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àH$aU 3

YmVw Am{U AYmVy
(Metals and  Non-metals)

 

 Vwåhr B`Îmm ZddrÀ`m dJm©_Ü`o _wbÐì`m~Ôb {eH$bm AmhmV. _wbÐì`m§À`m 
JwUY_m©À`m AYmao Ë`m§Mo YmVw qH$dm  AYmVy `m _Ü`o dJuH$aU H$aVmV ho Vwåhr nm{hbo 
Amho.
n  Vw_À`m X¡Z§{XZ OrdZmVrb YmVw d AYmVwÀ`m§ H$mhr Cn`moJm§Mm {dMma H$am.
n  Ooìhm Vwåhr _wbÐì`m§Mo YmVw d AYmVw_Ü`o dJuH$aU H$aVm Voìhm H$moUË`m JwUY_mªMm 

{dMma H$aVm ?
n Ë`m _wbÐì`m§À`m Cn`moJmer ho JwUY_© H$go g§~§YrV AmhoV ? AmVm AmnU H$mhr 

JwUY_mªMm g{dñVa Aä`mg H$é.

3.1 ̂ m¡{VH$ JwUY_©  

3.1.1. YmVw  

 ^m¡VrH$ JwUYm©Mr VwbZm H$éZ nXmWm©Mo g_wh H$aUo hm gwédmVrMm gmonm _mJ© Amho. 
Imbrb CnH«$_m§À`m _XVrZo AmVm AmnU `m§Mm Aä`mg H$é. H¥$Vr 3.1 Vo 3.6 gmR>r 
bmoI§S>, Vm§~o, A°ë`w{_{Z`_, _°¾o{e`_, gmoS>r`_, {ego, OñV Am{U ghO CnbãY 
hmoUmao AmUIr H$mhr YmVy B. Mo Z_wZo Jmoim H$am.

          CnH«$_ 3.1

n  bmoI§S>, Vm§~o, A°ë`w{_{Z`_ Am{U _°¾o{e`_ `m§Mo Z_wZo KoD$Z Ë`m§À`m 
~møñdénmMr Zm|X H$am.

n  àË`oH$ Z_wÝ`mMm n¥ð>^mJ g°§S> nonaZo (dmiy H$mJX) KmgyZ ñdÀN> H$am Am{U naV 
Ë`m§À`m ~mø ñdénmMr Zm|X H$am.

ewÜX ñdénmVrb YmVwÀ`m n¥ð>^mJm§bm MH$mH$s AgVo Ë`m JwUY_m©bm "YmVyMr MH$mH$s' 
(Metallic lustre) åhUVmV.
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 2   {dkmZ

         CnH«$_ 3.2

n  bmoI§S>, Vm§~o, A°ë`w{_{Z`_ Am{U _°¾o{e`_ ̀ m§Mo bhmZ VwH$S>o KoD$Z YmaXma MmHw$Zo 
ho YmVw H$mnÊ`mMm à`ËZ H$am. Am{U Vw_À`m {Z[ajUmMr Zm|X H$am.

n gmo{S>`_ YmVyMm VwH$S>m {M_Q>çmZo nH$S>m.
 I~aXmar : Zoh_r gmoS>r`_ YmVy hmVmiVmZm H$miOr ¿`m. Vmo VwH$S>m H$moaS>m 

H$aÊ`mgmR>r JmiU H$mJXmÀ`m KS>r_Ü`o R>oD$Z Xm~ Úm.
n Vmo dm°M ½bmg _Ü`o R>odm Am{U MmHy$Zo H$mnÊ`mMm à`ËZ H$am.
n Vwåhr H$m` {ZarjU Ho$bm ?

 gm_mÝ`V: YmVy H$R>rU AgVmV. YmVw YmVw_Yrb H$R>rUnUm ~XbV OmVmo ho Vwåhmbm 
{XgyZ ̀ oB©b.

          CnH«$_ 3.3
n  bmoI§S>, OñV, {ego Am{U Vm§~o ̀ m§Mo VwH$S>o ¿`m. 
n bmoI§S>mÀ`m ãbm°H$_Ü`o H$moUË`mhr EH$m YmVyMm VwH$S>m R>odyZ Mma-nmM doim 

hmVmoS>çmZo _mam. Vwåhr H$m` {ZarjU Ho$bm ?
n hrM H¥$Vr Xþgè`m YmVwgmR>r nwÝhm H$am.
n `m YmVy§À`m AmH$mamVrb ~Xbm§Mr Zm|X H$am.

 Vwåhm§bm Ago AmT>iyZ ̀ oB©b H$s, H$mhr YmVybm R>moHy$Z Ë`m§Mo nmVi nÌo ~Zdy eH$Vmo. 
`m JwUY_m©bm dY©Zr`Vm (Malleability) Ago åhUVmV. gmoZo Am{U Mm§Xr ho YmVy A{Ve` 
dY©Zr` AmhoV ho Vwåhm§bm _mhrV Amho H$m ?

         CnH«$_ 3.4

n  bmoI§S>, Vm§~o, A°ë`w{_{Z`_, {ego B. H$mhr YmVy§Mm {dMma H$am.
n darb YmVwn¡H$s H$moUVo YmVy VmaoÀ`m ñdénmV CnbãY AmhoV ?

 YmVynmgyZ ~marH$ Vmam H$mT>Ê`mÀ`m j_Vobm VÝ`Vm (Ductility) Ago åhUVmV. gmoZo 
hm A{Ve` VÝ` YmVy Amho. AmnUmbm AmíM`© dmQ>ob H$s, 1 J«°_ dOZmÀ`m gmoÝ`mnmgyZ 2 
{H$. _r. bm§~rMr ~marH$ Vma H$mTy> eH$Vmo.
 H$maU YmVy§À`m dY©Zr`Vm d VÝ`Vm `m JwUY_m©_wio Amnë`m JaOoZwgma YmVy§Zm 
doJdoJim AmH$ma XoVm ̀ oVmo.
 ñd`§nmH$mMr ̂ m§S>r H$moUË`m YmVy nmgyZ ~Z{dVmV gm§Jy eH$mb H$m ? Vwåhm§bm _mhrV 
Amho H$m, ̂ m§S>r ~Z{dÊ`mgmR>r ̀ mM YmVy§Mm Cn`moJ H$m H$aVmV? CÎmao emoYÊ`mgmR>r AmnU 
Imbrb CnH«$_ H$é.
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CnH«$_ 3.5

 

 

 

 

 

n  AmH¥$Vr 3.2 _Ü`o XmI{dë`mà_mUo  
{dÚwV OmoS>Ur H$am.

n  VnmgUr H$am`Mm YmV y {dÚwV 
OmoS>UrÀ`m A Am{U B Q>moH$m_Ü`o 
XmI{dë`m à_mUo R>odm.

n  ~ë~ noQ>Vmo H$m ? ho H$m` Xe©{dVo ?

ñQ>°ÝS> 

{M_Q>o

~Z©a

YmVyMr Vma

VmaoMo _wº$ Q>moH$
nrZ
_oU

AmH¥$Vr 3.1 YmVy CîUVoMo gwdmhH$ AgVmV.

n  A°ë`w{_{Z`_ qH$dm Vm§ã`mMr Vma ¿`m. Vr Vma ñQ>±S>À`m {M_Q>çmV AmH¥$Vr 3.1 
_Ü`o XmI{dë`m à_mUo ~gdm.

n _oUmMm Cn`moJ H$éZ VmaoÀ`m _moH$ù`m Q>moH$mbm nrZ ~gdm.
n  pñn[aQ>Mm {Xdm, _oU~Îmr qH$dm ~Z©aÀ`m ghmæ`mZo {M_Q>çm Odi YmVyÀ`m Vmaobm 

CîUVm Úm.
n H$mhrdoimZ§Va Vwåhr H$m` {ZarjU Ho$bm ?
n  Vw_À`m {ZarjUmMr Zm|X H$am. YmVyMr Vma {dViob H$m ?

 darb CnH«$_ Xe©{dVmo H$s, YmVy ho CîUVoMo Mm§Jbo gwdmhH$ AgyZ Ë`m§Mm  {db`q~Xÿ 
OmñV AgVmo. Mm§Xr Am{U Vm§~o ho CîUVoMo Mm§Jbo gwdmhH$ AgyZ VybZoZo {ego Am{U nmam 
ho CîUVoMo _§XdmhH$ AmhoV.
 YmVy_YyZ gwÜXm {dÚwV dmhVo H$m ? ho AmVm emoYy.

A B

 Am. 3.2 YmVw {dOoMo gwdmhH$ AmhoV

~°Q>ar
~ë~

H$i{M_Q>m 

n[ajm H$am`Mm Z_wZm

YmVw Am{U AYmVy
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 4   

 Vwåhr nmhrbo AmhoM H$s, Vw_À`m KamVrb {dÚwV dmhÿZ ZoUmè`m Vmao^modVr 
nm°brpìhZmB©b ŠbmoamB©S (PVC)> qH$dm a~ar nXmWmªMo AmdaU AgVo. Aem nXmWmªMo 
AmdaU {dÚwV Vmam§da H$m AgVo?
 H${R>U n¥ð>^mJmda O|ìhm YmVy AmXiVmo Voìhm H$m` KS>Vo ? Vo ÜdZr {Z_m©U H$aVmV H$m? 
YmVy H${R>U n¥ð>^mJm§da AmXiyZ ÜdZr {Z_m©U hmoV Agob Va Ë`mbm, IUIUrV AmdmO 
åhUVmV Vwåhr AmVm gm§Jy eH$mb H$m emioMr K§Q>m (Bell) hr YmVynmgyZ H$m ~Z{dVmV ?
3.1.2 AYmVy
 Ym§VyÀ`m VybZoV AYmVy ho \$ma H$_r AmhoV² ho Vwåhr _mJrb dJm©V {eH$bm AmhmV. 
H$m~©Z, J§YH$ , Am`moS>rZ, Am°pŠgOZ, hm`S´>moOZ BË`mXr H$mhr AYmVy§Mr CXmhaUo AmhoV. 
AYmVy  ho KZén qH$dm dm`yén AgVmV AndmX ~«mo_rZ hm Ðdén Amho.
 YmVy gmaIoM AYmVyZm gwÜXm ̂ m¡VrH$ JwUY_© AmhoV H$m ? AmVm AmnU emoYy.

          CnH«$_ 3.7
�n  H$m~©Z (H$moigm qH$dm J«m\$mB©Q>), J§YH$ Am{U Am`moS>rZMo Z_wZo Jmoim H$am.
�n `m AYmVygmR>r CnH«$_ 3.1 Vo3.6 H$éZ Vw_À`m {Z[ajUmMr Zm|X H$am.

 VŠVm 3.1 _Ü`o YmVw Am{U AYmVy _Yrb {Z[ajUm§Mr VwbZm H$am.

  VŠVm 3.1 _Ü`o Zm|X Ho$boë`m {ZarjUmdéZ YmVw Am{U AYmVy§À`m gd©gm_mÝ` ̂ m¡VrH$ 
JwUY_mªMr MMm© dJm©V H$am. Vwåhr AZw_mZ H$mT>bm AgUma H$s, _wbÐì`m§Mo JQ> \$º$ 
Ë`m§À`m ^m¡VrH$ JwUY_m©déZ AmnU H$é eH$V Zmhr. Ë`mbm AZoH$ AndmX AmhoV 
CXmhaUmW© -
nmam gmoSy>Z gd© YmVy H$jr` Vn_mZmbm KZén AdñWoV AgVmV, CnH«$_ 3.5 _Ü`o 
YmVy§Zm Cƒ ÐdUm§H$ q~Xÿ AgVmo ho Vwåhr nmhrbo Amho. na§Vw, J°br`_ Am{U H°${g`_ 
`m§Mm {db`q~Xÿ H$_r Amho. Oa ho XmoZ YmVw Vw_À`m VihmVmda R>odbo Va Vo 
{dViVrb.

  VŠVm 3.1

_wbÐì` g§km
n¥ð>^mJmMm

àH$ma
H$R>rUnUm dY©Zr`mVm VÝ`Vm ÜdZr

dmhH$

CîUVm         {dÚwV

{dkmZ
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?
1) YmVwMo EH$ CXmhaU Úm.
 1) H$jr` Vn_mZmbm Ðdén Amho
 2) MmHw$Zo ghO H$mnVm ̀ oVmo 
 3) CîUVoMm gwdmhH$ Amho
 4) CîUVoMm _§XdmhH$ Amho
2) dY©Zr`Vm Am{U VÝ`Vm ̀ m§Mm AW© ñnï> H$am.

àíZ

~hþVoH$ AYmVy Ooìhm nmÊ`mV {daKiVmV Voìhm Amåbr` Am°ŠgmB©S>g² V`ma H$aVmV. Xþgè`m 
~mOwbm ~hþVoH$ YmVw AëH$br Am°ŠgmB©S>g² ~Z{dVmV. Vwåhr nwT>rb {d^mJmV `m YmVy§À`m 
Am°ŠgmB©S>g², ~Ôb A{YH$ {eH$Uma AmhmV.

ii)   Am`moS>rZ hm AYmVy Amho na§Vw Ë`mbm MH$mH$s AgVo.
iii) H$m~©Z hm AYmVy doJdoJù`m ñdénmV AgyZ àË`oH$ ñdénmbm "~hþén' åhUVmV. {ham 

hm H$m~©ZMo ~hþén AgyZ Vmo {ZgJm©Vrb gdm©V H${R>U nXmW© Amho. Am{U Ë`mbm Cƒ 
{db` q~Xÿ Am{U Cƒ CËH$bZ q~Xÿ Amho. J«m\$mB©Q> ho H$m~©ZMo Xþgao ~hþén AgyZ Vo 
{dOoMo gwdmhH$ AmhoV.

iv) AëH$br YmVw ({b{W`_, gmo{S>`_, nmoQ>°{e`_) ho Iwn _D$ AgyZ Vo MmHw$Zo ghOnUo 
H$mnVm ̀ oVmV. Ë`m§Zm H$_r KZVm Am{U H$_r {db`q~Xÿ AgVmo.

 _wbÐì`m§Mo YmVw d AYmVy Ago dJuH$aU AmnU Ë`m§À`m amgm`{ZH$ JwUY_mªÀ`m 
AmYmao A{YH$ ñnï>nUo H$é eH$Vmo.

         CnH«$_ 3.8

n _°¾o{e`_Mr Vma Am{U H$mhr J§YH$mMr nmdS>a ¿`m.
n  _°¾o{e`_Mr Vma OmiyZ V`ma Pmbobr amI Jmoim H$am Am{U Vr nmÊ`m_Ü`o 

{daKidm.
n V`ma Pmboë`m ÐmdUmV bmb Am{U {Zim {bQ>_g nona ~wS>dm d Vnmgm.
n  _°¾o{e`_ Omië`mZ§Va V`ma Pmbobm nXmW© Amåbr` qH$dm AëH$br Amho ?
n  AmVm J§YH$mMr nmdS>a Omim. OiUmè`m J§YH$mda n[ajm Zir CbQ>r YéZ 

J§YH$mÀ`m dm\$m n[ajmZirV O_m H$am.
n  darb n[ajmZirV WmoS>o nmUr Kmbm Am{U Vr hbdm.
n  Ë`m ÐmdUmV bmb Am{U {Zim {bQ>_g nona ~wS>dm d Vnmgm.
n  J§YH$ Omië`mZ§Va V`ma hmoUmam nXmW© Amåbr` qH$dm AëH$br Amho ?
n  Vwåhr ̀ m {H«$`m§Mr g_rH$aUo {bhÿ eH$Vm H$m ?

YmVw Am{U AYmVy
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 6   

3.2 YmVyMo amgm`{ZH$ JwUY_©
    AmnU YmVy§Mo amgm`{ZH$ JwUY_© {d^mJ 3.2.1 Vo 3.2.4 _Ü`o {eH$Uma AmhmoV. `m 
gmR>r A°ë`w{_{Z`_, Vm§~o, {ego, _°¾o{e`_, OñV Am{U gmoS>r`_ `m YmVw§Mo Z_wZo Jmoim 
H$am.
3.2.1 Ooìhm YmVy hdoV OmiVmV Voìhm H$m`  KS>Vo ?
 _°¾o{e`_ hdoV Omië`mg Vmo nm§T>è`m àIa Á`moVrZo OiVmo Vwåhr CnH«$_ 3.8 _Ü`o 
nmhrbm AmhmV. gd© YmVw `mM àH$mao {H«$`m H$aVmV H$m ? AmVm AmnU Imbrb CnH«$_ 
H$éZ Vmo VnmgyZ nmhÿ.            

          CnH«$_ 3.9

  I~aXmar : Imbrb CnH«$_ H$aVmZm {ejH$m§Mr _XV ¿`m. {dÚmÏ`mªZr S>moù`m§Mo g§ajU 
H$aUmè`m dñVy dmnaë`m Va A{YH$ Mm§Jbo Amho.

n  darb Z_wÝ`mVrb EH$ Z_wZm {M_Q>çm_Ü`o YéZ OiUmè`m Á`moVrda Omim. Xþgè`m 
YmVw§À`m Z_wÝ`mgmR>r hrM {H«$`m nwÝhm H$am.

n V`ma Pmbobo CËnm{XV nXmW© O_m H$am.
n  AmVm CËnm{XV nXmW© d YmVwMm n¥ð>^mJ W§S> hmoD$ Úm.
n H$moUVm YmVw ghOnUo OiVmo ?
n Ooìhm YmVy Oimbo Voìhm H$moUË`m a§JmÀ`m Á`moVrMo {ZarjU Ho$bo ?
n YmVw Omië`mZ§Va Ë`mMm n¥ð>^mJ H$gm {Xgbm ?
n  Am°ŠgrOZ ~amo~a {H«$`m hmoÊ`mÀ`m CVaË`m H«$_m§Zo YmVw§Mr _m§S>Ur H$am.
n  CËnm{XV nXmW© nmÊ`mV {daKiVmV H$m ?

Odi Odi gd© YmVw Am°pŠgOZ ~amo~a g§`moJ nmdyZ Ë`m YmVw§Mr Am°ŠgmB©S>g V`ma 
H$aVmV.

YmVw + Am°pŠgOZ     YmVyMo Am°ŠgmB©S>
CXmhaU : Ooìhm Vm§~o hdo_Ü`o Vmn{dVmV Voìhm Am°ŠgrOZ ~amo~a g§`moJ hmoD$Z H$m°na (II) 

Am°ŠgmB©S> V`ma hmoVo. Vo H$mio Am°ŠgmB©S> AgVo.
   2Cu + O         2 CuO2

  (Vm§~o)  H$m°na (II) Am°ŠgmB©S>
Ë`mM à_mUo, A°ë`w{_{Z`_ nmgyZ A°ë`w{_{Z`_ Am°ŠgmB©S> V`ma hmoVo.
   4Al+3O             2Al O2 2 3

A°ë`w{_{Z`_     A§ë`w{_{Z`_ Am°ŠgmB©S>
àH$aU 2 AmR>dm. H$m°na Am°ŠgmB©S> ho hm`S´>moŠbmo[aH$ Amåbm~amo~a H$er {H«$`m H$aVo? 
Vwåhr YmVyMr Am°ŠgmB©S> hr AëH$br ñdénmV AgVmV ho {eH$bm AmhmV.  na§Vw, H$mhr 

{dkmZ
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A°ë`w{_{Z`_ Am°ŠgmB©S>, qPH$ Am°ŠgmB©S> B. YmVyMr Am°ŠgmB©S>g² XmoÝhr Amåbr` VgoM 
AëH$br JwUY_© Xe©{dVmV. AemàH$maMo YmVwMo Am°ŠgmB©S>g² XmoÝhrhr Amåb d AëH$br 
`m§À`m~amo~a {H«$`mH$éZ jma Am{U nmUr V`ma H$aVmV åhUwZ Ë`m§Zm C^`Y_u Am°ŠgmB©S>g² 
(Amphoteric oxides) åhUVmV. A°ë`w{_{Z`_ Am°ŠgmB©S> ho Amåb d AëH$br `m§À`m 
~amo~a Imbrb à_mUo {H«$`m H$aVo
 Al O  + 6 HCl                     2 AlCl  + 3H O2 3 3 2

 Al O  + 2NaOH                  2NaAlO  + H O2 3 3 2

     (gmoS>r`_ A°ë`w{_ZoQ>)
 ~è`mM YmVyMo Am°ŠgmB©S>g² nmÊ`m_Ü`o A{dÐmì` (Z {daKiUmar) AmhoV na§Vw 
`m_Yrb AëH$brnmgyZ ~Zbobo H$mhr nmÊ`m_Ü`o {daKiVmV. gmo{S>`_ Am°ŠgmB©S> Am{U 
nmoQ>°{e`_ Am°ŠgmB©S> nmÊ`mV {daKiyZ Imbrbà_mUoAëH$br V`ma H$aVmV.

 Na O (S) + H O (I)      2NaOH (Aq)2 2

 K O (S)  + H O (I)       2KOH (Aq)2 2

 AmnU CnH«$_ 3.9 _Ü`o nm{hbo Amho H$s, gd© YmVy Am°ŠgrOZ ~amo~a gma»`mM 
àH$mao (XamZo) {H«$`m H$aV ZmhrV. doJdoJio YmVw doJdoJù`m {H«$`merbVoZo Am°ŠgrOZ 
~amo~a {H«$`m H$aVmV. nmoQ>°{e`_ Am{U gmo{S>`_ `mgmaIo YmVy Oa hdoV CKS>çmda R>odbo 
Va bJoM {H«$`m hmoD$Z Vo noQ> KoVmV. åhUyZ gwa{jV R>odÊ`mgmR>r Am{U AMmZH$ noQ> KoD$ 
Z`oV ̀ mgmR>r Vo am°Ho$b_Ü`o ~wS>dyZ R>odVmV. gm_mÝ` Vn_mZmbm  _°¾o{e`_, A°ë`w{_{Z`_, 
OñV, {ego BË`mXr YmVy§Mo n¥ð>^mJ nmVi Am°ŠgmB©S>gÀ`m Wam§Zr PmHy$Z R>odVmV. hm 
Am°ŠgmB©S>Mm Wa YmVyÀ`m AmUIr hmoUmè`m Am°ŠgrS>rH$aUmbm à{V~§Y H$aVmo. bmoI§S>mbm 
CîUVm {Xë`mg Vo OiV Zmhr na§Vw, bmoI§S>mMm {H$g ~Z©aÀ`m Á`moVrZo Omië`mg erK«VoZo 
{R>U½`m CS>VmV. Vm§~o OiV Zmhr na§Vy Ja_ YmVyda H$m°na (II) Am°ŠgmB©S>Mm H$mù`m 
a§JmMm Wa O_m hmoVmo. Mm§Xr Am{U gmoZo Am°pŠgOZ ~amo~a OmñV Vn_mZm_Ü`o gwÜXm {H«$`m 
H$aV ZmhrV.

A°ZmoS>m`qPJ (Anodising) hr A°ë`w{_{Z`_da Am°ŠgmB©SMm OmS> Wa XoÊ`mMr 
nÜXV Amho. A°ë`w{_{Z`_ hdoV CKS>çmda R>odVmV Voìhm Am°ŠgmB©S>Mm Wa {dH${gV 
hmoVmo. hm A°ë`w{_{Z`_. Am°ŠgmBS>Mo AmdaU PrOÊ`mg à{V~§Y H$aVmo. hm à{V~§Y 
AmUIr Am°ŠgmB©S>Mm Wa OmS> H$éZ H$é eH$Vmo. A°ZmoS>m`qPJ_Ü`o 
A°ë`w{_{Z`_Mr ñdÀN> dñVy A°ZmoS> åhUyZ KoVbr OmD$Z gëâ`w[aH$ Amåbm~amo~a 
{dÚwV AnKQ>Z Ho$bo OmVo. A°ZmoS> _YyZ ~mhoa nS>Umam Am°pŠgOZ A°ë`w{_{Z`_ 
~amo~a {H«$`m H$éZ Am°ŠgmB©S>Mm OmS> g§ajH$ Wa V`ma H$aVmo. hm Am°ŠgmB©S>Mm Wa 
A°ë`w{_{Z`_ dñVyda a§JdyZ AmH$f©H$ ~Z{dbr OmVo.Vwå

hm
b

m _
mh

rV
 A

mh
o H

$m 
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 ~Z©a ñQ>°S>

~wM

dm`wdmhH$ 
Z{bH$m

hm`S´>moOZ

nmUr

AmH¥$Vr 3.3 YmVyda dm\o$Mr {H«$`m 

CnH«$_ 3.9 : nwU© Ho$ë`mda Vwåhmbm g_OwZ ̀ oB©b {H$, Z_wZm åhUyZ KoVboë`m gd© YmVy_Ü`o 
gmo{S>`_ hm A{YH$ {H«$`merb Amho. _°¾o{e`_ hm H$_r {H«$`merb AgyZ gmo{S>`_ EdT>m 
{H«$`merb Zmhr. na§Vw OñV, bmoI§S>, Vm§~o qH$dm {ego Am°pŠgOZ ~amo~a OmiwZ gwÜXm 
Ë`m§Mr {H«$`merbVm R>a{dÊ`mg _XV hmoV Zmhr. AmVm AmnU AmUIr H$mhr {H«$`m YmVyÀ`m 
{H«$`merbVoMm H«$_ R>a{dÊ`mgmR>r H$é`m.

3.2.2 Ooìhm YmVw  nmÊ`m~amo~a {H«$`m H$aVmV Voìhm H$m` KS>Vo ?

           CnH«$_ 3.10
I~aXmar : ̀ m CnH«$_mgmR>r {ejH$m§Mr _XV ¿`m.
n  CnH«$_ 3.9 à_mUo YmVw§Mo VoM Z_wZo O_m H$am.
n  W§S> nmÊ`mZo {Zåå`m ̂ aboë`m M§MwnmÌmV àË`oH$ Z_wÝ`mMo doJdoJio VwH$S>o Q>mH$m.
n  H$moUVm YmVw W§S> nmÊ`m~amo~a {H«$`m H$aVmo ? W§S> nmÊ`m~amo~a {H«$`m H$aUmè`m 

YmVy§Mr {H«$`merbVm Ë`m§À`m MT>Ë`m H«$_mZo _m§S>m. 
n H$moUVm YmVw nmÊ`mda AmJ {Z_m©U H$aVmo ?
n  H$mhr doimZ§Va H$moUVm YmVy nmÊ`mda Va§JÊ`mg gwédmV H$aVmo ?
n Ja_ nmÊ`mZo {Zåå`m ^aboë`m M§MwnmÌmV W§S> nmÊ`m~amo~a {H«$`m Z H$aUmam YmVw 

Q>mH$m.
n  AmH¥$Vr 3.3 _Ü`o XmI{dë`mà_mUo CnH$aUm§Mr _m§S>Ur H$éZ Ja_ nmÊ`m~amo~a 

{H«$`m Z H$aUmam YmVw d nmÊ`mMr dm\$ ̀ m§Mr hmoUmar {H«$`m ̀ m§Mo {Z[ajU H$am.
n  AOwZ gwÜXm H$moUVm YmVw dm\o$~amo~a {H«$`m H$aV Zmhr ?
n  nmÊ`m~amo~a {H«$`m H$aUmè`m YmVw§Mr {H«$`merbVm CVaË`m H«$_mV _m§S>Ur H$am.

YmVwMm Z_wZm 

 nmÊ`mV {^O{dbobm 
H$mMoMm ^oi

{dkmZ
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 YmVwMr nmÊ`m~amo~a {H«$`m hmoD$Z YmVyMo Am°ŠgmB©S> Am{U h¡S´>moOZ dm`y V`ma 
hmoVmo. YmVyMr Am°ŠgmB©S>g² nmÊ`mV {daKiVmV nwT>o Ë`m YmVw§Mo hm`S´>m°ŠgmB©S> V`ma hmoVmV. 
na§Vw gd© YmVw nmÊ`m~amo~a {H«$`m H$aV ZmhrV. 

 YmVw + nmUr        YmVwMo Am°ŠgmB©S> + h¡S´>moOZ

 YmVyMo Am°ŠgmB©S> + nmUr         YmVw§Mo hm`S´>m°ŠgmB©S>.

 nmoQ>°{e`_ Am{U gmo{S>`_ ̀ mgmaIo YmVw W§S> nmÊ`m~amo~a erK« JVrZo {H«$`m H$aVmV. 
gmo{S>`_ d nmoQ>°{e`_ ~m~VrV erK«JVrZo {H«$`m hmoD$Z CîUVm  {Z_m©U hmoD$Z h¡S´>moOZ dm`y 
~mhoa nS>Vmo d bJoM AmJ bmJVo.

2 K(s) + 2H O (I)       2 KOH (aq) + H (g) +  CîUVm D$Om©2 2

2 Na(s) + 2H O (I)     2NaoH (aq) + H (g) +  CîUVm D$Om©2 2

 nmÊ`m~amo~a hmoUmar H°$pëe`_Mr {H«$`m H$_r {H«$`merb Amho. _wº$ hmoUmar D$Om© 
hm`S´>moOZbm noQ> KoÊ`mg nwaoer ZgVo. 

Ca(s)+2H O(I)         Ca(OH)  (aq)+H  (g)2 2 2

h¡S´>moOZ dm`y ~wS>~wS>o {Z_m©U H$éZ YmVwbm n¥ð>^mJmer  YéZ R>odVmo åhUyZM H°$pëe`_ 
Va§JVmo.

 _°¾o{e`_ W§S> nmÊ`m~amo~a {H«$`m H$aV Zmhr. Vmo Ja_ nmÊ`m~amo~a {H«$`m H$éZ 
_°¾o{e`_ hm`S´>m°ŠgmB©S> d hm`S´>moOZ dm`y V`ma H$aVmo. Vmo gwÜXm VaJVmo H$maU hm`S´>moOZ 
dm`wMo ~wS>~S>o  Ë`mbm n¥ð>^mJmer YéZ R>odVmV.

 A°ë`w{_{Z`_, bmoI§S> Am{U OñV `mgmaIo YmVw W§S> nmÊ`m~amo~a qH$dm Ja_ 
nmÊ`m~amo~a {H«$`m H$aV ZmhrV. na§Vw Vo nmÊ`mÀ`m dm\o$~amo~a {H«$`m H$éZ YmVy§Mo 
Am°ŠgmB©S> Am{U hm`S´>moOZ dm`y V`ma H$aVmV.

2Al(S) + 3H O(g)       Al O  (s) + 3H  (g)2 2 3 2

3Fe (s) + 4 H O (g)      Fe O  (s) + 4H  (g)2 3 4 2

W§S> qH$dm Ja_ nmÊ`m~amo~a {ego, Vm§~o, Mm§Xr Am{U gmoZo ̀ mgmaIo YmVy {H«$`m H$aV ZmhrV.

3.2.3 Ooìhm YmVw Amåbm§~amo~a {H«$`m H$aVmV Voìhm H$m` KS>Vo ?

 Vwåhr `mAJmoXa {eH$bmAmhmVM H$s YmVy§Mr Amåbm~amo~a {H«$`m hmoD$Z jma Am{U 
h¡S´>moOZ dm`w V`ma hmoVmV. 

 YmVw + gm¡å` Amåb  ®  jma + h¡S´>moOZ

 na§Vw, gd© YmVy ̀ mgmaIrM {H«$`m H$aVmV H$m ? ho AmnU emoYy .

YmVw Am{U AYmVy
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 AmåbamO (b°Q>rZ-am°`b dm°Q>a) : ho Vrd« hm`S´>moŠbmo[aH$ Amåb Am{U Vrd« 
Zm`Q´>rH$ Amåb ̀ m§Mo AZwH«$_o 3:1 ̀ m à_mUmV VmOo ~Z{dbobo {_lU Amho. ̀ m_Ü`o 
gmoZo gwÜXm {daKiw eH$Vo. VWm{n ̀ m_Yrb EH$m AmåbmV gmoZo {daKiw eH$V Zmhr. 
AmåbamO ho gmoZo Am{U ßb°{Q>Z_ YmVw {daKi{dUmam amgm`{ZH$ à{H«$`ogmR>r 
dmnabm OmUmam Ðd nXmW© Amho.Vwå

hm
b

m _
m{h

V 
A

mh
o H

$m 
?

{dkmZ

Vwåhr H$moUË`m YmVyMo Vn_mZ Cƒ Agë`mMr Zm|X Ho$bm ?

~ZVmV
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3.2.4 Xþgè`m YmVw§À`m jmam§À`m ÐmdUm ~amo~a YmVw H$er {H«$`m H$aVmV ?

        CnH«$_ 3.12
n ñdÀN> Vmã`m§Mr Vma Am{U bmoI§S>mMm {Iim ¿`m.
n AmH¥$Vr 3.4 _Ü`o XmI{dë`mà_mUo Am`Z© gë\o$Q>Mo ÐmdU Agboë`m narjm 

ZirV Vm§ã`mMr Vma Am{U H$m°na gë\o$Q>À`m ÐmdUmV bmoI§S>r {Iim R>odm. 
n 20 [_[ZQ>mZ§Va Vw_À`m {ZarjUmMr Zm|X H$am.
n  H$moUË`m n[ajmZirV Vwåhm§bm {H«$`m KSy>Z Ambobr {Xgbr ?
n  CnH«$_ 3.9, 3.10 Am{U 3.11 _Yrb {ZarjUmMm g§~§Y Vwåhr bmdy eH$Vm H$m?
n da KS>boë`m {H«$`oMo g§VwbrV amgm`{ZH$ g_rH$aU {bhm.
n  amgm`{ZH$ {H«$`oÀ`m àH$mamMo Zm§d {bhm.

{H « $`merb YmV w Ë`m §À`m 
g§`wJmÀ`m ÐmdUmVyZ Ë`m§À`m nojm 
H$_r {H«$`merb YmVy§Zm {dñWmnrV 
H$aVmV.

gd© YmVw g_mZ {H«$`merb 
ZgVmV ho AmnU _mJrb ^mJmV 
nmhrbo Amho. AmnU doJdoJù`m 
YmVy§Mr {H«$`merbVm Am°pŠgOZ, 
nmUr Am{U Amåbm~amo~a Vnmgbr 
Amho. na§Vw gd© YmVw `m KQ>H$m§er 
{H«$`m H$aV ZmhrV åhUwZM gd© YmVy§Mo Z_wZo Z R>odVm AmnU Vo YmVw Ë`mÀ`m 
{H«$`merbVoÀ`m CVaË`m H«$_mZo Jmoim H$é. àH$aU 1 _Ü`o YmVy§À`m {H«$`merbVo~ÔbMm 
nwamdm {dñWmnZ {H«$`m Aä`mgmVyZ {_imbm Amho. Vmo gmYm Am{U gmonm Amho. Oa A YmVw 
B YmVwbm ÐmdUmVyZ {dñWm{nV H$aV Agë`mg A YmVy  B nojm OmñV [H«$`merb 
AgVmo.

 YmVw A + B Mo jma ÐmdU ------> A Mo jma ÐmdU + B YmVy 
CnH«$_ 3.12 _Yrb {Z[ajUmZwgma Vm§~o qH$dm bmoI§S> `mn¡H$s H$moUVm YmVy OmñV 

{H«$`merb Amho.

~wM 
YmJm

n[ajmZir
bmoI§S>r {Iim
H$m°nagë\o$Q> 

ÐmdU

Vm§ã`m§Mr Vma
Am`Z© gë\o$Q>Mo ÐmdU

bmoI§S>r {Iim

n[ajmZir ñQ>°S>

AmH¥$Vr 3.4 YmVyMr jmam§À`m ÐmdUm~amo~a {H«$`m. 
 

YmVw Am{U AYmVy
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3.2.5. {H«$`merbVoMr H«$_dmar (loUr)

 YmVw§À`m {H«$`merbVoMr CVaË`m H«$_mZo Ho$bobr YmVw§Mr `mXr hr {H«$`merbVoMr 
H«$_dmar hmo`. {dñWmnZ à`moJ (CnH«$_ 1.9 Am{U 3.2) Ho$ë`mZ§Va Imbrb H«$_dmarbm 
(VŠVm 3.2) {H«$`m{ebVm qH$dm g{H«$`Vm loUr {dH$grV Ho$br Amho.
VŠVm 3.2 loUr H¥$Vr YmVw§Mr g§~§{YV {H«$`merbVm.

{dkmZ

K nmoQ>°{e`_ A{V{H«$`merb
Na gmoS>r`_ 
Ca H°$mpëe`_
Mg _°¾o{e`_
A1 A°ë`w{_{Z`_
Zn OñV  H$_r {H«$`merb
Fe bmoI§S>
Pb {ego
H hm`S´>moOZ
CU Vm§~o
Hg nmam
Ag Mm§Xr
Au gmoZo  H$_rVH$_r {H«$`merb

 

 

 ?
1. gmo{S>`_ am°Ho$b_Ü`o H$m ~wS>dyZ R>odVmV ?
2. Imbrb {H«$`m§gmR>r g_rH$aU {bhm -
 i)   bmoI§S>mMr dm\o$~amo~a
 ii)  H°$pëe`_ Am{U nmoQ>°{e`_Mr nmÊ`m~amo~a {H«$`m.
3. A,B,C d D ho Mma YmVwMo Z_wZo KoD$Z Imbr {Xboë`m  ÐmdUmV 

EH$mnmR>monmR> EH$ {_gibo Ë`mMm Omo narUm_  {_imbm  Vmo 
Imbrb VŠË`mV Zm|X Ho$bm Amho.

àíZ

 YmVw bmoI§S>m II gë\o$Q> H$m°na (II) gë\o$Q> qPH$gë\o$Q>  {gbìha gë\o$Q>

 A [H«$`m Zmhr {dñWmnZ

 B {dñWmnZ - {H«$`m Zmhr

 C {H«$`m Zmhr {H«$`m Zmhr {H«$`m Zmhr {dñWmnZ

 D {H«$`m Zmhr {H«$`m Zmhr {H«$`m Zmhr {H«$`m Zmhr.
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3.3 YmVw Am{U AYmVw ̀ m_Ü`o {H«$`m H$er hmoVo ?
 YmVyMr {H«$`m hr AZoH$ KQ>H$m§~amo~a hmoVo ho Vwåhr darb CnH«$_m_Ü`o nmhrbo Amho. YmVw 
AemàH$mao {H«$`m H$m H$aVmV ? B`Îmm 9 dr dJm©V AmnU _wbÐì`m§À`m BboŠQ´>m°Z g§énUm~Ôb 
{eH$bmo AmhmoV, Á`m§Mr g§`wOm H$jm nwU©nUo ^abobr AgVo Am{U amgm`{ZH$ {H«$`merbVm 
H$_r AgVo. Amåhr åhUwZM _wbÐì`mMr g§`wOm H$jm nyU© ̂ aÊ`mMr Agbobr j_Vm Ago dU©Z 
_wbÐì`mÀ`m {H«$`merbVoMo H$aVmo.{ZîH«$s` dm`y§Mo BboŠQ´>°mZ g§énU Am{U H$mhr YmVw Am{U 
AYmVy ̀ m {df`r AmnU nmhþ.
     AmnU VŠVm 3.3 _Ü`o gmoS>r`_À`m AUwÀ`m ~møH$jo_Ü`o EH$M BboŠQ´>m°Z Amho Oa 
Ë`mZo `m H$joVrb BboŠQ´>m°Z J_mdbm Va Ë`mMr 9 H$jm hr gdm©V ~møH$jm ~ZyZ Ë`m§Mo Aï>H$ 
pñWa hmoB©b; ̀ m AUwÀ`m H|$ÐH$mMo AOwZhr 11 àmoQ>m°Z AmhoV na§Vw BboŠQ´>m°ZMr g§»`m 10 Pmbr 
Amho åhUwZ Ë`mÀ`mda YZ ̂ ma gmoS>r`_ YZ Am`Z + Amho. Xþgè`m ~mOwbm ŠbmoarZÀ`m gd©mV 
~møH$jo_Ü`o gmV BboŠQ´>m°Z AgVmV.

darb VŠË`mMm Cn`moJ H$éZ A, B, C  d  D ̀ m YmVw~Ôb Imbrb àíZm§Mr CÎmao {bhm.
1)  OmñV {H«$`merb YmVw H$moUVm Amho ?
2)  Oa YmVw B hm H$m°na (II) gë\o$Q>À`m ÐmdUmV {_gibm Va Vw_Mo {Z[ajU H$m` 

Agob ?
3)  {H«$`merbVoÀ`m CVaË`m H«$_mZo YmVw A, B, C  d D _m§S>m.
4)  {H«$`merb YmVwMr gm¡å` hm`S´>moŠbmoarH$ Amåbm~amo~a {H«$`m Ho$ë`mg H$moUVm dm`w 

~mhoa nS>Vmo? Ooìhm bmoI§S>mMr gm¡å` H SO  ~amo~a {H«$`m hmoVo Ë`mMo amgm`{ZH$ 2 4

g_rH$aU {bhm.
5)  Am`Z© (II) gë\o$Q>À`m ÐmdUmV OñV {_gibo AgVm Vw_Mo {ZarjU H$m` 

Agob? Ë`mMr amgm`{ZH$ {H«$`m {bhm.

VŠVm 3.3 H$ hr  _wbÐì`m§Mo BboŠQ´>m°ZrH$ g§énUm§

{ZîH«$s` hob `_ (He) 2 2 r
 dm`w (amOdm`y) {ZAm°Z (Ne) 10 2 8
  AaJm°Z (Ar) 18 2 8 8

 YmVw gmoS >`_ (Na) 11 2 8 1r
  _°¾o{e`_ (Mg) 12 2 8 2
  A°ë`y{_{Z`_ (Al) 13 2 8 3
  nmoQ>°{e`_ (K) 19 2 8 8 7

_wbÐì`mMm 
àH$ma

_wbÐì` AUwH«$_m§H$ H$jo_Yrb BboŠQ´>m°ZMr g§»`m
K        L        M            N

 13YmVw Am{U AYmVy
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 14  {dkmZ

AmH¥$Vr 3.5 gmoS>r`_ ŠbmoamB©S>Mr {Z{_©Vr

 gmo{S>`_ Am{U Šbmo[aZ ho {déÜX ^mamMo Am`Ýg Agë`m_wio EoH$_oH$m§H$S>o 

AmH${f©V hmoVmV Am{U Ë`m§À`m _Ü`o à~b> {dÚwVpñW{VO ~b {Z_m©U hmoD$Z gmo{S>`_ 

ŠbmoamB©S> (NaCl) ~ZVo. gmo{S>`_ ŠbmoamB©S> hm aoUy åhUyZ ApñVËdmV `oV Zmhr na§Vw 

{déÜX ̂ mamMo Am`Ýg åhUyZ EH$Ì ̀ oVmo ho Ü`mZmV ¿`m.

 Am{U Ë`mbm Aï>H$ nwU© H$aÊ`mgmR>r EH$ BboŠQ´>m°ZMr  JaO AgVo Oa gmo{S>`_ 

Am{U ŠbmoarZ ̀ m§Mr {H«$`m Pmbr Va gmo{S>`_Zo J_mdbobm EH$ BboŠQ´>m°Z Šbmo[aZ KoVmo. 

Šbmo[aZ AUwbm EH$ BboŠQ´>m°Z {_imë`mZ§Va Vmo F$U^marV ~ZVmo H$maU Ë`mÀ`m 

H|$ÐH$mÜ`o 17 àmoQ>m°Ýg d K,L Am{U M ̀ m H$jm_Ü`o 18 BboŠQ´>m°Ýg hmoVmV.

åhUyZ XmoÝhr _wbÐì`m_Yrb XodmU - KodU Imbrbà_mUo hmoVo (AmH¥$Vr 3.5)

Na Na + e
+ –

2, 8, 1     2, 8

(gmoS>r`_)
Cl    +  e Cl– –

2, 8, 7              2, 8, 8
(ŠbmoamB©S> A°Zm`Z)

Na     +    Cl (Na)
+

×
× ×

×
×

××
Cl×
× ×

×
×

××

–

 AYmVw Zm`Q´>moOZ (N) 7 2 5

  Am°ŠgrOZ (O) 8 2 6

  ßbmoarZ (F) 9 2 7

  \$m°ñ\$ag (P) 15 2 8 5

  J§YH$ (S) 16 2 8 6
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 15YmVw Am{U AYmVy

Mg Mg + 2e
2+ –

2, 8, 2,       2, 8

(_°¾o{e`_)

Cl + e Cl
– –

2, 8, 7       2, 8, 8

(ŠbmoamB©S> Am`Ýg)

Mg +

Cl

Cl

× ×
×
×

××
×

× ×
×
×

××
×

(Mg
2+

) Cl
× ×

× ×
×
××

–

2

AmH$¥Vr 3.6 _°¾o{e`_ ŠbmoamB©S>Mr {Z{_©Vr.

 

 

 

AmVm AmnU _°¾mo{e`_ ŠbmoamB©S> `m EH$m Am`{ZH$ g§`wJmMr {Z{_©Vr nmhÿ (AmH¥$Vr 
3.6)

YmVy_YyZ AYmVy_Ü`o BboŠQ´>m°Z nmR>dyZ g§`wJo ~Z{dÊ`mÀ`m ̀ m nÜXVrbm Am`{ZH$ g§`wJo 
qH$dm BboŠQ´>moìh°b§Q> g§`wJo Ago åhUVmV. MgCl  _Yrb YZ Am`Z Am{U F$U Am`Z 2

`m§Mr Zm§do gm§Jy eH$mb H$m ?

3.3.1 Am`{ZH$ g§`wJm§Mo JwUY_©  
 Am`{ZH$ g§`wJm§Mo JwUY_© {eH$Ê`mgmR>r AmVm AmnU Imbrb CnH«$_ H$é`m.

CnH«$_ 3.13

n gmo{S>`_ ŠbmoamB©S>, nmoQ>°er`_ Am`moS>mB©S>>, 
~o[a`_ ŠbmoamB©S> qH$dm {dkmZ à`moJemioV 
CnbãY AgUmao H$moUË`mhr jmamMo Z_wZo ¿`m.

n `m jmam§Mr ̂ m¡VrH$ pñWVr H$moUVr Amho ?
n YmVwÀ`m M_À`mda WmoS>m Z_wZm KoD$Z Ë`mbm 

~Z©aÀ`m Á`moVrZo CîUVm Úm.
 (AmH¥$Vr 3.7) BVa gd© Z_wÝ`mgmR>r gwÜXm 

hrM H¥$Vr H$am.

~Z©a

Z_wZm R>odbobm
YmVyMm M_Mm

AmH¥$Vr 3.7 M_À`m_Yrb jmam§À`m
Z_wÝ`mbm CîUVm XoUo.
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 16  

  Vº$m 3.4 H$mhr Am`{ZH$ g§`wJm§Mo ÐdUm§H$ Am{U CËH$bZ q~Xÿ

 Am`{ZH$ g§`wJo ÐdUm§H$ q~Xÿ K CËH$bZq~Xÿ K
 NaCl 1074 1686
 LiCl 887 1600
 CaCl  1045 19002

 CaO 2850 3120
 MgCl  981 16852

 

 

 

 

n Vwåhr H$m` {ZarjU Ho$bmV ? Z_wÝ`m_wio 
Á`moVrbm AmUIr H$moUVo a§J `oVrb ? hr 
g§`wJo {dViVmV H$m ?

n  Z_wZo nmUr, noQ´>mob Am{U am°Ho$b `m_Ü`o 
{daKi{dÊ`mMm à`ËZ H$am.Vo {daKiVmV 
H$m ?

n  EH$m jmamÀ`m ÐmdUmV AmH¥$Vr 3.8 _Ü`o 
XmI{dë`mà_mUo BboŠQ´>moS> ~wS>dm, Vwåhr 
H$m` {Z[ajU Ho$bmV ? AemàH$mao BVa 
Z_wÝ`m§Mr MmMUr H$am.

n  `m jmam§À`m JwUY_m©~Ôb (bjUo) Vw_Mo 
AZw_mZ H$m` Amho ?)

M§MwnmÌ
J«m\$mB©S> H$m§S>çm

jmamÀ`m ÐmdUmMr
MmMUr

       ~Q>U

AmH¥$Vr 3.8 jmam§À`m ÐmdUmVrb 
dmhH$m§Mr MmMUr

~°Q>ar 
~ë~

Am`{ZH$ g§`wJmoMo gd©gmYmaUnUo Vwåhr Imbrb JwUY_mªMo {Z[ajU H$amb 

1) ̂ m¡VrH$ ñdén : Am`{ZH$ g§`wJo hr KZén Am{U H$mhr H${R>U AgVmV H$maU ̀ m_Yrb 
YZ Am`Ýg Am{U F$U Am`Ýg `m§À`m_Ü`o OmñV AmH$f©U ~b AgVo. hr g§`wJo 
gmYmaUnUo {R>gwi AgVmV Am{U Ooìhm Ë`m§À`mda Xm~ XoVmo Voìhm Ë`m§Mo VwH$S>o 
hmoVmV.

2) ÐdUm§H$ Am{U CËH$bZq~Xþ: Am`{ZH$ g§`wJm§Zm  Cƒ ÐdUm§H$ Am{U CËH$bZq~Xÿ 
(VŠVm 3.4) AgVmo. H$maU  Ë`m§À`m_Yrb Am§Va - Am`{ZH$ AmH$f©U 
VmoS>Ê`mgmR>r Amdí`H$ D$O}Mr JaO AgVo.

3) {dÐmì`Vm : {dÚwV g§`wOm g§`wJo hr gmYmaUnUo nmÊ`mV {daKiVmV Am{U am°Ho$b, 
noQ´>mob BË`mXr ÐmdUmV {daKiV ZmhrV.

4) {dÚVw  dmhH$: ̀ m g§̀ Jw mÀ`m ÐmdUmV _Šw V gM§ ma H$aUma o à^m[aV H$U AgVmV Ë`m_iw  o
{dÚwV dhZ hmoVo. Am`{ZH$ g§`wJm§À`m nmÊ`mÀ`m ÐmdUmV Am`Ýg AgVmV. Ooìhm 
ÐmdUmVwZ {dÚwV Ymam àdm{hV hmoVo Voìhm {déÜX BboŠQ´>moS>H$S>o Am`Ýg hmbMmb

{dkmZ
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 17YmVw Am{U AYmVy

3.4  YmVw§Mo AmT>iUo (Occurrence of Metals)

 YmVw§Mo à_wI ómoV n¥ÏdrMo ̂ yH$dM Amho. gmoS>r`_ ŠbmoamB©S>, _°¾o{e`_ ŠbmoamB©S> 
BË`mXr. ÐmdUr` jma g_wÐmÀ`m nmÊ`mV AgVmV. n¥ÏdrÀ`m ̂ wH$dMm_Ü`o Z¡g{J©H$[aË`m 
AmT>iUmè`m _wbÐì`o qH$dm g§`wJmZm I{ZOo Ago åhUVmV. {d{eï> YmVw§Mo eoH$S>m  
à_mU I{ZOm_Ü`o H$mhr {R>H$mUr OmñV AgVo. Am{U Á`m I{ZOmnmgwZ \$m`Xoera[aË`m 
YmVw§Mo {ZîH$f©U (Extracted) H$aVm ̀ oVo Ë`m I{ZOmZm YmVwHo$ (ores) Ago åhUVmV.

3.4.1. YmVw§Mo {ZîH$f©U 
 YmVw§À`m {H«$`merbVoÀ`m loUr~Ôb Vwåhr {eH$bm AmhmV. `m kmZmÀ`m AYmao 
YmVw§Mo YmVwH$mnmgyZ {ZîH$f©U H$go H$aVmV Vo Vwåhmbm ghO g_Obo Amho. H$mhr YmVw 
n¥ÏdrÀ`m ^yH$dMmV _wº$ pñWVrV AmT>iVmV, H$mhr YmVw Ë`m§À`m g§`wJmÀ`m ñdénmV 
AmT>iVmV. {H«$`merbVoÀ`m loUrÀ`m Vimer AgUmao YmVw H$_r {H«$`merb 
Agë`m_wio Vo _wŠV pñWVrV AmT>iVmV. CXm. Vm§~o Am{U Mm§Xr Ë`m§À`m gë\$mB©S>> qH$dm 
Am°ŠgmB©S> g§`wJm§À`m pñWVrV gwÜXm AmT>iVmV.

H$aVmV. KZén pñWVrVrb Am`{ZH$ g§`wJmVyZ {dÚwV Ymam dmhV Zmhr H$maU KZén 
AdñWoV Am`ÝgMr aMZm EH$_|H$mbm {MH$Qy>Z (KÅ>) Agë`m_wio Am`ÝgMr hmbMmb 
hmoV Zmhr. na§Vw, Am`{ZH$ g§`wJm§À`m {dViboë`m AdñWoV ho eŠ` hmoVo H$maU CîUVm 
{Xë`m_wio {dÚwV à^marV Am`Ýg_Ü`o {dÚwV g§`wOr AmH$f©U ~b H$_r hmoVo. VWm{n, 
Am`Ýg _wŠV hmoD$Z {\$é bmJVmV Am{U {dÚwV dmhVo.

 

  

  

 

1) i. gmo{S>`_, Am°pŠgOZ Am{U _°¾o{e`_ `m§Mr BboŠQ´>m°Z q~Xÿ aMZm 
{bhm.

 ii. Na O Am{U MgO ̀ m§Mr {Z{_©Vr BboŠQ´>m°Z ñWmZmV§amZo XmIdm.2

 iii. darb g§`wJm_Ü`o H$moUVo Am`Ýg AmhoV ?
2) Am`{ZH$ g§`wJm§Zm Cƒ ÐdUm§H$ q~Xÿ H$m AgVmo ? 

àíZ :

?
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 {H«$`merbVoÀ`m loUrÀ`m daÀ`m ~mOwg Agbobo YmVw (K, 

Na, Ca, Mg Am{U Cl,) ho {H«$`merb Agë`m_wio Vo Ho$ìhmhr 
{ZgJ©mV _wº$ pñWVrV AmT>iV ZmhrV. {H«$`merbVoÀ`m 
_Ü`^mJr AgUmao YmVw (Zn, Fe, Pb, BË`mXr) gmYmaU 
{H«$`merb AgVmV. Vo Am°ŠgmB©S>, gë\$mB©S> qH$dm H$m~uZoQ>À`m 
ñdénmV n¥ÏdrÀ`m ^yH$dMmV AmT>iVmV. AmnUmbm AZoH$ 
YmVw§Mr I{ZOo hr Am°ŠgmB©S> ñdénmV AmT>iVrb H$maU 
Am°pŠgOZ ho _wbÐì` OmñV {H«$`merb AgyZ Vo n¥Ïdrda 
_w~bH$ à_mUmV Amho. åhUwZM, {H«$`merbVoÀ`m AmYmao 
AmnU YmVw§Mo dJuH$aU Imbrb VrZ, JQ>mV H$é eH$Vmo 
(AmH¥$Vr 3.9)
1) H$_r {H«$`merb YmVw

2) gmYmaU {H«$`merb YmVw

3) OmñV {H«$`merb YmVw
AmH¥$Vr 3.9 {H«$`merbVoMr 

loUr Am{U YmVwÀ`m 
ewÜXrH$aUmMm g§~§Y.

{dÚwV 
AnKQ>Z

H$m~©Z dmnéZ 
jnU

Z¡g{J©H$ pñWVrV 
AmT>iVmV.

 àË`oH$ JQ>mVrb YmVw {_i{dÊ`mgmR>r {Za{Zamù`m V§ÌkmZmMm Cn`moJ H$aVmV.
 I{ZOmnmgwZ ewÜX YmVy§Mo {ZîH$f©U H$aÊ`mgmR>r AZoH$ Q>ßno AmhoV. AmH¥$Vr 3.10 

_Ü`o `m Q>ßß`m§Mm gmam§e {Xbm Amho. Imbrb VŠË`mV àË`oH$ Q>ßß`mMo dU©Z Ho$bo 
Amho.

 18  {dkmZ
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 19YmVw Am{U AYmVy

AmH¥$Vr 3.10 I{ZOmnmgwZ YmVw§Mo {ZîH$f©U H$aVmZm `oUmao Q>ßno.

I{ZOo YmVwH$ 

YmVwH$m§Mo g§hVrH$aU

OmñV {H«$`merb
YmVw

I{ZO {dVidyZ 
{dÚwV AnKQ>Z

ewÜX YmVw

gmYmaU {H«$`merb
YmVw

H$_r {H«$`merb
YmVw

gë\$mB©S> I{ZO 

^mOUo

YmVw

ewÜXrH$aU
YmVwMr Am°ŠgmB©S>

YmVwMo jnU

YmVwMo ewÜXrH$aU

H$m~uZoQ>
I{ZO

H°$pëeZoeZ ({ZñVmnZ)

gë\$mB©S>
I{ZO

^mOUo

3.4.2. YmVwH$m§Mr g§nÞmdñWm  (Enrichment of  ores)

 O_rZr_YyZ H$mT>boë`m YmVwH$m§À`m I{ZOm_Ü`o _moR>çm à_mUmV _mVr, dmiy B. 
AewÜX nXmW© AgVmV Ë`m§Zm J±J (Gangue) Ago åhUVmV. YmVw§Mo ewÜXrH$aU 
H$aÊ`mnydu I{ZOm_Yrb AewÜX nXmW© H$mTy>Z Q>mH$bo nm{hOoV. J§°J d YmVwHo$ H$mTy>Z 
Q>mH$Ê`mMr à{H«$`m hr Ë`m§Mr ^m¡VrH$ {H$§dm amgm`{ZH$ JwUY_© `m_Yrb \$aH$mda 
Adb§~wZ AgVo ̀ mgmR>r doJdoJio V§ÌkmZ H«$_mH«$_mZo A_§bmV AmUVmV.
3.4.3 H$_r {H«$`merb loUrVrb YmVw§Mo {ZîH$f©U (Extracting Metals low in 

activity series)

 YmVw H$_r {H«$`merb Agë`mg Vo IwnM A{H«$`merb AgVmV. `m YmVw§À`m 
Am°ŠgmB©S>gZm CîUVm XoD$Z Z§Va Ë`m§Mo jnU H$éZ YmVw {_i{dVmV. CXm. {gÞm~ma 
(HgS) ho EH$ nmè`mMo YmVwH$ Amho. Ë`mbm hdoV CîUVm {Xbr AgVm n{hë`m§Xm 
_Š`w©arH$ Am°ŠgmB©S> (Hgo) {_iVo. Ë`mbm AmUIr CîUVm {Xbr AgVm Ë`mMo jnU 
hmoD$Z nmam {_iVmo.

2 3 2 22 2HgS s O g HgO s SO g( ) ( ) ( ) ( )+ +
CîUVm 
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 20  {dkmZ

 Ë`mMà_mUo, Vm§~o Oo H$m°na gë\$mB©S> (Cu s) ̀ m Z¡g{J©H$ ñdénmV AmT>iVo Ë`m 2

YmVwH$mbm \$ŠV hdoV CîUVm XoD$Z {_i{dVm ̀ oVo.

 2Cu S +3O  (g)              2Cu O (S) + 2SO  (g)2 2 2 2

 2Cu O + Cu S                6Cu (S) + SO  (g)2 2 2

3.4.4 gmYmaU {H«$`merb loUrVrb YmVw§Mo {ZîH$f©U -_Ü`_ 
 gmYmaU {H«$`merb loUrVrb bmoI§S>, OñV, {ego, Vm§~o B. YmVy gmYmaU 
{H«$`merb AgVmV. Vo Zoh_r {ZgJm©V gë\$mB©S> qH$dm H$m~m}ZoQ> ñdénmV AgVmV. 
Ë`m§À`m gë\$mB©S> Am{U H$m~uZoQ> ñdénmÀ`m VwbZoV Ë`m§À`m Am°ŠgmB©S> ñdénmV YmVy 
{_i{dUo gmono AgVo. åhUyZM jnU H$aÊ`mnwdu YmVwÀ`m gë\$mB©S> Am{U H$m~uZoQ>Mo 
énm§Va YmVwÀ`m Am°ŠgmB©S>_Ü`o H$aVmV. gë\$mB©S> YmVwH$mbm hdo_Ü`o OmñV CîUVm XoD$Z 
Ë`m§Mo Am°ŠgmB©S> _Ü`o énmV§a H$aVmV. ̀ m {H«$`obm ̂ mOUo (Roasting) Ago åhUVmV.
 H$m~mo©ZoQ>À`m YmVwH$mbm _`m©{XV hdoV OmñV CîUVm XoD$Z Ë`m§Mo Am°ŠgmB©S>_Ü`o 
énm§Va H$aVmV `m {H«$`obm {ZñVmnZ (Calcination) Ago åhUVmV. ^mOUo Am{U 
{ZñVmnZ ̀ m amgm`{ZH$ A{^{H«$`m OñVmÀ`m YmVwH$m_Ü`o Imbrbà_mUo Xe©{dVmV.
^mOUo (Roasting)
 2ZnS (S) + 3O  (g)          2 ZnO (S) + 2SO  (g)2 2

 {ZñVmnZ (Calcination)

 ZnCO  (s)            ZnO (S) + CO  (g)3 2

 g~§YrV YmVw {_i{dÊ`mgmR>r ̀ mo½` jnUH$ (CËàoaH$) dmnéZ YmVwÀ`m Am°ŠgmB©S>Mo 
jnU Ho$bo OmVo Vmo jnUH$ Amho H$m~©Z. CXmhaU qPH$ Am°ŠgmB©S> H$m~©Z ~amo~a Vmn{dbo 
AgVm Ë`mMo jnU hmoD$Z OñV YmVw {_iVmo.
 ZnO (s) + C(S)           Zn (S) + CO (g)

 n{hë`m àH$aUm_Ü`o dU©Z Ho$boë`m Am°Šgr{S>H$aU Am{U jnU {H«$`m AmnUm§bm 
_mhrV AmhoVM. YmVy§À`m g§`wJmnmgyZ jnU {H«$`oZo gwÜXm YmVy {_i{dVm ̀ oVmV.
 `m{edm` H$m~©Z (H$moH$) ~amo~a YmVyÀ`m Am°ŠgmB©S>Mo jnU H$éZ YmVw {_i{dVmV. 
H$m§hr doim {dñWmnZ {H«$`oMm gwÜXm Cn`moJ H$aVmV. gmo{S>`_, H°$pëe`_, A°ë`w{_{Z`_ 
BË`mXr OmñV {H«$`merb AgUmè`m YmVw§Mm jnUH$ (CËàoaH$) åhUyZ Cn`moJ H$aVmV 
H$maU Vo H$_r {H«$`merb YmVy§À`m g§`wJm_YyZ YmVw§Mo {dñWmnZ H$aVmV. CXmhaU 
A°ë`w{_Zr`_ nmdS>a ~amo~a _°JoZrO S>m` Am°ŠgmB©S>bm CîUVm {Xbr AgVm Imbrb 
amgm`{ZH$ {H«$`m KSy>Z ̀ oVo.

CîUVm 
 2HgO           2Hg (I) + O  (g)2

CîUVm 

CîUVm 

CîUVm 

CîUVm 

CîUVm 
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 2MnO  (S) + 4 Al (S)     3Mn (I) + 2 Al O  (S) + CîUVm2 2 3

    Vwåhr Am°ŠgrS>rH$maH$ Am{U jnUH$ nXmW© 
AmoiIy eH$Vm H$m ? hr {dñWmnZ {H«$`m OmñV 
Cî_mXm`r Amho. `m {H«$`o_YyZ _moR>çm à_mUmV 
CîUVm ~mhoa nS>Vo. Ë`m_wio Vmo YmVw {dViboë`m 
(Ðd) pñWVrV AgVmo. VWm{n, A°ë`w{_{Z`_ 
~amo~a Am`Z© (III) Am°ŠgmB©S> (Fe O ) ~amo~a 2 3

hmoUmè`m {H«$`oMm Cn`moJ H$éZ aoëdoMo éi qH$dm 
`§Ìm§Mo VwQ>bobo ^mJ OmoS>bo OmVmV. `m {H«$`obm 
Am¡pîUH$ {H«$`m (Thermit reaction) Ago 
åhUVmV.

Fe O  (S) + 2 Al (s)       2 Fe (I) + Al O  (S) +CîUVm2 3 2 3

3.4.5. Cƒ {H«$`merb loUrVrb YmVw§Mo {ZîH$f©U -

 Cƒ {H«$`merb loUrVrb YmVw OmñV {H«$`merb AgVmV. Ë`m YmVw§À`m g§`wJ§mZm 
H$m~©Z ~amo~a CîUVm XoD$Z gwÜXm Vo YmVw {_idy eH$V Zmhr. CXm. gmo{S>`_, _°¾o{e`_, 
H°$pëe`_, A°ë`w{_{Z`_ B. `m§À`m Am°ŠgmB©S>gMo H$m~©Z jnU  H$éZ g§~§YrV YmVw 
{_idy eH$V Zmhr H$maU ̀ m YmVwZm H$m~©Znojm Am°pŠgOZMr OmñV Amgº$s AgVo ho  YmVw 
{dÚwV AnKQ>ZmZo {_i{dVm `oVmV. CXm. gmo{S>`_, _°¾o{e`_ Am{U H°$pëe`_ ho YmVw 
Ë`m§À`m {dViboë`m ŠbmoamB©S>À`m ñdénmV {dÚwV AnKQ>ZmZo {_i{dVmV. Ë`mdoir YmVw 
H°$WmoS> (F$U à^marV BboŠQ´>moS>) H$S>o O_m hmoVmV Va Šbmo[aZ ho A°ZmoS> (YZ à^marV 
BboŠQ´>moS>) Odi _wº$ hmoVo. ̀ mMr amgm`{ZH$ {H«$`m -

+ – H°$WmoS>H$S>o  Na + e         Na 
– – A°ZmoS>H$S>o  2Cl           Cl +2e2

 Ë`mMà_mUo A°ë`w{_{Z`_ Am°ŠgmB©S>Mo {dÚwV jnU H$éZ A°ë`w{_{Z`_ {_i{dVm 
`oVmo.

Am. 3.11 aoëdo éim§Mr Am¡îUrH$ {H«$`oZo OmoS>Ur

 21YmVw Am{U AYmVy
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H$i

H°$WmoS> A°ZmoS>

H$m°na gë\o$Q>Mo
Amåb`wŠV ÐmdU

Q>mH$s 
AewÜX nXmW©
(A°ZmoS> _mVr)

Am. 3.12 {dÚwV n¥W:H$aU ewÜXrH$aU

3.4.6. YmVw§Mo ewÜXrH$aU (Refining of Metals) 

3.5 J§O (Corosion)
 Imbrb àH$maMo J§O Vwåhr àH$aU 1 _Ü`o {eH$bm AmhmV -

àíZ :

{dÚwV n¥W:H$aU ewÜXrH$aU :
 Vm§~oo, OñV, Q>rZ, {ZHo$b, Mm§Xr, gmoZo B. AZoH$ YmVw {dÚwV n¥W:H$aU 
nÜXVrZo ewÜXrH$aU H$aVmV. `m {H«$`o_Ü`o A°ZmoS> (+) åhUyZ AewÜX YmVwMr OmS> nÅ>r 
Va H°$WmoS> (-) åhUyZ ewÜX YmVwMr nmVi nÅ>r dmnaVmV. VgoM YmVwÀ`m jmamMo ÐmdU 
{dÚwV ÐmdU åhUyZ dmnaVmV. AmH¥$Vr 3.12 _Ü`o XmI{dë`mà_mUo CnH$aUmMr _m§S>Ur 
H$am. {dÚwV ÐmdUmVwZ {dÚwV àdmh Mmbw Ho$ë`mg A°ZmoS>_Yrb ewÜX YmVy {dÚwV 
ÐmdUmV {daKiVmo d ÐmdUmVrb Vmo ewÜX YmVw H°$WmoS>da O_m hmoVmo. {daKiUmao AewÜX 
nXmW© ÐmdUmV amhVmV Va Z {daKiUmao AewÜX nXmW© A°ZmoS>À`m Vimer O_m hmoVmV 
Ë`mbm A°ZmoS> _ir Ago åhUVmV.

doJdoJù`m jnU {H«$`oZo darb ̂ mJmV 
dU©Z Ho$bobo YmVw OmñV ewÜX ZgVmV 
ewÜX YmVw {_i{dÊ`mgmR>r Ë`m_Ü`o 
Agbobo AewÜX nXmW© ~mOwbm H$mT>bo 
nmhrOo. {dÚwV n¥W: H$aU ewÜXrH$aU 
nÜXV hr AewÜX YmVw ewÜX H$aÊ`mMr 
_hËdmMr d gd©l¥V nÜXV Amho.

1.  Imbrb ì`m»`m {bhm -
 1) I{ZO  2) YmVwH$ 3) J°§J
2. {ZgJm©V _wŠV pñWVrV AmT>iUmè`m XmoZ YmVw§Mr Zm§do {bhm ?
3. YmVy§À`m Am°ŠgmB©S>nmgyZ YmVw {_i{dÊ`mgmR>r H$moUË`m 

amgm`{ZH$ {H«$`oMm Cn`moJ H$aVmV ?
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n  Mm§XrMo Xm{JZo H$mhr H$mi hdo_Ü`o CKS>o R>odë`mg H$mio nS>VmV. `mMo H$maU Mm§Xr 
hdoVrb J§YH$mer {H«$`m hmoD$Z Ë`mda {gëìha gë\$mB©S>Mm Wa V`ma hmoVmo.

n  hdoVrb Amobga (X_Q>) H$m~©ZS>m` Am°ŠgmB©S> ~amo~a Mm§Xr {H«$`m H$aVo Am{U ̀ mMm 
M_H$Umam Vn{H$ar n¥ð>^mJ hiwhiw H$_r M_H  bmJVmo Am{U Ë`mda {hado AmdaU y
V`ma hmoVo. hm {hadm nXmW© åhUOo H$m°na H$m~ ©ZoQ> hmo`.mo

n bmoI§S> hdoVrb AmÐ©Vo_Ü`o OmñV H$mi> CKS>o R>odbo Va Ë`mMr hdo ~amo~a à{H«$`m 
hmoD$Z Ë`mÀ`mda Vn{H$ar AmdaU V`ma hmoVo Ë`mbm J§O Ago åhUVmV.

Mbm emoYy`m H$s H$moUË`m pñWVr_Ü`o bmoI§S>mbm J§O MT>Vmo.

n VrZ narjmZù`m ¿`m d àË`oH$ n[ajm 
ZirV ñdÀN> {Iim Q>mH$m.

n A, B,  Am{U C hr Zm§do n[ajmZù`m§Zm 
Úm. A  n[ajmZirV WmoS>ogo nmUr KmbyZ 
~wM bmdm.

n  n[ajmZir B _Ü`o CH$ibobo ewÜX nmUr 
d 1 {_br. Vob KmbyZ ~wM bmdm. Vob 
nmÊ`mda Va§Job Am{U hdobm nmÊ`mV 
{daKiÊ`mg à{V~§Y H$aob.

n n[ajmZir C _Ü`o {ZÐ©d H°$pëe`_ 
ŠbmoamB©S> KmbyZ ~wM bmdm. {ZÐd 
H°$pëe`_ ŠbmoamB©S> hdoVrb AmÐ©Vm 
emofyZ KoVo. 

 `m gd© n[ajmZù`m H$mhr {Xdg VemM 
R>odm d Z§Va {ZarjU H$am.

CnH«$_ 3.14

 Vwåhmbm narjmZir A _Yrb bmoI§S>r {Iim J§Obobm {Xgob. na§Vw n[ajmZir B 
Am{U C _Yrb {Iio J§Obobo ZmhrV. n[ajmZir A _Yrb bmoI§S>mMm {Iim hdoV 
Am{U nmÊ`mV XmoÝhr _Ü`o Amho. n[ajm Zir B _Yrb bmoI§S>r {Iim \$ŠV nmÊ`mVM 
Amho. Am{U n[ajmZir C _Yrb bmoI§S>r {Iim H$moaS>çm hdoV Amho. H$moUË`m 
n[apñWVr_Ü`o bmoI§S>r dñVw J§OVo ho AmnUmbm g_Obo H$m` ?
3.5.1 J§OÊ`mg à{V~§Y  
 a§J bmdUo, J«rg bmdUo, J°bìhZm`qPJ, H«$mo_ ßboqQ>J qH$dm g§{_lo (_rlYmVy) 
~ZdyZ bmoI§S>mÀ`m J§OÊ`mg à{V~§Y H$é eH$Vmo.

AmH¥$Vr 3.13 bmoI§S> J§OÊ`mMr pñWVr
n[ajmZir A - hdm d nmUr Amho
n[ajmZir B - nmÊ`mV hdm {daKibobr Zmhr
n[ajmZir C - hdm H$moaS>r Amho.

YmVw Am{U AYmVy

CH$ibobo
ewÕ nmUr

({daKibobr hdm
H$mT>Ê`mgmR>r CH$ibo)

AZhm`S´>g 
H¡$ëer`_ ŠbmoamB©S>

(S´>mBªJ EO§Q>)
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J°bìhZm`qPJ nÜXVr_Ü`o ñQ>rb Am{U bmoI§S>mda qPH$ (OñV) Mm OmS> Wa XoD$Z 
J§OÊ`mnmgZ à{V~§Y Ho$bm OmVmo. Oar J°bìhZm`qPJ Ho$boë`m dñVwdarb OñVmMo darb y
AmdaU Jobo Var Vr dñVw J§OÊ`mg à{V~§Y H$aVo. ̀ mMo H$maU gm§Jy eH$mb ?
 "{_lYmVw' hr EH$ Mm§Jbr nÜXV Amho YmVwMo JwUY_© gwYmaÊ`mMr. AmnUmbm `m 
nÜXVrZo nmhrOo AgUmao JwUY_© {_idy eH$Vmo. CXmhaU bmoI§S> hm _moR>çm à_mUmV 
Cn`wŠV AgUmam YmVw Amho. na§Vw Vmo Ho$ìhmhr Ë`mÀ`m ewÜX ñdénmV dmnaV ZmhrV H$maU 
ewÜX bmoI§S> A{Ve` _D$ AgVo Am{U Ja_ AgVmZm Vo ghO VmUVm `oVo na§Vw Oa 
Ë`m_Ü`o H$_r à_mUmV H$m~©Z (0.05%) {_gibm Va Vo H$R>rU d Q>UH$ dZVo. 
bmoI§S>m_Ü`o Ooìhm {ZHo$b Am{U H«$mo{_`_ {_giVmV Voìhm AmnUmbm ñQ>oZbog pñQ>b 
{_iVo Oo H${R>U AgVo nU J§OV Zmhr. AemàH$mao Xþgè`m nXmWm©~amo~a {_gibo Va 
bmoI§S>mMo JwUY_© ~XbVmV. åhUOoM H$moUË`mhr YmVwMo JwUY_© ~XbVmV Oa Ë`m_Ü`o 
EImXm nXmW© {_gibm Va _J YmVw qH$dm AYmVw ̀ mn¡H$s H$moUVmhr nXmW© {_giy eH$Vmo. 
XmoZ qH$dm AZoH$ YmVw qH$dm YmVw Am{U AYmVw `m§À`m  EH${OÞgr {_lUmbm {_lYmVy 
Ago åhUVmV. {_lYmVy V`ma H$aVmZm àW_ _wi YmVy {dVidyZ Ë`m_Ü`o Xþgar _wbÐì`o 
{ZpíMV à_mUmV {daKi{dVmV. Z§Va Vo H$jr` Vn_mZmbm gmdH$me W§S> H$aVmV.

 EH$ YmVy nmam dmnéZ V`ma Ho$boë`m 
{_lYmVwg A_mbJ_ (nmaX {_lYmVw) åhUVmV. 
{_lYmVy§Mm ÐdUm§H$ q~Xÿ d {dÚwV dmhH$Vm ewÜX 
YmVwnojm H$_r AgVo. CXm. ~«mg ho Vm§~o Am{U OñV  
(Cu Am{U Zn) ̀ m§Mm {_lYmVy Amho. Am{U ~«m°P 
hm Vm§~o Am{U H$Wrb (Cu Am{U Sn) `m§Mm 
{_lYmVw  Amho. Vo {dOoMo gwdmhH$ ZmhrV. VWm{n 
{dÚwV OmoS>Ur H$aÊ`mgmR>r Vm§~o dmnaVmV. gmoëS>a ho 
{ego Am{U H$Wrb (Pb Am{U Sn) ̀ m§Mm {_lYmVw 
Amho. `mMm ÐdUm§H$ q~Xÿ H$_r Amho. `mMm Cn`moJ 
{dÚwV Vmam EH$Ì OmoS>UrgmR>r H$aVmV.

ewÜX gmoZo 24 H°$aoQ>Mo AgyZ IwnM _D$ AgVo. åhUyZM Vo Xm{JZo ~Z{dÊ`mgmR>r `mo½` 
ZgVo. Vo H${R>U ~Z{dÊ`mgmR>r Ë`mÀ`m_Ü`o Mm§Xr qH$dm Vm§~o KmbyZ {_lYmVy ~Z{dVmV. 
^maVmV gmYanUo 22 H°$aoQ>Mo gmoZo Xm{JZo ~Z{dÊ`mgmR>r dmnaVmV. ̀ mMm AW© ewÜX gmoZo 
22 ̂ mJ d 2 ̂ mJ Mm§Xr qH$dm Vm§~o dmnéZ {_lYmVy ~Z{dVmV.

{X„rVrb bmoI§S>r Im§~
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n  _wbÐì`m§Mo dJuH$aU YmVw Am{U AYmVw_Ü`o H$aVmV.
n  YmVwMm MH$mH$s, dY©Zr`Vm, VÝ`Vm Am{U Vo CîUVoMo d drOoMo gwdmhH$ AgVmV. Vo 

H$jr` Vn_mZmbm KZén AgVmV AndmX nmam Vmo Ðdén AgVmo.
n  YmVy AYmVyZm BboŠQ´>m°Z XoD$Z YZ à^marV Am`Ýg V`ma H$aVmV.
n YmVw Am°pŠgOZ ~amo~a g§`moJ H$éZ AëH$br Am°ŠgmB©S>g² ~Z{dVmV. A°ë`w{_{Z`_ 

Am°ŠgmB©S> Am{U qPH$ Am°ŠgmB©S> AëH$br VgoM Amåbr` Am°ŠgmB©S> XmoÝhrMo 
JwUY_© Xe©{dVmV. Aem Am°ŠgmB©S>gZm C^`Y_u Am°ŠgmB©S>g² åhUVmV.

n doJdoJù`m YmVw§Mr qH«$`merbVm nmUr Am{U gm¡å` Amåbm~amo~a doJdoJir AgVo.
n  gd© gm_mÝ` YmVw§Mr Ë`m§À`m {H«$`merbVoÀ`m CVaË`m H«$_mZo Ho$boë`m _m§S>Urbm 

{H«$`merb loUr åhUVmV.
n OmñV {H«$`merb YmVw H$_r {H«$`merb YmVw§À`m jmam§À`m ÐmdUmVyZ YmVwMo {dñWmnZ 

H$aVmV. 
n  YmVw {ZgJm©_Ü`o _wŠV[ñWVrV qH$dm Ë`m§À`m g§`wJmdñWoV AmT>iVmV.

àmMrZ ^maVr` YmVwemómVrb AmíM`©
 1600 dfm©nydu {X„r `oWrb Hw$Vw~{_Zma Odirb bmoI§S>r Im§~ ^maVm_Yrb 
H$m_Jmam§Zr V`ma Ho$bm Amho. Ë`m§Zr bmoI§S>mbm J§OÊ`mnmgyZ à{V~§Y H$aÊ`mMr à{H«$`m 
{dH${gV Ho$br hmoVr OJmVrb gd© ̂ mJmVrb emókmZr ̀ m J§OÊ`mbm à{V~§Y H$aÊ`mÀ`m 
à{H«$`oMr n[ajm Ho$br Amho. Vmo bmoI§S>r Im§~ 8 _rQ>a C§M Am{U 6 Q>Z (6000 Kg) 
dOZmMm  Amho.

àíZ :

1. OñV, _°¾o{e`_ Am{U Vm§~o ̀ m§À`m YmVyMr Am°ŠgmB©S>g. Imbrb YmVy~amo~a Vmn{dbr.

2. Vwåhmbm H$moUË`m {R>H$mUr {dñWmnZ {H«$`m KSy>Z Ambobr {Xgbr ?
3.  ghOnUo Z J§OUmam YmVy H$moUVm ?
4.  {_lYmVw åhUOo H$m` ?

qPH$ Am°ŠgmB©S>
 _°¾o{e`_ Am°ŠgmB©S>
 H$m°na Am°ŠgmB©S>

Vm§~o_°¾o{e`_OñVYmVy

Vwåhr H$m` {eH$bmV -

YmVw Am{U AYmVy
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1. Imbrb n¡H$s H$moUVr OmoS>r {dñWmnZ {H«$`m Xe©{dVo ?
 A) NaCl ÐmdU Am{U Vm§~o YmVw
 ~) MgCl  ÐmdU Am{U A°ë`w{_{Z`_ YmVw2

 H$)FeSO  ÐmdU Am{U Mm§XrMm YmVw4

 S>) AgNO  ÐmdU Am{U  Vm§~o YmVw3

2.  ViÊ`mÀ`m bmoI§S>r Vì`mbm J§OÊ`mnmgZ à{V~§Y H$aÊ`mgmR>r Imbrbn¡H$s ̀ mo½` nÜXV 
H$moUVr ?

 A) J«rg bmdUo ~) a§J bmdUo H$) OñVmMm _wbm_m XoUo S>) darb gd©

3.  EH$ _wbÐì` Am°pŠgOZ ~amo~a {H«$`m H$éZ OmñV ÐdUm§H$ q~Xÿ AgUmao g§`wJ ~Z{dVo. Vo 
g§`wJ nmÊ`m_Ü`o gwÜXm {daKiVo. Vo _wbÐì` Imbrb Amho. -

 A) H°$pëe`_ ~) H$m~©Z H$) {g{bH$m°Z S>) bmoI§S>

4. AÞ R>odÊ`mÀ`m S>ã`§mZm H$WrbMm _wbm_m XoVmV Am{U OñVmMm _wbm_m XoV ZmhrV H$maU 
 A) OñV H$Wrbnojm _hmJ Amho.
 ~) OñVmMm ÐdUm§H$q~Xÿ H${Wbnojm OmñV AgVmo.
 H$) OñV ho H$Wrbnojm OmñV {H«$`merb Amho.
 S>) OñV ho H$Wrbnojm H$_r {H«$`merb Amho.

n YmVwMo YmVwH$mnmgyZ {ZîH$f©U Am{U Ë`m§Mo Cn`moJmH$[aVm ewÜXrH$aUmbm YmVwemó 
Ago åhUVmV.

n XmoZ qH$dm OmñV YmVw§À`m qH$dm YmVw d AYmVw `m§À`m EH${OÞgr {_lUmbm 
{_lYmVw Ago åhUVmV.

n  H$mhr YmVw§Mm nwð>^mJ Ogo bmoI§S> hdoVrb AmÐ©Vo_Ü`o Iwn {Xdg CKS>o R>odë`mg 
Ë`m§Mm n¥ð>^mJ J§OVmo. ̀ m {H«$`obm J§O Ago åhUVmV.

 YmVyMo JwUY_© ho YmVwÀ`m JwUY_m©nojm {déÜX AgVmV. Vo dY©Zr` qH$dm VÝ`mV 
ZgVmV. Vo CîUVoMo Am{U drOoMo Xþdm©hH$ AgVmV AndmX J«m\$mB©Q> hm drOoMm 
gwdmhH$ Amho.

n AYmVw YmVw~amo~a {H«$`m H$éZ BboŠQ´>m°Z {_i{dVmV Am{U F$U^[aV Am`Ýg V`ma 
H$aVmV.

n AYmVy Amåbr` qH$dm CXmgrZ Am°ŠgmB©S>g² V`ma H$aVmV.
n gm¡å` AmåbmVyZ AYmVy hm`S´>moOZ {dñWm{nV H$arV ZmhrV Vo hm`S´>moOZ ~amo~a 

{H«$`m H$éZ hm`S´>mB©S> V`ma H$aVmV. 

Aä`mg
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5.  hmVmoS>m, ~°Q>ar, ~ë~, dm`a  Am{U ~Q>Z Vwåhmbm {Xbo Amho.
 A) YmVw Am{U AYmVwÀ`m Z_wÝ`mVrb \$aH$ nmhÊ`mgmR>r Vwåhr `mMm Cn`moJ H$gm 

H$amb?
 ~) YmVw Am{U AYmVwMm \$aH$ nmhVmZm ̀ m MmMUrÀ`m Cn`wº$VoMo _wë`_mnZ H$am.
6. C^`Y_u Am°ŠgmB©S>g² åhUOo H$m` ? ̀ mMr XmoZ CXmhaUo {bhm.
7. gm¡å` AmåbmVyZ hm`S´>moOZMo {dñWmnZ H$aUmè`m Am{U Z H$aUmè`m XmoZ YmVwMr Zm§do 

{bhm.
8. YmVw M À`m {dÚwV n¥W:H$aU ewÜXrH$aUm_Ü`o Vwåhr A°ZmoS>, H°$WmoS> Am{U {dÚwV 

ÐmdU åhUyZ H$m` ¿`mb ?
9. àË`we Zo M_À`m_Ü`o J§YH$ nmdS>a KoD$Z Ë`mbm CîUVm {Xbr Imbrb AmH¥$VrV 

XmI{dë`mà_mUo n[ajmZir Ë`mÀ`mda CbQ>r H$éZ dm`w Jmoim Ho$bm.
 A) dm`wMr {H«$`m Imbrbda H$m` hmoB©b -
      1. H$moaS>m {bQ>_g nona
      2. Amobga {bQ>_g nona
 ~) KS>Umè`m amgm`{ZH$ {H«$`m§Mo g§VwbrV 

amgm`{ZH$ g_rH$aU {bhm.
10. bmoI§S> J§OÊ`mg à{V~§Y H$aUmè`m XmoZ nÜXVr 

{bhm.
11. Ooìhm AYmVw Am°pŠgOZ~amo~a g§`moJ nmdVmV Voìhm 

H$moUË`m àH$maMr Am°ŠgmB©S>g V`ma hmoVmV ?
12. H$maUo Úm.
 A) ßb°{Q>Z_, gmoZo Am{U Mm§XrMm Cn`moJ XmJrZo 

V`ma H$aÊ`mgmR>r H$aVmV.
 ~) gmo{S>`_, nmoQ>°{e`_ Am{U {b{W`_ ho Vobm_Ü`o R>odVmV.
 H$) A°ë`w{_{Z`_ hm YmVw OmñV {H«$`merb Amho. VargwÜXm `mMm Cn`moJ ñd`§nmH$ 

KamVrb ̂ m§S>r V`ma H$aÊ`mgmR>r H$aVmV.
 S>) {ZîH$f©U {H«$`o_Ü`o H$m~©ZoQ> Am{U gë\$mB©S> `m§À`m YmVwH$m§Mo Zoh_r 

Am°ŠgmB©S>_Ü`o énm§Va H$aVmV.
13. MH$mH$s Zï> Pmbobr Vm§ã`mMr ^m§S>r ñdÀN> H$aÊ`mgmR>r qb~w qH$dm qMMoMm ag 

dmnaVmV ho Vwåhr nmhrbo Amho. `m Am~§Q> nXmWm©Mm ^m§S>r ñdÀN> H$aÊ`mgmR>r H$gm 
Cn`moJ hmoVmo Vo g{dñVa {bhm.
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14. amgm`{ZH$ JwUY_m©À`m AYmao YmVw Am{U AYmVw ̀ m_Yrb \$aH$ ñnï> H$am.
15. EH$ _Zwî`  gam\$ åhUyZ XmamoXmar {\$aV hmoVm. Vmo OwZo Am{U MH$mH$s Zï> Pmbobo 

gmoÝ`mMo Xm{JZo naV M_H$dyZ XoVmo Ago gm§JV hmoVm. bJoM EH$m órZo gmoÝ`mÀ`m 
~m§JS>çm§Mm g§M {Xë`mZ§Va Ë`mZo EH$m {d{eï> ÐmdUmV Vmo g§M ~wS>dyZ R>odbm. 
~m§JS>çm ZdrZgma»`m M_Hw$ bmJë`m na§Vw Ë`m§Mo dOZ àIaVoZo H$_r Pmbo. Vr ór 
ZmamO Pmbr Z§Va jw„H$ dmX{ddmX KmbyZ Ë`m gam\$mbm _ma {Xbm. Vwåhr Ë`mZo 
Cn`moJ Ho$boë`m ÐmdUmMo ñdén emoYyZ H$mTy> eH$mb H$m ?

16. Vm§~o `m YmVwMm Cn`moJ nmUr Vmn{dÊ`mMm ~§~ V`ma H$aÊ`mH$[aVm H$aVmV nU 
ñQ>rb (bmoI§S>mMm {_lYmVw) Mm Cn`moJ H$aV ZmhrV H$maU {bhm.
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PÁ§ð£ï ªÀÄvÀÄÛ CzÀgÀ ¸ÀAAiÀÄÄPÀÛUÀ¼ÀÄ 1

àH$aU 4

H$m~©Z Am{U Ë`mMr g§`wJo
(Carbon and its Compounds)

_mJrb àH$aUm_Ü`o AmnU AZoH$ Aem g§`wJmMm Aä`mg Ho$bm Amho Oo Amnë`mgmR>r _hËdnyU© 
AmhoV. ̀ m àH$aUm_Ü`o AmnU Aem H$mhr _Zmoa§OH$ g§`wJm§Mm Am{U Ë`m§À`m JwUY_mªMm Aä`mg 
H$aUma AmhmoV. VgoM AmnU H$m~©Z ̀ m _wbÐì`m{df`r Aä`mg H$aUma AmhmVo  O o Amnë`mgmR>r 
_bw Ðì`mÀ`m ñdê$nmV Am{U g§̀ ºw $ ñdê$nm_Ü`ho r OmñV _hËdmM o Amh.o

CnH«$_ 4.1

Vwåhr Z_wX Ho$boë`m eodQ>À`m ñV§^m_Ü`o `oUmè`m dñVy§À`mH$S>o nhm `mVrb {H$Ë`oH$ dñVy 
H$m~©ZÀ`m g§`wJmnmgyZ ~Zboë`m AmhoV ho Vw_Mo {ejH$ Vwåhm§g gm§JVrb. ̀ mMo n[ajU H$aÊ`mg 
H$moUË`m nÕVrMm dmna H$amdm Ago Vwåhm§g dmQ>Vo? H$m~©Z`wº$ g§`wJmbm Omië`mg H$moUVr 
CËnmXrVo {_iVrb? AmnUmg ̀ mMr ImÌr H$aÊ`mMr EImXr n[ajm _mhrV Amho H$m?
 AÞ, H$nS>o, Am¡fYo, nwñVHo$ qH$dm Aem {H$Ë`oH$ dñVy Á`m Vwåhr Vw_À`m ̀ mXr_Ü`o g_m{dï> 
Ho$ë`m AmhoV Ë`m gd© dñVy Aï>n¡by H$m~©Z _wbÐì`mda g§nyU©nUo AmYmarV AmhoV. `m§~amo~aM, 
gd© gOrdm§Mr aMZmhr H$m~©Zda AmYmarV Amho. n¥ÏdrÀ`m ^yH$dMm_Ü`o Am{U dmVmdaUm_Ü`o 
H$m~©ZMo AË`§V Aën à_mU Amho. n¥ÏdrÀ`m ̂ yH$dMm_Ü`o I{ZOm§À`m ñdê$nmV H$m~©ZMo à_mU 
0.02% (Ogo H$m~m}ZoQ>g, hm`S´>moOZ H$m~m}ZoQ>g, H$moigm Am{U noQ´>mo{b`_) Am{U 
dmVmdaUm_Ü`o 0.03% H$m~©Z S>m`Am°ŠgmB©S> Amho. {ZgJm©_Ü`o H$m~©ZMr CnbãYVm H$_r 
à_mUmV AgyZhr H$m~©ZMo àM§S> _hËd {ZXe©Zmg `oVo. `m àH$aUm_Ü`o AmnU H$m~©ZÀ`m 
JwUY_mªMm Aä`mg H$aUma AmhmoV, Oo H$m~©Z Amnë`mgmR>r AË`§V _hÎdmMo Amho.

4.1 H$m~©Z_Yrb ~§Y-ghg§`wOr ~§Y (Bonding in Carbon - The Covalent bond)

 _mJrb àH$aUm_Ü`o AmnU Am`{ZH$ g§`wJmÀ`m JwUY_mªMm Aä`mg Ho$bm Amho. AmnU 
nm{hbo Amho H$s,Am`{ZH$ g§`wJmMm {db`q~Xÿ Am{U CËH$bZq~Xÿ Cƒ AgVmo. Am`{ZH$ g§`wJo 
ÐmdU AdñWoV qH$dm {dViboë`m pñWVrV AgVmZm {dÚwVàdmhmMo gwdmhH$ AgVmV.

YmVynmgyZ
~Z{dboë`m

dñVy

BVaH$mM qH$dm
_mVrnmgyZ

~Z{dboë`m dñVy

VwwbZm
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 AmnU àH$aU 2 _Ü`o n{hë`mà_mUo OmaVrV OmñV H$m~©ZMr g§`yJo hr {dÚwVeº$sMo H$_r 
dmhH$ (Xþdm©hH$) AmhoV. VgoM AmnU Am`{ZH$ g§`wJm_Yrb ~§Ym§Mo ñdê$n Ë`m§À`m JwUY_mªMo 
H$go ñnï>rH$aU XoVmo ho gwÕm nm{hbo Amho. Mbm AmVm AmnU H$mhr H$m~©Zr g§`wJmÀ`m JwUY_mªMm 
Aä`mg H$ê$`m. Vº$m 4.1 _Ü`o H$m~©Zr g§`wJm§Mo {db` q~Xÿ Am{U CËH$bZ q~Xÿ {Xbo AmhoV.
Vº$m 4.1  H$mhr H$m~©Zr g§`wJm§Mo {db`q~Xÿ Am{U CËH$bZ q~Xÿ

 g§`wJo {db` q~Xÿ (K) CËH$bZ q~Xÿ (K)

A°{gQ>rH$ Amåb (CH COOH) 290 3913

Šbmoamo\$m°_© (CHCl ) 209 3343

BWoZm°b (CH CH OH) 156 3513 2

{_WoZ (CH ) 90 1114

 AmnU àH$aU 2 _Ü`o nm{hbo Amho H$s, OmñVrV OmñV H$m~©ZMr g§`wJo hr {dÚwV àdmhmMo _§X 
dmhH$ AmhoV. Vº$m 4.1 dê$Z darb g§`wJmÀ`m CËH$bZ Am{U {db` q~Xÿ `m§À`m _m{hVrdê$Z 
AmnU Agm {ZîH$f© H$mTy> eH$Vmo H$s, Ë`m g§`wJm§Mm Am`{ZH$ g§`wJm§À`m VwbZoV {db`q~Xÿ Am{U 
CËH$bZq~Xÿ A{Ve` H$_r Amho (àH$aU-3). ̀ m aoUy§À`m _Yrb AmH$f©Ur` ~b ho OmñV à~b 
ZgVo. åhUyZ hr g§`wJo _moR>çm à_mUmV {dÚwV àdmhmMo AdmhH$ AgVmV. AmnU Agm {ZîH$f© 
H$mTy> eH$Vmo H$s, ̀ m g§`wJm§_Yrb ~§Y H$moUË`mhr àH$maÀ`m Am`Zm§Mr {Z{_©Vr H$aV Zmhr.

 B`Îmm ZddrÀ`m dJm©V, AmnU _wbÐì`m§Mr g§`moJ nmdÊ`mMr j_Vm Am{U Vr g§`wOm 
BboŠQ´>m°Ýgda H$er Adb§~yZ AgVo `mMm Aä`mg Ho$bm Amho. AmVm AmnU H$m~©ZMo BboŠQ´>m°Z 
g§ê$nU nmhÿ`m. H$m~©ZMm AUwH«$_m§H$ 6 Amho. H$m~©ZÀ`m {d{dY H$jo_Ü`o BboŠQ´>m°ÝgMr {d^mJUr 
H$er hmoB©b? H$m~©ZMo g§`wOm BboŠQ´>m°Ýg {H$Vr AmhoV?

 Amnë`mbm _mhrV Amho H$s, _wbÐì`m§Mr {H«$`merbVm hr Ë`mZo Amnbr ~møV_ (dmhoarb) 
H$jm nyU© H$aÊ`mÀ`m j_Vodê$Z ñnï> hmoVo åhUOoM amOdm`yMo BboŠQ´>m°Z g§ê$nU àmá H$aÊ`mÀ`m 
j_Vodê$Z ñnï> hmoVo. _wbÐì`mMo Ë`m§À`m ~møV_ H$joVrb BboŠQ´>m°Ýg {_i{dUo qH$dm J_m{dUo 
`m§dê$Z Am`{ZH$ g§`wJmMr pñWVr àmá H$aVmV. H$m~©ZÀ`m ~m~VrV Ë`mÀ`m ~møV_ H$jo_Ü`o 
Mma BboŠQ´>mÝg AmhoV Am{U Ë`m§Zm Oa amOdm`y pñWVr àmá H$amd`mMr Agob Va Mma BboŠQ´>m°Ýg 
{_idmdo bmJVrb qH$dm Mma BboŠQ´>m°Ýg J_dmdo bmJVrb. Oa Ë`mZo BboŠQ´>m°Z {_i{dbo qH$dm 
J_{dbo Va-

4–(i) Mma BboŠQ´>m°Z KoVë`m_wio C  A°Zm`Z ~Zy eH$Vmo. na§Vw ghm àmoQ>m°Z Agboë`m H|$ÐH$mbm Xhm 
BboŠQ´>m°Z AWm©V Mma A{V[aº$ BboŠQ´>m°Z ~m§YyZ R>odUo AdKS> hmoB©b.

4+(ii) Mma BboŠQ´>m°Z J_m{dë`m_wio C  H°$Q>m`Z ~Zy eH$Vmo. na§Vw Mma BboŠQ´>m°Ýgbm doJio 
H$aÊ`mgmR>r ghm àmoQ>m°Z Agboë`m H|$Ðm_Ü`o Ho$di XmoZ BboŠQ´>m°ZMm H$m~©Z H°$Q>m`Z 
~Z{dÊ`mgmR>r _moR>çm à_mUmVrb D$O}Mr Amdí`H$Vm Amho.
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 H$m~©Z hr g_ñ`m gmoS>{dÊ`mgmR>r Ë`mVrb g§`wOm BboŠQ´>m°ÝgMr Xþgè`m H$m~©ZÀ`m 
AUy~amo~a qH$dm Xþgè`m _wbÐì`mÀ`m AUy~amo~a ^mJrXmar H$ê$Z gmoS>{dVmo. \$º$ H$m~©ZM Zìho 
Va Aem nÕVrZo BboŠQ´>m°ZMr ^mJrXmar H$ê$Z Xþgarhr {H$Ë`oH$ _wbÐì`o aoUy§Mr {Z{_©Vr H$aVmV. 
XmoÝhr _wbÐì`m§À`m AUy§À`m ~møV_ H$joVrb BboŠQ´>m°ÝgMrM ^mJrXmar hmoV AgVo Am{U XmoÝhr 
AUy amOdm`y g§ê$nU pñWVr àmá H$aVmV. H$m~©ZÀ`m g§`wJmH$S>o OmÊ`mnydu, AmnU AmVm nmhÿ`m 
H$s, g§`wOm BboŠQ´>m°ÝgMr ̂ mJrXmar H$ê$Z H$mhr gmÜ`m aoUy§Mr {Z{_©Vr H$er Pmbr Amho.

 gdm©V gmÜ`m aoUyMr `m nÕVrZo {Z{_©Vr Pmbr Amho Vmo åhUOo hm`S´>moOZ. hm`S´>moOZMm 
AUwH«$_m§H$ 1 Amho. ho Vwåhr ̀ mnydu {eH$ë`m AmhmV åhUyZ hm`S´>moOZÀ`m K H$jo_Ü`o \$º$ EH§$M 
BboŠQ´>m°Z AgVmo Am{U Vr K H${jH$m nyU© ^aÊ`mgmR>r AmUIr EH$m BboŠQ´>m°ZMr Amdí`H$Vm 
Amho. ̀ m§gmR>r hm`S´>moOZMo XmoZ AUy EH$Ì ̀ oVmV d BboŠQ´>m°ZMr ̂ mJrXmar H$ê$Z H  hm`S´>moOZÀ`m 2

aoUyMr {Z{_©Vr hmoVo. Aem àH$mao àË`oH$ hm`S´>moOZ AUy Ë`mÀ`m {ZH$Q>dVu` AgUmè`m hobr`_ 
AUyMo BboŠQ´>m°Z g§ê$nZ àmá H$aVmo H$s Omo amOdm`y AgyZ Ë`mÀ`m K H$jo_Ü`o 2 BboŠQ´>m°Ýg 
AgVmV. AmnU g§`wOm BboŠQ´>m°Ýg Xe©{dÊ`mgmR>r q~XÿMm qH$dm H«$m°g `m§Mm dmna H$ê$ eH$Vmo. 
(AmH¥$Vr 4.1)

hm`S´>moOZ AUy

H  aoUy2

Am. 4.1  hm`S´>moOZMm aoUy

^mJrXmarVrb BboŠQ´>m°Ýg

Am. 4.2  XmoZ hm`S´>moOZ 
AUy§_Yrb EHo$ar ~§Y

 ^mJrXmar Ho$boë`m BboŠQ´>m°ZMr OmoS>r XmoÝhr hm`S´>moOZ 
AUy§À`m_Ü`o EHo$ar ~§Y {Z_m©U H$aVo. XmoÝhr AUy§À`m_Yrb 
EHo$ar ~§Y EH$m aofoZo Xe©{dbm OmVmo. 
ho AmH¥$Vr 4.2 _Ü`o XmI{dbo Amho.

 ŠbmoarZMm AUwH«$_m§H$ 17 Amho. Ë`mMo BboŠQ´>m°Z g§ê$nZ Am{U g§`wOm H$m` Agob? ŠbmoarZ 
{ÛAUy-aoUy, Cl  ~ZVmo. `m aoUygmR>r Vwåhr BboŠQ´>m°Z S>m°Q> aMZm H$mTy> eH$mb? bjmV R>odm H$s 2

Amnë`mbm \$º$ g§`wOm H$jm BboŠQ´>m°Z {MÌrV/Xe©{dÊ`mMr Amdí`H$Vm Amho.
 Am°pŠgOZÀ`m ~m~VrV AmnU nmhVmo H$s, Am°pŠgOZÀ`m XmoZ AUy§_Ü`o Xþhoar ~§YmMr 
{Z{_©Vr hmoVo. `mMo H$maU EH$m Am°pŠgOZÀ`m AUy_Ü`o L H$jo_Ü`o ghm BboŠQ´>m°Ýg AgVmV, 
(Am°pŠgOZÀ`m AUyH«$_m§H$ AmR> Amho) Am{U Ë`mbm Amnbr Aï>H$ pñWVr nyU© H$aÊ`mgmR>r 
AmUIr XmoZ BboŠQ´>m°ÝgMr Amdí`H$Vm Amho. åhUyZ Am°ŠgrOZMm àË`oH$ AUy Xþgè`m 
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Am°pŠgOZÀ`m AUy~amo~a XmoZ BboŠQ´>m°ÝgMr 
^mJrXmar H$ê$Z Am. 4.3 _Ü` o  
Xe©{dë`mà_mUo aMZm Xe©{dVmV. àË`oH$ 
Am°pŠgOZÀ`m AUy_YyZ XmoZ BboŠQ´>m°ÝgMo 
`moJXmZ {Xbo OmVo Am{U ^mJrXmarVrb XmoZ 
BboŠQ´>m°ÝgÀ`m OmoS>çm {Z_m©U Ho$ë`m OmVmV. 
`mbmM XmoZ AUy§À`m_Ü`o {Û~§YmMr {Z{_©Vr 
hmoUo Ago åhQ>bo OmVo.
 AmnU nmÊ`mÀ`m aoUy_Yrb EH$ 
Am°pŠgOZ AUy Am{U XmoZ hm`S´>moOZ AUy ̀ m§Vrb ~§YmMo ñdê$n Xe©dy eH$mb? ̀ m aoUy_Ü`o EHo$ar 
~§Y H$s Xþhoar ~§Y AgVmo?
 ÛrAUy-aoUy Agboë`m Zm`Q´>moOZÀ`m 
~m~VrV H$m` hmoB ©b? Zm`Q´ >m oOZÀ`m 
AUwH«$_m§H$ 7 Amho. Ë`mMo BboŠQ´>m°Z g§ê$nU 
Am{U g§`moJ nmdÊ`mMr j_Vm H$m` Agob? 
Aï>H$ pñWVr àmá H$aÊ`mgmR>r Zm`Q´>moOZ 
aoUy_Yrb àË`oH$ Zm`Q´>moOZ AUy VrZ 
BboŠQ´>m°ÝgMo `moJXmZ XoVmV Am{U VrZ 
BboŠQ´>m°ZÀ`m OmoS>tMr ^mJrXmar H$aVmV. 
`mbmM XmoZ AUy§_Yrb {Vhoar ~§YmMr {Z{_©Vr 
åhQ>bo OmVo. N  Am{U Ë`mVrb {Vhoar ~§YmMo BboŠQ´>m°Z S>m°Q> aMZm Am. 4.4 _Ü`o XmI{dë`mà_mUo 2

Xe©dy eH$Vmo.
 NH  ho A_mo{Z`mMo aoUwgyÌ Amho `m aoUwVrb gd© Mmahr AUy amOdm`y pñWVr àmá Ho$bobr 3

BboŠQ´>m°Z S>m°Q>g aMZm XmIdy eH$mb ? ̀ m aoUy_Ü`o EHo$ar, Xþhoar qH$dm {Vhoar ~§Y AgVmo H$m?
 AmVm AmnU EH$ Ñï>rjon {_WoZH$S>o Q>mHy$`m Oo H$m~©ZMo 
g§`wJ Amho. {_WoZMm B§YZ åhUyZ _moR>çm à_mUmV dmna hmoV 
Amho Am{U Vmo ~m`moJ°g d H$m°åàoñS> Z°Mab J°g (CNG) 
`m§Mm à_wI KQ>H$ Amho. ho EH$m H$m~©ZnmgyZ {Z_m©U 
Pmboë`m g§`wJmn¡H$s gdm©V gmYo g§`wJ Amho. {_WoZMo gwÌ 
CH  Amho. Amnë`mbm _m{hV Amho H$s hm`S´>moOZMr 4

g§`wOm 1 Amho. Mma g§`wOr BboŠQ´>m°Ýg Agë`_wio H$m~©Z 
MVw:g§`wOr Amho. H$m~©Z amOdm`y pñWVr àmá H$aÊ`mgmR>r 
H$m~©ZMo ho gd© BboŠQ´>m°Ýg hm`S´>moOZÀ`m Mma AUy§~amo~a 
^mJrXmar H$aVmV ho Am. 4.5 _Ü`o XmI{dbo Amho.

Am°ŠgrOZ AUy

Am. 4.3  Am°ŠgrOZÀ`m XmoZ AUy§_Yrb Xþhoar ~§Y

O  aoUy2

Zm`Q´>moOZ AUy

N  aoUy2

Am. 4.4  Zm`Q´>moOZ AUy§_{YH$ {Vhoar ~§Y

Am. 4.5  {_WoZMr BboŠQ´>m°Z S>m°Q> aMZm
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 Ooìhm XmoZ AUy§À`m_Ü`o BboŠQ´>m°ÝgÀ`m OmoS>rMr ^mJrXmar hmoD$Z ~§YmMr {Z{_©Vr hmoVo 
`mbmM ghg§`wOr ~§Y Ago åhUVmV. ghg§`wOr~§Y`wº$ aoUy§À`m_Ü`o Agbobm ~§Y à~b AgVmo, 
na§Vw aoUy_Yrb A§VJ©V Omoa H$_r AgVmo. Ë`m_wioM `m g§`wJm§Mm {db` q~Xÿ Am{U CËH$bZ q~Xÿ 
H$_r AgVmo. AUy§À`m_Ü`o BboŠQ´>m°ZMr ^mJrXmar hmoVo åhUyZ ^marV H$Um§Mr {Z{_©Vr hmoV Zmhr, 
Aem àH$maÀ`m ghg§`wOr g§`wJm§Mr {dÚwV dmhH$Vm Zoh_r _§X AgVo.

J«m\$mB©Q>Mr aMZm {hè`mMr aMZm

A
{Y

H$
 O

mU
m !

C-60 ~H${_ÝñQ>a \w$barZMr aMZm

 `m XmoZ {d{^Þ aMZo_wio {ham Am{U J«m\$mB©Q> `m§Mo amgm`{ZH$ JwUY_© g_mZ 
AgyZhr ^m¡{VH$ JwUY_m©_Ü`o àM§S> V\$mdV Amho. Amnë`mbm _mhrV Amho H$s {ham 
gdm©V H$R>rU nXmW© Amho, Va J«m\$mB©Q> hm _¥Xÿ JwiJwirV nXmW© Amho. ̀ m _mJrb {dYmZ 
AgyZ nmR>m_Ü`o AmnU Á`m AYmVy§À`m JwUY_m©Mm Aä`mg Ho$bm Amho Ë`m§À`m {damoYmV 
J«m\$mB©Q> hm {dÚwVàdmhmMm gwdmhH$ Amho.
 ewÕ H$m~©Zda A{VCƒ Xm~ Am{U Vmn_mZmV {H«$`m H$ê$Z {hè`mMr {Z{_©Vr 
H$aVmV. ho H¥${Ì_ {hao bhmZ AgVmV na§Vw Vo Z¡g{J©H$ {hè`mgmaIoM AgVmV.
 \w$barZ ho H$m~©ZÀ`m ~hþê$nmMm Xþgam dJ© Amho. n{hë`m§Xm Ooìhm C-60 bm 
AmoiIÊ`mV Ambo Ë`mm_Ü`o H$m~©Z AUyMr aMZm \w$Q>~m°bÀ`m AmH$mamà_mUo Amho. hm 
aoUy A_oarH$Z ñWmnË`emók ~H${_ZñQ>a \w$ba `mZr {S>PmB©Z Ho$boë`m {O`moS>o{gH$ 
Kw_Q>mgmaIo {XgV Agë`m_wio Ë`mMo Zmd \w$boarZ R>odÊ`mV Ambo.

H$m~©Z Am{U Ë`mMr g§`wJo
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?
àíZ

1. CO  gwÌ AgUmè`m H$m~©Z S>m`Am°ŠgmB©S>Mr BboŠQ´>m°Z S>m°Q> aMZm 2

H$er Agob?
2. gë\$aÀ`m AmR> AUyZr ~Zboë`m gë\$a aoUyMr BboŠQ´>m°Z S>m°Q> 

aMZm H$er Agob? (gyMZm-gë\$aMo AmR> AUy EH$m A§JR>rÀ`m 
(dVw©imH$ma) ñdê$nmV nañnam§V OmoS>bobo AgVmV.)

4.2  H$m~©ZMo Aï>n¡by ñdê$n  (Versatile Nature of Carbon)

 {d{^Þ _wbÐì`o Am{U g§`wJo `m§À`m_Ü`o BboŠQ´>m°ZMr ^mJrXmar hmodyZ ghg§`wOr ~§YmMr 
{Z{_©Vr hmoVo ho AmnU nm{hbo Amho. VgoM AmnU gmYo H$m~©Z g§`wJ {_WoZMrhr aMZm nm{hbr 
Amho. àH$aUmÀ`m gwadmVrbm AmnU nm{hbo Amho H$s, AmnU dmnaV Agboë`m {H$Ë`oH$ dñVy 
H$m~©Z g§`wJmnmgyZ ~Zboë`m AmhoV. dñVwV… Amåhr ñdV… H$m~©Zr g§`wJmnmgyZ ~Zbobo AmhmoV. 
gÚm _mhrV AgUmè`m {_{b`Z BVŠ`m H$m~©Zr g§`wJm§Mr gyÌo agm`ZemókmZr AÝ` _wbÐì`m§À`m 
g§`wJm§Zm EH$Ì Ho$bo AmhoV. Varhr H$m~©Zr g§`wJm§Mr g§»`m  {H$VrVar nQ>rZo 
A{YH$ Amho. hm JwUY_© \$º$ H$m~©ZmÀ`m _wbÐì`m_Ü`oM H$m nmhm`bm {_iVmo BVa _wbÐì`m_Ü`o 
H$m Zmhr? ghg§`wOr ~§YmÀ`m ñdê$nm_wio H$m~©Z_Ü`o _moR>çm à_mUmV g§`wJo {Z_m©U hmoÊ`mMr 
j_Vm Amho. H$m~©ZÀ`m ~m~VrV Imbrb XmoZ KQ>H$ gyMrV Ho$bobo AmhoV.

(i) H$m~©Z_Ü`o Xþgè`m H$m~©Z AUw~amo~a ~§Y {Z_m©U H$aÊ`mMr A{ÛVr` j_Vm Amho Á`m_wio Vmo 
~hþg§»`oZo aoUw§Mr {Z{_©Vr H$aVmo. ̀ m JwUY_m©bm H°$Q>oZoeZ Ago åhUVmV. ̀ m g§`wJm§_Ü`o bm§~ 
e¥§IboMo H$m~©Z, H$m~©ZMr {d{^Þ emIm`wº$ e¥§Ibm qH$dm H$m~©ZMo AUy gwÕm db`m_Ü`o 
([a¨J_Ü`o) aMbobo AgVmV. `mM~amo~a H$m~©ZMo AUy EHo$ar-Xþhoar qH$dm {Vhoar ~§YmZo 
OmoS>bobo AmhoV. Á`m H$m~©Zr g§`wJm_Ü`o H$m~©ZMo AUy nañnam§_Ü`o EHo$ar ~§YmZo OmoS>bobo 
AgVrb Va Ë`mbm g§n¥º$ g§`wJo Ago åhUVmV. H$m~©Z g§`wJmKrb H$m~©ZMo nañna Xþhoar 
qH$dm {Vhoar ~§YmZo OmoS>bobo AgmVrb Va Ë`m§Zm H$m~©Z Mr Ag§àº$ g§`wJo åhUVmV.

 H$m~©Zr g§`wJm_Ü`o _moR>çm à_mUmV AmT>iUmam H°$Q>oZoeZ hm JwUY_© AÝ` H$moUË`mhr 
_wbÐì`m_Ü`o AmT>iV Zmhr. {gbrH$m°Z hm`S´>moOZ~amo~a g§`wJm§Mr {Z{_©Vr H$aVmV Á`m_Ü`o 
gmV qH$dm AmR> AUy§Mr e¥§Ibm AgVo. na§Vw hr g§`wJo A{V{H«$`merb AgVmV. H$m~©Z-
H$m~©Z ~§Y hm A{YH$ à~b Agë`m_wio pñWa Amho. `m_wioM {H$Ë`oH$ H$m~©ZMo AUy 
nañnam§_Ü`o OmoS>ë`m_wio ~hþg§»`oZo g§`wJm§Mr {Z{_©Vr hmoVo.

(ii) H$m~©ZMr g§`wOm Mma Amho Ë`m_wio Ë`mbm BVa Mma H$m~©ZÀ`m AUy§~amo~a qH$dm EH$ g§`wOm 
AgUmè`m H$mhr _wbÐì`m§À`m AUy§~amo~a ~§Y {Z_m©U H$aÊ`mMr, j_Vm AgVo.  Am°pŠgOZ, 
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hm`S´>moOZ, Zm`Q´>moOZ, gë\$a, ŠbmoarZ Am{U AZoH$ BVa _wbÐì`m§~amo~a {d{eï> JwUY_© 
AgUmè`m H$m~©Z g§`wJmMr {Z{_©Vr H$aVmV. ho JwUY_© aoUy_Yrb H$m~©Z ì`{V[aº$ BVa 
CnpñWV _wbÐì`m§da Adb§~yZ AgVmV.

 BVa {H$Ë`oH$ _wbÐì`m§À`m ~amo~a H$m~©Z _wbÐì`mZo ~Z{dbobo ~§Y AË`§V à~b AgVmV 
`m§_wioM hr g§`wJo AndmXmZo pñWa AgVmV. H$m~©ZÛmao à~b ~§Y {Z_m©U hmoÊ`mMo H$maU 
Ë`mMm bhmZ AmH$ma hmo`. Ë`m_wioM AUwH|$ÐH$mbm ^mJrXmarVrb BboŠQ´>m°ZMr OmoS>r 
à~bnUo KÅ> nH$Sy>Z R>odÊ`mg _XV hmoVo. _wbÐì`m§À`m _moR>çm AUy§nmgyZ {Z_m©U Pmbobo ~§Y 
ho A{Ve` Xþ~©b AgVmV. 

A
{Y

H$
 O

mU
m !

g|Ðr` g§`wJo  (Organic Compounds)

 H$m~©Z_Ü`o XmoZ d¡{eï>nyU© JwUY_© {XgyZ `oVmV, Vo åhUOo MVw…g§`wOr Am{U 
H°$Q>oZoeZ `m JwUY_mª_wioM ~hþg§»`oZo H$m~©Z g§`wJm§Mr {Z{_©Vr hmoVo. AZoH$ g§`wJm§Mo 
AH$m~©Zr` AUy AWdm AUy§Mm JQ> {d{^Þ H$m~©Z e¥§IbmZm OmoS>bobm AgVmo. _w»`V… 
`m g§`wJmZm Z¡g{J©H$ nXmWm©nmgyZ {_i{dbo Jobo hmoVo Am{U Aer g_OyV Pmbr hmoVr H$s 
hr H$m~©Zr g§`wJo qH$dm g|{Ð` g§`wJo \$º$ gOrdm§À`m_Ü`oM {Z_m©U hmoD$ eH$VmV. AWm©V 
Ago J¥hrV Yabo hmoVo H$s Ë`m§À`m {Z{_©VrgmR>r EH$m "OrdZeº$sMr' Amdí`H$Vm hmoVr. 
1828 _Ü`o \«o$S>[aH$ dmohbaZo A_mo{Z`_ gm`ZoQ>nmgyZ `war`mMr {Z{_©Vr Ho$br Am{U 
Ë`m åhUÊ`mMo I§S>Z H$aÊ`mV Ambo. na§Vw H$m~©ZMo Am°ŠgmB©S>, H$m~m}ZoQ> Am{U 
hm`S´>moOZ H$m~m}ZoQ> jma `m§À`m ì`{Varº$ gd© H$m~©Z g§`wJm§Mm Aä`mg g|Ðr` 
agm`ZemómÀ`m A§VJ©V hmoVmo.

4.2.1 g§n¥º$ Am{U Ag§n¥º$ H$m~©Z g§`wJo  (Saturated and Unsaturated 

Carbon compounds)

 AmnU AJmoXaM {_WoZÀ`m aMZobm nmhrbo Amho. H$m~©Z Am{U hm`S´>moOZnmgyZ {Z_m©U 
Pmbobo Xþgao g§`wJ BWoZ Amho. Ë`mMo C H  ho aoUygwÌ Amho. gmÜ`m H$m~©Z g§`wJmMr g§aMZm àmá 2 6

H$aÊ`mgmR>r H$m~©ZMo AUy nañnam§Zm EHo$ar ~§YmZo OmoS>Uo hr àW_ nm`ar Amho. (Am. 4.6 a) 
Am{U H$m~©ZÀ`m {e„H$ Agboë`m g§`wOmbm g§Vwï> H$aÊ`mgmR>r hm`S´>moOZ AUyMm Cn`moJ Ho$bm 
OmVmo. (Am. 4.6 b) CXmhaUmW©, BWoZMr aMZm Imbrbà_mUo nm`è`mVyZ {bhÿ eH$Vmo-
 nm`ar 1

C – C
AmH¥$Vr 4.6 (a)  EHo$ar ~§YmZo H$m~©ZMo AUy nañnam§Zm OmoS>bo AmhoV. 

 àË`oH$ H$m~©Z AUyMr VrZ g§`wOm Ag§n¥º$ Amho åhUyZ àË`oH$s VrZ hm`S´>moOZ AUy§Zm OmoSy>Z 
hr aMZm {_iVo.

H$m~©Z Am{U Ë`mMr g§`wJo
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     nm`ar 2

AmH¥$Vr 4.6 (b)  àË`oH$ H$m~©Z AUy VrZ hm`S´>moOZ AUy§er ~§Y {Z_m©U H$aVmo.

 C – C           

         

         

nm`ar 1

nm`ar 2

nm`ar 3

 BWoZMr BboŠQ´>m°Z S>m°Q> aMZm Am. 4.6 (c) 
_Ü`o Xe©{dbobr Amho.
 Vwåhr aoUwgyÌ C H  AgUmè`m àmonoZMr 3 8

darb à_mUo aMZm H$mTy> emH$mb ?
AmnU nmhmb H$s gd© AUw§À`m g§`wOm Ë`m_Yrb 
Agboë`m EHo$ar ~§YmZo g§n¥º$ AmhoV. Aem 
H$m~©Z g§`wJm§Zm g§n¥º$ g§`wJo Ago åhUVmV. 
gm_mÝ`nUo hr g§`wJo OmñV {H«$`merb ZgVmV.
 VarnU H$m~©Z Am{U hm`S´>moOZMo AmUIrZ 
EH$ g§`wJ BWrZ Amho. Ë`mMo C H  ho aoUwgwÌ Amho. `m aoUybm AmH¥$Vr_Ü`o H$go {MÌrV H$amb? 2 4

AmnU darbà_mUo nm`ar nm`arZo OmD$. H$m~©Z-H$m~©Z AUy EHo$ar ~§YmZo EH$Ì OmoS>bm OmVmo 
(nm`ar1).
 àË`oH$ H$m~©Z AUy XmoZ hm`S´>moOZ AUy KoVmo Am{U aMZm ~Z{dVmo-

Am. 4.6  (c) BWoZMr BboŠQ´>m°Z S>m°Q> aMZm

Am. 4.7  BWrZMr aMZm

 AmnU nmhVmo H$s, àË`oH$ H$m~©Z AUyMr g§`wOm EH$ 
AgyZ Vr Ag§n¥º$ AgVo. (nm`ar 2) hr g§`wOm XmoZ 
H$m~©Z AUy§À`m_Ü`o Xþhoar ~§Y am{hë`mZo g§n¥º$ hmoVo 
Am{U Amnë`mbm Aer aMZm {_iVo (nm`ar 3).
 Am. 4.7 _Ü`o BWrZMr BboŠQ´>m°Z S>m°Q> aMZm {Xbobr 
Amho.
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 C H  azoUy gwÌ Agbobo H$m~©Z Am{U hm`S´>moOZMo AmUIrZ EH$ g§`wJ åhUOo BWmB©Z hmo`. 2 2

AmnU BWmB©ZMr BboŠQ´>m°Z S>m°Q> aMZm H$mTy> eH$mb? XmoZ H$m~©Z AUy§À`m_Ü`o Ë`m§À`m_Ü`o {H$Vr 
~§Ym§Mr Amdí`H$Vm Amho? Aem àH$maÀ`m H$m~©ZÀ`m g§`wJm§V H$m~©Z AUy§_Ü`o Xþhoar qH$dm {Vhoar 
~§Y AgVmo Ë`mbmM Ag§n¥º$ H$m~©Z g§`wJo Ago åhUVmV Am{U Vo g§n¥º$ H$m~©Z g§`wJmnojm OmñV 
{H«$`merb AgVmV.

4.2.2  e¥§Ibm, emIm Am{U db`o ([a¨J) Chains, Branches and Rings

 AmnU ̀ mnyduÀ`m ̂ mJm_Ü`o {_WoZ, BWoZ Am{U àmonoZ Á`m_Ü`o AZwH«$_o 1, 2 Am{U 3 H$m~©Z 
AUy AgVmV `mMm C„oI Ho$bm Amho. H$m~©Z AUy§À`m Aem àH$maÀ`m e¥§Ibm_Ü`o H$m~©ZMo 
AZoH$ AUy Agy eH$VmV. Ë`mn¡H$s ghm g§`wJm§Mr Zmdo Am{U aMZm Vº$m H«$_m§H$ 4.2 _Ü`o {Xbobr 
AmhoV.

Vº$m 4.2  H$m~©Z Am{U hm`S´>moOZMr g§n¥º$ g§`wJm§Mr gwÌo Am{U aMZm

1 CH
4

2 C
2
H

6

3 C
3
H

8

4 C
4
H

10

5 C
5
H

12

6 C
6
H

14

H$m~©Z AUy§Mr
g§»`m gwÌ aMZmZm§d

{_WoZ

BWoZ

àmonoZ

ã`wQ>oZ

n|Q>oZ

hoŠPoZ
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 na§Vw, AmVm AmnU ã`wQ>oZH$S>o nwÝhm EH$Xm nmhy>`m Oa AmnU Mma H$m~©Z AUy$ KodyZ H$m~©ZMm 
gm§JmS>m ~Z{dbm Va Ë`mMo XmoZ {d{^Þ gm§JmS>o ~ZÊ`mMr eŠ`Vm Amho Ago {XgyZ ̀ oVo.

AmH¥$Vr 4.8 (a)  XmoZ g§^mì` H$m~©Z-gm§JmS>o 

 {e„H$ Agboë`m g§`wOm hm`S´>moOZZo ̂ aë`mg Imbrb aMZm {_iVo-

AmH¥$Vr 4.8 (b)  C H  gwÌ Agboë`m n[anwU© aoUyÀ`m XmoZ aMZm4 10

 AmnU nm{hbo H$s ̀ m XmoÝhr aMZm§gmR>r C H  ho gmaIoM gwÌ Amho. Aem àH$maÀ`m g§`wJm§Mr 4 10

aoUwgwÌo g_mZ AgVmV na§Vw {^Þ aMZm AgVo `mbmM aMZmË_H$ Am`gmo_a (g_KQ>H$) Ago 
åhUVmV.
 gai Am{U emIm`wº$ e¥§Ibo~amo~aM H$mhr g§`wJm§_Ü`o H$m~©ZMo AUy db`m§H$sV aMbobo 
AmhoV. CXmhaUmW©, gm`ŠbmohoŠPoZMo aoUygwÌ C H  Amho Am{U aMZm Imbrb à_mUo Amho-6 12

Am. 4.9  gm`ŠbmohoŠPoZMr aMZm a) H$m~©ZMm gm§JmS>m b) g§nyU© aoUy

  (a) (b)

 gm`Šbmo hoŠPoZMr BboŠQ´>m°Z S>m°Q> aMZm aoImQy> eH$mb? gai e¥§Ibm, emIm e¥§Ibm Am{U 
db`m§{H$V H$m~©Z g§`wJo g§n¥º$ qH$dm Ag§n¥º$ Agy eH$VmV. CXmhaUmW©, ~oÝPrZ C H  Mr aMZm 6 6

Imbrb à_mUo Amho.

 

AmH¥$Vr 4.10  ~oÝPrZMr aMZm

~oÝPrZ-C H6 6
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  gd© H$m~©Z g§`wJm_Ü`o Ho$di H$m~©Z Am{U hm`S´>moOZ AgVmV Ë`m§Zm hm`S´>moH$m~©Z Aem 
Ago åhUVmV. Ë`mn¡H$s g§n¥º$ hm`S´>moH$m~©ÝgZm AëHo$Ýg åhUVmV. Á`m Ag§n¥º$ 
hm`S´>moH$m~©Ýg_Ü`o EH$ qH$dm OmñV Xþhoar ~§Y AgVmo Ë`m§Zm AëH$sÝg åhUVmV. Am{U Á`m_Ü`o 
EH$ qH$dm OmñV {Vhoar ~§Y AgVmo Ë`m§Zm AëH$mB©Ýg åhUVmV.

4.2.3  Vwåhr _mPo {_Ì ~Zmb H$m ?  (Will you be my Friend?)

 H$m~©Z ho AË`§V _¡ÌrnyU© _ybÐì` Amho. AmVmn`ªV AmnU H$m~©Z Am{U hm`S´>moOZÀ`m 
g§`wJm{df`r nm{hbo Amho. na§Vw H$m~©Z ho _ybÐì` h°bmoOZ, Am°ŠgrOZ, Zm`Q´>moOZ Am{U gë\$a 
`m§gma»`m BVa _wbÐì`m§~amo~a gwÕm ~§YmMr {Z{_©Vr H$aVo.

 hm`S´>moH$m~©Z e¥§Ibo_Yrb EH$ qH$dm A{YH$ hm`S´>moOZMr OmJm ̀ m _wbÐì`m§Zr KoVë`m_wio 
H$m~©ZMr g§`wOm g§n¥º$ hmoVo. Aem àH$maÀ`m g§`wJm_Ü`o Oo _wbÐì` hm`S´>moOZMr OmJm  qH$dm KoVo
hm`S´>moOZbm {dñWmnrV H$aVo Ë`m _wbÐì`mbm hoQ>amoA°Q>_ ({df_ AUy) Ago åhUVmV. ho 
hoQ>amoA°Q>_ qH$dm {df_ AUy H$mhr JQ>m_Ü`o AmT>iVmV. hr _m{hVr 4.3 VŠË`m_Ü`o {Xbobr Amho.

 ho hoQ>amoA°Q>åg Am{U JQ> Á`m g§`wJm_Ü`o AmT>iVmV Ë`m g§`wJm§Zm {d{eï> JwUY_© àmá H$ê$Z 
XoVmV. hm JwUY_© H$m~©Z e¥§IboMr bm§~r Am{U ñdê$n ̀ m§À`mda Adb§~yZ ZgVmV åhUyZ Ë`m§Zm 
{H«$`mË_H$ JQ> Ago åhUVmV. Vº$m 4.3 _Ü`o H$mhr _hËdmMo {H«$`mË_H$ JQ> {Xbobo AmhoV. EHo$ar 
aofoÀ`m ghmæ`mZo _wº$ g§`wOm qH$dm JQ>mVrb g§`wOm Xe©{dbobr Amho. H$m~©Z e¥§Ibo_Yrb EH$ 
qH$dm A{YH$ hm`S´>moOZ AUy {dñWmnrV H$ê$Z {H«$`mË_H$ JQ> g§`wOmÛmao H$m~©Z e¥§Ibobm 
OmoS>bobm AgVmo.

Vº$m 4.3  H$m~©Z g§`wJm_Yrb H$mhr {H«$`mË_H$ JQ>

– Cl, – Br

 

– OH

{H«$`mË_H$ JQ> (g§`wJm§Mm dJ©)hoQ>amoA°Q>_ ({df_ AUy) {H«$`mË_H$ JQ>mMo gwÌ

Cl /Br h°bmo-(Šbmoamo-~«mo_mo) 
  hm`S´>moOZ AUyMm {dñWmnH$

Am°ŠgrOZ 1. AëH$mohmob

 2. AëS>rhmB©S>

 3. {H$Q>moZ

 4. H$m~>mo©pŠgbrH$ Amåb
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4.2.4  g_OmVr` loUr (hmo_mobmoJg loUr)  (Homologous Series)

 AmnU nm{hbo Amho H$s, H$m~©ZMo AUy nañnam§_Ü`o OmoSy>Z {d{^Þ bm§~rÀ`m e¥§Ibm§Mr 
{Z{_©Vr H$aVmV. ̀ m l¥§H$bm emIm ̀ wº$ AgVmV ̀ m~amo~aM AmnU darb à_mUo nm{hbo Amho H$s 
H$m~©Z e¥§Ibo _Yrb hm`S´>moOZMm EH$ AUy qH$dm EH$mnojm OmñV AUy {H«$`mË_H$ JQ>mH$Sy>Z 
{dñWmnrV Ho$bm OmVmo. AëH$mohmob gma»`m {H«$`mË_H$ JQ>mÀ`m CnpñWVr_wio H$m~©Z g§`wJm§À`m 
JwUY_m©da à^md nS>Vmo. Oar Ë`m H$m~©Z e¥§IboMr bm§~r {H$Vrhr Agob Varhr à^md nS>Vmo. CXm. 
CH OH, C H OH Am{U C H OH `m gdm©§À`m amgm`{ZH$ JwUY_m©_Ü`o A{YH$ g_mZVm 3 2 5 4 9

Amho. åhUyZ Á`m g§`wJm§À`m loUr_Ü`o H$m~©Z e¥§IboVrb hm`S´>moOZMr OmJm Oa EH$mM àH$maMm 
{H«$`mË_H$ JQ> KoV Agob Va Ë`mbm g_OmVr` loUr qH$dm hmo_mobmoJg loUr Ago åhUVmV.

 Vº$m 4.2 _Ü`o nm{hboë`m g_OmVr`m loUrda ZOa {\$a{dbr AgVm. bmJmonmR> `oUmè`m 
g§`wJm§Mr gwÌo nhm.

 CH  Am{U C H  - ̀ m_Ü`o –CH – EH$H$mMm \$aH$ Amho.4 2 6 2

 C H  Am{U C H  - ̀ m_Ü`o –CH – EH$H$mMm \$aH$ Amho.2 6 3 8 2

 nwT>rb OmoS>r-àmonoZ Am{U ã`wQ>oZ (C H ) ̀ m_Ü`o H$moUVm \$aH$ Agob?4 10

 `m OmoS>rVrb aoUydñVw_mZmVrb \$aH$ Vwåhr emoYy eH$mb H$m`? (H$m~©ZMo AUydñVw_mZ 12u 
Am{U hm`S´>moOZMo AUydñVw_mZ 1u Amho.)

 Aem nÕVrZo AëH$sÝgMr g_OmVr` loUr qH$dm hmo_mobmoJg loUr ¿`m. `m loUr_Yrb 
n{hë`m gXñ`mMo Zm§d BWrZ Amho, Á`mMm 4.2.1 {d^mJm_Ü`o `mAJmoXa Aä`mg Ho$bm Amho. 
 BWrZMo aoUwgwÌ H$m` Amho? bmJmonmR> ̀ oUmè`m gXñ`m§Mo aoUwgwÌ C H  , C H  ,  Am{U C H  3 6 4 8 5 10

Amho. ̀ m§À`m_Ü`o –CH – EH$H$mMm \$aH$ Amho H$m? 2

 `m g§`wJm§_Ü`o H$m~©Z Am{U hm`S´>moOZ AUy§À`m g§»`m_Ü`o H$mhr \$aH$ {XgVmo H$m? 
AëH$sZMo gm_mÝ`gwÌ C H  Ago {bhÿ eH$Vmo H$s ̀ oWo n = 2, 3, 4 Aem àH$mao AmnU AëHo$Ýg n 2n

Am{U AëH$mB©ÝgMo gm_mÝ` gwÌ H$mTy> eH$mb?

 H$moUË`mhr g_OmVr` loUr_Ü`o Oa aoUydñVw_mZ dmTbo Va ^m¡{VH$ JwUY_m©_Ü`o H«$_~ÕVm 
{XgyZ `oVo. `mMo H$maU aoUwdñVw_mZ dmT>bo H$s {db` q~Xÿ Am{U CËH$bZ q~Xÿ_Ü`o dmT> hmoVo. 
EImÚm R>am{dH$ ÐmdH$m_Ü`o {dÐmì`VmgmaIo ^m¡{VH$ JwUY_© gwÕm g_mZ H«$_~ÕVm Xe©{dVmV. 
na§Vw nyU©nUo {H«$`mË_H$ JQ>mÛmao gw{ZpíMV Ho$bo OmUmao amgm`{ZH$ JwUY_© g_OmVr` loUr_Ü`o 
gmaIoM amhVmV.
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CnH«$_ 4.2
n a)  CH OH Am{U  C H OH3 2 5

 b)  C H OH Am{U  C H OH  2 5 3 7

 c)  C H OH Am{U  C H OH  3 7 4 9

 `m§Mo aoUwgwÌ Am{U aoUy dñVw_mZ ̀ mVrb  \$aH$ H$mT>m.
n `m {VÝhr_Ü`o H$mhr gmå` Amho H$m?
n EH$ Hw$Qy>§~ V`ma H$aÊ`mgmR>r H$m~©Z AUy§À`m MT>Ë`m H«$_mZo AëH$mohmobMr _m§S>Ur H$am. 

AmnU ̀ m Hw$Qy>§~mbm g_OmVr` loUr åhUy eH$Vmo?
n Vº$m 4.3 _Ü`o {Xboë`m BVa {H«$`mË_H$ JQ>mgmR>r H$m~©Z Mman`ªV AgUmè`m g§`wJm§Mr 

g_OmVr` loUr V`ma H$am.

4.2.5 H$m~©Z g§`wJmgmR>r Zm_H$aU nÕVr  (Nomenclature of Carbon 

Compounds)

 H$moUË`mhr g_OmVr` loUr_Yrb g§`wJm§Mr Zmdo _yb^yV H$m~©Z e¥§Ibm§À`m AmYmao AgVmV. 

Á`m§Zm eãXmnydu ""CngJ©'' qH$dm eãXmZ§Va ""àË``'' OmoSy>Z nardV©Z Ho$bobo AgVo H$s Oo 

{H«$`mË_H$ JQ>mMo ñdê$n Xe©{dVo.

CXmhaUmW© : CnH«$_ 4.2 _Ü`o AëH$mohmobm§Mo Zm_H$aU {_WoZm°b, BWoZm°b, àmonoZm°b Am{U 

ã`wQ>oZm°b Ago Ho$bo Amho.

H$m~©Zr g§`wJm§Mo Zm_H$aU Imbrb nÕVrZo Ho$bo OmVo.

(I) g§`wJmVrb H$m~©Z AUy§Mr g§»`m AmoiIm/_moOyZ ¿`m. VrZ H$m~©Z AUy AgUmè`m g§`wJmbm 

àmonoZ Zmd {Xbo OmVo.

(ii) EImÚm doir Oa {H«$`mË_H$ JQ> Agob Va Ë`m (Vº$m 4.4 _Ü`o {Xë`mà_mUo) g§`wJmMo Zmd 

CngJ© AWdm àË``mÀ`m ghmæ`mZo Xe©{dbo OmVo.

(iii) Oa {H«$`mË_H$ JQ>mMo Zmd àË``mÀ`m AmYmao Úm`Mo Agob Va H$m~©Z e¥§IbmÀ`m ZmdmVrb 

eodQ>Mo ‘e’ H$mTy>Z Q>mH$VmV Am{U `mo½` àË`` OmoS>bm OmVmo. CXmhaUmW©, {H$Q>moZ JQ> 

Agbobr VrZ H$m~©ZMr e¥§Ibm Imbrb nÕVrZo Zm_H$aU Ho$br OmVo-

 Propene – ‘e’  =  Propan  +  ‘one’  =  Propanone
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(iv) Oa H$m~©Z e¥§Ibm Ag§n¥º$ Agob Va H$m~©Z e¥§IbmÀ`m ZmdmVrb A§{V_ ‘ane’ bm AZwgma 

‘ene’ qH$dm ‘yne’ Zo {dñWmnrV Ho$bo$ OmVo. (Vº$m 4.4 nhm) CXmhaUmW©, Xþhoar ~§Y`wº$ 

VrZ H$m~©Z Agbobr e¥§Ibm hr àmonrZ g§~moYbr OmVo Am{U Oa Ë`m_Ü`o {Vhoar ~§Y Agob 

Va {Vbm àmonmB©Z g§~moYbo OmVo.

Vº$m 4.4  H$m~©Z g§`wJm_Yrb H$m§hr {H«$`mË_H$ JQ>

 42  {dkmZ

  

  

 

  

  

ŠbmoamoàmonoZ

~«mo_moàmonoZ

àmonoZmob

àmonoZmb

àmonoZmoZ

àmonoZm°B©H$ Amåb

àmonrZ

àmonmB©Z

{H«$`mË_H$ JQ> CXmhaUoCngJ©/àË``

1. h°bmo AëHo$Z

Amåb
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4.3  H$m~©Z g§`wJm§Mo amgm`{ZH$ JwUY_© (Chemical properties of Carbon 

Compounds)

 `m {d^mJm_Ü`o AmnU H$m~©Z g§`wJmÀ`m H$mhr amgm`{ZH$ JwUY_mªMm Aä`mg H$aUma 
AmhmoV åhUyZ Aer {H$Ë`oH$ B§YZo Or AmnU dmnaVmo Vr H$m~©Z qH$dm Ë`m§Mr g§`wJo AgVmV, 
AmnU àW_V… ÁdbZmMm Aä`mg H$ê$`m.

4.3.1  ÁdbZ (Combustion)

 H$m~©ZMo Ë`m§À`m gd© ~hþê$nm§À`m ñdê$nmV Ooìhm Am°ŠgrOZ ~amo~a ÁdbZ hmoVo Voìhm H$m~©Z 
S>m`Am°ŠgmB©S>Mr {Z{_©Vr hmoVo, Ë`mM~amo~a CîUVm Am{U àH$mehr {Z_m©U hmoVmo. Aem {H$Ë`oH$ 
H$m~©Zr g§`wJm§Mo ÁdbZ Pmë`mg _moR>çm à_mUmV CîUVm Am{U àH$memMr {Z{_©Vr Ho$br OmVo. 
AmnU n{hë`m àH$aUmV {eH$boë`m ̀ m Am°ŠgrS>oeZ {H«$`m AmhoV.

 (i)    C  +  O     CO   +  CîUVm Am{U àH$me2 2®

 (ii)   CH   +  O     CO   +  H O  +  CîUVm Am{U àH$me4 2 2 2®

 (iii)  CH CH OH  +  O     CO   +  H O  +  CîUVm Am{U àH$me3 2 2 2 2®

 n{hë`m àH$aUm_Ü`o {eH$bmV Ë`m nÕVrZo nwT>rb XmoZ amgm`{ZH$ {H«$`m g_Vmob H$am.

H$m~©Z Am{U Ë`mMr g§`wJo

   (i) CH
3 
— CH

2 
— Br  (ii) 

   (iii) 

?
àíZ

1. n|Q>oZnmgyZ {H$Vr aMZmË_H$ Am`gmo_g©/ g_KQ>H$ g§`wJo H$mTy> eH$mb?
2. H$m~©ZMo Ago H$moUVo XmoZ Am`gmo_g© JwUY_© AmhoV Á`m_wio g^modVmbr 

àM§S> g§»`oZo H$m~©Z g§`wJo nhmd`mg {_iVmV?
3. gm`Šbmon|Q>oZMo gwÌ Am{U BboŠQ´>m°Z S>m°Q> aMZm H$m` Agob?
4. Imbrb g§`wJm§Mo aMZmË_H$ gyÌ H$mT>m.
 (i)   BWoZm°B©H$ Amåb  (ii)  ~«mo_mon|Q>oZ
 (iii)  ã`yQ>°ZmoZ   (iv)  hoŠPoZm°b
 ~«mo_mon|Q>oZgmR>r aMZmË_H$ Am`gmo_g©/g_KQ>H$ eŠ` AmhoV H$m?
5. Imbrb g§`wJm§Mo Zm_H$aU H$go H$amb?
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CnH«$_ 4.3

nyd©H$miOr : ̀ m CnH«$_mgmR>r {ejH$m§À`m ghmæ`mMr Amdí`H$Vm Amho.
n EH$m M_Mm_Ü`o EH$-EH$ H$aV H$mhr H$m~©ZMr g§`wJo (Z°ßW°brZ, H$mnya, AëH$mohmob) 

¿`m Am{U Ë`m§Zm Omim.
n Á`moVrÀ`m ñdê$nmMo {Z[ajU H$am Am{U YyamMr {Z{_©Vr Pmbr Amho H$m ̀ mMr Zm|X H$am.
n Á`moVrda YmVyMr ßboQ> R>odm. ̀ mVrb g§`wJmMm Wa ßboQ>da O_m Pmbm Amho H$m?

CnH«$_ 4.4

n ~ÝgoZ ~Z©a noQ>dm Am{U {d{^Þ àH$maMr Á`moV YwamMr CnpñWVr àmá H$aÊ`mgmR>r hdoMo 
{N>Ð ì`dpñWV OyidyZ ¿`m.

n Vwåhmbm {ndir, H$mOir`wº$ Á`moV Ho$ìhm {_iob?
n Vwåhmbm {Zir Á`moV Ho$ìhm {_iob?

 gm_mÝ`V… g§n¥º$ hm`S´>moH$m~©ÝgnmgyZ ñdÀN> Á`moV {_iVo. Va Ag§n¥º$ H$m~©ZMr g§`wJo ̂ anya 
à_mUmV H$mim Yya AgUmar {ndir Á`moV XoVrb. ̀ mMm n[aUm_ñdê$n CnH«$_ 4.3 _Ü`o YmVyÀ`m 
ßboQ>da H$mOirMm Wa O_m hmoVmo. hdoÀ`m _`m©XrV nwadR>çm_Ü`o g§n¥º$ hm`S´>moH$m~©Z gwÕm 
H$mOir`wº$ Á`moVrMr {Z{_©Vr H$aVmV. Kar dmnaë`m OmUmè`m, dm`y/am°Ho$b ñQ>moìh_Ü`o hdm 
`oÊ`mgmR>r {N>Ðo AgVmV. Ë`m_wio nwaoem à_mUmV Am°pŠgOZ g_¥Õ {_lU OiyZ ñdÀN> {Zù`m 
Á`moVrMr {Z{_©Vr H$aVo.
 Oa AmnU ñd`§nmH$mÀ`m ^m§S>çmÀ`m VimMo {Z[ajU Ho$bo Va Vmo H$mim Pmbobm AgVmo, 
åhUOoM hdoMr {N>Ðo ~§X Pmbobr AmhoV Am{U B§YZ dm`m OmV Amho. H$moigm Am{U 
noQ´>mo{b`_gma»`m B§YZmÀ`m_Ü`o H$mhr à_mUmV Zm`Q´>moOZ Am{U gë\$a AgVmo. Ë`m§À`m 
ÁdbZm_yio Zm`Q´>moOZ Am{U gë\$aÀ`m Am°ŠgmB©S>m§Mr {Z{_©Vr hmoVo H$s Oo n`m©daUmMo à_wI 
àXÿfH$ AmhoV.
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XJS>r H$moigm Am{U noQ´>mo{b`_Mr {Z{_©Vr  (Formation of Coal and 

Petroleum)
 XJS>r H$moigm Am{U noQ´>mo{b`_Mr {Z{_©Vr O¡{dH$dñVw_mZmnmgyZ hmoVo Ë`m§Mr {Z{_©Vr 
{d{dY O¡{dH$ Am{U ^yJ^m©Vrb à{H«$`m Pmë`m_wio hmoVo. XJS>r H$moigm åhUOo {_br`Z 
dfm©nyduÀ`m d¥j, \$Z© (ZoMo) Am{U BVa dZñnVtMo Adeof AmhoV. H$XmMrV Vo ̂ yH§$n Am{U 
Ádmbm_wIrÀ`m ñ\$moQ>m_wio n¥ÏdrÀ`m AmV JmS>bo Jobo hmoVo. Vo n¥ÏdrÀ`m {d{dY Wam§Zr Am{U 
IS>H$ `m§_wio Xm~bo Jobo Am{U hiwdmanUo Ë`m§Mo {dKQ>Z hmoD$Z XJS>r H$moiem_Ü`o ê$nm§Va 
Pmbo. Vob Am{U dm`y ho {_br`Z dfm©nyduÀ`m g_wÐmV dmñVì` AgUmè`m bhmZ dZñnVr 
Am{U àmÊ`m§Mo Adeof AmhoV. Ooìhm Vo _¥V hmoVmV Voìhm Ë`m§Mo eara g_wÐJmimZo PmH$bo OmVo. 
Ë`m _¥V Adeofm§da OrdmUy§À`m AmH«$_Um_wio Am{U Cƒ Xm~m_wio Vob Am{U dm`yMr {Z{_©Vr 
hmoVo. Xaå`mZÀ`m H$mimV JmimMo hiwdmanUo g§nrS>Z hmodyZ Xm~mZo IS>H$mMr {Z{_©Vr hmoVo. 
IS>H$m§À`m bhmZ-bhmZ {N>Ðm§_YyZ Vob Am{U dm`y {Panbm OmVmo Am{U ñn§O_Ü`o 
nmÊ`mà_mUo AS>H$Vmo. XJS>r H$moigm Am{U noQ´>mo{b`_ ̀ m§Zm Ordmí_ B§YZ H$m åhUVmV ̀ mMo 

Vwå
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4.3.2  Am°pŠgS>oeZ (Am°pŠgS>rH$aU) Oxidation

CnH«$_ 4.5

n n[ajmZir_Ü`o 3 ml BWoZm°b ¿`m Am{U H$miOrnyd©H$ dmQ>a~mW_Ü`o CîUVm Úm.
n Ë`m ÐmdUm_Ü`o 5% AëH$br`wº$ nmoQ>°{e`_ na_°¾oQ>Mo ÐmdUmMm EH$ EH$ W|~ H$aV 

gmoS>m.
n Ooìhm Vo gwadmVrbm {_gibo OmVo Voìhm nmoQ>°{e`_ na_°¾oQ>À`m ÐmdUmMm a§J {Q>Hy$Z amhVmo 

H$m? 
n A{YH$ à_mUmV {_gië`mZo nmoQ>°{e`_ na_°¾oQ>Mm a§J AÑî` H$m hmoV Zmhr?

 n{hë`m àH$aUm_Ü`o AmnU Am°pŠgS>oeZ amgm`{ZH$ {H«$`m {eH$bm AmhmV. ghOnUo 
H$m~©Z g§`wJm§Mo ÁdbZ Pmë`m_wio Am°pŠgS>oeZ hmoVo. nyU© Am°pŠgS>oeZ {H«$`o~amo~aM Amnë`mH$S>o 
Á`m amgm`{ZH$ {H«$`m AmhoV Ë`m_Ü`o AëH$mohmobMo ê$nm§Va H$m~m}ŠPrbrH$ Amåbm_Ü`o hmoVo-

AëH$bmB©Z KMnO   +  CîUVm 4

  qH$dm Amåb`wº$ K Cr O   +  CîUVm2 2 7

 AmnU nm{hbo Amho H$s, H$mhr nXmWm©_Ü`o Am°pŠgOZ XoÊ`mMr j_Vm AgVo Ë`m nXmWmªZm 
Am°pŠgS>rH$maH$ Ago åhUVmV.
 AëH$br`wº$ nmoQ>°{e`_ na_°¾oQ> qH$dm Amåb`wº$ nmoQ>°{e`_ S>m`H«$mo_oQ>Mo AëH$mohmob _YyZ 
Amåbm§_Ü`o Am°pŠgS>oeZ hmoVo, åhUOoM àma§^rÀ`m nXmWm©_Ü`o Am°pŠgOZ {_giVmo. åhUyZ 
Ë`m§Zm Am°pŠgS>rH$maH$ nXmW© Ago åhUVmV.

4.3.3  g_mdoer A{^{H«$`m (Addition Reaction)

 n°b°S>r`_ qH$dm {ZHo$b gma»`m CËàoaH$m§À`m CnpñWVrV Ag§n¥º$ hm`S´>moH$m~©Ýg 
hm`S´>moOZMr ^a KmbyZ g§n¥º$ hm`S´>moOZ_Ü`o ê$nm§Va H$aVmV. CËàoaH$ åhUOo Omo nXmW© 
A{^{H«$`oV ^mJ Z KoVm Ë`mÀ`m CnpñWVr_wio amgm`{ZH$ {H«$`m KSy>Z `oVo qH$dm {d{^Þ Xam§Zr 
H$m`m©pÝdV hmoVo Ë`m nXmWm©bm CËàoaH$ Ago åhUVmV. gm_mÝ`V… `m amgm`{ZH$ {H«$`oMm Cn`moJ 
dZñnVr VobmÀ`m hm`S´>moOZrH$aUmgmR>r Ho$bm OmVmo. Á`m_Ü`o {ZHo$b CËàoaH$ åhUyZ dmnaVmV. 
gm_mÝ`V… dZñnVr VobmMr bm§~ Ag§n¥º$ H$m~©Z e¥§Ibm AgVo VgoM, àmÊ`m§À`m Ma~r_Ü`o 
g§n¥º$ H$m~©Z e¥§Ibm AgVo.

 AmnU OmhramVr_Ü`o nm{hbm Agmb H$s, H$mhr dZñnVr Vob "Amamo½`Xm`r' AgVmV. 
gm_mÝ`nUo àmÊ`m§À`m Ma~r_Ü`o g§n¥º$ pñZ½Ymåbo (_oXmåbo) AgVmV. hr _oXmåbo Amamo½`mgmR>r 
hmZrH$maH$ AgVmV. Á`m Vobm_Ü`o Ag§n¥º$ pñZ½Ymåbo AgVmV Aem àH$maÀ`m Vobm§Mm 
ñd`§nmH$mgmR>r dmna H$aVmV.

{ZHo$b CàoaH$
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 47H$m~©Z Am{U Ë`mMr g§`wJo

4.4  H$mhr _hËdmMr H$m~©Z g§`wJo-BWoZm°b Am{U BWoZm°B©H$ Amåb
Some important Carbon compounds - Ethanol and Ethanoic acid

 {H$Ë`oH$ H$m~©ZMr g§`wJo Amnë`mgmR>r AZ_mob AmhoV. na§Vw `oWo AmnU XmoZ ì`mdgm{`H$ 
_hËdmÀ`m g§`wJm§À`m JwUY_m©Mm Aä`mg H$aUma AmhmoV-BWoZm°b Am{U BWoZm°B©H$ Amåb.

4.4.1  BWoZm°bMo JwUY_© (Properties of Ethanol)

 BWoZm°b gm_mÝ` Vmn_mZmbm Ðdê$n AgVo (BWoZm°bÀ`m {db` q~Xÿ Am{U CËH$bZ q~Xÿ 
gmR>r Vº$m H«$. 4.1) gm_mÝ`nUo BWoZm°bbm AëH$mohmob Ago åhUVmV Am{U hm AëH$mohmobrH$ 
no`m_Yrb {H«$`merb KQ>H$ Amho. Ë`mM~amo~a hm CÎm_ ÐmdH$ Agë`m_wio `mMm Cn`moJ qQ>Ma 
Am`moS>rZ, ImoH$ë`mgmR>r nmVi Am¡fY (H$\$ {gan), Am{U {H$Ë`oH$ Q>m°ZrH$ Aem Am¡fYm§_Ü`o 
Ho$bm OmVmo. gd© à_mUmV BWoZm°b nmÊ`mV {dÐmì` Amho. WmoS>çm à_mUmVhr {dab BWoZm°b 
KoVë`mg Zem ̀ oVo. Oar AëH$mohmob {nUo qZXZr` Agbo Var g_mOm_Ü`o _moR>çm à_mUmV àM{bV 
Amho. `m§gmR>r Oar AmnU WmoS>çm à_mUmVrb ewÕ BWoZm°b (g§nyU© AëH$mohmob) KoVbo Var 
Amnë`mgmR>r Vo KmVH$ R>ê$ eH$Vo. VgoM {XK©H$mi AëH$mohmobMo godZ Ho$bo Var Amnë`m_Ü`o 
Amamo½`mÀ`m {H$Ë`oH$ g_ñ`m {Z_m©U hmoVmV.
BWoZm°bÀ`m amgm`{ZH$ {H«$`m (Reactions of Ethanol)

I) gmoS>r`_er amgm`{ZH$ {H«$`m-

 +2 Na  +  2 CH CH OH  ®  2 CH CH O  –  Na   +  H   3 2 3 2 2

     (gmoS>r`_ BWm°ŠgmB©S>)

?
àíZ

1. BWoZm°b nmgyZ BWoZm°B©H$ AmåbmMo ê$nm§Va hmoUo `mbm Am°ŠgrS>oeZ {H«$`m H$m 
åhUVmV?

2. doëS>tJÀ`m ÁdbZmgmR>r Am°ŠgrOZ Am{U BWmB©ZÀ`m {_lUmMm dmna H$aVmV. 
BWmB©Z Am{U hdoÀ`m {_lUmMm dmna H$m H$aV ZmhrV ho gm§Jy eH$mb H$m?

4.3.4.  n`m©`r (à{VñW>mnZ) amgm`{ZH$ {H«$`m (Substitution Reaction)
A{^H$_©H$
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CnH«$_ 4.6

n XmoZ Vm§Xim§À`m AmH$mamEdT>m gmoS>r`_Mm bhmZ VwH$S>m BWoZm°b_Ü`o (g§nyU© AëH$mohmob) 
Q>mH$m.

n Amnbo {ZarjU H$m` Agob?
n CËg{O©V dm`yMr H$er n[ajm H$amb?

 AëH$mohmobMr gmoS>r`_ ~amo~a {H«$`m hmoD$Z hm`S´>moOZ dm`y _wº$ hmoVmo. BWoZm°ber {H«$`m 
hmoD$Z Xþgam CËnmXH$ gmoS>r`_ BWm°ŠgmB©S>Mr {Z{_©Vr hmoVo. AmnU gm§Jy eH$mb H$s H$moUVm Xþgam 
nXmW© YmVyer {H«$`m H$ê$Z hm`S´>moOZ dm`yMr {Z{_©Vr H$aVmo?
ii) Ag§n¥º$ hm`S´>moH$m~©ZÀ`m {Z{_©VrgmR>r amgm`{ZH$ {H«$`m :-
 BWoZm°b Am{U A{V[aº$ {Vd« gë\w$arH$ Amåb ̀ m§Zm 443 K Vmn_mZmbm CîUVm {Xbr AgVm 
BWoZm°bMo {ZO©brH$aU (S>rhm`S´>oeZ) hmoD$Z BWrZMr {Z{_©Vr hmoVo.

 CH   CH OH  --®  CH   =  CH   +  H O3 2 2 2 2

 `m amgm`{ZH$ {H«$`o_Ü`o {Vd« gë\w$arH$ Amåb {ZO©brH$maH$ åhUyZ dmnabo OmVo 
Á`m_wio BWoZm°b_Yrb nmUr {ZKyZ OmVo.

Vá {Vd«
H SO2 4

Vwå
hm

b
m _

mh
rV

 A
mh

o H
$m?

gOrdm§da AëH$mohmobMm H$m` n[aUm_ hmoVmo? How do alcohols affect living beings

 Ooìhm OmñV à_mUmV BWoZm°bMo godZ Ho$bo OmVo Voìhm M`mnM` {H«$`oMm doJ 
_§XmdVmo Am{U _Ü`dVu MoVZg§ñWoda n[aUm_ hmoD$Z Vr H$_Omoa ~ZVo. `mMm n[aUm_ 
ñdê$n g_Ýd`mMm A^md, _mZ{gH$ Jm|Yi, Jw§Jr `oUo, gm_mÝ` H$m`} qH$dm B§Ðr`m§À`m 
H$m`m©V AS>Wim (lowering of the normal inhibitions), eodQ>r ^mdeyÝ` qH$dm 
~oewÕ nS>Uo Ago nhmd`mg {_iVo. ̀ m_wio ì`º$sbm Amam_ dmQ>Vmo na§Vw Ë`m ì`º$sbm ho 
_mhrV ZgVo H$s {dMma H$aÊ`mMr j_Vm, g_`gyMH$Vm, Am{U ñZm`y§_Yrb g_Ýd` 
AË`§V J§^ranUo à^m{dV Pmbo AmhoV. BWoZm°bÀ`m {dnarV {_WoZm°bMo WmoS>o à_mU Oar 
earam_Ü`o Jobo Va _¥Ë`y hmoÊ`mMm g§^d AgVmo.
 `H¥$Vm_Ü`o {_WoZm°bMo Am°ŠgrS>oeZ hmoD$Z {_WoZm°b_Ü`o ê$nm§Va hmoVo. noerVrb 
KQ>H$m§À`m ~amo~a {_WoZm°bMr ObX {H«$`m hmoVo. ̀ m_wio àmoQ>moßbmP_ Aem àH$mao JmoR>Vmo 
Á`m à_mUo A§S>o {eOë`mZ§Va JmoR>Vo. {_WoZm°bMm Ñï>rMoVZrda n[aUm_ hmoD$Z 
Am§YionUm ̀ oVmo. BWoZm°b ho _hËdmMo Am¡Úmo{JH$ ÐmdH$ Amho. Am¡Úmo{JH$ Cn`moJmgmR>r 
V`ma BWoZm°bMm Xþén`moJ Wm§~dÊ`mgmR>r Ë`mÀ`m_Ü`o {_WoZm°bgmaIm {dfmar nXmW© 
{_gibm OmVmo Á`m_wio Vo {nÊ`mgmR>r ̀ mo½` amhV Zmhr. AëH$mohmobbm AmoiIÊ`mgmR>r 
Ë`mÀ`m_Ü`o a§OH$ (Dyes) {_giyZ Ë`mMm a§J {Zim ~Z{dbm OmVmo. Ë`mbmM ImÊ`mg 
qH$dm {nÊ`mg A`mo½` Agbobm AëH$mohmob (denatured alcohol) Ago åhUVmV.
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B§YZmÀ`m ñdê$nmV AëH$mohmob Alcohol as a fuel
 D$g hr dZñnVr gy`©àH$memMo amgm`{ZH$ D$O}_Ü`o ê$nm§Va H$aUmar gdm©V gj_ 
dZñnVr Amho. D$gmMm ag H$mH$dr ~ZdÊ`mgmR>r Cn`moJmV AmUbm OmVmo, Á`mMo 
{H$ÊdZ H$ê$Z AëH$mohmob (BWoZm°b) {_i{dbo OmVo. H$mhr Xoe gÜ`m noQ´>mob_Ü`o 
AëH$mohmobMm {_lH$ åhUyZ dmnabm OmVmo. Aem B§YZmbm ñdÀN> B§YZ åhUVmV. H$maU 
`m B§YZ à_mUmVrb hdoÀ`m (AmpŠgOZ) gm{ZÜ`mV ÁdbZ hmoD$Z H$m~©Z 
S>m`Am°ŠgmB©S> Am{U nmÊ`mMr {Z{_©Vr hmoVo.

4.4.2  BWoZm°B©H$ AmåbmMo JwUY_©  (Properties of Ethanoic Acid)

 gm_mÝ`nUo BWoZm°B©H$ Amåbm§Zm A°{gQ>rH$ Amåb Ago åhUVmV. Am{U Ë`m AmåbmÀ`m 
g§~§YrV JQ>mbm H$m~m}pŠPbrH$ Amåb Ago åhUVmV. nmÊ`m_Ü`o A°{gQ>rH$ AmåbmMo 5-8% 
ÐmdU åhUOoM pìhZoJma hmo` Am{U Ë`mMm bmoUÀ`m_Ü`o _moR>çm à_mUmV AÞg§ajH$ nXmW© 
åhUyZ Cn`moJ H$aVmV. ewÕ BWoZm°BH$ AmåbmMm {db` q~Xÿ 290 K Amho. Am{U åhUyZ 
{hdmù`m_Ü`o W§S> hdm_mZm_Ü`o dma§dma Vmo JmoR>Vmo. `m H$maUmñVd Ë`mbm ½bmgr`b A°{gQ>rH$ 
Amåb Ago åhUVmV.
 g|Ðr` g§`wJmÀ`m JQ>mbm H$m~m}ŠPrbrH$ Amåb Ago åhUVmV Am{U Amåbr`Vm ho Ë`mMo 
d¡{eï> Amho. VWmnr I{ZO Amåbm§À`m {dnarV H$m~m}ŠPrbrH$ Amåb Xþ~©b Amåb AgVmV. 
I{ZO Amåbm§gmaIo hm`S´>moŠbmoarH$ Amåb nyU©V… Am`Zr^dZ Pmbobo AgVmV.

CnH«$_ 4.7

n XmoÝhr {bQ>_g nona Am{U d¡pídH$ Xe©H$ ̀ m§Mm dmna H$ê$Z {dab A°{gQ>rH$ Amåb Am{U 
{dab hm`S´>moŠbmoarH$ Amåb ̀ m§À`m pH Mr VwbZm H$am.

n XmoÝhr Amåbo {bQ>_g narjU Xe©{dbobr AmhoV H$m?
n d¡pídH$ Xe©H$ XmoÝhr Amåbm§Mr à~bVm/{Vd«Vm gmaIrM XmIdVmo H$m?

CnH«$_ 4.8
n narjmZir_Ü`o 1 ml BWoZm°b (g§nyU© 

AëH$mohmob) Am{U 1 ml ½bmgr`b 
A°{gQ>rH$ Amåb ¿`m. Ë`m_Ü`o {Vd« 
gë\w$arH$ AmåbmMo H$mhr W|~ Q>mH$m.

n Am. 4.11 _Ü`o XmI{dë`mà_mUo H$_rV 
H$_r 5 {_ZrQ>m§gmR>r dmQ>a ~mW_Ü`o Ja_ 
H$am.

n 20-50 ml nmUr Agboë`m M§MwnmÌm_Ü`o 
Vo AmoVm Am{U V`ma Pmboë`m {_lUmMm 
dmg ¿`m.

{_lU`wº$
n[ajmZir

nmUr
M§MwnmÌ

VmaoMr Omir
VrnB© ñQ>±S>

~Z©a

Am. 4.11  BñQ>aMr {Z{_©Vr
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BWoZm°B©H$ AmåbmMr amgm`{ZH$ {H«$`m (Reactions of ethanoic acid)

i) BñQ>ar{\$Ho$eZ amgm`{ZH$ {H«$`m : AmåbmMr Am{U AëH$mohmobMr amgm`{ZH$ {H«$`m 
hmoD$Z gm_mÝ`V… BñQ>aMr {Z{_©Vr hmoVo. BWoZm°B©H$ AmåbmMr CËàoaH$ AmåbmÀ`m CnpñWVrV 
g§nyU© BWoZm°b (ewÕ BWoZm°b) ~amo~a amgm`{ZH$ {H«$`m hmoD$Z BñQ>aMr {Z{_©Vr H$aVmV-

     (BWoZm°B©H$ Amåb)     (BWoZm°b)           (BñQ>a)

 BñQ>aZm gwdm{gH$ JmoS> dmg AgVmo. Ë`m§Mm gwdm{gH$ AÎma Am{U ñdmX {Z_m©U H$aUmam KQ>H$ 
åhUyZ Cn`moJ Ho$bm OmVmo. BñQ>aMr {H«$`m AëH$br AgUmè`m gmoS>r`_ hm`S´>m°ŠgmB©S> ~amo~a 
Ho$br AgVm BñQ>aMo ê$nm§Va nwÝhm AëH$mohmob Am{U H$m~m}ŠPrbrH$ AmåbmMo gmoS>r`_ jma 
`m_Ü`o hmoVo. `mbmM gm~UrH$aU {H«$`m Ago åhUVmV H$maU `m {H«$`oMm Cn`moJ gm~U 
{Z{_©VrgmR>r Ho$bm OmVmo. gm~U hm bm§~ e¥§IboÀ`m H$m~m}ŠPrbrH$ AmåbmMo gmoS>r`_ qH$dm 
nmoQ>°{e`_ jma hmo`.

ii) AëH$br~amo~a amgm`{ZH$ {H«$`m : I{ZO Amåbmà_mUo, BWoZm°B©H$ A°grS>Mr amgm`{ZH$ 
{H«$`m gmoS>r`_ hm`S´>m°ŠgmB©S> gma»`m AëH$br~amo~a Ho$br AgVm jma (gmoS>r`_ BWoZmoEQ> 
qH$dm gm_mÝ`nUo gmoS>r`_ A°grQ>oQ> åhUVmV) Am{U nmÊ`mMr {Z{_©Vr hmoVo :

 BWoZm°B©H$ AmåbmMr H$m~m}ZoQ>g Am{U hm`S´>moOZ H$m~m}ZoQ>g `m§À`m~amo~a amgm`{ZH$ {H«$`m 
H$er hmoB©b?

 `mMm emoY KoÊ`mgmR>r EH$ CnH«$_ H$ê$`m.
  

CnH«$_ 4.9
n àH$aU 2 _Yrb CnH«$_ 2.5 _Ü`o Xe©{dë`mà_mUo CnH$aUm§Mr _m§S>Ur H$am.
n EH$m n[ajmZir_Ü`o nyU© M_Mm ̂ ê$Z gmoS>r`_ H$m~m}ZoQ> ¿`m Am{U Ë`m_Ü`o 2 ml {dab 

BWoZm°B©H$ Amåb {_gim.
n Vwåhr H$m` {Z[ajU Ho$bm?
n VmÁ`m bmB©_dmQ>a _YyZ {Z_m©U Pmbobm dm`y àdmhrV H$am.
n Vwåhmbm H$m` {Xgbo?
n `m n[ajoÀ`m ghmæ`mZo BWoZm°B©H$ Amåb Am{U gmoS>r`_ H$m~m}ZoQ> `m§À`m amgm`{ZH$ 

{H«$`o_wio {Z_m©U Pmboë`m dm`yMr AmoiI hmoD$ eH$Vo H$m?
n AmVm gmoS>r`_ H$m~m}ZoQ> EodOr gmoS>r`_ hm`S´>moOZ H$m~m}ZoQ>Mm dmna H$ê$Z hm CnH«$_ 

nwÝhm H$am.

Amåb
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iii) H$m~m}ZoQ>g Am{U hm`S´>moOZ H$m~m}ZoQ>gMr amgm`{ZH$ {H«$`m :
 BWoZm°B©H$ AmåbmMr H$m~m}ZoQ>g Am{U hm`S´>moOZ H$m~m}ZoQ>g `m§À`mer amgm`{ZH$ {H«$`m 

hmoD$Z jma, H$m~©Z S>m`Am°ŠgmB©S> Am{U nmÊ`mMr {Z{_©Vr hmoVo. {Z_m©U Pmboë`m 
jmambm gmoS>r`_ A°grQ>oQ> Ago åhUVmV.

?
àíZ

1. AëH$mohmob Am{U H$m~m}pŠPbrH$ Amåb `m§Mr àm`mo{JH$arË`m 
VwbZm H$er H$amb?

2. Am°ŠgrS>rH$maH$ åhUOo H$m`?

 `m CnH«$_mÛmao ñdÀN>Vo_Ü`o gm~UmÀ`m à^mdmMo àmË`{jH$ nhmd`mg {_iVo. A{YH$m§e 
_i hr VobH$Q> AgVo Am{U Vr nmÊ`m_Ü`o A{dÐmì` AgVo. H$m~m}pŠP{bH$ AmåbmÀ`m bm§~ 
e¥§IboMo gmoS>r`_ qH$dm nmoQ>°{e`_ jma åhUOo Vo gm~UmMo aoUy AgVmV. gm~UmMm Am`{ZH$ Y«wd 
nmÊ`m_Ü`o {daKiVmo Va H$m~©Z e¥§Ibm Vobm_Ü`o {daKiVo. Ë`m_wio gm~UmMo aoUy EH$ aMZm V`ma 
H$aVmV Ë`mbmM _mB©gbog Ago åhUVmV. (Am. 4.12 nhm). OoWo aoUyMo EH$ Q>moH$ VobmÀ`m 

bhmZem W|~mH$S>o AgVo Va Am`ZrH$ Q>moH$ ~mhoaÀ`m ~mOybm AgVo. `m_wio nmÊ`m_Ü`o 

4.5  gm~U Am{U ñdÀN>Ho$ (Soaps and Detergents)

H$m~©Z Am{U Ë`mMr g§`wJo

CnH«$_ 4.10
n àË`oH$s XmoZ n[ajmZir_Ü`o 10 ml nmUr 

¿`m.
n XmoÝhr n[ajmZir_Ü`o VobmMm EH$-EH$ W|~ 

Q>mH$m d A Am{U B Ago Zmd Úm.
n n[ajmZir B _Ü`o gm~UmÀ`m ÐmdUmMo 

H$mhr W|~ Q>mH$m.
n XmoÝhr n[ajmZù`m g_mZ doiogmR>r OmamZo 

hbdV ahm.
n hbdÊ`mMo ~§X Ho$ë`mZ§Va XmoÝhr n[ajmZir_Ü`o Vob Am{U nmÊ`mMm Wa 

doJdoJim {XgVmo H$m?
n H$mhr doimgmR>r XmoÝhr n[ajmZù`m pñWa R>odm Am{U Ë`m§Mo {Z[ajU H$am. Vobm§Mo 

Wa doJim hmoVmo H$m? n{hë`m§Xm H$moUË`m n[ajmZir_Ü`o Ago KS>Vo?

VobmMm W|~

Am. 4.12  _mB©gbogMr {Z{_©Vr    
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B_ëeZMr {Z{_©Vr hmoVo. Aem àH$mao gm~UmMm _mB©gbog _irbm nmÊ`m_Ü`o {daKi§Ê`mgmR>r 
_XV H$aVmo Am{U Ë`m_wio AmnU H$nS>o ñdÀN> Ywdy eH$Vmo. (Am. 4.13)
 hm`S´>moH$m~©Z_Ü`o gm~U {daKi{dë`mg {Z_m©U hmoUmè`m _mB©gbogMr aMZm aoImQy> eH$mb 
H$m?

A
{Y

H$
 _

m{h
Vr

gm
R>r

 !

hm`S´>mo{\$brH$ Y«wd hm`S´>m\$mo~rH$ Y«wd

hm`S´>m\$mo~rH$ Y«wd
hm`S´>m\$mo~rH$ Y«wd

gm~UmMm aoUy

J«rg AWdm KmU

Am. 4.13  ñdÀN>Vo_Ü`o gm~UmMm à^md

nmÊ`m_Ü`o `m a oUy §Mr A{ÛVr` ì`dñWm 
(A{^_ wIVm) H o $b obr  AgV o  Ë` m_ wi o  
hm`S´>moH$m~©ZMm ^mJ nmÊ`mÀ`m ~mhoa R>odbobm 
AgVmo. ho Ago aoUy§À`m g_whmMr {Z{_©Vr Pmë`m_wio 
hmoVo. Á`m_Ü`o g_yhmÀ`m AmV hm`S´>mo\$mo~rH$Mr 
eonyQ> Am{U Am`{ZH$ Y«wd g_whmÀ`m n¥ð>^mJmda 
AgVmo. `m {Z{_©VrbmM _mB©gbog Ago åhUVmV. 
_mB ©gbogÀ`m ñdê$nmVrb gm~U ñdÀN> 
H$aÊ`mgmR>r gj_ AgVmo. åhUyZ VobH$Q> _i 
_mB©gbogÀ`m H|$Ðmer O_m hmoVo. _mB©gbog 

ÐmdUm_Ü`o ga~arVÐì` ñdê$nmV amhVo Am{U Am`Z-Am`Z à{VH$f©Um_wio 
Adjonm_Ü`o ê$nm§VarV hmoV Zmhr. Aem àH$mao _mB©gbog _Yrb Va§JV Agbobr _i 
ghOnUo Xÿa Ho$br OmVo. gm~UmMo _mB©gbog nwaoem à_mUmV _moR>o AgVmV Á`m_wio 
àH$memMo {d{H$aU hmody eH$Vo åhUyZ gm~UmMo ÐmdU XmQ>/T>Jmi ̂ mgVo.
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CnH«$_ 4.11

n doJdoJù`m n[ajm~Zir_Ü`o 10 ml CÜd©nmVrV nmUr (nmdgmMo nmUr) Am{U 10 ml 

H$R>rU nmUr (Hy$nZ{bH$m qH$dm hmVn§nm_YyZ) ¿`m.
n XmoÝhr n[ajmZir_Ü`o gm~UmÀ`m ÐmdUmMo XmoZ W|~ Q>mH$m.
n XmoÝhr n[ajmZù`m g_mZ H$mbmdYrgmR>r OmoamV hbdm Am{U {Z_m©U Pmboë`m \o$gmÀ`m 

à_mUmMo {Z[ajU H$am.
n Vwåhmbm H$moUË`m n[ajmZir_Ü`o OmñV \o$g {_iVmo?
n Vwåhmbm H$moUË`m n[ajmZir_Ü`o ídoV XømgmaIm \o$g {Z[ajUmg ̀ oVmo?
{ejH$m§gmR>r gwMZm : Oa Vw_À`m n[agamV H$R>rU nmUr CnbãY Zgob Va gm_mÝ` nmÊ`m_Ü`o 
hm`S´>moOZ H$m~m}ZoQ>g/H°$ëer`_ qH$dm _°¾o{e`_ gë\o$Q>/ŠbmoamB©S>g {daKiyZ H$R>rU nmUr V`ma 
H$am.

CnH«$_ 4.12

n XmoZ n[ajmZù`m ¿`m Am{U Ë`m àË`oH$ n[ajmZirV 10 ml H$R>rU nmUr ¿`m.
n EH$m n[ajmZir_Ü`o gm~UmÀ`m ÐmdUmMo nmM W|~ Q>mH$m Am{U ñdÀN>H$mÀ`m ÐmdUmMo 

nmM W|~ Xþgè`m n[ajmZir_Ü`o Q>mH$m.
n g_mZ H$mbmdYrgmR>r XmoÝhr n[ajmZù`m hbdV ahm.
n XmoÝhr n[ajmZù`m§_Ü`o EH$ gma»`mM à_mUmV \o$g Amho H$m?
n H$moUË`m n[ajmZù`m§_Ü`o XømgmaIm KZê$n nXmW© V`ma hmoVmo?

 AmnU A§Kmoi H$aVmZm H$Yr {Z[ajU Ho$bo Amho H$m H$s A§Kmoi H$aVmZm \o$g _moR>çm H$ï>mZo 
{Z_m©U hmoV Amho Am{U eara nmÊ`mZo YwVë`mZ§Va EH$ A{dÐmì` nXmW© (scum) earamda {e„H$ 
amhVmo. ho Ago hmoVo `mMo H$maU Ago Amho H$s, gm~UmMr H°$ëer`_ Am{U _°¾o{e`_ jmam§~amo~a 
amgm`{ZH$ {H«$`m hmoVo d nmÊ`mMm H$R>rUnUm dmT>Vmo. åhUyZ Vwåhmbm OmñV à_mUmV gm~UmMm 
Cn`moJ H$amdm bmJob. AmnU hr g_ñ`m Xþgè`m dJm©Vrb g§`wJmMm dmna H$ê$Z gmoS>dy eH$Vmo. 
ñdÀN>Ho$ åhUOo gm_mÝ`nUo H$m~m}pŠPbrH$ AmåbmÀ`m bm§~ e¥§IboMo A_mo{Z`_ qH$dm 
gë\$moZoQ>Mo jma hmo`. H$R>rU nmÊ`m_Ü`o `m g§`wJm§Mr ^marV Y«wdo H°$ëer`_ Am{U _°¾o{e`_ 
Am`Ýg~amo~a A{dÐmì` AdjonmMr {Z{_©Vr H$aV ZmhrV. Aem àH$mao Vo H$R>rU nmÊ`m_Ü`o 
à^mdr AgVmV. gm_mÝ`nUo ñdÀN>H$m§Mm Cn`moJ emåny Am{U H$nS>o YwÊ`mgmR>r bmJUmar 
CËnmXZo ̀ m§À`mgmR>r Ho$bm OmVmo.

?
àíZ

1. AmnU ñdÀN>H$m§Mm dmna H$ê$Z H$moUVohr nmUr H$R>rU Amho qH$dm Zmhr ho gm§Jy 
eH$mb H$m?

2. bmoH$ H$nS>o YwÊ`mgmR>r doJdoJù`m nÕVtMm Cn`moJ H$aVmV. gm_mÝ`V… H$nS>çm§Zm 
gm~U bmdë`mZ§Va bmoH$ H$nS>çm§Zm XJS>mda AmnQ>VmV, qH$dm Y>monQ>Ê`mZo 
YmonQ>VmV. ~«eZo KmgVmV qH$dm dm°qeJ _erZ_Ü`o Ii~i{dVmV. H$nS>o ñdÀN> 
H$aÊ`mgmR>r Ë`mbm H$m Ii~i{dbo OmVo?
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AmnU H$m` {eH$bm AmhmV?

n H$m~©Z ho EH$ Aï>n¡by _ybÐì` Amho Vo gd© gOrdm§Mm Am{U AmnU dmnaV Agboë`m 
dñVy§Mm AmYma Amho.

n MVw…g§`wOr Am{U H°$Q>oZoeZ JwUY_© H$m~©Z Xe©{dVo Ë`m_wio _moR>çm à_mUmVrb 
{d{dYVm AgUmè`m g§`wJm§Mr {Z{_©Vr H$m~©Z_wio hmoVo.

n XmoZ AUy§_Yrb BboŠQ´>m°ZÀ`m ^mJrXmar_wio ghg§`wOr ~§YmMr {Z{_©Vr hmoVo Ë`m_wio 
XmoKohr Amnbr ~møV_ H$jm nyU©nUo ̂ aVmV.

n H$m~©Z ñdV… qH$dm hm`S´>moOZ, Am°ŠgrOZ, gë\$a, Zm`Q´>moOZ Am{U ŠbmoarZgma»`m 
_wbÐì`m§~amo~a ghg§`wOr ~§YmMr {Z{_©Vr H$aVo.

n H$m~©Z Aem àH$maÀ`m g§`wJm§Mr {Z{_©Vr H$aVo H$s Ë`m§À`m H$m~©Z AUy§À`m_Ü`o Xþhoar 
qH$dm {Vhoar ~§Y AgVmo. Vr H$m~©Z e¥§Ibm gai e¥§Ibm, emIm e¥§Ibm qH$dm db` 
ñdê$nmV Agy eH$Vo.

n H$m~©Z_Ü`o e¥§Ibm {Z_m©U H$aÊ`mMr j_Vm Agë`m_wio H$m~©Z g§`wJm_Ü`o g_OmVr` 
loUr {Z_m©U hmoVo. Á`m_Ü`o {d{^Þ bm§~rÀ`m H$m~©Z e¥§Ibm§Zm gmaImM {H«$`mË_H$ JQ> 
OmoS>bobm AgVmo.

n AëH$mohmob, AëS>rhmB©S>, {H$Q>moZg Am{U H$m~m}pŠP{bH$ Amåb `mgmaIo {H«$`mË_H$ 
JQ> H$m~©Z g§`wJm§Zm d¡{eï>nyU© JwUY_© àXmZ H$aVmV.

n H$m~©Z Am{U Ë`m§Mr g§`wJo Amnë`m H$mhr B§YZm§Mo _w»` ómoV AmhoV.
n BWoZm°b Am{U BWoZm°B©H$ Amåb hr H$m~©ZMr g§`wJo Amnë`m X¡Z§{XZ OrdZmV _hËdmMr 

AmhoV.
n gm~U Am{U ñdÀN>Ho$ `m§Mr {H«$`merbVm aoUy_Yrb hm`S´>mo\$mo~rH$ Am{U 

hm`S´>mo{\$brH$ JQ>mÀ`m CnpñWVrda AmYm[aV AgVo. `mÀ`m _XVrZo VobH$Q> _irMo 
nm`g ~ZVo Am{U Vo H$mTy>Z Q>mH$Ê`mg _XV hmoVo.
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 gOrd Á`m à{H«$`oÛmao nwZéËnmXZ H$aVmV Ë`m {df`r MMm© H$aÊ`mAmYr AmnU Vo nwZéËnmXZ 
H$m H$aVmV? `m _yb^yV àíZmMm {dMma H$é`m. nmofU, ídgZ, qH$dm CËgO©Z `m gma»`m 
OrdZmdí`H$ {H«$`m§à_mUo nwZéËnmXZ {Od§V amhÊ`mgmR>r Amdí`H$ {H«$`m Zmhr. CbQ> Oa EImXm 
gOrd Amnë`mgmaIo OmñV gOrd {Z_m©U H$aV Agob Va ̀ m {H«$`oV Ë`mMr _moR>çm à_mUmV D$Om© 
IM© hmoVo. Va _J EImÚm gOrdmZo nwZéËnmXZmgma»`m {H«$`o_Ü`o Or {Od§V amhÊ`mgmR>r 
Amdí`H$ Zmhr, Aem {H«$`ogmR>r COm© dm`m H$m Kmbdmdr? `m àíZm§À`m g§^mì` CÎmam§Mr MMm© 
dJm©_Ü`o Ho$ë`mg Iyn AmZ§X dmQ>ob.
 `m àíZmMo H$moUVohr CÎma Agmo _mÌ gOrd nwZéËnmXZ H$aVmV åhUyZ AmnU doJdoJù`m 
gOrdm§Zm nmhÿ eH$Vmo. Oa EImÚm àH$maMo gOrd nwZéËnmXZ H$aVM ZgVo Va Ë`m àH$maÀ`m 
gOrdm§Mo ApñVËdM Zï> Pmbo AgVo. EImÚm {d{eï> àOmVr_Yrb ^anya g§»`oZo AgUmè`m 
gOrdm§À`m g§»`o_wioM Amnbo Ë`m§À`mH$S>o bj doYbo OmVo. XmoZ gOrd EH$mM àOmVr_Yrb 
AmhoV ho AmnUmbm H$go H$iVo? gd©gmYmaUnUo AmnU Ë`m§Zm EH$mM àOmVrVrb gOrd Ago 
åhUVmo H$maU Vo EH$_oH$mgmaIo {XgVmV. AemàH$mao àOZZ H$aUmao gOrd ~aoMgo Amnë`mgmaIo 
{XgUmao gOrd {Z_m©U H$aVmV.

7.1  gOrd V§VmoV§V ñdV…gmaIoM {XgUmao Ord {Z_m©U H$aVmV H$m?
 gOrd EH$gmaIo {XgVmV H$maU Ë`m§Mr eara aMZm gmaIrM AgVo. Oa eara aMZm 
gma»`mM AgVrb Va Ë`m§À`m aMZoMr à{VH¥$Vr (àV) nU gmaIrM Agbr nm{hOo. AemàH$mao 
nwZéËnmXZmÀ`m _yb^yV Q>ßß`m_Ü`o Amnë`m earamÀ`m aMZoMr hþ~ohþ~ Z¸$b (Blue print) V`ma 
H$aÊ`mMm g_mdooe AgVmo. B`Îmm IX dr _Ü`o AmnU {eH$bmo AmhmoV H$s noerVrb noerH|$ÐmV 
AmT>iUmè`m JwUgwÌm_Ü`o AmT>iUmè`m DNA (S>r Am°Šgr [a~mo Ý`wŠbrH$ Amåb) aoUwÛmao 
OZH$mH$Sy>Z AZwd§erH$ JwUY_© nwT>rb {nT>rH$S>o dmhÿZ Zobo OmVmV. à{WZo V`ma H$aÊ`mgmR>r 
Amdí`H$ _m{hVr nwa{dUmao noerH|$ÐmVrb DNA ho EH$ ómoV Amho. Va ̀ m _m{hVr_Ü`o H$mhr ~Xb 
Pmbm Va doJù`m àH$maMo àmo{Q>Ýg V`ma hmoVmV Am{U ̀ m doJù`m àH$maÀ`m àmo{Q>Ýg_wio AWm©VM 
eara aMZo_Ü`o ~Xb Pmbobm AmT>iVmo.
 åhUyZ nwZéËnmXZm_Ü`o DNA Mr à{VH¥$Vr {Z_m©U H$aUo hr _yb^yV KQ>Zm Amho. DNA À`m 
à{VH¥$Vr {Z_m©U H$aÊ`mgmR>r noer amgm`{ZH$ {H«$`m§Mm Cn`moJ H$aVmV. Ë`m_wio noer_Ü`o DNA 
À`m XmoZ à{VH¥$Vr {Z_m©U hmoVmV Á`m EH$_oH$m§nmgyZ AbJ H$aUo JaOoMo AgVo. _mÌ DNA Mr 
EH$ à{VH¥$Vr _yi noer_Ü`o R>odyZ Xþgè`m à{VH¥$Vrbm ~mhoa Q>mH$Uo nwaogo ZgVo. H$maU noer~mhoa 
H$mT>boë`m ̀ m DNA à{VH¥$Vrbm OrdZ à{H«$`ogmR>r Amdí`H$ AgUmar g§KQ>rV Aer noer aMZm 
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AgV Zmhr. Ë`m_wio DNA À`m à{VH¥$Vrgmo~V noerMm EH$ ZdrZ gmMm V`ma H$aUo Amdí`H$ 
R>aVo. Ë`mZ§VaM DNA À`m XmoZ à{V AbJ hmoVmV d Ë`m àË`oH$ à{VH¥$Vrgmo~V Ë`m§Mm ñdV…Mm 
noerMm gmMm AgVmo. ̀ mMm n[aUm_ hmoD$Z _yi noerMo {d^mOZ hmoD$Z XmoZ noer V`ma hmoVmV.
 AWm©VM ̀ m XmoÝhr noer gma»`m AgVmV nU V§VmoV§V gma»`m AgVmV H$m? à{VH¥$Vr V`ma 
H$aÊ`mÀ`m {H«$`m {H$Vr AMyH$nUo Pmë`m AmhoV ̀ mda ̀ m àíZmMo CÎma Adb§~yZ Amho. H$moUVrhr 
O¡d amgm`{ZH$ {H«$`m nyU©nUo ImÌrMr ZgVo. Ë`m_wio DNA À`m à{VH¥$Vr {Z_m©U hmoÊ`mÀ`m 
à[H«$`o_Ü`o àË`oH$ doir H$mhr ~Xb AmT>iUma ho Ano{jVM AgVo Ë`m_wio DNA Mr àV _yi 
DNA gmaIr Agob _mÌ Vr V§VmoV§V OwiUmar AgUma Zmhr. H$mhr doim ho \$aH$ BVHo$ àIa 
AgVmV H$s ZdrZ V`ma Pmbobr DNA Mr àV noer_` gm_wJ«r_Ü`o OwidyZ KoD$ eH$V Zmhr, 
Ë`m_wio Aem ZdrZ {Z_m©U Pmboë`m noer _mÌ _¥V hmoVmV. H$m§hr doim _mÌ DNA À`m 
à{VH¥$Vr_Ü`o ~aoM \$aH$ (n[adV©Z) KS>VmV nU Amem n[adV©Zm_wio Vem àH$maMr àIa KQ>Zm 
KS>V Zmhr d ZdrZ noer Ord§V amhVmV. AemàH$mao Ord§V amhUmar noer _yi noergmaIr Oar 
{XgV Agbr Var Ë`m§À`m_Ü`o gyú_ \$aH$ AmT>iVmo. nwZéËnmXZmÀ`m doir AmT>iUmar 
d¡{dÜ`mMr àd¥ÎmrM (n[adV©Z) CËH«$m§VrMm nm`m R>aVo. ̀ mMr MMm© AmnU nwT>rb àH$aUmV H$é ̀ m.

7.1.1.  n[adV©ZmMo _hËd
Amnë`m nwZéËnmXZmÀ`m gm_Ï`m©_wio gOrd n`m©daUmÀ`m H$m§hr {d{eï> {R>H$mUr dgmhVr H$ê$Z 
amhVmV. nwZéËnmXZmÀ`m doir DNA Mr Z¸$b H$aÊ`mMr à{H«$`m gmVË`mZo gwé Agë`m_wio 
gOrdm§Mr eara aMZm H$m`_ pñWa amIbr OmVo. Ë`m_wio Vo gd© gOrd Amnë`m {d{eï> eara 
aMZoZwgma n`m©daUmÀ`m R>am{dH$ OmJr ì`dpñWVnUo OJy eH$VmV. AemàH$mao nwZéËnmXZmMm 
g§~§Y Ë`m àOmVrVrb gOrdm§À`m g§»`oÀ`m pñWaVoer OmoS>bm OmVmo.
 VargwÜXm gOrdm§Mr hr _ybñWmZo Aem H$m§hr H$maUmñVd ~Xby eH$VmV Or H$maUo Ë`m§À`m 
{Z`§ÌUm ~mhoaMr AgVmV. CXm. n¥Ïdrdarb Vn_mZ H$_r qH$dm OmñV hmoD$ eH$Vo, nmÊ`mMr 
nmVir ~Xby eH$Vo qH$dm CëH$mnmV hmoD$ eH$Vmo. Oa n`m©daUmÀ`m EImÚm OmJr nwZéËnmXZ 
H$aUmè`m gOrdm§Mr dgmhV Amho Am{U Ë`m {R>H$mUMo ñdén àIanUo nmbQ>bo Va Ë`m gOrdm§Mr 
g§»`m nwgwZ Q>mH$br OmD$Z Vo Zm_eof (Zï>) hmoVmV. VargwÜXm ̀ m§À`mn¡H$s H$mhr gOrdm§_Ü`o H$mhr 
n[adV©Zo AgVrb Va Vo Ë`m n[apñWVr_Ü`o gwÜXm {Od§V amhVmV. AemàH$mao g_Om g_{eVmoîU 
nmÊ`m_Ü`o ~°pŠQ>[a`m§Mr dgmhV Amho Am{U OmJ{VH$ Vmn_mZdmT>r_wio nmÊ`mMo Vn_mZ dmT>bo 
Va ̀ mn¡H$s ~aoM ~°ŠQ>oar`m _aVrb, nU Á`m§À`m_Ü`o CîUVoVrb ~Xbmbm Vm|S> XoÊ`mgmR>r n[adV©Z 
Pmbo Amho Vo OJVrb Am{U dmT>Vrb. AemàH$mao àOmVr {Q>H$Ê`mgmR>r n[adV©Z Cn`moJr R>aVo.

 

 ?1. àOZZm_Ü`o DNA Mr Z¸$b H$aÊ`mMo _hËd H$m`?
2. àOmVtgmR>r n[adV©Z \$m`Xoera AgVo _mÌ Vo EH$Q>çm 

gOrdmgmR>r AgobM Ago Zmhr, Ago H$m?

àíZ
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 {dkmZ

7.2  EImÚm gOrdmZo àOZZmgmR>r dmnaboë`m nÜXVr

H¥$Vr 7.1

n 100 ml  nmÊ`m_Ü`o 10 gm gmIa {daKidm.
n `mn¡H$s  20 ml  ÐmdU EH$m narjmZir_Ü`o ¿`m d {VÀ`m_Ü`o EH$ {M_wQ>^a ̀ rñQ>Mo H$U 

Q>mH$m.
n narjm ZirMo Q>moH$ H$mngmZo ~§X H$am Am{U Vr narjmZir EH$m C~Xma {R>H$mUr R>odm.
n 1 Vo 2 VmgmZ§Va narjm ZirVrb `rñQ> O§VyMrdmT> Pmbobm EH$ W|~ H$mMoÀ`m nÅ>rda 

KmbyZ Ë`mÀ`mda AmÀN>mXZ H$mM (coverslip) R>odm.
n H$mM nÅ>rMo gwú_ Xe©H$ ̀ §ÌmImbr {Z[ajU H$am.

H¥$Vr 7.2

n ~«oS>Mm EH$ VwH$S>m Amobga H$ê$Z Vmo W§S>, Amobga Am{U A§Ymè`m OmJr R>odm.
n ~{hJm}b q^JmÀ`m ghmæ`mZo ̀ m ~«ooS>Mm VwH$S>çmÀ`m n¥ð>^mJmMo {Z[ajU H$am.
n EH$ AmR>dS>m^a Ho$boë`m Vw_À`m {Z[ajUm§Mr Zm|X H$am.

n{hë`m d Xþgè`m H¥$Vr_Yrb ̀ rñQ>À`m dmT>rVrb gmå` d ̂ oX ̀ m§Mr VwbZm H$am.
 nwZéËnmXZ {H«$`m H$em H$m`© H$aVmV ̀ m {df`r AmnU MMm© Ho$br Amho, AmVm AmnU {d{dY 
gOrd àË`j nwZéËnmXZ H$go H$aVmV Vo nmhÿ. àOZZmÀ`m nÜXVr gOrdm§À`m eara aMZoda 
Adb§~yZ AgVmV.

7.2.1.  {d^mOZ (Fission)

EH$noer` gOrdm_Ü`o noer {d^mOZ qH$dm {d^mOZmÛmao ZdrZ gOrd V`ma hmoVmV. {d^mOZmÀ`m 
nwîH$i doJdoJù`m aMZm AmhoV. noer {d^OZ_Ü`o AZoH$ ~°ŠQ>oar`m Am{U Am{XOrdm§_Ü`o EH$m 
noerMo XmoZ g_mZ ̂ mJ hmoVmV. A{_~m gma»`m gOrdm§_Ü`o noerMo XmoZ ̂ mJ H$moUË`mhr nmVirV 
hmoVmV.

 Am. 8.1 A_r~m_Yrb {Û-{d^mOZ

H¥$Vr 7.3

n A_r~mÀ`m H$m`_ñdê$nr H$mMnÅ>rMo 
gwú_Xe©H$mImbr {ZarjU H$am.

n {Û{d^mOZ XmI{dUmè`m AmUIr EH$m 
A{_~mÀ`m H$m`_ñdê$nr H$mMnÅ>rMo 
{Z[ajU gwú_Xe©H$mImbr H$am.

n AmVm XmoÝhr H$mMnÅ>rdarb {Z[ajUmMr 
VwbZm H$am.
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 H$mhr EH$noer` gOrdm§_Ü`o e[aamMr OmñV ì`dpñWV g§KQ>Zm 
AmT>iVo. CXm. boe_°{Z`m (Á`mÀ`m_wio H$mim AmOma hmoVmo). 
`m§À`m_Ü`o noerÀ`m EH$m Q>moH$mbm Mm~yH$mgmaIr aMZm (whip-like 

structure)  AgVo. Aem gOrdm§_Ü`o Ë`m§À`m eara aMZoZwgma 
{Û{d^mOZ (Binary fission) EH$m {d{eï> {XeoZo KS>Vo. ßbmP_mo{S>`_ 
(Plasmodium) gmaIo _bo[a`mÀ`m namonOrdr gOrdm§_Ü`o g§VVr 
noerMo {d^mOZ EH$mMdoir nwîH$i doim hmoVo d Ag§»` g§VVr noer 
{Z_m©U hmoVmV `m nÜXVrbm ~hþ {d^mOZ (multiple fission) Ago 
åhUVmV.

H¥$Vr 7.4

n JS>X {haì`m a§JmMo V§Vy AgUmè`m Vù`m_Yrb qH$dm AmoT>çm_Yrb nmUr Jmoim H$am.
n Ë`m nmÊ`m_Yrb EH$ qH$dm XmoZ V§Vy H$mMnÅ>rda R>odm.
n `m V§Vyda p½bgarZMm EH$ W|~ Kmbm d AmÀN>mXZ H$mMoZo PmH$m.
n `m H$mMnÅ>rMo gwú_Xe©H$mImbr {ZarjU H$am.
n ñnm`amoJm`amÀ`m ̀ m V§Vy_Ü`o Vwåhmbm doJdoJù`m D$Vr AmT>iVmV H$m?

 gmYr eara aMZm AgUmè`m ~hþnoer` gOrdm§_Ü`o àOZZ gwÜXm gmÜ`m nÜXVrZo hmoVo. 
n[anŠd Pmboë`m e¡dmbmÀ`m V§VyMo bhmZ bhmZ VwH$S>o åhUOo I§S> hmoVmV. àË`oH$ I§S> ñdV§ÌnUo 
ZdrZ V§Vy à_mUo dmT>bm. ̀ mMo H$maU AmnU H¥$Vr 7.4 À`m AmYmamdê$Z emoYyZ H$mTy> eH$Vmo H$m?
 gd© ~hþnoer` gOrdm§_Ü`o Ago KS>V Zmhr. Ë`m§À`m_Ü`o EH$m noerÀ`m XmoZ Am{U XmoZÀ`m 
Mma Ago {d^mOZ KS>V Zmhr. `mMo H$maU åhUOo ~hþnoer` gOrd åhUOo Ho$di noetMm g_wh 
ZgVmo. {d{eï> noer EH$Ì ̀ oD$Z D$Vr V`ma hmoVmV, D$VtÀ`m EH$ÌrH$aUmZo Ad`d V`ma hmoVmV d 
Ad`d e[aamVrb {d{eï> {R>H$mUr R>odbo OmVmV. Aer H$miOrnyd©H$ D$Vr Am{U Ad`dm§Mr 
gwg§KQ>rV aMZm Agboë`m gOrdm_Ü`o noer {d^OZmÛmao nwZéËnmXZ AeŠ` R>aVo. Ë`m_wio 
~hþnoer` gOrdm§_Ü`o àOZZmÀ`m Jw§VmJw§VrÀ`m à{H«$`m Adb§{~ë`m OmVmV.
 ~hþnoer` gOrdm§_Ü`o EH$ _yb^yV H$m`©nÜXV Aer Amho H$s {d{dY àH$maÀ`m noer 
doJdoJir d¡{eîQ>çnyU© H$m`} H$aV AgVmV. `m nÜXVrMm Adb§~ Ho$ë`mg Aem gOrdm§_Ü`o 
àOZZ gwÜXm H$mhr {d{eï> noetÛmao hmoVo. EImXm gOrd AZoH$ noetZr ~Zbobm AgVm§Zm Ho$di 
EH$m àH$maÀ`m noetÀ`m _XVrZo àOmoËnmXZ H$go eŠ` hmoVo? `mMo CÎma Ago Amho H$s Ë`m 
gOrdm_Ü`o noetMm EH$M Agm àH$ma Amho H$s Á`mÀ`m _Ü`o dmT>, àOmoËnmXZ Am{U BVa noer 
`mo½` n[apñWVr_Ü`o {Z_m©U H$aÊ`mMr j_Vm Amho.

Am. 8.2 ßbmÂ_mo{S>`_ 
_Yrb ~hþ {d^mOZ

 `rñQ>_Ü`o AZoH$ _wHw$bo {Z_m©U hmoVmV hr _wHw$bo OZH$ `rñQ> nmgyZ doJir hmoVmV Am{U Vr 
ñdV§ÌnUo dmT>VmV. H¥$Vr 7.1 nhm.

7.2.2  I§S>r^dZ (Fragmentation)
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Am. 7.3 ßb°Zo[a`m _Yrb nwZéX²^dZ

 nyU© {dH$grV Pmboë`m H$mhr àH$maÀ`m 
gOrdm§_Ü`o Amnë`m e[aamÀ`m ^mJmnmgyZ ZdrZ 
gOrd {Z_m©U H$aÊ`mMr j_Vm AgVo. åhUOoM 
H$mhr H$maUmñVd Oa EImÚm gOrdmÀ`m e[aamMo 
AZoH$ VwH$S>o Pmbo Va `mVrb ~è`mM VwH$S>çm§Mr 
dmT> hmoD$Z Vo ZdrZ ñdV§Ì gOrd åhUyZ ñdV§ÌnUo 
OJy bmJVmV. `mbmM nwZéX²^dZ Ago åhUVmV 
(Am 7.3 nhm) d¡{eîQ>çnyU© noet_wio nwZéX²^dZ 
hmoVo. `m noetMo àOmoËnmXZ hmoD$Z Ag§»` noetMr 
{Z{_©Vr hmoVo. ̀ m Ag§»` noerVrb {d{dY noet_Ü`o 
~Xb KSy>Z Ë`m§À`mnmgyZ {d{dY àH$maÀ`m noer 
Am{U D$VtMr {Z{_©Vr hmoVo. ho ~Xb Á`m gwg§JV 
H«$_mZo KS>V OmVmV Ë`mbmM dmT> Ago åhUVmV. 

VargwÜXm nwZéX²^dZ åhUOo nwZéËnmXZ Zìho, H$maU ~aoM gOrd nwZéËnmXZmgmR>r Aem àH$maÀ`m 
e[aamMo VwH$S>o hmoD$Z Ë`mnmgyZ gOrdm§Mr {Z{_©Vr H$aÊ`mgmR>r Adb§~yZ ZgVmV.

7.2.4  _wHw$bm`Z  (Budding)

 h¡S´>mgmaIo gOrd nwZéËnmXZmgmR>r _wHw$bm`Z nÜXV dmnaVmV. `m nÜXVr_Ü`o nwZéËnmXH$ 
noetMm (regenerative cells) Cn`moJ h¡S´>m H$ê$Z KoVmo. h¡S´>m_Ü`o e[aamÀ`m EImÚm R>am{dH$ 
OmJr noetMo nwÝhm nwÝhm {d^OZ hmoD$Z Ë`m {R>H$mUr EH$ \w$Jra ^mJ åhUOoM _wHw$b ~mhoa nS>Vo 
(Am. 7.4) ̀ m _wHw$bm§Mr EH$ bhmZ gOrd åhUyZ dmT> hmoVo Am{U Ooìhm Vo n[anŠd hmoVmV Voìhm 
OZH$ h¡S´>mnmgyZ JiyZ nS>VmV Am{U EH$ ñdV§Ì gOrd åhUyZ ñdV§ÌnUo OJy bmJVmV.

7.2.3  nwZéX²^dZ (Regeneration)

Am. 7.4 h¡S´>m_Yrb _wHw$bm`Z

_wHw$b

ew§S>Ho$
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7.2.5  emH$s` àOZZ (Vegetative Propagation)

`mo½` n[apñWVr_Ü`o ~è`mM dZñnVtÀ`m _yi, ImoS> Am{U nmZo `m gma»`m ^mJm§nmgyZ 
ñdV§Ì Zì`m dZñnVrMr {Z{_©Vr hmoVo. Aem àH$maMr nwZéËnmXZmMr nÜXV IamoIaM dZñnVr 
dmnaVmV _mÌ hr nÜXV ~è`mM àmÊ`m§_Ü`o AmT>iV Zmhr. dZñnVr _Yrb emH$s` àOZZmÀ`m 
JwUY_m©Mm Cn`moJ H$ê$Z \$m§Xr amodyZ ñdV§Ì dZñnVr (layering) {Z_m©U H$aUo qH$dm D$g, Jwbm~ 
qH$dm Ðmjma»`m dZñnVr H$b_ (gratiing) H$ê$Z dmT>{dVmV. ~rO O{_Zr_Ü`o noê$Z 
CJdUmè`m dZñnVrnojm emH$s` àOZZmÛmao CJdboë`m dZñnVrbm \w$bo d \$io bdH$a 
bmJVmV. Ho$ir, g§Ìo, Jwbm~ Am{U _moJam `m gma»`m dZñnVr§Zr ~rO V`ma H$aÊ`mMo gm_Ï`© 
J_mdbobo AgVo Aem dZñnVr§gmR>r emH$s` àOZZmMr nÜXV Cn`wº$ R>aVo. emH$s` àOZZmMm 
AmUIr EH$ \$m`Xm Agm Amho H$s, ZdrZ {Z_m©U Pmboë`m dZñnVr_Ü`o Ë`m§À`m OZH$ 
dZñnVr§Mo gd© AZwd§{eH$ JwUY_© AgVmV.

n EH$ ~Q>mQ>m KoD$Z Ë`mÀ`m n¥ð>^mJmMo {ZarjU H$am. Ë`m ~Q>mQ>çmda Vwåhmbm V 
AmH$mamÀ`m ImMm {XgVmV H$m?

n `m ~Q>mQ>çmMo Ago VwH$S>o H$am H$s H$mhr VwH$S>çm§_Ü`o `m ImMm qH$dm _wHw$b AgVrb d 
H$mhr VwH$S>çmda ZgVrb.

n EH$m Q´>o_Ü`o H$mnyg ngê$Z R>odm Am{U Vmo Amobga H$am. `m H$mngmda ~Q>mQ>çm§Mo VwH$S>o 
R>odm. _wHw$b Agbobo VwH$S>o Hw$R>o R>odbo AmhoV Vo bjmV R>odm.

n nwT>rb H$mhr {XdgmV ~Q>mQ>çm§À`m ̀ m VwH$S>çmV H$mhr ~Xb {XgVmo H$m ̀ mMo {ZarjU H$am. 
H$mnyg Amobga amhrb ̀ mMr ImÌr H$am.

n ~Q>mQ>çm§À`m H$moUË`m VwH$S>çm_YyZ VmOo {hado A§Hy$a Am{U _wio ~mhoa nS>VmV?

H¥$Vr 7.5

_wHw$b

Am. 7.5 nmZ\w$Q>rVrb (Bryophyllum ) _wHw$b

AemMàH$mao nmZ\w$Q>rÀ`m nmZm§À`m 
Ii½`m_Yrb _wHw$b Ooìhm O{_{Zda 
nS>VmV Voìhm Ë`m§À`mnmgyZ ZdrZ dZñnVr 
CJdVo.

H¥$Vr 7.6

n EH$m _Zrßb±Q>Mr {ZdS> H$am.
n Ë`mMo Ago VwH$S>o H$am H$s àË`oH$ VwH$S>çmda EH$ Var nmZ Agob.
n nmZo Zgbobo VwH$S>o XoIrb ¿`m.
n H$mhr {Xdg ho gd© VwH$S>o nmÊ`m_Ü`o ~wS>dyZ R>odm Am{U {Z[ajU H$am.
n H$moUË`m VwH$S>çm§Mr dmT> hmoD$Z Ë`m§Zm Z{dZ nmZo \w$Q>VmV?
n `m {Z[ajUmÛmao Vwåhr H$moUVo AZw_mZ H$mT>mb?
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D$Vr g§dY©Z (Tissue Culture)
 dZñnVtÀ`m dmT>Umè`m Q>moH$mH$S>rb ̂ mJmVrb noer qH$dm D$Vr H$mTy>Z KoD$Z ZdrZ 
dZñnVr D$Vr g§dY©ZmÛmao {Z_m©U H$aVm `oVmV. dZñnVrnmgyZ H$mTy>Z KoVboë`m noer 
H¥$Ìr_ _mÜ`_m_Ü`o R>odVmV; {OWo Ë`m§Mo ObX {d^mOZ hmoD$Z noetMm EH$ g_wh qH$dm 
Jmoim (Callus) V`ma hmoVmo. dmT>rgmR>r Amdí`H$ g§àoaHo$ AgUmè`m Xþgè`m EH$m 
_mÜ`_m_Ü`o ̀ m noetMm Jmoim R>odm. Ë`m§À`mnmgyZ V`ma Pmbobr amonQ>r ZVa O{_Zr_Ü`o 
amodVmV Ë`m_wio Ë`m§À`mnmgyZ ZdrZ dZñnVr V`ma hmoVmV. amoJ{dahrV _mÜ`_m_Ü`o EH$m 
OZH$ dZñnVrnmgyZ nwîH$i ZdrZ dZñnVr {Z_m©U H$aVm ̀ oVmV. hr nÜXV emo^oMr PmS>o 
{Z_m©U H$aÊ`mgmR>r _moR>çm à_mUmV dmnaVmV.

Á`
mX

m _
m{h

Vr
gm

R>r

7.2.6  ~rOmUy {Z{_©Vr (Spore formation)

{~OmUy

Am. 7.6 èhm`Pmong_Yrb
{~OmUy {Z{_©Vr

 AJXr gmÜ`m ~hþnoer` gOrdm§_Ü`ogwÜXm àOZZmgmR>r 
Agbobo R>am{dH$ ^mJ AmoiIVm `oVmV. H¥$Vr 7.2 _Ü`o 
~«oS>darb èhm`Pmong (Rhizopus) nmgyZ H$dH$ V§Vy 
{Z_m©U Pmbobo {XgVmV. ho àOZZ H$aUmao ̂ mJ ZmhrV. _mÌ 
H$mS>rgma»`m ~marH$ aMZodarb Omo nmÊ`mÀ`m W|~gmaIm 
gwú_ {XgUmam ^mJ AgVmo Vmo àOZZmV ^mJ KoVmo Ë`m 
JmobmH$ma ^mJmbm {~OmUwJmobH$ (sporangia) Ago 
åhUVmV. `m {~OmUwJmobH$m_Ü`o {~OmUy AgVmV. `m 
{~OmUwnmgyZ ZdrZ èhm`Pmong {Z_m©U hmoVo (Am. 7.6). 
{~OmUw^modVr EH$ OmS> {^Îmr AgVo {OÀ`m_wio Ë`mMo 

g§ajU hmoVo. Omon`ªV {~OmUw EImÚm Amobga n¥ð>^mJmÀ`m g§nH$m©V `oD$Z Ë`m§Mr dmT> ZdrZ 
èhm`Pmong_Ü`o hmoV Zmhr Vmon`ªV hr OmS> {^Îmr g§ajU H$aVo. AmnU MMm© Ho$boë`m `m 
nwZéËnmXZm§_Ü`o ZdrZ g{Odm§Mr CËnÎmr EH$mM gOrdmnmgyZ Pmbr Amho. `mbmM Ab¢{JH$ 
nwZéËnmXZ (asexual reproduction) Ago åhUVmV.

?
1. {Û{d^mOZ ho ~hþ{d^mOZmnojm H$go doJio Amho?
2. {~OmUw_m\©$V nwZéËnmXZ Pmë`m_wio gOrdm§Zm H$moUVm \$m`Xm 

hmoVmo?
3. Jw§VmJw§VrMr aMZm AgUmao gOrd nwZéX²^dZmÛmao ZdrZ 

gOrdm§Zm OÝ_ H$m XoD$ eH$V ZmhrV?
4. H$mhr dZñnVt_Ü`o emH$s` nwZéËnmXZ H$m AmT>iVo?
5. D.N.A Mr Z¸$b H$ê$Z à{VH¥$Vr {Z_m©U H$aUo hr àOZZmVrb 

Amdí`H$ Jmoï> H$m Amho?

àíZ
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7.3  b¢{JH$ àOZZ
 àOZZmMo àH$ma {eH$V AgVm§Zm H$mhr àH$mam§_Ü`o Zdr {nT>r {Z_m©U H$aÊ`mgmR>r XmoZ 
gOrdm§À`m gh^mJmMr Amdí`H$Vm AgVo ho AmnU nm{hbo Amho. EH$Q>m ~¡b dmgambm V`ma H$ê$ 
eH$V Zmhr qH$dm EH$Q>r H$m|~S>r {n„z {Z_m©U H$ê$ eH$V Zmhr. b¢{JH$ àOZZm_Ü`o Zdr {nT>r 
{Z_m©U H$aÊ`mgmR>r XmoÝhr qbJmÀ`m gOrdm§Mr åhUOoM Za Am{U _mXr ̀ m§Mr Amdí`H$Vm AgVo. 
b¢{JH$ àOZZmMo \$m`Xo H$moUVo AmhoV? da C„oI Ho$ë`mà_mUo b¢{JH$ àOZZmbm XoIrb H$mhr 
_`m©Xm AmhoV H$m?

7.3.1 àOZZmMr b{¢ JH$ nÜXVM H$m? (Why the sexual mode of reproduction)

 Ooìhm D.N.A d noer gmÀ`mMr (apparatus) Z¸$b hmoVo qH$dm à{VH¥$Vr V`ma hmoVo Voìhm 
EH$m noerÀ`m XmoZ noer V`ma hmoVmV. D.N.A Mr à{VH¥$Vr V`ma hmoÊ`mMr {H«$`m V§VmoV§V AMyH$ 
Zgob Va Pmboë`m n[aUm_r MwH$m qH$dm ~Xb ho Ë`m gOrdm§À`m g_whm§À`m JwUY_m©V hmoUmè`m 
~XbmMo ómoV R>aVmV. àË`oH$s ñdV§ÌnUo EH$m gOrdmMm {dMma Ho$ë`mg ̀ m ~Xbm§Mm (n[adV©Z) 
Ë`mbm \$m`Xm hmoB©bM Ago Zmhr. _mÌ Ooìhm gOrdm§À`m g_whm§Mm {dMma Ho$bm OmVmo Voìhm Ë`m§À`m 
àOmVrMo ApñVËd {Q>H${dÊ`mgmR>r `m ~Xbm§Mm Cn`moJ hmoVmo. Ë`m_wio àOZZ nÜXVrV Pmboë`m 
`m ~Xbm§Zm AW© àmá hmoVmo. 
 D.N.A Mr à{VH¥$Vr V`ma hmoÊ`mMr {H«$`m V§VmoV§V AMyH$ ZgVo. _mÌ hr {H«$`m JwUY_m©V 
~Xb AgUmè`m {nT>çm KS>{dÊ`mEdT>r gj_ AgVo _mÌ `m {H«$`oMm doJ _§X AgVmo. nU Oa 
D.N.A Mr à{VH¥$Vr V`ma H$aÊ`mMr {H«$`m Oa OmñV MwH$sMr AgVr Va V`ma Pmboë`m D.N.A 
À`m à{VH¥$Vr noer gmÀ`m_Ü`o ì`dpñWV H$m`© Z H$aVm _ê$Z Jobr AgVr Va _J `m ~Xbm§À`m 
{H«$`oMm doJ AmnU H$gm H$m` dmT>dy eH$Vmo?
 EImÚm D.N.A _Ü`o ~Xb hmoVmV nU Ë`mÀ`m_Ü`o nyduÀ`m {nT>r_Ü`o Pmbobo ~Xbhr 
gmR>{dbobo AgVmV. AemàH$mao EH$mM àH$maÀ`m gOrdm§À`m JQ>m_Ü`o Agboë`m XmoZ 
gOrdm§_Ü`o nyduÀ`m {nT>rVrb gmR>{dbobo ~Xb doJdoJio Agy eH$VmV. Á`m AWu `m gd© 
\$aH$m§g{hV ho gOrd Ord§V AmhoV ̀ mMmM AW© ̀ m ~Xbm§Mm qH$dm n[adV©Zm§Mm Ë`m§À`mda dmB©Q> 
n[aUm_ Pmbobm Zmhr. AemàH$mao XmoZ qH$dm AYrH$ gOrdm§_Yrb n[adV©Zo EH$Ì Ambr Va 
n[adV©Zm§Mo ZdrZ g§`moJ V`ma hmoVrb. àË`oH$ g§`moJ hm {ZamimM Agob H$maU Ë`mÀ`m_Ü`o XmoZ 
doJdoJù`m gOrdm§Mm g_mdoe AgVmo. b¢{JH$ àOZZmÀ`m nÜXVr_Ü`o àOmoËnmXZmÀ`mdoir XmoZ 
doJdoJù`m gOrdm§_Yrb D.N.A Mm g§`moJ hmoUo A§V^y©V AgVo.
 `m_wio EH$ _moR>r AS>MU Aer {Z_m©U hmoVo H$s Oa àË`oH$ ZdrZ {nT>r_Ü`o XmoZ Am{YÀ`m 
gOrdm§H$Sy>Z Amboë`m D.N.A À`m à{VH¥$VtMm g§`moJ Agob Va àË`oH$ ZdrZ {nT>r_Ü`o nyduÀ`m 
{nT>rnojm D.N.A Mo XþßnQ> à_mU gmR>V OmB©b. Ë`m_wio noetÀ`m gmÀ`mdarb D.N.A À`m 
{Z`§ÌUm_Ü`o Jm|Yi {Z_m©U hmoB©b. VgoM Xa {nT>r_Ü`o Oa Ago D.N.A Mo à_mU XþßnQ> hmoV Jobo 
Va n¥Ïdrda \$º$ D.N.A Mo gm_«mÁ` {XgyZ ̀ oB©b d BVa Jmoï>rgmR>r OmJmM {e„H$ amhUma Zmhr, 
hr AS>MU gmoS>{dÊ`mgmR>r AmnU H$moUË`m doJdoJù`m _mJmªMm {dMma H$ê$ eH$Vmo?
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 OgOer EImÚm gOrdmMr aMZm Jw§VmJw§VrMr hmoV OmVo VgVgo D$VtMo {deofrH$aU dmT>V 
OmVo. da gm§{JVboë`m AS>MUrda ~hþnoer` àmÊ`m§Zr EH$ VmoS>Jm H$mT>bm Amho. Ë`m§À`m_Ü`o EH$m 
{d{eï> Ad`dm_Ü`o {d{eï> dm§{eH$ noer AgVmV. `m noetZm OZZ noer (germ cells) 
åhUVmV. OZZ noer_Ü`o e[aamVrb àOmoËnmXZ Z H$aUmè`m noernojm JwUgwÌmMr g§»`m AYu 
AgVo. AemàH$mao b¢{JH$ àOZZmÀ`mdoir Ooìhm XmoZ gOrdm§_Yrb OZZ noetMm g§`moJ hmoVmo 
Voìhm Jw§UgwÌm§Mr g§»`m Am{U D.N.A À`m à_mUmMr Zì`m {nT>r_Ü`o nwZ…ñWmnZm hmoVo.
 Oa ̀ w½_ZOmMr (zygote) dmT> Am{U {dH$mg hmoD$Z Aem gOrdmMr {Z{_©Vr hmoV Agob H$s 
Á`mÀ`m_Ü`o Cƒ Am{U {deof àH$maÀ`m D$Vr Am{U Ad`d AmhoV, Va Ë`m ̀ w½_ZOm_Ü`o ho gd© 
gmÜ` H$aÊ`mgmR>r nwaoem à_mUmV D$O}Mm gmR>m AgUo Adí`H$ Amho. AJXr gmYr earaaMZm 
AgUmè`m gOrdm§_Yrb XmoZ àH$maÀ`m b¢{JH$ noet_Ü`o \$aH$ ZgVmo. qH$~hþZm Ë`m XmoÝhr noer 
OdiOdi gma»`mM AgVmV. nU gOrdm§Mr earaaMZm OgOer OmñV Jw§VmJw§VrMr hmoV OmVo 
VgVem b¢{JH$ noergwÜXm {d{eï> àH$maÀ`m ~ZV OmVmV. Ë`m XmoÝhr _Yrb EH$ b¢JrH$ noer _moR>r 
AgyZ {VÀ`m_Ü`o AÞ gmR>{dbo OmVo Va Xþgar b¢JrH$ noer bhmZ AgyZ Vr hmbMmb H$aUmar 
AgVo. gd©gmYmaUnUo hmbMmb H$é eH$Umè`m noetZm nw§`w½_H$ (male gamete) Am{U AÞ 
gmR>{dUmè`m b¢{JH$ noerbm ór `w½_H$ (Female gamete) Ago åhUVmV. nwT>À`m ^mJmV 
AmnU ho {eH$Uma AmhmoV H$s hr XmoZ doJdoJù`m àH$maMr `w½_Ho$ V`ma H$aÊ`mgmR>r XmoZ 
doJdoJù`m àH$maMo àOmoËnmXH$ Ad`d Za Am{U _mXr_Ü`o H$go Amdí`H$ AmhoV? VgoM H$mhr 
gOrdm§À`m_Ü`o Za Am{U _mXr ̀ m§À`m e[aa aMZo_Ü`o XoIrb \$aH$ AmT>iVmo.

 gnwîn dZñnVr_Ü`o àOmoËnmXZmMo 
^mJ \w$bm_Ü`o AgVmV. g§Xb 
(sepals), nmH$ù`m (petals), nw§Ho$ga 
(stamens), Am{U ór H o $ga 
(carpels) ho gd© \w$bmVrb àOmoËnmXH$ 
^mJ AmhoV. `m ^mJm§_Ü`o OZZ noer 

7.3.2  gnwîn dZñnVr_Yrb b¢{JH$ àOZZ

(germ cells) AgVmV. g§Xb (sepal) Am{U nmH$ù`m§Mo H$m`© H$moUVo Agob?

 H$mhr dZñnVr_Ü`o \w$bo EH$qbJr (CXm. nnB©, H$qbJS>o) Agy eH$VmV Ë`m§À`m_Ü`o EH$Va 
nwHo$ga AgVmV qH$dm \$º$ ór Ho$ga AgVmV. H$mhr doim hr \w$bo {ÛqbJr AgVmV. (CXm. _mohar, 
Omñd§X) ̀ m§À`m_Ü`o nwHo$ga Am{U ór Ho$ga XmoÝhr AgVmV. nwHo$ga hm Za àOmoËnmXH$ ̂ mJ AgyZ 
Vmo {ndiga a§Jm§Mo namJH$U (Pollen grains) V`ma H$aVmV. Oa AmnU \w$bmVrb nw§Ho$gambm 
hmV bmdbm Va {ndiga a§JmMr nmdS>a Amnë`m hmVmbm bmJVo ho Vwåhr nm{hbo AgobM.

 \w$bmÀ`m _Ü`^mJr ór Ho$ga AgyZ Vmo _mXr àOmoËnmXH$ KQ>H$ (female reproductive 

part) Amho. ór Ho$ga VrZ ̂ mJm§Zr ~Zbobo AgVo. VimMm \w$Jra ̂ mJ åhUOo A§S>me` (ovary), 

Am. 8.7  \w$bmMm C^m N>oX

qH$Ob

A§S>me`

ór 
Ho$ga

qH$OëH$
nw§Ho$ganamJH$mof

d¥§V

nmH$ir

g§Xb
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_Ybm bm§~Q> ̂ mJ åhUOo qH$Ob (style) Am{U daMm§ Q>moH$mH$S>Mm {MH$Q> ̂ mJ åhUOo qH$OëH$ 
(stigma). A§S>me`m_Ü` ~rOm§S> AgVmV. àË`oH$ ~rOm§S>m_Ü`o EH$ A§S> noer (egg cell) 
AgVo. namJ H$Um§Zr {Z_m©U Ho$bobr Za OZZ noerMm (male germ cell) {~Om§S>_Yrb _mXr 
OZZ noerer (female germ cell) g§`moJ hmoVmo. qH$dm \$bZ hmoVo. d `m \$bZm_wio `w½_ZOm 
(zygote) V`ma hmoVo, Á`mÀ`mnmgyZ ZdrZ dZñnVr {Z_m©U hmoVo.
 AemàH$mao nw§Ho$gam_Ü`o V`ma Pmbobo namJ H$U qH$OëH$mH$S>o dmhÿZ ZoUo Amdí`H$ AgVo. 
Oa EH$mM \w$bmVrb namJH$U Ë`mM \w$bm_Yrb qH$OëH$mda nS>bo Va Ë`mbm ñdnamJr^dZ 
(self-pollination) åhUVmV. Oa EH$m \w$bm_Yrb namJ H$U Ë`mM àOmVrÀ`m Xþgè`m 
\w$bmVrb qH$OëH$mda nS>bo Va Ë`mbm nanamJr^dZ (cross pollination) Ago åhUVmV. EH$m 

\w$bmH$Sy>Z Xþgè`m \w$bmH$S>o namJH$U dmhÿZ ZoÊ`mMo H$m_ dmam, nmUr 
d àmUr ̀ m gma»`m _mÜ`_m§Ûmao hmoVo.
 \$bZmZ§Va ̀ w½_ZOmMo AZoH$ doim {d^OZ hmoD$Z ~rOm§S>m_Ü`o 
(ovule) _Ü`o J^© V`ma hmoVmo. ̀ m ~rOm§S>m^modVr EH$ Q>UH$ AmdaU 
V`ma hmoVo Á`mMo ê$nm§Va eodQ>r ~rOm_Ü`o hmoVo. A§S>me`mMr ObX 
JVrZo dmT> hmoD$Z Vo n[anŠd hmoVo d Ë`mMo \$imV ê$nm§Va hmoVo. `m 
Xaå`mZ nmH$ù`m, g§Xb, nw§Ho$ga, qH$Ob d qH$OëH$ ho gd© ^mJ 
dmiVmV Am{U JiyZ nS>VmV. EImÚm \$im_Ü`o Vwåhr \w$bmÀ`m 
EImÚm ^mJmMo ApñVËd nm{hbo Amho H$m? ~rO CËnÎmrMm 
dZñnVtZm H$moUVm \$m`Xm hmoVmo ho emoYyZ H$mT>m. ~rOm_Ü`o ^mdr 
dZñnVr XS>bobr AgVo qH$dm ~rOm_Ü`o Omo J^© AgVmo 
Ë`mÀ`mnmgyZ `mo½` n[apñWVr_Ü`o amon V`ma hmoVo. `m {H«$`obm A§Hw$a 
\w$Q>Ê`mMr {H«$`m (germination) Ago åhUVmV.

Am. 7.8  namJ H$Um§Mo
qH$OëH$mdarb A§Hw$aU

namJH$U
qH$OëH$

Za OZZ noer

namJdm{hZr

A§S>me`

_mXr OZZ noer

A§Hw$a
(^mdr  ImoS>)

AmXr_yi
(^mdr _yi)

Am. 7.9 A§Hw$aU 
(germination)

H¥$Vr 7.7

n WmoS>o ha^ao nmÊ`m_Ü`o 
EH$ amÌ {^Odm.

n Z§Va ho nmUr JmiyZ H$mT>m 
Am{U Ë`mÀ`mda EH$ 
{Xdg Amobo \$S>Ho$ 
PmHy$Z R> odm. ha^ao 
dmiUma ZmhrV `mMr 
H$miOr ¿`m.

n H$miOrnyd©H$ ho XmUo H$mnyZ doJdoJù`m ̂ mJm§Mo {ZarjU H$am.
n `m ̂ mJm§Mmo Am. 7.9 ~amo~a VwbZm H$am Am{U ̂ mJm§Mr Zm§do AmoiIm.

Xb
(AÞ gmR>m)
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7.3.3  _mZdm_Yrb àOZZ (Reproduction in Human Beings)

 AmVmn`ªV AmnU doJdJù` àOmVrVrb gOrdm§À`m {d{dY àOZZ nÜXVtMm Aä`mg Ho$bm 
Amho. AmVm AmnU Aem àOmVrVrb àOZZmMm Aä`mg H$ê$ ̀ m Á`m{df`r Amnë`mbm CËgwH$Vm 
Amho Vmo åhUOo _mZd-_mZdm_Ü`o àOZZ H$go KS>Vo?
 AmVm AmnU `mÀ`mer g§~{YV Zgboë`m Jmoï>tMm Aä`mg H$ê$`m. Vwåhmbm gJù`m§Zm 
_m{hV Amho H$s Ogo AmnU VméÊ`mV nXmn©U H$aVmo Vgo Amnë`m earamV ~Xb KS>VmV. B`Îmm 
XþgarnmgyZ Vo Xhmdrn`ªV Amnë`m C§Mr_Ü`o Am{U dOZm_Ü`o ~Xb KS>V OmVmo (H$mhr doim ZH$mo 
BVH$m ~Xb KS>Vmo!) Amnbo XþYmMo XmV nSy>Z Zdo H$m`_Mo XmV `oVmV. Aem gd© earam_Ü`o 
Pmboë`m ~Xbm§Zm AmnU e[aamMr gd©gmYmaU dmT> Ago åhUVmo, `m_Ü`o earamMm AmH$ma 
dmT>Vmo. nU Amnë`m nm¡J§S>mdñWo_Ü`o Amnë`mbm Ago {H$VrVar ~Xb {XgyZ ̀ oVmV Á`m§Zm AmnU 
\$º$ earamMr dmT> Ago åhUy eH$V Zmhr. nm¡J§S>mdñWo_Ü`o eara doJio {Xgy bmJVo, à_mU ~XbVo, 
ZdrZ aMZm {XgVmV VgoM _Zm_Ü`o ZdrZ  _Zm_Ü`o Z{dZ Ii~i {Z_m©U hmoVo.
 `mn¡H$s H$mhr ~Xb _wbm§_Ü`o d _wbt_Ü`o gmaIoM KSy>Z Ambobo {XgVmV. `m 
nm¡J§S>mdñWo_Ü`o H$mIo_Ü`o Am{U XmoÝhr _m§S>çm_Yrb OZZ|{Ð`m§À`m OmJr Ho$g dmT>VmV Am{U Vo 
Z§Va JS>X a§Jm§Mo hmoVmV. VgoM nm`mda, hmVmda Am{U Mohè`mda {dai Ho$g {Xgy bmJVmV. ËdMm 
dma§dma VobH$Q> hmoVo d Mohè`mda VméÊ` {n{Q>H$m (pimples) XoIrb {Xgy eH$VmV AmnU WmoS>o 
bmOmiy qH$dm {^S>ñV hmoD$ bmJVmo. AmnU ñdV…À`m earam~Ôb OmJê$H$ hmoVmo Am{U BVam§À`m 
earam~Ôb doJù`m VèhoMr OmUrd hmoD$ bmJVo.
 _wbm§_Ü`o d _wbt_Ü`o doJdoJio ~Xb KSy>Z `oVmV. _wbt_Ü`o djñWim§Mr dmT> hmoD$Z 
djAJ«^modVrMr ËdMm JS>X a§JmMr hmoVo. VgoM `m H$mimV _wbtMr _m{gH$ nmir `m`bm gwé 
hmoVo. _wbm§À`m _Ü`o XmT>r {_em \w$Q>m`bm bmJVmV, AmdmO KmoJam ~ZVmo. VgoM Ë`m§Mo {eíZ 
ñdßZXmofm_wio qH$dm amÌr _moR>o hmoVo d VmR> hmoVo.
 ho gJio ~Xb gmdH$me KS>V OmVmV, `mgmR>r {H$VrVar _{hZo qH$dm df} bmJVmV. ho gd© 
~Xb EImÚm ì`º$s_Ü`o EH$mMdoir hmoV ZmhrV VgoM Vo EH$m Ë`mM R>am{dH$ H$mimVM KS>VmV 
Ago Zmhr. H$mhtÀ`m_Ü`o ho ~Xb AJXr hiy C{eam KS>VmV. Va H$mhtÀ`m_Ü`o bdH$a Am{U 
ObX KS>VmV. àË`oH$ ~Xb hm bJoM nyU© hmoV Zmhr. åhUyZ CXm. _wbm§À`m Mohè`mda Ho$g àW_ 
{dai d BñVV… ̀ oVmV Z§Va Vo EH$gmaIo ̀ oVmV. VargwÜXm ho àË`oH$m_Ü`o KS>bobo ~Xb {d{dYVm 
XmI{dVmV. Ogo àË`oH$mÀ`m ZmH$mMm d ~moQ>m§Mm AmH$ma doJdoJim AgVmo VgoM Amnë`m 
Ho$gm§À`m dmT>rMo doJdoJio àH$ma AmT>iVmV qH$dm djñWim§Mm Am{U {eíZmMm KmQ> Am{U _mn 
doJdoJio AgVo. ho gJio ~Xb åhUOo e[aamÀ`m b¢{JH$ n[anŠdVoÀ`m _hËdmÀ`m ~m~r AmhoV.
 `m d`mV eara n[anŠdVm H$m XmIdVo? ~hþnoer` àmÊ`m§_Ü`o {deof H$m`m©gmR>r {deof 
noetMr Amdí`H$Vm AgVo ̀ mMm AmnU Aä`mg Ho$bm Amho. b¢{JH$ àOZZm_Ü`o ̂ mJ KoÊ`mgmR>r 
OZZ noetMr {Z{_©Vr hmoVo ho AmUIr Xþgao {deof H$m`© Amho. dZñnVr `m H$m`m©gmR>r H$mhr Img 
noer d D$VtMr {Z{_©Vr H$aVmV ho AmnU nm{hbo Amho. _mZdm_Ü`o gwÜXm `m CÔrï>m§gmR>r {d{eï> 
noer {Z_m©U hmoVmV. VargwÜXm gOrdmÀ`m earamMr dmT> hmoD$Z àm¡T>mdñWm àmá H$aon`ªV earamVrb 
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gd© D$Om© ómoVm§Mm àdmh `m dmT>rH$S>o di{dbobm AgVmo. ho KS>V AgVm§Zm àOZZ D$VtÀ`m 
n[anŠdVobm _hËdmMo àmYmÝ` {Xbo OmV Zmhr. AemàH$mao gOrdmÀ`m gd©gmYmaU dmT>rMm doJ 
Ogm _§X hmoV OmB©b Ver àOZZ D$VtÀ`m n[anŠdVobm gwadmV hmoD$ bmJVo. d`mV `oÊ`mÀ`m `m 
H$mimbm ̀ m¡dZmdñWm åhUVmV.
 AmnU ̀ m Á`m gd© ~Xbm§Mm {dMma Ho$bm Amho Ë`mMm àOZZ {H«$`oer g§~§Y H$m` Amho? Á`m 
doir AmnU b¢{JH$ nÜXVrZo àOmoËnmXZ åhUVmo Voìhm XmoZ gOrdm§_Yrb OZZ noetMm g§`moJ hmoUo 
Amdí`H$ AgVo. gnwîn dZñnVtà_mUo Ooìhm gOrdm§_Yrb OZZ noer earam~mhoa gmoS>ë`m 
OmVrb VoìhmM ho gmÜ` hmoB©b. qH$dm Á`mdoir XmoZ gOrdm§Mr earao EH$Ì OwiVrb Am{U OZZ 
noer AmVë`m AmV EH$m earamVyZ Xþgè`m earamV OmVrb Am{U Ë`m§Mm g§`moJ hmoB©b VoìhmM ho 
gmÜ` hmoB©b, Ago ~è`mM àmÊ`m§_Ü`o KS>Vo Va àmÊ`m§Zm àOZZ {H«$`ogmR>r OmoS>rXma {ZdS>m`Mm 
Agob Va Ë`m§Zm EH$_oH$m§Mr b¢{JH$ n[anŠdVm AmoiIVm Ambr nm{hOo. EImÚm R>am{dH$ 
{R>H$mUr Ho$g CJdUo ̀ m gmaIo ~Xb ̀ m¡dZmdñWo_Ü`o KS>V AgVmV d b¢{JH$ n[anŠdVoMr {MÝho 
{Xgy bmJVmV.
 Ë`m{edm` `m XmoZ ì`ŠVr_Yrb b¢{JH$ {H«$`o_Ü`o OZZ noetMo dhZ hmoÊ`mgmR>r {d{eï> 
Ad`dm§Mr Amdí`H$Vm AgVo. CXm. {eíZ, Á`mÀ`m_Ü`o gai VmR> hmoÊ`mMr j_Vm AgVo. 
gñVZ àmÊ`m§_Ü`o Ogo H$s _mZdm_Ü`o ~mi AmB©À`m nmoQ>m_Ü`o ~aoM {Xdg dmT>V AgVo Am{U 
OÝ_mZ§Va Ë`mbm AmB© ñVZmÛmao XÿY nmOVo. ̀ m JaOm nwa{dÊ`mgmR>r _mXr _Yrb àOmoËnmXH$ B§{Ð` 
d ñVZ XmoÝhr n[anŠd hmoUo Amdí`H$ AgVo. AmVm AmnU b¢{JH$ àOZZm_Ü`o g_m{dï> 
AgUmè`m àOmoËnmXH$ g§ñWoMm Aä`mg H$ê$.

7.3.3 (a)  Zam_Yrb àOmoËnmXH$ g§ñWm (Male reproductive system)

 Am. 7.10 _Ü`o XmI{dë`m à_mUo àOmoËnmXH$ g§ñWo_Ü`o OZZ noer Am{U Ë`m§Zm 
\$bZmgmR>r R>am{dH$ OmJr nmohmoM{dÊ`mgmR>r _XV H$aUmè`m ̂ mJm§Mm g_mdoe hmoVmo.

_yÌdm{hH$m

aoVme` (dr`©H$mof)

dr`©dm{hZr
aoVdm{hZr

d¥fU
d¥fUmMr {nedr

_yÌme`

àmoñQ>oQ> J«§Wr

{eíZ
_yÌdm{hZr

Am. 7.10  _mZdm_Yrb Za àOZZ g§ñWm
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 OZZ noer qH$dm ewH«$mUw§Mr (sperms) {Z{_©Vr d¥fUm_Ü`o hmoVo. CXanmoH$irÀ`m ~mhoa EH$m 
{nedr_Ü`o åhUOoM d¥fUmÀ`m {nedr_Ü`o (Scrotum) d¥fU AgVmV H$maU ewH«$mUwÀ`m 
{Z{_©VrgmR>r earamÀ`m Vmn_mZmnojm H$_r Vmn_mZmMr Amdí`H$Vm AgVo. _mJrb àH$aUm_Ü`o 
AmnU Q>oñQ>moñQ>oam°Z (testosterone) ZmdmÀ`m g§àoaH$mÀ`m {Z{_©Vr_Ü`o d¥fUmÀ`m ^y{_Ho$Mm 
Aä`mg Ho$bm Amho. ho g§àoaH$ ewH«$mUw§À`m {Z{_©VrMo {Z`_Z H$aVo VgoM ̀ m¡dZmdñWo_Ü`o _wbm§À`m 
ê$nm_Ü`o Oo \$aH$ AmT>iVmV Vo ̀ m g§àoaH$m_wio KS>VmV.

 d¥fmUw§_Ü`o V`ma Pmbobo ewH«$mUw aoVdm{hZr dmhÿZ ZoVo. _yÌme`mH$Sy>Z ̀ oUmè`m _yÌdm{hZr_Ü`o 
hr aoVdm{hZr CKS>Vo. AemàH$mao _yÌdm{hZr_YyZ XmoÝhr åhUOo _yÌ Am{U ewH«$mUw§Mo dhZ hmoVo. 
àmoñQ>oQ> Am{U aoVme` (semial vesicle) `m XmoZ J«§WrMo ómd aoVdm{hZr_Ü`o gmoS>bo OmVmV. `m 
Ðdm_wio ewH«$mUw§Mo aoVdm{hZr_YyZ hmoUmao dhZ gwb^nUo hmoVo VgoM ho Ðd ewH«$mUw§Mo nmofU XoIrb 
H$aVmV. ewH«$mUw AJXr gwú_ AgVmV. Ë`mÀ`m_Ü`o _w»`V… OZwH$s` gm_wJ«r (genetic 

material) AgVo. ewH«$mUwMr eonyQ> bm§~ AgVo Or hmbMmbrg _XV H$aVo Ë`m_wio ewH«$mUw§Zm _mXr 
OZZ noerH$S>o OmÊ`mg _XV hmoVo.

7.3.3 (b)  _mXr àOmoËnmXH$ g§ñWm (Female reproductive system)

Am. 7.11  _mZdm_Yrb _mXr àOZZ g§ñWm

A§S>dm{hZr qH$dm
\°$bmo{n`Z Q>çw~

A§S>me`

J^m©e`

J^m©e` J«rdm

`moZr

 A§S>me`m_Ü`o (ovary) _mXr OZZ noer qH$dm A§S>r V`ma hmoVmV. VgoM A§S>me`m_Ü`o H$mhr 
g§àoaHo$ XoIrb V`ma hmoVmV. AmH¥$Vr 7.11 nmhÿZ _mXr àOmoËnmXH$ g§ñWoMo {d{dY Ad`d 
AmoiIm. Á`mdoir _wbJr OÝ_mbm `oVo Voìhm A§S>me`m_Ü`o hOmamo An[anŠd A§S>r AgVmV. 
Ooìhm Vr _wbJr ̀ m¡dZmdñWobm nmohmoMVo Voìhm ̀ mn¡H$s H$mhr A§S>r n[anŠd hmoVmV. XmoÝhrn¡H$s EH$m 
A§S>me`m_Ü`o EH$ A§S>o àË`oH$ _{hÝ`mbm n[anŠd hmoVo. Vo A§S>o A§S>dm{hZr qH$dm \°$bmo{n`Z Q>çw~ 
_m\©$V J^m©e`m_Ü`o AmUbo OmVo. XmoÝhr A§S>dm{hZr qH$dm \°$bmo{n`Z Q>çw~g² J^m©e` ZmdmÀ`m 
(uterus) bd{MH$ {nedr_Ü`o CKS>VmV. J^m©e` ho J^m©e` J«rdm (cervix) _m\©$V `moZr_Ü`o 
(vegina) CKS>Vo.
 g_mJ_mÀ`mdoir `moZr_mJm©_YyZ ewH«$mUw AmV_Ü`o {eaVmV. hmbMmb H$aV ho ewH«$mUw 
A§S>dm{hZr n`ªV da OmVmV {OWo Ë`m§Mr JmR> A§S>çmer nSy> eH$Vo. \$bZ Pmbobo A§S>o åhUOo 
`w½_ZO (zygote) J^m©e`mÀ`m AñVam_Ü`o {MH$Qy>Z pñWa hmoVo, Am{U {VWo Ë`mMo {d^mOZ gwé 
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hmoVo. AmnU ho nydu {eH$bmo Amho H$s AmB©À`m earamMr aMZm AemàH$mao Pmbobo AgVo H$s {VÀ`m 
earam_Ü`o ~mimMr ì`dpñWV dmT> ìhmdr. åhUyZ Xa _{hÝ`mbm J^© V`ma hmoD$Z Ë`mMr dmT> 
ìhmdr åhUyZ J^m©e` V`mar H$aV AgVo. Ë`m_wio Xa _{hÝ`mbm J^m©e`mMo AmVrb AñVa OmS> 
hmoVo Am{U J^m©Mo nmofU ì`dpñWV ìhmdo åhUyZ J^m©e`mbm ̂ anya aŠVnwadR>m Ho$bm OmVmo.
 J^©doï>Z qH$dm dma (placenta) Zmdm§À`m {d{eï> D$VtÛmao J^m©Mo AmB©À`m aº$m_YyZ nmofU 
hmoVo. J^©doï>Z hm ~ergmaIm ^mJ AgyZ Vmo J^m©e`mÀ`m {^Vr_Ü`o ~g{dbobm AgVmo. 
J^©doï>ZmÀ`m J^m©À`m ~mOybm AgUmè`m D$Vtda emofU|{Ð`o AgVmV. AmB©À`m ~mOy H$S>rb 
^mJm_Ü`o aº$mZo ^aboë`m nmoH$ù`m AgVmV. `m nmoH$ù`m emofU|{Ð`m^modVr AgVmV. 
emofU|{Ð`m_wio _moR>m n¥ð>^mJ V`ma hmoVmo Á`mÀ`mÛmao AmB©H$Sy>Z ½bwH$moO Am{U Am°ŠgrOZ 
J^m©H$S>o `oVmo. dmT> hmoUmè`m J^m©_Ü`o Oo Q>mH$mD$ nXmW© V`ma hmoVmV Vo J^©doï>ZmÛmao AmB©H$S>o 
dmhÿZ AmUbo OmVmV. ~mimMr dmT> AmB©À`m CXam_Ü`o gmYmaUnUo ZD$ _{hZo hmoVo. Ë`mZ§Va 
J^m©e`mÀ`m b`~ÜX AmHw§$MZ Am{U àgaUm_wio ~mimMm OÝ_ hmoVmo.

7.3.3 (c)  A§S>o \${bV Pmbo Zmhr Va H$m` hmoVo? 
(Female reproductive system)

 Oa A§S>o \${bV Pmbo Zmhr Va Vo EH$ {Xdg Ord§V amhVo. Xa _{hÝ`mbm A§S>me` EH$M A§S>o 
V`ma H$aVo, VgoM J^m©e` gwÜXm Va _{hÝ`mbm \${bV A§S>o `oB©b åhUyZ V`mar H$aV AgVo. 
J^m©e`mMr V`mar åhUOo Ë`mMo AñVa OmS> Am{U _D$ hmoVo. Oa \$bZ Pmbo Va J^m©À`m 
nmofUmgmR>r hr V`mar J^m©e` H$aVo. nU \$bZ Pmbo Zmhr Va `m OmS> AñVamMm H$mhr Cn`moJ 
Zmhr åhUyZ hiy hiy Vo \$mQ>Vo Am{U ̀ mo{Z_YyZ aº$ Am{U {MH$Q> ÐmdmÀ`m ê$nmZo Vo ~mhoa nS>Vo ho 
MH«$ gmYmaUnUo Xa _{hÝ`mbm KS>Vo ̀ mbmM _m{gH$ ómd qH$dm _m{gH$ nmir (menstruation) 
åhUVmV. ̀ m _m{gH$ nmirMm H$mi XmoZ Vo AmR> {Xdg AgVmo.

7.3.3 (d)  àOZZ Amamo½` (Reproductive health)

 Á`mdoir Amnë`m earamMr gd©gmYmaU dmT> hmoV AgVo Ë`mdoir b¢{JH$ n[anŠdVoÀ`m 
{H«$`obmgwÜXm hiyhiy gwadmV Pmbobr AgVo ho AmnU nm{hbo Amho. AemàH$mao Or H$mhr A§er 
b¢{JH$ n[anŠdVm {Z_m©U Pmbobr AgVo Ë`mÀ`m_wio Ë`m ì`º$sMo _Z qH$dm eara b¢{JH$ 
{H«$`mgmR>r qH$dm _wbo dmT>{dÊ`mgmR>r gj_ Pmbo Amho Agm AW© hmoV Zmhr. Aem _moR>çm 
O~m~Xmè`m nobÊ`mgmR>r eara d _Z XmoÝhr gj_ Pmbo Amho ho AmnU H$go AmoiIw eH$Vmo? Aem 
g§doXZmerb {df`m~m~V AmnU gd©OU doJdoJù`m X~mdmImbr AgVmo. doJdoJù`m {H«$`m§_Ü`o 
gh^mJr hmoÊ`m~m~V Amnë`m {_Ìm§Mm Amnë`mda X~md AgVmo Oar Amnë`mbm Ë`m {H«$`oV 
gh^mJr ìhm`Mo Agob qH$dm Zgob. H$mhr doim Hw$Qw>§~mMm Amnë`mda b¾ H$ê$Z _wbo {Z_m©U 
H$amdr Agm X~md AgVmo Va H$Yr _wbo hmoD$ Z`oV åhUyZ H$mhr gaH$mar g§ñWmMm X~md Agy 
eH$Vmo. Va Aem n[añWrVr_Ü`o {ZU©` KoUo H${R>U OmVo.
 b¢{JH$ g§~§Ym_wio hmoUmè`m H$mhr n[aUm_m§MmgwÜXm AmnU {dMma Ho$bm nm{hOo amoJm§Mo 
g§H«$_U EH$m ì`º$sH$Sy>Z Xþgè`m ì`º$sH$S>o AZoH$ _mJm©Zr hmoVo `mMm AmnU B`Îmm Zddr_Ü`o 
Aä`mg Ho$bm Amho. b¢{JH$ g§~§Ym_Ü`o e[aam§Mm EH$_oH$m§er AJXr OdiyZ g§~§Y `oVmo Ë`m_wio 
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AZoH$ amoJ b¢{JH$ g§~§Ym_wio g§H«$_rV hmoVmV ho EoHy$Z Vwåhmbm AmíM`© dmQy> Z`o. `m amoJm§_Ü`o 
~°ŠQ>o[a`m_wio hmoUmè`m JmoZmopèh`m, {g{\$bg VgoM {dfmUw_wio hmoUmè`m dmQ>©²g Am{U HIV ES²>g 
gma»`m amoJm§Mm g_mdoe Amho. b¢{JH$ g§~§YmÀ`mdoir `m amoJm§Mm àmXþ©^md AmnU Q>miy eH$Vmo 
H$m? b¢{JH$ g§~§YmÀ`mdoir {eñZmda H§$S>mo_ gmaIo AmdaU KmVbo Va ~è`mM à_mUmV `m 
amoJm§Mm g§gJ© Q>miVm ̀ oVmo.
 b¢{JH$ g§~§Ym_wio JamoXa amhÊ`mMr eŠ`Vm Zoh_rM AgVo. JamoXanUmV _mVoÀ`m earamH$Sy>Z 
d _ZmH$Sy>Z Mm§Jbm à{VgmX Amdí`H$ AgVmo Oa `m JamoXanUmgmR>r AmB©Mr V`mar Zgob Va 
{VÀ`m e[aamda {dnarV n[aUm_ hmoVmV Aer n[apñWVr hmoD$ Z`o åhUyZ JamoXanU Q>miÊ`mgmR>r 
AZoH$ ̀ moOZmMo _mJ© CnbãY AmhoV.
 J^©{ZamoYH$ nÜXVtMo AZoH$ àH$ma AmhoV. EH$m àH$mam_Ü`o ewH«$mUw A§S>çmn`ªV nmohmoMy Z`o 
`mgmR>r AS>Wim {Z_m©U Ho$bm OmVmo. `mgmR>r {eñZmda H§$S>mo_ qH$dm Ë`mgmaIo EImXo AmdaU 
`moZr_Ü`o dmnabo OmVo. J^©{ZamoYZmÀ`m Xþgè`m àH$mamV earamVrb g§àoaH$m§Mm g_Vmob ~Xbbm 
OmVmo Ë`m_wio A§S>r V`ma hmoV ZmhrV d \$bZhr KSy> eH$V Zmhr. ̀ mgmR>r Vm|S>mdmQ>o Am¡fYr Jmoù`m 
¿`mì`m bmJVmV. _mÌ `m Jmoi²`m_wio g§àoaH$m§Mm g_Vmob ~XbVmo Ë`m_wio H$mhr gmB©S> B\o$ŠQ²>g 
(dmB©Q> n[aUm_) earam_Ü`o hmoD$ eH$Vmo. {Vgam J^©{ZamoYH$mMm àH$ma åhUOo J^m©e`m_Ü`o bwn 
qH$dm H$m°na-T  ~g{dVmV Ë`m_wio JamoXanUm Q>miVm `oVmo. _mÌ `m_wio J^m©e`m_Ü`o OiOi 
{Z_m©U hmoD$Z gmB©S> B\o$ŠQ²>g KSy> eH$VmV. Oa nwéfm_Yrb aoV dm{hZr_Ü`o AS>Wim {Z_m©U Ho$bm 
Va ewH«$mUw§Mo dhZ hmoUma Zmhr. Oa {ó`m§_Ü`o A§S>dm{hZr_Ü`o AS>Wim {Z_m©U Ho$bm Va A§S>r 
J^m©e`mn`ªV nmohmoMUma ZmhrV Am{U Ë`m_wio `m XmoÝhr CXmhaUm_Ü`o \$bZ KSy> eH$V Zmhr. 
Agm dm{hÝ`m_Ü`o AS>Wio {Z_m©U H$aÊ`mgmR>r eó{H«$`m§Mr _XV ¿`mdr bmJVo. Oar 
eó{H«$`oMr hr nÜXV gwa{jV d ~arM df} {Q>H$Umar Agbr VargwÜXm Oa eó{H«$`m ì`dpñWV 
Ho$br Jobr Zgob Va BZ\o$ŠeZ (g§gJ©) d BVa AS>MUr {Z_m©U hmoD$ eH$VmV. JamoXanU ZH$mo 
Agob Va eó{H«$`oÛmao ZH$mo Agbobm J^© H$mTy>Z Q>mH$bm OmVmo (J^©nmV). _mÌ bmoH$ `m 
nÜXVrMm Xþén`moJ H$aVmV åhUOo Ë`m§Zm ZH$mo Agbobm ~hþVoH$ _wbrMm J^© H$mTy>Z Q>mH$Ê`mgmR>r 
J^©nmV (abortion) H$ê$Z KoVmV. H$m`ÚmZo _wbrMm J^© H$mTy>Z J^©nmV H$aUo hm JwÝhm Amho. 
{ZamoJr g_mOmgmR>r ór Am{U nwéf `m§À`m g§»`oMo b¢{JH$ JwUmoÎma `mo½` amIbo Jobo nm{hOo. 
OÝ_mnydu Ho$ë`m OmUmè`m qbJ {ZXmZmbm H$m`ÚmZo ~§Xr AmUbr Amho, VargwÜXm g_mOmÀ`m 
H$mhr KQ>H$m§_Ü`o hmoUmè`m A{ddoH$s ór ^«wU J^©nmVm_wio bhmZ _wbm§À`m b¢{JH$ JwUmoÎmambm 
^`mZH$ JVrZo CVaVr H$im bmJbr Amho.
 nwZéËnmXZ hr EH$ Aer {H«$`m Amho H$s Á`m_wio gOrd Amnbr g§»`m dmT>{dVmV, ho AmnU 
nm{hbo Amho. OÝ_ Xa Am{U _¥Ë`y Xa bmoH$g§»`oMo à_mU R>a[dVmV. bmoH$g§»`oMr hmoUmar dmT> 
AZoH$m§À`m qMVoMm {df` R>abm Amho. H$maU dmT>Ë`m bmoH$g§»`o_wio àË`oH$mMo amhUr_mZ C§MmdUo 
H$R>rU OmVo. Oa {df_Vm ho g_mOmVrb ~è`mM bmoH$m§Mo amhUr_mZ ImbmdÊ`mMo _w»` H$maU 
Agob Va bmoH$g§»`oV dmT> hmoUo ho H$maU VwbZmË_H$ ÑîQ>çm H$_r _hËdmMo R>aVo. AmnU Oa 
g^modVmbr ZOa Q>mH$br Va Aer H$moUVr _hËdmMr H$maUo AmT>iVmV H$s Á`m§À`m_wio amhUr_mZ 
Imbmdbo Amho?

   {dkmZ71

    
    

    
    

 @
KTBS 

NOT TO BE R
EPUBLIS

HED



?
àíZ

1. namJr^dZmMr {H«$`m \$bZ {H«$`onojm doJir H$m Amho?
2. aoVme` Am{U àmoñQ>oQ> J«§WrMo H$m`© H$moUVo Amho?
3. d`mV ̀ oVm§Zm _wbtÀ`m_Ü`o H$moUVo ~Xb hmoVmV?
4. _mVoÀ`m earam_Ü`o AgVm§Zm J^m©Mo nmofU H$go hmoVo?
5. Oa EImÚm {óÀ`m earam_Ü`o H$m°na-T  ~g{dbobr Agob Va 

{VMm b¢{JH$ g§~§Ym_YyZ àgmarV hmoUmè`m amoJm§nmgyZ ~Mmd 
hmoD$ eH$Vmo H$m?

Vwåhr H$m` {eH$bm?

n BVa OrdZ{H«$`m§à_mUo àOmoËnmXZ hr {H«$`m OrdZ H«$_ Mmby amhÊ`mg Amdí`H$ {H«$`m 
Zmhr.

n àOmoËnmXZ åhUOo D.N.A Mr à{VH¥$Vr V`ma H$aUo d OmñVrMm noerMm gmMm V`ma 
H$aÊ`mMo H$m_ ̀ m {H«$`oV ̂ mJ KoUmè`m noerMo AgVo.

n Amnmnë`m earaaMZoZwgma {d{dY àmUr doJdoJù`m nÜXVrZo àOmoËnmXZ H$aVmV.
n {d^mOZ {H«$`o_Ü`o AZoH$ ~°ŠQ>oar`m Am{U Am{XOrdm_Ü`o (protozoa) EH$m noerÀ`m 

XmoZ noer qH$dm AZoH$ g§VVr noer {Z_m©U hmoVmV.
n h¡S´>mMo Oa VwH$S>o Ho$bo Va àË`oH$ VwH$S>çmMo nwZéX²^dZ hmoVo. Ë`m§À`m_YyZ _wHw$b 

{Z_m©U hmoD$Z n[anŠd Pmë`mda _wHw$bmnmgyZ ZdrZ h¡S´>m V`ma hmoVmo.
n emH$s` àOZZm_Ü`o _yi, ImoS> Am{U nmZo ̀ m§À`mnmgyZ ZdrZ dZñnVr V`ma hmoVmV.
n hr Ab¢{JH$ àOZZmMr CXmhaUo AmhoV, {OWo EH$mM gOrdmnmgyZ ZdrZ {nT>çm 

{Z_m©U hmoD$ eH$VmV.
n b¢{JH$ àOZZm_Ü`o ZdrZ gOrd {Z_m©U H$aÊ`m_Ü`o XmoZ gOrdm§Mm gh^mJ AgVmo.
n D.N.A À`m Z¸$b H$aÊ`mÀ`m à{H«$`oV Or n[adV©Zo KS>VmV Vr Ë`m àOmVrbm {Q>H$dyZ 

R>odÊ`mMo H$m`© H$aVmV.
n namJH$mofmVrb namJH$U qH$OëH$mH$S>o dmhÿZ ZoÊ`mMr {H«$`m gnwîn dZñnVrVrb 

àOZZm_Ü`o AmT>iVo. `m {H«$`obmM namJr^dZ Ago åhUVmV. `m {H«$`oZ§Va \$bZ 
{H«$`m KS>Vo.

n d`mV ̀ oV AgVm§Zm _wbtÀ`m djñWimÀ`m AmH$mam_Ü`o dmT> hmoVo, Va _wbm§À`m _Ü`o 
Mohè`mda Ho$gm§Mr dmT> hmoVo. hr bjUo b¢{JH$ n[anŠdVoMr AmhoV.

n _mZdm_Yrb Za àOmoËnmXH$ g§ñWo_Ü`o d¥fU AgVmV Á`m_Ü`o ewH«$mUw V`ma hmoVmV. 
VgoM `m g§ñWo_Ü`o aoVdm{hZr, aoVme`, àmoñQ>oQ> J«§Wr, _yÌdm{hZr Am{U {eñZ `m§Mm 
g_mdoe hmoVmo.
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n _mZdm_Yrb _mXr àOmoËnmXH$ g§ñWo_Ü`o A§S>me`, A§S>dm{hZr, J^m©e` Am{U ̀ moZr ̀ m§Mm 
g_mdoe hmoVmo.

n _mZdm_Yrb b¢{JH$ àOZZm_Ü`o ewH«$mUw _mXrÀ`m `moZr_Ü`o KmVbo OmVmV. 
A§S>dm{hZr_Ü`o \$bZ hmoVmo.

n H§$S>mo_, Vm|S>mdmQ>o KoVë`m OmUmè`m Jmoù`m, H$m°na-T Am{U BVa nÜXVr JamoXanUmgmR>r 
J^©YmaUm Q>miVmV.

Aä`mg

1. _wHw$bm`Z hr àOmoËnmXZmMr Ab¢{JH$ nÜXV Imbrb gOrdm_Ü`o AmT>iVo. 
 (a)  A_r~m (b)  ̀ rñQ> (c)  ßbmÂ_mo{S>`_ (d)  boe_°{Z`m
2. Imbrb n¡H$s H$moUVm KQ>H$ hm _mZdm_Yrb _mXr àOZZ g§ñWoMm ̂ mJ Zmhr.
 (a)  A§S>me`   (b)  J^m©e` 
 (c)  aoVdm{hZr   (d)  A§S>dm{hZr (\°$bmo{n`Z Q>çw~)
3. namJH$mofm_Ü`o Imbrb KQ>H$ AgVmo.
 (a)  g§Xb   (b)  ~rOm§S>
 (c)  ór Ho$ga   (d)  namJ H$U
4. Ab¢{JH$ àOZZmnojm b¢{JH$ àOZZmMo \$m`Xo H$moUVo?
5. _mZdm_Yrb d¥fUmMr H$m`} {bhm.
6. _m{gH$ nmir H$m ̀ oVo?
7. \w$bmÀ`m Cä`m N>oXmMr AmH¥$Vr H$mTy>Z doJdoJù`m ̂ mJm§Zm Zm§do Úm.
8. J^©{ZamoYZmÀ`m (g§VVr {Z`_ZmÀ`m) doJdoJù`m nÜXVr H$moUË`m?
9. EH$noer` Am{U ~hþnoer` gOrdm§À`m àOmoËnmXZmÀ`m àH$mamVrb \$aH$ gm§Jm.
10. EImÚm àOmVtÀ`m gOrdm§À`m g§»`oMr pñWaVm amIÊ`mgmR>r àOmoËnmXZ H$go _XV 

H$aVo?
11. J^©{ZamoYH$ gmYZo dmnaÊ`m_mJrb H$maUo gm§Jm.

   {dkmZ73
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àH$aU 8

AZwd§{eH$Vm
(Heredity)

 AmnU n{hbo Amho H$s àOmoËnmXZ à{H«$`oZo ZdrZ gOrdm§Mr {Z{_©Vr hmoVo. Oo Amnë`m 
gmaIoM AgVmV na§Vw H$mhr gwú_ ~Xb AgVmV Ab¢{JH$ àOmoËnmXZmÀ`mdoir H$mhr à_mUmV 
H$go ~Xb hmoVmV Ë`mMr MMmª Amåhr  Ho$bobr Amho. b¢{JH$ àOmoËnmXZ à{H«$`_Ü`o  ̀ egñdrnUo 
OmñVrVOmñV ~Xb  Pmbobo AmhoV.
 Oa Vwåhr D$gmÀ`m O{_ZrMo {ZarjU Ho$bo Va ì`º$sJV dZñnVr_Ü`o AË`§V H$_r ~Xb 
AgVmV.
na§Vw AZoH$ àmUr _mZdmgh Á`m_Ü`o b¢{JH$ àOmoËnmXZ KSy>Z ̀ oVo Ë`m_Ü`o doJodJù`m ì`º$s_Ü`o 
ñnï> Ago ~Xb {XgyZ `oVmV. `màH$aUm_Ü`o AmnU ~Xb H$go KSy>Z `oVmV VgoM Ë`m§Mo g§H«$_U 
hmoUmè`m V§ÌmMm Aä`mg H$aUma Amho.
8.1  àOZZmÀ`mdoir hmoUmao ~Xbm§Mo EH$ÌrH$aU (Accumulation of variation 

during Reproduction)
gmå` AgUmar aMZm Am{U gwú_  \$aH$ `m XmoÝhr Jmoï>r AZwd§{eH$Vo Ûmao nwT>rb {nT>rVrb 
g§VVr_Ü`o ̀ oVmV. Á`mdoir hr Z{dZ {nT>r nwZéËnmXZ H$aVo Ë`mdoir H$m` KS>V Ago ̀ mMm {dMma 
H$am. Aem àH$mao Xþgè`m {nT>rVrb gOrdm§_Ü`o  n{hë`m {nT>rnmgyZ AZwd§{eH$VoZo Ambobo ~Xb 
VgoM H$mhr Z{dZ {Z_m©U Pmbobo ~Xb AmT>iVmV. (Am.8.1)

Am.8.1 
Z{dZ {nT>çm_Ü`o KS>V OmUmao ~Xb. gJù`mV daMm _yi g§Ord g_Om XmoZ g§VVrZm OÝ_ XoVmo, 
Ë`m§Mr e[aaaMZm gmaIrM Amho nU gwú_ \$aH$ Amho. Ë`mVrb àË`oH$mnmgyZ Xÿgar {nT>r {Z_m©U 
hmoVo {OÀ`m àË`oH$ gOrdm§nmgyZ XmoZ g§VVr gOrd {Z_m©U hmoVmV. `m Vimer AgUmè`m Mmahr 
g§VVr EH$_oH$m§gma»`m {XgV ZmhrV. Ë`m§À`m H$mhr \$aH$ {d{MÌ AmT>iVmV Va H$mhr 
OZH$m§H$Sy>Z AZwd§erH$Vo_wio Ambobo AmT>iVmV. ho OZH$ XoIrb EH$_oH$m§gmaIo ZìhVo.

    
    

    
    

 @
KTBS 

NOT TO BE R
EPUBLIS

HED



?

 Ab¢{JH$ àOZZm_Ü`o Ooìhm EH$Q>mM gOrd nwZéËnmXZ H$aV AgVmo Ë`mdoiMo {MÌU Am. 
8.1 _Ü`o XmI{dbo Amho. EH$m ~°ŠQ>oar`mMo {d^OZ hmoD$Z XmoZ ~°ŠQ>oar`m V`ma hmoVmV. `m XmoZ 
~°ŠQ>oar`m§Mo nwÝhm {d^mOZ hmoD$Z Mma ~°ŠQ>oar`m V`ma hmoVmV. Vo EH$_oH$m§gmaIo Oar {XgV 
AgVrb Var Ë`m§À`m_Ü`o gyú_ \$aH$ AmT>iVmo, H$maU DNA Mr à{VH¥$Vr V`ma hmoV AgVm§Zm 
H$Xm{MV² AMwH$nUmVrb gwú_ MwH$m§_wio hm \$aH$ KSy> eH$Vmo. Ooìhm b¢{JH$ àOZZ KS>Vo Voìhm 
_mÌ `m nojm _moR>çm à_mUmV {d{dYVm {XgyZ `oVo. Ooìhm AmnU AZwd§{eH$VoÀ`m {Z`_m§Mm 
Aä`mg H$aVmo Voìhm hr gd© {d{dYVm AmnUmbm {XgVo.
 Amnë`m_Ü`o KS>boë`m ~Xbm§gh gOrd Á`m n[agam_Ü`o AmYrnmgyZ amhmV AgVmV {VWoM 
Vo ì`dpñWVnUo OJy eH$VmV H$m? AWm©VM Zmhr. KS>boë`m ~Xbm§À`m àH$mamZwgma {d{dY 
gOrdm§Zm doJdoJù`m àH$maMo \$m`Xo {_iVmV. ~°ŠQ>oar`mgmaIo gwú_ Ord CîU bmQ>o_Ü`o gwÜXm 
Ord§V amhVmV. ho AmnU nm{hbo Amho. ~Xb KS>boë`m gOrdm§Mr n`m©daUmZo Ho$bobr {ZdS> hr 
Jmoï> åhUOo CËH«$m§VrÀ`m {H«$`oMm nm`m Amho, ̀ mMm AmnU nwT>À`m ̂ mJmV Aä`mg H$é.

àíZ

8.2  AZwd§{eH$Vm  (Heridity)

 àOmoËnmXZmMm gdm©V _hËdmMm \$m`Xm åhUOo AOyZhr g§~§{YV gOrdmVrb gd© {nT>çmVrb 
gOrdm§Mr eara aMZm gmaIrM amIbr Jobr Amho. AZwd§{eH$VoÀ`m {Z`_mZwgma {d{eï> nÜXVrZo 
{deof bjUo d JwUY_© ImÌrZo nwT>À`m {nT>r_Ü`o g§H«$_rV hmoVmV.
8.2.1  AZwd§{eH$VoZo àmá Pmbobr {deof bjUo (Inherited Traits)

 gmå` AgUo Am{U \$aH$ AgUo `mMm Zo_H$m AW© H$m`? bhmZ _wbm§_Ü`o _mZdmMr gd© 
àmW{_H$ bjUo {XgVmV ho Amnë`mbm _m{hV Amho. VargwÜXm _wbo V§VmoV§V Amnë`m 
nmbH$m§gmaIr {XgV ZmhrV. åhUyZM Amnë`mbm _mZdmÀ`m bmoH$g§»`o_Ü`o {d{dY àH$maMo 
\$aH$ {XgyZ ̀ oVmV.

H¥$Vr 8.1

n Vw_À`m dJm©Vrb gd© {dÚmÏ`mªÀ`m H$mZm§Mo 
{ZarjU H$am. Ë`m§Mr _wº$ H$mZm§Mr nmir 
AgUmao d {MH$Q>bobr H$mZm§Mr nmir 
AgUmè`m {dÚmÏ`mªMr ̀ mXr H$am (Am. 8.2) (a) _wº$ H$mZmMr nmir

1. Ab¢{JH$ àOZZ H$aUmè`m EH$m gOrdm§À`m JQ>m_Ü`o Oa A àH$maMo 
{deof JwUY_© 10% gOrdm§_Ü`o AmT>iVmV Am{U B àH$maMo {deof 
JwUY_© 60% gOrdm§_Ü`o AmT>iVmV Va H$moUË`m àH$maÀ`m {deof 
JwUY_mªMr CËnÎmr gOrdm_Ü`o AmYr Pmbr Agob?

2. EImÚm àOmVrVrb gOrdm§_Ü`o KS>bobo ~Xb Ë`m§Zm ì`dpñWV OrdZ 
OJÊ`mg H$go àd¥Îm H$aVmV?
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 AZwd§{eH$Vm Am{U CËH«$m§Vr

(b)

n Ë`mMà_mUo Ë`m àË`oH$mÀ`m AmB© d{S>bm§À`m 
H$mZm§À`m nmù`m H$em AmhoV `mMm emoY ¿`m. 
{dÚmÏ`m©À`m H$mZmÀ`m nmù`m Am{U Ë`m§À`m 
AmB©d{S>bm§À`m H$mZm§À`m nmù`m§Mr VwbZm 
H$am. Vwåhr H$mT>boë`m AZw_mZmZwgma H$mZmÀ`m 
nmù`m§À`m AZwd§{eH$Vo~Ôb EH$ gd©gmYmaU 
{Z`_ emoYyZ H$mT>m.

Am. 8.2  (a) _wº$ H$mZmMr nmir
(b) {MH$Q>bobr H$mZmMr nmir

8.2.2  {deof bjUm§À`m AZwd§{eH$VoMo {Z`_ _|S>bMo H$m`©
 Amnë`m AnË`mbm AmB© d dS>rb XmoKohr g_mZ AZwd§{eH$ gm_J«r XoVmV, `mdaM 
_mZdm_Yrb AZwd§{eH$VoÀ`m {deof bjUm§Mm {Z`_ {ZYm©arV Amho. ̀ mMmM AW© Agm Amho H$s 
AnË`m_Yrb àË`oH$ {deof bjUmda AmB©À`m d d{S>bm§À`m DNA Mm à^md AgVmo. Aem 
àH$mao àË`oH$ _wbm_Ü`o Oa Ë`m {deof bjUm§À`m XmoZ Amd¥Î`m AgVrb Va _J Amnë`mbm 
`mn¡H$s H$moUVm {deof JwU Ë`mÀ`m_Ü`o {XgyZ `oB©b? Aem {deof bjUm§À`m AZwd§{eH$VogmR>r 
_|S>boZo H$mhr _hËdmMo {Z`_ gm§JrVbo AmhoV. e§^a dfmªnojm OmñV OwZo Ago _|S>obMo à`moJ 
_Zmoa§OH$ AmhoV. (Mm¡H$Q> nhm) _|S>bZo Aem àH$maÀ`m AZwd§{eH$VogmR>r H$mhr {Z`_ gm§JrVbo 
AmhoV.

H$mZmÀ`m eodQ>À`m ^mJmbm H$mZmMr nmir Ago åhUVmV. H$mhtÀ`m_Ü`o H$mZmMr nmir 
S>moŠ`mÀ`m ~mOybm {MH$Q>bobr AgVo Va H$mhr OUm§À`m_Ü`o H$mZmMr nmir {MH$Q>bobr ZgVo. 
Aem àH$mao _wº$ Am{U {MH$Q>bobr H$mZmMr nmir Ago XmoZ ~Xb AmT>iVmV.

J«oJa OmohmZ _|S>ob (1822-1884)
 _|S>obMo {ejU EH$m Aml_mV Pmbo. Z§Va Vmo pìhEÞmbm J{UV d 
gm`ÝgMm Aä`mg H$aÊ`mgmR>r Jobo. AÜ`mnH$ à_mUnÌ n[ajo_Ü`o 
Vo Zmnmg Pmbo. VargwÜXm Ë`mMr d¡km{ZH$ emoYm~ÔbMr AmñWm H$_r 
Pmbr Zmhr. Ë`mZ§Va Vo nwÝhm Aml_mH$S>o naVmbo Am{U dmQ>mÊ`mÀ`m 
dZñnVrMo CËnmXZ gwé Ho$bo. _|S>boÀ`m AmYr ~è`mM OUm§Zr 
dmQ>mÊ`mÀ`m dZñnVrVrb {deof JwUY_mªÀ`m AZwd§{eH$Vo~Ôb 
Am{U BVa gOrdm§Mm Aä`mg Ho$bm hmoVm. _|S>obZo Amnë`m J{UV d 
gm`Ýg ̀ m XmoÝhr kmZmÀ`m g§`moJmMm Cn`moJ H$ê$Z gOrdm§À`m àË`oH$ 
{nT>rVrb {d{eï> JwUY_mªMr _moOUr Ho$br. Ago H$aUmam _|S>ob hm 
n{hbm emók hmoVm. Aem àH$maÀ`m à`moJmÛmao _|S>obZo AZwd§{eH$VoMo {Z`_ emoYyZ H$mT>bo 
AmhoV Ë`m~Ôb AmnU nwT>rb ̂ mJmV MMm© H$aUma AmhmoV.

 _|S>obZo dmQ>mÊ`mÀ`m dZñnVr_Yrb Ñer` (S>moù`m§Zr {XgUmè`m) {d{^Þ JwUY_mªMm 
Cn`moJ Amnë`m à`moJm§_Ü`o Ho$bm. CXm. JmobmH$ma/gwaHw$Vboë`m {~`m, C§M/R>|JÊ`m dZñnVr, 
nm§T>ar/Om§^ir \w$bo BË`mXr. Ë`mZo EH$mM JwUY_m©_Ü`o {d{^ÞVm XmI{dUmar amono {ZdS>br. CXm. 
C§M Am{U R>|Jy dZñnVr {ZdS>br d `m XmoZ dZñnVrnmgyZ Ë`mZo g§VVr {Z_m©U Ho$br. Am{U `m 
{Z_m©U Pmboë`m g§VVr_Yrb C§M Am{U R>|Jy dZñnVtMr eoH$S>odmar H$mT>br.
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 n{hë`m {nT>r_Ü`o åhUOo F1 _Ü`o XmoÝhr OZH$m§À`m C§MrÀ`m àË`oH$s AÜ`m© g§»`oZo dZñnVr 
qH$dm gd© dZñnVr _Ü`_ C§MrÀ`m Aem AmT>ië`m ZmhrV, Va gd© dZñnVr C§MM hmoË`m. 
`mMmM AW© Agm H$s F1 {nT>r_Ü`o \$º$ EH$mM OZH$mMo JwUY_© àH$Q> Pmbo _mÌ XmoÝhr OZH$m§À`m 
JwUY_mªMo {_lU XmI{dUmar EH$hr dZñnVr ZìhVr. Xþgam EH$ àíZ Agm CnpñWV hmoVmo H$s F1 
_Yrb dZñnVtMr C§Mr Amnë`m C§M OZH$mEdT>r hmoVr H$m? `mMo CÎma emoYÊ`mgmR>r _|S>obZo 
AmUIr EH$ à`moJ Ho$bm. Ë`mZo `m à`moJm_Ü`o XmoÝhr OZH$ dZñnVtMo Am{U F1 _Yrb 
dZñnVtMo ñdnamJr^dZ KS>dyZ AmUbo d àOZZ Ho$bo. Ë`mbm Ago AmT>iyZ Ambo H$s C§M 
dZñnVrnmgyZ {Z_m©U Pmboë`m g§VVr dZñnVr gd© C§MM hmoË`m, _mÌ F1 _Yrb C§M 
dZñnVrnmgyZ {Z_m©U Pmboë`m g§VVr dZñnVr_Ü`o qH$dm F2 {nT>r_Ü`o gd© dZñnVr C§M 
ZìhË`m. CbQ> Ë`m dZñnVrn¡H$s 1/4 dZñnVr R>|Jy hmoË`m. `mMmM AW© Agm Amho H$s F1 
{nT>r_Ü`o C§M Am{U R>|JynUm ho XmoÝhr JwUY_© AZwd§{eH$Vo_wio Ambobo hmoVo. nU Ë`m§À`mV Ho$db 
C§MnUmMm JwUY_© àH$Q> Pmbm. AemàH$mao EH$mM JwUY_m©À`m XmoZ Amd¥Î`m AZwd§{eH$Vo_wio 
nwT>rb {nT>rV OmVmV. ho Amnë`mbm b¢{JH$ àOZZmV {XgyZ `oVo. EH$mM JwUY_m©À`m `m XmoZ 
Amd¥Î`m EH$ gma»`mM AgVmV H$s {^Þ Agmì`mV ho Ë`m§À`m Hw$imda Adb§~yZ AgVo. `m 
J¥hrVmZwgma AZwd§{eH$VoMm Z_wZm AmnU A. 8.3 _Ü`o XmI{dë`mà_mUo H$mTy> eH$Vmo.

C§M x R>|Jy gd© C§M g§VVr

C§M C§M C§M R>|JyC§MC§M

Am. 8.3  XmoZ {nT>çm_Yrb {deof JwUY_mªMr AZwd§{eH$Vm

H¥$Vr 9.2

n F2 {nT>r_Ü`o 1:2:1 ̀ m JwUmoÎmamZwgma TT, Tt Am{U tt Agm {deof JwUY_mªMm g§`moJ 
AmT>iVmo ho nS>VmiyZ nmhÊ`mgmR>r Am. 8.3 _Ü`o XmI{dë`mà_mUo H$gm à`moJ AmnU 
H$ê$ eH$Vmo?

x
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nanamJr^dZ

ñdnamJr^dZ

3:1 JwUmoÎma
Am. 8.4

 `m à`moJm_Ü`o TT Am{U Tt `m XmoÝhr JQ>mVrb dZñnVr C§M AgVmV. _mÌ tt _Yrb 
dZñnVr R>|Jy AgVmV. Xþgè`m eãXmV gm§Jm`Mo åhUOo T Mr EH$M Amd¥Îmr Agbr Var Vr 
dZñnVr C§M AgVo Am{U Ooìhm XmoÝhr Amd¥Ë`m ‘t’ À`m AgVmV Voìhm Vr dZñnVr R>|Jy AgVo. ‘T’ 
gmaIo {deof JwUY_© à~i qH$dm àH$Q> AgVmV Va ‘t’ Mo JwUY_© AàH$Q> AgVmV. 
 Am. 8.4 _Ü`o H$moUVo JwUY_© àH$Q> d H$moUVo JwUY_© AàH$Q> AmhoV Ago AmnU g_Oy 
eH$Vmo Vo gm§Jm.
 Ooìhm XmoZ doJdoJio JwUY_© AgUmè`m dmQ>mÊ`mÀ`m dZñnVr_Ü`o \$bZ KS>Vo Voìhm H$m` 
KS>Vo?
 C§M Am{U Jmob {~`m AgUmè`m dZñnVrMo R>|Jy Am{U 
gwaHw$Vboë`m {~`m AgUmè`m dZñnVrer \$bZ Pmbo Va 
H$em àH$maMr g§VVr {Z_m©U hmoB©b? Ë`m gd© C§M Am{U Jmob 
{~`m AgUmè`m dZñnVr {Z_m©U hmoVmV. C§M Am{U Jmob 
{~`m ho àH$Q> JwUY_© AmhoV.
 nU Ooìhm F1 {nT>r_Ü`o ñdnamJr^dZ KS>dyZ F2 {nT>r 
{Z_m©U hmoVo Voìhm F2 {nT>rVrb g§VVr H$er Agob? 
_|S>obÀ`m `m à`moJm_Ü`o Ago AmT>ibo H$s F2 {nT>rVrb 
H$mhr dZñnVr C§M d Jmob {~`m§À`m Va H$mhr dZñnVr R>|Jy 
Am{U gwaHw$Vboë`m {~`m§À`m AgVmV. VargwÜXm `m F2 {nT>rVrb H$mhr dZñnVr_Ü`o `m XmoÝhr 
JwUY_mªMm g§`moJ {XgyZ ̀ oVmo. Ë`m§À`mn¡H$s H$mhr dZñnVr C§M nU gwaHw$Vboë`m {~`m AgUmè`m 
d H$mhr R>|Jy Am{U Jmob {~`m§À`m AgVmV. Aem àH$mao C§M/R>|Jy Am{U Jmob {~`m/gwaHw$Vboë`m 
{~`m Ago XmoÝhr {deof JwUY_© AZwd§{eH$VoZo nwT>À`m {nT>rV Zobo OmVmV. Xÿgao CXmhaU Am. 8.5  
_Ü`o XmI{dbo Amho.

8.2.3  {deof bjUo (JwUY_©) H$go àH$Q> hmoVmV?
AZwd§{eH$VoMr ̀ §ÌUm H$er H$m_ H$aVo? 
 noer_Ü`o àmo{Q>Ýg V`ma H$aVm§Zm Amdí`H$ _m{hVr nwa{dUmao ómoV åhUOo DNA Amho. 
EImÚm àmo{Q>Zbm _m{hVr nwa{dÊ`mMo H$m`© DNA _Ybm Omo ̂ mJ H$aVmo Ë`m ̂ mJmbm Ë`m àmo{Q>ZMm 
OÝ`y (genes) Ago åhUVmV. AmnU AmVm Á`m bjUm§Mr MMm© H$aUma AmhmoV Ë`m§À`mda 
àmo{Q>Ýg H$go {Z`§ÌU R>odVmV? AmVm AmnU C§Mr ho bjU CXmhaUm XmIb KoD$ ̀ m. dZñnVr_Ü`o 
H$mhr {d{eï> g§àoaHo$ AgVmV Or C§MrgmR>r H$maUr^yV AgVmV. AemàH$mao dZñnVtMr C§Mr EH$m 
{d{eï> g§àoaH$mÀ`m à_mUmda Adb§~yZ AgVo Vo g§àoaH$ V`ma H$aÊ`mÀ`m nÜXVrÀ`m 
H$m`©j_Voda Ë`m g§àoaH$mMo à_mU Adb§~yZ AgVo. ̀ m {H«$`ogmR>r _hËdmÀ`m AgUmè`m {dH$amMm 
(enzyme) {dMma H$ê$.
 Oa ̀ m {dH$amMr H$m`©j_Vm Mm§Jbr Agob Va _moR>çm à_mUmV g§àoaH$ V`ma hmoD$Z dZñnVr 
C§M hmoVrb. _mÌ Ë`m g§àoaH$ g§~§YrÀ`m OÝ`y_Ü`o Oa Agm H$mhr ~Xb KS>bm H$s Á`m_wio Ë`m 
g§àoaH$mMr H$m`©j_Vm H$_r hmoV Agob Va _mÌ Vo g§àoaH$ H$_r à_mUmV V`ma hmoB©b, d dZñnVr 
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R>|Jy hmoB©b. AemàH$mao JwUY_mªda Am{U bjUm§da OÝ`y§Mo 
{Z`§ÌU AgVo.
 Oa AmnU MMm© H$aV Agboë`m _|S>oÀ`m à`moJm§Mr 
ñn{ï>H$aUo ~amo~a AgVrb Va b¢{JH$ àOZZmÀ`m doir {Z_m©U 
Pmboë`m g§VVrÀ`m DNA _Ü`o XmoÝhr OZH$m§Mm g_mZ dmQ>m 
Agbm nm{hOo. ̀ m {df`r AmnU _mJrb àH$aUm_Ü`o Aä`mg 
Ho$bm Amho. Oa g§VVr_Yrb bjUo XmoÝhr OZH$m§_wio {ZpíMV 
hmoV AgVrb Va EH$mM JwUY_m©gmR>r XmoÝhr OZH$m§H$Sy>Z 
àË`oH$s EH$ Amd¥Îmr g§VVrbm {_iV Agbr nm{hOo. `mMmM 

(Jmob, {hado) (gwHw$Vbobo, {ndio)

(Jmobo, {ndio)

   {dkmZ

AW© Agm hmoVmo H$s dmQ>mÊ`mÀ`m dZñnVr_Ü`o OÝ`yMo XmoZ 
g§M AgVmV. àË`oH$ OZH$mH$Sy>Z EH$ g§M Ambobm AgVmo. 
ho gmÜ` H$aÊ`mgmR>r OZZ noer_Ü`o OÝ`y§Mm \$º$ EH$M g§M 
AgUo Amdí`H$ Amho.
 earamVrb gd© noet_Ü`o OÝ`yÀ`m XmoZ Amd¥Î`m 
AgVmV _J Aem XmoZ Amd¥Î`m§nmgyZ OZZ noer EH$ Amd¥Îmr 
H$er ~Zdy eH$VmV? Oa g§VVr noetZm àË`oH$ OZH$mH$Sy>Z 
OÝ`yÀ`m XmoZ Amd¥Î`m§Mm g§M Amho Vgm {_imbm Va Am. 
8.5 À`m à`moJmZwgma H$mhr KS>Uma Zmhr. H$maU ‘R’ Am{U 
‘y’ hr XmoÝhr bjUo EH$_oH$m§er OmoS>br OmVrb Am{U 
Ë`m_wio ñdV§ÌnUo hr bjUo ñdV§ÌnmUo  Xþgè`m {nT>rV 
g§H«$_rV hmoUma ZmhrV. Ë`m_wio `mMo ñn{ï>H$aU Ago {Xbo 
OmVo H$s àË`oH$ OÝ`y hm DNA Mm nyU© YmJm ZgVmo Va Vmo 
EH$m ñdV§Ì VwH$S>çmÀ`m ê$nmV AgVmo Á`mbm JwUgwÌ 
(chromosome) Ago åhUVmV. AemàH$mao àË`oH$ 

noer_Ü`o Za Am{U _mXr OZH$mH$Sy>Z àË`oH$s EH$ Amboë`m àË`oH$ JwUY_m©À`m XmoZ Amd¥Î`m 
AgVmV. àË`oH$ OZZ noer àË`oH$ JwUgwÌmÀ`m OmoS>rVrb EH$ JwUgwÌ pñdH$maVo _J Vr Ë`mÀ`m 
_mVoH$Sy>Z Ambobr qH$dm {nË`mH$Sy>Z Ambobr JwUgwÌo AgVrb. Ooìhm XmoZ OZZ noetMm g§`moJ 
hmoVmo Ë`mdoir g§VVr_Ü`o Zoh_rà_mUo JwUgwÌm§À`m g§»`oMr nwZa©MZm hmoVo. Aem aMZo_wio Ë`m 
{d{eï> àOmVrÀ`m DNA Mr pñWaVm amIbr OmVo. Aer hr AZwd§{eH$VoMr `§ÌUm _|S>obÀ`m 
à`moJm§Zm nwï>r XoVo Am{U hr nÜXV gd© àmÊ`mVrb b¢{JH$ àOZZmV dmnabr OmVo. Ab¢{JH$ 
àOZZm_Ü`ogwÜXm AgoM {Z`_ nmibo OmVmV. AmnU AmVm AZwd§{eH$Vm H$er H$m`© H$aVo Vo nmhÿ 
`m H$m?

8.2.4  qbJ {ZXmZ  (Sex Determination)

 b¢{JH$ àOZZm_Ü`o ^mJ KoUmar XmoÝhr qbJo hr ~è`mM H$maUm§gmR>r EH$_oH$m§nmgyZ {^Þ 
AgVmV ̀ mMm AmnU Aä`mg Ho$bm Amho.
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 _mZdm_Yrb gd© JwUgwÌo OmoS>rZo ZgVmV `m ñn{ï>H$aUm_Ü`o darb àíZmMo CÎma XS>bobo 
Amho. _mZdm_Yrb ~è`mM JwUgwÌm§_Ü`o EH$ _mVoH$Sy>Z Ambobr Amd¥Îmr d EH$ {nË`mH$Sy>Z 
Ambobr Amd¥Îmr AgVo; Am{U AemàH$maÀ`m 22 OmoS>çm AgVmV. _mÌ EH$ JwUgwÌm§Mr OmoS>r 
{Obm qbJ JwUgwÌo (sex chromosomes) åhUVmV Vr doJir AgVo. Vr BVa OmoS>çm§gmaIr Zoh_r n[anyU© 
ZgVo. {ó`m§À`m_Ü`o hr qbJ JwUgwÌmMr OmoS>r _mÌ n[anyU© AgyZ XmoÝhr Amd¥Î`m§Zm X åhUVmV nU 
nwéfm_Ü`o hr qbJ JwUgwÌm§Mr OmoS>r n[anyU© ZgVo EH$mbm X åhUVmV Á`mMm AmH$ma gd©gmYmaU 
AgVmo nU Xþgè`mbm Y åhUVmV Á`mMm AmH$ma AmIyS> AgVmo. AemàH$mao {ó`m§_Ü`o XX Am{U 
nwéfm§_Ü`o XY AgVmV. AmVm AmnU X Am{U Y Mm AZwd§{eH$ AmamIS>m H$mTy> ̀ m H$m?
 Am. 8.6  _Ü`o XmI{dë`mà_mUo AYu g§VVr _wbJo Va AYu g§VVr _wbr åhUyZ OÝ_mbm 
`oVmV. g§VVr _wbJm qH$dm _wbJr H$moUrhr Agmo Ë`m§Zm Amnë`m AmB©H$Sy>Z X JwUgwÌ {_iVo. 
`mMmM AW© H$s d{S>bm§H$Sy>Z H$moUVo JwUgwÌ g§VVrbm {_iVo ̀ mdaM g§VVrMo qbJ {ZpíMV hmoVo. 
Á`m g§VVrbm Amnë`m d{S>bmH$Sy>Z X JwUgwÌ {_iVo Vr _wbJr åhUyZ OÝ_mbm `oVo Am{U Á`m 
g§VVrbm d{S>bmH$Sy>Z Y JwUgwÌ àmá hmoVo Vo AnË` _wbJm åhUyZ OÝ_mbm ̀ oVo.

Za

`w½_H$

`w½_ZOm

_mXr
Am. 8.6  _mZdm_Yrb qbJ {ZXmZ

_mXr

Za

g§VVr

 AZwd§{eH$Vm Am{U CËH«$m§Vr

 ZdrZ OÝ_mbm Amboë`m AnË`mMo qbJ H$go 
AmoiIVmV? `mgmR>r doJdoJù`m àOmVrgmR>r doJdoJir 
YmoaUo Adb§{~br OmVmV. H$mhr gOrd `mgmR>r 
n`m©daUmÀ`m gyMZoda Adb§~yZ AgVmV. CXm. H$mhr 
àmÊ`m§_Ü`o \$bZ Pmbobo A§S>o Á`m Vn_mZmV AgVo 
Ë`mdê$Z Ë`m A§S>çm_Ü`o Za dmT>V Amho H$s _mXr ho R>aVo. 
JmoJbJm`rgma»`m àmÊ`m§_Ü`o gOrd Amnbo qbJ ~Xby 
eH$VmV. `mdê$Z Ago gy{MV hmoVo H$s qbJ ho OZ{ZH$ 
nÜXVrZo {ZpíMV hmoV Zmhr. _mÌ _mZdm_Ü`o OZ{ZH$ 
nÜXVrZoM qbJ {ZpíMVr hmoVo. Xþgè`m eãXmV gm§Jmd`mMo 
Pmë`mg OZH$mH$Sy>Z Amboë`m OÝ`yda§M _wbJm hmoUma H$s 
_wbJr ho R>aV AgVo. nU AmÎmmn`ªV AmnU ho J¥hrV Yabo 
Amho H$s XmoÝhr OZH$mH$Sy>Z gmaImM OÝ`y§Mm g§M g§VVrbm 
àmá hmoVmo. _J Ago AgVm§Zm OZZr` AZwd§{eH$Vm qbJ 
H$go {ZpíMV H$ê$ eH$Vo?

?
àíZ

1. gOrdm_Yrb H$mhr {deof bjUo àH$Q> AgVmV qH$dm AàH$Q> AgVmV ho _|S>obÀ`m 
à`moJmdê$Z H$go XmI{dVm ̀ oVo?

2. EH$m {nT>rVyZ Xþgè`m {nT>rV ñdV§ÌnUo bjUo g§H«$_rV hmoVmV ho _|S>obÀ`m 
à`moJmdê$Z H$go {gÜX hmoVo?

3. Oa A aº$JQ> AgUmè`m _mUgmZo O aº$JQ> AgUmè`m órer b¾ Ho$bo Am{U Ë`m§Zm 
O aº$JQ> AgUmar _wbJr Pmbr Va ̀ mdê$Z aº$JQ> A qH$dm aº$JQ> O àH$Q> JwUY_© 
Amho ho gm§JÊ`mgmR>r hr _m{hVr nwaoer Amho$ H$m? H$m d H$m Zmhr?

4. _mZdm_Ü`o AnË`m§Mo qbJ H$go {ZpíMV hmoVo?
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   {dkmZ

Vwåhr H$m` {eH$bm?

n àOZZmÀ`m doir Pmbobo \$aH$ qH$dm ~Xb ho AZwd§{eH$ AgVmV.

n `m \$aH$m§_wio {Od§V amhÿ eH$Umè`m gOrdm§Mr g§»`m OmñV AgVo.

n b¢{JH$ àOZZ H$aUmè`m XmoZ gOrdm§_Ü`o EH$mM OÝ`yÀ`m XmoZ doJdoJù`m Amd¥Ë`m 
AgVmV. Oa XmoÝhr Amd¥Î`m V§VmoV§V OwiUmè`m ZgVrb Va Ë`mn¡H$s Or Amd¥Îmr g§VVr 
_Ü`o AmT>iVo {Vbm àH$Q> JwUY_© Am{U AÑí` ê$nmVrb Xþgè`m JwUY_m©bm AàH$Q> 
JwUY_© Ago åhUVmV.

n EImÚm gOrdm_Yrb {deof JwUY_© AZwd§{eH$VoZo nwT>À`m {nT>rV ñdV§ÌnUo Zobm 
OmVmo. Ë`m {Z_m©U Pmboë`m g§VVrÀ`m b¢{JH$ àOZZm_Ü`o hmM JwUY_© Z{dZ 
g§`moJmÛmao doJim JwUY_© CËnÞ H$aVmV.

n {d{dY àOmVr_Ü`o qbJ R>a{dUmao KQ>H$ {^Þ AgVmV. _mZdm_Ü`o g§VVrMo qbJ 
OZH$mH$Sy>Z Amboë`m X (_wbrgmR>r) Am{U Y (_wb½`mgmR>r) JwUgwÌmda Adb§~yZ 
AgVo.

Aä`mg

1. _|S>obÀ`m à`moJm_Ü`o Om§^ir \w$bo, AgUmè`m C§M dmQ>mÊ`mÀ`m dZñnVrMm g§H$a 
Ooìhm nm§T>ar \w$bo AgUmè`m R>|Jy dmQ>mÊ`mÀ`m dZñnVrer Ho$bm Voìhm {Z_m©U 
Pmboë`m g§VVr_Ü`o Om§^ir \w$bo hmoVr _mÌ Ë`mVrb AÜ`m© dZñnVr R>|Jy hmoË`m. 
Ë`m_Yrb C§M dmQ>mÊ`mMr dZñnVr AmnU Imbrbà_mUo XmIdy eH$Vmo.

 (a)  T T W W (b)  T T w w (c)  T t W W  (d)  T t W w

2. gm¡å` a§Jm§Mo S>moio AgUmè`m _wbm§À`m nmbH$m§Mo S>moiohr gm¡å` a§JmMo AgVmV. 
`mdê$Z AmnU Ago åhUy eH$Vmo H$m H$s S>moù`m§Mo gm¡å` a§J AgUmao OÝ`y ho àH$Q> 
AmhoV H$s AàH$Q> AmhoV? H$m qH$dm H$m Zmhr?

3. Hw$Í`m_Yrb Ho$gmi ËdMoÀ`m a§JmMm àH$Q> OÝ`y emoYyZ H$mT>Umè`m àmoOoŠQ>Mm 
AmamIS>m V`ma H$am.

4. g§VVrÀ`m OZ{ZH$ ̀ moJXmZm_Ü`o Za Am{U _mXr nmbH$m§Mm g_mZ dmQ>m H$gm AgVmo?

h h h h
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¨É¼ÀPÀÄ, ¥Àæw¥sÀ®£À ªÀÄvÀÄÛ ªÀQæÃ¨sÀªÀ£À 1

àH$me-namdV©Z 
                     Am{U AndV©Z

àH$aU 9

 OJm_Ü`o AmnU Amnë`m  g^modVmbr AZoH$ àH$maÀ`m dñVy nmhVmo VarnUr, Ë`m dñVw 
AmnU A§Ymè`m ImobrV nmhþ eH$V Zmhr. Imobr àH$merV Ho$ë`mZ§Va Ë`m dñVw AmnUmbm 
{XgVmV. dñVw H$em_wio {XgVmV? {Xdgm gy`©àH$me hm dñVw nmhÊ`mgmR>r AmnUmg _XV H$aVmo. 
dñVw Amnë`mda nS>Umam àH$me namdVuV H$aVmV. hm namdVuV àH$me Amnë`m S>moù`mda 
nS>ë`mZ§Va AmnUmbm dñVw {XgVo. hm namdVuV àH$me S>moù`m§Zr J«hU Ho$ë`mZ§Va AmnU dñVw 
nmhÊ`mg gj_ R>aVmo. AmnU nmaXe©H$ _mÜ`_mVyZ nmhþ eH$Vmo H$maU nmaXe©H$ _mÜ`_mVyZ 
àH$me g§H«${_V hmoVmo. àH$memer g§~YrV AZoH$ AmíM`©H$maH$ KQ>Zm AmhoV Ogo Amaemdê$Z 
à{V_m V`ma H$aUo, Vmè`m§Mo M_H$Uo, B§ÐYZwî`m§Mo gw§Xa a§J, _mÜ`_m_wio àH$memMo dH«$s^dZ 
BË`mXr. àH$memÀ`m Aä`mgmZo Ë`mÀ`m JwUY_m©À`m _XVrZo AmnU Ë`m§Mm emoY KoD$ eH$Vmo.
 gd©gmYmaUnUo g^modVmbÀ`m àH$mer` JwUY_m©Mo {Z[ajU Ho$ë`mg AmnU Ago AZw_mZ 
H$mTy> eH$Vmo H$s, àH$me Zoh_r gai aofoV àdmg H$aVmo. àH$memÀ`m gai aofoÀ`m _mJm©À`m {XeoZo 
bhmZ àH$me ómoVmnmgyZ AnmaXe©H$ dñVyMr VrúU gmdbr V`ma hmoVo d Vr àH$me {H$aU åhUyZ 
Xe©{dVmV.

A
{Y

H$
 O

mU
wZ 

¿`
m !

àH$memÀ`m _mJm©Vrb AnmaXe©H$ nXmW© bhmZ Agob Va àH$me {H$aU gai aofoV Z 
OmVm Ë`m§Mm dmH$Ê`mH$S>o H$b OmñV AgVmo ̀ mbmM àH$memMo {ddV©Z (diffraction) 
åhUVmV. Z§Va àH$me {H$aU gai aofoV OmVmo ho MwH$sMo R>aVo. àH$me hm EH$ Va§J Amho 
ho VËd àH$mem§À`m {ddV©ZmÀ`m JwUY_m©À`m ñnï>rH$aUmgmR>r dmnabo OmVo. Á`mMm 
g{dñVa Aä`mg Vwåhr Cƒ dJm©V H$amb. 20 ì`m eVH$mÀ`m gwadmVrg àH$me d 
nXmW© ̀ m§À`m_Yrb nañna {H«$`m g_OwZ KoÊ`mgmR>r Va§J {gÕm§V Anwam nS>bm  Am{U 
àH$me OmñVrV OmñV H$Um§gmaIm dmJbm. àH$memÀ`m Iè`m ñdê$nm g§~§YrMm Jm|Yi 
nwT>o H$mhr df© AgmM Mmby amhrbm Vmo àH$memÀ`m H$m°ÝQ>_ {gÕm§VmMm emoY bmJon`ªV. 
Á`mV Ago gm§JrVbo OmV hmoVo, àH$me Va§J Zmhr d H$Uhr ZmhrV-ZdrZ 
{gÕm§Vmà_mUo àH$memMm àgma H$Um§À`m JwUY_m©Zwgma Va§JmÀ`m ñdê$nmV hmoVmo.

(Light – Reflection and Refraction)
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 `m àH$aUmV AmnU àH$me {H$aU gai aofoV OmVmV ̀ m VËdmÀ`m AmYmao àH$memMo namdV©Z 
Am{U AndV©Z `m§Mm Aä`mg H$ê$. hr _wb^yV H$ënZm {ZgJm©Vrb H$mhr àH$mer` JwUY_m©À`m 
Aä`mgmgmR>r _XV H$ê$ eHo$b. Jmob AmaemVwZ hmoUmao àH$memMo namdV©Z àH$memMo AndV©Z 
Am{U Ë`m§Mo X¡Z§{XZ Cn`moJ ̀ m§Mm Aä`mg ̀ m àH$aUmV g_OyZ KoUma AmhmoV.

9.1  àH$memMo namdV©Z  (Refraction of Light)

 EH$X_ JwiJwirV n¥ð>^mJ, Ogm H$s Amagm, Ë`mda nS>Umam àH$me OmñVrV OmñV namdVuV 
H$aVmV. àH$memÀ`m namdV©ZmMo {Z`_ Amnë`mbm _mhrV AmhoVM 

Vo AmnU nwÝhm AmR>dy-

(i) AmnmVr H$moZ namdV©Z H$moZmBVH$m AgVmo, Am{U.

(ii) AmnmVr {H$aU, AmaemÀ`m AmnmVr {H$aUmÀ`m q~XþVyZ H$mT>bobr ñV§{^H$m d namd[V©V 
{H$aU ho  gd© EH$mM àVbmV AgVmV.

 ho namdV©ZmMo {Z`_ Jmobr` n¥ð>^mJmgh namdV©Z H$aUmè`m gd© àH$maÀ`m n¥ð>^mJmZm bmJy 
hmoVmV. gnmQ> AmaemVyZ {_iUmè`m à{V_m{df`r Amnë`mbm _mhrVr Amho. Ë`m à{V_mMo JwUY_© 
H$moUVo AmhoV? gnmQ> AmaemV²Z {_iUmar à{V_m hr Zoh_r Am^mgr Am{U gai AgVo. 
nXmWm©À`m AmH$mam BVH$mM AmH$ma à{V_oMm AgVmo. AmaemnmgyZ nXmWm©Mo A§Va d 
Amaem_mJrb nXmWm©À`m à{V_oMo A§Va g_mZ AgVo nwT>o Vr à{V_m CbQ>r AgVo. namdV©Z H$aUmam 
n¥ð>^mJ Jmob Agob Va à{V_m H$er Agob? ho AmnU emoYy.

 MH$mH$Umè`m M_À`mMm ImobJQ> ̂ mJ dH«$ Amagm _mZbm OmVmo. gd©gmYmaUnUo dmnaÊ`mV 
`oUmam Amagm åhUOo Jmobr` Amagm hmo`. ̀ m Amaem§Mm namdV©Z n¥ð>^mJ hm Jmob n¥ð>^mJmMm EH$ 
^mJ AgVmo. Á`m§Mm namdV©Z n¥ð>^mJ Jmob AgVmo Ë`mZm Jmobr` Amago åhUVmV. AmVm AmnU 
Jmobr` Amaemg§~§Yr g{dñVa Aä`mg H$ê$.

CnH«$_ 9.1

n _moR>m MH$mH$Umam EH$ M_Mm ¿`m, Ë`mÀ`m ImobJQ> n¥ð>^mJmVyZ Moham nmhÊ`mMm à`ËZ 
H$am.

n Vwåhmbm à{V_m {_iVo H$m? Vr bhmZ Amho H$s _moR>r?

n gmdH$me M_Mm Mohè`mnmgyZ Xya ¿`m. à{V_oMo {Z[ajU H$am Vr H$er ~XbVo?

n M_Mm CbQ>m H$ê$Z darb H¥$Vr nwÝhm H$am. AmVm à{V_m H$er {XgVo?

n XmoÝhr n¥ð>^mJmdarb à{V_oÀ`m JwUY_m©Mr VwbZm H$am.
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 àH$me-namdV©Z Am{U AndV©Z

9.1  Jmobr` Amago (Spherical 

Mirror)
 Jmobr` Amaem§Mm namdV©Z n¥ð>^mJ hm 
AmVrb ~mOwbm qH$dm ~mhoarb ~mOwbm dH«$ 
AgVmo. Á`m Jmobr` AmaemMm namdV©Z 
n¥ð>^mJ hm AmVrb ~mOwbm dH«$ AgwZ 
n¥ð>^mJ JmobmÀ`m _Ü`mÀ`m {XeoZo AgVmV 
Ë`mbm A§Vd©H«$ Amagm Ago åhUVmV. Á`m 
Jmobr` AmaemMm namdV©Z n¥ð>^mJ ~mhoarb 
~mOwbm dH«$ AgVmo Ë`mbm ~{hd©H«$ Amagm 
Ago åhUVmV. Am. 9.1 _Ü`o XmI{dbo 
AmhoV. ̀ m AmH¥$Vr_Ü`o AmaemMr nmR>r_mJrb ~mOw JS>X Ho$br Amho.
 AmVm Amnë`mbm g_Oob H$s M_À`mMm ImobJQ> n¥ð>^mJ hm ~{hd©H«$ AmaemgmaIm Amho.
 Jmobr` Amaem§Mm Aä`mg H$aÊ`mnwdu H$mhr Jmoï>tMr AmoiI d Ë`m§Mm AW© g_OyZ ¿`mdm 
bmJob. `m Jmoï>r gd©gm_mÝ`nUo Jmobr` Amaem§Mr MMm© H$aVmZm dmnaë`m OmVmV. Jmobr` 
AmaemÀ`m namdV©Z H$aUmè`m n¥ð>^mJmÀ`m H|$Ðmbm _Ü` Ago åhUVmV. Vmo AmaemÀ`m 
n¥ð>^mJmda AgyZ Zoh_r ‘P’ ̀ m AjamZo Xe©{dVmV.
 Jmobr` AmaemMm namdV©Z n¥ð>^mJ hm JmobmMm EH$ ^mJ AgVmo. Ë`m Jmobmbm H|$Ðq~Xÿ 
AgVmo. Ë`m q~Xÿbm Jmobr` Amaí`mMo dH«$Vm H|$Ð Ago åhUVmV. Vo Zoh_r ‘Q’ `m AjamZo 
Xe©{dVmV. H¥$n`m bjmV ¿`m {H$ dH«$Vm H|$Ð hm AmaemMm ^mJ Zmhr Vmo namdV©Z n¥ð>^mJmÀ`m 
~mhoa AgVmo. A§Vd©H«$ Amaem_Ü`o dH«$VmH|$Ð g_moa AgVo Va ~{hd©H«$ Amaem_Ü`o Vo nmR>r_mJo 
AgVo. ho Vwåhr Am. 9.2 (a) d (b) dê$Z g_Oy eH$mb.
 JmobmMr {ÌÁ`m hr Jmobr` AmaemÀ`m n¥ð>^mJmMm EH$ ^mJ Amho. {Vbm AmaemMr dH«$Vm 
{ÌÁ`m Ago åhUVmV. Vr R ̀ m AjamZo Xe©{dVmV. Vwåhr bjmV R>odm H$s$, A§Va PC hr AmaemMr 
dH«$Vm {ÌÁ`m Amho. g_Om EH$ gaiaofm Jmobr` AmaemMm _Ü` d dH«$Vm H|$ÐmVyZ  OmVo. Ë`m 
aofobm _w»` Aj Ago åhUVmV. bjmV ¿`m H$s  _w»` Aj hm AmaemÀ`m _Ü`mÀ`m {R>H$mUr bm§~ 
Amho. Imbrb CnH«$_mÛmao AmnU Amaemg~§Yr _hËdmÀ`m Jmoï>r g_OyZ KoD$.

A) A§Vd©H«$ Amagm

Am. 9.1  
Jmobr` Amaem§Mr aoImH¥$Vr

JS>X ^mJ namdV©Z Z H$aUmam Amho.

Am) ~{hd©H«$ Amagm

H¥$Vr 9.2

gwMZm : gw`m©H$S>o CKS>çm S>moù`m§Zr nmhw ZH$m qH$dm AmaemVyZ namdVr©V Pmboë`m 
gy`©àH$membm gwÜXm nmhþ ZH$m Á`m_wio S>moù`m§Zm BOm hmoD$ eH$Vo.

n Vw_À`m hmVmV A§Vd©H«$ Amagm Yam d Ë`mMm namdV©Z n¥ð>^mJ gy`m©À`m {XeoZo H$am.
n Amaemdê$Z namdVuV Ho$bobm àH$me AmaemOdi Agboë`m H$mJXmda nmS>m.
n àIa d VrúU àH$memMm q~Xÿ H$mJXmda {Z_m©U hmoB©n`ªV H$mJX Amaemg_moa gmdH$me 

_mJonwT>o H$am.
n H$mhr {_{ZQ>o H$mJX d Amagm Ë`mM pñWVrV Yam. Amnë`mbm H$m` {XgyZ ̀ oVo? H$m?
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AZ§V A§Vamda

AZ§V A§Vamda

Am. 9.2
a) A§Vd©H«$ Amagm     b) ~{hd©H«$ Amagm

 gwédmVrbm Yya {Z_m©U H$ê$Z H$mJX Oiy bmJVmo Z§Va Vmo noQ> KoVmo. Vmo H$m OiVmo? Amaem_wio 
gy`m©H$S>rb àH$me EH$m q~XÿV EH$ÌrV hmoVmo d VrúU q~Xÿ V`ma hmoVmo. Vmo q~Xÿ åhUOoM gy`m©Mr 
H$mJXmdarb à{V_m hmo`. hm q~Xÿ A§Vd©H«$ AmaemMr _w»` Zm^r Amho. gy`©àH$memÀ`m 

EH$ÌrH$aUmZo CîUVm {Z_m©U hmoD$Z H$mJX 
noQ>Vmo. `m à{V_onmgwZ AmaemMo A§Va åhUOoM 
AmaemMo A§XmOo Zm^r` A§Va hmo`.
 Am. 9.2 (a) M OdiyZ {ZarjU H$am.  
_w»` Ajmbm g_m§Va AgUmar {H$aUo A§Vd©H«$ 
Amaemda nS>VmV. namdV©Z {H$aUmMo {Z[ajU 
Ho$ë`mg Vr gJir {H$aUo AmaemÀ`m _w»` 
Ajmda EH$mM q~XÿV {_iVmV qH$dm N>oXVmV 
Ë`m q~Xÿbm A§Vd©H«$ AmaemMr _w»` Zm^r Ago 
åhUVmV.
 Ë`mMà_mUo Am. 9.2 (b) nhm.  ~{hd ©H « $ 
Amagm _w»` Ajmbm g_m§Va AgUmar {H$aUo 
H$er namdVuV H$aVmo? namdVuV {H$aUo hr 
_w»` Ajmda EH$mM q~XÿV EH$dQ>ë`mgmaIr 
dmQ>VmV `m q~Xÿbm ~{hd©H«$ AmaemMr _w»` 

Zm^r åhUVmV. hr _w»` Zm^r "F" ̀ m AjamZo Xe©{dVmV.
 Jmobr` AmaemMr _w»` Zm^r d _Ü` ̀ m_Yrb A§Vambm Zm^r` A§Va Ago åhUVmV. Vo "f" 
`m AjamZo Xe©{dVmV.
 Jmobr` AmaemMm namdV©Z n¥ð>^mJ hm OmñV dH«$mH$ma AgVmo d n¥ð>^mJmbm dVw©imH$ma ~mø 
~mOy AgVo. Jmobr` AmaemÀ`m namdV©Z n¥ð>^mJmÀ`m ì`mgmbm {N>Ð (aperture) åhUVmV. Am. 
9.2 _Ü`o MN {N>Ð Xe©{dVo AmnU Amnë`m MM}V Ago Jmobr` Amago KoD$ Á`m§Mo {N>Ð dH«$Vm 
{ÌÁ`onojm H$_r Amho.
 JmobrM AmaemMr dH«$Vm {ÌÁ`m (R) d Zm^r` A§Va (f) `m§À`m_Ü`o H$mhr g§~§Y Amho H$m? 
bhmZ {N>ÐmÀ`m Jmobr` AmaemgmR>r dH«$Vm {ÌÁ`m hr Zm^r` A§VamÀ`m XþßnQ> AgVo Amåhr 
R = 2f Ago {bhÿ. ho Agohr gm§JVo H$s _w»` Zm^r hr AmaemMm _Ü` d dH«$Vm H|$Ð `m§À`m_Ü`o 
AgVo.

9.2.1 Jmobr` AmaemVyZ {_iUmè`m à{V_m (Image formation by 

Spherical  Mirrors)
 Vwåhr gnmQ> AmaemVyZ {_iUmè`m à{V_m§Mm Aä`mg Ho$bm Amho. Ë`m§À`m à{V_oMo ñWmZ, 
ñdê$n d AmH$ma `m§À`m~Ôb gwÕm AmnUmbm _mhrVr Amho. Jmobr` Amaem_YyZ {_iUmè`m 
à{V_m H$em {_iVmV? A§Vd©H«$ AmaemnmgyZ nXmWm©À`m doJdoJù`m ñWmZmdê$Z {_iUmè`m 
à{V_m H$em Xe©{dVmo? Ë`m à{V_m dmñVd qH$dm Am^mgr AgVmV H$m? Ë`m AmH$mamZo bhmZ, 
_moR>çm qH$dm Ë`m dñVy EdT>çmM AgVmV? ho AmnU CnH«$_mÛmao g_OyZ KoD$.
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H¥$Vr 9.3

n EH$ A§Vd©H«$ Amagm ¿`m. da dU©Z Ho$ë`mà_mUo Ë`mMo A§XmOo Zm^r` A§Va (H|$Ðm§Va) 
H$mT>m. Ë`mMr qH$_V {bhm. (ho AmnU XyaÀ`m nXmWm©Mr à{V_m H$mJXmda KoD$Z gwÜXm 
H$mTy> eH$Vmo)

n Q>o~bmda ISy>>Zo EH$ aofm H$mT>m. ñQ>±S>da EH$ A§Vd©H«$ Amagm ~gdm. ñQ>±S> aofoda Ago 
R>odm H$s$ AmaemMm _Ü` aofoda ̀ oB©b.

n _mJÀ`m aofobm g_m§Va XmoZ aofm Aem H$mT>m H$s, H$moUË`mhr XmoZ bJVÀ`m (gb¾) 
aofo_Yrb A§Va ho AmaemÀ`m H|$Ðm§Va (Zm^r` A§Va) BVHo$ Agob. ̀ m aofm åhUOo P, F 

d C Mo ñWmZ hmoB©b. bjmV R>odm H$s, bhmZ A°naMaÀ`m Jmobr` AmaemgmR>r _w»` 
Zm^r F hr _Ü` P d dH«$Vm H|$Ð C ̀ m§À`m g_mZ A§Vamda AgVo.

n MH$mH$Vr dñVy Ogo noQ>Vr _oU~Îmr ‘C’ À`m Iwn nbrH$S>o R>odm. _oU~ÎmrÀ`m Á`moVrMr 
Vrd« d ñnï> à{V_m {_ion`ªV H$mJXr nS>Xm Amaemg_moa _mJo nwT>o H$am.

n à{V_oMo H$miOrnyd©H$ {Z[ajU H$am. nXmWm©À`m VwbZoV à{V_oMo ñWmZ, ñdê$n d 
AmH$mamMr Zm|X H$am.

n darb H¥$Vr _oU~ÎmrÀ`m Imbrb ñWmZmgmR>r nwÝhm H$am-
a)  ‘C’ À`m n{bH$S>o  b)  ‘C’ da  c)  F d C À`m _Ü`o  d)  F da  
e)  P Am{U F À`m _Ü`o

n EH$m KQ>Zo_Ü`o Amnë`mbm nS>Úmda à{V_m {_iUma Zmhr. `oWo nXmWm©À`m ñWmZmMr 
Zm|X H$am d Ë`mÀ`m Am^mgr à{V_ogmR>r AmaemV nhm.

n Vw_Mr {Z[ajUo VŠË`m_Ü`o Zm|Xdm.

 CnH«$_ 9.3 _Ü`o AmnU A§Vd©H«$ AmaemZo Zm^r` A§Va (H|$Ðm§Va) H$mT>Ê`mMm _mJ© AmnU 
{eH$bmo AmhmoV. Vwåhr nm{hbm AmhmV H$s H$mJXmda {_iUmam àIa q~Xÿ hr gw`m©Mr à{V_m 
Amho. Vr à{V_m bhmZ, dmñVd d CbQ>r hmoVr. Amagm d à{V_m ̀ m_Yrb A§Va _moOë`mZ§Va 
AmnUmbm A§Vd©H«$ AmaemMo Zm^r` A§Va (H|$Ðm§Va) {_iVo.

 darb CnH«$_mdê$Z Amnë`mbm Ago {XgyZ `oB©b H$s, A§Vd©H«$ AmaemVyZ {_iUmè`m 
à{V_oMo ñdê$n, ñWmZ d AmH$ma ho nXmWm©À`m P, F Am{U C ̀ m§À`m ñWmZmda Adb§~yZ AgVmV. 
H$mhr ñWmZmda nXmWm©Mr à{V_m hr dmñVd AgVo Va H$mhr ñWmZmda à{V_m Am^mgr AgVo. 
dñVyÀ`m ñWmZmZwgma à{V_m {dembrV, N>moQ>r qH$dm dñVyÀ`m AmH$mamMr AgVo. Amnë`m 
_m{hVrgmR>r {Z[ajUmMm Vº$m 9.1 _Ü`o {Xbobm Amho.
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Vº$m 9.1  A§Vd©H«$ AmaemVyZ dñVyÀ`m doJdoJù`m ñWmZmdê$Z {_iUmè`m à{V_m

dñVyMo ñWmZ à{V_oMo ñWmZ à{V_oMm AmH$ma à{V_oMo ñdê$n

AZ§V A§Vamda F da AJXr bhmZ  dmñVd d CbQ>
  q~Xÿ ñdê$n 
C À`m n{bH$S>o F d C À`m _Ü`o bhmZ dmñVd d CbQ>
C da C da g_mZ AmH$ma dmñVd d CbQ>
C d F À`m _Ü`o C À`m n{bH$S>o _moR>r dmñVd d CbQ>
F da AZ§V A§Vamda {dembrV dmñVd d CbQ>
P d F À`m _Ü`o AmaemÀ`m _mJo _moR>r Aä`mgr d gai

9.2.2  Jmobr` AmaemÛmao {_iUmè`m à{V_m§À`m aoImH¥$Vr
 AmnU Jmobr` AmaemnmgyZ aoImH¥$VrÛmao {_iUmè`m à{V_m§Mm gwÕm Aä`mg H$ê$ eH$Vmo. 
R>am{dH$ AmH$mamMm dñVy KoD$Z Jmobr` Amaemg_moa R>odm. {dñV[aV dñVyMm AJXr bhmZ ̂ mJ hm 
q~Xÿ ómoVmà_mUo H$m`© H$aVmo dñVyÀ`m à{V_oMo ñWmZ Xe©{dVmZm aoImH¥$Vr {dñVmarV H$mT>VmZm 
q~XÿÀ`m à{V_oMo ñWmZ Xe©{dVmZm EH$m q~XÿnmgyZ _moR>çm g§»`oZo {H$aU {Z_m©U hmoVmV. VarnU 
aoImH¥$Vr _Ü`o ñnï> {XgÊ`mgmR>r Ë`mVrb XmoZM {H$aU KoUo OmñV gmoB©Mo AgVo. hr {H$aUo 
Amaemda nS>ë`mZ§Va namdV©ZmZ§Va Ë`m§Mr {Xem ghO g_Oy eHo$b Aer {ZdS>VmV.
 H$_rV H$_r XmoZ namdV©Z {H$aUm§Mm N>oXZ q~Xÿ hm nXmWmªÀ`m ñWmZmgmR>r J¥hrV _mZVmV. 
Imbrbn¡H$s H$moUVohr XmoZ {H$aU nXmWm©À`m ñWmZ {ZpíMVrgmR>r {dMmamV KoVobo OmD$ eH$VmV.
i) A§Vd©H«$ Amaem_Ü`o _w»` Ajmbm g_m§Va {H$aU namdV©ZmZ§Va _w»` Zm^rVyZ OmVmo qH$dm 

~{hd©H«$ Amaem_Ü`o Vmo _w»` Zm^rVwZ {dñVmarV hmoVmo ho Am. 9.3 (a) d (b) _Ü`o ñnï> Ho$bo 
Amho.

ii) A§Vd©H«$ Amaem_Ü`o _w»` Zm^rVyZ OmUmao {H$aU d ~{hd©H«$ _w»` Zm^rÀ`m {XeoZo Ambobo 
{H$aU namdV©ZmZ§Va _w»` Ajmbm g_m§Va OmVmV ho Am. 9.4 (a) d (b) _Ü`o ñnï> Ho$bo 
Amho.

Am. 9.3
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iii) A§Vd©H«$ Amaem_Ü`o dH«$Vm H|$ÐmVyZ OmUmao {H$aU ~{hd©H«$ AmaemgmR>r dH«$Vm H|$ÐmÀ`m 
{XeoZo {H$aU namdV©ZmZ§Va Ë`mM _mJm©Zo namdVuV hmoVmV ho Am. 9.5 (a) Am{U (b) _Ü`o ñnï> 
Ho$bo Amho. AmnmVr {H$aU Amaemda n¥ð>^mJmÀ`m ñV§{^Ho$da nS>VmV.

Am. 9.5

Am. 9.4

iv) A§Vd©H«$ qH$dm ~{hd©H«$ AmaemÀ`m _w»` Ajmda P À`m {XeoZo (AmaemMm _Ü`) {VaH$g 
`oUmar {H$aUo Am. 9.6 (a) qH$dm (b) à_mUo namdV©ZmZ§Va {VaH$g OmVmV. AmnmVr {H$aU d 
AndVuV {H$aU AmaemÀ`m q~Xÿda (P) _w»` Ajmer g_mZ H$moZ H$ê$Z namdV©ZmMo {Z`_ 
nmiVmV.

Am. 9.6
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AZ§V A§Vamda

AZ§V A§Vamda

Am. 9.7  A§Vd©H«$ q^Jm_YyZ {_iUmè`m à{V_mÀ`m aoImH¥$Vr

 bjmV R>odm darb gd© n[añWVr_Ü`o   namdV©ZmMo {Z`_ nmibo OmVmV. n¥ð>^mJmÀ`m q~Xÿda 
AmnmVr {H$aUm§Mo Ago namdV©Z hmoVo H$s AmnmVr H$moZ d AndVuV H$moZ XmoÝhr g_mZ AgVmV.

(a) AmaemVyZ {_iUmar à{V_m (Image formation by Concave Mirror)A§Vd©H«$ 

 A§Vd©H«$ q^JmÀ`m doJdoJù`m ñWmZr R>odboë`m nXmWm©À`m {_iUmè`m à{V_m§À`m aoImH¥$Vr 
Am. 9.7 _Ü`o XmI{dë`m AmhoV.

CnH«$_ 9.4

n Vº$m 9.1 _Ü`o XmI{dboë`m dñVwÀ`m àË`oH$ ñWmZmgmR>r aoImH¥$Vr H$mT>m.
n _mJrb ^mJmV {Xë`mà_mUo à{V_m Xe©{dÊ`mgmR>r AmnU H$moUVohr XmoZ {H$aU KoD$ 

eH$Vmo.
n Am. 9.7 _Ü`o {Xë`mà_mUo Vw_À`m aoImH¥$VtMr VwbZm H$am.
n àË`oH$ aoImH¥$VrÀ`m {_imboë`m à{V_oMo ñdê$n, ñWmZ Am{U g~§YrV AmH$mamMo dU©Z 

H$am.
n `mo½` VŠË`mÀ`m ñdê$nmV {_imboë`m à{V_m§Mr _mhrVr {bhm.
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A§Vd©H«$ AmaemMo Cn`moJ :

 A§Vd©H«$ Amago gd©gmYmaUnUo ~°Q>è`m, gM© bmB©Q> (emoY àH$me) d dmhZm§À`m 
hoS>bmB©Q>_Ü`o eº$sembr g_m§Va ~r_ àH$me åhUyZ dmnaVmV. Mohè`mMr _moR>r à{V_m 
{XgÊ`mgmR>r XmT>r H$aVmZm nwîH$iXm A§Vd©H«$ Amago dmnaVmV. X§VVk (Dentists) noeQ>À`m 
XmVm§Mr _moR>r à{V_m nmhÊ`mgmR>r A§Vd©H«$ Amago dmnaVmV. EH${ÌV gm¡aàH$me {_i{dÊ`mgmR>r 
_moR>o A§Vd©H«$ Amago gm¡a^Å>r _Ü`o CîUVm {Z_m©U H$aÊ`mgmR>r dmnaVmV.

(a) ~{hd©H«$ Amaem_YyZ {_iUmè`m à{V_m (Image formed by Convex Mirror)

 Amåhr A§Vd©H«$ Amaem_YyZ {_iUmè`m à{V_m§Mm Aä`mg Ho$bm Amho. AmVm AmnU 
~{hd©H«$ AmaemVyZ {_iUmè`m à{V_m§Mm Aä`mg H$ê$.

CnH«$_ 9.5

n ~{hd©H«$ Amagm ¿`m. Vmo EH$m hmVm_Ü`o Yam.

n Xþgè`m hmVmZo C>bQ>r nopÝgb Yam.

n Amaem_Ü`o nopÝgbÀ`m à{V_oMo {Z[ajU H$am. Vr CbQ> Amho H$s gwbQ> Amho? Vr bhmZ 
Amho H$s _moR>r Amho?

n gmdH$me nopÝgb AmaemnmgyZ Xþa ¿`m à{V_m bhmZ hmoVo {H$ _moR>r hmoVo?

n hm CnH«$_ nwÝhm H$miOrnyd©H$ H$am. dñVw AmaemnmgyZ Xya KoVë`mg dñVwMr à{V_m 
_w»` Zm^rÀ`m Odi Agob H$s Xya Agob?

 Amåhr dñVyÀ`m XmoZ pñWVr ~{hd©H«$ AmaemVyZ {_iUmè`m à{V_mÀ`m Aä`mgmgmR>r 
{dMmamV KoVmo. n{hbr pñWVr dñVy AZ§V A§Vamda AgVmZm Am{U Xþgar pñWVr dñVy AmaemnmgyZ 
R>am{dH$ A§Vamda AgVmZm. ~{hd©H«$ AmaemnmgyZ {_iUmè`m `m dñVyÀ`m XmoZ pñWVrÀ`m 
à{V_m§Mr AZwH«$_o aoImH¥$Vr Am. 9.8 (a) Am{U (b) _Ü`o XmI{dbr Amho. Vº$m 9.2 _Ü`o 
pñWVtMm gmam§e {Xbm Amho.

Am. 9.8  ~{hd©H«$ Amaem_YyZ {_iUmè`m àVr_m

AZ§V A§Vamda
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Vº$m 9.2  ~{hd©H«$ AmaemVyZ {_iUmè`m à{V_m§Mo ñdê$n, ñWmZ Am{U g~§YrV AmH$ma

dñVyMo ñWmZ à{V_oMo ñWmZ à{V_oMm AmH$ma à{V_oMo ñdê$n

AZ§V A§Vamda q~Xÿ F da Iyn bhmZ,  Am^mgr Am{U gai 
AmaemÀ`m nmR>r_mJo ñdê$n bhmZ q~Xÿ
AZ§V A§Va P da Am{U F À`m bhmZ Am^mgr Am{U gai
Am{U AmaemMm _Ü`o AmaemÀ`m 
_Ü` P `m_Ü`o nmR>r_mJo

 Vwåhr AmVmn`ªV gnmQ> Amagm, A§Vd©H«$ Amagm Am{U ~{hd©H«$ Amagm `m§À`m_YyZ 
{_iUmè`m à{V_m§Mm Aä`mg Ho$bmV. `mn¡H$s H$moUVm Amagm _moR>çm dñVyMr nwU© à{V_m XoD$ 
eH$Vmo? CnH«$_mÛmao AmnU Ë`mMm emoY KoD$.

CnH«$_ 9.6

n XyaMr dñVy Ogo XyaMo PmS> ̀ mMo gnmQ> Amaem_Yrb à{V_oMo {Z[ajU H$am.
n Vwåhr nyU© bm§~rMr à{V_m nmhrbr H$m?
n doJdoJù`m AmH$maÀ`m gnmQ> AmaemVyZ à`ËZ H$am. à{V_o_Ü`o Vwåhr nyU© dñVy nmhrbr 

H$m?
n hrM H¥$Vr A§Vd©H«$ Amagm KoD$Z H$am. Amagm dñVyMr nyU© bm§~rMr à{V_m XmI{dVmo 

H$m?
n AmVm ~{hd©H«$ AmaemZo à`ËZ H$am. Vwåhmbm `e Ambo H$m? Amnbo {Z[ajU 

H$maUmg{hV ñnï> H$am.

 Vwåhr C§M B_maV/PmS> `m§Mr nwU© bm§~rMr à{V_m N>moQ>çm ~{hd©H«$ Amaem_Ü`o nmhþ eH$Vm. 
AgmM EH$ Amagm AmJ«m {H$ëë`mÀ`m q^Vrda ~gdbobm Amho. Oa Vwåhr AmJ«m {H$ëë`mbm ̂ oQ> 
{Xbr Va XþaÀ`m C§M B_maVr/_Zmoam ̀ m§À`m nwU© bm§~rÀ`m à{V_m q^Vrdarb AmaemV nmhÊ`mMm 
à`ËZ H$am. XþaMm _Zmoam ñnï> {XgÊ`mgmR>r Amnë`mbm q^VrbJVÀ`m JÀMrOdi `mo½` ñWmZr 
C^o ahmdo bmJob.

~{hd©H«$ AmaemMo Cn`moJ

 gd© gm_mÝ`nUo dmhZm§À`m nmR>r_mJrb Ñí` nmhÊ`mgmR>r ~{hd©H«$ Amago dmnaVmV. ho Amago 
dmhZm§À`m g_moaÀ`m ~mOwg ~g{dVmV OoUoH$ê$Z dmhH$ Ë`mÀ`m/{VÀ`m _mJrb ahXmar nmhÿZ 
dmhZ ZrQ> Mmbdy eHo$b. ~{hd©H«$ AmaemZm _hËd {Xbo OmVo H$maU Vo Amnë`mbm Zoh_r bhmZ 
nU gwbQ> à{V_m XoVmV. VgoM Vo ~mhoaÀ`m ~mOwZo dH«$ Agë`m_wio Ë`m§Mo Ñï>rjoÌ _moR>o AgVo 
åhUyZ gnmQ> Amaemnojm ~{hd©H«$ Amago dmhH$mbm _moR>çm joÌ\$imMo Ñí` XoVmV.
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àíZ

1. A§Vd©H«$ AmaemÀ`m _w»` Zm^r Mr ì`m»`m {bhm.
2. Jmobr` AmaemMr dH«$Vm {ÌÁ`m 20 cm Amho. Ë`mMo Ho$ÝÐm§Va 

(Zm^r` A§Va) {H$Vr Amho?
3. dñVyMr gwbQ> Am{U _moR>r à{V_m {_N>{dÊ`mÀ`m AmaemMo Zm§d 

{bhm.
4. dmhZm§À`m nmR>r_mJrb Ñî` nmhÊ`mgmR>r ~{hd©H«$ Amaembm 

OmñV _hËd H$m {Xbo OmVo?

9.2.3  Jmobr` AmaemÀ`m namdV©ZmgmR>r {MÝh g§Ho$V

 Jmobr` AmaemVrb àH$memÀ`m namdV©ZmV_Ü`o AmnU H$mhr {MÝh g§Ho$VmMm gQ> dmnaVmo 
Ë`m§Zm ZdrZ H$mQ>}{e`Z {MÝh g§Ho$V åhUVmV. `m {MÝh g§Ho$Vm_Ü`o AmaemMm _Ü` (P) hm H|$Ð 
(Ama§^r~Xÿ) åhUyZ KoVmV. (AmH¥$Vr 9.9) AmaemMm _w»` Aj gh{ZX}eH$ nÕVrV X- Aj 
(XX') åhUyZ KoVmV. {MÝh g§Ho$V Imbrb à_mUo AmhoV.

(i) dñVw AmaemÀ`m Zoh_r S>mì`m ~mOyg R>odVmV. ho Ago Xe©{dVo H$s dñVyH$Sy>Z ̀ oUmam àH$me hm 
AmaemÀ`m S>mì`m ~mOyH$Sy>Z ̀ oVmo.

(ii) _w»` Ajmbm g_m§Va AgUmar gd© A§Vao hr AmaemÀ`m _Ü`mnmgyZ _moObr OmVmV.

(iii) H|$ÐmÀ`m COì`m ~mOwZo (+X- Aj) _moObobr gd© A§Vao YZ KoVmV Ooìhm Vr H|$ÐmÀ`m S>mì`m 
~mOwZo (–X- Aj) _moObobr gd© A§Vao G$U KoVmV.

(iv) _w»` AjmÀ`m da b§~ {XeoZo _moObobr A§Vao (+Y- Aj) YZ KoVmV.

(v) _w»` AjmÀ`m Imbr b§~ {XeoZo _moObobr A§Vao (–Y- Aj) G$U KoVmV.

 da gm§{JVbobr ZdrZ H$mQ>}er`Z {MÝh AmH¥$Vr 9.9 _Ü`o Amnë`m _m{hVrgmR>r ñnï> Ho$bobr 
Amho. ̀ m {MÝh g§Ho$VmMm Cn`moJ AmaemÀ`m gwÌmgmR>r VgoM CXmhaUo gmoS>{dÊ`mgmR>r H$aVmV.

9.2.4 AmaemMo gwÌ Am{U {dembZ (Mirror Formulla and 

Magnification)

 Jmobr` Amaem_Ü`o, Ë`mÀ`m _Ü`mnmgyZ dñVyÀ`m A§Vambm dñVyMo A§Va (u) Ago åhUVmV. 
AmaemÀ`m _Ü`mnmgyZ à{V_oÀ`m A§Vambm à{V_oMo A§Va (v) Ago åhUVmV. Vwåhmbm AJmoXa 
_mhrV AmhoM H$s, _w»` Zm^r d àH$mer` _Ü` `m_Yrb A§Vambm Zm^r` A§Va (f) Ago 
åhUVmV. ̀ m {VÝhr g§km_Ü`o EH$ g~§Y Amho Omo AmaemÀ`m gwÌmZo Xe©{dbm OmVmo.
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1 11
v fu

+ =  (9.1)

  m =

 

Am. 9.9  Jmobr` AmaemgmR>r ZdrZ H$mQ>}{e`Z {MÝh g§Ho$V

 ho gwÌ gd© Jmobr` Amaem§À`m gd© pñWVrgmR>r Am{U dñVy§À`m gd© ñWmZmgmR>r Iao R>aVo. 
CXmhaUo gmoS>{dÊ`mgmR>r Vwåhr ZdrZ {e`Z {MÝh g§Ho$VmMm Ooìhm u, v, f Am{U R À`m H$mQ>}
qH$_Vr KoVmZm AmaemÀ`m gwÌm_Ü`o Cn`moJ Ho$bm nmhrOo.

{dembZ (Magnification)

 Jmobr` AmaemVyZ {Z_m©U Pmbobo {dembZ ho dñVyÀ`m VwbZoZo à{V_oMo {H$Vr {dembZ Pmbo 
ho Amnë`mbm Xe©{dVo. ho à{V_oMr C§Mr d dñVyMr C§Mr ̀ m§À`m JwUmoÎmamV ì`º$ H$aVmV ho Zoh_r m 
`m AjamZo Xe©{dVmV.

 Oa dñVyMr C§Mr h Am{U à{V_oMr C§Mr h' Agob Va Jmobr` AmaemZo {Z_m©U Ho$bobo 
{dembZ m Ago Xe©{dVmV.

à{V_oMr C§Mr (h')
 

 dñVwMr C§Mr (h)

AmnmVr {H$aUmMr {Xem

S>mdrH$S>o A§Va

dñVy S>mì`m ~mOybm

COdr H$S>o A§Va
C§Mr da

C§Mr Imbr

Amagm

m =
h'

(9.2 )
h

  

'

 (9.3) 

{dembZ ho nXmWm©Mo A§Va (u) Am{U à{V_oMo A§Va (v) ̀ m§À`mer gwÕm g~§YrV Amho ho Ago ì`º$ 
H$aVmV.

{dembZ
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 Vwåhr bjmV R>odm, gd©gmYmaUnUo dñVw _w»` AjmÀ`m da Agob Va dñVyMr C§Mr YZ 
KoVmV. à{V_oMr C§Mr Am^mgr à{V_ogmR>r YZ KoVmV, VarnU dmñVd à{V_ogmR>r Vr G$U KoVmV. 
{dembZ qH$_VrV G$U {MÝh à{V_m dmñVd AgVo Va {dembZ qH$_VrV YZ {MÝh à{V_m 
Am^mgr AgVo.

CXmhaU 9.1

 3.00 m dH«$Vm {ÌÁ`m Agbobm ~{hd©H«$ Amagm A°Q>mo_mo~mB©bdarb (dmhZmdarb) _mJrb 
Ñí` nmhÊ`mgmR>r dmnabm OmVmo. Oa ~g AmaemnmgyZ 5.00 m A§Vamda Agob Va à{V_oMo 
ñWmZ, ñdê$n d AmH$ma H$mT>m.

CH$b :
R = + 3.00

u = - 5.00

v = ?

h'= ?

3.00
   1.50 

2 2
= = + = +

R
f m 

1 1 1
+ =

v u f

( )
1 1 1 1 1 1 1

1.5 –5.00 1.50 5.00
=���� = + �- �= +

v f u
 

        

5.00 1.50

7.50

+
=

            7.50
1.15 

6.50

+
= = +v m

dH«$Vm {ÌÁ`m

dñVwMo A§Va

à{V_oMo A§Va

à{V_oMr C§Mr

Zm^r` A§Va

Á`mAWu

qH$dm =

m 

m 

0

à{V_m AmaemÀ`m _mJo 1.15 m A§Vamda Agob.

{dembZ, 

.. . à{V_m dmñVd, CbQ> Am{U AmH$mamZo 0.23 KQ>H$mZo bhmZ Amho.

1.15 

–5.00 
=

'
= =

h v m
m

h u m
 = + 0.23–

CXmhaU 9.2
4.0 cm  AmH$mamMr dñVy A§Vd©H«$ Amaemg_moa 25.0 cm R>odbr AgyZ Á`mMo Zm^r` A§Va 
(Ho$ÝÐm§Va) 15.0 cm  Amho. ñnï> à{V_m {_i{dÊ`mgmR>r nS>Xm AmaemnmgyZ {H$Vr A§Vamda 
R>odbm nmhrOo? à{V_oMo ñdê$n Am{U AmH$ma H$mT>m.
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dñVyMr C§Mr

dñVwMo A§Va

Zm^r` A§Va

à{V_oMo A§Va

à{V_oMo C§Mr

g_rH$aU (9.1) dê$Z

qH$dm

qH$dm

AmaemnmgyZ nS>Xm 37.5 cm A§Vamda R>odmdm bmJob. à{V_m dmñVd Amho.

{dembZ

qH$dm

.. . à{V_oMr C§Mr
à{V_m CbQ>r Am{U {dembrV Amho.

h = + 4.0 cm;

u = – 25.0 cm;

f  = –15.0 cm;

v = ?

h'=?

1 1 1
  + =
v u f

1 1 1 1 1 1 1

–15.0      –25.0
= – +

v f u

1 5.0 3.0 2.0
 

75.0 75.0

–
= =

v
v = –37.5 cm.

= =
'h v

m
h u

( )( )
( )

37.5  

–25.0 

–
= ����=

cm cmvh
h

u cm

h '= –6.0 cm

qH$dm

'
+4.0

+ –

= – =
15.0      25.0

CH$b :

   

  ?
àíZ

1. dH«$Vm {ÌÁ`m 32 cm Agboë`m ~{hd©H«$ AmaemMo Ho$ÝÐm§Va 
qH$dm Zm^r` A§Va H$mT>m.

2. A§Vd©H«$ Amaemg_moa 10 cm A§Vamda dñVy R>odbr AgVm 
{VÀ`m {VßnQ> _moR>r dmñVd à{V_m V`ma hmoVo. Vr à{V_m H$moR>o 
Amnë`mbm {_iob?

9.3  àH$memMo AndV©Z  (Refraction of Light)

 àH$me nmaXe©H$ _mÜ`_mVyZ EH$m gaiaofoV OmVmZm {XgVmo. H$m` hmoB©b, Ooìhm àH$me EH$m 
nmaXe©H$ _mÜ`_mVyZ Xþgè`m _mÜ`_mV àdoe H$aob? Vmo AOwZ gai aofoV OmB©b qH$dm Amnbr 
{Xem ~Xbob? Amåhr H$mhr X¡Z§{XZ AZw^d AmR>dy.

   {dkmZ95

    
    

    
    

 @
KTBS 

NOT TO BE R
EPUBLIS

HED



 Vwåhr {Z[ajU Ho$bm AgUma nmUr Agboë`m Q>mH$sMm qH$dm S>~Š`mMm Vi CMbë`mgmaIm 
{XgVmo. Ë`mMà_mUo N>mnrb _OHw$amda OmS> H$mMoMr Mrn R>odyZ H$mMo_YyZ nm{hë`mg N>mnrb 
_OHw$amdarb Ajao CMbë`mgmaIr dmQ>VmV. Ago H$m KS>Vo? Vwåhr nmUr Agboë`m ½bmg_Ü`o 
AYu ~wS>{dbobr noÝgrb nmhrbr Amho H$m? nmUr Am{U hdm `m§À`m ñne©q~XÿOdi noÝgrb 
dmH$bobr {XgVo. AmnU {Z[ajU Ho$bm AgUma H$s, nmUr Agboë`m ½bmg_Ü`o R>odbobm qb~y 
½bmgÀ`m ~mOyZo nm[hë`mg _wi AmH$mamnojm _moR>m {XgVmo. Aem AZw^dm§Mo H$go ñnï>rH$aU 
H$amb?

 Amåhr nmÊ`mV AYu ~wS>mbobr nopÝgb Or dmH$bobr {XgVo Ë`m~Ôb nmhÿ. nmÊ`mÀ`m da 
Agboë`m ^mJmÀ`m VwbZoZo nmÊ`mV Agboë`m nopÝgbÀ`m ^mJmH$Sy>Z Amnë`mn`ªV `oUmam 
àH$me doJù`m {XeoZo `oVmo. `m_wioM nopÝgb AmnUmbm dmH$bobr {XgVo. `m g_mZ H$maUm_wio 
H$mMoÀ`m Mrn_YyZ nmhrë`mg Ajao CMbë`mgmaIr dmQ>VmV. 

 nmÊ`mEodOr AmnU am°Ho$b qH$dm Q>an|Q>mB©Z dmnaë`mg nopÝgb VodT>rM dmH$bobr {Xgob? 
H$mMoÀ`m MrnEodOr AmnU nmaXe©H$ ßb°pñQ>H$ MrnZo Ajao VodT>rM CMbë`m gmaIr dmQ>VmV? 
Amnë`mbm Ago {XgyZ ̀ oB©b H$s _mÜ`_m§À`m doJdoJù`m OmoS>çm§gmR>r n[aUm_ doJdoJim {XgVmo. 
ho {Z[ajU Ago Xe©{dVo H$s, gd© _mÜ`_m_Ü`o àH$me EH$mM {XeoZo àdmg H$aV Zmhr. Ago dmQ>Vo 
H$s, àH$me{H$aU EH$m _mÜ`_mVyZ Xþgè`m _mÜ`_mV OmVmZm àH$memÀ`m àgmamMr {Xem Xþgè`m 
_mÜ`_mV ~XbVo. 

 `m JwUY_m©bm àH$memMo AndV©Z åhUVmV. Imbrb H$mhr CnH«$_mdê$Z hm JwUY_© g_OyZ 
KoD$.

CnH«$_ 9.7

CnH«$_ 9.8

n Q>o~bmda EH$ ImobJQ> dmQ>r R>odyZ Ë`mV EH$ ZmUo Q>mH$m.
n dmQ>rnmgyZ gmdH$me Xÿa OmV amhm d Á`mdoir ZmUo S>moù`m§Zm {XgV Zmhr Voìhm Wm§~m.
n ZmUo Z hbdVm {_Ìmbm dmQ>r_Ü`o gmdH$me nmUr ̂ am`bm gm§Jm.
n Amnë`m OmJodê$Z gVV ZmUo nmhV ahm. Ë`m OmJodê$Z naV Amnë`mbm ZmUo {XgVo 

H$m? ho H$go hmoVo?

n nmÊ`mZo ̂ aboë`m ~mXbrÀ`m Vimer EH$ ZmUo R>odm.
n nmÊ`mÀ`m darb ~mOwbm Vw_Mo S>moio R>odyZ n{hë`mdoir ZmUo CMbÊ`mMm à`ËZ H$am. 

ZmUo CMbÊ`mV Vwåhmbm ̀ e Ambo H$m?
n nwÝhm darb H¥$Vr H$am. n{hë`mM doiobm Amnë`mbm ̀ e H$m ̀ oV Zmhr?
n hrM H¥$Vr Amnë`m {_Ìm§Zm H$am`bm gm§Jm. Vw_À`m d Ë`m§À`m AZw^dm§Mr VwbZm H$am.
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CnH«$_ 9.9

n Q>o~bmda R>odboë`m nm§T>è`m nonada emB©Zo OmS> gaiaofm H$mT>m.
n H$mMoMr {Mn aofoda Aer R>odm H$s {MnMr EH$ ~mOy (H$S>m) aofoer H$moZ H$aob.
n H$mMoÀ`m {MnÀ`m ~mOyZo aofoMm {MnImbrb ^mJ nmhm. Vwåhr H$m` {Z[ajU Ho$bm? 

H$mMoÀ`m {MnImbrb aofm ~mOy (H$S>m) H$S>o dmH$bobr {XgVo H$m?
n Z§Va, H$mMoMr {Mn Aer R>odm H$s Vr aofobm b§~ hmoB©b. AmVm Vwåhr H$m` {Z[ajU 

Ho$bmV? H$mMoÀ`m {MnImbrb aofm dmH$bobr {XgVo H$m?
n aofobm H$mMoÀ`m MrnÀ`m darb ^mJmVyZ nhm. {MnÀ`m Imbrb aofoMm ^mJ CMbë`m 

gmaIm dmQ>Vmo H$m? ho Ago H$m hmoVo?

 dmQ>r_Ü`o nmUr ^aë`mZ§Va ZmUo nwÝhm Amnë`mbm {XgVo. àH$memÀ`m AndV©Zm_wio ZmUo 
Amnë`mbm nyd©pñWVrnmgyZ WmoS>o CMbë`mgmaIo {XgVo.

9.3.1  Am`VmH¥$Vr H$mMoÀ`m {Mn_YyZ hmoUmao AndV©Z 
(Refraction through a Rectangular Glass slab)

 H$mMoÀ`m {Mn_YyZ hmoUmè`m àH$memÀ`m AndV©ZmMo JwUY_© g_OmdyZ KoÊ`mgmR>r Imbrb 
CnH«$_ H$ê$.

CnH«$_ 9.10

n S´>m°BªJ ~moS>m©da nm§T>ar H$mS>©erQ> KoD$Z Vr Q>mMUrÀ`m gmhmæ`mZo {\$Šg (KÅ>) H$am.
n H$mS>©erQ>À`m _Ü`^mJr Am`VmH¥$Vr H$mMoMr Mrn R>odm.
n H$mMoÀ`m Mrn^modVr nopÝgbÀ`m gmhmæ`mZo AmD$Q>bmB©Z H$mT>m. Ë`m AmD$Q>bmB©Zbm 

ABCD Zm§d Úm.
n Mma g_mZ àH$maÀ`m nrÝg ¿`m.
n XmoZ Q>mMÊ`m Cä`m E Am{U F Aem Q>moMyZ R>odm Ë`m§Zm OmoS>Umar ~mOy AB hr Ë`m 

n¥ð>^mJmbm {VaH$g Agob.
n E Am{U F ̀ m Q>mMÊ`m à{V_m {déÕ n¥ð>^mJmVyZ nmhm. XmoZ Q>mMÊ`m G Am{U H Aem 

{\$Šg H$am H$s ̀ m Q>mMUr Am{U E d F À`m à{V_m EH$maofoV ̀ oVrb.
n Q>mMÊ`m d H$mMoMr Mrn ~mOwbm H$mT>m.
n E Am{U F ̀ m§Mr ñWmZo EH$m aofoV OmoSy>Z AB n`ªV Vr aofm dmT>dm. EF ho AB da ‘O’ 

q~XÿV {_iVo. Ë`mMà_mUo G Am{U H ̀ m§Mr ñWmZo EH$m aofoV OmoSy>Z ~mOy CD n`ªV Vr 
aofm dmT>dm. HG ho CD da ‘O’ {~§XÿV {_iVo.

n O Am{U O' OmoS>m. VgoM Am. 9.10 _Ü`o Xe©{dë`mà_mUo VwQ>H$  aofoZo EF da P n`ªV 
dmT>dm.
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 `m CnH«$_mdê$Z Vwåhmbm Ago AmT>iyZ `oB©b H$s, O Am{U O' `m q~XÿV àH$me{H$aUmZr 
{Xem ~Xbbr. bjmV R>odm H$s, O Am{U O' ho q~Xÿ nmaXe©H$ _mÜ`_ doJio H$aUmè`m n¥ð>^mJmda
`oVmV. AB bm MN' hm b§~ O 
`oWo H$mT>m d CD bm MN' hm 
X þgam b §~ O' ` oW o  H$ mT > m. 
àH$ me{H$aU q~X ÿ  O  _Y yZ 
{dai _mÜ`_mVyZ KZ _mÜ`_mV 
àdoe H$aVmV. åhUOoM hdoVyZ 
H$mMo_Ü`o àdoe H$aVmo. bjmV ¿`m 
H$s àH$me{H$aU ñV§{^Ho$Odi 
A m b m .  O '  ` m  q ~ X ÿ O d i 
àH$me{H$aU H$mMoVyZ hdoV àdoe 
H$aVmo. åhUOoM KZ _mÜ`_mVyZ 
{dai _mÜ`_mV OmVm o. ` oW o 
àH$me{H$aU ñV§{^Ho$nmgyZ Xÿa 
OmVmo. AmnmVr H$moZ d And{V©V 
H$moZ `m§Mr VwbZm XmoÝhr AB d 
CD `m AndV©Z n¥ð>^mJmOdi 
H$am.

Am. 10.10  
Am`VmH¥$Vr H$mMoÀ`m Mrn_YyZ hmoUmao AndV©Z

hdm

H$mM

hdm

H$mMoMr Mrn

 Am. 9.10 _Ü`o EO hm AmnmVr {H$aU Amho. OO' hm AndV©Z {H$aU Am{U O'H hm {ZJ©V 
{H$aU Amho. Vwåhr {Z[ajU Ho$bm AgUmaM H$s, {ZJ©V {H$aU hm AmnmVr {H$aUmMm {Xeobm 
g_m§Va Amho. ho Ago H$m KS>Vo? Am`VmH¥$Vr H$mMoÀ`m MrnÀ`m ~mOy AB (hdm-H$mM n¥ð>^mJ) 
Am{U ~mOy CD (H$mM-hdm n¥ð>^mJ) `m {déÕ g_m§Va ~mOyZo àH$me {H$aUm§Mo dmH$Uo g_mZ 
Am{U {déÕ AgVo.
 åhUyZM {ZJ©V {H$aU hm AmnmVr {H$aUmÀ`m {Xeobm g_m§Va OmVmo. na§Vw  àH$me{H$aU 
qH$MrV ~mOybm gaH$VmV. Ooìhm àH$me{H$aU XmoZ _mÜ`_mÀ`m n¥ð>^mJmda `oD$Z AmT>iVmV 
Voìhm H$m` KS>Vo? à`ËZ H$am d CÎma {_idm.
 AmVm Vwåhr àH$memÀ`m namdV©Zmer n[aMrV AmhmV. namdV©Z ho àH$memÀ`m EH$m nmaXe©H$ 
_mÜ`_mVyZ Xþgè`m _mÜ`_mV OmVmZm àH$memÀ`m doJmVrb ~Xbm_wio hmoVo. à`moJm_wio ho Xe©{dbo 
OmVo H$s àH$memMo AndV©Z ho {ZpíMV {Z`_m§À`m AmYmao hmoVo.
Imbrb "àH$memÀ`m AndV©ZmMo {Z`_' AmhoV
1) AmnmVr {H$aU, AndV©Z {H$aU Am{U XmoZ nmaXe©H$ _mÜ`m_m§Zm OmoS>Umè`m 

n¥ð>^mJmOdirb AmnmVr q~Xÿdarb ñV§{^H$m ho gd© EH$mM àVbmV AgVmV.

2) AmnmVr H$moZ d AndV©Z H$moZ `m§Mo sin Mo JwUmoÎma {Xboë`m àH$memÀ`m a§Jmbm d {Xboë`m 
_mÜ`_mÀ`m OmoS>rbm pñWa AgVo. `m {Z`_mbm ñZob (Snell’s) Mm AndV©ZmMm {Z`_ 
Agohr åhUVmV. Oa i  hm AmnmVr H$moZ Am{U  r  hm AndV©Z H$moZ Amho Va-
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9.3.2  AndV©Zm§H$  (The Refractive Index)

 AmnU `mAJmoXa {eH$bm AmhmV H$s, EH$m nmaXe©H$ _mÜ`_mVyZ Xþgè`m _mÜ`_mV àdoe 
H$aUmao àH$me{H$aU ho Xþgè`m _mÜ`_mV OmVmZm Amnbr {Xem ~XbVmV. {Xboë`m _mÜ`m_m§À`m 
OmoS>r_Ü`o {XeoV hmoUmam ~Xb hm AndV©Zm§H$mV ì`º$ H$aVmV. Am. 9.4 _Ü`o "pñWam§H$' hm 
COì`m ~mOybm {XgVmo.

 AndV©Zm§H$ hm EH$m _hËdmÀ`m ^m¡{VH$ amerer OmoS>bm OmVmo. doJdoJù`m _mÜ`_mVrb 
àH$memÀ`m àgmamMm gmnoj doJ hm doJdoJù`m _mÜ`_mV doJdoJù`m doJmZo ~XbV AgVmo. 

8 –1{Zdm©Vm_Ü`o àH$me hm 3 ́  10  ms  BVŠ`m OmñV doJmZo àdmg H$aVmo. hdo_Ü`o àH$memMm doJ hm 
{Zdm©VmÀ`m VwbZoZo WmoS>m H$_r AgVmo. Va H$mM qH$dm nmUr ̀ m_Ü`o AmUIr H$_r hmoVmo. {Xboë`m 
_mÜ`_mÀ`m OmoS>rÀ`m AndV©Zm§H$mMr qH$_V hr Ë`m XmoÝhr _mÜ`_mVrb àH$memÀ`m doJmda 
Adb§~yZ AgVo ho Imbrb à_mUo XmI{dbo Amho.

  sin i  
  =  pñWam§H$

  sin r

 `m pñWa qH$_Vrbm n{hë`m _mÜ`_mÀ`m g§X^m©V Xþgè`m _mÜ`_mMm AndV©Zm§H$ Ago 
åhUVmV. ̀ m AndV©Zm§H$mMm AmnU gImob Aä`mg H$ê$.

9.5

9.6

 àH$me {H$aU _mÜ`_ 1 _YyZ _mÜ`_ 2 _Ü`o 
àdoe H$aVmo ho Am. 9.11 _Ü`o Xe©{dbo Amho. 
g_Om _mÜ`_ 1 _Ü`o àH$memMm doJ v  Am{U 1

_mÜ`_ 2 _Ü`o àH$memMm doJ v  Amho. _mÜ`_ 1 2

À`m g§X^m©V _mÜ`_ 2 Mm AndV©Zm§H$ hm _mÜ`_ 
1 _Yrb àH$memMm doJ Am{U _mÜ`_ 2 _Yrb 
àH$memMm doJ `m§À`m JwUmoÎmamZo {_iVmo. ho Zoh_r 
n  `m {MÝhmZo Xe©{dVmV ho g_rH$aUmÀ`m 21

ñdê$nmV Ago Xe©{dVmV. Am. 9.11

_mÜ`_ 1
(hdm)

_mÜ`_ 2
(H$mM)

   _mÜ`_ 1 _Yrb àH$memMo doJ v1n   =  =   21          _mÜ`_ 2 _Yrb àH$memMm doJ      v2

`mMà_mUo _mÜ`_ 2 À`m g§X^m©V _mÜ`_ 1 Mm AndV©Zm§H$ n  Zo Xe©{dVmV Vmo Agm Amho-12

   _mÜ`_ 2 _Yrb àH$memMo doJ v2n   =  =   12          _mÜ`_ 1 _Yrb àH$memMm doJ      v1

9.4
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9.7

Oa _mÜ`_ 1 {Zdm©V qH$dm hdm Agob Va _mÜ`_ 2 Mm AndV©Zm§H$ hm {Zdm©VmÀ`m g§X^m©V KoVmV. 
`mbm _mÜ`_mMm {Zanoj AndV©Zm§H$ åhUVmV. Vmo n  Zo Xe©{dVmV. Oa hdoVrb àH$memMm doJ c 2

Amho Am{U _mÜ`_mVrb àH$memMm doJ V Amho. Va _mÜ`_ n  Mm AndV©Zm§H$ Agm Amho.m

     hdoVrb àH$memMm doJ c
n   =      =  m        _mÜ`m_mVrb àH$memMm doJ     v

 _mÜ`_mÀ`m {Zanoj AndV©Zm§H$mbm \$º$ `mMm AndV©Zm§H$ åhUVmV. {d{dY _mÜ`_m§Mo 
AndV©Zm§H$ Vº$m 9.3 _Ü`o {Xbo AmhoV. 

 VŠË`mdê$Z Vwåhmbm g_OVo H$s nmÊ`mMm AndV©Zm§H$ n  = 1.33 Amho. `mMmM AW© w

hdoVrb àH$memMm doJ Am{U nmÊ`mVrb àH$memMm doJ `m§Mo JwUmoÎma 1:33 Amho. Ë`mMà_mUo 
H«$mD$Z H$mMoMm AndV©Zm§H$ n  = 1.52 Amho. ̀ m àH$maMr _m{hVr AZoH$ {R>H$mUr Cn`moJr Amho. g

VWm{n Vwåhmbm hr _m{hVr nmR>m§Va H$aÊ`mMr JaO Zmhr.

Vº$m 9.3  H$mhr Ðì` _mÜ`_m§Mm {Zanoj AndV©Zm§H$-

Ðì` _mÜ`_ AndV©Zm§H$ Ðì` _mÜ`_ AndV©Zm§H$

hdm 1.0003 H°$ZS>m ~mëg_ 1.53

~\©$ 1.31 am°H$ gm°ëQ> (_rR>) 1.54

nmUr 1.33 H$m~©Z S>m` gë\$mB©S> 1.63

AëH$mohmob 1.36 KZ pâb§Q> H$mM 1.65

am°Ho$b 1.44 _m{UH$ 1.71

¹$mQ>©P 1.46 {Zb_ 1.77

Q>an|Q>mB©Z Vob 1.47 {ham 2.42

~|PrZ 1.50 

H«$mD$Z H$mM 1.52

 Vº$m 9.3 dê$Z bjmV R>odm H$s àH$mer` KZ _mÜ`_mV dñVw_mZ KZVm (mass density) 
OmñV ZgVo. CXmhU am°Ho$bMr dñVw_mZ KZVm nmÊ`mnojm H$_r Agbr Var am°Ho$bbm nmÊ`mnojm 
Cƒ AndV©Zm§H$ Amho.
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 EImÚm _mÜ`_mMr àH$memMo AndV©Z H$aÊ`mMr j_Vm hr àH$mer` KZVo_Ü`o 

ì`º$ Ho$br OmVo. àH$mer` KZVobm EH$ AW© Amho. hr KZVm dñVw_mZ KZVogmaIr 

g_mZ Zmhr. `m àH$aUmV AmnU "{dai _mÜ`_' Am{U "KZ _mÜ`_' `mgmaIo eãX 

dmnabo AmhoV. `m§Mm  `mo½` AW© AZwH«$_o "àH$mer` {dai _mÜ`_' Am{U àH$mer` 

KZ _mÜ`_ Agm Amho. EImXo _mÜ`_ Xþgè`m _mÜ`_mnojm àH$mer` ÑîQ>çm KZ Amho 

Ago AmnU Ho$ìhm åhUy eH$Vmo? Ooìhm AmnU XmoZ _mÜ`_m§Mr VwbZm H$aVmo Voìhm 

Á`m§Mm AndV©Zm§H$ OmñV Agob Vo _mÜ`_ àH$m{e` ÑîQ>çm KZ AgVo Xþgao _mÜ`_ 

Á`m§Mm AndV©Zm§H$ H$_r AgVmo Ë`mbm {dai _mÜ`_ åhQ>bo OmVo. åhUyZM Ooìhm 

àH$me{H$aU {dai _mÜ`_mVyZ KZ _mÜ`_mV OmVmV Voìhm Vo gmdH$me OmD$Z 

ñV§{^Ho$Odi ̀ oVmV VgoM Ooìhm àH$me{H$aU KZ _mÜ`_mVyZ {dai _mÜ`_mV OmVmV 

Voìhm Vo doJmZo OmD$Z da ñV§{^Ho$nmgyZ Xÿa OmVmV.

?
àíZ

1. àH$me{H$aU hdoVyZ OmD$Z nmÊ`mV {VaH$g àdoe H$aVmV. Va 
àH$me{H$aU ñV§{^Ho$Odi `oVrb H$s$ ñV§{^Ho$nmgyZ Xÿa 
OmVrb? H$m?

2. àH$me hdoVyZ 1.50 AndV©Zm§H$ Agboë`m H$mMoV àdoe 
8 –1H$aVmo. Oa {Zdm©VmV àH$memMm doJ 3´10  ms  Agob Va 

àH$memMm H$mMo_Yrb doJ H$mT>m.
3. Cƒ àH$mer` KZVm Agbobo _mÜ`_ d gdm©V H$_r àH$mer` 

KZVm Agbobo _mÜ`_ Vº$m 9.3 dê$Z emoYm.
4. Vwåhmbm am°Ho$b, Q>an|Q>mB©Z Am{U nmUr {Xbo Amho. `mn¡H$s 

H$em_Ü`o àH$me gdm©V doJmZo OmVmo? Vº$m 9.3 _Ü`o {Xboë`m 
_m{hVrMm Cn`moJ H$am.

5. {hè`mMm AndV©Zm§H$ 2.42 Amho. `m {dYmZmMm AW© H$m` 
Amho?
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Am. 9.12
a) ~{hd©H«$ q^JmMr EH$ÌrH$aU {H«$`m
b) A§VJm}b q^JmMr AngaU {H«$`m

9.3.3  Jmobr` q^JmVyZ AndV©Z

 Vwåhr nm{hbo AgUmaM H$s$ 
dmMVmZm bmoH$ Mî_o dmnaVmV. KS>çmi 
XþéñV H$aUmam gwú_ ^mJ nmhÊ`mgmR>r 
{dembH$ (magnififying glass) 
H$mM dmnaVmo. {dembH$mÀ`m n¥ð>- 
^mJmbm hmVmZo ñne© H$ê$Z nm{hbm 
AmhmV H$m? Vmo n¥ð>^mJ gnmQ> Amho 
qH$dm dmH$bobm? Vmo _Yrb ̂ mJmV OmS> 
Amho {H$ XmoÝhr Q>moH$m§Zm? Mî_m qH$dm 
KS >çmi X þéñV H$aUmam dmnaV 
Agbobr H$mM hr q^JmMr CXmhaUo 
AmhoV. q^J åhUOo H$m`? Vo àH$me 
{H$aUm§Zm H$go dmH${dVo? Amåhr `m 
^mJmV Ë`mMr MMm© H$aUma AmhmoV.
 XmoZ n¥ð>^mJ Agbobm nmaXe©H$ 
nXmW© Á`mÀ`m EH$ qH$dm XmoÝhr ~mOy 
Jmobr` AgVmV Vo q^J AgVo. `mMmM 

Jmobr` ^mJ AgVmo. Aem q^JmV Xþgam n¥ð>^mJ gnmQ> AgVmo. q^Jmbm ~mhoarb ~mOwbm XmoZ 
Jmobr` n¥ð>^mJ AgVmV Aem q^JmZm Ûr ~{hd©H«$ q^J åhUVmV. gm_mÝ`nUo ̀ m§Zm ~{hd©H«$ q^J 
Agohr åhUVmV. ho XmoÝhr Q>moH$m§À`m VwbZoZo _Ü`^mJr (OmS>) \w$Jra AgVo. Am. 9.12 (a) _Ü`o 
~{hd©H«$ q^Jo àH$memMo EH$ÌrH$aU H$aVmV ho XmI{dbo Amho. åhUyZ ~{hd©H«$ q^JmZm A{^gmar 
q^Jo Ago åhUVmV. Ë`mMà_mUo A§Vd©H«$ q^JmZm XmoZ Jmobr` n¥ð>^mJ AgVmV Oo AmV dmH$bobo 
AgVmV. ho _Ü`^mJmÀ`m VwbZoZo XmoÝhr Q>moH$m§H$S>o \w$Jra (OmS>) AgVo. Am. 9.12 (b) _Ü`o Aem 
àH$maMr q^Jo àH$me {H$aUm§Zm nga{dVmV ho XmI{dbo Amho. Aem q^JmZm Angmar q^Jo Ago 
åhUVmV. Ûr A§Vd©H«$ q^JmZm gm_mÝ`nUo A§Vd©H«$ q^Jo Agohr åhUVmV.
 ~{hd©H«$ qH$dm A§Vd©H«$ q^JmZm XmoZ Jmobr` n¥ð>^mJ AgVmV. àË`oH$ n¥ð>^mJ hm JmobmMm 
^mJ AgVmo. JmobmÀ`m `m H|$Ðmbm q^JmMo dH«$Vm H|$Ð Ago åhUVmV. q^JmÀ`m dH«$Vm H|$Ðmbm 
Zoh_r ‘c’ `m AjamZo Xe©{dVmV. Á`mAWu XmoZ dH«$Vm H|$Ðo AgVrb Va Ë`m§Zm C  Am{U C  Zo 1 2

Xe©{dVmV. q^JmÀ`m XmoZ dH«$Vm H|$ÐmVyZ OmUmè`m H$mën{ZH$ aofobm _w»` Aj åhUVmV. 
q^JmÀ`m H|$Ð q~Xÿbm àH$mer` _Ü` åhUVmV Vmo Zoh_r ‘O’ `m AjamZo Xe©{dVmV. q^JmÀ`m 
àH$mer` _Ü`mVyZ OmUmè`m àH$me{H$aUm§Mo {dMbZ hmoV Zmhr. Jmobr` q^JmÀ`m JmobmH$ma 
^mJmÀ`m ì`mgmbm A°naMa (Aperture) Ago åhUVmV. ̀ m àH$aUm_Ü`o AmnU dH«$Vm {ÌÁ`onojm 
H$_r A°naMa Agboë`m q^JmMm C„oI KoD$ Aem q^JmZm H$_r A°naMa Agbobo nmVi q^J 
åhUVmV. Ooìhm g_m§Va àH$me{H$aU q^Jmda AmXibo Va H$m` KS>Vo? ho g_OmdyZ KoÊ`mgmR>r 
AmnU EH$ CnH«$_ H$ê$.
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CnH«$_ 9.11

gwMZm : hm CnH«$_ H$aVmZm gw`m©H$S>o gai qH$dm q^JmVyZ nmhþ ZH$m. Vgo Ho$ë`mg Vw_À`m 
S>moù`m§Zm BOm hmoD$ eH$Vo.

n EH$ ~{hd©H«$ q^J hmVmV Yam. Vo gy`m©À`m {XeoZo H$am.

n gy`m©H$Sy>Z ̀ oUmam àH$me q^Jmdê$Z H$mJXmda ¿`m. gy`m©Mr ñdÀN> àIa à{V_m {_idm.

n q^J d H$mJX H$mhr doi VgmM Yam. H$mJXmMo {Z[ajU H$aV ahm.H$m` Pmbo? H$m? 
CnH«$_ 9.2 _Yrb Amnbm AZw^d AmR>dm.

 H$mJX Yya {Z_m©U H$ê$Z Oim`bm gwédmV H$aVmo. H$mhr doimZo Vmo noQ> gwÕm KoD$ eH$Vmo. Ago 
H$m KS>bo? gy`m©À`m àH$memZo g_m§Va àH$me {H$aUo V`ma Ho$br. hr {H$aUo q^Jm_wio àIa q~XÿV 
H|${ÐV Pmbr. IaoVa H$mJXmda {_iUmam àIa q~Xÿ hr gy`m©Mr dmñVd à{V_m Amho. 
gy`©àH$memÀ`m EH$mM q~XÿVrb EH$ÌrH$aUmZo CîUVm {Z_m©U Pmbr n[aUm_r H$mJX OiVmo.

 AmVm AmnU q^JmÀ`m _w»` Ajmbm g_m§Va OmUmar àH$me{H$aUo KoD$. `m àH$maMr 
àH$me{H$aUo q^J_YyZ Joë`mg H$m` KS>ob? ̀ mMo ñnï>rH$aU Am. 9.12 (a) _Ü`o ~{hd©H«$ q^JmMo 
Am{U Am. 9.12 (b) _Ü`o A§Vd©H«$ q^JmMo {Xbo Amho. 
 Am. 9.12 (a) Mo H$miOrnwd©H$ {Z[ajU H$am. AZoH$ àH$me {H$aU _w»` Ajmbm g_m§Va 
~{hd©H«$ q^Jmda nS>br AmhoV. hr {H$aUo q^JmVyZ AndVuV Pmë`mZ§Va _w»` Ajmdarb EH$m 
q~XÿV EH$ÌrV hmoVmV. _w»` Ajmdarb `m q~Xÿbm q^JmMr _w»` Zm^r Ago åhUVmV. AmVm 
AmnU  A§Vd©H«$ q^JmMr {H«$`m nmhÿ.
 Am. 9.12 (b) Mo H$miOrnwd©H$ {Z[ajU H$am. AZoH$ àH$me {H$aUo _w»` Ajmbm g_m§Va 
A§Vd©H«$ q^Jmda nS>br AmhoV. hr {H$aUo q^JmVyZ AndVuV Pmë`mZ§Va _w»` Ajmdarb 
q~XÿnmgyZ ngaVmV. _w»` Ajmdarb ̀ m q~Xÿbm A§Vd©H«$ q^JmMr _w»` Zm^r Ago åhUVmV.
 Oa Vwåhr q^JmÀ`m {déÕ n¥ð>^mJmH$Sy>Z g_m§Va {H$aU gmoS>bo Va Vwåhmbm {déÕ ~mOybm 
AmUIr EH$ _w»` Zm^r {_iob. _w»` Zm^rbm Zoh_r F ho Aja dmnabo OmVo. 
 VWm{n q^Jmbm XmoZ _w»` Zm^r Agë`m_wio Ë`m§Zm F  Am{U F  Zo Xe©{dbo OmVo. àH$mer` 1 2

_Ü`mnmgyZ _w»` Zm^rn`ªVÀ`m A§Vambm Zm^r` A§Va (Ho$ÝÐm§Va) Ago åhUVmV. Zm^r` A§Va 
Xe©{dÊ`mgmR>r f ho Aja dmnabo OmVo. ~{hd©H«$ q^JmMo Zm^r` A§Va Vwåhr H$go H$mT>mb? CnH«$_ 
9.11 AmR>dm. `m CnH«$_mV q^JmMo ñWmZ Am{U gy`m©À`m à{V_oMo ñWmZ `m_Yrb A§Va åhUOo 
q^JmMo A§XmOo Zm^r` A§Va (Ho$ÝÐm§Va) hmo`.

9.3.4  q^JmnmgyZ {_imboë`m à{V_m (Image formation by Lenses)

 q^Jo àH$memÀ`m AndV©ZmZo à{V_m V`ma H$aVmV. q^Jo à{V_m H$em V`ma H$aVmV? Ë`m§Mo 
ñdê$n H$m` Amho? ~{hd©H«$ {^§JmMm àW_ Aä`mg H$ê$.

   {dkmZ103

    
    

    
    

 @
KTBS 

NOT TO BE R
EPUBLIS

HED



  

 

CnH«$_ 9.12

n EH$ ~{hd©H«$ q^J ¿`m. CnH«$_ 9.11 _Ü`o dU©Z Ho$ë`mà_mUo Ë`mMo A§XmOo Zm^r` A§Va 
H$mT>m.

n bm§~ Q>o~bda ISy>Zo nmM g_m§Va aofm Aem H$mT>m H$s, bJVÀ`m XmoZ aofo_Yrb A§Va ho 
q^JmÀ`m _w»` Zm^rBVHo$ Agob.

n q^JmÀ`m ñQ>±S>da q^J R>odm. Vo _Ü` aofoda Ago R>odm H$s, q^JmMm àH$mer` _Ü` aofoda 
`oB©b.

n q^JmÀ`m àË`oH$ ~mOyH$S>rb XmoZ aofm AZwH«$_o q^JmÀ`m F Am{U 2F er g_mZ AgVrb 
`mo½` Ë`m AjamZo Ë`mda IwUm H$am Ago AZwH«$_o 2F , F , F  Am{U 2F1 1 2 2

n S>mì`m ~mOybm 2F  À`m Iwn nbrH$S>o noQ>Vr _oU~Îmr R>odm. q^JmÀ`m Xþgè`m ~mOwÀ`m 1

nS>Úmda ñnï> d VrúU à{V_m {_iVo.

n à{V_oMo ñdê$n, ñWmZ d AmH$mamMr Zm|X H$am.

n 2F  À`m WmoS>o nbrH$S>o, F  d 2F  À`m _Ü`^mJr F  da, F  Am{U O ̀ m§À`m _Ü`^mJr 1 1 2 1 1

dñVy R>odyZ hr H¥$Vr naV-naV H$am. Vw_À`m {ZarjUmMr Zm|X H$ê$Z Vº$m V`ma H$am.

 ~{hd©H«$ q^JmnmgyZ dñVyÀ`m doJdoJù`m ñWmZmgmR>r {_iUmè`m à{V_oMo ñdê$n, ñWmZ d 
AmH$ma ̀ m§Mr _m{hVr Vº$m 9.4 _Ü`o {Xbr Amho.

Vº$m 9.4  ~{hd©H«$ q^JmnmgyZ dñVyÀ`m doJdoJù`m ñWmZmgmR>r {_iUmè`m à{V_oMo ñdê$n, 
ñWmZ d AmH$ma

AZ§V A§Vamda F  da AJXr gwú_ q~Xÿ ñdê$n dmñVd Am{U CbQ>2

2F  À`m nwT>o  F  Am{U 2F  À`m  bhmZ dmñVd Am{U CbQ>1 2 2

(nbrH$S>o) _Ü`^mJr

2F  da 2F  da g_mZ AmH$ma dmñVd Am{U CbQ>1 2

F  Am{U 2F  2F  À`m nwT>o _moR>r dmñVd Am{U CbQ>1 1 2

  À`m _Ü`^mJr

q~Xÿ F  da AZ§V A§Vamda AZ§V _moR>r dmñVd d CbQ>1

  qH$dm IwnM _moR>r

q~Xÿ F  Am{U  q^JmÀ`m d dñVyÀ`m _moR>r Am^mgr d gai1

àH$mer` _Ü` ~mOwbm

O' `m§À`m _Ü`^mJr

dñVwMo ñWmZ à{V_oMo ñWmZ à{V_oMm AmH$ma à{V_oMo ñdê$n
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 AmVm AmnU A§Vd©H«$ q^JmnmgyZ {_iUmè`m à{V_oMoo ñWmZ, ñdê$n d AmH$ma `m§À`m 
Aä`mgmgmR>r CnH«$_ H$ê$.

CnH«$_ 9.13

n EH$ A§Vd©H«$ q^J ¿`m. Vo ñQ>±S>da R>odm.

n q^JmÀ`m EH$m ~mOybm noQ>Vr _oU~Îmr R>odm.

n q^JmÀ`m Xþgè`m ~mOyZo à{V_oMo {Z[ajU H$am. eŠ` Agë`mg à{V_m nS>Úmda  {_iV 
ZgobVa q^JmVyZ gai à{V_oMo {Z[ajU H$am.

n à{V_oMo ñdê$n, g§~§YrV AmH$ma Am{U A§XmOo ñWmZ ̀ m§Mr Zm|X H$am.

n q^JmnmgyZ _oU~Îmr Xÿa ¿`m. à{V_oÀ`m AmH$mamÀ`m ~Xbm§Mr Zm|X H$am. Ooìhm 
q^JmnmgyZ _oU~Îmr Iwn Xÿa A§Vamda R>odbr Va à{V_oMm AmH$ma H$m` Agob?

 darb CnH«$_mMm gmam§e Imbrb Vº$m 9.5 _Ü`o {Xbm Amho.
Vº$m 9.5 : A§Vd©H«$ q^JmnmgyZ dñVyÀ`m doJdoJù`m ñWmZmgmR>r {_iUmè`m à{V_oMo ñdê$n, 
ñWmZ d g~§YrV AmH$ma-

dñVwMo ñWmZ à{V_oMo ñWmZ à{V_oMm AmH$ma à{V_oMo ñdê$n

AZ§V A§Vamda q~Xÿ F  da AJXr bhmZ, q~Xÿ ñdê$n Am^mgr Am{U gai1

AZ§V A§Va Am{U  q~Xÿ F  Am{U  1

àH$mer` _Ü` O àH$mer` _Ü` bhmZ Am^mgr Am{U gai

`m§À`m _Ü`^mJr O `m§À`m _Ü`^mJr 

 darb CnH«$_mVyZ AmnU H$moUVo AZw_mZ H$mT>mb? dñVy H$moUË`mhr {R>H$mUr Agbr Var 
A§Vd©H«$ q^Jm_YyZ Am^mgr, gai Am{U bhmZ à{V_m {_iVo.

9.3.5  q^JmVyZ {_iUmè`m à{V_m§À`m aoImH¥$Vr

 Amåhr q^JmVyZ {_iUmè`m à{V_m aoImH¥$Vr dmnê$Z XmIdy eH$Vmo. aoImH¥$Vr gwÕm 
Amnë`mbm q^Jm_YyZ {_iUmè`m à{V_m§Mo ñdê$n, ñWmZ d AmH$ma `m§Mm Aä`mg H$aÊ`mgmR>r 
Cn`moJr nS>VmV. q^Jm§À`m aoImH¥$Vr H$mT>Ê`mgmR>r Jmobr` AmaemgmaIrM Imbrb XmoZ {H$aUo 
KoD$.
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1. dñVynmgyZ _w»` Ajmbm g_m§Va àH$me {H$aU ~{hd©H«$ q^JmVyZ AndV©Z Pmë`mZ§Va 
q^JmÀ`m Xþgè`m ~mOwH$S>rb _w»` Zm^rVyZ OmVmV ho Am. 9.13 (a) _Ü`o XmI{dbo 
Amho. A§Vd©H«$ q^JmÀ`m ~m~VrV àH$me {H$aU q^JmÀ`m Ë`mM ~mOwdarb _w»` Zm^rVyZ 
AngarV hmoVmV ho Am. 9.13 (b) _Ü`o XmI{dbo Amho.

2. ~{hd©H«$ q^JmÀ`m _w»` Zm^rVyZ OmUmao àH$me {H$aU AndV©ZmZ§Va _w»` Ajmbm 
g_m§Va ~mhoa nS>VmV ho Am. 9.14 (a) _Ü`o XmI{dbo Amho. A§Vd©H«$ q^JmÀ`m _w»` 
Zm^rÀ`m {XeoZo `oVmV Ago dmQ>Umao àH$me {H$aU namdV©ZmZ§Va _w»` Ajmbm g_m§Va 
~mhoa nS>VmV ho Am. 9.14 (b) _Ü`o XmI{dbo Amho.

Am. 9.13

3. q^JmÀ`m àH$mer` _Ü`mVyZ OmUmao àH$me {H$aU {dMbZ Z hmoVm ~mhoa nS>VmV. ho Am. 
9.15 (a) Am{U Am. 9.15 (b) _Ü`o XmI{dbo Amho.

Am. 9.14

Am. 9.15
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 dñVy§À`m doJdoJù`m ñWmZmgmR>r ~{hd©H«$ q^JmnmgyZ V`ma hmoUmè`m à{V_m§À`m aoImH¥$Vr 
Am. 9.16 _Ü`o XmI{dë`m AmhoV. Va dñVyÀ`m doJdoJù`m ñWmZmgmR>r A§Vd©H«$ q^JmnmgyZ 
V`ma hmoUmè`m à{V_m§À`m aoImH¥$Vr Am. 9.17 _Ü`o XmI{dë`m AmhoV.

Am. 9.16  dñVyÀ`m doJdoJù`m ñWmZmgmR>r ~{hd©H«$ q^JmnmgyZ {_iUmè`m à{V_m§Mo ñWmZ, AmH$ma d ñdê$n

Am. 9.17  A§Vd©H«$ q^JmnmgyZ {_iUmè`m à{V_m§Mo ñdê$n, ñWmZ d AmH$ma

   {dkmZ107

    
    

    
    

 @
KTBS 

NOT TO BE R
EPUBLIS

HED



   9.8

9.9

u v 

9.10

9.3.6 Jmobr` q^JmgmR>r {MÝh g§Ho$V (Sign convention for, Spherial Lenses)

 q^JmgmR>r AmnU Jmobr` Amaemà_mUoM {MÝh g§Ho$V dmnaVmo. AmnU hm {Z`_ A§VamÀ`m 
{MÝhmgmR>r bmdVmo. {edm` gd© _mno q^JmÀ`m àH$mer` _Ü`mnmgyZ KoVbr OmVmV. 
{MÝhg§Ho$VmZwgma ~{hd©H«$ q^JmMo Zm^r` A§Va (Ho$ÝÐm§Va) YZ KoVmV Am{U A§Vd©H«$ q^JmMo G$U 
KoVmV. u, v, f  dñVyMr C§Mr h' ̀ mgmR>r ̀ mo½` {MÝho KoVmZm H$miOr ¿`mdr bmJob.

9.3.7  q^JgwÌ Am{U {dembZ (dY©Z) (Lens formula and Magnification)

 Amnë`mH$S>o Ogo Jmobr` AmaemgmR>r gwÌ Amho Vgo Jmobr` q^JmgmR>r gwÕm gwÌ Amho. ho gwÌ 
dñVyMo A§Va (u) à{V_oMo A§Va (v) Am{U Zm^r` A§Va ( f ) ̀ m§À`m_Yrb g§~§Y Xe©{dVo. q^J gwÌ 
Ago Xe©{dVmV.

 da {Xbobo q^JmMo gwÌ ho gm_mÝ` AgyZ Jmobr` q^JmÀ`m H$moUË`mhr pñWVrV Vo Iao Amho. 
q^Jmg~§YrV CXmhaUo gmoS>{dVmZm doJdoJù`m amerÀ`m qH$_Vr ̂ aVmZm ̀ mo½` H$miOr ¿`m.

{dembZ (Magnification)

 Jmobr` Amaemà_mUoM q^JmnmgyZ V`ma hmoUmè`m {dembZmMr ì`m»`m Aer Amho H$s$, 
à{V_oMr C§Mr Am{U dñVyMr C§Mr `m§Mo JwUmoÎma Amho. ho ‘m’ `m AjamZo Xe©{dVmV. Oa dñVyMr 
C§Mr h Am{U q^JmnmgyZ {_iUmè`m à{V_oMr C§Mr h' Agob Va q^JmnmgyZ V`ma hmoUmao {dembZ 
Ago Xe©{dVmV.

  à{V_oMr C§Mr     h'
R  = =
          dñVyMr C§Mr         h

 q^JmnmgyZ V`ma hmoUmao {dembZ ho dñVyMo A§Va u Am{U à{V_oMo A§Va v  ̀ m§À`mer g~§YrV 
Amho. Vmo g~§Y Agm Xe©{dVmV.

   h'     v
(m)  = ={dembZ  

         h       u

CXmhaU 9.3

EH$m A§Vd©H«$ q^JmMo Zm^r` A§Va 15cm Amho. q^JmnmgyZ dñVyMr 10cm A§Vamda à{V_m 
{_i{dÊ`mgmR>r dñVy q^JmnmgyZ {H$Vr A§Vamda R>odmdr bmJob? VgoM q^JmnmgyZ V`ma hmoUmao 
{dembZ gwÕm H$mT>m.
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à{V_oMo A§Va
Zm^r` A§Va
dñVyMo A§Va

Ogo

qH$dm

qH$dm

Ë`mAWu dñVyMo A§Va 30 cm Amho.

{dembZ

qH$dm

CH$b :
A§Vd©H«$ q^JmVyZ {_iUmar à{V_m Zoh_r dmñVd, gai d dñVy R>odboë`m ~mOwbmM {_iVo.

YZo {MÝh à{V_m gai d dmñVd Amho ho Xe©{dVo. à{V_m dñVyÀ`m 1/3 AmH$mamMr Amho.

CXmhaU 9.4
10 cm Zm^r` A§Va Agboë`m ~{hd©H«$ q^JmÀ`m _w»` AjmÀ`m b§~ {XeoZo 2.0 cm C§MrMr 
dñVy R>odbr Amho. q^JmnmgyZ dñVyMo A§Va 15 cm Amho. Va à{V_oMo ñdê$n ñWmZ Am{U AmH$ma 
H$mT>m. VgoM {dembZ gwÕm H$mT>m.

CH$b : 
dñVyMr C§Mr   h  =  + 2.0 cm

Zm^r` A§Va   f  =  + 10 cm

nXmWm©Mo A§Va   u  =  – 15 cm

v = –10cm 

f = –15cm

u = ?

1 1 1

v u f

1 1 1

u v f
=

1 1 1 1 1
 

–10 10 15u
–=

1 3 2 1

30 –30u

–
= =

u = –30 cm

v
m

u
=

–10 1
0.33

–30 3

cm
m

cm
= = = +

=

= +

+

–15

–

-

–
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à{V_oMo A§Va
à{V_oMo C§Mr

Ogo,

qH$dm

qH$dm

 v =  ?

h' =  ?

1 1 1

v u f

 
1 1 1

v u f
= +

       
1 1 1 1 1

–15 10 15 10v
= + = – �+

       
1 2 3 1

30 30v

–
= =

v  =  +30 cm;

'h v
m

h u
= =

 '
u

h h
v

=

( )
30

' 2.0 4.0cm
15

h = + =

m
v

u
=

30cm
2

15cm
m

+
= =

v Mo YZ {MÝh àH$mer` _Ü`mÀ`m Xþgè`m ~mOybm 30 cm A§Vamda à{V_m {_iVo ho Xe©{dVo. 
à{V_mhr dmñVd Am{U CbQ> Amho.

=

+

–

–
–

m & h' Mo G$U {MÝh ho à{V_m CbQ> Am{U dmñVd Amho ho Xe©{dVmV. hr _w»` AjmÀ`m Imbr 
V`ma hmoVo. åhUyZM 4 cm C§MrMr dmñVd, CbQ> à{V_m q^JmÀ`m {déÕ ~mOybm 30 cm A§Vamda 
V`ma hmoVo. à{V_m XþßnQ> _moR>r Amho.

90.3.8  q^JmMo gm_Ï`©  (Power of Lens)

 Vwåhr `mAJmoXa {eH$bm AmhmV H$s, q^JmÀ`m àH$me {H$aUm§Zm EH$ÌrV H$aÊ`mMr qH$dm 
AngaU H$aÊ`mMr j_Vm hr q^JmÀ`m Zm^r` A§Vamda Adb§~yZ AgVo. CXmhaU H$_r Zm^r` 
A§Va Agbobo ~{hd©H«$ q^J àH$me {H$aUm§Zm àH$mer` _Ü`Odi _moR>çm H$moZmZo dmH${dVmV 
Ë`mMà_mUo H$_r Zm^r` A§Va Agbobo A§Vd©H«$ q^J OmñV Zm^r` A§Va Agboë`m q^Jmnojm 
àH$me {H$aUm§Mo AngaU OmñV H$aVo. àH$me {H$aUm§Zm EH$ÌrV H$aUo qH$dm AngaU H$aÊ`mÀ`m 
_mnZmbm q^JmMo gm_Ï`© `m ñdê$nmV ì`º$ H$aVmV. q^JmMo gm_Ï`©Mr ì`m»`m Aer Amho H$s, 

{dembZ

qH$dm

à{V_oMr C§Mr

{dembZ

qH$dm

–

–
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     10.11

Zm^r` A§VamÀ`m ì`ñVmH$mbm q^JmMo gm_Ï`© Ago åhUVmV. Vo P ̀ m AjamZo Xe©{dVmV. Zm^r` 
A§Va  f  Agboë`m q^JmMo gm_Ï`© P Ago Xe©{dVmV-

 q^JmMo gm_Ï`©Mo S.I EH$H$ ""S>m`m°ßQ>a'' Amho. ho D ̀ m AjamZo Xe©{dVmV. Oa f  _rQ>a_Ü`o 
ì`º$ Ho$bo Va q^JmMo gm_Ï`© hoo "S>m`m°ßQ>a' _Ü`o ì`º$ H$aVmV, åhUyZ 1 _rQ>a Zm^r` A§Va 

–1Agboë`m q^JmMo gm_Ï`© 1 S>m`m°ßQ>a Amho. 1D = 1 m   Vwåhr bjmV R>odm H$s, ~{hd©H«$ q^JmMo 
gm_Ï`© YZ AgVo Va A§Vd©H«$ q^JmMo gm_Ï`© G$U AgVo.

 ZoÌVk q^JmÀ`m gm_Ï`m©dê$Z AMyH$ q^J KoÊ`mMm AmXoe XoVmV. g_Om ZoÌVkmZo {Xboë`m 
q^JmMo gm_Ï`© 2.0 D Amho. ̀ mMm AW© Ë`m§Zr ~{hd©H«$ q^J KoÊ`mMm AmXoe {Xbm Amho q^JmMo 
Zm^r` A§Va + 0.50 m Amho. Ë`mMà_mUo –2.5 D gm_Ï`© Agboë`m q^JmMo Zm^r` A§Va 
–0.40 m Amho d Vo A§Vd©H«$ q^J Amho.

  

A
{Y

H$
 O

mU
m!

AZoH$ ZoÌmg~§YrV CnH$aUm_Ü`o A{YH$ g§»`oZo q^Jo dmnaVmV. à{V_m§Mo {dembZ d 
Vrd«Vm dmT>{dÊ`mgmR>r Ë`m§Mo EH$ÌrH$aU Ho$bo OmVo. q^JmMo EHy$U gm_Ï`© (P) ho 
àË`oH$ q^JmMo gm_Ï`© P  , P  , P  , .... ̀ m§À`m ~¡OrH$ ~oaOoZo {Xbo OmVo. åhUyZ  P = P  1 2 3 1

+ P  + P  + ....2 3

 q^JmÀ`m Zm^r` A§Vamnojm Ë`m§À`m gm_Ï`m©Mm dmna H$aUo ZoÌVkm§Zm gmoB©Mo 
OmVo. S>moio VnmgUrÀ`m doir, doJdoJù`m Mîå`mEodOr ZoÌVk `mo½` gm_Ï`© _mhrV 
Agboë`m q^JmMo AZoH$ doJdoJio EH$ÌrH$aU H$aVmV. ZoÌVk nm{hOo Agboë`m 
q^JmMo gm_Ï`© gmÜ`m ~¡OrH$ ~oaOoZo H$aVmV. CXmhaU + 2.0 D Am{U + 0.25 D 
gm_Ï`© Agboë`m XmoZ q^JmÀ`m EH$ÌrH$aUmMo 1 q^JmMo gm_Ï`© + 2.25 D hmoVo. 
EH$m q^JmÛmao {_iUmè`m à{V_mVrb Xmof H$_r H$aÊ`mgmR>r q^JmÀ`m gm_Ï`m©À`m 
~oarO JwUY_m©Mm Cn`moJ H$aVmV. Aem AZoH$ àH$maMo q^J Agboë`m nÕVrMm dmna 
H°$_oè`mMo q^J ~Z{dVmZm Am{U gwú_Xe©H$ d XþaXe©H$ `m§À`m nXm{W©Ho$_Ü`o Ho$bm 
OmVmo.
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?
àíZ

1. q^JmMr "1 S>m`m°ßQ>a' ì`m»`m {bhm.

2. ~{hd©H«$ q^JmnmgyZ 50 cm A§Vamdarb gwB©Mr dmñVd d CbQ>r 
à{V_m V`ma hmoVo. Oa dñVy Am{U à{V_m `m§Mm AmH$ma g_mZ 
Agob Va ~{hd©H«$ q^JmnmgyZ gwB© {H$Vr A§Vamda R>odbr Amho?

3. A§Vd©H«$ q^JmMo Zm^r` A§Va 2m Agob Va q^JmMo gm_Ï`© 
H$mT>m?

Vwåhr H$m` {eH$bm?

n àH$me Zoh_r gai aofoV OmVmo.
n Amago d q^Jo dñVy§À`m à{V_m V`ma H$aVmV. dñVyÀ`m ñWmZmZwgma à{V_m dmñVd 

qH$dm Am^mgr Agy eH$VmV.
n gd© àH$maMo namdV©Z n¥ð>^mJ namdV©ZmMo {Z`_ nmiVmV. AndV©H$ n¥ð>^mJ 

namdV©ZmMo {Z`_ nmiVmV.
n Jmobr` Amago d q^Jo ̀ m§À`mgmR>r ZdrZ H$mQ>}{e`Z {MÝh g§Ho$Vm§Mm dmna H$aVmV.
n AmaemMo gwÌ   1   1   1  ho Jmobr` AmaemÀ`m A§Va (u), à{V_oMo A§Va (v)

  +    =          v       u         f
Am{U Zm^r` A§Va ( f ) ̀ m§À`m_Yrb g§~§Y Xe©{dVo.

n Jmobr` AmaemMo Zm^r` A§Va ho Ë`mÀ`m dH«$Vm {ÌÁ`oÀ`m {Zå_o AgVo.
n Jmobr` AmaemZo V`ma Ho$bobo {dembZ ho à{V_oMr C§Mr Am{U dñVyMr C§Mr `m§Mo 

JwUmoÎma Amho.
n YZ _mÜ`_mVyZ {dai _mÜ`_mV àdoe H$aUmao {VaH$g àH$me {H$aU ho ñV§{^Ho$À`m Xÿa 

OmVmV VgoM {dai _mÜ`_mVyZ KZ _mÜ`_mV àdoe H$aVmZm àH$me {H$aU ñV§{^Ho$À`m 
Odi ̀ oVmV.

n
8 –1 {Zdm©Vm_Ü`o àH$me 3 ´ 10  ms  BVŠ`m àM§S> doJmZo àdmg H$aVmo. àH$memMm doJ 

doJdoJù`m _mÜ`_mgmR>r doJdoJim AgVmo.
n nmaXe©H$ _mÜ`_mMm AndV©Zm§H$ hm {Zdm©VmVrb àH$memMm doJ d Ë`m _mÜ`_mVrb 

àH$memMm doJ ̀ mMo JwUmoÎma AgVo.
n Am`VmH¥$Vr H$mMoÀ`m MrnÀ`m ~m~VrV hdm-H$mM Am{U H$mM-hdm `m§À`m 

n¥ð>^mJmda AndV©Z KS>Vo {ZJ©V {H$aU ho AmnmVr {H$aUm§À`m {Xeobm g_m§Va OmVmV.
n q^J gwÌ   1   1   1  ho Jmobr` AmaemÀ`m A§Va (u), à{V_oMo A§Va (v) Am{U 

 –     =    v       u         f
Zm^r` A§Va ( f ) ̀ m§À`m_Yrb g§~§Y Xe©{dVo.

n q^JmMo gm_Ï`© ho Ë`m q^JmÀ`m Zm^r` A§VamÀ`m ì`ñV AgVo q^JmÀ`m gm_Ï`m©Mo S.I 
EH$H$ "S>m`m°ßQ>a' Amho.
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   {dkmZ

 Aä`mg

1. Imbrbn¡H$s H$moUVm nXmW© H$mM {Z{_©VrgmR>r dmnabm OmV Zmhr?

 (a)  nmUr 

(b)  H$mM 

(c)  ßb°ñQ>rH$ 

(d)  _mVr

2. A§Vd©H«$ AmaemVyZ {_iUmar à{V_m Am^mgr, gai d dñVynojm _moR>r Amho. Va 
dñVyMo ñWmZ H$moR>o Agob?

 

(a)  _w»` Zm^r d dH«$Vm H|$ÐmÀ`m _Ü`o

 

(b)  dH«$Vm H|$Ðmda

 

(c)  dH«$Vm H|$ÐmÀ`m nbrH$S>o

 

(d)  AmaemMr _w»` Zm^r d àH$mer` _Ü` ̀ m§À`m _Ü`o

3. dñVy EdT>rM dmñVd à{V_m {_i{dÊ`mgmR>r ~{hd©H«$ q^Jmg_moa dñVy H$moR>o R>odmdr 
bmJob?

 

(a)  q^JmÀ`m _w»` Zm^rda

 

(b)  Zm^r` A§VamÀ`m XþßnQ> A§Vamda

 

(c)

  

AZ§V A§Vamda

 

(d)  q^JmMm àH$mer` _Ü` Am{U _w»` Zm^r ̀ m§À`m_Ü`o

4. Jmobr` Amagm Am{U nmVi Jmobr` Amagm ̀ m§Mo àË`oH$s Zm^r` A§Va –15 cm Amho. 
Va q^J d Amagm

 

(a)  XmoÝhr A§Vd©H«$

 

(b)  XmoÝhr ~{hd©H«$

 

(c)  Amagm A§Vd©H«$ Am{U q^J ~{hd©H«$

 

(d)  Amagm ~{hd©H«$ Am{U q^J A§Vd©H«$
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6. eãXH$mofmVrb N>moQ>r Ajao dmMÊ`mgmR>r Imbrbn¡H$s AmnU H$moUVo q^J dmnamb?

(a) 50 cm Zm^r` A§Va Agbobo ~{hd©H«$ q^J

(b) 50 cm Zm^r` A§Va Agbobo A§Vd©H«$ q^J

(c) 5 cm Zm^r` A§Va Agbobo ~{hd©H«$ q^J

(d)

  

5 cm Zm^r` A§Va Agbobo A§Vd©H«$ q^J

5. AmaemnmgyZ Vwåhr {H$Vrhr A§Vamda C^o ahm. Vw_Mr à{V_m gai {XgVo Va Amagm-

(a) gnmQ>    

(b)  A§Vd©H«$  

(c)  ~{hd©H«$    
(d)  gnmQ> qH$dm ~{hd©H«$

7. 15 cm Zm^r` A§Va Agboë`m A§Vd©H«$ AmaemVyZ Amnë`mbm dñVyMr gai à{V_m 
{_idm`Mr Amho Va AmaemnmgyZ dñVyÀ`m A§VamMr ì`már {H$Vr Agob? à{V_oMo 
ñdê$n H$m` Agob? à{V_m nXmWm©nojm bhmZ qH$dm _moR>r Agob? ̀ m ~m~VMr à{V_m 
{_i{dÊ`mMr aoImH¥$Vr H$mT>m?

8. Imbrb àg§Jr dmnaÊ`mV ̀ oUmè`m AmaemÀ`m àH$mamMo Zm§d {bhm.

(a)  H$maMm hoS>bmB©Q> (_w»` {Xdm)

(b)  ~mOy/_mJrb Ñî` nmhÊ`mMm dmhZmMm Amagm

(c)  gm¡a^Å>r

9. ~{hd©H«$ q^JmMm AYm© ^mJ H$mù`m H$mJXmZo PmH$bobm Amho. ho q^J dñVyMr nyU© 
à{V_m V`ma H$ê$ eHo$b H$m? à`moJmÛmao Amnbo CÎma VnmgyZ nhm. Amnë`m 
{Z[ajUmMo dU©Z H$am.

10. 10 cm Zm^r` A§Va Agboë`m A{^gmar q^JmnmgyZ 5 cm C§MrMm nXmW© q^JmnmgyZ 
25 cm A§Vamda R>odbm Amho. aoImH¥$Vr H$mTy>Z à{V_oMo ñWmZ, AmH$ma d ñdê$n 
H$mT>m.
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   {dkmZ

11. 15 cm Zm^r` A§Va Agbobo A§Vd©H«$ q^J, q^Jmg_moa 10 cm A§Vamda à{V_m V`ma 
H$aVo. Va q^JmnmgyZ dñVy {H$Vr A§Vamda R>odbr Amho? aoImH¥$Vr H$mT>m.

12. 15 cm Zm^r` A§Va Agboë`m ~{hd©H«$ q^Jmg_moa 10 cm A§Vamda EH$ dñVy R>odbr 
Amho Va Ë`m à{V_oMo ñWmZ d ñdê$n H$mT>m.

13. gnmQ> AmaemVyZ V`ma Ho$bobo {dembZ +1 Amho. ̀ mMm AW© H$m`?

14. 30 cm dH«$Vm {ÌÁ`m Agboë`m ~{hd©H«$ q^Jmg_moa 20 cm A§Vamda 5 cm bm§~rMr 
dñVy R>odbr Amho. à{V_oMo ñWmZ, ñdê$n d AmH$ma H$mT>m.

15. 18 cm Zm^r` A§Va Agbobo A§Vd©H«$ Amaemg_moa 27 cm A§Vamda 7 cm 
AmH$mamMr dñVy R>odbr Amho. dñVyMr VrúU à{V_m {_i{dÊ`mgmR>r nS>Xm H$moR>o 
R>odmdm bmJob? à{V_oMm AmH$ma d ñdê$n H$mT>m.

16. –2.0 D gm_Ï`© Agboë`m q^JmMo Zm^r` A§Va H$mT>m. Vo H$moUË`m àH$maMo q^J 
Amho?

17. S>m°ŠQ>aZo +1.5 D gm_Ï`© Agboë`m q^J KoÊ`mMm AmXoe {Xbm Amho. q^JmMo Zm^r` 
A§Va H$mT>m. KoÊ`mV ̀ oUmao q^J A{^gmar qH$dm Angmar Amho H$m?

******
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 q^JmÛmao hmoUmè`m àH$memÀ`m dH«$s^dZm{df`r AmnU _mJrb àH$aUmV Aä`mg Ho$bm 
Amho. VgoM q^JmnmgyZ {_iUmè`m à{V_m§Mo ñdê$n, ñWmZ Am{U Ë`m§Mm AmH$ma `mMmhr Vwåhr 
Aä`mg Ho$bm Amho. ̀ m gd© Jmoï>tMm Amnë`mbm _mZdr S>moù`m§Mm Aä`mg H$aVm§Zm H$gm Cn`moJ 
hmoD$ eH$Vmo? Amnbo S>moio àH$memMm Cn`moJ H$ê$Z KoD$Z g^modVmbÀ`m dñVy ~KÊ`mg _XV 
H$aVmV. S>moù`m_Ü`o EH$ q^J AgVo. _mZdmÀ`m S>moù`mVrb q^JmMo H$m`© H$m`? Mî_m dmnê$Z 
Amnë`m_Ü`o Agboë`m Ñï>rXmofmMo H$go {ZdmaU H$aVm `oB©b? `m gd© àíZm§Mr CÎmao AmnU `m 
àH$aUm_Ü`o emoYy ̀ m.
 _mJÀ`m àH$aUm_Ü`o AmnU àH$memMm Aä`mg Ho$bm Amho d Ë`mMo JwUY_© Amnë`mbm 
g_Obo AmhoV. ̀ m àH$aUm_Ü`o AmnU {ZgJm©_Yrb H$mhr Ñî`m§Mm Aä`mg H$aÊ`mgmR>r ̀ m gd© 
_m{hVrMm Cn`moJ H$ê$Z KoD$`m. AmVm AmnU B§ÐYZwî`mMr {Z{_©Vr, nm§T>è`m àH$memMo n¥W…H$aU 
Am{U AmH$memMm {Zim a§J ̀ m gdm©{df`r _m{hVr KoD$ ̀ m.

10.1  _mZdr S>moim  (The Human Eye)

 _mZdr S>moim hm A{Ve` _m¡ë`dmZ Am{U g§doXZ{eb Ad`d Amho. S>moù`m§_wio AmnU 
Amnë`m g^modVmbMo OJ Am{U a§J nmhÿ eH$Vmo. 
 S>moio ~§X Ho$ë`mZ§Va dmg, Md, AmdmO Am{U ñne© `mdê$Z AmnU dñVy AmoiIy eH$Vmo. 
_mÌ S>moio ~§X H$ê$Z Amnë`mbm a§J AmoiIUo AJXr AmeŠ` Amho. gd© kmZ|{Ð`m_Ü`o S>moim hm 
Agm Ad`d Amho H$s Vmo gd© kmZ|{Ð`m_Ü`o _hËdmMm AgyZ Á`mÀ`mÛmao AmnU Amnë`m 
g^modVmbMo gw§Xa a§Jr~oa§Jr OJ nmhÿ eH$Vmo.

_mZdr S>moim Am{U
                     a§Jr~oa§Jr OJ

àH$aU 10

 _mZdr S>moim hm H°$_oè`mgmaIm 
Amho. S>moù`m_Yrb q^J S>moù`mVrb 
ÑH$nQ>b (Retina) ZmdmÀ`m àH$me 
g§doXr nS>Úmda à{V_m V`ma H$aVo. 
nwa…nQ>b (cornea) ZmdmÀ`m nmVi 
AmdaUm_YyZ àH$me S>moù`m_Ü`o {eaVmo. 
Am. 10.1 _Ü`o XmI{dë`mà_mUo 
nwa…nQ>b ~w~wimÀ`m g_moaÀ`m ^mJm_Ü`o 
nmaXe©H$ \w$Jra ^mJ V`ma H$aVo. ~w~wi 
AmH$mamZo JmobmH$ma AgyZ Ë`mMm ì`mg 

Am. 10.1  _mZdr S>moim

Amb§~Z ~§Y

ÑH$nQ>b
ÑH$MoVZr

gm§Ð Ðd

ñ\${Q>H$mgmaIo q^J
A§~g Ðd

~mhþbr
H${Z{ZH$m

nwa…nQ>b

gmYmaUnUo 2.3 g|._r. AgVmo. S>moù`m_Ü`o {eaUmè`m àH$me{H$aUm§Mo ~aoMgo dH«$s^dZ 

(The Human Eye and the Colourful World)
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nwa…nQ>bmÀ`m ~mhoarb n¥ð>^mJmH$S>oM KS>Vo. ñ\${Q>H$mgmaIo AgUmao q^J H|$ÐmVamMr \$º$ gwú_ 
OwidUr H$aVo. Ago `mo½` H|$ÐmVa Pmë`m_wio doJdoJù`m A§Vamda AgUmè`m dñVyMr à{V_m 
ÑH$nQ>bmda nS>Vo. nwa…nQ>bmÀ`m nmR>r_mJo H${Z{ZH$m (iris) ZmdmMm ^mJ AgVmo. H${Z{ZH$m 
åhUOo EH$ JS>X a§JmMm ñZm`w`wº$ nmVi nS>Xm AgVmo. Vmo ~mhþbrÀ`m AmH$mamda {Z`§ÌU R>odVmo. 
S>moù`m_Ü`o {eaUmè`m àH$memÀ`m à_mUmda ~mhþbr {Z`§ÌU R>odVo.
 dñVyMr Iar Am{U CbQ>r à{V_m ÑH$nQ>bmda nS>Vo. ÑH$nQ>b hm ZmOyH$ nS>Xm AgyZ 
Ë`mÀ`m_Ü`o àM§S> g§»`oZo àH$me g§doXr noer AgVmV. `m g§doXr noer àH$merV Pmë`mZ§Va 
{H«$`merb hmoVmV Am{U {dÚwV Bemao {Z_m©U H$aVmV. ho Bemao ÑH$ MoVZrÛmao _|XÿH$S>o nmR>{dbo 
OmVmV. _|Xÿ ̀ m Bemè`m§Mm AW© bmdVmo Am{U eodQ>r ̀ m _m{hVrMr à{H«$`m _|Xÿ nyU© H$aVmo Ë`mZ§Va 
Amnë`mbm dñVy Oer Amho Ver {XgVo.

10.1.1  g_m`moOZ eº$s   (Power of Accomodation)

 S>moù`mMo q^J V§Vw_` Am{U Oobr gma»`m nXmWm©Zo ~Zbobo AgVo. Amb§~Z ~§YmÛmao 
Ho$gmgma»`m ñZm`yZr (ciliary muscles) q^JmMr dH«$Vm WmoS>çm à_mUmV ~Xby eH$Vo. q^JmMr 
dH«$Vm ~Xbbr H$s q^JmMo H|$ÐmÝVa hr ~XbVo. Ooìhm Amb~§Z ~§Y {e{Wb AgVmV Voìhm q^J 
~marH$ hmoVo Am{U Ë`mMo H|$ÐmÝVa _moR>o hmoVo. Ago Pmë`m_wio AmnU XÿaÀ`m dñVy ñnï>nUo nmhÿ 
eH$Vmo. Á`mdoir AmnU OdiÀ`m dñVy nhmV AgVmo Voìhm ho Amb§~Z ~§Y AmHw§$MZ nmdVmV 
Ë`m_wio q^JmMr dH«$Vm dmT>Vo. Ë`m_wio q^J OmS> hmoVo. `mMm n[aUm_ Agm hmoVmo H$s q^JmMo 
H|$ÐmÝVa H$_r hmoVo. Ë`m_wio Amnbo S>moio OdiÀ`m dñVy ñnï>nUo nmhÿ eH$VmV.
 `mo½` H|$ÐmÝVa H$ê$Z KoÊ`mÀ`m S>moù`mVrb q^JmÀ`m j_Vobm g_m`moOZ (accomodation) 
Ago åhUVmV. VargwÜXm S>moù`mVrb q^JmMo H$mhr R>am{dH$ _`m©Xon`ªVM H|$ÐmÝVa H$_r hmoD$ 
eH$Vo. EImXm N>mnrb _OHy$a AJXr S>moù`m§À`m Odi KoD$Z dmMÊ`mMm à`ËZ H$am. Vw_À`m 
S>moù`mda VmU nSy>Z dñVyMr A§YwH$ à{V_m {Xgob. Amnë`m S>moù`mnmgyZ H$moUVrhr dñVy Ooìhm 
25 g|._r. A§Vamda AgVo VoìhmM Vr dñVy ñnï>nUo S>moù`m§Zm H$mhr Ìmg Z hmoVm AmnU nmhÿ 
eH$Vmo. AemàH$mao S>moù`mnmgyZ H$_rV H$_r A§Vamda Agbobr dñVy Or AmnU S>moù`m§da VmU Z 
nS>Vm ñnï>nUo nmhÿ eH$Vmo Aem A§Vambm gwñnï> Ñï>rMo bKwV_ A§Va (least distance of 

distinct vision) Ago åhUVmV. ̀ m A§Vambm S>moù`mÀ`m OdiMm q~Xÿ Agohr åhUVmV. (near 

point of the eye) gd©gm_mÝ` Ñï>r AgUmè`m VéUm_Ü`o OdiMm q~Xÿ gmYmaU 25 g|._r. 
AgVmo. VgoM S>moù`mnmgyZ XÿaMm q~Xÿ H$s OWrb dñVy AmnU ñnï>nUo nmhÿ eH$Vmo Ë`m A§Vambm 
XÿaMm q~Xÿ (farthest point) Ago åhUVmV. gÑT> S>moù`mgmR>r Vo A§Va A_`m©XrV AgVo. AmnU 
Ago åhUy eH$Vmo H$s gd©gmYmaU gÑT> S>moio 25 g|._r. Vo AZ§V A§Vamn`ªV nmhÿ eH$VmV.
 åhmVmanUm_Ü`o H$mhr doim ñ\${Q>H$ê$nr q^J XþYmi hmoD$Z Ywga hmoVo. `mbmM _moVrq~Xÿ 
(cataract) Ago åhUVmV. _moVr q~Xÿ_wio Ñï>r WmoS>rer qH$dm nyU© H$_r hmoVo. _moVr q~XÿMo Am°naoeZ 
Ho$ë`mZ§Va nwÝhm Ñï>r àmá hmoVo.
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10.2 Ñï>rXmof Am{U Ë`m§Mo {ZamH$aU (Defects of vision and their correction)

 H$mhr doim S>moù`m§Mr g_m`moOZ eº$s Zï> hmoVo. Ë`m_wio Aem ì`º$s dñVy ghOnUo Am{U 

ñnï>nUo nmhÿ eH$V ZmhrV. S>moù`mÀ`m AndV©ZmMo Xmof (refractive defects) {Z_m©U hmoVmV 

Am{U Ñï>r A§YyH$ hmoVo.

 Xmof`wº$ AndV©Zm_wio àm_w»`mZo VrZ àH$maMo Ñï>rXmof {Z_m©U hmoVmV. Vo åhUOo (1) 

_m`mo{n`m (Myopia) qH$dm {ZH$Q> Ñï>r Xmof (2) hm`na_oQ´>mo{n`m (Hypermetropia) qH$dm 

XrK©Ñï>r Xmof (3) àopñ~`mo{n`m (Presbyopia) qH$dm d¥ÜXÑï>r Xmof. `mo½` Jmob q^J dmnê$Z `m 

Ñï>rXmofm§Mo {ZdmaU H$aVm `oVo. ho Xmof Am{U Ë`m§Mo {ZdmaU `m ~Ôb AmnU Imbr MMm© Ho$br 

Amho.

(a) _m`mo{n`m Pmboë`m S>moù`mMm XÿaMm q~Xÿ

(b) _m`mo{n`mJ«ñV S>moim

(c) _m`mo{n`mMo {ZamH$maU

(a)  _m`mo{n`m ({ZH$Q> Ñï>r Xmof) :

 _m`mo{n`mbm {ZH$Q> Ñï>r Xmof AgogwÜXm 
åhUVmV. _m`mo{n`m Pmbobr ì`º$s 
OdiÀ`m dñVy ñnï>nUo nmhÿ eH$Vo _mÌ 
XÿaÀ`m dñVy ñnï>nUo nmhÿ eH$V Zmhr. Agm 
Xmof AgUmè`m ì`º$s_Ü`o XÿaMm q~Xÿ AZ§V 
A§Vamnojm Odi AgVmo. Aer ì`º$s \$º$ 
H$mhr A§Vamda AgUmè`m dñVyM nmhÿ 
eH$VmV. _m`mo{n`m Pmboë`m S>moù`m_Ü`o 
XþaÀ`m dñVyMr à{V_m ÑH$nQ>bmÀ`m g_moa 
nS>Vo (Am. 10.2 (b) ) _mÌ Vr nS>Úmda 
nS>V Zmhr. hm Ñï>rXmof nwT>rb H$maUm_wio 

{Z_m©U hmoVmo (a) q^JmMr dH«$Vm dmT>ë`m_wio qH$dm (b) ~w~wimMr bm§~r dmT>ë`m_wio hm Xmof 
{Z_m©U hmoVmo. `mo½` H|$Ðm§Va AgUmè`m Am§VJm}b q^JmÀ`m dmnamZo `m Ñï>r XmofmMo {ZdmaU hmoVo 
(Am. 10.2 (c) ) `mo½` H|$Ðm§VamMo Am§VJm}b q^J dmnaë`m_wio à{V_m nmR>r_mJo OmD$Z 
ÑH$nQ>bmda nS>Vo Am{U ̀ m Ñï>rXmofmMo {ZdmaU hmoVo.

Am. 10.2 (a) (b) _m`mo{n`m Pmbobo S>moim
(c) A§VJm}b q^JmÛmao _m`mo{n`mMo {ZamH$aU

{dkmZ118

    
    

    
    

 @
KTBS 

NOT TO BE R
EPUBLIS

HED



(b)  hm`na_oQ´>mo{n`m (XrK© Ñï>r Xmof) :

 hm`na_oQ´>mo{n`mbm XrK©Ñï>r Xmof Agohr 

åhUVmV. hm Xmof AgUmè`m ì`º$s¨Zm XÿaÀ`m 

dñVy ñnï>nUo {XgVmV _mÌ OdiÀ`m dñVy 

ñnï> {XgV ZmhrV. Aem ì`º$s_Ü`o OdiMm 

q~Xÿ gd©gmYmaU OdiÀ`m q~Xÿnojm (25 

g|._r.) OmñV AgVmo. Ë`m_wio Aer ì`º$s 

nwñVH$ dmMVm§Zm Vo 25 g|._r. nojm OmñV Xÿa 

Yê$Z dmMVo. `mMo H$maU Ago Amho H$s 

OdiÀ`m dñVynmgyZ {ZKmbobo àH$me{H$aU 

ÑH$nQ>bmÀ`m nmR>r_mJo Xÿa A§Vamda EH$Ì 

`oVmV (Am. 10.3 b) hm Xmof {Z_m©U 

hmoÊ`mMr H$maUo åhUOo (i) S>moù`mVrb 

(a) hm`na_oQ´>mo{n`m Pmboë`m S>moù`mMm OdiMm q~Xÿ

(b) hm`na_oQ´>mo{n`m Pmboë`m S>moim

(c) hm`na_oQ´>mo{n`mMo {ZamH$aU

Am. 10.3 (a) (b) hm`na_oQ´>mo{n`m Pmbobm 
S>moim Am{U (c) hm`na_oQ´>mo{n`mMo {ZamH$aU

q^JmMo H|$ÐmÝVa OmñV _moR>o AgVo qH$dm (ii) ~w~wi dmOdrnojm \$ma bhmZ Pmbobo AgVo. `moJ 

H|$ÐmÝVamMo ~{hJm}b q^J dmnê$Z ̀ m XmofmMo {ZdmaU H$aVm ̀ oVo. ho Am. 10.3 (c) _Ü`o XmI{dbo 

Amho. AemàH$mao àH$me{H$aU EH$Ì AmUUmè`m q^Jm§Mm Mî_m dmnaë`mZo àH$me {H$aUm§Mo 

EH$ÌrH$aU H$aÊ`mMr eº$s dmT>Vo Am{U Ë`m_wio dñVwMr à{V_m ~amo~a ÑH$nQ>bmda nS>Vo.

(c)   àopñ~`mo{n`m qH$dm d¥ÜX Ñï>r :

 d`mZwgma g_`moOZ eº$s H$_r hmoV OmVo. ~è`mM bmoH$m§_Ü`o OdiMm q~Xÿ hiyhiy H$_r 

hmoV OmVmo. OdiMr dñVy Vo ghOnUo ~Ky eH$V ZmhrV Am{U Vr ì`dpñWV ~KÊ`mgmR>r Ë`m§Zm 

gwYmaUm KS>dyZ AmUUmao Mî_o dmnaVmV. `m Xmofmbm àopñ~`mo{n`m qH$dm d¥ÜXÑï>r Xmof Ago 

åhUVmV. Amb§~Z ~§Y hiyhiy Xþ~©b hmoV Joë`m_wio Am{U S>moù`mVrb q^Jm§Mr bd{MH$Vm H$_r 

hmoV Joë`m_wio hm Xmof {Z_m©U hmoVmo. H$mhr doim EH$mM ì`º$s_Ü`o _m`mo{n`m Am{U 

hm`na_oQ´>mo{n`m ho XmoÝhr Xmof EH$mM ì`º$s_Ü`o AmT>iVmV. Agm Xmof AgUmè`m ì`º$sbm 

Am§Vd©H«$ Am{U ~{hd©H«$ Aer XmoÝhr àH$maMr q^Jo Agbobm Mî_m dmnamdm bmJVmo. Mîå`mÀ`m 

darb ^mJm_Ü`o Am§Vad©H«$ q^J AgVo Ë`m_wio XÿaÀ`m dñVy ñnï> {XgVmV Am{U Mîå`mÀ`m 

ImbÀ`m ̂ mJm_Ü`o ~{hJm}b q^J AgVo Ë`m_wio OdiÀ`m dñVy ñnï> {XgVmV.
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`mda {dMma H$am

Vwåhmbm {XgUmè`m ZdbmB©À`m Jmoï>r~Ôb Vwåhr ~mobVm,
Vwåhr åhUVm gy`© VoOñdr Amho.

_bm _mÌ Vmo Ja_ ^mgVmo, _mÌ Vmo
{Xdg Am{U amÌ H$go ~Zdy eH$Vmo?

- gr. {gã~a

 AmÎmm AmYw{ZH$ `wJm_Ü`o g§nH©$ q^Jo (contact lenses) dmnê$Z qH$dm eó{H«$`m H$ê$Z 
AndV©Zm§H$ (refractive index) XþéñV Ho$bm OmVmo.

àíZ

1. S>moù`mMr g_m`moOZ eº$s åhUOo H$m`?

2. _m`mo{n`m Pmboë`m ì`º$sbm 1.2 _rQ>a nojm OmñV A§Vamda 
Agbobr dñVy {XgV Zmhr. Amnbr Ñï>r nyd©dV hmoÊ`mgmR>r Ë`m 
ì`º$sZo H$moUË`m àH$maMr q^Jo dmnamdr?

3. _mZdm_Yrb gÑT> S>moù`m§Mm OdiMm q~Xÿ Am{U XÿaMm q~Xÿ åhUOo 
H$m`?

4. dJm©_Ü`o eodQ>À`m AmoirVrb ~|Mda ~gUmè`m {dÚmÏ`m©bm ãb°H$ 
~moS>©daMo dmMVm§Zm Oa Ìmg hmoV Agob Va Ë`m {dÚmÏ`m©_Ü`o H$moUVm 
Xmof {Z_m©U Pmbm Agob? ̀ m XmofmMo {ZdmaU H$go H$amdo?
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Amnë`m _¥Ë`y Z§Va gwÜXm Amnbo S>moio Ord§V amhÿ eH$VmV ho Vwåhmbm _m{hV Amho H$m? Amnë`m 
_¥Ë`yZ§Va Amnë`m S>moù`m§Mo XmZ H$ê$Z AmnU EH$m A§Y ì`º$sÀ`m OrdZmV àH$me AmUy 
eH$Vmo.OJmVrb {dH$gZ{eb Xoem§_Ü`o Odi Odi 35 Xebj ì`º$s A§Y AmhoV. 
gmYmaUnUo 4.5 Xebj bmoH$m§_Ü`o nwa…nQ>bmVrb Xmofm_wio A§YËd Ambobo AgVo. ZoÌXmZ 
Ho$boë`m S>moù`mVrb nwa…nQ>bmÀ`m amonUmZo (transplantation) ho A§YËd Xÿa hmoD$ eH$Vo. `m 
4.5 Xebj bmoH$m§_Ü`o 12 dfm©Imbrb 60% _wbo AmhoV. Amnë`mH$S>o Oa Ñï>rMr hr XoUJr 
Amho Va Vr Á`m§À`mH$S>o Zmhr Ë`m§Zm H$m XoD$ Z`o? ZoÌXmZ H$aVm§Zm H$moUË`m Jmoï>r bjmV R>odë`m 
nm{hOo?

Ø ZoÌXmVm H$moUË`mhr d`mMm qH$dm qbJmMm Agbm Var MmbVmo. qH$dm Á`m§À`m S>moù`mVrb 
_moVr q~XÿMr eó{H«$`m Pmbr Amho Vr ì`º$sgwÜXm ZoÌXmZ H$ê$ eH$Vo. Á`m§Zm _Yw_oh, Cƒ 
aº$Xm~, X_m Agob Am{U Á`m§Zm H$moUVmhr gm§g{J©H$ amoJ Pmbobm Zgob Aem ì`º$s gwÜXm 
ZoÌXmZ H$ê$ eH$VmV.

Ø _¥Ë`yZ§Va 4-6 VmgmVM S>moio H$mTy>Z ¿`mdo bmJVmV. OdiÀ`m ZoÌnoT>rbm (eye bank) Ë`m 
ì`º$sÀ`m _¥Ë`yZ§Va bJoM H$idmdo bmJVo.

Ø _¥V ì`º$sÀ`m Kar `oD$Z ZoÌnoT>rMo bmoH$ `oD$Z S>moio H$mTy>Z KoVmV qH$dm _¥V ì`º$sbm 
hm°ñnrQ>bbm KoD$Z OmD$Z {VWo S>moio H$mTy>Z KoVbo OmVmV.

Ø Ho$di 10-15 {_ZrQ>m§_Ü`o S>moio H$mTy>Z KoVbo OmVmV. S>moio H$mTy>Z KoVë`m_wio H$moUË`mhr 
àH$maMr {dÐþnVm ̀ oV Zmhr.

Ø Á`m ì`º$s¨Mm _¥Ë`y ES>g², {hn°Q>°{Q>g B qH$dm C, ao{~O, aº$mMm H$H©$amoJ, YZwdm©V, H$m°bam, 
_o{ZÝOmB©{Q>g², H$m°bam qH$dm EÝgo\$bmB{Q>g² (encephalitis) Aem àH$maMo amoJ Pmbo 
AgVrb Va Vo ZoÌXmZ H$ê$ eH$V ZmhrV. 

ZoÌnoT>r S>moio Jmoim H$aVo Ë`m§Mo _yë`_mnZ H$aVo Z§Va Ë`m S>moù`m§Mo {dVaU H$aVo. ZoÌXmZ Ho$bobo 
gd© S>moio H$S>H$ d¡ÚH$s` à_mUmZwgma Vnmgbo OmVmV. `m narjmÛmao Oa ZoÌXmZ Ho$bobo S>moio 
AH$m`©j_ R>abo Va Ë`m§Mm Cn`moJ amonUmgmR>r Z H$aVm _hËdmÀ`m g§emoYZm§gmR>r Am{U 
d¡ÚH$s` Aä`mgmgmR>r Ho$bm OmVmo. ZoÌXmZ H$aUmam d ZoÌamonU H$ê$Z KoUmam ̀ m XmoÝhr ì`º$s¨Mr 
_m{hVr Jwá R>odbr OmVo.

 S>moù`m§À`m EH$m OmoS>rMo XmZ Ho$bo Va nwa…nQ>b Xmofm_wio A§Y (corneal blind) ì`º$s¨Zm 
ÑîQ>r àmá hmoD$ eH$Vo.

10.3 bmobH$m_YyZ àH$memMo AndV©Z (Refraction of Light through a prism)

 Am`VmH¥$Vr H$mMoÀ`m {Mno_YyZ àH$memMo AndV©Z H$go hmoVo `mMm AmnU Aä`mg Ho$bm 
Amho. Am`VmH¥$Vr H$mMoÀ`m {Mno_Ü`o AndV©Z H$aUmao n¥ð>^mJ EH$_oH$m§Zm g_m§Va AgVmV 
Ë`m_wio And{V©V {H$aU hm AnmVr {H$aUmbm g_m§Va AgVmo. VargwÜXm Vmo qH$MVgm EH$m ~mOybm 
{dñWm{nV Pmbobm AmT>iVmo. nmaXe©H$ bmobH$m_YyZ àH$memMo AndV©Z H$go hmoVo? EH$m 
{ÌH$moUmH¥$Vr bmobH$mMm {dMma H$ê$ `mÀ`m_Ü`o XmoZ {ÌH$moUmH¥$Vr nm`m Am{U nmíd©n¥ð> ^mJ 
åhUOo VrZ Am`VmH¥$Vr n¥ð>^mJ AgVmV. ho nmíd© n¥ð>^mJ EH$_oH$m§er H$bVo AgVmV. 
EH$_oH$m§À`m eoOmarb `m nmíd© n¥ð>^mJm_Ü`o AgUmè`m H$moZmbm bmobH$mMm H$moZ åhUVmV. 
AmVm AmnU ̀ m H$mMoÀ`m {ÌH$moUmH¥$Vr bmobH$m_YyZ àH$memMo AndV©Z H$go KS>Vo Vo nmhÿ.

_mZdr S>moim Am{U a§Jr~oa§Jr OJ 121

    
    

    
    

 @
KTBS 

NOT TO BE R
EPUBLIS

HED



 `m {R>H$mUr PE hm AnmVr {H$aU (incident ray) Aho. EF hm And{V©V {H$aU (refracted 
ray) Amho. FS hm {ZJ©V {H$aU (emergent ray) Amho. hdo_YyZ ̀ oUmam {H$aU bmobH$mÀ`m AB 
`m n{hë`m n¥ð>^mJm_YyZ H$mMo_Ü`o {eaVmo. hm àH$me{H$aU AndV©Zm_wio ñV§{^Ho$H$S>o PwH$Vmo. 
bmobH$mÀ`m AC `m Xþgè`m n¥ð>^mJmH$Sy>Z àH$me {H$aU H$mMo_YyZ hdo_Ü`o OmVmo. Ë`m_wio Vmo 
ñV§{^Ho$nmgyZ Xÿa OmVmo. bmobH$mÀ`m àË`oH$ n¥ð>^mJmOdirb AnmVr H$moZ (angle of 

n EH$m S´>mBªJ ~moS>m©da S´>mBªJ Q>mMÊ`m ghmæ`mZo EH$ nm§T>am H$mJX ì`dpñWV ~gdyZ ¿`m.
n bmobH$mMm {ÌH$moUmH¥$Vr nm`m H$mJXmda R>odyZ noÝgrbrÀ`m ghmæ`mZo Ë`mMr ê$naofm 

AmIyZ ¿`m. (ABC)

n bmobH$mÀ`m AndV©Z H$aUmè`m AB n¥ð>^mJmH$S>o PE hr H$bVr aofm H$mT>m.
n PE ̀ m aofoda Am. 10.4 _Ü`o XmI{dë`mà_mUo P Am{U Q ̀ m q~Xÿda XmoZ Q>mMÊ`m Q>moMm.
n bmobH$mÀ`m AC ̀ m n¥ð>^mJm_Ü`o {XgUmè`m P Am{U Q ̀ m Q>mMÊ`m§Mr à{V_m nhm.
n R Am{U S ̀ m XmoZ q~Xÿda XmoZ Q>mMÊ`m Aem nÜXVrZo bmdm H$s R Am{U S ̀ m {R>H$mUÀ`m 

Q>mMÊ`m Am{U P Am{U Q ̀ m {R>H$mUÀ`m Q>mMÊ`m§Mr à{V_m EH$m gaiaofoV ̀ oVrb.
n AmVm bmobH$ Am{U Q>mMÊ`m H$mTy>Z Q>mH$m.
n bmobH$mÀ`m AB aofoda PE aofoMm E q~Xÿ ̀ oVmo (Am. 10.4) VgoM R Am{U S q~Xÿ OmoS>m 

Am{U aofm H$mT>m. hr aofm bmobH$mÀ`m AC aofoda F ̀ m q~XÿV {_iVo. AmVm E Am{U F q~Xÿ 
OmoS>m.

n AndV©Z H$aUmè`m bmobH$mÀ`m AB Am{U AC n¥ð>m^mJmdarb AZwH«$_o E Am{U F 
q~Xÿda b§~ aofm H$mT>m.

n AnmVr H$moZ (Ði), And{V©V H$moZ (Ðr) Am{U {ZJ©V H$moZ (Ðe) `m§À`m Am. 10.4 
_Ü`o XmI{dë`mà_mUo IwUm H$am.

Am. 10.4  {ÌH$moUmH¥$Vr H$mMoÀ`m bmobH$mVyZ hmoUmao àH$memMo AndV©Z

PE –  AnmVr {H$aU
EF –  And{V©V {H$aU
FS –  {ZJ©V {H$aU
ÐA – bmobH$mMm H$moZ

Ði –  AnmVr H$moZ
Ðr –  AndV©Z H$moZ
Ðe –  {ZJ©V H$moZ
ÐD – {dMbZ H$moZ

H¥$Vr 10.1
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10.4  H$mMoÀ`m {Mno_YyZ hmoUmao nm§T>è`m àH$memMo n¥W…H$aU 
 B§ÐYZwî`mVrb _ZmodoYH$ a§J nmhÿZ Vwåhr Z¸$sM H$m¡VwH$ Ho$bo Agob. B§ÐYZwî`m_Ü`o {XgUmao 
ho {d{dY a§J gw`m©Vrb nm§T>è`m àH$memnmgyZ H$go {_iVmV? ̀ m àíZmMr MMm© H$aÊ`mnydu AmnU 
bmobH$m_YyZ àH$memMo n¥W…H$aU H$go hmoVo Vo nmhÿ. bmobH$mMm AndV©Z XmI{dUmam H$bVm 
n¥ð>^mJ EH$ CËH§$R>mdY©H$ KQ>Zm XmI{dVmo. ho AmnU EH$m H¥$VrÛmao nmhÿ.

H¥$Vr 10.2

n EH$ OmS> nwÇ>m KoD$Z Ë`mÀ`m _Ymo_Y EH$ bhmZgo {N>Ð nmS>m qH$dm EH$ ~marH$ \$Q> R>odm.
n `m Aé§X \$Q>rda gw`© {H$aU nSy> Úm. ̀ mÀ`m_YyZ EH$ Aé§X àH$memMm PmoV ~mhoa nS>Vmo.
n Am. 10.5 _Ü`o XmI{dë`mà_mUo Aé§X \$Q>r_YyZ ~mhoa nS>Umam àH$me {H$aU H$mMoÀ`m 

bmobH$mÀ`m EH$m n¥ð>^mJmda nSy> Úm. bmobH$mÀ`m Xþgè`m n¥ð>^mJmH$S>o Yaboë`m 
nS>Úmda àH$me nS>mdm AemàH$mao bmobH$ {\$adm.

n Vwåhmbm H$m` {XgVo? Vwåhmbm gw§Xa a§Jm§Mm EH$ dU©nQ> nS>Úmda {XgVmo. Ago H$m hmoVo?

 bmobH$m_wio nm§T>è`m àH$memMo n¥W…H$aU hmoD$Z {d{dY a§JmMm dU©nQ> {_iVmo. nS>Úmda 
a§JmMm H$moUVm {d{eï> H«$_ AmT>iVmo? `m dU©nQ>m_Ü`o Om§^im, nmadm, {Zim, {hadm, {ndim, 
Zm[a¨Jr Am{U bmb AemàH$maMo {d{dY a§J Am. 10.5 _Ü`o XmI{dë`mà_mUo {XgVmV.

Am. 10.5  H$mMoÀ`m bmobH$mÛmao nm§T>è`m àH$memMo n¥W…H$aU

nm§T>am àH$me

nS>Xm

nm
§T>è

`m
 à

H$
me

mM
m

dU
©nQ

>
 a§Jm§À`m AmÚmjam§Zr ~Zbobm 
VmZm{n{h{ZnmOm§ (VIBGYOR) hm 
eãX Vwåhmbm a§JmMm H«$_ bjmV 
R>odÊ`mgmR>r _XV H$aob. àH$memÀ`m 
Aem {d{dY a§Jm§À`m nQ²>Q>çmbm 
dU©nQ> (spectrum) Ago åhUVmV. 
H$Xm{MV² `mVrb àË`oH$ a§J Vwåhr 
ñdV§ÌnU doJim Agm nmhÿ eH$Uma 
Zmhr. Varhr àË`oH$ a§J doJim 
^mgVm o. AemàH$ma o  nm §T >è`m 

H$mMoMm bmobH$

àH$memMo Ë`mÀ`m KQ>H$ a§Jm_Ü`o hmoUm`m {d^OZmbm n¥W…H$aU Ago åhUVmV.
 bmobH$mÛmao nm§T>è`m a§JmMo n¥W…H$aU gmV a§Jm§_Ü`o H$go hmoVo ho Vwåhr nm{hbo Amho. ho doJdoJio 
a§J H$m {_iVmV? Ooìhm àH$me {H$aU bmobH$m_YyZ OmVmo Voìhm AnmVr {H$aUmZwgma àË`oH$ a§J 
doJdoJim H$moZ H$ê$Z dmH$Vmo. Ë`m a§Jm§n¡H$s bmb a§J AJXr H$_r dmH$Vmo Va Om§^im a§J gJù`mV 
OmñV dmH$Vmo. AemàH$mao àË`oH$ {H$aU doJdoJù`m _mJm©Zo ~mhoa nS>Vmo Ë`m_wio Vmo a§J ñnï>nUo 
{XgVmo. AemàH$mao a§Jm§Mm EH$ nÅ>m AmnU dU©nQ>m_Ü`o nmhVmo.

incidence) Am{U And{V©V H$moZm§Mr VwbZm H$am. bmobH$mÀ`m d¡{eîQ>çnyU© AmH$mam_wio {ZJ©V 
{H$aU EH$m H$moZmV AnmVr {H$aUmÀ`m {XeoZo dmH$Vmo. `m H$moZmbm {dMbZ H$moZ (angle of 

deviation) åhUVmV. `m CXmhaUm_Ü`o ÐD hm {dMbZ H$moZ Amho. darb CXmhaUm_Ü`o 
{dMbZ H$moZ IwUoZo XmIdyZ Vmo _moOm.
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 H$mMoMm bmobH$ dmnê$Z g`w©àH$memnmgyZ dU©nQ> {_i{dUmam n{hbm emók åhUOo 
Am`P°H$ Ý`wQ>Z Amho. nm§T>è`m àH$memnmgyZ {_iUmè`m dU©nQ>mMo nwÝhm {d^OZ H$aÊ`mMm Ë`mZo 
à`ËZ Ho$bm. `mgmR>r Ë`mZo n{hë`m bmobH$m 
gmaImM Xþgam EH$ bmobH$ dmnabm. _mÌ Ago 
XmoZ EH$gmaIo bmobH$ dmnê$Z gwÜXm Ë`mbm 
dU©nQ>mMo OmñVrMo doJio a§J AmT>ibo Zmhr. Z§Va 
Ë`mZo Xþgam EH$ à`moJ Ho$bm. ̀ m à`moJm_Ü`o Ë`mZo 
n{hë`m bmobH$mgmaImM Xþgam EH$ bmobH$ 
KoVbm d Am. 10.6 _Ü`o XmI{dë`mà_mUo 
n{hë`m bmobH$mOdi Xþgam bmobH$ CbQ>çm 
pñWVr_Ü`o R>odbm. Aem àH$mao n{hë`m 
bmobH$mnmgyZ {_imbobo gd© a§J Xþgè`m 
bmobH$m_Ü`o {eê$Z ~mhoa nSy> {Xbo. 

 `mdoir Ë`mbm Xþgè`m bmobH$mVyZ \$º$ nm§T>è`m 
a§JmMm {H$aU ~mhoa nS>bobm {Xgbm. `m à`moJm§À`m 
{ZarjUmÛmao Ë`mbm Ago AmT>ibo H$s gw`©àH$me \$º$ 
gmV a§JmZrM ~Zbobm AgVmo. H$moUVmhr àH$me Omo 
gw`©àH$memgmaIm gmV a§Jm§Mm dU©nQ> XmI{dVmo Ë`mbm 
nm§T>am àH$me Ago åhQ>bo OmVo.
 nmdgmÀ`m nmÊ`mÀ`m Vwfmam§À`m dfm©dmZ§Va 
AmH$memV B§ÐYZwî` {XgVo (Am. 10.7) dmVmdaUmV 
Agboë`m nmÊ`mÀ`m gwú_ W|~m_wio gw`©àH$memMo 
n¥W…H$aU hmoVo. 

 Zoh_r gw`m©À`m {déÜX {Xeobm B§ÐYZwî` V`ma 
hmoVo. nmÊ`mMo gwú_ W|~ bmobH$mà_mUo H$m`© H$aVmV. 
ho W|~ AnmVr gw`© {H$aUm§Mo AndV©Z d n¥W…H$aU 
H$aVmV, Z§Va W|~mÀ`m AmV_Ü`o Ë`m {H$aUm§Mo 
A§VJ©V namdV©Z hmoVo Am{U eodQ>r Ooìhm ho {H$aU 
W|~m_YyZ ~mhoa nS>VmV. Voìhm Ë`m§Mo nwÝhm EH$Xm 
AndV©Z hmoVo (Am. 10.8). AemàH$mao 
gw`©àH$memMo n¥W…H$aU Am{U A§VJ©V namdV©Z 
`m_wio doJdoJio a§J {ZarjH$mÀ`m S>moù`mn`ªV 
nmohmoMVmV.

 CÝhmù`mÀ`m {XdgmV gwÜXm Ooìhm Vwåhr Y~Y~m qH$dm H$ma§Á`mÀ`m Vwfma_YyZ AmH$memH$S>o 
~KVm Voìhm Vwåhmbm B§ÐYZwî` {Xgy eH$Vmo _mÌ Ë`mdoir gw`© Vw_À`m nmR>r_mJÀ`m {Xeobm AgUo 
Amdí`H$ AgVo.

Am. 10.6  nm§T>è`m àH$memÀ`m 
dU©nQ>mMo nwZ… g§`moOZ

nm§T>am àH$me

nS>Xm

nm§T>am à
H$me

Am. 10.7  AmH$memVrb B§ÐYZwî`

Am. 10.8  B§ÐYZwî`mMr {Z{_©Vr

nmÊ`mMm W|~

gy`© àH$me

bmb
Om§^im
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10.5  dmVmdaUr` AndV©Z  (Atmospheric Refraction)

 EImÚm AmJrÀ`m {R>H$mUmÀ`m daÀ`m ~mOynmgyZ {ZKUmè`m qH$dm ao{S>EQ>a nmgyZ {ZKUmè`m 
Ja_ hdoÀ`m PmoVm_YyZ g_moaÀ`m dñVy§H$S>o nmhV AgVm§Zm Ë`m dñVy hobH$mdo ImV 
Agë`mgma»`m qH$dm \$S>\$S>V Agë`mgma»`m ̂ mgVmV. ̀ mMo H$maU åhUOo AmJrÀ`m bJVMr 
hdm {VÀ`m daÀ`m W§S> hdonojm Vmnbobr AgVo. Ja_ hdm daÀ`m W§S> hdonojm hbH$s (H$_r 
KZVoMr) AgVo. VgoM Ja_ hdoMm AndV©Zm§H$ daÀ`m W§S> hdonojm WmoS>mgm H$_r AgVmo. Ooìhm 
AmnU `m Ja_ hdoÀ`m PmoVm_YyZ n{bH$S>Mr dñVy nmhVmo Voìhm Ë`m dñVyMo ^mg_mZ ñWmZgwÜXm 
~XbV Amho Ago dmQ>Vo H$maU AndV©Z H$aUmè`m Ja_ _mÜ`_mMr (hdoMr) ̂ m¡{VH$ pñWVr pñWa 
ZgVo Va gmaIr ~XbV AgVo. ho dñVyMo ñWmZ _mJo nwT>o Pmë`mgmaIo dmQ>Uo hm dmVmdaUmÀ`m 
AndV©ZmMm (n¥ÏdrÀ`m dmVmdaUm_wio hmoUmao AndV©Z) n[aUm_ Amho, Ago n[aUm_ Amnë`mbm 
Amnë`m AmgnmgÀ`m ^mJm_Ü`o WmoS>çm à_mUmV {XgV AgVmV. Vmè`m§Mo bwH$bwH$nUo gwÜXm 
`mM n[aUm_m_wio KS>Vo _mÌ Vo _moR>çm à_mUmV AgVo ̀ mMr g{dñVa _m{hVr AmnU nwT>o nmhÿ.

Vmè`m§Mo bwH$bwH$Uo (Twinkling of 
stars)
 Vmè`mÀ`m àH$memMo dmVmdaUr` 
AndV©Z hmoVo Ë`m_wio Vmao bwH$bwH$VmV. 
n¥ÏdrÀ`m dmVmdaUmV {eaë`mZ§Va 
n¥Ïdrda nm ohm oMon`ªV Vmè`mÀ`m 
àH$memMo gVV AndV©Z hmoV ahmVo. 
H«$_mH«$_mZo Á`m _mÜ`_mMm AndV©Zm§H$ 
~XbV OmVmo Ë`m {R>H$mUr dmVmdaUr` 
AndV©Z KS>Vo. dmVmdaU Vmè`mÀ`m 
àH$membm ñV§{^Ho$H$S> o dmH${dVo 
Ë`m_wio Vmè`m§Mo ^mg_mZ ñWmZ Iè`m 
_yi ñWmZmnojm qH${MV doJio AgVo. 
{jVrOmOdiyZ nm{hbo AgVm Vmao Ë`m§À`m _yi Iè`m ñWmZmnojm qH${MV C§M (da) AmhoV Ago 
^mgVo (Am. 10.9). Ë`m {edm` Vmè`m§Mo ^mg_mZ ñWmZ gwÜXm pñWa ZgVo Va Vo gVV qH${MV 
~XbV AgVo `mMo H$maU åhUOo n¥ÏdrÀ`m dmVmdaUmMr ^m¡{VH$ pñWVr pñWa ZgVo Oo AmnU 
_mJÀ`m ̂ mJmV nm{hbo Amho. Vmao Amnë`mnmgyZ \$ma Xÿa AgVmV Ë`m_wio Vo Amnë`mbm q~XÿÀ`m 
AmH$mamMo àH$memMo ómoV AmhoV Ago dmQ>Vo. Vmè`m§nmgyZ `oUmè`m àH$memMm _mJ© OgOgm 
qH${MV à_mUmV ~XbV OmVmo Ë`mZwgma Vmè`m§Mo ̂ mg_mZ ñWmZ ~XbV OmVo, Am{U S>moù`m_Ü`o 
{eaUmè`m àH$memMo à_mUgwÜXm H$_r OmñV hmoV OmVo Ë`m_wio Amnë`mbm Vmao H$Yr VoOñdr Va 
H$Yr _§X ̂ mgVmV Am{U åhUyZ Amnë`mbm Vo bwH$bwH$VmV Ago dmQ>Vo.
 J«h H$m bwH$bwH$V ZmhrV? J«h Vmè`m§À`m VwbZoV n¥ÏdrnmgyZ A{YH$ Odi AmhoV Am{U 
åhUyZ Ë`m§Zm {dñV¥V ómoVmà_mUo nm{hbo Amho. Oa Amåhr J«hm§Zm q~XÿÀ`m AmH$mamÀ`m AZoH$ 
àH$meómoVm§Mm g§J«h _mZbo Va gd© q~XÿÀ`m AmH$mamÀ`m àH$me ómoVmnmgyZ Am_À`m S>moù`m_Ü`o 
àdoe H$aUmè`m àH$memMo à_mU gamgar eyÝ` Agob. `m H$maUm_wio bwH$bwH$Ê`mMm à^md 
{Zîà^ R>aVmo.

Vmè`mMo
^mg_mZ ñWmZ

AndV©Zm§H$
dmT>V OmVmo

Vmam

àH$me
{H$aUmMm _mJ©

Am. 10.9  dmVmdaUr` AndV©Zm_wio
               {XgUmao Vmè`mMo ^mg_mZ ñWmZ
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AJmoXa hmoUmam gw`m}X` Am{U C{eam hmoUmam 
gw`m©ñV (Advance sunrise and delayed sunset)

 Iam gw`m}X` hmoÊ`mnyduM XmoZ {_{ZQ>o AmYr 
gw`© Amnë`mbm {XgVmo Am{U Iam gw`m©ñV 
Pmë`mZ§Va gw`© Amnë`mbm {XgVmo `mMo H$maU 
åhUOo dmVmdaUr` AndV©Z Amho. 
 Ooìhm gw`© {jVrO nma H$aVmo Voìhm Ë`mbm 
AmnU Iam gw`m©ñV åhUVmo. Am. 10.10 _Ü`o 
{jVrOmÀ`m AZwf§JmZo gw`m©Mr Iar Am{U 
Am^mgr pñWVr XmI{dbr Amho. Iam gw`m©ñV 
Am{U Am^mgr gw`m©ñV `m§À`m_Ü`o gmYmaUnUo 
XmoZ {_{ZQ>m§Mo A§Va AgVo. `mM {H«$`o_wio gw`m}X` 
Am{U gw`m©ñVmÀ`m doir gw`m©Mo Am^mgr 
gnmQ>rH$aU Pmbobo {XgVo.

Am. 10.10  gw`m}X` Am{U gw`m©ñVmÀ`m 
doir hmoUmao dmVmdaUr` AndV©Z

gw`m©Mo 
Am^mgr ñWmZ

{Z[ajH$

n¥Ïdr

dmVmdaU

{jVrO

10.6  àH$memMo {dIwaUo (Scattering of Light)

 dñVw§~amo~a àH$memÀ`m hmoUmè`m nañna {H«$`m§_wio AZoH$ ZoÌ[XnH$ KQ>Zm {ZgJm©_Ü`o KS>V 
Agboë`m nhmd`mg {_iVmV. AmH$memMm Zrim a§J, Imob g_wÐmVrb nmÊ`mMm a§J, gw`m}X` 
Am{U gw`m©ñVmÀ`mdoir {XgUmam bmb gw`© BË`mXr gd© AmíM`©H$maH$ Jmoï>r, Amnë`mbm _m{hV 
AmhoV. H${bbr H$Um§_wio àH$me H$gm {dIwabm OmVmo ho AmnU _mJrb B`ÎmoV {eH$bmo Amho. 
Iè`m ÐmdUmVyZ Ooìhm àH$me OmV AgVmo Voìhm Amnë`mbm Ë`m àH$me PmoVmMm _mJ© {XgV Zmhr. 
_mÌ Ooìhm àH$me {H$aU H${b{b ÐmdUm_YyZ OmV AgVmo Voìhm _mÌ Ë`m {H$aUm§Mm _mJ© 
Amnë`mbm {XgVmo. ̀ m H${bbr ÐmdUmVrb H$Um§Mm AmH$ma VwbZmË_H$ WmoS>m _moR>m AgVmo.

10.6.1  qQ>S>mb n[aUm_  (Tyndall Effect)

 n¥ÏdrMo dmVmdaU åhUOo gwú_ H$Um§Mo {^Þ{OZer (heterogenerus) {_lU ({df_m§J) 
Amho. Yya, nmÊ`mMo gwú_ H$U, YyirMo H$U Am{U hdoMo aoUy BË`mXr H$Um§Mm n¥ÏdrÀ`m 
dmVmdaUm_Ü`o g_mdoe AgVmo. Ooìhm àH$me {H$aU (ebmH$m) Aem gwú_H$Um§da AmXiVmV 
Voìhm Ë`m ebmH$mMm _mJ© Amnë`mbm {XgVmo. `m H$Um§Ûmao namd{V©V hmoD$Z {dIwabobm àH$me 
Amnë`mbm {XgVmo. H${bbr H$Um§_wio àH$me {dIwabm OmVmo d qQ>S>mb n[aUm_ {XgVmo ho AmnU 
B`Îmm Zd{d_Ü`o {eH$bmo AmhmoV. Ooìhm Yya AgUmè`m EH$m Imobr_Ü`o bhmZem {N>Ðm_YyZ 
gw`©àH$memMr gwú_ {Varn (H$dS>gm) Imobr_Ü`o {eaVo Voìhm qQ>S>mb n[aUm_mMr KQ>Zm {VWo 
nhmd`mg {_iVo. AemàH$mao àH$memÀ`m {dIwaÊ`m_wio gwú_ H$U XoIrb nhmd`mg {_iVmV. 
KZXmQ> O§Jbm_Ü`o Ooìhm nmZm§À`m \$Q>rVyZ gw`©àH$me AmV_Ü`o {eaVmo Voìhmhr Amnë`mbm 
qQ>S>mb n[aUm_ AmT>iVmo.
 {dIwaboë`m àH$memMm a§J H$Um§À`m AmH$mamda Adb§~yZ AgVmo. A{Ve` gwú_ H$Um§_wio 
{Zim àH$me {dIwabm OmVmo Va _moR>çm AmH$mamÀ`m H$Um§_wio _moR>çm Va§Jbm§~rMo a§J {dIwabo 
OmVmV. Oa g_Om `m H$Um§Mm AmH$ma ~amM _moR>m Agob Va _mÌ {dIwaboë`m àH$memMm a§J 
nm§T>amM AgVmo.
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10.6.2  ñdÀN> AmH$memMm a§J {Zim H$m AgVmo? 
(Why is the colour of the sky is blue)

 hdoVrb aoUy Am{U dmVmdaUmVrb BVa AZoH$ H$U `m§Mm AmH$ma Ñí`r` àH$memÀ`m 
Va§Jbm§~rnojm H$_r AgVmo. Ë`m_wio H$_r Va§Jbm§~r Agboë`m {Zù`m a§JmMm àH$me OmñV 
ngaVmo. {Zù`m a§Jmnojm bmb a§JmMr Va§Jbm§~r OmñV Amho. hr Va§Jbm§~r {Zù`m a§JmÀ`m Va§J 
bm§~rnojm 1.8 nQ>rZo OmñV Amho. Ooìhm gw`©àH$me dmVmdUmVyZ OmVmo, Voìhm hdoMo ~marH$ H$U 
H$_r Va§J bm§~r Agbobm {Zim a§J bmb a§Jmnojm OmñV ngadVmV. hm ngabobm {Zim a§J 
Amnë`m S>moù`m_Ü`o {eaVmo. Oa n¥Ïdrda dmVmdaU ZgVo Va Aem àH$maMo {dIwaUo KS>bo ZgVo 
Am{U AmH$me H$miga {Xgbo AgVo. OmñV C§Mrdê$Z àdmg H$aUmè`m àdmem§Zm AmH$me JS>X 
a§JmMo {XgVo H$maU BVŠ`m C§Mrda àH$memMo {dIwaUo KS>V Zmhr. Vwåhr AmUIr EH$ Jmoï> nm{hbr 
Agob H$s YmoŠ`mMo {MÝh Zoh_r bmb a§JmZo Xe©{dbo OmVo. Vwåhmbm _m{hV Amho H$m H$s bmb a§J hm 
YwHo$ qH$dm Yya ̀ m_YyZ gdm©V H$_r ngaVmo, åhUyZ Vmo Hw$Rw>Zhr ~KrVbm Var bmbM {XgVmo.

n S>moù`mnmgyZ Xÿa Am{U Odi A§Vamda AgUmè`m dñVwZwgma `mo½` H|$ÐmÝVa H$ê$Z 
KoÊ`mÀ`m S>moù`mÀ`m j_Vobm S>moù`mMr g_m`moOZ eº$s åhUVmV.

n S>moù`mnmgyZ H$_rV H$_r Aem A§Vamda AgUmar dñVy H$s Or AmnU S>moù`mda VmU Z 
nS>Vm ñnï>nUo nmhÿ eH$Vmo Aem A§Vambm gwînï> Ñï>rMo bKwV_ A§Va (OdiMm q~Xÿ) 
(least distance of distinct vision) åhUVmV. gd©gm_mÝ` Ñï>r AgUmè`m 
VéUm_Ü`o OdiMm q~Xÿ gmYmaUnUo 25 g|._r. AgVmo.

n gd©gmYmaUnUo AmT>iUmao AndV©ZmMo Xmof åhUOo _m`mo{n`m hm`na_oQ´>mo{n`m Am{U 
àopñ~`mo{n`m ho AmhoV. _m`mo{n`mMo ({ZH$Q> Ñï>rXmof-Xÿa A§Vamdarb dñVyMr à{V_m 
ÑH$nQ>bmÀ`m A{bH$S>o nS>Vo.) ̀ mo½` H|$ÐmÝVamMo Am§VJm}b q^J dmnê$Z {ZdmaU H$aVm 
`oVo. hm`na_oQ´>mo{n`mMo (XrK© Ñï>rXmof-Odi AgUmè`m dñVyMr à{V_m ÑH$nQ>bmÀ`m 
nmR>r_mJo nS>Vo) {ZdmaU `mo½` H|$ÐmÝVamMo ~{hJm}b q^J dmnê$Z H$aVm `oVo. 
d¥ÜXËdm_wio S>moio Amnbr g_m`moOZ eº$s J_mdVmV.

n nm§T>è`m àH$memMo Ë`mÀ`m KQ>H$ a§Jm_Ü`o hmoUmè`m {d^OZmbm àH$memMo n¥W…H$aU 
(Dispersion) åhUVmV.

n àH$memÀ`m {dIwaÊ`m_wio AmH$memMm a§J {Zim {XgVmo, VgoM gy`m}X` Am{U 
gw`m©ñVmÀ`m doir gy`© bmb a§Jm§Mm {XgVmo.

Vwåhr H$m` {eH$bm?
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Aä`mg

1. S>moù`mVrb q^JmMo H|$ÐmÝVa ~XbyZ doJdoJù`m A§Vamdarb dñVy _mZdr S>moim nmhÿ 
eH$Vmo H$maU

 (a)  àmopñ~`mo[n`m 

(b)  g_m`moOZ 

(c)  {ZH$Q> Ñï>rVm 
(d)  Xÿa Ñï>rVm

2. Imbrb ñWmZmda _mZdr S>moim dñVy à{V_m V`ma H$aVmo. 

(a)  nwa…nQ>b 
(b)  H${Z{ZH$m 

(c)  ~mhþbr  
(d)  ÑH$nQ>b

3. gd©gm_mÝ` Ñï>r AgUmè`m VéUm_Ü`o gwînï> Ñï>rMo bKwÎm_ A§Va Imbrb à_mUo 
AgVo.

 

(a)  25 _rQ>a 
(b)  2.5 g|._r. 
(c)  25 g|._r.  
(d)  2.5 _rQ>a

4. S>moù`m_Yrb q^JmMo H|$ÐmÝVa Imbrb KQ>H$m_wio ~XbVm ̀ oVo.

 

(a)  ~mhþbr   
(b)  ÑH$nQ>

 

(c)  Amb§~Z ~§Y   

(d)  H${Z{ZH$m

5. EH$m ì`º$sbm Xÿa Ñï>rXmofmMo {ZamH$aU H$aÊ`mgmR>r 5.5 S>m`m°ßQ>a eº$sMo q^J bmJVo 
Am{U {ZH$Q> Ñï>rXmofmMo {ZamH$aU H$aÊ`mgmR>r 1.5 S>m`m°ßQ>aMo q^J dmnamdo bmJVo Va 
(a) XÿaÑï>rXmof Am{U 

 (b) {ZH$Q>Ñï>rXmofm§Mo {ZamH$aU H$aÊ`mgmR>r bmJUmè`m q^JmMo H|$ÐmÝVa H$mT>m.
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6. _m`mo{n`m Pmboë`m ì`º$s_Ü`o XÿaMm q~Xÿ 80 g|._r. Amho. Va hm Xmof {ZdmaU 
H$aÊ`mgmR>r Ë`m ì`º$sZo H$moUË`m àH$maMo d {H$Vr eº$s AgUmao q^J dmnamdo?

7. hm`na_oQ´>mo{n`m H$gm XþéñV H$aVm `oVmo ho AmH¥$VrÛmao XmIdm. hm`na_oQ´>mo{n`m 
Pmboë`m S>moù`mMm OdiMm q~Xÿ 1 _rQ>a Amho. hm Xmof {ZdmaU H$aÊ`mgmR>r {H$Vr 
eº$sMo q^J dmnamdo? Ago g_Om H$s gd©gm_mÝ` S>moù`mMm OdiMm q~Xÿ 25 g|._r. 
Amho.

8. gm_mÝ` S>moim Amnë`mg_moa 25 g|._r. nojm H$_r A§Vamda Yabobr dñVy H$m ñnï>nUo 
nmhÿ eH$V Zmhr?

9. EImÚm dñVyMo S>moù`mg_moaMo A§Va dmT>dV Joë`mg S>moù`mV nS>Umè`m Ë`m dñVyÀ`m 
à{V_oda H$moUVm n[aUm_ hmoVmo?

10. Vmao H$m bwH$bwH$VmV?

11. J«h H$m bwH$bwH$V ZmhrV Vo ñnï> H$am.

12. gH$mir gw`© bmbga H$m {XgVmo?

13. AdH$me`mÌtZm AmH$memMm a§J {Zim Z {XgVm H$miga H$m {XgVo?
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£ÀªÀÄä ¥Àj¸ÀgÀ  1

àH$aU 13

Amnbo n`m©daU

 AmnU n`m©daU `m eãXmer n[aMrV AmhmoV. `m eãXmMm Cn`moJ XÿaXe©Z, dV©_mZnÌm§VyZ 
Am{U Amnë`m g^modVmbÀ`m bmoH$m§H$Sy>Z dma§dma hmoV AgVmo. Amnbr dS>rbYmar _§S>ir 
Amnë`mbm gm§JVmV H$s, nydu Ogo n`m©daU hmoVo Vgo gÜ`m Zmhr. Xþgao åhUVmV H$s, AmnU 
{ZamoJr n`m©daUmV H$m_ Ho$bo nm{hOo. n`m©daUmÀ`m g_ñ`m§da MMm© H$aÊ`mgmR>r {dH$grV Am{U 
{dH$gZerb Xoem§Mr {eIa n[afX {Z`_rV R>odbr OmVo. AmnU `m àH$aUm_Ü`o n`m©daUmVrb 
KQ>H$ nañnam§da H$er {H«$`m H$aVmV Am{U Amnbm n`m©daUmda H$gm n[aUm_ hmoVmo `m Jmoï>tMm 
Aä`mg H$aUma AmhmoV.

13.2  n[ag§ñWm-Ë`mMo KQ>H$ H$m` AmhoV? Eco-System–What are its components?

 gd© gOrd Ogo H$s, dZñnVr, àmUr, gwú_Ord Am{U _mZd Ë`mM~amo~a ^m¡{VH$ n[aga 
nañnam§V Am§Va{H«$`m H$aVmV Am{U n`m©daUmMm g_Vmob amIVmV. EH$m n[agamVrb gd© gOrd 
n`m©daUmVrb AO¡{dH$ KQ>H$m§~amo~a Am§Va{H«$`m H$aVmV Voìhm n[ag§ñWm ~ZVo. åhUyZ O¡{dH$ 
KQ>H$ Á`m_Ü`o gd© gOrdmMm g_mdoe hmoVmo Am{U AO¡{dH$ KQ>H$ Á`m_Ü`o ^m¡{VH$ KQ>H$ Ogo 
Vmn_mZ, nmD$g, dmam, _mVr Am{U I{ZOo `m gdmªMm g_mdoe hmoVmo `mnmgyZ n[ag§ñWm ~Zbr 
Amho.

 CXmhaUmW©, Oa Vwåhr EH$m ~mJobm ^oQ> {Xbr Va Vwåhmbm VoWo JdV, PmS>o Am{U Jwbm~, 
M_obr, gw`©\y$b `m§gma»`m gnwîn dZñnVrgma»`m {d{^Þ dZñnVr AmT>iVmV Am{U ~oSy>H$, 
{H$Q>H$ Am{U njr ̀ mgmaIo {d{dY àmUr AmT>iVmV. n[ag§ñWoVrb gd© gOrdm§À`m_Ü`o nañnamV 
Am§Va{H«$`m hmoV AgVo Am{U n[ag§ñWoVrb AO¡{dH$ KQ>H$m§Mm Ë`m§Mr dmT> àOZZ Am{U BVa 
CnH«$_m§da n[aUm_ hmoV AgVmo. åhUyZ ~mJ hr EH$ n[ag§ñWm Amho. O§Jbo, S>~H$s Am{U Vir hr 
Xþgè`m àH$maMr n[ag§ñWm Amho, ̀ m gd© Z¡g{J©H$ n[ag§ñWm AmhoV Ë`mM~amo~a ~mJ Am{U eoVr ̀ m 
gd© _mZd {Z{_©V (H¥${Ì_) n[ag§ñWm AmhoV.
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CnH«$_ 13.1

n Vwåhr _Ëñ`mb` nm{hbm Agmb AmnU Ver aMZm H$aÊ`mMm à`ËZ H$ê$`m.
n Amnë`mbm _Ëñ`mb` ~Z[dV AgVmZm H$moUH$moUË`m Jmoï>r bjmV KoUo Amdí`H$ 

Amho? _mem§Zm nmohÊ`mgmR>r _wº$ OmJoMr (Vr EH$ _moR>r ~aUr Agy eH$Vo), nmÊ`mMr, 
Am°ŠgrOZMr Am{U AÞmMr Amdí`H$Vm Amho.

n AmnU Am°ŠgrOZ n§nmÀ`m Ûmao Am°ŠgrOZMm nwadR>m H$ê$ eH$Vmo Am{U ~mOmam_Ü`o 
_mem§Mo AÞ CnbãY AgVo.

n Oa AmnU `m_Ü`o H$mhr ObMa dZñnVr Am{U ObMa àmUr {_gibo Va Vr EH$ 
ñd{Zdm©h g§ñWm ~Zy eH$Vo. AmnU {dMma Ho$bm Amho H$s ho H$go KS>ob? _Ëñ`mb` ho 
EH$ _mZd{Z{_©V n[ag§ñWoMo EH$ CXmhaU Amho.

n AmnU _Ëñ`mb`mMr ~m§YUr Ho$ë`mZ§Va Vo VgoM gmoSy>Z XoD$ eH$Vmo H$m? EH$ 
{XdgmAmS> Ë`mMr ñdÀN>Vm H$aUo H$m Amdí`H$ Amho? AmnU `mM nÕVrZo S>~H$s 
Am{U Vir ñdÀN> H$aVmo H$m? H$aVmo Va H$m Am{U H$aV Zgob Va H$m Zmhr ?

 n`m©daUmVyZ AÞ {_i{dUo (CXa{Zdm©h) `m AmYmao gOrdm§Mo d{J©H$aU ho CËnmXH$, 
Cn^moº$m Am{U {dKQ>H$ ̀ m_Ü`o Ho$bo OmVo ho AmnU nyduÀ`m dJm©V {eH$bmo AmhmoV. Mbm AmVm 
AmnU ñ_aU H$aÊ`mMm à`ËZ H$ê$`m H$s, darb ~Z{dboë`m ñd-{Zdm©h narg§ñWoÛmao AmnU H$m` 
{eH$bmo. H$moUË`m àH$maMo gOrd gy`©àH$memMm Cn`moJ H$ê$Z harV Ðì`mÀ`m CnpñWVrV 
Ag|Ðr` nXmWm©Mo ê$nm§Va gmIa Am{U ñQ>mM© ({nï>_` nXmW©) ̀ m g|Ðr` nXmWmª_Ü`o H$aVmV? gd© 
harV dZñnVr Am{U ZrbharV e¡dmi ho gd© àH$meg§îbofUmÀ`m _XVrZo AÞ{Z{_©Vr H$aVmV ho 
gd© ̀ m dJm©_Ü`o g_m{dï> hmoVmV Am{U Ë`m§Zm CËnmXH$ Ago g§~moYbo OmVo.
 gOrd nmofUmgmR>r àË`j qH$dm AàË`jnUo CËnmXH$mda Adb§~yZ AgVmV? Oo gOrd 
AÞmgmR>r àË`jnUo CËnmXH$m§Zr V`ma Ho$boë`m AÞmda qH$dm AàË`jnUo Xþgè`m gOrdm§da 
Adb§~yZ AgVmV Ë`m§Zm Cn^moº$m Ago åhUVmV. Cn^moº$m§Mo d{J©H$aU emH$mhmar, _m§gmhmar, 
{_lhmar Am{U naOrdr Ago Ho$bo Amho. Vwåhr àË`oH$ Cn^moº$m dJm©Vrb gOrdm§Mo CXmhaU XoD$ 
eH$mb?
· Aem pñWVrMr H$ënZm H$am H$s, AmnU _Ëñ`mb` ñdÀN> Ho$bo Zmhr Am{U H$mhr _mgo d 
dZñnVr _obobo AmhoV. Vwåhr H$Yr {dMma Ho$bmV H$m H$s gOrd Ooìhm _¥V hmoVmV Voìhm H$m` 
KS>Vo? OrdmUy Am{U H$dH$ `mgmaIo gwú_Ord _¥VAdeof Am{U gOrdm§Mo Q>mH$mD$ nXmW© `m§Mo 
{dKQ>Z H$aVmV. gwú_Ord ho {dKQ>H$ AmhoV H$s Oo g§`wº$ g|Ðr` nXmWmªMo gmÜ`m Ag|Ðr` 
nXmWmª_Ü`o ê$nm§Va H$aVmV. Vo nXmW© _mVr_Ü`o OmVmV d nwÝhm EH$Xm dZñnVtH$Sy>Z Vo Cn`moJmV 
AmUbo OmVmV. `m§À`m AZwnpñWVrV H$Mam, _¥VàmUr Am{U dZñnVr `m§Mo H$m` hmoB©b? Oar 
{dKQ>H$ Ë`m {R>H$mUr Zgbo Varhr _mVrMo Z¡g{J©H$ nwZ… M{H«$H$aU hmoB©b?
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CnH«$_ 13.2

n AmnU _Ëñ`mb` ~Z[dV AgVmZm Omo ObMa àmUr Xþgè`mbm ImVmo Vmo àmUr R>odm`Mm 
ZgVmo hr H$miOr KoVbr Amho H$m`? Oa Vgo Ho$bo Zgob Va H$m` hmoB©b?

n JQ> ~Zdm Am{U darb JQ>mVrb gOrd nañnam§da H$go Adb§~yZ AgVmV `mMr MMm© 
H$am.

n Aem H«$_mV ObMa àmÊ`m§Mr aMZm H$am H$s H$moU H$moUmbm ImVmo Am{U Vr VrZ Q>ß`m§Mr 
AÞgmIir ~ZVo.

n gOrdm§À`m H$moUË`mhr EH$m JQ>mbm AmnU àmW{_H$ _hËd XoVmo H$m? XoV Agmb Va H$m 
qH$dm XoV Zgmb Va H$m Zmhr?

Am. 13.1  {ZgJm©Vrb AÞgmIir 
(a) O§Jbm_Ü`o (b) JdVmi 
àXoem_Ü`o (c) Vbmdm_Ü`o

13.2.1  AÞgmIir Am{U AÞOmio  Food chains and Webs

 CnH«$_ 13.4 _Ü`o AmnU nañnam§Mm Amhma 
AgUmar EH$ gOrdm§Mr gmIir {Z_m©U Ho$br 
Amho. hr gOrdm§Mr gmIir AÞgmIirÀ`m 
{d{dY O¡{dH$ ñVam_Ü`o gh^mJr AgVo (Am. 
13.1)
 AÞ gmIir_Yrb àË`oH$ Q>ßnm qH$dm nmVir 
EH$ nmofH$ ñVa ~Z{dVmo. ñd`§nmofr qH$dm CËnmXH$ 
ho AÞgmIir_Yrb àmW{_H$ nmofH$ ñVa AmhoV. 
Vo gm¡a CO}Mo pñWarH$aU H$aVmV Am{U nanmofr 
àmUr qH$dm Cn^moº$m§Zm CnbãY H$ê$Z XoVmV. 
emH$mhar àmUr qH$dm àmW{_H$ Cn^moº$m Xþgè`m 
ñVamer `oVmV, bhmZ _m§gmhmar qH$dm {ÛVr` 
Cn^moº$m {Vgè`m ñVam_Ü`o `oVmV, _moR>o _m§gmhmar 
qH$dm {Vgam Cn^moº$m Mm¡Ï`m nmofH$ ñVam_Ü`o 
Amnbr OmJm àmá H$aVmV (Am. 13.2)

Am. 13.2  nmofH$ ñVa

V¥Vr` 
Cn^moº$m

{ÛVr` Cn^moº$m

àmW{_H$ Cn^moº$m

CËnmXH$

 Amnë`mbm _m{hV Amho H$s Oo AmnU AÞ 
ImVmo Vo B§YZmMo H$m`© H$aVo Á`m_wio Amnë`mbm 
H$m_ H$aÊ`mgmR>r CO}Mm nwadR>m {_iVmo åhUyZ 
n`m©daUmVrb {d{dY KQ>H$m§À`m Am§Va {H«$`o_Ü`o 
CO}À`m àdmhmMr {Xem g§ñWoÀ`m EH$m KQ>H$mH$Sy>Z 
Xþgè`m KQ>H$mH$S>o hmoUo `m gdm©Mm `m_Ü`o 
g_mdoe hmoVmo. ñd`§nmofr gOrd gw`©àH$memnmgyZ 
{_iUmar COm© KoVmV Am{U {VMo amgm`{ZH$ 
CO}_Ü`o ê$nm§Va H$aVmV `mMm Aä`mg Amåhr 
Ho$bm Amho. ̀ m CO}Mm gd© gOrd g¥ï>rgmR>r AmYma 
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Am. 13.3  AZoH$ 
AÞgmIirZr 
AÞOmio ~ZVo

Amho. hr COm© ñd`§nmofr gOrdm§H$Sy>Z nanmofr 
gOrdm§À`mH$S>o g§H«${_V hmoVo Am{U eodQ>r 
{dKQ>H$m§H$S>o OmVo. Ogo H$s AmnU _mJrb "CO}Mo 
ómoV' `m nmR>m_Ü`o nmhrbo Amho H$s, CO}Mo EH$m 
ê$nmVyZ Xþgè`m ê$nm_Ü`o ê$nm§Va hmoVo, 
n`m©daUm_Ü`o H$mhr COm© {d{dY ê$nmV Zï> hmoVo, 
AmnU Ë`mMm Cn`moJ nwÝhm H$ê$ eH$V Zmhr. 
n`m©daUmVrb {d{dY KQ>H$m_Yrb CO}À`m 
àdmhmMo {dñV¥V AÜ``Z Ho$bo Jobo Am{U Ë`m§Zm 
Ago AmT>iyZ Ambo H$s,

n O{_Zrdarb n[ag§ñWoVrb (^y-àXoemVrb 
n[ag§ñWoV) {haì`m dZñnVtÀ`m nmZmda 
nS>bobr Odi Odi 1% gm¡a COm© AÞ 
D$O}_Ü`o ê$nm§VarV hmoVo.

n Ooìhm àmW{_H$ Cn^moº$m§H$Sy>Z {haì`m 
dZñnVr Imëë`m OmVmV Voìhm _moR>çm 
à_mUmV CîUVoÀ`m ñdê$nm_Ü`o n`m©daUmV COm© Zï> hmoVo, H$mhr à_mUmV COm© 
nMZ{H«$`ogmR>r dmnabr OmVo Am{U H$mhr à_mUmV H$m_ H$aÊ`mgmR>r Am{U {e„H$ 
amhrbobr dmT>rgmR>r Am{U àOZZmgmR>r dmnabr OmVo. gamgar 10% Im„oë`m 
AÞmMo ê$nm§Va ñdV…À`m e[aam_Ü`o hmoVo Am{U nwT>rb ñVamÀ`m Cn^moŠË`mbm 
CnbãY hmoVo.

n åhUyZ àË`oH$ ñVamda CnbãY g|Ðr` nXmWm©Mo à_mU gamgar _yë` 10% AgVo 
Am{U nwT>rb ñVamÀ`m Cn^moŠË`mn`ªV nmohmoMVo.

n åhUyZ A{Ve` H$_r COm© Cn^moŠË`mÀ`m nwT>rb ñVamgmR>r CnbãY hmoVo, 
AÞgmIir gm_mÝ`nUo \$º$ VrZ qH$dm Mma Q>ßß`m§nmgyZ ~Zbobr AgVo. 
AÞgmIirÀ`m àË`oH$ Q>ßß`mda CO}Mm èhmg _moR>çm à_mUmV hmoVmo Am{U A{Ve` 
H$_r à_mUmV Cn`wº$ COm© Mm¡Ï`m nmofH$ ñVamZ§Va {e„H$ amhVo.

n gm_mÝ`nUo AÞgmIir_Ü`o gdm©V Imbrb ñVam_Ü`o gOrdm§Mr g§»`m gdm©V OmñV 
AgVo. gdm©V OmñV ho CËnmXH$ AmhoV.

n AÞgmIirMr bm§~r Am{U OQ>rbVm `m§À`mVrb \$aH$ hm OmñV à_mUmV ~XbV 
AgVmo. gm_mÝ`nUo àË`oH$ gOrd hm XmoZ qH$dm Ë`mnojm OmñV Xþgè`m àH$maÀ`m 
gOrdm§nmgyZ Im„o OmVmV d ñdV… {d{dY Xþgè`m gOrdm§Mm Amhma ~ZVmV. åhUyZ 
gai AÞgmIirnojm AÞgmIirVrb g§~§Y emIm`wº$ AÞgmIirÀ`m _mbrHo$Zo 
XmI{dbo OmVmV Ë`mbmM AÞOmio Ago åhUVmV. (Am. 13.3)
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 Am. 13.4 _Yrb COm© àdmh AmH¥$Vrdê$Z XmoZ Jmoï>r ñnï> hmoVmV. n{hbr Jmoï> åhUOo CO}Mm 
àdmh hm EH$m {XeoZo AgVmo. ñd`§nmofr gOrdm§Zr {_i{dbobr COm© nwÝhm gm¡a CO}_Ü`o n[adVuV 
hmoV Zmhr Am{U Or COm© emH$mhmar àmÊ`m§_Ü`o g§H«$_rV Pmbobr Agob Vr nwÝhm ñd`§nmofr 
gOrdmH$S>o naV `oV Zmhr. OgOer hr {d{dY nmofH$ ñVam_YyZ H«$_mZo g§H«$_rV hmoV OmVo Vr 
_mJrb ñVam§gmR>r CnbãY hmoV Zmhr.

Cƒ _m§gmhmar

_m§gmhmar àmUr

emH$mhmar àmUr

CËnmXH$

gy`©àH$me

Am. 13.4  n[ag§ñWoVrb CO}Mm àdmh Xe©{dUmar AmH¥$Vr

AÞgmIirMm Xþgam EH$ _Zmoa§OH$ n¡by Agm Amho H$s, ZH$iV H$mhr hmZrH$maH$ agm`Zo 
AÞgmIir_m\©$V Amnë`m earam_Ü`o àdoe H$aVmV. AmnU ZddrÀ`m dJm©V dmMbo Amho H$s 
ObàXÿfU H$go hmoVo. Ë`mMo EH$ H$maU Ago Amho H$s, amoJ Am{U {H$Q>H$m§nmgyZ {nH$m§Mo g§ajU 
H$aÊ`mgmR>r {d{^Þ {H$Q>H$ZmeHo$ Am{U BVa agm`Zm§Mm Cn`moJ Ho$bm OmVmo. Vr agm`Zo nmÊ`mÀ`m 
àdmhm~amo~a dmhmV _mVr_Ü`o qH$dm Obme`m_Ü`o àdoe H$aVmV. dZñnVtÀ`m H$Sy>Z ̀ m§Mo nmUr 
Am{U I{ZOo `m§À`m~amo~a _mVrVyZ emofU Ho$bo OmVo. VgoM Obme`mVyZhr `m§Mo emofU ObMa 
dZñnVr Am{U àmUr `m§À`mH$Sy>Z Ho$bo OmVo. hm EH$ _mJ© Amho Á`mÛmao `m§Mm AÞgmIir_Ü`o 
àdoe hmoVmo. hr agm`Zo O¡{dH$ {dKQ>Zerb ZmhrV Ë`m_wio hr àË`oH$ nmofH$ ñVamV CÎmamoÎma 
g§M`rV hmoVmV. H$moUË`mhr AÞgmIir_Ü`o _Zwî` hm Cƒ ñVamda Amho. Ë`m_wio _mZdr earamV 
agm`Zm§Mr g§M`rV hmoÊ`mMr Vrd«Vm hr gdm©V OmñV AgVo. ̀ m KQ>Zobm O¡{dH$ _°¾r{\$Ho$eZ Ago 
åhUVmV. `mM H$maUm_wio Jhÿ Am{U Vm§Xÿi `m§gmaIr AÞYmÝ`o, nmbo^mÁ`m Am{U \$io AJXr 
_m§ggwÕm `m_Ü`o doJdoJù`m à_mUmV {H$Q>H$ZmeH$m§Mm A§e gmnS>Vmo. Vmo A§e nmÊ`mÀ`m 
ghmæ`mZo AWdm AÝ` àH$mao doJim H$ê$ eH$V Zmhr.
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CnH«$_ 13.3

n gÜ`m dV©_mZnÌm§_Ü`o V`ma AÞnXmWmª_Ü`o {H$Q>H$ZmeH$m§Mo à_mU dma§dma nhmd`mg 
{_iVo Am{U H$mhr amÁ`m§Zr `m nXmWmªÀ`mda ~§Xr KmVbr Amho. Aem àH$maÀ`m 
~§XrÀ`m JaOo~Ôb JQ>m§_YyZ MMm© H$am.

n ImÚnXmWmª_Ü`o {H$Q>H$ZmeH$m§Mm ómoV H$m` Agob Ago Vwåhmbm dmQ>Vo? Amnë`m 
earam_Ü`o {H$Q>H$ZmeH$m§Mm àdoe ̀ m ómoVmÛmao ImÚnXmWmªVyZ Pmbm Amho H$m`?

n H$moUË`m nÕVrZo e[aamVrb {H$Q>H$ZmeH$m§Mo à_mU H$_r hmoB©b ̀ mMr MMm© H$am.

?
àíZ

1. nmofH$ñVa åhUOo H$m`? EH$m AÞgmIirMo CXmhaU Úm Am{U Ë`mVrb 
{d{dY nmofH$ñVa gm§Jm.

2. n[ag§ñWo_Ü`o {dKQ>H$m§Mr ̂ y{_H$m H$m` AgVo?

13.2  Amnbo CnH«$_ n`m©daUmbm H$go à^m{dV H$aVmV?

 Amåhr gd© n`m©daUmMm AI§S> ̂ mJ AmhmoV. n`m©daUmVrb ~Xb Amnë`mbm à^m{dV 
H$aVmo Am{U Amnbo CnH«$_ g^modVmbÀ`m n`m©daUmVrb ~Xbmbm H$maUr^yV AmhoV. 
Amnbo CnH«$_ n`m©daUmMo àXÿfU H$go H$aVmV ho AmnU ZddrÀ`m dJm©V `mAJmoXaM 
nm{hbo Amho. ̀ m nmR>m_Ü`o AmnU n`m©daUmer g§~§YrV XmoZ g_ñ`m§Mm {dñV¥VnUo Aä`mg 
H$aUma AmhmoV Vo åhUOo AmoPmoZMm èhmg Am{U Q>mH$mD$ nXmWmªMr {dëhodmQ>.

13.2.1  AmoPmoZMm Wa Am{U Ë`mMm èhmg H$gm hmoVmo
Ozone layer and how it is getting depleted

 Am°ŠgrOZÀ`m VrZ AUy§nmgyZ AmoPmoZ (O ) aoUy ~Zbobm Amho. na§Vw O  Á`mbm 3 2

gm_mÝ`nUo Am°ŠgrOZ åhUyZ JUbo OmVo, Vmo Am°ŠgrídgZ H$aUmè`m gd© gOrdm§Zm 
Amdí`H$ Amho. AmoPmoZ ho àmUKmVH$ {df Amho. na§Vw dmVmdaUmÀ`m darb ñVam_Ü`o 
AmoPmoZ Amdí`H$ H$m`© H$aVmo. Vmo gy`m©nmgyZ `oUmè`m A{V{Zb {H$aUm§nmgyZ (UV) 
n¥ÏdrÀ`m n¥ð>^mJmMo g§ajU H$aVmo. hr {H$aUo gOrdm§gmR>r A{Ve` KmVH$ AmhoV. 
CXmhaUmW©, ̀ m {H$aUm§_wio _mZdmbm ËdMoMm H$H©$amoJ hmoVmo.

 dmVmdaUmÀ`m Cƒ ñVamda A{V{Zb (UV) {H$aUm§À`m à^mdmZo Am°ŠgrOZ (O ) 2

aoUy§nmgyZ AmoPmoZMr {Z{_©Vr hmoVo. Cƒ COm© Agbobo A{V{Zb {H$aU H$mhr Am°ŠgrOZ 
aoUy§Mo (O ) {dKQ>Z H$ê$Z _wº$ (ñdV§Ì) Am°ŠgrOZ (O) AUy_Ü`o ê$nm§Va H$aVmV. hoM AUw 2

Am°ŠgrOZÀ`m aoUw§er g§`moJ nmdVmV Am{U AmoPmoZMr {Z{_©Vr H$aVmV, Ogo Imbr 
Xe©{dbobo Amho.
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AmoPmoZ

 1980 nmgyZ dmVmdaUm_Ü`o AmoPmoZÀ`m à_mUm_Ü`o PnmQ>çmZo Vrd«Vm KQy> bmJbr, 
Amho Šbmoamoâbwamo H$m~©Z (CFCs) gma»`m H¥${Ì_ agm`Zbm H$maUr^yV KQ>H$ R>a[dbo Amho. 
Á`mMm Cn`moJ ao{\«$OoQ>g© (erVbZ) Am{U A¾rem_Z ̀ m§À`mgmR>r Ho$bm OmVmo. 1987 _Ü`o 
g§`wº$ amï´> n`m©daU H$m`©H«$_m_Ü`o (UNEP) EH$ H$ama `eñdr Pmbm Á`m_Ü`o gdm©Zw_Vo 
CFC À`m CËnmXZmbm 1986 À`m nmVirn`ªVM _`m©{XV R>odbo Omdo Agm R>amd Pmbm. 
AmVm ho A{Zdm`© Amho H$s, OJmVrb gd© H§$nÝ`m§Zr CFC {dahrV ao{\«$OaoQ>a ~Zdbo nm{hOo.

CnH«$_ 13.4

n J«§Wmb`, B§Q>aZoQ> qH$dm dV©_mZ nÌmVrb ~mVå`m§_YyZ emoYyZ H$mT>m H$s, H$moUVr agm`Zo 
AmoPmoZÀ`m WamÀ`m èhmgmgmR>r H$maUr^yV AmhoV?

n AmoPmoZ WamÀ`m èhmgmgmR>r H$maUr^yV AgUmè`m agm`Zm§À`m CËgO©Zmda {Z`§ÌU 
R>odÊ`mgmR>r Or {Z`_mdbr ~Z{dÊ`mV Ambr Amho Vr ̀ eñdr Pmbr H$m? gÜ`m H$mhr 
dfm©V AmoPmoZ WamÀ`m {N>ÐmÀ`m AmH$mam_Ü`o H$mhr ~Xb Pmbm Amho H$m?

13.2.2  AmnU {Z_m©U Ho$boë`m H$Mè`mMo ì`dñWmnZ
(Managing the garbage we produce)

Amnë`m X¡Z§XrZ CnH«$_m§_Ü`o AmnU Aem ~è`mM nXmWmªMr {Z_uVr H$aVmo H$s Ë`m§Zm 
Amnë`mnmgyZ Xÿa \o$H$mdo bmJVo. Ë`mVrb Q>mH$mD$ nXmW© H$m` AmhoV? AmnU Ë`m§Zm Xÿa \o$Hy$Z 
{Xë`mZ§Va Ë`m§Mo H$m` hmoVo? Ë`m àíZm§Mr CÎmao emoYÊ`mgmR>r AmnU EH$ CnH«$_ H$ê$`m.

CnH«$_ 13.5

n Vw_À`m KamVrb Q>mH$mD$ nXmW© O_m H$am. `m_Ü`o {Xdg^amVrb gd© Q>mH$mD$ nXmWm©Mm 
g_mdoe hmoVmo. Ogo ñd`§nmH$KamVrb Q>mH$mD$ nXmW© (Iam~ Pmbobo AÞ, nmbo^mÁ`m§Mo 
VwH$S>o, MhmMm Cn`moJ Pmë`mda {e„H$ am{hbobr nmZo, XÿYmÀ`m [aH$m_r {neì`m, [aH$m_o 
nwR²>R>çmMo ImoHo$), aÔr H$mJX, Am¡fYm§À`m [aH$må`m ~mQ>ë`m/[aH$m_r nm{H$Q>o/\w$½`m§Mr 
nmH$sQ>o, OwZo Am{U \$mQ>bobo H$nS>o Am{U VwQ>bobo ~yQ> ̀ m gdmªMm g_mdoe hmoVmo.

n ~mJo_Ü`o ho gd© nXmW© IÈ>m IUyZ JmSy>Z ¿`m qH$dm Oa OmJm CnbãY Zgob Va ho gd© nXmW© 
EH$m OwÝ`m ~mXbr_Ü`o/\w$bXmUr_Ü`o O_m H$am Am{U Ë`mda 15 cm OmS>rÀ`m _mVrÀ`m 
WamMo AmÀN>mXZ H$am.

n gd© nXmW© Amobga R>odm Am{U 15 {Xdgm§À`m A§VamZo Ë`m§Mo {ZarjU H$am.
n Ago H$moUVo nXmW© AmhoV Oo {XK© H$mbmdYrZ§Vahr ~Xbbo ZmhrV?
n Ago H$moUVo nXmW© AmhoV Ë`m§Mo ñdê$n Am{U aMZm H$mhr H$mbmdYrZ§Va ~XbVo?
n Á`m nXmWmªÀ`m ñdê$n Am{U aMZo_Ü`o H$mbm§VamZo n[adV©Z Pmbobo Amho, Ë`mVrb Agm 

H$moUVm nXmW© Amho Á`mMo ObXJVrZo n[adV©Z Pmbobo Amho?
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?

 Oo AÞ AmnU ImVmo Ë`mMo Amnë`m e[aam_Ü`o AgUmè`m {d{dY {dH$am§À`m ghmæ`mZo nMZ 
Ho$bo OmVo ̀ m Jmoï>tMm Aä`mg AmnU OrdZ{H«$`m ̀ m àH$aUm_Ü`o Ho$bm Amho. Amnë`m e[aam_Ü`o 
EH$M {dH$a AmnU Im„oë`m gd© H$mhr AÞnXmWm©Mo nMZ H$m H$aV Zmhr? `mMo Vwåhmbm H$Yr 
AmíM`© dmQ>bo Amho? {dH$am§Mo {d{eï> H$m`© AgVo. {d{eï> {dH$ao hr R>am{dH$ nXmWm©MoM nMZ 
qH$dm {dKQ>Z H$aÊ`mgmR>r AgVmV. åhUyZM AmnU H$moigm Imëë`mZo Amnë`mbm COm© {_iV 
Zmhr. H$maU ßb°ñQ>rH$ gmaIo _mZdr H¥${Ì_ nXmW© ~°ŠQ>o[a`m§À`m Ûmao qH$dm _¥VmonOrdtÀ`m Ûmao 
{dKQ>Z hmoV ZmhrV. Ë`m nXmWmªÀ`mda CîUVm Am{U Xm~ `m ^m¡{VH$ à{H«$`m§Mm à^md nS>V 
AgVmo, na§Vw gm_mÝ` n[apñWVr_Ü`o Vo n`m©daUm_Ü`o ~amM H$mi {Q>Hy$Z amhVmV.
 Á`m nXmWmªMo O¡{dH$ à{H«$`m§À`mÛmao {dKQ>Z hmoVo Ë`m nXmWmªZm O¡{dH$ {dKQ>Zerb Ago 
åhUVmV. Vwåhr _mVrV JmS>boë`m nXmWmªn¡H$s {H$Vr nXmW© O¡{dH$ {dKQ>Zerb hmoVo? Aem 
nÕVrZo Á`m Á`m nXmWmªMo {dKQ>Z hmoV Zmhr Ë`m nXmWmªZm O¡{dH$ A{dKQ>Zerb Ago åhUVmV. ho 
gd© nXmW© {ZîH«$s` Agy eH$VmV Am{U {XK©H$mimgmR>r n`m©daUm_Ü`o VgoM {Q>Hy$Z amhÿ eH$VmV 
qH$dm n`m©daUmVrb {d{dY gXñ`m§Zm KmVH$ R>ê$ eH$VmV.

CnH«$_ 13.6

n O¡{dH$ {dKQ>Zerb Am{U O¡{dH$ A{dKQ>Zerb nXmWmªMr A{YH$ _m{hVr 
{_i{dÊ`mgmR>r J«§Wmb` qH$dm B§Q>aZoQ>Mm Cn`moJ H$am.

n {d{dY O¡{dH$ A{dKQ>Zerb nXmW© n`m©daUm_Ü`o {H$Vr H$mi {Q>Hy$Z amhÿ eH$VmV?
n gÜ`m O¡{dH$ {dKQ>Z hmoUmao Z{dZ àH$maMo ßb°ñQ>rH$ CnbãY Amho. Ë`m nXmWmª{df`r 

A{YH$ _m{hVr {_idm Am{U Vo nXmW© n`m©daUmbm KmVH$ AmhoV H$s Zmhr Ë`mMm emoY 
¿`m.

àíZ

1. H$mhr nXmW© O¡{dH$ {dKQ>Zerb Am{U H$mhr nXmW© O¡{dH$ A{dKQ>Zerb 
H$m AmhoV?

2. O¡{dH$ {dKQ>Zerb nXmWmªMm n`m©daUmda n[aUm_ hmoÊ`mMo XmoZ _mJ© 
gm§Jm.

3. O¡{dH$ A{dKQ>Zerb nXmWmªMm n`m©daUmda n[aUm_ hmoÊ`mMo XmoZ _mJ© 
gm§Jm.

{dkmZ137

    
    

    
    

 @
KTBS 

NOT TO BE R
EPUBLIS

HED



 H$moUË`mhr _moR>çm Jmdmbm qH$dm ehambm ̂ oQ> Úm Am{U _bm ImÌr Amho H$s Vwåhmbm gd©Ì 
H$Mè`mMo T>rJ nhmd`mg {_iVrb. n`©Q>H$m§À`m AmdS>rÀ`m H$moUË`mhr {R>H$mUr ^oQ> Úm 
Amåhmbm ImÌr Amho H$s Ë`m {R>H$mUr _moR>çm à_mUmV ImÚnXmWmªMr [aH$m_r nmH$sQ>o gd©Ì 
{dIwabobr {XgVrb. nyduÀ`m dJm©_Ü`o AmnU ñdV… {Z_m©U Ho$boë`m H$Mè`mÀ`m {dëhodmQ>rÀ`m 
g_ñ`o{df`r ~mobbmo AmhmoV. AmVm AmnUË`m g_ñ`o{df`r gImobnUo nmhÿ`m.

CnH«$_ 13.7

n Kam_Ü`o {Z_m©U Pmboë`m Q>mH$mD$ nXmWmªMo H$m` hmoVo? VoWo Q>mH$mD$ nXmW© O_m H$aUmar 
H$moUVr g§ñWm Amho H$m?

n ñWm{ZH$ g§ñWm (n§Mm`V, ZJanm{bH$m, ao{gS>|Q> dob\o$`a Agmo{eEeZ) H$emàH$mao 
Q>mH$mD$ nXmWmªMr {dëhodmQ> bmdVmV Ë`mMm emoY ¿`m. Ë`m {R>H$mUr O¡{dH$ 
{dKQ>Zerb Am{U O¡{dH$ A{dKQ>Zerb Q>mH$mD$ nXmW© doJdoJir à{H«$`m H$aUmar 
`§ÌUm Amho H$m?

CnH«$_ 13.8

n EH$m {Xdgm_Ü`o Kar {H$Vr Q>mH$mD$ nXmW© CËnÞ Ho$bo OmVmV Ë`mMr JUZm H$am.
n Ë`mn¡H$s {H$Vr Q>mH$mD$ nXmW© O¡{dH$ {dKQ>Zerb AmhoV?
n EH$m {Xdgm_Ü`o dJm©V {H$Vr Q>mH$mD$ nXmW© {Z_m©U Ho$bo OmVmV Ë`mMr JUZm H$am.
n Ë`mn¡H$s {H$Vr Q>mH$mD$ nXmW© O¡{dH$ {dKQ>Zerb AmhoV? 
n `m H$Mè`m§À`m {dëhodmQ>rgmR>r _mJ© gwMdm.

CnH«$_ 13.9

n Vw_À`m joÌm_Ü`o _¡bm/gm§S>nmÊ`mda H$em àH$mao à{H«$`m Ho$ë`m OmVmV Vo emoYm? Ë`m 
{R>H$mUr Aer H$moUVr `§ÌUm Amho H$m Á`m_wio ñWm{ZH$ Obme` à{H«$`m Z Ho$boë`m 
_¡bm/gm§S>nmUr ̀ m_wio à^m{dV hmoUma ZmhrV?

n Vw_À`m joÌmVrb ñWm{ZH$ H$maImÝ`m§_YyZ ~mhoa nS>Umè`m Q>mH$mD$ nXmWm©da H$moUË`m 
àH$mao à{H«$`m Ho$br OmVo Ë`mMm emoY ¿`m. Ë`m {R>H$mUr Aer H$moUVr `§ÌUm Amho H$m 
H$s ̀ m Q>mH$mD$ nXmWm©_wio _mVr Am{U nmUr àXÿfrV hmoUma Zmhr?

 Amnë`m OrdZe¡br_Ü`o gwYmaUm Pmë`m_wio _moR>çm à_mUmV Q>mH$mD$ nXmWmªMr {Z{_©Vr 
hmoVo. Amnë`m A{^d¥Îmr_Yrb ~XbgwÕm _hËdmMr ^y{_H$m ~OmdV AgVmo. AmnU OmñVrV 
OmñV {dëhodmQ> bmdVm `oÊ`mOmo½`m dñVyMm dmna H$aV Amho. n°Ho$qOJ H$aÊ`mÀ`m nÕVrVrb 
~Xbm_wio OmñVrV OmñV O¡{dH$ A{dKQ>Zerb Q>mH$mD$ nXmWmªMr {Z{_©Vr Pmbr Amho. øm gdmªMm 
Amnë`m n`m©daUmda H$m` n[aUm_ hmoB©b Ago Vwåhmbm dmQ>Vo?
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CnH«$_ 13.10

n BboŠQ´>m°{ZH$ dñVy§Mr {dëhodmQ> bmdVmZm {H$Vr YmoH$mXm`H$ dñVy§Mm gm_Zm H$amdm 
bmJVmo ̀ mMm B§Q>aZoQ> qH$dm J«§Wmb`m_Ü`o emoY ¿`m. ho nXmW© n`m©daUmda H$gm n[aUm_ 
H$aVmV?

n ßb°ñQ>rH$Mm nwZdm©na H$gm Ho$bm OmVmo Ë`mMm emoY ¿`m. `m nwZdm©na à{H«$`oMm 
n`m©daUmda H$mhr n[aUm_ hmoVmo H$m?

?
àíZ

1. AmoPmoZ åhUOo H$m` Am{U H$moUË`mhr n[ag§ñWoda Ë`mMm H$gm n[aUm_ hmoVmo?
2. Q>mH$mD$ nXmWmªMr g_ñ`m H$_r H$aÊ`mgmR>r AmnU H$er _XV H$amb? H$moUË`mhr XmoZ 

nÕVr {bhm.

`mda {dMma H$am

aoëdo _Ü`o {dëhodmQ> bmdVm `oÊ`mOmoJo H$n (Disposable cups in trains)
Oa Vwåhr Vw_À`m AmB© dS>rbm§Zm {dMmabm Va Ë`m§Zm AmR>dob H$s EHo$H$mir aoëdo_Ü`o ßbmñQ>rH$À`m 
½bmgm_YyZ Mhm nwadbm Om`Mm Voìhm Vo ßbmñQ>rH$Mo ½bmg Ë`m Mhmdmë`mbm naV H$amdo bmJm`Mo. 
Amamo½`mÀ`m H$maUmñVd {dëhodmQ> bmdVm ̀ oÊ`mOmoJo H$n Am{U ½bmgog ̀ m§Mr àñVmdZm _m§S>br Jobr. 
Ë`mdoir H$moUrhr H$ënZm Ho$br Zgob H$s àË`oH$ {Xder bmIm§À`m g§»`oV Cn`moJ Ho$ë`m OmUmè`m 
H$nm§Mm n[aUm_ H$m` hmoB©b. H$mhr doimnydu Hw$ëhS> {MIbmZo V`ma Ho$boë`m {dëhodmQ> bmdVm 
`oÊ`mOmo½`m H$nm§Mm n`m©` gwM{dbm Jobm hmoVm. nU H$mhr {dMmamA§Vr Ag§ XmIdyZ XoÊ`mV Ambo H$s 
BVŠ`m _moR>çm g§»`oZo Hw$ëhS> ~ZdÊ`mgmR>r O{_ZrMm darb gw{nH$ Wa Zï> hmoB©b. AmVm {dëhodmQ> 
bmdVm ̀ oÊ`mOmoJo H$mJXr H$n dmnabo OmV AmhoV. Vw_À`m Ñï>rZo {dëhodmQ> bmdVm ̀ oÊ`mOmoJo ßb°ñQ>rH$ 
H$nm§À`m VwbZoV {dëhodmQ> bmdVm ̀ oÊ`mOmoJo H$mJXr H$n H$go \$m`Xoera AmhoV?

AmnU H$m` {eH$bm AmhmV?

n n[ag§ñWoMo {d{dY KQ>H$ nañnamdb§~r AgVmV.
n CËnmXH$ gy`m©nmgyZ CO}Mr {Z{_©Vr H$aVmV Am{U ~mH$sÀ`m n[ag§ñWobm CnbãY H$ê$Z 

XoVmV.
n Ooìhm AmnU EH$m nmofH$ñVamH$Sy>Z nwT>rb nmofH$ ñVamH$S>o OmVmo Voìhm COm© H$_r hmoV 

OmVo Ë`m_wio AÞgmIir_Yrb nmofH$ñVam§Mr g§»`m H$_r hmoVo.
n _mZdr CnH«$_m§Mm n`m©daUmda à^md nS>Vmo.
n CFCs gma»`m agm`Zm§À`m dmnam_wio AmoPmoZMm Wa YmoŠ`mV Ambm Amho. H$maU 

gy`m©nmgyZ `oUmè`m A{VZrb {H$aUm§nmgyZ AmoPmoZMm Wa g§ajU H$aVmo. Ë`m_wio ho 
n`m©daUmgmR>r ZwH$gmZH$maH$ R>ê$ eH$Vo.

n AmnU {Z_m©U Ho$bobo Q>mH$mD$ nXmW© ho O¡{dH$ {dKQ>Zerb Am{U O¡{dH$ 
A{dKQ>Zerb Agy eH$VmV.

n AmnU {Z_m©U Ho$boë`m Q>mH$mD$ nXmWmªMr {dëhodmQ> hr EH$ J§^ra n`m©daUr` g_ñ`m 
Amho.
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àH$aU 11
 1 (b) 

            2 (d) 

            3 (c) 

            4 (c)

 5.   (i) -0.18m  ii)  +0.67m

 6. A§Vd©H«$ q^J; -1.25D 

            7.  ~{hd©H«$ q^J;  +3.0D

àH$aU 13
 1 (a)   (c)  (d) 
           
            2 (b) 
           
            3 (d)
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