;ª\s]t (symbol), tŒj / /]l8snsf ;+o'Hotfsf] /fd|f] af]w x'g'kb{5 .

lrq g+= 8.6: kfgLsf] c0f'

xfO8«f]hg (H) xfO8«f]hg (H)
kfgL (H2O)clS;hg (O)

+ +
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c0f';"q n]Vg] tl/sf

oxfF ;+o'Hotf ;f6km]/ ljlw (valency criss cross method) af6 s'g} klg of}lussf] c0f'sf] c0f';"q 

n]Vg ;lsG5 . oxfF xfdL oxL ljlwaf6 c0f';"q n]Vg] tl/sfsf] cWoog u/f}F .

kfgLsf] c0f';"q (H2O) s;/L aGof] t <

1. ;j{k|yd c0f'sf gfd n]Vg], h:t} kfgL . 

2. pSt c0f' s'g s'g tŒj jf /l8sn ldn]/ ag]sf] 5 < olsg u/L tŒj jf /l8snsf ;ª\s]t 

(symbol) n]Vg] . 

H O

3. ;ª\s]tsf] l7s dflylt/ tŒj jf /]l8snsf ;+o'Hotf n]Vg] .

1 2

H O

4. tŒj jf /]l8snx¿lar ;+o'Hotf ;f6f;f6 ug{ / ;f s'/f jf0f lrÅg (arrow) nufO{ hgfpg] .

1 2

H O

5. tŒj jf /]l8snlar ;+o'Hotf ;f6f;f6 u/L ;ª\s]t / ;+o'Hotf ;Fu;Fu} n]Vg] . ;ª\s]t / 

To;sf] d'lg bfofFlt/ ;+o'Hotf n]Vg] . /]l8sn PseGbf a9L tŒjaf6 ag]sf] 5 eg] /]l8snsf] 

;ª\s]t ;d"xnfO{ sf]i7 - _ leq /fVg] / sf]i7sf] aflx/ d'lg bfofFlt/ ;+o'Hotf n]Vg] . 

1 2

H O

H2O1

6. s'g} tŒj jf /]l8snsf ;+o'Hotf 1 eP o;nfO{ n]Vg' gkg]{ ePsf]n] x6fpg] . b'j} ;+o'Hotfx¿nfO{ 

s'g} ;ª\Vofn] efu hfG5 eg] efu nfUg] hlt x6fP/ afFsL ;ª\Vof /fv]/ c0f';"q n]Vg] . 

1 2

H O

H2O1

H2O
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ca xfdL tn lbOP h:t} u/L sxL of}lussf c0f';"q nVg cEof; u/f}F . 

;f]l8od sfaf]{g]6

1 2

Na CO3

Na2 (CO3)1

 Na2CO3

SoflN;od ;Nkm]6

2 2

Ca SO4

Ca2 (SO4)1

  CaSO4

DofUg]l;od xfO8«f]S;fO8

2 1

Mg OH

Mg1 (OH)2

  Mg(OH)2

Pdf]lgod sfaf]{g]6

1 2

NH4 CO3

(NH4)2 (CO3)1

  (NH4)2CO3

sxL of}lus / ltgLx¿sf c0f';"q

j|m=;+= of}lussf] gfd c0f';"q

1. Pdf]lgof NH3

2. xfO8«f]Snf]l/s Pl;8 HCl

3. kf]6fl;od sfaf]{g]6 K2CO3

4. Pdf]lgod ;Nkm]6 (NH4)2SO4

5. km]l/s cS;fO8 Fe2O3

6. l;Ne/ gfO6«]6 AgNO3

7. SoflN;od sfaf]{g6 CaCO3

8. DofUg]l;od Snf]/fO8 MgCl2

9. SoflN;od xfO8«f]S;fO8 Ca(OH)2

10. ;NÇo'l/s Pl;8 H2SO4

of}lussf] c0f';"q x]/]/ s] s] yfxf kfpg ;lsG5 <

s'g} klg of}lussf] c0f';"q cWoogaf6 lgDg s'/fx¿ yfxf kfpg ;lsG5 M

1. c0f'x¿df /x]sf tŒjx¿sf] gfd / ;ª\s]t
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2. c0f'x¿df /x]sf k/df0f'x¿sf] ;ª\Vof 

3. tŒj jf /]l8snsf] ;+o'Hotf

pbfx/0fsf] nflu kfgLsf] c0f';"q H2O x]/f}F t .

1. kfgL xfO8«f]hg / clS;hg tŒjx¿ ldn]/ ag]sf] x'G5 .

2. kfgLsf] Pp6f c0f'df xfO8«f]hgsf] 2 cf]6f / clS;hgsf 1 cf]6f k/df0f'x¿ x'G5g\ .

3. xfO8«f]hgsf] ;+o'Hotf 1 / clS;hgsf] ;+o'Hotf 2 xf] .

;Demg'kg]{ s'/fx¿

1. ;/n kbfy{x¿df 6'j\|mofpg g;lsg] z'4 kbfy{nfO{ tŒj elgG5 . logLx¿ Ps} k|sf/sf 

k/df0f'x¿ ldnL ag]sf x'G5g\ .

2. b'O{ jf b'O{eGbf a9L tŒjx¿sf lar /f;folgs k|ltlj|mof eO{ of}lus aGb5 .

3. Go'lSno; jl/kl/ On]S6«f]gx¿ a:g] tl/sfnfO{ On]S6«f]lgS; ljGof; elgG5 . k/df0f'x¿sf] 

On]S6«f]lgs ljGof; ubf{ ;]n / ;a;]nsf] cfwf/df ul/G5 . ;]nx¿ (shell) ;a;]nx¿ 

(subshell) ldn]/ ag]sf x'G5g\ .

4. ;a;]nx¿ s, p, d / f u/L rf/ k|sf/sf x'G5g\ . s ;a;]ndf 2 cf]6f, p ;a;]ndf 6 cf]6f, 

d ;a;]ndf 10 cf]6f / f ;a;]ndf 14 cf]6f On]S6«f]g c6fpg ;S5 .

5. k/df0f'sf] ;a}eGbf aflx/L ;]nnfO{ ;+o'Hotf ;"rs ;]n (valence shell) / To;df ePsf 

On]S6«f]gx¿nfO{ ;+o'Hotf ;"rs On]S6«f]g (valence electron) elgG5 .

6. /f;folgs k|ltlj|mof x'Fbf o;df efu lng ;Sg] On]S6«f]gx¿sf] ;ª\VofnfO{ g} ;+o'Hotf elgG5 .

7. k/df0f'x¿sf] On]S6«f]gx¿ n]gb]g jf ;fem]bf/L u/L cfk\mgf] aflx/L ;]ndf 8 On]S6«f]g /fVg] 
k|j[lQnfO{ cS6]6 lgod (Octet rule) elgG5 .

8. /f;folgs k|ltlj|mof x'Fbf wft' / cwft'lar On]S6«f]g ;f6km]/ eO{ cfsif{0f an k}bf x'G5, 

To;nfO{ On]S6«f]Eofn]G6 jf cfof]lgs aG8 (electrovalent or ionic bond) elgG5 .

9. /f;folgs k|ltlj|mof x'Fbf wft'÷cwft' lar On]S6«f]gx¿ ;fem]bf/L x'Fbf k/df0f'sf ;]nx¿ Ps 

cfk;df vlK6g uO{ aGg] aG8nfO{ sf]Eofn]G6 aG8 (covalent bond) elgG5 . 

10. c0f'df /x]sf 3gfTds rfh{ / C0ffTds rfh{ af]s]sf k/df0f'x¿ jf k/df0f'x¿sf] ;d"xnfO{ 

/]l8sn (radical) elgG5 .
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cEof;

-s_ tnsf ax'j}slNks k|Zgx¿sf] ;xL pQ/df l7s -_ lrx\g nufpg'xf];\ M

1. tnsf dWo] s'g rflxF of}lussf] pbfx/0f xf] <

 (i) ;Nkm/ (ii) kmnfd (iii) Pdf]lgof (iv) kf/f]

2. On]S6«f]lgs ljGof; 1s2, 2s22p6, 3s2 ePsf] tŒjsf] ;+o'Hotf slt x'G5 <

 (i) 1 (ii) 2 (iii) 3 (iv) 4

3. tnsf dWo] s'g rflxF lglij|mo UofF; xf] < 

 (i) Ar (ii) H   (iii) N (iv) O

4. Pdf]lgod ;Nkm]6sf] c0f';"q tnsf dWo] s'g xf] <

 (i) NH4SO4 (ii) (NH4)2SO4 (iii) (NH4)3SO4 (iv) NH4(SO4)2

5. tnsf dWo] s'g /]l8snsf] ;+o'Hotf 2 x'G5 <
 (i) NH4 (ii) CO3   (iii) OH (iv) ClO3

-v_ tnsf k|Zgx¿sf] pQ/ lbg'xf];\ M

1. s:tf kbfy{x¿nfO{ tŒj elgG5 < pbfx/0f;lxt n]Vg'xf];\ .

2. of}lus eg]sf] s] xf] < c0f' / k/df0f'lar s'g} b'O{ cf]6f leGgtf n]Vg'xf];\ . 

3. /f;folgs aG8 s;/L aG5 < On]S6«f]Eofn]G6 aG8 / sf]Eofn]G6 aG8lar 2 cf]6f 

km/s 5'6\ofpg'xf];\ .

4. tn lbOPsf tŒjx¿sf] ;a;]nsf] cfwf/df On]S6«f]lgs ljGof; u/L ;+o'Hotf kQf 

nufpg'xf];\ M

 (i) sfa{g  (ii) ;Nkm/ (iii) DofUg]l;od 
 (iv) kf]6fl;od   (v) km\nf]l/g

5. /]l8sn eg]sf] s] xf] < s'g} kfFr cf]6f pbfx/0f lbO{ ltgLx¿sf] ;+o'Hotf;d]t n]Vg'xf];\ .

6. ;+o'Hotf ;"rs On]S6«f]gsf] kl/ro lbg'xf];\ . clS;hg, Pn'ldlgod, Snf]l/g SoflN;odsf] 

;+o'Hotf ;"rs On]S6«f]gsf] ;ª\Vof kQf nufpg'xf];\ .

7. cS6]6 lgod (Octet rule) eg]sf] s] xf] < 8'Kn]6 lgod s'g ;]ndf nfu' x'G5, lsg <
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8. On]S6«f]Eofn]G6 aG8 s;/L aG5 < pbfx/0f;lxt JofVof ug'{xf];\ .

9. kfgLdf sf]Eofn]G6 aG8 s;/L ag]sf] x'G5 < lrq;lxt :ki6 kfg'{xf];\ .

10. On]S6«f]Eofn]G6 / sf]Eofn]G6 of}lus lardf s'g} ltg leGgtfx¿ n]Vg'xf];\ .

11. tn lbOPsf c0f';"qx¿df uNtL eP ;RofP/ n]Vg'xf];\ .

 (i) Ca2Cl2  (ii) MgOH  (iii) Cu2SO4 (iv) K(NO3)2 

 (v) NH4Cl2 (vi) NaSO4 (vii) Ca2CO3 (viii) CaHCO3

12. tn lbOPsf of}lusx¿sf] c0f';"q n]Vg'xf];\ M

 (i) ;f]l8od xfO8«f]hg sfaf]{g]6  (ii) SoflN;od xfO8«f]S;fO8

 (iii) l;Ne/ gfO6«]6    (iv) Pdf]lgod ;Nkm]6

 (v) DofUg]l;od sfaf]{g]6  (vi) km]l/s cS;fO8

kl/of]hgf sfo{

df6f] jf cdnfsf] bfgf, l;Gsf / 6fF:g] udsf] dbtn] sf]Eofn]G6 of}lusx¿ kfgL / Pdf]lgofsf] 

df]8n agfpg'xf];\ . df]8n agfpFbf lzIfssf] ;xfotfn] aG8sf] sf]0fx¿ ldnfpg'xf];\ . -gf]6M kfgLsf] 

aG8sf] sf]0f sl/a 104° x'G5 / Pdf]lgofsf] aG8sf] sf]0f 107° x'G5 ._ 

zAbfjnL

;'rfns M ljB't\ / tfk kl/jxg ug{ ;Sg] j:t'

s'rfns M ljB't\ / tfk kl/jxg ug{ g;Sg] j:t'

cw{ ;'rfns M ljB't\ / tfk s]xL dfqfdf kl/jxg ug{ ;Sg] j:t'

cS;fO8 M s'g} tŒj / clS;hg ldnL ag]sf] of}lus

s, p, d, f : j|mdzM sharp, principal, diffuse, fundamental

8'Kn]6 (duplet) : aflx/L sIfdf lxlnoddf h:t} b'O{ cf]6f On]S6«f]g a:g] cj:yf

kf/df0fljs ef/ M k/df0f'df /x]sf k|f]6«f]g / Go'6«f]gsf] ef/ -On]S6«f]gsf] ef/ guGo x'G5 ._ sf] of]u

cf0fljs ef/ M c0f'df /x]sf ;a} tŒjx¿sf] kf/df0fljs ef/sf] hf]8
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/f;folgs k|ltlj|mof
(Chemical Reaction)

PsfO

9

kbfy{df kl/jt{g s;/L x'G5 < tkfO{Fx¿nfO{ yfxf 5 < kbfy{df zlSt lbFbf jf zlSt lgsfNbf Ps 

jf PseGbf a9L kl/jt{g x'G5 . h:t} kfgLnfO{ lr:ofpFbf a/km aGg', vfgfaf6 zlSt / tfk lg:sg', 

b'waf6 bxL aGg' cflb . k|s[ltdf ;a} kbfy{df kl/jt{g x'G5 . Go'lSno/ k|ltlj|mofafx]s kbfy{df x'g] 

;a} k|sf/sf kl/jt{gx¿nfO{ ef}lts kl/jt{g / /f;folgs kl/jt{g u/L b'O{ efudf ljefhg ug{ 

;lsG5 . ef}lts kl/jt{g eGgfn] kbfy{sf] jf:tljs u'0fdf kl/j{tg geO{ o;sf] cj:yf, agf]6, /ª 

cflbdf x'g] kl/jt{gnfO{ hgfpF5 eg] /f;folgs kl/jt{g eGgfn] kbfy{sf] cf0fljs agfj6sf] ;fy} 

cj:yfdf x'g] kl/jt{gnfO{ hgfpF5 . o; kl/jt{gdf kbfy{sf u'0fx¿df k'/} kl/jt{g x'G5 / gofF 

u'0f;lxt gofF kbfy{ aGb5 . o; PsfOdf xfdL /f;folgs k|ltlj|mofaf/] cWoog ug]{ 5f}F . 

/f;folgs k|ltlj|mof (Chemical Reaction)

/f;folgs kl/jt{gsf] j|mddf kbfy{x¿sf k/df0f' / c0f'x¿lar x'g] ;f6k]m/, ;ª\u7g jf lj36g 

k|lj|mofnfO{ /f;folgs k|ltlj|mof (chemical reaction) elgG5 . /f;folgs kl/jt{gnfO{ ;"q 

;dLs/0fåf/f JoSt ul/G5 . /f;folgs k|ltlj|mofdf ;+nUg kbfy{x¿sf] ;ª\s]t / ;"qx¿åf/f 

k|ltlglwTj ug]{ tl/sfnfO{ /f;folgs ;dLs/0f (chemical equation) elgG5 .

/f;folgs k|ltlj|mofdf efu lng] kbfy{nfO{ k|ltlj|mof/t kbfy{x¿ (reactants)  elgG5 eg] /f;folgs 

k|ltlj|mofsf] kl/0ffd:j¿k k|fKt kbfy{x¿nfO{ pTkflbt kbfy{x¿ (products) elgG5 . h'g tŒj jf 

of}lusx¿lar /f;folgs k|ltlj|mof ePsf] xf], To;nfO{ jf0f lrx\gsf] afofFlt/ n]lvG5 / k|ltlj|mofsf] 

kmn:j¿k h'g h'g tŒj jf of}lusx¿ aGb5g\, ltgLx¿nfO{ jf0f lrx\gsf] bfofFlt/ n]lvG5 . jf0fsf] 

lbzfn] k|ltlj|mof/t kbfy{x¿ / pTkflbt kbfy{x¿nfO{ 5'6\ofpg] sfd ub{5 .

pbfx/0fsf nflu

 /f;folgs kl/j{tg

k|ltlj|mof/t kbfy{x¿ pTkflbt kbfy{x¿

xfO8«f]hg + clS;hg  kfgL

k|ltlj|mof/t kbfy{x¿  pTkflbt kbfy{

oxfF, xfO8«f]hg / clS;hg k|ltlj|mof/t kbfy{x¿ x'g\ eg] kfgL pTkflbt kbfy{ xf] . kbfy{sf] 
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cj:yfnfO{ hgfpg sf]i7leq s, l, g, or aq n]lvG5 . hxfF s eg]sf] 

7f];, l eg]sf] t/n / g eg]sf] UofF; kbfy{ xf] eg] aq eg]sf] kfgLdf 

agfOPsf] 3f]n xf] . h:t} M 

lhª\s ± xfO8«f]Snf]l/s Pl;8 lhª\s Snf]/fO8 ± 8fO8«f]hg

Zn (s) + 2HCl (aq) ZnCl2 (aq) + H2 (g)

;Gt'lnt /f;folgs ;dLs/0f (Balanced Chemical 
Equation)

/f;folgs k|ltlj|mofdf ;+nUg kbfy{x¿sf] ;ª\s]tx¿ / ;"qx¿åf/f k|ltlglwTj ug]{ tl/sfnfO{ 

/f;folgs ;dLs/0f elgG5 . 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'x¿sf] ;ª\Vof a/fa/ u/L n]lvPsf ;dLs/0fnfO{ 

;Gt'lnt /f;folgs ;dLs/0f elgG5 .

;Gt'lnt /f;folgs ;dLs/0f n]Vg] tl/sf

/f;folgs k|ltlj|mof x'Fbf lk08 g t gi6 x'G5 g pTkfbg g} x'G5 . o;} l;4fGtdf cfwfl/t eP/ 

/f;folgs ;dLs/0fnfO{ ;Gt'lnt ul/G5 . k|ltlj|mof/t j:t'sf] hDdf lk08 a/fa/ pTkflbt j:t'sf] 

hDdf lk08 x'G5 .

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'x¿sf] ;ª\Vof a/fa/ u/L n]lvPsf ;dLs/0fnfO{ ;Gt'lnt /f;folgs 

;dLs/0f elgG5 .

/f;folgs ;dLs/0fnfO{ ;Gt'lnt ubf{ lgDg s'/fdf Wofg lbg'kb{5 M

-s_ /f;folgs k|ltlj|mofdf efu lng] k|To]s kbfy{x¿sf] ;ª\s]t / c0f';"q ;xL x'g'k5{ .

-v_ ;a}eGbf klxn] /f;folgs k|ltlj|mofnfO{ zAb ;dLs/0fsf] ¿kdf JoSt ug'{kb{5 .

-u_ /f;folgs ;dLs/0fnfO{ ;Gt'ng ubf{ ;al:j|mK6 (subscript) df ePsf] c0f';"qnfO{ kl/jt{g 

ug{' x'Fb}g .

-3_ o; ljlwcg';f/ pko'St u'0ffª\snfO{ /f;folgs ;ª\s]t / ;"qsf] l7s klxn] /flvG5 / 

u'0ffª\snfO{ 5gf]6 ubf{ b'j}lt/ k/df0f'x¿ a/fa/ x'g] u/L 5flgG5 .

o;/L /f;folgs ;dLs/0fnfO{ ;Gt'ng ug]{ ljlwnfO{ lx6 / 6«fon ljlw (hit and trial method) 
elgG5 .

tkfO{“nfO{ yfxf 5 <

H, N, O, F, Cl, Br, I cflb 
Uof“;sf c0f'x¿ låkf/df0fljs 
(diatomic) x'G5g\ . To;}n] 
oL c0f'x¿nfO{ 5'6\6} n]Vbf H2, 
N2, O2, F2, Cl2, Br2, I2 cflb 
n]lvG5 .
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pbfx/0fsf nflu tnsf] /f;folgs ;dLs/0f x]/f}“ M

Pn'ldlgod  + xfO8«f]Snf]l/s cDn  Pn'ldlgod  Snf]/fO8 + xfO8«f]hg  

lbOPsf] jfSo ;dLs/0fnfO{ ;"q ;dLs/0fdf o;/L n]lvG5 . 

Al + HCl   AlCl3+ H2

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 

nufpg] .

k/df0f' k|ltlj|mof/tlt/ pTkflbtlt/

Pn'ldlgodsf] ;ª\Vof 1 1

xfO8«f]hgsf]  ;ª\Vof 1 2

Snf]l/gsf] ;ª\Vof 1 3

oxfF Pn'ldlgodsf] ;ª\Vof afofFlt/ / bfofFlt/ 1/1 /x]sf] 5 . xfO8«f]hgsf] ;ª\Vof afofFlt/ 1 / 
bfofFlt/ 2 /x]sf] 5 eg] Snf]l/gsf] ;ª\Vof afofFlt/ 1 / bfofFlt/ 3 /x]sf] 5 .

afofFlt/ / bfofFlt/ xfO8«f]hgsf]  ;ª\Vof / Snf]l/gsf] ;ª\Vof a/fa/ agfpg Al nfO{ 2 n], HCl 
nfO{ 6 n], AlCl3 nfO{ 2 n] / H2 nfO{ 3 n] u'0fg ug{'kb{5 . o;kl5 /f;folgs ;dLs/0f o;/L 

n]lvG5 .

2Al +6HCl  2AlCl3+ 3H2

ca dflysf] /f;folgs ;dLs/0fdf k/df0f'sf] ;ª\Vof lgDgfg';f/ ePsf] 5 .

k/df0f' k|ltlj|mof/tlt/ pTkflbtlt/

Pn'ldlgodsf] ;ª\Vof 2 2

xfO8«f]hgsf]  ;ª\Vof 6 6

Snf]l/gsf] ;ª\Vof 6 6

o; k|sf/sf] /ff;folgs ;dLs/0fnfO{ ;Gt'lnt ;dLs/0f elgG5 .

;Gt'lnt /f;folgs ;dLs/0fsf s]xL pbfx/0fx¿ tn lbOPsf] 5 M

kf]6fl;od ± Snf]l/g  kf]6fl;od Snf]/fO8  

2K + Cl2  2KCl
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;f]l8od ± clS;hg  ;f]l8od cS;fO8  

4Na + O2  2Na2O

Pn'ldlgod ± gfO6«f]hg  Pn'ldlgod gfO6«fO8  

2Al + N2  2AlN

;f]l8od ± Snf]l/g  ;f]l8od Snf]/fO8  

2Na + Cl2  2NaCl

xfO8«f]hg k]/f]cS;fO8  kfgL ± clS;hg

2H2O2  2H2O + O2

 tfk

SoflN;od sfaf]{g]6  SoflN;od cS;fO8  ± sfa{g 8fOcS;fO8

CaCO3(s)  CaO (s) + CO2 (g)

kf]6fl;od Snf]/]6  kf]6fl;od Snf]/fO8  ± clS;hg

2KClO3  2KCl + 3O2

lhª\s ± xfO8«f]Snf]l/s Pl;8  lhª\s Snf]/fO8 ± xfO8«f]hg

Zn + 2HCl  ZnCl2 + H2

kf]6fl;od ± xfO8«f]Snf]l/s cDn  kf]6fl;od Snf]/fO8 ± xfO8«f]hg

K + 2HCl  2KCl + H2

SoflN;od ± ;Nkm\o'l/s cDn  SoflN;od ;Nkm]6 ± xfO8«f]hg

Ca + H2SO4  CaSO4 + H2

;f]l8od Snf]/fO8 ± l;Ne/ gfO6]«6  ;f]l8od gfO6]«6 ± l;Ne/ Snf]/fO8

NaCl + AgNO3  AgNO3 + AgCl

;f]l8od xfO8«f]S;fO8±xfO8«f]Snf]l/s cDn  ;f]l8od Snf]/fO8 ± kfgL

NaOH + HCl  NaCl + H2O

kf]6fl;od xfO8«f]S;fO8 ± gfOl6«s cDn  kf]6fl;od gfO6]«6 ± kfgL

KOH + HNO3   KNO3 + H2O
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;Gt'lnt /f;folgs ;dLs/0faf6 yfxf kfOg] hfgsf/Lx¿ 
(Information Obtained from Balanced Chemical Equation)

-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'x¿sf] ;ª\Vof

-u_ k|ltlj|mof/t kbfy{x¿ / pTkflbt kbfy{x¿sf] c0f'x¿sf] tf}nsf] cg'kft

-3_ /f;folgs k|ltlj|mofsf] k|sf/

tfk bfos / tfk zf]ifs k|ltlj|mof (Exothermic and Endothermic Reaction)

/f;folgs k|ltlj|mofx¿ tfkdf ePsf] kl/j{tgsf sf/0f x'g] ub{5g\ . To;}n] /f;folgs k|ltlj|mof x''Fbf 

aflx/af6 tfk k|fKt ug]{ jf tfk pTkGg x'g] cfwf/df logLx¿nfO{ b'O{ efudf ljefhg ug{ ;lsG5 . 

/f;folgs k|ltlj|mof x'Fbf tfk lng] k|ltlj|mofnfO{ tfk zf]ifs k|ltlj|mof (endothermic reaction) 
elgG5 eg] tfk lbg] k|ltlj|mofnfO{ tfk bfos k|ltlj|mof (exothermic reaction) elgG5 .

tfk bfos k|ltlj|mofsf s]xL pbfx/0fx¿

C+ O2  CO2+ Heat

Zn + 2HCl  ZnCl2 + H2+ Heat

tfk zf]ifs k|ltlj|mofsf s]xL pbfx/0fx¿

N2+ O2 + Heat  2NO

2NaCl+ Heat  2Na +Cl2

pTk|]/s (Catalyst)

/f;folgs k|ltlj|mofsf] b/nfO{ a9fpg] jf 36fpg] /f;folgs kbfy{x¿nfO{ pTk|]/s elgG5 . oL 

kbfy{x¿ /f;folgs k|ltlj|mof ;lsPkl5 vr{ x'Fb}gg\ / kl/jt{g klg x'Fb}gg\ . h'g kbfy{x¿n] 

/f;folgs k|ltlj|mofsf] b/nfO{ a9fpF5g\, ltgLx¿nfO{ ;sf/fTds pTk|]/s (positive catalyst) 
elgG5 . To;}u/L /f;folgs k|ltlj|mofsf] b/nfO{ 36fpg] kbfy{x¿nfO{ gsf/fTds pTk|]/s (negative 
catalyst) elgG5 . h:t}M

    MnO2

  2KClO3  2KCl + 3O2

oxfF MnO2 n] ;sf/fTds pTk|]/ssf] sfo{ ub{5 .
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       C3H5(OH)3

2H2O2  2H2O + O2

oxfF C3H5(OH)3 n] gsf/fTds pTk|]/ssf] sfo{ ub{5 .

pTk|]/ssf ljz]iftfx¿ (Characteristics of catalyst)

-s_ /f;folgs k|ltlj|mofsf] cGTodf ltgLx¿sf] lk08 / /f;folgs agf]6df s'g} kl/jt{g x'Fb}g .

-v_ logLx¿n] k|ltlj|mofnfO{ ;'? u/fpFb}gg\ . t/ ;'? eO;s]sf] k|ltlj|mofsf] ultnfO{ 36a6 eg] 

u/fpF5g\ .

;Demgkg]{ s'/fx¿ 

1. kbfy{sf] jf:tljs u'0fdf kl/j{tg geO{ o;sf] cj:yf agf]6, /ª cflbdf dfq kl/jt{g x'G5 .

2. kbfy{sf] cf0fljs agfj6sf] ;fy} u'0fdf ;d]t x'g] kl/jt{gnfO{ /f;folgs kl/jt{g elgG5 .

3. /f;folgs k|ltlj|mofdf efu lng] kbfy{nfO{ k|lj|mof/t kbfy{x¿ elgG5 eg] /f;folgs 

k|ltlj|mofsf] kl/0ffd:j¿k k|fKt kbfy{x¿nfO{ pTkflbt kbfy{x¿ elgG5 .

4. 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'x¿sf] ;ª\Vof a/fa/ u/L n]lvPsf ;dLs/0fnfO{ ;Gt'lnt /f;folgs 

;dLs/0f elgG5 .

5. /f;folgs k|ltlj|mofsf] ;dodf tfk lng] k|ltlj|mofnfO{ tfk zf]ifs k|ltlj|mof elgG5 eg] tfk 

lbg] k|ltlj|mofnfO{ tfk bfos k|ltlj|mof elgG5 .

6. /f;folgs k|ltlj|mofsf] b/nfO{ a9fpg] kbfy{nfO{ ;sf/fTds pTk|]/s elgG5 eg] /f;folgs 

k|ltlj|mofsf] b/nfO{ 36fpg] kbfy{x¿nfO{ gsf/fTds pTk|]/s elgG5 .

cEof;

-s_ tnsf ax' j}slNks k|Zgx¿sf] ;xL pQ/df l7s -_ lrx\g nufpg'xf];\ M

1. kbfy{sf] cf0fljs agfj6sf] ;fy} cj:yfdf x'g] kl/jt{gnfO{ s] elgG5 <

 (i) /f;folgs kl/jt{g (ii) ef}lts kl/jt{g

 (iii)  h}ljs kl/jt{g (iv) tfkLo kl/jt{g
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2. /f;folgs k|ltlj|mofdf efu lng] kbfy{nfO{ s] elgG5 <

 (i) pTkflbt kbfy{x¿ (ii) k|lj|mof/t kbfy{x¿ 

 (iii) /f;folgs kbfy{x¿ (iv) ef}lts kbfy{x¿

3. /f;folgs k|ltlj|mofsf] kl/0ffd:j¿k k|fKt kbfy{x¿nfO{ s] elgG5 <

 (i) pTkflbt kbfy{x¿ (ii) k|lj|mof/t kbfy{x¿ 

 (iii) /f;folgs kbfy{x¿ (iv) ef}lts kbfy{x¿

4. /f;folgs k|ltlj|mofsf] ;dodf tfk lbg] k|ltlj|mofnfO{ s] elgG5 <

 (i) tfkbfos k|ltlj|mof (ii) gsf/fTds k|ltlj|mof

 (iii) ;sf/fTds k|ltlj|mof (iv) tfk zf]ifs k|ltlj|mof

-v_ tnsf k|Zgx¿sf] pQ/ lbg'xf];\ M

1.  /f;folgs ;dLs/0f eg]sf] s] xf] < tfkbfos / tfk zf]ifs k|ltlj|mofsf] Ps Ps cf]6f 

pbfx/0f lbg'xf];\ .

2. pTk|]/s eg]sf] s] xf] < /f;folgs k|ltlj|mofdf pTk|]/ssf] e"ldsf pNn]v ug'{xf];\ .

3. tn lbOPsf c;Gt'lnt ;"q ;dLs/0fx¿nfO{ ;Gt'lnt ;"q ;dLs/0f agfO{ n]Vg'xf];\ .

(i) Na+ O2  Na2O

(ii)  Hg+O2  HgO

(iii)  Ca + N2  Ca3N2

(iv) Fe+ O2  Fe2O3

(v)  Fe+ CuSO4  FeSO4 + Cu

(vi)  HCl + NaOH  NaCl + H2O

(vii) HCl + KOH  KCl + H2O

(viii) HNO3+ Ca(OH)2  Ca(NO3)2+ H2O
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4.  tn lbOPsf zAb ;dLs/0fx¿nfO{ ;Gt'lnt ;"q ;dLs/0fdf abNg'xf];\ M

(i)  ;f]l8od + clS;hg  ;f]l8od cS;fO8

(ii)  kf]6fl;od + Snf]l/g  kf]6fl;od Snf]/fO8

(iiii) xfO8«f]hg + Snf]l/g  xfO8«f]hg Snf]/fO8

(iv)  gfO8«f]hg + xfO8«f]hg  Pdf]lgof

(v)  SoflN;od + gfO6«f]hg  SoflN;od gfO6«fO8

(vi)  SoflN;od sfaf]{g]6  sfa{g 8fOcS;fO8+SoflN;od cS;fO8

(vii)  lhª\s + xfO8«f]Snf]l/s Pl;8  lhª\s Snf]/fO8 + xfO8«f]hg

(viii) Pn'ldlgod + gfO6«f]hg  Pn'ldlgod gfO6«fO8

5.  tn lbOPsf ;"q ;dLs/0fnfO{ k"/f u/L ;Gt'lnt agfO{ n]Vg'xf];\ M

(i)  Na+ ............  Na2O

(ii)  Ca +  O2  .............

(iii)  ............ +  O2  HgO

(iv)  Al + N2  .............

(v)  Fe+ ...........  Fe2O3

(vi)  Fe+ CuSO4  ................ + Cu

(v)  HCl + .............  NaCl + H2O

(vi)  H2SO4 + NaOH  ............. + H2O

(vii)  ...........+ Ca(OH)2  Ca(NO3)2+ H2O

6. tnsf kbfy{x¿larsf] /f;folgs k|ltlj|mofaf6 s] s] aG5g\ < /f;folgs k|ltlj|mofsf] 

;dLs/0f;lxt n]Vg'xf];\ M

(i) sfa{g xfjfdf aNbf

(ii) r'g9'ª\ufnfO{ ttfpFbf
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(iii) aln/x]sf] DofUg]l;od wft'sf] 6'j|mf clS;hg UofF;n] el/Psf] hf/leq 3';fpFbf 

(iv) xfO8«f]hg k]/fcS;fO8nfO{ DoflGuflgh 8fOcS;fO8sf] pkl:yltdf ljR5]bg 

u/fpFbf

(v) kf]6fl;od / xfO8«f]Snf]l/s Pl;8sf lardf /f;folgs k|ltlj|mof u/fpFbf 

(vi) SoflN;od sfaf{]g]6 / xfO8«f]Snf]l/s Pl;8sf] lardf /f;folgs k|ltlj|mof 

u/fpFbf

7. SoflN;od xfO8«f] cS;fO8df sfa{g 8fOcS;fO8 UofF; k7fpFbf

8. aln/x]sf] DofUg]l;od wft'sf] 6'j|mf gfO6«f]hg UofF;n] el/Psf] hf/leq 3';fpFbf

9. ;f]l8od wft'sf] 6'j|mfnfO{ kfgLdf /fVbf 

kl/of]hgf sfo{

1. Pp6f DofUg]l;od l/agnfO{ xfjfdf afNg'xf];\ . o;df s] kl/jt{g cfpF5 < cWoog u/L o;df 

ePsf] /f;folgs k|ltlj|mof ;dLs/0f;lxt n]Vg'xf];\ . 

2. r'g9'ª\ufnfO{ kfgLdf /fVg'xf];\ / s] x'G5 < cjnf]sg ug{'xf];\ . To;kl5 xftn]  5'g'xf];\ . s] 

kl/jt{g kfpg'eof] < 5nkmn u/L lgisif{ lgsfNg'xf];\ . 

zAbfjnL

ef}lts kl/jt{g M kbfy{sf] /f;folgs u'0fdf kl/jt{g geO{ cj:yf agf]6, /ª cflbdf x'g] 

kl/jt{g 

/f;folgs kl/jt{g M kbfy{sf] cf0fljs agfj6sf] ;fy} /f;folgs u'0fdf x'g] kl/jt{g

k|ltlj|mof/t kbfy{x¿ M /f;folgs k|ltlj|mofdf efu lng] kbfy{x¿

pTkflbt kbfy{x¿ M /f;folgs k|ltlj|mofsf] kl/0ffd:j¿k k|fKt kbfy{x¿

tfk zf]ifs k|ltlj|mof M /f;folgs k|ltlj|mofsf] ;dodf tfk lng] k|ltlj|mof

tfk bfos k|ltlj|mof M /f;folgs k|ltlj|mofsf] ;dodf tfk lbg] k|ltlj|mof

gsf/fTds pTk|]/s M /f;folgs k|ltlj|mofsf] b/nfO{ 36fpg] kbfy{x¿

;sf/fTds pTk]|/s M /f;folgs k|ltlj|mofsf] b/nfO{ a9fpg] kbfy{x¿
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PsfO

10 3f]Nodfqf
(Solubility)

jg:kltn] df6faf6 3f]nsf] ¿kdf vlgh kbfy{x¿ ;f];]/ lnG5g\ / ljleGg kf]ifs tTTjx¿ agfpFb5g\, 

h:t} M k|f]l6g, le6fldg, sfaf]{xfO8«]6, lrNnf] kbfy{ cflb . To:t} hgfj/x¿n] lnPsf] vfgfaf6 kf]ifs 

tTTjx¿ 3f]nsf] ¿kdf g} z/L/sf] ljleGg cª\ux¿df k'Ub5 . To;}n] ;hLjx¿sf] j[l4 ljsf;df 

3f]nsf] 7'nf] e"ldsf x'G5 . 

xfdLn] lrof lkpFbf kfgLdf lrgL 3'n]sf] x'G5 eg] t/sf/L ksfpFbf t/sf/Lsf] emf]ndf g'g 3'n]sf] 

x'G5 . xfd|f] hLjg k|lj|mof;Fu 3f]nsf] glhssf] ;DaGw x'G5 . o; PsfOdf xfdL 3f]n, 3f]nsf] k|sf/, 

3f]Nodfqf, dl0feLs/0f k|lj|mof cflbsf af/]df cWoog ug]{ 5f}F .

3f]n (Solution)

cl3Nnf sIffx¿df ld>0faf/] cWoog ul/;Sg'ePsf] 5 / 3f]nsf] af/]df klg s]xL s'/fx¿ 

a'lem;Sg'ePsf] 5 . b'O{ jf b'O{eGbf a9L kbfy{x¿sf] ;dfg ld>0f g} 3f]n xf] . ca xfdL 3f]nsf] 

af/]df tnsf] lj|mofsnfkaf6 yk s'/fx¿ a'em\g] k|of; u/f}F .

lj|mofsnfk 1. kfgL;Fu tn lbOPsf kbfy{x¿sf] ld>0f agfpg'xf];\ . 

cfjZos ;fdu|L 

g'g – Ps rDrf lrgL – Ps rDrf vfg];f]8f – Ps lrD6L

;km{ – Ps rDrf rs – Ps 6'j|mf vfg]t]n – Ps rDrf

afn'jf – Ps rDrf df6f] – Ps rDrf ld;|L – Ps l9sf

ljlw

Pp6f sfFrsf] jf Knfl:6ssf] lunf; lng'xf];\ . pSt lunf;df cfwf hlt kfgL /fVg'xf];\ . kfgLdf 
Ps rDrf hlt g'g /fv]/ rDrfn] lj:tf/} rnfpg'xf];\ . rnfpFb} ubf{ g'g 3'n]/ hfG5 ls 7f]; ¿kd} 
/xG5 egL cjnf]sg ug'{xf];\ . cjnf]sg ul/;s]kl5 3f]n aGof] jf ag]g tflnsf agfO{ sfkLdf 
l6kf]6 ug'{xf];\ . 

dflysf] h:t} u/L j|mdzM kfgLdf lrgL, vfg];f]8f, ;km{, rs, vfg]t]n, afn'jf, df6f], b'w / ld;|L 

ld;fP/ 3'N5÷3'Nb}g k/LIf0f ug'{xf];\ . of] lj|mofsnfk ul/;s]kl5 ld>0fsf u'0fx¿af/] cjnf]sg 
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u/L …s:tf] ld>0fnfO{ 3f]n eGg] <Ú af/]df sIffsf]7fdf 5nkmn ug'{xf];\ .

ld>0fx¿
;dfg 

ld>0f 

c;dfg 

ld>0f
ld>0fx¿

;dfg 

ld>0f

c;dfg 

ld>0f
kfgL + g'g

kfgL + ;km{

kfgL + afn'jf

kfgL + lrgL

kfgL + df6f]

kfgL + df6f]

kfgL + vfg];f]8f

kfgL + rs

kfgL + vfg]t]n

kfgL + ld;|L

3f]ndf kbfy{x¿ ldl;P/ ;dfg ld>0f aGb5 . dflysf] lj|mofsnfkdf kfgLdf k"0f{tof h'g h'g 

kbfy{x¿ x/fP/ uP / 3f]lnPsf kbfy{sf s0fx¿ b]lvPgg\, tL ;a} 3f]n x'g\ . olb 3f]ns kbfy{ 

(solvent) t/n 5 eg] ld>0f kf/bzL{ x'G5 .  

3f]ndf ;fdfGotof t/n kbfy{ 3f]ns (solvent) / 7f]; jf UofF; kbfy{ 3'lnt (solute) x'G5 . t/ 
t/n t/nsf] 3f]n, 7f]; 7f];sf] 3f]n / UofF; UofF;sf] 3f]ndf eg] h'g kbfy{sf] dfqf w]/} 5, To;nfO{ 

3f]ns / h'g kbfy{sf] dfqf sd 5, To;nfO{ 3'lnt kbfy{ elgG5 . kbfy{sf] cj:yfcg';f/ 3f]n w]/} 

lsl;dsf x'G5g\ . s]xL pbfx/0fx¿ tn lbOPsf] 5 . ca xfdL cWoog u/f}F .

3f]nsf] k|sf/ 3f]nsf] pbfx/0f 3f]ns kbfy{ 3'lnt kbfy{

!= t/n + 7f]; lrgL kfgL kfgL lrgL

@= t/n + t/n kfgL / cNsf]xn kfgL

cNsf]xn

cNsf]xn -cNsf]xn a9L ePdf_

kfgL -kfgL a9L ePdf_

#= t/n + UofF; kfgLdf 3'n]sf] 
clS;hg UofF;

kfgL clS;hg UofF;

$= UofF; + UofF; jfo' d08n gfO6«f]hg -w]/} 
dfqfdf kfOG5_

clS;hg -yf]/} dfqfdf kfOG5_

c;+t[Kt / ;+t[Kt 3f]nx¿ (Unsaturated and Saturated Solution)

3f]ndf /x]sf] 3'lnt kbfy{sf] dfqf tyf 3f]nsn] yk 3'lnt kbfy{ 3'nfpg ;Sg] Ifdtfcg';f/ 3f]n 

ltg k|sf/sf x'G5g\ .
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-s_ c;+t[Kt 3f]n -v_ ;+t[Kt 3f]n -u_ clt;+t[Kt 3f]n

lj|mofsnfk 2

cfjZos ;fdu|L

g'g, las/ jf sfFrsf] lunf;, sfFrsf] 58, ag{/, ;nfO{, kfgL, kfgLsf] hu / kfgL ttfpg] efF8f] 

jf kf]l;{lng a]l;g .

ljlw

ljs/df b'O{ 6]:66\o'a kfgL /fVg'xf];\ / Ps lrD6L g'g /fvL sfFrsf] 58n] rnfpg'xf];\ . g'g s] eof], 

cjnf]sg ug'{xf];\ . 

To; cj:yfsf] 3f]nnfO{ s:tf] 3f]n elgG5 <   

k]ml/ ;f]xL 3f]ndf g'g yKb} / rnfpFb} hfg'xf];\ . s] yk g'g 3'Nof], cjnf]sg ug'{xf];\ . g'g 3'Ng 

g5f]8];Dd of] j|md hf/L /fVg'xf];\ . g'g 3'Ng 5f]8]kl5 3f]ndf g'gsf dl0fex¿ afFsL x'G5g\ .

To; cj:yfsf] 3f]nnfO{ s] elgPnf, ;f]Rg'xf];\ t .

   s   v   u

lrqdf b]vfPsf] h:t} 3f]nsf] cj:yf -v_ x'Fbf ;a} g'g 3'n]/ uof] . o;df yk g'g klg 3'Ng ;Sg] 

;Defjgf 5 . o;nfO{ c;+t[Kt 3f]n (unsaturated solution) elgG5 . cj:yf -u_ df 3'Ng ;Sg] 

hlt g'g 3f]ln;lsof] . ca o;df pxL tfkj|mddf yk g'g 3'nfpg ;lsFb}g . To;}n] of] ;+t[Kt 3f]n 

(saturated solution) xf] . 

;fwf/0f cj:yfdf lglZrt tfkj|mddf s'g} 3f]ndf yk 3'lnt kbfy{ 3f]Ng ;lsG5 eg] To:tf] 

3f]nnfO{ c;+t[Kt 3f]n elgG5 .

;fwf/0f cj:yfdf lglZrt tfkj|mddf s'g} 3f]ndf yk 3'lnt kbfy{ 3f]Ng ;ls“b}g eg] To:tf] 

3f]nnfO{ ;+t[Kt 3f]n elgG5 .

c;+t[Kt 3f]n

g'g

;+t[Kt 3f]n

g'gg'g

kfgL
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clt ;+t[Kt 3f]n (Supersaturated Solution)

lj|mofsnfk 3

dfly lj|mofsnfk 2 df h:t} u/L g'gkfgLsf] ;+t[Kt 3f]n agfpg'xf];\ . pSt 3f]nnfO{ l:kl/6 NofDk 

jf tfksf] cGo ;|f]tsf] ;xfotfn] ttfpg'xf];\ . ttfpFb} hfFbf g'g yKb} / /8n] rnfpFb} hfg'xf];\ . 

s]xL a]/kl5 g'g 3'Ng 5f8\5 ls 5f8\b}g cjnf]sg ug'{xf];\ . ca g'g yKg 5f8\g'xf];\ / 3f]nnfO{ 

lr:ofpg'xf];\ . of] 3f]n clt ;+t[Kt 3f]n ag]sf] x'G5 . 

;fwf/0f cj:yfdf 3f]nsn] hlt 3'lnt kbfy{ 3f]Ng ;Sb5 Tof]eGbf a9L 3'lnt kbfy{ 3'n]/ 

a;]sf] 3f]nnfO{ clt ;+t[Kt 3f]n (supersaturated solution) elgG5 .

lj|mofsnfk 4 M 3f]n lrGg] tl/sf

ltg cf]6f ljs/x¿df 3f]n lbOPsf] 5 eg] k|To]s ljs/df Ps÷Ps lrD6L 3'lnt kbfy{ /fVg'xf];\ . 

-g'g kfgLsf] 3f]n xf] eg] Ps lrD6L g'g /fVg]_ sfFrsf] 58n] rnfpg'xf];\ . s'g rflxF 3f]ndf yk 

3'lnt kbfy{ 3'Nof], cjnf]sg ug'{xf];\ . olb 3'lnt kbfy{ 3'Nof] eg] c;+t[Kt 3f]n x'G5 .  3'lnt kbfy{ 

hlt /fv]sf] lyof], Tolt g} afFsL /x\of] t/ 3'n]g eg] ;+t[Kt 3f]n x'G5 . 3'lnt kbfy{sf] dfqfkl5 

yk]sf] eGbf a9L x'Fb} uof] eg] of] clt ;+t[Kt 3f]n (supersaturated solution) xf] eGg] yfxf x'G5 .

3f]Nodfqf (Solubility)

s'g} lglZrt tfkj|mdf 100 u|fd kfgL lnO{ o;df lrgL 3f]Nb} hfFbf s'g} a]nf o:tf] cj:yf cfpF5, 

hlta]nf 3f]ndf yk lrgL 3'Ng ;Sb}g / of] ;+t[Kt 3f]n aGb5 . To; cj:yfdf 3'n]sf] g'gsf] 

dfqfnfO{ 3f]Nodfqf (solubility) elgG5 .

s'g} lglZrt tfkj|mddf 100 u|fd kfgLdf ;+t[Kt 3f]n agfpgsf nflu rflxg] 3'lnt kbfy{sf] 

dfqfnfO{ 3f]Nodfqf (solubility) elgG5 .

lrq g+= 10.2: 3f]nsf] lsl;d

c;+t[Kt 3f]n ;+t[Kt 3f]n clt ;+t[Kt 3f]n
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lj|mofsnfk 5

ltg cf]6f lunf;df 50/50 ml kfgL /fVg'xf];\ . ltg cf]6f ljs/df 5'6\6f5'6\6} lrgL, g'g / sk/ 

;Nkm]6nfO{ k|To]s k6s 5/5 gm tf}lnFb} kfgLdf 3f]Nb} hfg'xf];\ . ;a}eGbf klxnf s'g kbfy{sf] ;+t[Kt 

3f]n aGof] cjnf]sg ug'{xf];\ . ca j|md};Fu bf];|f] / t];|f] ;+t[Kt 3f]n s'g kbfy{sf] aGof] cjnf]sg 

u/L sIffsf]7fdf 5nkmn ug'{xf];\ .

km/s 3'lnt kbfy{sf] 3'lng ;Sg] Ifdtf klg km/s g} x'G5 . k|To]s kbfy{sf] cfk\mg} 3f]Nodfqf x'G5 . 

tnsf] tflnsfdf 20°C tfkj|md ePsf] kfgLdf ljleGg kbfy{x¿sf] 3f]Nodfqf lbOPsf] 5 .

kbfy{ 3f]Nodfqf kbfy{ 3]Nodfqf

;f]l8od Snf]/fO8 35.7 sk/ ;Nkm]6 20

;'j|mf]h -lrgL_ 179 ;f]l8od gfO6«]6 88

3f]NodfqfnfO{ ;dLs/0fdf n]Vbf

3f]Nodfqf =  
3'lnt kbfy{sf] tf}n -u|fddf_ 

3f]ns kbfy{sf] tf}n -u|fddf_
  100

pbfx/0f 1. 20°C tfkj|mddf 17.6 gm ;f]l8od gfO6«]6n] 20 gm kfgLdf ;+t[Kt 3f]n agfpF5 

eg] ;f]l8od gfO6«]6sf] 3f]Nodfqf slt x'G5 xf]nf, lgsfNg'xf];\ .

lbOPsf], 

tfkj|md = 20° C

;f]l8od gfO6«]6 -3'lnt_ sf] tf}n = 17.6 gm

kfgL -3f]ns_ sf] tf}n = 20 gm

3f]Nodfqf = ?

3f]Nodfqfsf] ;dLs/0fcg';f/

3f]Nodfqf = 
3'lnt kbfy{sf] tf}n 

3f]ns kbfy{sf] tf}n
 100

 3f]Nodfqf =  17.6 gm
20 gm

  100 = 88

 To;}n] 20° C tfkj|mddf ;f]l8od gfO6«]6sf] 3f]Nodfqf 88 x'G5 .

3f]Nodfqfsf] PsfO (unit) x'Fb}g, o;nfO{ ;ª\Vofn] dfq} hgfOG5 lsgeg] of] b'O{ ;dfg PsfO 

ePsf ef}lts kl/df0fx¿sf] cg'kft xf] .
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pbfx/0f 2. 20°C tfkj|mddf 40 g lrgL slt kfgLdf 3'Nof] eg] ;+t[Kt 3f]n aG5 < 20°C 

tfkj|mddf lrgLsf] 3f]Nodfqf 179 5 .

lbOPsf], 

lrgLsf] tf}n (W1) = 40 g

3f]Nodfqf = 179

kfgLsf] tf}n (W2) = ?

;"qcg';f/,

3f]Nodfqf = 
3'lnt kbfy{sf] tf}n (W1)

3f]nssf] tf}n (W2)
  100

cyjf 179 = 40
W2

  100

cyjf w2 = 40 x 100
179

g = 22.35g

 kfgLsf] tf}n 22.35 gm x'G5 

pbfx/0f 3. 25 g ;+t[Kt 3f]nnfO{ ;'sfof] eg] 10 g g'g afFsL x'G5 eg] ;+t[Kt 3f]n agfPsf] 

tfkj|mddf g'gsf] 3f]Nodfqf slt x'G5 <

k|Zgdf lbOPsf],

;+t[Kt 3f]nsf] tf}n (W1) = 25 gm

;'sfpFbf afFsL ePsf] g'gsf] tf}n (W2) = 10 gm

afkm ag]sf] kfgLsf] tf}n (W3) = (W1 – W2) gm = (25 – 10) gm

 kfgLsf] tf}n = 15 gm

3f]Nodfqfsf] ;"qcg';f/

3f]Nodfqf =  
3'lnt kbfy{sf] tf}n (W2)
3f]ns kbfy{sf] tf}n (W3)

  100

cyjf, 3f]Nodfqf = 
10
15   100 = 66.66

 ;+t[Kt 3f]n agfPsf] tfkj|mddf g'gsf] 3f]Nodfqf 66.66 x'G5 .
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3f]Nodfqf / tfkj|mdsf] ;DaGw (Relationship between Solubility and Temperature)

3f]nsf] tfkj|md a9fpFb} nluof] eg] 3f]nsdf yk 3'lnt kbfy{ 3f]Ng ;Sg] Ifdtf klg a9\b} hfG5 . 

km/s tfkj|mddf ;dfg tf}n ePsf] 3f]nsx¿n] 3'nfpg ;Sg] 3'lnt kbfy{sf] dfqf klg km/s x'G5 . 

To;}n] k|foh;f] 3'lnt kbfy{sf] 3f]Nodfqf 3f]nsf] tfkj|md a9]df a9\b} hfG5 .

tn lbOPsf] 3f]Nodfqfsf] ;"rL cjnf]sg ug'{xf];\ .  

20°C tfkj|md / 100°C tfkj|mddf ljleGg kbfy{x¿sf] 3f]Nodfqf

3'lnt kbfy{{ 20° tfkj|md 100°C tfkj|md

;f]l8od Snf]/fO8

sk/ ;Nkm]6

;'j|mf]h 

Pdf]lgof UofF;

clS;hg UofF;

35.7
20
179
89.9

0.0045

39.1
76.99
48.7
7.4

0.0033

k|foh;f] 7f]; kbfy{x¿sf] 3f]Nodfqf tfkj|md a9\of] eg] a9\5 . t/ UofF;x¿sf] 3f]Nodfqf eg] 36\5 . 

udL{ df};ddf kfgLsf] tfkj|md a9\g] ePsfn] 3'lnPsf] clS;hg kfgLaf6 lg:sG5 . To;}n] df5fx¿ 

clS;hgsf] nflu -Zjf; k|Zjf; ug{_ kfgLsf] ;txdf cfpFb5g\ .

lr;f] kfgLdf eGbf tftf] kfgLdf 7f]; 3'lnt kbfy{x¿ a9L 3'Nb5g\, lsg <

tfkj|md a9\b} hfFbf 3f]nssf] c0f'x¿larsf] b'/L a9\g uO{ yk 3'lnt kbfy{ c6\g ;Sg] :yfg aGg 

hfG5 . o:tf c0f'x¿larsf] If]qdf yk 3'lnt kbfy{ 3'Ng] ePsfn] lr;f] kfgLdf eGbf tftf] kfgLdf 

w]/} 3'lnt kbfy{x¿ 3'N5g\ . kmn:j¿k 3f]Nodfqf klg a9\5 .

tftf] kfgLdf Uof“; sd 3'Nb5, lsg < sIffdf 5nkmn u/L lgrf]8 lzIfsnfO{ k]; ug'{xf];\ .

t/n / UofF;sf] 3f]nnfO{ ttfpFbf UofF;sf] rfn t/nsf] eGbf klg a9L x'g hfG5 . t/nsf 

c0f'x¿larsf] 7fpF rnfodfg /x]sf UofF;sf] c0f'x¿sf lglDt ckof{Kt x'g hfG5 . kmn:j¿k 

3f]Nodfqf 36\g hfG5 . pbfx/0fsf] nflu lr;f] k]o kbfy{sf] af]tn vf]Nbf 3f]naf6 kmf]sfx¿ lg:s]sf] 

b]lvG5 . tL kmf]sfx¿ kfgLdf 3'n]sf] sfa{g 8fOcS;fO8 UofF; x'g\ . af]tnnfO{ 3fddf /flvlbof] 

eg] 3f]naf6 sfa{g 8fOcS;fO8 UofF; cem a9L lg:sG5 . o;df kfgLsf c0f'x¿larsf] 7fpFdf 

rnfodfg /x]sf sfa{g 8fOcS;fO8 UofF;sf c0f'x¿ gc6fpg] cj:yf cfPsf] :ki6 x'g cfpF5 . 

To;}n] lr;f] kfgLdf eGbf tftf] kfgLdf UofF;x¿sf] 3f]Nodfqf sd x'G5 .
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3f]Nodfqfsf] jj|m/]vf (Solubility Curve)

ljleGg tfkj|mdx¿df kQf nufPsf] 3'lnt kbfy{x¿sf] 3f]Nodfqf b]vfpg] u/L u|fkm k]k/df lvlrPsf] 

jj|m/]vfnfO{ 3f]Nodfqfsf] jj|m/]vf (solubility curve) elgG5 . 3f]Nodfqfsf] jj|m/]vf lvRbf X–
axis df tfkj|md / Y-axis df kbfy{sf] 3f]Nodfqf /flvG5 .

;Fu} lbOPsf] 3f]Nodfqfsf] jj|m/]vfsf] 

cWoog u/L tnsf k|Zgx¿sf] hjfkm 

lbg sf]l;; ug'{xf];\ . ;fyLx¿lar 

5nkmn u/L lgrf]8 sIffdf ;'gfpg'xf];\ .

1. 80°C tfkj|mddf kf]6fl;od 

gfO6«]6sf] 3f]Nodfqf slt 5 < 

;f]xL tfkj|mddf Pdf]lgod 

Snf]/fO8sf] 3f]Nodfqf slt 5 <

2.  100°C tfkj|mdsf] kf]6fl;od 

gfO6«]6sf] 3f]nnfO{ 50°C 
tfkj|md;Dd lr:ofof] eg] slt 

u|fd kf]6fl;od gfO6«]6sf] dl0fe 

k|fKt x'G5 <

3.  100°C tfkj|mddf /x]sf] 

kf]6fl;od gfO6«]6 / Pdf]lgod 

Snf]/fO8sf] 3f]nnfO{ 50°C ;Dd 

lr:ofof] eg] s'g kbfy{sf] dl0fe 

;a}eGbf klxnf b]vf kb{5 <

3f]Nodfqfsf] jj|m/]vfsf] pkof]lutf (Application of Solubility Curve)

1. s'g} Ps tfkj|mddf 3'lnt kbfy{sf] 3f]Nodfqf kQf nufpg ;lsG5 .

2. s'g} Ps tfkj|mddf ljleGg 3'lnt kbfy{x¿sf] 3f]Nodfqf bfFHg ;lsG5 .

3. s'g} Ps tfkj|mdaf6 3f]nnfO{ csf]{ tfkj|md;Dd lr:ofpFbf slt dfqfdf dl0fe lg:sG5 egL 

lx;fa ug{ ;lsG5 .

4. 3'lnt kbfy{x¿sf] ld>0fsf] 3f]nnfO{ dl0feLs/0f ubf{ j|md};Fu s'g s'g kbfy{sf] dl0fe 

lg:sG5 egL kQf nufpg ;lsG5 .

tfkj|md ° C

3
f]N
od

fq
f

lrq g+= 10.3:  3f]Nodfqfsf] jj|m/]vf
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lj|mofsnfk 6

tnsf] rf6{df ljleGg tfkj|mddf x'g] sk/ ;Nkm]6sf] 3f]Nodfqf lbOPsf] 5 . ;f] rf6{ cjnf]sg u/L 

u|fkm k]k/df 3f]Nodfqfsf] jj|m/]vf (solubility curve) lvRg'xf];\ . olb 50°C tfkj|mddf agfOPsf] 

3f]n 20°C tfkj|md;Dd lr:ofOof] eg] s] x'G5 < sIffsf]7fdf 5nkmn ug'{xf];\ .

tfkj|md °C 0 10 20 30 40 50 60 70 80 90 100

3f]Nodfqf 14 17 20 24 29 34 40 48 57 68 77

dl0feLs/0f k|lj|mof (Crystallization Process)

3'lnt kbfy{x¿sf] clt ;+t[Kt 3f]nnfO{ lr:ofpFbf kbfy{sf] dl0fex¿ lg:sG5 . o;/L dl0fe 

lgsfNg] k|lj|mofnfO{ dl0feLs/0f elgG5 . k|foM cz'4 kbfy{af6 z'4 kbfy{ lgsfNg k/]df jf ld>0f 

5'6\ofpg'k/]df o; k|lj|mofsf] k|of]u ul/G5 .

dl0feLs/0f k|lj|mof kbfy{x¿sf] 3f]Nodfqfdf e/ kb{5 . h'g kbfy{sf] 3f]Nodfqf sd 5, tL kbfy{sf] 

dl0fe l56f] lg:sG5 . h:t}M 20°C tfkj|mddf ;f]l8od Snf]/fO8 / sk/ ;Nkm]6sf]] 3f]Nodfqf 

j|mdzM 35.7 / 20 5g\ . tL b'O{ kbfy{x¿sf] ld>0fsf] clt ;+t[Kt 3f]n agfO{ lr:ofpFbf ;a}eGbf 

klxn] sk/ ;Nkm]6sf] dl0fe 3f]naf6 5'6\l6G5 eg] ;f]l8od Snf]/fO8 3f]nsf] ¿kdf g} /lx/x]sf] 

x'G5 . ;f]l8od Snf]/fO8sf] dl0fe k|fKt ug{ 3f]nnfO{ cem w]/} ;do;Dd lr:ofpg'k5{ .

lj|mofsnfk 7M  dl0feLs/0f k|lj|mofaf6 dl0fe agfpg] ljlw

Pp6f kf]l;{lng a]l;g jf xf8{ Unf; km\nf:s df 30 ml kfgL lng'xf];\ / To;df cln cln ub}{ 

sk/ ;Nkm]6 ld;fpFb} hfg'xf];\ . k|To]s k6s sfFrsf] 58n] 3f]nnfO{ rnfpg'xf];\ . cGtdf sk/ 

;Nkm]6sf] ;+t[Kt 3f]n agfpg'xf];\ . ;+t[Kt 3f]n ePsf] efF8fnfO{ la:tf/} ttfpg'xf];\ . s]xL dfqfdf 

kfgL jfikLs/0f eO;s]kl5 / kf]l;{lng a]l;gsf] leq rf/}lt/ dl0fex¿ b]lvg yfNb5, ca tfk 

x6fOlbg';\ . 

3f]n lr;f] eO;s]kl5 kf]l;{lng a]l;g jf xf8{ Unf; km\nf:ssf] lkFwdf sk/ ;Nkm]6sf] dl0fex¿ 

b]lvG5g\ . o;/L 5'6\l6Psf dl0fex¿ z'4 x'G5g\ eg] cz'4tf hlt 3f]ns kbfy{df g} afFsL /xG5g\ . 

dl0fex¿nfO{ la:tf/} lgsfnL lkmN6/ k]k/df /fVg'xf];\ / dl0fedf ePsf] kfgL ;f];]/ lng'xf];\ . o;/L 

sk/ ;Nkm]6sf] dl0fe tof/ x'G5 .

lrq g+= 10.4 : sk/ ;Nk]m6sf] dl0feLs/0f lj|mof

sk/ ;Nk]m6sf] 
;+t[Kt 3f]n

sk/ ;Nk]m6sf] 
dl0fe
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z'4 lrgLnfO{ ld;|Lsf] gfdaf6 ahf/df lrlgG5 . ld;|L agfpg tnsf] lrqdf b]vfP h:t} ;fgf] 6'j|mf 

ld;|LnfO{ wfufn] afFw]/ lrgLsf] ;+t[Kt 3f]ndf em'G8\ofP/ /fVg'kb{5 . s]xL lbgkl5 lrgLsf] 7'nf] dl0fe 

tof/ x'G5 . o;/L ld>L tof/ kfg'{ klg dl0feLs/0f k|lj|mof g} xf] .

;Demg'kg]{ s'/fx¿

1. kbfy{x¿sf] ;dfg ld>0fnfO{ 3f]n elgG5 .

2. 3f]nx¿ 3'lnt kbfy{sf] cj:yf / 3f]nsf] cj:yfsf] cfwf/df ljleGg k|sf/df 5'6\ofpg 

;lsG5 . h:t}M t/n / 7f];sf] 3f]n -lrgL kfgL_, t/n / t/nsf]] 3f]n -kfgL / cNsf]xn_ 

cflb .

3. 3f]nx¿df ePsf 3'lnt kbfy{sf] dfqf tyf 3f]nsn] yk 3'lnt kbfy{ 3'nfpg ;Sg]÷g;Sg] 

cfwf/df 3f]nnfO{ c;+t[Kt, ;+t[Kt / clt ;+t[Kt u/L ltg k|sf/df 5'6\ofpg ;lsG5 .

4. ;fwf/0f cj:yfdf yk 3'lnt kbfy{ 3f]Ng ;Sg] 3f]nnfO{ c;+t[Kt 3f]n elgG5 .

5. ;fwf/0f cj:yfdf yk 3'lnt kbfy{ 3f]Ng g;Sg] 3f]nnfO{ ;+t[Kt 3f]n elgG5 .

6. ;fwf/0f cj:yfdf 3f]Ng ;Sg]eGbf a9L 3'lnt kbfy{ 3'nfP/ ag]sf] 3f]nnfO{ clt ;+t[Kt 3f]n 

elgG5 .

7. ;fwf/0f cj:yfdf clt ;+t[Kt 3f]ndf Ps 6'j|mf 3'lnt kbfy{sf] dl0fe /flvof] eg] 3'n]/ a;]sf] 

3'lnt kbfy{ klg dl0fesf] ¿kdf lg:sG5 .

8. s'g} lglZrt tfkj|mddf 100 u|fd kfgLdf ;+t[Kt 3f]n agfpg rflxg] 3'lnt kbfy{sf] dfqfnfO{ 

3f]Nodfqf (solubility) elgG5 .

9. 3f]Nodfqfsf] ;dLs/0f M 3f]Nodfqf = 
3'lnt kbfy{sf] tf}n -u|fddf_

3f]ns kbfy{sf] tf}n -u|fddf_
  100

lrgL kfgLsf] ;+t[Tk 3f]n

lrgLsf] 6'j|mf

lrq g+= 10.5:  lrgLsf] 7'nf] dl0fe
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10. a9L tfkj|mddf 7f]; cj:yfsf 3'lnt kbfy{x¿ a9L g} 3'Nb5 lsgeg] tfkn] ubf{ 3f]nssf 

c0f'x¿nfO{ rnfodfg jgfO{ c0f'x¿larsf] 7fpF a9\g hfG5, h;df yk 3'lntsf c0f'x¿ a:g 

;S5g\ .

11. s'g} kbfy{sf] ljleGg tfkj|mddf kQf nufOPsf 3f]Nodfqfx¿ /fv]/ lvlrPsf] aj|m/]vfnfO{ 

3f]Nodfqfsf] jj|m/]vf (solubility curve) elgG5 . ;f] jj|m/]vf sf]bf{ tfkj|mdnfO{ t];f]{ 

/]vfdf /fVg'kb{5 .

12. s'g} 3'lnt kbfy{sf] 3f]Nodfqf kQf nufpg, b'O{ kbfy{x¿sf] 3f]Nodfqf t'ngf ug{, 3f]nnfO{ 

lr:ofpFbf lg:sg] dl0fesf] dfqf kQf nufpg 3f]Nodfqfsf] jj|m/]vfsf] pkof]u ul/G5 .

13. 7f]; 3'lnt kbfy{sf] 3f]naf6 dl0fe lgsfnL z'4Ls/0f ug]{ ljlwnfO{ dl0feLs/0f 

(crystallization) elgG5, h;df z'4 kbfy{ dl0fesf] ¿kdf 5'6\l6G5 .

cEof;

-s_ tnsf ax' j}slNks k|Zgx¿sf] ;xL pQ/df l7s -_ lrx\g nufpg'xf];\ M

1. tnsf dWo] s'g s'g kbfy{ ld;fpFbf 3f]n aG5 <

 (i) kfgL / dl6t]n (ii) kfgL / cNsf]xn

 (iii) kfgL / vfg]t]n (iv) kfgL / b'w

2.  lglZrt tfkj|mddf ld;|L / kfgLsf] 3f]ndf wfufn] afFw]sf] Ps 6'j|mf ld;|L 8'afpFbf 

ld;|Lsf] ;fOh 36\b} uof] eg] pSt 3f]n s'g k|sf/sf] 3f]n xf]nf <

 (i) c;+t[Kt 3f]n (ii) ;+t[Kt 3f]n

 (iii) clt ;+t[Kt 3f]n (iv) s'g} klg xf]Og

3. s'g} lglZrt tfkj|mddf 50 g kfgLdf 12 g g'g 3'n]/ ;+t[Kt 3f]n aGb5 eg] g'gsf] 

3f]Nodfqf slt xf]nf <

 (i) 12 (ii)  24   (iii) 50  (iv)  25

4. 3f]Nodfqfsf] jj|m/]vf tnsf dWo] s'g sfdsf nflu pkof]u ul/Fb}g <

 (i) 3f]Nodfqf kQf nufpg (ii) 3f]Nodfqf t'ngf ug{

 (iii) dl0feLs/0f b/ kQf nufpg (iv) kf/df0fljs ef/ kQf nufpg
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-v_ tnsf k|Zgx¿sf] pQ/ lbg'xf];\ M

1. 3f]nsf] kl/efiff n]vL o;sf s'g} kfFr cf]6f pbfx/0f lbg'xf];\ .

2.  ;+t[Kt 3f]n / c;+t[Kt 3f]nlar km/s 5'6\ofpg'xf];\ .

3.  clt ;+t[Kt 3f]n eg]sf] s] xf] < of] s;/L agfOG5, n]Vg'xf];\ .

4.  3'lnt kbfy{ UofF; / 3f]ns kbfy{ t/n cj:yf ePsf s'g} b'O{ cf]6f 3f]nx¿sf] 

pbfx/0f lbg'xf];\ .

5. Pp6f ljs/df 3f]n /fv]/ tkfO{FnfO{ 5'6\ofpg nufPdf pSt 3f]n ;+t[Kt, c;+t[Kt / 

clt ;+t[Kt s'g lsl;dsf] xf], s;/L 5'6ofpg'x'G5, n]Vg'xf];\ .

6. 3f]Nodfqfsf] kl/efiff lbg'xf];\ . 20°C tfkj|mddf sk/ ;Nkm]6sf] 3f]Nodfqf 20 5 
eg]sf] s] xf] n]Vg'xf];\ .

7. 3f]Nodfqf / tfkj|mdsf] ;DaGw j0f{g ug'{xf];\ . 7f]; 3'lnt kbfy{ lr;f] kfgLdf eGbf 

tftf] kfgLdf a9L 3'N5 lsg, k|:6 ug'{xf];\ .

8. 3f]Nodfqfsf] jj|m/]vf eGgfn] s] a'lemG5 < To;af6 s] s] s'/fx¿ yfxf kfpg ;lsG5, 

n]Vg'xf];\ .

9. tnsf] 6]andf ln8 gfO6«]6 (lead nitrate) sf] 3f]Nodfqf lbOPsf] 5 . 6]ansf] 

cWoog u/L tnsf k|Zgx¿sf] pQ/ lbg'xf];\ .

tfkj|md °C 20 40 60 80 100

3f]Nodfqf 58 74 94 115 140

(i) ln8 gfO6«]6sf] dfly lbOPsf] tflnsfcg';f/ 3f]Nodfqfsf] jj|m/]vf lvRg'xf];\ .

(ii) 20°C tfkj|md / 50°C tfkj|mddf ln8 gfO6«]6sf] 3f]Nodfqfx¿ slt slt 

x'G5g\ <

(iii) 50°C tfkj|md ePsf] ln8 gfO6«]6sf] 3f]nnfO{ 30°C tfkj|md;Dd lr:ofof] eg] 

s] x'G5 <

10. dl0feLs/0f k|lj|mof eg]sf] s] xf] < sk/ ;Nkm]6sf] dl0fe s;/L tof/ ul/G5, j0f{g 

ug'{xf];\ .
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-u_ tnsf ul0ftLo ;d:ofx¿ xn ug'{xf];\ .

 1. 3f]Nodfqfsf] ;dLs/0f n]Vg'xf];\ . 25°C tfkj|mddf 500 g kfgLdf 240 g kf]6fl;od 
Snf]/fO8 3'n]/ ;+t[Kt 3f]n aG5 eg] ;f] tfkj|mddf kf]6fl;od Snf]/fO8sf] 3f]Nodfqf 

slt x'G5 lgsfNg'xf];\ . [pQ/ M 48]

2. 20°C tfkj|mddf lrgLsf] 3f]Nodfqf 179 5 . 30 u|fd kfgL;Fu ;+t[Kt 3f]n agfpg 

slt u|fd lrgL rflxG5 < [pQ/ M 53.7g]

3. 30°C tfkj|mddf ag]sf] 15 u|fd ;+t[Kt 3f]nnfO{ 10°C tfkj|md;Dd lr:ofof] eg] 

slt dfqfdf g'gsf] dl0fe lg:sG5 < g'gsf] 3f]Nodfqf 30°C tfkj|md / 10°C 
tfkj|mddf j|mdzM 95 / 30 5 . [pQ/ M 4.99g]

kl/of]hgf sfo{

tkfO{Fsf] 3/df ePsf] sfFrsf] lunf;df Ps ltxfO efu hlt kfgL /fVg'xf];\ . pSt kfgLdf g'g tf}n]/ 

/fvL rDrfn] rnfP/ 3f]Nb} hfg'xf];\ . slt u|fd g'g /fVbf ;+t[Kt 3f]n aGof] gf]6 ug'{xf];\ . To;}u/L 

csf]{ lunf;df plt g} kfgL /fv]/ lrgL hf]Vb} 3f]Nb} hfg'xf];\ . slt lrgL /fv]kl5 ;+t[Kt 3f]n aGof] 

kQf nufpg'xf];\ . ca kfgLdf g'g / lrgLsf] 3f]Nodfqf t'ngf ug'{xf];\ . 

zAbfjnL

jg{/ (burner) : k|of]uzfnfdf tfksf] nflu k|of]u ug]{ UofF;af6 aNg] pks/0f

dl0fe (crystal) : lglZrt HofldtLo cfsf/ ePsf] 7f]; kbfy{

3'lnt kbfy{ M 3f]nsdf 3'Ng] kbfy{x¿ h:t} g'g, lrgL cflb

3f]ns kbfy{ M 3'lnt kbfy{nfO{ 3f]Ng] kbfy{x¿ h:t} kfgL, cNsf]xn cflb

kf]l;{lng a]l;g M ;]tf] ;fgf] srf}/f cfsf/sf] efF8f]
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PsfO

11

k|fs[lts jf dfgj lgld{t j:t'x¿ h:t} jg:klt, hLjhGt', vfgf, k]6«f]n, k]o kbfy{, 

l:6ncflbsf] lgdf{0f Uof;x¿ lagf c;Dej 5 . xfdLn] vfg] vfg]s'/f xf];\ jf uf8LnfO{ rflxg] 

k]6«f]n tL s'/fx¿ k|fKt ug{sf] nflu klg k|ToIf jf ck|ToIf ¿kdf Uof;x¿sf] lgs} 7'nf] e"ldsf 

x'G5 . dfgj z/L/sf] 96.2% ef/ hDdf rf/ cf]6f tŒjx¿ 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 Uof;x¿ x'g\ . ltgLx¿n] c¿ 

tŒj;Fu ldn]/ ljleGg pkof]uL kbfy{x¿ lgdf{0f ub{5g\ . tL kbfy{x¿sf] dfgj hLjg;Fu k|ToIf 

;DaGw /x]sf] x'G5 . xfdLnfO{ rflxg] Uof;x¿ l;wf jfo'd08naf6 jf cf}Bf]lus lgdf{0faf6 k|fKt 

ul/G5 . xfO8«f]hg, clS;hg / gfO6«f]hg h:tf Uof;x¿nfO{ k|of]uzfnfdf lgdf{0f u/L ltgLx¿sf] 

u'0fx¿sf] cWoog ul/G5 . of] kf7cGtu{t xfdL log} ltg Uof;x¿sf] af/]df cWoog ug]{ 5f}F .

jfo'd08ndf Uof;x¿ ld>0fsf] ¿kdf /x]sf x'G5g\ . jfo'd08ndf /x]sf Uof;x¿ tnsf] tflnsfdf 

lbOPsf] 5 M

Uof“; cf0fljs ;"q cfotgsf] cfwf/df k|ltzt

gfO6«f]hg N2 78.08%

clS;hg O2 20.95%

cfu{g Ar 0.93%

sfa{g 8fOcS;fO8 CO2 0.0360%

xfO8«f]hg H2 0.00005%

cf]hf]g O3 0.000004%

c¿ Uof;x¿ (Ne, He, CH4, N2O) 0.003945%

Source: www.physicalgeography.net

xfO8«f]hg Uof“; (Hydrogen gas)

a|Dxf08df ;a}eGbf xn'sf] t/ ;a}eGbf a9L kfOg] tŒj xfO8«f]hg xf] . ;"o{, tf/f / tf/fsf] larsf] 

vfnL 7fpFdf htf;'s} of] Uof; kfOG5 . t/ k[YjLdf xfO8«f]hg Uof;sf] ¿kdf 0.00005% 

-cfotgsf] lx;fadf_ dfq} kfOG5 . xfO8«f]hg lgs} ;lj|mo Uof; ePsfn] c¿ tŒjx¿;Fu k|ltlj|mof 

s]xL Uof;x¿
(Some Gases)
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u/L of}lussf] ¿kdf /x]sf] x'G5, h:t} cDn, 

xfO8«f] sfa{g, sfaf]{xfO8]6 cflb .

Henry Cavendish n] ;g\ 1823 df 

xfO8«f]hgnfO{ …k|Hjng xfjfÚ eg]sf lyP t/ 

kl5 Lavoisier n] xfO8«f]hg gfdfs/0f 

u/]sf lyP . clS;hg;Fu aNbf xfO8«f]hgn] 

kfgL agfpg] ePsfn] xfO8«f]hg elgPsf] xf] . 

xfO8«f]hgsf] cy{ …kfgL agfpg]Ú cyf{t\ water 
producer xf] .

xfO8«f]hgaf/] s]xL tYo tnsf] 6]andf lbOPsf] 5 M

;ª\s]t c0f';"q kf/df0fljs ;ª\Vof kf/df0fljs ef/ On]S6«f]lgs ljGof;

H H2 1 1 1S1

xfO8«f]hg Uof“; agfpg] tl/sf (Methods of Preparation of Hydrogen Gas)

xfO8«f]hgsf d'Vo ltg ;|f]t 5g\ M cDn, Iff/ / kfgL . oL ltgcf]6} k|sf/sf kbfy{af6 xfO8«f]hg Uof; 

agfOG5 . clxn] xfdL k|of]uzfnfdf xfO8«f]hg agfpg] / kfgLsf] ljB't\ ljR5]bgaf6 xfO8«f]hg Uof; 

agfpg] ljlwsf af/]df dfq rrf{ ug]{ 5f}F .

-s_ k||of]u zfnfdf xfO8«f]hg agfpg] tl/sf (Laboratory Preparation of Hydrogen Gas)

;lj|mo wft'x¿ h:t} h:tf, DofUg]l;od cflbn] cDndf ePsf] xfO8«f]hgnfO{ lj:yflkt ub{5 / 

xfO8«f]hg Uof; lg:sG5 . k|of]uzfnfdf cz'4 h:tf / lkmSsf xfO8«f]Snf]l/s Pl;8lar k|ltlj|mof 

u/fO{ xfO8«f]hg Uof; agfOG5 . 

Zn  (s) + 2HCl (aq)   ZnCl2  (aq) + H2↑
(zinc) (dil. hydrochloric acid) zinc chloride hydrogen

-gf]6 M z'4 lhGssf] k|of]un] k|ltlj|mof l9nf] x'G5 . To;}n] cz'4 lhGs k|of]u ul/G5 . To;df ePsf] 

cz'4tfn] k|ltlj|mof l56f] x'g dbt ub{5 ._

ljlw

lhGsnfO{ ;kmf pNkm af]tnleq /flvG5 / lrqdf lbPcg';f/ afFsL pks/0fx¿ h8fg ul/G5 . ly;n 

kmg]nåf/f lkmsf xfO8«f]Snf]l/s cDnnfO{ ly;n kmg]nsf] 5]p 8'Ag] u/L la:tf/} vGofOG5 . cDnsf] 

;Dks{ lhGs;Fu x'gf;fy} xfO8«f]hg Uof; lg:sg yfNb5 . pSt Uof; kfgLnfO{ lj:yflkt u/L Uof; 

hf/df hDdf kfl/G5 .

tkfO{“nfO{ yfxf 5 <
xfO8«f]hg ltg k|sf/sf] x'G5, xfO8«f]hg (1H2) h;df 
Ps cf]6f On]S6«f]g / Ps cf]6f k|f]6«f]g x'G5 eg] Go'6«f]g 
x'“b}g . 8\o'6]l/od (deuterium) (1H2) h;df Ps cf]6f 
On]S6«f]g, Ps cf]6f k|f]6«f]g / Ps cf]6f Go'6«f]g x'G5 . 
l6«l6od (tritium), (1H3), h;df Ps cf]6f On]S6«f]g, Ps 
cf]6f k|f]6f]g / b'O{ cf]6f Go'6«f]g x'G5 . tLdWo] ;a}eGbf u/f}“ 
tritium xf] . deuterium / clS;hgaf6 u¥x'ª\uf] kfgL 
(heavy water) agfOG5 . o:tf] kfgLsf] k|of]u cf0fljs 
e6\6Lx¿df ul/G5 .
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;fjwfgLx¿ (Precautions)

1. ;a} pks/0fx¿ ;kmf;Fu wf]Psf] x'g'kb{5 .

2. cz'4 lhGssf] k|of]u ug'{kb{5 .

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 Uof; lbFb}g .

5. ly;n kmg]nsf] 6'Kkf] 8'Ag] u/L Pl;8 /fVg'kb{5 .

6. Uof; hf/ kfgLn] 6Dd e/]sf] x'g'kb{5 cyf{t\ xfjfsf kmf]sfx¿ x'g' x'Fb}g .

xfO8«f]hg Uof“;sf] k/LIf0f

k|of]uzfnfdf agfPsf] Uof; xfO8«f]hg Uof; g} xf] egL s;/L kQf nufpg] < ;f]Rg'xf];\ t . o;sf 

nflu Uof; hf/nfO{ lj:tf/} 7f8f] kf/]/ an]sf] ;nfOsf] sfF6L 

o;sf] d'vdf n}Fhfbf Uof; aN5 . aNg] j|mddf o;n] ‘pop’ 
cfjfh lgsfnL aNb5 eg] Tof] Uof; xfO8«f]hg g} xf] . c¿ 

Uof;x¿n] ‘pop’ cfjfh lbFb}g .

-v_ kfgLsf] ljB't\ ljR5]bgaf6 xfO8«f]hg Uof“; pTkfbg

xfO8«f]hgsf] cf}Bf]lus pTkfbg kfgLaf6 ul/G5 . k[YjLdf 

k|r'/ dfqfdf kfgL kfOg' / kfgLsf] c0f'df b'O{ cf]6f xfO8«f]hg 

x'g'n] kfgLaf6 xfO8«f]hgsf] cf}Bf]lus pTkfbg ug]{ ul/Psf] xf] .

kfgLdf s]xL ;Nk\mo'l/s cDn ld;fO{ Pp6f efF8fdf (electrolytic cell) /flvG5 / To;df ljB't\ 

k|jfx ul/G5 . To;f] ubf{ kfgLsf] c0f' xfO8«f]hg / clS;hg cfof]gdf ljR5]bg x'G5 . xfO8«f]hg 

cfof]g kfgLsf] efF8fdf /x]sf] Sofyf]8lt/ / clS;hg cfof]g Pgf]8lt/ hfG5 / Uof;sf] ¿kdf hDdf 

x'G5 . hDdf ePsf] Uof;x¿nfO{ gnLaf6 k7fO{ l;lnG8/df el/G5 .

lrq g+= 11.1: k|of]u zfnfdf xfO8«f]hg Uof; agfpg] ljlw

lrq g+= 11.2: xfO8«f]hg Uof“;sf] k/LIf0f
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2H2O 2H2↑  +  O2↑

o; ljlwaf6 zt k|ltzt z'4 xfO8«f]hg tof/ x'G5 . ljB't\ ;:tf] ePsf] 7fpFx¿df of] ljlwaf6 

xfO8«f]hg pTkfbg ul/G5 .

xfO8«f]hg Uof“;sf u'0fx¿ (Properties of Hydrogen gas)

lrq g+= 11.3:  xfO8«f]hg Uof“;sf] pTkfbg

ef}lts u'0fx¿ (Physical Properties)

1.  xfO8«f]hg Uof; /ªxLg, uGwxLg / :jfbxLg x'G5 .

2.  xfO8«f]hg Uof; xfjfeGbf xn'sf] x'G5 . 

3. xfO8«f]hg Uof; kfgLdf 3'Nb}g .

4. xfO8«f]g Uof;n] ln6d;df s'g} c;/ kfb}{g, To;}n] of] t6:y Uof; xf] .

5. xfO8«f]hg Uof; -253°C df t/n / -259°C df 7f]; cj:yfdf kl/0ft x'G5 .

/;folgs u'0fx¿ (Chemical properties)

1. xfjf jf clS;hg;Fu xfO8«f]hg aNbf kfgL aG5 .

 afNbf

2H2  + O2  2H2O

2. pRr tfkj|mddf k|foh;f] xfO8«f]hgn] cwft'x¿;Fu t'¿Gt} k|ltlj|mof ub{5 .
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 afNbf  
C  +  2H2  CH4

 ldy]g

  afNbf

S  +  H2  H2S
  xfO8«f]hg ;NkmfO8

3. ;f]l8od kf]6fl;od, SoflN;od cflb h:tf wft'x¿ xfO8«f]hg ePsf] efF8fdf afNbf cl:y/ 

xfO8«fO8x¿ aGb5g\ .

 afNbf

2Na  +  H2  2NaH
 ;f]l8od xfO8«fO8

 afNbf

2K  +  H2  2KH
 kf]6fl;od xfO8«fO8

 afNbf

Ca  +  H2  CaH2

 SoflN;od xfO8«fO8

4. ;'Vvf xfO8«f]hgnfO{ tftf] wft'sf] cS;fO8df k7fpFbf wft' / kfgL aGb5 .

 tfk

2Fe2O3  +  6H2  4Fe  +  6H2O

 tfk

CuO  +  H2  Cu +  H2O

 tfk

PbO  +  H2  Pb  +  H2O

wft'sf] cS;fO8af6 wft' lgsfNg of] k|lj|mof ckgfOG5 . of] k|lj|mofnfO{ l/8S;g k|ltlj|mof (reduction 
reaction) elgG5 . o;df xfO8«f]hgn] wft'sf] cS;fO8df /x]sf] clS;hgnfO{ x6fO{ kfgL agfpg] 

ePsfn] o;nfO{ l/8S;g k|ltlj|mof elgPsf] xf] .
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xfO8«f]hg Uof“;sf] pkof]lutf (Uses of Hydrogen Gas)

1. wft'sf cS;fO8af6 wft' lgsfNg xfO8«f]hg Uof; k|of]u ul/G5 .

2. Pdf]lgof Uof; agfpg xfO8«f]hgsf] k|of]u ul/G5 .

3. jg:klt l3p agfpg xfO8«f]hg Uof;sf] k|of]u ul/G5 .

 tfk / Sof6fln:6sf] pkl:yltdf xfO8«f]hgnfO{ jg:klt t]ndf k7fOG5, o;f] ubf{ t]n l3pdf 

kl/0ft x'G5, h;nfO{ jg:klt l3p elgG5 .

 jg:klt t]n + H2 
8 to 10 atm

~2500C  jg:klt l3p

 o; k|ltlj|mofnfO{ xfO8«f]h]g];g (hydrogenation) elgG5 .

4. /s]6x¿df OGwgsf] ¿kdf xfO8«f]hg Uof;sf] k|of]u ul/G5 . xfO8«f]hg / clS;hglar 

 k|ltlj|mof x'Fbf k|z:t zlSt lg:sG5 / To;n] /s]6 k|If]k0f ug{ dbt ub{5 .

5. clS;hgsf] pkl:yltdf xfO8«f]hg afNbf sl/a 3000°C ;Ddsf] tfkj|md lg:sG5 . clS;hg 

/ xfO8«f]hg aNbf lg:sg] 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 .

clS;hg Uof“; (Oxygen gas) 

clS;hg Uof; la?jf / hGt'x¿ 

hLljt /xgsf nflu rflxg] Uof; 

xf] . clS;hgn] xfd|f] z/L/leq ePsf 

xflgsf/s JofS6]l/ofsf] gfz ub{5 . 

jfo'd08ndf clS;hg Uof; 21% 
-cfotgsf] lx;fadf_ kfOG5 . ljleGg 

kbfy{x¿ h:t} kfgL, sfaf]{xfO8«]6, 

r'g9'ª\uf, l;lnsf, sf7 cflbdf 

clS;hg of}lussf] ¿kdf kfOG5 . 

of] Uof; k[YjLsf] ;txsf] 49% 

kbfy{x¿df cS;fO8sf] ¿kdf kfOG5 .

;g\ 1774 df la|l6; j}1flgs Joseph Priestley n] kf/f]sf] /ftf] cS;fO8nfO{ ttfP/ klxnf] k6s 

clS;hg Uof; agfPsf lyP . kl5 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 .

tkfO{“nfO{ yfxf 5 <
cf]hf]g ltg cf]6f clS;hgsf] k/df0f' ldn]/ ag]sf] lgnf] 
/ªsf] Uof“; xf] . t/n cj:yfdf of] Uof“; uf9f lgnf 
x'G5 . ljB'tLo pks/0fx¿sf] k|of]u ubf{ jf kfgLsf] 
ljB't\ ljR5]bg ubf{ jf lah'nL rlDsbf cf]hf]gsf] lgdf{0f 
eO/x]sf] x'G5 . o; Uof“;nfO{ k|of]u zfnfdf klg agfpg 
;lsG5 . jfo' d08ndf ePsf] cf]hf]gn] ;"o{af6 cfpg] 
ljleGg xflgsf/s ljls/0fnfO{ k[YjL;Dd cfOk'Ugaf6 
/f]Sb5, h;n] ubf{ SofG;/ / lhg (gene) df v/faL x'gaf6 
/f]Sb5 .
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clS;hgaf/] s]xL tYox¿ tn lbOPsf] 5 M

;ª\s]t c0f';"q kf/df0fljs ;ª\Vof kf/df0fljs ef/ On]S6«f]lgs ljGof;

O O2 8 16 1s22s22p2

clS;hg Uof“; agfpg] tl/sf (Methods of preparation of Oxygen gas)
1. k|of]uzfnfdf clS;hg agfpg] tl/sf (Laboratory Preparation of Oxygen gas)

-s_ tfksf] k|of]u u/]/

clS;hg ePsf nj0fnfO{ ttfpFbf clS;hg Uof; lg:sG5 . k|of]uzfnfdf kf]6fl;od Snf]/]6 

(KClO3) nfO{ DofUoflgh 8fOcS;fO8 (MnO2) ;Fu ttfP/ clS;hg agfOG5 . o;df DofUoflgh 

8fOcS;fO8 pTk|]/s dfq xf], h;n] /f;folgs k|ltlj|mofnfO{ l56f] agfpF5 .

 MnO2 
2KClO3  2KCl + 3O2↑
 tfk

ljlw

rf/ efu kf]6fl;od Snf]/]6 / Ps efu DofUoflgh 8fOcS;fO8sf] ld>0fnfO{ s8f sfFr 

6]:66\o'a (hard glass testube) df /flvG5 / lrqdf lbPcg';f/ afFsL pks/0fx¿ h8fg ul/G5 . 

6]:66\o'adf ePsf] ld>0fnfO{ sl/a 250°C sf] tfkj|mddf ttfpFbf clS;hg Uof; lg:sG5 . o;/L 

lg:s]sf] Uof;nfO{ kfgLdfly 3f]K6\ofOPsf] Uof; hf/df hDdf kfl/G5 .

;fjwfgL (Precautions)

1. xf8{ Unf; 6]:66\o'anfO{ lrqdf b]vfP h:t} clnsln 9NsfP/ h8fg ug'{kb{5 . o;n] /f;folgs 

k|ltlj|mof x'Fbf ag]sf] kfgL k|ltlj|mof/t kbfy{df ldl;g lbFb}g .

lrq g+= 11.4 : clS;hg Uof“; agfpg] tl/sf

2. pks/0fx¿ h8fg ubf{ xfjf gl5g]{ x'g'kb{5 .

3. Uof;hf/df kfgL 6Dd el/Psf] x'g'k5{ . jf o;df xfjf l5/]sf] x'g' x'Fb}g .
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-v_ tfk k|of]u gu/]/

k|of]uzfnfdf xfO8«f]hg k]/f]S;fO8 (H2O2) nfO{ DofUoflgh 8fOcS;fO8;Fu ld;fP/ clS;hg 

agfOG5 . o;df klg DofUoflgh 8fOcS;fO8n] pTk|]/ssf] sfd u5{ .

2H2O2  
MnO2   2H2O + O2↑

ljlw

s]xL DofUoflgh 8fOcS;fO8 / kfgLnfO{ sf]lgsn k\mnf:s (conical flask) df /flvG5 / afFsL 

pks/0fx¿ lrqdf lbPcg';f/ h8fg ul/G5 . ly;n kmg]nåf/f xfO8«f]hg k]/f]S;fO8nfO{ la:tf/} 

sf]lgsn k\mnf:sdf v;flnG5 . xfO8«f]hg k]/f]S;fO8 / DofUoflgh 8fOcS;fO8sf] ;Dks{ x'gf;fy} 

clS;hg Uof; lg:sG5 . clS;hg Uof;nfO{ Uof; hf/df kfgLnfO{ lj:yflkt u/L hDdf ul/G5 .

;fjwfgLx¿ (Precautions)
1. pks/0fx¿ h8fg ubf{ xfjf gl5g]{ x'g'kb{5 .

2. ly;n kmg]nsf] 6'Kkf] 8'Ag] u/L xfO8«f]hg k]/f]S;fO8 /fVg'kb{5 .

3. z'4 DofUoflgh 8fOcS;fO8sf] k|of]u ug'{kb{5 .

Uof“;sf] k/LIf0f

k|of]uzfnfdf agfPsf] Uof; clS;hg g} xf] egL s;/L kQf nufpg] < s]xLa]/ ;f]rf}F t . Pp6f 

aln/x]sf] ;nfOsf] sfF6LnfO{ Uof; ePsf] Uof; hf/leq 3';fpFbf emg\ rlDsnf] eP/ aNb5 eg] ;f] 

Uof; clS;hg xf] . clS;hg Uof;n] c¿nfO{ aNg dbt ug]{ u'0f ePsfn] o;f] x'g uPsf] xf] .

2. clS;hg Uof“;sf] cf}Bf]lus pTkfbg (Manufacture of Oxygen Gas)

kfgLdf / xfjfdf k|r'/ dfqfdf clS;hg kfOg] ePsfn] tL b'O{ ;|f]taf6 clS;hg Uof;sf] cf}Bf]lus 

pTkfbg ul/G5 .

lrq g+= 11.5 : k|of]uzfnfdf clS;hg Uof“; agfpg] ljlw
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-s_ kfgLsf] ljB't\ ljR5]bgaf6 (From electrolysis of water)

 kfgLsf] ljB't ljR5]bg ubf{ clS;hg Uof“; pTkfbg x'G5 . 2H2O 2H2 + O2

 -gf]6M of] k|j|mof xfO8«f]hg Uof“;df x]g'{xf]nf_

-v_ t/n xfjfaf6 (From liquid air)

xfjfnfO{ w]/} rfk lbO{ lr:ofP/ t/n cj:yfdf nluG5 . t/n xfjfdf w]/} dfqfdf gfO6«f]hg / 

To;kl5 clS;hg x'G5 . t/n gfO6«f]hgsf] pDng] tfkj|md -196°C / t/n clS;hgsf] –183°C 

ePsfn] t/n xfjfnfO{ ttfpFbf klxnf] v08df gfO6«f]hg lg:sG5 eg] clS;hg t/n cj:yfdf g} 

/lx/xG5 . of] cj:yfdf /x]sf] clS;hgnfO{ -183°C ;Dd ttfOG5 / t/n clS;hgnfO{ Uof;df 

kl/0ft ul/G5 . o;/L lg:s]sf clS;hg Uof; / gfO6«f]hg Uof;nfO{ l;w} 5'6\6f5'6\6} l;lnG8/x¿df 

el/G5 . o;/L t/n xfjfaf6 clS;hg Uof;sf] cf}Bf]lus pTkfbg ul/G5 . o; ljlwaf6 gfO6«f]hg 

/ clS;hg b'j} Uof; pTkfbg  ug{ ;lsG5 . 

clS;hg Uof“;sf u'0fx¿ (Properties of Oxygen gas)

ef}lts u'0fx¿ (Physical Properties)

1. clS;hg Uof; /ªxLg, uGwxLg / :jfbxLg x'G5 .

2. clS;hg Uof; xfjfeGbf s]xL u/f}F x'G5 .

3. clS;hg Uof; kfgLdf s]xL dfqfdf 3'N5 .

4. clS;hg Uof; t6:y x'G5 . To;}n] o;n] ln6d;df s'g} c;/ b]vfpFb}g .

5. clS;hg Uof; -183°C df t/n / -219°C df 7f]; cj:yfdf k'Ub5 .

/;folgs u'0fx¿ (Chemical properties)

1. wft'x¿nfO{ clS;hgsf] pkl:yltdf afNbf wft'sf cS;fO8x¿ aGb5g\ . t/ ;'g (Au) 
Knfl6gdn] (Pt) cS;fO8 agfpFb}gg\ .

 afNbf

4Na + O2  2Na2O -;f]l8od cS;fO8_

 afNbf

4K + O2   2K2O -kf]6fl;o cS;fO8_

 afNbf

2Mg + O2  2MgO -DofUg]l;od cS;fO8_
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2. cwft'x¿nfO{ clS;hgsf] pkl:yltdf afNbf cwft'sf cS;fO8x¿ aGb5 .

 afNbf

2H2 + O2  2H2O -kfgL_

 afNbf

C + O2  CO2 -sfa{g 8fOcS;fO8_

3. ;a} xfO8«f] sfa{gx¿ clS;hgsf] pkl:yltdf aNb5 / sfa{g 8fOcS;fO8, kfgL / zlStdf 

kl/0ft x'G5 .

 afNbf

CH4 + 2O2  CO2 + 2H2O + energy

 afNbf

C2H4 + 3O2  2CO2 + 2H2O + energy

4. /utdf ldl;Psf] clS;hgn] sf]ifleq ePsf] h}ljs Sof6fln:6 (biocatalyst) sf] pkl:yltdf 

Un'sf]h;Fu k|ltlj|mof u/L zlSt (energy) lgsfNb5 .

 biocatalyst
C6H12O6 + 6O2   6CO2 + 6H2O + energy

of] k|ltlj|mof Zjf; k|Zjf; lj|mof ubf{ z/L/leq eO/x]sf] x'G5 .

clS;hg Uof“;sf] pkof]lutf (Uses of Oxygen Gas)

1. z/L/leq clS;hg Uof;n] Un'sf]h;Fu k|ltlj|mof u/L zlSt pTkfbg ug{ dbt ub{5 .

2. wft'x¿ sf6\g jf hf]8\g (welding) nfO{ clS;hgsf] k|of]u ul/G5 . oxy-acetylene 
flame jf oxy-hydrogen flame åf/f of] sfo{ ul/G5 .

3. xl:k6nx¿df l;lnG8/df el/Psf] clS;hgsf] dbtn] lgdf]lgof jf Zjf; k|Zjf;df sl7g 

ePsf la/fdLx¿nfO{ s[lqd Zjf; k|Zjf; lj|mof u/fOG5 .

4. vfgLdf sfd ug{, w]/} prfOdf hfg, cGtl/Ifsf] cWoog ug{, kfgLeq a;L sfd ug{ 

l;lnG8/sf] clS;hg k|of]u ul/G5 .

5.  l:6nsf] pTkfbg ubf{ kmnfddf ePsf] cz'4tf h:t} sfa{g jf c¿ s'g} cwft'x¿nfO{ lgsfNg 

clS;hgsf] k|of]u ul/G5 .
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gfO6«f]hg Uof“; (Nitrogen Gas)

gfO6«f]hg Uof;n] ;fdfGo cj:yfdf c¿ tŒj jf of}lusx¿;Fu k|ltlj|mof ub}{g . of] t'ngfTds 

¿kdf lglij|mo Uof; xf] . t/ jg:klt, hLj / cf}Bf]lus If]qdf gfO6«f]hgsf] 7'nf] dxŒj 5 . 

jg:klt / hLjhGt'df kfOg] k|f]l6g, PGhfOd (enzymes), RNA, DNA cflbdf gfO6«f]hg 

x'G5 . jfo'd08ndf 79% -cfotgsf] lx;fadf_ gfO6«f]hg Uof; kfOG5 . s]xL 9'ª\ufx¿ / vlgh 

kbfy{df of}lussf ¿kdf gfO6«f]hg /x]sf] x'G5 .

;g\ 1772 df Daniel Rutherford n] gfO6«f]hg kQf nufPsf lyP . ;g\ 1790 df Chaptal n] 
gfO6«f]hg gfdfs/0f u/]sf lyP .

gfO6«f]hgsf] af/]df s]xL tYo tn lbOPsf] 5 M

;ª\s]t c0f';"q kf/df0fljs ;ª\Vof kf/df0fljs ef/ On]S6«f]lgs ljGof;

N N2 7 14 1s2,2s22p3

gfO6«f]hg Uof“; agfpg] tl/sf (Methods of preparation of Nitrogen Gas)

gfO6«f]hg Uof; ljleGg tl/sfaf6 agfpg ;lsG5 . xfjfnfO{ tftf] tfdfdfly k7fP/, kmf]:kmf]/;nfO{ 

xfjfdf afn]/, t/n xfjfaf6 tyf Pdf]lgod Snf]/fO8 / ;f]l8od gfO6«fO6 k|ltlj|mof u/fP/ of] Uof; 

lgsfNg ;lsG5 . oxfF xfdL s]jn k|of]uzfnfdf / pBf]ux¿df gfO6«f]hg s;/L agfOG5 < eGg] 

ljifodf cWoog ug]{ 5f}F .

-s_ k|of]uzfnfdf gfO6«f]hg Uof“; 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 Uof; agfOG5 .

 
NaNO2 + NH4Cl  N2↑ + NaCl + 2H2O

ljlw

;kmf round bottom flask df 5 gm ;f]l8od gfO6«fO6 / 4 gm Pdf]lgod Snf]/fO8sf] ld>0f 

/flvG5 . To;kl5 50 ml hlt kfgL /fv]/ 3f]n agfOG5 . afFsL pks/0fx¿nfO{ lrqdf lbOP h:t} 

h8fg ul/G5 . ld>0fsf] 3f]nnfO{ lj:tf/} ttfOG5 . To;f] ubf{ gfO6«f]hg Uof; lg:sG5 / kfgLnfO{ 

lj:yflkt u/L Uof; hf/df hDdf ul/G5 .
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;fjwfgLx¿ (Precautions)

1.  7f]; Pdf]lgod Snf]/fO8 sd tfkj|mddf g} Uof;df kl/0ft x'g] (volatile) ePsfn] ttfpg'cl3 

3f]n agfpg'kb{5 .

2.  pks/0fx¿ h8fg ubf{ xfjf gl5g]{ x'g'kb{5 .

3. ld>0fnfO{ lj:tf/} ttfpg'kb{5 .

Uof“;sf] k/LIf0f

Uof; hf/df hDdf ePsf] Uof; gfO6«f]hg g} xf] egL s;/L kQf nufpg] < lzIfs;Fu 5nkmn u/L 

k/LIf0f ug'{xf];\ . 

aln/x]sf] DofUg]l;odsf] l/agnfO{ Uof; hf/leq 3';fpFbf aln/xG5 / cGtdf kx]Fnf] kfp8/df 

kl/0ft x'G5 . kx]Fnf] kfp8/df s]xL yf]kf kfgL /fVbf Pdf]lgofsf] uGw cfpF5 eg] Uof; hf/df hDdf 

ePsf] Uof; gfO6«f]hg g} xf] .

gfO6«f]hg Uof“;sf] cf}Bf]lus pTkfbg (Manufacture of Nitrogen gas)

t/n xfjfaf6 (From liquid air)

-of] kf7 t/n xfjfaf6 clS;hgsf] cf}Bf]lus pTkfbgdf lbOPsf] 5 ._

gfO6«f]hg Uof“;sf u'0fx¿ (Properties of Nitrogen gas)

-s_ ef}lts u'0fx¿ (Physical properties)

1. gfO6«f]hg Uof; /ªxLg, uGwxLg / :jfbxLg x'G5 .

2. gfO6«f]hg Uof; xfjfeGbf xn'sf] x'G5 .

lrq g+= 11.6 : k|of]u zfnfdf gfO6«f]hg Uof“; agfpg] ljlw
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3. gfO6«f]hg Uof; s]xL dfqfdf kfgLdf 3'Nb5 .

4. gfO6«f]hg Uof; t6:y x'G5 . To;}n] o;n] ln6d;df s'g} c;/ ub}{g .

5. gfO6«f]hg Uof; cfk}Fm aNb}g / c¿nfO{ aNg dbt klg ub}{g .

6. gfO6«f]hg Uof; -196°C tfkj|mddf t/n / -210°C tfkj|mddf 7f]; cj:yfdf 

kl/0ft x'G5 .

-v_ /f;folgs u'0fx¿ (Chemical properties)

gfO6«f]hgn] c¿ tŒjx¿;Fu ;lhn} k|ltlj|mof ub}{g . t}klg s]xL ljz]if cj:yfdf o;n] ljleGg 

kbfy{x¿;Fu k|ltlj|mof ub{5 . s]xL /f;folgs u'0fx¿ tn lbOPsf] 5 M

1. 2000°C b]lv 3000°C sf] tfkj|mddf ljB'tLo rfkdf (electric arc) gfO6«f]hgn] 

clS;hg;Fu /f;folgs k|ltlj|mof u/L gfOl6«s cS;fO8 agfpFb5 .

 electric arc
N2 + O2  2NO -gfOl6«s cS;fO8_

2. sl/a 450°C tfkj|md / 500 Atm jfo'd08nLo rfksf ;fy} Sof6fln:6 (Fe/Mo) sf] 

pkl:yltdf gfO6«f]hgn] xfO8«f]hg;Fu k|ltlj|mof u/L Pdf]lgof Uof; agfpFb5 .

 450°C ~ 500 atm
N2 + 3H2  2NH3 -Pdf]lgof Uof;_

3. DofUg]l;od, Pn'ldlgod, Sofnl;od cflb h:tf wft'x¿ afnL gfO6«f]hg Uof; ePsf] efF8fdf 

3';fpFbf lg/Gt/ anL g} /xG5 / wft'sf gfO6«fO8x¿ agfpFb5 .

 afNbf

3Mg + N2  Mg3N2

 DofUg]l;od gfO6«fO8

 afNbf

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 agfpg gfO6«f]hg 

Uof;sf] a9L k|of]u x'G5 .

2. Kofs]6sf vfg]s'/f lau|gaf6 arfpg Kofs]6df gfO6«f]hg Uof; el/G5 .
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3. lah'nL aTtLsf] aNaleq ePsf] 6ª\u:6]gsf] tf/nfO{ hNgaf6 /f]Sg aNaleq gfO6«f]hg Uof; 

el/G5 .

4. t/n gfO6«f]hgsf] tfkj|md -196.5°C ePsfn To;nfO{ /]lk|mh]/]6/ (refrigerator) lr;f] kfg{ 

k|of]u ul/G5 .

;Demg'kg]{ s'/fx¿

1. xfO8«f]hgnfO{ clS;hgsf] pkl:yltdf afNbf kfgL aGb5 .

2. xfO8«f]hgsf] k|of]un] jg:klt t]nnfO{ jg:klt l3pdf kl/0ft ul/G5 . o; k|lj|mofnfO{  

xfO8«f]lhg];g elgG5 .

3. xfO8«f]hg HjngzLn Uof; xf] . of] aNbf ‘pop’ cfjfh lbG5 .

4. clS;hg ePsf nj0f / wft'sf cS;fO8x¿nfO{ ttfpFbf clS;hg lg:sG5 .

5. t/n xfjfaf6 clS;hgsf] cf}Bf]lus pTkfbg ug{ ;lsG5 .

6. clS;hg Uof; s]xL dfqfdf kfgLdf 3'Nb5, ;f]xL clS;hg hnr/x¿n] Zjf; k|Zjf; ug{sf] 

nflu k|of]u ub{5g\ .

7. clS;hg Uof;n] Un'sf]h;Fu k|ltlj|mof u/L z/L/df zlSt pTkGg ub{5 .

8. Oxy-acetylene flame / Oxy-hydrogen flame nfO{ wft'x¿ sf6\g / hf]8\g (welding)
k|of]u ul/G5 .

9. ;f]l8od gfO6«fO6 / Pdf]lgod Snf]/fO8sf] ld>0fnfO{ ttfP/ gfO6«f]hg Uof; agfOG5 . 

10. gfO6«f]hg Uof; /f;folgs dn agfpg / ljh'nLsf] lkmnfd]G6 aNadf k|of]u ul/G5 . 

cEof;

-s_  tnsf ax'j}slNks k|Zgx¿sf] ;xL pQ/df l7s -_ lrx\g nufpg'xf];\ .

1. tnsf dWo] s'g Uof; kfgLdf k"0f{tof c3'ngzLn 5 <

 (i) gfO6«f]hg (ii) xfO8«f]hg   (iii) Pdf]lgof (iv) clS;hg

2. jg:klt t]naf6 jg:klt l3p agfpg] k|ltlj|mofnfO{ s] elgG5 < 

 (i) xfO8«f]lhg];g (ii) l/8S;g (iii) clS;8];g (iv) sfaf]{g];g

3. k|of]uzfnfdf tnsf dWo] s'g kbfy{nfO{ ttfP/ clS;hg Uof; agfOG5 <

 (i) KClO3 (ii)  CaCO3 (iii) H2O2 (iv) Fe2O3
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4. DofUg]l;odnfO{ gfO6«f]hg;Fu afNbf s'g of}lus aG5 < 

 (i) DofUg]l;od gfO6«]6 (ii) DofUg]l;od gfO6«fO6
 (iii) DofUg]l;od cS;fO8 (iv) DofUg]l;od gfO6«fO8

-v_ tnsf k|Zgx¿sf] pQ/ lbg'xf];\ M

1. k|of]uzfnfdf xfO8«f]hg Uof; s;/L agfOG5 < /f;folgs ;dLs/0f;d]t n]Vg'xf];\ .

2. k|of]uzfnfdf xfO8«f]hg Uof; agfpg ;fdu|L h8fg ul/Psf] ;kmf lrq agfO{ pSt 

Uof; agfpg] ljlw;d]t r/0fa4 ¿kdf n]Vg'xf];\ .

3. xfO8«f]hg Uof;sf] ef}lts u'0fx¿ s] s] x'g\ < s'g} rf/ cf]6f u'0fx¿ n]Vg'xf];\ .

4. xfO8«f]lhg];g eg]sf] s] xf] < xfd|f] b}lgs hLjgdf o;sf] s] dxŒj 5, n]Vg'xf];\ .

5. xfO8«f]hgsf s'g} rf/ pkof]lutfx¿ n]Vg'xf];\ .

6. lgDg kbfy{x¿;Fu xfO8«f]hgsf] k|ltlj|mof x'Fbf s'g s'g kbfy{ aG5g\ < ;Gt'lnt ;"q 

;dLs/0f;lxt n]Vg'xf];\ .

 (i) ;f]l8od (ii) clS;hg (iii) gfO6«f]hg (iv) km]l/s cS;fO8

7. k|of]uzfnfdf tfklagf clS;hg agfpg] ljlw ;lrq j0f{g ug'{xf];\ .

8. t/n xfjfaf6 clS;hgsf] cf}Bf]lus pTkfbg ug]{ tl/sf n]Vg'xf];\ .

9. clS;hgsf] s'g} rf/ cf]6f ef}lts u'0fx¿ n]Vg'xf];\ .

10. tkfO{FnfO{ s'g} Uof; hf/df lbOPsf] Uof; clS;hg xf] jf xf]Og kQf nufpg lbOPdf 

s;/L kQf nufpg'x'G5, n]Vg'xf];\ .

11. wft' / cwft'x¿ clS;hgsf] ;Dks{df aNbf s] x'G5, Ps÷Ps pbfx/0f;lxt k|:6 

kfg'{xf];\ .

12. clS;hg Uof;sf] dxŒjk"0f{ rf/ pkof]lutfx¿ n]Vg'xf];\ .

13. k|of]uzfnfdf gfO6«f]hg Uof; agfpg ;fdu|Lx¿ h8fg ul/Psf] ;kmf lrq lvRg'xf];\ . 

pSt Uof; agfpFbf x'g] /f;folgs k|ltlj|mofsf] ;Gt'lnt ;dLs/0f;d]t n]Vg'xf];\ .

14. gfO6«f]hg Uof;sf] k/LIf0f s;/L ul/G5, n]Vg'xf];\ .

15. clS;hg Uof; / gfO6«f]hgsf] /f;folgs k|ltlj|mofsf] ;Gt'lnt ;dLs/0f n]Vg'xf];\ .

16. gfO6«f]hgsf] ef}lts u'0fx¿ s] s] x'g\, n]vL o;sf s'g} rf/ cf]6f pkof]lutf pNn]v 

ug'{xf];\ .

17. tnsf /f;folgs ;dLs/0fx¿ k"/f ug'{xf];\ M

(i) 2H2 +  …………   2H2O
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  afNbf

(ii) Na + H2  ……………..

  tfk

(iii) ………………..   KCl + 3O2↑

  afNbf 
(iv) …………….+ O2  CO2 + 2H2O + energy

  biocatalyst 
(v) C6H12O6 + O2  ………….+  ……… + energy

  electricity
(vi) …………….  H2↑ + O2↑

  afNbf
(vii) 3Mg + N2  ………………..

(viii) 4P + 5O2  ………………..

kl/of]hgf sfo{

o; kf7df lbOPsf] k|of]uzfnfdf xfO8«f]hg, clS;hg / gfO6«f]hg Uof;x¿ agfpgsf] nflu rflxg] 

pks/0fx¿ afx]s :yfgLo :t/df pknAw ePsf j}slNks ;fdfgx¿ s] s] k|of]udf Nofpg ;lsG5 

hDdf kfg'{xf];\ . tL ;fdfgx¿ h8fg u/L Uof;x¿ s;/L agfpg ;lsG5 < lzIfssf] ;d]t ;xof]u 

lnP/ tL Uof;x¿ agfpg'xf];\ .

zAbfjnL

ljB't\ ljR5]bg M ljB't\sf] dbtn] of}lusnfO{ To;df /x]sf tŒjx¿df 6'j|mfpg] ljlw

Sofyf]8 M Aof6«Lsf] (battery) C0ffTds w|'jdf hf]l8Psf] ;'rfns 58÷kftf

Pgf]8 M Aof6«Lsf] wgfTds w|'jdf hf]l8Psf] ;'rfns 58÷kftf

xfO«f]lhg];g M Sof6fln:6sf] pkl:yltdf c;+t[Kt xfO8«f]sfa{gdf xfO8«f]hg yKg] ljlw

xfO8«f] sfa{g M xfO8«f]hg / sfa{gn] dfq ag]sf] of}lus h:t} CH4 -ldy]g_, C6H6 -a]lGhg_

afof]Sofoln:6 M z/L/leq Sof6fln:6sf] sfo{ ug]{ kbfy{

r'gkfgL M r'g (CaO) / kfgLsf] 3f]n jf Ca(OH)2
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PsfO

12
xfd|f jl/kl/sf j:t'x¿ ljleGg kbfy{x¿af6 ag]sf x'G5g\ h:t}M sf7, Knfl:6s, Unf;, tfdf, kmnfd, 

;'g, rfFbL cflb . o:tf kbfy{x¿ ls t tŒj x'G5g\ ls t of}lus . z'4 kbfy{x¿ -h;nfO{ tŒj elgG5_ 

nfO{ wft', cw{wft' / cwft' u/L ltg ju{df ljefhg ug{ ;lsG5 . efF8fs'F8f, df]6/, xjfO{ hxfh, 

6«]g, ljB'tLo pks/0fx¿df wft'sf] k|of]u ul/Psf x'G5g\ . tL j:t'x¿lagf xfd|f] hLjg ;xh ¿kdf 

rNg ;Sb}g . xfd|f] /utdf kfOg] wft' kmnfd / la?jfsf] Snf]/f]lkmn (chlorophyll) df kfOg] wft' 
DofUg]l;od gx'g] xf] eg] k[YjLdf sf]xL klg hLljt /xg] lyPg . olb xfd|f] z/L/df k|z:t h:tf wft' 

gx'g] xf] eg] s] x'G5 xf]nf < h:tfn] ubf{ g} gfssf] ;'£g] zlSt x'G5 . ;'£g] zlSt gx'g] xf] eg] hLjg 

ofkg uf/f] kb{5 . o:tf dxŒjk"0f{ wft'x¿sf] u'0fx¿ s:tf xf]nfg\ < s] cwft'n] wft'sf] sfd ug{ 

;S5 < wft' / cwft'df s] leGgtf 5 < xfd|f] hLjgdf wft'x¿sf] s] s] e"ldsf 5g\ < eGg]af/] o; 

PsfOdf cWoog ul/g] 5 .

wft'sf ;fdfGo u'0fx¿ (General properties of metals) 

cl3Nnf sIffx¿df s]xL wft' / cwft'x¿sf af/]df cWoog ug'{eof] . o; kf7df -ljleGg 

lj|mofsnfkx¿åf/f_ wft'sf u'0fx¿sf] cWoog ul/g] 5 . wft'sf u'0fx¿nfO{ ef}lts / /f;folgs 

u/L b'O{ k|sf/df ljefhg u/L cWoog u/f}F .

-s_ ef}lts u'0fx¿

wft'
(Metal)

wft'sf ef}lts 
u'0fx¿

tf/ h:tf] agfpg]
(Ductile)

lk6]/ kftf agfpg]
(Malleable)

6Nsg]
(Lusture)

;"rfns
(Good Condctor)

s8f
(Hard and Britle)

pRr pDng]
/ kUng] laGb'

(High mp and bp)
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dfly lbOPsf wft'sf ef}lts u'0fx¿nfO{ tnsf lgDg lj|mofsnfk u/L cWoog u/f}F . 

lj|mofsnfk 1 M wft'sf] s8fkg

sf7sf] 6'j|mf, tfdfsf] 6'j|mf, kmnfdsf] lsnf, Pn'ldlgodsf] efF8f], ;Nkm/, sf]Onf cflb j:t'x¿ xftdf 

lnO{ j|mdzM ltgLx¿nfO{ 5fd]/ s8fkg / g/dkgsf] k/LIf0f ug'{xf];\ . ltgLx¿nfO{ 6'j\|mofpg sf]l;; 

ug'{xf];\ / cfPsf] glthf tnsf] tflnsfcg';f/ sfkLdf n]Vg'xf];\ .

j:t'x¿ s8f jf g/d 6'j\|mofpg ;lsg] jf g;lsg] lgisif{

kmnfdsf] lsnf

sf]Onfsf] 6'j|mf

tfdfsf] 6'j|mf

Pn'ldlgodsf] efF8f

;Nkm/

s8f g;lsg]

dflysf] lj|mofsnfkaf6 s] :ki6 x'G5 eg] wft'x¿ s8f x'G5g\ . logLx¿nfO{ ;lhn} 6'j\|mofpg 

;lsFb}g . t/ ;a} wft'x¿ s8f x'Fb}gg\, h:t} ;f]l8od / kf]6fl;od . oL wft'x¿ g/d x'G5g\ / rSs'n] 

;lhn};Fu sf6\g ;lsG5 . ;fdfGo tfkj|mddf kf/f] t/n cj:yfdf kfOg] wft' xf] .

lj|mofsnfk 2 M wft'sf] 6lNsg] u'0f

h:tfsf] kftf, tfdfsf] ufu|L, ;'gsf uxgf, sf]Onf, sfuh, kmf]:kmf]/; cflb lnO{ ltgLx¿ s'g s'g 

6NsG5g\ < s'g s'g 6NsbF}gg\ cjnf]sg ug'{xf];\ . oL j:t'x¿nfO{ kfn}kfnf] kmnfdsf] lsnfn] sf]/]/ 

klg x]g'{xf];\ . ca tkfO{Fsf] glthf tnsf] tflnsfcg';f/ sfkLdf n]Vg'xf];\ .

j:t'x¿ 6lNsG5 jf 6lN“sb}g lgisif{

sf]Onf

tfdf

;Nkm/

h:tfsf] kftf

;'gsf] uxgf

sfuh

wft'x¿ 6lNsG5, h;nfO{ d]6flns n:r/ (metallic lustre) elgG5 . wft'df ePsf] :jtGq 

On]S6«f]gsf] sf/0fn] logLx¿ 6NsG5g\ . cwft'x¿ 6Nsb}Fgg\ .

lj|mofsnfk 3 M kftf agfpg ;lsg] u'0f 

Pp6f 3g (hammer) sf] dbtn] kfn}kfnf] dflysf] kbfy{x¿df lj:tf/} xfGg'xf];\ . s'g s'g kbfy{df 

s:tf] kl/jt{g cfof] /fd|f];Fu cjnf]sg ug'{xf];\ / ;f]xLcg'¿k tnsf] tflnsfdf eg'{xf];\ . of] 
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lj|mofsnfk ubf{ lzIfssf] lgu/fgLdf ug'{xf];\ .

j:t'x¿ wft'nfO{ lk6]/ kftfdf kl/0ft ug{ 

;lsG5 .

cwft'nfO{ kftfdf kl/0ft ug{ ;ls“b}g

wft'x¿ s8f eP klg ttfP/ 3gn] lk6\bf, lk6]sf 7fpF km/flsnf] x'Fb} hfG5 / cGtdf kftfdf kl/0ft 

x'G5 . oxL u'0fn] ubf{ g} wft'nfO{ ljleGg j:t'x¿sf] lgdf{0f ug{ k|of]u ul/G5 . of] u'0fnfO{ kftf 

agfpg ;lsg] u'0f (mallealibity) elgG5 .  

lj|mofsnfk 4 M tf/ agfpg] u'0f (Ductility)

dfly rrf{ ul/Psf jf cGo s'g s'g wft'af6 nfdf] tf/ agfPsf] b]Vg'ePsf]] 5 < l6kf]6 u/L sIffdf 

;fyLx¿lar 5nkmn ug'{xf];\ . ca lgisif{ tnsf] tflnsfdf eg'{xf];\ .

j:t'x¿ wft'nfO{ tfg]/ dl;gf] tf/df 

kl/0ft ug{ ;lsG5 .

cwft'x¿af6 tf/ agfpg 

;ls“b}g

wft'nfO{ lj:tf/} tGsfP/ tf/ agfOG5 . o;f] ubf{ wft'sf] 

u'0fx¿df s]xL km/s b]lvFb}g . wft'nfO{ tGsfpFbf wgfTds 

rfh{ ePsf cfof]gx¿ / rflxFbf] dfqfdf On]S6«f]gx¿ 

lj:tf/} tflgFb} hfG5 / nfdf] tf/sf] ¿kdf kl/0ft x'G5 .

wft'sf] tf/ agfpg ;lsg] u'0fnfO{ l8lS6ln6L (ductility) 
elgG5 .

lj|mofsnfk 5 M ljB't\sf] ;'rfns u'0f

Pp6f 8fO;]n (dry cell), tf/ / Pp6f ;fgf] lrd (bulb) lng'xf];\ / tnsf] lrqdf b]vfOP h:t} 

u/L hf]8\g'xf];\ . 

tkfO{FnfO{ yfxf 5 <
clxn] ;+;f/df ;a}eGbf a9L ;]ldsG8S6/ 
(semiconductor) sf] ¿kdf k|of]u x'g] 
kbfy{ u|flkmg xf] . of] tf}ndf x'n'sf x'g'sf] ;fy} 
kf/bzL{ x'G5 . t/ l:6neGbf 100 u'0ffn] 
alnof] x'G5 . ;g\ 2003 df u|flkmgnfO{ klxnf] 
k6s k|of]uzfnfdf lgdf{0f ul/Psf] lyof] .

lrq g+= 12.1 :  wft'sf] ljB'tLo ;'rfns u'0f

aNa aNa

;'rfns 
tf/

;'rfns 
tf/

vfnL 7fp“df j:t'x¿ /fVg] kmnfdsf] lsnf

++ - + - + --
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sfuh, ;Nkm/, tfdf, kmnfd, Pn'ldlgod, sf7 cflb j:t'x¿nfO{ kfn}kfnf] u/L ljB't\ kl/kysf] 

vfnL 7fpFdf tf/;Fu hf]8\g'xf];\ . s'g s'g j:t' hf]8\bf aNa aN5 < cjnf]sg u/L tnsf]tflnsfdf 

eg'{xf];\ . h'g j:t' hf]8\bf aTtL aN5, tL wft' x'g\ / wft'n] ljB't\ k|jfx ug{ ;Sb5 egL ;fyLx¿;Fu 

5nkmn u/L tnsf] tflnsfcg';f/ sfkLdf n]Vg'xf];\ .

ljB't\ k|jfx ug]{ j:t'x¿

ljB't\ k|jfx gug]{ j:t'x¿

lj|mofsnfk 6 M tfksf] ;'rfns u'0f

Pp6f d}gaTtL / ;nfO{ lng'xf];\ . l:6nsf] rDrf, Pn'ldlgodsf] 8f8', kmnfdsf] lsnf, k]lG;n, sf7sf] 

6'j|mf cflb j:t'x¿nfO{ kfn}kfnf] u/L Pp6f 5]pdf ;dftL aln/x]sf] d}gaTtLdf ttfpg'xf];\ . o;/L 

Ps 5]pdf ttfpFbf csf]{ 5]pdf tftf] eof] ls ePg lzIfssf] lgu/fgLdf 5f]P/ x]g'{xf];\ / tnsf] 

tflnsfcg';f/ sfkLdf n]Vg'xf];\ .

j:t'x¿ tfk kl/jxg ub{5÷ub}{g lgisif{

wft'x¿sf] k/df0f'lar alnof] cfsif{0f x'g] ePsfn] ltgLx¿ alnof / s8f x'G5g\ . To;}n] wft'x¿sf] 

kUng] (melting point) / pDng] tfkj|md (boiling point) w]/} x'G5 . s]xL wft'x¿sf] kUng] / 

pDng] tfkj|md tn lbOPsf] 5 .

wft'x¿ kUng] tfkj|md pDng] tfkj|md
Mg
Al
Fe
Cu

650°C
660°C
1535°C
1083°C

1107°C
2467°C
2750°C
2567°C

t/ ;f]l8od / kf]6fl;odsf] kUng] / pDng] tfkj|md c¿ wft'x¿sf] eGbf lgs} sd x'G5 .

wft'x¿ kUng] tfkj|md pDng] tfkj|md

Na
K

97.79°
63.5°C

882.94°C
759°C

klUnPsf] cj:yfdf s]xL wft'x¿nfO{ Ps cfk;df 

ld;fOlbof}F eg] /f;folgs kl/jt{g geO{ 5'6\6} u'0fx¿ 

ePsf] ;dfg ld>0f (homogenous mixture) aGb5, 

h;nfO{ ldl>t wft' (alloy) elgG5, h:t} M lkQn .

tkfO{“nfO{ yfxf 5 <

lkTtn eg]sf] tfdf / h:tfsf] ld>wft' 
(alloy) xf] . lkTtn, tfdf / h:tfeGbf 
s8f, alnof] / sd ;lj|mo x'G5 . ldl>t 
wft'x¿sf] ef}lts u'0fx¿ wft'x¿sf] h:t} 
x'G5g\ . ;a} wft'x¿n] ldl>t wft' agfpg 
;Sb}gg\ . ldl>t wft' aGgsf] nflu ld;fOPsf 
wft'x¿sf] ;dfg ld>0f aGg'kb{5 .
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lj|mofsnfk 7 M Wjlg pTkGg x'g] u'0f

Pp6f s;f}F8L / 58 lng'xf];\ . s;f}F8Ldf 58n] lxsf{pg'xf];\ . s:tf] cfjfh cfof] ;'Gg'xf];\ . of] 

cfjfh / ;fOsnsf] 3G6Lsf] cfjfh cyjf sIff ;'? jf cGTo ePsf] hgfp lbg] 3G6Lsf] cfjfhdf 

s] ;dfgtf 5, sIffsf]7fdf 5nkmn ug'{xf];\ . wft'nfO{ lxsf{pFbf l6ª\u cfjfh cfpF5, h;nfO{ ;f]gf]/; 

(sonorous) elgG5 .

wft'sf /f;folgs u'0fx¿ (Chemical properties of metals)

wft'x¿n] xfjf, Pl;8 / c¿ wft'sf 3f]nx¿;Fu s;/L k|ltlj|mof ub{5 egL cWoog ug{ lzIfssf] 

lgu/fgLdf tnsf lj|mofsnfkx¿ ;d"xdf ljefhg eO{ ug'{xf];\ .

lj|mofsnfk 8 

cfjZos ;fdfu|Lx¿ M dfUg]l;od Ps 6'j|mf, lrD6f (tong), l:kl/6 NofDk (spirit lamp), ln6d; 

k]k/, kfgL, Pp6f 6]:66\o'a, ;]tf] sfuh .  

jg{/sf] d'lg ;]tf] sfuh cf]5\ofpg'xf];\ / jg{/ afNg'xf];\ . lrD6fsf] ;xfotfn] DofUg]l;dsf] 

Ps 5]pdf ;dftL afNg'xf];\ . an]sf] wft'af6 olb s'g} kbfy{ ag]sf] 5 eg] 6]:66\o'adf hDdf 

kfg'{xf];\ . 6]:66\o'adf hDdf kf/]sf] kbfy{sf] /ª / uGw cjnf]sg u/L yf]/} kfgL /fvL 6]:66\o'anfO{ 

xNnfpg'xf];\ . kbfy{sf] 3f]ndf ln6d; k]k/ 8'afpFbf s] eof], cjnf]sg u/L sIffdf 5nkmn 

ug'{xf];\ .

wft'x¿nfO{ xfjfdf -clS;hg_ afNbf wft'sf cS;fO8x¿ aGb5g\ / tL cS;fO8x¿ a]l;s 

x'G5g\, h:t} M

 afNbf

4Al + 3O2   2Al2O3

    Pn'ldlgod cS;fO8

 afNbf

2Mg + O2  2MgO
 DofUg]l;od cS;fO8

 afNbf

2Cu + O2  2CuO
 sk/ cS;fO8
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lj|mofsnfk 9 

DofUg]l;od, Pn'ldlgod, sk/ / kmnfdsf 

Ps Ps 6'j|mf, rf/ cf]6f 6]:66\o'a, lkmsf 

xfO8«f]Snf]l/s Pl;8 10ml hDdf kfg'{xf];\ . 

x/]s 6]:66\o'adf 2/2 ml lkmSsf Pl;8 

/fVg'xf];\ / hDdf kf/]sf wft'sf 6'j|mfx¿nfO{ 

j|mdzM cDn ePsf] 6]:66\o'adf /fVg'xf];\ . s'g 

s'g wft'n] cDn;Fu k|ltlj|mof u¥of], cjnf]sg 

ug'{xf];\ . ;lj|mo wft'n] lkmSsf Pl;8;Fu k|ltlj|mof ubf{ nj0f / xfO8«f]hg UofF; aGb5 .

 Mg + 2 HCl   MgCl2 + H2

 2Al + 6 HCl  2AlCl3 + 3H2

 2Fe + 6 HCl  2FeCl3 + 3H2

lj|mofsnfk 10

sk/ ;Nkm]6 (copper sulphate) / km]/; ;Nkm]6 (ferrous sulphate) sf] ;+t[Kt 3f]n 20/20 
ml, b'O{ cf]6f las/ jf Unf;, Ps cf]6f kmnfdsf] lsnf, Ps 6'j|mf ;kmf tfdfsf] tf/, nfdf] wfuf] 

lng'xf];\ .

Pp6f las/df sk/ ;Nkm]6 / csf]{ las/df km]/; ;Nkm]6sf] 3f]n /fVg'xf];\ . ca wfufsf] dbtn] 

kmnfdsf] lsnf sk/ ;Nkm]6sf 3f]ndf / tfdfsf] tf/nfO{ km]/; ;Nkm]6sf] 3f]ndf 8'afpg'xf];\ . Ps 

l5gkl5 b'j} wft'x¿nfO{ 3f]naf6 lgsfNg'xf];\ / cjnf]sg u/L sIffdf 5nkmn ug'{xf];\ . kmnfdsf] 

lsnf lsg sk/sf] h:tf] b]lvPsf] xf]nf < tfdfsf] tf/df s]xL klg kl/jt{g gcfpg'sf] sf/0f s] 

xf]nf < k|Zgx¿ lzIfs;Fu 5nkmn u/L sf/0f kQf nufpg'xf];\ / ;xL /f;folgs ;dLs/0f;lxt 

k|:t't ug'{xf];\ .

a9L ;lj|mo wft'n] sd ;lj|mo wft'nfO{ -sd ;lj|mo wft'sf] of}lussf] 3f]naf6_ lj:tflkt ub{5 .

A -wft'_ + B -wft'sf] 3f]n_ → B -wft'_ + A -wft'sf] 3f]n_

dflysf] cjnf]sgsf] cfwf/df kmnfd / tfdfdf s'g a9L ;lj|mo 5, kQf nufpg'xf];\ . 

wft' / cwft'lar km/s (Differences between metals & non metals)

dflysf lj|mofsnfkx¿sf] cfwf/df wft' / cwft'larsf] leGgtfnfO{ lgDgfg';f/ a'Fbfut ¿kdf 

cWoog ug{ ;lsG5 .

tkfO{“nfO{ yfxf 5 <
xfdLn] kmnfddf lvof nfu]sf] b]v]sf 5f}“ . kmnfd lvof 
nfUof] eg] kmnfdsf] aflx/L efu v}/f] kbfy{n] 9fSb5 . 
s] tfdfdf klg lvof nfUg ;Sb5 < tfdf 6lNsg], 
/ftf], v}/f], wft' xf] t/ s]xL lbg xfjf / kfgLsf] 
;Dks{df 5f]8\g] xf] eg] Ps k|sf/sf] xl/of] kbfy{ 
hDdf x'g yfNb5 . of] xl/of] kbfy{ sk/sf] ;Nkm]6, 
xfO8«f]S;fO8 / sfaf]{g]6sf of}lusx¿ x'g\ .
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j|m=;+= u'0f wft' cwft'

1. s8fkg s8f / 6S|ofpg ;lsFb}g . g/d / 6'S|ofpg ;lsG5 .

2. kftf agfpg] u'0f lk6]/ kftf agfpg ;lsG5 . lk6]/ kftf agfpg ;lsFb}g .

3. nfdf] tf/ agfpg] u'0f nfdf] tf/ agfpg ;lsG5 . nfdf] tf/ agfpg ;lsFb}g .

4. ljB't\sf] rfnsTj ljB't\sf] ;'rfns x'G5 . ljB't\sf] s'rfns x'G5 .

5. tfksf] rfnsTj tfksf] ;'rfns x'G5 . tfksf] s'rfns x'G5 .

6. pDng] / kUng] laGb' b'j} pRr x'G5 t'ngfTds ¿kdf sd x'G5 .

hLjx¿df wft'sf] e"ldsf (Role of Metals in Organisms)

hLjx¿sf] z/L/df d'Votof 6 cf]6f cwft'x¿ C, H, N, O, P / S kfOG5g\ . tL cwft'x¿sf] 

cltl/St hLjx¿sf] z/L/df Na, K, Ca, Zn, Mg, Fe, Cu, h:tf wft'x¿ klg /x]sf 

x'G5g\ . o:tf wft' jf cwft'x¿ ljleGg of}lussf] ¿kdf /x]sf x'G5g\ . o:tf tŒjx¿af6 k|f]l6g, 

Go'lSns Pl;8 (nucleic acid), lnlk8; (lipids) cflb kbfy{x¿sf] lgdf{0f ePsf x'G5g\ . tL 

tŒjx¿nfO{ h}ljs ck|fª\ufl/s tŒj (biological inorganic elements) elgG5 . ;qf}F ztfAbLdf 

g} /utdf kmnfd x'G5 eGg] kQf nflu;s]sf] lyof] . j|mdzM cGo tŒjx¿sf] klg hLjsf] z/L/df 

dxŒjk"0f{ e"ldsf x'g] s'/f kQf nfUb} uof] . hLjx¿df dfly plNnlvt 5 cf]6f d'Vo cwft'x¿ afx]s 

Na, Mg, K, Ca h:tf tŒjx¿ w]/} dfqfdf x'G5g\ eg] Mn, Fe, Co, Cu, Zn, Mo tŒjx¿ yf]/} 

dfqfdf dfq x'G5g\ . tLafx]s afFsL c¿ tŒjx¿ lgs} yf]/} dfqfdf /x]sf x'G5g\ .

OGhfOddf lhGs (Zinc in Enzyme) 

hLjx¿sf] z/L/df lhGs lgs} yf]/} dfqfdf kfOg] ePklg of] w]/} dxŒjk"0f{ tŒjsf] ¿kdf 

/x]sf] x'G5 . dfgj z/L/sf] sl/a 300 cf]6f OGhfOddf lhGs kfOG5 . Ps jo:s dflg;sf] 

z/L/df sl/a 2 b]lv 3 u|fd;Dd lhGs x'G5 . z/L/sf ;a} cª\ux¿df sf]if, tGt', xf8, hLj/; 

cflbdf lhGs kfOG5 . z/L/sf] 90 k|ltzt lhGs df+zk]zL / xf8df /x]sf] x'G5 eg] k|f]:6]6 UnfG8 

(prostate gland) / l;d]g (semen) df w]/} dfqfdf (high concentration) lhGs /x]sf] 

x'G5 . To;}u/L cfFvfsf] /]l6gfdf (retina) klg w]/} dfqfdf lhGs kfOG5 . pd]/;Fu} cfFvfdf lhGssf] 

dfq sd x'Fb} hfG5 / cGttM cfFvf wldnf] x'Fb} hfg] x'G5 . z/L/df lhGs tŒjsf] ¿kdf geO{sg 

of}lus / cfof]gsf] ¿kdf /x]sf] x'G5 .

dfgj z/L/df lhGssf] e"ldsf

1. ue{sf] e|"0fsf] ljsf; ug{÷;fgf aRrfx¿ / jo:sx¿sf] prfO, tf}n / xf8sf] ljsf; ug{ 

2. k'/mifx¿sf] k|hgg zlSt a9fpg / dlxnfx¿df dlxgfjf/L lgoldt u/fpg
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3. z/L/sf] k|l//Iff zlSt a9fpg h:t}M lgdf]lgof, emf8f kvfnf / c¿ ;ª\j|md0faf6 aRg

4. :jfb lng / ;'F£g 

5. Pgf]/]slhof (anorexia) /f]u -vfg dg gnfUg]_ sf] pkrf/ ug{

6. 5fnfsf] gofF sf]if l56f] agfpg, 3fp, vl6/f lgsf] kfg{

7. ;f]l/ofl;; (psoriasis) / Go'/f]8/dfOl6; (neurodermitis) sf] pkrf/ ug{

;f]l8od / kf]6fl;od cfof]gsf] dxŒj (Importance of Sodium and Potassium Ions)

z/L/leq kfOg] wft'x¿dWo] ;f]l8od / 

kf]6fl;od wft'x¿sf] lgs} dxŒj 5 . 

tL wft'x¿ sf]ifleq / aflx/ cfof]gsf] 

¿kdf /x]sf x'G5g\ . cfof]gx¿df rfh{ 

x'g] ePsfn] :gfo' k|0ffnLn] wft'x¿sf 

cfof]gsf] pkl:yltdf dfq} sfd 

ug{ ;Sb5 . sf]ifdf x'g] ;f]l8od / 

kf]6fl;od cfof]gx¿sf] cfbfgk|bfgn] ubf{ 

z/L/df dxŒjk"0f{ k|lj|mofx¿ eO/x]sf] 

x'G5 . sf]ifsf] aflx/ /x]sf ;f]l8od 

cfof]gx¿ sf]ifleq l55{ / kf]6fl;od cfof]gx¿ sf]ifaf6 aflx/ lg:sG5 . of] k|lj|mof Ps};fy 

eO/x]sf] x'G5, h;nfO{ ;f]l8od kf]6fl;od kDk (Na+/K+-pump) elgG5 . of] k|lj|mof z/L/sf] 

lgs} dxŒjk"0f{ k|lj|mof xf] . o;} sf/0f :gfo' k|0ffnLdf ePsf Go'/f]g (neurons) n] dl:tis;Fu ;"rgf 

cfbfgk|bfg u5{, h;af6 d'6'sf] w8\sg lgoldt ug]{, z/L/sf] tfkj|md lgolGqt ug]{, df+zk]zLnfO{ 

r':t b'?:t /fVg], sf]ifleqsf] 3f]nsf] pH lgoGq0f ug]{ cflb sfo{ x'G5 .

;f]l8od / kf]6fl;od kDk lgoldt ePg eg] z/L/df dfOu|]g (migrain) x'g], df+zk]zL a9L 

v'Drg] jf tlGsg] (spasm), kf/fnfOl;; (paralysis) cflb ;d:of b]vfk5{ . To;}n] z/L/df 

;f]l8od / kf]6fl;od wft'sf cfof]gx¿ l7s dfqfdf x'g' cfjZos x'G5 .

kf/f] (Hg) / l;;f (Pb) n] kfg]{ gsf/fTds c;/ (Harmful Effect of Mercury and Lead) 

kf/f] (Mercury)

kf/f]sf] ljiffSt c;/nfO{ xfO8«flhl/of (hydrargyria) cyjf dSo'[l/oflnHd (mercurialism) 
elgG5 . kf/f]sf] Ps yf]kfn] klg /utsf g;fx¿ aGb x'g] / d[To';d]t x'g ;Sb5 . kf/f]sf 

of}lusx¿n] dl:tisdf Iflt k'¥ofpF5 . o;sf ;fy} x]g]{, ;'Gg] / af]Ng] zlStnfO{ lgs} sdhf]/ 

tkfO{FnfO{ yfxf 5 <
Na+ / K+ cfof]gn] d'6'nfO{ Ps ldg]6df 60 b]lv 
100 k6s w8\sfpg dbt ub{5 . s'g} sf/0fjz d'6'sf] 
38\sg 60 eGbf tn em¥of] eg] d'6'df s]xL v/faL 5 eGg] 
a'lemG5 . o:tf] l:yltdf d'6'nfO{ w8\sfpg z/L/sf] bfof“lt/ 
leq Pp6f ;fgf] Jof6«L /flvG5, h;nfO{ pacemaker 
elgG5 . pacemaker af6 b'O{ cf]6f tf/x¿ d'6';Dd k'¥of“OG5 
/ o;n] s[lqd tl/sfn] d'6' w8\sfp“b5, h;n] ubf{ d'6'n] 
rflx“bf] dfqfdf /utnfO{ z/L/sf] ljleGg efudf k'¥ofpg 
;Sb5 .



142 lj1fg, sIff 9

agfpF5 . To:t} u/L lduf}{nf / kmf]S;f]nfO{ klg Iflt k'¥ofpF5 . ue{df /x]sf lzz'x¿nfO{ klg 

kf/f]n] c;/ k'¥ofpFb5 . kf/f]sf of}lusx¿ Knf;]G6f (placenta) af6 ;lhn} l5b{5 / lzz'sf] j[l4 

ljsf;df g/fd|f] c;/ k'¥ofpF5 . o;n] lzz'x¿sf] dl:tissf] ljsf;df klg gsf/fTds c;/ 

kfb{5 .

l;;f (Lead)

l;;fn] z/L/sf k|foM ;a} cª\udf Iflt k'¥ofpFb5 . h;/L pkof]uL wft'x¿ ljleGg cª\udf km}lnG5g\, 

To;/L g} l;;f klg km}lnG5 . o;n] dl:tisnfO{ ;a}eGbf a9L c;/ kfb{5 . afn aflnsfx¿df o;sf] 

c;/ l56} x'G5 . 6fpsf] / k]6 b'Vg], :jefjdf kl/jt{g cfpg], Plgldof x'g], dl:tis ljsf; gx'g] 

cflb ;d:ofx¿ b]lvG5g\ . /utdf ePsf] l;;fn] ubf{ /utn] clS;hg lng ;Sb}g / Plgldofsf] 

nIf0f b]vfkb{5 . l;;f ;a}eGbf a9L xf8df y'lk|G5, h;n] ubf{ /utsf sf]ifx¿ aGg / SoflN;odnfO{ 

;f];]/ lngaf6 al~rt ub{5 / xf8x¿ sdhf]/ agfpFb5 . To;}n] kf/f] / l;;f h:tf wft'x¿ ePsf 

j:t'x¿af6 6f9} /xg'kb{5 .

;Demg'kg]{ s'/fx¿

1. wft'x¿ 6lNsg] (lusturous), s8f (hard), ;lhnf];Fu g6'j|mg] (non-brittle), l6ª\u aHg] 
(sonorous), kftf agfpg ;Sg] (malleable), tf/ agfpg ;Sg] (ductile), tfk / ljB't\ 
kl/jxg ug]{ (conduct heat and electricity), pRr tfkj|mddf klUng] / plDng] (high 
melting and boiling point) h:tf ef}lts u'0fx¿ ePsf kbfy{x¿ x'g\, h:t} Pn'ldlgod, 

kmnfd, tfdf, lhGs cflb .

2. cwft'x¿ g6lNsg] (non lustrous), 7f]; cj:yfdf g/d (soft), ;lhn};Fu 6'lj|mg] (brittle), 
l6ª\u gaHg] (non sonorous), kftf agfpg g;lsg] (non malleable), tf/ agfpg 
g;lsg] (non ductile), tfk / ljB't\ kl/jxg ug{ g;Sg] (non conductor of heat and 
electricity), sd tfkj|mddf klUng] / plDng] (low melting and boiling point) h:tf 

ef}lts u'0fx¿ ePsf kbfy{x¿ x'g\ . pbfx/0fx¿ sfa{g, ;Nkm/, kmf]:kmf]/; cflb .

3. clS;hgsf] pkl:yltdf wft'x¿ aN5 / wft'sf cS;fO8x¿ agfpF5g\ .

 afNbf
2Mg + O2  2MgO

4. wft'x¿n] lkmSsf cDn;Fu k|ltlj|mof u/L nj0f / xfO8«f]hg agfpF5g\ .

Zn + 2 dil HCl  ZnCl2 + H2↑

5. Cu, Ag, Au / Pb n] lkmSsf cDn;Fu k|ltlj|mof ub}{g .
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6. ;lj|mo wft'x¿n] sd ;lj|mo wft'x¿sf] of}lussf] 3f]naf6 sd ;lj|mo wft'nfO{ lj:yflkt 

ub{5 . t/ sd ;lj|mo wft'x¿n] ;lj|mo wft'x¿sf] of}lussf] 3f]naf6 ;lj|mo wft'x¿ lj:yflkt 

ug{ ;Sb}gg\ .

Fe + CuSO4   FeSO4 + Cu

Cu + FeSO4  no reaction

7. C, H, N, O, P / S afx]s hLjx¿ afFRgsf] nflu h}ljs ck|fª\ufl/s tŒjx¿ (biological 
inorganic elements) sf] 7'nf] e"ldsf x'G5 . h:t}M Na, K, Zn, Ca, Fe, Mo, Cu cflb .

8. lhGs dfgj z/L/sf] sl/a #)) cf]6f PGhfOdx¿df kfOG5 . lhGs wft' sf]if, tGt', xf8, 

hLj/; cflbdf kfOG5 / ;fy} postrate gland / semen df lhGs w]/} dfqfdf (high 
concentration) /x]sf] x'G5 .

9. kf/f] / l;;f xfd|f] z/L/sf nflu xflgsf/s x'G5 . To;}n] o:tf kbfy{x¿ z/L/df k|j]z ug{  

glbg jftfj/0fLo k|b"if0f sd ug'{k5{ .

cEof;

-s_ tnsf ax'j}slNks k|Zgx¿sf] ;xL pQ/df l7s -_ lrx\g nufpg'xf];\ M

1. wft'df tnsf dWo] s'g u'0f x'Fb}g <

 (i) tfksf] ;'rfns  (ii) s8f

 (iii) ;lhn} 6'lj|mg]  (iv) tf/ h:tf] agfpg ;lsg]

2. ;fdfGo tfkj|mddf t/n cj:yfdf x'g] wft' tnsf dWo] s'g xf] <

 (i) l;;f÷ln8 (ii) kf/f] (iii) a|f]ldg (iv) Kn]l6gd

3. tnsf dWo] s'g wft' xfd|f] z/L/sf] nflu xflgsf/s 5 <

 (i) Pb (ii)  Ca (iii) Zn (iv)  Fe

4. wft'n] s/]G6sf] k|jfx ug{ ;S5 . wft'sf] o; u'0fsf] d'Vo sf/0f tnsf dWo] s'g 

xf] < 

 (i) wft'df :jtGq On]S6«f]g x'g' (ii) wft'df On]S6«f]g lng] Ifdtf x'g'

 (iii) wft'sf] k/df0f'sf] aflx/L ;]n k"0f{ x'g' (iv) wft'sf k/df0f'x¿ rfndf x'g'
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-v_ tnsf k|Zgx¿sf] pQ/ lbg'xf];\ M

1. wft'x¿sf ef}lts u'0fx¿ s] s] x'g\ < s'g} b'O{sf] pbfx/0f;lxt JofVof ug'{xf];\ .

2. wft' / cwft'lar s'g} kfFr cf]6f leGgtf n]Vg'xf];\ .

3. cfof]l8g wft'x¿ h:t} 6lNsG5 t/ wft' eg] xf]Og, o;sf cfwf/x¿ s] s] x'g\ <

4. …wft'x¿ ljB't\sf] ;"rfns x'g\Ú eGg] s'/f s;/L k|dfl0ft ug{ ;lsG5, k|:6 ug'{xf];\ .

5. wft'x¿sf] klUng] / plDng] tfkj|md a9L x'G5 eGg] s'/fnfO{ sf/0f;lxt :ki6 

kfg'{xf];\ .

6. wft'sf s'g} ltg cf]6f /f;folgs u'0fx¿ n]vL k|To]ssf] Ps Ps cf]6f pbfx/0f 

lbg'xf];\ .

7. kmnfddf tfdf n]kg ug{ ;lsG5 t/ rfFbLdf ;lsFb}g, sf/0f;lxt :ki6 kfg'{xf];\ .

8. dfgj z/L/df lhGssf] sdLaf6 x'g ;Sg] s'g} ltg cf]6f /f]ux¿af/] pNn]v ug'{xf];\ .

9. dfgj z/L/df ;f]l8od / kf]6fl;od cfof]gx¿sf] s:tf] e"ldsf x'G5, n]Vg'xf];\ .

10. dfgj z/L/df kf/f] / l;;fn] kfg{ ;Sg] b'O{÷b'O{ cf]6f gsf/fTds c;/ n]Vg'xf];\ .

kl/of]hgf sfo{

cfk\mgf jl/kl/sf ljleGg j:t'x¿ ;ª\sng u/L wft' / cwft'df 5'6\ofpg'xf];\ / wft'sf s]xL u'0fx¿ 

k|of]u u/L x]g'{xf];\ . cfkm"n] k|of]u u/]/ x]/]sf u'0fx¿sf] sIffsf]7fdf 5nkmn ug'{xf];\ . wft'sf] u'0fx¿ 

k|of]u ubf{ lzIfssf] dbt lng ;Sg'x'G5 .

zAbfjnL

ld>wft' (alloy) : b'O{ jf b'O{eGbf a9L wft'sf] ;dfg ld>0f h:t} M lkQn, sfF; cflb

lrD6f (tong) : k|of]u zfnf s'g} j:t' ;dfTg k|of]u ug]{ Ps cfsf/sf] pks/0f 

lnlk8 (lipids) : lrNnf] kbfy{ h:t} t]n, l3p, d}g (wax) cflb

OGhfOd (enzyme) : z/L/leq h}ljs k|lj|mof l56f] agfpg] pTk|]/s kbfy{ 

k|f]:6]6 u|GyL (prostate gland) : lk;fa y}nL / k'/mif hg]lGb|osf] larsf] y}nL 

l;ldg (semen) : jLo{
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PsfO

13

…sfa{gÚ zAb Nofl6g efiffaf6 cfPsf] xf], h;sf] cy{ x'G5 …rf/sf]nÚ (charcoal) . k/fk"j{ 

sfnb]lv g} dflg;x¿ rf/sf]n / WjfF;f] (sooty) ;Fu kl/lrt lyP . tL kbfy{x¿ sfa{gsf k|sf/x¿ 

x'g\ . To:t} sf]Onf (coal), kTy/ sf]Onf (coke) sf] af/]df klg dflg;n] w]/} cufl8 g} yfxf 

kfO;s]sf lyP . kl5 dflg;x¿n] sfa{gaf6 dfq} ag]sf lx/f (diamond) / u|fkmfO6 (graphite) 
klg kQf nufP . tL kbfy{x¿ k|fs[lts ¿kdf k|fKt ug{ ;lsG5 . kl5Nnf] 20 jif{b]lv sfa{gsf] c¿ 

ljleGg kbfy{x¿ kQf nfu]sf 5g\, h;sf] k|of]un] ljZjn] gofF km8\sf] dfg]{ j}1flgsx¿sf] bfaL 5 .

sfa{g Ps c;fdfGo cwft' tŒj xf], h;n] rf/ cf]6f c¿ sfa{g;Fu sf]EofnG6 aG8 agfpF5 / c¿ 

tŒjx¿;Fu klg ;lhn};Fu sf]Eofn]G6 aG8 agfpg ;Sb5 . sfa{gsf] o;} u'0fsf sf/0f xfn;Dd 

sl/a Ps s/f]8 sfa{go'St of}lusx¿ ljZj;fd' 5g\ . To;f] eP sfa{gsf u'0fx¿ s:tf 5g\ xf]nf . 

sfa{go'St of}lusx¿ s:tf xf]nfg\ . o; PsfOcGtu{t o:t} ljifo j:t'sf af/]df xfdL cWoog ug]{ 

5f}F .

;fwf/0f j:t'x¿df ePsf] sfa{g (Carbon in Common Materials) 

sfa{g x/]s ;hLj j:t'x¿sf] agf]6sf] cfwf/ xf] . xfd|f] z/L/sf] lz/b]lv k}tfnf;Dd htf;'s} 

sfa{gsf ljleGg of}lusx¿ kfOG5g\ . xfdLn] nufpg] sk8f, sIffsf]7fsf] d]r, 6]a'nx¿df sfa{gsf 

of}lus 5 ls 5}gg\ xf]nfg\ . Psl5g ;f]rf}F g . la?jf / hgfj/ tyf logx¿af6 aGg] ;a} kbfy{x¿df 

sfa{g kfOG5 . 

;fwf/0ftof sfa{gsf] /ª sfnf] x'G5 / xfjfdf ;lhn};Fu aNb5 . sfa{g aNbf sfnf] d':nf] (sooty 
flame) jf w'Fjfsf ;fy} tfk / k|sfz klg lg:sG5 . olb s'g} j:t' afNbf sfnf] d':nf] jf w'Fjf 

lg:sG5 / an]/ afFsL ePsf] 7f]; kbfy{ sfnf] x'G5 eg] To; kbfy{df sfa{g 5 egL yfxf x'G5 .

lj|mofsnfk 1

s]xL ;fdu|Lx¿ hDdf kfg'{xf];\ h:t} sf7sf] 6'j|mf -jf l;Gsf_, lrgL, vfg]t]n, l3p, dl6t]n, lrD6f 

(tong), rDrf (spatula), ag{/, ;nfO{ / tnsf lj|mofsnfkx¿ ug'{xf];\ M

1. ;j{k|yd sf7sf] 6'j|mfnfO{ lrD6fn] ;dft]/ afNg'xf];\ / cjnf]sg ug'{xf];\ .

2. rDrfdf kfn}kfnf] vfg]t]n, l3p, dl6t]n /fvL afNg'xf];\ / cjnf]sg ug'{xf];\ .

sfa{g / o;sf of}lusx¿
(Carbon and its Compounds)
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3. rDrfdf clnslt lrgL /fv]/ ttfpg'xf];\ / la:tf/} cjnf]sg ub}{ hfg'xf];\ . lrgL s] eof] / 

/ªdf s:tf] kl/jt{g cfof] . lrgLsf] /ª s:tf] x'Fbf ld7f] af:gf cfof] . of] cj:yfdf lrgL 

Sof/fd]n (caramel) df kl/0ft x'G5 / cGtdf lrgL s] eof] . lrgL ttfP/ afFsL ePsf] 

gld7f] uGw ePsf] sfnf] kbfy{nfO{ ;'u/ rf/sf]n (sugar charcoal) eGb5 .

dflysf lj|mofsnfk ul/;s]kl5 sIffsf]7fdf 5nkmn ug'{xf];\ / sfa{g ePsf] j:t'x¿ afNbf s] s] 

x'g ;Sb5, lgisif{df k'Ug'xf]];\ .

To;f] eP sfa{g s'g s'g kbfy{x¿df 5g\ t .

sfa{g ljZjsf] w]/} kfpg] tŒjx¿df 5}7f}F :yfgsf] tŒj xf] . of] dfgj z/L/df eg] dfqfTds ¿kdf 

bf];|f] tŒj xf] .

sfa{gsf ;|f]tx¿ (Sources of Carbon)

sfa{g tŒjsf] ¿kdf
sfa{g of}lussf ¿kdf

sfa{g Uof“;sf] ¿kdf
ck|fª\ufl/s of}lus k|fª\ufl/s of}lus

sf]Onf (coal)

kTy/ sf]Onf (coke)

uf]n (charcoal)

lx/f (diamond)

u|fkmfO6 (graphite)

u|flkmg (graphene)

sfaf]{g]6\;x¿, 

afOsf]Og]6\;x¿ 

sfaf{O8\;x¿ -h:t}M 

CaC2, SiC)  vlgh 

kbfy{x¿, 9'ª\ufx¿ 

cflb

sfaf]{xfO8«]6\;\, 

k|f]l6g, lrNnf] kbfy{ 

-t]n, l3p_, k]6«f]n, 

o'l/g, le6fldg 

cf}ifwLx¿, l;Ns, 

sfuh, ;fa'g cflb

sfa{g 8fOcS;fO8, 

sfa{g df]gf]S;fO8, 

xfO8«f] sfa{g UofF;x¿ 

-h:t}M ldy]g, Oy]g, 

LPG cflb_

sfa{gaf6 olt w]/} kbfy{x¿sf] lgdf{0f ug{ s;/L ;Dej ePsf] xf]nf .

sfa{gsf] :j efj (Nature of carbon) 

sfa{gsf] c0f'df /x]sf 5 cf]6f On]S6«f]gx¿dWo] rf/ cf]6f On]S6«f]gx¿ ;+o'Hotf ;"rs sIfdf 

a;]sf] x'G5 . To;}n] sfa{gsf] ;+o'Hotf 4 x'G5 . sfa{gn] cS6]6 agfpg rf/} cf]6f 

On]S6«f]gx¿ ;fem]bf/L ub{5 / rf/ cf]6f sf]Eofn]G6 aG8 agfpF5 . Ps sfa{gn] csf]{ sfa{g;Fu 

jf c¿ tŒjx¿;Fu sf]Eofn]G6 aG8 agfpF5 . Ps sfa{gsf] csf]{ sfa{g;Fu sf]Eofn]G6 aG8 

agfpg] cgf}7f] u'0f 5 . k|foh;f] tŒjx¿n] cfk"m h:t} tŒjx¿;Fu sf]Eofn]G6 aG8 agfpFbf 

csf]{ Pp6f jf b'O{ cf]6f;Fu dfq} On]S6«f]gx¿ ;fem]bf/L ub{5 h:t} O2 df b'O{ cf]6f / O3 df ltg 
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cf]6f clS;hgsf c0f'x¿ 5g\ . t/ Pp6f sfa{gn] c¿ rf/ cf]6f sfa{g;Fu cnu cnu rf/ cf]6f 

sf]Eofn]G6 aG8 agfpF5 . o;/L Ps sfa{gaf6 csf]{ sfa{g ub}{ nfdf] l;j|mL (chain) aGb5 . h:t} 

kf]lnlygdf cgluGtL sfa{gx¿n] Pskl5 csf]{ ub}{ nfdf] / 7'nf] of}lusx¿sf] lgdf{0f ub{5 . sfa{gsf] 

of] u'0fnfO{ Sofl6g];g (catenation) elgG5 . h:t} M

C C C C C C C C C C 
sf]Eofn]G86 aG8

p:t} tŒj;Fu sf]Eofn]G6 aG8 agfO{ nfdf] l;j|mL (chain) ePsf] of}lus agfpg ;Sg] u'0fnfO{ 

Sofl6g];g (catenation) elgG5 .

sfa{gsf] rf/ Eofn]G;L / Sofl6g];g u'0fn] ubf{ olt w]/} of}lusx¿sf] lgdf{0f ;Dej ePsf] 

xf] . To;}n] /;fog zf:qdf sfa{gsf of}lusx¿sf] cWoog ug{ 5'6\6} zfvf 5, h;nfO{ cuf{lgs 

s]d]:6«L (organic chemistry) elgG5 .

dfly lbOPsf] 6]an -sfa{gsf ;|f]tx¿_ df sfa{g tŒj dfq} ePsf s]xL kbfy{x¿ 5g\, h:t} sf]Onf, 

lx/f, u|fkmfO6 cflb . oL sfa{gsf ljleGg ¿kx¿ x'g\ . Pp6} tŒjsf o:tf ljleGg ¿kx¿nfO{ 

Pnf]6«f]K; (allotrops) elgG5 / aGg] k|lj|mof (phenomenon) nfO{ Pnf]6«f]kL (allotropy) elgG5 . 

Pnf]6«f]K; (allotrops) eg]sf] pxL tŒjaf6 lgld{t ljleGg kbfy{x¿ x'g\, h;sf Ps} vfnsf 

/f;folgs u'0fx¿ x'G5g\ eg] ef}lts u'0fx¿ km/s km/s x'G5g\ .

sfa{gsf Pnf]6«f]K;

 dl0fesf] cj:yfdf (crystalline) w'nf] cj:yfdf (amorphous)

 lx/f u|fkmfO6 k'mnl/g sf]Onf kTy/ sf]Onf uf]n NofDk Anfs 
 (diamond) (graphite) (fullerenes) (coal) (coke) (charcoal) (lamp black)

u|fkmfO6nfO{ black lead klg elgG5 .
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Pnf]6«f]kx¿sf ef}lts u'0fx¿ km/s x'g'sf] 

sf/0f sfa{gn] agfpg] aG8x¿ / sfa{g 

k/df0f'sf] a;fOdf km/s x'g' xf] .

sfa{gsf ef}lts u'0fx¿ (Physical properties of carbon)

sfa{gsf ljleGg Pnf]6«f]ksf] ef}lts u'0fx¿ klg km/s km/s x'G5g\ . sfa{gsf s]xL ;femf dxŒjk"0f{ 

u'0fx¿ tn lbOPsf] 5 M

1. sfa{g 7f]; cj:yfdf kfOg] tŒj xf] . lx/f / u|fkmfO6 dl0fe (crystalline) x'G5 eg] sf]Onf 

/ rf/sf]n w'nf] cj:yfsf] (amorphous) x'G5 .

2. of] kfgLdf 3'ngzLn x'Fb}g . 

3. of] clt pRr tfkj|mddf 7f];af6 Ps}rf]6L UofF;df ¿kfGt/ x'g] tŒj xf] .

4. of] sfnf] /ªsf] x'G5 t/ lx/f /ªxLg Pjd\ kf/bzL{ x'G5 .

5. sfa{gdf 6ns x'Fb}g . lx/f eg] 6NsG5 .

6. sfa{g ljB't\ / tfksf] s'rfns xf] t/ u|fkmfO6 ljB't\sf] ;'rfns xf] .

7. o;sf] 3gŒj Pnf]6«f]kcg';f/ km/s km/s x'G5 . 3gŒj 1.5  b]lv 3.5 ;Dd x'G5 . 

lx/f

lx/fdf k|To]s sfa{gn] csf]{ rf/ cf]6f sfa{g;Fu 

sf]Eofn]G6 aG8 agfPsf] x'G5, h;n] ubf{ lx/f lgs} 

s8f x'G5 . lx/fnfO{ sfFr / dfa{n sf6\g k|of]u 

ul/G5 . X-ray df lx/f kf/bzL{ x'G5 . lx/fsf] s'g} klg /;fog;Fu k|ltlj|mof x'Fb}g t/ 850°C 

tfkj|mddf aNb5 . lx/fnfO{ ax'd"No kTy/sf] ¿kdf k|of]u ul/G5 .

u|fkmfO6

u|fkmfO6sf] agf]6df 5s'g] (hexagonal) cfsf/df 6 cf]6f sfa{gx¿ /x]sf x'G5g\ / 

k|To]s sfa{gn] c¿ ltg cf]6f sfa{g;Fu sf]Eofn]G6 aG8 agfPsf] x'G5 . o:tf hexagon w]/} 
;ª\Vofdf hf]l8P/ b'O{lt/ dfq} (two dimensional) km}lnPsf] x'G5 . To;}n] Ps 6'j|mf u|fkmfO6df 

hexagons Psdfly csf]{ vft nfu]/ a;]sf x'G5g\ . To;}n] Ps kq u|fkmfO6 csf]{ kqdf ;lhn};Fu 

tkfO{FnfO{ yfxf 5 <
t]naf6 aNg] 6'sLaf6 lg:sg] Wjf“;f] hDdf u¥of] eg] 
lamp black aGb5 . w]/} cufl8b]lv g} dflg;x¿n] 
lamp black nfO{ d;Lsf] ¿kdf / OlhlK;ogx¿n] 
ufhnsf] ¿kdf k|of]u ug{ hflg;s]sf lyP .

tkfO{FnfO{ yfxf 5 <
Ps jo:s dflg;sf] z/L/df 18.5 % -tf}nsf] 
cfwf/df_ sfa{g x'G5 .
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lrlKng ;Sb5 . h;n] ubf{ u|fkmfO6nfO{ lrKnf] kbfy{ (lubricant) sf] ¿kdf k|of]u ul/G5 . 

k]lG;nsf] ln8df u|fkmfO6 / df6f] (clay) sf] ld>0f k|of]u ul/Psf] x'G5 . ljB't\ kl/jxg ug{ ;Sg] 

ePsfn] On]S6«f]8 (electrode) sf] ¿kdf klg k|of]u ul/G5 .

sfa{gsf /f;folgs u'0fx¿ (Chemical properties of carbon)

1. aNg] u'0f (combustion): clS;hgsf] pkl:yltdf sfa{g aNb5 / sfa{g 8fOcS;fO8 
lbG5 t/ yf]/} clS;hg ePsf] l:yltdf eg] sfa{g df]gf]cS;fO8 lbG5 .

 w]/} clS;hg afNbf

C + O2  CO2 + tfk / k|sfz zlSt

 yf]/} clS;hg afNbf

C + O2  CO + tfk / k|sfz zlSt

2. l/8\o'l;ª u'0f (reducing property)

-s_ sfa{gn] sd ;lj|mo wft'sf cS;fO8af6 wft' lgsfNg dbt ub{5 .

ZnO  +  C  Zn  +  CO

PbO  +  C  Pb  +  CO

-v_ sfa{gn] SiO2 (silicon dioxide) / CaO (calcium oxide) ;Fu k|ltlj|mof u/L sfaf{O8\; 

agfpF5 .

SiO2 + 3C  SiC + 2CO

2CaO + 6C   2CaC2 + 2CO

3. 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; aGb5, h;nfO{ water gas elgG5 .

 ~1000°C
C + H2O  CO + H2

afkm water gas
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k|fª\ufl/s / ck|fª\ufl/s of}lusx¿ (Organic and inorganic compounds) 

k|fª\ufl/s of}lusx¿ (organic compounds)

of}lusx¿ h;df sfa{g x'G5 / k|foh;f] sfa{gn] sfa{g;Fu g} jf xfO8«f]hg;Fu sf]Eofn]G6 aG8 agfpF5 

eg] To:tf of}lusx¿nfO{ k|fª\ufl/s of}lus elgG5 . k|fª\ufl/s of}lusdf sfa{gn] xfO8«f]hgafx]s 

c¿ tŒjx¿ clS;hg, gfO6«f]hg, xfnf]hg, ;Nkm/ / kmf]:kmf]/;;Fu klg sf]Eofn]G6 aG8 agfpF5 . 

-ckjfbM CO2, CO, HCO3
–, CO3

–– cflbdf sfa{g eP tfklg k|fª\ufl/s of}lus eg] xf]Ogg\ ._

k|foM k|fª\ufl/s of}lusx¿ sfa{g, xfO8«f]hg, clS;hg, gfO6«f]hg, xfnf]hg, ;Nkm/ / km:kmf]/; u/L 

;ft cf]6f tŒjaf6 ag]sf x'G5g\ . s'g} s'g} k|fª\ufl/s of}lusx¿df wft'x¿ klg alG8ª eP/ a;]sf 

x'G5g\ . k|fª\ufl/s of}lussf pbfx/0fx¿ ldy]g, ldYofgf]n, Snf]/f]kmd{, o'l/of, OG;'lng, k|f]l6g, t]n 

cflb x'g\ .

ck|fª\ufl/s of}lusx¿ (Inorganic compounds)

ck|fª\ufl/s of}lusx¿ lkl8of]l8s tflnsfdf ePsf 118 cf]6} tŒjx¿af6 aGg ;Sb5g\ . t/ 

w]/}h;f]df sfa{g eg] x'Fb}g . tL of}lusx¿df On]S6«f]Eofn]G6, sf]Eofn]G6 jf b'j} aG8x¿ x'G5g\ .

ck|fª\ufl/s of}lussf pbfx/0fx¿ Pl;8, Iff/, nj0fx¿, CO2, CO UofF; cflb x'g\ .

k|fª\ufl/s of}lus / ck|fª\ufl/s of}lusx¿lar leGgtf (Difference Between Organic and 
Inorganic Compounds)

leGgtf s]df . k|fª\ufl/s of}lus ck|fª\ufl/s of}lus

1. cj:yf
UofF;, t/n / 7f]; ltg} cj:yfdf 
x'G5g\ .

k|foh;f] 7f]; cj:yfdf, s]xL t/n / 
UofF; cj:yfdf x'G5g\ .

2. /ª / uGw

k|foh;f]sf] /ª / uGw x'G5 . 
-k"mnx¿df / cldnf] kmnk"mnx¿sf] 
uGw k|fª\ufl/s of}lusx¿sf sf/0fn] 
ubf{ x'G5g\_

w]/}h;f] of}lusx¿sf] /ª / uGw 
x'Fb}g . -ckjfbM s]xL wft'x¿sf 
of}lusx¿sf] /ª x'G5 / Pdf]lgof / 
ltgsf of}lusx¿sf] uGw x'G5 .

3. 3'ngzLntf

kfgLdf 3'Nb}g t/ k|fª\ufl/s 3f]ns 
(organic solvents) x¿df 3'Nb5 . 
-t]n kfgLdf 3'Nb}g t/ Oy/df 
3'Nb5 ._

kfgLdf 3'Nb5 t/ k|fª\ufl/s 
3f]nsdf 3'Nb}g . -g'g kfgLdf 3'Nb5 
t/ Oy/df 3'Nb}g ._

4. aNg ;Sg]
;lhn};Fu aNb5 . -pbfx/0f k]6«f]n, 
LPG, t]n cflb_

;lhn};Fu aNb}g .
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5. klUng] / 
plDng] tfkj|md

sd x'G5 . k|]6«f]lnod h]nL (vaseline) 
37°C tfkj|mddf klUnG5 .

a9L x'G5 .

6. cfof]gLs/0f x'Fb}g . x'G5 .

7. aG8 sf]Eofn]G6 aG8 x'G5 . k|foh;f]df On]S6«f]Eofn]G6 aG8 x'G5 .

;Demg'kg]{ s'/fx¿

1. sfa{gn] sfa{g;Fu} sf]Eofn]G6 aG8 agfpFb5 / Pskl5 csf]{ sfa{g x'Fb} nfdf] 7'nf] of}lus 

agfpF5 . of] u'0fnfO{ catenation elgG5 .

2. sfa{g tŒjaf6 dfq} ag]sf ljleGg kbfy{x¿nfO{ allotrops elgG5 . ltgLx¿sf] /f;folgs 

u'0f Ps} vfnsf] t/ ef}lts u'0fx¿ km/s x'G5g\ . of] x'g] k|lj|mofnfO{ allotropy elgG5 .

3. lx/f /ªxLg t/ 6lNsg], kf/bzL{, s8f, ljB't\ kl/jxg gug]{, s'g} klg 3f]nsx¿df g3'Ng] 

kbfy{ xf] . 

4. u|fkmfO6 sfnf] ckf/bzL{ t/ 6lNsg] kbfy{ xf], h'g lrKnf] (slippery) x'G5 / ;lhn}l;t 

6'lj|mG5 . u|fkmfO6 ljB't\sf] /fd|f] ;'rfns xf] .  

5. sfa{gn] clS;hgsf] pkl:yltdf anL sfa{g 8fOcS;fO8 UofF; agfpF5 . olb clS;hgsf] 

dfqf sd ePdf sfa{g df]gf]cS;fO8 UofF; lbG5 .

6. sfa{gn] sl/a 1000°C tfkj|mddf afkm;Fu k|ltlj|mof u/L water gas (CO + H2) agfpFb5 .

7. k|fª\ufl/s of}lusx¿ sfa{gn] ag]sf x'G5g\ / k|foh;f]df sfa{g / xfO8«f]hgsf] lardf 

sf]Eofn]G6 aG8 x'G5 .

cEof;

-s_ tnsf ax'j}slNks k|Zgx¿sf] ;xL pQ/df l7s -_ lrx\g nufpg'xf];\ M

1. /ªxLg Pjd\ kf/bzL{ vfnsf] sfa{gsf] Pnf]6«f]k tnsf dWo] s'g xf] .

 (i) lx/f (ii)  rf/sf]n (iii) u|fkmfO6  (iv) sf]Onf

2.  lhGs cS;fO8 / sfa{glar /f;folgs k|ltlj|mof u/fpFbf s'g UofF; k|fKt ug{ ;lsG5 . 

 (i) sfa{g 8fOcS;fO8 (ii) sfa{g df]gf]S;fO8

 (iii) gfO6«f]hg cS;fO8 (iv) sfa{g 6«fOcS;fO8
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3. s'g s'g UofF;sf] ld>0fnfO{ kfgL UofF; (water gas) elgG5 . 

 (i) CO2 + H2 (ii)  CO2 + O2  (iii)  CO + O2 (iv) CO + H2

4.  tnsf dWo] s'g rflxF ck|fª\ufl/s of}lus xf] .  

 (i) OyfOn cNsf]xn  (ii) Pl;l6s Pl;8

 (iii) sfa{g 8fOcS;fO8 (iv) ldy]g UofF;

-v_ tnsf k|Zgx¿sf] pQ/ lbg'xf];\ M

1. sfa{gsf s'g} kfFr cf]6f ;|f]tx¿sf] ;"rL agfO{ o;sf kfFr cf]6f ef}lts u'0fx¿ 

n]Vg'xf];\ .

2. lrgLdf sfa{g 5 eGg] s'/f s;/L k|dfl0ft ug'{x'G5, 5f]6s/Ldf n]Vg'xf];\ .

3. Sofl6g];g (catenation) eg]sf] s] xf] . pbfx/0f lbO{ JofVof ug'{xf];\ .

4. Pnf]6«f]kL (allotropy) eg]sf] s] xf] . sfa{gsf s'g} ltg cf]6f Pnf]6«f]kx¿sf] gfd 

n]Vg'xf];\ .

5. lx/f / u|fkmfO6lar d'Vo rf/ cf]6f leGgtfx¿ n]Vg'xf];\ .

6. sfa{gsf s'g} ltg cf]6f /f;folgs u'0fx¿ ;Gt'lnt ;dLs/0f;lxt n]Vg'xf];\ .

7. k|fª\ufl/s of}lus eGgfn] s] a'‰g'x'G5 . s'g} kfFr pbfx/0fx¿ lbg'xf];\ .

8. ck|fª\ufl/s of}lus eGgfn] s] a'‰g'x'G5 . sfa{g tŒj ePsf ltg cf]6f ck|fª\ufl/s 

of}lussf pbfx/0fx¿ lbg'xf];\ .

9. k|fª\ufl/s / ck|fª\ufl/s of}lusx¿lar s'g} kfFr cf]6f km/s n]Vg'xf];\ .

kl/of]hgf sfo{ 

rfdn, ds}, sfuh, kmf6]sf] sk8f, Knfl:6sdf sfa{g 5 eGg] s'/f 3/}df k/LIf0f u/L To;sf] glthf 

l6kf]6 ug'{xf];\ . cfkm\gf] k/LIf0fsf] cfwf/df Ps k|ltj]bg tof/ kfg'{xf];\ .

zAbfjnL

Wjf“;f] (soot) M dl6t]n jf s'g} kbfy{ afNbf sfnf] d':nf] lg:s]sfnfO{ dflylt/ s'g} kftfdf /fvL 

hDdf kf/]sf] sfnf] kbfy{ 

caramel :  lrgL kUn]/ ag]sf] ld7f] af:gfbf/ kbfy{

LPG :  vfgf ksfpg k|of]u ul/g] UofF; (Liquified Petroleum Gas)
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PsfO

14

kfgL dflg;x¿nfO{ dfq x}g cGo hGt' tyf jg:kltsf nflu klg Tolts} cfjZos kb{5 . 

xfdLn] kfgL lbgx'F lkpg'kb{5 . xfd|f] z/L/leqsf ;a} /f;folgs k|ltlj|mofx¿ x'gsf] nflu kfgL 

rflxG5 . vfPsf] vfg]s'/f krfpg, k|fKt kf]ifs tTTjx¿nfO{ z/L/sf] ljleGg cª\ux¿df k'¥ofpg, 

z/L/sf] ljsf/ j:t'x¿ kmfNg kfgL g} rflxG5 . To:t} af]6 la?jfx¿nfO{ k|sfz ;+Zn]if0faf6 

vfgf agfpg, h/faf6 ;f];]/ lnPsf kbfy{x¿ ljleGg efudf k'¥ofpg kfgL rflxG5 . olt w]/} 

dxŒj ePsf] kfgLsf] u'0f s:tf] 5 xf]nf < k[YjLdf kfgL k|r'/ dfqfdf kfOG5 . sl/a k[YjLsf] 

4 efusf] 3 efu kfgLn] g} 9fs]sf] 5 . olt w]/} kfgL eP tfklg xfd|f] b}lgs hLjgdf kfgLsf] 

cefj eO/x]sf] 5, lsg xf]nf < k[YjLdf ePsf] kfgLsf] 97% kfgL t ;d'b|df 5 . of] kfgL g'lgnf] 

x'g] ePsfn] lkpgsf] nflu k|of]u ug{ ;lsFb}g . xfdLn] k|of]u ug{ ldNg] kfgLsf] ;|f]tx¿ s] s] 

xf]nfg\ < s'g} ;|f]taf6 k|fKt kfgL k|of]u ug{ g;lsPdf ljleGg tl/sfx¿ ckgfP/ k|of]u ug{ ldNg] 

agfpg ;Sb5f}F . 

o; PsfOcGtu{t kfgLsf ;|f]tx¿, u'0f, 

pkof]lutf / kfgLsf] s8fkg x6fpg s'g s'g 

pkfox¿ ckgfpg ;lsG5 eGg]af/] cWoog 

ul/g] 5 .

kfgLsf] ;|f]tx¿ (Sources of Water)

dflg;x¿sf] cfjZostf k"lt{ ug{sf] nflu h'g ;|f]taf6 kfgL k|fKt ul/G5, tL ;|f]tnfO{ kfgLsf] 

;|f]t elgG5 . v]tLkftL, sn sf/vfgfdf k|of]u ug{, b}lgs pkef]u ug{, ljleGg dgf]/~hgsf nflu, 

jftfj/0f :jR5 / ;kmf /fVgsf] nflu h'g 7fpFaf6 kfgL NofOG5, To;nfO{ kfgLsf] ;|f]t elgG5 . 

kfgLsf ;|f]tx¿ s] s] x'g\ eGg] yfxf kfpg tnsf] rf6{ cWoog u/f}F .

kfgL
(Water)

tkfO{FnfO{ yfxf 5 <
d[t ;fu/ (dead sea) sf] kfgL olt g'lgnf] 5, h;df 
hLjhGt' af“Rg ;Sb}g t/ of] kfgLdf clxn];Dd sf]xL 
klg 8'a]/ d/]sf] eg] 5}g . dflg;x¿ ;lhn} kfgL 
dfly t}l/G5g\ lsgls d[t ;fu/ 33.7% g'g kfgLsf] 
3f]naf6 lgld{t ;fu/ xf] .

k[YjLdf kfgLsf ;|f]tx¿

;d'b|sf] kfgL c¿ kfgL

c¿ kfgL

tfn, kf]v/L gbL l;d;f/

;txd'lgsf] kfgL ;txsf] kfgLlxp“
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kfgL k|fKt ug{ ;lsg] :yfgsf] cfwf/df kfgLsf] ;|f]t d'Vo b'O{ lsl;dsf 5g\ M

1. ;txL kfgLsf ;|f]tx¿ (Surface water resources)

-s_ ;d'b| jf ;fu/

k[YjLsf] kfgLsf] ;|f]tdf 97% kfgL ;d'b|df 5, h'g g'lgnf] 5 . of] kfgL b}lgs hLjgdf k|of]u ug{ 

ldNb}g . t/ kfgLaf6 ljB't\ pTkfbg ug{ eg] k|of]udf Nofpg ;lsG5 . t/ To;sf] nflu ;d'b| 5fn 

/ Hjf/ef6f cfpg' h?/L x'G5 .

-v_ gbL, em/gf, vf]nf, kf]v/L, tfn 

k[YjLsf] ;txdf kfOg] gbL, em/gf, vf]nf, tfn cflb k|of]udf Nofpg ;lsg] ;txL kfgLsf ;|f]tx¿ 

x'g\ . dfgj ;Eotfsf] nflu ;a}eGbf dxŒjk"0f{ kfgLsf] ;|f]t ;txL kfgL g} xf] . tL ;|f]tx¿af6 k|fKt 

kfgL ljleGg ultljlw / k|ljlwx¿df k|of]u ul/G5 s[lif pTkfbg ug{, sn sf/vfgfdf k|of]u ug{, 

hn ljB't\ pTkfbg ug{, b}lgs 3/wGbf rnfpg kfgL rflxG5 .

2. ;txd'lgsf] kfgLsf ;|f]tx¿ (Ground Water Resources) 

kfgL kbf{ df6fn] ;f];]/ lnPsf] kfgL h'g 

hldgd'lg r6\6fgsf] tnlt/ hDdf eP/ /x]sf] 

x'G5, Tof] kfgLnfO{ ;txd'lgsf] kfgL (ground 
water) elgG5 . o;/L kfgL hDdf ePsf] 7fpFdf 

l5b| k/]sf r6\6fg, afn'jf / df6f] (silt) x'G5, 
h;nfO{ PlSjkm/ (acquifer) elgG5 . o:tf 

PlSjkm/df gbL gfnf, vf]nf, em/gf, tfn, kf]v/L 

cflbdf eGbf ;of}F u'gf a9L kfgL hDdf eP/ /x]sf] 5 . hldgd'lgsf] kfgLsf] ;txnfO{ ‘water table’ 
elgG5 . k/]sf] kfgL df6f] 9'ª\uf x'Fb} la:tf/} ;f]l;P/ tnlt/ hfg] ePsfn] kft sl;ª\u/ ls/f, w'nf] 

cflb eg] x'Fb}g t/ sL6f0f', vlgh kbfy{x¿ / UofF;x¿ cflb eg] ldl;Psf x'G5g\ . of] kfgL l:y/ eO{ 

a:b}g / la:tf/} ljleGg af6fx¿ x'Fb} em/gfsf] ¿kdf jf d'n k'm6]/ ;txdf k'Ub5 .

tkfO{FnfO{ yfxf 5 <
cf]ufnfnf PlSjkm/ (Ogallala aquifer) 
;+;f/sf] 7'nf PlSjkm/dWo] Pp6f PlSjkm/ xf] . 
of] 450,000 ju{ lsnf]ld6/df km}lnPsf] 5 . o; 
PlSjkm/n] ;+o'St /fi6« cd]l/sfsf] cf7 cf]6f 
/fi6«nfO{ 5f]Psf] 5 .

lrq g+= 14.1 :  ;xtd'lgsf] kfgL
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kfgLsf u'0fx¿ (Properties of Water)

kfgLsf] ef}lts u'0fx¿ (Physical Properties of Water)

1. k[YjLdf kfOg] kbfy{x¿dWo] kfgL dfq} To:tf] kbfy{ xf], h'g 7f];, t/n / UofF;sf] ¿kdf 

kfOG5 . lxdlznf, lxdgbL, cflbdf kfgL 7f]; cj:yfdf, vf]nf / gbLgfnf cflbdf t/n 

cj:yfdf / jfo' d08ndf UofF;sf] ¿kdf /x]sf] 5 .

2. z'4 kfgL :jfbxLg, uGwxLg / /ªxLg x'G5 .

3. kfgLn] w]/} k|sf/sf kbfy{x¿ 3'nfpg ;Sg] ePsfn] o;nfO{ universal solvent 
elgG5 . xfd|f] z/L/leqsf] kfgL xf];\ jf k[YjLsf] ;tx jf ;txd'lgsf] kfgL xf];\, To;df 

ljleGg /;fog, vlgh kbfy{ / kf]if0f tTTjx¿ 3'n]/ /x]sf] x'G5g\ .

4. kfgL 0°C tfkj|mddf hDb5 . hd]sf] kfgL (ice) xn'sf] x'G5 / kfgLdfly t}l/G5 .

5. kfgL ;d'b|L ;txdf 100°C 
tfkj|mddf plDnG5 . kfgLsf] plDng] 
tfkj|md xfjfsf] rfkcg';f/ km/s 
x'G5 . cUnf] 7fpFx¿df kfgL 100°C 
eGbf sd tfkj|mddf g} plDnG5 .

6. z'4 kfgL t6:y x'G5  .  To;}n] o;n] ln6d; k]k/df s'g} c;/ kfb}{g .

7. z'4 kfgLn] ljB't\ k|jfx ub}{g .

8. kfgLsf] c0f'x¿ Ps cfk;df cfslif{t x'G5g\ (cohesive property) / ;fy} c¿ 
kbfy{x¿;Fu 6fFl;g ;Sb5 

lj|mofsnfk 1

Pp6f ss{nf]sf] kft lng'xf];\ . o;sf] dflyNnf] 

efudf s]xL yf]kf kfgL /fVg'xf];\ . kfgLsf] 

cfsf/ s:tf] aGof] < cjnf]sg u/L sf/0f 

vf]hL ug'{xf];\ . kfgL 8Nnf] cfsf/df b]lvG5 . 

o;f] x'g'sf] sf/0f kfgLsf c0f'x¿lar x'g] 

sf]x]l;e an a9L x'g' tyf ss{nf]sf kftsf] c0f' 

/ kfgLsf] c0f'larsf] P8\x]l;e an sd x'g' xf] .

tkfO{“nfO{ yfxf 5 <
kfgL hDbf kfgLsf c0f'x¿sf lardf vfnL 7fp“x¿ (air 
gaps) aGb5, h;sf] sf/0fn] ubf{ a/km (ice) xn'sf 
x'G5, 3gTj sd x'G5 / kfgLdfly t}l/G5 .

tkfO{“nfO{ yfxf 5 <
Surface tension sf] u'0fn] ubf{ kfgLsf] ;txdf Ps 
k|sf/sf] nlrnf]kgf (elastic membrane) ag]sf] 
x'G5 . To;}n] jf6/ :6«fO8/ (water strider) ls/f 
kfgLdfly lx“8\g ;Sb5 .
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tkfO{FnfO{ yfxf 5 <
kf/f] ePsf] ef“8fdf sf“rsf] 
dl;gf] gnL (capillary 
tube) /fVof] eg] ef“8fdf 
ePsf] kf/f]sf] ;txeGbf 
sf“rsf] gnLleq kf/f] tn emb{5 . lsgls kf/f]sf] 
Ps cfk;df cfslif{t x'g] zlSt alnof] x'G5 .

lj|mofsnfk 2 

Pp6f ljs/df lkFwdf clnslt kfgL /fVg'xf];\ . Pp6f dl;gf] sfFrsf] gnL lrqdf b]vfP h:t} u/L 

/fVg'xf];\ / cjnf]sg ug'{xf];\ .

sf“rsf] gnL

kf/f]

o;/L sfFrsf] gnLdf kfgL r9\g'sf] sf/0f sIffsf]7fdf 5nkmn ug'{xf];\ / lzIfssf] dbtaf6 lgisif{ 

lgsfnL sIffsf]7fdf k|:t't ug'{xf];\ .

kfgLsf /f;folgs u'0fx¿ (Chemical Properties of Water)

1. z'4 kfgLn] ljB't\ kl/jxg ub}{g . t/ s'g} 3'lnt kbfy{x¿ 3'n]sf] cz'4 kfgL 5 eg] ljB't\ 

kl/jxg ub{5 . kfgLsf] c¿ t/n kbfy{x¿ eGbf ljB't\ kl/jxg ug]{ Ifdtf a9L 5 . 

2. lnlyod, ;f]l8od, kf]6fl;od, SoflN;od cflb wft'x¿n] kfgLaf6 xfO8«f]hgnfO{ lj:yflkt 

ub{5 / wft'sf] xfO8«f]S;fO8 aGb5 .

2Li + 2H2O  2LiOH + H2

2Na + 2H2O  2NaOH + H2

Ca + 2H2O  Ca(OH)2 + H2

3. kfgLdf Pl;8, a]; / 3'ngzLn nj0f 3'nfpFbf ltgLx¿sf] PSjfo; 3f]n aGb5 / 
cfof]gx¿df 6'lj|mG5 .    

 H2OHCl   H+ + Cl- 

 H2OKOH   K+ + OH- 

lrq g+= 14.2 : sf]x];g / P8\x];g
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 H2O
NaCl   Na+ + Cl- 

kfgLsf] 3f]ns u'0f (Solvent property of water)

kfgLdf NaCl (sodium chloride), KNO3 (potassium nitrate), CaCl2 (calcium chloride) 
h:tf cfof]lgs of}lusx¿ 3'n]/ cfof]gdf 6'lj|mG5g\ . t/ kfgLn] AgCl (silver chloride), BaSO4 
(barium sulphate), CaF2 (calcium fluoride) h:tf cfof]lgs of}lusx¿nfO{ 3'nfpg ;Sb}g . 

tL of}lusx¿ ePsf cfof]gx¿sf] larsf] cfsif{s zlSt lgs} alnof] x'g] ePsfn] kfgLdf 3'Nb}g .

sltko sf]Eofn]G6 of}lusx¿ klg kfgLdf 3'N5g\ . HCl 
(hydrochloric acid), cNsf]xn, Un'sf]h, o'l/of (urea) cflb 

klg kfgLdf 3'Nb5g\ . cGo sf]Eofn]G6 of}lusx¿ CCl4 (carbon 
tetrachloride), CH4 (methane) cflb kfgLdf 3'Nb}gg\ .

kfgLsf] pkof]lutf (Uses of Water)

1. pkef]u ug{ ;lsg] kfgLdf 70% kfgL s[lifdf vkt x'G5 . a9\bf] hg;ª\VofnfO{ k'Ug] u/L s[lif 

pTkfbg ug{ 7'nf] kl/df0fdf kfgL l;FrfOdf k|of]u ul/G5 . l;FrfOsf nflu k|of]u ul/g] kfgL 

hldgsf] ;txd'lg, gbL gfnf, vf]nf, em/gf, kf]v/L cflbaf6 k|fKt x'G5 .

2. sn sf/vfgfdf ljleGg ;fdfgx¿sf] pTkfbg ug{, wft'x¿ ;kmf ug{, t]n z'4 kfg{, vlgh 

kbfy{ sf6\g (jet cutting), /f;folgs k|ltlj|mof ug{ /;fogsf] 3f]n agfpg kfgLsf] k|of]u 

ul/G5 .

3. hn ljB't\ pTkfbgsf] nflu klg kfgLsf] k|of]u ul/G5 . 

4. b}lgs pkef]u ug{ h:t} ;/;kmfO{ ug{, vfgf ksfpg, lkpg, au}Frfdf xfNg cflbsf] nflu 

sl/a 4% kfgLsf] cfjZostf kb{5 . 

5. kfgLsf] k|of]u dgf]/~hgsf] nflu klg ul/G5 . t/ of] kfgL vkt eg] xF'b}g, h:t} M 

¥ofk\ml6ª ug{ (rafting), l:jldª ug{, 8'ª\uf lvofpg cflb .

6. slxn] sfxLF kfgL sd kg]{ 7fpFx¿df xl/ofnLsf nflu hDdf kf/]sf] kfgL k|of]u ul/G5 . df5f 

kfng ug{sf] nflu klg s[lqd kf]v/Lx¿ agfOG5 .

7. la?jfnfO{ vfgf agfpg jf k|sfz ;+Zn]if0f lj|mof ug{sf nflu klg kfgL cfjZos kb{5 . 

tkfO{FnfO{ yfxf 5 <
Water jet cutter -w]/} rfkdf 
k7fPsf] kfgL_ n] sf7, /a 
(rubber) cflb kbfy{ sf6\g 
;Sb5 .
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kfgLsf k|sf/ (Types of Water)

s8f kfgL g/d kfgL

lrq g+= 14.3 :  g/d / s8f kfgL k/LIf0f

lj|mofsnfk 3

kfgLsf ljleGg ;|f]tx¿af6 kfgL ;ª\sng u/L km/s km/s ljs/df /fVg'xf];\ . k|To]s ljs/df Ps 

Ps lrD6L ;km{ /fVg'xf];\ / Pp6f sfFrsf] 58n] rnfpg'xf];\ . s'g ljs/sf] kfgLdf lkmFh cfof], s'g 

ljs/sf] kfgLdf cfPg cjnf]sg u/L sIffsf]7fdf 5nkmn ug'{xf];\ .

kfgLdf ljleGg wft'sf nj0fx¿ ldl;P/ a;]sf x'G5g\ . To:tf nj0fx¿n] kfgLnfO{ s8f 
agfpg ;S5 . d'VotofM SoflN;od tyf DofUg]l;odsf] nj0fx¿n] kfgLnfO{ s8f kfb{5 . 
To:tf nj0fx¿ gldl;Psf] z'4 kfgLnfO{ g/d kfgL eGg] rng 5 . s8f kfgLdf ;fa'gn] lkmFh 
lbFb}g eg] g/d kfgLdf ;fa'gn] lkmFh lbG5 . o;/L kfgLdf SoflN;od tyf DofUg]l;odsf] nj0f 
ldl;Psf] 5 jf 5}g eGg] cfwf/df kfgLnfO{ b'O{ k|sf/df ljefhg ul/Psf] 5 M

1. s8f kfgL (Hard Water)

s'g} klg kfgLdf SoflN;od / DofUg]l;odsf 3'ngzLn nj0fx¿ SoflN;od ;Nkm]6, SoflN;od 
Snf]/fO8, SoflN;od afOsfaf]{g]6, DofUg]l;od ;Nkm]6, DofUg]l;od Snf]/fO8, DofUg]l;od 
afOsfaf]{g]6 cflb ldl;Psf] 5 eg] To:tf] kfgLnfO{ s8f kfgL elgG5 . s8f kfgLdf ;fa'gn] 
/fd|f];Fu lkmFh lbFb}g . s'jfsf] kfgL, vf]nfsf] kfgL, hldgd'lgsf] kfgL cflb o;sf pbfx/0fx¿ 
x'g\ . kfgLsf] s8fkg b'O{ k|sf/sf] x'G5 M

-s_ kfgLsf] c:yfoL s8fkg (Temporary Hardness of Water)

kfgLdf SoflN;od / DofUg]l;odsf afOsfaf]{g]6 nj0fx¿ 3'n]sf 5g\ eg] To:tf] kfgLsf]  

s8fkgnfO{ c:yfoL s8fkg elgG5 . kfgL pdfNbf o; k|sf/sf] s8fkg x6\b5 .

-v_ kfgLsf] :yfoL s8fkg (Permanent Hardness of Water)

kfgLdf SoflN;od / DofUg]l;odsf Snf]/fO8 / ;Nkm]6 nj0fx¿ 3'n]sf 5g\ eg] To:tf 
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kfgLsf] s8fkgnfO{ :yfoL s8fkg elgG5 .

2. g/d kfgL (Soft Water)

kfgLdf s8fkg Nofpg] SoflN;od / DofUg]l;odsf 3'ngzLn nj0fx¿ SoflN;od ;Nkm]6, SoflN;od 

Snf]/fO8, SoflN;od afOsfaf]{g]6, DofUg]l;od ;Nkm]6, DofUg]l;od Snf]/fO8, DofUg]l;od afOsfaf]{g]6 

cflb gldl;Psf] kfgLnfO{ g/d kfgL elgG5 . g/d kfgLdf ;fa'gn] /fd|f];Fu lkmFh lbG5 . aiff{t\sf] 

kfgL o;sf] pko'St pbfx/0f xf] .

kfgLsf] s8fkg x6fpg] ljlwx¿

kfgLsf] s8fkgsf] :j¿ksf] cfwf/df s8fkg x6fpg] tl/sfx¿ klg km/s km/s 5g\ . oxfF xfdL 

kfgLsf] c:yfoL / :yfoL s8fkg x6fpg] tl/sfsf] ljifodf cWoog ug]{ 5f}F .

1. c:yfoL s8fkg x6fpg] ljlw

-s_ pdfn]/ M kfgLnfO{ pdfNbf 3'n]/ /x]sf] afOsfaf]{g]6x¿ c3'ngzLn sfaf]{g]6df kl/0ft 

x'G5g\ . o;/L c3'ngzLn ag]sf of}lusx¿ 5fGg] ljlwaf6 5'6\ofOG5 . o;/L k|fKt ePsf 

kfgL g/d x'G5 .

 pdfNbf 

Ca(HCO3)2  CaCO3↓ + H2O + CO2  
SoflN;od afOsfaf]{g]6 SoflN;od sfaf]{g]6

 pdfNbf 

Mg(HCO3)2  MgCO3 + H2O + CO2  
DofUg]l;od afOsfaf]{g]6  DofUg]l;od sfaf]{g]6

-v_ Snfs{sf] ljlw (By Clark’s Method)

SoflN;od xfO8«f]S;fO8 [Ca(OH)2] nfO{ kfgLsf] dfqfcg';f/ tf}n]/ s8f kfgLdf xflnG5 . 

3'ngzLn SoflN;od / DofUg]l;od afOsfaf]{g]6x¿ c3'ngzLn sfaf]{g]6df kl/0ft x'G5g\, 

h'g efF8fsf] lkFwdf lyu|]/ a:b5g\ .

Ca(HCO3)2  +  Ca(OH)2   2CaCO3↓ + 2H2O
 c3'ngzLn sfaf]{g]6

Mg(HCO3)2 + Ca(OH)2  MgCO3 + CaCO3↓ + 2H2O
 c3'ngzLn sfaf]{g]6\;
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of] ljlwdf s8fkfgL Ca(OH)2 a9L /fVof] eg] xfjfdf ePsf] sfa{g 8fOcS;fO8;Fu k|ltlj|mof u/L 

km]/L afOsfaf]{g]6 g} agfpFb5 . To;}n] l7Ss dfqfdf /fVg'kb{5 .

2. :yfoL s8fkg x6fpg] ljlw

-s_ n'ufw'g] ;f]8f k|of]u u/]/ (By the Addition of Washing Soda)

:yfoL s8fkg ePsf] kfgLdf n'ufw'g] ;f]8f [Na2CO3.10H2O] ld;fpFbf s8fkfgLdf ePsf Ca++ / 
Mg++ cfof]g / ;f]l8od sfaf]{g]6lar k|ltlj|mof eO{ c3'ngzLn sfaf]{g]6x¿ aGb5g\ . o;nfO{ 5fGg] 

ljlwaf6 5'6\ofOG5 / g/d kfgL k|fKt ul/G5 .

CaCl2 + Na2CO3    CaCO3↓  +  2NaCl

CaSO4  +  Na2CO3    CaCO3↓ +  Na2SO4

MgCl2  +  Na2CO3    MgCO3↓  +  2NaCl

MgSO4  +  Na2CO3   MgCO3↓  +  Na2SO4

o;/L n'uf w'g] ;f]8fsf] k|of]un] kfgLsf] :yfoL s8fkg x6fpg ;lsG5 .

-v_ k/Do'l66 ljlw (Permutit Process)

k/Do'l66 ljlwaf6 kfgLsf] s8fkg x6fpg lhof]nfO6 (zeolite) sf] k|of]u ul/G5 . lhof]nfO6 

lrq g+= 14.4 : k/Do'l66 ljlw



lj1fg, sIff 9 161

s[lqd / k|fs[lts u/L b'O{ k|sf/sf] x'G5 . s[lqd lhof]nfO6sf] k|of]uaf6 s8fkg x6fpg] 

ljlwnfO{ k/Do'l66 ljlw (permutit process) elgG5 . k|foh;f] kfgLsf] s8fkg x6fpg s[lqd 

lhof]nfO6sf] k|of]u ul/G5 .

Pp6f efF8fdf 9'ª\ufsf] 6'j|mfx¿dfly ;f]l8od lhof]nfO6 (Na2Z) /flvG5 / s8f kfgLnfO{ efF8fsf] 

lkFwaf6 la:tf/} dflylt/ k7fOG5 . kfgLdf ePsf Ca++ / Mg++ cfof]gx¿n] lhof]nfO6df ePsf] 

;f]l8odnfO{ lj:yflkt ub{5 . o;/L s8fkfgLaf6 Ca++ / Mg++ cfof]gx¿ x6L g/d kfgL tof/ 

x'G5 .

Ca++  + Na2Z   CaZ ↓  + 2Na+

 ;f]l8od lhof]nfO6

Mg++ +  Na2Z   MgZ ↓ + 2Na+

 ;f]l8od lhof]nfO6

[gf]6 M Z = Al2Si2O8 . (H2O]

lhof]nfO6n] sfd ug{ 5f]8]kl5 dflyaf6 a|fOg -NaCl sf] uf9f 3f]n_ /flvG5 / o;n] k'gM sfd ug{ 

yfNb5 . of] ljlwaf6 kfgLsf] :yfoL / c:yfoL b'j} s8fkg x6fpg ;lsG5 .

b'j} s8fkg s;/L x6\5, sIffsf]7fdf 5nkmn ug'{xf];\ .

;Demg'kg]{ s'/fx¿

1. kfgL k|fKt x'g] :yfgsf cfwf/df kfgLsf d'Vo b'O{ ;|f]tx¿ 5g\M ;txsf] kfgL / ;txd'lgsf] 

kfgL .

2. gbL gfnf, vf]nf, em/gf, kf]v/L, tfn cflb ;|f]tx¿af6 k|fKt kfgL l;FrfO ug{, ljB't\ pTkfbg 

ug{, ;/;kmfO ug{, snsf/vfgf rnfpg cflb sfo{df k|of]u ul/G5 .

3. kfgLdf w]/}h;f] kbfy{x¿ 3'Ng] ePsfn] o;nfO{ ;j{JofkL 3f]ns  (universal solvent) 
elgG5 .

4. kfgLsf] cfk\mg} c0f'x¿lar Ps cfk;df 6fFl;g] (cohesive property) / c¿ kbfy{sf 

c0f'x¿;Fu 6fFl;g] u'0f (adhesive property) x'G5g\ .

5. ;lj|mo wft'x¿n] kfgL;Fu k|ltlj|mof u/L xfO8«f]hg / xfO8«f]S;fO8x¿ agfpFb5g\ . h:t} M

 2Na  +  2H2O    2NaOH  +  H2 

6. s[lifdf 70%, sn sf/vfgfdf 20% / b}lgs hLjgdf 4% kfgLsf] vkt x'G5 . dgf]/~hg 

/ jftfj/0f ;/;kmfOsf nflu klg kfgL vkt x'G5 .
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7. kfgLdf SoflN;od / DofUg]l;odsf afOsfaf]{g]6 nj0fx¿ 3'n]/ /x]sf 5g\ eg] pSt kfgLsf 

s8fkg c:yfoL x'G5 .

8. kfgLdf SoflN;od / DofUg]l;odsf Snf]/fO8\; / ;Nkm]6 nj0fx¿ 3'n]/ /x]sf 5g\ eg] 

 o;df :yfoL s8fkg x'G5 .

9. kfgLsf] s8fkg x6fpg] eg]sf] 3'ngzLn SoflN;od / DofUg]l;od of}lusx¿nfO{ c3'ngzLn 

of}lusx¿df kl/jt{g ug'{ xf] .

10. kfgLsf] c:yfoL s8fkg x6fpgsf] nflu pdfNg] ljlw / Snfs{sf] ljlw k|of]u ug{ ;lsG5 . 

11. kfgLsf] :yfoL s8fkg x6fpg kfgLdf /x]sf 3'ngzLn nj0fnfO{ n'uf w'g] ;f]8f 

Na2CO3.10H2O jf ;f]l8od lhof]nfO6 (Na2Z) ;Fu k|ltlj|mof u/fOG5 .

cEof;

-s_ tnsf ax' j}slNks k|Zgx¿sf] ;xL pQ/df l7s -_ lrx\g nufpg'xf];\ M

1. tnsf dWo] s'g rflxF u'0f kfgLsf] u'0f xf]Og <

 (i) uGwxLg (ii)  :jfbxLg (iii) t6:y (iv) ckf/bzL{

2. tnsf dWo] s'g rflxF nj0fn] kfgLdf c:yfoL s8fkg NofpF5 < 

 (i) SoflN;od ;Nkm]6 (ii) DofUg]l;od Snf]/fO8

 (iii) DofUg]l;od afOsfaf]{g]6 (iv) ;f]l8od afOsfaf]{g]6

3. tnsf dWo] s'g rflxF nj0fn] kfgLdf :yfoL s8fkg NofpF5 < 

 (i) SoflN;od afOsfaf]{g]6 (ii) DofUg]l;od Snf]/fO8

 (iii) DofUg]l;od afOsfaf]{g]6 (iv) ;f]l8od afOsfaf]{g]6

4. c:yfoL s8fkg ePsf] kfgLnfO{ ttfpFbf tnsf dWo] s'g of}lus aG5 <

 (i) SoflN;od Snf]/fO8 (ii) SoflN;od ;Nkm]6

 (iii) SoflN;od sfaf]{g]6 (iv) SoflN;od afOsfaf]{g]6

5. ;f]l8od wft'nfO{ kfgLdf /fVbf tnsf dWo] s'g of}lus aG5 <

 (i) ;f]l8od xfO8«f]S;fO8 (ii) ;f]l8od xfO8«fO8

 (iii) ;f]l8od cS;fO8 (iv) ;f]l8od Snf]/fO8

-v_ tnsf k|Zgx¿sf] pQ/ lbg'xf];\ M

1. k[YjLdf kfgLsf ;|f]tx¿ s] s] 5g\ < ;"rL tof/ kf/L ;txd'lgsf] kfgL ;txdf cfpg 
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ljlw;d]t n]Vg'xf];\ .

2. kfgLsf] rf/ cf]6f ef}lts / b'O{ cf]6f /f;folgs u'0fx¿ n]Vg'xf];\ .

3. kfgLsf] sf]x]l;e / P8\x]l;e u'0f k|bz{g ug{ tkfO{Fn] s:tf] lj|mofsnfk ug'{eof] < pSt 

lj|mofsnfk ug]{ tl/sf a'Fbfut ¿kdf n]Vg'xf];\ .

4. kfgLsf] s'g} rf/ cf]6f pkof]lutf j0f{g ug'{xf];\ .

5. kfgLsf] s8fkg eg]sf] s] xf] < kfgLdf c:yfoL / :yfoL s8fkg Nofpg] nj0fx¿sf] 

gfd / c0f';"q n]Vg'xf];\ .

6. kfgLsf] c:yfoL s8fkg x6fpg] s'g} b'O{ cf]6f ljlwx¿ pNn]v ub}{ s8fkg x6fpFbf 

x'g] /f;folgs k|ltlj|mofsf] ;Gt'lnt ;dLs/0f;d]t n]Vg'xf];\ . 

7. kfgLsf] :yfoL s8fkg x6fpg] s'g} b'O{ cf]6f ljlwx¿ pNn]v ug'{xf];\ . :yfoL s8fkg 

ePsf] kfgLdf n'ufw'g] ;f]8f /fVbf s] x'G5 < ;Gt'lnt /f;folgs ;dLs/0f;lxt 

n]Vg'xf];\ .

8. kfgLsf] c:yfoL / :yfoL b'j} s8fkg x6fpg k|of]u ug{ ;lsg] ljlw n]vL pSt ljlwaf6 

kfgLsf] :yfoL s8fkg s;/L x6fpg ;lsG5 < lrq;lxt j0f{g ug'{xf];\ .

kl/of]hgf sfo{

1. tkfO{Fsf] 3/ jl/kl/ /x]sf] s'g} ltg cf]6f ;|f]tx¿af6 kfgLsf] gd'gf ;ª\sng ug'{xf];\ . 

;ª\slnt kfgL g/d jf s8f s] 5 < k/LIf0f u/L kQf nufpg'xf];\ . tkfO{Fn] lgsfn]sf] lgisif{ 

sf/0f;lxt sIffdf k|:t't ug'{xf];\ .

2. tkfO{Fsf] 3/ jf :s'n jl/kl/ /x]sf kfgLsf ;|f]tx¿ cjnf]sg u/L tL ;|f]taf6 k|fKt kfgL s'g 

s'g sfo{sf nflu pkof]u ul/Psf] 5 < ;f]wvf]h u/L  tnsf] 9fFrfdf tflnsf agfO{ eg'{xf];\ . 

cfkm"n] vf]h]sf] s'/f sIffdf k|:t't ug'{xf];\ .

kfgLsf] ;|f]t kfgLsf] pkof]u

zAbfjnL

PlSjkm/ (acquifer) : hldgd'lg /x]sf 9'ª\uf -l5b|x¿ ePsf_, afn'jf / df6f] (silt), h;df 

kfgL hDdf eP/ /x]sf] x'G5 .

sf]x]l;e u'0f (cohesive property) : Pp6} kbfy{sf c0f'x¿ Ps cfk;df cfslif{t x'g] u'0f 

P8\x]l;e u'0f (adhesive property) : Ps kbfy{sf] c0f' csf]{ kbfy{sf] c0f';Fu cfslif{t eO{ 

6fFl;g ;Sg] u'0f
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PsfO

15

ls;fgn] v]tLkftL ubf{ df6fdf ljleGg /;fogx¿sf] k|of]u u/]sf] b]Vg'ePsf] 5 xf]nf . tL ;a} 

kbfy{x¿ af]6 la?jfx¿sf] j[l4 / ljsf;sf nflu rflxg] cfjZos vlghx¿ x'g\ . o; PsfOcGtu{t 

s[lifdf k|of]u x'g] dnx¿, k|fª\ul/s dn, /f;folgs dnx¿ gfO6«f]hg, km:kmf]/; / kf]6f;o'St of}lus 

dnx¿sf] k|sf/, ltgLx¿sf] sdL x'Fbf af]6 la?jfsf] j[l4df kg]{ c;/ / pkof]lutfaf/] cWoog ul/g] 

5 . 

dn (Fertilizers)

ljZjsf] hg;ª\VofnfO{ x]g]{ xf] eg] hg;ª\Vof tLj| ultdf al9/x]sf] cj:yf 5 eg] s[lifaf6 pTkflbt 

;|f]tx¿nfO{ x]bf{ ;f]xL cg'kftdf a9]sf] b]lvFb}g . o;/L  ;/;tL{ x]bf{ a9\bf] hg;ª\Vofsf] cfjZostfnfO{ 

k"/f ug{ clxn] eO/x]sf] s[lif pTkfbg k"0f{{ 5}g . o; pTkfbgnfO{ a9fpg'kg]{ cfjZostf b]lvG5 . h;sf 

nflu df6fsf] cj:yf / la?jfsf nflu rflxg] kf]ifs tŒjx¿sf] 1fg x'g' h?/L 5 . la?jfnfO{ b'O{ 

k|sf/sf kf]ifs tŒjx¿ rflxG5g\ . w]/} dfqfdf rflxg] kf]ifs tŒjx¿ gfO6«f]hg, km:kmf]/; / kf]6f;o'St 

of}lus kb{5g\ eg] yf]/} ePklg k'Ug] kf]ifs tŒjx¿ af]/f]g, DofUg]l;od, kmnfd, lhª\s, ;Nkm/ cflb 

kb{5g\ . oL b'j} k|sf/sf tŒj jf of}lusx¿nfO{ df6fdf ldnfpFbf df6fsf] pj{/fzlStdf j[l4 cfpF5 . 

af]6 la?jfx¿n] logLx¿nfO{ df6faf6 dnsf] ¿kdf ;f];]/ lng] ub{5g\ . t;y{ df6fsf] pj{/fzlSt 

a9fpgsf nflu clt cfjZos df6fdf ylkg] aflx/L /f;folgs tŒj jf of}lusx¿nfO{ dn elgG5 . 

cyf{t\ nfdf] ;do;Dd Pp6} v]taf/Ldf Ps} k|sf/sf] v]tLkftL nufpFbf la?jfnfO{ rflxg] vlgh 

kbfy{x¿ df6fdf sdL x'g uO{ pj{/fzlStdf x|f; cfpg] ub{5 . oxL sdLnfO{ k"/f u/L df6fdf 

pj{/fzlSt sfod ug{sf] nflu vlgh kbfy{x¿ ylkG5, h;nfO{ dn (fertilizers) elgG5 .

dnsf k|sf/x¿ (Types of Fertilizers)

-s_ k|fª\ufl/s dn (Organic Fertilizers)

-v_ ck|fª\ufl/s dn (Inorganic Fertilizers)

k|fª\ufl/s dn (Organic Fertilizers)

hgfj/n] pT;h{g u/]sf dnd"q, ?v, la?jfsf kft kltª\u/, s[lif cjz]if d/]sf hgfj/sf] l;gf], 

k/fn, 3fF;kft, ;f]t/ cflb j:t'x¿ s'lxP/ ag]sf dnnfO{ k|fª\ufl/s dn (organic fertilizers) 

s[lifdf k|of]u x'g] /f;folgs dn
(Chemical Fertilizers used in Agriculture)
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elgG5 . h}ljs j:t'x¿ s'lxFbf xfjfsf] clS;hgsf] dfqf sd xF'bf cTolws dfqfdf uGw cfpg] 

tyf ldy]g aGg ;S5 . ldy]gsf] pTkfbg a9]df xl/t u[x k|efjsf sf/0f jfo' d08nLo tfkj|md 

j[l4  x'g'sf] ;fy} jftfj/0f k|b"if0f x'G5 . To;}n] ldy]gsf] pTkfbg sd ug{ sDkf]:6 dn agfpFbf 

j:t'x¿ dl;gf] u/L sf6\g] / lar lardf rnfpg] ugf{n] clS;hg k|jfx eO{ j:t'x¿ l56f] s'lxg] / 

jftfj/0fdf klg c;/ gkg]{ x'G5 . o;/L dn tof/ ug]{ ljlwnfO{ P/f]ljs ljlw (aerobic method) 
elgG5 . x'g t clS;hg k|jfx gu/L klg dn tof/ ug{ ;lsG5 . o; ljlwnfO{ Pg/f]ljs ljlw 

(anaerobic method) elgG5 . To;}u/L d]sflgsn ljlw (mechanical method) af6 klg of] 
dn tof/ ug{ ;lsG5 .  o; dnnfO{ lgDg b'O{ efudf ljefhg ul/Psf] 5 M 

-s_ xl/of] k|fª\ufl/s dn (Green Organic Fertilizers)

la?jfnfO{ sf6L hldgd'lg ;8fP/ tof/ ul/g] dnnfO{ xl/of] k|fª\ufl/s dn elgG5 . d'Votof bfn 

afnLx¿nfO{ hldgd'lg k'/]/ o:tf] dn agfpFbf df6fdf la?jfx¿sf] nflu cfjZos gfO6]«6sf] dfqf 

pknAw u/fpF5g\ .

-v_ hgfj/sf] k|fª\ufl/s dn (Animal Organic Fertilizers)

hgfj/sf] d[To'kZrft\ vfN6fdf k'/L AofS6]l/of / kmGhfO{dfk{mt s'xfP/ jf ;8fP/ tof/ ul/g] 

dnnfO{ hgfj/af6 k|fKt k|fª\ufl/s dn elgG5 . t/ o;/L k|fKt dndf ck|fª\ul/s kf]ifs tŒjx¿ 

gfO6«f]hg, kf]6f; / km:kmf]/; kfpg ;lsFb}g .

k|fª\ufl/s dnsf kmfObfx¿ (Advantages of Organic Fertilizers)

-s_ o; dnn] df6fdf kfgL ;~ro u/]/ /fVg'sf] ;fy} df6fsf] pj{/fzlSt a9fpF5 .

-v_ o; dnn] e"Ifo x'gaf6 hf]ufpg'sf] ;fy} jftfj/0fLo k|b"if0fnfO{ lgoGq0f ub{5 . 

-u_ o; dnsf] sf/0f bL3{sfn;Dd klg df6fdf s'g} c;/ ub}{g .

-3_ of] dnn] t/sf/L / kmnk"mnnfO{ :jflbnf], kf]l;nf] / :jf:Yojw{s agfpF5 .

k|fª\ufl/ssf dnsf a]kmfObfx¿ (Disadvantages of organic fertilizers)

-s_ o;sf] kl/df0f w]/} x'g] ePsfn] o;nfO{ ;ª\sng ug{ / cf];f/k;f/ ug{ hl6n x'G5 .

-v_ of] dn kfgLdf 3'ngzLn x''Fb}g .

-u_ o;df ljz]if k|sf/sf kf]ifs tŒjx¿ xF''b}g .
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ck|fª\ufl/s dn (Inorganic fertilizers)

ljleGg k|sf/sf /f;folgs kbfy{x¿ ldnfP/ tof/ ul/Psf] 

dnnfO{ ck|fª\ul/s dn elgG5 . d'Votof oL dndf gfO6«f]hg, 

kf]6f; / km:kmf]/; h:tf kf]ifs tŒjx¿ /x]sf x'G5g\ . oL ltg 

k|sf/sf /f;folgs dnx¿ ld;fP/ agfPsf] dnnfO{ NPK dn 

elgG5 . o; dnnfO{ k"0f{{ dn klg elgG5 . o; dnn] af]6 

la?jfsf] j[l4 / ljsf;sf nflu rflxg] kf}li6s tŒjx¿ k|bfg 

ub{5 . o;n] la?jfx¿nfO{ /f]uaf6 arfO{ /fd|f] km;n lbg ;xof]u ub{5 . 

ck|fª\ufl/s dnsf kmfObfx¿ (Advantages of Inorganic Fertilizers)

-s_ /f;folgs dnx¿nfO{ hDdf ug{, Ps 

7fpFaf6 csf]{ 7fpFdf n}hfg / k|of]u ug{ 

;lhnf] x'G5 . 

-v_ /f;folgs dnx¿ kfgLdf 3'ngzLn ePsfn] 

af]6 la?jfx¿n] /fd|/L ;f];]/ lnG5g\ .

-u_ /f;folgs dnx¿df ljz]if k|sf/sf] kf]ifs 

tŒjx¿ x'G5g\ .

-3_ /f;folgs dnx¿n] df6fsf] pj{/fzlSt a9fpg] ub{5g\ .

ck|fª\ufl/s dnsf a]kmfObfx¿ (Disadvantages of Inorganic Fertilizers)

-s_ /f;folgs dnx¿ g;8\g] ePsfn] jftfj/0fnfO{ k|b"lift agfpF5g\ .

-v_ df6fsf] cDnLokg jf Iff/Lokg a9fpg] sfd u5{g\ .

l;=g= k|fª\ufl/s dn l;=g= ck|fª\ufl/s dn

1. hgfj/sf] kmf]xf]/ / la?jfsf] afFsL c+zsf] 

ljR5]bgaf6 k|fKt k|fs[lts kbfy{nfO{ 

k|fª\ul/s dn elgG5 .

1. oL ck|fª\ufl/s of}lusx¿ x'g\ .

2. logLx¿ kf]if0f ljz]if xF'b}gg\ . 2. logLx¿ kf]if0f ljz]if x'G5g\ .

3. logLx¿n] df6fsf] ;+/rgfnfO{ aFrfO 

/fV5g\ .

3. logLx¿n] df6fsf] ;+/rgfnfO{ aFrfO 

/fVb}gg\ .

lrq g+= 15.1 : o'l/of dn

tkfO{“nfO{ yfxf 5 <
df6f]sf] cDnLokg x6fpg df6fdf s[lif r'g 
(calcium hydroxide)  Ca(OH)2) k|of]u ug'{kb{5 
eg] Iff/Lokg x6fpg SoflN;od ;Nkm]6 (calcium 
sulfate), SoflN;od Snf]/fO8 (calcium 
chloride), ;Nk\mo'l/s cDn (sulphuric acid), 
xfO8«f]Snf]l/s cDn (hydrocloric acid), o'l/ofsf] 
k|of]u ug{ ;lsG5 .
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4. oL dnx¿ kfgLdf sd 3'Ng] x'gfn] 

la?jfx¿n] lj:tf/} ;f];]/ lnG5g\ .

4. oL dnx¿ kfgLdf a9L 3'Ng] x'gfn] 

la?jfx¿n] l56f] ;f];]/ lnG5g\ .
5. logLx¿n] k|z:t k|fª\ufl/s j:t' 

df6fnfO{ lbG5g\ .

5. logLx¿n] k|z:t k|fª\ufl/s j:t' 

df6fnfO{ lbFb}gg\ .

6. logLx¿n] df6fnfO{ v's'nf] agfpF5g\ . 6. logLx¿n] df6fnfO{ v's'nf] agfpFb}gg\ .

s]lx /f;folgs dnsf pbfx/0fx¿

gfO6«f]hgo'St dn km:kmf]/;o'St dn kf]6fl;odo'St dn
-s_ Pdf]lgod ;Nkm]6 

 [(NH4)2SO4]
-v_ Pdf]lgod gfO6«]6

 [NH4NO3]
-u_ o'l/of

 [NH2-CO-NH2]

-s_ Pdf]lgod kmf]:km]6

 [(NH4)3PO4]
-v_ SoflN;od ;'k/ kmf]:k]m6 

 [Ca(H2PO4) 2CaSO4]
-u_ l6«kn ;'k/ kmf]:km]6 

 [3Ca(H2PO4)2]
-3_ Pdf]km; [NH4(H2PO4)]
-ª_ x8\8Lsf] w"nf]
 [bone meal]

-s_ kf]6fl;od

 Snf]/fO8 [KCl]
-v_ kf]6fl;od ;Nkm]6

 [K2SO4]
-u_ kf]6fl;od gfO6]«6

 [KNO3]
-3_ kf]6fl;od sfjf]{g]6

 [K2CO3]
-ª_ v/fgL 

/f;folgs dnsf] dxŒj tyf c;/x¿

gfO6«f]hgsf] dxŒj gfO6«f]hgsf] sdLsf c;/x¿

s_ la?jfsf] tLj| j[l4 ug{ ;xof]u u5{ .

-v_ xl/ts0fnfO{ a9L ;+in]if0f u5{ .

-u_ pTkfbgdf j[l4 ug{ ;xof]u u5{ .

-3_ k|f]l6g, k|f]6f]KnfHd, Snf]/f]lkmnsf] dfqf 

a9fpF5 .

-s_ pTkfbgdf sdL cfpF5 .

-v_ kftx¿ kx]Fnf x'G5g\ .

-u_ la?jfsf] km'n, kmn / lapsf] cfsf/ 

;fgf] x'G5 .

km:kmf]/;sf] dxŒj km:kmf]/;sf] sdLsf c;/x¿

s_ h/fx¿sf] lgdf{0f / ljsf;df ;xof]u ub{5 .

-v_ afnLgfnL / lapdf l56f] kl/kSjtf cfpF5 .

-u_ /f]uaf6 arfpg ;xof]u u5{ .

-3_ bfgfx¿ a9L k'i6 agfpF5 .

-s_ la?jfsf] h/f /fd|/L ljsf; x'g  

kfpFb}g .

-v_ sf]if ljefhgdf dGbtf cfpF5 .



168 lj1fg, sIff 9

kf]6fl;odsf dxŒj kf]6fl;od dnsf sdLsf c;/x¿

-s_ la?jfsf] sf08 / h/fx¿nfO{ alnof] agfpF5 .

-v_ /f]u;Fu n8\g;Sg] IfdtfnfO{ a9fpF5 .

-u_ la?jfdf km'nsf] ljsf;df ;xof]u ub{5 .

-3_ la?jfdf :6fr{, k|f]l6gnufot cGo j:t'sf] 

lgdf{0fdf ;xof]u ub{5 .

-s_ k|f]l6gsf] lgdf{0fdf dGbtf cfpg'sf] 

;fy} sf]if ljefhgdf sdL cfpF5 .

-v_ la?jfsf kft tyf ;fgf la?jfx¿ 

;'Sg] jf dg]{ ub{5g\ .

/f;folgs dnsf] k|of]u ubf{ Wofg lbg'kg]{ s'/fx¿
(Considering factors while using chemical fertilizers)
-s_ /f;folgs dnsf] k|of]u ug'{eGbf klxn] df6fsf] cDnLo jf Iff/Lokgf kQf nufpg'kb{5 .

-v_ /f;folgs dnsf] k|of]u ubf{ gfs / d'vnfO{ /fd|/L 

5f]k]/ k|of]u ug{'kb{5 .

-u_ /f;folgs dnnfO{{ kfgLsf ;|f]tx¿df hfg lbg'xF'b}g .

-3_ /f;folgs dnnfO{ k|of]u ubf{ rflxg]eGbf a9L k|of]u 

ug'{x'Fb}g .

/f;folgs dnsf] k|of]u / o;sf] jftfj/0fdf c;/ 
(Use of chemical fertilizers and its impact on 
environment)

v]taf/Ldf /f;folgs dnsf] k|of]u ugf{n] v]tLkftLsf] pTkfbgdf j[l4 ePtf klg jftfj/0fdf o;sf] 

gsf/fTds c;/ kb{5 . h:t} df6fdf ePsf oL /;fogx¿ ljljw tl/sfn] kfgLsf ;|f]tx¿df k'Ubf 

pSt kfgL ePsf] 7fpFdf emf/kftx¿ / cNuLx¿sf] ;ª\Vofdf j[l4 x'G5g\ . oxL j[l4sf] sf/0f kfgLdf 

/x]sf] clS;hg ;lsG5 / clS;hgsf] cefjn]] ubf{ hnLo k|f0fLx¿sf] d[To' x'G5 . o;sf ;fy} oL 

dnx¿df /x]sf xflgsf/s /;fog ljleGg k|sf/sf vfb\o kbfy{df ;fukft, kmnk"mn cflb hDdf x'g 

hfFbf xfd|f] :jf:Yodf gsf/fTds c;/ kg]{ ub{5 .

;Demg'kg]{ s'/fx¿ 

1. df6fsf] pj{/fzlSt a9fpgsf nflu cfjZos df6fdf ylkg] aflx/L /f;folgs tŒj jf 

of}lusx¿nfO{ dn elgG5 .

2. d[t la?jfx¿ / hgfj/sf] afFsL c+zsf] ljR5]bgaf6 k|fKt dnnfO{ k|fª\ufl/s dn elgG5 .

3. ljleGg k|sf/sf /f;folgs kbfy{x¿ ldnfP/ tof/ ul/Psf] dnnfO{ ck|fª\ufl/s dn elgG5 . 

tkfO{FnfO{ yfxf 5 <
NPK /f;folgs dn 
macronutrients xf] eg] 
v]tLkftLsf] j[l4sf nflu 
micronutrients h:t} DofUg]l;od, 
kmnfd, lhª\s, ;Nkm/ cflbsf] klg 
dxŒj /x]sf] x'G5 .
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4. la?jfnfO{ sf6L hldgd'lg ;8fP/ tof/ ul/g] dnnfO{ xl/of] k|fª\ufl/s dn elgG5 .

5. hgfj/sf] d[To'kZrft\ vfN6fdf k'/L AofS6]l/of / kmGhfO{dfk{mt s'xfP/ jf ;8fP/ tof/ ul/g] 

dnnfO{ hgfj/af6 k|fKt k|fª\ufl/s dn elgG5 .

6. dndf gfO6«f]hg, kf]6f; / kmf]:kmf]/; ltg k|sf/sf kf]ifs tŒjx¿ ld;fP/ agfPsf] dnnfO{ 

NPK dn elgG5 .

7. Pdf]lgod ;Nkm]6, Pdf]lgod gfO6«]6, o'l/of  / Pdf]lgod kmf]:km]6 gfO6«f]hgsf ;|f]tx¿ x'g\ . 

8. SoflN;od ;'k/ kmf]:km]6, l6«kn ;'k/ kmf]:km]6, Pdf]km;  kmf]:kmf]/;sf ;|f]tx¿ x'g\ . 

9. kf]6fl;od Snf]/fO8, kf]6fl;od ;Nkm]6, kf]6fl;od gfO6]«6 / kf]6fl;od sfaf]{g]6 kf]6fl;odsf 

;|f]tx¿ x'g\ .

cEof;

-s_ tnsf ax' j}slNks k|Zgx¿df ;xL pQ/df l7s -_ lrx\g nufpg'xf]];\ M

1. k|fª\ul/s dn eGgfn] s]nfO{ hgfpF5 <

 -c_ sL6gfzs cf}ifwL -cf_ vlgh kbfy{af6 k|fKt dn 

 -O_ xl/of] dn  -O{_ k|fª\ul/s kbfy{af6 k|fKt dn

2. ck|fª\ul/s dn eGgfn] s]nfO{ hgfpF5 < 

 -c_ sL6gfzs cf}ifwL -cf_ vlgh kbfy{af6 k|fKt dn 

 -O_ xl/of] dn   -O{_ k|fª\ul/s kbfy{af6 k|fKt dn

3. k"0f{{ dndf s'g /;fogx¿sf] ;ld>0f kfOG5 <

 -c_ gfO6«f]hg, kf]6f; / km:kmf]/; -cf_ gfO6«f]hg / km:kmf]/; 

 -O_ kf]6f; / km:kmf]/; -O{_ kf]6f; / gfO6«f]hg 

4. tnsf dWo] s'g rflxF gfO6«f]hgsf] ;|f]t xf] <

 -c_ kf]6fl;od sfaf]{g]6 -cf_ Pdf]km;  

 -O_ SoflN;od ;'k/ kmf]:km]6 -O{_ Pdf]lgod kmf]:km]6

5. tnsf dWo] s'g rflxF kf]6f;sf] ;|f]t xf] <

 -c_ kf]6fl;od sfaf]{g]6 -cf_ Pdf]km; 

 -O_ SoflN;od ;'k/ kmf]:km]6 -O{_ Pdf]lgod kmf]:km]6
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6. tnsf dWo] s'g rflxF km:kmf]/;sf] ;|f]t xf] <

 -c_ kf]6fl;od sfaf]{g]6 -cf_ o'l/of  

 -O_ SoflN;od ;'k/ kmf]:km]6 -O{_ Pdf]lgod kmf]:km]6

-v_ tnsf k|Zgx¿sf] pQ/ n]Vg'xf];\ M

1. /f;folgs dn s]nfO{ elgG5, n]Vg'xf];\ .

2. k|fª\ufl/s dn s]nfO{ elgG5, n]Vg'xf];\ .

3.  NPK dndf s] s]sf] ;ld>0f x'G5 < o:tf] dn s;/L agfOG5, n]Vg'xf];\ .

4. ck|fª\ufl/s dn / k|fª\ufl/s dnlar ltg cf]6f km/s n]Vg'xf];\ .

5. k|fª\ul/s dn agfpg] tl/sf r/0fa4 ¿kdf pNn]v ug'{xf];\ .

6. gfO6«f]hg, km:kmf]/; / kf]6fl;od dnsf ltg ltg cf]6f ;|f]tx¿ tflnsfdf k|:t't 

ug'{xf];\ . 

7. la?jfdf gfO6«f]hgsf sdL x'g uPdf ltgLx¿df s] s:tf] c;/ b]lvG5, n]Vg'xf];\ .

8. km:kmf]/;sf sdLn] la?jfdf b]lvg] c;/x¿ n]vL tL c;/ x'g glbg s] s:tf] pkfox¿ 

cjnDag ug'{knf{, n]Vg'xf];\ .

9. la?jfdf kf]6fl;od tŒjsf] s] dxŒj 5 < a'Fbfut ¿kdf n]Vg'xf];\ .

10. ck|fª\ul/s dn / k|fª\ul/s dnlar ;DaGw b]vfpg'xf];\ .

11. /f;folgs dnsf] k|of]u ubf{ ckgfpg'kg]{ ;fjwfgLx¿ a''Fbfut ¿kdf pNn]v ug{'xf];\ . 

kl/of]hgf sfo{

1. tkfO{Fsf] ufpF jf ;x/df v]tLkftLdf nfu]sf ls;fgnfO{ ;f]wL /f;folgs dn k|of]usf] cj:yf 

kQf nufpg'xf];\ . o;sf] k|of]uaf6 ePsf nfe tyf xflgx¿sf] ljZn]if0f u/L Pp6f k|ltj]bg 

tof/ ug'{xf];\ . pSt k|ltj]bg sIffdf k|:t't u/L 5nkmn ug'{xf];\ .

2. ljBfnosf] au}Frfdf uP/ cjnf]sg u/L ToxfF k|of]u ePsf dnx¿ hDdf u/L ltgLx¿df 

kfOg] kf]ifs tŒjx¿af/] sIffdf 5nkmn ug{'xf];\ .

zAbfjnL 

k|fª\ufl/s dn M d[t la?jfx¿ / hgfj/sf] afFsL c+zsf] ljR5]bgaf6 k|fKt dn

ck|fª\ufl/s dn M ljleGg k|sf/sf vlgh kbfy{x¿ ldnfP/ tof/ ul/Psf] dn

k"0f{{ dn M gfO6«f]hg, kf]6f; / km:kmf]/; ldnfP/ agfPsf] dn
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PsfO

16

tkfO{Fsf] 3/ jl/kl/ au}Frf tyf hª\undf ePsf la?jf tyf hgfj/x¿sf] gfd slt cf]6f;Dd eGg 

;Sg'x'G5 < ljrf/ ug'{xf];\  t ¤ tL gfd eGg] cfwf/x¿ s] s] 5g\ < oLdWo] yfxf gePsf la?jf tyf 

hgfj/x¿ w]/} ;ª\Vofdf x'g ;S5g\ . s] oL ;a} ;hLjx¿sf] ljz]iftf Pp6} x'G5 t < xfd|f] jl/kl/ 

jftfj/0fdf w]/} lsl;dsf ;hLjx¿ kfOG5g\ . logLx¿sf] ¿k, agf]6, jf;:yfg / lhpg] z}nL km/s 

km/s x'G5 . ;hLjsf] juL{s/0f ubf{ lnOg] ljleGg cfwf/x¿ x'G5g\ . logLx¿df kfOg] ljz]iftfx¿, 

zf/Ll/s agf]6, vfgf vfg] k|lj|mof, k|hgg / j|md ljsf; cflb cfwf/df ;hLjsf] juL{s/0f ul/G5 . 

Pp6} k|s[lt / u'0f ePsf ;hLjnfO{ Pp6} ;d"x agfO{  /flvG5 . o;/L ;hLjx¿nfO{ ltgLx¿df kfOg] 

;dfg tyf c;dfg ljz]iftfx¿sf] cfwf/df ljleGg ;d"x / pk;d"xdf ljefhg ul/g] k|lj|mofnfO{ 

;hLjsf] juL{s/0f (classification of living beings) elgG5 . 

o; eGbf cl3sf sIffx¿df xfdLn] b'O{ hut\ juL{s/0f k|0ffnL (two kingdom system of 
classification) af6 ;hLjx¿sf] juL{s/0f ;DaGwL cWoog u¥of}F . xfdL o; PsfOcGtu{t kfFr 

hut juL{s/0f k|0ffnL (five kingdom system of classification) sf] cfwf/df juL{s/0f u/L 

cWoog ug]{5f}F .

of] k|0ffnLsf] cjwf/0ff ;g\ 1969 cd]l/sL 6\ofS;f]gf]ldi6 (american taxonomist) /f]j6{ Pr= 

lXj6]s/ (Robert H. Whitaker) n] NofPsf x'g\ . 

kfFr hutLo juL{s/0f k|0ffnL a9L pko'St / j}1flgs k|0ffnL x'gfsf sf/0fx?nfO{ lgDg tYon] k'li6 

ug]{ k|of; u/]sf] kfOG5 .

 k|f]sfl/of]6\; (prokaryotes) / o'sfl/of]6\; (eukaryotes) nfO{ 5'6\ofP/ /flvPsf] 5 .

 Ps sf]lifo ;hLjx¿nfO{ 5'6\6f5'6\6} /flvPsf] 5 . h:t} M hut df]g]/f / k|f]l6:6f

 xl/t s0fo'St jg:klt / xl/ts0f gePsf jg:kltx¿nfO{ 5'6\6f5'6\6} ;d"xdf /flvPsf] 5 

h:t} M kmGhfO{ / clNu .

 of] juL{s/0f k|0ffnL ;hLjx¿sf] j|md ljsf;sf] Oltxf;;Fu ;DalGwt ePsf]n] logLx¿sf 

hLjg z}nL (life style) af/] k|:6 x'G5 .

la?jfx¿ / hgfj/x¿sf] juL{s/0f
(Classification of Plants and Animals)
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o; cjwf/0ffcg';f/ ;hLjx¿sf] juL{s/0f lgDgfg';f/ ul/G5 M

1. lsª\8d df]g]/f (Kingdom Monera)

o; lsª\8dcGtu{t Ps sf]ifLo k|f]sfof{]l6s (prokaryotic) ;"Id ;hLjx¿ kb{5g\ . 

sf]ifdf Go'lSno;sf] ¿kdf l8clS;/fOaf]Go'lSns Pl;8 (DNA) x'G5 . logLx¿ :jkf]lift jf 

k/hLjL x'G5g\ . AofS6]l/of, chf]6f]AofS6/, An'lu|g cNuL cflb o;sf pbfx/0fx¿ x'g\ .

2. lsª\8d k|f]l6:6f (Kingdom Protista)

o;cGtu{t o'sfof{]l6s (eukaryotic) Ps sf]ifLo hLjx¿ kb{5g\ . sf]ifdf Go'lSno; x'G5 . 

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

3. lsª\8d kmGhfO{ (Kingdom Fungi)

o;cGtu{t xl/t s0f gePsf Ps sf]ifLob]lv ax'sf]ifLo ;hLjx¿ kb{5g\ . logLx¿sf] z/L/ 

yfNjf]O8 -thalloid_ x'G5g\ . logLx¿n] ;8] un]sf, s'lxPsf j:t'af6 vfgf k|fKt u5{g\ . 

9';L, lo:6 cflb o;sf pbfx/0fx¿ x'g\ . 

4. lsª\8d KnfG6L (Kingdom Plantae)

KnfG6L lsª\u8dcGtu{t k'mn k'mNg] / k'mn gk'mNg] jg:kltx¿ kb{5g\ .

k'mn k'mNg] / k'mn gk'mNg]  jg:kltx¿ (Flowering and non flowering plants)

o;df w]/} lsl;dsf jg:kltx¿ kb{5g\ . o;cGtu{t Ps sf]ifLo, ax'sf]ifLo, xl/t s0f 

(chlorophyll) ePsf jg:kltx¿ kb{5g\ . logLx¿sf] z/L/sf] sf]ifdf x'g] sf]if leTtf 

;]n'nf]h (cellulose) n] ag]sf] x'G5 .  logLx¿ :jkf]lift (autotrophs) x'G5g\ . oL jg:kltx¿dWo] 

s'g} k'mn k'mNg] / s'g} k'mn gk'mNg] x'G5g\ . :kfO/f]ufO/f, dfs]{lG;of, d; / pGo'F h:tf jg:kltx¿sf] 

k'mn k'mNb}g . t/ ;Nnf, tf]/L, wfg, cfFk, ;'Gtnf cflb h:tf jg:kltx¿sf] k'mn k'mN5 . KnfG6 

lsª\u8dnfO{ 3 cf]6f d'Vo l8lehgdf ljefhg ul/Psf] 5 M 

1. cNuL (Algae) 2. a|fof]kmfO6f (Bryophyta) 3. 6«flsof]kmfO6f (Trachaeophyta)

1. cNuL (Algae)

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

-v_ oL la?jfx¿df Snf]/f]lkmn (chlorophyll) x'g] x'gfn] cfk\mgf] vfgf cfk}mF agfpF5g\ . 

To;}n] logLx¿nfO{ c6f]6«km (autotrophs) elgG5 . 

-u_ logLx¿n] :6fr{sf] (starch) sf] ¿kdf vfgf hDdf u5{g\ .
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-3_ logLx¿sf] sf]ifsf] sf]if leTtf (cell wall) ;]n'nf]hn] ag]sf] x'G5 . 

-ª_ d}y'lgs jf cd}y'lgsaf6 k|hgg u5{g\ . 

-r_ oL jg:kltx¿ kf]v/L, gbL, ;d'b| / lr;f] 7fpFdf kfOG5 . 

h:t} M snfdfO8f]df]g; (chlamydomonas), eNeS; (volvox), :kfO/f]ufO/f (spirogyra), 
o'nf]ly|S; (ulothrix), k\mo's; (fucus) cflb . 

lj|mofsnfk 1

1. cNuLsf] cjnf]sg

-s_ glhs}sf] kf]v/L jf s'jfaf6 lrKnf] xl/of] j:t' kfgL;lxt af]tndf ;ª\sng ug'{xf];\ .

-v_ lg8nsf] ;xfotfn] af]tnaf6 xl/of] j:t';lxtsf] Ps yf]kf kfgL :nfO8df /fVg'xf];\ .

-u_ :nfO8nfO{ ;"Idbz{s oGqsf] ;xfotfn] cjnf]sg ug'{xf];\ . 

-3_ cjnf]sgkl5 pSt jg:kltsf] agfj6sf] lrq lvRg'xf];\ .

2. l8lehg M a|fof]kmfO6f (Bryophyta)

-s_ l8lehg a|fof]kmfO6fcGtu{tsf jg:kltx¿ ax'sf]ifLo x'G5g\ . 

-v_ s'g} la?jfsf] /fOHjfO8, sf08 / ;fwf/0f kft x'G5 . 

-u_ logLx¿ :jkf]lift (autotrophs) x'G5g\ . 

-3_ uef{wfg x'g kfgL rflxg] ePsfn] o;nfO{ peor/ jg:klt (amphibian plant) 
elgG5 . 

-ª_ logLx¿sf] hLjg rj|mdf cN6/g];g ckm  h]g]/];g (alternation of generation) 
x'G5 . 

-r_ logLx¿ cf]l;nf], lr:ofg ePsf] 7fpFdf kfOG5 . 

 h:t} M dfs]{lG;of (marchantia), d; (moss), l/l;of (riccia) cflb . 

3. l8lehg M 6«flsof]kmfO6f (Tracheophyta)

o; l8lehgcGt{ut ljsl;t la?jfx¿ kb{5g\ . logLx¿sf] ef:s'n/ tGt' -hfOnd / k\mnf]Od_ ljsf; 

ePsf] x'G5 . oL jg:kltx¿af6 w]/} cUnf ?v aGb5g\ .  6«flsof]kmfO6fsf ltg cf]6f ;a l8lehg 

o;k|sf/ 5g\ M

1. 6]l/8f]kmfO6f   2. lhDgf]:kd{  3. PlGhcf]:kd{
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1. ;a l8lehg M 6]l/8f]kmfO6f

-s_ oL la?jfx¿sf] lap x'F'b}g t/ h/f, sf08 / kft k|:6;Fu 

5'6\l6Psf] x'G5 . 

-v_ logLx¿df hfOnd / k\mnf]Od h:tf hl6n tGt'sf] ljsf; 

ePsf] x'G5 . 

-u_ oL la?jfx¿sf] kftsf] k5fl8k6\l6 v}/f] bfgf x'G5, h;nfO{ 

;f]/; (sorus) elgG5 .  o;n] spore pTkfbg u5{ . 

-3_ :kf]/ (spore) cª\s'/0f eP/ Uofd]6f]kmfO6 aG5 . 

-ª_ logLx¿sf] hLjg rj|mdf cN6/g];g ckm h]g]/];g (alternation of generation) 
x'G5 . 

 h:t} M pGo' (fern), nfOsf]kf]l8od (lycopodium), l;nflhg]nf (selaginella) 
cflb .

2. ;a l8lehg M lhDgf]:kd{ (Gymnosperm)

-s_ oL la?jfx¿sf] jf:tljs k"mn / kmn x''Fb}g . 

-v_  lap kmnleq geO{ gfª\uf] (naked) x'G5 . 

-u_  logLx¿sf] kft nfDrf] / ltvf] x'G5 . 

-3_  logLx¿sf] k"mn Ps lnª\uL (unisexual) x'G5 . 

-ª_ k'mndf cf]e/L (ovary) x'Fb}g, h;n] ubf{ kmn nfUb}g . 

-r_ kf]lng];g (pollination) xfjfsf] dfWodaf6 x'G5 . 

-5_ oL la?jfx¿ hldgdf kfOG5 . 

 pbfx/0f M ;fOs; (cycas), ;Nnf] (pinus)

lrq g+= 16.3 : ;fOs;lrq g+= 16.2 :  ;Nnf  

lrq g+= 16.1 : pGo'
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3. ;a l8lehg M PlGhcf]:kd{ (Angiosperm)

-s_ l8lehg PlGhcf]:kd{cGtu{tsf la?jfx¿sf] jf:tljs k'mn / kmn x'G5 . oL la?jfx¿ 

;a}eGbf ljsl;t x'G5 . 

-v_ oL la?jfx¿sf] kmnleq lapm x'G5 . 

-u_ s'g} la?jf afO;]S;'cn (bisexual) x'G5g\ eg] s'g} o'lg;]S;'cn (unisesxual) klg 
x'G5g\ .

-3_ k"mn ljsl;t x'G5 . k"mndf cf]e/L / cf]Eo'n (ovule) b'j} x'G5 . 

-ª_ k/fu;]rg xfjf, kfgL, ls/fx¿, hgfj/x¿sf] dfWodaf6 x'G5 . 

-r_ oL la?jfx¿ s'g} kfgLdf kfOG5 eg] s'g} hldgdf kfOG5g\ . 

 h:t} M ;'Gtnf, ds}, s]/f, wfg, e6df; kfgLdf kfOg] hns'DeL, n]Dgf, lkl:6of cflb . 

 lapdf kfOg] sf]l6ln8gsf] cfwf/df PlGhcf]:kd{nfO{ b'O{ cf]6f Snf;df afFl8Psf] 5 . 

-c_ df]gf]sf]l6ln8g (monocotyledon)

-cf_ 8fOsf]l6ln8g (dicotyledon)

df]gf]sf]l6ln8g (Monocotyledon)
-s_ o; Snf;cGtu{t kg]{ la?jfx¿sf] lapdf Pp6f dfq sf]l6ln8g (cotyledon) x'G5 . 

-v_ h/f e'mKk k/]sf] (fibrous root) u'R5] h/f x'G5 . 

-u_ sf08 vf]j|mf] x'G5 . 

-3_ ef:s'n/ l6:o' (vascular tissue) sf08df 5l/P/ /x]sf x'G5g\ . 

-ª_ kftdf ;dfgfGt/ /]zf (parallel venation) x'G5 . 

-r_ logLx¿ kfgL / hldgdf kfOG5 . 

 h:t} M wfg, ds}, ux'F, pv', s]/f, afF; cflb . 

lrq g+= 16.4 :  wfg / ds}
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8fOsf]l6ln8g (Dicotyledon)

-s_ la?jfsf] lapdf b'O{ cf]6f sf]l6ln8g (cotyledons) x'G5 . 

-v_ logLx¿sf] d'n h/f (tap root) x'G5 . 

-u_ sf08 vFlbnf] / b/f] x'G5 . 

-3_ kftdf hflnbf/ /]zf (reticulate venation) x'G5 . 

-ª_ ef:s'n/ l6:o' sf08sf] jl/kl/ l/ª\usf] ¿kdf x'G5 . 

 h:t} M e6df;, tf]/L, s]/fp, ;'Gtnf, cfFk, rgf, af]8L, l;dL, km;L{ cflb . 

lrq g+= 16.5 : s]/fp / tf]/L

lj|mofsnfk 2: la?jfsf] h/f, sf08 / kftsf] cjnf]sg

3/af6 ljBfno cfpFbf af6fdf kfOg] s'g} b'O{ cf]6f ;;fgf la?jfx¿ h/f;lxt pv]n]/ ;ª\sng 

ug'{xf];\ . 7'nf 7'nf s'g} b'O{ cf]6f la?jfsf] kftx¿ ;ª\sng ug'{xf];\ . sIff sf]7fdf ;d"x agfO{ 

;ª\sng u/]sf la?jfx¿sf] cjnf]sg ug'{xf];\ . ;ª\sng u/L NofPsf] la?jfx¿sf] h/f, sf08 / 

kftsf] t'ngfTds cWoog u/L df]gf]sf]l6ln8g / 8fOsf]l6ln8g s'g s'g la?jf s'g s'g Snf;df 

k5{g\ < ;d"xdf 5nkmn u/L 5'6\ofpg'xf];\ .

5. lsª\8d – Plgdlnof (Kingdom Animalia)

9f8 ePsf / 9f8 gePsf hgfj/x¿ Plgdlnof lsª\u8dcGtu{t kb{5g\ .

9f8 ePsf / 9f8 gePsf hgfj/x¿ (Vertebrate and Invertebrate Animals)

o;df w]/} lsl;dsf hgfj/x¿ kfOG5g\ . oL hgfj/x¿ Pscsf{;Fu zf/Ll/s agf]6, cfsf/, 

¿k cflbdf km/s x'G5g\ . s'g} hgfj/sf] cfGtl/s cl:yk~h/ x'G5 eg] s'g} hgfj/sf] z/L/ 

s8f cfj/0fn] 9fs]sf] x'G5 . s]xL hgfj/sf] z/L/ ;fwf/0f agf]6sf] x'G5 eg] s'g} hgfj/df 

;Dk"0f{ k|0ffnLsf] ljsf; ePsf] x'G5 . oL hgfj/x¿dWo] 9f8 ePsfnfO{ Pp6f ;d"x / 9f8 
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gePsfnfO{ cs}{ ;d"xdf ljefhg ul/Psf] 5 .  9f8 gePsf ax'sf]ifLo hgfj/x¿nfO{ OGel6{a|]6 

(invertebrate) elgG5 eg] 9f8 ePsf hgfj/x¿nfO{ el{6{a|]6 (vertebrate) elgG5 . o; kf7df 
xfdL OGel6{a|]6cGtu{t cf7 cf]6f kmfOndx¿af/] cWoog u5f}{F M

1. kmfOnd M kf]/Lkm]/f (Phylum: Porifera)

o; kmfOnddf kg]{ hgfj/x¿ ax'sf]ifLo x'G5g\ . logLx¿sf] 

z/L/nfO{ 9fSg] tx b'O{kq] x'G5g\ . To;}n] o; ;d"xsf] 

hgfj/nfO{ l8Knf]Anfl:6s (diploblastic) elgG5 .  

z/L/el/ dl;gf l5b|x¿ x'G5g\, h;nfO{ cf]l:6of (ostia) 
elgG5 . z/L/df 7'nf] l5b| klg x'G5, h;nfO{ cf]:s'nd 

(osculum) elgG5 . z/L/df ePsf] cfl:6ofaf6 kfgL 

leq hfG5 / cf]:s'ndjf6 aflx/ lg:sG5 . o;n] kfgLdf 

ePsf] vfgfnfO{ ;f];]/ lnG5 . z/L/sf] ;txaf6 :jf; 

k|Zjf; u5{ eg] cGo k|0ffnLsf] ljsf; ePsf] xF'b}g . 

logLx¿ kfgLleq s'g} j:t'df 6fFl;P/ /x]sf x'G5g\, 

h:t} M :kf]lGhnf (spongilla), ;fOsf]g (sycon), 
No'sf];f]n]lgof (leucosolenia) .

2. kmfOnd M l;n]G6/]6f (Phylum:Coelenterata)

o; kmfOnddf kg]{ hgfj/x¿ ax'sf]ifLo tyf l8Knf]Anfl:6s 

(diploblastic) x'G5g\ . z/L/leq vf]j|mf] gnL (coelenteron) 
x'G5 . d'v (mouth) jl/kl/ 6]G6fsN; (tentacles) x'G5g\ . 
6]G6fsN;sf] dbtn] lxF8\8'n u5{g\ . z/L/sf] ;txaf6 ;f; 

k]m5{g\ . d}y'lgs / cd}y'lgs b'j} tl/sfaf6 k|hgg\ u5{g\ . 

oL hgfj/ kf]v/L, tfn tyf ;d'b|df kfOG5g\, pbfx/0f M 

xfO8«f (hydra), sf]/n (coral), h]lnlkm; (jelly fish) 
cflb .

3. kmfOnd M Kn]l6x]lNdlGy; (Platyhelminthes)

o; kmfOnddf kg]{ hgfj/x¿nfO{ r]K6f ls/f elgG5 . 

logLx¿sf] z/L/ kft h:tf] r]K6f] jf l/ag h:tf] 

nfdf] cfsf/sf] x'G5 . z/L/nfO{ ltg kq] sf]ifsf] txn] 

9fs]sf] x'G5 . To;}n] o:tf hgfj/nfO{ l6«Knf]Anfl:6s 

(triploblastic) elgG5 . lrq g+= 16.9 : 6]kjd{ / lne/k\mn's

lrq g+= 16.8 : h]lnlkm;

lrq g+= 16.7 : xfO8«f

lrq g+= 16.6 : :kf]Gh
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z/L/sf] cufl8sf] efu (anterior part) df d'v x'G5 / o;sf] jl/kl/ cª\s'z (hook) x'G5 .  
cª\s'zsf] dbtn] cf>o sf]ifdf (host cell) 6fFl;P/ a:5 . logLx¿df r';s (sucker) 
x'G5, h;sf] dbtn] /ut, vfgf ;f];]/ lnG5 . s]xL leqL k/hLjL (endoparasite) x'G5g\ 
eg] s]xL :jtGq (free living) x'G5g\ . logLx¿ xdf{k|mf]8fO6 (hermaphrodite) x'G5g\ . 
logLx¿df d}y'lgs / cd}y'lgs b'j} tl/sfaf6 k|hgg x'g'sf] ;fy} l/h]g]/];g (regeneration) 
Ifdtf klg x'G5 . pbfx/0f M lne/k\mn's (liverfluke) 6]kcd{ (tapeworm) cflb .

4. kmfOnd M lgdfy]Nd]lGy; (Nemathelminthes)

o; kmfOnddf kg]{ hgfj/x¿sf] z/L/ nfdf] / uf]nf] eO{ b'j}k6\l6 

r'Rrf] k/]sf] x'G5 . logLx¿sf] d'v, dnåf/ / r';s cª\u ljsf; 

ePsf] x'G5 . z/L/nfO{ b'O{ a/fa/L efudf afF8\g ;lsG5, h;nfO{ 

afOn]6]/NnL l;d]l6«sn (bilaterally symmetrical) elgG5 . 
logLx¿ o'lg;]S;'on (unisexual) x'G5g\ . d}y'lgs tl/sfaf6 

k|hgg u5{g\ . logLx¿ k|foh;f] k/hLjL x'G5g\ eg] s]xL :jtGq 

x'G5g\ . pbfx/0f M P:s]l/; (ascaris), x'sjd{ (hookworm), 
lkgcd{ (pin worm) cfbL .

5. kmfOnd M Plgln8f (Annelida)

o; kmfOnddf kg]{ hgfj/x¿sf] z/L/ nfDrf], 8f]]nf] / v08 

v08 ldnL ag]sf] x'G5 . z/L/nfO{ 9fSg] tx cf]l;nf] (moist) 
x'G5 . 5fnfaf6 ;f; km]5{ . dfl:tis 1fg tGt', lg:sfzg 

/ /St ;~rf/sf cª\ux¿sf] ljsf; ePsf] x'G5 . z/L/ 

afOn]6]/NnL l;d]l6«sn (bilaterally symmetrical) x'G5 . 
s]xL hgfj/ xdf{k|mf]8fO6 (hermaphrodite) x'G5g\ eg] s]xL 

o'lg;]S;'on (unisexual) x'G5g\ . logLx¿ cf]l;nf] df6f], 

kfgLdf kfOG5 eg] s'g}  k/hLjLsf] ¿kdf klg kfOG5g\ . h:t} M u8\of}nf (earthworm), 
h'sf (leech), g]l/; (nereis), cflb .

6. kmfOnd M cfy|f]kf]8f (Arthropoda)

o; kmfOnddf kg]{ hgfj/x¿sf] z/L/ s8f cfj/0fn] 9fs]sf] x'G5 . z/L/sf v'6\6fx¿ v08 

v08 ldnL ag]sf] x'G5 . z/L/ 6fpsf], 5ftL / k]6df 5'6\l6Psf] x'G5 . 6fpsf]df Ps hf]8L 

sDkfpG8 cfFvf / PlG6gf x'G5g\ . efn] / kf]yL 5'6\6f5'6\6} x'G5g\ . ls/fx¿sf] (insects) b'O{ 
hf]8f kv]F6f x'G5g\ . 5fnf, luN; jf 6«oflsofaf6 ;f; km]5{g\ . hldg, xfjf, kfgL ;a} 7fpFdf 

kfOG5 . h:t} M laR5L, k'tnL, sG;'Tnf] cflb .

lrq g+= 16.10 :  P:s]l/;

lrq g+= 16.11 :  u8\of}nf, h'sf
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lj|mofsnfk 3.

ls/fx¿sf] ;ª\sng

sIffsf ;fyLx¿sf] ;d"x agfpg'xf];\ . lzIfs lgb]{lzt ;fdu|Lx¿ lng'xf];\ . glhs}sf] v'nf 

rp/df hfg'xf];\ . ToxfF kfOg] ls/fx¿, lj6n, u8\of}nf, 8«fugk\mnfO{nfO{ cfjZostfcg';f/ l:slkª 

g]6sf] ;xfotfn] ;ª\sng ug'{xf];\ . ;ª\slnt ls/fx¿sf] af/]df sIffsf]7fdf 5nkmn ug'{xf];\ . 

ls/fx¿sf] cjnf]sg / cWoogkl5 gfd, juL{s/0f / nIf0f;lxt sfkLdf n]Vg'xf];\ . 

7. kmfOnd M df]n:sf (Mollusca)

o; kmfOnddf kg]{ hgfj/x¿sf] z/L/ sdnf] (soft) 
x'G5 . s'g} hgfj/x¿sf] z/L/ SoflN;odaf6 ag]sf] 

s8f cfj/0fn] 9fs]sf] x'G5 . 6fpsfdf 6]G6fsN; x'G5g\ . 

s'g} j:t'df :k;{ x'g] lalTts} s8f cfj/0fleq z/L/nfO{ 

n'sfpF5 . logLx¿ o'lg;]S;'cn (unisexual) x'G5g\ . 
z/L/ cl;d]l6«sn (asymmetrical) x'G5 . logLx¿sf] 

kfrg, /St ;~rf/ / :gfo' k|0ffnL ljsf; ePsf] x'G5 . 

logLx¿ hldg / kfgLdf kfOG5g\ . h:t} M lrKn]ls/f 

(slug), zª\v]ls/f (snail), cS6f]k; (octopus), 
s6nlkm; (cuttle fish), l;kL (unio) cflb .

8. kmfOnd M OsfOgf]8d{6f (Echinodermata)

o; kmfOnddf kg]{ hgfj/x¿sf] z/L/ s8f cfj/0fn] 

9fs]sf] x'G5, h'g sfF8fo'St x'G5 . hgfj/x¿ tf/f 

cfsf/sf], nfDrf], uf]nf] cfsf/sf] x'G5 . logLx¿ 

l6«Knf]Anfl:6s  (triploblastic) / /]l8oNnL l;d]l6«sn 

(radially symmetrical) x'G5g\ . kfrg k|0ffnL ljsf; ePsf] x'G5 . d'v / dnåf/ x'G5 . 6\o'a 

lkm6 (tube feet) sf] dbtn] lxF8\8'n u5{g\ . logLx¿ unisexual x'G5g\ . d}y'lgs tl/sfaf6 

k|hgg u5{g\ . logLx¿ k|foh;f] ;d'b|df kfOG5g\ . h:t} M :6f/lkm; (star fish), l;clr{g 

(sea-urchin), l; So'sDa/ (sea-cucumber) cflb .

lrq g+= 16.12 : laR5L / k'tnL

lrq g+= 16.13 : zª\v]ls/f / cS6f]k;

lrq g+= 16.14 : :6f/lkm;
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el6{a|]6\; (Vertebrates) : 9f8 ePsf hgfj/x¿nfO{ el6{a|]6 elgG5 . ;a} el6{a|]6x¿nfO{ kmfOnd 

s8]{6fdf /flvPsf] 5 .  df5f, Eofu'tf, s's'/, la/fnf], l;+x, x\j]n, rd]/f cflb hgfj/x¿ s8]{6fdf 

kb{5g\ . oL ;Dk"0f{ hgfj/x¿sf] s]xL ljz]iftf km/s eP tfklg s]xL ljz]iftfx¿ eg] ;dfg kfOG5g\ . 

kmfOnd s8]{6fsf ljz]iftfx¿

logLx¿sf] hLjgsf] s'g} cj:yfdf gf]6f]s8{ (notochord) sf] ljsf; ePsf] x'G5 . e|"0f cj:yfdf 

afx\o 3fF6Lsf] efudf luN; (gills) sf] ljsf; ePsf] x'G5 . e6]a|f (vertebrae) leqsf] vfnL efu 

gnL cfsf/sf] g;fn] el/Psf] x'G5 . cl:yk~h/nfO{ df+zk]zLn] 9fs]sf] x'G5 . aGb /St ;~rf/ 

k|0ffnL ljsf; ePsf] x'G5 . 

kmfOnd s8]{6fnfO{ rf/ cf]6f ;a kmfOnddf ljefhg ul/Psf] 5 . tL ;a kmfOndx¿ x]lds8]{6f, 

o'/f]s8]{6f, ;]kmfnf]s8]{6f / el6{a|]6f x'g\ . o; kf7df ;a kmfOnd el6{a|]6fsf] af/]df dfq cWoog 

ul/G5 .

;a kmfOnd el6{a|]6f (Sub-Phylum Vertebrata)

z/L/df 9f8 ePsf hgfj/x¿ o; ;d"xdf kb{5g\ . logLx¿sf] z/L/ afOn]6]/NnL l;d]l6«sn 

(bilaterally symmetrical) x'G5 . Zjf; k|Zjf; lj|mof luN; jf kmf]S;f]af6 ;~rfng 

x'G5 . z/L/sf] tfkj|md jftfj/0fcg';f/ kl/jt{g eO/xG5, h;nfO{ kf]Olsnf]yld{s (poikilo 
thermic) hgfj/ elgG5 . kf]Olsnf]yld{s hgfj/nfO{ ljifdtfkL (cold blooded) elgG5 . 

df5f, ;k{, Eofu'tf o; ;d"xdf kb{5g\ eg] jftfj/0fcg';f/ z/L/sf] tfkj|md kl/jt{g gx'g] 

dflg;, r/f cflbnfO{ xf]ldof]yld{s (homiothermic) elgG5 . xf]ldof]yld{s hgfj/nfO{ ;dtfkL 

(warm blooded) elgG5 . kmfOnd el6{a|]6fnfO{ 5 cf]6f Snf;df ljefhg ul/Psf] 5 .  oL x'g\ M 

-s_ lk;]h (pisces) -v_ PlDkmlaof (amphibia)  

-u_ /]lK6lnof (reptilia) -3_ PE; (aves)  -ª_ Dofd]lnof (mammalia)

lk;]h (Pisces)

logLx¿sf] z/L/ nfDrf], r]K6f] / sTnfn] 9fs]sf] x'G5 . logLx¿sf] z/L/nfO{ 6fpsf] (head), 
lhp (trunk) / k'R5/ (tail) u/L ltg efudf afFl8Psf] x'G5 . 6fpsfsf] b'j}lt/ luN; (gills) 
x'G5 . o;n] ;f; km]g{ dbt u5{ . lkmG; (fins) sf] dbtn] kfgLdf kf}8G5 . d'6'df b'O{ sf]7f (two 
chamber) x'G5 . efn] / kf]yL b'O{ cf]6f 5'6\6} x'G5g\ . afx\o uef{wfg (external fertilization) 
x'G5 eg] s'g}df leqL uef{wfg klg (internal fertilization) x'G5 . logLx¿ kfgLdf a:5g\ .
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h:t} M ;a} k|sf/sf df5fx¿, ;d'b|L 3f]8f (sea horse), /f]x' (rohu) cflb . 

lrq g+= 16.15 :  df5f / ;d'b|L 3f]8f

PlDkmlaof (Amphibia)

logLx¿sf] z/L/ cf]l;nf] 5fnf (moist skin) n] 9fs]sf] x'G5 . logLx¿sf] z/L/nfO{ 6fpsf] / 

9f8 u/L b'O{ efudf 5'6\ofpg ;lsG5 . logLx¿sf] rf/ cf]6f lnDa; (limbs) x'G5 .  logLx¿n] 

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

;f; km]5{g\ . logLx¿sf] d'6'df ltg cf]6f sf]7f x'G5g\ . logLx¿ Pslnª\uL (unisexual) 
x'G5g\ . logLx¿n] kfgLdf k'mn kf5{g\ . logLx¿df afx\o uef{wfg x'G5 . logLx¿ kfgL / hldg 

u/L b'j} 7fpFdf a:5g\ . h:t}M Eofu'tf (frog), 6f]8 (toad) / ;fnfdfG8/ (salamander) cflb . 

lrq g+= 16.16 :  ;fnfdfG8/ / Eofu'tf

/]lK6lnof (Reptilia)

o; Snf;cGtu{t hgfj/x¿ hldgdf 3;|]/ lxF8\5g\ . logLx¿sf] z/L/nfO{ s8f cfj/0fn] 

9flsPsf] x'G5 . z/L/nfO{ 6fpsf], 9f8 / k'R5/ u/L 3 efudf 5'6\ofpg ;lsG5 . logLx¿sf] b'O{ 

hf]8L lnDa\; (limbs) x'G5 . logLx¿n] kmf]S;f]af6 ;f; km]5{g\ . logLx¿sf] d'6'df 3 cf]6f sf]7f 

(three chamber) x'G5, t/ uf]xLsf] 4 cf]6f sf]7f x'G5 . logLx¿ Pslnª\uL (unisexual) x'G5g\ 

/ leqL uef{wfg x'G5 . logLx¿n] k'mn kf5{g\ . logLx¿ kfgL / hldgdf a:5g\ . 

h:t} M ;k{ (snake), 5]kf/f] (lizard), dfp;'nL (wall lizard), uf]xL (crocodile), s5'jf 

(tortoise) cflb .

lrq g+= 16.17 : ;k{ / uf]xL
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PE; (Aves)

o; Snf;df kg]{ hgfj/x¿sf] z/L/ e'Tnf (fur) / KjfFv (feather) n] 9flsPsf] x'G5 . logLx¿sf] 

z/L/df 6fpsf], 3fF6L, lhp / k'R5/ x'G5 . logLx¿sf] b'O{ hf]8f lnDa; x'G5g\ . kmf]/ lnDa; (fore 
limbs) kv]6fdf ¿kfGt/0f ePsf] x'G5 eg] xfOG8 lnDa; (hind limbs) lxF8\gsf nflu k|of]u 

u5{ . logLx¿sf] z/L/df x'g] xf8 vf]j|mf] x'G5, h;nfO{ Go'Dofl6s xf8 (pneumatic bone) 
elgG5 . logLx¿n] kmf]S;faf6 ;f; km]5{g\ . logLx¿n] k'mn kf5{g\ (oviparous) . logLx¿sf] 

leqL uef{wfg x'G5 . logLx¿ Ps lnª\uL (unisexual) x'G5g\ . logLx¿sf] z/L/df xfjfsf] 

y}nL (air sac) x'G5 . logLx¿ hldgdf a:5g\ . h:t} M ;'uf (pigeon), 8fFkm] (danphe), do"/ 
(pea-cock), s'v'/f (hen) cflb . 

Dofd]lnof (Mammalia)

logLx¿sf] z/L/ /f}F (fur) n] 9flsPsf] x'G5 . z/L/df b'wsf] u|GyL (mammary gland) x'G5 . 
logLx¿sf] z/L/df 6fpsf], 3fF6L, lhp / k'R5/ x'G5 . logLx¿n] kmf]S;faf6 ;f; k]m5{g\ . logLx¿sf] 

d'6'df rf/ cf]6f sf]7f (four chamber) x'G5g\ . logLx¿n] ;f]em} aRrf hGdfpF5g\ (viviparous) . 
logLx¿ Ps lnª\uL x'G5g\ / leqL uef{wfg x'G5 . oL hgfj/x¿ hldg / kfgL b'j}df a:5g\ . h:t}M 

dflg; (man), 3f]8f (horse), x\j]n (whale), ufO{ (cow) cflb . 

lsª\u8d M Plgdlnof  kmfOnd M sf]8f{6f ;akmfOnd M el6{a|]6f

Snf;  M Dofd]lnof  pbfx/0f M rd]/f]

lrq g+= 16.18 :  do"/ / 8f“k]m

lrq g+= 16.19 :  rd]/f] / x\j]n
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nfdv'6\6] (Mosquito)

nfdv'6\6] OG;]S6f Snf;cGtu{t kg]{ Ps  k|sf/sf] 

xflgsf/s ls/f xf] . nfdv'6\6] htftt} kfOG5 . vf;u/L 

udL{ofddf tyf jiff{ofddf a9L efudf nfdv'6\6] 

kfOG5 . of] lbpF;f]sf] ;dodf aflx/ lgl:sF+b}g . t/ 

cFWof/f]df cfk\mgf] vfgfsf] vf]hLsf] nflu 3'ld/xG5 . 

/ftsf] ;dodf cFWof/f] 7fpF, emf8L ?vsf] 6f]8\sfdf n's]/ 

a:5 . To:t} u/L 3/sf] s'gf sfKrf, lstfa /fVg] ¥ofsdf 

n's]/ a;]sf x'G5g\ . hnjfo' kl/jt{gsf] c;/n] ubf{ dWo 

kxf8L efueGbf a9L prfOdf klg nfdv'6\6] kfOg yfn]sf] 

5 . tfkj|mdsf] j[l4;Fu} nfdv'6\6]sf] af;:yfg klg a9L 

prfOlt/ ;/]sf] kfOG5 . efn] / kf]yL b'j} nfdv'6\6]n] 

k'mnsf] /; vfP/ hLjg ofkg ub{5g\ eg] kf]yL nfdv'6\6]n] 

xf]ldof]yld{s hgfj/sf] /; klg r':g] ub{5 . 

nfdv'6\6]sf] aflx/L agfj6 (External features of Mosquito)

nfdv'6\6]sf] z/L/ 6fpsf], 5ftL / k]6df 5'6\l6Psf] x'G5 . o;sf] 6fpsfdf Ps hf]8f sDkfpG8 

cfFvf (compound eye) / Ps hf]8f hF'+uf (antennae) x'G5g\ . o;sf] ;'8 h:tf] k|f]af]l;; 

(proboscis) x'G5 .  o;leq l;of] h:tf] ltvf] cª\u x'G5, h;nfO{ hgfj/sf] z/L/df Kjfn kfg{] / 

/ut r':g] sfdsf] nflu k|of]u u5{ . 

nfdv'6\6]sf] Ps hf]8f kv]6f x'G5g\ . o;sf] 5ftLaf6 v08 v08 ldnL ag]sf] 3 hf]8f v'6\6fx¿ 

lg:s]sf x'G5g\ .  kf]yLsf] kv]6f 7'nf] x'G5 . o;sf] k]6 gf} cf]6f v08x¿ ldnL ag]sf] x'G5 eg] 

clGtd v08df dnåf/ /x]sf] x'G5 .  nfdv'6\6]sf] k|hgg cfGtl/s x'G5 . nfdv'6\6] p8\bf o;sf 

kv]6fx¿ Ps cfk;df 7f]lsG5g\ / Wjlg pTkfbg x'G5 . kf]yL nfdv'6\6]n] k'mn kfg{] ;dodf el6{a]|6sf] 

/ut r':5 .

nfdv'6\6]sf] hLjg rj|m (Life Cycle of Mosquito)

nfdv'6\6]x¿ 3/sf] au}Frf, v]taf/L, 9n glhs} tyf kf]v/L tfndf kfOG5 . logLx¿sf] hLjg rj|msf] 

k'mn, nfef{, Ko'kf / jo:s rf/ cj:yf x'G5 . oL dWo] k'mn, nfef{ / Ko'kf aGg] r/0fx¿ kfgLdf 

k"/f x'G5 .

tkfO{FnfO{ yfxf 5 <
hnjfo' kl/jt{gsf] c;/n] tfkj|md j[l4 
;“u;“u} nfdv'6\6]sf] af;:yfg kl/jt{g 
ePsf] kfOG5 . cfhef]ln gfDr] ahf/ 
h:tf] w]/} prfOdf klg nfdv'6\6] kfOg 
yfn]sf] 5 . 

lrq g+= 16.20 :  nfdv'6\6]
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k'mn (Egg)

efn] / kf]yLsf] ;+;u{ (mating) xfjfdf x'G5 . kf]yL nfdv'6\6]n] k|foM l:y/ cj:yfdf /x]sf] 

kf]v/L, v]t vfN6f tyf tfnsf] 5]p5fpsf] kfgLdf k'mn kf5{ . s'g} nfdv'6\6]n] ;kmf kfgLdf 

k'mn kf5{ eg] s'g}n] kmf]xf]/ kfgLdf k'mn kf5{ .  Pgf]lkmln; hfltsf] nfdv'6\6]n] Ps k6sdf 

40 b]lv 100 cf]6f;Dd k'mn kfb{5 . k|To]s k'mnsf] bfofF afofF xfjfsf y}nL (air float) x'G5 .  
k|To]s k'mn 5'6\6f5'6\6} x'G5 . So'n]S; hfltsf] nfdv'6\6]n] Ps k6sdf 200 b]lv 400 cf]6f k'mn 

kf5{ . oL k'\mnx¿ Ps cfk;df 6fFl;P/ 9'ª\ufsf] cfsf/df kfgLdf t}l/G5g\ . 

nfef{ (Larva)

pko'St jftfj/0fdf 2 - 3 lbgdf k|To]s k'mnaf6 nfef{ lg:sG5 .  nfef{x¿ ;fgf, kf/bz{s 

tyf ls/f h:tf x'G5g\ . nfdv'6\6]sf] nfef{nfO{ l/un/ (wriggler) elgG5 . o;n] kfgLdf 

l/ulnª (wriggling) rfn b]vfpF5 . 

o;n] kfgLdf ePsf] n]p tyf ;"Id hLjx¿ vfG5 . logLx¿ c;fWo} vGr'jf / ;lj|mo 

x'G5g\ .  logLx¿sf] z/L/ 6fpsf], 5ftL / k]6df 5'6\l6Psf] x'G5 .  5ftL km/flsnf] x'G5 / 3 cf]6f 

v08x¿ ldnL ag]sf] x'G5 . k]6 klg v08 v08 ldnL ag]sf] x'G5 . 6fpsfdf Ps hf]8f sDkfpG8 

cfFvf x'G5g\ . 6fpsfsf] tNnf]k6\l6 d'v x'G5 . d'v jl/kl/ ePsf dl;gf /f}Fsf] dbtn] kfgLdf 

/x]sf] vfg]s'/fnfO{ d'v;Dd k'¥ofpF5 . k]6df klg dl;gf /f}F h:tf] agf]6 lg:s]sf] x'G5 . k]6sf] 

cGtdf rf/ cf]6f luN; (gills) / ;f; km]g{ ;fOkmg (siphon) /x]sf] x'G5 . logLx¿ kfgLsf] 

;txdf em'lG8P/ a:5g\ . kfgL clnslt rn]df kfgLleq kf}l8G5g\ / Ps} l5gkl5 ;f; 

k]mg{ ;txdf cfpF5g\ . nfef{sf] kfgLdf /xg] tl/sf klg km/s km/s x'G5 . So'n]S; nfdv'6\6]sf] 

lrq g+= 16.21 :  nfdv'6\6]sf] hLjg rj|m



lj1fg, sIff 9 185

nfef{ kfgLsf] ;tx;Fu} sf]0f agfO a:b5 eg] Pgf]lkmln; nfdv'6\6]sf] nfef{ kfgLsf] ;tx;Fu 

;dfgfGt/ eP/ a:5 . 

nfef{ cj:yf sl/a b'O{ xKtf;Dd /xg ;S5 .  o; cj:yfdf 3 - 4 k6s;Dd 5fnf (moulting) 
km]5{ / of] k"0f{ ljsl;t x'G5 .

Ko'kf (Pupa)

k"0f{ ljsl;t nfef{ kfgLdf 8'A5 / sdf (comma) cfsf/sf] aG5 .  o;sf] 6fpsf] / 5ftL ldnL 

;]kmfnf]yf]¥ofS; (cephalothorax) aG5 . o;sf] k]6 (abdomen) nfdf] / v08 v08 k/]sf] 

x'G5 . o;nfO{ kf/bz{s (transparent) kftnf] txn] 9fs]sf] x'G5 . h;nfO{ Ko'k]l/od (puparium) 
elgG5 . c¿ ls/fx¿sf] Ko'kf cj:yf lgl:j|mo eO/xG5 . t/ nfdv'6\6]sf] Ko'kf r~rn] (active) 
x'G5 . of] kfgLdf kf}l8G5, t/ vfgf vfFb}g . o;n] ;fOkm]gsf] dbtn] ;f; km]5{ . of] cj:yf 

sl/a 2 b]lv 7 lbgsf] x'G5 . 

jo:s nfdv'6\6] (Adult mosquito) 

nfef{ cj:yfdf ljsl;t ePsf cª\ux¿ Ko'kf cj:yfdf ;a} x/fpF5g\ / k"0f{ ljsl;t nfdv'6\6]df 

kl/0ft x'G5 h;nfO{ Odfuf] (imago) elgG5 .  Ko'k]l/od km'6\5 / Odfuf] (imago) aflx/ lg:sG5 . 

o;n] kv]6f ;'Vvf agfpF5 / p8\gsf] nflu tof/ x'G5, h;nfO{ jo:s nfdv'6\6] elgG5 . 

nfdv'6\6]af6 x'g] a]kmfObfx¿ (Disadvantages of mosquitoes) 

nfdv'6\6] xflgsf/s x'G5 . o;n] ljleGg lsl;dsf /f]ux¿ dflg; tyf hgfj/x¿df ;fg{] 

ub{5 .  lglZrt k|sf/sf nfdv'6\6]n] cf}nf] (malaria), xfTtLkfOn] /f]u (filariasis), kLTtHj/ 
(yellow fever), d]g]GhfOl6; (meningitis), OG;]kmnfOl6; (encephalitis), 8]Gu' (dengue) 
h:tf /f]ux¿ ;fg{] / k}mnfpg] sfd ub{5g\ . 

/f]ux¿ Nffdv'6\6]sf] k|sf/ sf/s tTTj

cf}nf] /f]u (malaria) Pgf]lkmln; (anopheles) KnfHdf]l8od (plasmodium)
kmfOn]l/ofl;; xfQLkfOn]  

/f]u (filariasis)
So'n]S; kmfl6uG; (culex fatigans) pr]/]l/of afªj|mf]k\m6L 

(Wuchereria Banchrofti)

8]Gu' (dengue) So'n]S;, P]l8h (culex sp, Aedes 
sp) efO/; (virus)

OG;]kmnfOl6;  
(encephalitis)

So'n]S;, P]l8h (culex sp, aedes 
sp) efO/; (virus)

kLQHj/ (yellow fever) P]l8h (aedes) efO/; (virus)
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cf}nf] /f]u kf]yL Pgf]lkmln; nfdv'6\6]n] ;f5{ . of] vt/gfs /f]u xf], h'g KnfHdf]l8od k/hLjLsf] 

sf/0fn] x'G5 . KnfHdf]l8od k/hLjLsf] hLjg rj|m dflg; / nfdv'6\6] u/L b'O{ cf>o sf]if (host 
cell) df k"/f u5{ . 

kf]yL Pgf]lkmln; nfdv'6\6]n] cf}nf] /f]uLnfO{ 6f]Sbf o;n] /ut;Fu} cf}nf] k/hLjL klg ;f];]/ 

lnG5 . pSt k/hLjL nfdv'6\6]sf] k]6df j[l4 tyf ljsf; x'G5 / ¥ofn u|GyL (salivary gland) df 
cfpF5 . o; nfdv'6\6]n] :j:y dflg;nfO{ 6f]Sbf o;sf] ¥ofn;Fu} cf}nf] k/hLjL klg pSt dflg;sf] 

z/L/leq k|j]z u5{ . oL k/hLjLn] cfk\mgf] ;ª\Vof dflg;sf] sn]hf]df j[l4 tyf ljsf; u5{ .  

sn]hf]af6 lg:s]sf] k/hLjLn] /ftf] /St sf]ifdf k|j]z u5{, hxfF o;sf] c;ª\Vo j[l4 x'G5 .  cGtdf 

/ftf /St sf]if km'6\5g\ .  o; cj:yfdf dflg;nfO{ cf}nf] /f]usf nIf0fx¿ b]vf k5{g\ . 

/f]syfd (Prevention of infection)

1. /ftL ;'Tbf em'n /fv]/ ;'Tg] jf z/L/df t]n nufpg] tyf nfdv'6\6] eufpg] w'k afNg] ug'{k5{ .

2. 3/ jl/kl/sf] kfgL hDg] vfN8fx¿ k'l/lbg] / To:tf 7fpFdf sL6gfzs cf}ifwL 5s{g] ug'{k5{ .

3. nfdv'6\6]sf] hLjg rj|m kfgLdf k"/f x'g] ePsfn] kf]v/L, tfn, kfgL hDg] vfN8fdf 

dl6t]n, k]6«f]n 5ls{lbg] ug'{k5{ . o;n] ubf{ nfdv'6\6]sf] Ko'kf / nfef{ d5{g\ . 

4. 3/ glhs} df5f kfn]sf kf]v/L eP ToxfF uDa'l;of (gambusia) df5f, 6«fp6 df5f kfng 

u/]df To;n] nfdv'6\6]sf] nfef{ / Ko'kfnfO{ vfOlbG5 . 

lj|mofsnfk  6 M nfdv'6\6] x6fpg] pkfo kQf nufpg]

-s_ uld{ofddf glhs}sf] kf]v/L jf kfgL hd]sf] vfN8fdf /fd|/L cjnf]sg ug{'xf];\ .

-v_ nfdv'6\6]sf] nfef{ Ko'kf ePsf] kfgL las/ jf sfFrsf] lunf;df lng'xf];\ .

-u_ lunf; jf las/nfO{ grnfO{ /fVg'xf];\ .

-3_ kfgL ;txdf nfef{ / Ko'kf e'mlG8Psf] cjnf]sg ug{'xf];\ .

-ª_ kfgLdf Ps b'O{ yf]kf dl6t]n jf t]n /fVg'xf];\ .

-r_ nfef{ / Ko'kfdf s] c;/ k5{, cjnf]sg ug{'xf];\ .

-5_ nfdv'6\6]nfO{ x6fpg] of] tl/sf sltsf] pko'St x'G5 < ;d"xdf 5nkmn u/L lg:sif{ n]Vg'xf];\ .
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nfdv'6\6]sf] k|sf/ (Types of Mosquito)

nfdv'6\6] w]/} k|sf/sf x'G5g\ . tLdWo] So'n]S; (culex) / Pgf]lkmln; (anopheles) nfdv'6\6]sf] 

af/]df xfdL cWoog u/f}F . ca oL b'O{lardf leGgtfx¿ x]/f}F g t . 

Pgf]lkmln; / So'n]S; nfdv'6\6]lar km/s

r/0f Pgf]lkmln; So'n]S;

1. km'n o;sf] k'mnsf] b'j}k6\l6 air float 
x'G5 . 

o;sf] k'mndf air float x'Fb}g . 

kfgLsf] ;txdf 5'6\6f5'6\6} k'mn 

kf5{ . 

kfgLsf] ;txdf ;d"xdf k'mn kf5{, h'g 

Ps  cfk;df 6fFl;P/ 8'ª\uf cfsf/ 

agfpF5 . 

Ps k6sdf 40-100 cf]6f;Dd k'mn 

kf5{ . 

Ps k6sdf 200-400 cf]6f;Dd k'mn 

kf5{ . 

2. nfef{ o;sf] nfef{ kfgLsf] ;tx;Fu 

;dfgfGt/ eP/ a:5 . 

o;sf] nfef{ kfgLsf] ;tx;Fu sf]0f 

agfO{ a:5 . 

3. Ko'kf o;sf] Ko'kf xl/of] tyf 6fpsf]  

;fgf] x'G5 . 

o;sf] Ko'kf /ªxLg tyf 6fpsf] 7'nf] 

x'G5 . 

4. jo:s jo:s nfdv'6\6]n] hldgsf] ;tx;Fu 

Go"gsf]0f (acute angle) agfO{ a:5 . 
jo:s nfdv'6\6]n] hldgsf] ;tx;Fu  

;dfgfGt/ eO{ a:5 . 

o;sf] kv]6fdf lkmSsf jf uf9f bfu 

h:tf] x'G5 .

o;sf] kv]6f kf/bzL{ x'G5 .

k|f]af]l;; / kNkL pq} x'G5g\ . k|f]af]l;;sf] 5]pdf ;;fgf kNkL (palpi) 
x'G5g\ .

;Demg'kg]{ s'/fx¿

1. ;hLjx¿df kfOg] ;dfg tyf c;dfg ljz]iftfx¿sf] cfwf/df ljleGg ;d"x tyf 

pk;d"xdf ljefhg ul/g] k|lj|mofnfO{ juL{s/0f elgG5 . 

2. j}1flgs Robert H. Whitaker n]  df]g]/f, k|f]l6:6f, kmGhfO{ KnfG6L / Plgdlnof u/L kfFr 

lsª\u8d k|0ffnLsf] cjwf/0ff cl3  ;f/]sf 5g\ .

3. lsª\u8d KnfG6LcGtu{t cNuL, afof]kmfO6f / 6«flsof]kmfO6f kb{5g\ .
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4. 6«flsof]kmfO6fcGtu{t 6]l/8f]kmfO6f, lhDgf]:kd{ / PlGhcf]:kd{ ltg cf]6f ;a l8lehg 

kb{5g\ .  

5. PlGhcf]:kd{cGtu{t df]gf]sf]l6ln8g / 8fOsf]l6ln8g b'O{ cf]6f Snf; kb{5g\ .  

6. 9f8 gePsf hgfj/x¿nfO{ OGel6{e|]6 elgG5 . o;cGtu{t cf7 cf]6f kmfOndx¿ kf]l/k]m/f, 

l;n]G6/]6f, Kn]l6x]lNdlGy;, lgdfy]Nd]lGy;, Plgln8f, cfy|f]{kf]8f, df]n:sf / OgfOgf]8ld{6f 

kb{5g\ . 

7. ;a} el6{a|]6\;nfO{ Pp6} kmfOnd sf]8]{6fcGt{ut /flvPsf] 5 , h;df 4 cf]6f ;a kmfOndx¿ 

j|mdzM x]ldsf]8]{6f, o'/f]s8]{6f, ;]kmfnf]s8]{6f / el6{a|]6f kb{5g\ .  

8. nfdv'6\6]sf] hLjg rj|m k'mn, nfef{, Ko'kf / jo:s u/L hDdf rf/ cj:yfdf k"/f x'G5 . 

9. nfdv'6\6] xflgsf/s ls/f xf], o;n] ljleGg lsl;dsf /f]ux¿ xfTtLkfOn] /f]u, cf}nf]Hj/, 

kLtHj/, 8]Gu' cflb  ;fb{5 .  

cEof;

-s_ tnsf ax'j}slNks k|Zgx¿sf] ;xL pQ/df l7s -_ lrx\g nufpg'xf];\ M

1. kfFr lsª\u8d juL{s/0f k|0ffnLsf k|jt{s s'g j}1flgs x'g\ <

 -i_ sf/f]n; lnlgo;  -ii_ h]D;jf6

 -iii_ u|]u/ d]G8n  -iv_ /f]j6{ Pr= lx|j6]s/

2. tn lbOPsf dWo] s'g rflxF jg:kltdf Eof:s'n/ tGt' x'Fb}g <

 -i_ :kfO/f]ufO/f -ii_ pGo' -iii_ wfg -iv_ tf]/L

3. z/L/ v08 v08 k/]sf], nfDrf] / uf]nf] ljz]iftf af]s]sf] hLj s'g kmfOnddf kb{5 <

 -i_ Kn]l6x]lNdlGy;  -ii_ Plglg8f

 -iii_ cfy|f{]kf]8f  -iv_ lgdf6f]8f

4. ax'sf]ifLo, z/L/el/ l5b| ePsf] / ;];fOn ljz]iftf af]s]sf] hLj s'g kmfOnddf kb{5 <

 -i_ df]n:sf -ii_ l;n]G6/]6f -iii_ kf]/Lkm]/f -iv_ k|f]6f]hf]jf
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5. rd]/f] s'g Snf;df kb{5 <

 -i_ PlDkmlaof -ii_ PE; -iii_ Dofd]lnof -iv_ lk;]h

6. cf}nf] /f]u s'g k/hLjLn] ubf{ x'G5 <

 -i_ KnfHdf]l8od -ii_ PG6fcldaf -iii_ 6]kjd{ -iv_ P:s]l/h

7. nfvv'6\6]sf] hLjg rj|mdf x'g] rf/ cj:yfdWo] s'g rflxF kfgLdf x'Fb}g <

 -i_ k'mn -ii_ nfef{ -iii_ Ko'kf -iv_ jo:s

-v_ lbPsf k|Zgx¿sf] pQ/ lbg'xf];\ M

1. kfFr lsª\u8d juL{s/0f k|0ffnLcGtu{t kg]{ lsª\u8dx¿ s] s] x'g\, n]Vg'xf];\ .

2. k|To]ssf] b'O{ b'O{ cf]6f km/s 5'6\ofpg'xf];\ M

 -s_ lhDgf]:kd{ / PlGhcf]:kd{ -v_ df]gf]sf]l6ln8g\; / 8fOsf]l6ln8g\;

3. lgDg jg:kltx¿sf] b'O{ cf]6f d'Vo ljz]iftf;lxt juL{s/0f ug{'xf];\ . 

-s_ :ffOs; (cycas) -v_ afF; (bamboo)

-u_ n]Dgf (lemna) -3_ wfg (paddy)

-ª_ pv' (sugarcane) -r_ ;Nnf] (pinus)

-5_ cfFk (mango) -h_ tf]/L (mustard)

4. lbOPsf] jg:kltx¿sf] ljz]iftfsf] cfwf/df l8lehg n]Vg'xf];\ M

-s_ lapdf af]j|mf gx'g] la?jf

-v_ lap;lxtsf] kmn x'g] la?jf

-u_ lapdf Pp6f dfq sf]l6ln8g x'g] la?jf

-3_ lapdf b'O{ cf]6f sf]l6ln8g x'g] la?jf

5. lgDg hGt'x¿sf] b'O{ d'Vo ljz]iftf;lxt juL{s/0f ug{'xf];\ . 

 -s_ :kf]lGhnf -v_ P:s]l/h -u_ dfx'/L

 -3_ uFu6f] -ª_ :6f/lkm;
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6. lgDg ljz]iftfx¿sf cfwf/df hGt'sf] gfd n]vL kmfOnd n]Vg'xf];\ M

-s_ z/L/ v08 v08 k/]sf] / o;sf] z/L/nfO{ cf]l;nf] 5fnfn] 9fs]sf] x'G5 . 

o;nfO{ ;hLj xnf] (living plough) elgG5 . 

-v_ lglZrt 7fpFdf cl8P/ al;/xg] / z/L/el/ dl;gf l5b| (pores) ePsf 

x'G5g\ . 

-u_ z/L/ 6fpsf], 5ftL / k]6df 5'6\l6Psf] x'G5 / o;n] cf}nf] /f]u ;f5{ . 

-3_ z/L/ sfF9fbf/ cfj/0fn] 9fs]sf] / 6\o'alkm6af6 lxF8\8'n ub{5 . 

-ª_ z/L/ sTnfn] (scales) 9flsPsf] / luN; (gills) af6 ;f; km]5{ . 

-r_ z/L/ KjfFvn] 9flsPsf] cf]leKof/; (oviparous) x'G5 . o;sf] las (beak) 
y]Krf] x'G5 . 

-5_ kmf]S;f]af6 ;f; km]5{, leleKof/; (viviparous) xf] t/ p8\5 . 

-h_ kmf]S;f]af6 ;f; km]5{, k]8nsf] (paddle) sf] ;xfotfn] kf}l8G5 . 

7. h]nL lkm; (jelly fish) / :6f/lkm; (star fish) lar km/s n]Vg'xf];\ .

8. el6{a|]6 eg]sf] s] xf] < o;sf s'g} rf/ cf]6f ljz]iftfx¿ n]Vg'xf];\ . 

9. ;d'b|L 3f]8f (sea horse) nfO{ lk;]h Snf;df /fVg'sf b'O{ cf]6f sf/0fx¿ n]Vg'xf];\ . 

10. b'O{ cf]6f ljz]iftfsf] cfwf/df km/s 5'6\ofpg'xf];\ M

 -s_ r/f / rd]/f (bird and bat) 

 -v_ 3f]8f / ;d'b|L 3f]8f (horse and sea-horse)

11. d'Vo ljz]iftfx¿;lxt juL{s/0f ug{'xf];\ M

 -s_ 6f]8 (toad) -v_ dfp;'nL (wall Lizard) -u_ uf]xL (crocodile)

 -3_ df5f (fish) -ª_ xfF; (duck) -r_ rd]/f] (bats)

12. nfdv'6\6]sf] ;kmf lrq agfO{ o;sf ljleGg efux¿sf] gfdfs/0f ug'{xf];\ . 

13. nfdv'6\6]sf] hLjg rj|msf] cWoogaf6 x'g] s'g} b'O{ cf]6f kmfObfx¿ n]Vg'xf];\ . 

14. nfdv'6\6]n] cf}nf] /f]u s;/L ;f5{, JofVof ug'{xf];\ .
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15. lrqdf nfdv'6\6]sf] hLjg rj|msf] Pp6f cj:yf lbOPsf] 5 . lrq x]/L lgDg k|Zgsf]pQ/ 

n]Vg'xf];\ M 

-s_ lrqdf A / B efusf] gfd n]Vg'xf];\ .

-v_ of] s'g nfdv'6\6]sf] nfef{ cj:yf xf] <

-u_ o;sf b'O{ cf]6f ljz]iftfx¿ n]Vg'xf];\ .

-3_ o;nfO{ lgoGq0f ug]{ b'O{ pkfox¿ n]Vg'xf];\ .

16. nfdv'6\6]af6 x'g] xflgx¿ pNn]v ub}{ o;sf] /f]syfd ug{ s] ug'{knf{ < a'Fbfut ¿kdf 

n]Vg'xf];\ .

kl/of]hgf sfo{

glhs}sf] kfgL hd]sf] :yfgdf uO{ nfdv'6\6]sf] hLjg rj|msf s]xL cj:yfx¿sf] cjnf]sg ug'{xf];\ . 

cjnf]sgsf cfwf/df sIffdf l;s]sf s'/fx¿ s] s] b]Vg'eof] < l6kf]6 u/L sIffdf 5nkmn ug'{xf];\ .

zAbfjnL

c6f]6«km (Autotrophs) : Snf]/f]lkmno'St ;hLj h;n] cfkm\gf] vfgf cfk}Fm agfpg ;S5 . 

x]6]/f]6«km (Heterotrophs) : Snf]/f]lkmn gePsfn] vfgfsf] nflu cGo hLjdf e/ kg]{ ;hLj

l8Knf]Anfl:6s (Diploblastic) : z/L/nfO{ 9fSg] b'O{ kq] sf]ifsf] tx ePsf] ;hLj

l6«Knf]Anfl:6s (Triploblastic) : z/L/nfO{ 9fSg] tx ltg tx ePsf] hGt'

l;d]l6«sn (Symmetrical) : z/L/nfO{ b'O{ a/fa/L efudf afF8\g ;lsg] ;hLj

cl;d]l6«sn (Asymmetrical) : z/L/nfO{ a/fa/L efudf afF8\g g;lsg] ;hLj

xdf{k|mf]8fO6 (Hermaphrodite) : efn] / kf]yL k|hgg\ cª\u Pp6}df ePsf] ;hLj

o'lg;]S;an (Unisexual) : Pp6f dfq k|hgg\ cª\u ePsf] ;hLj

kf/f;fO6 (Parasite) : vfgfsf] nflu cGo ;hLjdf e/ kg]{ hgfj/ 

df]gf]l;o; (Monoecious) : efn] / kf]yL k|hgg\ cª\u Pp6}df ePsf] hLj

8fof]l;o; (Diocious) : efn] / kf]yL k|hgg\ cª\u 5'6\6f5'6\6} ePsf] ;hLj

PlDkmlaog (Amphibian) : hldg / kfgL b'j}df a:g ;Sg] hGt'

k|f]sf/of]l6s (Prokaryotic) : Go'lSno; gePsf] clt ;fwf/0f sf]if

o'sf/of]l6s (Eukaryotic) : Go'lSno; ePsf] ;fwf/0f sf]if

A
B
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hLjx¿sf] cg's"ntf
(Adaptation of Organisms)

PsfO

17

sIff 9 sf ljBfyL{x¿ ljBfnoaf6 udL{sf] ;dodf rf}/df /x]sf] kf]v/L x]g{ uPsf /x]5g\ . pgLx¿n] 

ToxfF ljleGg k|sf/sf k|f0fLx¿ b]v]5g\ . tL k|f0fLx¿dWo] s]xL kfgLdf 8'a'NsL dfl//x]sf /x]5g\ eg] 

s]xL hldgdf otfptf 3'ld/x]sf /x]5g\ . To;}u/L] jg:kltx¿ klg s'g} kfgLdf t s'g} hldgdf /x]sf 

b]v]5g\ . Pp6} jftfj/0fdf lsg ;a} vfnsf] la?jf tyf hgfj/x¿ gkfOPsf xf]nfg\ eg]/ pgLx¿  

;f]Rg yfn]5g\ . tkfO{Fx¿ klg Psl5g ljrf/ ug{'xf];\ t ¤ lsg o:tf] ePsf] xf]nf <

o; PsfOcGtu{t kfgL / hldgdf kfOg] hgfj/x¿ / jg:kltx¿sf] cg's"ntf tyf ;"Id ;hLjx¿ 

efO/;, AofS6]l/of, k|f]6f]hf]cf / kmGhfO{af/] cWoog ul/g] 5 .

cg's"ntf (Adaptation)

xfd|f] j/k/ ljleGg k|sf/sf ;hLjx¿ kfOG5g\ . tL ;a} k|sf/sf ;hLjx¿dWo] s]xL kfgLdf 

a:5g\ eg] s]xL hldgdf a:5g\ . kfgLdf a:g] hLjdf clt 7'nf An'Xj]n (blue whale) b]lv 

clt ;fgf hLj k|f]6f]hf]cf;Dd kb{5g\ . hldgdf a:g] hLjdf klg clt 7'nf ;hLjx¿nfO{ xfd|f] 

gfª\uf] cfFvfn] ;lhn} b]Vg ;S5f}F eg] ;;fgf ;hLjx¿nfO{ gfª\uf] cfFvfn] b]Vg ;Sb}gf}F . oL ;a} 

k|sf/sf ;hLjx¿ cfkm\gf af;:yfgdf ;xh ¿kdf afFRgsf] nflu cfcfk\mg} vfnsf ljz]iftfx¿ 

x'G5g\ . To:tf ljz]iftfx¿sf sf/0f g} ;a} ;hLjx¿ ;lhn} cg's"lnt eP/ jftfj/0fdf afFr]sf 

x'G5g\ . o;/L hLjx¿ cfkm" a;]sf] jftfj/0fdf afFRg] / a:g] k|lj|mofnfO{ cg's"ntf eGg] ul/Psf] 5 . 

oxfF xfdL hldg / kfgLdf kfOg] la?jf / hgfj/sf] cg's"ntfsf ljifodf cWoog ug]{ 5f}F . 

kfgLdf cg's"ntf (Aquatic adaptation)

kfgLdf ljleGg k|sf/sf ;hLjx¿ h:t} M la?jfx¿, hgfj/x¿, ;"Id hLjx¿ cg's"lnt ePsf 

x'G5g\ . o:tf ;hLjx¿ kfgLdf /x]/ klg kfgL, k|sfz, clS;hg / vfB kbfy{ kfgLaf6 k|fKt ug{] 

Ifdtf /x]sf] x'G5 . kfgLdf kfOg] hgfj/x¿nfO{ hnLo hgfj/ (aquatic animals) / la?jfx¿nfO{ 

hnLo la?jfx¿ (hydrophytes) u/L b'O{ efudf ljefhg ul/Psf] 5 .

hnLo la?jfx¿ (Hydrophytes)

hnLo la?jfx¿ t}/g] (floating), kfgLd'lg /xg] (submeged) / l:y/ ¿kdf /xg] (fixed) u/L 
ltg k|sf/sf 5g\ .

-s_ t}/g] la?jf (floating) : s]xL hnLo la?jfx¿ kfgLdf :jtGq ¿kn] t}l/P/ /xG5g\ . 



lj1fg, sIff 9 193

ltgLx¿ hnLo efusf] eF'Odf 5f]OPsf xF'b}gg\, h:t} M lkl:6of -pistia_, plNkmof (wolfia) 
/ n]Dgf (lemna) .

-v_  kfgLd'lg /xg] (submerged) : s]xL hnLo la?jfx¿ xfOl8«nf (hydrila), Eofn]:g]l/of 
-vallisnaria_ kfgLd'lg /x]sf] x'G5g\ t/ ltgLx¿sf] h/fn] eg] df6fnfO{ 5f]Psf] x'G5 . 

-u_ peor/ la?jfx¿ (amphibians plants) : s]xL hnLo la?jfx¿sf] cfwf efu kfgLleq 

/ cfwf efu kfgL aflx/ x'G5 . t/ ltgLx¿sf] h/f k"0f{tof df6fdf ufl8Psf] x'G5 . h:t} 

: 6fOkmf -typha_, ?d]S; -rumex_, :oflh6]l/of -sagittaria_, /]]gGs'n; -ranunculus_ 
cflb . 

lrq g+= 17.1 :  hnLo la?jfx¿

hnLo la?jfsf] cg's"ntfsf nIf0fx¿ (Adaptational Characteristics of Aquatic Plants)

-s_ hnLo la?jfx¿sf h/fx¿ sd ljsl;t ePsf jf s'g} la?jfx¿df t h/f g} gePsf klg 

x'G5g\ .

-v_ hnLo la?jfx¿sf sf08x¿ nfdf, g/d / :kf]GhL x'G5g\ .

-u_ s'lxg / ;8\gaf6 hf]ufpg logLx¿sf] z/L/sf] ;txdf d}g h:tf] kbfy{ -waxy coating_ 
/x]sf] x'G5 .

-3_ kfgLdf t}/g] s]xL hnLo la?jfdf ljz]if k|sf/sf] xfjfsf y}nLx¿ x'G5g\, h;n] ubf{ kfgLdf 

t}/g dbt ub{5 .
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-ª_ logLx¿df /fd|/L ljsl;t gePsf hfOnd / km\nf]od tGt'x¿ kfOG5g\ .

-r_ kfgLd'lg /xg] la?jfsf kftx¿ ;fgf / dl;gf x'G5g\ eg] kfgLdf t}/g] la?jfsf kftx¿ 

7'nf / rf}8f x'G5g\ . 

hnLo hgfj/x¿sf cg's"ntfx¿ (Adaptation Characteristic of  Aquatic Animals)

-s_ hnLo hgfj/x¿sf] z/L/ jfo'ofg h:tf] cfsf/ -streamlined_ sf] x'G5 . logLx¿sf] 6fpsf] 

y]Krf], z/L/ lrKnf], zlStzfnL k'R5/ x'G5 .

-v_ hgfj/x¿nfO{ kfgLdf t}/g dbt ug]{ xfjfsf y}nLx¿ -air sacs_ x'G5g\ .

-u_ logLx¿sf] z/L/sf] tfkj|md jftfj/0fcg';f/ 36a9 eO/xG5 . To;}n] hgfj/x¿ lr;f] tftf] 

jftfj/0fdf afFRg ;S5g\ .

-3_ logLx¿sf] k'/} z/L/ kfgL gl5g]{ sTnfx¿ -water proof scale_ n] 9fs]sf] x'G5, h;n] ubf{ 

kfgLdf logLx¿sf] z/L/ leHb}g .

-ª_ df5fn] kfgLdf 3'n]/ /x]sf] clS;hgnfO{ k|fKt ugf{sf nflu k'mNsf (Gills) sf] k|of]u ub{5 .

-r_ hnLo hgfj/x¿nfO{ kf}8g, z/L/nfO{ ;Gt'ng /fVg / lbzf kl/jt{g ug{ kv]6f -fins_ / 

k'R5/ -tails_ n] ;3fpF5 .

hldgdf cg's"ntf (Terrestrial adaptation)

hldgdf ljleGg k|sf/sf ;hLj la?jf, hgfj/, ;"Id hLjx¿ cg's"ng ePsf x'G5g\ . 

o:tf ;hLjx¿n] hldgaf6 g} cfk"mnfO{ rflxg] kfgL, k|sfz, clS;hg / vfB kbfy{ k|fKt 

ub{5g\ . hldgdf a:g] hgfj/ / hldgdf pd|g] la?jfsf cg's"ntfsf ljz]iftfx¿ tn lbOPsf] 5 .

lrq g+= 17.2 : df5f
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hldgsf la?jfx¿sf cg's"ntfsf nIf0fx¿ (Adaptational Characteristics of 
Terrestrial Plants)

-s_ hldgsf la?jfx¿sf h/fx¿ /fd|/L ljsl;t ePsf x'G5g\ .

-v_ nx/] la?jfx¿df cg's"ngsf nflu 6]lG8«n -tendrils_, x's -hook_ / xfjfdf a9\g] h/f 

-arial roots_ x'G5g\ .

-u_ cf]l;nf] af;:yfgdf a;f]jf; ug]{ la?jfx¿sf] oflGqs tGt' -mechanical tissue_ / ef:s'n/ 

k4lt -vascular system_ /fd|/L ljsl;t ePsf x'G5g\ .

-3_ ;'Vvf 7fpFdf kfOg] la?jfx¿sf h/f nfdf x'G5g\, h;n] 6f9f 6f9faf6 kfgL ;f];]/ lng 

;S5g\ .

-ª_ ;'Vvf hldg -ljz]if u/L d?e"ld_ df kfOg] la?jfx¿ xf]rf -stunted_ x'G5g\ . logLx¿sf] 

afSnf] af]j|mf -thick bark_ x'G5 . oL la?jfx¿df pT:j]bgaf6 kfgLsf] Iflt sd ug{sf nflu 

kftx¿ ;;fgf x'G5g\ eg] s'g} la?jfsf kftx¿ sfF8f h:tf] -thorns or spines_ cfsf/sf 

x'G5g\ .

hldgdf a:g] hgfj/x¿sf nIf0fx¿ (Adaptational Characteristics of Terrestrial Animals)

-s_ hldgdf a:g] hgfj/x¿sf v'6\6f jf kv]6fx¿ km/s km/s x'G5g\ . logLx¿ s8f / nfdf 

ePsfn] l56f] lxF8\g ;xof]u ub{5g\ . s'g} hgfj/x¿ Pp6f v'/ -single hoofed_ ePsf 

-3f]8f, uwf, h]a|f_ x'G5g\ eg] s'g} hgfj/x¿ b'O{ cf]6f v'/ -double hoofed_ ePsf -afv|f, 

e]8f, e}F;L_ x'G5g\ .

-v_ r/fx¿sf] z/L/sf] cfsf/ jfo'ofg h:tf] (streamlined) / KjfFvn] 9fs]sf] x'G5 . cufl8sf 

v'6\6fx¿ kv]6fdf ¿kfGtl/t ePsf x'G5g\ . logLx¿sf] xf8x¿ xNsf -light_ 9'ª\u|f] h:tf] 

-hollow_ / :kGhL -spongy_ x'G5g\ . logLx¿df y'k|} xfjfsf y}nLx¿ /xG5g\  . r/fx¿sf 

r'Rrfx¿ klg ltgLx¿sf]] vfg] afgLcg';f/ km/s x'G5g\ .

lrq g+= 17.3 : hldgdf kfOg] la?jf
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-u_ b'nf]leq a:g] hgfj/x¿sf] cufl8sf] v'6\6fsf] gª\u|f Pjd\ y't'gf] alnof] x'gfn] ltgLx¿n] 

cfk\mgf] af;:yfg -b'nf]_ ;lhn} agfpg ;S5g\ .

-3_ s]xL hgfj/x¿ cfk\mgf] ufF;, af; / ;'/Iffsf nflu ljleGg 7fpFx¿df r9\g] / pk|mg] ub{5g\ . 

leTtf r9\g] dfp;'nL h:tf hgfj/x¿sf] v'6\6fdf 6fFl;g] Kof8 -adhesive pad_ x'G5 . 
?vdf r9\g] afFb/ h:tf hgfj/x¿sf] 5ftLsf] df+;k]zL s8f -strong chest muscles_ 
x'g'sf ;fy} v'6\6fsf cf}Fnfx¿ ?vsf xfFuf ;dfTg ;Sg] vfnsf x'G5g\ .

-ª_ ;'Vvf 7fpFdf a:g] hgfj/x¿ h:t} pmF6sf] z/L/df kfgL ;l~rt ug{sf nflu y}nLx¿ 

x'G5g\ . logLx¿sf] 5fnf afSnf] x'g'sf] ;fy} kfgL ;l~rt ug]{ tGt'x¿sf] ljsf; ePsf] 

x'G5 . lkl7pFdf /x]sf] h'/f]df vfB kbfy{ ;l~rt /x]sf] x'G5 . 

AofS6]l/of (Bacteria)

AofS6]l/of clt ;"Id, ;/n / k"/fgf hLjx¿ x'g\ .  AofS6]l/ofnfO{ ;j{k|yd ;g\ 1676 df 

PG6f]gL efg lnpj]gxs (Antonie Van Leeuwenhoek) n] kQf nufPsf x'g\ . pgn] cfk}Fmn] 

lgdf{0f u/]sf] ;"Idbz{s oGqsf] ;xfotfn] kfgLsf] yf]kfdf klxnf] k6s cjnf]sg u/]sf lyP 

/ ltgLx¿nfO{ ;fgf Plgdn  eg]sf lyP . oL ;fgf Plgdnx¿nfO{ ;g\ 1848 df Ox/]gju{n] 
AofS6]l/of eGg] gfd lbPsf lyP . o;sf ;fy} ;g\ 1854 df sf]xg (Cohn) n] AofS6]l/ofnfO{ 
la?jfsf] ¿kdf juL{s/0f u/] . n'O; kfZr/ (Louis pasteur) / /f]j6{ sf]r (Robert koch) n] 
AofS6]l/ofn] la?jf, hgfj/ / dfgjdf ljleGg k|sf/sf /f]ux¿ ;fg{ lhDd]jf/ ePsf] s'/f k|bz{g 

u/] . AofS6]l/ofsf] cWoog ug]{ lj1fgnfO{ AofS6]l/cf]nf]hL (bacteriology) elgG5 .

lrq g+= 17.4 :  AofS6]l/of

AofS6]l/ofx¿ lglZrt k|sf/sf] sf]ifleTtf ePsf Ps sf]ifLo / ;"Id hLjx¿ x'g\ . logLx¿sf sf]ifx¿ 

k|f]sfof]{l6s -prokaryotic_ k|s[ltsf x'G5g\ / logLx¿n] le6fldg ;+Zn]if0f ub{5g\ . logLx¿df xl/t 

s0f kfOG5, t/ s'g}df AofS6]l/on xl/t s0f x'G5 . w]/} h;f] AofS6]l/ofx¿ k/hLjLsf] ¿kdf /xL 

/f]ux¿ ;fg]{ sfd ub{5g\ .

AofS6]l/ofx¿ df6f], xfjf / kfgL ;a}lt/ kfOg'sf] ;fy} vfgf, kmnk'mn / ;fukftdf klg kfOg] 

ub{5g\ . Aof6]l/ofsf s]xL k|hfltx¿ tftf] xfjfkfgL / s]xL k|hfltx¿ lr;f] xfjfkfgLdf kfOg] 

ePsfn] ;a}lt/ kfOg] ub{5g\ . AofS6]l/ofx¿ ;"Id hLjx¿ x'g\, h'g rflxF 0.2 dfOj|mf]g 
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-micron_ b]lv 2 dfOj|mf]g -micron_ Jof; ePsf x'G5g\ . AofS6]l/ofnfO{ sf]s; -coccus_, 
a]l;n; -bacillus_, l:kl/nd -spirillum_, lkmnfd]G6 jf dfO;]lnof -filament or mycelia_ 
u/L rf/ k|sf/df ljefhg ug{ ;lsG5 .

AofS6]l/ofaf6 x'g] /f]ux¿df a]l;n/L cfpF -bacillary dysentery_, emf8f kvnf -diarrhoea_, 
x}hf -cholera_, lgdf]lgof -pneumonia_, 6L=aL= -tuberculosis_, d]lgGhfOl6; -meningitis_, 
l66fg; -tetanus_, s'i7/f]u -leprosy_, lel/ª\uL -syphilis_, wft'/f]u -gonorrhoea_, Kn]u 

-plague_ cflb 5g\ .

AofS6]l/ofsf] dxŒj (Importance of bacteria)

-s_ NofS6f]a]l;n; (lactobacillus) / Pl;8f]kmn; -acidophillus_ AofS6]l/ofx¿n] b'waf6 

bxL agfpg ;xof]u ub{5g\ .

-v_ AofS6]l/ofn] sDkf]:6 dn agfpg ;xof]u u5{ . ;hLjsf] z/L/ s'xfpgdf dbt u5{ .

-u_ s]xL AofS6]l/of h:t} /fOhf]ljod -rhizobium_ n] :jtGq cj:yfdf jfo' d08ndf /x]sf] 

gfO6«f]hgnfO{ gfO6«]6df ablnlbG5 .

dflg;sf nflu xflg sf/s AofS6]l/ofx¿ (Harmful bacteria for human being)

-s_ ljleGg k|sf/sf AofS6]l/ofn] dflg;sf ljleGg /f]ux¿ h:t} l8Knf]8f]s; lgdf]gL 

-diplodococcus pneumoniae_ sf] sf/0fn] lgdf]lgof -pneumonia_, lela|of] sn]/f 

-vibrio cholera_ n] x}hf, ;fNdf]g]nf 6fOkmL -salmonella typhi_ sf] sf/0fn] 6fOkmfO8 

cflb nfUg] ub{5 .

-v_ s]xL AofS6]l/of h:t} l;p8f]df]g; (pseudomonas) n] df6fsf] pj{/f zlSt 36fpF5 .

-u_ udL{ dlxgfdf s]xL AofS6]l/ofn] ksfPsf] vfg]s'/f, kmnk'mn, ;fukft s'xfP/ laufl/lbG5 .

-3_ s]xL AofS6]l/ofn] la?jfx¿df bfu b]lvg], h/f g/d x'g] h:tf /f]ux¿ NofpF5g\ .

AofS6]l/on /f]usf] lgoGq0f (Control Measures of Bacterial Diseases)

la?jf tyf hgfj/df AofS6]l/ofsf] lgoGq0f ug{ lgDg pkfox¿ ckgfpg ;lsG5 M

-s_ AofS6]l/ofhGo /f]u gnfu]sf lapx¿sf] k|of]u ug]{

-v_ PG6L AofS6]l/on cf}ifwLsf] k|of]u ug]{

-u_ AofS6]l/ofsf] ;ª\j|md0f ePdf PlG6afof]l6s cf}ifwLx¿sf] k|of]u ug]{
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-3_ AofS6]l/on /f]u nfu]sf] JolSt tyf hgfj/nfO{ 8fS6/sf] ;Nnfxadf]lhdsf] cf}ifwL k|of]u ug]{

kmGhfO{ (Fungi)

xl/t s0f gePsf jg:kltx¿sf] ;d"x kmGhfO{ x'g\ . logLx¿n] cfk\mgf] vfgf cfk}Fm agfpg 

;Sb}gg\ . logLx¿ k/hLjL / d[tkf]hLjL x'G5g\ . logLx¿ Ps sf]ifLo jf jx' sf]ifLo b'j} x'G5g\ . 

logLx¿sf] z/L/ h/f, sf08 / kftdf 5'6\l6Psf] xF''b}g . kmGhfO{sf] cWoog ug]{ lj1fgnfO{ 

dfOsf]nf]hL -mycology elgG5 . logLx¿ ;a} k|sf/sf] jftfj/0fdf d[t kbfy{x¿ df6f], dn, ;8] 

un]sf j:t', kmnx¿, la?jf / hgfj/sf] z/L/leq kfOG5g\ . kmGhfO{x¿df d}y'lgs / cd}y'lgs 

k|hgg x'g] ub{5 . cd}y'lgs ljlwx¿df 6'lj|mg], 6';f knfpg], ljefhg, :kf]?n];g h:tf 5g\ . 

hfF8 agfpg k|of]u ul/g] OGhfOdx¿ OGe6]{h / hfOd]h 5g\ eg] k|f]l6g, le6fldg / vlgh 

k|z:t dfqfdf kfpg Rofpsf] k|of]u vfB kbfy{sf] ¿kdf ul/G5 .

kmGhfO{sf] dxŒj (Importance of fungi) 

-s_ Rofpdf k|f]l6g, le6fldg / vlgh ePsfn] kf]ifs tTTjsf] dxŒj 5 .

-v_ ljleGg k|sf/sf PG6L afof]l6sx¿ kmGhfO{ k|hfltaf6 pTkfbg ul/G5, h:t} M k]lgl;lng .

-u_ lo:6af6 le6fldg la sDKn]S;, le6fldg O{ k|fKt ul/G5 . o;nfO{ kfp/f]6L agfpg klg k|of]u 

ul/G5 .

-3_ k|f0fL / jg:kltx¿sf] d[To'kZrft\ z/L/ s'xfP/ jf ;8fP/ df6fdf ldnfpFbf df6f] pAhgLof]Uo 

aG5 .

kmGhfO{sf xflg sf/s lj|mofsnfkx¿ (Harmful Activities of Fungi)

kmGhfO{n] ljleGg xflgsf/s c;/ ub{5 . s]xL xflgsf/s c;/x¿ tn lbOPsf 5g\ M

-s_ ljleGg kmGhfOsf k|hfltx¿n] y'k|} k|sf/sf rd{/f]ux¿ u/fpF5g\ / jiff{ ofddf 5fnfaf6 

ag]sf ;fdu|Lx¿, sk8fx¿ / ljB'tLo ;fdu|Lx¿ laufb{5g\ .

-v_ dflg;df pRr Hj/f] / PnhL{ u/fpF5g\ .

lrq g+= 17.5:  kmGhfO{
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-u_ cfn'df 89'jf /f]u / uxF'' v}/f] x'g] /f]u u/fpF5g\ .

-3_ /fOhf]k;, Do's/ cflb kmGhfO{n] vfgfnfO{ ljiffSt agfpF5g\ .

kmGhfO{ lgoGq0f ljlw (Control Measures of Fungi) 

kmGhfO{af6 x'g] xflg sf/s c;/ sd ug{ lgDgcg';f/sf pkfox¿ cjnDag ug{ ;lsG5 M

-s_ ljleGg k|sf/sf vfB kbfy{x¿ b'w, kmn, df5f, df;' OToflbnfO{ lr;f]df /fv]/

-v_ kmGhfO{nfO{ kmlGh;fO8 ljiffbLsf] k|of]u u/]/ 

-u_ 5fnfdf x'g] kmGhfO{sf] j[l4nfO{ JolStut ;/;kmfO

-3_ kmGhfO{nfO{ lrgLsf] k|of]u u/]/

-ª_ kmnx¿ / ;fukftdf x'g] kmGhfO{sf] j[l4nfO{ nj0fsf] k|of]u u/]/

lj|mofsnfk 3 M kmGhfO{sf] cWoog

ux'F jf sf]bf]sf] /f]6L ksfpg'xf];\ . pSt /f]6Lsf] Pp6f ;fgf] 6'j|mfnfO{ cf]l;nf] kf/]/ s'g} ;'/lIft 

7fpFdf ltg rf/ lbg;Dd /fVg'xf];\ . To;kl5 pSt /f]6Lsf] cjnf]sg ug'{xf];\ . s] o;df s'g} 

kmGhfO{ ljsf; j[l4 ePsf] kfpg'eof] < olb kfpg' ePg eg] c¿ 3/4 lbg;Dd oyfl:yltdf 

/fVg'xf];\ . ca km]/L cjnf]sg u/L kmGhfO{sf] j[l4af/] tkfOF{n] b]v]sf] glthf sIffdf ;fyLx¿lar 

k|:t't ug'{xf];\ .

efO/; (Virus)

efO/; gfd Nofl6g efiffsf] efO/f]g -viron_ 
af6 cfPsf] xf], h;sf] cy{ ljiffbL (poison) 
xf] . efO/;x¿ /f]u k}mnfpg] clt ;"Id, 

k/hLjLx¿ x'g\ . efO/;x¿n] ;hLjsf] z/L/leq 

;hLjsf] Jojxf/ b]vfpF5g\ eg] aflx/ lghL{j 

j:t'df logLx¿sf] ;ª\Vofdf j[l4 x'g ;Sb}g . 

To;}n] efO/;nfO{ clAnu]6/L k/hLjL -obligatory 
parasite_ elgG5 . 

efO/; ;a}eGbf klxnf ;g\ 1892 df OjfgOj:sLn] 5'6\ofPsf lyP . pgn] ;"lt{hGo la?jfdf 

df]hfOs /f]u (mosaic disease) - TMV (Tobacco mosaic virus) 6f]afSsf] df]hfOs efO/;n] 

ubf{ x'G5 egL b]vfP . efO/;sf] cfsf/ clt ;fgf] 25 gfgf]ld6/b]lv 250 gfgf]ld6/;Dd 

x'G5 . ltgLx¿ AofS6]l/ofeGbf 50 u'0ff ;fgf x'G5g\ . efO/;x¿n] ljleGg lsl;dsf /f]ux¿ 

lrq g+= 17.6:  AofS6]l/of]k]mh efO/;

6fpsf]

k'R5/

DNA jf RNA
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lgDTofpF5g\ . efO/;sf] cWoog ug]{ lj1fgnfO{ efO/f]nf]hL (virology) elgG5 .

efO/;sf] juL{s/0f (Classification of virus)

efO/;sf] lsl;d

hgfj/ efO/; la?jf efO/; AofS6]l/of]k]mh efO/;

efO/;x¿ /xg] dfWodsf cfwf/df logLx¿nfO{ hgfj/sf efO/;, la?jfsf efO/; / 

AofS6f]l/of]km]h efO/; u/L ltg efudf ljefhg ul/G5 . hgfj/df k/hLjLsf] ¿kdf /xg] jf 

hgfj/sf] z/L/nfO{ cfj|md0f ug]{ efO/;nfO{ hgfj/sf efO/; elgG5, h:t}M kf]lnof], P8\;, 

bfb'/f, vf]sL, 7]pnf cflb . la?jfdf k/hLjLsf] ¿kdf /xg] jf la?jfnfO{ cfj|md0f ug]{ efO/; 

;fOgf]km]h (cynophase), ;"lt{df nfUg] df]hfOs efO/; x'g\ . o;}u/L AofS6]l/ofnfO{ cfj|md0f 

ug]{ efO/;nfO{ AofS6f]l/of]km]h (bacteriophage) efO/; elgG5 . efO/;df kfOg] Go'lSns 

cDnsf] cfwf/df DNA -AofS6]l/of]km]h, :dnkS; efO/;_ / RNA -/fOgf] efO/;, /]6«f] efO/;, 

kf]lnof] efO/;, df]hfOs efO/;_ cflb efO/;x¿ 5g\ . 

efO/; /f]ux¿ ;g]{ tl/sfx¿ (Method of Transmission of Viral Disease)

efO/; /f]ux¿ ;g]{ ljleGg tl/sfx¿ 5g\ . o;f] x'g'sf] sf/0f lglZrt k|sf/sf efO/;n] lglZrt 

k|sf/sf /f]ux¿ ;fg]{ sfd u5{g\ .

-s_ la?jfsf kftx¿ Ps cfk;df /u8\bf ;5{ .

-v_ lg/f]uL la?jf / /f]uL la?jflar u|flK6ª ubf{ efO/; ;5{ .

-u_ Plkm8 h:tf ls/fn] la?jfsf] efux¿ vfFbf efO/; ;5{ .

-3_ s]xL efO/; h:t} M uxF''sf] df]hfOs efO/; df6faf6 ;5{ .

-ª_ hgfj/x¿df k|ToIf ;Dks{af6 y'Sbf, l;Fufg k\mofFSbf, vf]Sbf efO/; ;5{ .

-r_ lbzf tyf vfgf / kfgLaf6 ;5{ .

-5_ /f]uLsf] 3fp tyf sf6]sf] efu;Fu k|ToIf ;Dks{df cfpFbf klg efO/; ;5{ .

lgoGq0fsf pkfox¿ (Control measures)

-s_ la?jfsf] efO/; lgoGq0f ug{ k|efljt efunfO{ hnfpg'kb{5 .

-v_ la?jfsf] efO/; lgoGq0f ug{ ls/fnfO{ dfg'{kb{5 .

-u_ ;dodf vf]k nufP/ dflg;df ;g]{ efO/;nfO{ lgoGq0f ug{ ;lsG5 .
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k|f]6f]hf]cf (Protozoa)

k|f]6f]hf]cf Ps sf]ifLo ;ª\j|mfds /f]ux¿ ;fg]{ k/hLjL x'g\ . 

logLx¿nfO{ ;"Idbz{s oGqsf] ;xfotfn] b]Vg ;lsG5 . logLx¿ 

dflg;sf] z/L/df k|j]z u/]kl5 cfk\mgf] ;ª\Vofdf j[l4 ub{5g\ . 

;ª\j|mldt JolStaf6 :j:y JolStdf /f]ux¿ ;fb{5g\ . 

Ps csf]{ JolStsf] ;Dks{af6 oL k/hLjLn] ;ª\j|md0f ub{5g\ . 

dflg;sf] cfGb|fdf a:g] k|f]6f]hf]cfx¿ lb;fsf] dfWod jf k|ToIf 

;Dks{af6 ;ª\j|mldt JolStaf6 lg/f]uL JolStdf ;g]{ ub{5g\ . t/ 

/ut jf tGt'x¿df /xg] k|f]6f]hf]cfx¿ ;ª\j|mldt JolStaf6 lg/f]uL JolStdf ;fg{ t];|f] dfWodsf] 

cfjZostf kb{5, h:t}M nfdv'6\6] .

k|f]6f]hf]cfaf6 ;g]{ /f]ux¿df Pdf]afof]l;; (amoebiasis), lhof8fOl;; (giardiasis), clk|msg 

l:nlku l;sg]; (african sleeping sickness), n]O;d]lgofl;; (leishmaniasis), 
6f]S;f]Knfdf]l;; (toxoplasmosis), dn]l/of (malaria), a]lal;of]l;; (babesiosis), 
6«fOsf]df]gf]Ol;; (trichomoniasis) cflb kb{5g\ .

Ps csf]{ JolStsf] ;Dks{af6 oL k/hLjLx¿n] ;ª\j|md0f ug]{ x'gfn] /f]uL JolStaf6 6f9f 

/xg'kb{5 . JolStut ;/;kmfOdf Wofg lbg'kb{5 . nfdv'6\6] h:tf ls/fx¿af6 of] /f]u ;g]{ x'gfn] 

ltgLx¿sf] ;Dks{af6 6f9f /xg'kb{5 .  

;Demg'kg]{ s'/fx¿

1. jftfj/0fdf ldn]/ a:g ;Sg] ;hLjx¿sf] IfdtfnfO{ cg's"ntf elgG5 . o;sf] sf/0f 

ltgLx¿n] af;:yfg, vfgf / ;'/Iff kfpF5g\ .

2. kfgLdf kfOg] hgfj/x¿nfO{ hnLo hgfj/ / la?jfx¿nfO{ hnLo la?jfx¿ u/L b'O{ efudf 

ljefhg ul/Psf] 5 .

3. jftfj/0fdf hLjx¿nfO{ cg's"n eO{ /xgsf nflu zf/Ll/s agfj6 / /ªn] dxŒjk"0f{ e"ldsf 

lgjf{x u/]sf x'G5g\ .

4. hldgdf kfOg] af]6la?jfx¿ 7'nf / b/f x'G5g\, t/ hnLo af]6la?jf ;fgf / sdhf]/ x'G5g\ .

5. d?e"lddf /xg] la?jfx¿n] kfgL ;~ro u/L /fVg] / pT:j]bgaf6 kfgL sd k\mofFSg] x'gfn] 

;'Svf :yfgdf afFRg ;Sg] Ifdtf x'G5 . 

6. hgfj/sf] zf/Ll/s agfj6 tyf pgLx¿df x'g] uGw, /ª cflbn] ltgLx¿nfO{ cfÇgf] jftfj/0fdf 

cg's"lnt x'g ;xof]u k'¥ofPsf x'G5g\ .

lrq g+= 17.7:  k|f]6f]hf]cf
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7. xflgsf/s ;"Id ;hLjx¿nfO{ Kofyf]lhG; elgG5 .  

8. kf]lnof], P8\;, bfb'/f, ?ufvf]sL, 7]pnf cflb / la?jfdf k/hLjLsf] ¿kdf /xg] jf la?jfnfO{ 

cfj|md0f ug]{ efO/; ;fOgf]k]mh, ;"lt{df nfUg] df]hfOs efO/;, sfFj|mf]df nfUg] efO/; cflb 

efO/; /f]ux¿ x'g\ .

9. k|f]6f]hf]cfaf6 ;g]{ /f]ux¿df Pdf]afof]l;;, lhofO8fOl;;, clk|msg l:nlku l;sg];, 

n]O;d]lgofl;;, 6f]S;f]Knfdf]l;;, dn]l/of, a]lal;of]l;;, 6««fOsf]df]gf]l;; cflb kb{5g\ . 

10. AofS6]l/ofaf6 x'g] /f]ux¿df a]l;n/L cfpF, emf8f kvfnf, x}hf, lgdf]lgof, Ifo/f]u, d]lgGhfOl6;, 

l66fg;, s'i7/f]u, lel/ª\uL, wft'/f]u cflb 5g\ .

cEof;

-s_ tnsf ax' j}slNks k|Zgx¿sf] ;xL pQ/df l7s -_ lrx\g nufpg'xf];\ M

1. hnLo la?jfx¿nfO{ slt k|sf/df ljefhg ug{ ;lsG5 <

 (i) 2 (ii) 3 (iii) 4 (iv) 5

2. jftfj/0fdf hLjx¿nfO{ cg's"n eO{ /xgsf nflu s]n] dxŒjk"0f{ e"ldsf lgjf{x u/]sf 

x'G5g\ <

 -i_ zf/Ll/s agfj6 / /ª -ii_ zf/Ll/s /ª

 -iii_ cfFvf  -iv_ zf/Ll/s agfj6 

3. hldgdf kfOg] af]6la?jfx¿ s:tf x'G5g\ <

 -i_ 7'nf / alnof -ii_ 7'nf -iii_ ;fgf / sdhf]/ -iv_ sdhf]/

4. tnsf dWo] s'g efO/;hGo /f]u x'g\ <

 -i_ a]l;n/L cfpF / emf8f kvfnf -ii_ l66fg; / s'i7/f]u 

 -iii_ P8\; / 8]ª\u]Hj/f] -iv_ dn]l/of /  a]lal;of]l;;

5. tnsf dWo] s'g AofS6]l/ofhGo /f]u x'g\ <

 -i_ bfb'/f / ?ufvf]sL  -ii_ dn]l/of / a]lal;of]l;;

 -iii_ d]lgGhfOl6; / l66fg; -iv_ P8\; / 8]ª\u]Hj/f]
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-v_ tnsf k|Zgx¿sf] pQ/ n]Vg'xf];\ M

1. ;hLjx¿sf] cg's"ntf s]nfO{ elgG5 < pbfx/0f;lxt n]Vg'xf];\ .

2. hldgdf kfOg] la?jfx¿ / hgfj/x¿sf] cg's"ntfsf s'g} rf/ cf]6f nIf0fx¿ 

n]Vg'xf];\ .

3. kfgLdf kfOg] la?jfx¿ / hgfj/x¿sf] cg's"ntfsf s'g} rf/÷rf/ cf]6f nIf0fx¿ 

n]Vg'xf];\ .

4. AofS6]l/of, efO/; / k|f]6f]hf]cfaf6 x'g] rf/ rf/ cf]6f /f]ux¿sf] ;"rL tof/ ug'{xf];\  .

5. AofS6]l/ofaf6 ;g]{ /f]ux¿ Ps JolStaf6 csf]{ JolStdf s;/L ;b{5g\, JofVof ug'{xf];\ .

6. efO/;af6 ;g]{ /f]ux¿ Ps JolStaf6 csf]{ JolStdf s;/L ;b{5g\, JofVof ug'{xf];\ .

7. …efO/; xfd|f nflu pkof]uL / xflgsf/s b'j} x'G5Ú, o; egfOnfO{ k'li6 ug'{xf];\ .

8. k|f]6f]hf]cfaf6 ;g]{ /f]ux¿ Ps JolStaf6 csf]{ JolStdf s;/L ;b{5g\, JofVof ug'{xf];\ .

9. efO/; / AofS6]l/ofaf6 x'g] /f]uaf6 aRg s] s:tf pkfox¿ canDag ug{ ;lsG5, 

n]Vg'xf];\ .

10. kmGhfO{af6 x'g] /f]ux¿ / k|f]6f]hf]cfaf6 x'g] /f]ux¿lar t'ngf ug{'xf];\ .

kl/of]hgf sfo{

1. glhs}sf] Rofp v]tL ul/Psf] 7fpFdf uO{ o;sf] ljleGg efux¿ cjnf]sg ug'{xf];\ . Rofpaf6 

x'g] kmfObfx¿af/] sIffdf 5nkmn ug'{xf];\ .

2. ljBfno jf 3/ glhs}sf] t/sf/L af/Ldf hfg'xf];\ . pSt t/sf/L af/Ldf ePsf nx/] 

la?jfx¿sf] cg's"ntfsf ljz]iftfx¿ cjnf]sg u/L l6kf]6 ug'{xf];\ . tkfO{Fn] l6kf]6 u/]sf 

ljz]iftfx¿ sIffdf 5nkmn ug'{xf];\ .

3. glhs}sf] kf]v/L, vf]nf jf ahf/af6 Pp6f ;fgf] df5f ;ª\sng ug'{xf];\ . pSt df5fsf] 

cg's"ntfsf ljz]iftfx¿dWo] s'g} rf/ cf]6f ljz]iftfcg';f/sf cª\ux¿ h:t} M km''Nsf, kFv]6f, 

r'Rrf] k/]sf] d'v, sTnf cflb cjnf]sg u/L Pp6f k|ltj]bg tof/ kfg'{xf];\ .

zAbfjnL

;fOgf]km]h M la?jfnfO{ cfj|md0f ug]{ efO/;

lo:6 M Ps k|sf/sf] kmGhfO{

k|f]6f]hf]cf M Ps sf]ifLo hLjx¿

;fsf]{l8gf M k|f]6f]hf]cfaf6 ;g]{ /f]ux¿

cg's"ntf M jftfj/0fdf a:g ;Sg] Ifdtf
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PsfO

18

;a} k|sf/sf ;hLjx¿sf] z/L/ sf]ifaf6 ag]sf] x'G5 . Ps sf]ifLo ;hLjx¿ Pp6f dfq 

sf]ifaf6 ag]sf x'G5g\ . logLx¿n] Pp6} sf]ifaf6 ;Dk"0f{ sfo{x¿ ub{5g\ . t/ ax'sf]ifLo ;hLjx¿df 

hLjg k|lj|mof ;~rfng ug{ ljleGg sf]if, tGt' tyf cª\ux¿sf] ;d"x ldnL ljleGg lsl;dsf 

k|0ffnLx¿ ag]sf x'G5g\ . jg:kltx¿n] vfgfsf] kl/jxg s;/L u5{g\ xf]nf < jg:kltx¿sf 

vfgf tyf cGo cfjZos j:t'sf] kl/jxg ug{ hfOnd tyf km\nf]Pd tGt'x¿ x'G5g\ . To;}u/L 

hgfj/x¿sf] z/L/ klg Zjf; k|Zjf;, kfrg, lgisf;g / k|hgg k|0ffnL cflb ljleGg lsl;dsf 

tGt' tyf cª\ux¿ ldnL ag]sf x'G5g\ . jg:klt tyf hgfj/x¿sf] z/L/df Pp6} cfsf/ k|sf/sf] 

lglZrt sfo{ ug{sf] nflu ag]sf sf]ifx¿sf] ;d"xnfO{ tGt' elgG5 . To:t} u/L tGt'x¿ ldnL cª\u 

aGb5 . sfo{sf] k|s[lt x]/L sf]ifx¿sf] ;d"xn] cfkm\g} cfsf/ k|sf/ agfPsf x'G5g\ . o; PsfOcGtu{t 

xfdL sf]if, tGt' / cª\ularsf] ;DaGw, jg:klt tGt'sf k|sf/af/] cWoog ug]{ 5f}F . 

sf]if, tGt', cª\u / k|0ffnLsf] cGt/;DaGw

Ps sf]ifLo hLjx¿n] vfgf lng', TofUg', Zjf; k|Zjf;, lgZsf;g cflb sfo{x¿ Pp6} sf]ifaf6 

;~rfng ub{5g\ . ax'sf]ifLo ;hLjx¿df oL k|lj|mofsf nflu w]/} sf]ifx¿sf] k|of]u ePsf x'G5 . 

jg:klt tyf hgfj/x¿sf] z/L/leq ;~rfng x'g] ljleGg lsl;dsf lj|mofsnfksf nflu 

km/s km/s ljz]iftf ePsf tGt'x¿ ;d"xdf ldn]/ /x]sf x'G5g\ . o;/L ;d"xdf ldn]/ /x]sf 

tGt'x¿sf] ;d"xnfO{ cª\u elgG5 . cª\u hl6n agf]6 ePsf] / vf; u/L lglZrt sfo{ ug]{ c+z 

xf] . s'g} cª\un] Pp6f dfq sfo{ ub{5 eg] s'g} cª\un] PseGbf a9L sfo{x¿ ub{5 . ljleGg 

lsl;dsf cª\ux¿ ldn]/ k|0ffnL aGb5 . Pp6f k|0ffnLdf cª\ux¿n] ldn]/ sfd ul//x]sf 

x'G5g\ . s'g} klg ;hLjsf] z/L/ sf]if, tGt', cª\u / k|0ffnL kf/:kl/s ;DaGwaf6 ;~rfng 

ePsf] x'G5 . pbfx/0fsf nflu jg:kltdf x'g] kl/jxg (transport) hfOnd (xylem) / 

km\nf]Pd (phloem) h:tf hl6n tGt'x¿n] ;+o'St ¿kdf sfo{ ul//x]sf x'G5g\ eg] ljsl;t 

hGt'x¿df d'6', /ut (blood), /StgnLx¿ (blood vessels) tyf cª\ux¿n] ;d"xdf sfo{ 

ul//x]sf x'G5g\ . 

dflg;sf] kfrg k|0ffnLdf d'v, lha|f], 3fF6L, ef]hg gnL, cfdfzo, lkTtfzo, 7'nf] cfGb|f, ;fgf] cfGb|f, 

Kofª\lj|mofh / sn]hf] cflb cª\ux¿ kb{5g\ . kfrg k|0ffnLsf] sfo{ vfgfnfO{ krfpg' / vfgfdf ePsf 

kf}li6s tŒjx¿ ;f];]/ lng' xf] . 

k|0ffnL
(System)
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dflg;sf] z/L/df kfOg] k|0ffnL, o;sf d'Vo cª\u, tGt' / sfo{ tflnsfdf lbOPsf] 5 M

k|0ffnL cª\ux¿ tGt'sf k|sf/ sfo{x¿

kfrg k|0ffnL cfdfzo, sn]hf],

Kofª\lj|mofh

sf]nDgf/, Olky]lnod, 

:j]lR5s d;n

vfgf krfpg' / 

;f]:g'

Zjf; k|Zjf; 

k|0ffnL

Zjf;gnL, kmf]S;f] So'lasn Olky]lnod, k]Ed]G6

Olky]lnod

clS;hg / sfa{g 

8fOS;fO8 TofUg'

/St ;~rf/ k|0ffnL d'6', /StgnL OR5flwg d;n, ;+of]hL tGt',

k]Ed]G6 Olky]lnod

z/L/df clS;hg

k'¥ofpg'

lg:sf;g k|0ffnL lduf}{nf, sn]hf], 

d"qgnL

So'lasn Olky]lnod,

k]Ed]G6 Olky]lnod

cgfjZos kbfy{ 

aflx/ kmfNg'

:gfo' k|0ffnL dl:tis, ;'if'Dgf :gfo' ;~rf/ ug{'

cl:yk~h/ k|0ffnL xf8x¿ ;+of]hL tGt' z/L/nfO{ yfDg'

k|hgg k|0ffnL c08sf]if, c08fzo So'lasn, sf]nDgf/ 

Olky]lnod

;Gtfg pTkfbg ug{'

jg:klt tGt' (Plant tissue)

jg:kltsf] z/L/leq ;~rfng x'g] ljleGg lsl;dsf lj|mofsnfksf nflu ;]nx¿ ldn]/ tGt'x¿ 

ag]sf x'G5g\ . tL jg:kltdf kfOg] tGt'x¿nfO{  d'Votof b'O{ k|sf/df ljefhg ug{ ;lsG5 . 

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

d]l/6:d]l6s sf]ifx¿ ldnL d]l/6:d]l6s tGt' aGb5 .  

oL sf]ifx¿ Ps cfk;df ldnL a;]sf x'G5g\, h;n] ubf{ 

sf]ifx¿lar vfnL 7fpF xF''b}g . sf]ifx¿sf] leQf kftnf x'G5g\, 

h;df Go'lSno; / afSnf] ;fO6f]KnfHdf xG5 . d]l/6:d]l6s 

sf]ifx¿ vf; u/L la?jfsf] 6'Kkf]df x'G5 . o;df l56f] 

l56f] sf]if ljefhg eO/x]sf] x'G5 . d]l/6:d]l6s tGt'nfO{ 

logLx¿sf] :yfgcg';f/ lgDgfg';f/ juL{s/0f ul/Psf] 5 M  

-s_ Plksn d]l/l:6d (apical meristem)

o; lsl;dsf] tGt' h/f jf sf08sf] 6'Kkf]df xG5  .  o;n] la?jfsf] h/f jf sf08sf] nDafO 

a9fpF5  .  

lrq g+= 18.1: d]l/:6d]l6s tGt'
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-v_ n]6/n d]l/l:6d (lateral meristem)
oL tGt'x¿ h/f jf sf08sf] 5]plt/ x'G5g\  . o;n] h/f jf sf08sf] df]6fO j[l4 u5{  .  

@= :yfoL tGt' (Permanent tissue):

:yfoL tGt'df kfOg] sf]ifx¿df ;fwf/0ftof sf]if ljefhg x'Fb}g . oL tGt'df kfOg] sf]ifx¿ 
d[t jf hLljt x'G5g\ / sf]if leQf afSnf] jf kftnf] x'G5 . la?jfdf kfOg] :yfoL tGt'x¿ ltg 
k|sf/sf x'G5g\ M

1. ;fwf/0f tGt' (simple tissue) 2. hl6n tGt' (complex tissue)
3. ljlzi6 tGt' (special tissue)

!= ;fwf/0f tGt' (simple tissue)
;fwf/0f :yfoL tGt'x¿ Ps} k|sf/sf sf]ifx¿ ldnL ag]sf x'G5g\ / Pp6} sfo{ ub{5g\ .  

sf]ifx¿sf] agfj6cg';f/ oL tGt'x¿ ltg k|sf/sf x'G5g\ M

-s_ k]/]GsfOdf (parenchyma)

hLljt tyf kftnf leQf ePsf] sf]ifx¿ ldnL k]/]GsfOdf tGt' ag]sf] xG5 . o; tGt'df 

kfOg] sf]ifx¿lar vfnL 7fpF (inter cellular space) x'G5 . h/f jf sf08sf] aflx/L efu 

(cortex) d]hf]lkmn (mesophyll) / sf08sf] larsf] efu (pith) k]/]GsfOdfaf6 ag]sf] 

x'G5 . 

kftdf ePsf] k]/]GsfOdfdf Snf]/f]Knf:6 (chloroplast) x'G5, h;nfO{ Snf]/]GsfOdf 

(chlorenchyma) elgG5 . o;n] k|sfz ;+Zn]if0f (photosynthesis) k|lj|mofaf6 vfgf 

agfpF5 . o;n] vfgf ;~ro ug]{ / ;+jfxg ug]{ u5{ / la?jfnfO{ k'i6 /fVg] u5{ .

sf]ifx¿lar xfjf el/Psf] k]/]GsfOdfnfO{ P/]GsfOdf (aerenchyma) elgG5 . 

xfO8«f]kmfO6\; (hydrophytes) la?jf P/]GsfO tGt'af6 ag]sf] x'G5, h;n] kfgLdf t}l/g 

dbt ub{5 .

lrq g+= 18.2:  ;fwf/0f tGt'
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-v_ sf]n]GsfOdf (collenchyma)

sf]n]GsfOdf tGt' nfDrf] cfsf/sf] sf]ifx¿ ldnL ag]sf] x'G5 . oL sf]ifx¿sf] lsgf/f efu 

;]n'nf]h (cellulose) / k]lS6g (pectin) kbf{yn] ubf{ afSnf] x'G5 . o; tGt'df x'g] sf]ifx¿ 

hLljt x'G5g\ . of] tGt'n] xF'+b} u/]sf] la?jfsf cª\ux¿df b/f]kg Nofpg / vfgf tof/ 

ug]{ sfd ub{5 . kftnf] sf]if leQf ePsf] sf]n]GsfOdfdf sf]ifx¿sf] j[l4, t/n kbfy{sf] 

km}nfj6 / tlGsg] sfo{df dbt ub{5 .

-u_ :s]n]/]GsfOdf (Sclerenchyma)

:s]n]/]GsfOdf tGt'x¿ nfDrf], ;f3'F/f], afSnf] sf]if leQf ePsf] sf]ifx¿ ldnL ag]sf] x'G5 . 

o; tGt'df kfOg] sf]ifx¿ hLljt jf d[t x'G5g\ . oL sf]ifx¿ b'j}tkm{ r'Rrf] k/]sf] /]zf 

(fibre) cfsf/sf] x'G5 . oL tGt'x¿ la?jfx¿ / kftsf] gzf (veins) df kfOG5 .  o;sf] 

d'Vo sfo{ la?jfnfO{ c8\ofpg' xf] .

lj|mofsnfk 1

la?jfdf kfOg] tGt'sf] cjnf]sg ug{

-s_ ds} jf rgfsf] Ps 6'j|mf lng'xf];\ . 

-v_ An]8df Ps yf]kf kfgL /fvL bflxg] xftn] sf08 sf6\g'xf];\  . 

-u_ sf08sf] rSsfnfO{ jfr Unf;df /fvL yf}/} kfgL /fVg'xf];\  .

-3_ kftnf] 6'lj|mPsf] efu dfq 5fgL csf]{ jfr Unf;df /fVg'xf];\ / Ps yf]kf ;fk|mflgg xfNg'xf];\ . 

-ª_ s]xL ;dokl5 ;a}eGbf kftnf] rSsf 5fgL :nfO8df /fVg'xf];\ . 

-r_ Ps yf]kf lUn;l/g /fvL se/ l:nkn] 5f]Kg'xf];\ . 

-5_ :nfO8nfO{ dfOj|mf];skdf /fvL cjnf]sg ug'{xf];\ . 

-h_ Olk8ld{;, s6]{S;, hfOnd tyf km\nf]Pd sf]ifsf] cjnf]sg ug'{xf];\ . 

-em_ b]lvPsf s'/fx¿nfO{ lrqdf ptfg'{xf];\ . 

@= hl6n tGt' (Complex tissue)

hl6n tGt' ljleGg lsl;dsf sf]ifx¿sf] ;d"x ldnL ag]sf] x'G5 . oL tGt'x¿sf] agf]6 / sfo{ w]/} 

km/s lsl;dsf eP tfklg ;+o'St ¿kdf sfd ub{5g\ . logLx¿ hLljt jf d[t sf]ifaf6 ag]sf 

x'G5g\ .
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logLx¿sf] d'Vo sfo{ ;+jfxg ug]{ ePsfn] o;nfO{ ef:s'n/ tGt' (vascular tissue) elgG5 . hl6n 

tGt' b'O{ k|sf/sf x'G5g\, tL x'g\ M

-s_ hfOnd (Xylem)

hfOnd tGt' d[t sf]ifx¿af6 ag]sf] x'G5 . of] rf/ k|sf/sf] sf]ifaf6 ag]sf] x'G5 . tL x'g\Ù 

6«flsof (trachea), 6«fls8\; (trachids), p8kmfOa/ (wood fibre) / p8 k]/]GsfOdf 

(wood parenchyma) . o; lsl;dsf] tGt'x¿ la?jfsf] h/f, sf08, kft tyf cGo 

s8f efusf] leqL txdf kfOG5 . hfOndn] 

h/faf6 vlgh / kfgL la?jfsf] ljleGg efudf 

k'¥ofpF5 . la?jfnfO{ cf8 lbG5 / vfgs'/f 

hDdf ug]{ sfo{ ub{5 . 

-v_ km\nf]Pd (Phloem)

km\nf]Pd tGt' hLljt sf]ifx¿sf] ;d"x ldnL ag]sf] 

x'G5 . of] tGt' ljleGg k|sf/sf sf]ifx¿af6 

ag]sf] x'G5 . tL x'g\ l;e6\o'a (sieve tube), 
sDkflgog ;]n (companion cell), km\nf]Pd 
k]/]GsfOdf (phloem parenchyma), k\mnf]Pd 
kmfOa/ (phloem fibre) . oL la?jfsf] ;a} 

efu h:t} h/f, sf08 / kftdf kfOG5 .  o;sf 

d'Vo sfo{x¿ lgDg lnlvt 5g\ M

1. kftdf tof/ ePsf] vfgf z/L/sf] 

ljleGg efudf k'¥ofpF5 . 

2. o;n] vfgfsf] ;~ro u5{ . 

3. la?jfnfO{ cf8 lbg] (mechanical support) sfo{ ub{5 .

hfOnd (xylem) km\nf]Pd (phloem)
1. of] d[t sf]ifaf6 ag]sf] hl6n tGt' xf] .

2. o;df 6«flsof, 6«fls8\;, hfOnd 

k]/]GsfOdf / hfOnd kmfOa/ h:tf 

sf]ifx¿ x'G5g\ . 

3. o;n] vlgh kfgL h/faf6 ljleGg 

efudf k'¥ofpF5 . 

1. of] hLljt sf]ifaf6 ag]sf] hl6n tGt' xf] . 

2. o;df l;e6\o'a, sDkflgog ;]n km\nf]Pd 

k]/]GsfOdf km\nf]Pd kmfOa/ h:tf sf]ifx¿ 

x'G5g\ . 

3. o;n] kftdf ePsf] vfgfnfO{ la?jfsf]  

ljleGg efudf k'¥ofpF5 . 

lrq g+= 18.3: hl6n tGt'

xylem phloem
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ljlzi6 tGt' (Special tissue)
ljlzi6 tGt'df x'g] sf]ifx¿n] lg:sfzg tyf >ljt (secretion) ug]{ sfd ub{5g\ . of] 

ljz]if sfo{sf] nflu ¿kfGt/0f ePsf] x'G5 . ljlzi6 tGt' b'O{ k|sf/sf x'G5g\ . tL x'g\M UnfG8'n/ 

tGt' (glandular tissue) / n]lS6km]/; tGt' (lactiferous tissue), UnfG8'n/ tGt' Pp6f 

sf]if jf sf]ifx¿sf] ;txaf6 ag]sf] x'G5 . oL sf]ifx¿n] w]/} lsl;dsf /;fog h:t} M kfrg /;, 

/]lhg, ud cflb >ljt u5{g\ . o; k|sf/sf tGt'x¿ wt'/f], t'N;L, ;Nnf h:tf la?jfdf kfOG5g\ . 

n]lS6km]/; tGt'n] b'w h:t} tGt' agfpF5 . nfn'kft], s6x/ h:tf la?jfdf n]lS6km]/; tGt' kfOG5 .

dfgj z/L/sf] cl:yk~h/ k|0ffnL (Skeletal system of human body)

tkfOF{sf] z/L/sf] 6fpsf], xft uf]8f 5fDbf s8f efu e]l6G5, pSt s8f efusf] gfd s] 

xf]nf < of] s8f efu s]af6 ag]sf] x'G5 xf]nf < z/L/sf] g/d efu dfz+k]zL hlt x6fpg] xf] eg] 

sª\sfn (skeleton) dfq afFsL x'G5, oL sª\sfn ljleGg lsl;dsf xf8x¿ ldnL ag]sf] 

x'G5 . xf8 SoflN;od nj0f ldnL ag]sf] x'G5 . h;n] ubf{ of] s8f x'G5 . xf8 x]bf{ lghL{j 

j:t' h:tf] b]lvPtf klg hLljt cf]l:6of];fO6 (osteocytes) sf]ifaf6 ag]sf] x'G5 . o;df 

/St gnL / :gfo'x¿ x'G5g\ . sfg / gfsdf x'g] xf8 g/d / nrsbf/ x'G5 . o;nfO{ s'/s'/] 

xf8 elgG5 . o;n] rf]6 ;f]:g] sfd ub{5 . dfgj z/L/df ;fgf / 7'nf xf8 u/L hDdf 206 cf]6f 

xf8x¿ x'G5g\ . log} ljleg k|sf/sf xf8x¿ ldn]/ ag]sf] cl:yk~h/nfO{ cl:y k|0ffnL elgG5 . 

o; PsfOcGt{ut ljleGg k|sf/sf xf8x¿ / cl:y k|0ffnLsf sfo{x¿ af/]df cWoog u5f}{F . 

dfgj z/L/df /x]sf xf8x¿ ljleGg 

cfsf/sf x'G5g\ . oLdWo] s'g} nfDrf], s'g} 

clgoldt cfsf/, 3g (cube) cfsf/ 

/ s'g} r]K6f] x'G5 . xft, uf]8fsf] xf8 

nfDrf] x'G5 . 6fpsf] / s/ªsf] xf8 

r]K6f] x'G5 eg] gf8L / 3'F8fsf xf8x¿ 

3g cfsf/sf x'G5g\ . 8F8fNg'sf] xf8 

lglZrt cfsf/sf x'Fb}g .

dfgj z/L/sf] xf8nfO{ b'O{ ;d"xdf lje-
fhg ug{ ;lsG5 M

-s_ PlShon :s]n]6g (axial skeleton)

-v_ Pk]lG8s'n/ :s]n]6g (appendicular 
skeleton)

lrq g+= 18.4: dfgj cl:y k~h/
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-s_ PlShon :s]n]6g (axial skeleton)

6fpsf], 5ftL, 8F8fNg' / s/ªsf] xf8nfO{ PlShon :s]n]6g elgG5 . 

!= vKk/sf] xf8 (skull)

6fpsfsf] xf8nfO{ vKk/ elgG5 . o;nfO{ b'O{ efudf ljefhg ul/Psf] 5 . 

 dl:tissf] xf8 (cranium)
 cg'xf/sf] xf8 (facial bone)

dl:tissf] xf8 (cranium)

dl:tissf] xf8 uf]nf] afs; h:t} x'G5 . o;n] dl:tisnfO{ ;'/lIft /fV5 . of] cf7 cf]6f r]K6f xf8x¿ 

Ps cfk;df 6Dd ldnL ag]sf x'G5g\ . 

1. k|mG6n (frontal)  : lgwf/sf] xf8nfO{  k|mG6n elgG5 . of] Pp6f dfq x'G5 . cfFvf 

/ gfssf] 5fgf aG5 . 

2. k]/fO6n (parietal)  : of] dl:tissf] bfofF / afFof b'j}tk{m /x]sf] x'G5 . 

3. Oydf]O8 (ethmoid) : of] PSnf] xf8 xf] / b'O{ cfFvfsf] lardf /x]sf] x'G5 . o;sf] 

dflyNnf] efudf gfssf] 5fgf / dl:tissf] cfwf/ aG5 . 

4. :km]gf]O8 (sphenoid) : of] PSnf] xf8 xf], h'g 6]Dkf]/n xf8sf] cufl8 x'G5 . 

5. clS;lk6n (occipital) : of] PSnf] xf8 6]Dkf]/nsf] cufl8 / vKk/sf] cfwf/df /x]sf] x'G5 . 

6. 6]Dkf]/n (temporal) : oL b'O{ xf8x¿ vKk/sf] d'lg bfofF afofF b'j}tkm{ /x]sf] x'G5 . 

cg'xf/sf] xf8 (facial bone)

cg'xf/sf xf8x¿ hDdf 14 cf]6f x'G5g\ . oL xf8x¿ Ps csf{;Fu 6Dd ldnL ag]sf x'G5g\ . 

lrq g+= 18.5: 6fpsfsf] xf8
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gfs, ufnf, sfg, tfn' / luhfsf xf8x¿ o;cGtu{t kb{5g\ . cg'xf/sf xf8x¿ lgDg 5g\ M

1. dflyNnf] aª\uf/fsf] xf8 (maxilla) : b'O{ cf]6f xf8x¿ hf]8]/ dflyNnf] aª\uf/fsf] xf8 

aG5 / o;n] d'vsf] 5fgf agfpF5 . oL xf8x¿df jfo'x¿ x'G5g\ / o;sf] ;DaGw gfs;Fu 

x'G5 . 

2. tNnf] aª\uf/fsf] xf8 (mandible) : vKk/sf] xf8x¿dWo] rnfpg ;lsg] Pp6f xf8 tNnf] 

aª\uf/fsf] xf8 xf] .

3. ufnfsf] xf8 (zygomatic): Uffnfsf] pRr efu agL b'j}lt/ /x]sf b'O{ cf]6f xf8x¿nfO{ 

ufnfsf] xf8 elgG5 . 

4. gfssf] xf8 (nasal): b'O{ cf]6f r]K6f xf8x¿ h;n] gfssf] bfofF afofF k'n h:tf] ag]/ /x]sf] 

x'G5, To;nfO{ gfssf] xf8 elgG5 . 

5. ef]d/ (vomer): gfssf] tNnf] efudf kfOg] s'6f]sf] An]8 cfsf/sf] xf8nfO{ ef]d/ elgG5 . 

6. Noflj|mdn (lacrimal): cf}Fnfsf] gª cfsf/sf b'O{ cf]6f xf8x¿ b'j} cfFvfsf] leq /x]sf   

x'G5g\, To;nfO{ Noflj|mdn elgG5 . 

7. Kofnfl6g (palatine):  L cfsf/sf] b'O{ cf]6f Kofnfl6g xf8x¿ h;n] Kofn]6sf] dflyNnf] efu 

/ d'vsf] 5fgf agfpF5, To;nfO{ Kofnfl6g xf8 elgG5 . 

8. OGK]fml/o/ ghn sGsL (inferior nasal conchae): gfssf] Kjfnsf] 5]p, 5]psf b'O{ 

xf8x¿nfO{ OGK]fml/o/ ghn sGsL elgG5 .

sfgsf xf8x¿ (ear ossicles)

dWo sfgdf ltgcf]6f xf8sf 6'j|mfx¿ x'G5g\, h;nfO{ 

Doflno; (malleus), OGs; (incus) / :6]K; (stapes) 
elgG5 . xfd|f] z/L/sf] ;a}eGbf ;fgf] xf8 :6]K; xf] .

lhpsf] xf8 (trunk)

xfd|f] z/L/df ePsf] 8F8fNg' (vertebral column) / 
5ftLsf] xf8 (thorax) ldn]/ lhpsf] xf8 aGb5 . 8F8fNg' 
clgoldt cfsf/sf] xf8x¿ ldnL ag]sf] x'G5 . aRrfsf] 8F8fNg'df hDdf 33 cf]6f xf8x¿ x'G5g\ 

eg] jo:ssf] 8F8fNg'df 26 cf]6f xf8x¿ x'G5g\ . 

1. 3f“6Lsf] xf8 (cervical vertebrae)

3fF6Lsf]] xf8 ;ft cf]6f e6]{a|faf6 ag]sf] x'G5 . o;sf] klxnf] e6]{a|fnfO{ P6nf; (atlas) 
elgG5 eg] bf];|f] e6]{a|fnfO{ PlS;h (axis) elgG5 . P6nf;n] 6fpsfnfO{ yfDb5 eg] PlS;hn] 

6fpsf] 3'dfpg dbt u5{ .

lrq g+= 18.6: sfgsf] xf8
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2. 5ftLsf] xf8 (thoracic vertebrae)

5ftLsf] xf8 hDDff 12 cf]6f e6]{a|f ldnL ag]sf] 

x'G5 / o;n] z/L/sf] dflyNnf] k5fl8sf] efu 

agfpF5 . o;df 5ftLsf] 12 hf]8f s/ªsf] efu 

hf]l8Psf] x'G5 .

3. sDd/sf] xf8 (lumber vertebrae)

sDd/sf] xf8 5 cf]6f e6]{a|fx¿ ldnL ag]sf] x'G5 

/ o;n] k5fl8sf] tNnf] efu agfpF5 . oL e6]{a|fx¿ 

c¿eGbf 7'nf / u/f}F x'G5g\ . logLx¿n] a9L tf}n 

vKg ;S5g\ . 

4. ;fj|mn xf8 (sacral vertebrae)

Affns cj:yfdf 5 cf]6f e6]{a|f ldnL ;fj|mn xf8 

aGb5 . t/ jo:s cj:yfdf 5 cf]6f xf8x¿ 

ldnL Pp6 xf8 aGb5, o;nfO{ ;fj|md (sacrum) 
elgG5 .

5. sf]l;S; (coccyx)

of] xf8 rf/ cf]6f ;;fgf xf8x¿ ldnL ag]sf] k'R5/sf] xf8 xf] . c¿ hgfj/x¿df o;} 

xf8af6 k'R5/ aGb5 . e6]{a|fx¿nfO{ ;]tf] /]Zffbf/sf] ;d"xn] hf]8]/ /fv]sf] x'G5, h;nfO{ 

lnufd]G6 (ligament) elgG5 . o;n] xf8x¿nfO{ Pslqt u/L /fV5 . lnufd]G6 tlGsg] 

k|s[ltsf] x'G5 . 

5ftLsf] xf8 (Thoracic bones)

cw{j[t (semi circular) cfsf/sf] af/ hf]8f xf8x¿ 5ftLdf x'G5g\, h;nfO{ s/ª elgG5 . 

o;sf] ;fy} km/flsnf] / nfdf] xf8 x'G5, To;nfO{ :6g{d (sternum) elgG5 . 5ftLsf] s/ªn] 

lkFh8fsf] 808Lsf] h:tf] sfd u5{ . o;n] d'6', kmf]S;f] h:tf cª\ux¿nfO{ ;'/Iff lbG5 . s/ªx¿ 

ltg k|sf/sf x'G5g\ . :6g{d;Fu l;w} hf]l8Psf ;ft cf]6f s/ªx¿nfO{ 6\o'l/A; (true ribs) 
elgG5 . To:t} u/L ltg cf]6f s/ª ck|ToIf ¿kdf :6g{ddf hf]l8Psf] x'G5, To;nfO{ kmN; l/A; 

(false ribs) elgG5 . b'O{ hf]8f s/ªx¿ st} klg hf]l8Psf xF'b}gg\, To;nfO{ km\nf]l6ª l/A; 

(floating ribs) elgG5 . 

lj|mofsnfk 2 : xf8 SoflN;odn] ubf{ s8f x'G5 . 

1. s'v'/f jf v;Lsf] 6 ;]=ld= hlt nfdf] xf8 lng'xf];\ .

lrq g+= 18.7: d]?b08sf] xf8
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2. pSt xf8nfO{ lkmSsf xfO8«f]Snfl/s Pl;8 ePsf] las/df 8'afO{ /fVg'xf];\ . 

3. sl/a cfWff 306fkl5 lkmSsf xfO8«f]Snfl/s Pl;8af6 lrD6fn] xf8sf] 6'j|mf lemsL kfgLdf 

/fd|/L kvfNg'xf];\ . 

4. pSt xf8nfO{ 5fDg'xf];\ . xf8sf] s8fkgdf km/s cfpF5 ls cfpFb}g . Ps cfk;df 5nkmn 

u/L lg:sif{ lgsfNg'xf];\ . 

-v_ Pk]lG8s'n/ :s]n]6g (Appendicular skeleton)

z/L/sf] bfofF afofFlt/sf] xf8nfO{ Pk]lG8s'n/ :s]n]6g elgG5 . o;cGtu{t xft, v'6\6f tyf sfFwsf 

xf8x¿ k5{g\ . o;nfO{ b'O{ efudf ljefhg ul/Psf] 5 . tL x'g\Ù dflyNnf] efusf] xf8 / tNnf] 

efusf] xf8 . dflyNnf] efusf] xf8cGtu{t xft, v'6\6f, sfFw cflb kb{5g\ . To:t} u/L tNnf] efusf] 

xf8cGtu{t lt3|f, 3'F8f, lkF8'nf cflbsf xf8x¿ kb{5g\ . dflyNnf] efusf] xf8nfO{ b'O{ ;d"xdf 

ljefhg ul/Psf] 5 .

-s_ sf“wsf] xf8 (pectoral girdle)

:sfk'nf/ Snflesn ldnL sfFwsf] xf8 aGb5 . :sfk'nf ltgs'g] / r]K6f] cfsf/sf] x'G5 .  Snflesn 

wg'if cfsf/sf] x'G5 . of] 3fF6Ld'lg x'G5 / o;sf] Ps 5]p :6g{d;Fu hf]l8Psf] x'G5 eg] csf]{ efu 

:sfk'nf;Fu hf]l8Psf] x'G5 . 

-v_ xftsf] xf8 (hand limbs)

Pp6f xftdf hDdf 30 cf]6f xf8x¿ x'G5g\ . b'j} xftsf xf8x¿ hDdf 60 cf]6f x'G5g\ . 

xftsf] xf8 lgDglnlvt xf8x¿ ldnL ag]sf] x'G5 . 

1. x\o'd/; (humerus) : sfFwb]lv s'lxgf;Ddsf] xf8nfO{ kfv'/fsf] xf8 elgG5 . 

2. /]l8o; / cNgf (radius and ulna) : s'lxgfb]lv gf8L;Dd cNgf / /]l8o; u/L b'O{ cf]6f 

xf8x¿ x'G5g\ . sfG5L cf}Fnftkm{ cNgf kb{5 eg] a'9L cf}Fnflt/ /]l8o; xf8 kb{5 . 

3. sfk{N;(carpals) : gf8Ldf ;;fgf cf7 cf]6f sfk{N; x'G5g\ . logLx¿ rf/ rf/ cf]6f u/L 

b'O{ nfOgdf /x]sf x'G5g\ . 

4. d]6fsfk{N; (metacarpals) : kfFr cf]6f d]6fsfk{N; ldnL xft ag]sf] x'G5 . oL xf8x¿ 

Psflt/ sfk{N;;Fu hf]l8Psf] x'G5 eg] csf]{ tkm{ cf}Fnfsf xf8x¿;Fu hf]l8Psf] xG5 . 

5. cf}“nfsf xf8x¿ (phalanges) : kfFr cf]6f cf}Fnfdf hDdf 14 cf]6f xf8x¿ x'G5g\ . a'9L 

cf}Fnfdf b'O{ cf]6f x'G5g\ eg] afFsL rf/ cf]6f cf}Fnfdf ltg ltg xf8x¿ x'G5g\ . 
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tNnf] efusf xf8x¿

dfgj z/L/sf] tNnf] efunfO{ k]lNes u8{n (pelvic girdle) / v'6\6fsf] xf8 u/L b'O{ ;d"xdf 

afFl8Psf] 5 . 

k]lNes u8{n (pelvic girdle)

;fj|md / sf]lsS;sf] b'j}lt/ km}lnPsf] srf}/f cfsf/sf] efunfO{ 

k]lNes u8{n elgG5 . k'?ifdf eGbf dlxnfdf x'g] k]lNes a9L 

rf}8f x''G5 . o;n] uEff{wf/0f / aRrf hGdfpg cg's"n agfpF5 . 

o;n] cfGb|f, k|hgg cª\u, k]6 lk;fa y}nL h:tf cª\ux¿nfO{ 

;'/lIft /fVg dbt ug'{sf] ;fy} dflyNnf] lhpsf] ef/ yfDb5 . 

v'6\6fsf] xf8

z/L/sf] ;a}eGbf nfdf] / alnof] xf8 lt3|fsf] xf8 (femur) xf] . o;sf] tNnf] efu lkF8f}nfsf] 

xf8;Fu hf]l8Psf] x'G5 . 3'F8fsf] xf8 cy{ft\ k6]nf (patella) r]K6f] / rf/s'g] x'G5 . z/L/sf] 

ef/ af]Sg' k/]sfn] lt3|fsf] xf8sf] leqL efu :kGhL xf8af6 ag]sf] x'G5 . lkF8f}nfdf b'O{ cf]6f 

xf8x¿ x'G5g\, h;nfO{ l6laof (tibia) / lkma'nf (fibula) elgG5 . lkF8f}nfsf] aflx/k6\l6 lkma'nf 

/x]sf] x'G5 eg] leqk6\l6 l6laof x'G5 . o;n] z/L/sf] ef/ af]S5 . k}tfnfsf] xf8nfO{ ltg efudf 

ljefhg ul/Psf] x'G5 . tL x'g\ M 6f;{n (tarsal), d]6f6f;{n (metatarsal) / cf}Fnfsf xf8x¿ 

(phalanges)  . oL xf8x¿n] z/L/sf] ef/ yfDg] x'gfn] xftsf xf8eGbf alnof x'G5g\ . 

6f;{n 7 cf]6f xf8x¿ ldnL ag]sf] x'G5 . d]6f6f;{n uf]nf] x'G5 / ltg kª\lStdf /x]sf] 

x'G5 . d]6f6f;{nn] 5 cf]6f nfdf xf8x¿ ldnL v'6\6fsf] tNnf] efu agfpF5 . logLx¿ 6f;{n / 

cf}Fnfsf xf8x¿;Fu hf]l8Psf x'G5g\ . xftsf cf}Fnfx¿ h:t} v'6\6fsf cf}Fnfx¿df klg 14 cf]6f 

xf8x¿ x'G5g\ . k|To]s a'9L cf}Fnfdf b'O{ cf]6f / afFsL cf}Fnfx¿df ltg÷ltg cf]6f xf8x¿ x'G5g\ . 

cl:yk~h/ k|0ffnLsf sfo{x¿ (functions of skeletal system)

cl:y k|0ffnLsf d'Vo sfo{x¿ lgDg 5g\ M

1. o;n] z/L/sf] prfO / cfsf/ lglZrt ub{5 . 

2. o;n] z/L/sf d'Vo d'Vo g/d efux¿ h:t} M d'6', lduf}{nf, dl:tis cflbnfO{ ;'/lIft 
 /fV5 . 

3. xf8x¿df df+zk]zL 6fFl;Psf] x'G5, h;n] ubf{ z/L/sf ljleGg efux¿nfO{ rnfpg 
 ;xof]u k'Ub5 . 

4. o;n] SoflN;od e08f/0fsf] sfo{ ub{5 . z/L/df SoflN;od gk'u]sf] cj:yfdf xf8df 

lrq g+= 18.8: k]lNes u8{n
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 ePsf] SoflN;od k|of]u x'G5 . 

5. n]l/ª\u;df ePsf] sfl6{n]hn] cfjfh lgsfNg -af]Ng_ dbt u5{ . 

6. xf8x¿sf] /ftf] df;Ldf (red bone marrow) /ftf sf]ifx¿ (red blood cell) aGb5g\ . 

dfgj kf]if0f (Human nutrition)

xfdLn] vfPsf] vfgfsf] kfrg s;/L x'G5 < xfd|f] 

z/L/leq vfgfdf ePsf] hl6n j:t'x¿ 6'lj|mP/ 

sf]ifn] ;f]:g ;Sg] ;/n c0f'df kl/0ft x'G5 . o; 

k|lj|mofnfO{ kfrg (digestion) elgG5 . vfgfsf] 

kfrg Pp6f nfdf] gnLdf x'G5, To;nfO{ kfrg 

gnL elgG5 . o;/L vfgfsf] kfrgsf] nflu ljleGg 

cª\ux¿ d'v, vfgfgnL, cfdfzo, ;fgf] cfGb|f, 7'nf] 

cfGb|f cflb ldnL ag]sf] k|0ffnLnfO{ kfrg k|0ffnL 

elgG5 . kfrg k|0ffnLcGtu{tsf ljleGg efu tyf 

ltgdf x'g] vfgfsf] kfrg lgDgcg';f/ pNn]v 

ul/G5 . 

d'v (mouth)

kfrg k|0ffnLsf] ;a}eGbf dflysf] efu d'v xf] . o;df ¥ofn u|GyL x'G5 / o;n] ¥ofn 

(saliva) >ljt u5{ . xfdLn] d'vdf vfgf rkfpFbf dl;gf] x'G5 / ¥ofn;Fu ldl;Fbf g/d 

x'G5 . ;flnefdf cdfOn]h (amylase) OGhfOd x'G5, h;n] vfgfdf ePsf] sfaf]{xfO8«]6nfO{ 

cf+lzs ¿kdf Un'sf]hdf kl/0ft u5{ . dflg;n] vfPsf] vfgfnfO{ 6'j|mf kfg]{ sfd bfFtn] ub{5 . 

To;}n] oL bfFtsf] kfrg k|lj|mofdf dxŒjk"0f{ e"ldsf x'G5 . bfFt c:yfoL / :yfoL k|s[ltsf 

x'G5g\ . dflg;sf] d'vdf c:yfoL b'w] bfFt kl/jt{g eO{ gofF :yfoL bfFt cfpF5 .

vfgf gnL (oesophagus)

d'vaf6 vfgf Kofl/ª\u; (pharynx) x'Fb} vfgf gnLdf hfG5 . 

of] ;fF3'/f] cfsf/ dfz+k]zLo'St x'G5 . o;df vfgfsf] kfrg 

x'Fb}g . 

cfdfzo (stomach)

vfgf gnL (oesophagus) xF'b} xfdLn] vfPsf] vfgf cfdfzodf k'U5 . cfdfzo PA8f]d]gsf] 

afofFk6\l6 x'G5 . of] J cfsf/sf] dfz+k]zLo'St x'G5 . o;sf] tNnf] efu OG6]:6fOg (intestines) 
;Fu hf]l8Psf] x'G5 . cfdfzodf Uofl:6«s u|GyL (gastric gland) x'G5 . o;n] Uofl:6«s /; 

tkfO{FnfO{ yfxf 5 <
/f]6L jf lrp/f w]/} a]/ rkfO/fVbf o;df 
ePsf] sfaf]{xfO8«]6 6'lj|mO{ Un'sf]h 
aG5 / u'lnof] :jfb cfp“5 .

lrq g+= 18.9:  kfrg k|0ffnL
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(gastric juice) pTkfbg u5{ . Uofl:6«s /;df k]lK;g, nfOk]h h:tf w]/} OGhfOd x'G5g\ . 

k]lK;gn] k|f]l6gnfO{ k]K6fO8df / nfOk]hn] af];f]nfO{ km\of6L Pl;8 / lUnl;/f]ndf kl/0ft u5{ . ;fy} 

cfdfzodf xfO8«f]Snf]l/s Pl;8 klg pTkfbg x'G5 . o;n] k]lK;gnfO{ ;lj|mo agfpF5 eg] vfgfdf 

ePsf xflgsf/s sL6f0f'x¿nfO{ gi6 u5{ . cfdfzodf vfgf OGhfOdsf] ld>0f aG5, h;nfO{ sfOd 

(chyme) elgG5 . 

;fgf] cfGb|f (small intestine)

kfrg gnLsf] ;a}eGbf nfdf] efunfO{ ;fgf] cfGb|f elgG5 . of] ;f3'F/f] gnL cfsf/sf] x'G5, h'g 

cfdfzosf] tNnf] efuaf6 7'nf] cfGb|f;Dd k'u]sf] x'G5 . o; efudf xfdLn] vfPsf] vfgf k"0f{ ¿kdf 

kfrg eO{ ;/n c0f'x¿ Un'sf]h, Pldgf] Pl;8, km\of6\6L Pl;8 aG5 / o;df ePsf] tŒj sf]ifx¿n] 

;f];]/ lnG5 . 

;fgf] cfGb|fsf ltg cf]6f efux¿ 8\o'8]gd, 

h]h'gd / Olnod x'G5g\ . 8\o'8]gd c cfsf/sf] 

x'G5 / sl/a 30 cm nfdf] x'G5 . o;df 

k|foh;f] kfrg lj|mof x'G5 . Kofª\lj|mofh 

/ un Anf8/af6 >ljt OGhfOdx¿ 

8\\o'8]gddf ldl;G5g\ . un Anf8/af6 (gall 
bladder) pTkGg x'g] jfOn /;n] af];f]nfO{ 
Odl{N;kmfO{ (emulsify) ub{5 . Kofª\lj|mofhaf6 

pTkfbg ePsf Kofª\lj|mofl6s /;df w]/} lsl;dsf OGhfOdx¿ 6«fOlK;g, nfOk]h x'G5 . 6«fOlK;g 

OGhfOdn] k|f]l6gnfO{ kf]lnk]K6fO8df (polypeptide) kl/0ft ub{5 eg] nfOk]hn] lnlk8nfO{ (lipid) 
km\of6\6L Pl;8 / UnfOsf]lhgdf kl/0ft ub{5 . o; gnLsf] leqL ;txdf cf}Fnf h:tf] efu p7]sf] x'G5, 

h;nfO{ lenfO{ (villi) elgG5 . o;n] 6'lj|mPsf vfgfsf ;;fgf c0f'x¿nfO{ ;f]:b5 .

;fgf] cfGb|fsf] csf{] efu h]h'gd (jejunum) xf] . of] 2.5 ld nfdf] x'G5, o;n] klg lenfOdfkm{t 
kfrg ePsf ;fgf c0f'nfO{ ;f]:g] sfo{ ub{5 . Olnod sl/a 3 ld6/ nfdf] x'G5 . o;df ePsf lenfO{ 

tyf dfOj|mf]lenfOn] kf}li6s tŒjx¿ ;f];]/ lnG5g\ / /utdf ldl;G5g\ . 

;fgf] cfGb|fdf OG6]l:6gn /; pTkfbg x'G5, h;df ePsf] Pldgf] k]lK68]h OGhfOdn] kf]lnk]K6fO8nfO{ 

k]K6fO8 (peptide) / Pldgf] Pl;8df kl/0ft ub{5 . To:t}] u/L NofS6]hn] NofS6f]hnfO{ Un'sf]hdf 

kl/0ft u5{ .

7'nf] cfGb|f (large intestine)

;fgf] cfGb|faf6 cgfjZos j:t'x¿ 7'nf] cfGb|fdf hfG5 . 7'nf] cfGb|f 1.5 m nfdf] x'G5 . o;sf] 

P;]lG8ª (ascending), 6«fG:e;{ (transverse) / l8;]lG8ª  (descending) sf]ng x'G5 . sl/a 

tkfO{FnfO{ yfxf 5 <
cfdfzoaf6 clDno t/n kbfy{ aflx/ lgl:s 
vfgf gnLtkm{ cfp“5 . o; cj:yfdf 3f“6L / 5ftL 
kf]N5 . o;nfO{ x6{ag{ (heart burn) elgG5 . 
vfgf gnLsf] dfz+k]zL lgoldt ¿kdf v'DrG5 
/ vfgf cfdfzodf hfG5, o;nfO{ k]l/:6lN;; 
(peristalsis) elgG5 .
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90% kfgL o;n] ;f]:b5 . cgfjZos j:t'x¿ /]S6ddf hDdf x'G5 / dnåf/af6 Tofu ub{5 . 

o;/L vfgfdf ePsf kf}li6s tŒjx¿ ;f]l;P/ /utdf ldl;G5g\ . /utsf] dfWodaf6 sf]if tyf 

tGt'df k'uL clS;hg;“u k|ltlqmof u/L zlSt pTkfbg x'G5 . of] zlSt z/L/sf] ljleGg lj|mofsnfk 

;~rfngsf] nflu k|of]u x'G5 .

kfrg k|0ffnLsf] dxŒj

1. o;n] hl6n vfgfnfO{ ;/n vfB kbfy{df kl/0ft ub{5, h;nfO{ z/L/n] zlSt pTkfbg ug{, 

j[l4 tyf sf]ifsf] dd{t sfo{df k|of]u ub{5 .

2. o;n] ;/n vfB kbfy{nfO{ /utdf ;f]l;g (absorption) dbt ub{5 .
3. o;n] kfrg x'g g;s]sf cgfjZos kbfy{x¿ lgisf;gsf] nflu dbt u5{ . 

Zjf; k|Zjf; k|0ffnL  (Respiratory system)

dfgj z/L/leq ljleGg lsl;dsf lj|mofsnfkx¿ ;~rfng eO/x]sf x'G5g\ . oL lj|mofsnfkx¿ 

;~rfng ug{ zlSt sxfFaf6 k|fKt x'G5 

xf]nf . xfd|f] z/L/sf] tfkj|md l:y/ /fVg 

cgfjZos j:t'x¿sf] Tofu ug{, cª\ux¿ 

rnfpg cflb sfo{sf] nflu zlSt cfjZos 

kb{5 . oL ljleGg lsl;dsf sfo{ ug{sf 

nflu sf]ifdf vfgf / clS;hglar 

k|ltlj|mof eO{ zlSt pTkGg x'G5 . o; 

k|lj|mofnfO{ cfGtl/s Zjf; k|Zjf; 

(internal respiration) elgG5 . Zjf; 
k|Zjf; k|lj|mof ;~rfngsf nflu ljleGg 

cª\ux¿ ldnL ag]sf] k|0ffnLnfO{ Zjf; 

k|Zjf; k|0ffnL elgG5 . Zjf; k|Zjf; 

k|0ffnLcGtu{t gfs, s07, :j/oGq, 

Zjf;gnL / kmf]S;f] kb{5g\ . oL cª\ux¿sf] 

af/]df tn j0f{g ul/Psf] 5 .

-s_ gfs (Nose)

gfs Zjf; k|Zjf; k|0ffnLsf] aflx/L cª\u xf] . o;df b'O{ cf]6f Kjfnx¿ (nostrils) x'G5g\ . 

o;sf] leqL ;txdf ePsf] /f}Fn] xfjfdf ePsf w'nf]sf s0fx¿nfO{ /f]sL 5fGg] sfo{ ub{5 . To:t} 

u/L gfsleq k;]sf] xfjfnfO{ tftf] / cf]l;nf] agfpF5 . gfsaf6 xfjf leq hfg] / aflx/ cfpg] 

ub{5 . 

lrq g+= 18.10: :jf; k|Zjf; k|0ffnL
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-v_ s07 (Pharynx)
s07n] gfs / 3fF6LnfO{ hf]8]sf] x'G5 . o;n] Zjf; k|Zjf; gnL / vfgf gnL b'j}sf] sfd 

ub{5 . s07sf] clGtd efuaf6 Zjf;gnL / vfgf gnL ;'? x'G5 . Zjf;gnLsf] d'vdf OlkUnf 

l6;  (epiglotis) x'G5 . OlkUnf]l6;n] Zjf;gnLsf] d'v aGb u5{ . OlkUnf]l6; /fd|/L aGb gePsf] 

cj:yfdf vfgf lgNbf ;ls{G5 / vf]sL nfU5 . 

-u_ :j/oGq (Larynx)
:j/oGqnfO{ EjfO; aS; (voice box) klg elgG5 . of] lha|f]sf] clGtd efub]lv Zjf;gnLsf] 

dflyNnf] efu;Dd km}lnPsf] x'G5 . of] vf]j|mf] clg s'/]s'/] xf8n] ag]sf] x'G5 . vfgf lgNg] 

;dodf 3fF6Lsf] cufl8sf] efunfO{ cf}Fnfn] 5fDbf tndfly u/]sf] cg'ej x'G5 . ToxL g} :j/oGq 

xf] . :j/oGqdf b'O{ cf]6f kq (fold) x'G5g\, To;nfO{ ef]sn s8{ elgG5 . o;af6 Wjlg pTkGg x'G5 . 

o;n] gfs, s07 x'Fb} cfPsf] xfjfnfO{ Gofgf] / cf]l;nf] agfO{ Zjf;gnLtkm{ k7fpg] / Zjf;gnLaf6 

cfPsf] xfjfnfO{ aflx/ k7fpF5 . 

-3_ Zjf;gnL  (Trachea or wind pipe)
Zjf;gnL s'/s'/] xf8sf rSsfx¿ cfk;df ldnL ag]sf] 9'ª\u|f] cfsf/sf] df+zk]zLo gnL 

xf] . of] :j/oGqsf] kl5Nnf] efuaf6 ;'? x'G5 / tnlt/ uO{ bfofF afofF u/L b'O{ cf]6f efudf 

5'6\l6G5, h;nfO{ pkZjf;gnL (bronchi) elgG5 . pkZjf;gnL klg s'/s'/] xf8af6 ag]sf] x'G5 . 

pkZjf;gnL kmf]S;f]df hf]l8G5 / k]ml/ dl;gf Zjf;gnLx¿df ljefhg x'G5, h;nfO{ a|f]lªsof]n; 

(bronchioles) elgG5 . kmf]S;f]df oL a|f]lªsof]n; afFl8P/ s'/s'/] xf8lagfsf] ;;fgf gnL aGb5g\ . 

;fgf xfjfsf] y}nLsf] ¿k lnG5g\, h;nfO{ clNeof]nL (alveoli elgG5 . clNeof]nL w]/} kftnf] x'G5, 

hxfF l8km\o'hg (diffusion) x'G5 . xfjfsf y}nLx¿nfO{ /St sf]lzsfsf] (blood capillaries) sf] 

hfnf]n]  9fs]sf] x'G5 . o;df /St gnLaf6 cfPsf] sfa{g 8fOS;fO8nfO{ Zjf;gnLlt/ k7fpg] / 

aflx/af6 Zjf;gnLx¿df k|j]z ePsf] clS;hgnfO{ /StgnLdf ld;fpg] sfo{ x'G5 . 

-ª_ kmf]S;f] (Lungs)
Zjf; k|Zjf; k|0ffnLsf] ;a}eGbf d'Vo cª\u kmf]S;f] xf] . h'g 5ftLsf] s/ªx¿sf] leqk6\l6 
;'/lIft /x]sf] x'G5 . kmf]S;f] :kGh h:tf] / tlGsg] cª\u xf], h;df xfjfsf y}nLx¿ x'G5g\ . 

kmf]S;f]nfO{ bfofF / afofF u/L b'O{ efudf ljefhg ul/Psf] x'G5 . bfofF kmf]S;f]sf] ltg v08 x'G5 

eg] afofF kmf]S;f]sf] b'O{ v08 x'G5 . kmf]S;f]leq Zjf;gnLx¿, xfjfsf y}nLx¿, wdgL, lz/f / 
/St sf]lzsfx¿ x'G5g\ . kmf]S;f]nfO{ b'O{ kq] lemNnLn] 9flsPsf] x'G5, h;nfO{ Kn'/f (pleura) 
elgG5 . Kn'/fsf] txdf Ps k|sf/sf] t/n kbfy{ x'G5, h;n] 3if0f{af6 arfpF5 .

-r_ Zjf; k|Zjf; k|lj|mof (Respiratory process)
Zjf; lnFbf kmf]S;f] k'mN5 / 5ftLsf] cfotg 7'nf] x'G5 . 5ftLsf] df+zk]zLx¿ tyf 8fok|mfd  

(diaphragm) klxn]s} cj:yfdf kmlsF{bf 5ftL ;fgf] x'G5 . o; cj:yfdf kmf]S;f]af6 xfjf aflx/ 
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hfG5 . Pp6f jo:s JolStn] ;fdfGotof Ps ldg]6df 18-20 k6s;Dd Zjf; k|Zjf; u5{ . 

bf}l8Fbf, s;/t ubf{, pTt]lht xF'bf Zjf; k|Zjf; b/ a9\5 . 

Jffo' d08naf6 lnPsf] clS;hg gfs, Zjf;gnL, pkZjf;gnL xF'b} kmf]S;f]sf] jfo'y}nL;Dd 

k'U5 . jfo'y}nLnfO{ /St sf]lZfsfsf] hfnf]n]  9fs]sf] x'G5 . jfo'y}nLdf ePsf] clS;hg l8km\o'hg 

eO{ /St sf]lzsfdf hfG5 eg] /St sf]lzsfsf] /utdf ePsf] sfa{g 8fOcS;fO8 UofF; jfo'y}nLdf 

hfG5 . clS;hgo'St /ut d'6'df hfG5 . d'6'n] pSt clS;hgo'St /ut ljleGg k|sf/sf gnLx¿dfkm{t 

z/L/sf] ljleGg efusf] sf]ifdf k'¥ofpF5 . 

sf]ifdf vfgf / clS;hglar k|ltlj|mof eO{ zlSt, kfgL / sfa{g 8fOcS;fO8 pTkGg x'G5 . 

o;/L pTkGg zlSt z/L/sf] ljleGg lsl;dsf lj|mofsnfk ;~rfng ug{ pkof]u x'G5 eg] sfa{g 

8fOcS;fO8o'St /ut lz/f x'Fb} d'6'df kmls{G5 . d'6'af6 /ut kNdf]g/L wdgL xF'b} kmf]S;f]df k'U5 . 

kmf]S;f]df ePsf] jfo'y}nLnfO{ /St sf]lzsfsf] hfnf]n] 9fs]sf] x'G5, hxfF xfjfsf] ;f6f;f6 

x'G5 . pSt sfa{g 8fOcS;fO8 UofF; ;;fgf gnL pkZjf; gnL, Zjf; gnL x'Fb} gfs Pjd\ d'vaf6 

aflx/ lg:sG5 . o; k|sf/ dfgj z/L/n] clS;hg lng] / pTkflbt sfa{g 8fOS;fO8 kmfNg] sfo{ 

lg/Gt/ ul//x]sf] x'G5 . 

Zjf; k|Zjf; k|0ffnLsf] dxŒj 

-c_ o;n] z/L/nfO{ cfjZos kg]{ clS;hg cfk"lt{ ub{5 .

-cf_ o;n] z/L/nfO{ xflgsf/s UofF; -h:t} sfa{g 8fOS;fO8_ 

x6fpg dbt ub{5 .

-O_ o;n] dl:tissf] k|To]s sfo{df c;/ kf5{ .

-O{_ clS;hglagf z/L/sf sf]ifx¿n] s'g} sfo{ ug{ ;Sb}g .

-p_ clS;hgsf] cefjdf dl:tissf sf]ifx¿ db{5g\ .

-pm_ clS;hgsf] cefjdf Go'/f]gn] On]S6«f]s]ldsn 

;"rgfx¿ ;~rf/ ug{ ;Sb}g .

lgisf;g k|0ffnL (Excretory System)

;a} ;hLj k|f0fLx¿nfO{ cfk\mgf b}lgs lj|mofsnfk 

;~rfng ug{sf nflu vfgf rflxG5 . vfgfaf6 xfdL 

zlSt k|fKt ub{5f}F . vfgflagf s'g} klg k|f0fLx¿ 

hLljt /xg ;Sb}gg\, t/ vfgfaf6 zlSt dfq 

geO{ cgfjZos kbfy{x¿ klg pTkfbg x'g] 

ub{5g\ . o;/L pTkflbt cgfjZos kbfy{nfO{ dfgj 

tkfO{“nfO{ yfxf 5 <
Ps hgf jo:s dflg;sf] b'j} 
kmf]S;f]df sl/a ;ft;o ldlnog 
(700 ldlnoG;) clNejf]nL 
(alveoli) x'G5 .

lrq g+= 18.11:  lgisf;g k|0ffnL
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z/L/af6 x6fpg'kg]{ x'G5 . oL cgfjZos kbfy{x¿ z/L/af6 aflx/ k\mofFSgsf] nflu ljlzi6 

cª\ux¿ h:t} 5fnf, gfs, d'v, kmf]S;f], 7'nf] cfGb|f, sn]hf], lduf}{nf cflbsf] k|of]u ePsf] kfOG5 .

dfgj z/L/df lgisf;g cª\usf] ¿kdf 5fnf /x]sf]  x'G5 . o;n] kl;gf, nj0f / kfgLnfO{ o'l/ofsf] 

¿kdf z/L/af6 aflx/ cfpg ;3fpF5 . To;}u/L gfs / d'vn] l;Fufg, y's / vsf/nfO{ z/L/af6 

aflx/ cfpg dbt ub{5 . 7'nf] cfGb|fn] kfrg gePsf vfB kbfy{ / cgfjZos kbfy{nfO{ z/L/af6 

dnåf/ xF'b} aflx/ k7fpF5 . To;}u/L kmf]S;f]n] UofF;sf] ¿kdf sfa{g 8fOcS;fO8 / kfgLnfO{ aflx/ 

k\mofFSg ;3fpF5 . sn]hf]n] z/L/af6 ljleGg cgfjZos kbfy{x¿nfO{ z/L/af6 aflx/ k\mofFSg 

;3fpF5 . 

dfgj z/L/df d"q k|0ffnL d'Vo lgisf;g k|0ffnL xf], h;n] dfgj z/L/af6 gfO6f]«hgo'St kbfy{ aflx/ 

k\mofFS5 . o;n] lduf}{nfsf] Ps hf]8L, d"qgnLsf] Ps hf]8L, d"qy}nL / d"qåf/nfO{ ;d]6\5 . lduf}{nfx¿ 

l;dLsf] bfgf cfsf/sf] 7f]; / uf8f /ªsf] x'G5 . ltgLx¿ d]?b08sf] b'j}tkm{ / clGtd s/ªsf] 

cufl8k6\l6 kfOG5g\ . k|To]sdf g]k|mf]g kfOG5g\ . oL g]k|mf]gn] /utaf6 gfO6«f]hgo'St kbfy{nfO{ 

5'6\ofpg] sfd ub{5 / lk;fasf] ¿kdf z/L/af6 aflx/ k\mofFSb5 . d"qy}nL Ps df+;k]zLaf6 ag]sf] 

lk;fa hDdf ug]{ y}nL xf] / pSt d"qy}nL lk;fan] e/]kl5  d"qåf/af6 lk;fa aflx/ lg:sG5 .

lgisf;g lj|mofsf] dxŒj

1. o'l/of / gfO6«f]hgo'St of}lusx¿sf] ld>0f ePsf]n o;n] z/L/nfO{ xflg k'¥ofpF5, To;}n]  

vf; u/L lk;fasf] ¿kdf Tofu x'G5 .

2. z/L/leq x'g] d]6faf]lns lj|mofsnfkaf6 pTkflbt cgfjZos j:t'x¿ h'g sf]ifx¿af6 

lg:sG5g\, tL j:t'x¿ /utsf] dfWodaf6 lgisf;g ug]{ cª\ux¿;Dd k'U5 / z/L/af6 

lgisf;g x'G5 .

3. z/L/leq x'g] d]6faf]lns lj|mofsnfkaf6 pTkGg x'g] cgfjZos kbfy{x¿ h:t} sfa{g 

8fOcS;fO8 / o'l/ofx¿ ;DalGwt lgisf;g ug]{ cª\uaf6 aflx/ kF\moflsG5 .

4. lgisf;g k|0ffnLsf] d'Vo cª\u lduf}{nfn] lgisf;gdf dxŒjk"0f{ e"ldsf v]n]sf] x'G5 . o;n] 

z/L/af6 cgfjZos j:t'x¿ lk;fasf] ¿kdf Tofu ub{5 eg] z/L/nfO{ cgfjZos j:t'x¿ 

5fgL k'gM /utdf k7fpg] sfd ub{5 .

;Demg'kg]{ s'/fx¿

1. Pp6} cfsf/sf Ps} k|sf/sf lglZrt sfo{ ug]{ sf]ifx¿sf] ;d"xnfO{ tGt' elgG5 / tGt' tGt' 

;d"xdf ldn]/ cª\u aGb5 eg] cª\ux¿sf] ;d"xaf6 k|0ffnL aGb5 . 

2. xf8x¿ ldn]/ cl:yk~h/ aG5 . xf8x¿ r]K6f], nfDrf], 3g cflb ljleGg cfsf/sf x'G5 . 
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3. xf8x¿nfO{ PlSgon / Pk]lG8s'n/ cl:yk~h/ u/L b'O{ ;d"xdf ljefhg ul/Psf] 5 . 

4. dflg;sf] 6fpsfsf] dl:tisdf 8, cg'xf/df 14, sfgdf 6 u/L 28 cf]6f xf8x¿ x'G5g\ . 

5. xf8sf] sfo{ z/L/nfO{ cfsf/ lbg', ;'/lIft /fVg', rnfpg', SoflN;od e08f/ ug'{, /Sts0f 

agfpg' cflb x'g\ .

6. dfgj z/L/df kfrg d'v, cf]O;f]km]u;, cfdfzo, ;fgf] cfGb|f, 7'nf] cfGb|f, dnåf/ / kfrg 

u|GyLx¿ x'G5g\ . 

7. dflg;df vfgf rkfpgsf nflu OG;fOh/, s]gfOg, lk|df]nf/ / df]nf/ u/L rf/ lsl;dsf 

bfFtx¿ x'G5g\ . 

8. dfgj Zjf; k|Zjf; k|0ffnLcGtu{t gfs, s07, :j/oGq, Zjf;gnL / kmf]S;f] kb{5 . 

9. kmf]S;f]n] clS;hglaxLg /utnfO{ clS;hgo'St /utdf kl/0ft u/L d'6'df k7fpF5 . 

10. sf]ifdf vfgf / clS;hglar /f;folgs k|ltlj|mof eO{ zlSt pTkGg x'G5, h'g zlSt 

z/L/sf] ljleGg sfo{ ug{sf] nflu pkof]u x'G5 . 

cEof;

-s_ tnsf ax' j}slNks k|Zgx¿sf] ;xL pTt/df l7s -_ lrx\g nufpg'xf];\ M

1. lgDg lbOPsf dWo] s'g efun] kfrg k|0ffnLdf efu lnFb}g <

 (i) cfdfzo (ii) sn]hf] (iii) Kofª\lj|mofh (iv) kmf]S;f]

2. jg:klt tyf hgfj/x¿sf] z/L/df Pp6} cfsf/ / k|sf/sf] lglZrt sfo{ ug{sf] nflu 

ag]sf] sf]ifx¿sf] ;d"xnfO{ s] elgG5 <

 (i) tGt' (ii) cª\u (iii) k|0ffnL (iv) s'g} klg xf]Og

3. hnLo jg:kltx¿ kfgLdf t}l/g s'g tGt'n] dbt u5{ <

 (i) P/]GsfOdf (ii) sf]n]GsfOdf (iii) :Ns]/]GsfOdf (iv) Kof/]GsfOdf

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

 (i) la?jfnfO{ b/f] agfpg (ii) vfgf agfpg 

 (iii) kfgL / vfgfsf] ;~rf/ ug{ (iv) la?jfsf] df]6fO a9fpg

5. UnfG8'n/ tGt'sf] sfo{ s] xf] <

 (i) kfrg /;, ud, /]lhg >ljt ug'{ (ii) b'w h:tf] ;]tf] t/n kbfy{ >ljt ug'{ 
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 (iii) kfgLnfO{ kft;Dd k'¥ofpg' (iv) dflysf ;a}

6. uef{wfg / aRrf hGdfpg cg's"n agfpg] xf8 s'g xf] <

 (i) km\o'd/ (ii) l6laof lkma'nf (iii) k]lNes u8{n (iv) k]S6f]/n u8{n

7. /f]6L w]/} ;do;Dd rkfO/fVbf u'lnof] x'gfsf] sf/0f s] xf] <

 (i) vfgfdf ePsf] sfaf]{xfO8]«6 Un'sf]hdf kl/0ft x'G5 . 

 (ii) vfgfdf ePsf] k|f]l6g k]K6fO8df 6'lj|mG5 . 

 (iii) vfgfdf ePsf] af];f] km\of6L Pl;8df kl/0ft x'G5 . 

 (iv) dflysf ;a}

8. cfdfzodf pTkGg xfO8«f]Snf]l/s Pl;8 s]sf nflu k|of]u x'G5 <

 (i) vfgfdf ePsf] xflgsf/s AofS6]l/of dfg{

 (ii) k]6df cDnLokg 36fpg 

 (iii) vfgf 6'j|mfpg  (iv) dflysf ;a}

9. kmf]S;f]sf] jfo'y}nLdf s'g UofF;sf] cfbfg k|bfg x'G5 <

 (i) clS;hg / gfO6«f]hg (ii) clS;hg / sfa{g 8fOS;fO8

 (iii) gfO6«f]hg  / sfa{g 8fOS;fO8  (iv) dflysf ;a}

-v_ tnsf k|Zgx¿sf] hjfkm lbg'xf];\ M

1. tGt' eg]sf] s] xf] < sf]if, tGt', cª\u / k|0ffnLlarsf] cGt/;DaGw af/]df 5f]6s/Ldf 

j0f{g ug'{xf];\ . 

2. jg:kltdf kfOg] hfOnd / km\nf]od tGt'lar agf]6 / sfo{sf] cfwf/df b'O{ cf]6f km/s 

n]Vg'xf];\ .

3. cl:yk~h/ k|0ffnLsf d'Vo d'Vo sfo{x¿ n]Vg'xf];\ . 5ftLsf xf8x¿sf] ;"rL tof/ 

ug'{xf];\ . 

4. vKk/sf] xf8sf] lrq agfO{ o;sf k|d'v rf/ cf]6f efusf] gfd n]Vg'xf];\ . 

5. …dfgj z/L/df cl:yk~h/ gx'g] xf] eg] of] cfsf/ljxLg df;'sf] 8Nnf] dfq x'g] lyof]Ú 



lj1fg, sIff 9 223

o; egfOnfO{ pko'St sf/0f;lxt k'li6 ug'{xf];\ .

6. xf8nfO{ lkmSsf xfO8«f]Snf]l/s cDndf /fVbf g/d x'G5, lsg <

7. dfgj kfrg k|0ffnLdf cfdfzodf x'g] vfgfsf] kfrgaf/] 5f]6s/Ldf j0f{g ug'{xf];\ . 

8. Un'sf]h, kmnk'mnsf] kfrgeGbf lrp/f, df;'sf] kfrg l9nf] x'G5, lsg <

9. kmf]S;f]df /ut s;/L clS;hgo'St x'G5, j0f{g ug'{xf];\ . 

10. dfgj z/L/df lgisfzg k|0ffnLsf] s] dxŒj 5 < s'g} ltg cf]6f dxŒj n]Vg'xf];\ .

11. lduf}{nfsf] d'Vo sfo{ s] xf] < o;n] s;/L sfo{ ub{5, n]Vg'xf];\ .

12. d]l/:6d]l6s tGt' eg]sf] s] xf] < o;sf k|sf/x¿ pbfx/0f;lxt n]Vg'xf];\ .

kl/of]hgf sfo{

1. /a/ jf Knfl:6ssf] Anf8/ k|of]u u/L Zjf; k|Zjf; k|0ffnL k|bz{g ug]{ ;fdu|L lgdf{0f u/L 

sIffdf k|bz{g ug'{xf];\ . 

2. Knfl:6saf6 ag]sf] dfgj cl:yk~h/sf] gd'gf cjnf]sg u/L ljleGg k|sf/sf xf8x¿sf] 

gfd n]Vg'xf];\ . rf6{ k]k/df tL xf8x¿sf] lrq agfO{ sIffsf]7fsf] leQfdf 6fF:g'xf];\ .

zAbfjnL

d]l/:6d]l6s tGt' M  j[l4 eO/x]sf] la?jfsf] 6'Kkf]df kfOg] hLljt sf]ifx¿ h;df sf]if ljefhg 

x'G5 . 

cf]l:6of];fO6 M xf8x¿df kfOg] Ps k|sf/sf] sf]if

3f“6Lsf] xf8 M ;ft cf]6f e6]{a|fx¿ ldnL ag]sf] xf8x¿sf] ;d"x

P6nf; M 8F8fNg'sf] ;a}eGbf klxnf] e6]{a|f, h;df 6fpsf] cl8Psf] x'G5

k]lK;g M Ps k|sf/sf] OGhfOd, h;n] k|f]l6gnfO{ k]K6fO8df 6'j|mfpF5

sfOd M cfdfzodf vfgf / OGhfOdx¿ ldnL ag]sf] ld>0f

nfOk]h M Ps k|sf/sf] OGhfOd h;n] lnlk8 krfpF5

OlkUnf]l68\; M  Zjf; gnLsf] d'vdf ePsf] efu

Kn'/f M kmf]S;f]nfO{ 9fSg] b'O{ kq] lemNnL

:6f]df6f M  kft jf sf08df x'g] dl;gf l5b|x¿
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PsfO

19

tkfOF{x¿n] au}Frfdf k'mn k'mn]sf] b]Vg'ePsf] 5 < au}Frfdf k'mn]sf] k'mnsf] /ª, :jfb, af:gf, g/d 

jf s8fkg, k'mndf a;]sf ed/fsf] cfjfh cflbaf/] hfgsf/L s;/L k|fKt ug{ ;Sg'x'G5 < eGg'xf];\ 

t ¤ oL ;a} hfgsf/Lx¿ 1fg]lGb|ox¿dfkm{{t k|fKt ug{ ;lsG5 . xfd|f] z/L/df 1fg]lGb|ox¿ gePsf] 

eP s] x'GYof] xf]nf < sNkgf ug{'xf];\ t ¤ oL ;a} cª\ux¿n] dflg;nufot ;a} k|f0fLx¿df 1fgsf] 

9f]sfsf] ¿kdf sfd ul//x]sf x'G5g\ .

dfgj z/L/df r]tgf u|x0f ug{sf nflu ljleGg cª\ux¿ /x]sf x'G5g\ . dfgj z/L/df kfOg] ljleGg 

cª\ux¿sf] sfo{x¿nfO{ ljlzi6Ls/0f ul/Psf] x'G5 . o:tf cª\ux¿dWo] s]xL cª\ux¿ xfd|f nflu 

clt dxŒjk"0f{ / ;+j]bgzLn klg 5g\ . oL cª\ux¿n] lglZrt pTt]hgfk|lt k|ltlj|mof b]vfpg] ub{5g\ . 

k|f0fLsf] z/L/sf] ljleGg efudf 5l/P/ /x]sf ljleGg k|sf/sf k|fksx¿n] aflx/L jftfj/0faf6 

k|fKt pTt]hgfnfO{ Go'/f]gdfkm{t dl:tisdf k'¥ofpg] sfd ub{5g\ . dl:tisn] pSt pTt]hgfnfO{ ;xL 

tl/sfn] ljZn]if0f ub{5 / k|ltlj|mofsf nflu lgb]{z ub{5 . aflx/L ;+;f/;Fu hf]8\g] dflg;sf] z/L/sf 

dxŒjk"0f{ cª\ux¿nfO{ 1fg]lGb|ox¿ elgG5 . o; PsfOdf xfdL cfFvf, gfs, sfg, lha|f] / 5fnfaf/]] 

cWoog ug]{ 5f}F .

cf“vf (Eye)

dfgj z/L/sf] dxŒjk"0f{ 1fg]lGb|odWo] cfFvf 

k|d'v cª\u xf] . cfFvf vKk/sf] leq ulx/f] u/L 

cla{6 -orbit_ leq /x]sf] x'G5 . of] Noflj|mdn 

xf8x¿ -lacrimal bone_ leq /x]sf] x'G5 . 

cfFvfdf d'Votof :Sn]/f, sf]/f]O8 / /]l6gf u/L 

ltg cf]6f txx¿ /x]sf x'G5g\ . tL ltg txx¿sf] 

JofVof o; k|sf/ 5 M

:Sn]/f (sclera) M of] tx cfFvfsf] ;a}eGbf aflx/L tx xf], h'g ;]tf], Psbd} rfd|f] / 

;+of]hL tGt' -connective tissue_ af6 ag]sf] x'G5 . o;sf] cufl8sf] efu kf/bzL{ x'G5, h;nfO{ 

slg{of -cornea_ elgG5 . slg{ofnfO{ csf]{ kf/bzL{ lemNnLn] 9fs]sf] x'G5, h;nfO{ sGhª\l6ef 

-conjunctiva_ elgG5 . o;n] cfFvfsf] cfsf/ lbg'sf ;fy} o;sf] leqL efunfO{ arfpg] sfd ub{5 .

sf]/f]O8 (choroid) M of] tx cfFvfsf] bf];|f] tx xf], h;df ;+of]hL tGt' -connective tissue_ 

1fg]lGb|ox¿
(Sense Organs)

lrq g+= 19.1:  cf“vf
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sf] g/d hfnf]df k|z:t /StgnLx¿ ldl;Psf x'G5g\ . of] tx sfnf] x'g] ePsfn] ljls/0fx¿ ;f];]/ 

cfFvfnfO{ vfgf / clS;hg k|bfg ug{'sf ;fy} k|sfzsf ls/0fx¿nfO{ k/fjt{g x'g lbFb}g . 

/]l6gf (retina) M of] tx cfFvfsf] t];|f] tx jf ;a}eGbf leqL tx xf] . o; txdf j:t'sf] cfs[lt 

aGb5 . of] txdf y'k|} k|sfz;Fu r]tgfo'St sf]ifx¿ (light sensitive cells) h:t} /8 -rods_ 

/ sf]g (cones) /x]sf x'G5g\ . /8 ;]nx¿df ePsf] /f]8f]lK;g -rhodopsin_ n] dw'/f] k|sfzdf 

x]g{ ;3fpF5 eg] sf]g ;]nx¿df cfof]8f]lK;g (iodopsin) kfOG5 . o;n] pHofnf] k|sfzdf x]g{ 

;3fpg'sf] ;fy} /ª 5'6\ofpgdf (colour distinction) ;3fpF5 . /ª cGwtf (colour blindness) 
Ps k'vf}{nL u'0faf6 ;g]{ b[li6bf]if xf] . To;}u/L cfFvfdf /tGwf] (night blindness) /f]u klg nfUb5 . 
of] /f]u nfu]sf JolStn] /ftdf /fd|f];Fu b]Vg ;Sb}g .

o;sf] ;fy} cfFvfsf cGo efux¿ klg 5g\, h;nfO{ lgDgfg';f/ j0f{g ug{ ;lsG5 .

slg{of (cornea) M :Sn]/f txsf] cufl8sf] efunfO{ slg{of elgG5 . of] tx kf/bzL{ x'G5 / o;n] 

k|sfzsf ls/0fx¿nfO{ cfjt{g ub{5 .

cfOl/; (iris) M cfFvfsf] n]G; / slg{ofsf] lar efudf cfOl/; /x]sf] x'G5 . of] cfFvfsf] /ª\uLg 

efu xf] . o;n] cfFvfdf k|j]z ug]{ k|sfzsf ls/0fx¿nfO{ lgoGq0f u/L cfjZos ls/0fdfq leq 

k7fpF5 .

gfgL (pupil) M cfOl/;sf] lardf /x]sf] KjfnnfO{ gfgL elgG5 . gfgLsf] cfsf/ ;fgf] x'g] ls 7'nf] 

x'g] eGg] s'/f cfOl/; df+;k]zLn] lgwf{/0f ub{5 . pHofnf] k|sfz jf glhssf] j:t'nfO{ x]bf{ gfgL 

;fgf] x'G5 eg] cGwsf/ jf 6f9fsf] j:t'nfO{ x]bf{ gfgL 7'nf] x'G5 . o;n] k|sfzsf ls/0fx¿nfO{ leq 

k7fpg] sfd ub{5 .

n]G; (lens) M cfOl/;sf] k5fl8 /x]sf] kf/bzL{, afOsGe]S; :kml6s -lj|ml:6lng_ j:t' n]G; xf] . 

o;n] k|sfzsf ls/0fnfO{ /]l6gfdf cfjt{g u/L jf:tljs, pN6f] / ;fgf] cfs[lt agfpg ;xof]u 

ub{5 .

l;lnP/L df+;k]zL (ciliary muscles) M l;lnP/L df+;k]zLsf] v'DrfO / k}mnfj6af6 n]G;sf] 

kftnf] / afSnf] x'G5 . cyf{t\ o;sf] s]Gb|Ls/0f b'/Ldf kl/j{tg cfpF5 . 6f9fsf] j:t'nfO{ 

x]g]{ j|mddf l;lnP/L df+;k]zL v'lDrG5 / n]G; kftnf] x'G5 eg] glhssf] j:t'nfO{ x]bf{ l;lnP/ 

df+;k]zL km}lnG5, h;n] ubf{ n]G; afSnf] x'G5 .

clK6sn ge{ (optic nerve) M of] gzf dl:tis;Fu hf]l8Psf] x'G5 . o;n] /]l6gfdf ag]sf] j:t'sf] 

cfs[ltnfO{ dl:tis;Fu hf]8]sf] x'G5 . o;n] /]l6gfdf ag]sf] j:t'sf] cfs[ltnfO{ ;'N6f] agfpg] sfd 

ub{5 .

PSjfo; x\o'd/ (aqueous humour) : slg{of / n]G;sf] larsf] vfnL 7fpFdf /x]sf] kftnf] t/n 
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kbfy{nfO{ PSjfo; Xo'd/ elgG5 . o;n] slg{ofsf] cufl8sf] efunfO{ s]xL 3'dfp/f] kfg{ ;xof]u 

u/]sf] x'G5 .

lel6«c; x\o'd/ (vitreous  humour) : 
n]G; / /]l6gflarsf] vfnL 7fpF afSnf] h]nL 

h:tf] j:t'n] el/Psf] x'G5, h;nfO{ lel6«c; 

x\o'd/ elgG5 . o;n] cfFvfnfO{ uf]nf] cfsf/df 

/fVg'sf ;fy} k|sfzsf] k/fjt{g sfo{df ;xof]u 

k'¥ofpF5 .

cf“vfsf] b]Vg] lj|mof (Functioning of 
Eye) : cfFvfsf] n]G;n] s'g} klg j:t'af6 

cfPsf] k|sfzsf] ls/0fnfO{ /]l6gfdf s]lGb|t 

u/L cfs[lt agfpF5 . pSt cfs[lt jf:tljs 

/ pN6f] x'G5 . o;/L /]l6gfdf ag]sf] cfs[lt 

clK6s ge{ x'Fb} dl:tisdf k'U5 . dl:tisn] j:t'sf] cfs[ltnfO{ ;'N6f] agfOlbG5 / xfdL j:t' b]Vg 

;S5f}F .

cf“vfsf] x]/rfx / ;/;kmfO (Care and hygiene of human eye)

le6fldg A o'St kx]Fnf kmnk'mn tyf xl/of ;fu;AhL vfg], rsf]{ / dw'/f] k|sfz ePsf] 7fpFdf 

gk9\g], ;w}F ;kmf kfgLn] cfFvf ;kmf /fVg], cfFvfdf hyfefjL ¿kdf cf}ifwLsf] k|of]u gug]{ 

ug'{k5{ . cfFvfnfO{ xftn] gldRg], 808Llaof] h:tf vt/fgfs v]nx¿ gv]Ng], a]nf a]nfdf cfFvfsf] 

hfFr u/fpg], sf/vfgfdf sfd ubf{ r:df tyf cfFvfnfO{ ;'/Iff lbg] j:t'sf] k|of]u ug]{ ugf{n] cfFvfsf] 

x]/rfx / ;/;kmfO ug{ ;lsG5 .

lj|mofsnfk M 1M cf“vfsf] gfgL cjnf]sg

 Ps hgf ;fyLnfO{ s]xL ;do cfFvf aGb ug{ nufO{ vf]Ng eGg'xf];\ .

 cfvf vf]Ng] ljlTts} p;sf] gfgLdf s] x'G5, cjnf]sg ug{'xf];\ .

 cfFvfdf 6r{ afnL gfgLnfO{ km]l/ cjnf]sg ug'{xf];\, gfgL s:tf] b]lvG5, atfpg'xf];\ .

 ;fyLnfO{ 6f9fsf] / glhssf] s'''g} j:t' x]g{ nufpg'xf];\, o;f] ubf{ cfFvfsf] gfgLdf s] kl/jt{g 

x'G5, n]Vg'xf];\ .

o;/L cfFvfnfO{ cjnf]sg ubf{ dw'/f] k|sfzdf cfFvfsf] gfgL 7'nf] / rxlsnf] k|sfzdf cfFvfsf] 
gfgL ;fgf] ePsf] b]Vg ;Sg] 5f}F .

tkfO{FnfO{ yfxf 5 <
sGhlS6efOl6h -conjunctivitis_M of] /f]u k|foM 
h;f] ljiff0f'n] cf“vfsf] ;aeGbf aflx/L efu 
conjunctiva txaf6 cf“vfsf] 9sgLsf] leqL 
;txdf ;ª\j|md0f ubf{ nfUg] ub{5 . slxn]sf“xL 
cf“vfdf lkk h:tf] afSnf] kbfy{ b]lvPdf hLjf0f'sf] 
;ª\j|md0f ePsf] dfGg'k5{ . To;}u/L PnhL{ eP/ 
cf“vf kfs]df jf /f;folgs kbfy{sf] sf/0fn] 
ubf{ klg cf“vf a9L lrnfpg] ub{5 . o;af6 aRg 
PSn} a:g'k5{ eg] 8fS6/sf] ;Nnfxcg';f/ cf}ifwL 
k|of]u ug'{kb{5 .
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sfg (Ear)

sfg >j0fsf] 1fg lbnfpg] dxŒjk"0f{ 1fg]lGb|o x'g'sf] ;fy} zf/Ll/s ;Gt'ngdf klg o;n] k|efj 

kfb{5 . >j0f zlStsf] cfk"lt{ sfg / To;;Fu hf]l8P/ /x]sf] cf7f}F hf]8L dl:tis :gfo'sf dfWodaf6 

x'G5 . 

lj|mofsnfk M 2 : >j0faf6 j:t'sf] l:ylt kTtf nufpg]

sIffdf Ps hgfnfO{ ;kmf ?dfnn] cfFvf 5f]kL aGb ug{ nufpg'xf];\ . sIffsf] s'g} 7fpFdf l6sl6s 

cfjfh cfpg] 38L /fVg'xf];\ . cfFvf aGb ul/Psf] JolStnfO{ Tof] 38L sxfFlg/ 5, kTtf nufpg 

lbg'xf];\ . o;f] ubf{ pSt JolStn] sfgn] cfjfh ;'gL 38L ePsf] lbzflt/ hfG5 / 38L ePsf] 7fpF  

kTtf nufpg ;S5 .

sfgsf] agfj6 (Structure of Ear) : sfgsf] 

;+/rgfnfO{ aflx/L sfg, dWo sfg / leqL sfg u/L 

ltg efudf ljefhg ul/Psf] kfOG5 . ca oL ltg 

cf]6f efux¿sf] 5f]6f] rrf{ u/f}F .

aflx/L sfg (external ear) : o; sfgnfO{ klg 

lkGgf, >j0f gnL / sfgsf] hfnL u/L ltg efudf 

ljefhg ul/Psf] kfOG5 . sfgsf] ;a}eGbf aflx/ 

b]lvg] efunfO{ lkGgf -pinna_ elgG5 . of] s'/s'/] 

xf8af6 ag]sf] x'G5 . o;df aflx/af6 5fnfn] 

9fs]sf] kftnf df+zk]zLx¿ x'G5g\ . lkGgfsf] tNnf] 5]p af];] tGt' -fatty tissue_ n] ag]sf] x'G5, 

h;n] cfjfhsf t/ª\ux¿nfO{ ;ª\sng u/L >j0f gnLlt/ k7fpg] sfd u5{ .

>j0f gnL (auditory canal) : of] gnL lkGgfb]lv sfgsf] hfnL;Dd km}lnPsf] x'G5 . of] gnL 

/f}Fo'St 5fnfn] 9fs]sf] x'G5, h;df ;]?ldg; u|GyLx¿ (ceruminous glands) / t]n u|GyLx¿ 

(sebaceous glands)  /x]sf x'G5g\ . ;]?ldg; u|GyLn] sfg]u'hL -earwax_ lgsfNb5g\ eg] 

l;j]l;o; u|GyLn] t]n h:tf] lrNnf] kbfy{ lgsfN5 . o;n] w'nf]sf s0fx¿ leq hfgaf6 /f]Sg] / 

sfgnfO{ ;'Vvf x'gaf6 arfpg] sfd ub{5 .

sfgsf] hfnL (tympanic membrane): o;nfO{ l6Dk]lgs d]Da|]g klg elgG5 . of] hfnL aflx/L 

>j0f gnL / dWo sfgsf] lardf x'G5, h'g lgs} tlGsg ;Sg] x'G5 . sfgsf hfnLdf /x]sf dl;gf 

/]zfx¿df cfjfhsf t/ª\u 7f]lSsbf pTkGg ePsf ys{g dWo sfglt/ hfG5 .

dWo sfg (middle ear) : aflx/L sfgsf] hfnL k5fl8 vKk/df cjl:yt vfN8f] k/]sf] xfjfbf/ 

efunfO{ dWo sfg elgG5 . of] sfg xtf}8f -malleus_, crfgf] -incus_ / l/sfk -stape_ u/L ltg 

lrq g+= 19.2: sfgsf efux¿
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cf]6f clgoldt cfsf/sf xf8x¿ ldn]/ ag]sf] x'G5 . o;dWo] sfgdf /x]sf ltg cf]6f xf8n] sfgsf] 

hfnLdf 7f]lsP/ cfPsf cfjfhsf t/ª\ux¿ -sound waves_ nfO{ ;ª\sng u/]/ leqL sfg;Dd 

k7fpg] ub{5g\ .

dWo sfgdf 3fF6L;Fu hf]l8Psf] s07s0f{ gnL -eustachian tube_ x'G5, h;n] aflx/L / dWo 

sfgdf /x]sf] xfjfsf] rfknfO{ ;Gt'lnt agfO{ /fVg] sfd ub{5 . y's lgNbf / xfO{ ubf{ of] gnL 

v'N5 / larsf] sfgdf xfjf k:5 . To;}n] xjfO{ hxfhdf a:bf rsn]6 rkfpg lbOG5 .

leqL sfg (internal ear) M sGr6sf xf8sf lardf cjl:yt of] xf8nfO{ Noflal/Gy -labyrinth_ 
klg elgG5 . o;df xf8sf] 3'dfp/f] cfsf/ -bony labyrinth_ / lemNnLsf] 3'dfp/f] cfsf/ 

-membranous labyribth_ u/L 2 efu kb{5g\ . oL b'O{larsf] efudf Ps k|sf/sf] t/n kbfy{ 

el/Psf] x'G5, h;nfO{ k]l/lnDkm -perilymph_ elgG5 . xf8sf] 3'dfp/f] cfsf/nfO{ e]l:6a'n 

-vestibule_, cw{ rGb|fsf/ gnL -semicircular canal_ / slSnof -cochlea_ u/L ltg efudf 
5'6\ofOPsf] x'G5 . lemNnLsf] 3'dfp/f] cfsf/df kf/bz{s t/n kbfy{n] el/Psf] x'G5, h;nfO{ 

OG8f]lnDkm -endolymph_ elgG5 . 

sfgsf] ;'gfO lj|mof (Physiology of hearing)

;|f]taf6 cfPsf] Wjlg t/ª\ux¿ aflx/L sfgsf] lkGgfn] hDdf u/L >j0f gnL xF''b} sfgsf] hfnLdf 

sDkg k}bf ub{5g\ . h;sf sf/0f dWo sfgdf ult k}bf x'G5 . o;n] ubf{ sDkg OG8f]lnDkmdf 

k'U5g\ . To;kl5 cfjfhsf t/ª\ux¿ k]l/lnDkm xF''b} slSnofdf k'u]kl5 o;df /x]sf /f}Fo'St sf]ifx¿ 

pQ]lht x'G5g\ . cfjfhsf] k|]/0ffnfO{ slSnofdf hf]l8Psf] >j0f gnLn] dl:tissf] >j0f s]Gb|df 

k'¥ofpFbf xfdL cfjfh ;'g]sf] dx;'; ub{5f}F .

sfgsf] x]/rfx / ;/;kmfO (Care and hygiene of ear)

;fa'g kfgL]n] sfgnfO{ wf]P/, s8f j:t' sfgleq k:g glbP/, hyfefjL cf}ifwLsf] k|of]u gu/]/, 

cfdfsf] b'w aRrfsf] sfgdf kg{ glbP/ tyf sfg ;DaGwL ;d:of k/]df lrlsT;snfO{ b]vfP/ 

sfgsf] x]/rfx ug{ ;lsG5 .

gfs (Nose)

gfs uGw yfxf kfpg k|of]u ul/g] tyf Zjf; k|Zjf;df ;xof]u ug]{ cª\u xf] . of] cª\u ;a} 

k|f0fLx¿df x'G5 . t/ c¿ k|f0fLx¿sf] t'ngfdf dflg;df sd ;+j]bgzLn x'G5 . ;+/rgfsf] lx;fan] 

gfsnfO{ aflx/L efu / leqL efu u/L b'O{ efudf ljefhg ug{ ;lsG5 . aflx/L efudf b'O{ cf]6f 

gfssf xf8x¿ tnlt/ aª\uf/fsf] xf8 (maxilla) / dflylt/ lgwf/sf] xf8 (frontal bone) ;Fu 
hf]l8Psf] x'G5 .
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leqL efu (Internal part)

o;nfO{ gfssf] Sofle6L (nasal cavity) elgG5 . of] ;'£g jf 

af:gf lngsf nflu clt ;+j]bgzLn x'G5 . o; efudf k|z:t 

/StgnLx¿ / 3|f0f zlSto'St :gfo'x¿ x'g] ePsfn] o;nfO{ 

3|f0fo'St If]q (olfactory region) elgG5 . gfssf] dflyNnf] 

efudf af:gf lngsf nflu u|fxs sf]ifx¿ (receptor cells) 
/x]sf x'G5g\ . oL sf]ifsf tNnf efux¿ 3|f0fo'St If]q;Fu hf]l8Psf 

x'G5g\ . xfdLn] af:gf lnFbf u|fxs sf]ifx¿ pQ]lht x'G5g\ / cNkmfS6/L ge{ (olfactory nerve) n] 
logLx¿nfO{ dl:tisdf k7fpF5g\ . To;kl5 xfdL pSt kbfy{sf] af:gfnfO{ klxrfg ug{ ;S5f}F . o;/L 

af:gf yfxf kfpg] lj|mofnfO{ cNkm\ofS;g (olfaction) elgG5 . 

?3fvf]sL jf lr;f] nfu]sf] a]nf gfsdf /x]sf] Do's; lemNnL k'mn]/ cfpF5 . o;sf] sf/0f af:gfsf] 

jfik dfly hfg gkfpFbf uGw yfxf kfpg ;lsFb}g . To;}n] ?3fvf]sL nfu]sf] a]nf xfdL k'/} uGw lng 

;Sb}gf}F / :jfb klg u'dfpF5f}+ . gfsdf /x]sf] /fF}x¿n] Zjf;nfO{ tftf] kfg'{sf] ;fy} w'nf]sf s0fx¿nfO{ 

kmf]S;f];Dd k'Ug lbFb}gg\ .

gfssf] x]/rfx / ;/;kmfO (Care and hygiene of nose)

gfssf] l;Fufg aflx/ k\mofFSbf a9L hf]8n] gkmfNg], ?3f nfu]sf] ;dodf tftf] kfgLsf] afkm lng] 

ug'{k5{ . gfs gsf]6\ofpg] / gfsnfO{ kfgLaf6 arfO/fVg], laxfg p7\g] ljlTts} ;kmf kfgL]n] gfs 

;kmf ug]{, gfsdf s'g} klg j:t' g3';fg]{ cflb tl/sfaf6 gfssf] x]/rfx ug{ ;lsG5 . 

lha|f] (Tongue)

lha|f] df+zk]zLaf6 ag]sf] kfrg k|0ffnLsf] dxŒjk"0f{ cª\u xf], 

h;nfO{ Do's; lemNnLn] 9fs]sf] x'G5 . o;sf] h/fsf] efu 3fF6Lsf] 

xf8 (hyoid bone) ;Fu / lsgf/sf] efu df+zk]zLåf/f lrpF8f]

sf] xf8;Fu hf]l8Psf] x'G5 . o;df dflyNnf] ;tx / tNnf] ;tx 

u/L b'O{ efu jf ;txx¿ /x]sf x'G5g\ . lha|f]sf] dflyNnf] efunfO{ 

aflx/L df+;k]zL (extrinsic muscle) elgG5, h'g lha|f]sf] h/f tyf 

lrp8f] / 3fF6Lsf] xf8;Fu hf]l8Psf] x'G5 . o; df+;k]zLn] lha|f]nfO{ 

p7fpg] / leq aflx/ u/fpg] sfo{df ;xof]u ub{5 . To;}u/L lha|f]sf] 

tNnf] efudf leqL df+;k]zL (intrinsic muscle) /xG5 . o;n] lha|f]

sf] cfsf/ abNg ;xof]u ub{5 . lha|f]sf] dflyNnf] ;tx v;|f] x'G5, 

h;nfO{ cª\s'/ (papillae) elgG5 . oxL cª\s'/df :jfbsf u|fxs 

sf]ifx¿ (receptor cells) /x]sf x'G5g\ . oxL cª\s'/df /x]sf 

lrq g+= 19.4: lha|f]

lrq g+= 19.3 :  gfssf] agfj6
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gf8L ;"qx¿ ldn]/ :jfb gf8L eO{ dl:tissf] :jfb s]Gb|df uPsf x'G5g\ . oL :jfbsf cª\s'/x¿nfO{ 

Eofn]6 cª\s'/x¿ (vallate papillae), kmª\lukmd{ (fungiform) cª\s'/x¿ / lkmlnkmd{ cª\s'/x¿ 

(filiform papillae) u/L ltg efudf afFl8Psf] 5 . oL ;a} cª\s'/x¿n] :jfbsf] cg'e"lt lbnfpF5g\ .

:jfb yfxf kfpg] lj|mof (Physiology of taste)

u'lnof], g'lgnf], cldnf] / lttf] u/L :jfb d'Votof rf/ lsl;dsf x'G5g\ . cGo lsl;dsf :jfbx¿ log} 

rf/ cf]6f :jfbx¿af6} ag]sf x'G5g\ . km/s km/s lsl;dsf :jfb yfxf kfpg km/s km/s :jfbsf 

cª\s'/x¿ lha|f]df x'G5g\ . h'g j:t'sf] :jfb yfxf kfpg] xf], Tof] j:t' y'sdf 3'N5 . 3'n]sf] j:t'n] 

;DalGwt :jfbsf u|fxs sf]ifx¿nfO{ pQ]lht u5{g\ / gf8L k|]/0ff lgsfNb5g\ . oL gf8L k|]/0ffx¿ 

dl:tissf] :jfb s]Gb|df k'Ubf xfdLn] Tof] j:t'sf] :jfb yfxf kfpF5f}F .

lha|f]n] ;+j]bgfTds sfo{ -sensory function_ / lj|mofTds sfo{ -motor function_ u/L b'O{ 
k|sf/sf sfo{ ub{5 . ;+j]bgfTds sfo{cGtu{t lttf], cldnf], g'lgnf] / u'lnof] :jfbx¿ 5'6\ofpg] sfo{ 

kb{5 eg] lj|mofTds sfo{cGtu{t vfgf rkfpg] / lgNg] tyf af]nL lgsfNg] sfo{ kb{5g\ . lttf] j:t'sf] 

:jfbeGbf g'lgnf] j:t'sf] :jfb l56f] yfxf kfOG5 . o;sf] sf/0f g'lgnf] j:t' yfxf kfpg] :jfbsf 

cª\s'/x¿ lha|f]sf] 6'Kkf]df /x]sf x'G5g\ eg] lttf] :jfb yfxf kfpg] cª\s'/x¿ lha|f]sf] km]bdf /x]sf 

x'G5g\ .

lha|f]sf] x]/rfx / ;/;kmfO (Care and hygiene of tongue)

lha|f] ;kmf /fv]/, a9L tftf] k]o kbfy{sf] k|of]udf sdL NofP/, d'vdf wfl/nf] lrhlahx¿ g/fv]/, 

/l;nf vfB kbfy{ k|of]u u/]/, lha|f]sf] ;d:of ePdf lrlsT;snfO{ b]vfP/ x]/rfx ug{ ;lsG5 .

5fnf (Skin)

5fnfn] z/L/sf ljleGg efux¿df cfjZostfg';f/ afSnf] 

/ kftnf] u/L 9fs]sf] x'G5 . o;sf] aflx/L efudf kftnf, 

/StgnL gePsf, sf]lifsfx¿sf] kq / leqL efudf /];fbf/ 

tlGsg] kq x'G5g\ . o;sf] leqL efudf :gfo', /StgnLsf, 

kl;gfsf u|GyLx¿ t]n lgsfNg] u|GyLx¿ / /f}Fsf h/fx¿ 

x'G5g\ . 5fnf :kz{sf] 1fg (sense of touch) lbg] 1fg]lGb|o 
xf] . o;n] tftf], lr;f], v;|f], g/d, kL8f cflbsf] r]tgf 

;DaGwL 1fg lbG5 . o;sf] sfo{ If]q Jofks x'G5 . o;n] 

aflx/L jftfj/0faf6 z/L/nfO{ hf]ufO/fVb5 . ;+/rgfsf] 

b[li6n] 5fnfnfO{ aflx/L 5fnf (epidermis) / leqL 5fnf 
(dermis) u/L 2 efudf ljefhg ul/G5 .

lrq g+= 19.5:  5fnf
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aflx/L 5fnf kf/bzL{ tx / txbf/ 

tGt' -stratified epithelium tissue_ 
n] ag]sf] x'G5 . o; txdf kfOg] k|z:t 

;fgf Kjfnx¿af6 kl;gfnufot ljleGg 

kbfy{x¿aflx/ lg:sG5g\ . aflx/L 5fnfd'lgsf] 

txnfO{ leqL 5fnf elgG5 . of] nrsbf/ 

hf]8\g] tGt'af6 aGg'sf] ;fy} o;df 

/StgnLx¿, :gfo' /]zfx¿, kl;gfsf u|GyLx¿, /f}Fsf] h/f, t]n u|GyLx¿ cflb k|z:t dfqfdf 

/x]sf x'G5g\ . leqL 5fnfsf] tNnf] efudf af];f]sf] kq kfOG5, h'g rflxF v's'nf] x'G5 . 

o;n] z/L/nfO{ tftf] agfpg] sfd ub{5 . o;nfO{ ;aSo'l6g; k\mof6\ (subcutaneous fat) 
elgG5 . k'?ifsf] t'ngfdf dlxnfdf o;sf] dfqf a9L x'G5 .

5fnfn] z/L/nfO{ aflx/af6 5f]k]/ ljleGg k|sf/sf vt/fx¿af6 /Iff ug]{ ub{5 . ;fy} aflx/L c;/ 

kgf{;fy o;n] t'?Gt r]tgf lbg] sfd ub{5 . kl;gfsf] jfikLs/0f k|lj|mofaf6 z/L/sf] tfkj|md 

l7Sssf] agfO{ /fVb5 . lrNnf kbfy{x¿ zf]if0f ug'{, kl;gf / lrNnf] kbfy{ cnu ug'{, z/L/af6 

a]sf/sf j:t'x¿ k\mofFSg', 3fdsf] ljls/0f / Ouf]{:6]/f]nsf] ;+Zn]if0faf6 5fnfdf le6fldg 8L pTkfbg 

ug'{ 5fnfsf sfdx¿ x'g\ . ;fy} kfgL / af];f]sf] e08f/ u/L cfjZostfg';f/ vr{ ug'{, 5fnfdf 

sf6]sf] tyf 3fp nfu]sf] cj:yfdf dd{t ug'{ cflb 5fnfsf sfdx¿ x'g\ .

lj|mofsnfk 3 : 5fnfdf /x]sf r]tgf s]Gb|x¿ klxrfg ug]{

Pp6f efF8f]df l7Sssf] tftf] -dgtftf]_ kfgL lng'xf];\ . pSt efF8f]df /x]sf] l7Ss tftf] kfgLdf 

la:tf/} xft /fVg'xf];\ . o;f] ubf{ s:tf] cg'ej x'G5, n]Vg'xf];\ . o;/L tftf] kfgLdf xft /fVbf 5fnfdf 

/x]sf r]tgf s]Gb|x¿n] tftf] cg'ej lbPsf] dx;'; x'G5 .

5fnfsf] x]/rfx / ;/;kmfO (Care and hygiene of skin)

;do / kl/j]zfg';f/sf] g'xfpg], lrnfpg] / kf]Ng] lrhaf6 6f9f /xg], ;Fw} ;kmf kfgL / ;fa'gsf] 

k|of]u ug]{, 5fnfdf s:d]l6s kbfy{x¿sf] clws k|of]u gug]{ ug'{k5{ . a9L tftf] tyf lr;f] j:t'sf] 

;Dks{df ghfg], em'nsf] k|of]u ug,]{ kf]if0fo'St vfB kbfy{ / le6fldg P o'St kbfy{x¿sf] k|of]u ug]{ 

h:tf sfo{ u/L 5fnfsf] x]/rfx / ;/;kmfO ug{ ;lsG5 .

;Demg'kg]{ s'/fx¿

1. aflx/L ;+;f/;Fu hf]8\g] dflg;sf] z/L/sf dxŒjk"0f{ cª\ux¿nfO{ 1fg]lGb|o elgG5 .

2. cfFvf, sfg, gfs, lha|f] / 5fnf xfd|f] z/L/df ePsf 1fg]lGb|ox¿ x'g\ .

3. cfFvfdf d'Votof :Sn]/f, sf]/f]O8 / /]l6gf u/L ltg txx¿ /x]sf x'G5g\, h;dWo] /]l6gfdf 

tkfO{FnfO{ yfxf 5 <
dflg;x¿ ;"o{af6 le6fldg l8 kfOG5  eGg] ljZjf; 
ub{5g\, t/ ;f}o{ ljls/0faf6 le6fldg l8 k|fKt x'“b}g . 
;f}o{ ljls/0fdWo] k/fj}hgLo'St ljls/0fx¿n]]z/L/df 
/x]sf] Ouf]{:6]/f]n /;fog (ergosterol chemical) 
nfO{le6fldg l8 df kl/0ft u5{g\ .
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j:t'sf] cfs[lt aGb5 .

4. slg{of / n]G;sf] larsf] vfnL 7fpFdf /x]sf] kftnf] t/n kbfy{nfO{ PSjfo; Xo'd/ elgG5 .

5. n]G; / /]l6gflarsf] vfnL 7fpF afSnf] h]nL h:tf] j:t'n] el/Psf] x'G5, h;nfO{ lel6«c; Xo'd/ 

elgG5 .

6. xtf}8f, crfgf] / l/sfk u/L ltg cf]6f clgoldt cfsf/sf xf8x¿ ldn]/ dWosfg ag]sf] 

x'G5 .

7. sfgn] cfjfh ;'Gg'sf] ;fy} z/L/nfO{ ;Gt'ngdf /fVg] sfd ub{5 . o;nfO{ aflx/L, dWo /  

leqL efu u/L ltg efudf ljefhg ul/Psf] 5 .

8. lha|fdf /x]sf :jfbsf 6';fx¿n] u'lnof], cldnf], lttf], g'lgnf], lk/f] h:tf :jfbx¿  klxrfg 

ub{5g\ .

9. xfdLn] af:gf lnFbf u|fxs sf]ifx¿ pQ]lht eO{ 3|f0fo'St If]qn] logLx¿nfO{ dl:tisdf k7fpFbf 

xfdL pSt kbfy{sf] af:gfnfO{ klxrfg ug{ ;S5f}F . 

10. 5fnfdf /x]sf :kz{ k|fksx¿n] tftf], lr;f], v;|f], g/d, kL8f cflbsf] r]tgf ;DaGwL 1fg 

lbg'sf] ;fy} aflx/L jftfj/0faf6 z/L/nfO{ hf]ufO{ /fVb5 . 

cEof;

-s_ tnsf ax'j}slNks k|Zgx¿sf] ;xL pTt/df l7s -_ lrx\g nufpg'xf];\ M

1. xfdLnfO{ aflx/L ;+;f/;Fu hf]8\g] z/L/sf dxŒjk"0f{ cª\ux¿nfO{ s] elgG5 <

 (i) 6fpsf]sf cª\ux¿ (ii) 1fg]lGb|ox¿

 (iii) v'6\6fx¿  (iv) xftx¿

2. tnsf dWo] s'g cª\udf /]l6gf kfOG5 <

 (i) gfs (ii) sfg (iii) cfFvf  (iv) lha|f]

3. tnsf dWo] s'g cª\u;Fu cl86/L ge{ ;DalGwt 5 <

 (i) lha|f] (ii) sfg (iii) cfFvf  (iv) 5fnf

4. :kz{ r]tgf s'g cª\un] k|fKt ub{5 <

 (i) gfs (ii) sfg (iii) cfFvf (iv) 5fnf
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5. tnsf dWo] s'g cª\un] z/L/nfO{ ;Gt'lnt /fVg] sfd ub{5 <

 (i) gfs (ii) sfg (iii) cfFvf (iv) 5fnf

-v_ tnsf k|Zgx¿sf] pTt/ n]Vg'xf];\ M

1. dflg;sf] z/L/df x'g] ljleGg k|sf/sf 1fg]lGb|ox¿sf] gfd / ltgLx¿sf] sfo{ 

n]Vg'xf];\ .

2. dflg;sf] lha|f]n] ljleGg k|sf/sf :jfbx¿ s;/L k|fKt ub{5, j0f{g ug'{xf];\ . 

3. xfdL xfd|f] jl/kl/ /x]sf j:t'x¿nfO{ s;/L b]Vb5f}F, JofVof ug'{xf];\ .

4. sfgsf] ;/;kmfO ug]{ pkfox¿ s] s] x'g\ < s'g} rf/ cf]6f a'Fbfx¿ n]Vg'xf];\ .

5. cfFvfsf] ;kmf lrq agfO{ s'g} kfFr cf]6f efux¿sf] gfdfs/0f ug'{xf];\ .

6. pHofnf] 7fpFaf6 cFWof/f] 7fpFdf Ps}rf]l6 leq k:bf l;6x¿ b]lvFb}g, lsg <

7. b'O{ rf/ k6s kmgkmgL 3'dL /f]lsFbf l/Fu6f nfu] h:tf] x'gfsf] sf/0f atfpg'xf];\ . 

8. xjfO{ hxfhdf ofqf ubf{ rSn]6 vfg lbOg'sf] sf/0f s] xf], n]Vg'xf];\ .

9. ?3fvf]sL nfu]sf a]nf xfdLn] :jfb /fd|/L yfxf kfpg g;Sgfsf] sf/0f n]Vg'xf];\ . 

10. gfs / sfgsf] sfo{sf] ;DaGwaf/] :ki6 kfg'{xf];\ .

11. cfFvfsf] ;+/If0f / x]/rfx s;/L ug'{k5{ < a''Fbfut ¿kdf n]Vg'xf];\ .

12. 5fnfn] s;/L :kz{ r]tgf u|x0f u5{, :ki6 kfg'{xf];\ .

kl/of]hgf sfo{ 

1. tkfOF{x¿nfO{ ;xh x'g] lsl;dn]] s'g} Pp6f hgfj/sf] cfFvfnfO{ 8fO;]S;g aS;sf] k|of]u u/L 

lzIfssf] ;Nnfx Pjd\ ;xfotfn] lrg'{xf];\ . To;sf ljleGg efux¿sf] cjnf]sg ug'{xf];\ . 

ca cfFvfsf ljleGg efux¿sf] gfdfª\lst lrq lvrL ltgLx¿sf] sfd;d]t ;d]6]/ k|ltj]bg 

tof/ kfg'{xf];\ .

2. Ps hgf ;fyLsf] cfFvf, sfg, gfs, 5fnf, lha|f] cjnf]sg ug'{xf];\ . k|To]s 1fg]lGb|osf] 

;/;kmfOsf] cj:yf klxNofO{ ca ug'{kg]{ yk ;/;kmfOsf ;DaGwdf ;'emfj lbg'xf];\ . tkfO{Fn] 

u/]sf] cjnf]sg / ;'emfjnfO{ tnsf] h:t} tflnsf agfO{ eg'{xf];\ .

;fyLsf] gfd M
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1fg]lGb|o ;/;kmfOsf] cj:yf yk ;/;kmfOsf] nflu ;'emfj

gfs

sfg

lha|f]

cfFvf

5fnf

3. tkfO{Fsf ;a} 1fg]lGb|ox¿ ;f]em} jf P]gfsf] k|of]u u/L cjnf]sg ug'{xf];\ . tL 1fg]lGb|ox¿df 

;/;kmfOdf b]lvPsf sdL sdhf]/Lx¿ klxrfg u/L ;/;kmfOsf pkfox¿sf] cjnDag 

ug'{xf];\ . b}lgs ¿kdf ul/Psf] cjnf]sgsf] glthf l6kf]6 ug'{xf];\ . Ps dlxgfkl5 ;a} 

1fg]lGb|ox¿sf] ;/;kmfOdf cfPsf] ;'wf/sf] ljZn]if0f u/L k|ltj]bg tof/ kfg'{xf];\ .

zAbfjnL

Noflj|mdn xf8 M cg'xf/df /x]sf] cfFvfleqsf] xf8

sf]g ;]n M /]l6gfdf kfOg] rxlsnf] k|sfzdf lj|mofzLn x'g] sf]ifx¿

/8 ;]n M /]l6gfdf kfOg] dw'/f] k|sfzdf lj|mofzLn x'g] sf]ifx¿

dWosfg M larsf] sfg

Ouf]{:6]/f]n M ;f}o{ ljls/0fsf] pkl:yltdf le6fldg l8 df ablng] Ps k|sf/sf] /;fog 

>j0f gnL M gnL lkGgfb]lv sfgsf] hfnL;Dd km}lnPsf] gnL

clK6sn ge{ M cfFvfaf6 dl:tis;Fu hf]l8Psf] gzf



lj1fg, sIff 9 235

PsfO

20

k[YjLdf w]/} ;ª\Vofdf hGt' / jg:kltx¿ kfOG5g\ . oL hGt' tyf jg:kltx¿ ;fwf/0f agf]6 

ePsf Ps sf]ifLo hLj cldaf, o'lUngfb]lv hl6n agf]6 ePsf :tgwf/L hgfj/x¿ / k'mn k'mNg] 

la?jfx¿;Dd 5g\ . o;sf ;fy} cfsf/, agf]6 / u'0f klg km/s km/s kfOG5 . ;hLjx¿df o; 

lsl;dsf] ljljwtf s;/L cfof] xf]nf < Psl5g ljrf/ ug'{xf];\ t Û

clxn] k[YjLdf kfOg] hGt' tyf jg:kltx¿ ;'?b]lv g} cl:tŒjdf lyP <

;hLjx¿nfO{ ;dfg / c;dfg u'0fsf] cfwf/df leGgfleGg} ;d"xdf afF8\g ;lsG5 . Pp6} ;d"xsf] 

;hLjdf klg Ps csf{lar c;dfgtf kfOG5, h:t} M dflg;, ufO{, r/f, Eofu'tflar km/s u'0f ePtf 

klg oL ;a} el6{a|]6 x'g\ . o; k|sf/ ;dfgtf / c;dfgtfsf] cfwf/df cg'dfg ug{ ;lsG5 ls, k[YjLdf 

;a}eGbf klxn] s'g} ;fwf/0f ;hLjsf] pTklQ eof] / la:tf/} kl/jt{g x'Fb} ljleGg k|sf/sf ;hLjx¿sf] 

pTklQ eof] . ;hLjx¿sf] ljsf;df jftfj/0fn] 7'nf] c;/ kfb{5 . Ps} k|sf/sf] ;hLjsf ;Gtfgx¿ 

km}lnFb} hfFbf klxn]sf] h:tf] jftfj/0fdf /xg] ;hLjx¿n p:t} / pxL ¿ksf ;Gtfg pTkfbg u/] eg] 

leGg jftfj/0fdf k'u]sf ;hLjx¿ z/L/df kl/jt{g eof] .  o; PsfOcGtu{t xfdL j|mdljsf;sf] 

Oltxf; / ltgLx¿sf l;4fGtx¿af/] cWoog ug{] 5f}{F .

j|mdljsf; (Evolution)

jt{dfg wf/0ffcg';f/ k[YjLdf ;j{k|yd Ps sf]ifLo ;hLjx¿sf] pTklQ kfgLdf eof] . To;kl5 w]/} 

lsl;dsf ;fwf/0f ;hLjx¿sf] pTklQ eof] . k[YjLsf] jftfj/0fdf kl/jt{g x'Fb 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 . o;/L ;hLjx¿df j|mdzM ;fwf/0faf6 ljleGg k|sf/sf 

hl6n hLjx¿sf] pTklQ x'g'nfO{ j|mdljsf; elgG5 . j|mdljsf;sf] l;4fGtcg';f/ w]/} jif{ klxn] 

;hLjx¿df kl/jt{g cfof] h'g kl/jt{g clxn] klg 5 kl5;Dd klg lg/Gt/ eO/xg] 5 . ljsf; 

ePsf ;hLjx¿ slt nf]k eP/ uP sltko xfn;Dd afFlr/x]sf 5g\ . ljsf;sf] j|mddf gofF la?jf 

tyf hgfj/x¿sf] pTklQ x'g nfvf}F jif{ nfU5 . o; k|s[ltdf ;/n ;hLjaf6 hl6n ;hLjsf] pTklQ 

eO/x]sf] kfOG5 . pTklQsf j|mddf klxn] Ps sf]ifLo hLjx¿, To;kl5 ax'sf]ifLo 9f8 gePsf 

hgfj/ tyf ax'sf]ifLo ;fdfGo la?jfx¿ pTklQ eof] . To;}u/L km'n gkm'Ng] la?jfx¿ clg km'n 

km'Ng] la?jfx¿ pTklQ eP eg] 9f8 gePsf hgfj/x¿sf] pTklQkl5 9f8 ePsf df5f, peor/, 

/]K6fOn, r/f / :tgwf/Lsf] j|mdzM pTklQ eof] eGg] s'/f j|mdljsf;sf] l;4fGtn] cf}FNofPsf] 5 .

j|mdljsf;
(Evolution)
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j|mdljsf; l;4fGtsf s]xL d'Vo k|df0fx¿ lgDgfg';f/ pNn]v ul/Psf 5g\ M

-s_ cjz]ifaf6 k|fKt k|df0f (Evidences from fossils)

kq] r6\6fgdf w]/} jif{ klxn] d/]sf la?jf jf hgfj/sf] s'g} c+z, 5fk jf lrx\gnfO{ cjz]if 

(fossil) elgG5 . o; k|sf/sf] cjz]ifsf] cWoogaf6 k'/fgf ;hLjx¿sf] af/]df hfgsf/L lng 

;lsG5 . j|mdljsf;sf] ;a}eGbf alnof] cfwf/ g} cjz]ifaf6 k|fKt k|df0f xf] . ;hLjx¿sf] 

cjz]if s;/L aGb5 < cjz]ifx¿ kq] r6\6fgdf kfOG5 . ;hLjx¿ d/]kl5 logLx¿sf] d[t z/L/ 

vf]nf, gbL jl/kl/sf] df6f], afn'jf;Fu} aufP/ n}hfG5 . cGtdf 7'nf tfn jf ;d'b|sf] lkFwdf y'lk|G5 . 

of] k|lj|mof lg/Gt/ eO/xFbf Pskl5 csf]{ tx aGb} nfvf}F jif{kl5 kq] r6\6fg aGb5 . k|To]s txdf 

ePsf ;hLjx¿sf] sdnf] efu df+zk]zL un]/ hfG5 eg] xf8, ;]n'nf]h To;} /xG5 . oL efux¿ 

g} r6\6fgsf] kqdf d/]sf ;hLjx¿sf] 5fksf] ¿kdf /xG5 h;nfO{ cjz]if elgG5 . o;/L ag]sf] 

r6\6fgsf] ;a}eGbf tNnf] kqdf ;fwf/0f agf]6 ePsf] ;hLj h:t} cNuLsf] cjz]if kfOG5 eg] 

;a}eGbf dflyNnf] kqdf :tgwf/Lsf] cjz]if kfOG5 . o;af6 s] olsg ug{ ;lsG5 eg] ;hLjx¿sf] 

ljsf; j|mdzM ;/naf6 hl6n ;hLj ljsf; ePsf] :ki6 x'G5 . o; sf/0f ljsf;sf] b[li6sf]0fn] 

cjz]ifaf6 k|fKt k|df0fnfO{ w]/} dxŒj lbOPsf] 5 .

-v_ t'ngfTds z/L/ /rgfaf6 k|fKt k|df0f (Evidences from comparatively morphology 
 and anatomy)  

k|s[ltdf kfOg] k|To]s hGt' tyf jg:kltx¿sf] z/L/sf] agf]6 cfcfkm\g} lsl;dsf] x'G5 eg] 

s]xL ;femf u'0fx¿ klg x'G5g\ . o; k|df0fn] s] b]vfpF5 eg] logLx¿ Pp6} k'vf{af6 pTklQ eP/ 

cfPsf x'g\ . t'ngfTds z/L/ /rgfaf6 kfOg] k|df0fx¿ lgDgfg';f/ pNn]v ul/Psf] 5 .  

-c_ ;wdL{ cª\ux¿ (homologous organs)

k|foh;f] 9f8 ePsf hgfj/x¿sf] xft, v'6\6fsf] agf]6sf] cWoog ubf{ Pp6} k|sf/sf] 9fFrf 

/ j|mdaf6 xf8x¿sf] 6'j|mf ldn]/ ag]sf] kfOG5 . o;af6 hGt'x¿sf] kf/:kl/s ;DaGw kTtf 

nufpg ;lsG5 . o;y{ ;hLjdf kfOg] To:tf cª\ux¿ h;sf]] pTklQ (embryonic origin) Pp6} 

x'G5, t/ km/s km/s sfo{sf] nflu k|of]u ul/G5 eg] To;nfO{ ;wdL{ cª\ux¿ (homologous 
organs) elgG5 . pbfx/0fsf nflu dflg;sf] xft, 3f]8fsf] cufl8sf] v'6\6f r/fsf] kv]6fsf ;a} 

xf8x¿sf] agfj6 ldNbf] h'Nbf] kfOG5 . t/ ;hLjdf kfOg] To:tf cª\ux¿ h;sf] pTklQ km/s 

x'G5, t/ sfo{ eg] Pp6} x'G5 eg] To:tf cª\ux¿nfO{ Pgfnf]u; cª\ux¿ (analogous organs) 
elgG5 . o;} k|sf/n] z/L/sf cGo cª\ux¿df klg ;dfgtf kfOG5 . t;y{ ;wdL{ cª\ux¿sf] 

cWoogaf6 k|fKt k|df0fn] j|mdljsf;sf] k'li6 ug{ ;xof]u u5{ eGg ;lsG5 .
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-cf_ cjz]iffª\uaf6 k|fKt k|df0f (Evidences from vestigial organs)

xfd|f] z/L/df ePsf s]xL cª\ux¿ gd'gfsf ¿kdf /x]sf 

x'G5g\ eg] ToxL cª\ux¿ cGo hGt'df klg x'G5g\ . pbfx/0fsf 

nflu dflg;sf sfgsf] df+zk]zL eP klg ufO{, v/fof]sf] 

sfg h:tf] rnfpg ;lsFb}g . o; lsl;dsf cª\ux¿ h'g 

Pp6f hLjsf] z/L/df gd'gfsf ¿kdf dfq 5 t/ ToxL 

cª\u csf]{ hLjdf ljsl;t / k|of]udf 5 eg] To;nfO{ 

cjz]iffª\u elgG5 . dflg;nufot c¿ hgfj/x¿df y'k| o:tf pbfx/0f kfOG5 . ;a} h;f] 

hgfj/x¿df s's'/ bfFt (canine teeth) x'G5 / s's'/ bfFt s's'/, la/fnf], l;+xdf ljsl;t x'G5, 

h'g df;' n'5\g k|of]u ub{5 . s's'/ bfFt zfsfxf/L hgfj/x¿df gd'gfsf ¿kdf dfu x'G5 . 

To:t} u/L dflg;sf] 7'nf] cfGb|f glhs} eld{kmd Pk]lG8S; (vermiform appendix) x'G5, h'g 

gd'gfsf ¿kdf dfq x'G5 t/ oxL cª\u ufO{, v/fof] cflb hgfj/x¿df ljsl;t / sfo{d"ns 

x'G5 . o;af6 s] k|dfl0ft x'G5 eg] ToxL ;a} hgfj/x¿ Pp6} k'vf{af6 ljsl;t eO{ cfPsf 

x'g'kb{5 . o; k|df0fn] klg j|mdljsf;nfO{ dbt k'¥ofpF5 .

-u_ e|"0f ;DaGwL k|df0f (Embryonic evidence)

ljleGg ;d"xsf hgfj/x¿sf] e|"0fnfO{ /fd|/L cWoog tyf cjnf]sg u¥of}F eg] logLx¿sf] 

;'?sf] cj:yf w]/} ldNbf]h'Nbf] x'G5 / 5'6\ofpg uf/f] x'G5 . e|"0fx¿sf] ljsf; ;Fu;Fu} logLx¿sf 

af/]df km/s x'Fb} hfG5 / x'Fbfx'Fb} hLj aG5 . pbfx/0fsf nflu df5f, s'v'/f, dflg;, r/fsf] e|"0fsf] 

;'?sf] cj:yf w]/} ldNbf]h'Nbf] x'G5 / j[l4;Fu;Fu} kl5 km/s x'G5 . o;y{ e|"0f ;DaGwL k|df0fn] hGt'sf] 

ljsf; j|md ;/naf6 hl6nlt/ ePsf] :ki6 x'G5 .

lrq g+= 20.1:  ;wdL{ cª\ux¿

tkfO{“nfO{ yfxf 5 <
cjz]ifx¿sf] cfo' sfa{g 8]l6ª / 
o'/]lgod 8]l6ª ljlwaf6 lgwf/{0f 
ul/G5 .
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-3_ ef}uf]lns ljt/0faf6 k|fKt k|df0f (Evidences from distribution of organisms)

k[YjLsf] ljleGg 7fpFdf ljleGg k|sf/sf hgfj/ tyf jg:kltx¿ kfOG5g\ . s'g} Ps 7fpFdf kfOg] 

;hLjx¿ csf]{ Ps 7fpFdf gkfOg] x'G5g\ eg] s'g} k|sf/sf ;hLjx¿ ;a} 7fpFdf kfOG5g\ . Pp6} 

k|sf/sf] xfjfkfgL ePtf klg Ps} lsl;dsf] hGt' tyf jg:klt kfOFb}g . pbfx/0fsf] nflu ef/t / 

clk|msfdf kfOg] xfTtL a|flhndf kfOFb}g . ;d'b|, gbL, kxf8 cflb ef}uf]lns sf/0fn] ubf{ ;hLjx¿df 

leGgtf kfOG5 . Pp6f If]qaf6 csf]{ If]qdf w]/} ;do;Dd cnlUuPsf] 5 eg] tL b'O{ 7fpFsf] la?jf 

/ hgfj/x¿df km/s cfpF5 . ;hLjx¿sf] hGd :yfgaf6 5l/P/ /xFbf kl/jlt{t jftfj/0f cg's"n 

x'g] j|mddf logLx¿sf] z/L/df klg kl/jt{g cfPsf] x'G5 . h;n] ubf{ jg:klt tyf hGt'df leGgtf 

cfpF5 .

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

s'g} s'g} ;hLjsf] cfsf/ / Jojxf/sf s]xL c+zdf lgDg >]0fLsf] hgfj/;Fu / s]xL cª\u 

pRr >]0fLsf] hgfj/;Fu ldNbf] h'Nbf] x'G5 . lgDg >]0fLsf ;hLj g} pRr >]0fLsf] hgfj/df 

ljsf; eO{ cfPsf] elgG5 . pbfx/0fsf nflu 8s ljN8 Kn]l6k; (duck billed Platypus) 
nfO{ lng ;lsG5 . o;sf] r'Rrf] xfF;sf] h:tf] x'G5 eg] z/L/ :tgwf/Lsf] h:tf] /f}Fn] 9flsPsf] 

x'G5 . o;n] aRrfnfO{ :tgkfg u/fpF5, km]l/ r/fn] h:t} k'mn klg kf5{ . o:t} u/L 

cfls{of]K6]l/S;sf] cjz]if cWoogdf r/f / /]K6fON;sf] u'0fx¿ kfOG5 . o;n] r/fx¿, 

/]K6fON;af6 ljsf; ePsf x'g\ eGg] k|df0f lbG5 .

j|mdljsf;sf l;4fGtx¿ (Theories of evolution)

k|s[ltdf ljleGg lsl;dsf hGt' tyf jg:kltx¿sf] ljsf; s;/L eof] eGg] ;DaGwdf 

j}1flgsx¿sf] km/s km/s cledt /x]sf] kfOG5 . oL dWo] s]xL k|d'v j}1flsx¿df rfN;{ 

lrq g+= 20.2: e|"0fx¿sf] ljsf;
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8fla{g (Charles Darwin), lhg aflK6:6 n]dfs{ (Jean Baptiste Lamark), cNk|m]8 /;]n 

jfn]; (Alfred russel Wallace), xo'uf] l8 le|h (Hugo de vries) cflb pNn]vgLo 5g\ . oL 

j}1flgsx¿sf] l;4fGtdf dte]b ePtf klg xfn;Dd n]dfs{ / 8flj{gsf] l;4fGtnfO{ a9L dfGotf 

lbPsf] kfOG5 .

-s_ n]dfs{sf] l;4fGt (Lamark's theory)

lhg aflK6:6 n]dfs{ (Jean Baptiste Lamark) k|mfG;]nL j}1flgs x'g\ . pgn] ;a}eGbf klxn] 

;g\ 1809 df j|mdljsf; ;DaGwL l;4fGt k|:t't u/]sf x'g\ . pgsf] l;4fGtnfO{ lgDg a'Fbfdf 

pNn]v ul/Psf] 5 M

-c_ hLjdfly jftfj/0fsf] k|efj k5{ .

;hLjx¿sf] cfkm\gf] z/L/sf u'0fx¿ kl/jt{g x'G5 . zf/Ll/s agf]6df ¿kfGt/0f NofpF5 . o;/L 

j|mdzM zf/Ll/s agf]6df ¿kfGt/0f x'Fb} hfFbf gofF ;hLjsf] pTklQ x'G5 . pbfx/0fsf nflu lxdfndf 

a:g] rf}F/L ufO{sf] z/L/ afSnf] / nfdf] /f}Fn] 9flsPsf] x'G5, h;n] ubf{ lr;f]af6 arfpF5 .

-cf_ hLjx¿sf z/L/sf] cª\u Jojxf/df Nofpg' / gNofpg'n] ltgLx¿sf] z/L/sf] ¿k /]vfdf 
 kl/jt{g Nofp“5 .

;hLjx¿sf] cª\usf] ljsf;df oL cª\ux¿sf] lg/Gt/ k|of]un] k|ToIf c;/ kfb{5 . a9L k|of]udf 

cfpg] cª\u alnof] / ljsl;t x'G5 eg] k|of]udf gcfPsf cª\ux¿ la:tf/} x/fpFb} hfG5g\ . n]dfs{sf 

cg';f/ /]K6fOndf kg]{ 5]kf/f / ;k{ b'j}sf] v'6\6f lyof] ;k{n] v'6\6f k|of]udf NofPg / la:tf/} nf]k 

eof] t/ 5]kf/f]n] v'6\6f k|of]udf NofPsfn] cfh;Dd klg 5]kf/f]sf] v'6\6f 5 .

-O_ s''g} Ps k':tfsf hLjdf cflh{t ePsf] u'0f jf kl/jt{g csf]{ k':tfsf ;Gtfgdf ;b}{ hfG5 .

;hLjx¿sf] jl/kl/ ePsf] jftfj/0fLo k|efjsf sf/0fn] / k|of]udf cfPsf gcfPsf cª\ux¿sf] 

agf]6df cfPsf] ¿kfGt/0faf6 cflh{t u'0fx¿nfO{ hGdf]k|fGt k|fKt u'0f (acquired character) 
elgG5 . o;/L k|fKt u'0fx¿ Ps k':tfaf6 csf]{ k':tfdf ;/]/ hfG5, h;n] ubf{ sfnfGt/df 

gofF hLjsf] pTklQ x'G5 . n]dfs{sf cg';f/ lh/fkmsf] k'vf{ 5f]6f] 3fF6L ePsf] lyof] t/ hldgdf 

3fF;sf] cefj x'Fb} hfFbf cUnf] cUnf] ?vsf] kft vfg yfNof] . o;sf] nflu 3fF6L tGsfpFbf 

tGsfpFb} nfdf] 3fF6L ePsf] lh/fkmsf] ljsf; eof] . of] j|md lg/Gt/ rln/xFbf w]/} jif{kl5 cfh 

kfOg] lh/fkmdf kl/jt{g ePsf] xf] .

n]dfs{sf] l;4fGtsf] cfnf]rgf (Criticism of Lamarkism)
j|mdljsf;sf] j|mddf n]dfs{sf l;4fGtdf ul/Psf] cfnf]rgfx¿ lgDgfg';f/ 5g\ M 

-s_ z/L/sf] cª\u Jofjxf/df Nofpg' / gNofpg'n] z/L/sf] ¿k/]vf kl/jt{g x'g] s'/f k|of]ufTds 

¿kdf pNn]v u/]sf] kfOFb}g . 
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-v_ hLjx¿sf] rfxgfcg';f/ gofF gofF cª\ux¿ lgdf{0f x'G5 eGg] egfO{ klg k|dfl0ft ePsf] 

kfOFb}g .

-u_ ljsf; j|mddf s'g} hLjdf Hofb} 7'nf] jf ;fgf] x'g] nIf0f b]vf k/]sf] kfOFb}g .

-3_ bh{gf}F k':tf;Dd klg d';fsf] k'R5/ sf6\bf k'R5/ sf6]sf] d';faf6 hGd]sf] ;Gtlt ;fdfGo   

d';f h:t} k'R5/ ePsf] d';f hGd]sf] kfOPsf] 5 .

8flj{gsf] l;4fGt (Darwin's theory)

rfN;{ 8fla{g cª\u|]h j}1flgs x'g\ . pgn] ;g\ 1859 df hfltsf] pTklQ (Origin of species) 
gfd u/]sf] k':ts k|sflzt u/] . o; k':tsdf hLj ljsf; ;DaGwL lgDg lnlvt cjwf/0ffx¿ cl3 

;f/]sf 5g\ .

-s_ cTolws ;Gtfgf]Tkfbg (Enormous fertility) 

k|To]s ;hLjdf ;Gtfgf]Tkfbg ug]{ Ifdtf x'G5 . hGd]sf ;Gtltx¿ ;a} afFr] eg] csf]{ k':tfdf 
k'Ubf sl/a bf]Aa/ x'G5 . ;hLjx¿sf] ;ª\Vof HofldtLo cg'kftdf j[l4 x'Fb} hfG5 t/ k|s[ltdf 
;hLjx¿sf] ;ª\Vof o:tf] geO{ sl/a plt g} /x]sf] kfOG5 .

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

;a} hLjx¿n] hGdfPsf ;Gtltx¿ gdg{] xf] eg] ;hLjx¿sf ;ª\Vof cTolws a9]/ hfG5, h;n] 
ubf{ vfg a:gsf] cefj x'G5 . t/ To;f] geO{, ;hLjx¿n] cfk"m afFRgsf] nflu vfg, a:g, k|hgg 
ug{, /f]u clg jftfj/0f;Fu afFRgsf] nflu ;ª\3if{ ug'{k5{ . h'g hLjx¿ ;ª\3if{ ug{ ;S5g\ tL 
csf]{ k':tfdf hfg ;Ifd x'G5g\ eg] ;ª\3if{ ug{ g;Sg] ;hLjx¿ nf]k eP/ hfG5g\ . 8fla{gn] 
o;nfO{ afFRgsf] nflu ;ª\3if{ eg]sf 5g\ .

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

;hLjx¿sf ;Gtltx¿ Ps csf{df p:t} ePtf klg s]xL g s]xL u'0fdf km/s ePsf] 

kfOG5 . o;/L cfsf/ / u'0fdf x'g] km/skgnfO{ kl/j[lQ elgG5 . jftfj/0fcg's"n ;a} ;hLjx¿ 

kl/j[lQ gx'g ;S5 . t;y{ h'g ;hLjx¿df jftfj/0f cg''s"n kl/j[lQ x'G5, tL afFRg ;Ifd x'G5g\, 

t/ k|lts"n kl/j[lQ ePdf afFRg ;Ifd xF'b}g .

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

;hLjx¿df jftfj/0fcg';f/ cg's"n u'0fx¿ ljsf; eP afFRg ;S5g\ t/ k|lts"n u'0fx¿ ljsf; 

ePdf nf]k x'G5g\ . s'g ;hLj slt afFRg] xf] eGg] s'/f k|s[lt cfk}mFn] 5gf}6 u5{ . afFRgsf] nflu 

;ª\3if{ ug]{ j|mddf h'g cª\u jf u'0f pkof]uL x'G5 . tL u'0fx¿ ;Gtltdf ;b}{ hfG5g\ / k|To]s j+zdf 

cem pkof]uL u'0fx¿ ljsf; x'Fb} hfG5 . w]/}} jif{kl5 ;Gtltx¿ ljNs'n} gofF u'0f ePsf] b]vf k5{g\ . 
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o; k|sf/ a9\tf pGgtzLn hLjsf] 5gf]6 / sd pGgtZfLn hLjsf] ljgfz x'G5, o;}nfO{ k|fs[lts 

5gf]6 elgG5 . o;/L ;hLjx¿ ;ª\3if{df ljhoL dfq afFRb5g\ .

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

afFRgsf nflu ;ª\3if{ ub}{ cg's"lnt ePsf ;hLjx¿ afFRgsf nflu ;Ifd x'G5g\ . o:tf cg's"lnt x'g] 

u'0f ;Gtltx¿df ;b}{ hfG5 . o;/L kl/jlt{t jftfj/0fdf afFRg ;Ifd ;hLjsf 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 a9L gofF hLjsf] pTklQ x'g hfG5 .

8flj{gsf] l;4fGtsf] cfnf]rgf (Criticisms of Darwinism)
1. 8flj{gn] kl/j[lQaf6 hLjsf] pTklQ ;DaGwL :ki6 j0f{g u/]sf 5}gg\ .

2. k|fs[lts 5gf]6 eg]sf] gofF hfltsf] ljsf;sf] sf/s dfq xf] . of] k'/} sf/s xf]Og lsgeg] 

pTkl/jt{g eP/ klg hLjx¿df leGgtf cfPsf] b]lvG5 .

3. k|fs[lts 5gf]6df olb pkof]uL leGgtf dfq 5gf]6 ePsf] eP sfd gnfUg] s'/fx¿sf] 5gf]6 

gx'''g' kg]{ xf], t/ ePs} kfOG5 .

;Demg'kg]{ s'/fx¿

1. j|mdzM la:tf/} k'/fgf] ;/n ;hLjaf6 gofF ;hLj pTkGg x'g] k|lj|mofnfO{ j|mdljsf; elgG5 .

2. j|mdljsf;sf l;4fGtsf d'Vo s]xL k|df0fx¿ cjz]if, t'ngfTds z/L/ /rgf, e|"0f, ef}uf]lns 

ljt/0f / b'O{ ju{larsf] hgfj/ cflb x'g\ .

3. j|mdljsf;sf] l;4fGtdf n]dfs{ / 8flj{gsf] l;4fGt k|rlnt ePsf] kfOG5 .

4. n]dfs{sf cg';f/ hLjx¿n] cfk"m afFr]sf] jftfj/0fcg';f/ s'g} cª\u k|of]u ug]{ / s'g} cª\u 

k|of]u gug]{ u5{g\ . k|of]u ePsf cª\ux¿ ljsl;t x'Fb} hfg] / k|of]u gePsf cª\ux¿ x/fpFb} 

hfg] ePsfn] w/} k':tfkl5 gofF hLjsf] pTklQ x'G5 .

5. 8flj{gsf] l;4fGtcg';f/ jftfj/0fdf ;dfof]hg x'g ;Sg] jf afFRgsf nflu ;ª\3if{ x'Fbf 

;kmnx¿ g} afFRg ;Sg] / pgLx¿df kl/jt{g cfpFb} hfFbf w]/} k':tfkl5 gofF u'0f ePsf] hLjsf] 

pTklQ x'g k'U5 .

cEof;

-s_ tnsf ax'j}slNks k|Zgx¿sf] ;xL pQ/df l7s -_ lrx\g nufpg'xf];\ M

1. ;hLjx¿df j|mdzM ;fwf/0faf6 ljleGg k|sf/sf hl6n jf ljsl;t ;hLjx¿sf] 

pTklQ x'g'nfO{ s] elgG5 <

 (i) n]dfls{hd (ii) 8flj{lghd (iii) j|mdljsf; (iv) dflysf ;a}
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2. j|mdljsf; l;4fGtsf] ;a}eGbf alnof] k|df0fsf] ¿kdf tnsf dWo] s'gnfO{ lnOG5 <

 (i) cjz]ifaf6 k|fKt k|df0f (ii) e|"0f ;DaGwL k|df0f 

 (iii) ef}uf]lns ljt/0f ;DaGwL k|df0f (iv) s'g} klg xf]Og

3. 3fF; vfg] hgfj/sf] 7'nf] cfGb|fsf] cljsl;t efu eld{kmd{ Pk]lG8S; s]sf nflu k|of]u 

ul/G5 <

 (i) vfgf krfpg  (ii) cgfjZos j:t' Tofu ug{  

 (iii) s]xL sfo{ x'Fb}g  (iv) dflysf ;a}

$= rfN;{ 8flj{gn] gofF hfltsf] pTklQ gfds k':ts slxn] k|sflzt u/]sf lyP <

 -s_ ;g\ 1857  -v_ ;g\ 1859 -u_ ;g\ 1860  -3_ ;g\ 1959

-v_ tnsf k|Zgx¿sf] pQ/ n]Vg'xf];\ M

1. cjz]iffª\un] j|mdljsf;sf] l;4fGtnfO{ s;/L k|dfl0ft u5{, j0f{g ug'{xf];\ .

2. j|mdljsf; ;DaGwL n]dfs{sf] l;4fGt n]Vg'xf];\ . of] lsg ;j{:jLsfo{ ePg, sf/0f;lxt 
 :ki6 kfg'{xf];\ .

3. 8flj{gsf] l;4fGtcg';f/ æafFRgsf nflu ;ª\3if{Æ / æ;Ifd g} afFRg ;S5Æ eGg] s'/f 
 k'i6\ofO{ ug'{xf];\ .

4. 8fla{gsf] cg';f/ gofF hfltsf] pTklQ s;/L x'G5 < 5f]6s/Ldf j0f{g ug'{xf];\ .

5. 8fla{gn] k|ltkfbg u/]sf] j|mdljsf; ;DaGwL l;4fGtsf] s;/L cfnf]rgf ul/of] < s'g} 
 ltg cf]6f a'Fbf pNn]v ug'{xf];\ .

6. e|"0fsf] cWoogaf6 s;/L j|mdljsf;sf] l;4fGt k'li6 ug{ ;lsG5,  n]Vg'xf];\ .

7. hLjfjz]ifsf] cWoogaf6 xfnsf hLjx¿ ljutsf] cljsl;t Ps sf]ifLo / ax'sf]ifLo 
 hLjaf6} pTklQ ePsf] xf] eGg] s'/f s;/L k'li6 ug{ ;lsG5, n]Vg'xf];\ .

kl/of]hgf sfo{

tkfO{Fsf] ljBfno j/k/ jf glhssf] vf]nf, gbL, u'kmf cflb eP To:tf 7fpFdf cjz]ifx¿ k|fKt ug{ 

;lsG5 ls kTtf nufpg'xf];\ . cjz]ifdf s:tf] k|sf/sf] 5fk /x]5 < cjnf]sg u/L lrq sf]g'{xf];\ .

zAbfjnL

eld{kmd{ Pk]lG8S;  M 7'nf] cfGb|fsf] cljsl;t efu

8s ljn Kn]l6k;  M xfF;sf] h:tf] r'Rrf] ePsf] :tgwf/L hgfj/
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PsfO

21
k[YjLsf] w/ftnLo efu s;/L ag]sf] x'G5 . tkfO{Fx¿n] slxn] ljrf/ ug{'ePsf] 5 . jf:tjdf 

k[YjLsf] w/ftnLo efu df6f] / 9'ª\uf, gbL, tfn, kf]v/L / ;d'b| cflb ldnL ag]sf] x'G5 . o;nfO{ 

jfo' d08nsf] afSnf] txn] 9fs]sf] 5 . oL ;a} tŒjx¿ ldnL k[YjLsf] ef}lts hut\ aG5 . 

k[YjLsf] ef}lts hut / ;hLjx¿larsf] ;DaGw s:tf] x'G5 . ef}lts hut\df ePsf ljleGg 

tŒjx¿n] jftfj/0fdf ePsf ;hLjx¿sf] hLjg k4ltdf k|ToIf tyf ck|ToIf ¿kdf c;/ k'¥ofO{ 

/x]sf] x'G5 . ef}lts jftfj/0fdf ePsf ljleGg tŒjx¿ lar / ;hLjx¿ lar 3lgi7 ;DaGw 

/x]sf] x'G5 . ;hLjx¿n] ef}lts jftfj/0faf6 cfk"mnfO{ rflxg] vfgf, kfgL, clS;hg, sfa{g 

8fOS;fO8, vlgh tŒjx¿ cflb lnG5g\ . ef}lts jftfj/0fdf ePsf tŒjx¿ xfjf, k|sfz, tfkj|md, 

kfgL, df6f] cflbsf] l:ylt lau|]df c;/ kfb{5 .

;d'bfo eg]sf] s] xf]nf . ljleGg ;d'bfolarsf] ;DaGw s:tf] x'G5 xf]nf . jftfj/0fdf ePsf 

;hLjx¿ Ps csf{df lge{/ /xG5g\ / ltgLx¿ Pp6} ;femf jftfj/0fdf a:5g\, h;nfO{ ;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 . o;af6 Osf]l;:6d aG5 . Osf]l;:6ddf pTkfbs, pkef]Stf, 

ljR5]bs h:tf h}ljs tŒjx¿ Pjd\ 3fd, xfjf, kfgL, df6f], 9'ª\uf h:tf ch}ljs tŒjx¿ k5{g\ . o; 

PsfOcGtu{t jftfj/0fsf la?jf / hgfj/df c;/ kfg]{ sf/s tŒjx¿, xfjfkfgL kl/jt{gsf] c;/, 

kfl/l:ylts k4lt, :jkf]if0f / k/kf]if0f / c¿ hLjx¿df dflg;sf] lge{/tf ;DaGwL cWoog ug]{ 5f}F .

la?jf / hgfj/x¿df c;/ kfg]{ sf/s tŒjx¿ (Factors influencing on the plants and 
animals)

;hLjx¿ / o;sf jl/kl/ /x]sf] k|sfz, tfk, kfgL, df6f], xfjf cflb ldn]/ jftfj/0f 

aGb5 . oL jftfj/0fsf tŒjx¿n] ;hLjx¿nfO{ k|ToIf / ck|ToIf ¿kdf c;/ k'¥ofO/x]sf x'G5g\ . 

jftfj/0fdf ePsf ;hLjx¿ / ef}lts jftfj/0flarsf] cGt/;DaGw rj|msf] ¿kdf lg/Gt/ 

¿kdf ;~rfng eO{ :yfoL cj:yf l;h{gf x'g] l:yltnfO{ kfl/l:ylts k4lt (ecosystem elgG5 . 

jftfj/0fsf sf/s tŒjx¿nfO{ b'O{ k|sf/df juL{s/0f ug{ ;lsG5 M ch}ljs tŒj (abiotic 
factors) / h}ljs tŒj (biotic factors) .

ch}ljs tŒj (Abiotic factors)

-c_ xfjf (Air)

k[YjLsf] j/k/ /x]sf] xfjfsf] txnfO{ jfo' d08n elgG5 . jfo' d08ndf gfO6«f]hg, clS;hg, sfag{ 

k|s[lt / jftfj/0f
 (Nature and Environment)
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8fOS;fO8, x]lnod, lgof]g cflb ljleGg lsl;dsf UofF;x¿ x'G5g\ . jfo' d08ndf kfgLsf] c0f' tyf 

hnjfik klg x'G5 . la?jfn]] k|sfz ;+Zn]if0f k|lj|mofaf6 vfgf agfpFbf sfa{g 8fOcS;fO8 lnG5 

/ clS;hg UofF; 5f]8\5 . dflg;nufot cGo hgfj/x¿n] tyf jg:kltx¿n] Zjf; k|Zjf; ubf{ 

clS;hg lnO{ sfa{g 8fOcS;fO8 5f8\5g\ . xfjfn] la?jfx¿df k/fu;]rg / lapsf] k|;f/0f;d]tdf 

;xof]u k'¥ofpF5 .

-cf_ ;f}o{ phf{ (Solar energy)

;"o{ phf{sf] k|d'v ;|f]t xf] . o;af6 k|sfz / tfk k|fKt x'G5, h'g ;hLjx¿sf nflu cTofjZos 

5 . ;f}o{ phf{sf] pkl:yltdf af]6 la?jfx¿n] k|sfz ;+Zn]if0f k|lj|mofåf/f vfgf agfpF5g\ . ef}uf]lns 

sf/0fn] ubf{ s'g} :yfgdf a9L ;f}o{ phf{ pknAw x'G5 eg] s'g} :yfgdf sd x'G5 . o;n] ubf{ ljleGg 

:yfgsf] xfjfkfgL ToxfF x'g] jif{f, pTkfbg x'g] vfBfGg cflbdf ;d]t leGgtf kfOG5 . kmn:j¿k 

ljleGg 7fpFdf kfOg] hgfj/ / af]6 la?jfdf ljljwtf kfOG5 .

-O_ df6f] (Soil)

ch}ljs tŒjdWo] df6f] klg dxTŒjk"0f{ tŒj xf] . df6f]df r6\6fgsf ;;fgf s0fx¿, vlgh kbfy{x¿ 

cflb ldnL ag]sf] x'G5 . ljleGg If]qsf] df6f]sf] agf]6 km/s km/s x'G5 . df6f] ePsf] vlgh kbfy{n] 

ubf{ o;sf] /ª klg km/s km/s x'G5 . ;8] un]sf j:t', s'lxP/ ag]sf vfBtŒj tyf hLjf+z df6f]df 

ldNbf o;sf] u'0fdf s]xL ;'wf/ x'G5 .

df6fdf vlgh tŒjx¿ k|fª\ufl/s kbfy{, hLjf0f' tyf /f;folgs tŒjx¿ h:t} gfO6«f]hg, kf]6fl;od, 

km:kmf]/;, SoflN;od cflb x'G5g\, h'g af]6 la?jfsf nflu clt cfjZos x'G5g\ . af]6 la?jfx¿n] 

hldgaf6 kfgL / vlgh ;f];]/ lnG5g\ . df6f]sf] agf]6df u8a8L ePdf jg:klt tyf hGt'nfO{ k|ToIf 

c;/ kb{5 .

-O{_ kfgL (Water)

hGt' tyf jg:kltsf] hLjg k|lj|mofsf] nflu kfgL geO{ gx'g] tŒj xf] . ;hLjx¿sf] hLjg lgdf{0fdf 

kfgLsf] cfjZostf kb{5 . jg:kltx¿n] k|sfz ;+Zn]if0f k|lj|mof ub{f hldgaf6 kfgL lnG5g\ . 

dflg;nufot cGo kz'kG5Ln] gbL, tfn, kf]v/L, em/gf, s'jf, ;d'b| cflbaf6 kfgL hLjg lgjf{xsf] 

nflu k|of]u u5{g\ .

h}ljs tŒj (Biotic factors)

h}ljs tŒjcGtu{t jftfj/0fsf ;a} ;hLjx¿ kb{5g\ . jftfj/0fsf hLjx¿ Ps cfk;df ;DalGwt 

/ cGtlg{lxt x'G5g\ . h}ljs tŒjn] hLj ;d'bfonfO{ hgfpF5, h;df pTkfbs (producers), 
pkef]Stf (consumers) / ljR5]bs (decomposers) x'G5g\ . logLx¿df x'g] zlSt k|jfxsf] 
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cfwf/df hLj ;d'bfonfO{ lgDgfg';f/ juL{s/0f ul/Psf] 5 M

-c_ pTkfbs (Producer)

;hLjx¿ h;n] cfkm\gf] vfgf cfkm}F tof/ ug{ ;S5g\, ltgLx¿nfO{ pTkfbs elgG5 . xl/t s0fo'St 

jg:kltx¿ pTkfbs x'G5 . logLx¿nfO{ :jkf]ifs klg elgG5 . Osf]l;:6dsf cGo hLjx¿n 

pTkfbsaf6 vfgf k|fKt u5{g\ .

-cf_ pkef]Stf (Consumer)

cfkm\gf] vfgfsf nflu pTkfbsx¿df e/ kg]{ ;hLjx¿nfO{ pkef]Stf elgG5 . logLx¿n] k|fKt ug]{ 

vfgfsf cfwf/df lgDg lnlvt ;d"xdf ljefhg ug{ ;lsG5 .

k|fylds pkef]Stf (Primary consumer), låtLo pkef]Stf (Secondary consumer), t[tLo 
pkef]Stf (Tertiary consumer)

cfkm\gf] vfgfsf nflu k|ToIf ¿kdf jg:kltx¿df lge{/ kg]{ ;hLjnfO{ klxnf] pkef]Stf elgG5 . 

logLx¿ Zffsfxf/L x'G5g\ . ufO{, e}F;L, e]8f, afv|f, v/fof], nf]vs]{ cflb klxnf] pkef]Stfsf pbfx/0fx¿ 

x'g\ . To:t} u/L vfgfsf nflu k|ToIf ¿kdf klxnf] pkef]Stfdf e/ kg]{ ;hLjx¿nfO{ bf];|f] pkef]Stf 

elgG5 . logLx¿ df+zfxf/L x'G5g\ . la/fnf, :ofn, Eofu'tf cflb o;sf pbfx/0fx¿ x'g\ . ;hLjx¿ 

h'g vfgfsf nflu klxnf] pkef]Stf / bf];|f] pkef]Stfdf e/ kb{5g\, To;nfO{ t];|f] pkef]Stf elgG5 . 

oL ;hLjx¿ zf/Ll/s ¿kn] ljsl;t / alnof x'G5g\ . lrt'jf, 7'nf df5f, uf]xL cflb o;sf 

pbfx/0fx¿ x'g\ . klxnf] pkef]Stf / bf];|f] pkef]Stfsf hgfj/x¿ s]xL df+zfxf/L x'G5g\ eg] s'g} 

zfsfxf/L / dfzf+xf/L b'j} x'G5g\ .

-O_ ljR5]bs (Decomposer)

Dff6fdf ePsf AofS6]l/of, kmGhfO{ cflb ;"Id hLjx¿n] d/]sf ;hLjx¿nfO{ ;8fpg] unfpg] sfo{ 

ub{5g\ / cGtdf 3'ngzLn ;;fgf s0fx¿df kl/0ft ul/lbG5, h;nfO{ la?jfsf h/fn] ;f];]/ lnG5 . 

la?jfx¿n] cfjZos kf}li6s tŒjx¿ df6faf6 k|fKt ub{5g\ . o;sf/0f ljR5]bsx¿n] Osf]l;:6d 

;Gt'ng sfod /fVg dbt u5{g\ .

kfl/l:ylts k4ltsf] kl/ro (Introduction to Ecosystem)

tkfO{Fsf] 3/ jf ljBfno glhs}sf] v'nf rf}/df s] s:tf lsl;dsf hGt' tyf la?jfx¿ kfOG5g\ . 

/fd|/L cjnf]sg ug'{xf];\ . v'nf rp/df kfOg] la?jfx¿ / ToxfF jftfj/0fdf afFlr/x]sf hGt'x¿n] 

vfgf sxfFaf6 k|fKt u5{g\ xf]nf . o;/L v'nf rp/df ulxl/P/ ToxfFsf] hGt' tyf jg:kltsf] af/]df 

cWoog ug]{ xf] eg] 3fF;kft, af]6 la?jfx¿ ls/f km6\ofª\u|f, ;;fgf r/fx¿, Eofu'tf, ;k{ cflb 

b]Vg ;lsG5 .
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xl/of jg:kltx¿n] k|sfz ;+Zn]if0f k|lj|mofaf6 

vfgf agfpF5g\ . oL xl/of jg:kltnfO{ vfP/ 

ls/f km6\ofª\u|fx¿ afFlr/x]sf x'G5g\ . To;}u/L 

Eofu'tfnfO{ ;k{n] vfG5 . cGTodf oL ;hLjx¿ 

d/]kl5 df6fdf ePsf ;"Id ;hLjx¿ h:t} 

AofS6]l/of, kmGhfOn] s'xfpF5g\ / ;/n c0f'df 

kl/0ft ub{5g\ . o;nfO{ la?jfsf] h/fn] ;f];]/ 

lnG5 / vfgf agfpF5 . o;/L oL ;hLjx¿ Ps csf{df k|ToIf jf ck|ToIf ¿kdf e/ kb{5g\ . 

jftfj/0fdf ePsf ;hLjx¿ / ef}lts jftfj/0flarsf] cGt/;DaGw lg/Gt/ tyf :yfoL ¿kdf 

rln/xg] k|lj|mofnfO{ kfl/l:ylts k|0ffnL (ecosystem) elgG5 . kfl/l:ylts k4ltdf h}ljs / 

ch}ljs tŒjx¿ x'G5g\ . oL tŒjx¿sf] ;Gt'ngaf6 g} kfl/l:ylts k4lt ;~rfng eO/x]sf] x'G5 .

lbOPsf] pbfx/0fdf xl/of jg:kltn] jl/kl/ /x]sf] jftfj/0faf6 k|sfz ;+Zn]if0f k|lj|mofåf/f 
vfgf agfpF5, h;nfO{ pTkfbs elgG5 . pTkfbsnfO{ vfP/ ls/f km6\ofª\u|fx¿ afFlr/x]sf 
x'G5g\, To;nfO{ klxnf] pkef]Stf elgG5 . klxnf] pkef]StfnfO{ vfP/ Eofu'tf afFlr/x]sf x'G5g\, 
To;nfO{ bf];|f] pkef]Stf  elgG5 . klxnf] / bf];|f] pkef]StfnfO{ vfP/ ;k{ h:tf ;hLjx¿ af-
Flr/xsf x'G5g\ . To;nfO{ t];|f] pkef]Stf elgG5 . t];|f] pkef]StfnfO{ vfP/ afFRg] afh h:tf 
;hLjx¿nfO{ rf}yf] pkef]Stf elgG5 . oL ;a} ;hLj d/]kl5 logLx¿sf] z/L/nfO{ s'xfpg], 
6'j|mfpg] ToxfFsf] ;"Id hLj, AofS6]l/of tyf kmGhfOnfO{ ljR5]bs elgG5 . oL ;/n c0f'nfO{ 
la?jfsf] h/fn] ;f];]/ lnO{ vfgf agfpF5 .

Osf]l;:6d ljleGg k|sf/sf x'G5g\ . tLdWo] s]xL d'Vo k|sf/sf Osf]l;:6d lgDgfg';f/ pNn]v 
ul/Psf] 5 M

hldgdf x'g] kfl/l:ylts k|0ffnL 
(terrestrial ecosystem)

d?e"lddf x'g] Osf]l;:6d

hª\unsf] Osf]l;:6d

3fF;] d}bfgsf] Osf]l;:6d

kfgLdf x'g] kfl/l:ylts k|0ffnL 
(aquatic ecosystem)

;d'b|sf] Osf]l;:6d

kf]v/Lsf] Osf]l;:6d

kfl/l:ylts k|0ffnL

lrq g+= 21.1: kfl/l:ylts k4lt
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1. hª\unsf] Osf]l;:6d

pTkfbs (producer) = 3fF;kft, emf8L, ?v 

klxnf] pkef]Stf (primary consumer) = d[u, 3f]/n, h]a|f, cgf{ 

bf];|f] pkef]Stf (secondary consumer) = :ofn, AjfF;f], km\ofp/f]

t];|f] pkef]Stf (tertiary consumer) = af3, l;+x 

2. kf]v/Lsf] Osf]l;:6d

pTkfbs (producer) =  xfOl8«nf, cNuL, Ps sf]ifLo 

xl/of jg:kltx¿ -kmfO6f]Knfªs6g_

klxnf] pkef]Stf (primary consumer) = r]kfufF8f, 

8fu|gk\mnfO{sf] nfef{, 

nfdv'6\6]sf] nfef{ -h'Knfªs6g_

bf];|f] pkef]Stf (secondary consumer) = Eofu'tf, 

;fgf df5f

t];|f] pkef]Stf (third consumer) = 7'nf df5f

kfl/l:ylts k4ltdf vfB j:t'sf] ;~rfng

hLjg k|lj|mof ;~rfngsf nflu zlStsf] cfjZostf k5{ . zlStsf] k|d'v ;|f]t vfB j:t' 

xf] . jg:kltx¿n] cfkm\gf] vfgf cfk}Fm agfpF5g\ . Rofp, 9';Lx¿ k/hLjL x'G5g\ . logLx¿n] 

cfkm\gf] vfgf cGo hLjx¿af6 k|fKt u5{g\ . kfl/l:ylts k4ltcg';f/ hLjx¿n] s'g} g s'g} 

;|f]taf6 cfk"mnfO{ rflxg] vfgf pknAw x'g] k|lj|mof pTkfbs / pkef]Stflar ;DaGw sfod 

eO/xG5 . o; k|lj|mofaf6 vfgfsf cfbfg k|bfg eO{ vfB z[ª\vnf (food chain) lgdf{0f x'G5 .

vfB z[ª\vnf (food chain)

Pp6f Osf]l;:6ddf pTkfbs / pkef]Stflarsf] cfk;L ;DaGwaf6 vfB z[ª\vnf aG5 . vfgfsf d'Vo 

;|f]t pTkfbs x'g\ . pTkfbsaf6 k|fKt x'g] zlSt pkef]Stf / ljR5]bsdf k'U5 . pkef]Stfx¿ ljleGg 

lsl;dsf x'G5g\ . ls/f km6\ofª\u|fnfO{ r/fx¿n] vfG5g\ . km]/L r/fnfO{ lrn, afh h:tf df+;fxf/L 

r/fn] vfG5g\ . oL ;a} pkef]Stf d/]kl5 df6fdf ePsf] ljR5]bsn] ;/n c0f'df 6'j|mfOlbG5 . To;nfO{ 

la?jfsf] h/fn] ;f];]/ lnO{ vfgf agfpF5 . o;/L pTkfbsaf6 vfgf zlSt klxnf] pkef]Stf, bf];|f] 

pkef]Stfdf ¿kfGt/0f eP/ hfg] k|lj|mofnfO{ vfB z[ª\vnf elgG5 .

h:t} M 3fF;kft  h/fof], xl/0f,  af3 

lrq g+= 21.2 hnLo kfl/l:ylts k|0ffnL



248 lj1fg, sIff 9

vfB hfn (Food Web)

vfB z[ª\vnf cfxf/fsf] cfk;L ;DaGw xf] h;af6 

hLjx¿n] cfkm\gf] kf]ifs tŒjx¿ k|fKt ub{5g\ . vfB 

z[ª\vnf cfk;df h]lnFb} hfFbf Ps hl6n ;~hfn 

aGb5, h;nfO{ vfB ;~hfn elgG5 .

lj|mofsnfk 

sIffsf ;fyLx¿sf] ;d"x agfpg'xf];\ / ljBf-
no glhs}sf] rp/df e|d0f ug'{xf];\ . ToxfFsf] 
Osf]l;:6ddf ePsf] pTkfbs, klxnf] pkef]Stf, bf];|f] pkef]Stf / ljR5]bs cflbsf] cjnf]sg 
tyf cWoog u/L Pp6f 5f]6f] k|ltj]bg tof/ ug'{xf];\ .

hgfj/ / la?jflarsf] cGt/;DaGw (Interrelationship between animals and plants)

kfl/l:ylts k4ltdf la?jf / hgfj/x¿ Pscsf{df cGt/;DalGwt 5g\ . af]6 la?jfx¿n] 

;fwf/0f ck|fª\ul/s j:t'x¿ -simple organic matter_ nfO{ k|of]u u/L hl6n k|fª\ufl/s j:t'x¿

-complex organic matter_ agfpF5g\ . ;hLjx¿nfO{ ltgLx¿n] vfgf lng] cfwf/df :jkf]ifs

-autotrophs_ / k/kf]ifs -heterotrophs_ u/L b'O{ ;d"xdf ljefhg ug{ ;lsG5 .

:jkf]ifs hLjx¿ (Autotrophic organism)

cfkm\gf] vfgf cfk}mF tof/ ug]{ ;hLjnfO{ :jkf]ifs elgG5 . o;cGtu{t xl/of jg:kltx¿ kb{5g\, 

h;nfO{ pTkfbs elgG5 . xl/of jg:kltx¿n] cfk"mdf ePsf] xl/t s0f -chlorophyll_ sf] ;xfotfn] 

;f}o{zlStnfO{ zf]if0f u/L kfgL / sfa{g 8fOS;fO8af6 vfgf tof/ ub{5, h;nfO{ k|sfz ;+Zn]if0f 

(photosynthesis) elgG5 . o; lsl;dsf] kf]if0fdf ;hLjx¿n] ;f}o{zlSt k|of]u u/L ck|fª\ufl/s 

kbfy{nfO{ ;+Zn]if0f u/L k|fª\ufl/s kbfy{x¿ tof/ ub{5g\, To;nfO{ :jkf]if0f -autotrophism_ 

elgG5 .

k/kf]ifs hLjx¿ (Heterotrophic organism)

;hLjx¿ h;n] cfkm\gf] vfgf cfk}mF agfpg ;Sb}gg\ / vfgfsf nflu cGo ;hLjdf e/ k5{g\, To;nfO{ 

k/kf]ifs hLjx¿ (heterotrophic organism) elgG5 . o; lsl;dsf hLjx¿n] pkef]u dfq ug]{ 

x'gfn], logLx¿nfO{ pkef]Stf elgG5 . xl/t s0f gePsf jg:klt / hgfj/x¿ o;cGtu{t kb{5g\ . 

t;y{ o; lsl;dsf] kf]if0f h;df ;hLjx¿ cfk"mnfO{ cfjZos kg]{ vfgfsf nflu cGo ;hLjdf e/ 

kb{5g\, To;nfO{ k/kf]if0f -heterotrophism_ elgG5 . k/kf]ifs hLjx¿nfO{ ltgLx¿n] cxf/f lng] 

cfwf/df ltg lsl;ddf ljefhg ug{ ;lsG5 .

lrq g+= 21.3 vfB hfn
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k/hLjL (parasite)

cfkm\gf] vfgfsf nflu cGo ;hLjdf k"0f{ ¿kdf e/ kg]{ ;hLjx¿nfO{ k/hLjL -parasite_ elgG5 . 
o:tf ;hLjx¿n] cGo ;hLjsf] z/L/af6 vfgf r';]/ lnG5g\ . h'g ;hLjsf] z/L/af6 vfgf r';]/ 

lnG5, To;nfO{ xf]:6 -host_ elgG5 / vfgf r';]/ lng] ;hLjnfO{ k/hLjL -parasite_ elgG5 . 
k]6df kg]{ h'sf, 6]kjd{, p8';, pFlkof h:tf hgfj/x¿ k/hLjL x'g\ .

d[tf]k/hLjL (Saprophyte)

d/]sf hLjx¿ jf ;8] un]sf j:t'af6 vfgf k|fKt ug]{ ;hLjx¿nfO{ d[tf]k/hLjL elgG5 . 9';L,

Rofp / AofS6]l/of o;sf pbfx/0f x'g \.

k|f0fL;b[z (Holozoic)

;fgf 7'nf hGt'x¿ tyf jg:kltx¿ ;a}af6 vfgf k|fKt ug]{ hLjx¿nfO{ k|f0fL;b[z -holozoic_ 
elgG5 . o; k|sf/sf] kf]if0f Jofks x'G5 . dflg;nufot k|foM ;a} hgfj/x¿n] o; k|sf/sf] 

kf]if0f ckgfpF5g\ . o; lsl;dsf] kf]if0fdf ;hLjx¿n] vfgf k|fKt u/]kl5 kfrg u/]/ z/L/n] ;f]:g 

;Sg] j:t' tof/ kfg]{, ;f]:g] / afFsL j:t'nfO{ aflx/ Tofu ug]{ lj|mofx¿ ;~rfng u5{g\ .

Osf]l;:6d ;]jfx¿ (Ecosystem services)

dflg;x¿n] Osf]l;:6daf6 k|fKt ug]{ kmfObfnfO{ Osf]l;:6d ;]jf elgG5 .  Osf]l;:6dsf ;]jfx¿nfO{ 

lgDgfg';f/ pNn]v ul/Psf] 5 .

1. k|f]lehlgª ;]jf (Provisioning services)

Osf]l;:6daf6 k|fKt pTkfbg (products) nfO{ k|f]lehlgª ;]jf elgG5 . o;cGtu{t lgDg s'/fx¿ 

kb{5g\ M

-s_ vfgf / /]zfx¿ (food and fiber)

dflg;x¿nfO{ cfjZos kg]{ ckf/ j:t'x¿ Osf]l;:6daf6 k|fKt x'G5 . vfgf, h'6, l;Ns sf7, bfp/f 

cflb jg:kltx¿ tyf hgfj/x¿af6 kfOG5 .

-v_ OGwg (fuel)

sf7, bfp/f, hgfj/x¿sf] uf]a/ / cGo hf}ljs kbfy{x¿nfO{ OGwgsf] ¿kdf k|of]u ul/G5, oL ;a} 

j:t'x¿ Osf]l;:6daf6 k|fKt x'G5g\ .

-u_ uxgfsf] ;|f]t (ornamental resource)

hgfj/x¿af6 k|fKt x'g] 5fnf, ;]n, xfF8 cflb j:t'x¿ ljleGg hft hfltsf dflg;x¿n] 

cfk\mgf] ;+:s[ltcg';f/ uxgfsf] ¿kdf k|of]u u5{g\ .
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2. /]u'n]l6ª ;]jfx¿ (Regulating services)

Osf]l;:6d k|lj|mof ;Gt'lnt ¿kdf ;~rfng ePaf6 dflg;x¿nfO{ k|fKt x'g] kmfObfx¿ /]u'n]l6ª 

;]jfcGt{ut kb{5g\ .

-s_ SnfOd]6 /]u'n];g (climate regulation)

Osf]l;:6dn] :yfgLo tyf ;+;f/sf] hnjfo'df c;/ k'¥ofO/x]sf x'G5g\ . :yfgLo :t/df jg 

hª\unn] tfkj|md / kfgL kg]{ k|lj|mofdf ;xof]u k'¥ofpF5 eg] sfa{g 8fOcS;fO8 UofF;sf] pT;h{gn] 

klg hnjfo'df c;/ k'¥ofO/]xsf] x'G5 .

-v_ kfgLsf] z'4Ls/0f (water purification)

Osf]l;:6dn] kfgLsf] z'4Ls/0fdf k|ToIf jf ck|ToIf ¿kdf dbt k'¥ofpF5 . o;n] kfgLdf ePsf] cz'4 

j:t'nfO{ 5fGg] / h}ljs ljsf/ j:t'nfO{ 6'j|mfpg] sfo{ ub{5 .

To:t} u/L kf]lng];g (pollination), dflg;df nfUg] /f]ux¿ (regulation of human diseases) 
e"Ifo lgoGq0f (erosion control) cflbdf Osf]l;:6ddf ePsf] kl/jt{gn] c;/ k'¥ofO/x]sf] x'G5 .

3. ;f+:s[lts ;]jfx¿ (Cultural services)

k|fs[lts ;f}Gbo{tf, cfgGbdoL jftfj/0f, dflg;sf] ;+:sf/, rfn rng cflbdf Osf]l;:6dn] c;/ 

k'¥ofO/x]sf] x'G5 . wfld{s cf:yf, d"No dfGotfx¿df Osf]l;:6dsf] kl/j{tgn] c;/ k'¥ofpF5 . 

To:t} u/L ;fdflhs ;DaGw (social relation), ;f+:s[lts ;Dkbf (cultural heritage) sf] d"No 

dfGotfdf o;n] j[l4 ub{5 . Osf]l;:6d ;Gt'lnt cj:yfdf x'Fbf ToxFfsf] :jR5 jftfj/0f, dgf]/d 

b[Zo, k|fs[lts ;f}Gbo{ a9\g] xF'bf ko{6sLo :yn ljsf; ug{ ;lsG5 . To:tf 7fFpdf k'm;{bsf] ;dodf 

dflg;x¿nfO{ cfgGbdoL ;do latfpg ;xof]u u5{ .

4. ;xof]uL ;]jfx¿ (Supporting services)

o;cGtu{t la?jf tyf hgfjx¿nfO{ cfjZos vfgfsf k'gM gjLs/0f (nutrient recycling), 
cfwf/e"t pTkfbg (primary production), df6fsf] lgdf{0f (soil formation), vfgfsf cfk"lt{ 

-food regulation_, kfgLsf] z'4Ls/0f -water purification_ cflb h:tf ;]jfx¿ kb{5g . 

;Demg'kg]{ s'/fx¿

1. Jfftfj/0fsf] dxTŒjk"0f{ kIf Osf]l;:6d xf], h'g h}ljs / ch}ljs tŒjx¿ ldnL ag]sf] x'G5 .

2. ch}ljs tŒjx¿cGtu{t xfjf, kfgL, df6f], ;"o{, pmhf{ cflb kb{5g\ eg] h}ljs tŒjcGtu{t 

pTkfbs, pkef]Stf / ljR5]bs kb{5g\ .



lj1fg, sIff 9 251

3. ch}ljs tŒjx¿n] Osf]l;:6d ;~rfngdf dbt ul//x]sf x'G5g\ / oL tŒjx¿ pko'St 

tl/sfaf6 lg/Gt/ pknAw eO{ Osf]l;:6d ;~rfng eO/xG5 .

4. xl/of jg:kltx¿ pTkfbs x'g\ eg] ltgnfO{ vfP/ cfkm\gf] hLjg lgjf{x ug]{ pkef]Stf x'g\ .

5. Osf]l;:6ddf ljR5]bsn] d/]sf j:t'nfO{ ;8fpg], unfpg] u5{ / df6fdf ldnfpF5 . o;nfO{ 

la?jfx¿n] k|of]u u/L vfgf agfpF5g\ .

6. s'g} s'g} ;hLjx¿ zfsfxf/L / df+;xf/L b'j} x'G5g\ h;nfO{ ;j{xf/L elgG5 .

7. xl/of jg:kltx¿ cfkm\gf vfgf cfk}mF tof/ u5{g\, h;nfO{ :jkf]ifL elgG5 eg] cfkm\gf] vfgfsf 

nflu c¿df lge{/ x'g] ;hLjnfO{ k/kf]ifL elgG5 .

8. o;/L ;hLjx¿sf lardf vfgfsf cfbfg k|bfg x'g] k|lj|mofaf6 vfB z[ª\vnf / vfB hfn 

aG5 .

cEof;

-s_ tnsf ax' j}slNks k|Zgx¿sf] ;xL pQ/df l7s -_ lrx\g nufpg'xf];\ M

1. Pscsf{df lge{/ x'g] / ;femf jftfj/0fdf a:g] Ps k|sf/sf k|f0fLx¿nfO{ s] elgG5 .

 -i_ ch}ljs j:t' -ii_ h}ljs j:t' -iii_ ;d'bfo -iv_ k/hLjL

2. lbOPsf dWo] s'g rflxF ljR5]bs xf] .

 -i_ xl/of jg:klt -ii_ ls/f km6\ofª\u|f -iii_ Rofp -iv_ 5]kf/f] 

3. kf]v/Lsf] Osf]l;:6ddf pTkfbs s'g xf] .

 -i_ n]p -ii_ r]kfufF8f -iii_ AofS6]l/of -iv_ df5f

4. ;hLjx¿df kf]if0f pknAw x'g] k|lj|mofdf pTkfbs / pkef]Stflar cfxf/fsf] ¿kdf 

s] aGb5 .

 -i_ vfB hfn -ii_ vfB z[ªvnf -iii_ ;d'bfo -iv_ dflysf ;a}

5. jg:klt tyf hgfj/af6 k|fKt x'g] cfwf/e"t cfjZostfx¿ s] s] x'g\ .

 -i_ vfgf -ii_ cf>o -iii_ sk8f -iv_ dflysf ;a}

6. tnsf dWo] s'g rflxF k/hLjL xf]Og .

 -i_ 6]kjd{ -ii_ nfdv'6\6] -iii_ u8\of}Fnf -iv_ p8';
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-v_ tnsf k|Zgx¿sf] pQ/ n]Vg'xf];\ M

1. Osf]l;:6dsf] 5f]6f] kl/ro lbg'xf];\ . Osf]l;:6ddf x'g] ch}ljs tŒjx¿ s] s] x'g\ . 

logLx¿n] s;/L s;/L Osf]l;:6ddf c;/ kfb{5g\, n]Vg'xf];\ .

2. vfB z[ª\vnf eg]sf] s] xf] . tkfO{Fsf] j/k/sf] hn jf :yn Osf]l;:6ddf ;~rfng 

vfB z[ª\vnfsf] ;lrq aofg ug'{xf];\ .

3. la?jf / hgfj/larsf] cGt/;DaGw JofVof ug'{xf];\ .

4. Osf]l;:6ddf ljR5]bssf] e"ldsfaf/] :ki6 kfg'{xf];\ . pbfx/0f;lxt km/s n]Vg'xf];\ .

5. vfB z[ª\vnf / vfB hfnlar 2 cf]6f km/s n]Vg'xf];\ .

6. kf]v/Lsf] Osf]l;:6dsf] ;kmf lrq agfO{ o;df x'g] pTkfbs, klxnf] pkef]Stf, bf];|f] 

pkef]Stf / ljR5]bs b]vfpg'xf];\ .

7. Pp6f Osf]l;:6ddf x'g] pTkfbs, pkef]Stf, ljR5]bs / jftfj/0flar ;Gt'lnt rj|m 

rln/x]sf] x'G5 . olb oL dWo] s'g} tŒjx¿larsf] ;Gt'ng vNalnPdf Osf]l;:6d 

lau|G5, o; egfOnfO{ sf/0f;lxt k'li6 ug'{xf];\ .

8. rp/sf] Osf]l;:6ddf ;a} ;k{x¿ dfl/lbPdf Osf]l;:6ddf s:tf] c;/ k5{, :ki6 

kfg'{xf];\ .

9. Osf]l;:6d ;]jf eg]sf] s] xf] . 5f]6s/Ldf aofg ug'{xf];\ .

kl/of]hgf sfo{

3/ jf ljBfno glhs} kf]v/L, tfn, vf]nf, gbLsf] e|d0f ug'{xf];\ . ToxfFsf] jftfj/0fdf ePsf 

pTkfbs, klxnf] pkef]Stf, bf];|f] pkef]Stfsf] klxrfg ug'{xf];\ .

zAbfjnL

k/kf]if0f (heterotropism) : ;hLjx¿ cfk"mnfO{ rflxg] vfgfsf nflu cGo ;hLjdf e/ kg]{

d[t k/hLjL (saprophyte) : d/]sf ;hLj tyf ;8] un]sf j:t'af6 vfgf k|fKt ug]{ ;hLj

k|f0fL ;b[z (holozoic) : hLj tyf jg:kltx¿ h];'s}af6 cfk\mgf] vfgf k|fKt ug]{ ;hLjx¿

vfB hfn (food web) : vfB z[ª\vnfx¿sf] hfn

vfB z[ª\vnf (food chain) : pTkfbs / pkef]Stflar vfgfsf cfbfg k|bfg x'g] k|lj|mof



lj1fg, sIff 9 253

PsfO

22

k|s[ltdf ljleGg k|sf/sf 

36gfx¿ lg/Gt/ ¿kdf 3l6/x]sf 

x'G5g\ . o:tf 36gfx¿dWo] s]xLn] 

k|s[ltdf ;Gt'ng sfod u/]sf 

x'G5g\ eg] s]xL 36gfx¿sf] 

dfqf / cfj[lTt a9L x''Fbf k|s[ltdf 

c;Gt'ng k}bf x'G5 . k|fs[lts 

zlStx¿n] ubf{ k|s[ltdf l;h{gf 

x'g] o:tf 36gfx¿ h;n] 

dfgjnufot ;Dk"0f{ ;hLjdf 

g/fd|f] k|efj kfg]{ ;Defjgf /xG5 

eg] ltgLx¿nfO{ k|fs[lts k|sf]k (natural hazard)elgG5 . k|s[ltdf x'g] s'g} 36gfx¿ lg/Gt/ 

x'G5g\ eg] s'g} 36gfx¿ s]xL ;dosf] cGt/fndf x'g] ub{5g\ . af9L, klx/f], xfjfx'/L, cfFwL, ;d'b|L 

cfFwL, e"sDk, r6\ofª, Hjfnfd'vL ljikmf]6g cflb h:tf 36gfx¿ k|fs[lts k|sf]ksf pbfx/0fx¿ 

x'g\ . 

ljleGg b]zx¿df ePsf] w/ftnLo agfj6sf sf/0fn] ubf{ k|sf]ksf] k|s[lt / To;af6 pTkGg x'g] 

c;/ eg] km/s km/s /x]sf] kfOG5 .  g]kfndf klx/f] / af9Lsf] ;d:of b]lvg', hfkfgdf e"sDksf] 

k|sf]k b]lvg', ;d'b|L t6Lo If]qdf ;d'b|L cfFwLsf] k|sf]k b]lvg' cflb k|fs[lts k|sf]ksf pbfx/0fx¿ 

x'g\ .

o; PsfOcGtu{t k|fs[lts / dfgjhGo ljkb\sf] kl/ro, ljkb\ Joj:yfkgsf] JofVof, lxd klx/f], 

lxdtfn ljikmf]6g / ;fd'lb|s cfFwLsf sf/0fx¿, c;/x¿ /  /f]syfdsf pkfox¿af/] cWoog ul/g] 

5 .

k|sf]k (Hazard)

k|fs[lts zlStx¿åf/f k|s[ltdf ljljw 36gfx¿ 36\g] ;Defjgf x'g] ub{5 . ha tL 36gfx¿n] 

r/d ¿k lnG5g\, ta tL 36gfx¿n] dfgjnufot ;Dk"0f{ hLj hutdf 7'nf] c;/ kfg{ ;S5g\ . 

sltko k|fs[lts 36gfx¿ lgs} 8/nfUbf / eofgs x'G5g\ eg] sltko 36gfx¿ dWod vfnsf 

x'G5g\ . pbfx/0fsf nflu e"sDk hfg' tyf Hjfnfd'vL ljikmf]6g x'g] ;DefjgfnfO{ lng ;lsG5 . 

k|fs[lts k|sf]k 
 (Natural Hazard)

tkfO{“nfO{ yfxf 5 <
l;Gw'kfNrf]ssf] dfª\vfsf] 
h'/]df ldlt 2071 ;fn ;fpg 
16 /ftL sl/a ;f9] ltg ah]sf] 
;dodf klx/f] uP/ ;'gsf]zL 
gbL y'“lgbf 8 hgfsf] d[To', 
39 3fOt], 100 a]kTtf, b'O{ 
bh{geGbf a9L 3/ 8'afgdf / 
11 lhNnfdf af9Lsf] vt/f 
;DaGwL ;dfrf/ k|sflzt ePsf] lyof] . -;fpg 17 ut]sf] uf]/vf kqdf 
k|sflzt ;dfrf/df cfwfl/t_ .



254 lj1fg, sIff 9

o:tf 36gfx¿ ljgfzsf/L x'G5g\ / w]/} wghgsf] Iflt ub{5g\ . sltko k|fs[lts 36gfx¿ 36\g'df 

dfgjLo lj|mofsnfkx¿ klg s]xL xb;Dd lhDd]jf/ dflgG5g\ . pbfx/0fsf nflu af9L, klx/f], e"Ifo 

h:tf k|fs[lts 36gfx¿ lgDTofpg dfgjLo lj|mofsnfkx¿ jg ljgfz k|d'v sf/0fsf] ¿kdf /x]sf] 

x'G5 . o:tf k|sf]knfO{ dfgjn] lgoGq0f;d]t ug{ ;Sb}g . k|fs[lts ¿kdf l;h{gf x'g] cfGtl/s zlSt 

cToGt} zlStzfnL x'G5 . o:tf zlStaf6 7'nf 7'nf kl/jt{gx¿ x'g] ub{5g\ . k|sf]knfO{ d'Votof 

k|fs[[lts / dfgj lgld{t u/L b'O{ k|sf/df ljefhg ug{ ;lsG5 .

k|fs[[lts k|sf]k (Natural hazards)

k|s[ltdf :jtM 36\g ;Sg] 36gfx¿nfO{ k|fs[lts k|sf]k elgG5 . o:tf 36gfx¿df af9L, klx/f], 

xfjfx'/L, cfFwL, ;d'b|L cfFwL, e"sDk, Hjfnfd'vL ljikmf]6g cflb kb{5g\ .

dfgj lgld{t k|sf]k (Man made hazards)

dfgjLo sf/0fn] ubf{ pTkGg x'g ;Sg] ljgfzsf/L 36gfx¿ dfgj lgld{t k|sf]k xg\ . o:tf 

36gfx¿df dxfdf/L, oftfoft b'3{6gf, d?e"dLs/0f, /f;folgs e6\6Laf6 pTkGg b'3{6gf cflb 

kb{5g\ . 

k|fs[lts k|sf]knfO{ ;d:ofsf] ¿kdf dfq lnP/ 5'6sf/f kfpg ;lsFb}g . k|fs[lts jf dfgjLo h'g 

sf/0fn] k|sf]k cfpg ;Sg] eP klg ;xL tl/sfn] k|sf]kx¿ Joj:yfkg ug{'kb{5 .

k|fs[lts k|sf]ksf] Joj:yfkg (Management of natural hazards)

;fdfGotof k|fs[lts k|sf]knfO{ /f]Sg ;lsFb}g . t/ o;nfO{ Joj:yfkg u/L x'g ;Sg] ;Defljt 

IfltnfO{ Go"gLs/0f ug{ eg] ;lsG5 . k|fs[lts k|sf]k Joj:yfkg ug{ lgDg sfo{x¿n] ;xof]u u5{g\ M

-s_ hg r]tgf clej[l4 u/L ;hutfsf ;fy k"j{ tof/L ug]{ 

-v_ k|sf]k kLl8tx¿nfO{ l56f]eGbf l56f] p4f/sf] Joj:yf ldnfpg]

-u_ k|sf]k kLl8tx¿nfO{ ef}lts Pjd\ cfly{s ;xof]u ldnfpg] 

-3_ k|sf]k kLl8tx¿nfO{ ;xof]u ug]{ p2]Zon] vf]lnPsf ljleGg ;+:yfx¿nfO{ kl/rfng ug]{ 

dfgj lgld{t k|sf]ksf] Joj:yfkg (Management of man made hazards)

-s_ ;jf/L rfns cg'dlt kq lngsf nflu pd]/ Pjd\ of]Uotfsf] dfkb08 tf]Sg] 

-v_ cf0fljs e6\6Lnufot cGo /;fogx¿sf] k|of]udf sdL Nofpg] jf ;hutf ckgfpg] 

-u_ ;/;kmfOdf Wofg lbg] Pjd\ hg r]tgfd'vL sfo{j|md ;~rfng ug]{ 
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-3_ df6fsf] pAhgL IfdtfnfO{ ;Gt'lnt cj:yfdf /fVg] 

-ª_ jg hª\unsf] ;+/If0f / j[If/f]k0f ;DaGwL sfo{ ug]{ 

-r_ dfgj dfgjlarsf] c:j:ys/ k|lt:kwf{nfO{ sd ug]{ 

-5_ :yfgLo :t/df /]l8of] jf 6]lnlehgaf6 ;r]tgfd"ns sfo{j|md k|;f/0f ug]{ 

-h_ e"–pkof]u of]hgf lgdf{0f u/L sfof{Gjog ug]{ 

-em_ 3/x¿ agfpFbf cly{ª u/]/ agfpg] 

k|fs[lts tyf dfgjLo ultljlwaf6 x'g] k|sf]ksf 36gfx¿ 36\g uPdf To;n] ljkb\ lgDTofpg ;S5 . 

ljkb\ cfOk/]df o;sf] plrt Joj:yfkg ug'{k5{ . o;sf lglDt ljkb\ Joj:yfkg rj|m (disaster 
management cycle) nfO{ cjnDag ug{'kb{5, h'g o; k|sf/ 5g\ M

1. ljkb\cl3 ug]{{ sfo{x¿ 

-s_ ljkb\k"j{sf] tof/L o; k|sf/ ug{ ;lsG5 M

ljkb\sf] n]vfhf]vf / k|If]k0f ug]{, k"j{ tof/L of]hgf tof/ kfg]{, /fxt ;fdu|Lsf] e08f/0f tyf 

Joj:yfkg ug]{ / ;"rgf k|0ffnLsf] Joj:yfkg ug]{ ug'{k5{ .

-v_ hf]lvd Go"gLs/0fsf nflu ljkb\cl3 lgDg lnlvt pkfox¿ ug{ ;lsG5 M

u}/ ;+/rgfTds Iflt Go"gLs/0fsf pkfox¿ cjnDag ug]{, h}ljs ljlwsf] cjnDag ug]{, 

s'n];f lgdf{0f ug]{, Uofljg kvf{n cflbsf dfWodaf6 gbL gfnfsf] s6fg / klx/f] /f]syfd 

ug]{ / dfgjLo j:tL ;+/If0f ug]{ ug'{k5{ .

2. ljkb\sf a]nf ul/g] sfo{ 

ljkb\sf a]nfdf ;fjwfgL ckgfpg] / ;ann] lga{nnfO{ ;'/Iff / ;xof]u ug]{ ug'{k5{ .

3. ljkb\kl5 ul/g] sfo{x¿ 

-s_ p4f/sf nflu 

p4f/sf nflu sfo{x¿ tTsfn ug]{, 3fOt]x¿sf] pkrf/, tflnd k|fKt hgzlSt 

kl/rfng ug]{ / k|fylds pkrf/ ug]{ ug'{k5{ .

-v_ /fxtsf nflu 

;'Vvf / Koflsª ul/Psf vfhf tyf cGo vfg]s'/f ljt/0f ug]{, :jR5 vfg]kfgL 

pknAw u/fpg], cf}ifwLsf] Joj:yf ldnfpg], nQf sk8f / efF8fs'F8fsf] Joj:yf / 

cfjf;sf] Joj:yf ldnfpg] ug'{k5{ .
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-u_  Iflt tyf cfjZostf klxrfgsf nflu 

Iflt ljZn]if0f / cfjZostf klxrfgsf] sfo{j|md ;~rfng ug]{, k|fyldstf 

lgwf{/0f ug]{, Jojl:yt c:yfoL a;f]af;sf] Joj:yf ldnfpg] vfgf, cfjf; / :jR5 

kfgLsf] ;|f]t klxrfg / k|of]u ug]{, :jf:Yo pkrf/ lzIff / nQf sk8fsf] Joj:yf 

ug]{ h:tf sfo{x¿ ug'{k5{ . cfod"ns sfo{j|md ;~rfng ug]{, k'gM:yfkgf ug]{, Jojl:yt 

a;f]af;sf nflu cfjZos ;a} k"jf{wf/x¿sf] tof/L ug]{, l:ylt x]/L Ifltsf] cj:yf / 

eljiodf kg{ ;Sg] k|sf]ksf] cfwf/df k'/fg} :yfg jf cGo pko'St 7fpFdf gofF a:tL 

a;fpg] h:tf sfo{x¿ klg ug'{k5{ . cfjf;, vfg]kfgL, 9n, ljBfno, :jf:Yorf}sL, 

af6f]3f6f], k'n k'n];f, cGo ;]jfx¿ tyf ;fdflhs ;'/Iff / cGo ljsf; ugf{n] ljkb\ 

Joj:yfkg ug{ ;lsG5 .

lxd klx/f] (Avalanche)    

lxd If]qx¿df cTolws dfqfdf lxpF hd]/ /x]sf] 

x'G5 . prfO tyf cIff+zcg';f/ hd]sf] lxpFsf] 

df]6fO km/s km/s x'G5 . g]kfnsf] lxdfno If]qdf 

klg cTolws dfqfdf lxpF hd]/ /x]sf] 5 . hnjfo' 

kl/jt{gsf] sf/0f lxpF y'lk|P/ /x]sf If]qx¿df ha 

tfkj|md j[l4sf] sf/0faf6 lxpF klUng yfNb5, ta 

lxd tfnx¿sf] lgdf{0f x'g] ub{5 . g]kfndf klg y'k|} 

lxdtfnx¿ /x]sf 5g\ . tLdWo] s]xL lxdtfnx¿ 

ljikmf]6 eO;s]sf 5g\ eg] s]xL ljikmf]6sf] vt/fdf 

/x]sf 5g\ . o;af6 g]kfnsf gbLx¿df af9L hfg] / 7'nf] dfqfdf hgwgsf] Iflt x'g] vt/f /x]sf] 

5 . g]kfnsf s]xL gbLx¿ c?0f, lqz"nL, b'wsf]zL cflb ltAataf6 pTklQ eO{ g]kfnlt/ au]sf 5g\ . 

oL gbLx¿df ljleGg ;dodf af9L cfO{ g]kfndf hgwgsf] Iflt;d]t k'u]sf] Ps cWoogn] b]vfPsf] 

5 . To; sf/0f g]kfnnufot ltAatdf /x]sf lxdtfnx¿af6 ;d]t g]kfnsf gbLx¿df af9L cfpg] 

vt/f /x]sf] 5 . w]/} ;do klxn]b]lv g} g]kfn tyf ltAatdf /x]sf ljleGg lxdtfnx¿ ljikmf]6 e} 

g]kfnsf ljleGg gbLx¿df af9L cfpg] u/]sf] s'/f k|i6} 5 .

lxd klx/f]sf sf/0fx¿ (Causes of Avalanche)

-s_ hnjfo'df cfPsf] kl/jt{g

-v_ ef}ule{s zlSt

-u_ ljZj tfkdfgdf j[l4 

-3_ lxdtfn ljikmf]6g 

lrq g+= 22.1 lxd klx/f]

tkfO{FnfO{ yfxf 5 <
xl/t u[xx¿ ;fgfb]lv cf}Bf]lus cfsf/;Ddsf 
x'G5g\ . ;fgf xl/t u[xnfO{ sf]N8 k|m]d (cold frame) 
elgG5 .
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-ª_ e"sDkLo wSsf

-r_ dfgjLo cltj|md0f

lxd klx/f]sf c;/x¿ (Effects of avalanche)

-s_ gbLx¿df af9L cfpF5 .

-v_ lxdklx/f] cfPsf] gbL j/k/ hgwgsf] Iflt x'G5 .

-u_ ljsf; lgdf{0fsf ;+/rgfx¿sf] ljgfz x'G5 .

-3_ s[lif If]q Pjd\ afnLgfnLx¿sf] ljgfz x'G5 .

-ª_ hLj hgfj/x¿sf] ljgfz x'g hfG5 .

lxd klx/f]af6 aRg] pkfox¿ (Some protective measures of avalanche)

-s_ lxdfnL If]qsf lxdtfnx¿ s] slt / s] s:tf] cj:yfdf 5g\ eGg] s'/fsf] cWoog, cg';Gwfg 

/ ljZn]if0f ug]{ 

-v_ jfo' d08nnfO{ k|b"lift agfpg] vfnsf ultljlw gug]{ / ug{ glbg] 

-u_ lxdtfn ljikmf]6g x'gaf6 hf]ufpg] pkfox¿ cjnDag ug]{ 

-3_ lxd klx/f]af6 aRg] pkfox¿ cjnDag ug]{ 

-ª_ lxd klx/f]sf] vt/f ePsf If]qdf k"j{ ;fjwfgL ckgfpg] 

-r_ ;Defljt vt/fo'St If]qx¿ klxrfg u/L To;sf] tnlt/ a:tLx¿ ga;fpg] 

-5_ ;Defljt 36gf k"jf{g'dfg k4ltsf] ljsf; u/L ;+j]bgzLn If]qdf ;fO/gsf] Joj:yf ug]{ 

-h_  /fxt tyf p4f/sf nflu cfjZos k"j{ tof/L ug]{ / k|efjsf/L of]hgf agfpg] 

lxdtfn ljikmf]6g (Glacier lake outburst)

lxdfnL If]qdf /x]sf tfnx¿nfO{ lxdtfn elgG5 . lxdtfnx¿sf] lgdf{0f lxdfnL If]qx¿df k|fs[lts 

¿kn] ePsf x'G5g\ . vf;u/L lxdfnL If]qdf /x]sf ;fgf 

7'nf pkTosfx¿df lxpF hd]/ lxdtfnsf] lgdf{0f ePsf] 

x'G5 . oL lxdtfnx¿ s'g} hd]sf] cj:yfdf x'G5g\ 

eg] s'g} t/n cj:yfdf x'G5g\ . hnjfo'df e}/x]sf] 

kl/jt{gsf sf/0fn] oL lxdtfnx¿sf] lbg k|ltlbg 

If]qkmn tyf kfgLsf] ;txdf j[l4 xF''b} uPsf] 5 . ;'?df 

yf]/} If]qkmndf km}lnP/ /x]sf lxdtfnx¿ lj:tf/} a9\b} 
lrq g+= 22.2  lxdtfn ljikmf]6g



258 lj1fg, sIff 9

hfg'n] lxpF klUng] j|md a9\b} uPsf] s'/f k'li6 ub{5 . 

ljZjdf a9\b} uO/x]sf] tfkj|mdsf] j[l4n] ubf{ b]lvPsf] 

jftfj/0fLo ;d:of jf k|sf]k lxdtfnx¿ ljikmf]6 / 

o;af6 l;h{gf x'g] af9Lsf] k|sf]k klg xf] . o;n] ubf{ 

ljZjdf /x]sf lxd If]qx¿ lbg k|ltlbg kUnFb} uPsf 

5g\ . 

vf;u/L lxdfnL If]qx¿n] 9fs]/ /x]sf b]zx¿df emg\ 

o;sf] ;d:of a9\b} uPsf] b]lvG5 . lsgeg] o:tf 

b]zx¿df lxdfnL If]qsf lxpFx¿ klUnb} uPsf 5g\ / o;af6 lxdtfnx¿sf] If]qkmn a9\g] tyf 

tfndf kfgLsf] ;tx a9\g] j|md a9\b} uPsf] b]lvG5 . tfnx¿df kfgLsf] ;tx a9\gfn] / j|mlds ¿kdf 

tfnx¿sf] If]qkmndf lj:tf/ x'gfn] lxdtfnx¿ ljikmf]6sf] ;Defjgf a9]sf] 5 . tfnsf] If]qkmn a9\b} 

hfFbf jl/kl/sf lxpF klUnb} hfg] / ljikmf]6 x'g] ;Defjgf a9\b} 5 . lxdtfnx¿ ljikmf]6 x'Fbf gbLx¿df 

cTolws dfqfdf kfgL a9\g uO{ tLj| ultdf k|jfx x'G5 / o;n] gbL cf;kf;sf If]qx¿df 7'nf] ljgfz 

lgDTofpF5 . cyf{t\ gbLx¿df af9L cfO{ hgwgsf] Iflt ub{5 . o;/L lxdtfnx¿ ljikmf]6 e} hgwgsf] 

Iflt x'g] k|lj|mofnfO{ g} lxdtfn ljikmf]6åf/f l;lh{t af9Lsf] k|sf]k elgG5 . 

lxdtfnx¿ Ps k|sf/sf k|fs[lts kf]v/L jf tfnx¿ h:t} x'g\, h;nfO{ lxpF tyf lxpFåf/f IfoLs[t 

kbfy{x¿n] 5]s]/ /fv]sf x'G5g\ . o:tf tfnx¿ ljikmf]6 x'Fbf ljleGg tTTjx¿ h:t} lxd klx/f]sf] 

l;h{gf x'g', afFwsf] ¿kdf sfd u/]sf] lxdf]8x¿ elTsg', e"sDkåf/f hldg ys{g' tyf crfgs 7'nf] 

jiff{ eO{ lxdtfndf kfgLsf] dfqfdf j[l4 x'g' cflb k|d'v tTTjx¿ lhDd]jf/ /x]sf x'G5g\ .

lxdtfn ljikmf]6 / c;/ (Glacier lake outburst and its impact)

-s_ gbLx¿df af9L cfpg' 

-v_ hgwgsf] Iflt x'g' 

-u_ ljsf; lgdf{0fsf ;+/rgfx¿sf] ljgfz x'g' 

-3_ s[lif If]q Pjd\ afnLgfnLx¿sf] ljgfz x'g' 

;fd'lb|s cf“wL (Cyclone)

xfdLn] 5nkmn ul/;s]sf lxd klx/f] / lxdtfn ljikmf]6g h:t} ;fd'lb|s cfFwL klg Ps k|fs[lts 

k|sf]k xf] . o; k|sf/sf] cfFwL e"kl/j]li6t /fi6«x¿df geO{ ;d'b|L t6Lo If]qdf x'g] ub{5 . 

To;}n] tL If]qx¿df o;n] 7'nf] hgwgsf] k'¥ofpF5 . ;d'b|df ;fgf / 7'nf ;fd'lb|s cfFwLx¿ 

cfpg ub{5g\ . ;d'b|df p7\g] ;fgf cfFwLx¿nfO{ 6«lksn :6f]d{ (tropical storm) elgG5 . 

t/ of] w]/} 7'nf] cfFwL xf], h;nfO{ ljleGg 7fpFdf ljleGg gfdx¿ h:t} ;fOSnf]g (cyclone), 

tkfO{“nfO{ yfxf 5 <
;g\ 1968 df lxdtfn ljikmf]6gsf sf/0f a'9L 
u08sL gbLdf 7'nf] af9L cfPsf] lyof] . To;}u/L 
;g\ 1985 df ;u/dfyf If]qsf] lbUrf] lxdtfn 
ljikmf]6 x“'bf cfPsf] af9Ln] gfDr] ahf/ glhs 
yfg] ufp“df cjl:yt hn ljB't u[x Wj:t ePsf] 
lyof] .



lj1fg, sIff 9 259

lrq g+= 22.3 ;fd'lb|s cf“wL

6fOkmg (typhoon), xl/s]g (hurricane) gfdn] lrlgG5 . df};dljb\x¿n] ;fd'lb|s cfFwLnfO{ 

dflg;sf] h:t} gfd lbg] ePsfn]] k|To]s cfFwL cfk\mg} gfdaf6 lrlgg] ub{5 . h:t} ;g\ 1970 df 
aª\unfb]zdf cfPsf] ef]nf cfFwL, ;g\ 1998 df Sof/]laog ;fu/sf b]zx¿ xf]G8'/;, lgsf/fu'jf / 

cGo b]zx¿df cfPsf] ldr cfFwL, ;g\ 2005 df ;+o'St /fHo cd]l/sfdf cfPsf] sl6«gf cfFwL, ;g\ 

2008 df Dofgdf/df cfPsf] gflu{; cfFwL, 2013 df cfPsf] xfog cfFwL cflb .

;fd'lb|s cfFwL eg]sf] ;fu/ jf dxf ;fu/ h:tf] 

7'nf] hnfzodf p7\g] clt tLj| ult ePsf]] e"d/L 

k/]sf] clt zlStzfnL cfFwL xf] . ;fd'lb|s cfFwLn] 

agfpg] e"d/Lsf] s]Gb|Lo efunfO{ cfFvf elgG5 .  

;fd'lb|s cfFwLsf] rfn pQ/L uf]nfw{df 38Lsf] 

;'O{sf] ljk/Lt lbzfdf / blIf0fL uf]nfw{df 38Lsf] 

;'O{sf] lbzfdf x'G5 . ha lr;f] xfjf / tftf] 

xfjf ;fd'lb|s cfFwL;Fu Ps cfk;df ;Dks{df cfpF5g\, To;kl5 d';nwf/] kfgL k5{ . ;fd'lb|s cfFwL] 

j[Ttfsf/sf] x'G5 / j/k/ aflx/L efueGbf cfFwLsf] dWo efudf jfo' d08nLo rfk w/} sd x'G5 . 

;fd'lb|s cf“wLsf sf/0fx¿ (Causes of cyclone)

ha ;d'b|sf] kfgLsf] tfkj|md ;txb]lv sDtLdf 50 ld6/ ulx/fO;Dd 26.5° ;]lG6u|8 jf 

;f]eGbf a9L x'G5, ta ;fd'lb|s cfFwL aGg] k|lj|mof ;'? x'G5 . cfFwL aGg] k|lj|mof e"dWo /]vfaf6 

5° b]lv 25° pQ/ / blIf0f b'j} cIff+z If]qleq x'G5 . hxfF jfo'sf] rfk sd ePsf] 7fpFdf 

rf/}lt/af6 xfjf cfP/ s]lGb|t x'g yfn]kl5 kfgLsf] jfkm / tftf] xfjf dflylt/ hfg yfNb5 / ;;fgf 

e"d/L ePsf] cfFwLsf] ¿k lnG5, h;nfO{ 6«f]lksn l8:6a]{G; (tropical disturbance) elgG5 . 

oxL k|lj|mofn] lg/Gt/tf  lnFb} cfFwLsf] s]Gb|df /x]sf] e"d/Ldf hfg xfjfsf] dfqfsf] ;fy} o;sf] 

ult a9\b} hfG5 . jl/kl/ jfo'sf] rfk 36\b} hfFbf cfFwL emg\ zlStzfnL e"d/L eO{ 7'nf] ¿k lng 

hfG5 . cfFwLleq e"d/Ldf xfjfsf] ult sl/a 119 ls=ld k|lt 306feGbf a9L ePkl5 ;fd'lb|s 

cfFwLsf] ¿kdf kl/0ft x'G5 . cfFwL cfpFbf kfgLsf] afkm dflylt/ hfG5 / lrl;G5 . o;f] x''Fbf 

Nof6]G6 lx6 (latent heat) aflx/ lg:s5, h'g rflxF h'g;'s} ;fd'lb|s cfFwLsf] nflu rflxg] d'Vo 

phf{sf] ;|f]tsf] ¿kdf sfo{ ub{5 . cfFwL cfpFbf o;sf] aflx/L efusf] tfkj|md s]Gb|Lo efusf] 

tfkj|mdeGbf sd x'G5 . s]Gb|Lo efuaf6 tftf] xfjf tnlt/ emg]{ / kfgLsf] afkm dflylt/ 

uO{ lr;f] x'g] xF''bf cfFwLleq Ps ;+jfxg k|lj|mof ;'? x'g hfG5, h;n] cfFwLnfO{ :jtM ¿kdf 

rnfodfg agfpF5 .

;fd'lb|s cfFwL cfpFbf ;d'b|sf] kfgLsf] ;tx a9\b} hfg] k|lj|mofnfO{ :6f]d{ ;h{ (storm surge) 
elgG5, h;n] ;d'b|sf] lsgf/f 8'afgdf kfb{5 . tfkj|mdsf] nuftf/ j[l4n] ubf{ ;+;f/el/ ;fd'lb|s 

cfFwLsf] ;ª\Vofdf j[l4 x'g'sf] ;fy} zlStzfnL cfFwL cfpg] j|md klg hf/L 5 .
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;fd'lb|s cf“wLsf c;/x¿ (Effects of cyclone)

;fd'lb|s cfFwL cfpFbf clt j]udf xfjf rNg] ub{5 . xfjfn] a:tLx¿ laufg]{ eTsfpg] x''Fbf w]/} dflg;sf] 

Hofg hfg] ub{5 . :6f]d{ ;h{ (storm surge) hfFbf ;d'b|sf] lsgf/fdf /x]sf dfgj a:tLnfO{ 8'afgdf 

kfg'{sf ;fy} dflg;x¿sf] Hofg;d]t lnG5 . ;d'b|sf] 5]pdf o:tf cfFwLn] hldg 8'afpg],  hldg sf6\g]  

tyf ljleGg kbfy{x¿ df6f], afn'jf cflb y'kfg]{ sfo{ klg ub{5 . o;n] nufPsf] afnLgfnLnfO{ gf]S;fg 

ug'{sf] ;fy} v]tLof]Uo hldgsf] pj{/tf 36fpF5 . ;d'b|sf] lsgf/sf] e":j¿kdf ;d]t kl/jt{g NofO{ 

s''¿k agfpF5 . o;nfO{ a''Fbfut ¿kdf lgDgfg';f/ pNn]v ug{ ;lsG5 M 

-s_ ;d'b|L t6Lo a;fOF / kfgL hxfhnfO{ c;/ ug'{ 

-v_ ;d'b|L t6Lo If]qdf af9L lgDTofpg' -u_ pj{/o'St hldgnfO{ c;/ ug'{ 

-3_ dflg;nufot cGo ;DklTt gi6 ug'{  -ª_ ?vnfO{ pv]n]/ k\mofFlslbg' 

;fd'lb|s cf“wLaf6 aRg] pkfox¿ (Some protective measures of cyclone)

-s_ ;fd'lb|s cfFwL cfpg ;Sg] 7fpFdf ejgx¿ cfFwLaf6 ;'/lIft x'g] lsl;daf6 agfpg'kb{5 .

-v_ cfFwL cfPsf] a]nfdf ;'/lIft /xgsf nflu 7fpF 7fpFdf 

;fj{hlgs cfkt\sfnLg cf>o 3/ agfpg'kb{5 . kfgL 

hxfhdf hlt ;Sof] l56f] ;"rgf lbg] k|ljlwsf] ljsf; 

ug'{kb{5 .

-u_ hg r]tgf clej[l4 ug'{sf ;fy} k|fylds pkrf/ tyf 

p4f/sf ;fdu|Lx¿sf] aGbf]j:t tyf :jf:YosdL{x¿, :jod\;]jLx¿ cflbsf] k"j{ Joj:yf 

ldnfpg'kb{5 .

-3_ s'g} k|sf]k x'gf;fy p4f/sf] nflu tof/ /xg] Joj:yf ldnfpg'kb{5 .

;lDemg'kg]{ s'/fx¿

1. 7'nf] wghg tyf k|fs[lts agfj6nfO{ c;/ k'¥ofpg ;Sg] ;Defjgf ePsf] cfsl:ds 36\g] 

k|fs[lts 36gfx¿nfO{ k|fs[lts k|sf]k elgG5 . 

2. k|fs[lts k|sf]knfO{ ljleGg 7fpFx¿df ljleGg gfd h:t}M k|fs[lts cfkb, kof{j/0fLo ljgfz, 

r/d 36gf cflbn] lrlgG5 .

3. Ps k|sf/sf k|fs[lts kf]v/L jf tfnx¿, h;nfO{ lxpF tyf lxpFåf/f IfoLs[t kbfy{x¿n] 5]s]/ 

/fv]sf x'G5g\, ltgLx¿nfO{ lxdtfn elgG5 .

tkfO{FnfO{ yfxf 5 <
g]kfndf ;fgf 7'nf u/L sl/a 
3252 lxdgbLx¿ / sl/a 2323 
lxdtfnx¿ /x]sf 5g\ .



lj1fg, sIff 9 261

4. lxdtfnx¿ ljikmf]6 e} hgwgsf] Iflt x'g] k|lj|mofnfO{ g} lxdtfn ljikmf]6åf/f l;lh{t af9Lsf] 

k|sf]k elgG5 .

5. lxdgbL, lxdtfnx¿ / ;fd'lb|s cfFwLsf sf/0fn] jftfj/0fdf g/fd|f] c;/ kb{5 . 

6. pQ/L lxdfnL e]udf /x]sf] lxpF klUnP/ lxdgbLx¿ / lxdtfnx¿ aGg] ub{5g\ .

7. ;fu/ jf dxf;fu/ h:tf] 7'nf] hnfzodf p7\g] tLj| ult ePsf]] e"d/L k/]sf] clt 

zlStzfnL cfFwLnfO{ ;fd'lb|s cfFwL elgG5 .

cEof;

-s_ tnsf ax'j}slNks k|Zgx¿sf] ;xL pQ/df l7s -_ lrx\g nufpg'xf];\ M

1. k|s[ltdf ljljw 36gfx¿ s] sf/0fn] 36\g] ub{5g\ <

 (i) ef}ule{s zlStx¿ (ii) /f;folgs zlStx¿

 (iii) ef}uf]lns zlStx¿ (iv) ef}lts zlStx¿

2. dfgjLo lj|mofsnfkx¿åf/f l;lh{t k|fs[lts k|sf]ksf] t'ngfdf k|fs[lts zlStx¿åf/f 

l;lh{t k|sf]kx¿ s x'G5g\ <

 (i) sd ljgfzsf/L  (ii) a9L ljgfzsf/L 

 (iii) nfebfos  (iv) ;xof]uL 

3. k|fs[lts k|sf]kx¿sf] k|efj dfgjnufot cGo s]df kg]{ ub{5 <

 (i) df6fdf  (ii) 9'ª\ufdf

 (iii) s'g} hLjdf  (iv) ;a} hLjdf

4. g]kfndf ;fgf 7'nf u/L sl/a slt lxdgbLx¿ 5g\ <

 (i) 2323 (ii) 3252 (iii) 3423 (iv) 2523 

5. g]kfndf ;fgf 7'nf u/L sl/a slt lxdtfnx¿ 5g\ <

 (i) 2323 (ii) 3252 (iii) 3423 (iv) 2523

-v_ tnsf k|Zgx¿sf] pQ/ lbg'xf];\ M

1. k|fs[lts k|sf]k s]nfO{ elgG5, n]Vg'xf];\ .

2. k|fs[lts k|sf]ksf pbfx/0fx¿ lbg'xf];\ .

3. s] k|fs[lts k|sf]k dfgjLo sf/0fn] klg x'g] ub{5 <
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4. lxd klx/f] s]nfO{ elgG5, n]Vg'xf];\ .

5. g]kfnsf s'g s'g 7fpFdf lxd klx/f] uPsf 5g\, ;"rL agfpg'xf];\ .

6. lxdtfn ljikmf]6g s]nfO{ elgG5, n]Vg'xf];\ .

7. lxd klx/f]  / lxdtfn ljikmf]6glar ;DaGw b]vfpg'xf];\ .

8. lxdtfn ljikmf]6g x'g'sf sf/0fx¿ a''Fbfut ¿kdf n]Vg'xf];\ .

9. ;fd'lb|s cfFwLsf sf/0fx¿nfO{ JofVof ug{'xf];\ .

10. lxd klx/f] lgoGq0f ug{ cjnDag ug{ ;lsg] pkfox¿ klxNofpg'xf];\ .

11. ;fd'lb|s cfFwLsf c;/ / Go"gLs/0fsf pkfox¿ n]Vg'xf];\ .

12. lxdtfn ljikmf]6g lgoGq0f ug{ s] s] ug{ pkfox¿ 5g\, n]Vg'xf];\ .

kl/of]hgf sfo{

tkfO{Fsf] cfkm\gf] If]qdf 36]sf] s'g} Ps ljkb\hGo 36gfsf] af/]df vf]hlag u/L pSt 36gfsf] sf/0f, 

To;af6 ePsf] Ifltsf] ljj/0f / ljkb\ Joj:yfkgsf nflu ul/Psf sfo{x¿ ;d]6]/ Pp6f k|ltj]bg 

tof/ kfg'{xf];\ .

zAbfjnL

k|fs[lts k|sf]k M 7'nf] wghg tyf k|fs[lts agfj6nfO{ c;/ k'¥ofpg ;Sg] ;Defjgf 

ePsf] cfsl:ds 36\g] k|fs[lts 36gfx¿

lxdgbL M  lxdfnaf6 axg] gbLx¿

lxd klx/f]  M le/fnf] ;txdf lxdlk08 v:g'

Hjfnfd'vL ljikmf]6g M k[YjLsf] leqL efudf /x]sf] DofUdf nfefsf] ¿kdf aflx/ cfpg'

;fd'lb|s cf“wL M ;fu/ jf dxf ;fu/ h:tf] 7'nf] hnfzodf p7\g] clt tLj| ult ePsf]] 

e"d/L 
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PsfO

23

tkfO{F{x¿n] v'nf cfsfz ePsf a]nfdf eGbf afbn nfu]sf] a]nfdf tftf] dx;'; ug'{ePsf] 5 xf]nf < 

s[lqd xl/t u[xx¿af/] ;dfrf/ ;'Gg'ePsf] 5 xf]nf < xfd|f] b}lgs hLjgdf xl/t u[xsf] dxŒj s] 

5 < of] gePdf s] x'G5 < ePdf o;sf kmfObfx¿ s] s] x'G5g\ < cflbaf/] Psl5g ljrf/ u/f}F t .

o; PsfOcGtu{t k|fs[lts jftfj/0fdf xl/t u[xsf]] kl/ro Pjd\ o;sf c;/x¿, s[lqd xl/t u[xsf] 

dxTTj Pjd\ pkof]lutf / hnjfo' kl/jt{gsf] ljifodf cWoog ul/g] 5 . 

xl/t u[x k|efj (Green house effect)

tLj| hg;ª\Vof j[l4;Fu} tLj| ultdf eO/x]sf] 

cf}Bf]lusLs/0fn] k[YjLdf klg jfo' k|b"if0f u/fPsf] 

5 . o;sf] ;fy} hnjfo' kl/jt{gsf] sf/0fn] 

k[YjLsf] tfkj|mdnfO{ a9fpg] sfd u/]sf] 5 . To;}n] 

k[YjLnfO{ klg xl/t u[x;Fu t'ngf ug{ ;lsG5 . 

;"o{af6 k|fKt ljls/0fdWo] s]xL k[YjLsf] ;tx / s]xL 

jfo'd08naf6 k/fjt{g eO{ kms{G5g\ . jfo'd08ndf 

ljBdfg xl/t u[x UofF;x¿ -sfa{g 8fOcS;fO8, 

s\nf]/f]km\nf]/f] sfa{g, ldy]g, gfO6«; cS;fO8, 

cf]hf]g_ n] k/fjt{g ePsf ;f}o{ ljls/0fnfO{ 

km]l/ jfo'd08n jf k[YjLsf] ;txdf lkmtf{ ub{5g\ . 

jfo'd08ndf xl/t u[x UofF;x¿sf] dfqf a9]df 

;f}o{ ljls/0fn] tfk ;f];]/ lng yfNb5g\ . o;n] 

ubf{ k[YjLsf] ;txaf6 k/fjt{g ePsf] ;f}o{ ljls/0f 

xl/t u[x UofF;sf c0f'x¿n] ;f];]/ cfk}mFdf ;l~rt 

ug{ yfNb5g\ .  oL UofF;x¿n] k[YjLaf6 tfk k/fjt{g eO{ dflylt/ hfg cj/f]w v8f ub{5g\ . 

kmn:j¿k s[lqd xl/t u[xdf h:t} a9L tfk ;~ro x'g yfNb5 / k[YjLsf] jfo'd08nsf] tfkj|mddf 

j[l4 x'G5 . o;/L jfo'd08ndf ljBdfg xl/t u[x UofF;x¿sf] sf/0fn] ubf{ jfo'd08nsf] tfkj|mddf 

j[l4 x'g] k|lj|mofnfO{ xl/t u[x k|efj elgG5 .

k|fs[lts xl/t u[x k|efj x'g clt cfjZos 5 . olb of] ePg eg] k[YjLsf] tfkj|md 36]/ uO{ 

xl/t u[x
(Green House)

lrq g+= 23.1  k|fs[lts xl/t u[xsf] gd'gf

tkfO{FnfO{ yfxf 5 <
xl/t u[xx¿ ;fgfb]lv cf}Bf]lus cfsf/;Ddsf 
x'G5g\ . ;fgf xl/t u[xnfO{ sf]N8 k|m]d (cold 
frame) elgG5 .
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;hLjx¿ ;ª\s6df kg]{ ;Defjgf x'G5, h;n] ubf{ k[YjLdf dflg;sf] cl:tTj d]l6g ;S5 . t/ 

xl/t u[x k|efj a9L ePdf To;af6 jftfj/0fdf y'k|} gsf/fTds c;/x¿ kg{ hfG5g\ . o;n] cGttM 

hnjfo' kl/jt{g;d]t u/fpF5 . 

xl/t u[x k|efjsf sf/0f l;h{gf x'g] c;/x¿

-s_ jfo'd08nLo tfkj|mddf j[l4 u/fpF5 .

-v_ hnrj|mdf kl/jt{g NofpF5 .

-u_ dfgj :jf:Yodf g/fd|/L c;/ kfb{5 .

-3_ s[lif pTkfbg tyf pTkfbsTjdf sdL NofpF5 .

-ª_ lxdgbL jf lxd >[ª\vnfx¿ kUng] ub{5 .

-r_ ;d'b|L ;tx a9\g uO{ lsgf/fsf a:tLx¿df 8'afgsf] ;d:of NofpF5 .

-5_ h}ljs ljljwtfdf x|f; NofpF5 .

-h_ d?e"dLs/0f u/fpF5 .

-em_ kfl/l:ylts k|0ffnLdf c;Gt'ng k}bf ub{5 .

s[lqd xl/t u[x (Artificial green house)
s[lqd xl/t u[x sfFr jf k|sfz l5g]{ kf/bzL{ Knfl:6saf6 

agfOPsf] x'G5 . o;nfO{ tftf] 3/ klg elgG5 . jf:tjdf 

oL u[xx¿ sfFr / kf/bzL{ Knfl:6s u/L b'O{ k|sf/sf 

x'G5g\ . t;y{ sfFr jf k|sfz l5g]{ kf/bzL{ Knfl:6saf6 

agfOPsf la?jfx¿ /fVg] 3/nfO{ xl/t u[x (green 
house) elgG5 . 
;f}o{af6 pT;lh{t n3' t/ª\u nDafO ePsf ljls/0fx¿ 

xl/t u[xdf /flvPsf l;;fx¿af6 leq l5b{5g\ / 3/leq 

l5l/;s]kl5 ltgLx¿sf] s]xL pmhf{ xl/t u[xn] ;f];]/ lng] 

ub{5 . o;n] ubf{ tL ljls/0fx¿ bL3{ t/ª\u nDafOx¿ ePsf ljls/0fx¿df kl/0ft x'G5g\ . oL bL3{ 

t/ª\u nDafO ePsf t/ª\ux¿ xl/t u[xaf6 aflx/ lg:sg ;Sb}gg\ / tL ljls/0fx¿ tfk zlStdf 

kl/0ft x'G5g\ . To;}n] xl/t u[xdf tfk zlSt ;~ro x'G5 . kl/0ffd:j¿k xl/t u[xleq tfkj|md 

j[l4 x'G5 . o;nfO{ g} xl/t u[x k|efj (green house effect) elgG5 .
s[lqd xl/t u[xsf] dxŒj / pkof]lutf (Importance  and utility of artificial green 
house)
s[lqd xl/t u[xdf tfkj|mddf j[l4 x'g] x'gfn] a]df};dL t/sf/Lx¿ nufpg ;lsG5 . a]df};dL 

t/sf/Lx¿af6 k|z:t dfqfdf cfo cfh{g ug{ ;lsG5 . o;af6 sltko lr;f] tfkj|mddf cfk\mgf] 

lrq g+= 23.2 s[lqd xl/t u[x
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cl:tTj u'dfpg k'u]sf la?jfx¿nfO{ hf]ufpg ;lsG5 . o;sf ;fy} clt lr;f] b]zx¿df klg 

udL{ 7fpFdf x's{g] la?jfx¿nfO{ hf]ufpg ;lsG5 . a''Fbfut ¿kdf o;sf] dxŒj / pkof]lutfnfO{ 

lgDgfg';f/ pNn]v ug{ ;lsG5 M

-s_ lglZrt k|sf/sf la?jfx¿nfO{ jif{el/ g} pTkfbg ug{ pkof]uL x'G5 .

-v_ lr;f] xfjfkfgL ePsf b]zx¿df vfB kbfy{ pTkfbg ug{ ;xof]u u5{ .

-u_ k"mn, ;fukft, kmnk"mn / ljleGg la?jfx¿sf] pTkfbg ug{ pkof]uL x'G5 .

-3_ xl/t u[xleqsf] la?jfx¿n] jftfj/0f k|b"if0fnfO{ lgoGq0f ug{ ;xof]u u5{ .

hnjfo' kl/jt{g (Climate change)
g]kfnsf] ef}uf]lns :j¿k km/s km/s /x]sf] 5 .  of] b]z ;d'b|L ;txaf6 60 ld6/ prfOb]lv 8848 
ld6/;Dd km}lnP/ /x]sf] kfOG5 . of] b]znfO{ t/fO{, kxf8 / lxdfn u/L ltg efudf ljefhg ul/Psf] 

5 . oxfFsf] hnjfo' clt lr;f]b]lv clt tftf];Dd /x]sf] 5 . nfdf] ;dodf b]lvg] df};dsf] cf};t 

cj:yfnfO{ hnjfo' elgG5 . hnjfo' kl/jt{gsf b[li6n] g]kfn ljZjs} clt ;+j]bgzLn b]zsf ¿kdf 

lrlgG5 . hnjfo'sf b[li6n] clt ljljwtf af]s]sf] g]kfn hnjfo' kl/jt{g oxfFsf] cfhsf] hNbf]aNbf] 

;d:ofsf] ¿kdf /x]sf] 5 . 

hnjfo' kl/jt{gsf sf/0fx¿ (Causes of climate change)
g]kfnsf] w/ftnLo ljljwtfn] ubf{ hnjfo'df kl/jt{g cfpg' :jefljs dflgG5 . hnjfo' kl/jt{gsf 

sf/0fx¿nfO{ lgDgfg';f/ a'Fbfut ¿kdf pNn]v u/L JofVof ug{ ;lsG5 M

1. tfkj|md j[l4 (Increase in temperature)
w/ftnLo ljljwtfn] ubf{ k[YjLsf] s'g} efu l56\6} tftf] ePsf] kfOG5 eg] s'g} efu l56\6} lr;f] ePsf] 

kfOG5 . ;g\ 2001 b]lv 2010 ;Ddsf] ljZjsf] tfkj|mdnfO{ ;g\ 1980 tfkj|md;Fu t'ngf ubf{ a9L 
tftf] ePsf] kfOPsf] lyof] .

2. ljleGg xl/t Uof“;x¿sf] a9\bf] pT;h{g (Release of green house effect)
h}ljs OGwg -sf]Onf, k]6«f]lnod kbfy{_ nufot cf}Bf]lus sfo{af6 lgl:sPsf] sfa{g 8fOcS;fO8n] 

jftfj/0fLo k|b"if0f u/fO{ hnjfo'df kl/jt{g u/fpF5 . To;}u/L s'g} klg ;|f]taf6 pT;h{g eO{ cfpg] 

gfO6«; cS;fO8 / 5f]6f] cjlw;Dd /xg] hnjfo' k|b"ifs -ANofs sfa{g_, ldy]g, ;'6 h:tf ljleGg 

;|f]tx¿af6 pT;h{g x'g] kbfy{x¿n] klg hnjfo'df kl/jt{g NofpF5g\ . 

3. jg ljgfz (Deforestation)
ljleGg k|of]hg sf7, bfp/f, sf]Onfsf nflu jg hª\un kFm8fgL x'g] u/]sf] . o;sf] ;fy} sfuh 

pTkfbg, ufO{j:t' r/0f, v]tLkftL ug{sf nflu klg jg hª\un kFm8fgL x'g] u/]sf] b]lvG5 . o;n] ubf{ 

jfo'd08ndf sfa{g 8fOcS;fO8sf] dfqfdf j[l4 x'G5, h;n] ubf{ k[YjLn] ;f];]/ lng] sfa{gsf] dfqf 

a9fpF5 / jfo'd08ndf sfa{g 8fOcS;fO8 ;l~rt u/fpF5 . k[YjLsf] tfkj|mddf j[l4 eO{  hnjfo'df 

kl/jt{g NofpF5 .
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4. v]tLkftLdf /f;folgs dn k|of]usf] j[l4 (Increase in the use of chemical fertilizer)

v]tLkftLdf /f;folgs dnsf] k|of]u a9L ugf{n] jftfj/0fdf k|lts"n c;/ kg'{sf] ;fy} v]taf/Ldf 

a9L tfk hDdf x'g yfNb5 . To;}u/L k|of]u x'g g;s]sf] /f;folgs dnn] hldgnfO{ ;'Vvf agfpFbf 

xl/t u[x UofF; pT;h{gdf j[l4 x'G5 eg] au]/ uPsf] /f;folgs dnn] kfgLsf ;|f]tx¿ k|b"lift 

agfO{ hLjx¿nfO{ d[t agfpF5 . o;/L xl/t u[x UofF;sf sf/0fn] ljZjJofkL pi0ftf a9L hnjfo'df 

kl/jt{g u/fpF5 . 

5. cf}Bf]lusLs/0f (Industrialization)

pBf]u wGbf ;~rfng ubf{ lg:sg] w'nf], w''Fjf jfo'd08ndf hDdf x'g'sf ;fy} d'Votof sfa{g 

8fOcS;fO8 / ;Nkm/ 8fOcS;fO8 h:tf UofF;n] ubf{ cDn jiff{ / s'lx/f] nfUg] h:tf ultljlw x'g] 

u5{g\ . o;sf sf/0f xl/t u[x k|efjdf j[l4 eO{ ljZjJofkL pi0ftf tyf hnjfo' kl/jt{g x'G5 . 

6. Hjfnfd'vL ljikmf]6g (Volcanic eruption)

Hjfnfd'vL ljikmf]6g sf/0fn] jfo'd08nsf] ;dtfk d08ndf w'nf] / ;Nkm/ of}lusx¿ hDdf x'g uO{ 

;f}o{ ljls/0fnfO{ k[YjL;Dd k'Ug lbFb}gg\ . o;sf sf/0fn] k[YjL lr;f] eO{ hnjfo' kl/jt{gdf c;/ 

k'Ub5 M

hnjfo' kl/jt{gsf c;/x¿ (Effects of climate change)

hnjfo' kl/jt{gsf sf/0fn] dflg;nufot ;Dk"0f{ hLj hut k|efljt ePsf] b]lvG5 . hnjfo' 

kl/jt{gaf6 w]/} c;/x¿ ePtf klg d'Vo d'Vo c;/x¿ o; k|sf/ 5g\ . 

1. xfjfsf] tfkj|mddf kl/jt{g (Change in air temperature)

;g\ 2001 b]lv 2010 ;Ddsf] ljZjsf] 

tfkj|mdnfO{ ;g\ 1980 tfkj|md;Fu t'ngf ubf{ 
a9L tftf] ePsf] kfOPsf] lyof] . ;g\ 1976 b]lv 

2005 ;Ddsf] tYofª\sn] g]kfndf k|ltjif{ cf};t 

0.04° ;]lN;o;sf b/n] tfkj|md j[l4 eO/x]sf] 

b]vfPsf] 5 . o;n] k[YjLsf] tfkj|md a9\b} uPsf] 

s'/f k'li6 ub{5 .

2. h}ljs ljljwtf / kfl/l:ylts k|0ffnLdf c;/ (Impact on biodiversity and 
ecosystem)

hnjfo' kl/jt{gsf sf/0f ljleGg k|hfltsf k|f0fL / jg:kltx¿n] cfk"mnfO{ kl/jlt{t hnjfo'df 

;dfof]lht ug{ g;Sbf ltgLx¿sf] cl:tTj vt/fdf kg]{ / jftfj/0faf6} nf]k x'g] cj:yf l;h{gf 

ePsf] b]lvG5 .

tkfO{FnfO{ yfxf 5 <
ut ;o jif{leqdf k[YjLsf] tfkj|md 1.40 km/]gxfO6 
a9]sf] cg'dfg ul/Psf] 5 . o:tf] j|md hf/L /x] cfufdL 
lbgdf k[YjLsf] tfkj|md w]/} a9\g] cg'dfg ul/Psf] 5 .
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3.  dfgjLo :jf:Yodf kg]{ c;/ (Impact on human health)

ljZj pi0ftfn] ubf{ dflg;df ljleGg c;/x¿ /f]uJoflw k}mng], tftf] xfjf axg], hldg tftf] x'g] 

u5{ . o;n] dflg;sf] sfo{ zlStdf x|f; cfpg'sf ;fy} hLjhGt'x¿ ljleGg /f]usf] l;sf/;d]t aGg] 

u5{g\ .

4. s[lifdf kg]{ c;/ (Impact on agriculture)

hnjfo' kl/jt{gn] ubf{ xl/t u[x k|efj, jiff{, v8]/L ;fy} e" w/ftndf kl/jt{g x'g] u5{, h;n] ubf{ 

;du| s[lif k4ltdf c;/ k'U5 . cfsfz] kfgLsf] e/df v]tL ug'{kg]{, kxf8L If]q klx/f]af6 cfj|mfGt 

x'g] tyf t/fO{df af9Lsf] ;d:ofn] ubf{ df6fsf] pj{/f zlStdf x|f; cfpg] x'G5 .  

5. hnjfo' kl/jt{gaf6 pTkGg ljkb\ (Disaster caused due to climate change)

hnjfo' kl/jt{gsf sf/0fn] cltj[li6 tyf af9L / klx/f]df j[l4 x'g'sf ;fy} cgfj[li6 / v8]/Ldf j[l4 

x'G5, h;n] ubf{ jftfj/0fLo ;d:ofx¿ lgDTofpF5 .

6. hn;|f]tdf gsf/fTds k|efj (Negative effect in water resources)

hnjfo' kl/jt{gaf6 ;a}eGbf a9L k|efljt If]q eg]sf] hn;|f]t xf] . hnjfo' kl/jt{gsf sf/0fn] ubf{ 

lxdfnL If]qdf lxpF kg]{ j|md sd x'g] ePkl5  lxdgbLsf] axfj sd x'g] / lxd kUng] j|md tLj| ePkl5 

lxdgbLsf] axfj a9L x'g] x'gfn] logLx¿df clgoldttf cfpF5 . o;n] ubf{ slxn] lxdgbLx¿ ;'Sg] 

/ slxn] af9L cfpg] u5{g\ . tfkj|md a9\b} hfFbf lxpF klUnP/ lxdtfnsf] cfsf/ a9\g] xF'bf ljikmf]6g 

eO{ af9L cfpF5 . o;sf] ;fy} kfl/l:ylts k|0ffnLdf klg gsf/fTds c;/ k5{ .

7. pmhf{sf] ;ª\s6 (Energy crisis)

hn ljB't\ pmhf{sf nflu hn;|f]t x'g'kb{5 . hn;|f]tdf 36a9 xF'bf pmhf{ pTkfbgdf klg 36a9 x'G5 . 

pmhf{sf] cefjdf ug{'kg]{ sfdx¿ ;dodf ;DkGg x'g g;Sbf ;du| cfly{s kIfdf c;/ k5{ . h:t} 

pmhf{sf] ;ª\s6n] ubf{ g]kfndf udL{df sd ;do nf]8;]l8ª x'g] / hf8fsf] ;dodf a9L nf]8;]l8ª 

x'g] u5{ .

8. dflg;sf] a;f]af;df kg]{ c;/ (Impact on human settlement)

hnjfo' kl/jt{gsf sf/0fn] ubf{ lxdfn, kxf8, gbL, ;d'b| jf t6Lo If]qdf a;f]af; ug]{ dflg;sf 

hLjgdf sl7gfO{ x'g yfn]sf] 5 . h:t} l;Gw'kfNrf]ssf] ;'gsf]zL gbL y'lgFbf w]/} 3/x¿ 8'afgdf kg'{, 

sf]zL gbLdf af9L cfpFbf w]/} dflg;x¿ lj:yflkt x'g' cflb . 

9. ef}lts ;+/rgfdf kg]{ c;/ (Impact in physical facilities)

hnjfo' kl/jt{gsf sf/0fn] ef}lts ;+/rgf ;8s, k'n, dfgj lgld{t ;+/rgf, hnfzox¿ lau|g 

;S5g\, h;n] ubf{ ;+/rgfx¿df s'¿kkg b]lvG5 .
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hnjfo' kl/jt{g Joj:yfkgsf] pkfox¿ (Measures of climate change management)

1. j[If/f]k0f sfo{j|mdnfO{ ljz]if cleofgsf ¿kdf ;~rfng ug'{k5{ .

2. hg r]tgf clej[l4 ug'{k5{ .

3. xl/t u[x UofF;x¿sf] pT;h{gdf s6f}tL ug'{k5{ .

4. hLjfjz]if OGwgsf] vkt sd ug'{k5{ .

5. j}slNks pmhf{sf] k|jw{g ug'{k5{ .

6. pBf]u tyf sn sf/vfgfsf] k|b"if0f lgoGq0f ug'{k5{ .

7. oftfoftsf] ;fwgsf] plrt Joj:yfkg ug'{k5{ .

8. kmf]xf]/ d}nfsf] plrt Joj:yfkg ug'{k5{ .

9. k|fs[lts jftfj/0fsf] ;+/If0f ug'{k5{ .

10. cJojl:yt ljsf; lgdf{0fsf] lgoGq0f ug'{k5{ .

11. jftfj/0fcg's"n ;8s tyf k'n lgdf{0f ug'{k5{ .

12. s[lif k|0ffnLdf ;'wf/ ug'{k5{ .

13. /f]u k|lt/f]wfTds tyf pGgt k|hfltsf] ljsf; ug'{k5{ .

14. kfgLsf] ;+/If0f tyf Joj:yfkg ug'{k5{ .

;Demg'kg]{ s'/fx¿

1. sfFr jf k|sfz l5g]{ kf/bzL{ Knfl:6saf6 agfPsf] la?jfx¿ /fVg] 3/nfO{ xl/t u[x elgG5 . 

2. xl/t u[x UofF;x¿sf] sf/0fn] ubf{ tfk zlSt ;~ro eO{ xl/t u[xleq tfkj|md j[l4 x'g'nfO{ 

xl/t u[x k|efj elgG5 .

3. jfo'd08ndf ljBdfg xl/t u[x UofF;x¿sf] sf/0fn] ubf{ jfo'd08nsf] tfkj|mddf  j[l4 eP/ 

hfg] k|lj|mofnfO{ xl/t u[x k|efj elgG5 . 

4. lglZrt k|sf/sf la?jfx¿nfO{ jif{el/ g} pTkfbg ug{, pRr cIff+z ePsf b]zx¿df vfgf 

pknAw u/fpg, k"mn, ;fukft, kmnk"mn / ljleGg la?jfx¿sf] pTkfbg ug{ / la?jfx¿sf] 

a9\bf] jftfj/0fnfO{ lgoGq0f ug{ s[lqd xl/t u[x pkof]uL x'G5 .



lj1fg, sIff 9 269

5. nfdf] ;dodf b]lvg] df};dsf] cf};t cj:yfnfO{ hnjfo' elgG5 . 

6. hnjfo' kl/jt{gsf sf/0fx¿ tfkj|md j[l4, ljleGg xl/t UofF;x¿sf] a9\bf] pT;h{g, jg 

ljgfz, v]tLkftLdf /f;folgs dnsf] k|of]usf] j[l4, cf}Bf]lusLs/0f, Hjfnfd'vL ljikmf]6g 

/x]sf 5g\ .

7. hnjfo' kl/jt{gsf c;/x¿df xfjfsf] tfkj|mddf kl/jt{g, h}ljs ljljwtf / kfl/l:ylts 

k|0ffnLdf c;/, dfgjLo :jf:Yodf kg]{ c;/, s[lif k4lt / s[lif pTkfbgdf kg]{ c;/ h:tf 

c;/x¿ k5{g\ . ;fy} hnjfo' kl/jt{gaf6 pTkGg ljkb\, hn;|f]tdf gsf/fTds k|efj, pmhf{sf] 

;ª\s6, dflg;sf] a;f]af;df kg]{ c;/ / ef}lts ;+/rgfdf kg]{ c;/;d]t hnjfo' kl/jt{gsf 

c;/x¿ x'g\ .

cEof;

-s_ tnsf ax' j}slNks k|Zgx¿sf] ;xL pTt/df l7s -_ lrx\g nufpg'xf];\ M

1. jfo'd08ndf ljBdfg xl/t u[x UofF;x¿df d'Vo UofF; s'g xf] <

 (i) sfa{g 8fOcS;fO8 (ii) Snf]/f]km\nf]/f] sfa{g

 (iii) ldy]g  (iv) cf]hf]g

2. s'g rflxF Uof;n] jfo'd08nLo tfkj|mddf j[l4 u/fpF5 <

 (i) xl/t u[x (ii) jg:klt (iii) hgfj/ (iv) kbfy{

3. s[lqd xl/t u[x s]af6 agfPsf] x'G5 <

 (i) Knfl:6s  (ii) sfFr

 (iii) Knfl:6s jf sfFr (iv) xl/of] sfFr

4. ;fgf xl/t u[xnfO{ s] elgG5 <

 (i) sf]N8 k|m]d (ii) tftf] k|m]d (iii) xl/of] k|m]d (iv) ;]tf] k|m]d

5. xl/t u[xdf s'g zlSt ;~ro x'G5 <

 (i) k|sfz  (ii) tfk (iii) ;f}o{ (iv) ult

6. g]kfnsf] kxf8L e]usf] hnjfo' s:tf] k|sf/sf] 5 <

 (i) w]/} tftf] (ii) w]/} lr;f] (iii) l7Ss (iv) lr;f]
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7.  g]kfnsf] hnjfo'df kl/jt{g cfpg'sf] sf/0f s'g xf] <

 (i) tfkj|md j[l4  (ii) jg ljgfz

 (iii) cf}Bf]lusLs/0f  (iv) dflysf ;a}

8.  g]kfnsf] hnjfo'sf c;/x¿ s'g s'g x'g\ <

 (i) xfjfsf] tfkj|mddf kl/jt{g (ii) pmhf{sf] ;ª\s6

 (iii) ef}lts ;+/rgfdf kg]{ c;/ (iv) dflysf ;a}

-v_ tnsf k|Zgx¿sf] pTt/ lbg'xf];\ M

1. s[lqd xl/t u[x s]nfO{ elgG5, n]Vg'xf];\ .

2. xl/t u[x k|efj s]nfO{ elgG5, n]Vg'xf];\ .

3. xl/t u[x UofF;x¿sf] gfd n]Vg'xf];\ .

4. k[YjLdf xl/t u[x k|efjsf sf/0fx¿ n]Vg'xf];\ .

5. xl/t u[x k|efjsf sf/0f l;h{gf ePsf c;/x¿ n]Vg'xf];\ .

6. s[lqd xl/t u[xsf] 5t 58\s] agfOG5, lsg < sf/0f lbO{ :ki6 kfg'{xf];\ .

7. g]kfndf hnjfo' kl/jt{g x'gfsf sf/0fx¿ ljZn]if0f ug{'xf];\ .

8. …g]kfndf hnjfo' kl/jt{g x'gfsf sf/0fx¿dWo] ljleGg xl/t UofF;x¿sf] a9\bf] 

pT;h{g Ps xf]Ú o; egfOnfO{ k'li6 ug'{xf];\ .

9. hnjfo' kl/jt{gsf c;/x¿ s] s] 5g\, a'Fbfut ¿kdf n]Vg'xf];\ .

10. hnjfo' kl/jt{gn] dflg;sf] a;f]af;df s;/L c;/ kfb{5, :ki6 kfg'{xf];\ .

11. hnjfo' kl/jt{gsf c;/x¿ sd ug{ cjnDag ug{ ;lsg] pkfox¿ k|:t't ug{'xf];\ .

kl/of]hgf sfo{

1. k[YjLsf] jfo'd08nn] Ps k|fs[lts xl/t u[xsf] ¿kdf sfo{ ub{5 eGg] ;DaGwdf cWoog Pjd\ 

ljZn]if0f u/L Ps k|ltj]bg tof/ ug'{xf];\ . pSt k|ltj]bg sI.fdf k|:t't ug{'xf];\ .

2. tkfO{Fn] a;f]af; ug]{ ufpF jf ;x/sf] jl/kl/ hnjfo' kl/jt{gaf6 b]lvPsf c;/x¿ s] 

s] 5g\, vf]hL ug'{xf];\ . hnjfo' kl/jt{gdf sf/s tŒjx¿ tkfO{Fsf] ufpF jf ;x/df klg 
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xf]nfg\ . To:tf sf/0fx¿ s] s] /x]5g\, cWoog ug'{xf];\ . lzIfs;Fu ;f]Wg'xf];\ . ufpF 3/sf 

hfGg]a'em\g];Fu ;f]wk'5 klg ug'{xf];\ . hnjfo' kl/jt{gaf6 k/]sf c;/nfO{ sd ug{ eljiodf 

ckgfpg'kg]{ pkfox¿;lxtsf] Ps k|ltj]bg tof/ u/L sIffdf k|:t't ug'{xf];\ . 

3. tkfO{Fsf] 3/sf] glhs s[lqd xl/t u[x agfO{ To;sf] k|efj cWoog ug'{xf];\ . 

zAbfjnL

xl/t u[x M ljleGg k|sf/sf af]6 la?jfx¿nfO{ a]df};ddf x'sf{pg agfOPsf] / tfk tyf 

cfb|tf lgoGq0f ul/Psf] sfFr tyf Knfli6ssf] 3/

xl/t u[x Uof“; M tfkj|md ;~ro ug]{ sfa{g 8fOcS;fO8, gfO6«; cS;fO8, ldy]g, kfgLsf afkm 

h:tf UofF;x¿

sf]N8 k|m]d M ;fgf] xl/t u[x

hnjfo' M xfjfkfgL
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PsfO

24

s] tkfO{Fx¿n] slxn] /ftL v'nf cfsfzdf x]g'{ePsf] 5 < x]g'{ePsf] 5 eg] cfsfzdf s] s] b]Vg'ePsf]] 

5 < eGg ;Sg'x'G5 < v'nf cfsfzdf x]bf{ a9L rxlsnf j:t'x¿ / sd rxlsnf j:t'x¿ klg 

b]Vg'ePsf] 5 xf]nf ¤ cfsfzdf b]v]sf o:tf j:t'x¿ s] x'g\ < s;/L ag] xf]nfg\ < logLx¿sf] ult 

;dofg';f/ km/s b]Vg'ePsf] 5 ls 5}g < ltgLx¿af/] Psl5g ljrf/ u/f}F t ¤

tkfO{Fx¿n] b]v]sf oL ;a} cfsfzLo lk08x¿ rGb|df, tf/f, u|x, pku|x, tf/fk'~h / tf/f d08nx¿ 

x'g\ . o; PsfOcGtu{t k[YjLsf] b}lgs ult / jflif{s ult, rGb|dfsf] snf, ;"o{, k[YjL / rGb|dfsf]] 

;DaGw, ;3g / lj/n 5fof tyf rGb| / ;"o{ u|x0faf/] cWoog ul/g] 5 .

a|x\df08 (The universe)

;"o{, rGb|df, tf/fx¿, u|xx¿, pku|xx¿, tf/fk'~hx¿, tf/f d08nx¿, lzz'u|xnufot logLx¿larsf] 

7fpF;d]tsf] ;Dk"0f{ If]qnfO{ ;du|df a|x\df08 elgG5 . a|x\df08df w]/} tf/fk'~hx¿ x'G5g\ . oL 

tf/fk'~hx¿af6 g} a|x\df08sf] lgdf{0f ePsf] x'G5 . xfd|f] ;f}o{ kl/jf/ /x]sf] tf/fk'~h cfsfz 

uª\uf tf/fk'~h (milky way galaxy) xf] . o;df 1011 cf]6f tf/fx¿ /x]sf 5g\ . zlStzfnL 

b'/lagx¿af6 x]bf{ cGtl/Ifdf c¿ klg tf/fk'~hx¿ b]Vg ;lsG5 .

;"o{ k[YjLaf6 ;a}eGbf glhs /x]sf] dWod cfsf/sf] tf/f xf] . ;f}o{ kl/jf/df a'w, z'j|m, k[YjL, 

dª\un, a[x:klt, zlg, c?0f / a?0f u/L cf7 cf]6f u|xx¿ /x]sf 5g\ . o;sf ;fy} 173 cf]6f 

pku|xx¿ klg o; kl/jf/df /x]sf] kfOG5 . cf7 cf]6f u|xx¿dWo] k[YjL hLljt k|f0fLnfO{ afFRgsf 

nflu rflxg] pko'St jftfj/0f pknAw ePsf] u|x xf] . cyf{t\ k[YjLdf hLljt k|f0fLnfO{ afFRgsf nflu 

rflxg] xfjf, kfgL, df6f]nufot c¿ s'/fx¿ klg kfOG5g\ . k[YjLn] ;"o{sf] jl/kl/ bL3{ j[Qfsf/ 

sIfdf kl/j|mdf (an elliptical path) u5{ . k[YjLsf] o; k|sf/sf] rfnnfO{ sIfLo rfn (an orbital 
motion or revolution) elgG5 . o;sf ;fy} k[YjLn] cfk\mgf] cIfdf cfk}mF 3'Dg] ub{5 . o;nfO{ 

k[YjLsf] cIfLo rfn (rotation) elgG5 . k[YjLsf] cIfLo  rfnn] ubf{ /ft / lbg x'g] u5{ eg] k[YjLsf] 

sIfLo rfnn] ubf{ Ct' kl/jt{g x'g] u5{ . 

vuf]nLo b'/L ;DaGwL PsfOx¿ (Units related to astronomical distance)

cfsfzdf vuf]nLo lk08x¿ Ps cfk;af6 6f9f ePsfn] ltgLx¿larsf] b'/LnfO{ ld6/ / lsnf] ld6/df 

JoSt ug{ w]/} uf/f] x'G5 . cfsfzdf /x]sf u/f}F vuf]nLo lk08x¿larsf] b'/LnfO{ P:6«f]gf]ldsn b'/L 

(astronomical distance) elgG5 . vuf]nLo lk08x¿larsf] b'/L dfkg ug{sf nflu ;fdfGotof 

a|x\df08df k[YjL
(The Earth in the Universe)
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lgDg lnlvt PsfOx¿ k|of]u ug]{ k|rng 5 M

-s_ k|sfz jif{ (light year)

-v_ P:6«f]gf]ldsn PsfO (astronomical unit)

-u_ kf;]{s (parsec)

k|sfz jif{ (light year): Eofs'ddf k|sfzn] Ps jif{df kf/ ug]{ b'/LnfO{ k|sfz jif{ elgG5 . o;nfO{ 

PsfOsf] ¿kdf k|of]u u/L vuf]nLo lk08x¿larsf] b'/L gfKg] ul/G5 . 

Eofs'ddf k|sfzsf] ult =3108m/s

1 k|sfz jif{ = 3108 × 365 × 24 × 60 × 60m

 = 94608000  108 m

 = 9.4608000  1015 m

To;}n] Ps k|sfz jif{ a/fa/ 9.4608000x 1015 m x'G5 .

P:6«f]gf]ldsn PsfO (astronomical unit) : ;"o{ / k[YjLlarsf] cf};t b'/LnfO{ P:6«f]gf]ldsn PsfO 

elgG5 . o;sf] dfg 1.5x1011m x'G5 .

kf;]{s (parsec): vuf]nLo lk08x¿larsf] b'/LnfO{ dfkg ug{sf nflu k|of]udf Nofpg ;lsg] k|sfz 

jif{eGbf klg 7'nf] PsfOnfO{ kf;]{s elgG5 .

1 kf;]{s = 3.26 k|sfz jif{

;f}o{ kl/jf/ (The solar system)

lrq g+= 24.1 ;f}o{ kl/jf/
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;f}o{ kl/jf/n] ;"o{nufot cf7 u|xx¿, ltgLx¿sf 

pku|xx¿, pNsflk08x¿, nfdk'R5«|||] tf/f cflb 

;d]6]sf] x'G5 . ;f}o{ kl/jf/df ;"o{ d'Vo lk08sf] 

¿kdf /x]sf] x'G5 eg] cGo vuf]nLo lk08x¿ 

o;sf] jl/kl/ 3'Dg] u5{g\ . oL lk08x¿dWo] 

;"o{sf] dfq cfk\mgf] k|sfz x'G5 eg] c¿ 

lk08x¿sf] cfk\mgf] k|sfz x'Fb}g / ltgLx¿ ;"o{sf] k|sfznfO{ k/fjt{g u/]/ rDsg] u5{g\ . 

;"o{ / k[YjLlarsf] b'/L 1.5 × 108 ls= ld= 5 . To;}n] ;"o{af6 k[YjL;Dd k|sfz cfOk'Ug sl/a 8 
ldg]6 20 ;]s]G8 ;do nfU5 .

k[YjLsf] b}lgs ult / jflif{s ult (Rotation  and revolution of the earth)

b}lgs / jflif{s u/L k[YjLsf b'O{ k|sf/sf ultx¿ 5g\ . k[YjLn] ;"o{nfO{ bL3{ j[Qfsf/ sIf (elliptical 
orbit) df kl/j|mdf u5{, h;nfO{ sIfLo ult jf jflif{s ult elgG5 eg] o;n] cfk\mg} cIfdf 3'Dg] 

ultnfO{ cIfLo ult jf b}lgs ult elgG5 .

k[YjLsf] b}lgs ult (Rotation of the earth)

k[YjLnfO{ cfk\mgf] cIfdf Ps kmGsf] nufpg 23 306f, 56 ldg]6 4 ;]s]G8 nfUb5 . o; cjlwnfO{ 

;f}o{ lbg (solar day) elgG5 . k[YjLn] ;"o{nfO{ jl/kl/ 3'Dbf 38Lsf] ;"o{sf] ljk/Lt lbzf klZrdaf6 

k"j{lt/ 3'D5 . k[YjLn] cfk\mgf] jl/kl/ 3'Dg] / ;"o{sf] jl/kl/ 3'Dg] j|mddf Psflt/ ;"o{sf ls/0f k5{g\, 

Tof] efunfO{ lbg / h'g efudf ;f}o{ ljls/0f k'Ug ;Sb}gg\, To; efunfO{ /ft elgG5 . cfk\mgf] cIfLo 

ultsf] j|mddf k[YjLsf] pHofnf] efu lj:tf/} cFWof/f]lt/ hfG5 eg]  cFWof/f] efu lj:tf/} pHofnf]lt/ 

hfG5 . o;/L Pskl5 csf]{ u/L lbg / /ft x'G5 . 

k[YjLsf] cIfLo ultn] ubf{ lbg / /ft b]lvg', ;"o{ / tf/fx¿sf] cjf:tljs rfn b]lvg' -h:t}M ;"o{ 

laxfg k"j{af6 pbfP/ a]n'sf klZrddf c:tfpg'_, ;"o{ pbfpg] / c:tfpg] x'g' o;sf c;/x¿ x'g\ .

k[YjLsf] jflif{s ult (Revolution of the earth) 

k[YjLn] ;"o{sf] jl/kl/ bL3{ j[Qfsf/ sIfdf kl/j|mdf ug]{ u5{, h;nfO{ sIfLo ult elgG5 . o;n] 

;"o{sf] jl/kl/ Ps kmGsf] nufpg 365 lbg 6 306f nufpF5 . 365 lbgsf] Ps jif{ x'Fbf afFsL 6 
306f ;l~rt eO{ k|To]s rf/ jif{df 366 lbg x'G5, h;nfO{ clws jif{ -leap year_ elgG5 . 
k[YjLsf] sIfLo ultsf] sf/0fn] ubf{ Ct' kl/j{tg x'g'sf] ;fy} s'g} Ps 7fpFdf lbg / /ftsf] cjlw 

km/s km/s kfOG5 . k[YjLn] ;"o{NffO{ bL3{ j[Qfsf/ sIfdf 3'Dbf slxn] ;"o{af6 glhs xF''bf ;"o{ 

ljls/0f l;Wff kg]{ x'gfn] tftf] / ;"o{af6 6f9f xF'bf ;f}o{ ljls/0f 58\s] kg]{ x'gfn] lr;f] x'G5 . Ct' 

kl/jt{gsf] sf/0f oxL xf] .

tkfO{“nfO{ yfxf 5 <
xfn u|xx¿sf] ;ª\Vof cf7 /x]sf] 5 . o;sf] sf/0f 
;g\ 2006 kl5 cGt/f{li6«o vuf]n lj1fg ;ª\3n] od 
(pluto) nfO{ u|xx¿sf] ;"rLaf6 x6fO{ km'Rr] u|x (dwarf 
planet) sf] ¿kdf /fv]sf] 5 .
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lrqdf b]vfP h:t} :yfg E1 df k[YjL pTt/L uf]nfw{df xF''bf ;"o{sf ls/0f l;wf kg]{ u5{g\, hxfF 

lbg ;a}eGbf nfdf] / /ft ;a}eGbf 5f]6f] x'G5 . k[YjLsf] o; cj:yfnfO{ udL{ ;f]nfl:6; (summer 
solstice) elgG5 . To;} u/L lrqdf b]vfP h:t} :yfg E3 df k'Ubf k[YjLsf] blIf0fL efudf ;"o{sf] 

ls/0f l;wf k5{ . o;a]nf k[YjLsf] uf]nfw{df ;a}eGbf nfdf] lbg / ;a}eGbf 5f]6f] /ft x'G5 . dfr{b]lv 

;]K6]Da/ (E4 –E2) ;Dd pTt/L uf]nfw{df udL{ Ct' x'G5 eg] blIf0f uf]nfw{df lxpFb Ct' (E2 –E4) 
x'G5 . o;f] x'g'sf] sf/0f k[YjLsf] pTt/L efu ;"o{lt/ l;wf k/]sf] x'G5 . l8;]Da/ 22 df pTt/L 
uf]nfw{df ;a}eGbf 5f]6f] lbg x'G5 eg] blIf0f uf]nfw{df ;a}eGbf nfdf] lbg x'G5 . ha ;"o{ OSj]6/sf] 

l;wf dfly kb{5, Tolta]nf lbg / /ftsf] cjlw a/fa/ x'G5 . of] dfr{ 21 / ;]K6]Da/ 23 tfl/sdf 

k5{ . oL b'O{ lbg / /ft cjlw a/fa/ x'g] lbgnfO{ OlSjgf]S; (equinoxes) elgG5 .

jflif{s ultsf] c;/x¿ (Causes of annual motion)

-s_ o;sf] sf/0fn] Ct' kl/jt{g x'G5, h:t} M winter, spring, summer and autumn  .

-v_ o;sf] sf/0fn] lbg / /ftsf] cjlw km/s km/s x'G5 .

-u_ o;sf] sf/0f lnk Oo/ -leap year_ x'g] u5{ .

rGb|df; / eu0f k"lt{sfn (Sidereal and Synodic month)

k[YjLn] ;"o{sf] kl/j|mdf u/] h:t} rGb|dfn] klg k[YjLsf] kl/j|mdf ul//x]sf] x'G5 . rGb|dfn] 27 

dfr{ 21

l8;]Da/

 22

;]K6]Da/

 23

h'g

 21

E1 E3

E4

E2

lrq g+= 24.2 k[YjLsf] jflif{s ult
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lbg 7 306f 43 ldg]6 / 11 ;]s]G8df k[YjLsf] jl/kl/ 

Psk6s kl/j|mdf u5{ . o; cjlwnfO{ rGb|dfsf] eu0f 

k"lt{sfn elgG5 . rGb|dfn] cfk\mgf] cIfdf Ps kmGsf] dfg{ 

nufpg] ;do / k[YjLsf] jl/kl/ Psk6s kl/j|mdf ug{ 

nufpg] ;do a/fa/ x'G5 . h;sf] sf/0f rGb|dfn] hlxn] 

klg cfk\mgf] Psflt/sf] efu dfq k[YjLlt/ kmsf{P/ kl/j|mdf 

u5{ . rGb|dfnfO{ k[YjLsf] jl/kl/ 3'dL klxn]s} l:yltdf k]ml/ 

cfpg 29 lbg 12 306f 44 ldg]6 / 3 ;]s]G8 nfU5 . 

rGb|dfn] k[YjLsf] jl/kl/ kl/j|mdf klxn]s} l:yltdf ul//xFbf 

k[YjL klg ;"o{sf] jl/kl/ kl/j|mdf ug{ cfk\mgf] cIfdf sl/a 

300 hltn] cufl8 al9;s]sf] x'G5 . ;"o{ / k[YjLsf] lardf 

rGb|df xF'bf rGb|dfsf] k|sfz gk/]sf] cfwf efu k[YjLlt/ kms]{sf] x'G5, h;nfO{ cf}F;Lsf] lbg elgG5 . 

sl/a 29 lbg 12 306fdf k[YjL E1 af6 E2 df k'lu;s]sf] x'G5 eg] sl/a 27 lbg 7 306fdf 

E2 df k'Ubfv]l/ rGb|dfn] k[YjLnfO{ Ps k6s k'/f kl/j|mdf ul/;s]sf] x'G5 . o; cjlwnfO{ gIfq 

jf eu0f k"lt{sfn (sidereal month) elgG5 . km]l/ cf}F;L x'gnfO{ rGb|df M2 af6 M3 ;Dddf 

cfOk'Ug'kg]{ x'G5 . M2 af6 M3 cfOk'Ug' rGb|dfnfO{ sl/a 2 lbg 5 306fsf] ;do nfUb5 . o;/L 

b'O{ cf]6f cf}F;Llarsf] ;do sl/a 29 lbgsf] x'G5, h;nfO{ rGb|df; (synodic month) elgG5 .

rGb|dfsf] snf (Phases of the moon)

rGb|dfsf] snfsf] JofVof ug{ s] 

tkfO{Fx¿n] cfsfzdf rGb|dfnfO{ 

/ftsf] ;dodf x]g'{ePsf] 5 < 

rGb|dfsf] cfsf/ s:tf] s:tf] b]Vg' 

ePsf] 5 < rGb|df k[YjLsf] k|fs[lts 

pku|x xf] . of] clbKt j:t' xf], t/ ;f}o{ 

ljls/0f o;sf] ;txdf k/L k/fjt{g 

x''Fbf of] rlDsnf] b]lvG5 . rGb|dfsf] 

rds ;"o{af6 o;sf] ;txdf k/]/ 

k[YjLdf k/fjlt{t ePsf ljljm/0fdf 

lge{/ ub{5 . cfF}F;Ldf k[YjLdf k'Ug] ;f}o{ 

ljls/0fx¿ z"Go x'G5g\ eg] k"l0f{dfdf ;a}eGbf 

a9L ;f}o{ ljls/0fx¿ k[YjLdf k'U5g\ .

rGb|dfn] k[YjLsf] kl/j|mdf ubf{ rGb|dfsf] 

ljleGg dfqfsf] pHofnf] efu k[YjLaf6 b]lvG5, 

lrq g+= 24.3 rGb|df; / gIfqdf;

lrq g+= 24.3  rGb|dfsf] snf

tkfO{“nfO{ yfxf 5 <
k"l0f{dfdf rGb|dfsf] k'/} efu b]lvG5 elgPtf klg o;sf] 
50 k|ltzt efu dfq b]lvPsf] x'G5  . o;sf] sf/0f af“sL 
50 k|ltzt efu cfk\mg} 5fofn] 5]s]sf] x'G5 .
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h;nfO{ rGb|dfsf] snf (phases of the moon) elgG5 . rGb|dfsf] snf b]lvg'df rGb|dfn] cfk\mgf] 

cIfdf k[YjLnfO{ kl/j|mdf ug'{, cfk\mgf] ;txdf k/]sf] ;f}o{ ljls/0fnfO{ k/fjt{g ug'{, rGb|df clbKt 

j:t' x'g'' / k|sfz l;wf af6f]df lxF8\g' /x]sf 5g\ .

ha rGb|df k[YjLsf] kl/j|mdf ug]{ j|mddf ;"o{ / k[YjLsf] lardf cfpF5, ta rGb|dfsf] cfwf pHofnf] 

efu k[YjLlt/ k/]sf] x'Fb}g . o; cj:yfnfO{  cf}F;L (new moon or no moon) elgG5 . cf}F;Lsf] 2 
lbgkl5 rGb|dfn] 12° sf] sf]0fLo b'/L to u5{, o; ;dodf cjnf]sg stf{n] rGb|dfsf] ;fgf] efu b]Vg 

;S5, h;nfO{ jflS;ª lj|m;]G6 (waxing crescent) elgG5 . klxnf] Sjf6/ (first quarter) sf] 

cj:yfdf rGb|df / ;"o{ l;wf 90° df x'gfn] cjnf]sg stf{n] rGb|dfsf] cfwf efu blIf0f cfsfzdf 

;"of{:tkl5 b]Vg ;S5 .  rGb|dfsf] pHofnf] efu a9\b} hfG5 / o;n] nueu 168° sf] sf]0fLo b'/L 

kf/ u5{ . olta]nf rGb|dfsf] clt yf]/} efu dfq sfnf] efusf] ¿kdf /xG5, h;nfO{ jflS;ª lha; 

(waxing gibbous) elgG5 . k"l0{fdf (full moon) sf] cj:yfdf rGb|dfn] 180° sf] sf]0fLo b'/L 

to u/]sf] x'G5 . To;}n] cjnf]sg stf{n] k"j{ lbzfdf ;"of{:t x'gf;fy rGb|dfsf] cfwf pHofnf] efu 

b]v]sf] x'G5 . k"l0{fdfkl5 o;n] nueu 192° sf] sf]0fLo b'/L kf/ ubf{ rGb|dfsf] clt yf]/} efu sfnf] 

/xG5, h;nfO{ jflgª lha; (waning gibbous) elgG5 . o;kl5 rGb|dfsf] sfnf] efu a9\b} uO{ 

clGtd Sjf6/ (last quarter) sf] cj:yfdf cjnf]sg stf{n] rGb|dfsf] rf}yfO efu dWo /ftdf 

k"j{sf] cfsfzdf b]Vg ;lsG5 . o; cjlwdf rGb|dfn] 270° sf] sf]0fLo b'/L kf/ u/]sf] x'G5 . ha 

rGb|dfn] nueu 348° sf] sf]0fLo b'/L kf/ u5{, ta rGb|dfsf] clt yf]/} efu pHofnf] b]lvG5, h;nfO{ 

jflgª lj|m;]G6 (waning crescent) elgG5 . o;/L cjnf]sg ub}{ hfFbf k[YjLaf6 b]lvg] rGb|dfsf] 

pHofnf]kg 36\b} hfG5 / rGb|df b]lvg 5f]8\5 . olta]nf rGb|dfn] 360° sf]0fLo b'/L kf/ u/]sf] x'G5 . 

o; cj:yfnfO{ cf}F;L (new moon or no moon) elgG5 .

z'Sn kIf (bright half) : cf}F;Lb]lv k"l0f{df;Ddsf] ;dofjlwnfO{ z'Sn kIf elgG5 . z'Sn kIfdf 

rGb|dfsf] pHofnf] efu a9\b} hfG5 . of] cjlw sl/a 15 lbgsf] x'G5 .

j[mi0f kIf (dark half) : k"l0f{dfb]lv cf}F;L;Ddsf] ;dofjlwnfO{ j[mi0f kIf elgG5 . j[mi0f kIfdf 

rGb|dfsf] pHofnf] efu j|mdzM 36\b} hfG5 . of] cjlw klg sl/a 15 lbgsf] x'G5 . 

;"o{, k[YjL / rGb|dfsf] l:ylt (Position of sun, earth and moon)

;"o{ a|x\df08df /x]sf] dWod vfnsf] tf/f xf] . of] k[YjLaf6 ;a}eGbf glhssf] b'/Ldf /x]sf] tf/f klg 

xf] . of] tftf] Uof;sf] lk08 xf] . o;df 70 k|ltzteGbf a9L xfO8«f]hg /x]sf] x'G5 . o;df tfk / 

k|sfzsf] ¿kdf k|z:t pmhf{ pT;lh{t x'G5 . of] tf/fk'~hsf] jl/kl/ 3'Dg'sf] ;fy} cfk\mgf] sIfdf 

klg 3'Dg] u5{ . 

k[YjLnufot cf7 cf]6} u|xx¿n] ;"o{nfO{ kl/j|mdf u5{g\ . k[YjLdf k|f0fLx¿nfO{ afFRgsf nflu cfjZos 

pko'St jftfj/0f kfOG5 . k[YjLn] klg ;"o{sf] jl/kl/ bL3{ j[Qfsf/ sIfdf kl/j|mdf u5{ . o;/L 
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kl/j|mdf ubf{ k[YjL ;"o{af6 slxn] 6f9f / slxn] glhs x'g] u5{ . 

u|xx¿nfO{ kl/j|mdf ug]{ lk08x¿nfO{ pku|x elgG5 . pku|xx¿ k|fs[lts / s[lqd u/L b'O{ k|sf/sf 

x'G5g\ . rGb|df k[YjLsf] Ps dfq k|fs[lts pku|x xf], h;n] k[YjLnfO{ kl/j|mdf u5{ . k[YjLnfO{ 

kl/j|mdf ug]{ j|mddf o;n] ;"o{sf] klg kl/j|mdf u5{ .

;"o{, k[YjL / rGb|dfsf] l:ylt emNsfpg] s]xL tYox¿ tnsf] tflnsfdf cWoog u/f}F M

cfwf/ ;"o{ k[YjL rGb|df

lk08 2.0×1030 kg 6.0×1024 kg 7.35×1022 kg

cf};t cw{Jof; 695508 km 6371 km 1737 km

;txsf] cf};t tfkj|md 57000C 150C -1250C b]lv 1300C

knfog ult 617 km/s 11.2 km/s 2.38 km/s

kl/e|d0f ;dofjlw 300000000 days 24 hrs 27 days

jfo' d08nLo UofF;x¿ H2, He N2 ,O2, CO2, Ar Ar, He, Na, K, H, Rn

;3g 5fof / lj/n 5fof (Umbra and Penumbra)

3fd nfu]sf] lbg a|]ssf] ;dodf ljBfnosf] d}bfgdf pleP/ cfk\mgf] 5fof x]g]{ sf]l;; ug{'xf];\ / 5fof 

s;/L aGof] xf]nf < Psl5g ;f]Rg'xf];\ t ¤

ha s'g} k|sfz gl5g]{ j:t'nfO{ k|sfz uO/x]sf] af6fdf /flvof] eg] To;af6 k|sfz l5/]/ hfg 

;Sb}g . h;n] ubf{ k|sfzsf ls/0f l:j|mg;Dd k'Ug ;Sb}gg\ . o:tf] cj:yfdf l:j|mgdf sfnf] wAafsf] 

lgdf{0f x'g] ub{5, h;nfO{ 5fof elgG5 . ;3g / lj/n u/L 5fof b'O{ k|sf/sf x'G5g\ . 5fof aGgnfO{ 

d'Votof k|sfzsf] ;|f]t, k|sfz gl5g]{ j:t' / kbf{ u/L ltg cf]6f cj:yf rflxG5 .

k"0f{{ ¿kdf sfnf] efunfO{ ;3g 5fof (totally dark shadow) elgG5, hxfF k|sfzsf ls/0fx¿ k"0f{{ 

¿kdf k'Ub}gg\ eg] cf+lzs ¿kdf sfnf] efunfO{ la/n 5fof (partially dark shadow) _ elgG5 . 
o; efudf k|sfzsf ls/0fx¿ cf+lzs ¿kdf k'u]sf x'G5g\ .

lj|mofsnfk

-s_ 6]ansf] Ps 5]pdf sf8{af]8{ /fVg'xf];\ / lardf Pp6f an /fVg'xf];\ .

-v_ 6]ansf] csf]{ 5]paf6 6r{nfO6 afn]/ sf8{af]8{df kfg{'xf];\ .

-u_ sf8{af]8{df k"0f{{ sfnf] 5fof / cf+lzs sfnf] 5fof ag]sf] b]Vg'x'g] 5 .
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u|x0f (Eclipse)

h;/L k|sfzsf] ;|f]taf6 cfPsf k|sfzsf] ls/0f k|sfz gl5g]{ j:t'df kg{ hfFbf sfnf] wAaf aGg 

hfG5, To;/L g} u|x0f nfUg] u5{ . cfsfzLo lk08x¿ ;"o{, k[YjL / rGb|dflarsf] Ps cfk;sf] 

rfnsf] l:yltaf6 g} u|x0f nfUg] cj:yf cfPsf] xf] . ;"o{, rGb|df / k[YjL l;wf /]vfdf kg{ uO{ 

rGb|dfsf] 5fof k[YjLdf jf k[YjLsf] 5fof rGb|dfdf kg'{nfO{ g} u|x0f elgG5 . ;"o{ u|x0f / rGb| u|x0f 

b'j} u|x0fnfO{ k[YjLaf6 cjnf]sg ug{ ;lsG5 . 

u|x0f nfUgfsf sf/0fx¿ (Causes of eclipse)

-s_ k|sfz l;wf /]vfdf dfq lxF8\g] x'gfn]

-v_ rGb|dfn] k[YjLnfO{ / k[YjLn] ;"o{nfO{ kl/j|mdf ugf{n]

-u_ ;"o{, k[YjL / rGb|df Pp6} l;wf /]vfdf kgf{n]

u|x0fsf k|sf/ (Types of eclipse)

-s_ rGb| u|x0f (lunar eclipse)

-v_ ;"o{ u|x0f (solar eclipse)

rGb| u|x0f (Lunar eclipse)

k[YjLn] ;"o{nfO{ / rGb|dfn] k[YjLnfO{ kl/j|mdf ug]{ j|mddf ha ;"o{ / rGb|dfsf] lardf k[YjL kg{ cfpF5 

/ oL ltg cf]6} cfsfzLo lk08x¿ Pp6f l;wf /]vfdf k5{g\ . ;"o{af6 cfPsf k|sfzsf ls/0fsf] s]xL 

efu k[YjLn] /f]Sb5 / rGb|dfdf k'Ug kfpFb}g . o; cj:yfdf k[YjLsf] 5fof rGb|dfdf kg{ uO{ rGb| 

u|x0f nfUb5 . k[YjLsf] ;3g 5fof rGb|dfdf kbf{ x'g] u|x0fnfO{ vu|f; rGb| u|x0f elgG5 . k[YjLsf] 

lj/n 5fof rGb|dfdf kbf{ x'g] u|x0fnfO{ v08u|f; rGb| u|x0f elgG5 . 

lrq g+= 24.4  ;3g / lj/n 5fof“
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rGb| u|x0fsf sf/0fx¿ (Causes of eclipse)
-s_ k|sfz l;wf /]vfdf ofqf ug'{

-v_ k[YjLsf] 5fof rGb|dfsf] ;txdf kg'{

-u_ ;"o{, k[YjL / rGb|df Pp6f /]vfdf kg'{ 

-3_ k[YjLn] klg cfk\mg} sIfdf ;"o{sf] kl/j|mdf ug'{ / rGb|dfn] klg cfk\mg} sIfdf k[YjLsf] kl/j|mdf 

ug'{

rGb| u|x0fsf k|sf/x¿ (Types of lunar eclipse)

k"0f{{ rGb| u|x0f M 

rGb|dfsf] ;txnfO{ k"0f{ ¿kdf 5f]Kg] u|x0fnfO{ k"0f{{ rGb| u|x0f elgG5 . of] u|x0fdf ;"o{af6 cfPsf 

k|sfzsf ls/0fx¿ rGb|df;Dd k'Ug kfpFb}gg\ .

cf+lzs rGb| u|x0f M

o; u|x0fdf rGb|df cf+lzs ¿kdf sfnf] aGb5 . of] u|x0f nfdf] ;do;Dd /xG5 . rGb|df / k[YjL 

cfcfk\mg} sIfdf Pp6} lbzflt/ 3'Dg] ub{5g\ . k[YjLsf] cfsf/ rGb|dfeGbf 7'nf] x'g] ePsfn] k[YjLsf] 

7'nf] 5fof rGb|df kbf{ rGb|dfnfO{ 5fof kf/ u/]/ hfg w]/} ;do nfUb5 . clxn];Dd /]s8{ u/]cg';f/ 

a9Ldf ! 306f $) ldg]6 ;Ddsf] rGb| u|x0fsf] cjlw /x]sf] kfOG5 . rGb| u|x0fdf rGb|df xNsf 

/ftf] /ªsf] x'G5 . o;f] x'gfsf] sf/0f k[YjLsf] jfo' d08naf6 s]xL ;f}o{ ljls/0fx¿ cfjt{g ePsfn] 

xf] . rGb| u|x0f rGb|dfsf] k"jL{ efuaf6 ;'? eP/ klZrdL efudf uP/ 6'ª\luG5 . o;f] x'gfsf] sf/0f 

rGb|df cfk\mgf] cIfdf klZrdaf6 k"j{lt/ 3'Dg] u5{ .

;"o{ u|x0f (Solar eclipse)

ha rGb|df ;"o{ / k[YjLsf] lardf l;wf /]vfdf klg cfpF5, ;"o{af6 ls/0fx¿ rGb|dfn] 5]Sg uO{ 

lrq g+= 24.5  rGb| u|x0f
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k[YjLdf 5fof kg{ hfFbf ;"o{ u|x0f nfU5 . rGb|df klZrdaf6 k"j{lt/ 3'Db} hfFbf ;"o{sf] klZrdL 

efunfO{ 5]Sb5 / klZrdaf6 k"j{lt/ a9\b} hfG5 . olb cjnf]sg stf{n] ;3g 5fofaf6 cjnf]sg 

u/]sf] 5 eg] k"0f{{ ;"o{ u|x0f jf vu|f; ;"o{ u|x0f / cjnf]sgstf{n] la/n 5fofaf6 cjnf]sg u/]sf] 

5 eg] cf+lzs ;"o{ u|x0f jf v08u|f; ;"o{ u|x0f b]Vg ;S5 .

;"o{ u|x0fsf sf/0fx¿ (Causes of solar eclipse)

-s_ k|sfzn] l;wf /]vfdf ofqf ug'{ 

-v_ rGb|dfsf] 5fof k[YjLsf] ;txdf kg'{ 

-u_ ;"o{, rGb|df / k[YjL Pp6} l;wf /]vfdf kg'{ 

-3_ rGb|df / k[YjLn] j|mdzM k[YjL / ;"o{nfO{ cfcfk\mgf] sIfdf kl/j|mdf ug'{ 

;"o{ u|x0fsf k|sf/x¿ (Types of solar eclipse)

;"o{ u|x0f ltg k|sf/sf 5g\ .

k"0f{{ ;"o{ u|x0fM o; u|x0fdf ;"o{ k"0f{{ ¿kdf sfnf] ePsf] b]lvG5 . k[YjLsf] Ps 7fpFdf of] u|x0f 360 
jif{df x'g] ub{5 . clxn];Ddsf] /]s8{cg';f/ 8 ldg]6;Ddsf] ;'o{ u|x0f nfu]sf] 5 . 

cf+lzs ;"o{ u|x0fM o; u|x0fdf ;"o{ cf+lzs ¿kdf sfnf] ePsf] b]lvG5 . rGb|dfsf] lj/n 5fof k/]sf] 

k[YjLsf] ;txaf6 cf+lzs ;"o{ u|x0f cjnf]sg ug{ ;lsG5 .

ano ;"o{ u|x0f (Annular eclipse) M o; u|x0fdf k[YjL / rGb|dfsf] b'/L a9\b} hfFbf rGb|dfsf] 

;3g 5fofsf] 6'Kkf]sf] efu k[YjL;Dd k'Ug ;Sb}g . o;f] x'gfsf] sf/0f rGb|df ;fgf] x'gfn] o;n] ;"o{sf] 

;a} efu 9fSg ;Sb}g . h;sf sf/0f rGb|dfsf] jl/kl/ ano l/ª b]lvG5 . o;nfO{ ano ;"o{ u|x0f 

elgG5 . k[YjLsf] Ps 7fpFdf of] u|x0f k|To]s 1000 jif{df nfUb5 .

lrq g+= 24.6  ;"o{ u|x0f
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k|To]s cf}“;L / k"l0f{dfdf u|x0f gnfUg'sf sf/0fx¿ (Causes of not occuring eclipse in 
every new moon or full moon day)

;"o{, rGb|df / k[YjL Pp6} l;wf /]vfdf kbf{ u|x0f nfUb5, t/ k|To]s cf}F;L / k"l0f{dfdf k[YjLsf] sIf 

/ rGb|dfsf] sIf Pp6} l;wf /]vfdf kb}{gg\ . rGb|dfsf] sIfLo w/ftn / k[YjLsf] sIfLo w/ftnlar 

5.15° sf] sf]0f aGb5 . o;sf] sf/0f u|x0f nfUb}g . rGb|dfsf] sIf / k[YjLsf] sIf b'O{ 7fpFdf 

sfl6G5, h;nfO{ gf]8 -nodes_ elgG5 . oL gf]8nfO{ /fx' (rahu) / s]t' (ketu) elgG5 . u|x0f 
x'gfsf nflu ;"o{, rGb|df / k[YjL k|ToIf gf]8df x'g'kb{5 . of] k|lj|mof k|To]s k"l0f{df / cf}F;Ldf xF'b}g . 

To;sf/0f k|To]s cf}F;L / k"l0f{dfdf u|x0f nfUb}g . 

lrq g+= 24.7  ano ;"o{ u|x0f

lrq g+= 24.8  k|To]s cf}“;L÷k"l0f{dfdf u|x gnfUg] sf/0f

;Demg'kg]{ s'/fx¿

1. ;"o{nufot cf7 u|xx¿, ltgLx¿sf pku|xx¿, pNsflk08x¿, nfdk'R5|||]« tf/f cflb ;d]l6Psf] 

kl/jf/nfO{ ;f}o{ kl/jf/ elgG5 .

2. cfsfz uª\uf tf/fk'~hdf xfd|f] ;f}o{ kl/jf/ cjl:yt 5 .
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3. k[YjLn] ;"o{sf] jl/kl/ bL3{ j[Qfsf/ sIfdf kl/j|mdf ug]{ rfnnfO{ sIfLo rfn elgG5 .

4. k[YjLn] cfk\mgf] cIfdf cfk}mF 3'Dg] u5{, o;nfO{ k[YjLsf] cIfLo rfn elgG5 .

5. Ct' kl/jt{g x'g', lbg / /ftsf] cjlw km/s km/s x'g' / lnk loo/ x'g' jflif{s ultsf  

c;/x¿ x'g\ .

6. k|sfz l;wf /]vfdf lxF8\g', Pp6f cfsfzLo lk08sf] 5fof csf]{ cfsfzLo lk08df kg'{, 

cfsfzLo lk08x¿ cfk\mg} sIfdf 3'Dg' / cfsfzLo lk08x¿ Pp6} l;wf /]vfdf kg'{ u|x0f 

nfUgfsf sf/0fx¿ x'g\ .

7. k[YjLsf] ;txaf6 rGb|dfsf] ;txdf x]bf{ km/s km/s pHofnf] efu b]lvg'nfO{ rGb|dfsf] snf 

elgG5 .

8. ;"o{, k[YjL / rGb|df Pp6} ;/n /]vfdf kbf{ ;"o{af6 cfPsf ls/0fnfO{ k[YjLn] 5]Sbf k[YjLsf] 

5fof rGb|dfdf kg{ uO{ rGb| u|x0f nfU5 .

9. ;"o{, rGb|df / k[YjL Pp6} ;/n /]vfdf kbf{ ;"o{af6 cfPsf ls/0fnfO{ rGb|dfn] 5]Sbf rGb|dfsf] 

5fof k[YjLdf kg{ uO{ ;"o{ u|x0f nfU5 .

cEof;

-s_ tnsf ax' j}slNks k|Zgx¿sf] ;xL pTt/df l7s -_ lrx\g nufpg'xf];\ M

1. k[YjL / ;"o{larsf] b'/L slt 5<

 (i) 1.5 × 108 km  (ii) 1.5 × 107 km
 (iii) 1.5 × 106 km  (iv) 1.5 × 109 km 

2.  k|sfzn] Ps ;]s]G8df kf/ ug]{ b'/L slt xf] <
 (i) 3.0 × 108 m  (ii) 2.2 × 108 m
 (iii) 3.0 × 106 m  (iv) 2.2 × 106 m
3. ;"o{sf] ;txsf] tfkj|md l8u|L ;]lG6u|]8df slt 5 <

 (i) 5400 (ii) 5700 (iii) 5000 (iv) 7000
4. k[YjL cfk\mgf] cIfdf Ps kmGsf] nufpg nfUg] ;donfO{ s] elgG5 < 

 (i) ;f}o{ lbg (ii) rGb|df; (iii) rGb|dfsf] snf (iv) eu0f k"lt{sfn

5. rGb|df; nueu slt lbgsf] x'G5 <

 (i) 29 (ii) 28 (iii) 27 (iv) 26
6. ;3g 5fof k/]sf] 7fpFdf s:tf] u|x0f nfUb5 <

 (i) vu|f;  (ii) v08u|f;

 (iii) dflysf s / v (iv) s'g} klg xf]Og
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-v_ tnsf k|Zgx¿sf] pTt/ lbg'xf];\ M

1. ;f}o{ kl/jf/ s]nfO{ elgG5, n]Vg'xf];\ .

2. cfsfz uª\uf tf/fk'~hdf ;"o{sf] :yfg sxfFlg/ 5, atfpg'xf];\ .

3. ;"o{, k[YjL / rGb|dfsf] lk08 slt slt 5, n]Vg'xf];\ .

4. jif{sf s'g s'g lbg k[YjLsf ;a} 7fpFdf lbg / /ft a/fa/ x'G5 <

5. rGb|dfsf] snf eg]sf] s] xf], o;sf sf/0fx¿ n]Vg'xf];\ .

6. rGb|dfsf] eu0f k"lt{sfn / rGb|df;df sl/a @ lbg % 306f hlt km/s x'G5, lsg <

7. rGb| u|x0f eg]sf] s] xf], rGb| u|x0f ;"o{ u|x0f eGbf nfdf] x'G5, lsg <

8. k|To]s cf}F;L / k"l0f{dfdf u|x0f nfUg'sf] sf/0f pNn]v ug'{xf]';\ .

9. rGb| u|x0f s;/L nfUb5 < of] nfUg'sf sf/0fx¿ pNn]v ub}{ o;nfO{ lrqdf b]vfpg'xf];\ .

10. ;"o{ u|x0f s;/L nfUb5 < of] nfUg'sf sf/0fx¿ n]vL o;nfO{ lrqdf b]vfpg'xf];\ .

11. olb k[YjL / rGb|dfsf] sIfLo w/ftn 7\ofSs} ldn]sf] eP ;"o{ / rGb| u|x0fdf s:tf] 

c;/ kYof]{ xf]nf, n]Vg'xf];\ .

kl/of]hgf sfo{

1. d}gaTtL, ;nfO{, sf8{af]8{ k|of]u u/L ;3g / lj/n 5fof aGg] k|lj|mof b]vfpg'xf];\ / lrq klg 

tof/ ug{'xf];\ .

2. 2060 ;fnkl5 nfu]sf ;"o{ u|x0f / rGb| u|x0fsf af/]df cfk"meGbf 7'nfnfO{ ;f]wL cfufdL 2 
jif{df slt ;dosf] cGt/df oL u|x0fx¿ nfUg] u5{g\ < kQf nufO{ sIffdf 5nkmn ug'{xf];\ .

zAbfjnL

P:6]/f]O8\; M dª\un u|x / a[x:klt u|xsf lardf /x]sf ;fgf u|xx¿ h:tf j:t'x¿ 

vuf]nLo lk08 M cfsfzLo lk08x¿

kf;]{s M vuf]nLo lk08x¿larsf] b'/L gfKg] PsfO

clws jif{  M 366 lbgsf] jif{ 

OlSjgf]S;  M /ft / lbgsf] cjlw a/fa/ x'g] lbg

;d/ ;f]nfl:6;  M ;a}eGbf 5f]6f] /ft / ;a}eGbf nfdf] lbg


