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B§ñnm`a nm[aVmofrH$ B§ñnm`a nm[aVmofrH$ B§ñnm`a nm[aVmofrH$ B§ñnm`a nm[aVmofrH$ B§ñnm`a nm[aVmofrH$ (INSPIRE AWARDS)

Amnë`m nma§nmarH$ Am{U V§ÌkmZmÀ`m {dH$mgmMm nm`m _O~wV H$aÊ`mgmR>r
B§ñnm`a nwañH$ma hm amï´>r` nmVirda am~{dV AgVmV.

BÞmodoeZ gm`Ýg nagwQ> \$m°a BÝnm`a [agM©  (Innovations in Science
Pursuit for Inspired Research) (INSPIRE) `mMm _w»` CÔoe Imcrc
à_mUo Amho.

• hþema {dÚmÏ`mªZm {dkmZmH$S>o AmH${f©V Ho$co.

• hþema {dÚmÏ`mªMr AmoiI H$éZ Ë`m§Zm chmZ nUmnmgwZM {dkmZmMm Aä`mg H$aÊ`mgmR>r àmoËgmhZ
XoVo.

• d¡km{ZH$, V§ÌkmZmË_H$ {dH$mg Am{U g§emoYZ `mcm MmcZm XoÊ`mgmR>r g§̀ wº$ _mZd g§gmYZmMm
{dH$mg H$aVo.
B§ñnm`a hr EH$ ñnYm©Ë_H$ n[aúmm Amho. Zd ẁdH$m_Ü ò {dkmZmMr AmdS> {Z_m©U H$aÊ`mMm hm EH$

science interestingly H$m`©H«$_ Amho. `mgmR>r 11 ì`m n§Mdm{f©H$ `moOZoV Odinmg Xhm cmI
{dÚmÏ`mªMr {ZdS> H$aÊ`mV Amcr Am{U 12 ì`m n§MdmfuH$ `moOZoV (2012-17) {dg cmI {dÚmÏ`mªMr
{ZdS> `m H$m ©̀H«$_m A§VJ©V H$aÊ`mV òB©c.

 àË`oH$ _mÜ`{_H$ úmoÌmVwZ XmoZ {dÚmÏ`mª (EH$ {dÚmWu 6-8 dJm©VwZ Am{U EH$ {dÚmWu 9-10
dJm©VwZ) Am{U àË òH$ àmW{_H$ emioVwZ EH$m {dÚmÏ`mªMr `m nwañH$mamgmR>r {ZdS> H$aVmV.

{ZdS> Pmcoë`m àË`oH$ {dÚmÏ`mªZm 5000/- én`o nm[aVmofrH$ XoÊ`mV `oVo.  `mn¡H$s 50% a¸$_
àH$ën qH$dm Z_wZm V`ma H$aÊ`mgmR>r dmnaVmV Am{U Cacocr 50% a¸$_ {Oëhm nmVirda B§ñnm`a
H$m ©̀H«$_mÀ`m àXe©ZmgmR>r IM© H$amdr. {Oëhm nmVirda {ZdS> Pmcoë`m {dÚmÏ`mªZm amÁ` ñVamda Am{U
amï´>r` ñVamda nmR>{dÊ`mV òVmV.

B§ñnm`a H$m ©̀H«$_mV ^mJ ¿`m- Amnë`m XoemMm {dH$mg H$am.
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S>m°. E_. Am{XZmam`UmS>m°. E_. Am{XZmam`UmS>m°. E_. Am{XZmam`UmS>m°. E_. Am{XZmam`UmS>m°. E_. Am{XZmam`Um
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A_cmnwa_A_cmnwa_A_cmnwa_A_cmnwa_A_cmnwa_

H$m`ÚmMm AmXa H$am
hŠH$ {_idm

e¡j{UH$ CÝZVr gmYm
ào_mZo dmJm
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h¡Ðm~mXh¡Ðm~mXh¡Ðm~mXh¡Ðm~mXh¡Ðm~mX
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PoS>nrEMEg Bå_mXrMoé`w, àH$me_PoS>nrEMEg Bå_mXrMoé`w, àH$me_PoS>nrEMEg Bå_mXrMoé`w, àH$me_PoS>nrEMEg Bå_mXrMoé`w, àH$me_PoS>nrEMEg Bå_mXrMoé`w, àH$me_

lr. Ho$.gwYmH$am Mmar,  lr. Ho$.gwYmH$am Mmar,  lr. Ho$.gwYmH$am Mmar,  lr. Ho$.gwYmH$am Mmar,  lr. Ho$.gwYmH$am Mmar,  Eg.Or.Q>r.Eg.Or.Q>r.Eg.Or.Q>r.Eg.Or.Q>r.Eg.Or.Q>r.
`wnrEg, {ZcrH¥$Vu, da§Jc`wnrEg, {ZcrH¥$Vu, da§Jc`wnrEg, {ZcrH¥$Vu, da§Jc`wnrEg, {ZcrH¥$Vu, da§Jc`wnrEg, {ZcrH¥$Vu, da§Jc

lr.{H$eZ VmoQ>mOw, lr.{H$eZ VmoQ>mOw, lr.{H$eZ VmoQ>mOw, lr.{H$eZ VmoQ>mOw, lr.{H$eZ VmoQ>mOw, J«m\$sŠg {S>PmB©ZJ«m\$sŠg {S>PmB©ZJ«m\$sŠg {S>PmB©ZJ«m\$sŠg {S>PmB©ZJ«m\$sŠg {S>PmB©Z
grgrgrgrgr& {Q> {d^mJ am.nm.nw.g§.H|$.{Q> {d^mJ am.nm.nw.g§.H|$.{Q> {d^mJ am.nm.nw.g§.H|$.{Q> {d^mJ am.nm.nw.g§.H|$.{Q> {d^mJ am.nm.nw.g§.H|$.,h¡Ðm~mXh¡Ðm~mXh¡Ðm~mXh¡Ðm~mXh¡Ðm~mX

lr. Hw$am© gwaoe ~m~w, lr. Hw$am© gwaoe ~m~w, lr. Hw$am© gwaoe ~m~w, lr. Hw$am© gwaoe ~m~w, lr. Hw$am© gwaoe ~m~w,  B.Tech, MA., MPhill.
_Zm {_S>r`m J«m{\$Šg, h¡Ðm~mX_Zm {_S>r`m J«m{\$Šg, h¡Ðm~mX_Zm {_S>r`m J«m{\$Šg, h¡Ðm~mX_Zm {_S>r`m J«m{\$Šg, h¡Ðm~mX_Zm {_S>r`m J«m{\$Šg, h¡Ðm~mX

lr. àem§V ~m~mamd ^mo`a, lr. àem§V ~m~mamd ^mo`a, lr. àem§V ~m~mamd ^mo`a, lr. àem§V ~m~mamd ^mo`a, lr. àem§V ~m~mamd ^mo`a, Eg.E.Eg.E.Eg.E.Eg.E.Eg.E.
Govt. Gaz.H.S.No.1 Am{Xcm~mXAm{Xcm~mXAm{Xcm~mXAm{Xcm~mXAm{Xcm~mX

     lr ZmJoe MZ_Zdma, lr ZmJoe MZ_Zdma, lr ZmJoe MZ_Zdma, lr ZmJoe MZ_Zdma, lr ZmJoe MZ_Zdma, Eg.E.Eg.E.Eg.E.Eg.E.Eg.E.
ZPHS, B§Ðdo„r, {Oëhm Am{Xcm~mX

lr. Ho$. gwaoe,  lr. Ho$. gwaoe,  lr. Ho$. gwaoe,  lr. Ho$. gwaoe,  lr. Ho$. gwaoe,  Eg.EEg.EEg.EEg.EEg.E
PoS>nrEMEg nmgamJm|S>m, dma§JbPoS>nrEMEg nmgamJm|S>m, dma§JbPoS>nrEMEg nmgamJm|S>m, dma§JbPoS>nrEMEg nmgamJm|S>m, dma§JbPoS>nrEMEg nmgamJm|S>m, dma§Jb

lr.~m¶. ì¶§H$Q> aoÈ>r, lr.~m¶. ì¶§H$Q> aoÈ>r, lr.~m¶. ì¶§H$Q> aoÈ>r, lr.~m¶. ì¶§H$Q> aoÈ>r, lr.~m¶. ì¶§H$Q> aoÈ>r, Eg.EEg.EEg.EEg.EEg.E
PoS>nrEMEg Mrdoåbm, ZbJm|S>mPoS>nrEMEg Mrdoåbm, ZbJm|S>mPoS>nrEMEg Mrdoåbm, ZbJm|S>mPoS>nrEMEg Mrdoåbm, ZbJm|S>mPoS>nrEMEg Mrdoåbm, ZbJm|S>m

lr.dr. EH$m§~aoída amd lr.dr. EH$m§~aoída amd lr.dr. EH$m§~aoída amd lr.dr. EH$m§~aoída amd lr.dr. EH$m§~aoída amd Eg.EEg.EEg.EEg.EEg.E
PoS>nrEMEg qbJmamdnmbo‘, Jw§Qy >aPoS>nrEMEg qbJmamdnmbo‘, Jw§Qy >aPoS>nrEMEg qbJmamdnmbo‘, Jw§Qy >aPoS>nrEMEg qbJmamdnmbo‘, Jw§Qy >aPoS>nrEMEg qbJmamdnmbo‘, Jw§Qy >a

lr._YwgwYZ aoÈ>r Xm§S>mcm lr._YwgwYZ aoÈ>r Xm§S>mcm lr._YwgwYZ aoÈ>r Xm§S>mcm lr._YwgwYZ aoÈ>r Xm§S>mcm lr._YwgwYZ aoÈ>r Xm§S>mcm Eg.EEg.EEg.EEg.EEg.E
PoS>nrEMEg _wZJmcm, ZcJm|S>mPoS>nrEMEg _wZJmcm, ZcJm|S>mPoS>nrEMEg _wZJmcm, ZcJm|S>mPoS>nrEMEg _wZJmcm, ZcJm|S>mPoS>nrEMEg _wZJmcm, ZcJm|S>m

lr. E‘.S>r. Aæ¶w~ Ah‘X,lr. E‘.S>r. Aæ¶w~ Ah‘X,lr. E‘.S>r. Aæ¶w~ Ah‘X,lr. E‘.S>r. Aæ¶w~ Ah‘X,lr. E‘.S>r. Aæ¶w~ Ah‘X,Eg.EEg.EEg.EEg.EEg.E
PoS>nrEMEg (CXþ©) AmË‘Hw$a, ‘h~y~ZJaPoS>nrEMEg (CXþ©) AmË‘Hw$a, ‘h~y~ZJaPoS>nrEMEg (CXþ©) AmË‘Hw$a, ‘h~y~ZJaPoS>nrEMEg (CXþ©) AmË‘Hw$a, ‘h~y~ZJaPoS>nrEMEg (CXþ©) AmË‘Hw$a, ‘h~y~ZJa

lr. amOoe XmZH$m lr. amOoe XmZH$m lr. amOoe XmZH$m lr. amOoe XmZH$m lr. amOoe XmZH$m  (D.T.P Operator)
(Am{XË¶m {S>.Q>r.nr.g|Q>a Am{Xcm~mX)(Am{XË¶m {S>.Q>r.nr.g|Q>a Am{Xcm~mX)(Am{XË¶m {S>.Q>r.nr.g|Q>a Am{Xcm~mX)(Am{XË¶m {S>.Q>r.nr.g|Q>a Am{Xcm~mX)(Am{XË¶m {S>.Q>r.nr.g|Q>a Am{Xcm~mX)
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 emco` {eúmUmVrc 10 dJ© hm \$ma _hËdmMm, {dÚmÏ`mªÀ`m {OdZmcm _moS> XoUmam
Amho Ago AmnU _mZVmo. amîQ´>r` {eúmU àUmcr, amÁ` {eúmU àUmcr `m§Zr {eúmUmÀ`m
h¸$mMm H$m`Xm cúmmV KoD$Z nmR>çnwñVH$ {dH$grV H$éZ ho XhmdrMo nwñVH$ Vw_À`m hmVmV
R>odco Amho. AmVm`ªV e¡úm{UH$ n«g§JmVwZ {eH$coë`m H$ënZm§Mr, ^mdZmMr g_rúmm H$arV
Ë`m§À`m nmR>emcm ñWamdarc kmZm§Mr nwVu _m{hVr {_i{dÊ`mgmR>r ho nwñVH$ \$ma Cn`omJr
nS>Vo. `m n«_mUo Xhmì`m dJm©Z§Va ñnYm©n[aúmm, B§Q>a{_S>r`Q> _Ü ò AZwg§YmZ gmYÊ`mgmR>r
gwÜXm `m nwñVH$mVrc nmR>çm§emÀ`m énH$ënZm H$aÊ`mV Amcr Amho.

{Za§Va g_J« _wë`_mnZmMr (CCE) emco` {eúmUmV A_§c~OmdUr hmoV Agë`m_wio
nmR>çm§e {eH${dV AgVm§Zm {dÚmÏmu {eH$Ê`mMm A§XmO H$aVm òÊ`mgmaIo `m nwñVH$mV
{eH${dUo . {eH$Uo `m n«{H«$`oMr énH$ënZm H$aÊ`mV Amcr. ho `m nwñVH$mMo d¡{eï>o Amho.
Hodi H$moUË`mhr JmoîQ>rMr _m{hVr {_i{dUoM Zmhr Va emór` nÜXVrZo {dkmZ emómMo
AÜ``Z H$aÊ`mgmR>r Z{dZ nmR>ç nwñVH$ ho {H$Vr Var Cn`moJr R>aVo. Xhmì`m dJm©cm ~moS>m©Mr
n[aúmm Agë`m_wio {Xcoë`m R>am{dH$ H$mimVM nmR>çH«$_ nwU© H$aUo Amdí`H$ AgVo. na§Vw
nmR>çH«$_ nwU© H$aUo åhUOo ̂ mdZm{df`r _m{hVr {_i{dÊ`mMo gm_Ï ©̀ gmÜ` H$aÊ`mMm à`ËZ
hmo`, ho _mÌ {dgaVm H$m_m Z`o. nmR>çm§emMo dmMZ H$aUo, MMm© H$aUo, {dícofU H$aUo,
à`moJemioVrc à`moJ H$aUo, úmoÌn ©̀Q>Z, {ZdoXrH$mMr gH$ënZm H$aUo dJ¡ao AÜ`mnZ AÜ`m`ZmÀ`m
gd© à{H«$`oMr A_§c~OmdUr ìhm`cm nm{hOo. _mJ©XeuH$m (JmB©S>) àíZg§MmMm dmna H$é
Z`o. CÎmamMr KmoH§$nÅ>r, cKwÎmmoar nwñVHo$ `mda {ZfoY H$aÊ`mg hdm.

Z{dZ nmR>çnwñVHo$ ho EopÀN>H$ e¡úm{UH$ à_mU gmÜ` H$aÊ`mÀ`m Ñï>rZo V`ma H$aÊ`mV
Amco. e¡úm{UH$ gÌ nwU© hmoB© n ª̀V _wcm§_Ü ò e¡úm{UH$ n«_mU dmT>{dÊ`mÀ`m Ñï>rZo AÜ`mnZmMr
ì ẁhaMZm {eúmH$m§Zr H$am`cm nm{hOo. {Za§Va g_J« _wë`m§H$U (grgrB©) g_W©nUo A_§c~OmdUr
H$aÊ`mgmR>r KmoH§$nÅ>r nÜXVr gmoSw>Z AÜ`mnZ H$am`co nm{hOo. {dÚmÏ`mªÀ`m àJVrMo {Z_m©UmË_H$
Am{U g§J«hZmË_H$ _wë`mH$U H$aÊ`mgmR>r Amdí`H$ nÜXVrMr {eúmH$m§Zm _m{hV AgUo
Amdí`H$ AgVo.

Z{dZ nmR>çnwñVHo$ ho Amdí`H$ {df`mMr _m{hVr nwa{dUooM ZgwZ AÜ``Z nÜXVr,
_wë`H$Um§À`m nÜXVrMr N>mn nS>Uo {eúmH$m§gmR>r Am{U {dÚmÏ`mªgmR>r {H$VrVar Cn`omJr
nS>Vo.dJm©V {dkmZ Aem àH$mao {eH$dm¶cm nm{hOo H$s, Vo ‘wcm§Zm {dMma H$aÊ¶mgmR>r Am{U
d¡km{ZH$ H$m‘ H$aÊ¶mgmR>r CÎmo{OV H$am¶cm nm{hOo. Vo {ZgJm© g§~§Yr ào‘ dmT>{dÊ¶mgmR>r
gwÜXm Agmdo.’$º$ Z{dZ Jmoï>tZm n«H$Q> H$aUo åhUOo d¡km{ZH$ nUo {eH$Uo Zìho.nañnamdc§~rSCERT T
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vVoc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20

Am{U nañnamg§~§Yr ‘Ü¶o AS>WS>m Z H$aVm {ZgJm©À¶m ‘hËdmÀ¶m {Z¶‘m gmo~V nwT>Mo nmD$c
Q>mH$Uo Amdí¶H$ Amho. OJmV g^modVr hmoV Agcoë¶m ~XcmMr cúmUo Am{U {ZgJm©À¶m
AmH$cZ H$aÊ¶mMr úm‘Vm Cƒ ‘mÜ¶{‘H$ emioÀ¶m ‘wcm‘Ü¶o AgVo. Ë¶m§À¶m ‘Ü¶o H$ënZoMo
n¥ÏWH$aU H$aÊ¶mMr úm‘Vm AgVo.’$º$ g{‘aH$Uo Am{U VmËdrH$ Ñï>rZo {Z¶‘m§Mr ewîH$nÜXVrZo
{eH${dÊ¶mZo AmnU Ë¶m§À¶m hþema {dMmam§Mr ¶m nmVirda AmnU VhmZ ̂ mJdw eH$V Zmhr.
¶mgmR>r d¡km{ZH$ kmZ g‘ñ¶m gmoS>{dÊ¶m‘Ü¶o n¶m©¶r {dH$ënm§Mm emoY Am{U Z{dZ g§~§Y
ñWmnZmMm g§YrMm Cn¶moJ H$aÊ¶mg§~§Yr {eH${dÊ¶mgmR>r AmnU dJm©Mo dmVmdaU Vgo V¶ma
H$am¶cm nm{hOo.

dJm©V Mma {^§VrÀ¶m AmV H$m|Sw>Z emómoº$ {eúmU hmoV Zmhr Ë¶mMm à¶moJemim Am{U
úmoÌmer {ZíMrV g§~§Y AgVmo. åhUwZ {dkmZ AÜ¶mnZmV úmoÌ AZw^md / à¶moJmcm Iwn
‘hËd Amho. amï´>r¶ nmR>çH«$‘ ’«o$‘dH©$ -2005 À¶m gwMZmZm Amdí¶H$ Am‘cmV AmUÊ¶mMr
‘moR>r JaO Amho. H$maU Ë¶m‘Ü¶o ñWm{ZH$ dmVmaUmer {dkmZ {eH${dÊ¶m gmo~V OmoS>
cmdÊ¶mMm Omoa {Xcocm Amho. {eúmUmÀ¶m h¸$mMm H$m¶Xm - 2009 gwÜXm Agm g„m {Xcm
H$s, ‘wcm§‘Ü¶o {eH$Ê¶mMo gm‘Ï¶© hñVJV H$aÊ¶mMr àmYmÝ¶ Úmdo. Ë¶mM à‘mUo emómoº$
{dMmamZo Z{dZ {nR>r gwYmaÊ¶mgmRr ‘XV hmoB©c Ago {dkmZm§Mo {eH$dU AgUo Amdí¶H$
Amho. emómkmMr {dMma H$aÊ¶mMr à{H«$¶m Am{U Ë¶mZr cmdcoë¶m àË¶oH$ emoYm ‘JmÀ¶m
à¶ËZm§Mr ‘m{hVr H$aUo ho {dkmZ {eH$dÊ¶mV EH$ ‘hËdmMm ‘wÔm Amho. amÁ¶ nmR>çH«$‘
’o«$‘dH« - 2011 Zo gm§JrVco H$s, ‘wc ñdV:Mo Cnm¶ Am{U doJdoJù¶m ‘wÔm¶mda ñdV:Mo
A{^àm¶ ñnï> H$aÊ¶mgmR>r g‘W© ~Zmdo. SCF À¶m à‘mUmZm§ {‘i{dÊ¶mgmR>r ho {dkmZ
nmR>çnyñVH$ V¶ma H$aÊ¶mV Amco Am{U Aem àH$mao emómoº$ nhm ‘Ü¶o A{Ve¶ {dMmamZo
AmË‘{dídmgZo g§emoYZ H$aÊ¶mgmR>r ‘wcm§Zm ‘XV hmoVo.

Z{dZ nmR>çnwñVH$ V¶ma H$aÊ¶mgmR>r ghH$m¶© Ho$coë¶m {dÚm^dZ g§ñWm, amOñWmZMo
coIH$, Á¶mZr YS>o V¶ma Ho$co, g§nmXH$ Á¶m§Zr gd© {cImU VnmgwU nm{hco, S>r.Q>r.nr. M‘w
g§wXa Q>mB©n Owi{dV nmR>çnwñVH$ V¶ma Ho$co. ¶m gdm©Mo Amåhr Am^mar AmhmoV. `m nwñVH$mV
nwÝhm H$mhr gwYmaUm H$aÊ`mgmR>r {eúmU VËddoÎmm, {eúmH$, nmcH$, {dÚmWu `m§À`m H$Sw>Z
H$moUË`mhr gwMZm Amë`mg Amåhr Ë`m gwMZm§Mm ñdrH$ma H$é.

nmR>çnwñVH$mMm ‘wcm§Zm ~hþdmMH$ dmna H$aÊ¶m‘mJo {eúmH$m§Mr ’$ma ‘moR>r ‘hËdmMr
ŵ{‘H$m AgVo. Amåhmcm Amem Amho H$s, {eúmH$ OéZ Ë¶m§Mo g§wg§JV à¶ËZ H$éZ nmR>çnwñVH$mMm

¶mo½¶ dmna H$aVrc OoUo H$éZ ‘wcm§À¶m ‘Zmda emór¶ {dMma q~~dVrc Am{U ‘wcm§‘Ü¶o
emór¶ Ñï>rH$moZ dmT>{dÊ¶mV àmoËgmhH$ ~Z{Vc.

g§MmcH$g§MmcH$g§MmcH$g§MmcH$g§MmcH$
am.nm.nw.g§.H|$.am.nm.nw.g§.H|$.am.nm.nw.g§.H|$.am.nm.nw.g§.H|$.am.nm.nw.g§.H|$.

Voc§JmZm h¡Ðm~mXVoc§JmZm h¡Ðm~mXVoc§JmZm h¡Ðm~mXVoc§JmZm h¡Ðm~mXVoc§JmZm h¡Ðm~mX
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‘wcm§À¶m {dMma§mMo gm‘Ï¶© Am{U g§emoYZmV CËgmh dmT>{dÊ¶mgmR>r hm Z{dZ nmR>çnwñVH$ V¶ma
H$aÊ¶mV Amcm. ‘wcm§‘Ü¶o {eH$Ê¶mMr AmdS> {Z‘m©U H$aÊ¶mgmR>r {eúmH$m§Zr Mm§Jë¶m AÜ¶m¶Mm
AÜ¶mnZ gmYZ dmnamdo ho Ë¶m§Mo n{hco H$V©ì¶ Amho. {dkmZ AÜ¶mnZmV ‘wcmV ~Xc KS>dwZ AmUUo
¶m ‘hËdmH$m§úmmMo amï´>r¶ Am{U amï´> nmR¶H«$‘ ‘m§S>Ur Am{U {eúmUmÀ¶m h¸$mMm H$m¶ÚmMo A{YH¥$V
coI AmhoV. Ë¶m ‘hËdH$m§úmm Zwgma ho nmR>çnwñVH$ V¶ma H$aÊ¶mV Amcoco Amho. Va {eúmH$m§Zr
Ë¶m§À¶m AÜ¶mnZm‘Ü¶o Z{dZ nÜXVr dmnaÊ¶mMr JaO Amho. ¶m X¥ð>rH$moZmdéZ AmnU {ZpíMV H$m¶
H$amdo Am{U H$m¶ H$é Z¶o Vo nmhþ ¶m.

• 10 dJ© åhUOoM {dÚmÏ`mªZm n[aúmogmR>r V`ma H$aUo ho àW_ H$V©ì` g_OwZ AÜ`mnZ H$aÊ`mÀ`m
nÜXVrMm èhmg H$am`cm nm{hOo. 10 ì`m dJm©V {dÚmÏ`mªZm JwU àmá H$aÊ`mÀ`m ñnY} noúmm Ë`m§À`mV
e¡úm{UH$ àm_U dmT>{dÊ`mÀ`m Ñï>rZo AÜ`mnZ H$am`cm nm{hOo.

• nmR>çnwñVH$mV gwédmVrcm ‘wcm§ gmo~V MMm© H$aÊ¶mMr Amdí¶H$Vm H$mhr ‘wcm§ H$Sw>Z CÎmao H$mT>m{dV
Oar Vo MwH$ Agmo H$s ~amo~a Agmo. Am{U eodQcm H$ënZm ñnï> H$aÊ¶mMm à¶ËZ H$amdm.

• YS>m {eH$dm`À`m AJmoXa Ë`m YS>çmMo g§nwU© dmMZ H$amdo Am{U _wcm§Zm gwÜXm dmMÊ`mg gm§Jmdo.
Am{U Z§Va YS>çmVrc ^mdZm, H$ënZm _wcm§Zm g_O{dÊ`mgmR>r MMm©ìXmao gwédmV H$amdr.

• nmR>çnwñVH$mVrc H$ënZm XmoZ nÜXVrMo Amho. n{hco dJm©V {eH$dm¶Mo Am{U Xþgao à¶moJ emioV H$am¶Mo.
• à¶moJ emioVrc H¥$Vr nmR>mV {d^mJwZ AmhoV. åhUwZ {eúmH$m§Zr Ë¶m H¥$Vr doJio Z KoVm YS>m Mmcw AgVm§Zm ¿¶mdo.
• nwñVH$m§V H$mhr {deof H¥$Vr S>ãã¶mV {Xcocr AmhoV. Ogo {dMma H$am Am{U MMm© H$am, Mcm H$é

¶m, ‘ycmIVr KoUo, A{^àm¶ V¶ma H$aUo, dm°c ‘°J{PZ da àX{e©V H$aUo, a§J ŵ‘rÀ¶m {Xder ̂ mJ
KoUo, úmoÌ {Z[aúmU H$am, {deof {XdgmMr ì¶dñWm ho gd© Amdí¶ H$am.

• Vw‘À¶m {eúmH$m§Zm {dMmam ‘m{hVr J«§Wmc¶mVwZ qH$dm B§Q>aZoQ>mVwZ Jmoim H$am. Aem H¥$Vr gwÜXm
Amdí¶H$ åhUwZ J«hrV Yam.

• Oa ¶m nwñVH$mV Xþgè¶m EImÚm {df¶mMr H$ënZm AmT>icr Va Ë¶m g§~§YrV {df¶ {eúmH$m§Zm Vo
{eH${dÊ¶mgmR>r dJm©V Am§‘ÌU Úm.

• g§~§YrV do~gmBQ> në¶mMr ‘m{hVr Jmoim H$am Am{U Vo ‘wcm§Zm Úm. Á¶m‘wio ‘wc {dkmZ {eH$Ê¶mgmR>r
B§Q>aZoQ> godoMm Cn¶moJ H$aVrc.

• emioÀ¶m J«§Wmc¶mV {dkmZ nwñVHo$ Am{U {dkmZ ‘°JPrZ R>odm.
• CÎmo{OV MMm© Am{U ~wÜXr {Z¶omOZm gmaIm H¥$VrÀ¶m ‘XVrZo ‘wc ñdV§ÌnUo {eH$Ê¶mgmR>r Am{U

g‘OwZ K|Ê¶mgmR>r àË¶oH$mcm CÎmo{OV H$am Am{U YS>¶mMr gwédmV H$aÊ¶mAJmoXa Vmo {eH$Ê¶mgmR>r
‘wcm§Zm àd¥Îm H$am.

• Aä`mgmV gwYmaUm H$é `m, `m ^mJmV n«Ë òH$ àíZm§À`m eodQ>r (AS) Ago g§{úmá Amho `mMm AW©
åhUOo e¡úm{UH$ à_mU hmò .

• {dkmZ ³c~, qZ~Y ñnYm©, {MÌ H$mT>Uo, {dkmZm da H${dVm, àmén V¶mar BË¶mXtMr g{Odg¥ï>r
g§VwcZm BË¶mXr {df¶r gH$maË‘H {dMma dmT>VmV.

• dJm©V, à¶moJ emioV Am{U úmoÌm‘Ü¶o doJdoJù¶m H¥$Vr H$aVm§Zm AÜ¶¶Z gm‘Ï¶mªMo {Z[aúmU H$éZ
Zm§oX H$am. ho {Za§Va g‘J« ‘wë¶m§H$ZmMm EH$ ^mJ Amho.
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Am‘Mm {dídmg Amho H$s, AmVm Vw‘À¶m cúmmV Amco AgocM H$s, {dkmZ Am{U emór¶ {dMma
{eH$Uo åhUOo ’$º$ YS>m ‘O~wV {eH${dUoM Zìho Va ‘wcm§‘Ü¶o CX^{dV Pmcoë¶m àíZm§Mo g‘mYmZ
emoYÊ¶mg gË¶, ‘m¡ë¶dmZ H$gaV (Aä¶mg) àd¥Îmr {Z‘m©U hmoD$Z {OdZmV ¶oUmè¶m gd© H${R>U
n[apñWVrer gm‘Zm H$aÊ¶mMr O~m~Xmar H$m¶© H$aÊ¶mMr eº$s Ë¶mÀ¶mV {Z‘m©U Pmcr nm{hOo.

{à¶ {dÚmÏ¶mªZmo....{à¶ {dÚmÏ¶mªZmo....{à¶ {dÚmÏ¶mªZmo....{à¶ {dÚmÏ¶mªZmo....{à¶ {dÚmÏ¶mªZmo....
{df¶mV Mm§Jco JwU {‘i{dUo åhUOo {dkmZ {eH$Uo Zìho. V{H©$H$ {dMma H$aUo Am{U ì¶dñWrV

nUo H$m‘ H$aUo ho gm‘Ï¶© hñVJV H$éZ XaamoOÀ¶m {OdUmV Ë¶mMm dmna H$amdo. ho {‘i{dÊ¶mgmR>r
{c{hcoë¶m d¡km{ZH$ ì¶»¶m nmR> H$aÊ¶mnoúmm Ë¶m§Mm n¥W¸$aU nÜXVrZo Aä¶mg H$amdm. ¶mMm AW©
d¡km{ZH$ H$ënZm g‘OÊ¶mÀ¶m H«$‘m‘Ü¶o Vwåhmcm MMm© H$aUo, dU©U H$aUo, nS>Vmim H$aÊ¶mgmR>r
à¶moJ H$aUo, {Z[aúmU H$aUo, ñdV:À¶m Cn¶m§Mr n¥ð>r H$éZ KoUo, {ZîH$f© H$mT>Ê¶mMr JaO Amho. Ë¶m
nÜXVrZo {eH$Ê¶mgmR>r Vwåhmcm ho nwñVH$ ‘XV H$aoc.

ho {‘i{dÊ¶mgmR>r Vwåhmcm H$m¶ H$aÊ¶mMr Amdí¶H$Vm Amho.
• 10 ì`m dJm©V H$ënZm§Mr, ̂ mdZm§Mr n[aYr hr {dñV¥V AgVo. {eúmH$ YSm {eH$Ê¶mgmR>r AJmoXa

EH$Xm YS>m nwU© dmMwZ ¿¶m.
• YS>m Mm§Jcm g‘OÊ¶mgmR>r Ë¶m nwU© YS>çmVrc ‘hËdmMm A§emMr Zm|X H$am.
• YS>¶mVrc {Z¶§‘m§Mm {dMma H$am. YS>m Imocn¶ªV g‘OÊ¶mgmR>r Ë¶mVrc H$ënZm§Mr AmoiI

H$aUo Amdí¶H$ Amho.
• {dMma H$am Am{U MMm© H$am ¶m A§emV {Xcoë¶m àíZm{df¶r Vw‘À¶m {‘Ì Am{U {eúmH$m§gmo~V

MMm© H$aVm§Zm S>J‘Jw ZH$m.
• YS>¶mVrc à¶moJ H$aVm§Zm qH$dm MMm© H$aVm§Zm Vwåhmcm H$mhr e§H$m ¶oVrc Ë¶m§Zm ñnï> nUo

Am{U ‘moH$ù¶m nUmZo ì¶º$ H$am.
• H$ënZm ñnï>nUo g‘OÊ¶mgmR>r à¶moJmÀ¶m Vmgm§Mr ¶moOZm H$éZ Am‘cmV AmUm. à¶moJmìXmao

{eH$Ê¶mgmR>r Vwåhmcm ~aoMí¶m Jmoï>r ‘m{hV Agm¶cm nm{hOo.
• àË¶oH$ YS>¶mcm X¡Z§{XZ {OdZmÀ¶m g§X^m©er gm§JS> Kmcm.
• Vw‘À¶m ñdV:À¶m H$ënZmÀ¶m AmYmamda {dH$ën ‘m{hV H$am.
• {ZgJm©À¶m OVZmV àË¶oH$ YS>¶mV ‘XV H$er hmoV Amho ¶mMo {Z[aúmU H$am.
• ‘wcmIVrV Am{U úmoÌ n¶©Q>ZmV JQ>mV H$m‘ H$am. A{^n«m¶ V¶ma H$am Am{U Ë¶m§Zm àX©{eV

H$am.
• dhrV qH$dm n[aúmoV {c{hV AgVm§Zm Vw‘À¶m ñdV:Mo A{^àm¶ n¥ÏWH$aUmMo ñnï> H$am.
• OodT>o e³¶ hmoB©c VodT>o Vw‘À¶m nmR¶nwñVH$mÀ¶m g§~§YrV nwñVHo$ dmMm.
• Vwåhr ñdV:Vw‘À¶m emioV {dkmZ ³c~ H$m¶©H«$‘mMo {Z¶moOZ H$am.
• Vw‘À¶m dñVrVrc cmoH$m§Zm ¶oUmè¶m g‘ñ¶m§Mo {Z[aúmU H$am. Ë¶m g‘ñ¶m gmoS>{dÊ¶mgmR>r Vwåhr

dJm©V {eH$coë¶m {dkmZ ìXmao Ë¶m§Zm H$m¶ g„m XoD$ eH$mc.
• Vwåhr dJm©V {eH$coë¶m {dkmZmÀ¶m Jmoï>r eoVH$ar, H$cmH$ma gmo~V MMm© H$am.SCERT T
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NGANA



viii

e¡úm{UH$ à‘mUe ¡úm{UH$ à‘mUe ¡úm{UH$ à‘mUe ¡úm{UH$ à‘mUe ¡úm{UH$ à‘mU

H«$.g.H«$.g.H«$.g.H«$.g.H«$.g. e¡úm{UH$ à‘mUe¡úm{UH$ à‘mUe¡úm{UH$ à‘mUe¡úm{UH$ à‘mUe¡úm{UH$ à‘mU ñnï>rH$aUñnï>rH$aUñnï>rH$aUñnï>rH$aUñnï>rH$aU

1.

2.

3.

4.

5.

6.

7.

H$ënZoMo AmH$cZ hmoUo

àíZ {dMmaUo Am{U AZw‘mZ H$aUo.

à¶moJ Am{U úmoÌmMr H$miOrnwd©H$ Vmng

d¥ÎmmÝV H$m¡eë¶ Am{U àH$ën

{MÌmUo g§Xoe, àén V¶mar

àe§gm H$aUo Am{U gm¢X¶© g§~§Yr kmZ
Cn¶wº$VVm

X¡Z§{XZ {OdZmV Cn¶moOZ, O¡{dH$ {^ÞVo
H$miOr AgUo

nmR>çnwñVH$mV {Xcoë¶m H$ënZoÀ¶m à{H«$¶mMr ñnï>H$aÊ¶mMr H$aUo XoÊ¶mMr
Am{U VwcZm Am{U ’$aH$, nwamdo ghrV CXmhaUo ñnï> H$aÊ¶mMr nmÌVm
‘wcm‘Ü¶o ¶mdr ñdV:Mo ~wÜXr {Z¶moOZ dmT> H$aÊ¶mgmR>r ‘wc g‘W© ìhmdo.

MM}V ^mJ KoÊ¶mgmR>r, H$ënZm ñnîQ> H$aÊ¶mgmR>r ‘m{hV H$aÊ¶mgmR>r ‘wc
àíZ {dMmaÊ¶mgmR>r g‘W© ìhmdo. {Xcoë¶m ‘wÔ¶mda AZw‘mZ H$aÊ¶mMr ¶mo½¶Vm
Ë¶m§À¶m ‘Ü¶o ¶mdr.

nmR>çnwñVH$mV {Xcoë¶m H$ënZm ‘m{hV H$aÊ¶mgmR>r ‘wc ñdV:Zo à¶moJ H$aÊ¶mgmR>r
g‘W© ~Zmdo. úmoÌmÀ¶m VnmgUr ‘Ü¶o ^mJ KoD$Z Ë¶mda A{^àm¶ V¶ma
H$aÊ¶mgmR>r g‘W© ~Zmdo.

‘m{hVr Jmoim H$aÊ¶mMr (‘wcmImVr, B§Q>aZoQ> BË¶mXrZo) Am{U ì¶dñWrV nUo
n¥ÏWH$aU H$aÊ¶mMr H$m¶©úm‘Vm ‘wcm§‘Ü¶o ¶mdr Vo ñdV:àH$ën H$m¶© H$aÊ¶mMr
úm‘Vm Ë¶m§À¶m ‘Ü¶o ¶mdr.

Ë¶m§Zm AmH$cZ Pmcoë¶m ‘m{hVrMr {MÌ H$mTw>Z ñnï> H$aÊ¶mMr Am{U àmén
V¶marMr úm‘Vm ‘wcm‘Ü¶o ¶mdr. {Xcoë¶m ‘m{hVrMm dmna H$éZ qH$dm ‘m{hVr
Jmoim H$éZ AmcoI H$mT>Ê¶mgmR>r Vo g‘W© ~Zm¶cm nm{hOo.

{ZgJ© Am{U ‘mZdeº$sMr àe§gm H$aÊ¶mMr Am{U {ZgJm© g§~§Yr gm¡X¶mªMm
kmZm ¶mo½¶ ‘wc ~Zmdo. amÁ¶KQ>ZoMr Cn¶wº$Vm nmiÊ¶mgmR>r Vo g‘W© ìhmdo.

X¡Z§{XZ {OdZmVr g§X^m©Zm Vm|S> XoÊ¶mgmR>r d¡km{ZH$ H$ënZm§Mm dmna H$aÊ¶mMr
úm‘Vm ‘wcm‘Ü¶o ¶mdr. O¡{dH$ {^ÞVo g§~§Yr H$miOr XmI{dÊ¶mgmR>r Vo
cm¶H$ ~Zmdo.SCERT T
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- n¡[S>_au ì §̀H$Q>m gwã~mamdw

^maV ‘mPm Xoe Amho. gmao ^maVr` ‘mPo ~m§Yd AmhoV. ‘mÂ`m Xoemda ‘mPo ào‘
Amho. ‘mÂ`m XoemVë`m g‘¥X²Y Am{U {d{dYVoZo ZQ>boë`m na§nam§Mm ‘bm A{^‘mZ Amho. Ë`m
na§nam§Mm nmB©H$ hmoÊ`mMr nmÌVm ‘mÂ`m A§Jr `mdr, åhUyZ ‘r gX¡d à`ËZ H$arZ.‘r ‘mÂ`m
nmbH$m§Mm, JwéOZm§Mm Am{U dS>rbYmè`m ‘mUgm§Mm ‘mZ R>odrZ Am{U àË`oH$mer gm¡OÝ`mZo
dmJoZ. àmUr ‘mÌmda X¶m XmI{dU.

‘mPm Xoe Am{U ‘mPo Xoe~m§Yd `m§À`mer {Zð>m amIÊ`mMr ‘r à{Vkm H$arV
Amho. Ë`m§Mo H$ë`mU Am{U Ë`m§Mr g‘¥X²Yr øm§VM ‘mPo gm¡»` gm‘mdbo Amho.SCERT T
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gnmQ> Amaem‘Ü¶o à{V‘m H$er V¶ma hmoVo Vo Vwåhr 7 ì¶m Am{U 8 ì¶m dJm©V
{eH$bmV. VgoM Vwåhr Jmobr¶ Amaem{df¶r gwÕm MMm© Ho$bobr Amho. Vwåhmbm ‘m{hV
Amho H$s, dH«$ n¥ð>^mJmbm Jmobr¶ Amagm H$m åhUVmV.

Vwåhr O|ìhm ’w$Jboë¶m n¥ð>^mJm‘Ü¶o Vw‘À¶m à{V‘oMo {ZarjU H$aVm Ë¶mdoiog
Vwåhmbm ~aoM e§H$m Amë¶m AgVrb.
• ’w$Jboë¶m n¥ð>^mJmÛmao Or à{V‘m V¶ma hmoVo VerM à{V‘m gnmQ> AmaemÛmao

V¶ma hmoVo H$m?
• ‘moQ>ma JmS>rV gnmQ> Amagm dmnaVmV H$m? Vo bhmZ à{V‘m H$m XmIdVo?
• H$m§hr Amaem§‘Ü¶o Amnbr à{V‘m nmVi qH$dm ’w$Jbobr H$m {XgVo?
• EImÚm AmaemV AmnU CbQ>r à{V‘m nmhþ eH$Vmo H$m?
• Xþ~uUÀ¶m EodOr EH$m {ZX}erV {~§Xþda AmnU Amaí¶mÀ¶m ghmæ¶mZo gw¶©àH$me

Q>mHw$ eH$Vmo H$m?
• dH«$ n¥ð>^mJmÛmao namdV©ZmgmR>r nVZ H$moZ Am{U namdVuV H$moZ g‘mZ

AgVmV H$m?
darb àíZm§Mr ñnï>Vm ¶oÊ¶mgmR>r AmnU ¶m YS>çmV dH«$ n¥ð>̂ mJmÛmao  àH$memÀ¶m

namdV©Zm {df¶r MMm© H$é ¶m.
Jmocr` AmaemìXmao àH$memMo namdV©Z Jmocr` AmaemìXmao àH$memMo namdV©Z Jmocr` AmaemìXmao àH$memMo namdV©Z Jmocr` AmaemìXmao àH$memMo namdV©Z Jmocr` AmaemìXmao àH$memMo namdV©Z (Reflection of light by spherical mirrors)

àH$memÀ`m namdV©ZmMm n{hcm {Z`_ gm§JVmo H$s,
àH$me {H$aU H$moUË`mhr n¥ð>^mJmda nVZ Pmë`mg Vo nVZ q~Xþda H$mT>coë`m

ñV§^rHo$Zr Ho$coë`m H$moZmer g_mZ H$moZmV namdVuV hmoVo.
hm {Z`_ gd© n¥îR>^mJmgmR>r g_Vc n¥ð>^mJ Agmo qH$dm dH«$ n¥ð>^mJm gdm©gmR>r

cmJw hmoVo. `m_Ü`o gdm©V _hËdmMr Jmoï> åhUOo AmnmVr q~Xþ da ñV§^rHo$Zr Ho$cocm
H$moZ H$moUË`mhr n¥ð>^mJmgmR>r ñV§^rHo$cm R>adwZ Am{U AmnmVr H$moZ _m{hV Ho$ë`mg
Ë`mìXmao namdVuV H$moZ _m{hV H$é eH$Vmo. g_Vc n¥ð>^mJmda H$moUË`mhr q~Xþda
ñV§̂ rHo$cm AmoiIUo Iwn gmono Amho. na§Vw dH«$ n¥ð>^mJ, H«$_ahrV n¥ð>^mJmda ñV§̂ rHoo$cm
(c§~) AmoiIUo \$ma gmono Zmhr.

(Reflection of light by Curved surfaces)

1
YS>mYS>mYS>mYS>mYS>m

dH«$ n¥ð>̂ mJmìXmao àH$memMo namdV©Z

SCERT T
ELA

NGANA



dH« $n ¥ð >^mJmìXma o àH$memM o namdV ©Z2 dJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dm

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr 1
dH«$ n¥ð>^mJmÀ`m ñV§^rHo$cm(c§~) _m{hV H$aUo dH«$ n¥ð>^mJmÀ`m ñV§^rHo$cm(c§~) _m{hV H$aUo dH«$ n¥ð>^mJmÀ`m ñV§^rHo$cm(c§~) _m{hV H$aUo dH«$ n¥ð>^mJmÀ`m ñV§^rHo$cm(c§~) _m{hV H$aUo dH«$ n¥ð>^mJmÀ`m ñV§^rHo$cm(c§~) _m{hV H$aUo (Finding the normal
to a curved surface)

EH$ chmZ ~marH$ \$mo_Mm qH$dm a~amMm VwH$S>m (ñcrnaÀ`m gmoc gmaIm) ¿`m.
AmH¥$Vr 1-A _Ü ò XmI{dë`m à_mUo H$mhr Q>mMÊ`m EH$mM gai aofoV a~amda Q>moMm.

 `mgd© Q>mMÊ`m a~amÀ`m n¥ð>^mJmer c§~ AmhoV. Ë`m a~ar VwH$S>çmcm Amagm
g_Oë`mg a~amda Q>mMÊ`m Q>moMcoë`m q~XþOdi c§~mZm Xe©{dVo. Q>mMÊ`m Q>moMcoë`m
[~§XþOdirc AmnmVr {H$aU Q>mMUrer Omo H$moZ H$aVmo VodT>çm H$moZm§Zr namdVuV hmoVo.

AmH¥$Vr 1 (~) _Ü ò XmI{dë`mn«_mUo a~ar VwH$S>çmcm AmVrc {XeoZo dmH$drco
AgVm, Q>mMÊ`mV H$m` ~Xc KSw>Z ̀ oVmo. Vo AÚmn {d{dY q~Xþda c§~mZm gw{MV H$aVo.
na§V gd© Q>mMÊ`m EH$m q~XþOdi A[^g¥V (EH$m q~Xþda N>oXVo) Pmcoë`m Vw_À`m
cúmmV òVo. Oa a~ar VwH$S>çmcm AmH¥$Vr 1 (H$) _Ü ò XmI{dë`mà_mUo ~mhoaÀ`m
{XeoZo dmH${dë`mg Q>mMÊ`m EH$_oH$m§nmgwZ Xþa Jocoë`m {XgVmV. Xþgè`m eãXmV åhUOo
Ang¥V Pmcoë`m {XgVmV.

`mdéZ Jmocr` Amaemgmo~V H$m` KS>Vo `mMm EH$ Cnm` AmnUmg {_iVmo.
A§Vd©H«$ Amagm AmH¥$Vr 1(~) _Ü ò AmV dmH${dcoë`m a~ar gmocm gmaIo Amho Am{U
(AmH¥$Vr 1(H$)) _Ü ò ~{hd©H«$ Amagm ~mhoaÀ`m {XeoV a~ar gmoc dmH${dë`m gmaIo
Amho. AmH¥$Vr 1(~) _Ü ò XmI{dcoë`m Q>mMÊ`m_wio A§Vd©H«$ AmaemMo gd© c§~(ñV§̂ rH$m)
EH$m q~XþOdi Ang¥V hmoVmV. `m {~X§wcm AmaemMo dH«$Vm H|$Ð (centre of
curvature(C) åhUVmV.

Jmocr` Amaemda H$moUË`mhr q~Xþda H$mT>coë`m c§~mZm _m{hV H$aÊ`mgmR>r
^w{_VrMo kmZ Cn`moJr nS>Vo. AmnUmg Oo H$mhr H$am`Mo Amho Vo åhUOo Amaemdarc
H$moUË`mhr q~XþdéZ Ë`m JmocmÀ`m H|$Ðmda EH$ aofm H$mT>cr nm{hOo.

AmH¥$Vr-1(A)AmH¥$Vr-1(A)AmH¥$Vr-1(A)AmH¥$Vr-1(A)AmH¥$Vr-1(A) AmH¥$Vr-1(~)AmH¥$Vr-1(~)AmH¥$Vr-1(~)AmH¥$Vr-1(~)AmH¥$Vr-1(~) AmH¥$Vr-1(H$)AmH¥$Vr-1(H$)AmH¥$Vr-1(H$)AmH¥$Vr-1(H$)AmH¥$Vr-1(H$)

 ^w{_VrMr WmoS>r AmR>dU H$é. ñne©aofm Am{U dVw©im~Ôc {eH$Vm§Zm
dVw©i H|$ÐmdéZ dVw©imÀ`m H$moUË`mhr q~Xþda H$mT>cocr {ÌÁ`m Ë`m q~Xþda
dVw©img H$mT>cocr ñne©aofocm c§~ AgVo.SCERT T

ELA
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AmH¥$Vr 2 (A) _Ü ò XmI{dë`m à_mUo
EH$m pìX_rVr` AmH¥$VrÀ`m {df`r H$ënZm
H$aUo ho Iwn gmono Amho. n§aVw AV§d©H«$ Amagm
hm Iam åhUOo JmocmMm EH$ ̂ mJ Amho. åhþUZ
AmaemÀ`m dH«$Vm H|$Ðmcm _m{hV H$aÊ`mgmR>r
Vmo Amagm H$moUË`m Jmocmer g§~§YrV Amho.
Ë`m JmocmMo H|$Ðq~Xþ _m{hV Ho$cm nm{hOo.
JmocmÀ`m H|$Ðq~Xþ déZ AmaemÀ`m H$moUË`mhr
q~Xþda H$mT>cocr aofm Amaemcm Ë`m q~Xþda
c§~ hmoVo.

AmH¥$Vr 2 (~) _Ü ò {ÌOoer (c§~) {H$aU
R Zo Ho$coë`m H$moZmcm (AmnmVr H$moZ) i Zo
gwM{dVmV. namdVuV H$moZmcm  r  Zo Xe©{dVmV.
namdV©ZmÀ`m nm{hë`m {Z`_mZwgma  i  = r AmnUmg _m{hV Amho.

AmaemÀ`m _Ü`q~XþZm (^w{_Vr` H|$Ð) AmaemMm Yw«d  (pole (P) åhUVmV.
AmH¥$VrV XmI{dcocr úmrVrO g_m§Va aofm dH«$Vm H|$Ð Am{U Y¥dm_YwZ Joë`mg Ë`mcm
AmaemMm _w»` Aúm (principal axis)  åhUVmV. P Am{U C _Yrc A§Vamcm AmaemMr
dH«$Vm {ÌÁ`m  (radius of curvature (R) åhUVmV.

AmH¥$Vr 2 (~) _Ü ò XmIdë¶mà‘mUo, _w»` Aúmmcm g_m§Va AgUmè`m {H$aUm§À`m
aMZogmR>r doJdoJù`m namdVuV {H$aUmMr aMZm H$aÊ`mMm à`ËZ H$am. Vw_À`m {ZîH$f©
H$m` Amho?
Vwåhr H$mT>coë`m AmH¥$VtZm à`moJmìXmao nS>Vmim H$am.Vwåhr H$mT>coë`m AmH¥$VtZm à`moJmìXmao nS>Vmim H$am.Vwåhr H$mT>coë`m AmH¥$VtZm à`moJmìXmao nS>Vmim H$am.Vwåhr H$mT>coë`m AmH¥$VtZm à`moJmìXmao nS>Vmim H$am.Vwåhr H$mT>coë`m AmH¥$VtZm à`moJmìXmao nS>Vmim H$am.

`mMr nS>Vmim H$aÊ`mgmR>r n{hë`m§Xm AmnUmg g_m§Va {H$aUo _m{hV H$aÊ`mMr
nÜXV _m{hV H$amdr cmJVo. ho AmnU H$go H$é eH$Vmo?

àW_ AmnUmg àH$memMr {H$aU g_m§Va nS>Ê`mgmR>r Ver n[apñWVr {Z_m©U Ho$cr
nm{hOo.

AmH¥$Vr -3 _Ü ò Wa_mH$moëgcm XmoZ Q>mMÊ`m
Q>moMcoë`m {Xgoc. Ë`m Q>mMÊ`m EH$_oH$m§g g_m§Va
AmhoV. AmH¥$VrV XmI{dë`mà_mUo Ooìhm
àH$memMo ómoV Iwn Odi R>odco AgVm  Ë`m§À`m
gmdë`m EH$_oH$m§nmgwZ Xþa OmVmV (Angmar
hmoVmV) àH$memÀ`m ñÌmoVmcm Q>mMÊ`mnmgwZ WmoS>o
Xþa gaH${dë`mg Ang¥V H$moZ H$_r hmoVmo. Oa
AmnU àH$memÀ`m ómoVmcm Iwn Xþa gaH${dë`mg AmnUmg g_m§Va gmdë`m òVmV.
na§Vw _oU~Îmrcm AOwZ Xþa gaH${dë`mg àH$memMr {Vd«Vm H$_r hmoVo. `mMm AW©

P C

ñV§̂ rH$m

(Y¥d)
_w»` Aúm

AmH¥$Vr-2(A)AmH¥$Vr-2(A)AmH¥$Vr-2(A)AmH¥$Vr-2(A)AmH¥$Vr-2(A)

C
P

i R

AmH¥$Vr-2(~)AmH¥$Vr-2(~)AmH¥$Vr-2(~)AmH¥$Vr-2(~)AmH¥$Vr-2(~)

r

AmH¥$Vr-3AmH¥$Vr-3AmH¥$Vr-3AmH¥$Vr-3AmH¥$Vr-3SCERT T
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g_m§Va {H$aUm§Mm ecmH$m (beam) `oÊ`mgmR>r àH$memMo ñÌmoV Xþa A§Vamda Agco
nm{hOo Am{U Ë`mMr {Vd«Vm nwaoer Agm`cm nm{hOo.

AemàH$maMo ómoV AmnUmg Hw$R>o AmT>iwZ `oVo. hmo`, Amnë`mcm ghO[aVrZo
CncãY Agcoco EH$ ñÌmoV Amho. Vo åhUOo gw`© hmo`.

gw`©{H$aU Am{U A§Vd©H«$ Amagm KoD$Z EH$ à`moJ H$é `m.

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr  2

A§Vd©H«$ Amaí`mcm Ë`mÀ`mda gẁ ©àH$me nS>oc
AemarVrZo nH$S>m. EH$ chmZ H$mJX ¿`m Am{U
Ë`mcm Amaemg_moa hiwdmanUo gaH$dm Am{U Á`m
{R>H$mUr (q~Xþ) chmZ Am{U M_H$Xma à{V_m V`ma
hmoVo Vmo q~Xþ _m{hV H$am. Vmo q~Xþ gw`© Amho.
(H$mJXmMo _mn Amaemdarc nS>Umè`m àH$me

{H$aUmcm AS>Wio Z òÊ`mgmR>r H$mJX chmZ Agcm nm{hOo.)
gw`m©nmgwZ ̀ oUmar {H$aUo A§Vd©H«$ AmaemÀ`m _w»` Aúmmcm g_m§Va AgwZ EH$m q~Xþ

Odi A{^g¥V hmoVmV. `m q~Xwcm A§Vd©H«$ AmaemMr Zm^r qH$dm Zm^r` q~Xþ
(Focus or focal point (F) åhUVmV. `m {~X§þMo Amae`mÀ`m Y¥dmnmgwZ A§Va
_moOm. ̀ m A§Vamcm AmaemMm Zm^r` q~Xþ (focal length (f) åhUVmV. dH«$Vm {ÌÁ`m
hr `m A§VamÀ`m XþßnQ>  (R=2f)  AgVo.

Vwåhmcm Amcoë`m {ZíH$fm©Mr nS>VmiUr ̀ m {MÌmìXmao H$mT>Ê`mgmR>r ̀ mMm Cn`moJ
hmoVmo H$m?

• AmaeÀ`m g_moa Zm^r` A§Vamnoúmm H$_r A§Vamda H$mJXmÀ`m VwH$S>m R>oD$Z hiwhiw
_mJo gaH${dë`mg H$m` hmoVo?

• gw`m©Mo à{Vq~~ chmZ hmoVo H$m _moR>o hmoVo?
H$mJX AmaemÀ`m Zm^r n`ªV nmohMo n`ªV gw`m©À`m à{Vq~~mMo n[a_mU H$_r

hmoD$Z Ë`mZ§Va dmT>Uo gwé hmoVm§Zm Vwåhmcm {XgwZ `oVo.
gwMZm gwMZm gwMZm gwMZm gwMZm : {H$aUmMr AmH¥$Vr H$mT>Vm§Zm H$Yr H$Yr ñnï> ZgVo, Or AmaemMr

namdVuV ~mOw Amho. åhUwZ AmnU é§T>rZwgma namdVuV Z hmoUmè`m ~mOwda aofm
XmI{dë`m nm{hOo.( con cmdcocr ~mOw)
~{hd©H « $ AmaemgmRr V wåhr hrM AmH ¥ $Vr H$mT w > eH$Vm H$m?~{hd©H « $ AmaemgmRr V wåhr hrM AmH ¥ $Vr H$mT w > eH$Vm H$m?~{hd©H « $ AmaemgmRr V wåhr hrM AmH ¥ $Vr H$mT w > eH$Vm H$m?~{hd©H « $ AmaemgmRr V wåhr hrM AmH ¥ $Vr H$mT w > eH$Vm H$m?~{hd©H « $ AmaemgmRr V wåhr hrM AmH ¥ $Vr H$mT w > eH$Vm H$m?

AmH¥$Vr 5 nmhm. ~{hdH«$ Amaemda nS>cocr g_m§Va
{H$aUo namdVuV hmoD$Z Ang¥V hmoVm§Zm {XgVo. Oa AmnU
namdVuV {H$aUo _mJo dmT>{dcr AgVm Vr ‘F’ da {_iVmV.
åhUOoM ~{hdH«$ AmaemÀ`m Zm^rda {_iVo.

CFP

AmH¥$Vr-4AmH¥$Vr-4AmH¥$Vr-4AmH¥$Vr-4AmH¥$Vr-4

F PC

AmH¥$Vr-5AmH¥$Vr-5AmH¥$Vr-5AmH¥$Vr-5AmH¥$Vr-5
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Ooìhm g_m§Va {H$aUo Amaemda nS>VmV namdV©ZmZ§Va Zm^rda {_iVmV.
• A§Vd©H«$ AmaemÀ`m Zm^rda n«Ë òH$ doir n«{V_m {_iVo H$m? Mcm à`moJH¥$Vr ìXmao

_m{hV H$é `m

CÔoeCÔoeCÔoeCÔoeCÔoe: à{V_oÀ`m àH$mamMo [Z[aúmU H$éZ Am{U Amaem nmgwZ dñVwMo A§Va Am{U
à{V_mMo A§VamMo _mnU H$aUo.

Amdí`H$ gm_wJ«r Amdí`H$ gm_wJ«r Amdí`H$ gm_wJ«r Amdí`H$ gm_wJ«r Amdí`H$ gm_wJ«r : _oU~Îmr, H$mJX, A§Vd©H«$ Amagm, (Zm^r A§Va _m{hV
Agcocm)V ñQ>°S>, _moO_mn H$aÊ`mMm Q>on qH$dm {_Q>a ñHo$c.

nÜXV nÜXV nÜXV nÜXV nÜXV : A§Vd©H«$ Amaemcm  V-ñQ>°S>da R>odm, AmH¥$Vr 6 _Ü ò XmI{dë`mn«_mUo
_oU~Îmr Am{U {_Q>a ñHo$c R>odm.

AmaemnmgwZ doJdoJù`m (10go._r Vo 80go._r.)  A§Vamda _oU~Îmr Aúmmda R>odm
Am{U H$mJXmcm gaH${dë`mZo OoWo ñnï> à{V_m H$mJXmda V`ma hmoVo Vo ñWmZ _m{hV
H$am. ( _oU~ÎmrMr Á`moV AmaemÀ`m Aúmmda Agcr nm{hOo Am{U H$mJX hm AúmmÀ`m
Imcr Agm`cm nm{hOo `mMr H$miOr ¿`m.)

Vº$m - 1 _Ü`o Vw_À`m [Z[aúmUmMr Zm|X H$am.
Vº$mVº$mVº$mVº$mVº$m -1

{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am
• AmH¥$Vr -5 nmhm. ~{hdH«$ Amaemda g_m§Va àH$me {H$aUo nS>V Amho. `mdéZ Vwåhr

H$moUVm {ZîH$f© H$mTw> eH$Vm?
• Oa Vwåhr Zm^r H|$Ðmda H$mJX R>odë`mg Vwåhmcm q~XþMo à{Vq~~ {_iVo H$m?

à`moJH¥$Vr 2à`moJH¥$Vr 2à`moJH¥$Vr 2à`moJH¥$Vr 2à`moJH¥$Vr 2

{Z[aúmUm§Mr{Z[aúmUm§Mr{Z[aúmUm§Mr{Z[aúmUm§Mr{Z[aúmUm§Mr
g§»`mg§»`mg§»`mg§»`mg§»`m

AmaemnmgwZAmaemnmgwZAmaemnmgwZAmaemnmgwZAmaemnmgwZ
_oU~ÎmrMo A§Va_oU~ÎmrMo A§Va_oU~ÎmrMo A§Va_oU~ÎmrMo A§Va_oU~ÎmrMo A§Va
(dñVwMo A§Va(dñVwMo A§Va(dñVwMo A§Va(dñVwMo A§Va(dñVwMo A§Va-u)

AmaemnmgwZAmaemnmgwZAmaemnmgwZAmaemnmgwZAmaemnmgwZ
H$mJXmMo A§Va (H$mJXmMo A§Va (H$mJXmMo A§Va (H$mJXmMo A§Va (H$mJXmMo A§Va (
n«{V_mMo A§Va n«{V_mMo A§Va n«{V_mMo A§Va n«{V_mMo A§Va n«{V_mMo A§Va -v)

_moR>r H$aUo /_moR>r H$aUo /_moR>r H$aUo /_moR>r H$aUo /_moR>r H$aUo /
H$_r H$aUoH$_r H$aUoH$_r H$aUoH$_r H$aUoH$_r H$aUo

CcQ>r qH$dmCcQ>r qH$dmCcQ>r qH$dmCcQ>r qH$dmCcQ>r qH$dm
gaigaigaigaigai

1
2
3
4

AmH¥$Vr-6AmH¥$Vr-6AmH¥$Vr-6AmH¥$Vr-6AmH¥$Vr-6
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Vwåhr nm{hcoë`m à{V_oÀ`m àH$memdéZ Vw_À`m AdcmoH$mZmMo JQ> ~Zdm. (à{V_m
_moR>o Amho Am{U CcQ>o Amho) H$mhr ñWmZmda Vwåhmcm H$moUVrhr à{V_m {_iUma Zmhr
`mMr gwÜXm Zm|X H$am.

Zm^r` q~Xþ Am{U dH«$Vm H|$Ð AmnUmg _m{hV Agë`m_wio Amnë`m darc
AdcmoH$ZmMo nwÝhm dJuH$aU VŠVm -2  _Ü`o XmI{dë`m à_mUo H$aVm `oVo. `m
Vº$mdéZ Vwåhr H$m` AZw_mZ cmdVm?

`m q~Xþda Vw_À`m åhUÊ`mà_mUo AOwZ EH$ AdcmoH$Z V`ma H$aVm òVo. dñVw
doJdoJù`m ñWmZmda AgVm§Zm Vwåhr H$mJXmda à{V_m {_i{dÊ`mMm  à`ËZ H$arV
AmhmV. `mM doir AmaemH$S>o nmhÿZ à{V_m H$er {XgVo `m Vw_À`m {Z[aúmUmMr Zm|X
¿`m.
• Vo à{V_m CcQ>o Amho H$m gai Amho?

Vº$mVº$mVº$mVº$mVº$m  - 2

Vº$m-2 déZ Vwåhr H$m` AZw_mZ cmdcm?
A§Vd©H«$ Amaem§Zr V`ma Pmcoë`m à{V_o g§~§Yr {H$aUmMo {MÌ H$mTw>Z Vw_À`m

AZw_mZmer VwcZm HaÊ`mMm à`ËZ H$am.
A§Vd©H«$ AmaemgmR>r {H$aUmMo {MÌ A§Vd©H«$ AmaemgmR>r {H$aUmMo {MÌ A§Vd©H«$ AmaemgmR>r {H$aUmMo {MÌ A§Vd©H«$ AmaemgmR>r {H$aUmMo {MÌ A§Vd©H«$ AmaemgmR>r {H$aUmMo {MÌ (RAY DIAGRAMS FOR CONCAVE MIRROR)

H¥$Vr - 2 _Ü`o gw`m©nmgwZ `oUmar g_m§Va àH$me {H$aUo A§Vd©H«$ Amaemda nS>cr
Voìhm Zm^r` H|Ðmda gw`m©Mo à{Vq~~ Iwn chmZ V`ma hmoVo. `mMo dU©Z H$aUmè`m
{H$aUmÀ`m {MÌm§Zm AmnU nm{hco (AmH¥$Vr - 4 nmhm)

AmaemÀ`m g_moa _w»` Aúmmda H$moUË`m q~Xþda dñVwcm R>odë`mg V`ma hmoUmè`m
à{V_o g§~§Yr {H$aU{MÌm§Zm H$mT>Ê`mgmR>r AmnU AmVm EH$m gmoß`m nÜXVrMm dmna
H$é. à`moJmV Amnë`m {Z[aúmUmMr `m {H$aU{MÌmer VwcZm H$é. `m gmR>r dñVwda
H$moUË`mhr q~XþdéZ {ZKwZ doJdoJù`m {XeoV àdmg H$aUmao XmoZ {H$aU KoD$. AmaemìXmao
namd{V©V hmoD$Z n«{V_m V`ma H$aÊ`mgmR>r Vo naV Hw$R>o {_iVmV `mMo {Z[aúmU H$é.

EH$ CXmhaU ¿`m.
AmH¥$Vr - 7 _Ü ò XmI{dë`mà_mUo EH$ A§Vd©H«$ Amagm Am{U _oU~Îmr hr H$mhr

A§Vamda Ë`m AmaemÀ`m Aúmm da R>odcr Amho.

_oU~ÎmrMo (dñVw)_oU~ÎmrMo (dñVw)_oU~ÎmrMo (dñVw)_oU~ÎmrMo (dñVw)_oU~ÎmrMo (dñVw)
ñWmZñWmZñWmZñWmZñWmZ

_moR>r H$aUo/_moR>r H$aUo/_moR>r H$aUo/_moR>r H$aUo/_moR>r H$aUo/
chmZ H$aUochmZ H$aUochmZ H$aUochmZ H$aUochmZ H$aUo

CcQ>r qH$dmCcQ>r qH$dmCcQ>r qH$dmCcQ>r qH$dmCcQ>r qH$dm
gaigaigaigaigai

à{V_oMo ñWmZà{V_oMo ñWmZà{V_oMo ñWmZà{V_oMo ñWmZà{V_oMo ñWmZ

Amagm Am{U F _Yrc
Zm^r` q~Xþda
F Am{U C _Ü ò
dH«$Vm H|$Ðmda
 C À`m g_moa

Am^mgrAm^mgrAm^mgrAm^mgrAm^mgr
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_oU~ÎmrÀ`m Á`moVrÀ`m {Z_wiË`m Q>moH$mdéZ
{ZKUmar XomZ {H$aUo AmH¥$VrV XmI{dcr Amho.
namdV©ZmÀ`m {Z`_mMm Cn`moJ H$éZ Ë`m {H$aUmÀ`m
namdV©Z {H$aUm§Zm H$mT>ë`mg Vo A da {_iVmV. ̀ m
I§S>U q~Xþ  A Odi namdVuV à{__oÀ`m Á`m|VrÀ`m
Q>moH$mMo n«{Vq~~ V`ma hmoVo.
•    \$º$ A OdiM H$m V`ma hmoVo?

 A q~XwÀ`m AmYr qH$dm Z§Va Ho$mUË`mhr q~Xþ
(CXm.  B q~Xþ) Odi nS>Úmcm R>odë`mg namdV©Z
{H$aUo nS>Úmda {d{dY q~XþV {_iVmV ho AmnU nmhVmo. åhUwZ ̀ m {H$aUm_wio {d{dY
{~Xþ§Odi à{Vq~~ V`ma hmoVo. Á`m§oVrÀ`m {Z_wiË`m Q>moH$mnmgwZ AOwZ H$mhr {H$aUo
H$mT>ë`mg Vr gd© {H$aUo A {~§Xþda {_iVmV. n§aVw  B {~§XþOdi {_iV Zmhr. åhUwZ
AmnU nS>Xm A Odi nH$S>cm Voìhm Á`moVrÀ`m {Z_wiË`m ^mJmMr à{V_m ñnï> nS>Vo
Am{U H$mJXmcm hiwhiw H$moUË`mhr {XeoV gaH${dë`mg à{V_m Añnï> {XgVo. Vwåhr
`m AmYr gw`©{H$aUmìXmao Ho$coë`m à`moJmV gwÜXm `mM {df`mMo {Z[aúmU Ho$co.

{H$Vrhr AgcoVar Jmocr` Amaemda nS>Umè`m àË`oH$ gw`© {H$aUmMo namdV©Z
{H$aU H$mT>Uo VodT>o gmono Zmhr. àË`oH$ doir NVZ q~XþOdi ñne©aofm H$mT>wZ c§~mg
AmoiIwZ NVZ H$moZ _m{hV Ho$cm nm{hOo. Ë`m H$moZmer g_mZ Agcoë`m H$moZmer
namdV©Z H$moZ H$mT>mdm. ho gd© H$ï>Xm`H$ H$m_ Amho. _J `mnoúmm H$mhr gmonr nÜXV
Amho H$m?

AmVmn`ªV AmnU MMm© Ho$cocm {~§Xþ ‘A’ (namdV©Z {H$aUmÀ`m I§S>U q~Xþcm)
_m{hV H$aÊ`mgmR>r H$mhr Cn ẁº$ {H$aUo AmhoV.

_w»` Aúmmer g_m§Va Amcocr {H$aUo namdVuV hmoD$Z AmaemÀ`m Zm^r` H|$ÐmVwZ
OmVo ho AmnUmg _m{hV Amho. åhUwZ H$moUVohr {H$aU {MÌ H$mT>Ê`mgmR>r dñVw nmgwZ
{ZKwZ AmaemÀ`m _w»`mAúmmer g_m§Va nUo àdmg H$éZ AmaemdOi nmohmoMUmao
{H$aU ho AmnU H$mT>Umao nm{hco {H$aU Amho.
Voìhm Amaemdarc nVZ q~Xþ nmgwZ Zm^r` Hoo$§ÐmìXmao
H$mT>cocr aofm namdV©Z {H$aU homVo. {H$aU {MÌm§Zm
AOwZ gmono H$mT>Ê`mgmR>r dñVwÀ`m darc Q>moH$mnmgwZ
{ZKUmè`m {H$aUm§Zm KoD$ `m. AmH¥$Vr 8 _Yrc
R1 {H$aUmMo {Z[aúmU H$am.

AmVm n`ªVMr MMm© Ho$coë`m g§X^m©Mm ì`ñV g§X^© gwÜXm gË` R>aVo. åhUOo
AmaemÀ`m Zm^r` H|$ÐmVwZ OmUmao {H$aU namdV©ZZ§Va _w»` Aúmmcm g_m§Va àdmg
H$aVo.
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ho AmnU H$mT>Umao Xþgao {H$aU Amho. ho
{H$aU Á`moVrÀ`m Q>moH$m nmgwZ {ZKVo Am{U
Zm^r` q~XþVwZ OmD$Z Amaemda nS>Vo.
namdV©ZmZ§Va ho {H$aU _w»` Aúmmcm g_m§Va
àdmg H$aVo. åhUwZ AmnmVr {~§XþnmgwZ {ZKwZ
_w»` Aúmmcm g_m§Va Agcoco namdV©Z {H$aU
AmnUmg H$mT>mdo cmJVo. AmH¥$Vr - 9 _Yrc
R2 Mo {Z[aúmU H$am.

R1, R2 {H$aUmMm Cn`moJ H$éZ Ë`mMm I§S>U {~§Xþ _m{hV Ho$ë`mZo, dñVwÀ`m daÀ`m
Q>moH$mMr à{V_m Hw$R>o V`ma hmoVo ho _m{hV hmoVo.

{H$aU {MÌm§Zm H$mT>Ê`mgmR>r AZwHw$c Agcoco AOwZ EH$ {H$aU Amho.
EH$m àVcmÀ`m n¥ð>^mJmda c§~ Agcoco {H$aU namdV©ZmZ§Va {déÜX {XeoV Ë`mM

_mJm©Zo àdmg H$aVo. Jmocr` AmH$ma Amaemda Vgo c§~ nS>Umao {H$aU Ho$mUVo?
AmaemÀ`m dH«$Vm H|$ÐmdéZ H$mT>cocr aofm

nVZ q~Xþ Odi H$mT>coë`m ñne©aofocm c§~ AgVo,
ho AmnUmg _m{hV Amho. åhUwZ dñVwÀ`m daÀ`m
Q>moH$mdéZ {ZKUmao {H$aU dH«$Vm H|$ÐmVwZ àdmg
H$arV AmaemH$S>o nmohMUmao {H$aU H$mT>ë`mg Vo
namdVuV hmoD$Z Ë`mM _mJm©Zo naV OmVo. ho

{H$aU R3 Amho. ho AmH¥$Vr - 10 _Ü`o Amho. gmYmaUV: c§~mgmo~V àdmg H$aUmao
àH$me {H$aU namdVuV hmoD$Z gwÜXm c§~ _mJm©ZoM àdmg H$aVo.

`m VrÝhr {H$aUmgmo~V dñVwnmgwZ {ZKwZ AmaemÀ`m Y¥dmH$S>o nmohmoMUmao {H$aU
gwÜXm {H$aUmMo {MÌ H$mT>Ê`mg Cn`moJr nS>Vo. `m {H$aUmg _w»` Aúm {hM ñV§^rH$m
hmoVo.

AmH¥$Vr -11 _Ü ò XmI{dë`mà_mUo (_oU~Îmr) R>odcoë`m dñVwÀ`m daÀ`m ̂ mJmdéZ
òUmè`m H$moUË`mhr XomZ {H$aUm§À`m I§S>U

q~Xþ A cm ImcÀ`m ^mJmH$Sw>Z `oUmè`m
H$moUË`mhr XmoZ {H$aUmMm N>oXZ q~Xþ B
cm {H$aUmÀ`m {MÌmìXmao H$mT>ë`mZo àmá
H$é eH$Vo. AmaemnmgwZ A {H$Vr A§Vamda
Amho.  B gwÜXm VodT>çmM A§Vamda AgVmo.
åhUwZ à{Vq~~ AmH¥$VrV XmI{dë`m à_mU|

_w»` Aúmmer c§~ AgVo. åhUwZ à{Vq~~ C ô Am{U CcQ>o AgVo.

AmH¥$Vr-9AmH¥$Vr-9AmH¥$Vr-9AmH¥$Vr-9AmH¥$Vr-9
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AmH¥$Vr-10AmH¥$Vr-10AmH¥$Vr-10AmH¥$Vr-10AmH¥$Vr-10
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•  _oU~Îmr AmaemÀ`m _w»` Aúmmda R>odë`mg _oU~ÎmrÀ`m ImcÀ`m ̂ mJmMr (nm`m)
à{V_m Hw$R>o V`ma hmoVo?
_w»` Aúmmdarc H$moUVmhr q~Xþ nmgwZ {ZKwZ

_w»`Aúmm gmo~V àdmg H$aUmao  H$moUVohr {H$aU
namd{V©V hmoD$Z naV _w»` Aúmm gmo~VM àdmg
H$aVo. åhUOoM _oU~ÎmrÀ`m nm`mMo à{Vq~~
_w»` AúmmdaM V`ma hmoVo. Ago AmnU gm§Jw
eH$Vmo. AmVm AmnU A  q~XþdéZ _w»` Aúmmda
EH$ c§~ H$mT>cm nm{hOo. Vmo c§~ _w»` Aúmmda
N>oXUmè`m q~Xþda _oU~ÎmrÀ`m nm`mMo à{V_m V`ma homVo. AmH¥$Vr 12 nmhm. AmH¥$VrV
XmI{dë`m à_mUo à{Vq~~ ho CcQ>o Am{U dñVwnoúmm N>omQ>o V`ma hmoVo.

AmH¥$Vr - 12 hr `m g§X^m©gmR>r H$mT>cr Amho. OoWo dñVw dH«$Vm H|$Ðmg_moa R>odcr
Amho.

hm {ZíH$f© Vw_À`m {Z[aúmUmcm {_iVm OwiVm Amho H$m? (n«`moJ H¥$Vr)
Xþgè`m g§X^m©gmB^ {MÌ H$mT>m Am{U Vw_À`m [Z[aúmUmcm {_iVo OwiVo Amho

H$m? `mMm nS>Vmim H$am?
• à`moJm Xaå`mZ Vwåhmcm nS>Úmda n«{Vq~~ Z {XgUmao H$moUVohr ñWmZ Amho H$m?

AmH¥$Vr -13 _Yrc g§X^© cúmmV ¿`m.
_oU~Îmrcm (O) AmaemÀ`m Zm^r` A§Vamnoúmm
H$_r A§Vamda R>odcr Amho.

n[hco {H$aU (R1)dñVwÀ`m daÀ`m Q>moH$mdéZ
{ZKwZ _w»` AúmmÀ`m g_m§Va OmD$Z Amaemcm
ñne© H$arV namdV©Z hmoD$Z Zm^r _YwZ f OmVo.
ho H$mT>Uo gmono Amho. Xþgao {H$aU dñVwÀ`m daÀ`m
Q>moH$mdéZ {ZKwZ Zm^rVwZ Joco nm{hOo. na§Vw Vgo
OmUmao {H$aU Amaemcm ñne© H$arV Zmhr. åhUwZ dñVwÀ`m daÀ`m Q>moH$mdéZ

{ZKwZ AmaemÀ`m dH«$Vm H|$ÐmVwZ OmUmè`m {Vgè`m {H$aUmMm dmna H$amdm
cmJVmo.
n§aVw ho gwÜXm Amaemcm ñne© H$aUo g§^d Zmhr. åhUwZ AmnU EH$ chmZ ~Xc H$é

dñVwÀ`m daÀ`m Q>moH$mdéZ {ZKwZ AmaemÀ`m dH«$Vm H|$ÐmVwZ OmUmè`m {H$aUmEodOr
dñVwÀ`m daÀ`m Q>moH$mnmgwZ {ZKwZ Amaem H$S>o OmUmè`m {H$aUmV Ho$mUË`m {H$aUmcm _mJo
dmT>{dë`mg Vo dH«$Vm  H§o$ÐmVwZ OmVo. Ë`m {H$aUmcm {dMmamV KoVco nm{hOo. ho {H$aU
Amaemcm c§~ AgwZ Ë`mM aofoda {déÜX {XeoV namd{V©V hmoD$Z dH«$Vm H|$ÐmVwZ OmVo.

AmH¥$Vr - 13 _Ü`o AmnU nm{hcocr XmoZ {H$aUo namdVuV hmoD$Z Ang¥V hmoVmV
Vo EH$_oH$m§g _riV Zmhr. `m g§X^m©à_mUoM AmnU à`moJ H$aVm§Zm gwÜXm H$mhr

AmH¥$Vr-12AmH¥$Vr-12AmH¥$Vr-12AmH¥$Vr-12AmH¥$Vr-12
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g§X^m©V à{Vq~~m§Zm nS>Úmda emoYUo gmÜ` hmoV Zmhr. `m {H$aUmÀ`m {MÌmdéZ
namd{V©V {H$aUo Ang¥V Pmë`m_wio Amnë`mcm à{Vq~~ Hw$R>ohr {_iUma Zmhr. Oar
H$aVm AmnU nS>Úmcm AmaemnmgwZ {H$Vrhr Xþa gaH${dco Var nU Amnë`mcm à{Vq~~
AmT>iwZ `oV Zmhr.

na§Vw Aem g§X^m©V à{Vq~~mg AmaemV nmhþ eH$Vmo. {H$aU {MÌmìXmao `m
à{Vq~~mMo ñnï>rH$aU H$aUo eŠ` Amho H$m?

gnmQ> AmaemV à{Vq~~m§Zm emoYÊ`mgmR>r
AmnU H$m` Ho$co nm{hOo. `mMr AmR>dU H$am.
n«{V_oMo ñWmZ {ZpíMV H$aÊ`mgmR>r namdVuV
{H$aUmcm EH$_oH$m§Zm I§S>U H$ao n ª̀V dmT>dmdo
cmJVo. AmVm AmnU òWo AgoM H$é. Ooìhm
AmnU AmaemV nmhVmo Zm Ang¥V Pmcoë`m

{H$aUm§ZmM nmhmV Amhmo Vo EH$m q~XþnmgwZ Amë`mgmaIo {XgVo. AmH¥$Vr -14 _Ü`o
XmI{dë`mà_mUo {H$aUmcm _mJo dmT>{dë`mg AmnUmg hm q~Xw {_iw eH$Vmo. BVa
g§X^m©V AmnU à{Vq~~ nm{hë`m gmaIo ̀ oWo à{Vq~~ amhV Zmhr. na§Vw AmaemV _mÌ
à{Vq~~ AgVo.

AmH¥$Vr - 14 _Ü`o XmI{dë`m n«_mUo à{Vq~~ ho gai qH$dm dñVwnoúmm _moR>o
AgVo. ho Vw_À`m {Z[aúmUmer  OwiVo H$m?

Aem àH$mao {H$aUmcm _mJo dmT>dwZ Amcoë`m à{Vq~~mcm Am^mgr n«{V_m (virtual
image)  Ago åhUVmV. dmñV{dH$ à{V_o (real image) gmaIr hr Am^mgr à{V_m
nS>Úmda {XgV Zmhr.

AmaemÀ`m dH«$Vm H|$Ðmda dñVwcm R>odUo.
Xþgam AmdS>rMm g§X^© Amho. AmH¥$Vr - 15
nmhm.

{H$aU {MÌmdéZ AmnU {ZíH$f© H$mT>Vmo
{H$, n«{V_oMo n[a_mU Ë`m dñVwÀ`m n[a_mUm
EodT>oM AgVo. dñVw AmaemnmgwZ {H$Vr A§Vamda
Amho. à{V_m gwÜXm VodT>çmM A§Vamda AgVo.
EodT>oM ZgwZ à{V_m CcQ>r V`ma hmoVoo. `m

      à`moJmV Vw_À`m {Z[aúmUmg H$m` Amco?

{H$aU {MÌ Am{U Vw_À`m {Z[aúmUmdéZ A§Vd©H«$ AmaemMo H$mhr {d{eï> JwUY_©
cúmmV `oVo. Amaem Odi dñVw (Zm^r` A§Vamnoúmm H$_r) Agë`mg à{V_oMo n[a_mU

R1

F COP

R3

I

AmH¥$Vr-14AmH¥$Vr-14AmH¥$Vr-14AmH¥$Vr-14AmH¥$Vr-14

R1
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AmH¥$Vr-15AmH¥$Vr-15AmH¥$Vr-15AmH¥$Vr-15AmH¥$Vr-15

{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am
• Oo§ìhm dñVw f {R>H$mUr R>odbr Agob V|ìhm Vwåhmbm à{V‘m {‘iob H$m?

Ë`mgmR>r {H$aU {MÌ H$mT>m? à`moJ H$éZ nmhm?SCERT T
ELA

NGANA



Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20 11

_moR>o AgVo. Am{U à{V_m gai (VmR>) AgVo. hm JwUY_© Amnë`m gm_mÝ` {OdZmV
CXm. eoqdJMo Amago, X§Vd¡Ú Cn`moJ H$aUmao Amago BË`mXrV Cn`moJr nS>Vo.

Xþgè`m JwUY_m© _Ü`o Vo {H$aUm§Zm Zm^r` H|$ÐmOdi A{^g¥V H$aVmV. ̀ mMm gwÜXm
H$mhr {R>H$mUr Cn`moJ hmoVmo. Vw_À`m TV Am{U {S>eÀ`m N>ÌrÀ`m H$S>o nmhm.

Vwåhr ^modVmcr nm{hco AgVm ~aoMeo dH«$ n¥ð>^mJ {XgVmV. na§Vw gd© n¥ð>^mJ
A§Vd©H«$ ZgVmV. Ë`mn¡H$s H$mhr ~{hd©H«$ AgVmV.

Vwåhr H$maMm _mJMo Ñî` {XgUmam Amagm ~KrVcm H$m?
Ë`mÀ`m n¥ð>^mJ H$moUË`m àH$maMm AgVmo. Vw_À`m

H$maÀ`m _mJÀ`m Amaemda Am{U {IS>H$sÀ`m H$mMmda
V`ma hmoUmar n«{V_m nm{hcmV H$m? ho H$moUË`m àH$maMo
n¥ð>^mJ AmhoV? AmH¥$Vr - 16 nmhm.

~{hd©H«$ n¥ð>^mJmgmR>r {H$aUmMo {MÌ AmnU H$mTw>
eH$Vmo H$m?

~{hd©H«$ AmaemgmR>r {H$aUm§Mo {MÌ ~{hd©H«$ AmaemgmR>r {H$aUm§Mo {MÌ ~{hd©H«$ AmaemgmR>r {H$aUm§Mo {MÌ ~{hd©H«$ AmaemgmR>r {H$aUm§Mo {MÌ ~{hd©H«$ AmaemgmR>r {H$aUm§Mo {MÌ (Ray diagrams for convex mirrors)

~{hd©H«$ AmaemgmR>r gwÜXm {H$aUmMo {MÌ H$mT>Vm ̀ oVo. A§Vd©H«$ AmaemMo {H$aU{MÌ
H$mT>Ê`mgmR>r Cn`moJ Ho$coë`m VrZ àH$maÀ`m {H$aUmMm Cn`moJ ̀ oWo gwÜXm hmoVmo. na§Vw
WmoS>m ~Xc H$aÊ`mMr Amdí`H$Vm Amho. {MÌ H$mT>Ê`mMr nÜXV EH$M Agë`m_wio
naV nwÝhm nwÝhm H$aÊ`mMr Amdí`H$Vm Zmhr.

 {Z`_{Z`_{Z`_{Z`_{Z`_ 1: _w»` Aúmmcm g_m§Va AgwZ ~{hJm}c
Amaemda {_iUmao {H$aU namdVuV hmoD$Z Zm^r`
H|o$ÐmVwZ òVmZm {XgVo. AmH¥$Vr - 17 nmhm.

{Z`_{Z`_{Z`_{Z`_{Z`_ 2: hm {Z`_ 1 Mm ì`Ë`mg Amho. Zm^r` H|$ÐmÀ`m
{XeoV àdmg H$aUmao {H$aU namdV©ZmZ§Va Aúmmcm g_m§Va AgVo.
AmH¥$Vr - 18 nmhm.

{Z`_{Z`_{Z`_{Z`_{Z`_ 3: dH«$Vm Hoo|o$ÐmÀ`m {XeoV àdmg H$aUmao
{H$aU namdVuV hmoD$Z {déÜX {XeoV àdmg H$aV
dH«$Vm H|$ÐmnmgwZ Amë`mgmaIo {XgVo AmH¥$Vr -
19 nmhm.
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dH« $n ¥ð >^mJmìXma o àH$memM o namdV ©Z12 dJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dm

O|ìhm ~{h©Jmob Amaemg‘moa {d{^Þ {R>H$mUr dñVw
R>odë¶mZ§Va ¶m {Z¶‘m§Zwgma V¶ma hmoUmè¶m à{V‘m XmIdm.
(AmH¥$Vr-20 nmhm)

~{h©Jmob Amaí¶mÀ¶m g‘moa ‘w»¶ Ajmda AB dñVw Hw$R>ohr
R>odbr. {Z¶‘-1 Am{U 3 Mm dmna H$éZ, Amaí¶mÀ¶m ‘mJÀ¶m
~mOwbm P Am{U F À¶m ‘YmV Amnë¶mbm gai, nwgQ>, Am^mgr
à{V‘m {‘iob. ¶m à{V‘obm nS>Úmda KoD$ eH$V Zmhr. ho ’$º$ Amaem‘Ü¶o {XgVo. ho
Am^mgr à{V‘m Amho. à¶moJmÛmao nS>VmiUr H$am.

`m {Z`_m§Mm Cn`moJ H$éZ, doJdoJù`m {R>H$mUr R>odcoë`m dñVw§Mr n«{V_m V`ma
hmoVm§Zm XmI{dUmè`m {H$aUmMo {MÌ H$mT>m Am{U Vw_À`m {ZarjUmMr Zm|X H$am.
à`moJmìXmao Vw_À`m n[a_mUmMr nS>VmiUr H$am.

Ooìhm Vwåhr dñVwcm EH$m {ZpíMV A§Vamda R>odVm Voìhm Vwåhmcm Ë`mMr n«{V_m
EH$m {d{eï> A§Vamda {XgwZ `oVo. dñVwMo A§Va (u)  Am{U à{V_oMo A§Va (v) `m_Ü ò
Vwåhmcm H$mhr g§~§Y AmT>iwZ `oVmo H$m?
dH«$ AmaemgmR>r gwÌ gmÜ` H$aUo dH«$ AmaemgmR>r gwÌ gmÜ` H$aUo dH«$ AmaemgmR>r gwÌ gmÜ` H$aUo dH«$ AmaemgmR>r gwÌ gmÜ` H$aUo dH«$ AmaemgmR>r gwÌ gmÜ` H$aUo (Derivation of formula for
curved mirrors)

AmH¥$Vr 21 Mo {ZarjU H$am.
‘w»¶ Ajmbm dñVw AB À¶m B déZ {H$aU g‘m§Va hmoV

Amho. Am{U AmaemÀ¶m X da nS>V Amho. hr {H$aU namdV©ZmZ§Va
F ‘YwZ OmV Amho. Am{U EH$ {H$aU B nmgwZ gwédmV hmoD$Z
diUmè¶m ‘Ü¶mVwZ OmV Amho Am{U AmaemÀ¶m Y da nS>V
Amho. hr {H$aU namdV©ZmZ§Va gma»¶m {XeoZo naV hmoV Amho.

XBl  Am{U YBl ho XmoÝhr {H$aU Bl ¶oWo {‘iV Amho. åhUwZ B Mr à{V‘m Bl Amho.
åhUyZ AB Mr à[V‘m Al Bl Amho.

darb AmH¥$Vr-21 déZ,
      ,  ho g‘én {ÌH$moUo AmhoV.

..... (1)

Ë¶mMà‘§mUo         Am{U         g‘én {ÌH$moUo AmhoV.

..... (2)

AmH¥$Vr-21AmH¥$Vr-21AmH¥$Vr-21AmH¥$Vr-21AmH¥$Vr-21

ABC AlBlCl

AB
AIBI

AC
AIC

=

PIXF AlBlF

AmH¥$Vr-20AmH¥$Vr-20AmH¥$Vr-20AmH¥$Vr-20AmH¥$Vr-20

PIX
AIBI

PIF
AIF
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AmH¥$Vr-21 déZ AmnU Ago åhUw eH$Vmo H$s, PIX = ABC
..... (3)

g‘rH$aU-1, 3 déZ AmnU Ago {bhþ eH$Vmo H$s,
..... (4)

‘w»¶ AjmÀ¶m OdiwZ OmUmè¶m {H$aUmMm Oa {dMma Ho$bm Va AmnU Ago åhUw
eH$Vmo H$s, P er PI  hr AZwén Amho.

Va PIF = PF ..... (5)

AmH¥$Vr-21 déZ AmnU Ago {ZarjU H$é eH$Vmo H$s,
AC = PA - PC

AIC = PA - PAI

AIF = PAI - PF
g‘rH$aU-5 ‘Ü¶o ho àVrjonrV H$éZ

..... (6)

Amnë¶mbm ‘m{hV Amho H$s, PA = u, PC = R = 2f, PAI = v, PF = f

(u-2f) (v-f) = f(2f-v)

uv - uf - 2vf + 2f2 = 2f2 - vf

uv = 2f2 - vf + uf + 2vf - 2f2

uv = uf + vf ..... (7)

g‘rH$aU-7 bm uvf Zo ^mJ XoD$Z

¶mbm AmaemMo gwÌ åhUVmV. ho gwÌ dmnaVm§Zm, àË¶oH$ g§X^m©V Amnë¶mbm
gkmÀ¶m éT>rMo nmbZ H$am¶bm nmhrOo.

AC
AIC

PIF
AIF

=

AC
AIC

PF
AIF

=

=
PA-PC
PA-PAI

PF
PAI-PF

=
u - 2f
2f - v

f
v - f

uv
uvf

=         +
uf
uvf

vf
uvf

1      1      1
f      v      u

=     +

AB
AIBI

PIF
AIF

=
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dH« $n ¥ð >^mJmìXma o àH$memM o namdV ©Z14 dJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dm

AmH¥$Vr-22AmH¥$Vr-22AmH¥$Vr-22AmH¥$Vr-22AmH¥$Vr-22

I

II

O

OI

P F C

AmaemÀ`m g_rH$aUmVrc {d{dY A§emgmR>r nmiUmè`m g§koMr na§namAmaemÀ`m g_rH$aUmVrc {d{dY A§emgmR>r nmiUmè`m g§koMr na§namAmaemÀ`m g_rH$aUmVrc {d{dY A§emgmR>r nmiUmè`m g§koMr na§namAmaemÀ`m g_rH$aUmVrc {d{dY A§emgmR>r nmiUmè`m g§koMr na§namAmaemÀ`m g_rH$aUmVrc {d{dY A§emgmR>r nmiUmè`m g§koMr na§nam
(Sign convention for the parameters related to the mirror equation)

1. gd© A§Vamcm AmaemÀ`m Y¥dmnmgwZM P _moOmdo.
2. n«H$memÀ`m àdmgmÀ`m {XeoVrc _moOcoco A§Va YZmË_H$ ¿`mdo Am{U àH$memÀ`m

àdmhmÀ`m {déÜX {XeoZo _moOcoco A§Va F$UmË_H$ ¿`mdo.
3. dñVwMr C§Mr  (Ho) Am{U à{V_oMr C§Mr (Hi) hr _w»` AúmmÀ`m da Agë`mg

YZmË_H$, _w»` AúmmÀ`m ImcÀ`m {XeoZo AgVm§Zm F$UmË_H$ ¿`mdo.
AmVm {dembZ {df¶r g§‘OyZ KoD$ ¶m åhUOoM dñVwMm AmH$ma Am{U

Ë¶mÀ¶m à{V‘oMm AmH$mam‘Yrb g§~§Y
_moR>o H$aUo ({demcZ) _moR>o H$aUo ({demcZ) _moR>o H$aUo ({demcZ) _moR>o H$aUo ({demcZ) _moR>o H$aUo ({demcZ) Magnification (m)

JmocmH$ma AmaemìXmao V`ma Pmcoë`m à{V_oÀ`m n[a_mUmV ~Xc hmoVmo, `oWo \$º$
c§~rV Pmcoë`m ~XcmdéZ MMm© H$é `m.
AmH¥$Vr - 22 Mo {Z{aúmU H$é `m.

OI nmgwZ {ZKUmao {H$aU  p da θ H$moZ H$arV nVZ hmoVo
Am{U  θ H$moZ H$arV namdVuV hmoVo.

{ÌH$moU POOI déZ  Tan θ = OOI/PO .....(1)
{ÌH$moU  PIII déZ Tan θ = III/PI ............(2)
1 & 2 déZ OOI/PO = III/PI

III/OOI = PI/PO ................(3)
g§koÀ`m éT>rZwgma

PO =  –u; PI =  –v;    OOI  =  h0;    II
I  = –hi

darc qH$_VrZm g_rH$aU  (3) _Ü ò R>odë`mg
    –hi / h0 = – v/–u

 hi / h0   = – v/u
∴ {demcZ  m = hi / h0   = – v/u

{demcZmMr Imcrc à_mUo ì`m»`m H$é eH$Vo.
m = à{V_oMr C§Mr (hi) /dñVwMr C§Mr (h0)

gd© g§X^m©V Ë`mg Ago XmI{dë`m OmVo.
m = – à{V_oMo A§Va (v)/ dñVwMo A§Va (u)

Vº$m -2 _Ü`o Z_wX Ho$coë`m nmM g§X^m©Vrc qH$_VrdéZ {demcZ _m{hV H$am.

CXmhaUCXmhaUCXmhaUCXmhaUCXmhaU
15 go._r. Zm^r` A§Va Agcoë`m A§Vd©H«$ AmaemnwT>o, 25 go._r. A§Vamda 4 go._r.
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C§MrMr dñVw R>odcr Amho. AmaemnmgwZ {H$Vr Xþa A§Vamda nS>Xm R>odcm AgVm à{V_m
ñnï> {XgVo? Ë`m à{V_oMo ñdén Am{U n[a_mU H$mT>m?
gmoS>dUwH$gmoS>dUwH$gmoS>dUwH$gmoS>dUwH$gmoS>dUwH$

g§km éT>r à_mUo
Zm^r` A§Va   (f) = –15 go._r.
dñVwMo A§Va (u) = –25 go._r.
dñVwMr C§Mr (ho) = +4 go._r.
à{V_oMo A§Va (v) = ?
à{V_oMr C§Mr (hi) = ?

darc qH$_VtZm g_rH$aUmV R>odë`mg
1/f = 1/u + 1/v
1/–15 = 1/v + 1/–25
1/v = 1/25 – 1/15
1/v = – 2/75
v = –37.5cm

åhUwZ AmaemÀ`m Y¥dmnmgwZ 37.5 go._r. A§Vamda nS>Xm R>odcm nm{hOo. hr
Iar à{V_m Amho.

{demcZ  m = hi / ho= – v/u
darc qH$_Vr R>odë`mg hi/4 = –(–37.5) / (–25)

hi = –(37.5 x 4)/25
hi = –6 go._r.

åhUwZ à{V_m hr CcQ>r Am{U _moR>r Amho.
––––––––––––––––

dH«$ AmaemìXmao àH$memÀ`m namdV©ZmMo JwUY_© AmnU {eH$cmo. Ë`mMm Cn`moJ
Amnë`m {ZË` {OdZmV H$é `m.
gmocma (gm¡a)Hw$H$a V`ma H$aUo gmocma (gm¡a)Hw$H$a V`ma H$aUo gmocma (gm¡a)Hw$H$a V`ma H$aUo gmocma (gm¡a)Hw$H$a V`ma H$aUo gmocma (gm¡a)Hw$H$a V`ma H$aUo Making of solar cooker

Am{H©$_rS>r`g (Archimedes) ̀ m emókmZo AmaemÀ`m
_XVrZo eÌwÀ`m OhmOm§Zm OmiwZ Q>mH$co. hr H$Wm EoH$cr
Agmc.

AmnU AmaemMr (q^J) dmna H$éZ H$_rV H$_r
^m§S>o Var Ja_ H$é eH$Vmo H$m?

Mcm à`ËZ H$é `m.
AmnUmg _m{hV Amho H$s, A§Vd©H«$ Amagm g_m§Va gẁ ©

{H$aUmg Zm^r Odi H|$ÐrH¥$V AgVo. åhUwZ AmH¥$Vr -23
_Ü`o XmI{dë`mà_mUo  chmZ A§Vd©H«$ q^JmìXmao EH$ chmZ

H$mJXmMm VwH$S>m Omiw eH$Vmo. (~{hd©H«$ q^J KoD$Z gwÜXm H$éZ nmhm) Vwåhmcm H$m`
{XgwZ òVo?

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-E

F C

OI

OP

AmH¥$Vr-23AmH¥$Vr-23AmH¥$Vr-23AmH¥$Vr-23AmH¥$Vr-23

CP
F
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AemarVroZo ^m§S>çmcm Ja_ H$aÊ`mgmR>r EH$ _moR>çm Amaemcm
V`ma Ho$co nm{hOo.

 Vwåhr TV  {S>e E§Q>rZm nm{hcoM Agmc.  TV {S>eÀ`m AmH$mamV
EH$ cmH$S>r /cmoI§S>r Mm¡H$Q> ~Zdm. AH«$mcrH$ AmaemMr erQ> KoD$Z
{S>eÀ`m {ÌOocm g_mZ C§Mr Agë`mgmaIo AmH«$mcrH$ Amaem§Zm 8
qH$dm 12 g_ìXr ŵO {ÌH$moUmV H$mnm. 8 qH$dm 12 {ÌH$moUmÀ`m nm`m
EH$Ì Ho$ë`mZo Ë`m {S>eMm n[aK `oVo. AmH¥$Vr 24 _Ü`o XmI{dë`mà_mUo {ÌH$moUmH$ma

Amaem§Zm {S>eÀ`m Mm¡H$Q>rda {MH$Q>dm AmVm Vw_Mm gm¡a Hw$H$a
V`ma Pmcm

Ë`mMm Vm|S> gw`m©H$S>o amhrc Aer A§VdH«$ AmaemMr _m§S>Ur
H$am. Ë`mMm Zm^r` q~Xþ _m{hV H$éZ Ë`m q~Xþda nmÌ R>odm. Vo
nmÌ Ja_ hmoVo. Ë`m nmÌmV Vm§Xþi gwÜXm {eOdw eH$Vm.

ì`dhmarH$ Cn`moJmV A§Vd©H«$ Amago (H$maMo hoS>cmB©Q>) namdc`
AmH$mamV AgVmV. AmH¥$Vr -25 nmhm.

AmH¥$Vr-24AmH¥$Vr-24AmH¥$Vr-24AmH¥$Vr-24AmH¥$Vr-24

AmH¥$Vr-25AmH¥$Vr-25AmH¥$Vr-25AmH¥$Vr-25AmH¥$Vr-25

FP

_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX

 dH«$Vm H|$Ð, dH«$Vm {ÌÁ`m, _w»` Aúm, Y¥d, Zm^r, Zm^r` A§Va, Zm^r` H|$Ð, dñVwMo
A§Va, à{V_oMo A§Va, dmñVd à{V_m, Am^mgr à{V_m, {demcZ,

• dH«$ n¥ð>^mJmdarc q~Xþdarc c§~ hr dH«$Vm ‘Ü¶ Am{U Ë¶m q~Xþcm OmoS>Umar aofm AgVo.
• AmaemMo gwÌ AmaemMo gwÌ AmaemMo gwÌ AmaemMo gwÌ AmaemMo gwÌ (Mirror formula): 1/f = 1/u + 1/v

• {demcZ (Magnification) m = à{V_oMo n[a_mU / dñVwMo n[a_mU (qH$dm)
m = – dñVwMo A§Va / à{V_oMo A§Va

• namdVuV {H$aU dmñV{dH$ N>oXÊ¶mÛmao V¶ma hmoUmè¶m à{V‘obm dmñVd à{V‘m åhUVmV. Vr nS>Úmda
{XgVo.

• Vmã¶mVrb namdVuV {H$aUmÛmao V¶ma hmoUmè¶m à{V‘obm Am^mgr à{V‘m åhUVmV. hr nS>Úmda
{XgV Zmhr.

AmnU H$m` {eH$cmo?AmnU H$m` {eH$cmo?AmnU H$m` {eH$cmo?AmnU H$m` {eH$cmo?AmnU H$m` {eH$cmo?
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g§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZ
1. A§Vd©H«$$ AmaemÀ`m _w»` Aúmmda Zm^r Am{U dH«$Vm H|$Ð_Yrc q~Xþda dñVw R>odë`mg Ë`mMr

à{V_m H$moR>o V`ma hmoVo? (AS1)
2. ~{h©dH«$ Am{U A§Vd©H«$ AmaemVrc \$aH$ gm§Jm?  (AS1)
3. dmñVd à{V_m Am{U Am^mgr n«{V_m `m _Yrc \$aH$ gm§Jm? (AS1)
4. A§V©dH«$ AmaemdéZ Am^mgr n«{V_m H$er V`ma hmoVo? (AS1)
5. d¥ÎmJmocmH$ma Amaem g§~§YrV Imcr {Xcoë`m nXmMo dU©Z H$am.  (AS1)

a) AmaemMo Y¥d b) dH«$Vm H|$Ð c) Zm^r
d) dH«$Vm {ÌÁ`m e) Zm^r` A§Va f) _w»` Aúm
g)  dñVwMo A§Va h) à{V_oMo A§Va i) {demcZ

6. g§km éT>rMm {Z`_ {chm? (AS1)
7. dñVwMo A§Va Am{U à{V_oMo A§Va _moOUmè`m A§V©dH«$ AmaemÀ`m à`moJmìXmao Vwåhr H$moUVm AZw_mZ

H$mT>mc?  (AS1)

g§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZ
1. 8 go._r. dH«$Vm {ÌÁ`m Agcoë`m A§Vd©H«$ AmaemÀ`m _w»` Aúmmda AmaemnmgwZ 10 go._r.

A§Vamda EH$ dñVw R>odcr AgVm, Ë`m dñVwMr à{V_m {H$Vr A§Vamda V`ma hmoVo? (AS1)
2. gnmQ> Amaem§Zr {Z_m©U Ho$coco {demcZ +1 Amho. `mMm AW© H$m`?  (AS1)
3. _mZdmg dH«$ JmocmH$ma Amaem {df`r _m{hVr Zmhr ̀ mMr H$ënZm H$am. ̀ mMo _hËd {H$Vr Amho?

`mMm A§XmO cmdm? (AS2)
4. A§Vd©H«$ AmaemìXmao V`ma hmoUmè`m à{V_oMo ñWmZ Xe©{dUmè`m Cn ẁº$ {H$aUm§Mr AmH¥$Vr H$mT>m?(AS5)
5. A§Vd©H«$ AmaemÀ`m _w»` Aúmmda dH«$Vm H|$ÐmnmgwZ dñVw Xþa R>odcr AgVm V`ma hmoUmè`m à{V_oMo

dU©Z H$aUmè`m nÜXVrMr AmH¥$Vr H$mT>m?  (AS5)
6. dmhZmV _mJMo Ñî` {XgÊ`mgmR>r AmnU ~{hd©H«$ Amagm H$m dmnaVmo? (AS7)

Aä`mgmV gwYmaUm H$amAä`mgmV gwYmaUm H$amAä`mgmV gwYmaUm H$amAä`mgmV gwYmaUm H$amAä`mgmV gwYmaUm H$am

_oU~ÎmrMo ñWmZ_oU~ÎmrMo ñWmZ_oU~ÎmrMo ñWmZ_oU~ÎmrMo ñWmZ_oU~ÎmrMo ñWmZ
(dñVw)(dñVw)(dñVw)(dñVw)(dñVw)

_moR>r H$aUo /_moR>r H$aUo /_moR>r H$aUo /_moR>r H$aUo /_moR>r H$aUo /
H$_r H$aUoH$_r H$aUoH$_r H$aUoH$_r H$aUoH$_r H$aUo

CcQ>r qH$dmCcQ>r qH$dmCcQ>r qH$dmCcQ>r qH$dmCcQ>r qH$dm
gaigaigaigaigai

à{V_oMo ñWmZà{V_oMo ñWmZà{V_oMo ñWmZà{V_oMo ñWmZà{V_oMo ñWmZ

Amagm Am{U Zm^r _Yrc AmaemÀ`m _mJo _moR>r hmoUo gai Am^mgr
Zm^rda AZ§V       -       -      -

F Am{U C _Ü ò  C g_moa _moR>r H$aUo CcQ>r dmñVd
 C dH«$Vm H|$Ðmda C da gmaIr _mno CcQ>r dmñVd
 C À`mnwT>o F Am{U C_Ü`o H$_r hmoUo CcQ>r dmñVd

dmñVd qH$dmdmñVd qH$dmdmñVd qH$dmdmñVd qH$dmdmñVd qH$dm
A^mgA^mgA^mgA^mgA^mg
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Cƒ {dMma gaUrMo àíZCƒ {dMma gaUrMo àíZCƒ {dMma gaUrMo àíZCƒ {dMma gaUrMo àíZCƒ {dMma gaUrMo àíZ
1. 3 _r. dH«$Vm {ÌÁ`m Agcoë`m ~{hd©H«$ Amaemcm dmhZmÀ`m _mJÀ`m ~mOwMo Ñî` {XgÊ`mgmR>r

dmnaco. `m Amaem nmgwZ 5 _r A§Vamda EH$ ~g C^r Amho. Va Ë`m à{V_oMo ñWmZ, ñdén
Am{U n[a_mU _m{hV H$am?(AS7)

2. dñVwdaM à{V_m V`ma hmoÊ`mgmR>r A§VdH«$ Amaem g_moa dñVw H$er R>odmdr? {H$aUm§Mr AmH¥$Vr
H$mTw>Z ñnï> H$am? (AS3)

1. A§Vd©H«$ AmaemÀ`m g_moa _w»` Aúmmda C da dñVw R>odë`mg Ë`m dñVwÀ`m [ ]
à{V_oMo ñWmZ ........................
a) AZ§V A§Va b) F Am{U C _Ü`o c)   C da d)  C À`mnwT>o

2. S> AmaemV chmZ Pmcocr à{V_m `oVo. Ooìhm dñVw ..........R>odVmo. [ ]
a)  F da b) Y¥d Am{U F _Ü ò c)  C da d) C À`mnwT>o

3. A§Vd©H«$ AmaemV AmnUmg à{V_m òVo Ooìhm dñVw  .............. R>odVmo. [ ]
a)  F da b) Y¥d Am{U F _Ü ò c) C da d)  C À`mnwT>o

4. {demcZ  m = ...................... [ ]
a) v/u b) u/v c)  ho / hi d)  hi / ho

5. ~{hd©H«$ AmaemÀ`m Zm^rìXmao àdmg H$aVm§Zm {XgUmao {H$aU namdV©ZmZ§Va [ ]
.........._YwZ OmV

a) Aúmmcm g_m§Va b) Ë`mM _mJm©Zo {déÜX {XeoV
c)  F _YwZ OmVo d) C _YwZ OmVo.

6. ~{hd©H«$ AmaemìXmao à{V‘oMm AmH$ma H|$ìhmhr ............. [ ]
a) ‘moR>m b) bhmZ
c)  dñVwÀ¶m AmH$mam EodT>m d) dñVwÀ¶m ñWmZmda AmYmarV

7. A§V©dH«$ AmaemÀ¶m ‘w»¶ Ajmda EH$ {Z{íMV A§Vamda EH$ dñVw R>odbr [ ]
V|ìhm AmaemnmgwZ 30 g§o.‘r. À¶m A§Vamda à{V‘m V¶ma hmoVo. Oa r = 15cm Va dñVwMo A§Va
‘m{hV H$am?
a) 15cm b) 20cm c)  30cm d) 7.5cm

8. Jmobr¶ Amaem g§~§YrV gd© A§Va ................ déZ ‘moOë¶m OmVo. [ ]
a) dñVw Vo à{V‘m b) AmaemMo Zm^r¶ H|$Ð
c)  AmaemMo Y«wd d) à{V‘m Vo dñVw

9. A§V©dH«$ Amaem‘Yrb à{V‘m d dñVw ‘Yrb H$‘mb A§Va [ ]
a) 2f b) f c)  4f d)

¶mo½¶ n¶m©¶ {ZdS>m¶mo½¶ n¶m©¶ {ZdS>m¶mo½¶ n¶m©¶ {ZdS>m¶mo½¶ n¶m©¶ {ZdS>m¶mo½¶ n¶m©¶ {ZdS>m

f
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1. A§VdH«$ AmaemMo Zm{^¶ A§Va ‘m{hV H$aÊ¶mgmR>r à¶moJ H$am?
2. A§VdH«$ AmaemÀ¶m ‘w»¶ Ajmda doJdoJù¶m {R>H$mUr dñVw R>odyZ dñVwMo ñWmZ d ñdén ‘m{hV

H$am?

1. ‘mZdr¶ g§ñH¥$Vr‘Ü¶o Jmobr¶ AmaemÀ¶m B{Vhmgm{df¶r ‘m{hVr Jmoim H$éZ Ë¶mda Ahdmb
V¶ma H$am?

2. Vw_À`m g^modVr Agcoë`m A§Vd©H«$ qH$dm ~{hd©H«$ gmaIo H$m ©̀ H$aUmè`m dñVw ~Xc {dMma H$am?
Ë`mMm Vº$m V`ma H$éZ Vw_À`m dJm©V cmdm?(AS4)

3. A§V©dH«$ Am{U ~{h©dH«$ AmaemVrb Vw‘À¶m à{V‘mÀ¶m N>m¶m {MÌ Jmoim H$am? Am{U Vw‘À¶m ñH°«$n
~wH$da {MQ>H$dm?

4. Vw‘À¶m X¡Z§{XZ OrdZmV A§V©dH«$ Am{U ~{h©dH«$ AmaemMo dmna Hw$R>o-Hw$Ro> H$aVmo Ë¶mMo N>m¶m{MÌ
Jmoim H$am Am{U Vw‘À¶m dJm©V àX{e©V H$am?

gwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJ

gwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ën
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Amnë¶m g^modVr KS>Umè¶m {d{^Þ ~Xbda AmnU AJmoXaÀ¶m dJm©V MMm© Ho$br
Amho. Ë¶m ~Xbm§Zm AmnU ̂ m¡{VH$ ~Xb Am{U amgm¶{ZH$ ~Xb ‘Ü¶o dJuH¥$V Ho$bmoV.

Amnë¶m X¡Z§{XZ OrdZm‘Ü¶o Imbrb {H«$¶m‘Ü¶o hmoUmè¶m ~Xbm§{df¶r {dMma H$am.
- Amnë`m earamV AÞmMo nMZ hmoVo.
- \$Q>mHo$ \$wQ>VmV.
- AmnU ídmg KoVmo.
- MwZIS>rV nmUr {_i{dcoco Amho.
- A§Jwam§Zm {nH$dUo.
- cmoI§S>r {Iio {XK©H$mimgmR>r X_Q> dmVmdaUmV R>odcoco Amho.
H$moUVm ~Xc Vw_À`m cúmmV ̀ oVom? Vo ̂ m¡{VH$ ~Xc AmhoV H$m? agm`{ZH$ ~Xc

AmhoV? Vo VmËnwaVo ~Xc Amho H$m H$m`_Mo ~Xc AmhoV?
darc gd© à{H«$ òV, _wi nXmWm©Mm ñd^md ~XcV Amho. Oa V`ma Pmcoë`m Z{dZ

nXmWm©Mo nwU© JwUY_© Ë`m _wi nXmWm©À`m JwUY_m©gmaIo Zgë`mg, Voìhm amgm`{ZH$
~Xc KSw>Z Amcm Ago AmnU åhUVmo.
• amgm`{ZH$ A{^{H«$`m KSw>Z Amcr ho Amnë`mcm H$go _m{hV hmoVo?

ho _m{hV H$éZ KoÊ`mgmR>r H$mhr H¥$Vr H$éZ nmhþ `m.

EH$m M§MwnmÌmV 1J«m_ MwZIS>r (H°$ëer`_ AmŠgmB©S>) ¿`m. ̀ mV 10 _r.cr. nmUr
{_idm. Vw_À`m ~moQ>mZo Ë`m M§MwnmÌmcm ñne© H$am.
• Vw_À`m H$m` cúmmV Amco?

2
YS>mYS>mYS>mYS>mYS>m

amgm`{ZH$ g_rH$aUo
(Chemical Equations)
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Vwåhr M§MwnmÌmcm ñne© Ho$cm AgVm Ja_ dmQ>Vo H$m? `m à{H«$`oV H°$ëer`_
AmŠgmB©S> (MwZIS>r) nmÊ`mer A{^{H«$`m Ho$ë`m_wio Cî_m COm© CËnÞ homVo. H°$ëer`_
AmŠgmB©S> nmÊ`mV {daKiwZ a§J{hZ ÐmdU V`ma hmoVo. {cQ>_gÀ`m H$mJXmZo ÐmdUmMm
ñd^md VnmgwZ nmhm.
• ÐmdUmMm ñd^md H$gm Amho?

darc ÐmdUmV cmc {cQ>_g H$mJX ~wS>{dcm AgVm Vmo {Zim hmoVmo. ho ÐmdU
Amåcmar ÐmdU Amho.

          H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr  2
EH$m M§MwnmÌmV 100 _r.cr. nmUr ¿`m Am{U Ë`mV WmoS>o

gmoS>r`_ gë\o$Q>  (Na2SO4) {daKidm
Xþgè`m M§MwnmÌmV 100 _r.cr. nmUr KoD$Z Ë`mV WmoS>o ~oar`_

ŠcmoamB©S>  (BaCl2) {daKidm. ̀ oUmè`m ÐmdUmÀ`m a§JmMo {Z[aúmU
H$am.
• darc ÐmdUmMo a§J H$go AmhoV?
• `oUmè`m ÐmdUmcm Zmd XoD$ eH$Vm H$m? Na2SO4 X«mdUmV

BaCl2 Mo ÐmdU {_idm Am{U {Z[aúmU H$am.
• `m XmoÝhr ÐmdUm§Zm {_i{dë`mg H$mhr ~Xc {XgwZ Amcm

H$m?

H¥$Vr H¥$Vr H¥$Vr H¥$Vr H¥$Vr   3
EH$m e§ŠdmH¥ $Vr M§~wZ  (H$m oZrH$c

ë\$mñH$conical flask)  H$mhr OñVmMo H$U ¿`m.
Ë`m e§ŠdmH¥ $Vr M§~wV 5 _r.cr. {dac
hm`S´>moŠcmoarH$ Amåc {_idm

AmH¥$Vr -1: ~oar`_AmH¥$Vr -1: ~oar`_AmH¥$Vr -1: ~oar`_AmH¥$Vr -1: ~oar`_AmH¥$Vr -1: ~oar`_
gë\o$Q>À`m AdúmonmMrgë\o$Q>À`m AdúmonmMrgë\o$Q>À`m AdúmonmMrgë\o$Q>À`m AdúmonmMrgë\o$Q>À`m AdúmonmMr

{Z_uVr{Z_uVr{Z_uVr{Z_uVr{Z_uVr

Na2SO4

BaCl2

e§ŠdmH¥$Vr M§~wVrc ~XcmMo {Z[aúmU H$am.
• H$moUVo ~Xc VwåhmÀ`m cúmmV Amco?

AmVm EH$ OiVr AmJH$mS>r Ë`m e§Hw$À`m
AmH$mamÀ`m M§~wÀ`m Vm|S>mOdi Ý`m.
• Ë`m OiË`m AmJH$mS>rcm H$m` hmoVmo?
• e§ŠdmH¥$Vr M§~wÀ`m ~wS>mcm ~moQ>mZr ñne©

H$am. Vwåhmcm H$m` cúmmV `oVo?
• Vmn_mZmV H$mhr ~Xc hmoVmo H$m?

darc H¥$VrdéZ Vwåhr {ZíH$f© H$mT>Vm H$s,
1. _wi nXmW© Ë`mMo JwUY_© d¡{eîQ>o gmoS>VmV. åhUwZ hr CËnmXrVo doJdoJù`m

^m¡{VH$ AdñWoV Am{U a§JmV AgVmV.

AmH¥$Vr -2: {dac AmH¥$Vr -2: {dac AmH¥$Vr -2: {dac AmH¥$Vr -2: {dac AmH¥$Vr -2: {dac HCl Mr OñVmer {H«$`mMr OñVmer {H«$`mMr OñVmer {H«$`mMr OñVmer {H«$`mMr OñVmer {H«$`m
KSw>Z hm`S´>moOZ dm`wMr {Z_uVr, Ë`mMo n[aúmUKSw>Z hm`S´>moOZ dm`wMr {Z_uVr, Ë`mMo n[aúmUKSw>Z hm`S´>moOZ dm`wMr {Z_uVr, Ë`mMo n[aúmUKSw>Z hm`S´>moOZ dm`wMr {Z_uVr, Ë`mMo n[aúmUKSw>Z hm`S´>moOZ dm`wMr {Z_uVr, Ë`mMo n[aúmU

H$mMoMr Zir

eŠdmH¥$Vr M§~w

{dac. HCl
OñVmMo Iio

H2 dm ẁ
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2. amgm`{ZH$ ~Xc hm Cî_mXm`r qH$dm Cî_mJ«mhr AgVmo. åhUOoM Vo Cî_mCOm©
_wº$ Ho$ë`m OmVo Cî_m COm© emofU Ho$ë`m OmVo.

3. Vo Z {daKiUmao nXmW© Adúmon V`ma H$aVmV.
4. dm ẁ _wº$ hmoB©b.
Amnë`m X¡Z§{XZ {OdZmV Amnë`m ^modVr {d{dY n«H$mamMo ~Xc KSw>Z `oVm§Zm

AmnU nm{hco. ̀ mYS>çmV AmnU {d{dY àH$mamMr amgm`{ZH$ A{^{H«$`m Am{U Ë`m§Mr
g§Ho$VrH$ Xe©dUwH$ H$aUo `mMm Aä`mg H$aUma AmhmoV.
amgm`{ZH$ g_rH$aUo amgm`{ZH$ g_rH$aUo amgm`{ZH$ g_rH$aUo amgm`{ZH$ g_rH$aUo amgm`{ZH$ g_rH$aUo (Chemical Equations)

H¥$Vr 1 _Ü ò Ooìhm H$°ë`er`_ AmŠgmB©S> nmÊ`mer {H«$`m H$aVo Voìhm Z{dZ nXmW©
V`ma hmoVmo. Vmo H$°ë`er`_ AmŠgmB©S> qH$dm nmÊ`mÀ`m doJim AgVmo. H¥$Vr -1 _Yrc
{dYmZmÀ`m amgm`{ZH$ A{^{H«$`oMo dU©Z WmoS>o _moR>o Amho. `mMo eãXrH$ g_rH$aUmV
g§{úmá én Imcr Amho.

darc A{^{H«$`oMo emãXrH$ én
H$°ë`{e`_ AmŠgmB©S> + nmUr  H$°ë`{e`_ hm`S´>mŠgmB©S>  ......................... (1)
        (A{^{H«$`m H$maHo$)                   (CËnmXH$)

amgm`{ZH$ A{^{H«$ òV amgm`{ZH$ ~XcmMm AZŵ d H$aUmè`m nXmWm©cm A{^{H«$`m
H$maHo$ ( reactants) åhUVmV, Am{U ̀ oUmè`m Z{dZ nXmWm©cm CËnmXrVo$ (products)
åhUVmV.

amgm`{ZH$ A{^{H«$`ocm emãXrH$ g_rH$aUmV {c{hë`mg Pmcocm amgm`{ZH$
~Xc CËnmXH$mÀ`m énmV ~mUmH¥$Vr {MÝhmZo XmI{dë`m OmVo. ~mUmH¥$Vr {MÝhmÀ`m
S>mì`m ~mOwcm A{^{H«$`m H$maHo$ Am{U A§{V_ nXmW© qH$dm CËnmXH$ ~mUmH¥$Vr
{MÝhmÀ`m COì`m ~mOwcm {c{hco OmVo. ~mUmH¥$Vr {MÝhmMo Vm|S> CËnmXH$mH$S>o XmI{dUo
hr A{^{H«$`oMr {Xem XmIdVo.

`m A{^{H«$ òV EH$m noúmm OmñV A{^H$maHo$ qH$dm CËnmXH$mMm g§~§Y Agë`mg
Ë`mcm A{YH$  (+) {MÝh _YmV R>odwZ Xe©{dVmo.
amgm`{ZH$ g_rH$aUo {c{hUo amgm`{ZH$ g_rH$aUo {c{hUo amgm`{ZH$ g_rH$aUo {c{hUo amgm`{ZH$ g_rH$aUo {c{hUo amgm`{ZH$ g_rH$aUo {c{hUo (Writing a Chemical Equation)
• Vwåhr Ho$coë`m darc MM}{edm` BVa g§{úmá énmV amgm`{ZH$ A{^{H«$`m {chþ

eH$Vm H$m`?
amgm`{ZH$ g_rH$aU AJXr ~amo~a Am{U Cn ẁº$ AgVo Ooìhm AmnU Ë`mMm dmna

eãXmÀ`m EodOr amgm`{ZH$ gwÌmMm dmna H$aVmo.
gmYmaUV: amgm`{ZH$ gwÌmdéZM g§̀ wJo {c{hco Amho. Á`m _Ü ò _wcÐì`mÀ`m

KQ>H$mMo {MÝh Am{U g§`wJmVrc àË`oH$ KQ>H$m§Vrc AUw§Mr g§»`m Xe©{dÊ`mgmR>r dJ©Ur
(Subscript)Mm Cn`moJ hmoVmo. Oa dJ©Ur Z {c{hë`mg g§»`m 1 g_Omdr. Aem
àH$mao AmnU H$°ë`er`_ AmŠgmB©S> cm CaO, Am{U nmUr H2O Am{U ̀ m XmoZ g§̀ wJmÀ`m
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A{^{H«$`oZo V`ma Pmcoco g§`wJ H°$ë`er`_ hm`S´>mŠgmB©S> Ca (OH) 2Amho.
H$°ëer`_ AmŠgmB©S>Mr nmÊ`mer A[^{H«$`m Aer {c{hVm `oVo.
CaO + H2O Ca (OH)2      ............................ (2)
darc amgm`{ZH$ g_rH$aUmV ~mUmÀ`m S>mì`m Am{U COì`m ~mOwcm Agcoë`m

_wcÐ«ì`mÀ`m AUwMr g§»`m _moOm.
• XmoÝhr ~mOwH$S>rc _wcÐì`mÀ`m AUw§Mr g§»`m g_mZ Amho H$m?

Imcrc A{^{H«$`m Am{U Ë`m§À`m amgm`{ZH$ g_rH$aUmMo {Z[aúmU H$am. OñV
YmVw {dac  HCl er {H«$`m H$éZ ZnCl2 Am{U hm`S´>moOZ dm`w gmoS>Vmo.

Zn + HCl ZnCl2 + H2    ............................ (3)
gmoS>r`_ gë\o$Q>, ~oar`_ ŠcmoamB©S>er {H«$`m H$éZ nm§T>ao AdúmonU, ~oar`_ ŠcmoamB©S>

òVo.
Na2SO4 + BaCl2     BaSO4 + NaCl     ............................. (4)

• g_rH$aUmV S>mì`m ~mOwH$S>rc n«Ë òH$ _wcÐì`mMoo AUw COì`m ~mOwH$S>rc AUwÀ`m
g_mZ AgVo H$m?

amgm`{ZH$ g_rH$aUo g§VwcrV H$aUo amgm`{ZH$ g_rH$aUo g§VwcrV H$aUo amgm`{ZH$ g_rH$aUo g§VwcrV H$aUo amgm`{ZH$ g_rH$aUo g§VwcrV H$aUo amgm`{ZH$ g_rH$aUo g§VwcrV H$aUo (Balancing Chemical Equations)
dñVw_mZmÀ`m A{dZmerËdmÀ`m {Z`_mZwgma, amgm`{ZH$ {H«$ òV V`ma Pmcoë`m

CËnmXH$mMo EHw$U dñVw_mZ dmnacoë`m A{^{H«$`m H$maH$mÀ`m dñVw_mZmcm g_mZ
AgVo. amgm`{ZH$ à{H«$`oV ^mJ KoUmè`m _wcÐì`mMm gdm©V chmZ H$U åhUOo AUw
hmo`. hm AUw nXmWm©À`m dñVw_mZmgmR>r _hËdmMm Amho. àË`oH$ _wcÐì`mMm AUwMr
g§»`m {H«$`m hmoÊ`mnwdu Am{U {H«$`m Pmë`mZ§Va gmaIrM Agm`cm nm{hOo.

gd© amgm`{ZH$ g_rH$aUo g§VwcrV Agm`cm hdr H$maU, amgm`{ZH$ {H«$ òV AUw
V`ma hmoV Zmhr Am{U AUw Zme nU nmdV ZmhrV. amgm`{ZH$ g_rH$aUmV A{^{H«$`m
H$maH$mÀ`m ~mOwcm Agcocr {^Þ _wcÐì`mÀ`m AUwMr g§»`m (S>mdr ~mOw) hr Ë`mÀ`m
CËnmXH$mÀ`m ~mOwcm Agcoë`m (COdr ~mOw) _wc Ðì`mÀ`m AUwÀ`m g§»`ocm g_mZ
AgVo. `mcmM g§VwcrV A{^{H«$`m (balanced reaction)Ago åhUVmV.

amgm`{ZH$ g_rH$aUmcm g§VwcrV H$aÊ`mgmR>r àË òH$ nXmWm©À`m {H$Vr gwÌ én
EH$H$mZr (formula units) ^mJ KoVcm ho _m{hV H$amdo cmJVo. gwÌén EH$H$ ho
Zmd Amho. Vo EH$ EH$H$ AUw Am{U Am`Z, qH$dm aoUw- {Xcoë`m gwÌmMo g§JV gwÌ.

{dMma H$am Am{U {bhm{dMma H$am Am{U {bhm{dMma H$am Am{U {bhm{dMma H$am Am{U {bhm{dMma H$am Am{U {bhm
Ca (OH)2 À¶m Ðd {_lUmZr Vwåhr Vw‘Mr ̂ tV a§Jdrbr Va XmoZ {XdgmZ§Va Vr nm§T>è¶m a§JmV
~XbVo.

•  q^Vrbm MwÞm bmdÊ¶mÀ¶m àpH«$¶oV H$moU-H$moUË¶m nm¶è¶m AmhoV?
•  ¶mo½¶ {MÝhmMm dmna H$éZ amgm¶{ZH g‘rH$aU g§Vw{bV H$am.$
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CXm. NaCl  Mo EH$ gwÌén EH$H$ Na+ Am`Z Amho. Am{U  Cl– hm  MgBr2 Mo EH$
gwÌén EH$H$ Amho. ho  Mg2+ Am`Z Am{U XmoZ  Br– Am`Z Amho. nmÊ`mMo EH$gwÌ
EH$H$ ho EH$  H2O  aoUw Amho.

ì`dñW{ea nÜXVrZo amgm`{ZH$ g_rH$aU g§VwcrV H$é `m.
`mgmR>r hm`S´>moOZ Mr {H«$`m AmŠgrOZer KoD$Z nmUr V`ma hmoVo. ho CXmhaU

KoD$
nm`arnm`arnm`arnm`arnm`ar1: àË òH$ A{^{H«$`m H$maHo$ Am{U CËnmXH$mMo g_rH$aU AMwH$ gwÌmgh

{chm.
CXmCXmCXmCXmCXm: hm`S´>moOZMr AmŠgrOZer {H«$`m

hmoD$Z nmUr ~ZVo. Vwåhr `mMo agm`{ZH$
g_rH$aU Imcrc à_mUo {chw eH$Vm.

H2 + O2        H2O       ……(5)
nm`arnm`arnm`arnm`arnm`ar 2: nXmWm©Mo aoUw gwÌ {c{hë`mZ§Va

g_raH$Umcm g§VwcrV H$amdo cmJVo. `mgmR>r nXmWm©À`m aoUw_Yrc AUwÀ`m JwUmoÎmamcm
ñne© Z H$aVm gwÌmg_moa `mo½` g§»`m ghJwUH$ åhUwZ R>odcr nm{hOo.

darc g_raH$UmV hm`S´>moOZÀ`m aoUwgwÌm g_moa 2 Am{U nmÊ`mÀ`m aoUwgwÌm g_moa
gwÜXm 2 R>odm. hm`S´>moOZ Am{U AmŠgrOZ ̀ m XomÝhr _wcÐì`mMo AUw g_mZ Amho qH$dm
Zmhr ho _m{hV H$am. qH$dm XmoÝhr ~mOwg \$aH$ Amho `mMo {Z[aúmU H$am. Vo XmoÝhr
~mOwg g_mZ g§» òV Amho. åhUwZ g_rH$aU g§VwcrV hmoVo.

2H2 + O2 2H2O …………..(6)
nm`ar nm`ar nm`ar nm`ar nm`ar 3:  H$Yr H$Yr gd© nXmWm©Mo ghJwUH$ `mo½` g§»`oV {d^mOZ hmoÊ`mMr

eŠ`Vm Amho. {H«$`m H$maHo$ Am{U CËnmXH$mÀ`m ghJwUH$mMo gdm©V chmZ JwUmoÎma hdo
Agë`m_wio darc {H«$`m KS>Vo. Oa g_mB©H$ KQ>H$ Zgë`mg VoWo g_rH$aUmMo {d^mOZ
H$aÊ`mMr JaO nS>V Zmhr. darc CXmhaUmV nXmWm©À`m ghJwUH$mMo {d^mOZ H$am`Mr
JaO Zmhr.

nm`ar nm`ar nm`ar nm`ar nm`ar 4:  g_rH$aUmÀ`m XmoÝhr ~mOwÀ`m AUwcm g§VwcrV H$éZ g_rH$aUmMr
VnmgUr H$am. darc g{_H$aU (6) ho g§VwcrV g_rH$aU Amho.

g_rH$aUo g§VwcrV H$er H$aVmV ho H$mhr CXmhaUo KoD$Z nmhþ `m.

CXm-1 : àmonoZMo (CXm-1 : àmonoZMo (CXm-1 : àmonoZMo (CXm-1 : àmonoZMo (CXm-1 : àmonoZMo (C3H8) ÁdcZ) ÁdcZ) ÁdcZ) ÁdcZ) ÁdcZ(Combustion of propane (C3H8)

àmonoZ C 3 H8  hm a§J{hZ dmg ZgUmam dm ẁ Amho. `mMm dmna Zoh_r AmnU
Vmn{dÊ`mgmR>r Am{U ñd §̀nmH$mgmR>r B§YZ åhUwZ dmna H$aVmo. àmonoZÀ`m ÁdcZ
{H«$`oMo amgm`{ZH$ g_rH$aU {chm. àmonoZ Am{U AmŠgrOZ hr A{^{H«$`m H$maHo$
AmhoV Am{U H$m~©Z S>m`AmŠgmB©S> d nmUr CËnmXHo$ AmhoV.

_wcÐì`o_wcÐì`o_wcÐì`o_wcÐì`o_wcÐì`o AUw§Mr g§»`mAUw§Mr g§»`mAUw§Mr g§»`mAUw§Mr g§»`mAUw§Mr g§»`m
S>m.~m.S>m.~m.S>m.~m.S>m.~m.S>m.~m. C.~m.C.~m.C.~m.C.~m.C.~m.

H 2 2
O 2 1
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_wcÐì`_wcÐì`_wcÐì`_wcÐì`_wcÐì` AUw§Mr g§»`mAUw§Mr g§»`mAUw§Mr g§»`mAUw§Mr g§»`mAUw§Mr g§»`m
S>mdr ~mOwS>mdr ~mOwS>mdr ~mOwS>mdr ~mOwS>mdr ~mOw COdr ~mOwCOdr ~mOwCOdr ~mOwCOdr ~mOwCOdr ~mOw

C 3(inC3H8) 1 (inCO2)
H 8 (inC3H8) 2(inH2O)
O 2 (inO2) 3 (inCO2H2O)

A{^{H«$`ocm g§kménr nXmV {chm Am{U nXmWm©Mo g§~§Y {chþZ _mJrc MM}V dU©U
Ho$coë`m Mma nm`è`Mo AZwgéZ H$am.

nm`ar nm`ar nm`ar nm`ar nm`ar 1: gd© nXmWm©Mo AMwH$ gwÌ dmnéZ Ag§VwcrV g_rH$aU {chm.
C3H8    + O2         CO2     +    H2O ............(7), (Skeleton equation)

(_wc ŵV g{_H$aU)
ZmoQ>ZmoQ>ZmoQ>ZmoQ>ZmoQ>:  Ag§VwcrV amgm`{ZH$ g_rH$aUmV

Agcoë`m nXmWm©À`m aoUw gwÌm§Zm _wc ŵV g_rH$aU
( skeleton equation)Ago åhUVmV.

nm`arnm`arnm`arnm`arnm`ar 2:  XmoÝhr ~mOwH$S>rc AUw§À`m g§» òMr
VwcZm H$am.

g_rH$aUmcm g§VwcrV H$aUmao ghJwUH$
_m{hV H$am. ̀ m g§X^m©V, OmñV H${R>U nXmWm©nmgwZ
C3H8 gwé H$aUo gmò rñH$a amhrc. _wc ŵV g_rH$aUmH$S>o nmhþZ Ë`m g_rH$aUmÀ`m
S>mì`m ~mOwcm 3 H$m~©ZMo AUw na§Vw COì`m ~mOwcm \$º$ 1 H$m~©ZÀ`m AUwMr Zm|X
H$am. Oa AmnU COì`m ~mOwcm CO2 _Ü ò 3 ghJwUH$ {_i{dë`mg H$m~©Z AUw
g§VwcrV hmoVmV.

C3H8 + O2 3CO2 +   H2O ................... (8)
AmVm hm`S´>moOZ AUwH$S>o nmhþ `m. g_rH$aUmÀ`m COì`m ~mOwcm 8 hm`S´>omOZMo

AUw Am{U S>mì`m ~mOwcm 2 AUw AmhoV. COì`m ~mOwcm  H2O _Ü`o ghJwUH$ 4
{_i{dë`mg hm`S´>moOZMo AUw g§VwcrV hmoVmV.

C3H8 + O2 3CO2 +   4H2O  .................(9)
eodQ>r AmŠgrOZÀ`m AUwH$S>o n[hë`mg g_rH$aUmÀ`m S>mì`m ~mOwcm 2 AmŠgrOZMo

AUw na§Vw COì`m ~mOwcm 10 AmŠgrOZMo AUw Amho. S>mì`m ~mOwcm  O2 _Ü ò ghJwUH$
5 {_i{dcm AgVm. AmŠgrOZMo AUw g§VwcrV hmoVmV.

C3H8 + 5O2 3CO2 +  4H2O .....................(10)
nm`arnm`arnm`arnm`arnm`ar 3: ghJwUH$ Ë`mÀ`m gdm©V chmZ nwU© g§»`oÀ`m [H§$_VrV KQ>co nm{hOo.

Iao åhUOo g_rH$aU (10) _Yrc ghJwUH$ chmZ nwU© g§»`oV Amho. Ë`mÀ`m
ghJwUH$m§Zm H$_r H$aÊ`mMr JaO Zmhr. na§Vw àË òH$ amgm`{ZH$ {H«$ òV gmÜ` Zmhr.

g_Om Vwåhmcm Imcr {Xë`m à_mUo g_rH$aU Amco Amho.
2C3H8 + 10O2 6CO2 +   8H2O ................... (11)

• {Z`_mà_mUo ho g§VwcrV g_rH$aU Amho H$m?
• Vwåhr H$emdéZ åhUVm?

g_rH$aU (11) ho Oa g§VwcrV Agco, Var Ë`mMo ghJwUH$ gdm©V chmZ nwU©
g§» òV Zmhr. eodQ>Mo (A§Vr_) g_rH$aU ̀ oÊ`mgmR>r g_rH$aU (11) À`m gd© ghJwUH$m§Zm
2 Zr ^mJ XoUo JaOoMo Amho.

C3H8 + 5O2 3CO2 +  4H2O ................... (12)
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nm`arnm`arnm`arnm`arnm`ar 4: CÎmamMr VnmgUr H$am. g_rH$aUmÀ`m XomÝhr ~mOw darc AUwMr g§»`m
Am{U AUw§Mo àH$ma _moOwZ Vo gmaIo Amho qH$dm Zmhr `mMr ImÌr H$éZ ¿`m.
CXm-2:

Am`Z© AmŠgmBS> Aë ẁ_rZr`_er {H«$`m H$éZ Am`U© Am{U Aë ẁ{_Zr`_ S´>m`
AmŠgmBS> V`ma hmoVmV. hr A{^{H«$`m XmI{dÊ`mgmR>r Am{U g§VwcrV H$aÊ`mgmR>r
amgm`{ZH$ g_rH$aU {chm.

nm`arnm`arnm`arnm`arnm`ar 1: gd© A{^{H«$`m H$maHo$ Am{U CËnmXH$m§gmR>r AMwH$ amgm`{ZH$ {MÝhmMm
Am{U gwÌmMm Cn òmJ H$éZ g_rH$aU {chm.

Fe2O3 + Al  Fe +    Al2O3 ................. (13)
nm`arnm`arnm`arnm`arnm`ar 2: XmoÝhr ~mOwH$S>rc n«Ë`oH$ _wcÐì`mÀ`m AUw§Mr g§»`m g_mZ H$aÊ`mgmR>r

A{^{H«$`m H$maHo$ Am{U CËnmXH$mMo Cn`wº$ ghJwUH$ _m{hV H$am.
i. g_rH$aU (13) À`m XomÝhr ~mOwdarc àË`oH$ _wcÐì`mÀ`m AUwÀ`m g§»`mMr

VnmgUr H$am.

darc g_rH$aU (13) _Ü ò XmoÝhr ~mOwcm AmŠgrOZ AUw§Mr g§»`m g_mZ Amho.
Cacoë`m AUw§Zm AmnU g§VwcrV H$am`cm hdo.

ii. S>mì`m ~mOwcm (A{^{H«$`m H$maH$mÀ`m ~mOwcm) 2 Fe Mo AUw AmhoV. EH$ Fe
AUw COì`m ~mOwcm (CËnmXH$mÀ`m ~mOwda) Amho.  Fe AUwcm g§VwcrV H$aÊ`mgmR>r
CËnmXH$mÀ`m ~mOwH$S>rc Fe cm 2 Zo ^mJco nm{hOo.

AmVm, g§VwcrV Pmcoco g_rH$aU
Fe2O3 + Al   2Fe  + Al2O3 .................. (14)
iii. darc g_rH$aU (14) _Ü ò Aë ẁ{_Zr`_À`m AUw§Mr g§»`m Ag§VwcrV Amho.
VoWo S>mì`m ~mOwcm 1 ‘Al’  Aë ẁ_rZr`_À`m AUwMr Am{U COì`m ~mOwcm 2 ‘Al’

Aë ẁ_rZr`_Mo AUw (Al2O3) _Ü ò Amho. ‘Al’ AUw§Zm XomÝhr ~mOwcm g§VwcrV H$aÊ`mgmR>r
‘Al’  cm 2 Zo ~mUmH¥$Vr {MÝhmÀ`m S>mì`m ~mOwcm JwUmH$ma H$amdm cmJVmo.

AmVm, WmoS>ogo g§VwcrV Ho$coco g_rH$aU
Fe2O3 + 2Al    2Fe    + Al2O3 ................ (15)
darc g_rH$aU (15) _Ü`o ~mUmH¥$Vr {MÝhmÀ`m XomÝhr ~mOwcm Agcoë`m àË`oH$

_wcÐì`mÀ`m AUwMr g§»`m gmaIr Amho. ho g§VwcrV agm`{ZH$ g_rH$aU Amho.
nm`ar nm`ar nm`ar nm`ar nm`ar 3: darc g_rH$aU (15) ho g§VwcrV Amho Am{U ghJwUH$ gwÜXm gdm©V

chmZ nwU© g§»`m AmhoV.

_wcÐì`o_wcÐì`o_wcÐì`o_wcÐì`o_wcÐì`o A{^{H«$`m H$maH$mVrc AUw§Mr g§»`mA{^{H«$`m H$maH$mVrc AUw§Mr g§»`mA{^{H«$`m H$maH$mVrc AUw§Mr g§»`mA{^{H«$`m H$maH$mVrc AUw§Mr g§»`mA{^{H«$`m H$maH$mVrc AUw§Mr g§»`m CËnmXH$m_Yrc AU§wMr g§»`mCËnmXH$m_Yrc AU§wMr g§»`mCËnmXH$m_Yrc AU§wMr g§»`mCËnmXH$m_Yrc AU§wMr g§»`mCËnmXH$m_Yrc AU§wMr g§»`m

Fe 2  (in Fe2O3) 1  (in Fe)
O 3  (in Fe2O3) 3  (in Al2O3)
Al 1  (in Al) 2  (in Al2O3)
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nm`ar nm`ar nm`ar nm`ar nm`ar 4: eodQ>r g§VwcrV g_rH$aUmMm AMwH$nUm VnmgÊ`mgmR>r g_rH$aUmÀ`m
XmoÝhr ~mOwdarc àË`oH$ _wcÐì`mÀ`m AU§wMr g§»`m _moOm.

Fe2O3 + 2Al     2Fe    + Al2O3 ................. (16)

(gwMZmgwMZmgwMZmgwMZmgwMZm: darc g§VwcZmÀ`m nÜXVrcm MwH$ Zmhrer hmoB©n ª̀V MmMUr Mmcw R>odÊ`mMr
nÜXV (trial and error) åhUVmV. H$Yr H$Yr Vwåhmcm g_rH$aU g§VwcrV H$aVm§Zm
OmñV H$miOr ¿`mdr cmJVo.)
amgm`{ZH$ g_rH$aUo OmñV _m{hVrnwU© ~Z{dZo amgm`{ZH$ g_rH$aUo OmñV _m{hVrnwU© ~Z{dZo amgm`{ZH$ g_rH$aUo OmñV _m{hVrnwU© ~Z{dZo amgm`{ZH$ g_rH$aUo OmñV _m{hVrnwU© ~Z{dZo amgm`{ZH$ g_rH$aUo OmñV _m{hVrnwU© ~Z{dZo (Making Chemical
Equations more informative)

A{^{H«$`m H$maHo$ Am{U CËnmXHo$ `m§À`m Imcrc JwUY_m©Zm (d¡{eï>o) ì`º$ Ho$co
nm{hOo.

i. ^m¡{VH$ AdñWm
ii. CîUVooV ~Xc( Cî_mXm`r qH$dm Cî_mJ«mhr ~Xc)
iii._wº$ dm ẁ ( H$moUVmhr Agë`mg)
iv. V`ma Pmcoco Adúmon (H$mhr Agë`mg)
i. ^m¡{VH$ AdñWoV ì`º$sH$aUo ^m¡{VH$ AdñWoV ì`º$sH$aUo ^m¡{VH$ AdñWoV ì`º$sH$aUo ^m¡{VH$ AdñWoV ì`º$sH$aUo ^m¡{VH$ AdñWoV ì`º$sH$aUo (Expressing the physical state) :

amgm`{ZH$ g_rH$aUmcm OmñV _m{hVrnwU© ~Z{dÊ`mgmR>r, nXmWm©À`m ̂ m¡{VH$ AdñWoMm
Ë`mMm amgm`{ZH$ gwÌmgh C„oI Ho$cm nm{hOo. dm ẁ, Ðd Am{U KZén AdñWm AZwH«$_o
(g),(l),Am{U (s) ìXmao Xe©{dë`m OmVo. Oa nXmW© nmÊ`mÀ`m ÐmdUmgmaIm Agë`mg
Ë`mg Oc`wº$ hm eãX {c{hcm Amho. g§{úmá énmV Ë`mg (g) {c{hVmV.

g§VwcrV g_rH$aU (16) cm Ë`mÀ`m ^m¡{VH$ AdñWogh Ago {c{hVmV.
Fe2O3(s) + 2Al(s)   2Fe(s)   +   Al2O3 (s)  ...... (17) ; Δ ho Vmn{dUo Xe©{dVo.

Am.3:(~) KZ AdñW§oVrc cm§oIS>Am.3:(~) KZ AdñW§oVrc cm§oIS>Am.3:(~) KZ AdñW§oVrc cm§oIS>Am.3:(~) KZ AdñW§oVrc cm§oIS>Am.3:(~) KZ AdñW§oVrc cm§oIS>Am.3:(A) KZ AdñW§oVrc Aë`w{Z_r`_Am.3:(A) KZ AdñW§oVrc Aë`w{Z_r`_Am.3:(A) KZ AdñW§oVrc Aë`w{Z_r`_Am.3:(A) KZ AdñW§oVrc Aë`w{Z_r`_Am.3:(A) KZ AdñW§oVrc Aë`w{Z_r`_

_wcX²ì`o_wcX²ì`o_wcX²ì`o_wcX²ì`o_wcX²ì`o A{^{H«$`mH$maHo$Mr AUw§Mr g§»`mA{^{H«$`mH$maHo$Mr AUw§Mr g§»`mA{^{H«$`mH$maHo$Mr AUw§Mr g§»`mA{^{H«$`mH$maHo$Mr AUw§Mr g§»`mA{^{H«$`mH$maHo$Mr AUw§Mr g§»`m CËnmXH$mVrc AU§wMr g§»`mCËnmXH$mVrc AU§wMr g§»`mCËnmXH$mVrc AU§wMr g§»`mCËnmXH$mVrc AU§wMr g§»`mCËnmXH$mVrc AU§wMr g§»`m

Fe 2 (in Fe2O3) 2(in Fe)
O 3 (in Fe2O3) 3(in Al2O3 )
Al 2 (in 2 Al) 2(in Al2O3 )
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ii. CîUVo_Yrc ~Xc ì`º$ H$aUo(CîUVo_Yrc ~Xc ì`º$ H$aUo(CîUVo_Yrc ~Xc ì`º$ H$aUo(CîUVo_Yrc ~Xc ì`º$ H$aUo(CîUVo_Yrc ~Xc ì`º$ H$aUo(Expressing the heat changes):
Cî_mXm`r A{^{H«$`oV CîUVm _wº$ hmoVo Am{U Cî_mJ«mhr A{^{H«$`oV CîUVm emofë`m
OmVo. Imcrc CXmhaUo nmhm.

1. C(s)  +  O2 (g)    CO2 (g)  + Q   (Cî_mXmhr A{^{H«$`m)
2. N2 (g)  + O2 (g)   2NO (g)  -  Q   (Cî_mJ«mhr A{^{H«$`m)
‘Q’ hr Cî_mCOm© CËnmXH$mÀ`m ~mOwcm Cî_mXm`r A{^{H«$ ògmR>r  ‘+’ ̀ m {MÝhmZo

XmI{dcr Amho. Am{U Cî_mJ«mhr A{^{H«$`ogmR>r CËnmXH$mÀ`m ~mOwcm  ‘–’ ̀ m {MÝhmZo
XmI{dcr Amho.

iii. dm`w_wº$ hmoUo ì`º$ H$aUo dm`w_wº$ hmoUo ì`º$ H$aUo dm`w_wº$ hmoUo ì`º$ H$aUo dm`w_wº$ hmoUo ì`º$ H$aUo dm`w_wº$ hmoUo ì`º$ H$aUo (Expressing the gas evolved): Oa
A{^{H«$ òV dm ẁ_wº$ Pmë`mg Ë`mcm daÀ`m ~mUrH¥$Vr ‘ ’qH$dm (g) Zo XmI{dVmV.

Eg: Zn (s) + H2SO4 (aq)    ZnSO4 (aq)  +  H2 (g) 

iv. AdúmonUmcm ì`º$ H$aUo AdúmonUmcm ì`º$ H$aUo AdúmonUmcm ì`º$ H$aUo AdúmonUmcm ì`º$ H$aUo AdúmonUmcm ì`º$ H$aUo (Expressing precipitate formed) : Oa
A{^{H«$`oV Adúmon V`ma Pmë`mg Ë`m ~mUmcm ImcÀ`m {XeoZo XmI{dVmV.

Eg: AgNO3 (aq)  +  NaCl (aq)   AgCl(s)   + NaNO3 (aq)

H$Yr H$Yr g_rH$aUmV Vmn_mZ, Xm~, CËàoaH$ BË`mXr {H«$ òÀ`m AQ>r daÀ`m
{XeoZo/ImcÀ`m {XeoZo ~mUmZo Xe©{dVmo.

CXmhaUmW©
         gw`©n«H$me

2AgCl(s)
   ––––– 2 Ag (s) + Cl2(g)

       gẁ ©àH$me
6CO2 (g) + 6 H2O (l)      ––––– C6H12O6 (s) + 6O2 (g)       harVÐd            ½cwH$moO

g§VwcrV amgm`{ZH$ g_rH$aUmMo ñnï>rH$aU g§VwcrV amgm`{ZH$ g_rH$aUmMo ñnï>rH$aU g§VwcrV amgm`{ZH$ g_rH$aUmMo ñnï>rH$aU g§VwcrV amgm`{ZH$ g_rH$aUmMo ñnï>rH$aU g§VwcrV amgm`{ZH$ g_rH$aUmMo ñnï>rH$aU (Interpreting a balanced
chemical equation)

i. amgm`{ZH$ g_rH$aU Ë`mÀ`m g§km Am{U gwÌmdéZ A{^{H«$`mH$maHo$ Am{U
CËnmXH$m ~Ôc _m{hVr XoVo.

ii. ho g_rH$aU A{^{H«$`mH$maHo$ Am{U CËnmXH$mÀ`m$ AUw§Mo JwUmoÎma XoVo.
iii. aoUwÀ`m dñVw_mZmcm E{H$H¥$V dñVw_mZmV(Unified Masses) (U) ì`º$

Ho$ë`m_yio A{^{H«$`m H$maH$mÀ`m Am{U CËnmXH$mÀ`m gmnoúm dñVw_mZ g_rH$aUmdéZ
OmUwZ KoVm `oVo.

iv. Oa dñVw_mZmcm J«_ _Ü ò ì`º$ Ho$ë`mg g_rH$aUmdéZ gwÜXm A{^{H«$`H$maH$
Am{U CËnmXH$mMo J«_ aoUw JwUmoÎma {_iVo.

v. Oa dm ẁ _wº$ Pmë`mg, AmnU Ë`m§À`m dñVw_mZmcm Ë`m§À`m KZ\$imer g_mZ
H$é eH$Vmo Am{U _mocma dñVw_mZ Am{U _mocma AmH$ma_mZmVrc g§~§YmMm dmna H$éZ
Vmn_mZ Am{U Xm~mÀ`m {Xcoë`m AQ>rda _m{hV H$aVm òVo.

vi. _mocma dñVw_mZ Am{U EdmJmS´>mo À`m g§»`odéZ g_rH$aUmVrc doJdoJù`m aoUw
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Am{U AUw§Mr g§»`m _m{hV H$aVm `oVmo.
`mdéZ A{^{H«$`m H$maH$ Am{U CËnmXH$mÀ`m gmnoúm dñVw_mZm{df`r _m{hVr

{_iVo. g_rH$aUmdéZ
a) dñVw_mZ - dñVw_mZ g§~§Y
b) dñVw_mZ - KZ\$i g§~§Y
c) KZ\$i - KZ\$i g§~§Y
d) dñVw_mZ - KZ\$i - aoUwg§»`m g§~§Y BË`mXr

CXmCXmCXmCXmCXm-1: Al (s) + Fe2O3 (s)     Al2O3 (s)  +   Fe (s)

( Al Mo AUw dñVw_mZ  = 27U, Fe = 56U, Am{U O = 16U)
2Al (s)        + Fe2O3 (s)        Al2O3 (s)              +   2Fe (s) , ho g§VwcrV g_rH$aU Amho.

(2x27)U   + (2x56+3x16)U      (2x27+3x16)U  +  (2x56)U
54 U       +   160 U   102 U +  112 U
qH$dm 2_moc  + 1 _moc   1 _moc               +  2 _moc
54 J«.       +   160 J«.   102 J«. +  112 J«.

g_Om darc {H«$ òdéZ 1120 {H$.J«. cmoh ̀ oÊ`mgmR>r {H$Vr n«_mUmV Aë ẁ{_Zr`_Mr
JaO Amho. ho H$mT>m`Mo Amho.
gmoS>dUwH$ : g§VwcrV g_rH$aUmZwgma

Aë ẁ{_Zr`_ cmoh (cmoI§S>)
54 J«. 112 J«.
x? (1120 x 1000)J«.

  (1120x1000)g x 54 J«.
∴ x g = ––––––––––––––––––

   112 J«.
           =  10000 x 54 J«.

     =  540000 J«. qH$dm   540 {H$.J«.
∴ 1120 {H$.J«. cmoh òÊ`mgmR>r 540 {H$.J«. Aë ẁ{_Zr`_Mr Amdí`H$Vm Amho.

CXmCXmCXmCXmCXm-2:  230 J«. gmoS>r`_, gm_mÝ` Vmn_mZ Am{U Xm~mda AYrH$ nmÊ`mer {H«$`m
Ho$ë`mZ§Va _wº$ hmoUmè`m hm`S´>moOZÀ`m aoUwMo dñVw_mZ Am{U KZ\$i _m{hV H$am.( Na
Mo AUw dñVw_mZ = 23U, O = 16U, Am{U H = 1U)

darc A{^{H«$ òMo g§VwcrV g_rH$aU
      2Na (s) + 2H2O (l) 2NaOH (aq) + H2 (g)

(2x23)U +   2(2x1+1x16)U 2(23+16+1)U + (2x1)U
    46 U + 36 U 80 U + 2 U
or 46 g +    36 g 80 g + 2 g
gmoS>dUwH$gmoS>dUwH$gmoS>dUwH$gmoS>dUwH$gmoS>dUwH$     : g§VwcrV g_rH$aUmdéZ

Na  À`m 46 J«. nmgwZ hm`S´>moOZMo 2 J«. òVo.
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agm`{ZH$ A{^{H«$`m Am{U g_rH$aUo30 dJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dm

Na  À`m 230 J«. nmgwZ ______? J«. hm`S´>moOZ òVo.
   230 g x 2g           –––––––––––   = 10hm`S´>moOZ J«       46 g

gm_mÝ` Vmn_mZ Am{U Xm~mda 1 J«m_ _mocma dñVw_mZ åhUOoM, gm_mÝ` Vmn_mZ
273K  Am{U gm_mÝ` Xm~ 1 ~ma, ho 22.4 {cQ>a ì`mnVo. ̀ mcmM _mocma KZ\$i Ago
åhUVmV.

∴ 2.0 J«. hm`S´>moOZ hm STP da 22.4 {cQ>a ì`mnVmo.
10.0J«. hm`S´>moOZ hm ........? STP da ì`mnVmo.

     10.0g x 22.4 {cQ>a
––––––––––––––––– = 112 {cQ>a
                2.0g

hm`S´>moOZMo XmoZ J«_ åhUOoM,  H2 À`m 1 _mocmV 6.02x1023 (NO) aoUw AgVmV.
10 J«. hm`S´>moOZ _Ü ò ....................?

     10.0g x 6.02x1023 aoUw–––––––––––––––––––––––––
                        2.0J«.
= 30.10 x 1023 aoUw
= 3.01 x 1024 aoUw

CXmCXmCXmCXmCXm-3: Oa 50 J«m‘ CaCO3 Mr {H«$`m gm¡å` hm¶S´>mo³bmoarH$ Amåb Á`mV 7.3 J«m‘
{daKibobo HCl dm¶w `mÀ`mer gm_mÝ` Xm~ Am{U Vmn_mZ `m pñWV_Ü ò Pmbr
AgVm CO2 dm ẁ _wº$ Pmbm Va Ë`mMo KZ\$i Am{U _wbÐì`m§Mr g§»`m _m{hVr H$am?

darb [H«$¶ogmR>r amgm¶{ZH$ g‘rH$aU
CaCO3 (S) + 2HCl (aq)  Cacl2 (aq) + H2O (l) + CO2(g)
g‘rH$aUmÀ¶m ‘rQ>a ‘mnU nÕVrdéZ CaCO3 Mo 100 J«m‘, HCl Mo 73 J«m‘

gmo~V {H«$¶m H$éZ CO2 Mo 44 J«m‘ ‘wº$ H$aVo.
darb JUrVmV CaCO3 Mo 50 J«m‘ Am{U HCl ‘Ü¶o Agbobo 7.3 J«m‘ KoVbo Amho.

CaCO3 Mo 100 J«m‘bm HCl Mo 73 J«m‘Mr Amdí¶H$Vm Amho Am{U CaCO3
À¶m 50 J«m‘bm HCl Mo 36.5 J«m‘Mo Amdí¶H$Vm Amho. nU HCl Mo ’$º$ 7.3 J«m‘
CnbãY Amho.

CO2 V¶ma hmoUo ho HCl da Adb§~wZ Amho Oo H$s H$‘r à‘mUmV Amho.
CaCO3  OmñV à‘mUmV Amho nU Ë¶mda Adb§~wZ Zmhr.

amgm¶{ZH$ A{^{H«$¶oV ^mJ KoUmam Oa H$‘r à‘mUmV Agob Va Ë¶mbm
‘¶m©{XV A{^H$maH$ åhUVmV. Oo H$s V¶ma Pmbobo nXmW© ‘¶m©{XV AgVo.

åhUwZ AmnU {bhþ eH$Vmo H$s,
HCl Mo 73 J«m‘  CO2 Mo 44 J«m‘
HCl Mo 7.3 J«m‘ - ?

7.3g  x 44g
73g = 4.4g
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CO2 Mo 44 J«m‘ STP da 22.4L OmJm ì¶mnVo.
CO2 Mo 4.4 J«m‘ {H$Vr ì¶mnVo?

CO2 Mo 44 J«m‘ ‘Ü¶o CO2 Mo 6.023 x 1023 aoUw AgVmV.
4.4 J«m‘ ‘Ü¶o {H$Vr aoUw AgVmV.

• amgm`{ZH$ g‘rH$aU ho amgm¶{ZH$ ~XbÀ¶m {MÝhmVrb Xe©dUwH$ Amho.
• amgm¶{ZH$ g§Vw{bV g‘rH$aUo A{^{H«$¶m Mmbw AgVm§Zm A{^{H«$¶mH$maHo$, CËnmXHo$

Am{U Ë¶m§Mr ^m¡{VH$ AdñWm{df¶r ñnï> H$aVo.
• dñVw‘mZmÀ¶m Aj¶ËVoÀ¶m (Conservation) À¶m {Z¶‘mZwgma amgm{¶ZH$ g‘rH$aUo

Zoh‘r g§Vw{bV AgVmV.
• Á¶m A{^{H«$¶oV CîU D$Om© hr A{^{H«$¶H$mÛmao emofë¶m OmVo Ë¶mbm CîUmJ«mhr

A{^{H«$¶m åhUVmV Am{U Cî‘mXm¶r A{^{H«$¶oV A{^{H«$¶H$mÛmao CîUVm gmoS>br
OmVo.

• amgm¶{ZH$ g‘rH$aU g§Vw{bV Z H$aVm ’$º$ ‘wbÐì¶mMo {MÝh Am{U nXmWm©À¶m
aoUwMo gwÌ Agob Ë¶mbm ‘wio g‘rH$aU åhUVmV.

• amgm¶{ZH$ g‘rH$aUmbm g§Vw{bV H$aVm§Zm ‘wbÐì¶mMo {MÝh Am{U {‘lUmMo gwÌ
~XbV Zmhr ’$º$ Ë¶mÀ¶m ghJwUH$mV ~Xb hmoVmo.

• ghJwUH$ ho nwU©g§»¶oV AgVo.

I..... g§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZ
1. g§Vw{bV amgm¶{ZH$ g‘rH$aUmdéZ Vwåhmbm H$moUVr ‘m{hVr {‘iVo.
2. amgm`{ZH$ g_rH$aUm§Zm g§VwcrV H$m H$amdo?
3. g‘rH$aUm§Zm g§Vw{bV H$am.

4.4g  x 22.4L
44g = 2.24L

4.4g  x 6.023 x 1023

44g
= 6.023 x 1022  aoUw

AmnU H$m` {eH$cmo?AmnU H$m` {eH$cmo?AmnU H$m` {eH$cmo?AmnU H$m` {eH$cmo?AmnU H$m` {eH$cmo?

_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX

A{^{H«$`mH$maHo$, CËnmXrHo$, Cî_mXm`r A{^{H«$`m, Cî_mJ«mhr A{^{H«$`m, amgm`{ZH$
g§̀ moJ, amgm`{ZH$ AnKQ>Z, {dñWmnZ A{^{H«$`m, Xþhoar {dñWmnZ A{^{H«$`m,
AmŠgrS>rH$aU, úmnU, úmaU, IdQ>nUm, àogrnrQ>oeZ (gmH$m), AmŠgrS>rH$aU

 Aä¶mgmV gwYmaUm H$am Aä¶mgmV gwYmaUm H$am Aä¶mgmV gwYmaUm H$am Aä¶mgmV gwYmaUm H$am Aä¶mgmV gwYmaUm H$am
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agm`{ZH$ A{^{H«$`m Am{U g_rH$aUo32 dJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dm

a) NaOH   +   H2SO4         Na2SO4   +   H2O
b) KClO3      KCl    +   O2

c) Hg (NO3)2  +   KI     Hg I2  +  KNO3

4. Imbrb am¶m{ZH$ A{^{H«$¶oMo A{^{H«$¶m H$maH$mMr ^m¡{VH$ AdñWm Am{U CË¶mXHo$ {bhþZ
g‘rH$aUmbm g§Vw{bV H$am?
a) C6H12O6

–––––     C2H5OH + CO2

b) NH3 +   Cl2
–––––  N2 + NH4Cl

c) Na +    H2O –––––  NaOH +H2

II..... g§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZ
1. Imbrb g‘rH$aUmbm {MÝhmV Xe©dwZ amgm¶{ZH$ g‘rH$aU g§Vw{bV H$am.

a) H°$ëer`_ hm`S´>mŠgmBS> (aq) + Zm`Q´>rH$ Amåc (aq)  nmUr (l) + H°$ëer`_ Zm`Q´>oQ> (aq)

b) _°¾o{e`_ (s) + Am`moS>rZ (g)  _°¾|{e_` Am`moS>rZ. (s)

2. Imcrc A{^{H«$ ògmR>r nXmWm©À`m ^m¡{VH$ AdñWogh amgm`{ZH$ g_rH$aU g§VwcrV H$am?(AS1)

a) gmoS>r`_ ŠcmoamBS>Mr hm`S´>moŠcmoarH$ Amåcmer {H«$`m homD$Z gmoS>r`_ ŠcmoamBS> Am{U nmUr
V`ma hmoVo.

b) ~oar`_ ŠcmoamBS>er gmoS>r`_ gë\o$Q>À`m Oc ẁº$ ÐmdUmMr {H«$`m hmoD$Z Z {daKiUmam
~oar`_ gë\o$Q> Am{U gmoS>r`_ ŠcmoamBS>Mo Oc ẁº$ X«mdU òVo.

3. H$m°na gë’o$Q> ÐmdUmgmo~V nmoQ>°{e¶‘ gë’o$Q> Am{U A‘mo{Z¶‘ Zm¶Q´>oQ>Mr doJdoJir {H«$¶m Ho$br.
darb A{^{H«$¶ogmR>r g§Vw{bV g‘rH$aU {bhm.

III.  Cƒ {dMma loUrMo àíZ.  Cƒ {dMma loUrMo àíZ.  Cƒ {dMma loUrMo àíZ.  Cƒ {dMma loUrMo àíZ.  Cƒ {dMma loUrMo àíZ
1. CuCl2 gwÌmMo 6.023 x 1022  ÐmdU Agbobo ³¶wàrH$ ³bmoamBS> gmo~V qPH$À¶m XmoZ aoUwgmo~V

{H«$¶m Ho$br. {H$Vr H$m°naMo aoUw [‘iVrb?
Zn (s) + Cucl2 (aq)  Zncl2 (aq) + Cu (s)

2. STP  bm XhZ da àmonoZ (C3H8) Mm EH$ aoUw A {H$bmo Á¶wg CîU D$Om© XoVmo. Va STP  bm XhZ
da àmonoZMm 2.4 brQ>a {H$Vr D$Om© ‘wº$ H$aVo?

3. 2.4 {H$.J«m. À¶m J«m’$mBQ>bm H$m~©ZS>m¶³gmBS>‘Ü¶o énm§Va H$aÊ¶mgmR>r STP  da Am°³grOZMo
{H$Vr dñVw‘mZ KZ’$imMr Amdí¶H$Vm Amho?
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7 ì`m dJm©V Vwåhr Amåco, AëH$cr (Amåcmar) Am{U úmmam~Ôc {eH$cmV.
 AmåcmMr Md Am§~Q> AgVo Am{U {Zù`m {cQ>_g H$mJXmcm cmc H$aVo.

AëH$cr(Amåcmar)cm ñne© Ho$ë`mg Vo Kgaë`m gmaIo dmQ>Vo Am{U Vo cmc {cQ>_gcm
{Zim H$aVmo.

EImXm ì`º$s AmåcnrÎm `m g_ñ òZo J«ñV Pmë`mg Vmo A±Q>mgrS> Q>m°{ZH$ qH$dm
MKiÊ¶mMr Jmoir KoVmo.
• ¶m‘wio H$moUVo amgm¶{ZH$ {H«$¶m KS>Vo?

{ZgJm©V AmT>iUmao {cQ>_g, cmc H$mo~rMm AH©$, hiXrMo ÐmdU, a§JrV \w$cm§À`m
nmH$irMm AH©$ Á`m_Ü ò H$_Omoa (Aeº$) Amåc qH$dm AëH$cr g§~§YrV a§JrV aoUw
AgVmV. `mMm Cn`moJ Amåc- Amåcmar Xe©Ho$ åhUwZ ÐmdUmMr AmåcVm qH$dm
AëH$crMm ñd^md emoYÊ`mgmR>r hmoVmo. `m gmo~V {_WmB©c Am°aoO(methyl orange)
Am{U {\$ZmßWcrZ (phenolphthalein) gmaIo amgm`{ZH$ Xe©Ho$ gwÜXm Amåc -
AmåcmarÀ`m ñd^mdmMo n[aúmU H$aÊ`mgmR>r Cn`moJmV òVmV.

`m YS>çmV Amåc-Amåcmar (AëH$cr) À`m A{^{H«$`o ~Ôc Vwåhr Aä`mg H$aUma
AmhoV. Amåc Amåcmar H$go VQ>ñW H$aVmV? Amnë`m X¡Z§{XZ {OdZmV Cn`moJ H$aUmè`m
H$mhr _OoXma H¥$Vr AmnU nmhmVmo. ̀ mMm gwÜXm AmnU Aä`mg H$aUma AmhmoV.

AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?
{cQ>_g ÐmdU ho {cMoZ nmgwZ H$mT>coco Amho. {cMoZ (lichen) Mm Wm`mo\$m`Q>mer g§~§Y

Amho. `mMm dmna Xe©Ho$ åhUwZ hmoVmo. VQ>ñW ÐmdUmV {cQ>_gMm a§J Om§^im AgVmo.
hm`Ś>moOr`m(Hydrangea) noQw>{Z`m Am{U Ooao{Z`_(Petunia and Geranium) ̀ m gma»`m \w$cm§Mm
a§JrV nmH$ù`mMm Cn`moJ Xe©Ho$ åhUwZ hmoVmo.

Amåco, Amåcmar Am{U úmma
3
YS>mYS>mYS>mYS>mYS>m

(Acids, Bases and Salts)
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Amåco, AëH$cr Am{U cdUo34 dJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dm

A

Amåc Am{U AmåcmarMo amgm`{ZH$ JwUY_©Amåc Am{U AmåcmarMo amgm`{ZH$ JwUY_©Amåc Am{U AmåcmarMo amgm`{ZH$ JwUY_©Amåc Am{U AmåcmarMo amgm`{ZH$ JwUY_©Amåc Am{U AmåcmarMo amgm`{ZH$ JwUY_©
{d{dY à`moJemioVrc nXmWm©M| Xe©Ho$ gmo~V à{V{H«$`m

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr  1
{dkmZ à`moJemioVwZ Imcrc Z_wZo Jmoim H$am. hm`S´>moŠcmoarH$ Amåc (HCl),

gë\w$arH$ Amåc (H2SO4), Zm`Q´>rH$ Amåc (HNO3), EgrQ>rH$ Amåc (CH3COOH),
gmoS>r`_ hm`S´>mŠgmB©S>  (NaOH), H°$ëer`_ hm`S´>mŠgmB©S>  [Ca(OH)2], _°½Zo{e`_
hm`S´>mŠgmB©S> [Mg(OH)2],A_moZr`_ hm`S´>mŠgmB©S> (NH4OH) Am{U nmoQ>°{e`_
hm`S´>mŠgmB©S> (KOH), darc nXmWm©Mo {dac ÐmdU V`ma H$am.

Mma dm°M ½cmg ¿`m Am{U n{hë`m ÐmdUmMm EH$ W|~ àË`oH$ dm°M ½cmg _Ü`o
Q>mH$m Am{U ÐmdUmMo n[aúmU Imcrc à_mUo H$am.
i. n{hë`m dm°M ½cmg _Ü ò {Zim {cQ>_gMm H$mJX ~wS>dm
ii. Xþgè`m dm°M ½cmg _Ü ò cmc {cQ>_gMm H$mJX ~wS>dm.
iii. {Vgè`m dm°M ½cmg _Ü`o {_WmB©c Am°aoOMm W§§o~ Q>mH$m Am{U
iv. Mm¡Ï`m dm°M ½cmg _Ü`o {\$ZmßWcrZMm Wo~ Q>mH$m.

Ë`mÀ`m a§JmÀ`m ~XcmMo {Z[aúmU H$am Am{U  Vº$m - 1 _Ü`o Z_wX H$éZ Ë`mMo
{Z[aúmU H$am.

Vº$mVº$mVº$mVº$mVº$m-1

• Vº$m-1 _Yrc Z_wX Ho$coë`m {Z[aúmUmdéZ Vwåhr H$m` {ZîH$f© H$mT>Vm?
• Z_wÝ`mMr AmoiI AmåcmVm  qH$dm Amåcmar ÐmdU åhUwZ H$am.

Amåc Am{U AmåcmarÀ`m _mÜ`_mV ~XcUmao H$mhr nXmW© AmhoV Ë`mg Amoë\$ŠQ>ar
Xe©Ho$ (olfactory indicators) Ago åhUVmV.

Aem àH$maÀ`m H$mhr Xe©H$m§gmo~V H$m_ H$é `m.

Z_wZm ÐmdUZ_wZm ÐmdUZ_wZm ÐmdUZ_wZm ÐmdUZ_wZm ÐmdU cmc {cQ>_gMmcmc {cQ>_gMmcmc {cQ>_gMmcmc {cQ>_gMmcmc {cQ>_gMm
H$mJXH$mJXH$mJXH$mJXH$mJX

{Zim {cQ>_gMm{Zim {cQ>_gMm{Zim {cQ>_gMm{Zim {cQ>_gMm{Zim {cQ>_gMm
H$mJXH$mJXH$mJXH$mJXH$mJX

{\$ZmßWcrZMo{\$ZmßWcrZMo{\$ZmßWcrZMo{\$ZmßWcrZMo{\$ZmßWcrZMo
ÐmdUÐmdUÐmdUÐmdUÐmdU

{_WmB©c Am°ao§O{_WmB©c Am°ao§O{_WmB©c Am°ao§O{_WmB©c Am°ao§O{_WmB©c Am°ao§O
ÐmdUÐmdUÐmdUÐmdUÐmdU

1 HCl
2 H2SO4

3 HNO3

4 CH3COOH
5 NaOH
6 KOH
7 Mg(OH)2

8 NH4OH
9 Ca(OH)2

A.H«$.A.H«$.A.H«$.A.H«$.A.H«$.

(Chemical properties of Acids and Bases)
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H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr  2
- Mm§Jë`m [aVrZo H$mncoë`m H$m§ÚmÀ`m VwH$S>çm§Zm EH$m ßcmñQ>rH$ {nedrV

H$mnS>mgmo~V R>odm. Ë`m {nedrcm KÅ> ~m§YwZ amÌ^a {\«$O_Ü ò R>odm. AmVm
Ë`m H$mnS>mÀ`m VwH$S>çmcm Amåc Am{U AmåcmarÀ`m n[aúmUmgmR>r Cn`moJ
H$é eH$Vmo.

- H$mnS>çmÀ`m VwH$S>çmÀ`m dmgmMr VnmgUr H$am.
- Ë`mn¡H$s EH$m VwH$S>çmda {dac hm`S´>moŠcmoarH$ AmåcmMo HCl  H$mhr W|~

Q>mH$m. Xþgè`m H$mnS>mÀ`m VwH$S>çmda {dac NaOH Mo W|~ Q>mH$m.
- XmoÝhr H$mnS>mÀ`m VwH$S>çm§Zm doJdoJio CÜd©nmVZ Ho$coë`m nmÊ`mZo YwVë`mZ§Va

Ë`m§À`m dmgmMr VnmgUr H$éZ [Z[aúmUmMr Zm|X H$am.
- H$mhr à_mUmV c§dJm§Mo Voc Am{U dZrcm gwdmgrH$ Ðì` ¿`m.
- EH$m n[aúmm ZirV {dac HCl Am{U Xþgè`m n[aúmm ZirV {dac  NaOH

¿`m. XmoÝhr n[aúmm ZirV {dac dZrcm gwJ§YrV Ðdmcm {_idwZ Mm§Jco
hcdm. Ë`mÀ`m dmgmMr n[aúmm H$éZ Vw_À`m {Z[aúmUmMr Zm|XUr H$am.

- {dac HCl Am{U {dac NaOH À`m _XVrZo cd§JmÀ`m VocmÀ`m ~Xcoë`m
dmgmMo n[aúmU H$am Am{U Vw_À`m {Z[aúmUmMr Zmo§X H$am.

Vw_À`m {Z[aúmUmdéZ H$m§Xm, d{Zcm gw§JYrV (vanilla essence) Ðd Am{U
c§dJmMo Voc(clove oil)  `mn¡H$s H$moUVo Am°ë\°$ŠQ>ar gwMH$ åhUwZ dmnaVmV.
• darc H¥$VrdéZ Vwåhr H$m` {ZîH$f© H$mT>mc?
• X¡Z§{XZ {OdZmV Am°ë\°$ŠQ>ar gwMH$mMm Cn`moJ H$i{dUmao CXmhaU Vwåhr XoD$

eH$Vm H$m? Vw_À`m {eúmH$m§Mr MMm© H$am.
cmoUMo Am{U Am§~Q> nXmW© {nVimÀ`m Am{U Vm§~mÀ`m nmÌmVgmR>m H$éZ H$m R>odV Zmhr?
Amåc Am{U Amåcmarer YmVwMr A{^{H«$`mAmåc Am{U Amåcmarer YmVwMr A{^{H«$`mAmåc Am{U Amåcmarer YmVwMr A{^{H«$`mAmåc Am{U Amåcmarer YmVwMr A{^{H«$`mAmåc Am{U Amåcmarer YmVwMr A{^{H«$`m

à`moJemim H¥$Vrà`moJemim H¥$Vrà`moJemim H¥$Vrà`moJemim H¥$Vrà`moJemim H¥$Vr

AmH¥$Vr-1: OñVmÀ`mAmH¥$Vr-1: OñVmÀ`mAmH¥$Vr-1: OñVmÀ`mAmH¥$Vr-1: OñVmÀ`mAmH¥$Vr-1: OñVmÀ`m
IS>çmMo {dac IS>çmMo {dac IS>çmMo {dac IS>çmMo {dac IS>çmMo {dac HCl er er er er er
{H«$`m Am{U OiË`m{H«$`m Am{U OiË`m{H«$`m Am{U OiË`m{H«$`m Am{U OiË`m{H«$`m Am{U OiË`m
AmJH$mS>rZo hm`S´>moOZAmJH$mS>rZo hm`S´>moOZAmJH$mS>rZo hm`S´>moOZAmJH$mS>rZo hm`S´>moOZAmJH$mS>rZo hm`S´>moOZ

dm`wMo n[aúmUdm`wMo n[aúmUdm`wMo n[aúmUdm`wMo n[aúmUdm`wMo n[aúmU

OñVmMo IoS>o

HCl H2

hm`S´>moOZdm ẁMo n[aúmU

S>rcrìhar Zir

gm~mZmMo nmUr

ñQ>±S>

n[aúmm Zir
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Amåco, AëH$cr Am{U cdUo36 dJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dm

A

Amdí`H$ gm_wJ«r Amdí`H$ gm_wJ«r Amdí`H$ gm_wJ«r Amdí`H$ gm_wJ«r Amdí`H$ gm_wJ«r :  n[aúmm Zir, {S>crdar Q>çw~, H$mMoMr CWi nmÌ,
_oU~Îmr, gm~ZmMo nmUr, {dac HCl, Am{U OñVmMo IS>o(XmUo)

nÜXV nÜXV nÜXV nÜXV nÜXV : AmH¥$Vr - 1 _Ü ò XmI{dë`mà_mUo CnH$aUmcm OmoS>m.
- 10 _r.cr. {dac  HCl  n[aúmm ZirV Q>mH$m Am{U Ë`mV H$mhr OñVmMo XmUo

{_idm.
- OñVmÀ`m n¥ð>^mJmda Vw_À`m {Z[aúmUmg H$m` Amco?
- _wº$ Pmcocm dm ẁ gm~ZmÀ`m nmÊ`mgmo~V nmR>dm.
- gm~UmÀ`m ÐmdUmV ~wS>~wS>o H$m {Z_m©U hmoVmV?
- dm ẁ g_moa EH$ OiVr _oU~Îmr Ý`m.
- Vwåhmcm H$m` {XgwZ `oVo.
Vw_À`m cúmmV ̀ oB©c H$s, _wº$ Pmcocr hdm Q>n Agm AmdmO {Z_m©U H$aV OiVo

`mdéZ OiUmam dm`w hm`S´>moOZ H2 Amho Ago gm§Jw eH$Vmo.
darc H¥$Ë`mMr amgm`{ZH$ A[^{H«$`m Imcr Amho.
Amåc          +   YmVw     úmma             +     hm`S´>moOZ
2 HCl (aq)   +   Zn(s)     Zn Cl2 (aq)    +     H2 (g)

darc à`moJ  H2SO4 Am{U HNO3 ̀ m gma»`m AmåcmMm dmna H$éZ nwÝhm H$am.
• Vwåhr `m g§X^m©V H$m` {Z[aúmU Ho$co?
darc H¥$VrdéZ Vwåhr {ZîH$f© H$mTw> eH$Vm H$s, Ooìhm Amåc YmVwer {H«$`m H$aVo.

Voìhm H2 dm ẁ _wº$ homVmo.
gmdYmZ gmdYmZ gmdYmZ gmdYmZ gmdYmZ : `m H¥$VrgmR>r {eúmH$m§Mr _XV Amdí`H$ Amho.

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr   3

OñVmMo H$mhr XmUo Ë`mn¡H$s EH$ n[aúmm ZirV KoD$Z Ë`mV 10 _r.cr. gmoS>r`_
hm`S´>mŠgmB©S>Mo (NaOH) ÐmdU {_idm. n[aúmm Zircm Vmndm.

Cacoë`m nm`è`m H¥$Vr -2 _Yrc nm`è`m à_mUoM H$am Am{U Vw_À`m {Z[aúmUmMr
Zm|X H$am.

`m H¥$Vr_Ü`o gwÜXm _wº$ hmoUmam dm`w hm`S´>moOZ (H2) Amho. Am{U V`ma Pmcoco
úmma ho gmoS>r`_ qPHo$Q> Amho. ho Vw_À`m cúmmV `oVo.

hr amgm`{ZH$ {H«$`m Imcrc à_mUo {c{hVm `oVo.
2 NaOH    +   Zn       Na2 ZnO2    +    H2

                                                   (gmoS>r`_ qPHo$Q>)

Aer amgm`{ZH$ {H«$`m gd© YmVwer hmoUo eŠ` Zmhr.
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H$m~m}ZoQ> Am{U cmoh hm`S´>moOZ H$m~m}ZoQ>Mr Amåcmer {H«$`mH$m~m}ZoQ> Am{U cmoh hm`S´>moOZ H$m~m}ZoQ>Mr Amåcmer {H«$`mH$m~m}ZoQ> Am{U cmoh hm`S´>moOZ H$m~m}ZoQ>Mr Amåcmer {H«$`mH$m~m}ZoQ> Am{U cmoh hm`S´>moOZ H$m~m}ZoQ>Mr Amåcmer {H«$`mH$m~m}ZoQ> Am{U cmoh hm`S´>moOZ H$m~m}ZoQ>Mr Amåcmer {H«$`m
H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr 4

• XmoZ n[aúmm Zù`m ¿`m Am{U Ë`mda  A Am{U B Zmdo Úm. A  n[aúmm ZirV 0.5
J«. gmoS>r`_ H$m~m}ZoQ> (Na2CO3) Am{U B
n[aúmm ZirV 0.5 J«. gmoS>r`_ hm`S´>moOZ
H$m~m}ZoQ> (NaHCO3) ¿`m.

• XmoÝhr n[aúmm ZirV 2 _r.cr. {dac
hm`S´>moŠcmoarH$ Amåc (HCl) {_idm.

• Vw_À`m {Z{aúmUmg H$m` Amco?

• AmH¥$Vr 2 _Ü ò XmI{dë`mn«_mUo XmoÝhr n[aúmm
ZirVwZ CËnÞ Pmcocm dm`w MwÝ`mÀ`m {Zdir
ìXmao AmV nmR>dm.

darc H¥$Vr_Yrc hmoUmar A{^{H«$`m Imcrc à_mUo
Amho.

Na2 CO3 (S)  +  2 HCl (aq)   2 NaCl (aq)  +  H2O (l) + CO2 (g)

NaHCO3 (S)  +  HCl (aq)     NaCl (aq)   +  H2O (l) + CO2 (g)

_wº$ Pmcocm dm`w MwÝ`mÀ`m {ZdirìXmao nmR>drë`mg

Ca (OH)2 (aq) +  CO2 (g)  CaCO3     +     H2O (l)

(nm§T>am Adúmon)

A{YH$ à_mUmV H$m~©Z S>m`AmŠgmB©S> nmR>{dë`m_wio Imcrc A{^{H«$`m KSw>Z òVmo.

CaCO3 (S) +   H2O (l) + CO2 (g)        Ca (HCO3)2 (aq)

                                                              (gmoS>r`_ nmÊ`mV {daKiVo.)

Aem VèhoZo darc H¥$Ë`mdéZ Vwåhr {ZîH$f© H$mTw> eH$Vm H$s, cmoh H$m~m}ZoQ> Am{U
hm`S´>moOZ H$m~m}ZoQ> Amåcmer {H«$`m hmoD$Z Ë`m§À`m úmamer H$m~©Z S>m`AmŠgmB©S>
Am{U nmUr V`ma hmoVo. AmnU `m amgm`{ZH$ A{^{H«$`mÀ`m gm_mÝ` énmcm Imcr
XmI{dë`mà_mUo {chþ eH$Vmo.

cmoh H$m~m}ZoQ>  + Amåc     úmma  + H$m~©Z S>m` AmŠgmB©S>  + nmUr

cmoh hm`S´>moOZ H$m~m}ZoQ>  + Amåc     úmma  + H$m~©Z S>m` AmŠgmB©S>  + nmUr

AmH¥$Vr-2: AmH¥$Vr-2: AmH¥$Vr-2: AmH¥$Vr-2: AmH¥$Vr-2:  Ca(OH)2 ÐmdUmVwZ ÐmdUmVwZ ÐmdUmVwZ ÐmdUmVwZ ÐmdUmVwZ CO2

dm`w OmUodm`w OmUodm`w OmUodm`w OmUodm`w OmUo

[dac HCl
Amåc

CO2  dm`w

~wM

ñQ>±S>
Thistle
Zagmio

{S>crìhar Zir

n[aúmm Zir

Na2CO3

Ca(OH)2
ÐmdU
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Amåco, AëH$cr Am{U cdUo38 dJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dm

A

CXm{gZrH$aU {H«$`m CXm{gZrH$aU {H«$`m CXm{gZrH$aU {H«$`m CXm{gZrH$aU {H«$`m CXm{gZrH$aU {H«$`m (Neutralization reaction)

HHHHH¥¥ ¥¥ ¥$Vr$Vr$Vr$Vr$Vr  5

Amåc - Amåcmar(CXm{gZrH$aU) A{^{H«$`m Amåc - Amåcmar(CXm{gZrH$aU) A{^{H«$`m Amåc - Amåcmar(CXm{gZrH$aU) A{^{H«$`m Amåc - Amåcmar(CXm{gZrH$aU) A{^{H«$`m Amåc - Amåcmar(CXm{gZrH$aU) A{^{H«$`m Acid – base (Neutralization) reaction

EH$m n[aúmm ZirV 2 _r.cr. {dac  NaOH  ÐmdU KoD$Z Ë`mV {\$ZmoßWcrZ
Xe©H$mMm EH$ W|~ {_idm. Ë`mV hmoUmè`m a§J namdV©ZmMo {Z[aúmU H$am.

 -  darc ÐmdUmV {dac HCl W|~ W|~ Q>mH$V Om. Ë`m ÐmdUmÀ`m a§JmV H$mhr
~Xc Pmcm Amho H$m?

• HCl {_i{dë`mZ§Va Ë`m ÐmdUmMm a§J H$m ~XcVmo?
- AmVm darc {_lUmV NaOH Mo EH$ qH$dm XmoZ W|~ Q>mH$m.

• Jwcm~r a§J nwÝhm naV `oVmo H$m?
• Jwcm~r a§J nwÝhm `oUmÀ`m H$maUmMm Vwåhr A§XmO cmdw eH$Vm H$m?

darc H¥$Vr _Ü`o Vwåhmcm {XgwZ `oVo H$s,  HCl {_i{dë`mZ§Va Jwcm~r a§J
Zmhrgm hmoVmo H$maU  NaOH Zo nwU©nUo  HCl er {H«$`m Ho$cr Amho. Amåcm_wio
AmåcmarMm à^md Zï> homVmo.  NaOH {_i{dë`mg Jwcm~r a§J nwÝhm {XgwZ ̀ oVmo H$maU
Vo ÐmdU nwÝhm EH$Xm Amåcmar ~ZVo. darc H¥$Vr _Yrc Amåc Am{U Amåcmar _Yrc
hmoUmè`m {H«$`ocm Imcrc àH$mao {chþ eH$Vmo.

NaOH (aq)    +     HCl (aq)           NaCl (aq) + H2O (l)

AmåcmMr Amåcmarer Pmcoë`m {H«$`o_wio úmma Am{U nmUr V`ma hmoVo. `mcmM
CXm{gZrH$aU Ago åhUVmV.

Amåcmar   +   Amåc   úmma    +   nmUr

cmoh AmŠgmB©S>Mr Amåcmer A{^{H«$`m cmoh AmŠgmB©S>Mr Amåcmer A{^{H«$`m cmoh AmŠgmB©S>Mr Amåcmer A{^{H«$`m cmoh AmŠgmB©S>Mr Amåcmer A{^{H«$`m cmoh AmŠgmB©S>Mr Amåcmer A{^{H«$`m Reaction of metal oxides with acids

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr  6
• EH$m M§MwnmÌmV H$mhr à_mUmV H$m°na AmŠgmB©S> KoD$Z Ë`mV {dac hm`S´>moŠcmoarH$

Amåc hiwhiw {_i{dV T>dim. ÐmdUmV hmoUmè`m ~XcmMo [Z[aúmU H$am.
• ÐmdUmÀ`m a§JmMr Zm|X H$am.

{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am

• E§Q>m{gS> JmoirV AgUmam nXmW© Amåc Y_r© Amho H$m Amåcmar Y_u Amho?
• E§Q>m{gS> Jmoir KoVë`mZ§Va nomQ>mV H$moUË`m àH$mamMr {H«$`m KS>Vo?
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• darc {H«$`oV Vwåhmcm H$m` {Z[aúmUmg Amco?
M§MwnmÌmV Agcoco H$m°na AmŠgmB©S>, {dac  HCl  _Ü`o {daKiVo Am{U Ë`m

ÐmdUmMm a§J {Ziga {hadm hmoVmo. `m hmoUmè`m ~XcmMo H$maU Ë`m {H«$`oV V`ma
hmoUmam H$m°na (II) ŠcmoamBS> Amho. gmYmaU  cmoh AmŠgmB©S> Am{U Amåcm_Yrc {H«$`m
Imcrc n«_mUo {c{hVm `oVo.

cmoh AmŠgmB©S>    +  Amåc     úmma   +   nmUr
H$m°na AmŠgmBS> Am{U HCl _Yrc A{^{H«$ òMo g_rH$aU {chþZ Ë`mg g§VwcrV H$am.
darc A{^{H«$`oV cmoh AmŠgmBS>Mr Amåcmer {H«$`m hmoD$Z úmma Am{U nmUr

{_iVo. hr A{^{H«$`m Amåcmar Am{U AmåcmÀ`m {H«$`o gmaIrM Amho. ho AmnU H¥$Vr
1 _Ü`o nm{hcoV.
• H¥$Vr -5 Am{U 6 déZ Vwåhr H$m` {ZîH$f© H$mT>cm?

XmoÝhr A{^[H«$`oV úmma Am{U nmUr ho CËnmXrVo AmhoV. cmoh AmŠgmBS> Am{U cmoh
hm`S´>moBS>Mr Amåcmer {H«$`m Pmcr. Voìhm cdUo Am{U nmUr {_iVo. AemVèhoZo AmnU
{ZîH$f© H$mT>Vmo H$s, cmoh AmŠgmBS> ho cmoh hm`S´>mŠgmB©S> gmaIo Amåcmar Y_u
AgVmV.
AYmVw AmŠgmBS>Mr Amåcmarer A{^{H«$`mAYmVw AmŠgmBS>Mr Amåcmarer A{^{H«$`mAYmVw AmŠgmBS>Mr Amåcmarer A{^{H«$`mAYmVw AmŠgmBS>Mr Amåcmarer A{^{H«$`mAYmVw AmŠgmBS>Mr Amåcmarer A{^{H«$`m

Vwåhr H¥$Vr-4 _Ü ò H$m~©Z S>m`AmŠgmBS> Am{U H°$ë`er`_ hm`S´>mŠgmBS> (MwÝ`mMr
{Zdir) `m _Yrc A[^{H«$`m nm{hcr. H°$ëer`_ hm`S´>mŠgmBS> hr Amåcmar H$m~©Z
S>m` AmŠgmBS>er {H«$`m H$éZ úmma Am{U nmUr V`ma hmoVo. hr A{^{H«$`m Amåc Am{U
Amåcmar _Yrc H¥$Vr A{^{H«$`o gmaIrM Amho. AemVèhoZo AmnUmg {ZîH$f© H$mT>Vm
òVo H$s,  H$m~©Z S>m`AmŠgmB©S> hm AYmVw AmŠgmBS> Amho, Am{U Vmo AmåcY_u

ñd^mdmMm AgVmo. gmYmaUVm:gd© AYmVw AmŠgmB©S> AmåcY_u ñd^mdmMo AgVmV.

AmåcmV H$m` g_mB©H$ Amho? AmåcmV H$m` g_mB©H$ Amho? AmåcmV H$m` g_mB©H$ Amho? AmåcmV H$m` g_mB©H$ Amho? AmåcmV H$m` g_mB©H$ Amho? (What do acids have in common?)
 AmVm n ª̀V Vwåhr Amåcmcm EH$mM àH$maMo amgm`{ZH$ JwUY_© AgVmV ho

nm{hcoV. à`moJH¥$VrV Vwåhr {Z[aúmU Ho$co H$s, Amåc YmVwer {H«$`m H$éZ hm`S´>moOZ
dm`w CËnÞ H$aVmo.  åhUwZ hm`S´>moOZ hm gd© AmåcmMm gm_mB©H$ _wcÐd Amho.

{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am

• Vwåhmcm CÜd©nmVZ nmUr Amåc Am{U Amåcmar ÐmdU Agcoë`m VrZ n[aúmm Zù`m {Xcoë`m
Amho. Vwåhmcm \$º$ {Zim {cQ>_g H$mJX {Xcm AgVm. àË`oH$ n[aúmm ZirVrc KQ>H$ Vwåhr
H$go AmoiIVm?

• AmåcmMr YmVwer {H«$`m hmoD$Z H$moUVm dm`w ~mhoa nS>Vmo? `m dm`wMr CnpñWVr Vwåhmcm
H$er _m{hVr hmoVo?

• H°$ëer`_ g§`wJo {dac hm`S´>moŠcmoarH$ Amåcmer {H«$`m hmoD$Z \w$cmoam(effervescence)
~ZVo. `m A{^{H«$`oV gmoS>cocm dm`w OiUmè`m _oU~Îmrcm {dP{dVo. Am{U MwÝ`mÀ`m
{Zdircm XþYmgmaIr ~Z{dVo. `m A{^{H«$`oV `oUmao EH$ g§`wJo H°$ëer`_ ŠcmoamB©S> Agë`mg
KS>coë`m {H«$`ogmR>r g§VwcrV g_rH$aU {chm.SCERT T
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Amåco, AëH$cr Am{U cdUo40 dJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dm

A

hm`S´>moOZ Agcocr gd© Amåc AmhoV. qH$dm Zmhr `mMm emoY KoÊ`mgmR>r EH$ H¥$Vr
H$é.

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr  7
½cwH$moO, AmëH$mohmoc, hm`S´>moŠcmoarH$ Amåc Am{U gë\w$arH$ Amåc BË`mXrMo

ÐmdU V`ma H$am.
XmoZ {^Þ a§JmÀ`m {dÚwV Vmaocm J«m\$mB©Q>À`m N>S>ter doJdoJio OmoS>m `mcm

AmH¥$VrV XmI{dë`m à_mUo 100 _r.cr. M§MwnmÌmV R>odm.
VmaoÀ`m [aH$må`m Q>moH$mg 230 voltsÀ`m  AC  ßcJcm OmoS>m Am{U AmH¥$Vr 3

_Ü ò XmI{dë`m à_mUo EH$m Vmaocm ~ë~ OmoSw>Z {dÚwV dc`mcm nwU© H$am.
AmVm H$mhr à_mUmV {dac HCl M§MwnmÌmV AmoVwZ {dÚwV ~Q>Z Mmcw H$am.

• Vwåhmcm H$m` AmT>iwZ òVo?
hr H¥$Vr {dac gë\w$arH$ Amåc, ½cwH$moO Am{U

AmëH$mohmocMo ÐmdU doJdoJio KoD$Z nwÝhm H$am.
• Vwåhmcm H$m` {XgwZ òVo?
• gd© g§X^m©V ~ë~ àH$meVmo H$m?

Vw_À`m cúmmV `oVo H$s, \$º$ Amåc X«mdUmVM
~ë~ àH$meVmo. Vmo ½cwH$moO Am{U AmëH$mohmocÀ`m
ÐmdUmV àH$meV Zmhr. àH$meUmam ~ë~ ho gw{MV
H$aVo H$s, Ë`m ÐmdUmV {dÚwV àdmh Amho. Amåc
ÐmdUmV Am`Z AgVmV Am{U `m Am`ZmÀ`m
hmcMmcr_wio `m ÐmdUmg {dÚwV àdmh dmhÊ`mg
_XV {_iVo.

HCl _Yrc YZ Am`Z  H+Amho. ̀ mdéZ Amåc
hm`S´>moOZ Am`Z  H+ ÐmdUmV {Z_m©U H$aVo. ho Ë`m
Amåcr` JwUY_m©gmR>r H$maUr ŵV R>aVo. ½cwH$moO Am{U
AmëH$mohmoc _Ü ò ~ë~ àH$meV Zmhr.`mdéZ Ë`m

ÐmdUmV  H+  CnpñWV Zgë`mMo Xe©{dVo. AmåcmMr AmåcVm Ë`m ÐmdUmV Zgë`mMoo
Xe©{dVo. AmåcmMr AmåcVm Ë`m ÐmdUmV {Z_m©U Pmcoë`m  H+ Am`ZmZo {ZYm©arV
H$aVo.
Amåcar (AëH$cr) Mo JwUY_© Amåcar (AëH$cr) Mo JwUY_© Amåcar (AëH$cr) Mo JwUY_© Amåcar (AëH$cr) Mo JwUY_© Amåcar (AëH$cr) Mo JwUY_© (Properties of Bases)

AmåcmarV H$m` gm_mB©H$ AgVo? AmåcmarV H$m` gm_mB©H$ AgVo? AmåcmarV H$m` gm_mB©H$ AgVo? AmåcmarV H$m` gm_mB©H$ AgVo? AmåcmarV H$m` gm_mB©H$ AgVo? (What do Bases have in common? )

gmoS>r`_ hm`S´mŠgmBS> H°$ëe`r_ hm`S´>mŠgrS>Mo ÐmdU Amåc ÐmdUm EodOr KoD$Z
H¥$Vr -7 nwÝhm H$am.
• ~ë~ àH$m{eVmo H$m?
• `m H¥$VrÀ`m n[aUm_m déZ Vwåhr H$m` {ZîH$f© H$mT>Vm?

230 dmoëQ> ~ë~

M§§MwnmÌ

J«m\$mB©S>Mr N>S>r
{dac HCl ÐmdU

AmH¥$Vr-3: Amåc ÐmdUmVrc {dÚwVAmH¥$Vr-3: Amåc ÐmdUmVrc {dÚwVAmH¥$Vr-3: Amåc ÐmdUmVrc {dÚwVAmH¥$Vr-3: Amåc ÐmdUmVrc {dÚwVAmH¥$Vr-3: Amåc ÐmdUmVrc {dÚwV
àdmhàdmhàdmhàdmhàdmh

AC ßcJ
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\$º$ Oc`wº$ AmåcmÀ`m ÐmdUmV Am`Z CËnÞ hmoVmV Mcm n[aúmU H$é\$º$ Oc`wº$ AmåcmÀ`m ÐmdUmV Am`Z CËnÞ hmoVmV Mcm n[aúmU H$é\$º$ Oc`wº$ AmåcmÀ`m ÐmdUmV Am`Z CËnÞ hmoVmV Mcm n[aúmU H$é\$º$ Oc`wº$ AmåcmÀ`m ÐmdUmV Am`Z CËnÞ hmoVmV Mcm n[aúmU H$é\$º$ Oc`wº$ AmåcmÀ`m ÐmdUmV Am`Z CËnÞ hmoVmV Mcm n[aúmU H$é
H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr 8

- ñdÀN> Am{U gwH$coë`m n[aúmm ZirV 100 J«. KZ NaCl ¿`m.
- n[aúmm ZirV g§hV gcâ ẁarH$ Amåc {_idm.

• Vwåhmcm H$m` {XgwZ ̀ oVo? {S>crìhar ZcrHo$VwZ dm`w ~mhoa nS>Vmo H$m? darc
A{^{H«$ ògmR>r amgm`{ZH$ g_rH$aU {chw `m.

2NaCl(s)   +    H2SO4(l)     2HCl(g)    +  Na2SO4(s)

_yº$ homUmè`m dm`wMo n[aúmU gwH$coë`m Am{U Amoë`m {Zù`m {cQ>_g H$mJXmZo
H$am. H$moUË`m g§X^m©V {cQ>_g H$mJXmMm a§J ~XcVmo?
• darc {Z[aúmUmdéZ Vwåhr H$m` {ZîH$f© H$mT>mc?

H$moaS>m HCl  dm ẁ hm Amåc Zmhr H$maU H$moaS>çm {cQ>_g H$mJXmMm a§J ~Xccm
Zmhr. na§Vw Oc ẁº$ HCl ÐmdU Amåc homVo H$maU {Zù`m {cQ>_g Mm a§J ~XcwZ cmc
homVo.

{eúmH$m§Zm gwMZm {eúmH$m§Zm gwMZm {eúmH$m§Zm gwMZm {eúmH$m§Zm gwMZm {eúmH$m§Zm gwMZm :  dmVmdaU X_Q> Agë`mg {ZKUmÀ`m dm`wcm H$moaS>m
H$aÊ`mgmR>r Ë`mcm H°$ëer`_ ŠcmoamB©S> Agcoë`m {ZO©crH$aU ZirìXmao nmR>dmdo.
• {S>crìhar ZirÀ`m Vm|S>mer Pmcoë`m {H«$`oMo amgm`{ZH$ g_rH$aU Vwåhr {chþ

eH$Vm H$m?
à¶moJ emioV ¿¶md¶mMr H$miOr à¶moJ emioV ¿¶md¶mMr H$miOr à¶moJ emioV ¿¶md¶mMr H$miOr à¶moJ emioV ¿¶md¶mMr H$miOr à¶moJ emioV ¿¶md¶mMr H$miOr :  Imbrb {MÌmMo {ZarjU H$am. ¶mnmgwZ

Vwåhmbm H$m§hr g‘ñ¶m {XgVo H$m? O|ìhm Vwåhr g§hV$ ÐmdUmMm dmna H$aVm, Ë¶mdoiog
n[ajm Zirbm YaUmam {M‘Q>m dmnaUo A{V ‘hËdmMo Amho. ho ZwgVo hmVmZo dmnaUo Iwn
Ymo³¶mMo Amho.

{S>crìhar ZirOdi _wº$ Pmcocm {dac HCl dm ẁ nmÊ`mÀ`m g_úm {dMarV
hmoD$Z hm`S´>moOZ Am`Z {Z_m©U H$aVmo. nmÊ`mÀ`m AZwn[ñWV HCl  À`m  aoUwMo {dMaU
KS>V Zmhr.

AmH¥$Vr-4: AmH¥$Vr-4: AmH¥$Vr-4: AmH¥$Vr-4: AmH¥$Vr-4: HCl dm`wMr {Z_uVrdm`wMr {Z_uVrdm`wMr {Z_uVrdm`wMr {Z_uVrdm`wMr {Z_uVr

  n[aúmm Zir

NaCl

  n[aúmm Zir
~wM
  {S>crìhar Zir

Amocm {cQ>_g H$mJX

  e§ŠdmH¥$Vr
nmÌmVrc g§hV

H2SO4
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Amåco, AëH$cr Am{U cdUo42 dJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dm

A

nmÊ`mV HCl Mo {dMaU Imcr XmI{dcoo Amho.
HCl   +   H2O       H3O

+  +  Cl-
(aq)

hm`S´>moOZ Am`Z ñdV§Ì Am`Zm gmaIo amhV Zmhr Vo nmUmÀ`m aoUwer EH${ÌV ̀ oD$Z
Oc ẁº$ Am`Z ~ZVmV. n«Ë òH$  H+  Am`Zcm 4 Vo 6 nmÊ`mMo aoUw {MH$Q>coco AgVmV.
H+  Am`Zcm hm`S´>mo{Z`_ Am`Z  H3O

+åhþUZ AmnU Xe©{dVmo.

H+   +    H2O    H3O
+

Amåc nmÊ`mV  H3O
+ qH$dm H+ (aq) dm`w§Zm XoVmV.

EH$m Amåcmar nmÊ`mV {daKi{dë`mg H$m` hmoVo Vo nmhþ `m.

              H2O
NaOH (s)      –––––              Na + 

(aq) + OH – (aq)

            H2O
KOH (s)      –––––              K + 

(aq)  +  OH – (aq)

              H2O
Mg (OH) 2(s)    –––––          Mg2 (aq) + 2OH – (aq)

nmÊ`mV Amåcmarcm {daKi{dë`mg hm`S´>mŠgmB©S> Am`Z (OH-) V`ma hmoVmV.
nmÊ`mV {daKiUmè`m AmåcmarZm AëH$cr (alkalis) åhUVmV. gd© Amåcmar nmÊ`mV
{daKiV Zmhr.  Be(OH)2 H$mhr à_mUmV nmÊ`mV {daKiVmo.

H¥$Vr H¥$Vr H¥$Vr H¥$Vr H¥$Vr  9

-  EH$m n[aúmm ZirV 10 _r.cr. nmUr ¿`m.
-  g§hV H2SO4 Mo H$mhr W|~ Ë`m ZirV Q>mH$m Am{U n[aúmm Zircm hiwhiw hcdm.
-   n[aúmmZirÀ`m ~wS>mcm ñne© H$am.
• Vwåhmcm H$m` dmQ>Vo?

• hr Cî_mXm`r {H«$`m Amho H$m? Cî_mJ«mhr n«{H«$`m Amho?
H2SO4 EodOr gmoS>r`_ hm`S´>mŠgmB©S> KoD$Z darc H¥$Vr nwÝhm H$am

Am{U Vw_À`m {Z[aúmUmMr Zm|X H$am.
 Amåcm§Zm qH$dm AmåcmatZm nmÊ`mV {daKi{dÊ`mÀ`m n«{H«$`ocm

Cî_mXm`r à{H«$`m ({H«$`m) åhUVmV. g§hV Zm`Q´>rH$ Amåc qH$dm
g§hV gcâ ẁarH$ Amåc nmÊ`mV {_i{dVm§Zm H$miOr KoVcr nm{hOo.
T>diUrÀ`m gmhmæ`mZo Amåcmcm Zoh_r nmÊ`mV hiw hiw {_i{dco
nm{hOo. Ooìhm nmUr g§hV AmåcmV {_i{dVmo Voìhm CîUVm CËnÞ
hmoVo. Vr S>moù`m§Zm Am{U M_m©cm hmZrH$maH$ AgVo. OmñV CîUVo_wio

AmH¥$Vr -5: g§hV AmåcAmH¥$Vr -5: g§hV AmåcAmH¥$Vr -5: g§hV AmåcAmH¥$Vr -5: g§hV AmåcAmH¥$Vr -5: g§hV Amåc
Am{U AmåcmarÀ`m nmÌmdaAm{U AmåcmarÀ`m nmÌmdaAm{U AmåcmarÀ`m nmÌmdaAm{U AmåcmarÀ`m nmÌmdaAm{U AmåcmarÀ`m nmÌmda
{c{hcoco gmdYmZrMo {MÝh{c{hcoco gmdYmZrMo {MÝh{c{hcoco gmdYmZrMo {MÝh{c{hcoco gmdYmZrMo {MÝh{c{hcoco gmdYmZrMo {MÝh

Amåc qHd m Am åcma r § Z m  n m Ê` mV {_i{dë` mg H $ m` KS w > Z  ` oV ` mM o  H $ m aU V w åh rAm åc qHd m Am åcma r § Z m  n m Ê` mV {_i{dë` mg H $ m` KS w > Z  ` oV ` mM o  H $ m aU V w åh rAm åc qHd m Am åcma r § Z m  n m Ê` mV {_i{dë` mg H $ m` KS w > Z  ` oV ` mM o  H $ m aU V w åh rAm åc qHd m Am åcma r § Z m  n m Ê` mV {_i{dë` mg H $ m` KS w > Z  ` oV ` mM o  H $ m aU V w åh rAm åc qHd m Am åcma r § Z m  n m Ê` mV {_i{dë` mg H $ m` KS w > Z  ` oV ` mM o  H $ m aU V w åh r
{Z [ aú mU H $ a m .{Z [ aú mU H $ a m .{Z [ aú mU H $ a m .{Z [ aú mU H $ a m .{Z [ aú mU H $ a m .
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Vo M§MwnmÌ gwÜXm \w$Qw> eH$Vo. AmH¥$Vr 5 _Ü`o$ XmI{dcoë`m YmoŠ`mÀ`m gwMZoMo {MÝh
g§hV gcâ ẁarH$ Amåc Am{U gmoS>r`_ hm`S´>mŠgmB©S>À`m {e{eda nmhm.

nmÊ`mV Amåc Am{U Amåcmar {_i{dë`mg Am`ZMo g§hVm  (H3O +/OH– )  EH$
EH$H$ à{V KZ\$imZr H$_r hmoVo. Aem à{H«$`ocm {dacU åhUVmV Am{U Amåc Am{U
Amåcarcm gm¡å` H$aUo åhUVmV.

Vwåhr Amåc Am{U Amåcmar ÐmdUmÀ`m ~cmMm {ZU©` H$gm cmdmc?
Mcm _m{hV H$é `m.

Amåc qH$dm AmåcmarMr eº$s(~c) Amåc qH$dm AmåcmarMr eº$s(~c) Amåc qH$dm AmåcmarMr eº$s(~c) Amåc qH$dm AmåcmarMr eº$s(~c) Amåc qH$dm AmåcmarMr eº$s(~c) (Strength of acid or base)

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr 10
EH$ Amåc gm¡å` qH$dm g~c Amho ho _m{hV H$aÊ`mMr n[aúmm
- A Am{U B XomZ M§MwnmÌ ¿`m.
- A M§MwnmÌ gm¡å` CH3 COOH (hm`S´>moŠcmoarH$ Amåc ) Am{U B M§MwnmÌmV

gm¡å` HCl (hm`S´>moŠcmoarH$ Amåc) ¿`m.
- H¥$Vr - 7 _Ü`o dmnacoë`m CnH$aUmMr _m§S>Ur H$am. doJdoJù`m M§MwnmÌmV

{dÚwV àdmhmMo àgmaU H$am.
• Vwåhmcm H$m` {XgwZ òVo?
• Vw_À`m {Z[aúmUmVrc ~XcmÀ`m H$maUm§Mm A§XmO cmdw eH$Vm H$m?

HCl ÐmdUmÀ`m Cn`moJ H$ococm ~ë~ àIa VoOmZo àH$memVo na§Vw EgrQ>rH$
AmåcmÀ`m Cn`moJ H$aUmao ÐmdUmÀ`m ~ë~Mr àIaVm H$_r hmoVo. `mdéZ {ZXe©Zmg
`oVo H$s,  HCl ÐmdUmV OmñV Am`Z AgVmV Am{U EogrQ>rH$ AmåcmÀ`m ÐmdUmV
H$_r Am`Z AgVmV. HCl ÐmdUmV OmñV Am`Z Amho. åhUOo OmñV H3O

+  Am`Z
Amho. åhUwZ ho gm¡å` Amåc Amho.

darc H¥$Ë`m§Zm AmåcmEodOr gm¡å` gmoS>r`_ hm`S´>mŠgmB©S>  NaOH (sodium
hydroxide) Am{U gm¡å` NH4OH (ammonium hydroxide) Am_moZr`_ hm`Ś>mŠgmB©S>
KoD$Z H$éZ nmhm.
• Vwåhmcm H$m` {Z[aúmUmg `oVo? Vw_À`m {Z[aúmUmMo dU©Z H$am.

gmd©{ÌH$ Amåc-Amåcmar gwMrHo$Mm dmna H$éZ Xþ~©c d g~c Amåc AmåcmatZm
AmoiIVm ̀ oVo. gmd©{ÌH$ gw{MH$m hr {H$Ë`oH$ gw{MH$m§Mo {_lU Amho. gmd©{ÌH$ gw{MH$m
ÐmdUmVrc doJdoJù`m hm`S´>moOZ Am`ZmMr g§hVo déZ doJdoJù`m aJmZm XmI{dVo.

{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am

• HCl, HNO3 BË`mXr g§`wJmÀ`m Oc`wº$ ÐmdUmV AmåcVm d¡{eï>o H$m XmI{dVmV Am{U
AmëH$mohmoc Am{U ½cwH$moO `mgmaIr g§`wJo AmåcVm d¡{eï>o H$m XmI{dV Zmhr.

• g§hV Amåcmcm gm¡å` AmåcmV ~XcÊ`mgmR>r nmÊ`mV Amåcmcm {_i{dco nm{hOo. na§Vw
AmåcmV nmUr {_idw Z`o.
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Amåco, AëH$cr Am{U cdUo44 dJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dm

A

pH ñHo$c ñHo$c ñHo$c ñHo$c ñHo$c (pH scale)

ÐmdUmVrc hm`S´>moOZ Am`ZMr g§hV {Vd«Vm _moOÊ`mgmR>r dmnaUmè`m ñHo$ccm
pH ñHo$c Ago åhUVmV. (‘p’ åhUOo n§moQ>oP§ O_©Z ^mfoV nmoQ>§oP åhUOo eº$r  (pH)
EH$m ÐmdUmMr pH  qH$_V Ë`mÀ`m Amåc AmåcarÀ`m ñd^mdmcm gwM{dUmar EH$
g§»`m hmò .

 CXmgrZ ÐmdUmMo pH - 7 Amho.  pH  ñHo$cda 7 noúmm H$_r qH$_V Xe©{dUmao
ÐmdU AmåcVm ÐmdU Amho. pH qH$_V 7 nmgwZ 14 n ª̀V dmT>{dë`g Vr Ë`m
ÐmdUmVrc H3O

+ À`m Am`ZmÀ`m {Vd«Vocm H$_r H$aUo OH– Am`ZÀ`m {Vd«Vocm
dmT>{dUo Xe©{dVo. ÐmdUmMr pH qH$_V ‘7’ noúmm OmñV Agë`mg Ë`m ÐmdUmcm
Amåcmar åhUVmV.

Imcrc AmH¥$Vr nmhm.

H¥$Vr H¥$Vr H¥$Vr H¥$Vr H¥$Vr 11

- {Xcoë`m VŠË`mVrc {cQ>_g H$mJX dmnéZ ÐmdUmMr  pH Mr qH$_V H$mT>m.
- Vº$m - 2 _Yrc {Vgè`m ñV§^mVrc Vw_À`m {Z[aúmUmMr Zm|X H$am.
- ÐmdUmMo gmd©{ÌH$ gwMH$ dmnéZ ñV§̂  4 _Yrc pH  qH$_V A§XmOo {chþZ

ñnï> H$am.
• Vw_À`m {Z[aúmUmdéZ àË òH$ nXmWm©Mm ñd^md H$gm Amho Vo H$idm?SCERT T
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ÐmdUmVrc H3O
+  Am`Zmda [H§$dm CËnÞ Pmcoë`m OH–  Am`Z da Amåc qH$dm

AmåcmarMr eº$s {Z^©a H$aVo. Oa AmnU gmaIrM g§hV Agcocm hm`S´>moŠcmoarH$
Amåc Am{U EgQ>rH$ Amåc KoVë`mg Vo doJdoJir g§hV Agcoco hm`S´>moOZ Am`Zo
CËnmXrV H$aVmV. OmñV H3O

+  Am`Z XoUmè`m Amåcmcm g~c Amåc åhUVmV.
Am{U H$_r H3O

+ Am`Z XoUmè`m Amåcmcm Xþ~©c Amåc Ago åhUVmV. g~c Amåcmar
Am{U Xþ~©c Amåcmar ~Ôc Vwåhr A§XmO cmdw eH$Vm H$m?

VQ>ñW (CXmgrZ)VQ>ñW (CXmgrZ)VQ>ñW (CXmgrZ)VQ>ñW (CXmgrZ)VQ>ñW (CXmgrZ)AmåcAmåcAmåcAmåcAmåc AëH$crAëH$crAëH$crAëH$crAëH$cr
g~cg~cg~cg~cg~c Xþ~©cXþ~©cXþ~©cXþ~©cXþ~©c Xþ~©cXþ~©cXþ~©cXþ~©cXþ~©c g~cg~cg~cg~cg~c

AmH¥$Vr-7:AmH¥$Vr-7:AmH¥$Vr-7:AmH¥$Vr-7:AmH¥$Vr-7: d¡îdrH$ Xe©H$mV {d{dY a§JmìXmao XmI{dcocr Mr d¡îdrH$ Xe©H$mV {d{dY a§JmìXmao XmI{dcocr Mr d¡îdrH$ Xe©H$mV {d{dY a§JmìXmao XmI{dcocr Mr d¡îdrH$ Xe©H$mV {d{dY a§JmìXmao XmI{dcocr Mr d¡îdrH$ Xe©H$mV {d{dY a§JmìXmao XmI{dcocr Mr  pH qH$_V qH$_V qH$_V qH$_V qH$_V

A.H«$.A.H«$.A.H«$.A.H«$.A.H«$. ÐmdUÐmdUÐmdUÐmdUÐmdU a§JrV a§JrV a§JrV a§JrV a§JrV  pH
H$mJXH$mJXH$mJXH$mJXH$mJX

pH Mr A§XmOoMr A§XmOoMr A§XmOoMr A§XmOoMr A§XmOo
qH$_VqH$_VqH$_VqH$_VqH$_V

nXmWm©MmnXmWm©MmnXmWm©MmnXmWm©MmnXmWm©Mm
ñd^mdñd^mdñd^mdñd^mdñd^md

1 HCl
2 CH3COOH

3 NH4Cl
4 CH3COONa

5 NaHCO3

6 Na2CO3

7 NaOH
8 (CÜd©nmVZ Ho$coco nmUr) Distilled water

9 {c§~mMm ag
10 Jm§OamMm ag
11 H$m°\$s
12 Q>_mQ>çmMm ag
13 ZimMo nmUr
14 Ho$irMm ag
15 a§J{hZ nò
16 cmi(OodZmAmYr)
17 cmi (OodZmZ§Va)

Vº$mVº$mVº$mVº$mVº$m -2

SCERT T
ELA

NGANA



Amåco, AëH$cr Am{U cdUo46 dJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dm

A

AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?

{dac Amåc Am{U AmåcarÀ`m
H+ Am`ZMr F$UmË_H$ eº$s H$mTw>Z
Q>mH$Ê`mgmR>r gmoaoZgZ Zr  pH Mr
g§H$ënZm n[aMrV Ho$cs ̀ m [H+]  Am`Z
Agcoë`m ÐmdUmcm hr  pH ñHo$c
_`m©XrV AgVo.

pH  ñHo$c gmYmaUVm 0-14 n ª̀V
AgVo. H+.Am`ZMr g§hV {Vd«Vm
Xe©{dVo CXmhaUmV ewÝ` pH  qH$_Vrda
hm`Ś>mo{Z`_ Am`ZMr g§hV [Vd«Vm EH$
_omcma AgVo. nmÊ`mV H$mhr ÐmdUmMr
H+ Am`ZMr g§hV 1 M (pH=0)
Am{U 10-14 M (pH=14) ̀ m _Ü ò ̀ oVoo.
AmH¥$Vr 8 _Ü`o gmYmaU ÐmdUmMo pH
Mo ñWmZ XmI{dco Amho.

~°°Q>ar_Yrc
Amåc

qc~mMo ag

nmdgmMo ewÜX nmUr
(H2O in equilibrium

with atmospheric
CO2VmOo ewÜX nmUr

g_wÐmMo nmUr

ImÊ`mMm gmoS>m
(NaHCO3 ÐmdU)

KaJwÎmr Am_mo{Z`m
(NH3)

 (NaOH ÐmdU )

H$nS>o YwÊ`mMm gmoS>m
(NaClO ÐmdU )

J«mñQ>rH$ ÐmdU
gmoS>m nmUr

{dZoJma
g§Í`mMo ag
{~a
H$m°\$s
A§S>çmVrc nm§T>am ̂ mJ

XþY
aº$

_°¾o{e`_
[Mg(OH)2]
ÐmdU

X¡Z§{XZ {OdZmV X¡Z§{XZ {OdZmV X¡Z§{XZ {OdZmV X¡Z§{XZ {OdZmV X¡Z§{XZ {OdZmV pH Mo _hËd Mo _hËd Mo _hËd Mo _hËd Mo _hËd (Importance of pH in everyday life)

1.  amonQ>o Am{U n«mÊ`m§Mo amonQ>o Am{U n«mÊ`m§Mo amonQ>o Am{U n«mÊ`m§Mo amonQ>o Am{U n«mÊ`m§Mo amonQ>o Am{U n«mÊ`m§Mo pH gdoX§Z{ec AgVo H$m?gdoX§Z{ec AgVo H$m?gdoX§Z{ec AgVo H$m?gdoX§Z{ec AgVo H$m?gdoX§Z{ec AgVo H$m?
{Od AgUmao gd© àmUr  pH qH$_VrV ñdën ~XcmZo _mÌ OJV AgVmV. Ooìhm

nmdgmÀ`m nmÊ`mMm pH  5.6 noúmm chmZ AgVmo. Ë`mcm AmåcmMm nmD$g (acid
rain) åhUVmV. Ooìhm AmåcmÀ`m nmdgmMo nmUr ZXrV {_iVo Voìhm ZXrÀ`m nmÊ`mÀ`m
pH Mr qH$_V H$_r hmoVo. Aem nmÊ`mV OJUmè`m àmÊ`m§Mo OJUo H${R>U hmoVo.

AmH¥$Vr-8: ÐmdU Am{U Ë`m§MrAmH¥$Vr-8: ÐmdU Am{U Ë`m§MrAmH¥$Vr-8: ÐmdU Am{U Ë`m§MrAmH¥$Vr-8: ÐmdU Am{U Ë`m§MrAmH¥$Vr-8: ÐmdU Am{U Ë`m§Mr
pH ñHoo$cda _m§S>Ur Xe©{dUmaoñHoo$cda _m§S>Ur Xe©{dUmaoñHoo$cda _m§S>Ur Xe©{dUmaoñHoo$cda _m§S>Ur Xe©{dUmaoñHoo$cda _m§S>Ur Xe©{dUmao

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr

{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am

• Amnë`m earamV  pH Mr qH$_V dmT>ë`mg H$m` hmoVo?
• {Od§V àmÊ`m§Mr pH _`m©Xm Iwn H$_r H$m AgVo?
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2.  pH     _Yrc ~Xc X§Vúm`m_wio hmoVo H$m?_Yrc ~Xc X§Vúm`m_wio hmoVo H$m?_Yrc ~Xc X§Vúm`m_wio hmoVo H$m?_Yrc ~Xc X§Vúm`m_wio hmoVo H$m?_Yrc ~Xc X§Vúm`m_wio hmoVo H$m?
 pH [H§$_V 5.5 noúmm H$_r Pmë`mg X§Vúm` gwé hmoVmo. XmVmda EH$ A{Ycon

AgVmo. Vmo Amnë`m earamVrc H${R>U nXmW© H°$ëer`_ \$mñ\o$Q>Zr ~ZVmo. Vmo nmÊ`mV
{daKiV Zmhr, na§Vw Vm|S>mVrc  pH qH$_V 5.5 noúmm H$_r Pmë`mg X§Vúm` gwé hmoVmo.
VmoS>mV AS>H$coco AÞ H$U Am{U gmIaoÀ`m AY:nVZm_wio Vm|S>mV Agcoco gwú_O§Vw
Amåc CËnÞ H$aVmV. ̀ mMm à{V~§Y H$aÊ`mgmR>r OodZmZ§Va Vmo§S> YwUo hm Mm§Jcm Cnm`
Amho. Qw>WnoñQ>À`m gmhmæ`mZo A{YH$ à_mUmV Agcoco Amåc CXm{gZ H$éZ X§Vúm`mnmgwZ
g§aúmU H$aVo.
3.   Amnë`m nmMZ g§ñWoV Amnë`m nmMZ g§ñWoV Amnë`m nmMZ g§ñWoV Amnë`m nmMZ g§ñWoV Amnë`m nmMZ g§ñWoV pH Mr ^w{_H$mMr ^w{_H$mMr ^w{_H$mMr ^w{_H$mMr ^w{_H$m

nmMZ {H«$`oV Amnë`m nmoQ>mV hm`S´>moŠcmoarH$ Amåc CËnÞ hmoVo. ho Amnë`m
nomQ>mcm hmZr Z H$aVm AÞmMo nMZ hmoÊ`mgmR>r _XV H$aVo. AnMZmV nomQ>mV OmñV
à_mUmV Amåc V`ma Pmë`m_wio nmoQ>mV XþIUo, Am{U MwaMwa H$aUo Ago dmQ>Vo. ho XþIUo
Xþa hmoÊ`mgmR>r _mUwg EZQ>m{gS> `m AmåcmarMm Cn`moJ H$aVmo. ho EÝQ>mgrS> nmoQ>mVrc
OmñV n«_mUmV CËnÞ Pmcoë`m Amåcmcm VQ>ñW (CXm{gZ) H$aÊ`mgmR>r _°¾o{e`_
hm`S´>mŠgmB©S> ({_ëH$ Am°\$ _°¾o{e`m) ZmdmÀ`m gm¡å` AmåcmarMm Cn`moJ H$aVmV.

H¥$Vr H¥$Vr H¥$Vr H¥$Vr H¥$Vr  12
- EH$m M§MwnmÌmV gm¡å` HCl ¿`m. Am{U Ë`mV XmoZ qH$dm VrZ {_Woc Ama|OMo

W|~ Q>mH$m. ÐmdUmÀ`m a§JmMr Zm|X H$am.
- M§MwnmÌmVrc ÐmdUmV EÝQ>mgrS> nmdS>a {_idm. AmVm ÐmdUmV Pmcoë`m

a§JmÀ`m ~XcmMo {Z[aúmU H$é.
• `m ÐmdUmMm a§J ~XcÊ`mMo H$maU H$m`?
• `m A{^{H«$ ògmR>r amgm`{ZH$ g_rH$aU Vwåhr {chþ eH$Vm H$m?
4.   O_rZrMo O_rZrMo O_rZrMo O_rZrMo O_rZrMo pH

amonQ>çm§Zm Ë`mÀ`m Amaom½` dmT>rgmR>r {d{eï> pH  Mr JaO Amho. amonQ>çm§À`m
Amaom½` dmT>rgmR>r Amdí`H$ pH Mr qH$_V H$mT>Ê`mgmR>r, {d{dY OmJodéZ _mVrMo
Z_wZo Jmoim H$éZ Imcrc H¥$Vr_Ü`o {Xcoë`m à_mUo Ë`m _mVrÀ`m pH  [H§$_VrÀ`r
VmngUr H$am. Vwåhr Jmoim Ho$coë`m _mVrnmgwZ Ë`m àm§VmV H$moUË`m dZñnVrMo dmT>
homV Amho `mMr Zm|X H$am.

H$¥VrH$¥VrH$¥VrH$¥VrH$¥Vr 13
EH$m n[aúmm ZirV 2 J«. _mVr KoD$Z Ë`mV 5 _r.cr. nmUr {_idm. Ë`m n[aúmm

Zircm hcdm. Ë`m n[aúmm ZirVrc ÐmdUmcm JmiwZ Q>mH$m. Jmië`mZ§Va Ë`m
Adúmonmcm Xþgè`m n[aúmm ZirV Q>mH$m.

gmd©{ÌH$ gwMH$mÀ`m H$mJXmZo `m AdúmonmMm pH _m{hV H$am.
• Vw_À`m úmoÌmVrc aomnQ>çmÀ`m dmT>rgmR>r _mVrÀ`m pH qH$_Vr {df`r Vwåhr H$m`

{ZîH$f© H$mT>Vm?
• eoVH$ar eoVrÀ`m O_rZrV H$moUVr _mVr AgVm§Zm Ë`m _mVrV MwZIS>r qH$dm

H°$c{e`_ H$m~m}ZoQ> {_i{dVo.
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A

ñd`§aúmUmgmR>r amonQ>o(dZñnVr) àmUr agm`Zm§Zm Cn`moJ H$aVmV H$m?ñd`§aúmUmgmR>r amonQ>o(dZñnVr) àmUr agm`Zm§Zm Cn`moJ H$aVmV H$m?ñd`§aúmUmgmR>r amonQ>o(dZñnVr) àmUr agm`Zm§Zm Cn`moJ H$aVmV H$m?ñd`§aúmUmgmR>r amonQ>o(dZñnVr) àmUr agm`Zm§Zm Cn`moJ H$aVmV H$m?ñd`§aúmUmgmR>r amonQ>o(dZñnVr) àmUr agm`Zm§Zm Cn`moJ H$aVmV H$m?
 Vwåhmcm H$YrVar _Y_mer Mmdcr H$m? _mer Mmdë`mZ§Va Vr H$mQ>çmìXmao earamV

Amåc gmoS>Vo Ë`m_wio XþIVo Am{U MwaMwa H$aVo. _Y_mer Mmdcoë`m (X§e) OmJoda
ImÊ`mMm gmoS>m cmdë`mg Amam_ hmoVmo. ImOH$mo`crÀ`m Ho$gmgmaIr Zm§Jr A§Jmcm éVcr
AgVm _oWmZm°̀ rH$ Amåc (methanoic acid) earamV OmVo.
• Ë`m_wio earamg ImOdVo Am{U AmJ hmoVo. gmYmaUVm Aem g§X^m©V S>m°H$ ßcmQ>(dock

plant) À`m nmZmZo Ë`m OmJoda Kmgco AgVm Amam_ {_iVmo.
úmmam~Ôc _m{hVr úmmam~Ôc _m{hVr úmmam~Ôc _m{hVr úmmam~Ôc _m{hVr úmmam~Ôc _m{hVr (More about salts)

_mJÀ`m {d^mJmV AmnU Amåcmar Am{U AmåcmÀ`m CXm{gZr H$aU {H«$`oV úmma H$go
V`ma hmoVmV `mMm Aä`mg Ho$cm. úmmamMr V`mar Ë`m§Mo JwU_Y© Am{U Cn`moJm {df`r
_m{hVr H$é `m.

úmmamMo Hw$Q>§w~ úmmamMo Hw$Q>§w~ úmmamMo Hw$Q>§w~ úmmamMo Hw$Q>§w~ úmmamMo Hw$Q>§w~ (Family of salts)

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr      14
- Imcrc úmmamMr gwÌo {chm.
- nmoQ>°{e`_ gë\o$Q>, gmoS>r`_ gë\o$Q>, H°$ëer`_ gë\o$Q>, _°¾o{e`_ gë\o$Q>, H$m°na

gë\o$Q>, gmoS>r`_ ŠcmoamB©S>, gmoS>r`_ Zm`Q´>oS>, gmoS>r`_ H$m~m}ZoQ> Am{U Am_moZr`_
ŠcmoamB©S>.

- darc úmmamV H$moUVo Amåc Am{U H$moUVo Amåcmar AmhoV Vo AmoiIm.
- YZmË_H$ qH$dm F$UmË_H$ _wcH$ Agcoë`m úmmam§Zm EH$mM Hw§$Qw>§~mMo g_Oë`m

OmVo. CXmhaUmW© NaCl Am{U Na2SO4 hr gmoS>r`_ úmmamÀ`m Hw§$Qw>§~mer g§~§YrV
Amho. AemarVrZo NaCl, and KCl ho ŠcmoamBS> úmmam§À`m Hw§$Qw>~mer g§~YrV
Amho.

• AmUIr {H$Vr Hw$Qw>§~o `m úmmamV òVmV?
úmmamMr úmmamMr úmmamMr úmmamMr úmmamMr pH qH$_VqH$_VqH$_VqH$_VqH$_V

H¥$Vr H¥$Vr H¥$Vr H¥$Vr H¥$Vr 15
- gmoS>r`_ ŠcmoamB©S> Aë ẁ{_ZrA_ ŠcmoamBS>, H$m°na gë\o$Q>, gmoS>r`_ EgrQ>oQ>,

A_moZr`_ ŠcmoamBS>, gmoS>r`_ hm`S´>moOZ H$m~m}ZoQ> Am{U gmoS>r`_ H$m~m}ZoQ>
BË`mXrMo úmmamMo Z_wZo Jmoim H$am.

- Ë`m§Zm ñdoXZ nmÊ`mV {daKidm.
- `m ÐmdUmMr {cQ>_g H$mJXmMr {H«$`m nmhm.
- pH H$mJXmMm dmna (gmd©{ÌH$ gwMH$) H$éZ pH H$mT>m.
- Ë`mV AmåcY_u Am{U AmëH$cr Y_u qH$dm CXm{gZ úmmamV dJuH$aU H$am.
- darc úmma V`ma H$aÊ`mgmR>r dmnacoco Amåc Am{U Amåcmar AmoiIm.
- Imcr {Xcoë`m VŠË`mV Vw_À`m {Z[aúmUmMr Zom§X H$am.
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g~c AmåcmMr Am{U AmåcmarMr úmmao CXm{gZ AgVmV. Am{U Ë`m§Mr  pH
qH$_V 7 Amho. g~c AmåcmMr Am{U gm¡å` AmåcmarMo úmma AmåcY_u AgVmV Am{U
Ë`m§Mo pH qH$_V 7 noúmm H$_r AgVo.g~c Amåcm Am{U gm¡å` Amåcmar AmåcY_u
AgwZ Ë`mMrpH  7 noúmm OmñV Amho.
• gm¡å` Amåc Am{U gm¡å` AmåcmarÀ`m úmmam{df`r Vw_Mo åhUUo H$m` Amho?

Aem g§X^m©V  pH qH$_V ho AmåcmÀ`m n[aUm_r eº$s Am{U AmåcmarÀ`m
eº$sda Adc§~wZ AgVo.

gm_mÝ` úmmamnmgwZ V`ma hmoUmar agm`Uo gm_mÝ` úmmamnmgwZ V`ma hmoUmar agm`Uo gm_mÝ` úmmamnmgwZ V`ma hmoUmar agm`Uo gm_mÝ` úmmamnmgwZ V`ma hmoUmar agm`Uo gm_mÝ` úmmamnmgwZ V`ma hmoUmar agm`Uo Chemicals from common salt

úmma hr Am`ZrH$ g§`wJo AgwZ Vr Amåc Am{U AmåcmarÀ`m CXm{gZrH$aUm_wio
CËnÞ Pmcr Amho. úmma hr {dÚwVr` CXmgrZ AgVmV. AZoH$ úmmamn¡H$s \$º$ gmoS>r`_
ŠcmoamB©S> ho gm_mÝ` úmma AmhoV. gmoS>r`_ ŠcmoamBS> cm gm_Ý` AVr úmma qH$dm
ImÊ`mMo {_R> gwÜXm åhUVmV. AÞmMr Md dmT>{dÊ`mgmR>r gmoS>r`_ ŠcmoamBS>Mm
Cn`moJ H$aVmV.

g_wÐmÀ`m nmÊ`mV AZoH$ úmma {_icocr AgVmV. gmoS>r`_ ŠcmoamBS> ho daMT>
KQ>H$ AgwZ ̀ m úmmamnmgwZ doJio Ho$ë`mZo ho OJmV AZoH$ àm§VmV KZ gmoS>r`_Mm gmR>m
AmT>iwZ `oVmo. hm àM§S> ñ\$Q>rH$ énr gmR>m _crZ Pmë`m_wio hm Vn{H$ar a§JmMm
{XgVmo. `mcmM am°H$ gmëQ>(rock salt) åhUVmV.  _mJÀ`m H$mimV g_wÐmMo nmUr
AmQ>ë`m_wio JmXr gmaIo am°H$ gmëQ> V`ma Pmco. ho H$moiemgmaIo Im§XþZ H$mT>VmV. .

gm_mÝ` úmma ({_R>) agm`ZmMr H$ƒr gm_J«rgm_mÝ` úmma ({_R>) agm`ZmMr H$ƒr gm_J«rgm_mÝ` úmma ({_R>) agm`ZmMr H$ƒr gm_J«rgm_mÝ` úmma ({_R>) agm`ZmMr H$ƒr gm_J«rgm_mÝ` úmma ({_R>) agm`ZmMr H$ƒr gm_J«r
X¡Z§{XZ {OdZmV dmnaUmè`m {d{dY nXmWm©V gm_mÝ` {_R> ho A{Ve` _hËdmMm

H$ƒm nXmW© Amho. Ogo gmoS>r`_ hm`S´>mŠgmB©S>, ImÊ`mMm gomS>m, YwÝ`mMm gmoS>m,
ãctMrJ nmdS>a, BË`mXr. `m gd© {^Þ nXmWmªZm V`ma H$aÊ`mgmR>r EH$m nXmWm©Mm
Cn`moJ H$gm hmoVmo nmhþ `m.

gm_mÝ` {_R>mnmgwZ gmoS>r`_ hm`S´>mŠgmB©S> V`ma H$aUo.gm_mÝ` {_R>mnmgwZ gmoS>r`_ hm`S´>mŠgmB©S> V`ma H$aUo.gm_mÝ` {_R>mnmgwZ gmoS>r`_ hm`S´>mŠgmB©S> V`ma H$aUo.gm_mÝ` {_R>mnmgwZ gmoS>r`_ hm`S´>mŠgmB©S> V`ma H$aUo.gm_mÝ` {_R>mnmgwZ gmoS>r`_ hm`S´>mŠgmB©S> V`ma H$aUo.
Ooìhm gmoS>r`_ ŠcmoamBS>À`m Oc ẁº$ ÐmdUmVwZ {dÚwV àdmh OmVmo. Voìhm Ë`mMo

AnKQ>Z hmoD$Z gmoS>r`_ hm`S´>mŠgmBS> V`ma hmoVo. `m à{H«$ òV Šcmoa-AëH$cr à{H«$`m
(chlor-alkali process)H$maU ŠcmoarZgmR>r Šcmoa Am{U gmoS>r`_ hm`S´>moŠgmB©S>gmR>r
AëH$cr dmnacoV.

úmmaúmmaúmmaúmmaúmma pH AmåcY_uAmåcY_uAmåcY_uAmåcY_uAmåcY_u AmåcmarY_uAmåcmarY_uAmåcmarY_uAmåcmarY_uAmåcmarY_u CXmgrZCXmgrZCXmgrZCXmgrZCXmgrZ
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A

AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?
_rR> - ñdmV§Ì g§J«_mMo EH$ {MÝh _rR> - ñdmV§Ì g§J«_mMo EH$ {MÝh _rR> - ñdmV§Ì g§J«_mMo EH$ {MÝh _rR> - ñdmV§Ì g§J«_mMo EH$ {MÝh _rR> - ñdmV§Ì g§J«_mMo EH$ {MÝh :  _rR> hm

nXmWm©Mr Md dmT>{dUmam EH$ nXmW© Amho åhUwZ Vwåhr
AmoiIVm. ñdmV§Ì g§J«_mV cmoH$m§Zm àmoËgmhZ XoÊ`mgmR>r
{_R>mMr ñ_aUr` ̂ w{_H$m Amho. {~«Q>re emgZmZo gm_mÝ`
ImÚ nXmWm©da cmdcocm H$am_wio Jar~ Am{U lr_§VmZr
ñdmV§Í`mgmR>r EH$OwQ> hmoD$Z B§J«Om§er cT>Ê`mMm à`ËZ
Ho$cm.

Vwåhr _hmË_m Jm§Yr Xm§S>r _mM© (Dandi March)
{_R>mMm gË`mJ«h ̀ m ~Ôc EoH$coM Agmc. ̀ mMo ̂ maVmcm
ñdmV§Í` {_idwZ XoÊ`mgmR>r _moR>o `omJXmZ Amho.(salt
satyagraha).

2 NaCl ( aq) + 2H2O (l)     2 NaOH (aq) +  Cl2 (g) + H2 (g)

ŠcmoarZ dm`w A°ZomS> da hm`S´>moOZ dm`w H°$WmoS> Odi _wº$ hmoVo. H°$WmoS> Odi
gmoS>r`_ hm`S´>mŠgmB©S> ÐmdU V`ma hmoVo. ̀ m {H«$ òV {_imcoë`m VrZ CËnmXVm§Mm AZoH$
àH$mao Cn`moJ hmoVmo. (AmH¥$Vr - 9nmhm)

ãctMtJ nmdS>a ãctMtJ nmdS>a ãctMtJ nmdS>a ãctMtJ nmdS>a ãctMtJ nmdS>a (Bleaching Powder)

 gmoS>r`_ ŠcmoamBS>À`m Oc ẁº$ ÐmdUmMo {dÚwVr` {dKQ>Z hmoD$Z ŠcmoarZ V`ma
hmoVo, ho Vwåhmcm _m{hVM Amho. hm ŠcmoarZ dm`w pãc¨MrJ nmdS>aÀ`m V`marV dmnacm

AmH¥$Vr-9: Šcmoa, AmëH$cr à{H«$`o nmgwZ {_iUmar _hËdmMr CËnmXHo$AmH¥$Vr-9: Šcmoa, AmëH$cr à{H«$`o nmgwZ {_iUmar _hËdmMr CËnmXHo$AmH¥$Vr-9: Šcmoa, AmëH$cr à{H«$`o nmgwZ {_iUmar _hËdmMr CËnmXHo$AmH¥$Vr-9: Šcmoa, AmëH$cr à{H«$`o nmgwZ {_iUmar _hËdmMr CËnmXHo$AmH¥$Vr-9: Šcmoa, AmëH$cr à{H«$`o nmgwZ {_iUmar _hËdmMr CËnmXHo$

at Cathode at Anode

Fuels, margarine,
ammonia for fertilisers

Water treatment, swimming pools, PVC,
disinfectants, CFC’s, pesticides

HYDROCHLORIC ACID
For: cleaning steel, ammonium chloride, medicines, cosmetics

BLEACH (CaOCl2)
For: household bleahes, bleaching fabric

De-greasing metals, soaps and detergents,
paper making, artificial fibres

H2 Cl2 NaOH
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OmVmo. ŠcmoarZMr dmT>coë`m drar Jocoë`m MwÝ`mer  [Ca(OH)2]. {H«$`m hmoD$Z pãcMtJ
nmdS>a V`ma hmoVmo. pãc§MrJ nmdS>acm CaOCl2 `m gwÌmZo Xe©{dVmV.

Ca (OH)2  +  Cl2 CaOCl2  +  H2O

pãc¨MrJ nmdS>aMo Cn`moJ ({da§OH$ MwU©) pãc¨MrJ nmdS>aMo Cn`moJ ({da§OH$ MwU©) pãc¨MrJ nmdS>aMo Cn`moJ ({da§OH$ MwU©) pãc¨MrJ nmdS>aMo Cn`moJ ({da§OH$ MwU©) pãc¨MrJ nmdS>aMo Cn`moJ ({da§OH$ MwU©) Uses of Bleaching Powder:
1. H$mnS> CÚmoJmV H$mnwg Am{U VmJmMo {da§OZ H$aÊ`mgmR>r H$mJXmÀ`m Cn`moJmV

cmH$S>mÀ`m cJXmMo {da§OZ H$aÊ`mgmR>r Am{U cm§Ś>r emn _Ü ò YwVcoë`m H$nS>çm§Mm
{da§OZ H$aÊ`mgmR>r `mMm Cn`moJ hmoVmo.

2. amgm`{ZH$ CÚmoJ Y§ÚmV AmŠgrS>rH$maH$ åhUwZ Cn òmJ homVmo.
3. nmUr àXþfrV Z hmoÊ`mgmR>r nmÊ`mVrc H¥$_r _maÊ`mgmR>r `mMm Cn`moJ hmoVmo.
4.  Šcmoamo\$m_©À`m V`marV A{^H$maH$ åhUwZ dmnaVmV.

ImÊ`mMm gmoS>m ImÊ`mMm gmoS>m ImÊ`mMm gmoS>m ImÊ`mMm gmoS>m ImÊ`mMm gmoS>m (Baking soda)

H$Yr H$Yr AÞ cdH$a {eOÊ`mgmR>r ImÊ`mMm gmoS>m dmnaVmo. `m g§̀ wJmMo
amgm`{ZH$ Zmd gmoS>r`_ hm`S´>moOZ H$m~m}ZoQ> (NaHCO3) Amho. Ë`mg Imcrc à_mUo
V`ma H$aVmV.

NaCl + H2O + CO2 + NH3     NH4 Cl  +  NaHCO3

H¥$Vr-14 _Ü`o Ho$ë`mà_mUo gmoS>r`_ hm`S´>moOZ H$m~m}ZoQ>Mr pH qH$_V Vwåhr
_m{hV H$é eH$Vm H$m?  Amåcmcm CXm{gZ H$aÊ`mgmR>r NaHCO3 Mm dmna H$m
H$aVmV. `m H$maUm§Mm Vwåhr A§XmO cmdw eH$Vm H$m?

ImÊ`mMm gmoS>m ho úmaU Z hmoUmar Amåcmar Amho.
ñd`§nmH$ H$aVm§Zm Ooìhm Vo Ja_ homVo Voìhm Imcrc à_mUo {H«$`m KSw>Z `oVo.

        CîUVm
2NaHCO3    –––––         Na2CO3 + H2O+CO2

gmoS>r`_ hm`S´>moOZ H$m~m}ZoQ>Mo Cn`moJ gmoS>r`_ hm`S´>moOZ H$m~m}ZoQ>Mo Cn`moJ gmoS>r`_ hm`S´>moOZ H$m~m}ZoQ>Mo Cn`moJ gmoS>r`_ hm`S´>moOZ H$m~m}ZoQ>Mo Cn`moJ gmoS>r`_ hm`S´>moOZ H$m~m}ZoQ>Mo Cn`moJ Uses of sodium hydrogen carbonate
i) ImÊ`mMm gmoS>m ho gmoS>m Am{U Q>maQ>[aH$ Amåcm (tartaric acid)  gmaIm gm¡å`

ImÊ`mMo AmåcmnmgwZ V`ma Pmco Amho. Ooìhm ImÊ`mÀ`m gmoS>çmcm Ja_ Ho$ë`mg
qH$dm nmÊ`mV {_i{dë`mg Imcrc à_mUo A{^{H«$`m KSw>Z òVo.

NaHCO3 + H+      CO2 + H2O  +  AmåcmMo gmoS>r`_ cdUo.

`m {H«$ ò Xaå`mZ {ZKUmam H$m~©Z S>m`AmŠgmBS> dm ẁ ~«|S> qH$dm Ho$H$ ìXmao
{N>ÐmVwZ ~mhoa nS>ë`m_wio Vo _D$ ñn§O gmaIo homVo.

ii) gmoS>r`_ hm`S´>moOZ H$m~m}ZoQ> E§Q>mgrS>Mo KQ>H$ Amho. ho Xw~©c úmma Agë`mg
nmoQ>mVrc OmñV à_mUmV Agcoco Amåc CXm{gZ hmoD$Z Amam_ {_iVmo.

iii) A¾rem_H$ `§ÌmV, `mMm gmoS>m Amåc åhUwZ Cn`moJ hmoVmo.
iv) ho gm¡å` {dfmUw ZmeH$ Amho.
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A

YwÊ`mMm gmoS>m (gmoS>r`_ H$m~m}ZoQ>)YwÊ`mMm gmoS>m (gmoS>r`_ H$m~m}ZoQ>)YwÊ`mMm gmoS>m (gmoS>r`_ H$m~m}ZoQ>)YwÊ`mMm gmoS>m (gmoS>r`_ H$m~m}ZoQ>)YwÊ`mMm gmoS>m (gmoS>r`_ H$m~m}ZoQ>)Washing soda (sodium carbonate)
gmoS>r`_ ŠcmoamBS> nmgwZ {_iUmao Xþgao agm`Z YwÊ`mMm gmoS>m  Na2CO3. 10

H2O(washing soda) Amho. ImÊ`mÀ`m gmoS>m Ja_ Ho$ë`mg gmoS>r`_ H$m~m}ZoQ> V`ma
hmoVo. gmoS>r`_ H$m~m}ZoQ> nwZ: ñnï>rH$s^dZ Ho$ë`mg YwÊ`mMm gmoS>m V`ma hmoVmo. ho
gwÜXm EH$ úmma Amho.

Na2 CO3 + 10 H2O        Na2 CO3 .10 H2O

H$mhr Am¡Úmo{JH$ à{H«$`oV gmoS>r`_ H$m~m}ZoQ> Am{U hm`S´>moOZ H$m~m}ZoQ> Cn`omJr
AmhoV.
YyÊ`mÀ`m gmoS>çmMo Cn`moJ YyÊ`mÀ`m gmoS>çmMo Cn`moJ YyÊ`mÀ`m gmoS>çmMo Cn`moJ YyÊ`mÀ`m gmoS>çmMo Cn`moJ YyÊ`mÀ`m gmoS>çmMo Cn`moJ (Uses of Washing soda )
i) YwÊ`mÀ`m gmoS>çmMo Cn`moJ H$mM, gm~Z Am{U H$mJX BË`mXr Am¡Úmo{JH$ Y§ÚmV

homVmo.
ii) ~moa°Šg gma»`m gmoS>r`_ g§̀ wJmÀ`m V`marV `mMm Cn`moJ homVmo.
iii) KaJwVr Cn`moJmV dñVw§Zm ñdÀN> H$aÊ`mgmR>r gmoS>r`_ H$m~m}ZoQ>Mm Cn`moJ hmoVmo.
iv) nmÊ`mMm H$m`_Mm H${R>UnUm H$mT>Ê`mgmR>r `mMm Cn`moJ hmoVmo.
• 10 H2O H$m` Xe©{dVo?
• ho Na2CO3 cm Amocga H$aVo H$m?
• úmmamMr ñ\$Q>rHo$ IamoIa H$moaS>r AgVmV H$m?

Mcm _m{hV H$é `m.
ñ\$Q>rH$sH$aZmVrc nmUr ~mho H$mT>Uo ñ\$Q>rH$sH$aZmVrc nmUr ~mho H$mT>Uo ñ\$Q>rH$sH$aZmVrc nmUr ~mho H$mT>Uo ñ\$Q>rH$sH$aZmVrc nmUr ~mho H$mT>Uo ñ\$Q>rH$sH$aZmVrc nmUr ~mho H$mT>Uo Removing water of crystallisation

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr  16
- EH$m H$moaS>çm n[aúmm ZirV H$m°na gë\o$Q>Mr ñ\$Q>rHo$ KoD$Z Ë`m n[aúmm

Zircm Vmndm.
- Ja_ Ho$ë`mZ§Va H$m°na gë\o$Q>À`m

a§JmV H$moUVm ~Xc KoSy>Z Amcocm {XgVmo?
• n[aúmm ZirÀ`m ~mOwda nmÊ`mMo W§o~

Vwåhr nm{hcoV H$m? Vo H$moR>wZ Amco?
Vmn{dë`mZ§Va {_imcocm H$m°na
gë\o$Q>À`m Z_wÝ`mV XmoZ VrZ nmÊ`mMo
W|~ Q>mH$m.

• Vwåhmcm H$m` {XgwZ `oVo? H$m°na
gë\o$Q>Mm {Zim a§J naV ̀ oVmo H$m Vo
nmhm?

AmH¥$Vr-10: ñ\$Q>r{H$H$aUmVrcAmH¥$Vr-10: ñ\$Q>r{H$H$aUmVrcAmH¥$Vr-10: ñ\$Q>r{H$H$aUmVrcAmH¥$Vr-10: ñ\$Q>r{H$H$aUmVrcAmH¥$Vr-10: ñ\$Q>r{H$H$aUmVrc
nmUr ~mhoa H$mT>UonmUr ~mhoa H$mT>UonmUr ~mhoa H$mT>UonmUr ~mhoa H$mT>UonmUr ~mhoa H$mT>Uo

n[aúmm ZirMm {M_Q>m
nmÊ`mMo W|~

H$m°na gë\o$Q>Mo
ñ\$Q>rHo$

CH$iVr
Zir

~Z©a
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darc H¥$VrV H$moaS>o {Xgcocr H$m°na gë\o$Q>Mr ñ\$Q>rHo$, Oc ẁº$ ñ\$Q>rHo$ AgVmV.
`m ñ\$Q>rH$m§Zm Vmn{dco AgVm ñ\$Q>rH$mV Agcoco nmUr ~mînr^dZ hmoD$Z úmmamMm a§J
nm§T>am hmoVmo.

Ooìhm ñ\$Q>rH$m§V nmUr {_i{dë`mg nwÝhm {Zù`m a§JmV naV `oVo.
EH$m úmmamÀ`m gwÌén aMZm EH$H$m _Yrc nmÊ`mÀ`m aoUwMr {ZpíMV g§»`m

åhUOoM ñ\$Q>rH$s H$aUmMo nmUr hmo`. H$m°na gë\o$Q>À`m EH$ EH$H$ gwÌén aMZoV nmM
nmÊ`mMo aoUwV AgVmV.Oc ẁº$ H$m°na gë\o$Q>Mo amgm`{ZH$ gwÌ Amho.CuSO4.5 H2O
Amho.

 Vwåhr AmVm Na2 CO3. 10 H2O Mo aoUw Amoco Amho qH$dm Zmhr `m àíZm§Mo CÎma
XoD$ eH$Vmo.

ñ\$Q>rH$saH$UmMo nmUr Agcoco Xþgao cdU (úmma) {Oßg_ Amho. Ë`mÀ`m ñ\$Q>rH$mV
XmoZ nmÊ`mMo aoUw AmhoV. Ë`mMo gwÌ CaSO4. 2H2O Amho.

Ë`mMo Cn`omJ H$é nmhþ `m.

ßcmñQ>a Am°\$ n°arg ßcmñQ>a Am°\$ n°arg ßcmñQ>a Am°\$ n°arg ßcmñQ>a Am°\$ n°arg ßcmñQ>a Am°\$ n°arg (Plaster of paris) (CaSO4 ½ H2O)

{Oßg_cm (gypsum) H$miOrnwd©H$  (CaSO4 2 H2O) 373 K da Ja_ Ho$ë`mg
A§emV nmÊ`mMo aoUw gmoS>V Am{U H°$ëer`_ gë\o$Q> ho_rhmS>o´Q> ~ZVo. CaSO4.½ H2O).
`mcmM ßcmñQ>a Am°\$ n°arg Ago åhUVmV. `mMm Cn`moJ _moS>cocr hmS>o ì`dñWrV
OmJoda `oÊ`mgmR>r S>m°ŠQ>a `mMm Cn`moJ H$aVmV. ßcmñQ>a Am°\$ n°arg ho nm§T>ao
nmdS>a( ŵH$Q>r) Amho. Ë`mV nmUr {_i{dë`mZo {Oßg_mV V`ma Pmë`m_wio KÅ> ~gVo.

CaSO4. ½ H2O    +     1½ H2O       CaSO4. 2H2O
        (Plaster of Paris)                                                (Gypsum)

gwMZm gwMZm gwMZm gwMZm gwMZm : darc g_rH$aUmV nmÊ`mMo \$º$ AY} aoUw ñ\$Q>rH$saUOc XmI{dÊ`mgmR>r
KoVco ho Vw_À`m cúmmV Amco Agoc.
• Vwåhmcm nmÊ`mMo AY} aoUw H$go `oVmV?

darc g_rH$aUmV XmI{dcoco nmÊ`mMo AY} aoUw  CaSO4 Mo XmoZ gwÌ JQ> EH$m
nmÊ`mÀ`m aoUw cm dmQw>Z KoVmV.

IoiUr ~Z{dUo, gŵ moerV H$aÊ`mgmR>r Am{U _D$ n¥ð>^mJ V`ma H$aÊ`mgmR>r
{n.Amo.nr. (ßcmñQ>a Am°\$ n°arg) Mm Cn`moJ hmoVmo.
• H°$ëe`r`_ gë\o$Q> ho_rhmS>óQ ßcmñQ>a Am°\$ n°arg H$m åhUVmV Ë`m ~Ôc _m{hVr
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A

Aä`mgmV gwYmaUm H$amAä`mgmV gwYmaUm H$amAä`mgmV gwYmaUm H$amAä`mgmV gwYmaUm H$amAä`mgmV gwYmaUm H$am

_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX

Xe©Ho$, Amåc, Amåcmar, cmc {cQ>_g, {Zim {cQ>_g, {\$ZmßWcrZ, {_WmB©c
Am°a|O, CXm{gZrH$aU, JmS>© Q>çw~, hm`S´>mo{Z`_ Am`Z, Amåcmar, g~c Amåc,

g~c AëH$cr, d¡{ídH$ Xe©Ho$,  pH ñHo$c, nmoQ>§P, E§Q>mgrS>$,XmVm§Zm {H$S>$ cmJUo,
Oc ẁº$ úmma, gm_mÝ` {_R>, {da§OH$ MwU©, ImÊ`mMm gmoS>m, Ocr`

ñ\$Q>rH$s^dZ, ßcmñQ>a Am°\$ n°arg

• Amåc-Amåcmar ho a§J Ðdo qH$dm a§JÐmì`mMo {_lU AmhoV. `mMm dmna Amåc Am{U Amåcmar
Agë`mMr CnpñWVr Xe©{dVo.

• nXmWm©Mm AmåcY_u ñd^md Ë`m ÐmdUmÀ`m  H+ (Oc ẁH$º$) Am`ZmÀ`m V`mar_wio hmoVo. ÐmdUmVrc
OH- (Oc ẁº$) Am`ZmÀ`m V`mar_wio nXmWm©Mm ñd^md AmåcmarY_u hmoVmo.

• Ooìhm AmåcmMr {H«$`m YmVw H$m~m}ZoQ> qH$dm YmVw hm`S´>moOZ H$m~m}ZoQ>er hmoVo. Voìhm Ë`m g_mZ
cdU, úmma H$m~©Z S>m`AmŠgmBS> dm ẁ Am{U nmUr {_iVo.

• Ooìhm AmåcmarMr {H«$`m YmVwer hmoVo Voìhm hm`S´>moOZ dm`w ~mhoa nS>Vmo. Am{U úmma V`ma hmoVo.
• Amåc Y_u© Am{U AmåcmarY_u ÐmdUmV hm`S´>moOZ Amåc Am{U hm`S´>mŠgmB©S> Amåc Agë`m_wio

Vo {dÚwV dmhH$mMo H$m_ H$aVmV.
• AmåcmMr [H§$dm AmåcmarÀ`m eº$sMo n[aúmU pH ñHo$cZo hmoVo.  (0-14) `mdéZ ÐmdUmVrc

hm`S´>moOZ Am`ZmMr {Vd«Vm {_iVo.
• CXm{gZ ÐmdUmMm  pH - 7 AgVmo. AmåcY_u ÐmdUmMm pH - 7 noúmm H$_r chmZ Am{U Amåcmar

Y_u ÐmdUmMm pH -7 noúmm OmñV AgVmo.
• gOrd àmUr Ë`m§Mr M`mn`mM {H«$`m  pH  qH$_VrÀ`m _`m©Xo_Ü`oM hmoVmo.
• nmÊ`mV g§hV {Vd« Amåc qH$dm Amåcmar {_i{dUo hr Cî_mXm`r A{^{H«$`m Amho.
•  Amë_ Am{U Amåcmar EH$_oH$mg CXm{gZ hmoD$Z Ë`m g_mZ úmma Am{U nmUr V`ma hmoVo.
•  ñ\$Q>rH$H$aUmMo Ob {ZpíMV g§»`V nmÊ`mMo aoUw úmmamÀ`m EH$H$ gwÌmer Owicoco AgVmV.
•  X¡Z§{XZ {OdZmV Am{U CÚmoJ Y§ÚmV úmma AË §̀V Cn`moJr AgVmV.

I..... g§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZ
1. CXm{gZH$aU {H«$`m H$m` Amho? XmoZ CXmhaUo Úm? (AS1)
2. Amåb {H$§dm Amåbmar nmÊ¶mV {‘i{dbo. ho Cî‘mXm¶r Amho H$s, Cî‘mJ«mhr Amho? (AS1)
3. ewÜX nmUr {dÚwV dmhH$Vm H$m Xe©dV Zmhr? (AS1)

AmnU H$m` {eH$cmoVAmnU H$m` {eH$cmoVAmnU H$m` {eH$cmoVAmnU H$m` {eH$cmoVAmnU H$m` {eH$cmoV
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4. H$moaS>m hm`S´>moOZ ŠcmoamBS> dm`w {Zim {cQ>_g H$mJX cmc hmoV Zmhr na§Vw hm`S´>moŠcmoarH$
AmåcmV Vgo hmoVo? H$maU? (AS1)

5. nmÊ`mVrc AmåcmÀ`m Ð«mdUmMr {dÚwV dmhH$Vm Xe©{dUmar EH$ ñdÀN> AmH¥$Vr H$mT>m? (AS5)
6. AmåcmÀ`m nmdgmMo nmUr gamodao/ZXrV {_imë`mg {OdZamerÀ`m AñVrËdmcm YmoH$m H$m

AgVmo?(AS7)
7. ImÊ`mMm gmoS>m H$emcm åhUVmV? `m_wio Ho$H$ _D$ Am{U ñn§OmgmaIo H$go ~Z{dVmV?  (AS7)
8. YwÝ`mÀ`m gmoS>m Am{U ImÊ`mÀ`m gmoS>çmMr XomZ ‘hËd gm§Jm? (AS7)
II..... g§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZ
1. d¡pídH$ Xe©H$mìXmao A, B, C, D Am{U E nmM ÐmdU Mo n[aúkU Ho$ë`mg Ë`mMo  pH AZwH«$_o  4, 1,

11, 7 Am{U 9 òVmV. Imbrb‘Ü¶o Ë¶mMo dJuH$aU H$am? (AS1)
         (a)  CXm{gZ  (b)  g~c Amåcmar (c) g~c AmåcY_u(d)gm¡å` Amåc(e) gm¡å` Amåcmar
2. Vm§oS>mMr pH qH$_V 5.5 noúmm H$_r AgVm§Zm X§Vúm` H$m gwé hmoVmo? (AS1)
3. XþYdmë`mZo XþY VmOo amhÊ`mgmR>r WmoS>m ImÊ`mMm gmoS>m XþYmV {_i{dVmV. (AS2)

a) Ë`m XþYmMr pH qH$_V 6 nmgwZ H$m dmT>{dcr?
b) XyY Xhr ~ZÊ`mgmR>r OmñV doi H$m KoVmo?

4. ßcmñQ>a Am°\$ n°argcm Amocmdm ahrV nmÌmV H$m R>odë`m OmVo. ñnï> H$am? (AS2)
5. A Am{U B n[aúmm ZirV g_mZ cm§~rÀ`m _°¾o{e`_À`m VwH$S>çm§Zm KoVco Amho.  A n[aúmm ZirV

hm`S´>moŠcmoarH$ Amåc Am{U B n[aúmm ZirV EgrQ>rH$ Amåc {_i{dco Amho. XmoÝhr AmåcmMr
{Vd«Vm Am{U à_mU gmaIo AmhoV. H$moUË`m n[aúmm ZirVrc ÐmdUmMr {H«$`m OcX hmoVo Am{U H$m
hmoVo?(AS1)

III..... Cƒ {dMma loUrMo àíZCƒ {dMma loUrMo àíZCƒ {dMma loUrMo àíZCƒ {dMma loUrMo àíZCƒ {dMma loUrMo àíZ
1. ewÜXm XþYmMo  pH _wë` 6.6 AgVo. `mMo Xhr ~Zë`m Z§Va Ë`mMo pH _wë` H$m ~XcVo?(AS3)
2. {~Q>éQ>Mm dmna H$éZ Vwåhr ñdV:Mo Xe©H$ H$go V`ma H$amc? ñnîQ> H$am? (AS5)

1. AmåcY_u _mÜ`_mV {_WmB©c Am°a|OMm Xe©Ho$Mm a§J AgVmo. ………… [ ]
      a)  {ndim b)  {hadm c)  Zma§Jr d)  cmc
2. Amåcmar ÐmdUmV {\$ZmßWcrZ gwMH$mMm a§J  ………… [ ]
      a) {ndim b)  {hadm c)  Jwcm~r d)  Zma§Jr
3. AmåcmarV {_WmBc Am°aoOMm a§J AgVmo. [ ]
      a)  Zma§Jr b) {ndim c) cmc d)  {Zim
4. ÐmdUmV cmc {cQ>_g, {Zim {cQ>_g a§JmV ~Xcë`mg Ë`mMo pH Mr qH$_V [ ]
      a)  1 b)  4 c)  5 d)  10
5. EH$m ÐmdUmMr \w$Q>coë`m A§S>çmÀ`m Q>moH$amer {H«$`m Pmë`mg Voìhm _wº$ Pmcocm dm`w MwÝ`mÀ`m

{Zdircm XþYmgmaIm ~Xc{dVmo Ë`m ÐmdUmV AgVmV ……………… [ ]
      a)  NaCl b)  HCl c)  LiCl d)  KCl

`mo½` n`m©`r CÎmao {ZdS>m`mo½` n`m©`r CÎmao {ZdS>m`mo½` n`m©`r CÎmao {ZdS>m`mo½` n`m©`r CÎmao {ZdS>m`mo½` n`m©`r CÎmao {ZdS>m
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A

6. nmÊ`mV {daKiUmè`m AmåcmarZm `m ZmdmZo AmoiIVmV. [ ]
a)  CXm{gZH$aU b) Amåcmar c)  Amåc d)  AëH$cr

7. Imcrc n¡H$s H$moUË`m nXmWm©Mr OmoS>r gmYmaU _rR> XoVmo. [ ]
a)  gmoS>r`_ Wm`mogë\$oQ> Am{U gë\$a S>m`AmŠgmB©S>
b)  hm`S´moŠcmoarH$ Amåc Am{U gmoS>r`_ hm`S´>moŠgmB©S>
c)  ŠcmoarZ Am{U AmŠgrOZ
d)  Zm`Q´>rH$ Amåc Am{U gmoS>r`_ hm`S´>moOZ H$m~m}ZoQ>

8. hm`S´>moŠcmarH$ Amåc d¡pídH$  (pH=1) gwMrHo$V V`ma hmoUmam a§J [ ]
a)  Zma§Jr b)  {\$H$Q> {Zim c)  {ndim d)  cmc

9. AnMZ Pmë`mg Imcrc n¡H$s H$moUVo Am¡fYmMo Cn`moJ H$aVmV. [ ]
a)  A§Q>r~m`Q>rH$  b)  A§ZmcOrH$ c)  E§Q>m{gS> d)  A§Q>rgonQ>rH$

10. _°¾o{e`_Mr hm`S´>moŠcmoarH$ Amåcmer {H«$`m Pmë`mg H$m` V`ma hmoVo? [ ]
a)  hm`S´>moOZ        b)  AmŠgrOZ c)  H$m~©Z S>m`AmŠgmB©S> d)  H$moUVmhr dm ẁ V`ma hmoV Zmhr.

1. AmëH$mohmoc Am{U ½cwH$moO gma»`m g§`wJmV hm`S´>moOZ AgVo. na§Vw Vo AmåcmV _moS>ë`m OmV Zmhr.
ho {gÜX H$aÊ`mè`m à`moJmMo dU©Z H$am? (AS3)

2. “Oc ñ\$Q>rH$sH$aU ” åhUOo H$m`? `mMo dU©Z EH$m H¥$VrìXmao H$am? (AS3)

1. Vw‘À¶m emioV/Kar PmS>o bmdÊ¶mgmR>r Mm§Jë¶m OmJoMr {ZdS> Vwåhr H$er H$amb? O{‘ZrMr
VnmgUr H$éZ Ë¶mda Ahdmb {bhm?

2. gd© ^mOrnmbm ho Amåb AmhoV H$m? ho ‘m{hV H$aÊ¶mgmR>r pH nonaZo VnmgUr H$éZ {H$‘Vr
V³Ë¶mV {bhm? ¶mda Ahdmb {bhm?

3. X¡Z§{XZ OrdZmV ‘mZdr OrdZmbm Am{U PmS>m§Zm pH {H$‘VrÀ¶m ‘hËdm{df¶r ‘m{hVr Jmoim
H$am?

gwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJ

gwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ën
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gmYmaUV: H$mhr OU dmMZ H$aÊ`mgmR>r Mî_m dmnaVmV. KS>çmi XþéñV H$aUmam
ì`º$s Ë`mVrc chmZ ^mJ nmhÊ`mgmR>r [¨̂ §JmMm dmna H$aVmV.
• Vwåhr H$YrVar q^Jmcm hmVmZo ñne© Ho$cm H$m?
• Vwåhr dmMZ H$aÊ`mgmR>r Cn`moJmV ̀ oUmè`m Mî_mÀ`m H$mMmcm H$Yr hmVmZo ñne©

H$éZ nm{hcmV H$m?
• Ë`mMm n¥îR>^mJ g_mQ> AgVmo H$m dH«$ AgVmo?
• Vmo H$mM _YmV OmS> AgVmo H$m? Ë`mÀ`m H$S>m OmS> AgVo ?

_mJrc YS>çmV Vwåhr gnmQ> n¥ð>^mJmdarc àH$memÀ`m AndV©Zm ~Ôc {eH$cmV.
AmVm AmnU dH«$ n¥ð>mdarc àH$memÀ`m AndV©Zm~Ôc _m{hVr KoD$ `m.

dH«$ n¥ð>mdarc àH$memÀ`m AndV©ZmMr _m{hVr KoÊ`mgmR>r EH$ H¥$Vr H$é `m.

dH«$n¥ð>^mJmda àH$memMo AndV©Z dH«$n¥ð>^mJmda àH$memMo AndV©Z dH«$n¥ð>^mJmda àH$memMo AndV©Z dH«$n¥ð>^mJmda àH$memMo AndV©Z dH«$n¥ð>^mJmda àH$memMo AndV©Z Refraction of light at a curved surface

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr 1
EH$m OmS> H$mJXmda H$mù`m ñHo$M noZÀ`m gmhmæ`mZo 4 go._r. cm§~rMo ~mUmH¥$Vr

{MÝhm H$mT>m. EH$ d¥Îm{MVr AmH$mamV Agcoco gnmQ> ~wS>mMo nmaXe©H$ [aH$m_o nmÌ ¿`m.
Ë`mg Q>o~cmda R>odm. Vwåhr Ë`mcm g_moéZ nmhV AgVm§Zm Vw_À`m {_Ìmcm Ë`m
~mUmH¥$Vr {MÝh H$mT>coë`m OmS> H$mJXmcm Ë`m nmÌmÀ`m _mJo AmUm`cm gm§Jm. (
~mUmH¥$Vr {MÝh {úmVrO g_m§Va Agco nm{hOo.)
• Vwåhmcm H$m` {XgwZ Amco?

Vwåhmcm ~mUmH¥$Vr {MÝh chmZ hmoVmZm {XgwZ `oVo.
• Vwåhmcm à{V_m chmZ hmoV Agë`mMr H$m {XgwZ `oVo?
• Vr à{V_m dmñVd Amho H$m? Am^mgr à{V_m Amho?
• Vr à{V_m H$er V`ma hmoVo ho Vwåhr {H$aU H$mTw>Z XmIdw eH$Vm H$m?

dH«$n¥ð>̂ mJmda àH$memMo AndV©Z

4
YS>mYS>mYS>mYS>mYS>m

(Refraction of Light at Curved Surfaces)
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Vw_À`m {_Ìmcm Vo H$mMoMo nmÌ nmÊ`mZo ^am`cm gm§Jm. {H$aUmMr AmH¥$Vr AmYr
gmaIoM Ë`mM OmJodéZ nmhm.
• AmVm Vwåhmcm H$m` {XgwZ òVo ?
• Vwåhmcm CcQ>r à{V_m `oVo H$m?
• ho H$go KS>Vo?

n{hë`m g§X^m©V Ooìhm nmÌ [aH$m_o AgVo Voìhm ~mUmH¥$Vr {MÝhm nmgwZ `oUmè`m
àH$memMo dH«$n¥ð>mda AndV©Z hmoD$Z H$mMmVwZ àdmg H$aV hdoV àdoe H$aVo Am{U
nwÝhm nmÌmÀ`m {déÜX ~mOwcm dH«$ n¥ð>mda (Xþgè`m ~mOwcm {OWwZ AmnU nmhV
AgVmo.) AndV©Z hmoD$Z hdoVwZ ~mhoa nS>Vo. Aem àH$mao àH$me XomZ _mÜ`_mVwZ
àdmg H$aV nmÌmÀ`m ~mhoa òVo Am{U chmZ à{V_m V`ma
hmoVo.

Xþgè`m g§X^m©V, àH$me dH«$n¥ð>mda àdoe H$éZ nmÊ`mVwZ
OmVo d H$mMmVwZ ~mhoa {ZKVo Am{U CcQ>r à{V_m V`ma H$aVo.

 Ooìhm nmÌ nmÊ`mZo ^aVo Voìhm XmoZ _mÜ`_m_Ü`o (hdm
Am{U nmUr ) dH«$Vi AgVo. nmÊ`mMm Am{U H$mMoMm AndV©Zm§H$
g_mZ _mZm. (dmñV{dH$nUo Vo g_mZ ZgVmV) ho AmH¥$Vr -1
_Ü`o XmI{dë`m à_mUo nmUr Am{U hdm dH«$ n¥ð>mìXmao doJio
Amho.
• XomZ _mÜ`_m§Zm doJù`m H$aUmè`m dH«$n¥îR>mda àH$me {H$aUmMo nVZ Pmë`mg

H$m` KS>Vo?
• AndV©ZmMm {Z`_ `oWo gwÜXm cmJw hmoVmo H$m?

Mcm _m{hV H$é `m.
  AmH¥$Vr -2 _Ü`o XmI{dë`mn«_mUo dH«$ n¥ð>^mJ hm XmoZ

_mÜ`_m§Zm doJio H$aV Amho Ago g_Ow. ho dH«$n¥ð> Á`m Jmocmer
g§~§YrV Amho Ë`m JmocmÀ`m H|$Ðq~Xþcm dH«$Vm H|$Ð (centre of
curvature)  åhUVmV. Ë`mg  ‘C’ `m Aúmam§Zo Xe©{dVmV.

dH«$Vm H|$ÐmdéZ dH«$n¥ð>mdarc q~Xþda H$mT>cocr aofm hr
Ë`m [~§Xþda dH«$n¥ð>mMr ñV§^rH$m (c§~) hmoVo dH«$n¥ð>mdarc
ñV§^rH$oMr {Xem EH$m q~XþnmgwZ Xþgè`m q~XþV ~XcVo. dH«$
n¥ð>mÀ`m H|$Ðmcm dH«$n¥ð>mMm Y¥d (pole (P)  åhUVmV. dH«$Vm H|$Ð Am{U Y¥dmcm
OmoS>Umè`m aofocm _w»` Aúm (‘principal axis’) åhUVmV.
• dH«$ n¥îRmda nVZ Pmcoco {H$aU H$go dmH$Vo?

AmH¥$Vr-1AmH¥$Vr-1AmH¥$Vr-1AmH¥$Vr-1AmH¥$Vr-1

AmH¥$Vr-2AmH¥$Vr-2AmH¥$Vr-2AmH¥$Vr-2AmH¥$Vr-2

hdm nmUr

dH©$n¥ð>^mJ

P
C

àH$me
{H$aUo ñV§̂ rH$m

_w»`
Aúm
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gnmQ> n¥ð>^mJmÀ`m g§X^m©V {dac _mÜ`_mVwZ KZ _mÜ`_mVZ àdmg H$aUmao {H$aU
ñV§̂ rHo$H$S>o PwH$Vo Am{U KZ_mÜ`_mdéZ {dac _mÜ`_mH$S>o àdmg H$aUmao {H$aU
ñV§̂ rHo$À`m Xþa OmVo.

Aem g§X^m©er g§~§YrV {H$aU {MÌm§Zm H$go H$mT>VmV nmhþ `m.
• _w»` Aúmmgmo~V OmUmao {H$aU H$m` hmoVo? Ë`mM à_mUo dH«$Vm H|$ÐmVwZ OmUmao

{H$aU H$m` hmoVo?
ñZoc {Z`_mZwga (Snell’s law)  n¥ð>^mJmda H$mT>coë`m

ñV§̂ rH$m gom~V àdmg {H$aU Ë`mÀ`m _mJm©nmgwZ {dMcrV hmoV
Zmhr åhUwZ darc C„oI Ho$cocr XomÝhr {H$aUo ñV§^rHo$ gmo~V
(AmH¥$Vr - 3nmhm) àdmg H$aVmV. Vo {dMcrV hmoV Zmhr.
•  _w»` Aúmmcm g_m§Va àdmg H$aUmao {H$aUm gmo~V H$m`
KS>Vo?

Imcrc 4a, 4b, 4c, and 4d AmH¥$Ë`m nmhm. gd© g§X^m©V
{MÌmV XmI{dë`m à_mUo AmnmVr {H$aU _w»` Aúmmcm g_m§Va
AmhoV.

g§X^© g§X^© g§X^© g§X^© g§X^© 1:  _w»` Aúmmer g_m§Va n«dmg H$aUmao {H$aU
A§VJm©oc n¥ð>mda AmX>iwZ {dac _mÜ`m_mVwZ KZ _mÜ`_mV
OmVo.  (AmH¥$Vr -4 A nmhm)

g§X ©̂ g§X ©̂ g§X ©̂ g§X ©̂ g§X ©̂ 2: _w»` Aúmmer g_m§Va n«dmg H$aUmao {H$aU A§VJm©oc
n¥ð>mda AmXiwZ KZ _mÜ`_mVwZ {dac _mÜ`_mV OmVo. (AmH¥§$Vr
4(~) nmhm)

g§X^© g§X^© g§X^© g§X^© g§X^© 3:  _w»` Aúmmcm g_m§Va A§VamdéZ àdmg H$aUmao
{H$aU ~{hJm}c n¥ð>^mJmda AmXiwZ KZ _mÜ`_mVwZ {dac
_mÜ`_mH$S>o OmVo. (AmH¥$Vr 4(H$) nmhm)

g§X^© g§X^© g§X^© g§X^© g§X^© 4:  _w»` Aúmmcm g_m§Va àdmg H$aUmao {H$aU
A§VJm}c n¥ð>m^mJmda AmX>iwZ {dac _mÜ`m_VwZ KZ _mÜ`m_mH$S>o
OmVo. AmH¥$Vr - 4 (S>) nmhm.
• AmH¥$Vr 4A Am{U 4 ~ _Yrc AndV©Z {H$aUmV Vwåhmcm
H$moUVm ~Xc {XgwZ `oVo?

AmH¥$Vr-3AmH¥$Vr-3AmH¥$Vr-3AmH¥$Vr-3AmH¥$Vr-3

AmH¥$Vr-4AmH¥$Vr-4AmH¥$Vr-4AmH¥$Vr-4AmH¥$Vr-4(a)

AmH¥$Vr-4AmH¥$Vr-4AmH¥$Vr-4AmH¥$Vr-4AmH¥$Vr-4(b)

AmH¥$Vr-4AmH¥$Vr-4AmH¥$Vr-4AmH¥$Vr-4AmH¥$Vr-4(c) AmH¥$Vr-4AmH¥$Vr-4AmH¥$Vr-4AmH¥$Vr-4AmH¥$Vr-4(d)

C
P Y¥dm_YwZ

OmUmao
{H$aU

C VwZ OmUmao {H$aU

ñV§̂ rH$m

{dac_mÜ`_ K{Z`
_mÜ`_

C

C

K{Z`
_mÜ`_

ñV§̂ rH$m

{dac_mÜ`_

C

{dac_mÜ`_ K{Z`
_mÜ`_

ñV§̂ rH$m
C

K{Z`
_mÜ`_

{dac_mÜ`_

ñV§̂ rH$m
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• `m \$aH$mMo H$maU H$m` Agoc?
• AmH¥$Vr 4 (H$) Am{U 4(S>) _Yrc AndV©Z {H$aUmV Vwåhmcm H$moUVm ~Xc

{XgwZ òVmo?
• Ë`m ~XcmMo H$maU H$m` AgVrc?

AmH¥$Vr 4 (A) Am{U 4(H$) _Ü ò Vw_À`m cúmmV Amco Agoc H$s, AndV©Z
{H$aU ho _w»` Aúmmdarc EH$m {d{eï> {~§XþOdi nomhmoMVo. AmH¥$Vr (~) Am{U (S>)
_Ü ò AndV©Z {H$aU _w»` AúmmnmgwZ Xþa OmVo. AmH¥$Vr 4(~) Am{U (S>) _Ü ò
XmI{dcoë`m gmaIo Oa Vwåhr AndV©Z {H$aUmcm _mJo dmT>{dë`mg Vo dmT>{dcoco {H$aU
_w»` Aúmmdarc H$mhr q~XþZm N>oXVo. darc gd© g§X^m©V _w»` Aúmmda Á`m {R>H$mUr
AndV©Z {H$aU N>oXVo Ë`mg _w»` Zm^r ( focal point) åhUVmV.

Vwåhr nm{hcoM Agmc H$s, ½cmg_Yrc nmÊ`mVrc qZ~w ½cmgÀ`m ~mOwZo nm{hco
AgVm Ë`mMm AmH$ma dmñV{dH$ AmH$mamnoúmm _moR>m {XgVmo.
• qc~mÀ`m AmH$mamV Pmcocm hm ~Xc Vwåhr H$gm ñnï> H$amc?
• _moR>çm  AmH$mamV {Xgcoco {c§~w Ë`m {c§~mMr à{V_m Amho H$m? qH$dm Vo dmñVd

qc~w Amho H$m?
• hm JwU_Y© ñnï> H$aÊ`mgmR>r Vwåhr {H$aU{MÌ H$mT>w eH$Vm H$m?

Mcm _m{hV H$é `m.
à{V_m V`ma hmoUo-dH«$n¥ð>mMo gwÌ gmÜ` H$aUoà{V_m V`ma hmoUo-dH«$n¥ð>mMo gwÌ gmÜ` H$aUoà{V_m V`ma hmoUo-dH«$n¥ð>mMo gwÌ gmÜ` H$aUoà{V_m V`ma hmoUo-dH«$n¥ð>mMo gwÌ gmÜ` H$aUoà{V_m V`ma hmoUo-dH«$n¥ð>mMo gwÌ gmÜ` H$aUo

AmH¥$Vr 5 _Ü ò XmI{dë`m à_mUo n1 Am{U n2 AndV©Zm§H$ Agcoë`m XmoZ _mÜ`_m§Zm
doJdoJio H$aUmao EH$ dH«$ n¥ð> Amho. Ago _mZw. _w»` Aúmmda  O ̀ oWo EH$ q~Xþén dñVw
R>odcocr Amho. _w»` Aúmm gmo~V àdmg H$aUmao {H$aU _mÜ`_m§Zm doJio H$aUmè`m dH«$
n¥ð>mda {dMcrV Z hmoD$Z Y¥dm_YwZ OmVo. _w»` Aúmmer α  H$moZ H$aUmao Xþgao {H$aU
dH«$n¥ð>mg  A da {_iVo. {VWo AmnmV H$moZ θ1 Amho. Ë`m {H$aUmMo d{H«$^dZ hmoD$Z
AI aofogmo~V Xþgè`m _mÜ`_mVwZ OmVo. {VWo AndVuV H$moZ θ2 Amho. XomZ AndVuV
{H$aUo  I Odi {_iVmV. Am{U {VWo à{V_m V`ma hmoVo.

_w»` Aúmm§er AndVuV {H$aUmZo Ho$cocm H$moZ  γ  Am{U ñV§̂ rH$m d _w»`
Aúmm_Yrc H$moZ β g_Ow.

AmH¥$Vr -5 _Ü ò
PO ho dñVwMo A§Va Amho Am{U Vo ‘u’Zo

Xe©{dcoco Amho.
PI ho à{V_mMo A§Va Amho Am{U Vo  ‘v’Zo

Xe©{dVmV.
PC hr dH«$Vm {ÌÁ`m AgwZ  ‘R’Zo Xe©{dco

Amho.
n1, n2 ho XmoZ _mÜ`_mMo AndV©Zm§H$ AmhoV.
darc C„oI Ho$coë`m amer_Ü`o H$mhr g§~§Y {Z_m©U H$é eH$Vm H$m?
{ÌH$moU  ACO_Ü ò      θ1 = α + β

AmH¥$Vr-5AmH¥$Vr-5AmH¥$Vr-5AmH¥$Vr-5AmH¥$Vr-5

C
N

O P

n1 n2

A

I
α β γ

θ1 θ2
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Am{U {ÌH$moU ACI _Ü`o  β  = θ2 + γ    β – γ = θ2

ñZocgÀ`m {Z`_mZwgma
n1 sin θ1 = n2 sin θ2

θ1 Am{U θ2 À`m qH$_Vr R>odë`mg
n1 sin(α+ β) = n2 sin(β- γ) ................. (1)
Oa n«H$me {H$aU _w»` AúmmOdiwZ Joë`mg Vo g_m§Va _mZë`m OmVo Am{U Ë`mg

n°amŠgrc {H$aUo (paraxial rays) åhUVmV. Ë`mdoir α, β Am{U γ  {H$aUo Iwn chmZ
hmoVmV `m A§XmOmcm n°amŠgrc A§XmO (paraxial approximation) Ago åhUVmV.

sin (α+ β)  =  α+β  Am{U sin (β- γ)  = β- γ
g_rH$aU (1) _Ü`o R>odë`mg
n1 (α+ β)  = n2 (β- γ)   n1α + n1 β = n2 β – n2 γ ................(2)
gd© H$moZ chmZ Agë`m_wio Ë`mg AmnU
tan α  =  AN/NO = α
tan β  =  AN/NC = β
tan γ  =  AN/NI = γ
`m qH§$_VrZm g_rH$aU (2) _Ü ò R>odë`mg
n1 AN/NO + n1 AN/NC = n2 AN/NC –  n2 AN/NI ............... (3)
n«H$me {H$aUo _w»` AúmmOdi ̀ oV AgVm§Zm  N q~Xþ dH«$ n¥ð>mÀ`m Y¥dmda (P)À`m

g_mZ òVo. åhUwZ NI, NO, NC À`m EodOr AZwH«$_o PI, PO Am{U PC {chVm `oVo.
g_rH$aU (3) _Ü ò qH$_Vr R>odë`mZ§Va
n1/PO +  n1/PC = n2/PC – n2/PI
n1/PO + n2/PI = (n2- n1) /PC ................(4)
g_rH$aU (4) _Ü ò XmoZ _mÜ`_m§Mm AndV©Zm§H,$ dñVw A§Va, à{V_oMo A§Va Am{U

dH«$Vm {ÌÁ`m `m _Yrc g§~§Y XmI{dVo.
AmnU {dMmamV KoVcoë`m g§X^m©gmR>r darc g_rH$aU gË` Amho.
 AmnU g§koÀ`m éT>rMm dmna Ho$ë`mZo g_rH$aU  (4) cm gm_mÝ` {dYmZmÀ`m énmV

_m§S>Vm ̀ oVo.
dH«$ n¥ð>^mdarc AndV©ZmÀ`m gd© Cn`moOZmgmR>r Am{U q^JmìXmao Imcrc é§T>rMm

dmna H$aVmo.
–  Y¥dmnmgwZ gd© A§Va _moOë`m OmVo ({H$§dm Ñï>r H|$Ð)
–  AmnmVr {H$aUmÀ`m {XeoV _moOcoco A§Va YZmË_H$ Úmdo.
–  _w»` Aúmmdarc q~XþnmgwZ daÀ`m {XeoZo _moOcoë`m C§Mrcm YZmË_H$ ¿`mdo.
– AmnmVr {H$aUmÀ`m {déÜX {XeoV _moOcoco A§§Va F$UmË_H$ ¿`mdo.
– _w»` Aúmmdarc q~XþnmgwZ ImcÀ`m {XeoZo _moOcoë`m C§Mrcm F$UmË_H$
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¿`mdo.
òWo  PO cm dñVwMo A§Va (object distance (u) åhUVmV.

          PI cm à{V_oMo A§Va  (image distance (v) åhUVmV.
          PC cm dH«$Vm {ÌÁ`m  (radius of curvature (R) åhUVmV.
darc C„oI Ho$coë`m g§koÀ`m é§T>rZwgma
PO = -u ;  PI = v ;  PC = R
`m qH$_VrZm g_rH$aU (4) _Ü ò R>odë`mg
n2/v - n1/u = (n2-n1 ) /R ....................... (5)
`m gwÌmMm Cn`moJ gnmQ> n¥ð>^mJmgmR>r gwÜXm hmoVmo. gnmQ> n¥ð>^mJmÀ`m g§X^m©V

dH«$Vm {ÌÁ`m  (R) hr A§ZV n`ªV nmohmoMVo. åhUwZ  1/R ewÝ` hmoVo. `m qH$_VrZm
g_rH$aU 5 _Ü`o R>odë`mg AmnUmg gnmQ> n¥ð>^mJmMo gwÌ `oVo.

n2/v - n1/u = 0  n2/v = n1/u
gwMZm gwMZm gwMZm gwMZm gwMZm : gnmQ> n¥ð>^mJmdéZ u Am{U v A§Va _moOco nm{hOo.

Mcm H$mhr CXmhaUo nmhþ `m.
CXmhaU 1CXmhaU 1CXmhaU 1CXmhaU 1CXmhaU 1

EH$ númr pñWa doJmZo S>~Š`mVrc nmÊ`mÀ`m n¥ð>^mJmH$S>o c§~ {XeoZo CS>V òV
Amho. Ë`m nmÊ`mV _mgm Amho. númmcm c§~ nmÊ`mV EH$ _mgm Agë`mg Ë`m _mgmcm
númr Agm {XgVmo.

a. Ë`mÀ`m dmñV{dH$ A§Vamnoúmm Xþa {XgVmo.
b. Ë`mÀ`m dmñV{dH$ A§Vamnoúmm Odi {XgVmo.
c. Ë`mÀ`m dmñVd doJmnoúmm OmñV doJmZo hmcMmc H$aVm§Zm {XgVmo.
d. Ë`mÀ`m dmñVd doJmnoúmm H$_r doJmZo hmcMmc H$aVm§Zm {XgVmo.
`mn¡H$s H$moUVo gË` Amho ? Vwåhr H$go {gÜX H$amc?

gmoS>dUwH$gmoS>dUwH$gmoS>dUwH$gmoS>dUwH$gmoS>dUwH$     : gnmQ> n¥ð>mdarc AndV©ZmgmR>r AmnU
 n2/v = n1/u dmna H$aVmo. ..................(1)
nmÊ`mÀ`m n¥ð>^mnmgwZ  x  C§Mrda númr Amho. Ago _mZw. Ë`m nmÊ`mMm

AndV©Zm§H$ n  g_Ow.
n1= dmè`mMm AndV©Zm§H$
Va n1 =1, n2 = n, u= -x Am{U  v = -y, (AmH¥$Vr E-1)
`m qH$_VrZm g_rH$aU (1) _Ü ò _m§S>ë`mg
n/(-y) = 1/(-x)  y = nx
 darc g_rH$aUmV n hm 1 noúmm _moR>m Amho. ho AmnUmg _m{hV Amho.

åhUwZ y  hm  x noúmm _moR>m Amho. Aem VèhZo _memcm númr Ë`mÀ`m dmñVd
A§Vamnoúmm Xþa {XgVmo. AmnU númrda CS>V Amho Ago J¥hrV Yaco.

 númr pñWa doJmZo ImcÀ`m {XeoZo (_mgmcm c§~) CS>V Amho. O_rZrdéZ

AmH¥$Vr-AmH¥$Vr-AmH¥$Vr-AmH¥$Vr-AmH¥$Vr-E1

I

O

xy
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nm{hcoë`m {Z[aúmH$mg H$mhr {ZpíMV doiogmR>r `m númmZo ‘x’  A§Va nma nmS>co Ago
{XgwZ ̀ oVo. na§Vw _memcm Ë`mM doioV númmZo  ‘y’ A§Va nma Ho$co Ago {XgwZ o`Vo. y hm
x noúmm _moR>m Agë`m_wio AmnU {ZîH$f© H$mTw> eH$Vmo {H$, _memZo {Z[aúmU Ho$cocm
númmMm doJ Ë`mÀ`m dmñVd doJmnoúmm OmñV Amho.

åhUwZ (a) Am{U (c) n`m©̀  AMwH$ Amho.
CXmhaU 2CXmhaU 2CXmhaU 2CXmhaU 2CXmhaU 2

R {Ìë`m Am{U n AndV©Zm§H$ Agcocm EH$ nmaXe©H$ Jmoc hdoV R>odcm Amho.
JmocmÀ`m n¥ð>^mJmnmgwZ qH$Vr A§Vamda _w»` Aúmmda q~Xþénr dñVw R>odë`mg Ë`mMr
dmñVd à{V_m VodT>çmMm A§Vamdarc JmocmÀ`m Xþgè`m n¥ð>^mJmda V`ma homVo?

gmoS>dUwH$ gmoS>dUwH$ gmoS>dUwH$ gmoS>dUwH$ gmoS>dUwH$ :  AmH¥$Vr  E2 À`m g__rVr déZ
{H$aU _w»` Aúmmer g_m§Va Agcoë`m JmocmVwZ Joco
nm{hOo.

AmH¥$Vr déZ
u = -x, v= ∞ (EH$m n¥ð>mda nVZ Pmcoco {H$aU

_w»` Aúmm§er g_mV§a Amho.)
n1 =1 Am{U n2 = n, ( n1 hm hdoMm AndV©Zm§H$ Amho. )
 n2/v –n1/u = (n2-n1)/R dmnéZ
n/ ∞ - 1/ (-x) = (n-1)/R  1/x = (n-1)/R

 x = R/(n – 1)

JmocmÀ`m n{hë`m n¥ð>^mJmnmgwZ dñVwMo A§Va  x= R/(n-1) Amho.
CXmhaU 3CXmhaU 3CXmhaU 3CXmhaU 3CXmhaU 3

EH$m  nmaXe©H$ JmocmÀ`m H|$ÐmOdi EH$ chmZ AnmaXe©H$ {~§Xþ Amho. ~mhoéZ
nm{hco AgVm Ë`m q~XþMo ñWmZ Ë`mÀ`m dmñVd ñWmgmaIoM {XgVo H$m?
gmoS>dwUH$ gmoS>dwUH$ gmoS>dwUH$ gmoS>dwUH$ gmoS>dwUH$ : H$mMoMm AndV©Zm§H$  n1= n  g_Ow

hdoMm AndV©Zm§H$  n2 = 1

Va u = –R (JmocmMr {ÌÁ`m) ; dH«$Vm R = –R

 n2/v –n1/u = (n2-n1)/R dmnéZ
        1/v – n/(-R) = (1-n)/(-R)  1/v + n/R = (n–1)/R

g_rH$aU gmoS>{dë`mZ§Va
 à{V_m A§Va  v = –R Amho.
AemVèhoZo AmnU åhUw eH$Vmo H$s, à{V_m A§Va Am{U dñVw A§Va gmaIo AgwZ Ë`m

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-E2

x x
R

O I
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q~XþMo {XgUmao ñWmZ Ë`mÀ`m dmñVd ñWmZm gmaIoM Amho.
JmocmMm AndV©Zm§H$ ñd§VÌ Amho.

_______________

AmVm n`ªV AmnU A§VJm©oc qH$dm ~{hJm}c KoD$Z dH«$ n¥ð>mdarc n«H$memÀ`m
AndV©Zm {df`r MMm© Ho$cr. g_Om nmaXe©H$ dñVw§Zm XomZ dH«$ n¥ð>^mJ Agë`mMo
J¥hrV Yam.
• XmoZ dH«$n¥ð> Agcoë`m nmaXe©H$ dñVwcm àH$me {H$aUmÀ`m _mJm©V R>odë`mg H$m`

KS>Vo?
• Vwåhr H$Yr q^Jm~Ôc EoH$cmV H$m?
• q^JmVwZ OmUmao àH$me {H$aU H$go dmJVo?

Mcm q^JmìXmao àH$memÀ`m AndV©Zm {df`r {eHw$ `m.

q^§J q^§J q^§J q^§J q^§J (Lenses)
XmoZ Jmocr` n¥ð>^mJmZo ~Õ Agcoë`m nmaXe©H$ nXmWm©Mo XmoÝhr n¥ð>^mJ qH$dm  EH$

n¥ð>^mJ dH«$Vm Agë`mg Ë`m nmaXe©H$ nXmWm©cm q^J åhUVmV. q^J ho H$_rV H$_r
EH$m n¥ð>mZo ~ÜX Pmcoco. Ë`m q^JmMo {d{dY àH$ma AmhoV. Ë`mn¡H$s Imcr H$mhr
q^JmZm AmH¥$Vr 6 _Ü`| XmI{dco Amho.

AmH¥$Vr -6: {d{dY àH$maMr q^JoAmH¥$Vr -6: {d{dY àH$maMr q^JoAmH¥$Vr -6: {d{dY àH$maMr q^JoAmH¥$Vr -6: {d{dY àH$maMr q^JoAmH¥$Vr -6: {d{dY àH$maMr q^Jo
q^JmV XmoZ Jmocr` n¥ð> ~mhoa \w$Jë`m gmaIo AgVmV. Aem q^JmZm pìX~{hd©H«$

{^§J (double convex lens) Ago åhUVmV. AmH¥$Vr. 6(A) nmhm. Vo H$mR>m noúmm
_YmV OmS> AgVo.

AemarVrZo pìXA§VdH«$ q^J XomZ JmocmÀ`m n¥ð>m§Zr ~Õ AgwZ AmVrc ~mOwg dH«$
AgVmV. (pìXA§VdH«$ q^J AmH¥$Vr 6(~) nmhm) hr _YmV gS>nmVi AgwZ H$mR>mda
OmS> AgVo. gnmQ> ~{hd©H«,$ { §̂J g_Vc A§Va d©H«$ q^J, A§Vd©H«$ - ~{hdH«$ q^JmÀ`m
AmH$mamMr _m{hVr AmH¥$Vr 6(c), 6(d) Am{U 6(e)  nmhm.

`oWo \$º$ {^Jm§Mm g§~§Y Amho. åhUOo q^JmÀ`m OmS>rMm g~§Y Zmhr.

AmAmAmAmAm-6(a): AmAmAmAmAm-6(b): AmAmAmAmAm-6(c): AmAmAmAmAm-6(d): AmAmAmAmAm-6(e):
Biconvex Biconcave Plano-convex Plano-concave Concavo-convex
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 q^JmÀ`m g§X^m©V dmnacoë`m n§Xm {df`r {eHw$ `m.
q^JmMm n«Ë`oH$ dH«$ n¥ð>^mJ hm JmocmMm ^mJ Amho. JmocmÀ`m H|$ÐmV Agcoë`m

dH«$ n¥ð>mÀ`m ^mJmcm dH«$Vm H|$Ð (centre of curvature)  Ago åhUVmV. `mg ‘C’
AúmamZo Xe©{dVmV. q^JmV XmoZ dH«$n¥ð>^mJ Agë`mg Ë`m§À`m
dH«$Vm H|$Ðmcm C1 Am{U C2 Zr Xe©{dVmV. dH«$Vm H|$Ð Am{U
dH«$n¥ï>^mJm_Yrc A§Vamg dH«$Vm {ÌÁ`m (radius of curvature
(R) åhUVmV. dH«$Vm {ÌÁ`m§Zm AZwH«$_o  R1 Am{U R2  Zr Xe©{dVmV.
AmH¥$Vr -7 _Ü`o XmI{dë`m à_mUo Xþhoar ~{hdH«$ q^JmMo CXmhaU
KoD$ `m.

C1 Am{U C2 q~XþZm OmoS>Umè`m aofocm _w»` Aúm (principal
axis)  åhUVmV. nmVi q^JmÀ`m _Ü` q~Xþcm q^JmMm àH$m{e`
_Ü`  (midpoint of a thin lens) åhUVmV.(optic centre of

lens (P).

q^JmMo Zm^r` A§Va q^JmMo Zm^r` A§Va q^JmMo Zm^r` A§Va q^JmMo Zm^r` A§Va q^JmMo Zm^r` A§Va (Focal length of the lens)
q^Jmda nS>coc g_m§Va n«H$memMo AmnmVr {H$aU AmH¥$Vr 8(A) _Ü ò XmI{dë`m

n«_mUo EH$m q~Xþda A{^g¥V (H|$ÐrH¥$V) hmoVmV. qH$dm AmH¥$Vr 8(~) _Ü ò XmI{dë`mà_mUo
_w»` Aúmmdarc EH$m q~XþdéZ {ZKë`m gmaIo {XgVmV. Á`m {R>H$mUmdéZ Vr {H$aUo
{ZKmë`mgmaIr {XgVmV Ë`m A{^gmar q~Xþcm Zm^r` A§Va qH$dm Zm^r (focal
point or focus (F) åhUVmV. àË òH$ q^Jmcm XmoZ Zm^r AgVmV.  Zm^r` q~Xþ
Am{U àH$m{e` _Ü` ̀ m _Yrc A§Vamg Zm^r` A§Va (focal length)  Ago åhUVmV.
Am{U Ë`mg ‘f’ Xe©{dVmV.

g§~§YrV q^JmÀ`m {H$aUmMo {MÌ H$mT>Ê`mgmR>r ~{hdH«$ q^Jmcm     ̀ m {MÝhmZo
Am{U A§VdH«$ q^Jmcm    `m {MÝhmZo AmH¥$Vr 8(H$) Am{U 8(S>) _Ü`o XmI{dë`m
à_mUo gwM{dVmV.

AmH¥$Vr-8(a) AmH¥$Vr-8(b)

>>>> >———— —
<<<< <

AmH¥$Vr-7

R2

R1

C1PC2

fig-8(c) fig-8(d)

C2 C1F1
F2

C1 C2F2
F1

C2 C1F1
F2
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• [ §̂J à{V_m H$er V`ma H$aVo?
{^§JmìXmao à{V_m H$er V`ma hmoVo ho OmUwZ KoÊ`mAmYr AmnU Ë`m q^Jmda

nS>Umè`m n«H$me {H$aUmMm ñd^md OmUZo JaOoMo Amho.
q^Jmcm XmoZ dH«$n¥ð>m^mJ Agco Var {H$aUmMo {MÌ H$mT>Vm§Zm q^Jmcm EH$M

n¥ð>^mJ AgVo Ago g_OVmo. H$maU { §̂JmMr OmS>r Iwn H$_r AgVo Ago AmnU g_Ocmo.
åhUwZ AmH¥$Vr 8(H$) Am{U 8(S>) _Ü`o XmI{dë`m n«_mUo EH$mM n¥ð>^mJmda \$º$
AndV©Z {H$aU {MÌmV XmIdVmo. ({^§Jmda nS>coë`m (nVZ) H$mhr àH$me {H$aUmMm
ñd^md) q^JmVwZ OmUmè`m n«H$me {H$aUmMm ñd^md g_OÊ`mgmR>r Imcrc g§X^m©Vrc
ñd^mdmMo {Z[aúmU H$éZ g_Ow eH$Vmo. _w»` Aúmmgmo~V àdmg H$aUmao àH$me {H$aU.

g§X^© g§X^© g§X^© g§X^© g§X^© I:  _w»` Aúmmgmo~V àdmg H$aUmao H$moUVohr àH$me {H$aU
{dMcrV hmoV Zmhr. (AmH¥$Vr 9(A) Am{U 9(~) nmhm)

g§X^© g§X^© g§X^© g§X^© g§X^©  II: àH$mer` _Ü`mVwZ OmUmao àH$me {H$aU
àH$mer` _Ü`mVwZ OmUmao H$moUVohr àH$me {H$aU gwÜXm {dMcrV

hmoV Zmhr. AmH¥$Vr 10(A) Am{U 10(~) nmhm.

g§X^© g§X^© g§X^© g§X^© g§X^© III: _w»` Aúmmer g_m§Va àdmg H$aUmar àH$me {H$aUo.
AmnUmg _m{hV Amho H$s _w»` Aúmmer g_m§Va àdmg H$aUmar àH$me {H$aUo

Zm^r` A{^g¥V (EH$Ì) hmoVmV qH$dm AmH¥$Vr 8(H$) Am{U 8(S>) _Ü ò XmI{dë`mà_mUo
Zm^r nmgwZ Ang¥V (Xþa OmUo) hmoVm§Zm {XgVmV.
• Zm^rVwZ OmUmao àH$me {H$aU àdmgmgmR>r H$moUVm _mJ© {ZdS>Vo?

g§X^© g§X^© g§X^© g§X^© g§X^© IV: Zm^rVwZ OmUmao àH$me
àH$me {H$aUo {ZåZ doimÀ`m {Z`_mÀ`m AmXoemMo nmcZ H$aVo. åhUwZ AndV©ZmZ§Va

Vr {H$aUo Zm^rVwZ àdmg H$aVm§Zm, _w»` Aúmmcm g_m§Va Agcoë`m _mJm©ìXmao àdmg
H$aVmV.  (AmH¥$Vr 11(A) Am{U 11(~) nmhm)

AmH¥$Vr-9(a)

AmH¥$Vr-9(b)
AmH¥$Vr-10(a) AmH¥$Vr-10(b)

C2 C1
F1

F2

C1 C2
F2F1

C1 C2
F2F1C2 C1

F1
F2

C2
C1F1

F2 C1
C2F2

F1

AmH¥$Vr-11(a) AmH¥$Vr-11(b)
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• _w»` Aúmmer H$mhr H$moZ H$aUmar g_m§Va àH$me {H$aUo q^Jmda nVZ Pmë`mg
H$m` KS>Vo?
Imcrc AmH¥$Ë`m§Mo {Z[aúmU H$am.

Ooìhm g_m§Va n«H$me {H$aUo, _w»` Aúmmer H$m|Z H$éZ q^Jmda nS>VmV. AmH¥$Vr
12(A) Am{U 12(~) _Ü ò XmI{dë`m à_mUo Vr {H$aUo Zm^r` àVcmda AgUmè`m
EH$m q~Xþda A[^g¥V (EH$Ì) hmoVmV qH$dm Ë`m q~Xþ§da Ang¥V (XþaOmVo) Pmë`mgmaIo
{XgVmV.  Zm^r` àVc ho _w»` Aúmmcm c§~ Agcoco Zm^r Odirc àVc Amho.
q^JmìXmao à{V_m V`ma hmoV ho XmI{dUmè`m {H$aU {MÌ H$mT>Ê`mMo {Z`_q^JmìXmao à{V_m V`ma hmoV ho XmI{dUmè`m {H$aU {MÌ H$mT>Ê`mMo {Z`_q^JmìXmao à{V_m V`ma hmoV ho XmI{dUmè`m {H$aU {MÌ H$mT>Ê`mMo {Z`_q^JmìXmao à{V_m V`ma hmoV ho XmI{dUmè`m {H$aU {MÌ H$mT>Ê`mMo {Z`_q^JmìXmao à{V_m V`ma hmoV ho XmI{dUmè`m {H$aU {MÌ H$mT>Ê`mMo {Z`_

à{V_oMo ñWmZ Xe©{dUmao {H$aUmMo {MÌ H$mT>Ê`mgmR>r Amdí`H$ _wc ŵV {Z`_m{df`r
_m{hVr KoD$.

_w»` Aúmmda H$moUË`mhr ñWmZmdarc dñVwcm q^JmìXmao V`ma hmoUmè`m à{V_oMo
ñWmZ n[a_mU Xe©{dUmao {H$aU{MÌ H$mT>Ê`mgmR>r Imcrc {Z`_ nmico nm{hOo.

n«{V_oMo ñWmZ Am{U n[a_mU _m{hV H$aÊ`mgmR>r AmnUmg g§X^© I Vo IV _Ü ò
Ho$coë`m CëcoIm n«_mUo Mma n¡H$s XmoZ {H$aUmMr JaO Amho.

- _w»` Aúmmdarc H$moUË`mhr q~Xþda R>odcoë`m dñVwda EH$- EH$$ q~Xþ {ZdS>m.
- g§X^© I Vo IV _Ü`o C„oI Ho$coë`m {H$aUm§_YwZ Vwåhr XomZ {H$aUm§Mr {ZdS>

H$éZ {MÌ H$mT>m.
- `m XomÝhr q~XþZm EH$m q~Xþda N>oXon ª̀V dmT>dV Om.Vmo à{V_ooMo ñWmZ Xe©{dVo.
- _w»` Aúmmda N>oXZ q~XþnmgwZ EH$ ñV§^rH$m H$mT>m.
- `m ñV§^rHo$Mr cm§~r à{V_oMo n[a_mU Xe©{dVo.
Imcrc {MÌ nmhm. dñVw {d{dY {R>H$mUr AgVm§Zm ~{hdH«$ q^JmìXmao V`ma

hmoUmè`m dñVwMr à{V_m Xe©{dVo.
1. A§ZV A§Vamdarc dñVw A§ZV A§Vamdarc dñVw A§ZV A§Vamdarc dñVw A§ZV A§Vamdarc dñVw A§ZV A§Vamdarc dñVw (Object at infinity)

• dñVw AZ§V Xþa AgVmV.AZ§V Xÿa dñVw åhUOo H$m`?
• {^§Jmda  H$moUË`m n«H$maMr {H$aUo nS>VmV?

Vwåhmcm _m{hV Amho H$r, AZ§V Xÿa Agcoë`m dñVwnmgyZ  [^§Jmda nS>Umar {H$aUo
_w»` Aúmmcm g_m§Va AgVmV.

AmH¥$Vr-12(a) AmH¥$Vr-12(b)
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Vr {H$aUo Zm^rOdi A{^g¥V hmoVo. åhUwZ Zm^rOdi {~§Xþénr à{V_m V`ma
hmoVo. AmH¥$Vr 8(A) _Ü`o ho Vwåhr nmhþ eH$Vm.
2. _w»` Aúmmda dH«$Vm H|$Ðmg_moa dñVw R>odcr AgVm§Zm._w»` Aúmmda dH«$Vm H|$Ðmg_moa dñVw R>odcr AgVm§Zm._w»` Aúmmda dH«$Vm H|$Ðmg_moa dñVw R>odcr AgVm§Zm._w»` Aúmmda dH«$Vm H|$Ðmg_moa dñVw R>odcr AgVm§Zm._w»` Aúmmda dH«$Vm H|$Ðmg_moa dñVw R>odcr AgVm§Zm.

AmH¥$Vr (13) _Ü`o Vw_À`m cúmmV `oVo H$s, Ooìhm dñVw dH«$Vm H|$Ðmg_moa (C2)
R>odcr OmVo, Voìhm dmñVd, CcQ>r, chmZ homUmar
à{V_m _w»` Aúmmdarc F1 Am{U C1 {~§Xþ_Ü`o
V`ma hmoVo.

AmH¥$Vr (13) _Ü`o AmnU XomZ {H$aUm§Mr
{ZdS> Ho$cr . Ë`m n¡H$s EH$ {H$aU _w»` Aúmmcm
g_m§Va AgwZ Xþgao {H$aU àH$m{e` q~XþVwZ OmD$Z à{V_oMo ñWmZ {Z{íMV H$aVo.

XmoZ {H$aUmÀ`m _XVrZo {H$aU {MÌ H$mT>m. Ë`mn¡H$s EH$ g_m§Va AgwZ Xwgao
Zm^rVyZ OmVo.

3. dH«$Vm H§o$Ðmda dñVw R>odcr AgVm§Zm.dH«$Vm H§o$Ðmda dñVw R>odcr AgVm§Zm.dH«$Vm H§o$Ðmda dñVw R>odcr AgVm§Zm.dH«$Vm H§o$Ðmda dñVw R>odcr AgVm§Zm.dH«$Vm H§o$Ðmda dñVw R>odcr AgVm§Zm.
Ooìhm dñVwcm _w»` Aúmmdarc dH«$Vm H|$Ðmda

(C2) R>odVmo, Voìhm Vwåhmcm Ë`mMr à{V_m C1 da
{_iVo. hr n«{V_m dmñVd, CcQ>r Am{U Ë`m
dñVwÀ`m n[a_mUm EdT>oM AgVo. AmH¥$Vr -14
nmhm.

4. dH«$Vm H|$Ð Am{U Zm^r_Ü`o dñVw R>odcr AgVm§Zm.dH«$Vm H|$Ð Am{U Zm^r_Ü`o dñVw R>odcr AgVm§Zm.dH«$Vm H|$Ð Am{U Zm^r_Ü`o dñVw R>odcr AgVm§Zm.dH«$Vm H|$Ð Am{U Zm^r_Ü`o dñVw R>odcr AgVm§Zm.dH«$Vm H|$Ð Am{U Zm^r_Ü`o dñVw R>odcr AgVm§Zm.
Ooìhm dH«$Vm H|$Ð (C2) Am{U Zm^r (F2)

_Ü ò dñVw R>odcr OmVo, Voìhm Vwåhmcm Ë`m dñVwMr
à{V_m {_iVo. hr n«{V_m dmñVd, CcQ>r Am{U
_moR>r Pmcocr {XgVo. AmH¥$Vr 15 nmhm. à{V_m
C1 À`m g_moa Amho.

5. Zm^rda dñVw R>odcr AgVm§ZmZm^rda dñVw R>odcr AgVm§ZmZm^rda dñVw R>odcr AgVm§ZmZm^rda dñVw R>odcr AgVm§ZmZm^rda dñVw R>odcr AgVm§Zm
Ooìhm dñVwcm Zm^rda (F2) R>odë`m OmVo

Voìhm Ë`m dñVwMr à{V_m AZ§V Xþa AgVo. AmH¥$Vr
16 nmhm. AZ§V A§Vamda V`ma Pmcocr à{V_mÀ`m
n[a_mUmMr Am{U Ë`mÀ`m ñd^mdmMr MMm© AmnU
H$é eH$V Zmhr.
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6. Zm^r Am{U àH$mer` _Ü`m_Ü`o dñVw R>odcr AgVm§Zm.Zm^r Am{U àH$mer` _Ü`m_Ü`o dñVw R>odcr AgVm§Zm.Zm^r Am{U àH$mer` _Ü`m_Ü`o dñVw R>odcr AgVm§Zm.Zm^r Am{U àH$mer` _Ü`m_Ü`o dñVw R>odcr AgVm§Zm.Zm^r Am{U àH$mer` _Ü`m_Ü`o dñVw R>odcr AgVm§Zm.
Ooìhm AmnU dñVwcm Zm^r Am{U àH$m{e` _Ü`

`m_Ü`o R>odVmo, Voìhm AmnUmg Am^mgr à{V_m {_iVo.
Vr VmR>(gai) Am{U _moRr Pmcocr AgVo. {VMo n[a_mU
dñVwn[a_mUmnoúmm _moR>o AgVo.

AmH¥$Vr 17 _Ü`o XmI{dë`m n«_mUo {H$aU {MÌmdwZ
Vw_À`m cúmmV `oVo H$s, V`ma Pmcocr à{V_m Am^mgr

AgwZ Vr gai d Á`m {R>H$mUr dñVw R>odcr Amho Ë`mÀ`m ~mOwcm Vr n«{V_m V`ma hmoVo.
Ë`m à{V_oMo n[a_mU Ë`m dñVwÀ`m n[a_mUmnoúmm OmñV AgVo Vr _moR>r Pmcocr à{V_m
Amho . (magnified image)

darc à{V_oÀ`m V`marV AmnUmg XomZ Jmoï>r g_OwZ òVo.
1. Am^mgr à{V_m V`ma Pmë`m_wio Ë`m à{V_ocm AmnU XmoÝhr S>moù`m§Zr nmhþ

eH$Vmo. BVa gd© g§X^m©V V`ma Pmcocr à{V_m dmñVd Agë`m_wio Amnë`m
S>moù`m§Zr nmhþ eH$V Zmhr. na§Vw à{V_ocm nS>XÚmda C_Q>ë`mg nmhþ eH$Vmo.

2. dñVw R>odcoë`m q^JmÀ`m ~mOwcm _moR>r Ho$cocr Am^mgr à{V_m V`ma hmoVo.
AemVèhoZo Vwåhr q^JmìXmao nm{hcocr à{V_m dmñVd ZgwZ Vr dñVwMr Am^mgr
à{V_m Amho.
~{hdH«$ q^JmÀ`m Aem {d{eï> JwUY_m©_wio Ë`mMm Cn`moJ à{V_m _moR>r H$aUmè`m

gwú_Xe©H$ ~Z{dÊ`mgmR>r hmoVmo. q^JmÀ`m Zmä`m§Vam noúmm H$_r A§Vamda dñVw R>odcr
AgVm§ZmM \$º$ Am^mgr à{V_m V`ma hmoUo eŠ` Amho. `mMr Vwåhmcm AmR>dU Amho
Zm.

 AmVmn ª̀V AmnU _w»` Aúmmda {d{dY ñWmZmda dñVw§Zm R>oD$Z ~{hdH«$ q^JmìXmao
à{V_m V`ma hmoUmè`m àH$me {H$aUmMo {MÌ H$mT>co. dñVw§Zm C1 Am{U F1_Ü ò R>odë`m

AgVm§Zm A§Vad©H«$ q^JmìXmao à{V_m V`ma hmoUmè`m
à{H«$`ocm Xe©{dUmao {H$aU H$mT>m.
• Vwåhmcm H$m` {Z[aúmUmg Amco?

AmnU ~{hdH«$ q^JmìXmao V`ma hmoUmè`m à{V_ocm
Xe©{dUmao H$mT>coco {MÌ Am{U Vwåhr H$mT>coë`m {H$aU

{MÌmMr nS>VmiUr H$am. AmH¥$Vr-18 nmhm. dñVwÀ m̀ Xwgè̀ m ñWmZmgmR>r {H$aUmMo {MÌ H$mT>Ê m̀Mm
à`ËZ H$am. Vw_À`m cúmmV `oVo H$s, _w»` Aúmmdarc dñVwÀ`m ñWmZmMr ndm© Z H$aVm
Vwåhmcm ~{hdH«$ [ §̂JmÀ`m Zm^r` Am{U àH$mer` _Ü` ̀ m_Ü ò gai, Am^mgr à{V_m chmZ
n[a_mUmV {_ioc. {H$aU {MÌmMr H$mhr CXmhaUo nmhþ ̀ m.
CXmhaU 4CXmhaU 4CXmhaU 4CXmhaU 4CXmhaU 4

~{hdH«$ {^§JmÀ`m _w»` Aúmmda MN, Zm^r (F) À`m ncrH$S>o EH$ {~§Xþ én dñVw
(S)  R>odcr AgVm§Zm à{V_oMo ñWmZ {ZpíMV H$aÊ`mgmR>r {H$aU {MÌ H$mT>m. AmH¥$Vr
E(4) nmhm.
gmoS>dUwH$gmoS>dUwH$gmoS>dUwH$gmoS>dUwH$gmoS>dUwH$

- Zm^r (FI) _YwZ OmUmar _w»` Aúmmcm c§~ AgUmar aofm H$mT>m.
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- q~§XþénrdñVw (S)nmgwZ H$moUË`mhr {XeoV
q^Jmda(PI)q~XþOdi {_iUmao EH$ {H$aU
H$mT>m.

- q~Xþénr dñVw (S) nmgwZ H$mT>coco {H$aUmcm
g_m§Va Agcocr Xþgar g_m§Va aofm AemarVrZo
H$mT>m H$s, Vr àH$mer` _Ü`mVwZ (P)Jocr nm{hOo. hr aofm ñV§^rHo$cm  FO

da N>oXVo.
- AmVm PI  {~§XþnmgwZ {ZKUmar Am{U  FO q~Xþ _YwZ OmV _w»` Aúmmcm (I)

ZmdmÀ`m q~Xþda N>oXUmar Xþgar aofm H$mT>m.
- ‘I’ hr (S) q~Xþénr dñVwMr à{V_m Amho.

CXmhaU 5CXmhaU 5CXmhaU 5CXmhaU 5CXmhaU 5
AmH¥$Vr E5(a) Am{U E5(b) _Ü`o

XmI{dë`m n«_mUo, àH$me {H$aUo q^JmVwZ
OmD$Z {Z_m©U hmoUmè`m AndV©Z {H$aUmMm
_mJ© XmI{dUmè`m {H$aUmMo {MÌ H$mT>m.
gmoS>dUwH$:gmoS>dUwH$:gmoS>dUwH$:gmoS>dUwH$:gmoS>dUwH$:

{H$aU {MÌ H$mT>Ê`mgmR>r CXmhaU (4) _Yrc C„oI Ho$coë`m nm`è`m§Mo nmcZ
H$am.

Ë`m {H$aUmMo _mJ© Am. E5(c) Am{U 5(d) _Ü`o XmI{dë`mn«_mUo amhVo ho Vw_À`m
cúmmV `oVo.

_______________
• q^JmìXmao à`moJ Ho$ë`mg {H$aU {MÌmìXmao XmI{dcoë`m n[a_mU ̀ oVmV ho AmnUmg

àË`úm H¥$VrìXmao H$iwZ `oVo H$m?
Mcm nmhþ `m.

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr 2
EH$  v- ñQ>S> Ko‹D$Z Ë`mg (XmoZ {_Q>a)_moR>çm Q>o~cmda _Ü`^mJr R>odm. ~{hdH«$

q^Jmcm  v-ñQ>°S>da R>odm. q^JmÀ`m _w»` AúmmMr H$ënZm H$am. _oU~Îmrcm noQ>dwZ Vw_À`m
{_Ìmcm Ë`m _oU~Îmrcm _w»` AúmmdéZ q^JmÀ`m Xþa ZoÊ`mg gm§Jm. nS>Úmcm (Aúmmda c§~
{XeoV R>odcocm EH$ n§mT>am H$mJX) Ë`mda n«{V_m ̀ oB©n ª̀V {ZQ> H$éZ ¿`m.
• {h à{V_m {XgÊ`mgmR>r AmnU nS>ÚmMm Cn`moJ H$m H$arV Amho? AmnU Ë`m

à{H«$`ocm Amnë`m S>moù`m§Zr àË`úmnUo H$m nmhþ eH$V Zmhr?
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v-ñQ>°S>darc q^JmnmgwZ à{V_oMo A§Va _moOm Am{U _oU~Îmr Am{U ñQ>°S> _Yrc A§Va
gwÜXm _moOm.

Ë`m§À`m qH$_Vr Vº$m -1  _Ü ò Z_wX H$am.
 AmVm q^JmnmgwZ 30 go._r. A§Vamda

_oU~Îmrcm Aem n«H$mao R>odm H$s,_oU~ÎmrMr
Á`moV Ë`m q^JmÀ`m _w»` Aúmmda Amcr
nm{hOo. nS>ÚmÀ`m Xþgè`m ~mOwcm _oU~ÎmrÀ`m
Á`moVrMr à{V_m ̀ oÊ`mgmR>r à`ËZ H$am. ñnï>
AmH¥$Vr ̀ oB©n`ªV nS>Úmcm {ZQ> H$am. à{V_oMo
q^JmnmgwZ A§Va  (v) _moOwZ ‘u’ Am{U ‘v’

À`m qH$_Vr Vº$m -1  _Ü ò Z_wX H$am. dñVwcm q^Jm nmgwZ 50 go._r., 40 go._r.,
30 go._r. BË`mXr {d{dY A§Vamda R>oD$Z `m H¥$Vrcm nwÝhm H$am. `mgd© g§X^m©V
òUmè`m à{V_oMo A§Va Vº$m-1 _Ü ò Z_wX H$am.

• àË òH$ dñVw A§VamgmR>r Vwåhmcm nS>Úmda à{V_m {_iVo H$m?
• H$mhr g§X^m©V dñVw A§VamgmR>r à{V_m H$m òV Zmhr?
• dñVw A§Va H$_rV H$_r Agë`mg dmñVd à{V_m V`ma hmoVo ho Vwåhr _m{hV H$é

eH$Vm H$m?
• dmñV{dH$ à{V_m XoUmè`m Ë`m H$_rV H$_r dñVw A§Vamcm Vwåhr H$m` åhUVm?

nS>Úmda à{V_m V`ma Z hmoUmè`m g§X^m©V nS>Úm EodOr {VWo Vw_Mm S>moim R>oD$Z
gai à{V_m nmhÊ`mMm à`ËZ H$am.
• Vwåhr à{V_m nmhþ eH$Vm H$m?
• Vwåhr nm{hcocr à{V_m H$moUVr Amho ?

q^J R>odcoë`m ~mOwcm Vwåhmcm R>odcoë`m dñVwMr à{V_m _moR>r Pmcocr {XgwZ ̀ oVo.
hr dñVwMr Am^mgr à{V_m Amho. Ë`mcm AmnU nS>Úmda nH$Sw> eH$V Zmhr.
• `m Am^mgr à{V_oMo à[V_mA§Va Vwåhr H$mTw> eH$Vm H$m?

Vº$m 1 _Ü ò _oU~ÎmrÀ`m {d{dY ñWmZmgmR>r (u)  Vwåhmcm doJdoJù`m qH$_Vr ‘v’
{_imë`m Amho.
• Vº$m 1 _Ü ò Z_wX Ho$coë`m qH$_VrdéZ q^JmMo Zm^r` A§Va _m{hV H$é eH$Vm

H$m?
• ‘u’, ‘v’ Am{U ‘f’ _Ü ò AmnU g§~§Y ñWmnZ H$é eH$Vmo H$m?

Mcm _m{hV H$é `m.
EH$m ~{hdH«$ q^Jmg_moa _w»` Aúmmda EH$ dñVw  OOI AmH¥$Vr 19 _Ü`o

XmI{dë`m n«_mUo R>odcr Amho. g_Om Ë`m dñVwÀ`m {déÜX ~mOwcm q^JmìXmao V`ma
Pmcocr à{V_m  III Amho. AmH¥$Vr 19 Mo {Z[aúmU H$am.
• à{V_m H$er V`ma Pmcr?

dñVwMo A§VadñVwMo A§VadñVwMo A§VadñVwMo A§VadñVwMo A§Va
(u)

à{V_oMo A§Vaà{V_oMo A§Vaà{V_oMo A§Vaà{V_oMo A§Vaà{V_oMo A§Va
(v)

Zm^r`Zm^r`Zm^r`Zm^r`Zm^r`
A§Va A§Va A§Va A§Va A§Va (f)

Vº$mVº$mVº$mVº$mVº$m  1
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{^§JmMo gwÌ {^§JmMo gwÌ {^§JmMo gwÌ {^§JmMo gwÌ {^§JmMo gwÌ (Lens formula)
 OI nmgwZ {ZKUmao {H$aU _w»` Aúmm§er g_m§Va àdmg H$arV Vo {^§Jmda nS>Vo,

Am{U AndV©ZmZ§Va AmH¥$Vr 19 _Ü`o XmI{dë`mà_mUo Zm^r F1 _YwZ OmVo. (OI),
q~XþMr à{V_m (II) cm AmoiIÊ`mgmR>r {^§JmMo àH$m{e` _Ü`mVwZ P OmUmè`m Xþgè`m
{H$aUmMm gwÜXm {dMma H$éZ q^JmÀ`m àH$mer` _mÜ`mVwZ  P OmUmè`m H$moUË`mhr
{H$aUmMm _mJ© {dMcrV hmoV Zmhr.

OI nmgwZ {ZKUmao {H$aU q^JmÀ`m n«H$m{e` _Ü`mVwZ P OmUmao  {H$aU  AndV©Z
{H$aUmcm (n{hco {H$aU)  II q~Xþda {_iVo. hr OI q~Xþénr dñVwMr à{V_m Amho.
AemarVrZo _w»` Aúmmdarc  O q~XþMr à{V_m _w»` Aúmmdarc I  q~Xþda (AmH¥$Vr 19
nmhm) V`ma hmoVo. AmnUmg OOI dñVwMr  III CcQ>r n«{V_m {_iVo. .

PO, PI Am{U PF1  ho AZwH«$_o dñVwMo A§Va, à{V_m A§Va, Zm^r A§Va AmhoV.
AmH¥$Vr 19 déZ {ÌH$moU PPIF1 Am{U {ÌH$moU F1II

I  ho g_én {ÌH$moU AmhoV.
PPI/III = PF1/F1I .................(1)

n§aVw AmH¥$Vr 19 déZ
F1I = PI – PF1

F1I Mr qH$_V g_rH$aU (1) _Ü ò R>odë`mg
PPI/III = PF1/(PI – PF1) .................(2)
AmH¥$Vr 19 Zwgma OOIP Am{U  PIII hr g_én {ÌH$moU AmhoV.
`m{ÌH$moUmdéZ AmnUmg OOI/III = PO/PI `oVo.

      na§Vw AmH¥$Vr  (19) déZ  OOI = PPI åhUwZ
PPI/III = PO/PI .................(3)
(2) Am{U (3) déU AmnUmg
PO/PI =  PF1/(PI-PF1) òVo.
PI/PO = (PI-PF1)/PF1

PI/PO = PI/PF1 – 1
g_rH$aUmcm PI Zr ^mJco AgVm.
1/PO = 1/PF1 -1/PI
1/PO + 1/PI = 1/PF1 .................(4)
darc g_rH$aUmV ~{hdH«$ q^JmÀ`m gmhmæ`mZo dñVwÀ`m {d{eï> g§X^m©déZ gmÜ`

Ho$co Amho. `mg g_mÝ` énmV ~XcÊ`mgmR>r g§km é§T>rMm dmna H$amdm cmJVmo.
g§km éT>rZwgma
PO = -u ;  PI = v ;  PF1 = f
`m qH$_VrZm g_rH$aU 4 _Ü ò R>odë`mg
1/v – 1/u = 1/f `oVo.

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-19
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`m g_rH$aUmcm q^J gwÌ  Ago åhUVmV. `mMm Cn`moJ H$moUË`mhr q^JmgmR>r
hmoVmo. na§Vw g_rH$aUmMm Cn`moJ H$aVm§Zm g§koMr na§nam AmR>dU Ho$cr nm{hOo.
AmnUmg ‘u’ Am{U ‘v’ À`m qH$_Vr Vº$m -1 _Ü ò {Xë`m AgwZ Ë`m§Mo _mnZ H¥$Vr -2
_Ü ò Ho$co Amho. ‘u’ Am{U ‘v’ À`m àË òH$ qH$_Vr gmR>r VŠË`mVrc qH$_VrdéZ { §̂JmMo
Zm^r` A§Va H$mT>Vm òVo?
• àË òH$ qH$_VrÀ`m g§MmgmR>r Zm^r` A§Va gmaIo òVo H$m?

Vw_À`m cúmmV Amco H$s, dñVw A§Va Am{U à{V_m A§VamMr ndm© Z H$aVm Zm^r`
A§Va gmaIoM òVo. Oa Vwåhmcm Zm^r` A§Va g_mZ Z Amë`mg à`moJmV Hw$R>oVar MwH$
Pmcocr AgVo. Aem g§X^m©V gd© qH$_VrMr gamgar _m{hV H$adr cmJVo. hr gamgar
Zm^r` A§Va EdT>rM AgVo.

Mcm H$mhr CXmhaUo nmhþ `m.
CXmhaU 6CXmhaU 6CXmhaU 6CXmhaU 6CXmhaU 6

EH$m Q>o~cmda {dÚwV {Xdm Am{U nS>Xm EH$m gai aofoV 1 _r. A§Vamda R>odcocm
Amho. 21 go._r. Zm^r` A§Va Agcoë`m ~{hdH«$ q^Jmcm `m§À`m _YmV H$moUË`m
ñWmZr R>odë`mg ñnï> à{V_m V`ma hmoVo?
gmoS>dUwH$gmoS>dUwH$gmoS>dUwH$gmoS>dUwH$gmoS>dUwH$

{dÚwV {Xdm Am{U nS>Úm_Yrc A§Va ‘d’  Am{U {Xdm Am{U { §̂Jm_Yc A§Va ‘x’
_mZw. AmH¥$Vr E-6 déZ  u = -x Am{U v = d-x `m qH$_VrZm q^J gwÌmV R>odë`mg

1/f = 1/(d-x) + 1/x `oVo.
 g_rH$aU gmoS>{dë`mZ§Va AmnUmg

òVo.
x2 – dx + fd = 0
ho dJ©g_rH$aU Agë`m_wio AmnUmg

XomZ CH$cr ̀ oVmV. darc g_rH$aUmÀ`m
CH$cr

           _______
x = [d + √(d2-4fd)] / 2 .................(1)

 f = 21go._r. Am{U  d= 1m =100 go._r. {Xcoco Amho.
`m qH$_VtZm g_rH$aU 1 _Ü ò R>odë`mg AmnUmg
x1 =70 go._r. Am{U  x2 = 30 go._r. òVo.
gwMZmgwMZmgwMZmgwMZmgwMZm: f  Mr qH$_V 25 go._r. qH$dm Ë`mnoúmm H$_r Agë`mg {dÚwV {Xì`mMr

à{V_m ñnï> {XgVo.
g_rH$aU 1 Mm dmna H$éZ `m {df`mMr MMm© H$am. `mgmR>r Vw_À`m {eúmH$m§Mr

_XV ¿`m.

_______________

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-E(6)
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• q^JmMo Zm^r` A§Va H$moUË`m KQ>H$mda Adc§~wZ AgVo?
Mcm _m{hV H$é `m.

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr 3
H¥$Vr -2 _Ü`o dmnacocr q^J ¿`m. Ë`m H¥$Vr_Ü`o _moOcoë`m q^JmÀ`m

Zm^r` A§VamÀ`m gamgarMr Zm|X H$am. EH$m {Z_wiË`m ~wS>mÀ`m H$mMoÀ`m
½cmggmaIo X§S>JmocmH¥$Vr nmÌ ¿`m. Ë`m nmÌmMr C§Mr q^JmÀ`m Zm^r`
A§Vamnoúmm _moR>r Agcr nm{hOo. (AmnUmg q^JmÀ`m Zm^r` A§Vam noúmm
Mma nQ> cm§~r(Imocr) Agcoco nmÌ hdo Amho) nmÌmÀ`m Vimer EH$ H$mim
XJS> R>odm. AmVm nmÌmV nmUr EH$m {d{eï> C§Mrn ª̀V Ago ^am H$s,
XJS>mÀ`m daÀ`m ^mJmnmgwZ Ë`m C§Mrn ª̀V Agcoë`m nmÊ`mMr nmVir Ë`m
q^JmÀ`m Zm^r` A§Vam noúmm OmñV Agcr nm{hOo. AmVm d¥ÎmmH$ma {M_Q>çmÀ`m
_XVrZo q^Jmcm AmH¥$Vr 20 _Ü ò XJS>mÀ`m da XmI{dë`m à_mUo AmS>dr ~wS>dm. XJS>
Am{U {^§Jm_Yrc A§Va ho Ë`m g_mZ qH$dm H¥$Vr 2 _Ü`o _moOcoë`m q^JmÀ`m Zm^r`
A§Vamnoúmm H$_r Agoc Ago nH$Sw>Z R>odm. AmVm q^JmìXmao XJS>mH$S>o nmhm. (hr H¥$Vr
Kam~mhoa H$am)
• Vwåhr XJS>mMr à{V_m nmhþ eH$Vm H$m?
• Oa hmò /Zmhr Va Ë`mgmR>r H$maUo Úm?

Oa q^J Am{U XJS>m_Yrc A§Va q^JmÀ`m Zm^r` A§Vam noúmm H$_r Agë`mg
(hdoV) Vwåhr XJS>mMr à{V_m nmhþ eH$Vm. AmVm XJS>mMr à{V_m AÑî` hmoB©n ª̀V q^J
Am{U XJS>m_Yrc A§Va dmT>dm.
• `m H¥$VrdéZ Vwåhr H$m` {ZîH$f© H$mT>mc?
• { §̂JmMo Zm^r` A§Va g^modVmcÀ`m _mÜ`_mda Adc§~wZ AgVo H$m?

hdoVrc [^§JmÀ`m Zm^r` A§Vamnoúmm OmñV C§Mrda Vwåhr q^Jmcm ~wS>{dco Amho.
na§Vw Vwåhr à{V_m nmhþ eH$Vm. (Ooìhm q^J da Zoë`mg Vwåhmcm à{V_m {XgUma
Zmhr) `m déZ {^§JmMo Zm^r` A§Va nmÊ`mV dmT>Vo ho {XgwZ `oVo. AemVèhoZo AmnU
{ZîH$f© H$mT>w eH$Vmo H$s, q^JmMo Zm^r` A§Va Ë`m q^Jmcm R>odcoë`m _mÜ`_mda
Adc§~wZ AgVo.

q^J V`ma H$aÊ`mMo gwÌ q^J V`ma H$aÊ`mMo gwÌ q^J V`ma H$aÊ`mMo gwÌ q^J V`ma H$aÊ`mMo gwÌ q^J V`ma H$aÊ`mMo gwÌ (Lens maker’s formula)
AmH¥$Vr 21 _Ü ò XmI{dë`mn«_mUo EH$m nmVi q^JmÀ`m _w»` Aúmmda q~Xþ dñVw

‘O’  R>odcr Amho. ̀ mMr H$ënZm H$am. q^J R>odcoë`m _mÜ`_mMm AdnV©Zm§H$ na  Am{U
q^JmMm AndV©Zm§H$  nb g_Ow.

AmH¥$Vr 21 _Ü ò XmI{dë`m à_mUo  ‘O’
nmgwZ {ZKmcoco EH$ àH$me {H$aU  R1

dH«$Vm {ÌÁ`m Agcoë`m {^§JmÀ`m EH$m
~{hdH«$ n¥ð>mda  A q~Xþ Odi nVZ hmoVo
Ago g_Ow `m.

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-20

q^J q^J
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{M_Q>mXJS>
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AmnmVr {H$aU  A.da namdVuV hmoVo.
A§Vd©H«$ n¥ð>^mJ Zgë`mg à{V_m  Q òWo V`ma hmoVo Ago _mZy.
AmH¥$Vr (21)déZ dñVwMo A§Va PO = –u;

à{V_oMo A§Va v = PQ = x
dH«$Vm {ÌÁ`m R = R1

n1 = na Am{U n2 = nb

darc qH$_VrZm g_rH$aUm R>odë`mg n2 / v - n1 / u = (n2-n1) / R
  nb / x + na / u = (nb-na) / R1 ...................(1)

na§Vw dmñV{dH$nUo  A  da AndV©Z Pmcoco {H$aU (R2) dH«$Vm {ÌÁ`m Agcoë`m
Xþgè`m q~Xþ B  da AndV©Z hmoD$Z B Odi AndV©Z Pmcoco {H$aU _w»` Aúmmdarc
I {~§XþOdi nmohmoMVo.

dñVwMr à{V_m Q  cm A§VdH«$ n¥ð>^mJm_wio Ë`m n¥ð>^mJmgmR>r dñVw åhUwZ KoVë`m
OmVo. åhUwZ AmnU åhUw eH$Vmo, H$s A§Vd©H«$ n¥ð>^mJmgmR>r  Q Mr à{V_m  I hmoVo.
AmH¥$Vr 21 nmhm.

dñVwMo A§Va u = PQ =  + x
à{V_mMo A§Va PI =  v
dH«$Vm {ÌÁ`m R = –R2

AndV©ZmgmR>r, { §̂JmÀ`m A§Vd©H«$ n¥îR>^mJmg _mÜ`_ -1 Am{U g^modVr Agcoë`m
_mÜ`_mZ§m _mÜ`_ - 2 åhUwZ {dMmamV KoVë`m OmVo. åhUwZ AndV©ZmH$mÀ`m àË``mMr
nañna AXcm~Xc hmoVo. Ë`mZ§Va

n1 = nb Am{U n2 = na

darc [H§$_VrZm§ g_rH$aUmV R>odë`mg  n2 / v - n1 / u = (n2-n1) / R
na / v - nb / x = (na-nb) / (-R2) ...................(2)
(1) Am{U (2) cm {_i{dë`mg

  na / v + na / u = (nb-na)( 1 / R1 + 1 / R2)
XmoÝhr ~mOwZr na, Zo ^mJë`mg AmnUmg

1 / v + 1 / u = (nb/ na – 1)(1 / R1 + 1 / R2) òVo.
nb / na = nba cm g^modVcmÀ`m _mÜ`_mer g§~§YrV q^JmMm AndV©Zm§H$ åhUVmV.
1 / v +1 / u = (nba– 1)(1 / R1 + 1 / R2)
ho {d{eï> g§X^m©V A§Vd©H«$ q^JmgmR>r gmÜ` Ho$ë`m OmVo. `mgmR>r AmnUmg

`mg§~§Ymcm gm_mÝ` énmV _m§S>co nm{hOo. `mgmR>r g§koÀ`m na§namMr AmnU dmna
H$aVmo. `m {d{eï> g§X^m©gmR>r g§koÀ`m é§T>rMm {Z`_ nmiÊ`mg

AmnUmg 1/v - 1/u = (nba– 1)(1/R1 - 1/R2) `oVo.
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AmnUmg _m{hV Amho H$s,
1/v -1/u = 1/f
åhUwZ
1/f  = (nba– 1)(1/R1 - 1/R2)  ...................(3) ̀ oVo.
Oa g^modVmcMm _mÜ`_ hdm Agë`mg gmnoúm AndV©Zm§H$ hm q^JmMm {Zanoúm

AnVd©Zm§H$ hmoVmo.
1/f  = (n– 1)(1/R1 - 1/R2) ...................(4)
`mMm Cn`moJ \$º$ q^J hdoV AgVm§Zm hmoVmo.
òWo  n  hm {Zanoúm AndV©Zm§H$, Am{U `m g_rH$aUmcm q^J V`marMo gwÌ Ago

åhUVmV.
gwMZm gwMZm gwMZm gwMZm gwMZm : `m YS>çmVrc H$moUVohr gwÌ gmÜ` H$aÊ`mgmR>r Zoh_r g§km é§T>rMm

Cn`moJ H$aVmV Am{U darc gwÌmMm Cn`moJ H$moUË`mhr nmVi q^JmgmR>r hmoVr.
Oa Vr q^JmÀ`m AnVd©ZmH$m§noúmm chmZ AndV©Zm§H$ Agcoë`m _mÜ`_mV R>odë`mg

A{^gmar q^JmgmaIr dmJVo. ̀ m q^JmÀ`m AndV©Zm§H$ noúmm _moR>m AnVd©Zm§H$ Agcoë`m
nmaXe©H$ _mÜ`_mV R>odë`mg Vr Angmar q^JmgmaIr dmJVo.

CXmhaUmV nmmÊ`mVrc hdoMo ~wS>~wS>o A§Vd©H«$ q^JmgmaIo dmJVmV.
q^J V`marMo gwÌmMo CXmhaU nmhþ `m.

CXmhaU 7CXmhaU 7CXmhaU 7CXmhaU 7CXmhaU 7
AndV©Zm§H$  n = 1.5 Agcooë`m EH$m pìXA§Vd©H«$ q^Jmcm hdoV R>odco Amho.

q^JmÀ`m XmoZ dH«$n¥ð>mMr {ÌÁ`m R1 = 30go._r. Am{U  R2 =60 go._r. Amho. Va Ë`m
[^§JmMo Zm^r` A§Va H$mT>m?
gmoS>dUwH$:gmoS>dUwH$:gmoS>dUwH$:gmoS>dUwH$:gmoS>dUwH$:

AmH¥$Vr E-7 déZ g§koÀ`m é§T>rZwgma
R1 = -30 go._r., R2 = 60go._r. Am{U  n = 1.5 {Xcoco Amho.
1/f = (n-1)(1/R1 – 1/R2) dmnéZ

   1/f = (1.5 - 1)[1/(-30)-1/60]
`mg gmoS>{dë`mg
f = -120go._r. òVo.
`oWo dOm åhUOo q^J A§VJm}c Amho.

C2

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr     -E(7)
C1 Light rays

_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX

q^J, Zm^r` A§Va, Zm^r, àH$mer` _Ü`, _w»` Aúm dH«$Vm,
{ÌÁ`m, dH«$Vm {ÌÁ`m, dH«$Vm H|$X
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• n1  AndV©Zm§H$ Agcoë`m _mÜ`_mnmgwZ n2AndV©Zm§H$ Agcoë`m _mÜ`_mV  R dH«$Vm {ÌÁ`m
Agcoë`m dH«$n¥ð>mVwZ EH$ àH$me {H$aU OmVm§Zm n2/v –n1/u = (n2- n1)/R gwÌmMm Cn`moJ H$aVmV.

• EH$m _mÜ`_mcm Xþgè`m _mÜ`_mnmgwZ doJio H$aUmè`m XomZ n¥ð>^mJmn¡H$s EH$ n¥ð>^mJ dH«$
Agë`mg Ë`mg { §̂J Ago åhUVmV.

• q^JmMo gwÌ 1/f =1/v – 1/u Amho.
 òWo f  Zm^r` A§Va, u ho dñVw A§Va Am{U v n«{V_m A§Va Amho.

• q^J V`marMo gwÌ Amho.
1/f = (n-1)(1/R1-1/R2)
`oWo R1 Am{U R2 dH«$Vm {ÌÁ`m AmhoV. n hm AndV©Zm§H$ Am{U  f  Zm^r` A§Va Amho.

• ~{h©dH«$ q^JmZo V¶ma Pmboë¶m à{V‘mMo bjUo.

I..... g§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZ
1. q^J V`marMo gwÌ {chþZ Ë`m_Ü`o Agcoë`m n§XmMo ñnï>rH$aU H$am? (AS1)
2. nmÊ`mV ~{hdH«$[ §̂J R>odë`mg Ë`m q^JmMo Zm^r` A§Va dmT>Vo ho à`moJmìXmao Vwåhr H$er nS>VmiUr H$amc? (AS1)
3. q^JmMo Zm^r` A§Va à`moJmìXmao Vwåhr H$go _m{hV H$amc? (AS1)
4. Imcrc g§X^m©Vrc ñWmZmgmR>r {H$aU {MÌ H$mT>m Am{U à{V_oMm ñd^md Am{U ñWmZmMo ñnï>rH$aU Úm?

i. dñVw  C2 da R>odcr AgVm§Zm
ii. dñVw F2 Am{U àH$m{eV _Ü` P À`m _Ü ò R>odco AgVm? (AS5)

II..... g§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZ
1. EH$m _mUgmcm Po~«m Mo N>m`m{MÌ H$mT>m`Mo Amho. Ë`m ì`º$sZo H°$_oè`mÀ`m q^Jmda H$mMmMr H$mir nÅ>r

~gdwZ EH$m nm§T>è`m JmT>dmMo N>m`{MÌ H$mT>co. Va Ë`mcm H$moUVm \$moQ>m ̀ oVmo? ñnï> H$am? (AS1)
2. XmoZ A^rgmar {^§JmZm g_m§Va {H$aUmÀ`m _mJm©V Aem àH$mao R>odm H$s, Ë`m XmoZ q^JmVwZ àH$me

{H$aU Joë`mZ§Va Vr {H$aUo g_m§Va Agm`cm nm{hOo. ̀ mgmR>r q^J H$em àH$mao R>odmc? {H$aUmMo
ñdÀN> {MÌ H$mTw>Z ñnîQ> H$am?  (AS1)

AmnU H$m` {eH$cmoVAmnU H$m` {eH$cmoVAmnU H$m` {eH$cmoVAmnU H$m` {eH$cmoVAmnU H$m` {eH$cmoV

Amnë`m Aä`mgmV gwYmaUm H$amAmnë`m Aä`mgmV gwYmaUm H$amAmnë`m Aä`mgmV gwYmaUm H$amAmnë`m Aä`mgmV gwYmaUm H$amAmnë`m Aä`mgmV gwYmaUm H$am

Position of the object Position of the Image Characteristics of the image

At infinity Focal Point Point Image

Beyond C1 Between F2 & C2 Inverted, Diminished & Real

At C1 On C2 Inverted, Same size & Real

Between F1 & C1 Beyond C2 Inverted, Magnified & Real

At F1 Infinity -

Between F1 & P Beyond F2 Erect, Magnified & Virtual
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N1
N2

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr- Q(5)

3. EH$m A{^gmar q^JmMo Zm^r` A§Va 20 go._r. Amho. Ë`m q^JmnmgwZ dñVw 60 go._r. A§Vamda
Amho. Va dñVwMr à{V_m Hw$R>o V`ma homVo. Am{U Vr H$moUË`m àH$maMo AgVo? (AS1)

                     (CÎma: dmñVd, nwgQ>, CcQ>r à{V_m q^JmnmgwZ 30 go._r.A§Vamda V`ma hmoVo.)
4. EH$m pìXdH«$ q^Jmcm ‘R’{ÌÁ`m Am{U  n = 15 AndV©Zm§H$ Agcoco XmoZ n¥ð>^mJ Amho. Va Zm^r`

A§Va ‘f’H$mT>m? (AS1)
5. hfm© {gÜXþcm åhUmcm H$s, pìX~{hdH«$ q^J A^rgar q^JmgmR>r dmJVo. na§Vw {gÜXþcm _m{hVr

Amho H$s, hfm©Mo åhUZo MwH$sMo Amho, {gÜXþZo hfm©cm H$mhr àíZ {dMméZ MwH$ XþéñVr Ho$cr?Va
Vr àíZ H$moUVo Agoc? (AS2)

6. H$°_oè`mZo Am^mgr à{V_oMm \$moQ>mo H$mT>Vm `oVo H$m? (AS2)
7. à`moJmMo n[aUm_, {H$aU {MÌmMo n[aUm_ EH$ gmaIoM AgVo. Agë`m H$maUmZo Ë`mMo A{^Z§XZ

H$go H$amc? (AS6)
8. EH$m g__rV A{^gmar q^JmMo Zm^r` A§Va Ë`m§À`m n¥ð>^mJm _Ü` dH«$Vm {ÌÁ ò g_mZ Agë`mg

Ë`mMm AnVd©Zm§H$ H$mT>m? (AS7) (CÎma :1.5)
9. XmoZ ~{hd©H«$ A§Vd©H«$ A{^gmar {^§JmMr 24 go._r. AndV©Zm§H$ n=1.5  Agcoë`m H$mMoMo EH$

~{hd©H«$ - A§Vd©H«$ A{^gmar q^J V`ma Ho$co Amco. Ë`mMo Zm^r` A§Va 24 go._r. Ë`mMr EH$
dH«$Vm {ÌÁ`m Xþgè`m dH«$Vm {ÌÁ òÀ`m XþßnQ> Amho Va Ë`m XmoÝhr dH«$Vm {ÌOoÀ`m qH$_Vr
H$mT>m? (CÎma:R1=6go._r.,R2=12go._r.) (AS7)

III..... Cƒ {dMma loUrMo àíZCƒ {dMma loUrMo àíZCƒ {dMma loUrMo àíZCƒ {dMma loUrMo àíZCƒ {dMma loUrMo àíZ
1. AmH¥$Vr Q-1. _Ü`o XmI{dë`m à_mUo ~{h©dH«$ {^§J VrZ doJdoJù`m nXmWm©Zr ~Zcocr

Amho. Vr {H$Vr à{V_m V`ma H$aVo?  (AS2)

2. Vw_À`m Odirc q^JmMo  Zm^r` A§Va _m{hV H$aUmè`m EH$m à`moJm ~Ôc gwMdm.(AS3)

3. `m YS`mVrc Vº$m-1 _Yrc H¥$Vr-2 ìXmam Amcoë`m _m{hVrMm dmna
H$éZ  u vs v Am{U 1/u vs 1/v Mm AmcoI H$mT>m? (AS5)

4. Angma q^JmìXmao OmUmè`m AB {H$aUmcm AmH¥$Vr Q-4 _Ü ò XmI{dco
Amho. q^JmÀ`m Zm^rÀ`m ñWmZmdéZ Ë`m {H$aUmÀ`m _mJm©Mr [^§Jmn`ªV
aMZm H$am? (AS5)

5. EH$m q~Xþénr dñVwcm N1N2_w»` Aúmmda
Agcoë`m q^JmZo V`ma Ho$cocr à{V_m Am. Q-5 _Ü ò XmI{dco Amho.
{H$aUo {MÌmÀ`m _XVrZo Ë`m q^JmMo ñWmZ Am{U Zm^r` ñWmZ _m{hV
H$am? (AS5)

6. AmH¥$Vr Q-6 _Ü`o XmI{dcoë`m dñVwMo ñWmZ S Am{U Ë`m§Mr à{V_m S/

Mm Cn`moJ H$éZ {H$aU {MÌ H$mTw>Z Zm^r _m{hV H$am? (AS5)

7. 40 go._r. Zm^r` A§Va Agcoë`m A{^gmar q^Jmda g_m§Va {H$aUo
nVZ homVmV. 15 go._r. Zm^r` A§Va Agcoë`m A§VJm}c q^Jmcm Ho$mUË`m {R>H$mUr R>odë`mg

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-Q(1)

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-Q(4)

F

F/

A B

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-Q(6)

N1
N2

S/
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q^JmìXmao àdmg Ho$ë`mZ§Va Vr {H$aUo g_m§Va òVmV? {H$aU {MÌ H$mT>m? (AS5)

8. XomZ {~Xþénr àH$memÀ`m ñÌmoVm_Yrc A§Va 24 go._r. Amho. XmoÝhr óm|VmMr à{V_m EH$mM
{R>H$mUr òÊ`mgmR>r  f=9 go._r. Zm^r` A§Va Amcocr A^rgmar {^§J Hw$R>o R>odcr nm{hOo?(AS7)

9. Vwåhr EH$m$ pñd_r§J nwcmÀ`m nmÊ`mV EH$m H$S>oOdi C ô AmhmV. H$S>oda Vw_À`m {_Ì C^m Amho.
Vwåhmcm Vw_Mm {_Ì Ë`mÀ`m dmñVd C§Mr noúmm C§M {XgVmo H$m? R>|JUm {XgVmo H$maUo Úm?(AS7)

1. Imcrc n¡H$s H$moUVo nXmW© q^JmÀ`m V`marV dmnaV Zmhr? [ ]
a) nmUr b) H$mM
c) ßcmñQ>rH$ d) {MH$Z _mVr

2. Imcrc n¡H$s H$moUVo gË` Amho? [ ]
a) ~{hd©H«$ q^JmìXmao V`ma hmoUmè`m Am^mgr à{V_oMo A§Va Zoh_r dñVw A§Vamnoúmm OmñV AgVo.
b) ~{hd©H«$ q^JmìXmao V`ma hmoUmè`m Am^mgr à{V_rMo A§Va ho dñVw A§Vamnoúmm OmñV ZgVo.
c) ~{hd©H«$ Zoh_r dmñVd à{V_m H$aVo.
d) ~{hd©H«$ q^J Zoh_r Am^mgr à{V_m V`ma H$aVo.

3. gnmQ> ~{hd©H«$ q^JmMo Zm^r` A§Va .......... AgVo. Ooìhm Ë`mÀ`m n¥ð>^mJmMr dH«$Vm {ÌÁ`m R
AgwZ q^JmMm AndV©Zm§H$ n AgVo. [ ]
a) f = R b) f = R/2
c) f = R/(n–1) d) f = (n–1)/R

4. H$moUË`m g§X^m©V q^JmMo Zm^r` A§Va ho à{V_m A§VamÀ`m qH$_Vrcm g_mZ AgVo. [ ]
a) àH$m{e` _Ü`mVwZ OmUmao b) _w»` Aúmmer g_m§Va AgUmao
c) Zm^rVwZ OmUmao {H$aU d) darc gd© g§X^m©V

5. Imcrc n¡H$s H$moUVo q^J V`marMo gwÌ Amho. [ ]
a) 1/f = (n-1)(1/R1+1/R2) b) 1/f = (n+1)(1/R1-1/R2)
c) 1/f = (n-1)(1/R1-1/R2) d) 1/f = (n+1)(1/R1+1/R2)

1. q^JmMo Zm^r¶ A§Va ‘m{hV H$aÊ¶mgmR>r à¶moJ H$am?

2. EH$m àUmcrV f1 Am{U f2 Zm^r` A§Va Agcoco XmoZ ^tJ AmhoV. Ë`m àUmcrMo Zm^r` A§Va
à`moJmìXmao H$go _m{hV H$amc? Ooìhm
i) XmoÝhr q^J EH$_oH$m§Zm ñne© H$aV AmhoV.
ii) XmoÝhr EH$mM _w»` Aúmmda ‘d’ A§Vamda Amho.  (AS3)

`mo½` n`m©` {ZdS>m`mo½` n`m©` {ZdS>m`mo½` n`m©` {ZdS>m`mo½` n`m©` {ZdS>m`mo½` n`m©` {ZdS>m

gwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJ
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1. Mî_mÀ`m XþH$mZmV CncãY Agcoë`m {^§JmMr _m{hVr Jmoim H$am. {^§JmÀ`m gm_Ï`m© déZ Ë`mMo
Zm^r` A§Va H$go R>a{dVm òVo _m{hV H$am? (AS4)

2. XmoZ {ZarjU H$mM ¿¶m Am{U Ë¶m§Zm OmoS>m Ë¶m‘Ü¶o XmoZ {dp^Þ Ðd (CXm. nmUr, ZdaËZ Vob)
AmoVm. Am{U ¶m XmoZ {^ÝZ nXmWm©>>±Zr Vo q^J gmaIo H$m‘ H$aUma. ¶m q^Jmg‘moa àH$memMo
ñÌmoV R>odm Am{U {ZarjUmMr Zm|X H$éZ Ë¶mda Ahdmb V¶ma H$am?

gwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ën
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q^JmìXmao àH$memMo AndV©Z Vwåhr _mJrc YS>çmV {eH$cm AmhmV. dñVwÀ`m
{d{^Þ A§VamgmR>r q^J ìXmao V`ma Pmcoë`m à{V_oMm ñd^md, ñWmZ Am{U gmnoúm
AmH$mam {df`r Vwåhr {eH$cm AmhmV. 9 ì`m dJm©Vrc {OdemómÀ`m nmR>çnwñVH$m
_Yrc 6 dm YS>m kmZ|{Ð` _Ü ò _mZdr S>moù`mMr aMZm ñnï> Ho$cr Amho. Ñï>rÀ`m
g§doXZmÀ`m {Z`_mda _mZdr S>moim H$m ©̀ H$aVo. dñVwda nS>coë`m àH$me {dIéZ
Amnë`m S>moù`m n ª̀V nmohMÊ`mZo AmnU dñVwcm nmhþ eH$Vmo. S>moù`mV EH$ q^J AgVo.

_mJrc YS>çmV q^JmMo Zm^r` A§Va Am{U dñVwMo A§Va ho à{V_oMo ñWmZ, ñd^md
Am{U AmH$ma R>adVmV. Ago Vwåhr _m{hV Ho$coco AmhoV.
• _mZdr S>moù`mVrc q^JmMo H$m ©̀ H$m` Amho?
• c§m~ A§Va Am{U H$_r A§Vamdarc dñVw nmhÊ`mgmR>r `mMr H$er _XV homVo?
• gd© g§X^m©V  gma»`m A§Vamda Agcoë`m dñVwMr n«{V_m Ñï>rnQ>mcm (retina) da

V`ma hmoUo H$go gmÜ` Amho?
• Amnë`m S>moù`m g_moa Agcoë`m gd© dñVwZm AmnU ñnîQ>nUo nmhþ eH$Vmo H$m?
• Ñï>rMo Xmof Xþa H$aÊ`mgmR>r Mî_m _Ü ò H$go q^J dmnaVmV?

`m àíZm§Mr CÎmao XoÊ`mgmR>r Vwåhmcm _mZdr S>moù`mMr aMZm d Vo H$go H$m`© H$aVo
`m {df`r g_OwZ KoUo _hËdmMo Amho.
Amnë`m Ñï>r (vision)  {df`r H$mhr AmíM ©̀ H$maH$ Jmoï>tZm _m{hV H$aÊ`mgmR>r

Imcrc H¥$Vr H$é `m.
ñnîQ> Ñï>rMo {H$_mZ A§Va ñnîQ> Ñï>rMo {H$_mZ A§Va ñnîQ> Ñï>rMo {H$_mZ A§Va ñnîQ> Ñï>rMo {H$_mZ A§Va ñnîQ> Ñï>rMo {H$_mZ A§Va (Least distance of distinct vision)

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr 1

EH$m nwñVH$mcm CKS>wZ Vw_À`m S>moù`m g_moa H$mhr A§Vamda YéZ dmMÊ`mMm
à`ËZ H$am. hiwZo Ë`m nwñVH$mcm Vw_À`m S>moù`m H$S>o S>moù`mÀ`m AJXr Odi AmUm.
• Vwåhmcm H$moUVm ~Xc {Z[aúmUmg Amcm?

_mZdr S>moim Am{U a§JrV {díd
5
YS>mYS>mYS>mYS>mYS>m

(Human Eye and Colourful world)

SCERT T
ELA

NGANA



_mZdr S >m oim Am{U a §JrV {díd82 dJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dm

nwñVH$mVrc Aúma Amnë`mcm A§YwH$ (blurred)  {XgVmV qH$dm Vw_À`m S>moù`mda
OmñV VmU nS>Vmo.

nwñVH$mVrc Aúam§Zm Vw_À`m S>moù`mda H$moUVmhr VmU nSw> Z XoVm dmMoc Aem
ñWmZm n`ªV hiwZo nwñVH$mcm hcdm. `m pñWVr_Ü`o nwñVH$ Am{U Vw_À`m S>moù`m
_Yrc A§Va Vw_À`m {_ÌmH$Sw>Z _moOwZ ¿`m. Ë`m qH$_VrMr Zm|X H$am. `mM H¥$Ë`mcm
Vw_À`m {_Ìm gmo~V H$am. àË òH$ OU nwñVH$mÀ`m qH$Vr cm§~rda AgVm§Zm Aúma
ñnï>nUo dmMw eH$VmV. ho A§Va _moOm.

ñnï> Ñï>rÀ`m gd© A§VamMr gamgar _m{hVr H$am.
• gamgar A§VamMr qH$_V {H$Vr Amho?

Amnë`m S>moù`m§Zm Ho$mUVmhr VmU ZgVm§Zm ñnï>nUo EH$m dñVwcm AmnU nmhÊ`mgmR>r
Vr Amnë`m S>moù`mnmgwZ gw_mao 25 go._r. A§Vamda Agm`cm nm{hOo. åhUwZ `m H¥$Vr
ìXmam Amnë`mcm g_OVo. `m A§Vamcm ñnï> Ñï>rMo {H$_mZ A§Va (least distance of
distinct vision)  ho ì`º$s naËdo doioZwgma ~XcVo. 10 dfm©À`m AmV S>moù`m ̂ modVr
Agcoco ñZm`w ~iH$Q> Am{U cd{MH$ (strong and flexible) OmñV VmU ghZ
H$aUmao AgVmV. åhUwZ ̀ m d`mV ñnï> Ñï>rMo qH$_mZ A§Va 7 Vo 8 go._r. n ª̀V AgVo.
åhVmaonUmV ñZm`w OmñV VmU ghZ H$é eH$V Zmhr. åhUwZ Ë`m§Mr ñnï> Ñï>r Mo
{H$_mZ A§Va 1 Vo  2 _r. qH$dm Ë`m noúmm hr Agw eH$Vo.
• Vw_À`m S>moù`m nmgwZ 25 go._r. A§Vamda R>odc|ë`m dñVwMm AmH$ma H$gm hr

Agcm Var Ë`mcm déZ Imc n ª̀§V (top and bottom) Vwåhr nmhþ eH$Vm H$m?
_m{hVr H$é `m.

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr  2
H$nS>çmÀ`m XþH$mZmV H$nS>m Á`m cmH$S>r N>S>rÀ`m ̂ modVr Jw§S>miwZ

R>odVmV Ë`m N>S>çm qH$dm {dÚwV dm`atJ gmR>r dmnaUmè`m PVC
nmB©nm§Zm Jmoim H$am. Ë`m§Zm 20 go._r., 30 go_r., 35 go_r., 40
go._r., 50 go._r. cm§~rÀ`m VwH$S>çmV H$mnm. EH$m [aQ>m°Q> ñQ>°S>cm
(retort stand) Q>o~c da R>oD$Z AmH¥$Vr - 1 _Ü ò XmI{dë`m n«_mUo
[aQ>m°Q>© ñQ>±S>Mr C^r N>S>rÀ`m ~mOwcm Vw_Mo S>moHo$ Agoc Ago Q>o~c
Odi C^o amhm. Vw_À`m S>moù`m nmgwZ 25 A§Vamda [aQ>m°Q>© ñQ>±S>À`m
AS>ì`m N>S>rcm cmoI§S>mMr nÅ>r (clamp)  OmoS>m. Ë`m cm|IS>mÀ`m
nÅ>rcm AmH¥$Vr 1 _Ü ò XmI{dë`mà_mUo 30 go._r. cm§~rÀ`m nmB©ncm
~m§YÊ`mg Vw_À`m {_Ìmcm gm§Jm.

AmVm AmS>ì`m N>S>r déZ 30 go._r. nmB©nÀ`m darc Q>moH$mnmgwZ ImcÀ`m
Q>moH$mn ª̀V nmhÊ`mMm à`ËZ H$am.
•  S>moù`m§Mr H$moUVrhr hmcMmc Z H$aVm Vwåhr nmB©n À`m XomÝhr Q>moH$m§Zm EH$mM

doir nmhþ eH$Vm H$m?

AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr -1
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ñnï> Ñï>rMo {H$_mZ A§Va 25 go._r. Amho åhUwZ Vwåhr H¥$Vr-1 _Ü`o {eH$cm
AmhmV. ho ì`º$s naËdo ~XcVo. nmB©n 25 go._r. A§Vamda AgVm§Zm Ë`mÀ`m XomÝhr
Q>moH$mV Vwåhr ñnï>nUo nmhþ eH$V Zgmc Va AmS>ì`m N>S>r daÀ`m nmB©ncm ncrH$S>o
gaH$mdm. H$moUË`m {H$_mZ A§Vamda Vwåhr Ë`mcm nwU©nUo nmhþ eH$Vm {VWo Ë`mcm
AmS>ì`m N>S>rcm cmoI§S>r nÅ>rda KÅ> ~gdm.

AmS>ì`m N>S>r da cm|IS>r nÅ>rMo ñWmZ ~XcdV  30 go._r. À`m nmB©nÀ`m ñWmZmda
Cacoë`m nmB©nZm EH$  EH$ H$éZ R>odV S>moù`m§Zm da Imcr qH$dm ~mOwcm Z hcdVm
Ë`m nmB©nÀ`m da nmgwZ Imc n`ªV EH$m doioV nmhÊ`mMm à`ËZ H$am.
• `m gd© g§X^m©V Vwåhr nmB©nÀ`m XmoÝhr Q>moH$m§Zm EH$m doiog nmhþ eH$Vm H$m? Oa

Zmhr Va H$m?
Mcm _m{hV H$é `m.
Imcrc AmH¥$Vr - 2 Mo {Z[aúmU H$am. ñnï>Ñï>rMo {H$_mZ A§VamdaMo (25 go._r.

A§VamMo) dñVw AB  cm Vwåhr nwU©nUo nmhþ eH$Vm. H$maU dñVwÀ`m A Am{U B
ñWmZmdéZ ̀ oUmao àH$me {H$aU Vw_À`m S>moù`mV nmohMVmV. Ë`mM à_mUo  CD dñVwcm
gwÜXm nwU©nUo nmhþ eH$Vm. AmH¥$Vr -2 _Ü ò XmI{dë`m à_mUo  AB dñVwÀ`m S>moù`mÀ`mOdi
AI BI ñWmZmn ª̀V gaH$co g_OwZ KoD$.
• AmVm Vwåhr g§nwU© dñVwcm nmhþ eH$Vm H$m?

AmH¥$Vr - 2 déZ, Vw_À`m {Z[aúmUmg Ago ̀ oB©c H$s, Vwåhr
dñVwMo  AI    BI  Mm \$º$  (EF) ̂ mJ nmhþ eH$Vm H$maU E Am{U
F  _YwZ ̀ oUmao {H$aU S>moù`mV àdoe H$aVmV.  AI  Am{U BI _YwZ
òUmao {H$aU S>moù`mV àdoe H$é eH$V Zmhr.

dñVwÀ`m eodQ>À`m Q>moH$mÀ`m q~Xþ déZ `oUmao {H$aU S>moù`m
Odi H$moZ ~ZdVmV. hm H$moZ Oa 600 noúmm H$_r Agoc Va
AmnU nwU© dñVw nmhþ eH$Vmo. Oa hm H$moZ  600 noúmm OmñV Agoc
Va AmnU Ë`m dñVwMm \$º$ H$mhr ^mJ nmhþ eH$Vmo.

H$moUË`m H$_mc H$moZmda AmnU dñVwcm nwU©nUo nmhþ eH$Vmo Ë`m Ho$mZmcm Ñï>rMm
H$moZ (angle of vision) Ago åhUVmV. Amamo½`dmZ _mZdmMo Ñï>rMm H$moZ gw_mao 600

AgoV. ho ì`º$s naËdo Am{U d`mZwgma ~XcVo.
. gmYmaU _mZdmMr ñnï>Ñï>rMo {H$_mZ A§Va  25 go._r. Am{U Ñï>rMm H$moZ  600

AgVo åhUwZ Vwåhr {eH$cmV. VgoM ho ì`º$s naËdo Am{U d`mZwgma ~XcVo. åhUwZ
gwÜXm {eH$cmV.
• ñnï> Ñï>rMo {H$_mZ A§Va Am{U Ñï>rMm H$moZ ì`º$s naËdo d ì`º$sÀ`m d`mZwgma

H$m ~XcVo?
darc àíZm§Mo CÎma XoÊ`mgmR>r S>moù`mMr aMZm Am{U Ë`m§Mr H$m ©̀ H$aÊ`mMr nÜXV

g_OyZ KoUo JaOoMo Amho.

A

B

AI

BI

E

F

C
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SCERT T
ELA

NGANA



_mZdr S >m oim Am{U a §JrV {díd84 dJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dm

_mZdr S>moù`mMr aMZm _mZdr S>moù`mMr aMZm _mZdr S>moù`mMr aMZm _mZdr S>moù`mMr aMZm _mZdr S>moù`mMr aMZm (Structure of human eye)
kmZo§{Ð`m _Ü`o _mZdr S>moim hm _hËdmMm ^mJ Amho.

hm Amnë`m g^modVr Agcoë`m {d{dY dñVw§Zm, a§JmZm
nmhÊ`mgmR>r Cn`moJr nS>Vo.

S>moù`m§Mr aMZm S>moù`mVrc _w»` ^mJmcm AmH¥$Vr -
3 _Ü`o nmhþ eH$Vmo. ZoÌ Jmoc Odi Odi JmocmH$ma
AmH$mamV AgVo. Ë`mMm g_moaMm ^mJ OmñV dH«$mV AgwZ
Am{U nmaXe©H$ aúmU AmdaU(nQ>c)Zo(protective
membrane) AmÀN>mXwZ AgVo. ̀ mcm H$m{Z©̀ m (‘cornea’)

åhUVmV. ~mhoéZ {XgUmam S>moù`mVrc hm ^mJ Amho. H$m{Z©`m À`m _mJÀ`m ^mJmV
ZoÌoXH$ Ðd(aqueous humour)  AgVo. `mÀ`m _mJo q^J(crystalline lens) AgVo
Á`mÀ`mZo à{V_m {Z_m©U hmoVo. ZoÌmoXH$ Ðd Am{U q^Jm_Ü`o ñZm`wMr naV AgVo.
Ë`mcm n[aVmarH$m (iris) åhUVmV. Á`m_Ü ò chmZ {N>Ð AgVo Ë`mcm ~hþcr (pupil)
åhUVmV. Amnë`m S>moù`mV {XgUmam a§JrV ^mJ hm n[aVmarH$m Amho.

~mhþcr da nS>Umam àH$me S>moù`mÀ`m AmV _Ü ò OmD$Z gw_mao H$moUVmhr ~Xc Z
hmoVm ~mhoa `oVmo. Ë`m_wio ~mhþcr H$mù`m a§JmV {XgVo. ~mhþcr ìXmao S>moù`mV àdoe
H$aUmam àH$memcm n[aVmarH$m à{V~§Y KmcVo. H$_r àH$me AgVm§Zm n[aVmarH$m
~mhþcrcm _moR>o H$éZ OmñV n[a_mUmV àH$me AmV OmÊ`mgmaIo H$aVo. OmñV àH$me
AgVm§Zm n[aVmarH$m ~mhþcrcm g§H$moMrV H$éZ àH$me OmñV n[a_mUmV S>moù`mV
OmÊ`mg à{V~§Y KmcVo. `m àH$mao S>moù`mV OmUmè`m àH$memcm {Z`§ÌUmMo ìXma
åhUwZ H$m_ H$aÊ`mMr ~mhþcrcm n[aVmarH$m _XV H$aVo.

S>omù`mVrc q^J _Ü` ^mJmV H${R>U AgVo Am{U ~mhoaÀ`m H$S>m H$S>o _D$ hmoV
OmVo. S>moù`mV àdoe Ho$coë`m àH$me ZoÌJmocmÀ`m _mJÀ`m ^mJmV Agcoë`m Ñï>rnQ>c
(retina) da à{V_m {Z_m©U H$aVo. {^§J Am{U Ñï>rnQ>c `m _Yrc A§Va gw_mao 2.5
go._r. AgoV åhUOoM S>moù`m g_moa dñVw {H$Vrhr cm§~r da Agcm Var à{V_mcm
gw_mao 2.5 go._r.A§Vamda AgVo.
• {d{dY A§Vamda Agcoë`m dñV§wMr gma»`mM A§Vamda à{V_m Amnë`mcm H$er {_iVo?
• q^Jm_YwZ AndV©ZmÀ`m g§H$ënoZoMm dmna H$éZ `m àíZm§Mo CÎma Vwåhr XoD$

eH$Vm H$m?
{d{dY A§Vamda Agcoë`m dñVw§Mr gma»`mM A§Vamda à{V_m amhÊ`mgmR>r Zm^r`

A§Va ~Xcmdo cmJVo Ago Vwåhr _mJrc YS>çmV {eH$cmV. VgoM q^Jm§Mr Zm^r` A§Va
ho q^J V`marV dmnacoë`m nXmWm©À`m ñd^mdmda Am{U Ë`mÀ`m dH«$Vm {ÌÁ òda
AmYméZ AgVo åhUwZ Vwåhmcm _m{hV Amho. åhUOo S>moù`mMr Zm^r` A§Va ~XcdVo.
{d{dY A§Vamda Agcoë`m dñVwMr à{V_m A§Va EH$ gmaIr AgÊ`mMr eŠ`Vm Amho.
S>moù`mMm [^§J Ë`mÀ`m AmH$mamcm ~Xcdco VaM ho gmÜ` hmoVo.

AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr -3
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• S>moù`m§Mm [^§J Ë`mÀ`m Zm^r` A§Vamcm H$go ~XcdVo?
• ZoÌJmocm _Ü ò hm ~Xc H$gm KS>Vmo?

Mcm _m{hV H$é `m.
S>moù`mV q^JmÀ`m Odi Agcocr Ho$gm§gmaIr ñZm ẁ(ciliary muscle) q^J dH«$Vm

{ÌÁ òcm ~XcÊ`m ìXmao q^J Ë`mÀ`m Zm^r` A§Vamcm ~XcÊ`mgmR>r _XV H$aVo.
OmñV A§Vamda Agcoë`m dñVwcm S>moù`m§Zr nmhV AgVm§Zm Ho$gmgmaIr ñZm ẁ

{dlm§Vr pñWVrV am{hë`mZo S>moù`mVrc q^JmMo Zm^r` A§Va H$_mZ AgVo. Oo q^Jm
nmgwZ Ñï>rnQ>cmÀ`m A§Vamcm g_mZ AgVo. Voìhm S>moù`mV `oUmè`m g_m§Va {H$aU
Ñï>rnQ>cmda H|$ÐrH¥$V Pmë`mZo dñVwcm AmnU ñnï>nUo nmhþ eH$Vmo.

Odi Agcoë`m dñVwcm S>moù`m§Zr nmhV AgVm§Zm Ho$gm gmaIm ñZm ẁcm VmU
nS>ë`mZo S>moù`mMm q^JmMo Zm^r` A§Va H$_r hmoVo. Ñï>rnQ>cmda n«{V_m {Z_m©U
hmoÊ`mgmaIo Ho$gmgmaIo ñZm`w q^JmÀ`m Zm^r` A§Vamcm ~XcdVmo. Ago S>moù`m§À`m
Zm^r` A§Vamcm `mo½` Vo ~XcdÊ`mÀ`m nÜXVrcm gmò  H$aUo (accommodation)
Ago åhUVmV. Va H$ogmgmaIm ñZm ẁ Iwn Odi R>odë`mda Ñï>rnQ>cmda à{V_m V`ma
hmoÊ`m gmaIo Zm^r` A§VamMr gmò  hmò cm nm{hOo. åhUwZ dñVwcm ñnï>nUo nmhÊ`mgmR>r
H¥$Vr-1 _Ü`o _m{hV Ho$ë`m à_mUo Vo {H$_mZ 25 go._r. (ñnï> Ñï>rMo {H$_mZ A§Va)
A§Vamda Agm`cm nm{hOo.
• S>moù`mMm { §̂J dmñVd à{V_m V`ma H$aVo H$m? qH$dm Am^mgr n«{V_m {Z_m©U

H$aVo H$m?
• dñVwMm AmH$ma, AmH$amMm n[a_mU Am{U a§JmV H$moUVmhr ~Xc Zgcocm dñVwcm

AmnU AmoiIÊ`mgmR>r gmaIo Ñï>rnQ>cmda à{V_m H$er V`ma hmoVo?
Mcm _m{hV H$é `m.
S>moù`m§Mm q^J dñVwMr dmñVd à{V_ocm Ñï>rnQ>cmda CcQ>r à{V_m V`ma hmoVo.

Ñï>rnQ>c hm ZmOwH$ nQ>c Amho. `mV ecmH$m Am{U e§Iw  (rods’ and ‘cones)
åhUUmao gw_mao 125 {_cr`Ýg J«hUo  (Receptors) AgVmV. ho àH$memMo g§Ho$V J«hZ
H$aVmV. ecmH$m a§JmZm AmoiIVo. e§Iw àH$memÀ`m {Vd«Vocm AmoiIVo. ho g§Ho$V gw_mao
1 {_cr`Z Ñï>r{df`H$ MoVmV§Vw (optic-nerve fibres) ìXmao _oXþ§cm nomhM{dë`m
OmVmV. Ë`mVrc ~mV_rcm _|Xþ {dícofU H$aÊ`mìXmao dñVwMm AmH$ma, AmH$mamMm
n[a_mU Am{U a§Jmcm AmnU AmoiIVmo.

Ho$gm§gmaIm ñZm ẁÀ`m gmhmæ`mZo S>moù`mMm q^J dñVwÀ`m cm§~rcm AZwgéZ Ë`mÀ`m
Zm^r` A§Vamcm ~XcwZ KoVo åhUwZ AmnU {eH$cmo.
• S>moù`m§Mm q^JmMm Zm^r` A§Va ~XcÊ`mMr EImXr _`m©Xm AgVo H$m?
• S>moù`mÀ`m q^JmMm {H$_mZ Am{U H$_mc Zm^r` A§Va {H$Vr? Ë`mcm AmnU H$go

_m{hV H$é eH$Vmo?
Mcm _m{hV H$é `m.
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Ooìhm EH$ dñVw AZ§V A§Vamda Agco Va Ë m̀doir dñVw_YwZ g_m§Va {H$aUo
S>moù`mÀ`m q^Jmda nSw>Z AmndVuV hmoVmV Am{U Vo Ñï>rnQ>cmda EH$ q~Xþ
EodT>m à{V_m V`ma H$aVmV (AmH¥$Vr 4(A)nmhm)

Aem n[apñWVr_Ü`o S>moù`mÀ`m q^Jmcm H$_mc Zm^r`
A§Va AgVo.

Ooìhm EImXr dñVw AZ§V A§Vamda Agoc Va
u= - ∞; v = 2.5 go._r. (à{V_m A§Va Oo H$s, S>moù`m§Mm

q^J Am{U ZoQ>nQ>c _Yrc A§VamÀ`m g_mZ Amho.)
gwÌmMm dmna H$éZ 1/f = 1/v – 1/u

1/f max = 1/ 2.5  + 1/ ∞
1/f max=1/2.5+0
fmax = 2.5 go._r.

AmnUmg fmax = 2.5 go._r.
S>moù`mnmgwZ 25 go._r. A§Vamda EH$ dñVw Amho g_Ow. `m n[apñWV S>moù`mcm

{H$_mZ Zm^r` A§Va AgVo.
òWo u = - 25 go._r.; v = 2.5 go._r.

gwÌmMm dmna H$éZ 1/f = 1/v – 1/u
1/fmin  = 1/ 2.5  + 1/ 25
1/fmin=11/ 25

fmin = 25 /11 = 2.27 go._r.
ñnï> Ñï>rÀ`m {H$_mZ A§Va Am{U AZ§V A§VaÀ`m _Ü ò EImÚm ñWmZmda dñVw

Agoc Va S>moù`mMm q^J Ë`mMo Zm^r` A§Va 2.27 go._r. déZ 2.5 go._r. _Ü ò Agoc
Aer gmo`r H$éZ KoVo. Ë`mìXmao à{V_m Ñï>rnQ>cmda V`ma hmoVo.

S>moù`mMm {^§J Ë`mÀ`m Zm^r` A§Vamcm ~XcdÊ`mÀ`m gm_mÏ`mªcm [^§JmMr gmo`
H$aUo gm_mÏ ©̀ (accommodation of lens) Ago åhUVmV.
• S>moù`mMm q^J Ë`mMo Zm^r` A§Va ~XcwZ KoV Zgoc Va H$m` KS>Vo?
• S>moù`mMm q^JmMm Zm^r` A§Va 2.27-2.5 go._r. À`m _Ü ò Zgoc Va H$m` hmoVo?

Mcm _m{hV H$é `m.
H$mhr g§X^m©V S>moim Ë`mMr gmo` H$aÊ`mMr gm_Ï`m©cm H«$_mZo J_mdV OmVmo. Aem

n[apñWVr_Ü`o Vr ì`º$s dñVwcm gwc^VoZo Am{U ñnï>nUo nmhþ eH$V Zmhr. S>moù`mÀ`m
q^JmÀ`m Xmofm_wio Ñï>r A§YwH$ homVo. gmYmaUV: Ñï>r Xmof VrZ àH$maMo AgVo.

Vo Imcrc AmhoV.
i. {ZH$Q> Ñï>rVm (Myopia)
ii. Xþa Ñï>rVm (Hypermetropia)
iii.d¥ÜX Ñï>rVm (Presbyopia)

AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr -4(a)

AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr -4(b)
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{ZH$Q> Ñï>rVm {ZH$Q> Ñï>rVm {ZH$Q> Ñï>rVm {ZH$Q> Ñï>rVm {ZH$Q> Ñï>rVm (MYOPIA)
H$mhr ì`º$s XþaÀ`m dñVw nmhþ eH$V Zmhr nU OdiMo dñVw ñnï>nUo nmhþ eH$VmV.

Ñï>r _Yrc ̀ m Xomfmcm {ZH$Q> Ñï>rVm åhUVmV. hm Xomf Agcoë`m ì`º$sÀ`m S>moù`mMm
q^JmMm H$_mc Zm^r` A§Va 2.5 go._r. noúmm H$_r AgVo. ̀ m g§X^m©V OmñV A§Vamda
Agcoë`m dñVw_YwZ ̀ oUmao àH$me {H$aU S>moù`mÀ`m q^JmìXmao AndVuV hmoD$Z AmH¥$Vr
5(A) Am{U (~) _Ü ò XmI{dë`m
à_mUo ZoÌnQ>cmÀ`m g_moa H$mhr
A§Vamda à{V_m V`ma H$aVo.

Amamo½`dmZ ì`ŠVr 25 go._r.
noúmm OmñV A§Vamda Agcoë`m
H$moUË`mhr dñVwcm ñnï>nUo nmhþ
eH$Vmo. nU {ZH$Q Ñï>rVm AgUmao
H$mhr A§Vamn ª̀VÀ`m dñVw§Zm ñnï>nUo
nmhþ eH$VmV. {ZH$Q Ñï>rVm
AgUmè`m gmR>r AmH¥$Vr 5(H$)
_Ü`o XmI{dë`m à_mUo \$º$ ‘M’
q~Xþ n ª̀V Agcoë`m dñVw ñnï>nUo
{XgVo Ago g_Ow.

dñVw M da qH$dm M  Am{U
ñnï> Ñï>rMo {H$_mZ A§VamMo q~Xþ
(L) À`m _Yrc EImÚm úmoÌmV
S > m où`mÀ`m q^JmZ o  à{V_m
ZoÌnQ>cmda V`ma H$aVo(AmH¥$Vr 5
(H$) Am{U 5(S>) nmhm) M hm H$_mc A§Va q~Xþ (far point) Ago åhUVmV.

H$_mc A§VamÀ`m {~§Xþ da {OWo Ñï>rnQ>cmda S>moù`mMm [ §̂J à{V_m V`ma H$aVo.
Ë`m q~Xþcm H$_mc A§Va q~Xþ (far point) Ago åhUVmV.

EH$ ì`º$s H$_mc A§Va q~XþÀ`m ncrH$S>o Agcoë`m dñVwcm nmhþ eH$V Zgcoë`m
Xomfmcm {ZH$Q Ñï>rVm (Myopia) Ago åhUVmV.
• {ZH$Q Ñï>rVm H$er XþéñVr H$amdr?

Ooìhm dñVw H$_mc A§Va q~Xþ Am{U ñnï> Ñï>rÀ`m {H$_mZ A§VamÀ`m _Ü ò Agoc
Ë`mdoir Ñï>rnQ>cmda S>moù`mMm q^J ñnï> à{V_m V`ma H$aVo. åhUwZ EH$ {^§JmMm
dmna H$éZ H$_mc A§Va q~XþÀ`m AmV Agcoë`m dñVwMr à{V_mcm H$_mc A§Va q~Xþ
m Am{U ñnï> Ñï>rMo {H$_mZ
A§VamMo q~Xþ L À`m _Ü`mV AmUw
eH$V Agoc Va Vo n«{V_m
S>moù`mÀ`m q^JmgmR>r dñVwMo
H$m_ H$aVo.

AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr -5(a)

AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr -5(b)

AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr -5(c)

AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr -5(d)
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A§VdH©$ q^J dmnaë`mZo ho gmÜ` hmoVo.( A§VdH©$ [ §̂J ìXmam àH$me AndVuV Pmë`mZo
à{V_m V`ma hmoUmè`m nÜXVrcm AmR>dU H$am)
• {ZH$Q Ñï>rVm Xmof H$mTw>Z Q>mH$Ê`mgmR>r dmnaÊ`mè`m A§VadH«$ [ §̂J Zm^r` A§Va {H$Vr

Agm`cm nm{hOo åhUwZ Vwåhr H$go {ZU©̀  KoVm?
{ZH$Q Ñ¥¥ï>rVm Xmof H$mTw>Z Q>mH$Ê`mgmR>r AZ§V A§Vamda Agcoë`m dñVwMr H$_mc A§Va

q~Xþ da à{V_m V`ma H$aUmè`m q^JmMr {ZdS> H$amdr. åhUwZ AmnU pìXA§VdH«$ [ §̂JmMr
{ZdS> H$amdr.

hm [^§J V`ma H$aUmar à{V_m S>moù`m§À`m q^Jmcm dñVw gmaIo H$m_ H$éZ eodQ>cm
à{V_ocm Ñï>rnQ>cmda V`ma hmoVo.

`m pìXA§VdH«$ q^JmMr Zm^r` A§Va _m{hV H$é ̀ m.
òWo dñVwMo A§Va (u) AZ§V Amho Am{U à{V_mMo A§Va (v) hm H$_mc A§Va q~XþÀ`m AV§am

EdT>m AgVmo.
u = - ∞  ; v = H$_mc A§Va q~XþMo A§Va = -D

pìXA§VdH«$ q^JmMr Zm^r` A§Va, g_Om  ‘f’

gwÌmMm dmna H$éZ 1/f = 1/v – 1/u

1/f  = 1/ -D  f = -D

òWo ‘f’ cm F$U qH$_V ̀ oÊ`mgmR>r pìXA§VdH«$ q^J _m{hV H$aVo.
• S>moù`mMm q^JmMr H${Zð> Zm^r` A§Va 2.27 go._r. noúmm OmñV Agoc Va H$m` KS>Vo?

Mcm _m{hV H$é ̀ m.
X þa Ñï >rVmX þa Ñï >rVmX þa Ñï >rVmX þa Ñï >rVmX þa Ñï >rVm

Xþa Ñï>rVm hm Xmof AgUmam ì`º$s
OmñV A§Vamda Agcocr dñVw ñnï>nUo
nmhþ eH$Vo. nU Odirc dñVw nmhw
eH$V Zmhr. Xþa Ñï>Vm Xmof Agcocm
ì`º$s À`m S>moù`mÀ`m q^JmMr Zm^r`
A§Va 2.27 go._r. noúmm OmñV AgUo
ho Ë`mMo H$maU Amho.  Aem g§X^m©V
Odirc dñVw _YwZ `oUmao àH$me
{H$aU S>moù`mÀ`m { §̂J ìXmam AndVuV
homD$Z à{V_m AmH¥$Vr 6(A) _Ü`o
XmI{dë`m à_mUo Ñï>rnQ>cmÀ`m AmV
{Z_m©U H$aVo.

AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr -6(a)

AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr -6(b)

AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr -6(c)

H

H

H

L

L

L

(Hypermetropia)

SCERT T
ELA

NGANA



Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20 89

dñVwÀ`m ‘H’ q~Xþda qH$dm Ë`mÀ`m AmV Agcoco Xþa Ñï>rVm Agcocm ì`º$s Ë`mcm nmhþ
eH$Vo Ago g_Ow.

åhUOo dñVw H Odi qH$dm  H cm AmV Agco Voìhm Ë`m ì`º$sÀ`m S>moù`mÀ`m q^J
à{V_m Ñï>rnQ>cmda {Z_m©U H$aVo. (AmH¥$Vr 6(~) Am{U 6(H$) cm nmhm) H  Am{U ñnï>
Ñï>rMo {H$_mZ A§VamMo q~Xþ (L) À`m _Ü ò dñVw Agoc Va Ñï>rnQ>cmda à{V_m V`ma hmoV
Zmhr. (AmH¥$Vr 6(A) nmhm).

Á`m H${Zð> A§Vamda À`m q~XþÀ`m AmVrc dñVw§Zm \$º$ S>moù`mMm ̂ mJ ÑîQ>rnQ>cmda
à{V_mcm V`ma H$é eH$Vo Ë`m q~Xþcm {H$_mZ A§Va  A§Va q~Xþ (near point) (d)
åhUVmV. Xþa Ñï>rVm Agcocm ì`º$s {H$_mZ A§Va q~Xþ  (H) Am{U ñnï> ÑîQ>rMo {H$_mZ
A§Va q~Xþ (L) À`m _YmVrc dñVwcm nmhþ eH$V Zmhr.
• Xþa Ñï>rVm H$er XþéñV H$amdr?

dñVw {H$_mZ A§Va q~XþÀ`m AmV Agoc Va S>moù`mMm q^J Ñï>rnQ>cmda à{V_mZm {Z_m©U
H$aVo. åhUwZ {H$_mZ A§Va q~Xþ (H) Am{U ñnï> ÑîQ>r {H$_mZ A§VamMo q~Xþ (L) À`m _Ü ò
Agcocr dñVwMr à{V_m {H$_mZ A§Va {~§XþÀ`m AmV V`ma H$é eH$Umao q^JmMm AmnU dmna
H$amdo.

pìX~{hdH«$ { §̂J dmnaë`m _wio ho eŠ` Amho.
• Xþa ÑîQ>rVm Xomf H$mTw>Z Q>mH$Ê`mgmR>r ~mnaUmè`m ~{hdH«$ {^§J Zm^r` A§Va {H$Vr

Agm`cm nm{hOo.  åhUwZ Vwåhr H$go {ZU©̀  KoVm.?
q^JmMo Zm^r` A§Va _m{hV H$aÊ`mgmR>r ñnï> Ñï>rMo {H$_mZ A§VaMo q~Xþ (L) da EH$

dñVw Amho Ago g_Om. AmH¥$Vr 6 (S>)
_Ü ò XmI{dë`mà_mUo L da Agcoë`m
dñVwMr n«{V_m {H$_mZ §Va q~Xþ (H)
da V`ma H$aUmao {ìX~{hdH«$ q^JmMm
dmna H$éZ Xþa Ñï>rVm Xmof XþéñV H$é
eH$Vmo.

Vr à{V_m S>moù`mÀ`m q^Jmcm dñVw åhUwZ H$m_ H$aVo. åhUwZ eodQ>cm S>moù`mÀ`m
q^Jm_wio V`ma hmoUmar à{V_m Ñï>rnQ>cm da V`ma hmoVo. (AmH¥$Vr 6(S>) nmhm.)

`oWo dñVw A§Va (u) = -25 go._r.
à{V_m A§Va (v) = {H$_mZ A§Va q~XþMo A§Va  = -d
pìX~{hdH«$ q^JmMr Zm^r` A§Va, ‘f’ g_Ow.
gwÌmMm dmna H$éZ  1/f = 1/v – 1/u
1/f  = 1/ -d – 1/(-25)
1/ f = -1/d +1/25
1/ f = (d – 25)/25d

f= 25d / (d – 25) (f ho go._r. _Ü`o _moOcoco Amho. )
d > 25go._r. åhUwZ Amnë`mcm _m{hV Amho. Va  ‘f’ Mr qH$_V  +ve hmoVo. åhUOoM

Xþa  Ñï>rVm XþéñV H$aÊ`mgmR>r Amnë`mcm pìX~{hdH«$ q^JmMo dmnaUo JaOoMo AmhoV.

AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr -6(d)
H

L
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d¥ÜX ÑîQ>rVmd¥ÜX ÑîQ>rVmd¥ÜX ÑîQ>rVmd¥ÜX ÑîQ>rVmd¥ÜX ÑîQ>rVm     (Presbyopia)
dmT>Ë`m d`mZwgma S>moù`m§Mr g_m`moOZ eº$s H$_r Pmë`mZo CX²^dUmam ÑîQ>r Xmof

åhUOo d¥ÜX Ñï>rVm hmo`. d`mZwgma Iwn cmoH$m§Mr {ZH$Q> Ñï>rVm q~Xþ H«$_mZo Xþa OmVo.
Voìhm Vo OdiÀ`m dñVw§Zm ñnîQ>nUo nmhþ eH$V ZmhrV.

Ho$gmgmaIo AgUmao ñZm ẁ (ciliary muscles) H«$_mZo Xþ~©c hmoD$Z Am{U S>moù`m§À`m
q^JmMr cd{MH$Vm H$_r Pmë`m_wio Ago KS>Vo. hm à^md d`ñH$a ì`º$s_Ü ò OmñV
à_mUmV {XgwZ `oVmo. H$Yr H$Yr dmT>Ë`m d`m_wio ì`º$s {ZH$Q> Ñï>rVm (cKw Ñï>rVm)
Am{U {XK© ÑîQ>rVm(myopia and hypermetropia) `m XomÝhr _wio ÌñV AgVmV.

Aem àH$maMm Xmof XþéñV H$aÊ`mgmR>r AmnUmg pìXZm^r` q^JmMr Amdí`H$Vm
AgVo. Vo A§Vd©H«$ Am{U ~{hd©H«$ `m XmoÝhr q^JmnmgwZ V`ma H$aVmV. Ë`mÀ`m daÀ`m
^mJmV A§Vd©H«$ Am{U ImcÀ`m ^mJmV ~{hd©H«$ q^J AgVo.

Ñï>r XomfmMo n[aúmU H$aÊ`mgmR>r Ooìhm Vyåhr XdmImÊ`mV OmVm Voìhm S>m°ŠQ>a
Vwåhmcm àrg{H«$ßeZ ( prescription)  _Ü`o Ñï>r XmofmgmR>r dmnaUmè`m q^JmÀ`m
àH$mamMr _m{hVr {c{hVmo.
• Aem àrg{H«$ßeZ _Yrc g{dñVa _m{hVr Vwåhr H$Yr nm{hcr H$m?

 “_mPr Ñï>r dmT>cr qH$dm H$_r Pmcr ” Ago cmoH$ åhUVmV. ho Vwåhr EoH$co
Agmc.
• `mMm AW© H$m`?

Ñï>rXmofmMo n[aúmU Pmë`mZ§Va S>m°ŠQ>a Zoh_r Xmof{ZdmamUmgmR>r dmnaUmè`m q^JmMo
gm_Ï`© à{g{H«$ßeZ _Ü`o {c{hVmo. q^JmÀ`m gm_Ï`m©déZ q^JmMm ñd^md Am{U
Ë`mÀ`m Zm^r` A§VamMr qH$_V H$iVo.
• q^JmMo gm_Ï ©̀ åhUOo H$m`?

q^JmMo gm_Ï`© q^JmMo gm_Ï`© q^JmMo gm_Ï`© q^JmMo gm_Ï`© q^JmMo gm_Ï`© (Power of lens)
EH$m q^JmÀ`m àH$me {H$aUmÀ`m A{^g¥V Am{U Ang¥V hmoÊ`mMm eº$scm

q^JmMo gm_Ï`© åhUVmV.
Zm^r` A§VamÀ`m ì`Ë`mgmcm q^JmMo gm_Ï`© Ago åhUVmV.
g_Om‘f’ ho q^JmMo gm_Ï`© Amho.
q^JmMo gm_Ï ©̀  P = 1 / f(_r._Ü ò);P = 100 / f (go._r. _Ü ò )
gm_Ï`mªMo EH$H$ S>m`monŠQ>a (Dioptre) Amho.
Ë`mg ‘D’Zo Xe©{dVmV.

CXmhaU 1CXmhaU 1CXmhaU 1CXmhaU 1CXmhaU 1
S>m°ŠQ>am§Zr  2D q^J dmnaÊ`mMm g„m {Xcm?

gmoS>dUwH$ : P = 2D {Xcoco Amho.
 P = 100 / f (go._r. _Ü ò );   2 = 100 / f dmnéZ
åhUwZ f  =  100/2  = 50 go._r.
q^JmMo Zm^r` A§Va  f = 50 go._r.Amho.
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àH$memMo AnñH$aU Am{U {d{H$aU àH$memMo AnñH$aU Am{U {d{H$aU àH$memMo AnñH$aU Am{U {d{H$aU àH$memMo AnñH$aU Am{U {d{H$aU àH$memMo AnñH$aU Am{U {d{H$aU (Dispersion and Scattering of Light)

H$Yr H$Yr nmD$g nS>ë`mZ§Va AmH$memV B§ÐYZwî` {Z_m©U hmoVm§Zm Vwåhr nm{hco.
AY©dVw©imH$ma Ë`m a§JmZm nmhþZ Vwåhmcm Iwn AmZ§X dmQ>cm Agoc.
• nm§T>è`m a§JmVrc gw`©àH$me B§ÐYZwî`mVrc {d{dY a§JmZm H$go XoD$ eH$VmV?

_mJrc YS>çmV gnmQ> n¥ð>^mJ dH«$ n¥ð>^mJmdarc àH$memMo AndV©Z H$go hmoVo
`m~Ôc Aä`mg Ho$cm. Vwåhr q^JmìXmao V`ma hmoUmè`m à{V_oMm ñd^md, ñWmZ
(pñWVr) Am{U gmnoúm n[a_mU `m {df`r gwÜXm Aä`mg Ho$cm AmhmV.
• EH$_oH$m§er H$moZ H$arV gnmQ> n¥ð>^mJmda nmaXe©H$ _mÜ`_mVwZ àH$me {H$aU

Joë`mg H$m` KS>Vo?
• {MVr åhUOo H$m`?
{MVr {MVr {MVr {MVr {MVr (Prism)

EH$_oH$m§er H$mhr H$moZ H$aUmao H$_rV H$_r XmoZ gnmQ> n¥ð>^mJmV ^modVmÀ`m
_mÜ`_mnmgwZ doJio Ho$coë`m nmaXe©H$ _mÜ`_mg {MVr
åhUVmV. {MVrÀ`m EH$m gnmQ> n¥ð>^mJmda àH$me nVZ
nmhþZ {MVrVwZ OmD$Z Xþgè`m gnmQ> n¥ð>^mJmVwZ ~mhoa
nS>Vo. {MVrÀ`m àVcmer nVZ hmoD$Z {MVrVwZ àdmg
H$aUmè`m àH$memMm ñd^md _m{hV H$aÊ`mgmR>r {MVr
g§~§YrV H$mhr nXmMr AmnU ì`m»`m Ho$cr nm{hOo.

{ÌH$moUr` H$mMoMr {MVr {dMmamV ¿`m. ̀ m {MVr_Ü ò
XmoZ {ÌH$moUr nm`m Am{U VrZ Am`VmH$ma gnmQ> nmíd©
n¥ð>̂ mJ AgVmV. Vo nmíd© n¥ð>̂ mJ EH$_oH$m§g {Vano AgVmV.
Ë`m_wio Ë`m_Ü`o H$mhr H$moZ V`ma hmoVmo.

AmH¥$Vr 7 _Ü ò XmIdcocm PQR  {ÌH$moU, EH$m {MVrÀ`m {Ì^wOmAmH$ma ~mhoarc
hÔ gwM{dVmV Ago g_Ow ̀ m.  PQ  gnmQ> n¥ð>^mJmda M q~wX Odi EH$ àH$me {H$aU
nVZ hmoVo Ago J¥hrV Yé. M da PQ n¥ð>mer EH$ ñV§^rH$m (c§~) H$mT>m. AmnmVr
{H$aU c§~, _Yrc (ñV§^rH$m) H$moZmg AmnmVr H$moZ (i1)  åhUVmV. AmnmVr {H$aU
M da AndVuV hmoVo. Vo {H$aU, {MVrVwZ OmD$Z Xþgè`m gnmQ> n¥ð>mer N da {_iVo
Am{U eodQ>r {MVrVwZ ~mhoa nS>Vo. PR n¥îR>^mJmdarc N q~XþVwZ ~mhoa nS>Umè`m
{H$aUmcm ~{hJ©oV {H$aU (emergent ray)  Ago åhUVmV. PR n¥ð>^mJmda N da EH$
ñV§^rH$m (c§~) H$mT>m. ~{hJ©V {H$aU Am{U c§§~m_Yrc H$moZmg ~{hJ©V H$moZ (angle
of emergence (i2 ) Ago åhUVmV. gnmQ> n¥ð>^mJ PQ Am{U PR  _Yrc H$moZmg
{MVrH$moZ qH$dm A {MVrMr AndVuV H$moZ (angle of the prism or refracting
angle of prism A ) åhUVmV. AmnmVr {H$aU Am{U ~{hJ©V {H$aUm_Yrc H$moZmg
{dMcZ H$moZ (angle of deviation(d)) Ago åhUVmV.

AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr -7

P

Q R

ñV§̂ rH$m
ñV§̂ rH$m

i1
i2M

N

AmnmV
r {H$a

U
~{hJ©V {H$aU

SCERT T
ELA

NGANA



_mZdr S >m oim Am{U a §JrV {díd92 dJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dm

{ÌH$moUmH$ma {MVrVwZ OmUmè`m àH$memÀ`m AndV©ZmMr _m{hVr {_i{dÊ`mgmR>r
EH$ H¥$Vr H$é `m.

CÔoe CÔoe CÔoe CÔoe CÔoe : {MVrMm AndV©Zm§H$ _m{hV H$aUo.
Amdí`H$ gm_wJ«rAmdí`H$ gm_wJ«rAmdí`H$ gm_wJ«rAmdí`H$ gm_wJ«rAmdí`H$ gm_wJ«r: {MVr, 20x20 go._r. n[a_mUmMm nm§T>am MmQ>©, noÝgrc,

Q>mMÊ`m, _moOnÅ>r, H$moU_mnH$
aMZm aMZm aMZm aMZm aMZm : EH$m {MVrcm nm§T>è`m a§JmÀ`m MmQ>©da Aem[aVrZo R>odm {H$, Ë`m {MVrMm

{ÌH$moUmH$ma nm`m Ë`m MmQ>©da Amcm nm{hOo. {MVrÀ`m ̂ modVmcr noÝgrcÀ`m gmhmæ`mZo
aofm AmoT>m. {MVrcm MmQ>© déZ H$mTw>Z Q>mH$m.
• H$mT>coë`m AmamIS>çmMm AmH$ma H$gm AgVmo?

Vmo EH$ {ÌH$moU Amho. Ë`mÀ`m {eamoq~XþZm P,Q, Am{U R Zmdo Úm. [ gmYmaUVm:
hm g_^wO {ÌH$moU AgVmo] AndVuV n¥ð>^mJ Am`VmH$mamV AgVmV. PQ Am{U PR
_Yrc H$moZ _m{hV H$am. hmM {MVrMm H$moZ (A) Amho.

{ÌH$moUmÀ`m PQ ~mOwda EH$ q~Xw M Mr IwU H$am. Am{U PQ ~mOwg M
q~XþdéZ EH$ c§~ H$mT>m. H$moZ_mnmH$mMo H|$Ð M q~Xþda ñV§̂ rHo$da (c§~) R>odm. 300

À`m H$moZmMr {VWo IwU H$am Am{U M n`ªV EH$ aofm AmoT>m hr aofm AmnmVr {H$aU
Xe©{dVo. ̀ m H$moZmcm AmnmVr H$moZ åhUVmV. ̀ mMr Vº$m -1 _Ü`o Zm|X H$am. AmH¥$Vr

- 8 _Ü ò XmI{dë`m à_mUo
 A Am{U B q~Xþda XmoZ Q>mMÊ`m

Cä`m R>odm. {MVrÀ`m Xþgè`m ~mOwH$Sw>Z
(PR) Q>mMÊ`mMr à{V_m nmhm. Am{U
Xþgè`m XmoZ Q>mMÊ`m C Am{U D q~Xþda
AemarVrZo R>odm H$s, Mmahr Q>mMÊ`m
EH$mM gai aofoda Agë`m nm{hOo. ̀ mg
H$miOrnwd©H$ H$am. AmVm {MVr Am{U

Q>mMÊ`m H$mTw>Z Q>mH$m. XmoZ Q>mMÊ`m_wio V`ma Pmcoë`m
{N>Ðmcm OmoS>Umar EH$ aofm H$mT>m. Vr  ‘PR’cm
{_iVo. ho ~{hJ©V aofm {H$aU Amho. Vr  PR n¥ð>^mJm
nmgwZ ‘N’ _YwZ ~mhoa nS>Vo.  N  q~Xþdarc ñV§̂ rH$m
~{hJ©V {H$aUm_Yrc _Yrc H$moZ hm ~{hJ©V H$moZ
hmoVmo. `m H$moZmÀ`m _mnZ H$éZ Ë`m§Mr qH$_V Vº$m
(1) _Ü ò Z_wX H$am.

à`m oJemim H ¥ $Vrà`m oJemim H ¥ $Vrà`m oJemim H ¥ $Vrà`m oJemim H ¥ $Vrà`m oJemim H ¥ $Vr

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-8

AmnmVr H$moZAmnmVr H$moZAmnmVr H$moZAmnmVr H$moZAmnmVr H$moZ
(i1)

~{hJ©V H$moZ~{hJ©V H$moZ~{hJ©V H$moZ~{hJ©V H$moZ~{hJ©V H$moZ
 (i2)

{dMcZ H$moZ{dMcZ H$moZ{dMcZ H$moZ{dMcZ H$moZ{dMcZ H$moZ
(d)

Vº$mVº$mVº$mVº$mVº$m 1

P

Q R

ñV§̂ rH$m
ñV§̂ rH$m

i1
i2M

N

A
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M Am{U N q~XþZm aof|Zo OmoS>m  A,B, M,N,C Am{U D _YwZ OmUmar aofm, {MVrVwZ
OmD$Z AndVuV Pmcoë`m àH$memÀ`m _mJm©cm gwM{dVo.
• {dMcZmMm H$moZ Vwåhr H$go _m{hV H$aVm?

AmnmVr Am{U ~{hJ©V {H$aUm§Zm ‘O’ q~Xþda {_ion ª̀V dmT>dm. ̀ m XmoÝhr {H$aUm_Yrc
H$moZ _moOm. hmM {dMcZmMm H$moZ Amho. `m H$moZmg ‘d’ Zo Xe©{dVmV. `mMr Vº$m
(1) _Ü`o Zm§oX H$am.  400,500 BË`mXr AmnmVr H$moZmgmR>r {h à{H«$`m nwÝhm H$am.
{dMZmcgmMo Am{U ~{hJ©V H$moZmMo g§JV H$moZ _m{hV H$éZ Vº$m (1) _Ü ò Z_wX
H$am.
• {dMcZ H$moZmnmgwZ Vw_À`m cúmmV H$m` òVo?

àW_ {dMcZ H$moZ H$_r hmoVmo Am{U Z§Va AmnmVr H$moZ dmT>ë`mg {dMcZ H$moZ
Ë`m gmo~V dmT>Vmo.
• AmnmVr H$moZ Am{U {dMcZ H$moZm_Yrc AmcoI Vwåhr H$mT>w eH$Vm H$m?

AmnmVr H$moZ  X- Aúmmda Am{U {dMcZ H$moZ Y- Aúmmda ¿`m. àË òH$ H$moZmÀ`m
OmoS>r gmR>r AmcoImda `mo½` à_mU KoD$Z q~XþMr IwU H$am. eodQ>r AmcoImdarc
q~XþZm OmoS>m. (_D$ dH«$) AmH¥$Vr -9 _Ü`o XmI{dë`m à_mUo AmcoI Am{U Vwåhr
H$mT>coë`m AmcoImMr VnmgUr H$am.
• AmcoImdéZ {dMcZ H$moZmVrc {H$_mZ qH$_V Vwåhr

H$mTw> eH$Vm H$m?
 X- Aúmmcm g_m§Va dH«$ aofoda EH$ ñneuH$m AmcoImda

AË`ën q~Xþda H$mT>m. hr aofm Y- Aúmmcm Á`m q~Xþda N>oXVo
Vmo {dMcZ H$moZ hmoVmo. Vmo H$moZ D Zo Xe©{dVmV. AmcoImcm
Á`m q~Xþda ñneuH$m ñne© H$aVo Ë`m [~§XþdéZ  y-Aúmmcm
g_m§Va Agcocr EH$ aofm H$mT>m. hr aofm x- Aúmmcm EH$m
q~Xþda {_iVo. VoM {dMcZ H$moZmMm g§JV Agcocm AmnmVr
H$moZ hmoVmo. Vwåhr `m AmnmVr H$moZmg KoD$Z à`moJ Ho$ë`mg AmnmVr H$moZmg_mZ
Agcocm ~{hJ©V H$moZ `oVmo. Vº$m  (1) nmhm.
• AmnmVr H$moZ, ~{hJ©V H$moZ Am{U {dMcZ H$moZ ̀ m_Ü ò H$mhr g§~§Y Amho H$m`?
• {MVrMr AndV©Zm§H$ Vwåhr H$mTw> eH$Vm H$m?

Mcm _m{hV H$é `m.
{MVrÀ`m AndV©UmH$m§Mo gwÌ gmÜ` H$aUo{MVrÀ`m AndV©UmH$m§Mo gwÌ gmÜ` H$aUo{MVrÀ`m AndV©UmH$m§Mo gwÌ gmÜ` H$aUo{MVrÀ`m AndV©UmH$m§Mo gwÌ gmÜ` H$aUo{MVrÀ`m AndV©UmH$m§Mo gwÌ gmÜ` H$aUo

AmH¥$Vr 10(A) _Yrc {H$aU {MÌmMo {Z[aúmU H$am.
OMN {ÌH$moUmdéZ
d = i1- r1 + i2 – r2 `oVo.
d = (i1+i2) – (r1+r2) ––—— (1)

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-9
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{ÌH$moU PMN,déZ
 A + (900-r1) + (900-r2) = 1800

gai én {Xë`mZo
 r1 + r2 = A ———(2)
(1) Am{U (2) déZ
d = (i1+i2) – A
A+d = i1+i2 ––——(3)
hm AmnmVr H$moZ, ~{hJ©V H$moZ, {dMcZmMm H$moZ

Am{U {MVrÀ`m H$moZm _Yrc g§~§Y Amho.
ñZocÀ`m {Z`_mdéZ AmnUmg _m{hV Amho H$s,  n1 sin i = n2 sin r
g_Om n hm {MVrMm AndV©Um§H$ Amho.
M da ñZocMm {Z`_ dmnéZ, hdoÀ`m AndV©Um§H$mer

n1 =1;  i = i1 ;  n2 = n ;   r = r1 `oVo.
sin i1 = n sin r1 ———(4)

Aem [aVrZo N da  n1 = n ;  i = r2 ;  n2 = 1 ;   r = i2 `oVo.
n Sin r2 = Sin i2 ———(5)

AmnUmg _m{hV Amho H$s, {dMcZmMm H$_rV H$_r H$moZ (D), AmnmVr H$moZ
~{hJ©V H$moZmEdT>m AgVmo. åhUOo  i1 = i2 AmH¥$Vr 10(~) nmhm. MN ho QR ~mOwcm
g_m§Va Amho. ho Vw_À`m cúmmV òVo. dmñV{dH$nUo MN {H$aU {MVrÀ`m nm`mcm
g_m§Va Amho. AmH¥$Vr 10(~) nmhm.

Ooìhm i1 = i2, {dMcZ H$moZ (d) H$_rV H$_r {dMcZ H$moZ (D) hmoVmo.
Va g_rH$aU (3)

  A+D  = 2i1

qH$dm   i1 = (A+D)/2
Ooìhm i1 = i2 Va  r1 = r2 ho ñnï> hmoVo.
`m_wio g_rH$aU  (2) déZ
2r1 = A
qH$dm  r1 = A/2
i1 Am{U r1 g_rH$aU (4) _Ü`o à{VúmonrV Ho$ë`mg
  Sin{(A+D)/2)} = n. Sin(A/2) ̀ oVo.
åhUwZ n = Sin(A+D/2)/Sin(A/2) —(6)
ho {MVrÀ`m AndV©Zm§H$mMo gwÌ Amho.

‹g‘rH$aU-5 déZ AmnU n = Sin(A+D/2)/Sin(A/2) gwÌ ‘m{hV H$é eH$Vmo H$m?
AmVm à`moJ H¥Vr (1) À`m n[aUm_mdéZ Am{U g_rH$aU (6) déZ {MVrMm AndV©Um§H$
_m{hV H$am.

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-10(a)

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-10(b)
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EH$ CXmhaU nmhþ `m.
CXmhaU 2CXmhaU 2CXmhaU 2CXmhaU 2CXmhaU 2

600 Mm {MVrH$moZ A hm {dMcZmMm H$_rV H$_r H$moZ 300 V`ma H$aVmo. Ë`m
{MVrÀ`m V`marV dmnacoë`m nXmWm©Mm AndV©Um§H$ _m{hV H$am.
gmoS>dUwH$ gmoS>dUwH$ gmoS>dUwH$ gmoS>dUwH$ gmoS>dUwH$ :  A = 600 Am{U D = 300 {Xcoco Amho.

n = Sin[(A+D)/2]/Sin(A/2) = Sin(900/2)/Sin(300) Mm dmna H$é
        = Sin 450/ Sin300 = (1/√2)/(1/2) = √2

 n = √2
AemàH$mao {Xcoë`m {MVrMm AndV©Um§H$  = √2

––––––––––––
{MVrgmo~V EH$ gmYr H¥$Vr H$é `m.

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr  3
hm à`moJ A§Ymè`m ImocrV H$am. {MVrcm EH$m Q>o~cmda Cä`m nm§T>è`m q^VrOdi

R>odm. EH$ chmZ cmH$S>mMm R>moH$im ¿`m. Ë`m R>omH$ù`mda EH$ chmZ {N>Ð H$éZ Ë`mg
Q>o~cmda C^o R>odm. {MVrcm cmH$S>mMm R>moH$im Am{U [^§Vr_Ü`o R>odm. cmH$S>mÀ`m
R>moH$ù`mMo _mJo EH$ nm§T>am cmB©Q> cmdm. cmH$S>mÀ`m R>moH$ù`mÀ`m {N>ÐmVwZ `oUmao
{H$aU Aé§§X hmoV OmVo. {MVrcm Aem àH$mao ì`dñWrV C§Mrda R>odm. OoUoH$éZ àH$me
nmíd©n¥ð>^mJmda nS>cm nm{hOo. {MVrÀ`m ~{hJ©V [H$aUmÀ`m ~XcmMo [Z[aúmU H$am.
{MVrcm WmoS>o {\$adwZ à{V_m q^Vrda nS>oc Ago ì`dñWrnUo _m§S>Ur H$am.
• Vwåhmcm q^Vrda H$m` {XgwZ `oVo?
• q^Vrda a§JrV à{V_m nS>Vo H$m`?
• nm§T>am àH$me doJdoJù`m a§JmV H$m doJim hmoVmo?
• H$moUVo a§J Vwåhmcm {XgwZ `oVmV?
• àË`oH$ a§JmÀ`m {dMcZ H$moZmV H$mhr ~Xc {XgwZ `oVmo H$m?
• H$moUË`m a§JmMo {dMcZ \$ma H$_r AgVo?

Xþgam à`moJ H$é nmhþ `m.

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr  4
EH$ YmVwMm ñQ´>o KoD$Z Ë`mV nmUr ^am. Ë`m nmÊ`mV EH$

Amagm Aem [aVrZo R>odm H$s, nmÊ`mÀ`m n¥ð>^mJmer H$mhr H$moZ
V`ma Pmcm nm{hOo. AmH¥$Vr -11 _Ü ò XmI{dë`m à_mUo
nmÊ`mVrc Amaemda nm§T>am àH$me H|$ÐrH¥$V H$am. nmÊ`mÀ`m
daÀ`m n¥ð>̂ mJm da R>odcoë`m H$mS>© ~moS>© À`m {eQ>da a§J AmUÊ`mMm
à`ËZ H$am. Vwåhr nm{hcoë`m ̀ m a§JmMo Zmd Vw_À`m dhrV Z_wX
H$am.

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-11
YmVwMo ñQ´>o

nmUr

nm§T>am
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H¥$Vr (3) Am{U (4) _Ü`o AmnUmg {XgwZ `oVo H$s, nm§T>am àH$me {d{eï> a§JmV
doJdoJim hmoVmo.

• nm§T>am àH$me a§JmV AcJ homVmo `mg {H$aU {gÜXm§VmìXmao ñnï> H$é eH$Vmo H$m?

{H$aU {gÜXm§VmìXmao nm§T>am àH$me doJdoJù`m a§JmV AcJ hmoVmo. ho ñnï> H$aUo
eŠ` Zmhr.

•  Ago H$m hmoVo?

Mcm nmhþ `m.

àH$memMo n¥W¸$H$aU àH$memMo n¥W¸$H$aU àH$memMo n¥W¸$H$aU àH$memMo n¥W¸$H$aU àH$memMo n¥W¸$H$aU (Dispersion of Light)

cmc a§JmÀ`m VwcZoV BVa a§JmgmR>r {dMcZ H$moZ Iwn chmZ AgVo Am{U
Om§̂ ù`m a§JmgmR>r {dMcZ H$moZ Iwn _moR>m AgVmo. ho AmnU H¥$Vr 3 _Ü ò nm{hco Amho.

nm§T>am àH$me {d{dY a§JmV AcJ hmoÊ`mg (VIBGYOR) is called dispersion
Ago åhUVmV.

_mJrc MM}V, {MVrÀ`m {d{eï> AndV©Um§H$mgmR>r \$º$ EH$M H$_r {dMcZ Ho$mZ
AgVmo ho AmnU {eH$cmo. \o$a_°Q>À`m {Z`_mZwgma àH$me {H$aU àdmg H$aVm§Zm Zoh_r
chmZ A§VamÀ`m _mJm©Mr {ZdS> H$aUo ho AmnU {eH$cmo. na§Vw H¥$Vr -3 _Ü`o Amnë`m
cúmmV Amco H$s, àH$memZo àdmg H$aÊ`mgmR>r {d{dY _mJm©Mr {ZdS> Ho$cr.

• `mMm AW© {MVrMm AndV©Um§H$ a§Jma§JmV ~XcV OmVmo H$m?

• àË`oH$ a§JmÀ`m n«H$memMm doJ doJdoJim AgVmo H$m?

AmnU g_Ow eH$Vmo H$s, nm§T>am àH$me hm {d{dY Va§J cm§~rÀ`m Va§JmMm g_wh
Amho. Om§^ù`m a§JmMr Va§J cm§~r gdm©V H$_r Am{U cmc a§JmMr Va§J cm§~r gdm©V
OmñV AgVo.

Va§J {gÜXm§VmZwgma àH$memÀ`m Va§JmMo àgaU gd© {XeoV hmoVmo. àH$me hm {dÚwV
Mw§~H$s` Va§J Amho. H$moUVmhr H$U ^m¡{VH$Ñï>`m nwT>o Am{U _mJo XmocZ hmoV Zmhr.
{edm` {dÚwV n[a_mU Am{U Mw§~H$s` úmoÌ {dÚwV M§w~H$s` Va§Jmgmo~V amhþZ, àË`oH$
q~XþOdi AmdVuV homVo. XmocUr` {dÚwV Am{U Mw§~H$s` úmoÌ àH$memÀ`m doJmgmo~V
gd© {XeoV àgmaU hmoVo.

• {MVrVwZ OmVm§Zm àH$me {d{dY a§JmV AcJ H$m hmoVmo? `mMm Vwåhr A§XmO cmdw
eH$Vm H$m?SCERT T
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gd© àH$memMm doJ pñWa Agcm Var EH$m _mÜ`_mVwZ àdmg H$aVm§Zm àH$memMm
doJ, Ë`mÀ`m Va§J cm§~rda Adc§~wZ AgVmo. AndV©U§mH$ ho {Zdm©V Am{U _mÜ`_mVrc
doJmMo JwUmoÎma Amho. n[a_mUr _mÜ`_mMm AndV©Zm§H$ àH$memÀ`m Va§J cm§~rda
Adc§~wZ AgVo. Ooìhm nm§T>am àH$me _mÜ`_mVwZ OmVmo Voìhm àË`oH$ a§J Ë`mÀ`m H$_r
doimV nmohMUmè`m _mJm©Mr {ZdS> H$aVmV. `m_wio {d{dY a§JmMo AndV©Z {d{dY
{dMcZmV hmoVo. n[aUm_r nm§T>è`m àH$memVrc a§J doJdoJio H$éZ AmnU (3) Am{U(4)
H¥$Vr_Ü`o nm{hë`m à_mUo q^Vrda {MVrMr AmH¥$Vr {Z_m©U hmoVo. Va§J c§m~rV dmT>
Pmë`mg AndV©Zm§H$mV KQ> hmoV, ho à`moJmìXmao _m{hV Pmco. VIBGYOR, _Ü ò gmV
a§JmMr Va§J cm§~rMr VwcZm Ho$ë`mg cmc a§JmMr Va§J cm§~r gdm©V OmñV AgVo. cmc
a§JmMm AndV©Zm§H$ H$_r Agë`m_wio V H$_r à_mUmV {dMcrV homVo.

Ooìhm nm§T>am àH$me {MVrVwZ OmVo Voìhm Vmo n«H$me gmV a§JmV doJim Ho$ë`m OmVmo
hoo Amnë`m cúmmV `oVo. EHo$ar a§JmMo {H$aU {MVr_YwZ OmV Agë`mMo J¥hrV Yam.
• Vo OmñV a§JmV doJio hmoVmV H$m?

àH$memMo ómoV EH$m goH§$Xmcm gmoS>coë`m Va§JmÀ`m g§» òcm dma§dmaVm (frequency)
åhUVmV. àH$me dma§dmaVm ho àH$memÀ`m ñÌmoVmMo EH$ cúmU Amho. ho H$moUË`mhr
_mÜ`_mìXmao ~XcV Zmhr. åhUwZ AndV©ZmV gwÜXm dma§dmaVm ~XcV Zmhr. Aem
[aVrZo H$moUË`mhr nmaXe©H$ _mÜ`_mVwZ OmUmao a§JrV n«H$me {H$aU Ë`mMm a§J ~XcV
Zmhr.

_mÜ`_m§Zm doJio H$aUmÀ`m n¥ð>^mJmda AndV©Z hmoV AgVm§Zm EH$m goH§$XmV Ë`m
Vcmda (interface) (n¥ð>^mJmda) nVZ Pmcoë`m Va§JmMr g§»`m Xþgè`m _mÜ`_mVrc
H$moUË`mhr q~XþVwZ OmUmè`m Va§JmÀ`m g§»`ocm g_mZ AgVo. àH$me EH$m _mÜ`_mVwZ
OmVm§Zm _mÜ`_mZwgma àH$memMr Va§J cm§~r ~Xccr Var àH$memMr dma§dmaV ~XcV
Zmhr. Va§JmMm doJ (v), Va§JmMr cm§~r ( λ) Am{U Va§JmMr dma§dmaVm (f) `m_Yrc
g§~§Y  v = f λ (dma§dmaVm  (f) cm  υ Zo Xe©{dVo. )

H$moZmÀ`m n¥ð>^mJmdarc AndV©ZmgmR>r v  ho ( λ)er à_mUmV AgVo. àH$memMr
Va§J cm§~r dmT>ë`mg Va§JmMm doJ dmT>Vmo Am{U λ `m CcQ> gwÜXm hmoVo.
• H¥$Vr  -3 _Ü`o nm{hë`m à_mUo Ago a§J {ZgJm©V Vwåhr H$Yr nm{hco H$m? Vwåhr

Ë`mMo CXmahU XoD$ eH$Vm H$m?
Vw_Mo CÎma Z¸$sM B§ÐYZwî` AgVo. Vo àH$me`mÀ`m AnñH$aUmMo Mm§Jco CXmhaU

Amho.
• Vwåhr AmH$memV B§ÐYZwî` Ho$ìhm nmhVm?
• AmnU H¥${Ì_ [aVrZo B§ÐYZwî` V`ma H$é eH$Vmo H$m?

Mcm nmhþ `m.
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H¥$Vr H¥$Vr H¥$Vr H¥$Vr H¥$Vr 5
gw`© {H$aUo nS>Umar EH$ nm§T>ar q^V ¿`m. q^VrÀ`m g_moa AemarVrZo C^o amhm

H$s,  àH$me {H$aUo Vw_À`m nmR>rda nS>cr nm{hOo. nmUr OmUmar EH$ Zir KoD$Z
Ë`mMo daMo Q>moH$ ~moQ>mZo PmH$m. Vw_Mo ~moQ> Am{U Zir_Yrc gm§Ü`m _YwZ nmÊ`mMo
\$dmao {ZKVmV. Aem [aVrZo nmÊ`mMo \$dmao nS>Vm§Zm q^Vr darc hmoUmè`m ~XcmMo
{Z{aúmU H$am. q^Vrda Vwåhmcm a§J {XgwZ `oB©c.

• Vwåhr q^Vrdarc a§J H$go nmhþ eH$Vm?
• Vw_À`m S>moù`mn`ªV nmohmoMUmao àH$me {H$aU q^Vr
nmgwZ òV Amho H$m?

Mcm _m{hV H$é `m.
AZoH$ {_{c`Z chmZ nmÊ`mÀ`m W|~m ìXmao àH$memMo

AnñH$aU hmoD$Z g§§wXa Agm B§ÐYZwî` AmH$memV {Z_m©U
hmoVmo.B§ÐYZwî` {Z_m©U homÊ`mMo H$maU _m{hV H$aÊ`mgmR>r
EH$ nmÊ`mMm W§§o~ {dMmamV KoD$ `m.

AmH¥$Vr 12 nmhm. nmÊ`mÀ`m W|~mÀ`m daÀ`m n¥ð> ̂ mJmnmgwZ
gw`© {H$aU Ë`m Wo~m§V àdoe H$aVo. `oWo hmoUmè`m n{hë`m
AndV©ZmV nm§T>am àH$me {d{dY a§JmV AnñH$aU homD$Z a§JmMr

dU©n§º$s (spectrum ) V`ma hmoVo. Om§̂ im a§J OmñV {dMcrV homVmo Am{U cmca§J gdm©V
H$_r {dMcrV homVo. nmÊ`mÀ`m W|~mÀ`m Xþgè`m ~mOwcm nmohMwZ àË òH$ a§J nmÊ`mÀ`m W|~mV
EHw$U Am§VarH$ namdV©Zm_wio namdVuV hmoVmo. nmÊ`mÀ`m W|~mÀ`m n¥ð>̂ mJmda ̀ oD$Z àË òH$
a§J nwÝhm hdoV namdVuV hmoVmo. Xþgè`m AndV©ZmV cmc Am{U Om§̂ ù`m {H$aUmVrc H$moZ
n{hë`m AndVuV H$moZmÀ`m VwcZoV nwT>o dmT>V OmVmo.

`oUmè`m Am{U OmUmè`m {H$aUm_Yrc H$moZ 00 Am{U  420 _Ü ò {H$Vrhr Agw
eH$Vmo. Ooìhm `oUmè`m Am{U OmUmè`m {H$aUmVrc H$moZ 420A{YH$ H$moZm Odi
AgVmo Voìhm M_H$Xma B§ÐYZwî` AmnUmg {XgwZ ̀ oVmo. AmH¥$Vr 12 _Ü ò XmI{dco Amho.
nmÊ`mMm àË òH$ W|~ àH$memcm gmV a§JmV doJim H$aVmo. EH$m [Z[aúmH$mÀ`m ñWmZmdéZ
EH$m nmÊ`mÀ`m W|~mnmgwZ `oUmè`m a§Jmn¡H$s H$moUË`mhr EH$m a§Jmcm nmhþ eH$Vmo.

nmÊ`mÀ`m EH$m W||~mnmgwZ `oUmam Om§^im n«H$me EH$m {Z[aúmH$mÀ`m S>moù`mn`ªV
nmohmoMë`mg Ë`mM nmÊ`mÀ`m W|~mnmgwZ ̀ oUmam cmc a§J Ë`mÀ`m S>moù`mn`ªV nmohmoMV
Zmhr. Vmo àH$me Ë`mÀ`m S>moù`mÀ`m WmoS>çm ImcÀ`m ̂ mJmn`ªV nmohmMVo. AmH¥$Vr 13
nmhm. åhUwZ {Z[aúmH$mcm cmc a§Jm nmhm`À`m Agë`mg AmH$memVrc nmÊ`mMm
W|~mVrc C§Mmda Agcoë`m W|~mH$S>o nm{hco nm{hOo. gw`©àH$me {H$aU Am{U nmÊ`m§À`m
W|~mìXmao _mJo nmR>{dcocm H$moZ  420 Agoc Va cmc a§J AmnUmg {XgwZ `oVmo. 400

Vmo H$moZ Agë`mg AmnU Om§^im a§JmMm àH$me nmhþ eH$Vmo Vwåhr 400 Am{U  420

AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr -12

gẁ © àH$me nmÊ`mMo W|~

cmc
Om§̂ i

m

42o

40o
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H$m oZm §H $S > o  nm{hë`mg V wåhmcm
VIBGYOR _Yrc Cacoco a§J {XgwZ
òVmV.

• nmdgmÀ`m W|~mZo AnñH$aU
Pmcocm àH$me YwZî`m gmaIm
H$m {XgVo?
`m àíZm §M o  CÎ ma _m {hV

H$aÊ`mgmR>r Amnë`mcm H$mhr ̂ w{_Vr`
VmH$s©H$VoMr JaO Amho. AmnUmg
{XgUmam B§ÐYZwî` gnmQ> pìX_rVr`  Mmn Zìho. AmH¥$Vr 14 _Ü ò XmI{dë`m à_mUo
AmnU nm{hcocm B§ÐYZwî` Vw_À`m S>moù`mer {Z_wiVo Q>moH$ H$mT>cocm {Ì_rVr` e§Hw$
Amho. Vw_À`m S>moù`mH$S>o àH$memcm
à{H$U©Z H$aUmao nmÊ`mMo W|~ e§Hw$À`m
AmH$amV {d{dY WamV AgVmV.
Vw_À`m S>moù`mH$S>o à{H$V©Z Ho$coco cmc
a§J ew§H$À`m ~mø Wamda AgVmV.
AemarVrZo Vw_À`m S>moù`mH$S>o W§§§o~mìXmao
à{H$U©Z Ho$cocm Zma§Jr a§J cmc
a§JmÀ`m H$moZmÀ`m Zma§Jr a§JmImcr
`oÊ`mgmR>r e§Hw$H$maUr^wV R>aVo. VgoM Om§^im a§JmMm e§Hw$ gdm©À`m AmV Agcocm e§Hw$
(AmH¥$Vr 14 nmhm) hmoVmo.

{Xdgm H$moaS>o dmVmdaU AgVm§Zm AmH$me {Xdgm {Zù`m a§JmMo {XgVo hm Amncm
gm_mÝ` AZŵ d Amho.
• AmH$me {Zio H$m AgVo?

`m àíZmMo CÎma XoÊ`mgmR>r àH$memMm Xþgam JwUY_© àH$memMo {dH$saU `m ~Ôc
OmUwZ KoUo JaOoMo Amho.
• {dH$saU (scattering) åhUOo H$m`?
Mcm _m{hV H$é `m.

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-13
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•  {d_mZmVwZ àdmg H$aVm§Zm {Xgcoë`m B§ÐYZwî`mÀ`m AmH$mamMr H$ënZm Vwåhr H$é eH$Vm H$m?
Vw_À`m {_Ìmer MMm© H$éZ _m{hVr Jmoim H$am?

SCERT T
ELA

NGANA



_mZdr S >m oim Am{U a §JrV {díd100 dJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dm

àH$memMo {d{H$aU àH$memMo {d{H$aU àH$memMo {d{H$aU àH$memMo {d{H$aU àH$memMo {d{H$aU (Scattering of Light )
àH$memMo {dH$saU hr EH$ H${R>U KQ>Zm Amho. hr g§H$ënZm _m{hV H$aÊ`mMm

à`ËZ H$é `m.
• EImÚm _wº$ AUwcm qH$dm aoUwcm EH$m {ZpíMV àH$memÀ`m dma§dmaVoV R>odë`mg

H$m` KS>Vo?
àH$memV R>odcocm AUw qH$dm aoUw àH$me COm© emofU H$aVo Am{U H$mhr à_mUmV àH$me

COm© {d{dY {XeoV CËgOuV H$aVo. àH$memÀ`m {dH$saUmV hr à{H«$`m KSw>Z ̀ oVo.
aoUw qH$dm AUwda àH$memMm à^md Ë`m AUwÀ`m qH$dm aoUwÀ`m n[a_mUmda

Adc§~wZ AgVo. Oa H$UmMo n[a_mU (AUw qH$dm aoUw) chmZ Agë`mg Vmo A{YH$
dma§dmaVoÀ`m àH$memìXmao à^m{dV hmoVo Am{U ̀ m CcQ> gwÜXm hmoVo. {ZpíMV dma§dmaVm

Agcocm àH$me AUwda nVZ hmoVo Ago _mZw ̀ m. ̀ m n«H$mem_wio
AUw H§$nZ nmdVmV. ̀ m H§$nmZm_wio gd© {XeoV {d{dY {Vd«VoMm
àH$me CËgOuV hmoVmo.

àH$memÀ`m àdmh {Xeocm c§~ Agcoë`m EH$H$ úmoÌ\$imÀ`m
àVcmVwZ OmD$Z EH$m g|H$mXmV àgaU H$aUmè`m àH$memÀ`m
eº$scm àH$memMr {Vd«Vm (intensity of Light) åhUVmV.
AmH¥$Vr 15 _Ü ò XmI{dë`m à_mUo EH$ ñd§VÌ AUw qH$dm aoUw
A§VamimV (OmJm) Hw$R>oVar Amho Ago _mZw.

{ZpíMV dma§dmaVm Agcocm àH$me Ë`m AUwda qH$dm
aoUwda nS>Vmo. Ë`m AUwMo qH$dm aoUwMo n[a_mU nVZ Pmcoë`m

Va§J cm§~rer VwcZm H$aÊ`mgmaIo Agë`mg Vmo AUw Ë`m àH$memcm à{V{H«$`m XoVo. ̀ m
AQ>rMo g_mYmZ Pmë`mg AUw àH$me J«hZ H$éZ H§$nZ nmdVo. `m H§$nZm_wio {ZpíMV
à_mUmV J«hZ Ho$cocr COm© {d{dY {Vd«VoV gd© {XeoV AUwìXmao nwZ: CËgOuV Ho$ë`m
OmVo. nwZ:CËgOuV Ho$coë`m àH$memcm {dIwacocm àH$me åhUVmV, Am{U gd© {XeoMr
{d{dY {Vd«VoV àH$memcm naV ~mhoa Q>mH$Ê`mÀ`m à{H«̀ ocm àH$memMo {dIwaUo ({d{H$aU)
Ago åhUVmV. `m AUwcm qH$dm aoUwcm {d{H$aU H|$Ð åhUVmV. {ZpíMV {XeoV åhUOo
àH$memÀ`m {Vd«VoMo {Z[aúmU H$aÊ`mÀ`m {XeoV ̀ oUmam {dIwacocm àH$me nVZ Pmcocm
àH$me `m_Yrc H$moZ g_Om ‘θ’ Amho.`m H$moZmcm {dH$saU ({dIwacoco) H$moZ
(scattered angle) åhUVmV. à`moJmdéZ {Z[aúmUmg Amco H$s, {dIwacoë`m àH$memMr
{Vd«Vm {dH$saU H$moZmgmo~V ~XcV AgVo.900 {d{H$aU H$moZmda {Vd«Vm gdm©{YH$
hmoVo.

`m H$maUm_wio gw`©{H$aUmÀ`m {Xeocm c§~ {XeoV AmH$memH$S>o nm{hë`mg AmH$me
{Zù`m a§JmMo {XgVo. AmnU nm{hcoë`m {XeoMm H$moZ ~Xcë`mg {Zù`m a§JmMr {Vd«Vm
gwÜXm ~XcVo.

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-15
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Vwåhmcm EH$ e§H$m `oV Agoc àH$memÀ`m {d{H$aUmV \$º$ {Zim a§J H$m `oVmo?
BVa a§J H$m òV Zmhr?

H|$ÐmÀ`m {dIwaÊ`m_wio AmH$me {Zio {XgVo H$m? _m{hV H$é `m.
Amnë`m g^modVr Agcoë`m dmVmdaUmV {d{dY àH$maMo aoUw Am{U AUw AgVmV ho

Vwåhmcm _m{hV Amho. dmVmdaUmVrc  N2 Am{U O2 AUw AmH$memÀ`m {Zù`m a§Jmcm
H$maUr ŵV Amho. ̀ m aoUwMo n[a_mU {Zù`m àH$memÀ`m Va§J cm§~rer VwcZm H$aÊ`mgmaIo
Amho. {Zù`m àH$memÀ`m {d{H$aUmV ho aoUw {d{H$aU Ho$§Ð (scattering centres)
åhUwZ H$m ©̀ H$aVmV.
• CÝhmù`mV EH$m {ZpíMV {XeoV nm{hë`mg H$Yr H$Yr AmH$me nm§T>ao H$m {XgVo?

dmVmdaUmV {d{dY n[a_mUmMo AUw Am{U aoUw AgVmV. Ë`m§À`m n[a_mUmdéZ Vo
{d{dY Va§Jcm§~r Agcoë`m àH$memMo {d{H$aU H$aVmV. CXmhaUmW© nmÊ`mÀ`m aoUwMo
n[a_mU N2 qH$dm O2À`m n[a_mUmnoúmm OmñV AgVo. Vo {Zù`m a§JmÀ`m n«H$memnoúmm
OmñV AgVo. Vo {Zù`m a§JmÀ`m àH$memnoúmm H$_r dma§dmaVm Agcoë`m àH$memgmR>r
{d{H$aU H|$ÐmgmaIo H$m ©̀ H$aVo.

CÝhmù`mV CîUVm dmT>ë`mZo dmVmdaUmV nmÊ`mMo ~mî\$ àdoe H$aVo `m_wio
dmVmdaUmV nmÊ`mMo aoUw {dnwc à_mUmV AgVmV. ho nmÊ`mMo aoUw BVa dma§dmaVoÀ`m
àH$memÀ`m a§JmZm {d{H$aU ({dIwaVmV) ({Zim a§J gmoSw>Z) H$aVmV. BVa dma§dmaVoMo
Ago a§J Vw_À`m S>moù`mn`ªV nmohmoMVmV Am{U Ë`m_wio AmH$me nm§T>ao {XgVo.
• à`moJmìXmao AmnU àH$memMo {d{H$aU ({dIwaUo) XmIdw eH$Vmo H$m?

Mcm _m{hV H$é `m.

H¥$Vr H¥$Vr H¥$Vr H¥$Vr H¥$Vr  6
EH$m H$mMoÀ`m M§MwnmÌmV gomS>r`_ Wm`mogë\o$Q> (hm`nmo)(hypo) Am{U gë\w$arH$

Amåc ¿`m. Ë`m {~H$acm gẁ ©àH$me ̂ anwa {_ioc Aem OmJr R>odm. gë\$aMo XmZo V`ma
homVm§Zm nmhm Am{U Ë`m M§MwnmÌmV hmoUmè`m ~XcmMo {Z[aúmU H$am.

A{^{H«$`m gwé AgVm§Zm gë\$aMo Adúmon Vwåhmcm {XgwZ `oB©c. gwédmVrcm
gë\$aMo XmZo chmZ AmH$mamV {XgVrc Am{U {H«$`m gwé AgVm§Zm AdúmonUm_wio Ë`mMm
AmH$ma hiwhiw dmT>V OmVo.

gwédmVrcm gë\$aMo XmZo {Zù`m a§JmV {XgwZ `oVo Am{U Ë`mMo n[a_mU dmT>V
Joë`m_wio Ë`mMm a§J hiwhiw nm§T>am hmoVmo. ̀ mMo H$maU åhUOo àH$memMo {d{H$aU hmo`.
gwédmVrcm XmÊ`mMm AmH$ma chmZ chmZ AgVmo Am{U Odi Odi {Zù`m n«H$memÀ`m
Va§J cm§~rer VwcZm H$aÊ`m gmaIo AgVo. åhUwZ gwédmVrcm Vo {Zù`m a§JmV AgVmV.
Ë`mMm AmH$ma dmT>ë`m_wio Vmo AmH$ma BVa a§JmÀ`m Va§J cm§~rer VwcZm H$aÊ`m `mo½`
~ZVmo.  n[aUm_r BVa a§JmgmR>r Vo {d{H$H$aU H|$Ð åhUwZ H$m ©̀ H$aVo. `m gd© a§JmÀ`m
g§`moJmZo (EH$ÌrV H$aUmZo) nm§T>am a§JmV {XgwZ `oVmo.

SCERT T
ELA

NGANA



_mZdr S >m oim Am{U a §JrV {díd102 dJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dm

AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?

_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX

gwñnï> Ñï>rMo cKwÎm_ A§Va, ÑîQ>rMm H$moZ, S>moù`mÀ`m q^JmMo g_m`moOZ,
{ZH$Q> Ñï>rVm, Xþa Ñï>rVm, d¥ÜX Ñï>rVm, q^JmMo gm_Ï ©̀, {MVrMm H$moZ qH$dm
{MVrMm AndVuV H$moZ, cKwÎm_ {dMcZmMm H$moZ, AnñH$aU, {dH$saU

Sir CV Raman

• gw`m©oX` Am{U gw`m©oñVm Xaå`mZ gw`m©Mm a§J cmc {XgÊ`mMo H$maU Vwåhmcm
_m{hV Amho H$m`?
dmVmdaUmV {d{dY n[a_mUmMo ñd§VÌ aoUw Am{U AUw AgVmV. ho aoUw Am{U AUw

{d{dY Va§J cm§~rÀ`m n«H$memcm {d{H$aU ({dIwaco) H$aVmV. Ë`mÀ`m n[a_mUmer
VwcZm H$aÊ`m `mo½` AgVmV. dmVmdaUmV cmc a§JmÀ`m àH$memMr Va§J cm§~rer
VwcZm H$aÊ`m`mo½` n[a_mUmMo aoUw Iwn H$_r AgVmV. åhUwZ cmc àH$memMo {d{H$aU
BVa a§JmÀ`m VwcZoV H$_r hmoVo. gw`m}X`, gw`m©oñVmÀ`m doir gw`m©nmgwZ {ZKUmam àH$me
Vw_À`m S>moù`mn ª̀V nmohMÊ`mgmR>r ŵ-dmVmdaUmV OmñV A§Va àdmg H$amdm cmJVmo.
cmc a§J àH$mem {edm` Cacoco gd© a§JmMm àH$me A{YH$ {d{H$aU hmoD$Z Vw_À`m
n`ªV nmohmMÊ`m AmYrM {XgoZmgm hmoVmo. cmc àH$memMo {dIwaUo Iwn chmZ AgVo. Vo
Vw_À`m n`ªV nmohmoMVo. n[a_mUr gw`m©oX` Am{U gw`m©ñVm Xaå`mZ gw`© cmc a§JmMm
{XgVmo.
• XþnmaÀ`m doiocm gw`© cmc H$m {XgV Zmhr ̀ m H$maUmMm A§XmO cmdw eH$Vm H$m?

XþnmaÀ`m doiog gẁ ©{H$aUm§Zr àdmg Ho$coco A§Va ho gH$miÀ`m Am{U gm §̀H$mirÀ`m
doioÀ`m VwcZoV Iwn H$_r AgVo. åhUwZ OmñV Z {dIwaVm gd© a§J Vw_À`m S>moù`m n ª̀V
nomhMVo. åhUwZ XþnmaÀ`m doiog gw`© nm§T>am {XgVmo.

AmVmn ª̀V AmnU àH$memMo AndV©Z, AnñH$aU Am{U
{d{H$aUm ~Ôc({dIwaZo) {eH$cmo. `m Amnë`m g^modVmcr KS>Umè`m AmíM ©̀ H$maH$
KQ>Zm AmhoV. Aer H$moUVrhr KQ>Zm Vw_À`m {Z[aúmU ̀ oVo Voìhm àH$memÀ`m ñd^mdmÀ`m
AmYmamdéZ Vr g_ñ`m gmoSdwZ A{^Z§XZ H$éZ Ë`m AmZ§XmMm AmñdmX KoVcm nm{hOo.

Amnco AmdS>Vo emók Am{U Zmo~oc nwañH$ma {dOoVm ga {g.pìh.
a_Z (C.V. Raman) ̀ m§Zr dm ẁ Am{U Ðd pñWVrV àH$mem`À`m {d{H$aUmMo
ñnïrH$aU {Xco. ÐdmUmV àH$memÀ`m {d{H$aUmMr dma§dmaVm hr nVZ
Pmcoë`m àH$memÀ`m dma§dmaVo noúmm OmñV Amho. Ago à`moJmìXmao Ë`m§Zm
H$iwZ Amco. ̀ mcmM a_ZMm n[a_mU(Raman Effect) Ago åhUVmV.
`m n[a_mUmdéZ emókm§Zr aoUwMm AmH$ma R>a{dcm.
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• gmYmaU _mZdr ñnï>Ñï>rMo cKwÎm_ A§Va 25 go._r. Am{U Ñï>rMmH$moZ gw_mao  600 AgVo.
• S>moù`mÀ`m {^J§mÀ`m Zm^r` A§Va ~Xë`mÀ`m gm_Ï`mªg q^JmMo g_m`moOZ Ago åhUVmV.
• EH$ ì`º$s XþaÀ`m q~XþÀ`m AJmoXa Agcoë`m dñVw nmhþ eH$V Zmhr ̀ m Xmofmcm cKw Ñï>rVm åhUVmo.
• OdiÀ`m q~XþÀ`m AcrH$S>o R>odcoë`m dñVwcm nmhþ eH$V Zmhr `m Xmofmcm {XK© Ñð>rVm åhUVmo.
• d`mZwgma S>moù`mÀ`m q^JmMo g_m`moOZ gm_Ï ©̀ H$_r hmoVo OmVo `mg d¥ÜX Ñï>rVm Ago åhUVmV.
• Zm^r A§VamÀ`m ì`ñVmcm q^§JmMo gm_Ï`© åhUVmV.
• {MVrMm AndV©Um§H$

n = Sin[(A+D)/2]/Sin(A/2)
òWo A {MVrMm H$moZ D hm H$_r {dMcZmMm H$moZ Amho.

• nm§T>am àH$me a§JmV (VIBGYOR) _Ü ò doJim Pmë`mg Ë`mg AnñH$aU Ago åhUVmV.
• EH$m AUw [H§$dm aoUwìXmao emofU Ho$coë`m àH$memcm naV gd© {XeoV {d{dY {Vd«VoV CËgOuV

Ho$ë`mg Ë`mg àH$memMo {d{H$aU åhUVmV.

g§H$ënZoda à[Vñn§XZg§H$ënZoda à[Vñn§XZg§H$ënZoda à[Vñn§XZg§H$ënZoda à[Vñn§XZg§H$ënZoda à[Vñn§XZ
1. cKw Ñï>rVm Xmof H$gm XþéñV hmoVmo?  (AS1)

2. {XK© Ñï>rVm XmofmÀ`m {ZdmaUmMo ñnï>rH$aU H$am? (AS1)

3. {MVrÀ`m nXmWm©Mm AndV©Um§H$ Vwåhr à`moJmìXmao H$gm _m{hV H$aVm? (AS1)

4. B§ÐYZwî` {Z_m©UmMo dU©Z H$am. (AS1)

5. AmH$me {Zio H$m AgVo `m H$maUmMo g{dñVa dU©Z H$am? (AS1)

6. H¥${Ì_ B§ÐYZwî`mÀ`m V`marÀ`m XomZ H¥$VrMo ñnï>rH$aU H$am.(AS3)

7. {MVrÀ`m nXmWm©À`m AndV©Zm§H$mMo g_rH$aU gmÜ` H$am?(AS1)

8.  λ1Va§Jcm§~rMm àH$me  n2 AndV©Um§H$ Agcoë`m _mÜ`_mnmgwZ n1AndV©Zm§H$ Agcoë`m _mÜ`_mV
àdoe H$aVo. Xþgè`m _mÜ`_mV n«H$memMr Va§Jcm§~r {H$Vr? (AS1)

9. AmH$me H$Yr H$Yr nm§T>ao H$m {XgVo? (AS 7)
10. EH$ ì`º$s XþaMr dñVw nmhmV Amho. Oa Ë`mÀ`m S>moù`mg_moa A{^gmar

q^J R>odë`mg Ë`m dñVwMm AmH$ma dmT>ë`m gmaIo dmQ>Vmo? H$maU? AS1

g§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZ
1.  AmH¥$Vr Q-1 _Ü ò {MVrÀ`m EH$m (AB) n¥ð>^mJmnmgwZ nS>coco AmnmVr

{H$aU, {MVrÀ`m AC n¥ð>^mJmnmgwZ ̀ oUmè`m ~{hJ©V {H$aUmcm XmI{dco
Amho. {H$aU {MÌ nwU© H$am? (AS 5)

Vw_À`m Aä`mgmV gwYmaUm H$amVw_À`m Aä`mgmV gwYmaUm H$amVw_À`m Aä`mgmV gwYmaUm H$amVw_À`m Aä`mgmV gwYmaUm H$amVw_À`m Aä`mgmV gwYmaUm H$am

AmnU H$m` {eH$cmoV?AmnU H$m` {eH$cmoV?AmnU H$m` {eH$cmoV?AmnU H$m` {eH$cmoV?AmnU H$m` {eH$cmoV?

AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr -Q-1
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2. AmH$memV {Zima§J {XgÊ`mgmR>r H$maUr ŵV R>acocm dmVmdaUmVrc aoUwMr ̂ w{_H$m H$moUVr?(AS 6)

3. S>moù`mVrc H$ogmgma»`m ñZm`wÀ`m H$m`m©Mo Vwåhr H$go A{^Z§XZ H$aVm? (AS 6)
4. H$mM hm nmaXe©H$ nXmW© Amho. na§Vw _wi H$mM AnmaXe©H$ AgwZ nm§T>è`m a§JmMm AgVmo?

H$maU?(AS 7)
5. {MVrÀ`m EH$m n¥îR>^mJmda EH$  àH$me  {H$aU  40o Mm H$moZ H$aV nS>Vo, åhUwZ Ë`m_wio 30oMm

{dMcZ H$moZ V`ma hmoVo. {Xcoë`m n¥ð>^mJmda {MVrMm H$moZ Am{U AndV©Z H$moZ H$mT>m?
(CÎma:50o, 25o) (AS 7)

6. {XK© Ñï>rVm Agcoë`m ì`º$scm 100 go._r. Zm^r`A§Va Agcocm q^J dmnamdo åhUwZ S>m°ŠQ>a gwM{dVmV.
OdiÀ`m {~Xþ§Mo A§Va Am{U q^JmMo gm_Ï ©̀ _m{hV H$am?  (CÎma: 33.33cm, 1D ) (AS 7)

Cƒ {dMma gaUrMo àíZCƒ {dMma gaUrMo àíZCƒ {dMma gaUrMo àíZCƒ {dMma gaUrMo àíZCƒ {dMma gaUrMo àíZ
1.   Amnë`m g^modVmcMo OJ AmnU S>moù`m§Zr nmhmVmo ho S>moù`mÀ`m [^§JmÀ`m g_m`moOZm_wio eŠ`

Amho. Vw_Mr ^mdZm ì`º$ H$aUmè`m ghm Amoir {chm? (AS 6)

1. _mZdmMo S>moio J«hZ H$aUmao dñVw§Mo n[a_mZ àmW{_HnUo `mda Adc§~wZ AgVo [ ]
a)  dñVwMo _wi n[a_mU b)  dñVwMo S>moù`mnmgwZMo A§Va
c)  S>moù`mMo ~w~wi d)  Ñï>nQ>cmda V`ma Pmcoë`m à{V_oMm AmH$ma

2. Ooìhm {d{dY A§Vamdarc dñVw§Zm S>moio nmhVmV. Voìhm Imcrc n¡H$s H$moUVo pñWa amhVo?
a)  S>moù`mÀ`m q^JmMo Zm^r` A§Va b) S>moù`mÀ`m q^JmnmgwZ dñVwMo A§Va [ ]
c)  S>moù`m§À`m q^JmMr dH«$Vm {ÌÁ`m d)  S>moù`mÀ`m à{V_oMo A§Va

3. AndV©Z Xaå`mZ ~XcV Zmhr [ ]
a)  Va§Jcm§~r b) dma§dmaVm
c)  àH$memMm doJ d) darc gd©

4. AmH¥$Vr-2 _Ü`o XmI{dë`mn«_mUo Q>o~cmda R>odcoë`m g_^wO H$mMoÀ`m {MVrÀ`m EH$m nmíd©
n¥ð>^mJmda àH$me {H$aU nS>co Amho. {H$aUmÀ`m H$_r {dMcZmgmR>r Imcrc n¡H$s H$moUVo gË`
Amho? [ ]

a)  PQ úmrVrO g_m§Va Amho.
b)  QR úmrVrO g_m§Va Amho.
c)  RS úmrVrO g_m§Va Amho.
d) PQ qH$dm RS úmrVrO g_m§Va Amho.

¶mo½¶ n`m©` {ZdS>m¶mo½¶ n`m©` {ZdS>m¶mo½¶ n`m©` {ZdS>m¶mo½¶ n`m©` {ZdS>m¶mo½¶ n`m©` {ZdS>m

P

Q R

S
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5. ì`º$sMo XþaMo A§Va 5 _rQ>a Amho. gm_mÝ` Ñï>rZo nm{hÊ`mgmR>r H$moUË`m n«H$maMm Mî_m dmnacm
nm{hOo? [ ]
a) 5 _rQ>a Zm^r A§Va Agcocr A§Vd©H«$ q^J  b) 10 _r.Zm^rA§Va Agcocr A§Vd©H«$ q^J
c) 5 _rQ>a Zm^r A§Va Agcocr ~{hd©H«$ q^J d) 2.5 _rQ>a Zm^r A§Va Agcocr ~{hd©H«$ q^J

6. emofU Ho$coë`m àH$memcm gd© {XeoV {d{dY {Vd«VoV AUw qH$dm aoUw ìXmao nwZ©aCËgOuV Ho$coë`m
à{H«$ òcm ........ åhUVmV. [ ]
a) n«H$memMo {d{H$aU b) àH$memMo AnñH$aU
c) àH$memMo namdV©Z d) àH$memMo AndV©Z

1. Vw‘À¶m dJm©V B§ÐYZwî¶ CËnÞMo à¶moJ H$am Am{U à{H«$¶m ñnï> H$am? (AS3)
2. {MVrÀ¶m AndV©Um§H$ ‘m{hV H$aÊ¶mgmR>r à¶moJ H$am?
3. àH$memMo ngaUoMo àmË¶m{jH$ XmIdÊ¶mMo à¶moJ H$am?

1. Xþ~uZ‘Ü¶o {MVr dmnaë¶m OmVo. Xþ~uZ‘Ü¶o {MVr H$m dmnaë¶m OmVo? ¶m {df¶r ‘m{hVr Jmoim
H$am? (AS4)

2. S>moù¶mÀ¶m S>m°³Q>anmgwZ qH$dm Mîå¶mÀ¶m XþH$mZmVwZ Ñï>rXmofÀ¶m {d{dY àH$mam{df¶r ‘m{hVr
Jmoim H$éZ Ahdmb V¶ma H$am?

3. Ñï>rXmof XþéñV H$aÊ¶mgmR>r dmnaUmè¶m {d{^ÝZ àH$maMo q^J Jmoim H$am Am{U Ahdmb V¶ma
H$am?

4. X¡Z§{XZ OrdZmV KS>boë¶m Anwd© XoImì¶m{df¶r ‘m{hVr Jmoim H$am?

gwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJ

gwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ën
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F$U à^marV H$U (electrons) YZ à^marV H$U (protons) Am{U {dOoZo
CXm{gZ Ý`wQ´>m°Ýg(neutrons) `m AUwÀ`m Cn KQ>H$ H$Um{df`r Vwåhr nwduÀ`m dJm©V
{eH$cm AmhmV.
• {dOoZo CXmgrZ AUw _Ü`o AUwMo ho CnKQ>H$ EH$mM doir H$go AñVrËdmV

AgVmV?
Vwåhr 9 ì`m dJm©V Oo. Oo. Wm°_ñZ, BaZoñQ> éÐa\$moS>© Am{U {Zëg ~moAa  (J J

Thomson, Ernest Rutherford and Niels Bohr) Zo gm§JrVcoco AUw à{VH¥$Vr
{df`r _wc^wV H$ënZm {eH$cm AmhmV.

 H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr 1
Vwåhmcm Agcoë`m nwd© kmZmÀ`m AmYmamda Vwåhr AUwMo à{VH¥$Vr ~Zdw eH$Vm

H$m?
• AUw_Ü ò AUwÀ`m CnKQ>H$m§Mr aMZm Vwåhr AmUIr doJù`m nÜXVrZo H$é eH$Vm

H$m?
 (Vw_À`m {_ÌmMr, Vw_À`m {eúmH$m§Mr Am{U A§VaOmi Mr _XV ¿`m)Vw_Mo Am{U

Vw_À`m {_ÌmMo AUw à{VH¥$VrMr H$miOr nwd©H$ {Z[aúkU H$am Am{U Imcrc àíZm§Mo
CÎmao Úm.
• gd© AUwV gmaIoM AUwMo CnKQ>H$ H$U AmhoV H$m?
• EH$m _wcÐì`mMo AUw Xþgè`m _wcÐì`mÀ`m AUw nmgwZ {^Þ H$go AmhoV?
• AUwÀ`m AdH$memV BcoŠQ´>mÝg Mr {dVaU H$go hmoVo?

darc àíZm§Mr CÎmao XoÊ`mgmR>r, Vwåhmcm àH$memMo ñdén, a§JrV Á`moV Am{U
Ë`m§Mo cúmU g_OUo Amdí`H$ Amho.

AUwMr g§aMZm (Structure of Atom)

6
YS>mYS>mYS>mYS>mYS>m
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dU©n§º$s dU©n§º$s dU©n§º$s dU©n§º$s dU©n§º$s (Spectrum)

B§ÐYZwî` H$go V`ma hmoVo `mMo {Z[aúmU Vwåhmcm H$amdo cmJUma Amho.
• B§ÐYZwî`mV {H$Vr a§J AgVmV?

Ë`mV gmV a§J AgVmV. JX© Om§̂ im, Om§̂ im, {Zim, {hadm, {ndim, Zm§aJr,
Am{U cmc ( violet, indigo, blue, green, yellow, orange) (VIBGYOR) ho gmV
a§J B§ÐYZwî`mV AgVmV.

a§J {Za§Va ngaV Agë`m gmaIo Vwåhmcm {XgVo Am{U àË òH$ a§JmMr {Vd«Vm EH$m
q~Xþ nmgwZ Xþgè`m q~Xþ n ª̀V doJdoJir AgVo.

àH$memÀ`m Va§JmMo ñdénàH$memÀ`m Va§JmMo ñdénàH$memÀ`m Va§JmMo ñdénàH$memÀ`m Va§JmMo ñdénàH$memÀ`m Va§JmMo ñdén     (Wave nature of light)
• EH$m {ZíMc Vù`mV Ooìhm Vwåhr XJS> \o$H$Vm Voìhm Vo XJS> OoWo nS>Vo {VWo cmQ>

(IiIimQ>) V`ma Pmcoco Vwåhr {Z[aúmU Ho$coM Agoc. hr cmQ> (IiIimQ>)
nmÊ`mÀ`m n¥ð>^mJmda Va§J énmV gd© {XeoV àgmarV hmoVmo.

• H$§nZmZo AmdmOmMo Va§J {Z_m©U hmoVmV ho Vwåhmcm _m{hVM Amho. CXm. S>~§é
• `mM à_mUo Ooìhm {dÚwV à^ma H§$nZ nmdVo Voìhm {dÚwV Mw§~H$s` Va§J {Z_m©U hmoVmV.
• {dÚwV à^maÀ`m g^modVr H§$nZ nmdUmao {dÚwV Am{U Mw§~H$ úmoÌ, AdH$memVwZ

àgmarV Va§J énmV H$go ~XcVmV?
Ho$mUË`mhr {dÚwV n«^ma H§$nZ nmdVmV Vo Ë`mÀ`m ^modVr AgUmao {dÚwV úmoÌmZm

~Xc KS>{dVo. ~XcV Agcoco ho {dÚwV úmoÌ, Mw§~H$s` úmoÌmV ~Xc AmUVmo.
àgma {Xeocm c§~ {XeoV AgwZ EH$mcm Xþgar c§~ {XeoV AgÊ`mgmaIo {dÚwV

Mw§~H$s` úmoÌ {Z_m©U hmoUmar hr à{H«$`m {Za§Va Mmcw AgVo.
AmnU nmhUmao àH$me ho {dÚwV Mw§~H$s` Va§J Amho Am{U àH$memMr JVr  (c) ho

3 × 108 _r.go.–1.
• {dÚwV Mw§~H$s` Va§JmMo JwUY_© H$m` AmhoV?

g_wÐmMo Va§J nmÊ`mVwZ àdmg Ho$ë`mgmaIo {Zdm©V OmJoVwZ {dÚwV M§w~H$s` eŠVr
àdmg Ho$ë`mgmaIo dmQ>Vo. g_wÐ Va§Jm gmaIo {dÚwV M§w~H$s` eº$scm Va§Jcm§~r (λ),
Am{U dma§dmaVm (υ) `m JwUY_m©Zo ñnîQ> H$é eH$Vmo.

{dÚwV úmoÌ

{Xem

Mw§~H$s` úmoÌ

Va§J cm§~r

AmH¥$Vr -1 : {dÚwV Mw§~H$s` Va§JAmH¥$Vr -1 : {dÚwV Mw§~H$s` Va§JAmH¥$Vr -1 : {dÚwV Mw§~H$s` Va§JAmH¥$Vr -1 : {dÚwV Mw§~H$s` Va§JAmH¥$Vr -1 : {dÚwV Mw§~H$s` Va§JSCERT T
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EH$m Va§JmÀ`m Q>moH$mnmgwZ Ë`mÀ`m Z§VaÀ`m Q>moH$mn`ªVMr cm§~r hr Va§JmMr
Va§Jcm§~r  (λ) hmo`. EH$m goH§$XmV EH$m {~X§þ déZ àgmarV Va§J Q>moH$mMr g§»`m§Zm
dma§dma§Vm(υ)  åhUVmV. dma§dmaVm (1/s qH$dm s–1) ì`ñVmÀ`m EH$mH$m _Ü ò ì`º$
H$aVmV. `m XmoZ amer _Yrc g§~§Y

λα 1/υ qH$dm  c = υλ
• darc g_raH$Umcm ÜdZr Va§JmgmR>r cmJw H$é eH$Vmo H$m?

hmò , H$é eH$Vmo. H$maU H$s ho gmd©{ÌH$ g_rH$aU Agë`m_wio gd© Va§JmgmR>r ho
cmJw nS>Vo. dma§dma§Vm Oer dmT>Vo Ver Ver Va§J cm§~r H$_r hmoV OmVo. {dÚwV
Mw§~Hr`$ Va§J {dñV¥V {d[dY dma§dmaVoZo AgVo. {dÚwV Mw§~H$s` dma§dmaVm À`m g§nwU©
am§JmZm {dÚwV Mw§~H$s` dU©n§º$s (electromagnetic spectrum.) Ago åhUVmV.

B§ÐYZwî`mMo {Z_m©U ho {ZgJm©V {XgUmao dU©n§º$s Mo CXmhaU hmo`. B§ÐYZwî`mVrc
àË`oH$ a§J EH$ {d{eï> JwUY_m©Zo AgVo. dU©n§º$sVrc cmc a§J (OmñV Va§J cm§§~r)
déZ Om§̂ im a§J (H$_r Va§J cm§~r) n ª̀V {dñVméZ amhVo. _mZdr S>moù`mZo nmhVm
`oUmao ho a§Jm§Zm (Va§J cm§~r) Ñî`_mZ àH$me (visible light) åhUVmV. cmc
a§JmnmgwZ Om§^ù`m a§Jmn`ªVÀ`m Va§Jcm§~rÀ`m am§JmZm Ñî`_mZ dU©n§º$s (visible
spectrum) Ago åhUVmV.
• Ñî`_mZ dU©n§º$sÀ`m ì`º$s[aº$ àH$memMr AmUIr H$moUVr Var Va§J cm§~r Amho

H$m?

{dÚwV M§w~H$s` dU©n§º$s {dÚwV M§w~H$s` dU©n§º$s {dÚwV M§w~H$s` dU©n§º$s {dÚwV M§w~H$s` dU©n§º$s {dÚwV M§w~H$s` dU©n§º$s (Electromagnetic spectrum)
 {dÚwV M§w~H$s` Va§J ho {d{dY Va§J cm§~rMo g_wh Amho. Va§J cm§~rÀ`m g§nwU©

am§JmZm {dÚwV M§w~H$s` dU©n§º$s åhUVmV.
H$_r Va§Jcm§~r da Jm_m {H$aU À`m Va§J cm§~r Vo OmñV Va§J cm§~r da aoS>rAmo

Va§JmÀ`m {Za§Va a§mJm {dÚwV Mw§~H$s` dU©n§º$sV AgVmV. nU Amnco S>moio \$º$
Ñî`_mZ àH$memcm nmhþ eH$Vo.

AmH¥$Vr-2: {dÚwV Mw§~H$s` dU©n§º$sAmH¥$Vr-2: {dÚwV Mw§~H$s` dU©n§º$sAmH¥$Vr-2: {dÚwV Mw§~H$s` dU©n§º$sAmH¥$Vr-2: {dÚwV Mw§~H$s` dU©n§º$sAmH¥$Vr-2: {dÚwV Mw§~H$s` dU©n§º$s

d¡ídrH$
{H$aU γ−rays

x-rays

UV IR

gwú_
Va§J

Radio àgmaU nÅ>r

Ultraviolet (UV)
rays Infrared (IR) raysX¥î`_mZ àH$me

10-12 m

chmZ Va§J cm§~r OmñV Va§J cm§~r

400 nm 500 nm 600 nm 700 nm

10-9 m
1 nm

10 -6 m
1000 nm

10-3 m
1 mm

100 m
1 m

103 m
1 km

Radar

SCERT T
ELA

NGANA



Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20 109

• AmJrda cmoI§S>mÀ`m N>S>rcm Vmndco Va H$m` KS>Vo?
• cmoI§S>mMr N>S>r Ja_ hmoVm§Zm Ë`mÀ`m a§JmV H$mhr ~Xc KS>coë`m {XgVmV H$m?

Ooìhm Vwåhr cmoI§S>mÀ`m N>S>rcm VmndVm Voìhm àH$memÀ`m énmV CîUCOm©
CËgO©Z H$aVo. gwédmVrcm Vo cmc a§JmV (OmñV Va§J cm§~r, H$_r COm©) hmoVo.
VmndUo VgoM Mmcw R>odco AgVm Vmn_mZ Og Ogo dmT>V OmVo Vg Vgo Vo Zma§Jr,
{ndim, {Zim, (H$_r Va§J cm§~r, OmñV COm©) a§JmV Am{U OmñV Vmn_mZmda
cmoI§S>mMr N>S>r àH$merV hmoVo. Ñî`_mZ Va§J cm§~r Agcocr nm§T>è`m a§JmV énm§Va
hmoVo.
• cmoI§S>mÀ`m N>S>rcm VmndVmZm Ë`mÀ`m nmgwZ EH$ a§J CËgOuV hmoVm§Zm Ë`m _Ü`o

AmUIr EH$ a§JmMo Vwåhr {Z[aúmU Ho$co H$m?
Ooìhm Vmn_mZ Iwn dmTV AgVo Voìhm BVa a§J nU CËgOuV hmoVmV nU CËgOuV

Pmcoë`m {d{eï> a§JmMr {Vd«Vm OmñV Agë`mZo (CXm. cmc) BVa a§JmMo [Z[aúmU hmoD$
eH$V Zmhr.

{dÚwV Mw§~H$ ho {Za§Va COm© åhUwZ _mZUmao nma§nmarH$ g_OwVr déZ CO}Mo emofU
qH$dm COm© CËgO©Z ho Hoo$ìhmhr hυ À`m JwUH$mV AgVo. åhUwZ _°Šg âcm°H$ Zo
n«VrnmXrV Ho$co.

CXmhaUmW©CXmhaUmW©CXmhaUmW©CXmhaUmW©CXmhaUmW©: hυ, 2 hυ, 3 hυ... nhυ

åhUOoM EH$m {d{eï> dma§dmaVm E gmR>rMr COm© g_raH$U  E = hυ, Zo {ZX©oerV
H$aVmV. ̀ oWo  ‘h’ hm âcm°H$ pñWa Amho. Á`mMr qH$_V 6.626 X 10-34Js Amho. Am{U
emofrV qH$dm CËgOuV {H$aUmoËgmaMr dma§dmaVm ‘υ’ Amho.

{Zù`m a§JmÀ`m (H$_r Va§J cm§~r qH$dm OmñV dma§dmaVm) CO}À`m VwcZoZo cmc
a§JmMr (OmñV Va§J cm§~r qH$dm H$_r dma§dmaVm) COm© H$_r AgVo. Cî_ CO} _Ü ò Og
Ogo dmT> hmoB©c dñVw Vg Vgo COm© gmoS>V OmVo.

âcm°H$ {Z`_mMo _hËd ho Amho H$r,{dÚwV Mw§~H$s` COm© emofU qH$dm CËgO©Z ho
A{dpÀN>Z énmV ZgwZ Vo [ZpíMV qH$_VrÀ`m ^mJmV AgVo.

åhUwZ àH$memÀ`m dU©n§º$sMo emofU qH$dm CËgO©Z ho Va§Jcm§~rÀ`m JQ>mMo g_wh AgVo.
• {Xdmircm \$Q>mHo$ \$moS>ë`mZ§Va Ë`m {d{dY a§J nmhþZ Vwåhmcm AmZ§X `oVmo H$m?
• ho a§J H$moRw>Z òVmV?

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr 2
{M_wQ>^a Š`wàrH$ ŠcmoamBS> EH$ ~m°M ½cmg _Ü`o ¿`m Am{U ì`mJ« hm`S´>moŠcmoarH$

AmåcmZo noñQ>(Ic) ~Zdm. EH$m ßcmQ>rZ_ VmaoÀ`m dc` ~ZdwZ Ë`mda noñQ> (Ic)
R>oD$Z chmZ Ádmcm da R>odm.
• H$moUË`m a§JmMo {Z[aúmU Ho$co?

ñQ´>moZQ>r`_ ŠcmoamB©S> gmo~Vr hr H¥$Vr H$am.
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Š ẁnarH$ ŠcmoamBS> {haì`m a§JmMr Á`moV CËgOuV
H$aVo. Am{U ñQ´>moZQ>r`_ ŠcmoamBS> JS>X cmc a§JmMr Á`moV
CËgOuV H$aVo.
• añË`m daÀ`m {Xì`m _Ü ò Vwåhmcm {ndim a§J {XgVmo
H$m?

añË`mdaÀ`m {Xì`m_Ü ò gmoS>rA_ Mo H$U {ndio àH$me
{Z_m©U H$aVmV.
•  H$_r Ádmcm da Ooìhm {d{^Þ _wcÐì`mZm Vmn{dVmo
Voìhm Vo doJdoJù`m a§JmÀ`m Á`moV H$m CËgOuV H$aVmV?

emókm§Zr Ago _m{hV Ho$co H$s, àË`Ho$ _wcÐì`
Ë`m§À`m ñdV:À`m JwUY_m©Mo a§J CËgO©Z H$aVmV. `m
a§JmMo àH$me {H$aU EH$ {d{eï> Va§Jcm§~r cm AZwén
AgVmV åhUwZ `m§Zm aofm dU©n§º$s (line spectra) Ago
åhUVmV.

_m{hV Zgcoco AUw AmoiIÊ`mgmR>r AUw dU©n§º$s
_Yrc aofoMm Cn`moJ hmoVmo. Ogo cmoH$m§Zm AmoiIÊ`mgmR>r
~moQ>mÀ`m R>gmMm Cn`moJ hmoVmo.

hm`S´>moOZ AUwMo ~moAa à{VH¥$Vr Am{U Ë`m§À`mhm`S´>moOZ AUwMo ~moAa à{VH¥$Vr Am{U Ë`m§À`mhm`S´>moOZ AUwMo ~moAa à{VH¥$Vr Am{U Ë`m§À`mhm`S´>moOZ AUwMo ~moAa à{VH¥$Vr Am{U Ë`m§À`mhm`S´>moOZ AUwMo ~moAa à{VH¥$Vr Am{U Ë`m§À`m
_`m©Xm _`m©Xm _`m©Xm _`m©Xm _`m©Xm (Bohr’s model of hydrogen atom

and its limitations)
hm`Ś>moOZ AUwÀ`m dU©n§º$sMr VnmgUr

H$é `m.
• AUwÀ`m aMZo{df`r dU©n §º$s
Amnë`mcm H$m` gm§JVo?

{Zëg ~moAa Zo à{VnmXrV Ho$co H$s,
AUwVrc BcoŠQ´>mZ, H|$ÐH$m déZ [d^rÞ
cm§~rda Agcoë`m {ZpíMV COm© nmVirÀ`m
pñWa H$úmoV AgVmV.

BcoŠQ´>mZ H$_r COm© {ñWVr (O_rZrMr pñWVr) déZ OmñV COm© pñWVr(CÔrnrV
pñWVr) da nmohMVo Voìhm Vo CO}cm emofU H$aVo. qH$dm BcoŠQ´>mZ OmñV COm© pñWVr
déZ H$_r COm© pñWVrda nmohMVo Voìhm Vo CO}cm CËgO©Z H$aVo.

AUwVrc BcoŠQ´>mZ cm {ZpíMV COm© {H§$_Vr E1, E2, E3 ……; AgVmV. åhUOo
BcoŠQ´>mZMr COm© nw§Og§ñWm _Ü`o AgVo. `m CO}cm g§~§YrV pñWVrcm pñWa pñWVr
(stationary states)Am{U CO}À`m YZ qH$_Vrcm COm© pñWVr(energy levels) Ago
åhUVmV.
• BcoŠQ´>mZÀ`m gdm©V H$_r CO}À`m pñWVrcm _wi pñWVr Ago åhUVmV.
• Ooìhm BcoŠQ´>mZcm COm© {_iVo Voìhm H$m` KS>Vo?

BcoŠQ´>mZcm OmñV COm© pñWVr da nmohMVo. Ë`mcm CÔrnrV pñWVr Ago åhUVmV.

AmH¥$Vr-3: hm`S´>moOZ ñQ´>r_AmH¥$Vr-3: hm`S´>moOZ ñQ´>r_AmH¥$Vr-3: hm`S´>moOZ ñQ´>r_AmH¥$Vr-3: hm`S´>moOZ ñQ´>r_AmH¥$Vr-3: hm`S´>moOZ ñQ´>r_

{Zëg hoÝarH$ S>o{dS> ~moAa{Zëg hoÝarH$ S>o{dS> ~moAa{Zëg hoÝarH$ S>o{dS> ~moAa{Zëg hoÝarH$ S>o{dS> ~moAa{Zëg hoÝarH$ S>o{dS> ~moAa
(Niels Henrik David Bohr) ho EH$ Xm{Ze
^m¡{VH$Vk AmhoV. AUwMr aMZm Am{U n§wO

{gÜXm§Vm (quantum theory) {df`r
àmW{_H$ g§H$ënZm Zm _m{hV H$éZ {Xco. `mgmR>r

Ë`m§Zm 1922 _Ü`o ^m¡{VH$ emóm_Ü`o Zmo~oc

nm[aVmofrH$ XoD$Z gÝ_mZ Ho$cm. ~moAa EH$

VËdkmZr Am{U gm§Ho$VrH$ emoYZm g_moa ZoUmam

ì`º$s åhUwZ AmoiIcm OmVmo.

SCERT T
ELA

NGANA



Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20 111

• BcoŠQ´>mZ Ë`m§Mr COm© Ho$ìhm§hr VerM H$m`_ R>odVo H$m?
BcoŠQ´>mZ CÔrnVrV pñWVrV (ground state) _Ü ò OmñV H$mi Wm§~w eH$V Zmhr.

Vr CO}cm J_dwZ nwÝhm _wi pñWVrV ̀ oVo. ̀ m àH$mao BcoŠQ´>mZ Zo J_dcocr COm© {dÚwV
M§w~H$s` COm©À`m énmV AgVo. Am{U Ooìhm Ñî`_mZ àm§VmV Va§Jcm§~r AgVo Vo
CËgO©Z aofm(emission line) da Ñî`_mZ AgVo.

hm`S´>moOZ AUw À`m g§X^m©_Ü`o {Z[aúmU Ho$coco gd© aofm dU©n§º$s ~moAa n«{VH¥$Vr
Zo ñnï> Ho$coco Amho. hm`S´>moOZ AUw cm g§~§YrV aofmdU©n§º$scm ñnï> H$aÊ`mgmR>r
~moAa à{VH¥$Vr EH$ `eñdr à{VH¥$Vr AgVo.

nU hm`S´>moOZ AUwÀ`m aofm n§º$s¨Zm Ooìhm OmñV úm_VoÀ`m ñQ>moŠQ´>moñH$mon _YwZ
{Z[aúmU Ho$co Va Vo H$mhr Cn aofm§À`m g_whm_Ü`o {XgVo.
• aofm dU©n§º$s aofm§Zm H$mhr CnaofmV {d{N>Þ hmoVmV Ago ~moAa à{VH¥$VrV ñnï>

Ho$coco Amho H$m?
aofm dU©n§ŠVr {d{NÞmgmR>r ~moAa à{VH¥$Vr `eñdr Zmhr.

~moAa -gmo_a\o$ëS> AUw à{VH¥$Vr ~moAa -gmo_a\o$ëS> AUw à{VH¥$Vr ~moAa -gmo_a\o$ëS> AUw à{VH¥$Vr ~moAa -gmo_a\o$ëS> AUw à{VH¥$Vr ~moAa -gmo_a\o$ëS> AUw à{VH¥$Vr (Bohr-Sommerfeld model of an atom)

aofm dU©n§º$sVrc aofmZm CnaofmV {d{N>Þ H$aÊ`mgmR>r gmo_a\o$ëS>, ~moAa à{VH¥$VrV
WmoS>m ~Xc Ho$cm. Ë`m§Zr {XK©dV©wimH$ma H$úmoMr g§H$ënZoMm àdoe Ho$cm. ~moAa Zo
à{VnmXrV Ho$cocr dVw©imH$ma H$úmocm VgoM R>odV ̀ m§Zr Xþgè`m H$úmocm EH$ {XK©dVw©imH$ma
H$úmoZo {Vgè`m H$úmocm Xþgè`m {XK©dVw©imH$ma H$úmocm {_idV AUwMo H|$ÐH$ `m
{XK©dVw©imH$ma H$úmoÀ`m XmoZ _w»` H|$ÐmV EH$m da EH$ AgVo åhUwZ gm§JrVco. EH$
Ho$Ðr` ~cmÀ`m à^mdmcm _moOco Va AmdV©Z McZmV Agcoco H$U {XK©dVw©imH$ma
H$úmocm {Z_m©U H$aVo `m _wio Ë`m§Zr àVrnmXrV  Ho$co.

~moAa-gmo_a\o$ëS> à{VH¥$VrV hm`S´>moOZ AUwÀ`m dU©n§º$sVrc Cnaofm (fine line)
{df`r ñnï> Ho$co Var AUwMr aMZm g_mYmZ H$maH$ ñnï> H$é eH$co ZmhrV.

EH$m noúmm OmñV BcoŠQ´>mZ Agcoë`m AUwMo AUw dU©n§º$s ñnï> H$aÊ`m_Ü`o hm
à{VH¥$Vr {d\$c Pmcm Amho.
• EH$m AUwÀ`m H|$ÐH$m ^modVr {Z`_rV cm§~rda Agcoë`m pñWa H$úm|V BcoŠQ´>mZ

n[a «̂_Z H$aV AgVmV H$m? H$m?

fig-4: The allowed electronic orbits for the main Quantum numbers by Bohr - Sommerfeld model

l=0 l=1

l=0

l=2
l=1

l=0

l=3
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nw§O `m§{ÌH$s AUw à{Vén(nw§O `m§{ÌH$s AUw à{Vén(nw§O `m§{ÌH$s AUw à{Vén(nw§O `m§{ÌH$s AUw à{Vén(nw§O `m§{ÌH$s AUw à{Vén(Quantum mechanical model of an atom)

• H|$ÐH$mÀ`m ^modVr BcoŠQ´>mZ EH$m {d{eï> _mJm©V {\$aV AgVmV H$m?
Ho$§ÐmÀ`m ^modVr EH$m {d{eï> _mJm©V qH$dm H$úmoV BcoŠQ´>mZ n[a^«_Z H$aV EH$m

{Z`{_V doioV BcoŠQ´>mZMr {ZpíMV ñWmZ _m{hV H$é eH$Vmo. Vo _m{hV H$aÊ`mgmR>r
Amnë`mcm XmoZ àíZm§Mr CÎmao _m{hV Agmdr.
• BcoŠQ´>mZMr doJ (velocity) {H$Vr Amho?
• BcoŠQ´>mZMr {ZpíMV ñWmZ _m{hV H$aUo eŠ` Amho H$m`?

BcoŠQ´>mZ S>moù`mZo {XgV ZmhrV. Va Vwåhr BcoŠQ´>mZMo ñWmZ Am{U doJ H$go _m{hV
H$é eH$Vmo?

A§YmamV dñVw _m{hV H$aÊ`mgmR>r AmnU Q>mM© cmB©Q> Mr _XV KoVmo. `mM à_mUo
BcoŠQ´>mZ Mo ñWmZ Am{U doJ _m{hV H$aÊ`mgmR>r Amnë`mcm gwÜXm Ë`m AZwén
àH$memMr _XV KoD$ eH$Vmo. BcoŠQ´>mZ Iwn chmZ Agë`mZo ho nmhÊ`mgmR>r Iwn chmZ
Va§Jcm§~r àH$memMr Amdí`H$Vm AgVo.

`m chmZ Va§Jcm§~r àH$me BcoŠQ´>mZcm N>oXþZ Ë`m BcoŠQ´>mZÀ`m McZmcm à^m{dV
H$éZ Ë`m McZmVrc ~Xc KS>dwZ AmUVo. Ë`m_wio BcoŠQ´>mZÀ`m ñWmZmcm doJmcm
EH$mM doir AMwH$ _m{hV H$é eH$V Zmhr.

darc MM} déZ ho ñnï> hmoVo H$s, BcoŠQ´>mZ AUw_Ü ò EH$ {ZpíMV _mJm©V {\$aV
Zmhr Ago {XgVo.

~moAa Zo à{VnmXrV Ho$ë`mn«_mUo AUwZm {ZpíMV hÔ AgVo H$m?
H|$ÐH$m ̂ modVr H$úmoVrc BcoŠQ´>mZcm Oa AS>Wim Zgoc åhUOoM ̀ mMm AW© AUwZm

{ZpíMV hÔ ZmhrV.
AUwV BcoŠQ´>mZ Ho$co Amho ho {ZpíMV gm§JUo eŠ` Zmhr.
`m n[apñWVrV AUwVrc BcoŠQ́>mZMo JwUY_© g_OÊ`mgmR>r Ba{d©Z ñH«$m°S>r§Oa (Erwin

Schrodinger) nw§wO `m§{ÌH$s à{VénmV àVrnmXrV Ho$co.
`m AUwÀ`m àVrénm Zwgma ~moAa àVrénÀ`m H$úmoÀ`m EodOr EH$m doioV BcoŠQ´>mZ

AUwÀ`m H|$ÐH$m ^modVr {ZpíMV àm§VmV OmñV AgVmV åhUwZ gm§Jmdo cmJVo.
• EH$m {Xcoë`m doioV BcoŠQ´>mZ AgUmao `m àm§Vmcm H$m` åhUw eH$Vmo?

AUwÀ`m H|$ÐH$m ̂ modVr BcoŠQ´>mZ AgÊ`mMr g§̂ mì`Vm Á`m àm§VmV OmñV AgVo Ë`m
àm§Vmcm H$úmm (orbital) Ago åhUVmV.

_°Šg H$mc© AZ©ñQ> cwS>qdJ âc°H$ _°Šg H$mc© AZ©ñQ> cwS>qdJ âc°H$ _°Šg H$mc© AZ©ñQ> cwS>qdJ âc°H$ _°Šg H$mc© AZ©ñQ> cwS>qdJ âc°H$ _°Šg H$mc© AZ©ñQ> cwS>qdJ âc°H$ (Max Karl Ernst Ludwig Planck)
ho O_©Z XoemMo VmËdrH$ ̂ m¡{VH$Vk hmoVo. ̀ m§Zr n§wO{gÜXm§V(quantum
theory) gdm©V AJmoXa gm§JrVco. `mgmR>r `m§Zm 1918 _Ü ò ^m¡{VH$
emómk Zmo~oc nm[aVmofrH$ XoÊ`mV Amco. VmËdrH$ ^m¡{VH$ emómÀ`m
{dH$mgmV âc°H$Zo Iwn gmø Ho$co. nU n§wO{gÜXm§V Mo AmÚàdV©H$
åhUwZ OmñV à{gÜX Pmco. AUw Am{U AUwMo KQ>H$ à{H«$`m {df`r
_m{hV H$aÊ`mgmR>r ho {gÜXm§V Cn`moJr nS>Vo.
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H|$ÐH$m ^modVr {Xcoë`m AdH$mem _Ü ò \$º$ {d{eï> dVw©imH$ma H$úmm AñVrËdmV
Agw eH$VmV. nw§O H«$_m§H$ À`m {d{eï> g§MmZo BcoŠQ´>mZ gmR>r pñWa COm©À`m XeoÀ`m
àË`oH$ dVw©imH$ma H$úmoMo dU©Z hmoVo.

nw§O H«$_m§H$ nw§O H«$_m§H$ nw§O H«$_m§H$ nw§O H«$_m§H$ nw§O H«$_m§H$ (Quantum numbers)

AUwVrc àË`oH$ BcoŠQ´>mZ  n, l, Am{U ml `m VrZ g§»`m g§MmZo {ZX}{eV H$aVmV.
`m g§»`m§Zm n§wO H«$_m§H$ (quantum numbers) Ago åhUVmV. H|$ÐH$m ^modVr
Agcoë`m AdH$memV Agcoë`m eŠ` g§»`mZm hr g§»`m {ZX}{eV H$aVo.
• nw§O H«$_m§H$ _wio Amnë`mcm H$moUVr _m{hVr {_iVo?

AUwÀ`m H|$ÐH$m^modVr BcoŠQ´>mZ _m{hV H$aUmè`m g§̂ mì`Vm Á`m ^mJmV OmñV
AgVmo. Ë`m ^mJmcm H$úmm  (atomic orbitals) Ago åhUVmV.
• àË`oH$ n§wO H«$_m§H$ H$m` gwM{dVo?

1.  _w»` n§wO H«$_m§H$ _w»` n§wO H«$_m§H$ _w»` n§wO H«$_m§H$ _w»` n§wO H«$_m§H$ _w»` n§wO H«$_m§H$ (n)     (Principal Quantum Number (n)
_w»` H$úmm À`m COm© Am{U AmH$mamMm g§~§Y _w»` n§wO H«$_m§H$ gmo~V Amho.

‘n’ _w»` n§wO g§»`m 1, 2, 3,…ho YZnwUmªH$ {H§$_VrMo AgVmV.
 ‘n’ À`m qH$_V Oer dmT>Vo, H$úmoV AUwMr g§»`m dmT>V OmVo. VgoM Ë`m _Yrc

BcoŠQ´>mZ Am{U H|$ÐH$mMo A§Va nU dmT>Vo.
‘n’ À`m qH$_VrV dmT> åhUOo CO©oV dmT> åhUwZ gwM{dVo  n = 1, 2, 3, ...

qH§$_VrÀ`m ñWm`rcm K, L, M… _Ü ò gwÜXm {ZX}{eV H$aVmV. àË òH$  ‘n’ qH$_Vr
gmR>r EH$ _w»` H$úmm AgVo.

  H$úmm K L M N
      n 1 2 3 4

2.  H$moUr`- gdoJ n§wO H«$_m§H$ H$moUr`- gdoJ n§wO H«$_m§H$ H$moUr`- gdoJ n§wO H«$_m§H$ H$moUr`- gdoJ n§wO H«$_m§H$ H$moUr`- gdoJ n§wO H«$_m§H$ (The angular - momention quantum number (l)

‘n’À`m àË`oH$ qH$_VrgmR>r ‘l’À`m nwUmªH$ qH$_Vr 0 Vo n-1  AgVo. àË òH$  ‘l’
Mr qH$_V EH$ CnH$úmm Xe©{dVo.

H|$ÐH$mÀ`m ^modVr Agcoë`m AdH$mem_Ü`o EH$ {d{eï> CnH$úmoÀ`m AmH$mamer
‘l’ Mr àË òH$ qH$_V g§~§YrV AgVo.

EH$m {d{eï> CnH$úmm  ‘l’ À`m qH$_VrgmR>r gmYmaUV: s, p, d . . . g§Ho$Vm§Zm
{ZX}{eV H$aVmV.

     l 0 1 2 3
CnH$úmoMo Zm§d s p d f

 n = 1AgVm§Zm  l = 0 _Ü ò EH$M CnH$úmm AgVo Vo  ‘1s’ hmò .
 n = 2 AgVm§Zm l = 0 _Ü`o ‘2s’ hm EH$M CnH$úmm AgVo. VgoM  l = 1, _Ü ò

‘2p’ hm AmUIr EH$ CnH$úmm {_iwZ XmoZ CnH$úmm AgVmV.
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•  n=4  Agoc Va ‘l’ Mr H$_mc qH$_V {H$Vr hmoB©c?
•  n = 4 AgVm§Zm  ‘l’ cm {H$Vr qH$_Vr AgVmV?

3.  M§w~H$s` nwO H«$_m§H$ M§w~H$s` nwO H«$_m§H$ M§w~H$s` nwO H«$_m§H$ M§w~H$s` nwO H«$_m§H$ M§w~H$s` nwO H«$_m§H$ (The magnetic quantum number (ml)
Mw§~H$s` nw§O H«$_m§H$mcm (ml) Zo {ZX}{eV H$aVmV. M§w~H$s` nww§O H«$_m§H$ 0 cm

{_idwZ -l nmgwZ  l, n`ªVÀ`m nwUmªH$mZm {_idwZ AgVo. åhUOoM l, À`m EH$m {ZpíMV
qH$_VrgmR>r Mw§~H$s` H«$_m§H$ g§»`m ml qH$_Vrcm (2l +1) qH$_Vrcm {_idwZ AgVo.
Ë`m§Zm Imcrc àH$mao XmIdw eH$Vmo.

-l, (-l+1) . . ., –1, 0, 1, . . . (+l - 1), +l
`m [H§$_Vr AUwVrc EH$m H$úmocm g§~§YrV Xþgè`m H$úmoMo pñWVr_Ü`o dU©Z H$aVo.
Ooìhm  l = 0, (2l+ 1) = 1 Am{U ml, Mo `oWo \$º$ EH$M qH$_V Amho. åhUwZ `oWo

\$º$ EH$ H$úmm Amho åhUOoM 1s.
Ooìhm  l= 1, (2l+ 1) = 3, Am{U ml Mo `oWo VrZ qH$_Vr AmhoV. Oo  -1, 0, Am{U

1 qH$dm  Voìhm  x, y, z Aúmm déZ VrZ àH$mao aMZm
Ho$coco  px, py, Am{U  pz åhUwZ VrZ  p H$úmm AgVmV
•  `m VrZ p-H$úmm§Zm gmaIr COm© AgVo H$m?

‘ml’  {H$§_VrMr g§»`m EH$m {d{eï>  l qH$_VrZo
Agcoë`m Cn H$úmoVrc H$úmoÀ`m g§»`m§Zm {ZX}{eV
H$aVo. gma»`m H$úmm _Ü ò Agcoë`m CnH$úmm _Yrc
H$úmm gmaIrM COm© ~miJVmV.

(2l+1) {Z_`mMm dmna H$éZ àVr Cn H$úmocm
H$úmoMr g§»`m Vº$m -1 _Ü ò ^am

Imcrc AmH¥$VrV XmI{dë`mà_mUo s-H$úmm hr
JmocmH$mamV AgVo.  p-H$úmm hr Xþhoar AmH$mamV AgVo Am{U  d-H$úmm hr XþßnQ> S>~|c
AmH$mamV AgVo.

Vº$mVº$mVº$mVº$mVº$m -1

l Cn H$úmmCn H$úmmCn H$úmmCn H$úmmCn H$úmm H$úmoMoH$úmoMoH$úmoMoH$úmoMoH$úmoMo
g §»`mg§»`mg§»`mg§»`mg§»`m

0 s
1 p
2 d
3 f

AmH¥$Vr - 5: AmH¥$Vr - 5: AmH¥$Vr - 5: AmH¥$Vr - 5: AmH¥$Vr - 5:  s, p Am{UAm{UAm{UAm{UAm{U d CnH$úmmCnH$úmmCnH$úmmCnH$úmmCnH$úmm
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Cn H$úmoVrc H$úmoMr g§»`m Am{U CnH$úmm H$úmm§Zm Imcrc Vº$m -2 _Ü`o
{ZX}{eV H$am.

Vº$mVº$mVº$mVº$mVº$m -2

àË òH$ CnH$úmoV OmñVrV OmñV
CnH$úmoV AgUmè`m H$úmoÀ`m g§»`|cm
XwßnQ> g§»`oV BcoŠQ´>mZ AgVmV.

{d{dY CnH$úmoV OmñVrV OmñV
AgUmao BcoŠQ´>mZMr g§»`m Vº$m-3
_Ü`o {Xcoco Amho.

4. Am^«m_r nw§wO H«$_m§H$ Am^«m_r nw§wO H«$_m§H$ Am^«m_r nw§wO H«$_m§H$ Am^«m_r nw§wO H«$_m§H$ Am^«m_r nw§wO H«$_m§H$ (Spin
Quantum Number (ms)

VrZ nw§O H«$_m§H$  n, l, Am{U ml ho AZwH«$_o AUw H$úmoMo AmH$ma (COm©) AmH¥$Vr
Am{U Ë`m§À`m pñWVrkm§Zm _m{hV H$aVo.

{ndim a§J àH$me CËgO©Z H$aV Agcoë`m añË`mdaÀ`m {Xì`mVwZ (gmoS>r`_ ~mîn
{Xdm) Vwåhr {Z[aúmU Ho$coM Agoc. `m àH$me a§Jmcm OmñV úm_VoÀ`m ñQ>oWrñµH$mon Zo
n[aúmU Ho$co Va Ë`mV AJXr Odi AgUmè`m XmoZ aofm (doublet) {XgVmV.

AëH$cr Am{U AëH$crZ (Alkali and alkaline) AW© _oQ>ëg _Ü`o ̀ m gmaIo aofm
{XgVmV.

BcoŠQ´>mZ À`m Aem dmJÊ`mcm ñnï> H$aÊ`mgmR>r AmUIr EH$m n§wO H«$_m§H$mcm
à{VnmXrV Ho$co. ̀ mcm Am^«m_r n§wO H«$_m§H$ åhUVmV. ho BcoŠQ´>mZ Mo JwUY_© {ZX}{eV
H$aVo. Am{U ‘ms’Zo ho Xe©{dVmV.

Vº$m Vº$m Vº$m Vº$m Vº$m -3

CnH$úmmCnH$úmmCnH$úmmCnH$úmmCnH$úmm H$úm oÀ`mH$úm oÀ`mH$úm oÀ`mH$úm oÀ`mH$úm oÀ`m Maximum
g§»`mg§»`mg§»`mg§»`mg§»`m (2l+1) number of

electrons
s (1=0) 1 2
p (1=1) 3 6
d (1=2) 5 10
f (l=3) 7 14

n l ml CnH$úmm g§Ho$V      CnH$úmoVrc H$úmoMr
                   sub-shell notation             g§»`m

1 0 0 1s 1

2
0 0 2s 1

1 -1,0,+1 2p 3

0 0 3s 1

3 1 -1,0,+1 3p 3

2 -2,-1,0,+1,+2 3d 5

0 0 4s 1

4
1 -1,0,+1 4p 3

2 -2,-1,0,+1,+2 4d 5

3 -3,-2,-1,0,+1,+2,+3 4f 7
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hm nw§O H«$_m§H$ BcoŠQ´>mZÀ`m Am^«m_r Agcoë`m XmoZ aofm§Mr ñWmZkmZr gwM{dVo.
Ë`mVrc EH$ KS>çmù`mÀ`m H$mQ>mÀ`m {Xeocm Agcoco Am^«m_r  +1/2 Am{U Xþgao
KS>çmù`mÀ`m H$mQ>mÀ`m {déÜX {Xeocm Agcoco A^«m_r -1/2 AgVo. Oa XmoÝhrMr
qH$_V YZ Agoc Va A «̂_r g_m§Va AgVmV Zmhr Va A «̂_r Ag_m§Va AgVmV.

~hþ BcoŠQ´>mZ Agcoco AUw EH$m {d{eï> H$úmoV OmñV g§»`oZo BcoŠQ´>mZ Agoc Voìhm
A «̂m_r n§wO H«$_m§H$mMr Amdí`H$Vm {XgVo.
• H$úmoV, CnH$úmoV, H$úmoV, BcoŠQ´>mZ AUw _Ü`o H$go ì`mnVmV?

AUwÀ`m H$úmoV CnH$úmoV Am{U H$úmo _Ü ò BcoŠQ´>mZÀ`m {dVaUmcm BcoŠQ´>mZ g§énU
(electronic configuration.) Ago åhUVmV.
BcoŠQ´>mZn g§énU BcoŠQ´>mZn g§énU BcoŠQ´>mZn g§énU BcoŠQ´>mZn g§énU BcoŠQ´>mZn g§énU (Electronic Configuration)

hm`S´>moOZ AUw_Ü`o \$º$ EH$ BcoŠQ´>mZ Agë`mZo AmnU gwédmVrcm hm`S´>moOZÀ`m
AUw_Ü`o BcoŠQ´>mÀ`m _m§S>Ur g_OwZ KoD$ `m.

BcoŠQ´>mZ g§énU gwM{dUmao g§úmrá g§Ho$V _w»` COm© nmVir (n qH$_V) CnnmVir
Xe©{dUmao Aúma  (l qH$_V),Am{U BcoŠQ´>mZ Mr g§»`m (x) AgVmV. `mcm Imcrc
à_mUo {c{hVmo.

nl x

hm`Ś>moOZ (H) AUwgmR>r, AUwH«$_m§H$ (Z) = 1, BcoŠQ́>mZMr g§»`m EH$ Va BcoŠQ́>mZMr
g§énU  1s1 hmoVo.

BcoŠQ´>mZMo A^«m_r XmI{dë`mZo gwÜXm BcoŠQ´>mZ g§énU Xe©dw eH$Vmo.
 H, _Yrc BcoŠQ´>mZgmR>r nw§O H«$_m§H$mMm g§M
n = 1, l = 0, ml = 0, ms = ½ or – ½.

AZoH$ BcoŠQ´>mZ Agcoë`m AUwMo JUwY_© _m{hV H$aÊ`mgmR>r Amnë`mcm AUwMo
BcoŠQ´>mZ g§énU _m{hV Agm`cm nm{hOo. AUwVrc {d{dY H$úmoVrc BcoŠQ´>mMr _m§S>Ur,
BcoŠQ´>mZcm AZwgéZ Ë`m AUwMo dmJUo _m{hV H$aVo. ho AUwMo A{^{H«$`m{ecVm
(reactivity) À`m g§H$ënVocm g_OwZ KoÊ`mgmR>r _XV hmoVo. hocr`_ (helium (He)
AUw {dMmamV KoD$ `m.
• hocr`_ (Z=2) AUwcm XmoZ BcoŠQ´>mZ AgVmV.
• `m XmoZ BcoŠQ´>mZMr _m§S>Ur H$er AgVo?

AUw _Yrc EH$ noúmm OmñV BcoŠQ́>mZ Agoc Voìhm BcoŠQ́>mZ g§énU dU©Z H$aÊ`mgmR>r
Amnë`mcm VrZ {Z`_ _m{hV AgUo Amdí`H$ Amho.
Vo nm°crÀ`m dO©VoMm {gÜXm§V, AmD$\$ ~mD$ {Z`_ Am{U hþ§S> {Z`_ AmhoVVo nm°crÀ`m dO©VoMm {gÜXm§V, AmD$\$ ~mD$ {Z`_ Am{U hþ§S> {Z`_ AmhoVVo nm°crÀ`m dO©VoMm {gÜXm§V, AmD$\$ ~mD$ {Z`_ Am{U hþ§S> {Z`_ AmhoVVo nm°crÀ`m dO©VoMm {gÜXm§V, AmD$\$ ~mD$ {Z`_ Am{U hþ§S> {Z`_ AmhoVVo nm°crÀ`m dO©VoMm {gÜXm§V, AmD$\$ ~mD$ {Z`_ Am{U hþ§S> {Z`_ AmhoV

Ë`m§À`m {df`r WmoS>Š`mV MMm© H$é `m.

n§wO H«$_m§H$ {Z`_ Xe©{dVo

H$úmoVrc BcoŠQ́>mZMr g§»`m
Xe©{dVo

H$moUr` g§doJ nw§O H«$_m§H$ Xe©{dVo

1s1
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nm°crMm dÁ`©VoMm {gÜXm§V nm°crMm dÁ`©VoMm {gÜXm§V nm°crMm dÁ`©VoMm {gÜXm§V nm°crMm dÁ`©VoMm {gÜXm§V nm°crMm dÁ`©VoMm {gÜXm§V (The Pauli Exclusion Principle)
hocr`_ cm XmoZ BcoŠQ´>mZ AgVmV. nm{hco BcoŠQ´>mZ  ‘1s’ H$úmocm ì`mnVo. Xþgao

BcoŠQ´>mZ 1s- H$úmoVrc nm{hë`m BcoŠQ´>mZ gmo~V OmoS>r {_idVo. åhUOoM  ‘He’ À`m
O_rZrÀ`m nmVirda BcoŠQ´>mZ g§énU 1s2 AgVo. AmVm àíZ Agm Amho H$r,
• `m XmoZ BcoŠQ´>mÝg gmR>r A «̂_r H$go AgVmV?

nm°crÀ`m dÁ`©VoMm qgÜXm§VmZwgma gma»`m AUwMo XmoZ BcoŠQ´>mZZm gd© Mma n§wO
H«$_m§H$ g_mZ Agw eH$V Zmhr.

XmoZ BcoŠQ´>mZgmR>r Oa n, l, Am{U ml gmaIo Agoc Va  ms ho {^Þ AgVo. hocr`_
AUw_Ü ò A «̂_r OmoS>rV AgVo.

A^«m_r OmoS>rV Agcoë`m BcoŠQ´>mZcm ‘ ’ Zo {ZX}{eV H$aVmV. EH$ BcoŠQ´>mZ
ms= +1/2, Am{U Xþgao  ms= –1/2. Vo Ag_m§Va A «̂m_r AmhoV.
• EH$m H$úmmV {H$Vr BcoŠQ´>mZ ì`mncoco AgVmV?

EH$m H$úmoV OmñVrV OmñV R>odVm ̀ oUmè`m BcoŠQ́>mZÀ`m g§» òcm _m{hV H$aÊ`mgmR>r
nm°crÀ`m dÁ`©VoMm {gÜXm§V Cn`moJr nS>Vmo. EH$m H$úmoV \$º$ XmoZ ms  À`m qH$_VrZm
_mÝ` H$aVo. åhUwZ n«Ë`oH$ H$úmoV OmñVrV OmñV {déÜX A^«m_r XmoZ BcoŠQ´>mZM
AgVmV. åhUwZ hocr`_ AUwMo BcoŠQ´>mZ g§énU Imcrc à_mUo {ZX}{eV H$é eH$Vmo.

 1s2

AmD$\$~mD$ {Z`_ AmD$\$~mD$ {Z`_ AmD$\$~mD$ {Z`_ AmD$\$~mD$ {Z`_ AmD$\$~mD$ {Z`_ (Aufbau Principle)
AUwMr g§»`m dmT>Ë`m H«$_mV EH$m _wcÐì`m déZ Xþgè`m _wcÐì`mda OmV AgVm

AUw H$úmoV EH$ BcoŠQ´>mZ {_iV AgVo. EH$m H$úmoV AgUmao OmñVrV OmñV BcoŠQ´>mZMr
g§»`mcm ‘2n2’Zo gwM{dVmo. `m _Ü`o ‘n’ _w»` nw§O H«$_m§H$ AmhoV.

VgoM EH$ CnH$úmoV  (s, p, d qH$dm f) Vrc AgUmao OmñVrV OmñV BcooŠQ´>mZMr
g§»`m  2(2l+1) Zo {ZX}{eV H$aVmV. `oWo  l = 0, 1, 2, 3… `m gwÌmÀ`m AmYmamdéZ
OmñVrV OmñV {d{dY CnH$úmoV AZwH«$_o 2, 6, 10,Am{U14 BcoŠQ´>mZ AgVmV åhUwZ
Amnë`mcm g_OVo.

AUw gwédmVrÀ`m nmVirV AgVm§Zm BcoŠQ´>mZ H$_rV H$_r COm© Agcoë`m H$úmoV
n«doe H$aVmV Vgo gd© BcoŠQ´>mZMr g§»`m AUw H«$_m§H$mÀ`m g_mZ hmoB© n`ªV Ë`mMo
BcoŠQ´>mZ g§énU V`ma Ho$ë`m OmVo. ̀ mcmM AmD$\$~mD$ {Z`_ Ago åhUVmV. (AmD$\$
~mD$ eãXmMo O_©Z _Ü`o AW© nwU©nUo ~m§YUr Ago hmoVmo) åhUOoM CO}À`m MT>Ë`m
H«$_mV H$úmm ^aVo.

BcoŠQ´>mZ g§énUMo A§XmO H$aÊ`mgmR>r Amnë`mcm XomZ gm_mÝ` {Z`_mMr _XV hmoVo.
1. (n+l) À`m qH$_VrÀ`m MT>Ë`m H«$_mV H$úmoV BcoŠQ´>mZ Zo_co OmVmV.
2. (n+l)À`m gmaIm qH$_VrÀ`m CnH$úmo gmR>r ‘n’qH$_V H$_r Agcoco CnH$úmmV

BcoŠQ´>mZ gwédmVrcm Vm~m hmoVo.
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 (n+l) À`m qH$_Vr dmT>Vm H«$_ AmH¥$Vr -6 _Ü`o nmhþ
eH$Vmo. {d{dY AUw _Ü`o H$úmocm CO}Mm MT>Vm H«$_ Imcr
{Xcocm Amho.

1s < 2s < 2p < 3s < 3p < 4s < 3d < 4p < 5s <
4d < 5p < 6s < 4f < 5d < 6p < 7s < 5f < 6d < 7p <
8s …

AUw g§» òÀ`m  (Z) qH$_Vr dmT>Ë`m H«$_mV H$mhr _wcÐd
Mo BcoŠQ´>mZ g§énU Am{U H$úmoMo {MÌ Imcr {Xcoco Amho.

AmH¥$Vr-6: AmH¥$Vr-6: AmH¥$Vr-6: AmH¥$Vr-6: AmH¥$Vr-6:  (n+l) qH$_Vr qH$_Vr qH$_Vr qH$_Vr qH$_Vr
dmT>Ë`m H«$_mV nmhUmaodmT>Ë`m H«$_mV nmhUmaodmT>Ë`m H«$_mV nmhUmaodmT>Ë`m H«$_mV nmhUmaodmT>Ë`m H«$_mV nmhUmao

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr

• H$m~©Z (C) gmR>r H$m~©Z (Z=6) _Ü`o H$moUË`m H$úmoV 6do BcoŠQ´>mZ {_ioc?
• BcoŠQ´>mZ  p-H$úmoV BcoŠQ´>mZ gmo~V OmoS>r ~ZVo H$m? qH$dm [aH$m_o Agcoë`m AmUIr

EH$m  p- H$úmocm ì`mnVo H$m?

h§S²>gMm {Z`_ h§S²>gMm {Z`_ h§S²>gMm {Z`_ h§S²>gMm {Z`_ h§S²>gMm {Z`_ (Hund’s Rule)
`m {Z`_mZwgma gmaIr COm© Agcoë`m gd© Imcr H$úmoV (èhmg hmoUmar H$úmm-

degenerate orbitals) EH$ EH$ BcoŠQ´>mZ gmo~V Vm~m KoVë`m Z§VaM BcoŠQ´>mZ OmoS>rV
amhÊ`mg gwédmV H$aVo.

H$m~©Z (C) (Z=6) AUwMo BcoŠQ´>mZ g§énU 1s22s22p2  `m_Ü`o n{hco Mma Mma
BcoŠQ´>mZ 1s Am{U 2s H$úmoV OmVmV. Z§VaMo XmoZ BcoŠQ´>mZ doJdoJio  2p H$úmoV Vm~m
KoVmV. Ë`m XomÝhr BcoŠQ´>mZMo A^«_r EH$ àH$mao AgVo.

òWo 2p  H$úmoVrc OmoS>rV Zgcoco BcoŠQ´>mZcm g_m§Va A^«m_rV XmI{dcoco Amho.

H(Z=1)     1s1

He(Z=2)   1s2

Li(Z=3)    1s22s1

Be(Z=4)    1s22s2

B(Z=5)     1s22s22p1

SCERT T
ELA

NGANA



Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20 119

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr 3
Imcrc _wcÐì`mMo BcoŠQ´>mZ g§énU nwU© H$am.

Vº$mVº$mVº$mVº$mVº$m.4

_wcÐd_wcÐd_wcÐd_wcÐd_wcÐd AUw H«$_m§H$AUw H«$_m§H$AUw H«$_m§H$AUw H«$_m§H$AUw H«$_m§H$ (Z) _wcÐì`mMo BcoŠQ´>mZ g§énU_wcÐì`mMo BcoŠQ´>mZ g§énU_wcÐì`mMo BcoŠQ´>mZ g§énU_wcÐì`mMo BcoŠQ´>mZ g§énU_wcÐì`mMo BcoŠQ´>mZ g§énU
C 6
N 7
O 8
F 9
Ne 10
Na 11
Mg 12
Al 13
Si 14
P 15
S 16
Cl 17
Ar 18
K 19
Ca 20

_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX

Va§J, dU©n§º$s, {Vd«Vm,S>rñH«$sQ> COm© (discrete), aofm dU©n§º$s, H$úmm,(orbital)n§wO
H«$_m§H$, H$úmm(shell), CnH$úmm (sub-shell)A «̂m_r BcoŠQ´>mZ H$úmoMo AmH$ma, BcoŠQ´>mZ

g§énU, nm°crMm dÁ`©VoMm {gÜXm§V, AmD$\$ ~mD$Mo {Z`_, hS²>gMo {Z`_

AmnU H$m` {eH$cmoV?AmnU H$m` {eH$cmoV?AmnU H$m` {eH$cmoV?AmnU H$m` {eH$cmoV?AmnU H$m` {eH$cmoV?

• n«H$me Va§JmV àgmarV hmoVo. ̀ mcm Va§Jcm§~r (λ) dma§dmaVm (υ)Am{U ̀ m amer àH$memÀ`m doJmer
(c) g§X^uV Amho c = υλ.

• dU©n§º$s hm Va§Jcm§~r g_wh Amho.
• {dÚwV Mw§~H$s` COm©cm {ZpíMV doJdoJir R>am{dH$ COm© qH$_V AgVo Á`mcm  E=hυ g_rH$aUmZo

gwMrV H$aVmV.
• AUwVrc BcoŠQ´>mZ n«H$memMr {d{eï> dma§dmaVoMo emofU H$éZ COm© àmá H$é eH$Vo Am{U EH$

{d{eï> dma§dmaVm CËgO©Z H$éZ COm© J_mdw eH$Vo.
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Amnë`m Aä`mgmV gwYmaUm H$amAmnë`m Aä`mgmV gwYmaUm H$amAmnë`m Aä`mgmV gwYmaUm H$amAmnë`m Aä`mgmV gwYmaUm H$amAmnë`m Aä`mgmV gwYmaUm H$am

• ~moAa AUwMo àVrén, BcoŠQ´>mZ pñWa nmVirV AgVo. BcoŠQ´>mZ CO©ocm J«hZ Ho$ë`mda CÎmoOrV
nmVircm VgoM CO}cm CËgO©Z Ho$ë`mda nwÝhm O_rZrÀ`m nmVirda nmohMVo. ho ̀ mo½` dma§dmaVoÀ`m
{dÚwV Mw§~H$s` énmV AgVo.

• àH$me CO}À`m EH$m {ZpíMV dma§dmaVoÀ`m emofU/CËgO©Zm_wio AUwMo aofm dU©CËnÞ hmoVmV.
• BcoŠQ´>mZ Mo ñWmZ Am{U doJ EH$mM doir AMwH$ nUo _moOUo eŠ` Zmhr.
• H|$ÐH$m ^modVr BcoŠQ´>mZ {_iÊ`mè`m OmñV g§^mì`VoÀ`m OmJocm H$úmm (orbital.) åhUVmV.
• AUw H$úmoMr COm© AmH$ma Am{U ñWrVrkmV AZwH«_o n , l, ml `m VrZ nw§OH«$_m§H$mZo _m{hV H$aVmV.
• BcoŠQ´>mZMr A^«m_r (Spin) hm _hËdmMm JwUY_© Amho.
• AUwVrc H$úmm (shells)CnH$úmm( sub-shells) Am{U H$úmm(orbitals) _Ü`o Ho$coë`m BcoŠQ´>mZ À`m

aMZocm BcoŠQ́>mZcm g§énU (electron configuration) åhUVmV.
• nm°crÀ`m dO©Ë`oÀ`m {Z`_mZwgma gma»`m AUwÀ`m XmoZ BcoŠQ´>mZ Zm gd© Mma n§wOH«$_m§H$ g_mZ Agw

eH$V Zmhr
• AmD$\$ ~mD$Mm {Z`_: H$_r COm© Agcocr H$úmm n{hco ^aVo.
• hS²>gMm {Z`_: gma»`m CO}Mo H$úmoV EH$ EH$ BcoŠQ´>mZ OmD$ZM OmoS>r ~ZVo.

g§H$ënZoda à[Vñn§XZg§H$ënZoda à[Vñn§XZg§H$ënZoda à[Vñn§XZg§H$ënZoda à[Vñn§XZg§H$ënZoda à[Vñn§XZ
1. AUwMr BcoŠQ´>mMr g§énU H$moUVr _m{hVr nwadrV Amho? (AS1)
2. {Za§Va dU©n§º$sgmR>r B§ÐYZwî` ho EH$ CXmhaU Amho. ñnï> H$am? (AS1)
3. emofrV dU©n§º$s åhUOo H$m`?
4. H$úmm åhUOo H$m`? Vo ~moAa H$úmoÀ`m {^Þ H$go Amho?(AS1)
5. AUw_Yrc BcoŠQ´>mZÀ`m ñWmZmÀ`m A§XmO H$aÊ`m_Ü`o VrZ n§wOH«$_m§H$mMo _hËd ñnï> H$am?(AS1)
6.  nl x nÜXV åhUOo H$m`? Vo H$go Cn`moJr nS>Vo?(AS1)
7. CËgO©Z dU©n§º$s åhUOo H$m`?
8.  K qH$dm L À`m OmñV COm© da H$moUVr BcoŠQ´>mZ H$úmm Amho? (AS2)
g§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZ
1. Imbrb àíZm§Mr CÎmao Úm?

a. _w»` COm© H$úmm (shell) _Ü`o OmñVrV OmñV {H$Vr BcoŠQ´>mZMr _m§S>Ur hmoVo?
b. CnH$úmm _Ü ò OmñVrV OmñV {H$Vr BcoŠQ´>mZMr _m§S>Ur hmoVo?
c. H$úmm (orbital) _Ü ò OmñVrV OmñV {H$Vr BcoŠQ´>mZMr _m§S>Ur hmoVo?
d. _w»` COm© H$úmm (principal energy shell) _Ü ò {H$Vr CnH$úmm AgVmV?
e. H$úmo (orbital) _Yrc BcoŠQ´>mZgmR>r A «̂m_r pñWVr kmZ AgVmV?

2. EH$m AUw _Ü`o M-H$úmm (shell) Vrc BcoŠQ´>mZMr g§»`m hr K Am{U L H$úmm (shell) Vrc
BcoŠQ´>mZÀ`m g§»`oÀ`m g_mZ AgVo. Imcrc àíZm§Mr CÎmao Úm?(AS1)
a. ~mø H$úmm (shell) H$moUVr Amho?
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b. Ë`mÀ`m ~mø H$úmoV(shell) {H$Vr BcoŠQ´>mZ AmhoV?
c. _wcÐì`mMr AUwH«$_m§H$ {H$Vr Amho?
d. _wcÐì`mMr BcoŠQ´>mZ g§éUnU {chm?

3. {Vgè¶m ~moAa H$jo‘Ü¶o {H$Vr {XK©dVw©imH$ma H$úmm AmhoV?
4. Zm`Q´>moOZ AUwMo BcoŠQ´>mZ g§énU Imcr H$úmm {MÌmV XmI{dcocr Amho. ho H$moUË`m {Z`_mÀ`m

{déÜX Amho? (AS1)
N (Z = 7)

                             1s2             2s2                      2p3

5. 1s0 2s2 2p4 BcoŠQ´>mZ g§énU _Ü`o H$moUË`m {Z`_mMo C„§KZ hmoV Amho?
6. gmoS>r`_ (Na) AUwMo BcoŠQ´>mZ ^oX ñnï> H$aÊ`mgmR>r Mma nw§O H«$_m§H$ {chm? (AS1)
7. i. EH$m AUwVrc EH$m BcoŠQ´>mZcm g§~§YrV Mma n§wO H«$_m§H$ Imcrc VŠË`mV {Xcoco Amho Vo

BcoŠQ´>mZ H$moUË`m H$úmoVrc AmhoV? (AS2)

n l ml ms

2 0 0 + ½

       ii. 1s1 BcoŠQ´>mZmgmR>r Mma n§wO H«$_m§H$ {chm?(AS1)

8. cmc, {Zim Am{U {hadm ̀ m VrZ n«mW{_H$ a§JmÀ`m g§X^m©V Va§Jcm§~r Am{U g§~§YrV dma§dmaVmMr
_m{hVr Jmoim H$am?(AS4)

9. aoS>rAmo Va§JmMr Va§Jcm§~r 1.0 _r. Amho. Ë`mMr dma§dmaVm _m{hV H$am? (AS7)

1. CËgO©Z AUwV A§Yma àm§VmV àH$merV dU©aofm {XgVmV. hm n«H$m{eV dU©aofm H$emZo gwM{dVmV.
[ ]

a) CËgO©Z {dH$saU Mr dma§dmaVm b) CËgO©Z {dH$saU Mr Va§Jcm§~r
c) CËgO©Z {dH$saU Mr COm© d) àH$memMm doJ

2. AUwÀ`m  L – H$úmo _Ü`o OmñVrV OmñV BcoŠQ´>mZMr g§»`m
a)  2 b) 4 c) 8 d) 16 [ ]

3. EH$m AUwgmR>r Oa  l = 1 Agoc Va Ë`mÀ`m CnH$úmoVrc H$úmoMr g§»`m [ ]
a) 1 b) 2 c) 3 d) 0

4. H$úmm qH$dm H$úmoMo AmH$ma Am{U COm© ñnï> H$aUmao nw§OH«$_m§H$ [ ]
a) n b) l c) ml d) ms

1. AUw {gÕm§VmÀ¶m {dH$mgmÀ¶m B{VhmgmMr ‘m{hVr Jmoim H$am?
2. AUw {gÕm§VmMm {dH$mg H$moUË¶m d¡km{ZH$m§Zr Ho$bm? ¶m{df¶r ‘m{hVr Jmoim H$am?
3. s, p Am{U d H$joMo ‘m°S>oëg V¶ma H$am?

¶mo½¶ n`m©` {ZdS>m¶mo½¶ n`m©` {ZdS>m¶mo½¶ n`m©` {ZdS>m¶mo½¶ n`m©` {ZdS>m¶mo½¶ n`m©` {ZdS>m

gwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ënSCERT T
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Am¡KYrÀ`m XþH$mZmV AZoH$ àH$maMo Am¡fYr AgVmV. XþH$mZXmamg Am¡fYr emoYUo
qH$dm Ë`mÀ`m XþH$mZmVrc Am¡fYmÀ`m Zm§dmMr AmR>dU R>odUo AeŠ` AgVo. Ooìhm
Vwåhr Am¡fYrÀ`m XþH$mZmV Joë`mZ§Va Ë`m XþH$mZXmamg EH$ {d{eï> Am¡fYr {dMmacr
AgVm, Voìhm Vmo MQ>H$U H$mTw>Z XoVmo. ho H$go eŠ` Amho?

gwna ~mOmamMm {dMma H$am. Ooìhm Vwåhr Ë`m XþH$mZmÀ`m AmV àdoe H$aVm Voìhm
Ë`m XþH$mZmVrc gm_mZmMr {d{eîQ> _m§S>Ur Ho$cocr Vwåhmcm {XgwZ ̀ oVo. Ooìhm Vwåhmcm
{H$aUm gm_mZmMr Amdí`H$Vm nS>Vo Voìhm Vwåhr {VWo OmD$Z Vwåhmcm hdo Agcoë`m
{H$aUm gm_mZmMr Vwåhr {ZdS> H$é eH$Vm. H$moUË`m àH$mao Vwåhmcm {ZdS>Uo gmono
OmVo?

darc {Z[aúmUmdéZ Vwåhmcm g_OwZ ̀ oVo H$s, {H$Vr hr àH$maÀ`m dñVw Agë`mVar
H$mhr {d{eï> JwUY_m©À`m AmYmamdéZ dñVw§Zm {deof H«$_mV _m§S>Ur H$aUo Iwn JaOoMo
Amho.

agm`Z emómV gwÜXm {H$Ë òH$ dfm©nmgwZ emómkm§Zr CncãY Agcoë`m _wcÐì`mMo,
Ë`m§À`m JwUY_m©déZ dJr©H$aU H$aÊ`mMm à`ËZ H$aUo gwéM Amho.
_wcÐì`m§Mr EH$ H«$_~ÜX nÜXVrV _m§S>Ur H$m Amdí`H$ Amho._wcÐì`m§Mr EH$ H«$_~ÜX nÜXVrV _m§S>Ur H$m Amdí`H$ Amho._wcÐì`m§Mr EH$ H«$_~ÜX nÜXVrV _m§S>Ur H$m Amdí`H$ Amho._wcÐì`m§Mr EH$ H«$_~ÜX nÜXVrV _m§S>Ur H$m Amdí`H$ Amho._wcÐì`m§Mr EH$ H«$_~ÜX nÜXVrV _m§S>Ur H$m Amdí`H$ Amho.

H$moUVmhr nXmW© ^m¡{VH$ qH$dm amgm`{ZH$ ~Xcm_wio AnKQ>Z hmoD$Z gmÜ`m
nXmWm©V qH$dm aoUwV ~Xcë`mg Ë`mcm _wcÐì` åhUVmV.  Aer ì`m»`m am°~Q>© ~m°`c
(Robert Boyle (1661)`m§Zr Ho$cr.

Ë`m doir Voam _wcÐì`mMm emoY cmJcm.
18 ì`m eVH$mÀ`m eodQ>r codmB©PaÀ`m H$mimV Xþgè`m AH$am _wcÐì`mMm emoY

cmdcm. 1865 gmcr 60 _wcÐì`mMm emoY cmJcm Am{U 1940 _Ü`o EŠ`mZd
_wcÐì`mMm§ Z¡g{J©H$ ómoVmnmgwZ emoY cmdcm Am{U BVa gVam _wcÐd H¥${Ì_ nÜXVrZo
V`ma Ho$co.

gÜ`m H¥${Ì_ _wcÐì`mgmo~V 115 noúmm OmñV _wcÐì`mMm emoY cmJcocm Amho.
OgOer _wcÐì`mMr g§»`m dmTV Jocr Ver d¡̀ º$sH$ _wcÐì`mÀ`m agm`ZmMr Am{U
Ë`mÀ`m g§̀ wJmMr AmR>dU R>odUo H${R>U Pmco.

_wcÐì`mMo dJuH$aU - AmdV© gmaUr

7
YS>mYS>mYS>mYS>mYS>m

(Classification of Elements- The Periodic Table)
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_mJrc dJm©V _wcÐì`m§Zm YmVw Am{U AYmVw _Ü ò dJuH$aUm ~Ôc {eH$cmo. CXm.
gmo{S>`_, nmoQ>°{e`_ d¡Joao YmVw Am{U gë\$a, ŠbmoarZ gmaIo AYmVw na§Vw dJuH$aUmV
H$mhr {g_m hmoË`m. Aë`w{_{Z`_ Mo H$m§hr JwUY_© YmVw gmaIo Va H$m§hr AYmVwMo hmoVo
Aem _wbÐì`m§Zm AmnU YmVw gÑî` qH$dm YmVw gmaIm åhUVmo åhUwZ _wcÐì`m§Zm
doJù`m nÜXVrZo emór` nÜXVrZo dJuH$aU H$aUo JaOoMo R>aco. åhUwZ emókm§Zr Ë`m
_wcÐì`mZmÀ`m Ë`mÀ`m g§̀ wJm§Zm ̂ m¡VrH$ amgm`ZmÀ`m JwUY_m©déZ dJuH$aU H$aÊ`mgmR>r
emoY KoUo gwé Ho$co.

18 ì`m eVH$mÀ`m gwédmVrcm Omogo\$ cwB©g àmñQ> (Joseph Louis Proust)
ZmdmÀ`m emóm§kmZo hm`S´>moOZ AUwcm EH$m {Z_m©UmË_H$ gm{hË` åhUwZ Am{U
Cacoë`m gd© _wcÐì`mÀ`m AUwcm hm`S´>moOZÀ`m Ag§»` AUwÀ`m g§`moJmZo ~Zco Amho,
Ago gm§JrVco. (Ë`mÀ`m H$mimV gd© _wcÐì`mMo AUw^ma nwU© g§»`oV H$idwZ Am{U
hm`S´>moOZMo AUw^ma ho 1 åhUwZ AmoiIë`m Joco.)

S>mo~o[aZaMm {ÌH$ {Z`_ S>mo~o[aZaMm {ÌH$ {Z`_ S>mo~o[aZaMm {ÌH$ {Z`_ S>mo~o[aZaMm {ÌH$ {Z`_ S>mo~o[aZaMm {ÌH$ {Z`_ (Dobereiner’s law of Triads)
OmohZ ~moë\$Jm§J S>mo~o{aZa (Johann Wolfgang Döbereiner (1829) ̀ m ZmdmÀ`m

O_©Z agm`Z emñÌmkm§Zr EH$mM àH$maMo amgm`{ZH$ JwUY_© Agcoë`m VrZ _wcÐì`mÀ`m
JQ>mcm AmoiIwZ Ë`mcm {ÌH$( triads) ho Zmd {Xco. Ë`m§Zr _wcÐì`mMo JwUY_© Am{U
Ë`mÀ`m AUŵ mam_Yrc g§~§Y H$i{dÊ`mMm à`ËZ Ho$cm.

S>mo~o{Z`Z åhUco H$s, gmå` JwUY_© Agcoë`m VrZ _wcÐì`mZm EH$mM doir KoD$Z
Ë`m§Zm Ë`m§À`m AUw^mamZwgma  MT>Ë`m H«$_mZo _m§S>ë`mg _Yë`m _wcÐì`mMm AUw^ma hm
n{hë`m Am{U Vrgè`m _wcÐì`mÀ`m AUŵ mamMr gamgar Amho. ̀ m H$WZmcm S>mo~oarZaMm
{ÌH$ {gÜXm§V (Dobereiner’s  law of triads) åhUVmV.

H¥$Vr H¥$Vr H¥$Vr H¥$Vr H¥$Vr  1
Imcrc VŠË`mMo {Z[aúmU H$am.
àË`oH$ AmS>ì`m am§JoVrc _wcÐì` {ÌH$o Xe©{dVo.

JQ >JQ >JQ >JQ >JQ > _wcÐì` Am{U Ë`m§Mm AUw^ma_wcÐì` Am{U Ë`m§Mm AUw^ma_wcÐì` Am{U Ë`m§Mm AUw^ma_wcÐì` Am{U Ë`m§Mm AUw^ma_wcÐì` Am{U Ë`m§Mm AUw^ma AUw^mamMr A§H$ J{UV gamgarAUw^mamMr A§H$ J{UV gamgarAUw^mamMr A§H$ J{UV gamgarAUw^mamMr A§H$ J{UV gamgarAUw^mamMr A§H$ J{UV gamgar
A Lithium (Li) Sodium (Na) Potassium (K)

7.0 23.0 39.0
B Calcium (Ca) Strontium(Sr) Barium (Ba)

40.0 87.5 137.0
C Chlorine (Cl) Bromine (Br) Iodine (I)

35.5 80.0 127.0
D Sulphur (S) Selenium (Se) Tellurium (Te)

32.0 78.0 125.0
E Manganese(Mn) Chromium(Cr) Iron (Fe)

55.0 52.0 56.0

    7.0 + 39.0
   –––––––––    = 23.0
            2

r
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n[hë`m am§JoV (Am§S>ì`m) gmoS>r`_Mm (Na) AUŵ ma {cWr ẁ_  Li Am{U nmoQ>°{e_`
K gmnoúm AUw^mamÀ`m gamgar g_mZ Amho ho Vwwåhmcm AmT>iwZ `oVo.
• Cacoë`m am§JoVrc _wcÐì`mÀ`m g_whm_Ü ò `m gmaIoM g§~§Y ñWmnZ H$é eH$VmV

H$m?
• àË òH$ AmS>ì`m a§mJoVrc nm{hë`m Am{U Vrgè`m _wcÐì`mÀ`m AUŵ mamMr gamgar

_m{hV H$éZ Ë`mMr VwcZm _YmV Agcoë`m _wcÐì`mÀ`m AUŵ mamer H$am?
• Vwåhmcm H$m` {Z[aúmUmg Amco Vo gm§Jm?

 _wcÐì`mÀ`m JwUY_m©Mo Ë`m§À`m AUw^mamer ghg§~Y AgVmo ho S>mo~o{aZa `m§Zr
Ho$coë`m à`ËZmdéZ ñnï> Pmco Amho. EH$mM àH$maMo ̂ m¡{VH,$ agm`Z JwUY_© Agcoë`m
_wcÐì`mZr H$mhr g_wh V`ma H$aVm `oVmV Ago emókm§Zr nm{hco. `m {dMmam_wio
_wcÐì`mÀ`m dJuH$aUmMm Am{U _wcÐì`mÀ`m AmYw{ZH$ AmdV© gmaUrMm nm`m aMcm.

{g_m {g_m {g_m {g_m {g_m (Limitations )

i. Ë`m H$mimVrc nwU© _m{hVr Agcoë`m _wcÐì`mZm {ÌH$ énmV _m§S>Ur H$aVm Amcr
Zmhr.

ii. hm {gÜXm§V AË`m{YH$ qH$dm AË`ën dñVw_mZ Agcoë`m _wcÐì`m§Zm cmJw nS>V
Zmhr.  F, Cl, Br, À`m g§X^m©V  Cl Mm AUw^ma hm F Am{U Br À`m AUw^mamMr
gamgar Zìho.

iii. AUw^ma AMwH$nUo _moOÊ`mMo V§ÌkmZ {dH${gV Pmë`m_wio hm {gÜXm§V H${R>U nUo
H$m`Xoera am{hcm Zmhr.

Ý`wcm§S>gMm AîQ>H$ {Z`_ Ý`wcm§S>gMm AîQ>H$ {Z`_ Ý`wcm§S>gMm AîQ>H$ {Z`_ Ý`wcm§S>gMm AîQ>H$ {Z`_ Ý`wcm§S>gMm AîQ>H$ {Z`_ (Newlands’ law of Octaves)

Om°Z Ý ẁcm§S>g (John Newlands) hm {~«Q>re emók hmoVm.(1865) _Ü ò _wcÐì`mZm
Ë`m§À`m AUw^mamZwgma MT>Ë`m H«$_mV _m§S>Ur Ho$cr AgVm Vo 7 JQ>mV V`ma homVmo, ho
_m{hV Ho$co. àË òH$ JQ>mV gmå` amgm`{ZH$ JwUY_© Agcoco _wcÐì` AgVmV. `m
{Z[aúmUm déZ Ý`wcm§S>gZo Aï>H$ {Z`_mMo à{VnmXZ Ho$co.

 Ý`wcm§S>Mm AïH$ {Z`_  Ý`wcm§S>Mm AïH$ {Z`_  Ý`wcm§S>Mm AïH$ {Z`_  Ý`wcm§S>Mm AïH$ {Z`_  Ý`wcm§S>Mm AïH$ {Z`_ (The law of octaves)  Ooìhm _wcÐì`mMr Ë`m§À`m
MT>Ë`m H«$_mZo _m§S>Ur H$aVmo Voìhm JwUY_© {Z`{_V H$mcmdYrV nwZamd¥Îm homVmV.
nm{hë`m _wcÐì`mnmgwZ gwé Ho$co AgVm àË`oH$ AmR>ì`m _wcÐì`mMo JwUY_© n{hë`m
_wcÐì`mMm JUwY_©m gmaIo AmgVo. `mcmM Ý ẁcm§S>gMm Aï> {Z`_ åhUVmV.

{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am

• S>mo~o{aZa ̀ m§Zr _wcÐì`m_Ü ò H$moUË`m n«H$maMo g§~§Y ñWm{nV H$aÊ`mMm à`ËZ Ho$cm?
• H°$c{e`_ (Ca) Am{U ~oar`_ (Ba) Mr KZVm AZwH«$_o 1.55 Am{U 3.51 gcm-3

AmhoV. S>mo~oarZaÀ`m {ÌH$ {gÜXm§VmZwgma ñQ´>moÝQ>r`_ (strontium (Sr) Mr A§XmOo
KZVm gm§Jw eH$Vm H$m?
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H 1

Li 2

G 3

Bo 4

C 5

N 6

O 7

F 8

Na 9

Mg 10

Al 11

Si 12

P 13

S 14

Cl 15

K 16

Ca 17

Cr 19

Ti 18

Mn 20

Fe 21

Co&Ni 22

Cu 23

Zn 24

Y 25

In 26

As 27

Se 28

Br 29

Rb 30

Sr 31

Ce&La 33

Zr 32

Di&Mo34

Ro&Ru 35

Pd 36

Ag 37

Cd 38

U 40

Sn 39

Sb 41

Te 43

I 42

Cs 44

Ba&V 45

Ta 46

W 47

Nb 48

Au 49

Pt&Ir 50

Os 51

Hg 52

Tl 53

Pb 54

Bi 55

Th 56

Vº$m -1 : Ý`wcm§S>gMm _wcÐì`mMm Vº$mVº$m -1 : Ý`wcm§S>gMm _wcÐì`mMm Vº$mVº$m -1 : Ý`wcm§S>gMm _wcÐì`mMm Vº$mVº$m -1 : Ý`wcm§S>gMm _wcÐì`mMm Vº$mVº$m -1 : Ý`wcm§S>gMm _wcÐì`mMm Vº$m

 amgm`{ZH$ JwUY_© gmå` Agcoë`m _wcÐì`m§Zm AmS>ì`m AmoirV Xe©{dco Amho.
Ý`wcm§S>gZr nm{hë`m§Xm _wcÐì`m§Zm AUw^ma {Z`wº$ Ho$cm. XþXo}dmZo Ë`m§Mo à{VnmXZ

Ë`m§À`m noúmm AZw^dr agm`Z emókm§Zr gwÜXm Ë`m§Mo à{VnmXZ {ñdH$maco Zmhr. Ë`m§Mo
_wÐU gwÜXm ApñdH$ma Ho$co.

Ý ẁcm§S>gÀ`m _wcÐì`mÀ`m VŠË`mV hm`S´>moOZ nmgwZ gwé H$éZ Imcr gaH$V naV
da `oD$Z AmR>dm _wcÐì`m ßcmoarZ (fluorine)  Ë`mZ§VaMm AmR>dm _wcÐì`
ŠcmoarZ(chlorine) AemàH$mao gwé R>odë`mg hm`S´>moOZ, âcmoarZ Am{U ŠcmoarZ_Ü`o
EH$mM àH$maMo JwUY_© AgVmV.

AemarVrZo Vwåhr {cWr`_ nmgwZ gwé Ho$ë`mg AmR>dm _wcÐì` gmoS>r`_ Amho Am{U
`oUmam Xþgam AmR>dm _wcÐì` nmoQ>°{e`_ Amho. ̀ m _wcÐì`m§Zm ̂ m¡{VH$ Am{U amgm`{ZH$
JwUY_© gmå` AgVmV.

Ý`wcm§S>mÀ`m _wcÐì`mÀ`m VŠË`mV gwÜXm MwH$ Amho.
• EH$mM \$Q>rV XomZ _wcÐì`o ~gcrV CXm. Ho$m~mëQ> Am{U {ZHo$c.
• nwU©nUo {^Þ JwUY_© Agcoë`m H$mhr _wcÐì`m§Zm EH$mM JQ>mV R>odcoco Amho.

{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am

• Ý`wcm§SZo Aï>H$ {Z`_mMo à{VnmXZ H$m Ho$co? Vwåhmcm _m{hV Amho H$m? Vw_À`m
CÎmamcm AUwÀ`m AmYw{ZH$ aMZoÀ`m énmV ñnï> H$am?

• Ý ẁcm§S>À`m Aï>H$ {Z`_ Vwåhmcm ~amo~a dmQ>Vmo H$m? ñnï> H$am?

_wcÐì`mMr g§»`m_wcÐì`mMr g§»`m_wcÐì`mMr g§»`m_wcÐì`mMr g§»`m_wcÐì`mMr g§»`m _wcÐì`mMr g§»`m_wcÐì`mMr g§»`m_wcÐì`mMr g§»`m_wcÐì`mMr g§»`m_wcÐì`mMr g§»`m _wcÐì`mMr g§»`m_wcÐì`mMr g§»`m_wcÐì`mMr g§»`m_wcÐì`mMr g§»`m_wcÐì`mMr g§»`m _wcÐì`mMr g§»`m_wcÐì`mMr g§»`m_wcÐì`mMr g§»`m_wcÐì`mMr g§»`m_wcÐì`mMr g§»`m _wcÐì`mMr g§»`m_wcÐì`mMr g§»`m_wcÐì`mMr g§»`m_wcÐì`mMr g§»`m_wcÐì`mMr g§»`m _wcÐì`mMr g§»`m_wcÐì`mMr g§»`m_wcÐì`mMr g§»`m_wcÐì`mMr g§»`m_wcÐì`mMr g§»`m _wcÐì`mMr g§»`m_wcÐì`mMr g§»`m_wcÐì`mMr g§»`m_wcÐì`mMr g§»`m_wcÐì`mMr g§»`m _wcÐì`mMr g§»`m_wcÐì`mMr g§»`m_wcÐì`mMr g§»`m_wcÐì`mMr g§»`m_wcÐì`mMr g§»`m
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CXmhaUmW© h¡cmoOZÀ`m VwcZoV {d{dY JwUY_© AgUmè`m  Co, Ni, Pd, Pt Am{U
Ir  _wcÐì`m§Zm EH$mM am§JoV _m§S>Ur Ho$cr Amho. (F, Cl, Br, I). (Ý`wc§S>Mr nm{hcr
AmS>dr Amoi nmhm.)

H°$ëer`_ n ª̀V Agcoë`m _wcÐì`mgmR>r Aï>H$mMm {Z`_ cmJw nS>Vo ho _m{hV
Amho. H°$ë`er`_À`m AUw^mamnoúmm OmñV AUw^ma Agcoë`m _wcÐì`mZm hm {Z`_ cmJw
nS>V Zmhr.

Ý`wcm§S>Mr AmdV©© gmaUr \$º$ 56 _wcÐì`mgmR>r _`m©XrV Amho Am{U ZdrZ
_ycÐì`mgmR>r H$moUVrhr OmJm gmoS>cocr Zmhr. Z§Va emoY cmdcoë`m _wcÐì`m§Zm
Ë`m§Mm JwUY_m©déZ Ý`wc§S>À`m gmaUrV R>odë`m OmV Zmhr.

Ý ẁc§S>Zr _wcÐì`mÀ`m amgm`{ZH$ JwUY_m©À`m AmdVuVocm g§JrV ñdamVrc AmdVuVoer
g§~§Y OmoS>Ê`mMm à`ËZ Ho$cm. g§JrV ñdamV Hw$Rw>Zhr gwé Ho$ë`mg AmR>do ñWmZ Amco
AgVm naV {VWoM nmohmoMVo. Ë`mM à_mUo Ý ẁcm§S>Zo _wcÐì`m§Zm AîQ>Ho$À`m énmV _m§S>Ur
Ho$cr. gmå` JwUY_m©Mo nmcZ Z H$aUmè`m _wcÐì`m§Zm gwÜXm Aï>H$ H«$_mV _m§S>Ê`mMm
à`ËZ Ho$cm.

_|S>{c\$Mr AmdV© gmaUr _|S>{c\$Mr AmdV© gmaUr _|S>{c\$Mr AmdV© gmaUr _|S>{c\$Mr AmdV© gmaUr _|S>{c\$Mr AmdV© gmaUr (Mendeleeff’s Periodic Table)

_|S>{c\$ ZmdmÀ`m ég emókm§Zr AmVmn ª̀V _m{hV Agcoë`m _wcÐì`m§Zm Ë`m§À`m
AUŵ mamZwgma MT>Ë`m H«$_mV EH$m H«$_~ÜX nÜXVrZo _m§S>wZ EH$m gmaUrÀ`m énmV V`ma
Ho$co. Ë`m§Zr gmaUr AmR> Cä`m am§JoV {d^mJUr Ho$cr Ë`mg JQ> (groups) åhUVmV.
àË`oH$ JQ>mg A, B Aem CnJQ>mV {d^mJUr Ho$cr. n«Ë òH$ am§JoV gmå` amgm`{ZH$
JwUY_m©Mo _wcÐì` AgVmV.

n{hë`m JQ>mVrc nm{hë`m am§JoVrc _wcÐì`mMr AmŠgrOZer {H«$`m KSw>Z  R2O
ZmdmMo gmYmaU gwÌ Agcocr g§`wJo V`ma hmoVmV. CXmhaUmW©  Li, Na Am{U K
_wcÐì`mMr AmŠgrOZer A[^{H«$`m KSw>Z AZwH«$_o Li2O, Na2O Am{U K2O g§`wJo
V`ma hmoVmV.

n[hë`m JQ>mVrc Xþgè`m am§JoVrc _wcÐì`mMr AmŠgrOZer {H«$`mKSw>Z  RO
gm_mÝ` gwÌ Agcocr g§`wJo V`ma hmomV. CXmhaUmW© Be, Mg Am{U Ca AmŠgrZer
{H«$`m KSw>Z  BeO, MgO Am{U CaO hr g§̀ wJo V`ma hmoVmV.

_|S>cr\$Zo EH$mM JQ>mVrc _wcÐì`mMo gmå` Ë`mMo gm_mB©H$ g§`wOm Ñï>rV R>odwZ
Ë`mMo dU©Z H$aÊ`mMm à`ËZ Ho$cm.

AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?
Vwåhmcm g§JrV ñdam~Ôc _m{hVr Amho H$m?
^maVr` g§JrVm_Ü ò EH$m ñHo$c_Ü ò gmV ñda AgVmV. Vo  – gm. ao, J, _, n, X, Zr AmhoV

nmíMmË` g§JrVm_Ü`o -  do, re, mi, fa, so, la, ti ZmdmMo ñda dmnaVmV. ghO[aË`m ho ñda
nwZamd¥Îm hmoVmV. àË òH$ AmR>do ñda ho n{hë`m ñdamer g_mZ AgVo Am{U {VWwZ ZdrZ ñda V`ma
hmVmo.
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Gruppe I.
–

R 2O

Gruppe II.
–

R O

Gruppe III.
–

R2O3

Gruppe IV.
RH4

RO2

Gruppe V.
RH3

R2O5

Gruppe VI.
RH2

RO3

Gruppe VII.
RH

R2H7

Gruppe VIII.
–––
RO4R

ei
h

en

1         H = 1

2 Li=7 Be=9.4 B=11 C=12 N=14 O=16 F=19

3       Na=23 Mg=24     Al=27.3 Si=28 P=31 S=32 Cl=35.5

4 K=39 Ca=40 –=44 Ti=48 V=51 Cr=52 Mn=55 Fo=56, Co=59

Ni=59, Cu=63

5 (Cu=63) Zn=65 –=68 –=72 As=75 So=78 Br=80

6 Rb=85 Sr=87 ?Yt=88 Zr=90 Nb=94 Mo=96 –=100 Ru=104, Rh=104

Pd=106, Ag=108

7 (Ag=108) Cd=112 In=113 Sn=118 Sb=122 Te=125 J=127

8 Cs=133 Ba=137 ?Di=138 ?Ce=140 – – – –  –  –  –

9 (–) – – – – – –

10 – – ?Ek=178 ?La=180 Ta=182 W=184 – Os=195, Ir=197,

Pt=198, Au=199

11 (Au=198) Hg=200 Tl=204 Pb=207 Bi=208 – –

12 – – – Th=231 – U=240 – –  –  –  –

AmdV© {Z`_ AmdV© {Z`_ AmdV© {Z`_ AmdV© {Z`_ AmdV© {Z`_ (The Periodic Law)

_|S>{c\$À`m AmdV© gmaUrVrc, _wcÐì`m§À`m JwUY_m©er g§~§YrV A§emÀ`m
{Z[aúmUmZ§Va _wcÐì`mMm JwUY_m©À`m AmdV© {Z`_mMo à{VnmXZ Imcrc àH$mao Ho$co.

_wcÐì`mMo ^m¡{VH$ d amgm`{ZH$ JwUY_© ho Ë`m _wcÐì`mÀ`m AUw^mamMo AmdV©
\$c Amho. `mcmM AmdV© {Z`_ Ago åhUVmV.

Vº$m -2 : _|S>cr\$Mr AmdV© - gmaUr Vº$m -2 : _|S>cr\$Mr AmdV© - gmaUr Vº$m -2 : _|S>cr\$Mr AmdV© - gmaUr Vº$m -2 : _|S>cr\$Mr AmdV© - gmaUr Vº$m -2 : _|S>cr\$Mr AmdV© - gmaUr (1871 Amd¥Îmr Amd¥Îmr Amd¥Îmr Amd¥Îmr Amd¥Îmr )
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_|S>_|S>_|S>_|S>_|S>cr\$À`m AmdV© gmaUrMr d¡{eï>o Am{U CncãYrcr\$À`m AmdV© gmaUrMr d¡{eï>o Am{U CncãYrcr\$À`m AmdV© gmaUrMr d¡{eï>o Am{U CncãYrcr\$À`m AmdV© gmaUrMr d¡{eï>o Am{U CncãYrcr\$À`m AmdV© gmaUrMr d¡{eï>o Am{U CncãYr
1. JQ> Am{U CnJQ> JQ> Am{U CnJQ> JQ> Am{U CnJQ> JQ> Am{U CnJQ> JQ> Am{U CnJQ> :  _|S>{c\$À`m AmdV© gmaUrV AmR> C ô ñV§̂  AmhoV Ë`mg JQ>

Ago åhUVmV. Ë`m JQ>mg amo_Z A§H$mV I Vo VIII Zr Xe©{dVmV. {Xcoë`m Cä`m
ñV§̂ mVrc (JQ>mcm) _wcÐì`mZm gmaIo JwUY_© AgVmV. n«Ë òH$ JQ> ‘A’ Am{U ‘B’
CnJQ>mV {d^mOZ Ho$ë`m OmVmo. H$moUË`mhr CnJQ>mVrc _wcÐì`m§Mm EH$ Xþgè`mer
OdiMm g§~§Y AgVmo. CXmhaUmW© CnJQ> IA  _wcÐì`m§Zm  (Li, Na, K, Rb, Cs,
Fr) AëH$cr YmVw (alkali metals) åhUVmV. Ë`m§À`m JwUY_m©V gmå` AgVo.

2. AmdV© H$miAmdV© H$miAmdV© H$miAmdV© H$miAmdV© H$mi(Periods)     : _|S>cr\$À`m AmdV© gmaUrVrc AmS>ì`m Amoircm
AmdV© H$mi åhUVmV. _|S>cr\$À`m AmdV© gmaUrV gmV AmdV© H$mc AmhoV.
Ë`mg 1 Vo 7 Zo Xe©{dVmV. AmdV© H$mcmVrc _wcÐì`mMo JwUY_© EH$_oH$m§er {^Þ
AgVmV. EH$m AmdV© H$mimV Agcoë`m gd© _wcÐì`m_Ü ò EH$mM àH$maMo JwUY_©
dma§dma òV AgVmV.

3. Zgcoë`m _wcÐì`mÀ`m JwUY_m©Mm A§XmO cmdUo Zgcoë`m _wcÐì`mÀ`m JwUY_m©Mm A§XmO cmdUo Zgcoë`m _wcÐì`mÀ`m JwUY_m©Mm A§XmO cmdUo Zgcoë`m _wcÐì`mÀ`m JwUY_m©Mm A§XmO cmdUo Zgcoë`m _wcÐì`mÀ`m JwUY_m©Mm A§XmO cmdUo : gmaUrVrc _wcÐì`mÀ`m
_m§S>UrZwgma Ë`m§Zr A§XmO cmdcm H$s, H$mhr _wcÐì` Z {_imë`m_wio Ë`m
_wcÐì`mÀ`m Cn ẁº$  OmJm gmaUrV [aH$m_r gmoS>cr.
H$mhr Z{dZ _wcÐì`m§Mm emoY Z¸$sM cmJoc Agm _|S>{c\$cm {dídmg hmoVm.

Ë`m§Zr `m Z{dZ _wcÐì`mÀ`m emoY cmJÊ`m AmYrM Ë`m§À`m JwUY_m©Mo ^m{H$V Ho$co.
Ë`m§Zr emoY cmJÊ`mnwdu  ^mH$sV Ho$coë`m `m _wcÐì`mMo JwUY_© emoY cmdë`mZ§Va Vo
JwUY_© Odi Odi gmaIoM {ZKmco.

Ë`m Z{dZ emoY cmJcoë`m _wcÐì`m§Zm B©H$m (eka) hm Cng§J© cmdwZ Ë`m
_wcÐì`mMo Zm_H$aU Ho$co. (eka is a Sanskrit word for numeral one) (B©H$m hm
EH$ g§» ògmR>r dmnaUmam g§ñH¥$V eãX Amho) Am{U gmaUrV Ë`m [aH$må`m OmJr Ë`m
_wcÐì`mMr _m§S>Ur Ho$cr. Ë`m Z{dZ _wcÐì`mZm BH$m- ~moamZ, BH$m- Aë ỳ{_ZrA_
Am{U BH$m - {gcrH$m°Z Aer Zmdo XoD$Z Ë`m§Mo JwUY_© AZwH«$_o ñH$mÝS>r`_ J°cr`_
Am{U O_©{Z`_ `m§À`m JwUY_m© gmaIo Amho. Ago ^mH$sV Ho$co.

A .A .A.A.A.
H« $.H « $.H « $.H « $.H « $.

JwUY_©JwUY_©JwUY_©JwUY_©JwUY_©  _|S>{c\$Zo ^mH$sV Ho$coco _|S>{c\$Zo ^mH$sV Ho$coco _|S>{c\$Zo ^mH$sV Ho$coco _|S>{c\$Zo ^mH$sV Ho$coco _|S>{c\$Zo ^mH$sV Ho$coco
JwUY_©JwUY_©JwUY_©JwUY_©JwUY_©

{Z[aúmU Ho$coco JwUY_©{Z[aúmU Ho$coco JwUY_©{Z[aúmU Ho$coco JwUY_©{Z[aúmU Ho$coco JwUY_©{Z[aúmU Ho$coco JwUY_©

BH$m-Aë`w{_ZrA_ (Ea) BH$m-{gcrH$m°Z (Es) J°cr`_ (1875) O_©{Z`_ (1886)

1 AUŵ ma 68 72 69.72 72.59
2 KZVm 5.9 5..5 5.94 5.47
3 AmŠgmB©S>Mo gwÌ Ea2O3 EsO2 Ga2O3 GeO2

4 Šcm|amB©S>Mo gwÌ EaCl3 EsCl4 GaCl3 GeCl4
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4. AUw^mamVrc MwH$m XþéñV H$aUoAUw^mamVrc MwH$m XþéñV H$aUoAUw^mamVrc MwH$m XþéñV H$aUoAUw^mamVrc MwH$m XþéñV H$aUoAUw^mamVrc MwH$m XþéñV H$aUo: _|S>{c\$À`m AmdV© gmaUrV _wcÐì`mZm
{ZpíMV ñWmZr R>odë`m_wio ~oarcr`_, B§S>r`_ Am{U gomZo Aem _wcÐì`mÀ`m
AUw^mam_Yrc MwH$m XþéñV H$aVm `oVo.
CXm. _|S>m{c\$À`m H$mimV ~oar{c`_ (beryllium (Be) Mm AUw^ma 13.5 homVm.
AUw^ma = g_Vwë` dOZ  × g§̀ wOm
~oarcr`_ _wcÐì`mÀ`m AUw^ma à`moJmìXmao 4.5 AmT>iwZ Amcm Am{U Ë`m§Mr
g§`wOm 3 Agë`mMr _m{hVr {_imcr. åhUwZ ~oarcr`_Mm AUw^ma  4.5 × 3 =
13.5. g_Oë`m OmV hmoVo. ̀ m AUw^mamcm gmaUrV MwH$sÀ`m JQ>mV R>odco hmoVo. Vo
åhUmco H$s, Ë`mMr g§`wOm 2 Amho. Voìhm Ë`mMm AUw^ma  4.5 × 2 = 9 hmoVo. Oa
~oarcr`_Mm AUŵ ma 9 Agë`mg Vmo _wcÐì` Xþgè`m JQ>mV òVmo Am{U Ë`mMo
JUwY_© Mg, Ca BË`mXrÀ`m g_mZ AgVo. Vo Xþgè`m JQ>mÀ`m _wcÐì`m EdT>o Amho.
Aem àH$mao B§S>r`_ Am{U gmoÝ`mMm (Indium’ and ‘Gold) AMwH$ AUŵ ma _m{hV
H$aÊ`mgmR>r Ë`m§Zr _XV Ho$cr.

5. Ag§JV loUrAg§JV loUrAg§JV loUrAg§JV loUrAg§JV loUr(anomalous series): ‘Te’ Am{U ‘I’ gma»`m _wcÐì`mMr H$mhr
Ag§JV loUrÀ`m gmaUrV {Z[aúmUmg òVo. Ag§JV loU>r_Ü ò OmñV AUŵ ma
Agcocm ‘Te’ (127.6 U) H$_r AUŵ ma Agcoë`m ‘I’ (126.9 U) noúmm g_moa
R>odë`m Joco Amho.  Aem H$mhr _wcÐì`m§Zm JQ>mV {d{eï> OmJr Z R>odUo Aem MwH$m
_|S>{c\$Zo Z§VaÀ`m H$mimV pñdH$maë`m _|S>{c\$À`m Aem AgmYmaU {dMmam_wio
BVa agm`Z emókm§Zm AmdV© gmaUrMm pñdH$ma H$aÊ`mgmR>r, AmoiIë`mgmR>r
Cn`moJr nS>cm. _|S>cr\$À`m AmdV© gmaUrcm Ë`m§Zr à{VnmXZ Ho$coë`m AmdV©
{Z`_m§Mm Mm§Jcr AmoiI {_imcr.

AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?
BH$m Aë ẁ{_Zr`_À`m {dViU q~Xþ~Ôc _§oS>{c\$ H$m` åhUmcm?
‘Oa _r Ë`mcm Vi hmVmda R>odë`mg Vo {dViVo’ Ga Mm ÐdUm§H$ 30.2oC Am{U Amnë`m

earamMo Vmn_mZ 37oC Amho.

AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?

_|S>{c\$Zo AmdV© gmaUrMm n[aM` Ho$cm Voìhm BcoŠQ´>mZMm gwÜXm emoY cmJcm ZìhVm. Var
nU AmdV© gmaUr _wcÐì`mÀ`m agm`Z JwUY_m©Mr Aä`mg H$aÊ`mgmR>r emór` AmYma R>acr.
Ë`m§À`m gÝ_mZmW© 101 ì`m _wcÐì`mMo Zmd _|So>cr{d`_ (Mendelevium) Zmd R>odÊ`mV Amco.SCERT T
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AmYw{ZH$ AmdV© gmaUr AmYw{ZH$ AmdV© gmaUr AmYw{ZH$ AmdV© gmaUr AmYw{ZH$ AmdV© gmaUr AmYw{ZH$ AmdV© gmaUr (Modern Periodic Table)

_wcÐì`m§Zm OmñV eº$s Agcoë`m BcoŠQ´>mZìXmao gVV AmKmV Ho$ë`mg n«Ë òH$
_wcÐì` EH$m d¡{eï>nwU© Z_wÝ`mMr X- {H$aUo gmoS>VmV Agm EM. Oo. _moñco (H.J.

Moseley (1913) ZmdmÀ`m {~«Q>re ^m¡{VH$ emókm§Zr emoY cmdcm. X- {H$aUmÀ`m
Z_wÝ`mMo {dícofU H$éZ Ë`m _wcÐì`mÀ`m AUwVrc YZ à^mamMr g§»`m _m{hV Ho$cr.
_wcÐì`mÀ`m AUwV Agcoë`m YZà^mamÀ`m (àmoQ>mZ) g§» |̀cm Ë`m _wcÐì`mMm AUwH«$_m§H$
åhUVmV. `m {dícofUmdéZ _moñco `m§Zm H$iwZ Amco H$s,  AUw^mamnoúmm AZwH«$_m§H$
hm _wcÐì`mMo OmñV _hËdmMo _wc^wV d¡{eï>o Amho.

_wcÐì`mMm AUw^ma _m{hV Ho$ë`mZ§Va AmdV© gmaUrV AUwH«$_m§H$mÀ`m AYmao
_wcÐì`mMr _m§S>Ur H$aUo gmo`rñH$a AgVo ho Ë`m§Zm Ho$imco. `m _m§S>Ur_wio Ag§JV
loUrMr g_ñ`m Xþa hmoVo. CXmhaUmW© Q>ocwar`_Mm AUwH«$_m§H$ Am`moS>rZ noúmm EH$ EH$H$
H$_r Agcm Var Q>ocwar`_Mm AUŵ ma Am`moS>rZ noúmm OmñV Amho. Var  ̀ m AZwH«$_m§H$mÀ`m

_|S>{c\$ AmdV© gmaUrÀ`m {g_m _|S>{c\$ AmdV© gmaUrÀ`m {g_m _|S>{c\$ AmdV© gmaUrÀ`m {g_m _|S>{c\$ AmdV© gmaUrÀ`m {g_m _|S>{c\$ AmdV© gmaUrÀ`m {g_m Limitations of Mendeleeff’s periodic table

1. Ag§JV _wcÐì`mMr OmoS>r Ag§JV _wcÐì`mMr OmoS>r Ag§JV _wcÐì`mMr OmoS>r Ag§JV _wcÐì`mMr OmoS>r Ag§JV _wcÐì`mMr OmoS>r : OmñV AUw^ma Agcoco _wcÐì` H$_r AUw^ma
Agcoë`m _wcÐì`mg_moa AmhoV. CXmhaUmW© Q>oë`war`_ (AUw^ma ( tellurium
atomic weight 127.6)  hm Am`moS>rZ (AUw^ma (iodine atomic weight
126.9) _wcÐì`mÀ`m AJmoXa Amho.

2. g_én Zgcoë`m _wcÐì`mZm EH$Ì R>odcog_én Zgcoë`m _wcÐì`mZm EH$Ì R>odcog_én Zgcoë`m _wcÐì`mZm EH$Ì R>odcog_én Zgcoë`m _wcÐì`mZm EH$Ì R>odcog_én Zgcoë`m _wcÐì`mZm EH$Ì R>odco:  {d{^Þ JwUY_© Agcoë`m _wcÐì`m§Zm
EH$m JQ>mVrc A Am{U B CnJQ>mV R>odco Amho.
CXmhaUmW© Li, Na, K  BË`mXr AëH$cr YmVw  IA  JQ>mVrc YmVw§Mr  Cu, Ag, Au
gma»`m  IB JQ>mVrc YmVw§er OmoS>rer gmå`Vm Amho.  VII JQ>mVrc ŠcmoarZ Cl
AYmVw ‘Mn’  VII B,YmVw AmhoV.

{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am
• _|S>{c\$Zo Ë`mÀ`m AmdV© gmaUrV H$mhr {ZpíMV [aH$m_r OmJm H$m gmoS>cr?

`m~Ôc Vw_Mo ñnï>rH$aU H$m` Amho?
• Ea2O3, EsO2 ~Ôc Vwåhmcm H$m` _m{hV Amho?

{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am

• gd© AëH$cr YmVw KZ pñWVrV AgwZ pìXAUw aoUw Agcocm hm`S´>moOZ dm ẁ _mÌ dm ẁ
pñWVrV AgVmo. `m hm`S´>moOZ dm`wcm Vwåhr n{hë`m JQ>mV Agcoë`m AëH$cr
gmo~V {_i{dë`mg Vwåhr gh_V AmhoV H$m?
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g§H$ënZo_wio AmdV© gmaUrMm {Z`_ ~Xccm.
AUŵ mamÀ`m g§H$ënZodéZ AUwH«$_m§H$mÀ`m g§H$ënZoV AmdV© gmaUrMm {Z`_ ~Xë`m_wio

`mg AmYw{ZH$ AmdV© gmaUr åhUVmV.
_|S>{c\$ AmdV© gmaUr Zwgma _wcÐì`mMo ^m¡{VH$, agm`Z JwUY_© ho _wcÐì`mÀ`m

AUw^mamMo AmdV© \$c Amho.
AmVm AmYw{ZH$ AmdV© {Z`_mMr _m{hVr nmhþ `m. AmYw{ZH$ AmdV© gmaUrZwgma

_wcÐì`mMo JwUY_© ho _wcÐì`mÀ`m AUw^mamMo AmdV© \$c Amho. AmYw{ZH$ AmdV©
{Z`_mAmYmao AmYw{ZH$ AmdV© gmaUrMo à{VnmXZ `oWo (nmZ 186) {Xco Amho hm
_oS>{c\$À`m _wi AmdV© gmaUrMm {dñVma Amho. ̀ mcmM gmaUrMo g§{úmá én åhUVmV.
ho AmH¥$Vr 2 _Ü`o {Xco Amho. _wcÐì`mMm AUwH«$_m§H$(Z) hm YZà^maM Zmhr Va
_wcÐì`mÀ`m AUw H|$ÐH$mVrc àmoQ>mZMr g§»`m Xe©{dVo Am{U _wcÐì`mÀ`m CXm{gZ
AUwVrc BcoŠQ´>mZMr g§»`m Xe©{dVo.

 _wcÐì`mÀ`m AUwMo ̂ m¡{VH$ Am{U agm`{ZH$ JwUY_© Ë`mVrc àmoQ>mZÀ`m g§» òdaM
ZgwZ Ë`mVrc BcoŠQ´>mZÀ`m g§»`oda Am{U AUwÀ`m _m§S>Urda (BcoŠQ´>mZrH$ g§énZ)
{Z^©a AgVo. åhUwZ AmYw{ZH$ AmdV© {Z`_ gm§JVmo H$s, _wcÐì`mMo ^m¡{VH$ Am{U
amgm`{ZH$ JwUY_© Ë`m§À`m AUwÀ`m BcoŠQ´>mZrH$ g§énUmMo AmdV© \$c AmhoV.
AmYw{ZH$ AmdV© gmaUrV _wcÐì`mMo ñWmZAmYw{ZH$ AmdV© gmaUrV _wcÐì`mMo ñWmZAmYw{ZH$ AmdV© gmaUrV _wcÐì`mMo ñWmZAmYw{ZH$ AmdV© gmaUrV _wcÐì`mMo ñWmZAmYw{ZH$ AmdV© gmaUrV _wcÐì`mMo ñWmZ

AmYw{ZH$ AmdV© gmaUrV AR>am C ô ñV§̂  AgVmV Ë`mg JQ> åhUVmV. Am{U gmV
AmS>ì`m Amoir AgVmV Ë`mg AmdV© H$mi åhUVmV.

AmYw{ZH$ AmdV© gmaUrV EH$m _wcÐì`mMo ñWmZ H$m` {ZU©̀  H$aVmV Vo nmhþ `m.
AmYw{ZH$ AmdV© gmaUrV _wcÐì`mÀ`m {ZpíMV BcoŠQ´>mZ _m§S>UrÀ`m déZ Ë`m

_wcÐì`mZm H$em àH$mao dJuH$aU H$aVm òVo. AmnU ñnï> H$é eH$Vmo. _wcÐì`mÀ`m
AUwÀ`m ~mø H$úmoVrc BcoŠQ´>mZ g§énU (eodQ>Mr H$úmm) EH$ gmaIo Agcoë`m gd©
_wcÐì`m§Zm gma»`m ñV§̂ mV _m§S>ë`m OmVo. ̀ mcmM JQ> (group) Ago åhUVmV.  EH$m
JQ>mVrc _wcÐì`m§Zm Ë`m§À`m _w»` nw§O H«$_m§H$ ( principal quantum numbers) À`m
dmT>Ë`m H«$_mZwgma R>odë`m OmVo.

AUwMr g§aMZm ̀ m YS>çmV Vwåhr {eH$Uma AmhmV. ̀ m YS>çmV  ‘s’ CnH$úmoV EH$M
H$úmrH$o_Ü ò OmñVrV OmñV XmoZ BcoŠQ´>mZ AgVmV. àË òH$ ‘p’ CnH$úmoV 3 H$úmrH$m
AgwZ Ë`mV _hÎm_ ghm BcoŠQ´>mZg AgVmV. ‘d’ CnH$úmoV 5 H${úmH$m AgwZ Ë`mV 10
BcoŠQ´>mZ AgVmV. ‘f’ CnH$úmoV 7 H${úmH$m AgwZ Ë`mV OmñVrV OmñV 14 BcoŠQ´>mZ
AgVmV.  CnH$úmoÀ`m AmYmao Ë`m_Yrc BcoŠQ´>mZMm \$aH$ ñnï> H$aVm `oVo åhUOo
H$moUË`m CnH$úmoV eodQ>Mm BcoŠQ>F$mZ àdoe H$aVo ̀ m AmYmamdéZ _wcÐì`mMo  ‘s’ ‘p’,
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‘d’ Am{U ‘f’ ãcmH$ _wcÐì` åhUwZ dJuH$aU H$aVm òVo.
CXmhaUmW© gmoS>r`_ (Na)  cm Z{dZ `oUmam BcoŠQ´>mZ 3s _YwZ `oVmo Ho$ë`m_wio

òVmo. åhUwZ ‘Na’ cm s- ãcmH$ _wcÐì` åhUVmV. Aluminium (Al) cm  ‘p’CnH$úmoVwZ
ôX _m{hV H$oë`mV Z{dZ BcoŠQ´>mZ ̀ oVo. ̀ mcm p-ãcmH$ _wcÐì` åhUVmV.  ñH$mZ{S>`_

(Scandium (Sc)  \$aH$ ñnî²Q> $Ho$ë`mZo  ‘d’ CnH$úm|VwZ Z{dZ BcoŠQ´>mZ ̀ oVo åhUwZ Vmo
d-ãcmH$ _wcX«ì` Amho. goar`_ (Cerium (Ce) Z{dZ òUmam BcoŠQ´>mZ ‘f’ CnúmoVwZ
`oVo åhUwZ Ë`mcm f-ãcmH$ _wcÐì` åhUVmV.

Imcrc _wcÐì`m§Mo BcoŠQ´>mZrH$ g§énUmMo {Z[aúmU H$am. eodQ>Mm ̀ oUmam BcoŠQ´>mZ
aoIm§H$sV Ho$cm Amho.

11Na   1s2 2s2 2p6 3s1

13Al    1s2 2s2 2p6 3s2 3p1

21Sc   1s2 2s2 2p6 3s2 3p6 4s2 3d1

58Ce  1s2 2s2 2p6 3s2 3p6  3d10 4s2 4p6 4d10 5s2 5p6 6s2 4f1

JQ> JQ> JQ> JQ> JQ> (Groups)
AmdV© gmaUrVrc Cä`m ñV§̂ mZm JQ> Ago åhUVmV. ho AmdV© gmaUrV AR>am JQ>

{dñV¥V énmV AgVmV. Vo aom_Z A§H$mV I VoVIII Zo Xe©{dVmV.  A Am{U B ho nma§nmarH$
gwMHo$ AmhoV.

 IUPAC À`m {ZU©`m n«_mUo gÜ`mÀ`m JQ>m§Zm Aa{~H$ g§»`oV 1 Vo 18 g§»`mMm
dmnamZo gwM{dVmV. AmnU `m IUPAC à{H«$`oMm Cn`moJ H$arV H$§gmV nma§nmarH$
nÜXVrMm gwÜXm dmna H$aVmo.

CXm: JQ>  2 (II A); JQ> 16 (VI A)
EH$mM JQ>mVrc _wcÐì`m§Zm _wcÐì`mMo Hw$Qw>§~ qH$dm amgm`{ZH$ Hw§$Qw>~  (element

family or chemical family.) åhUVmV.
 Li nmgwZ Fr n ª̀V Agcoco _wcÐì` Ë`mÀ`m ~mø H$úmoVrc ns1 BcoŠQ´>mZrH$

g§énmUmcm AëH$cr YmVw Hw§$Qw>~ (Alkali metal family) Ago åhUVmV.

Z _wcÐì`_wcÐì`_wcÐì`_wcÐì`_wcÐì` n 1       2        3     4              5 6

l 0 0 1 0 1 2 0 1 2 3 0 1 2 3 0
CnH$úmm 1s 2s 2p 3s 3p 3d 4s 4p 4d 4f 5s 5p 5d 5f 6s

11 Na 2 2 6 1

13 Al 2 2 6 2 1

21 Sc 2 2 6 2 6 1 2

58 Ce 2 2 6 2 6 10 2 6 10 1 2 6 1 2

V³Vm-4V³Vm-4V³Vm-4V³Vm-4V³Vm-4
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H¥$Vr H¥$Vr H¥$Vr H¥$Vr H¥$Vr 2
H$mhr s- ãcmH$ Am{U  p-ãcmH$ À`m _hËdmÀ`m _wcÐì`mÀ`m Hw§$Qw>~mMo Zmd

Imcrc VŠË`mV {Xcoco Amho.
AmdV© gmaUrMo {dñVma én nmhþZ ̀ mo½` _m{hVrZo Imcrc Vº$m ̂ am. information.

AmdV© H$mc AmdV© H$mc AmdV© H$mc AmdV© H$mc AmdV© H$mc (Periods)

AmdV© gmaUrVrc AmS>ì`m AmoitZm AmdV©H$mc åhUVmV. AmYw{ZH$ AmdV© gmaUrV
gmV AmdV© H$mc AmhoV. `m AmdV© H$mcmg Aao[~§H$ g§»`m (Arabic numerals) 1
Vo 7 Zo Xe©{dVmV.
1. EH$m {d{eï> _wcÐì`mÀ`m AUwV Agcoë`m _w»` H$úmoÀ`m g§»`odéZ Vmo H$moUË`m

AmdV© H$mcmer g§~§YrV Amho. ho R>a{dVm `ooVo. CXmhaUmW© hm`S´>moOZ (H) Am{U
{hcr`_Z (helium (He) À`m AUwV \$º$ EH$M _w»` H$úmm (K) AgVo. åhUwwZ
Vo n{hë`m (1) AmdV© H$mcmer g§~§YrV Amho. AemarVrZo  Li, Be, B, C, N, O,
F Am{U Ne  `m _wcÐì`mÀ`m AUwV XmoZ _w»` H$úmm (K Am{U L) åhUwZ Vo
AmdV©H$mc -2 er g§~§YrV Amho.

JQ >JQ >JQ >JQ >JQ >
H«$_m§H$H«$_m§H$H«$_m§H$H«$_m§H$H«$_m§H$

_wcÐì`m§À`m_wcÐì`m§À`m_wcÐì`m§À`m_wcÐì`m§À`m_wcÐì`m§À`m
Hw$Qw> §~mMo ZmdHw$Qw> §~mMo ZmdHw$Qw> §~mMo ZmdHw$Qw> §~mMo ZmdHw$Qw> §~mMo Zmd

_wcÐì`_wcÐì`_wcÐì`_wcÐì`_wcÐì`
 nmgwZ n ©̀V nmgwZ n ©̀V nmgwZ n ©̀V nmgwZ n ©̀V nmgwZ n ©̀V

eodQ>MoeodQ>MoeodQ>MoeodQ>MoeodQ>Mo
BcoŠQ´ >mÝgBcoŠQ´ >mÝgBcoŠQ´ >mÝgBcoŠQ´ >mÝgBcoŠQ´ >mÝg

eodQ>Mr H$úmmeodQ>Mr H$úmmeodQ>Mr H$úmmeodQ>Mr H$úmmeodQ>Mr H$úmm
g§énZg§énZg§énZg§énZg§énZ

g§`wOmg§`wOmg§`wOmg§`wOmg§`wOm

1 (IA) Alkali metal family Li Fr ns1 1 1
2 (IIA) Alkali earth metal family
13 (IIIA) Boron family
14 (IVA) Carbon family
15 (VA) Nitrogen family
16 (VIA) Oxygen family or

(Chalcogen family)
17 (VIIA) Halogen family
18 (VIIIA) Noble gas family

V³Vm-5V³Vm-5V³Vm-5V³Vm-5V³Vm-5

Vwåhmcm _m{hV Amho H$m`?Vwåhmcm _m{hV Amho H$m`?Vwåhmcm _m{hV Amho H$m`?Vwåhmcm _m{hV Amho H$m`?Vwåhmcm _m{hV Amho H$m`?
• AmdV© gmaUrVrc H$mhr {ZpíMV _wcÐì`mÀ`m Hw§$Qw>~mMo Zmd H$go Amco Vwåhmcm _m{hV Amho H$m?

AëH$cr YmVwMo Hw$Qw>§~AëH$cr YmVwMo Hw$Qw>§~AëH$cr YmVwMo Hw$Qw>§~AëH$cr YmVwMo Hw$Qw>§~AëH$cr YmVwMo Hw$Qw>§~: AëH$scr = dZñnVrMr amH$S>>, Na, K BË`mXr....  _wcÐì` dZñnVrÀ`m
amIonmgwZ gmÜ` Ho$cr Amho. IA JQ>mÀ`m _wcÐì`m§Zm AëH$cr YmVwMo Hw$Qw>§~ åhUVmV.
MmëH$moOZ Hw§$Qw>§~MmëH$moOZ Hw§$Qw>§~MmëH$moOZ Hw§$Qw>§~MmëH$moOZ Hw§$Qw>§~MmëH$moOZ Hw§$Qw>§~: I{ZO CËnmH$ = 16(VIA)JQ>mVrc _wcÐì` O_rZrVrc ImoXþZ H$mT>coë`m
AewÜX YmVw AgUmè`m XJS> qH$dm _mVr nmgwZ V`ma hmoVmV `mcmM MmaH$moOZg Hw$Q>§w~
(chalcogenous family) Ago åhUVmV.
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2. AmdV©H$mcmVrc _wcÐì`m§Mr g§»`m {d{dY H$úmoV BcoŠQ´>mZ H$go ^aë`mOmVo `mda
{Z^©a H$aVo àË`oH$ AmdV©H$mc hm _w»` H$úmoMm  ‘s’ CnH$úmonmgwZ gwé hmoVmo Am{U
_w»` H$úmoVrc ‘s’ Am{U‘p’ CnH$úmm ̂ aë`mZ§Va eodQ> hmoVmo. (nm{hë`m AmdV©H$mc
gmoSw>Z)
n[hcr _w»` H$úmm  K- nmgwZ gwé hmoVo. Am{U _w»` H$úmm (K) _Ü ò \$º$ EH$M
(1s) CnH$úmm AgVo. `m CnH$úmogmR>r \$º$ XmoZM àH$maMo BcoŠQ´>mZrH$ g§énZ
1s1 (H) Am{U 1s2 (He) eŠ` Amho. åhUwZ n{hë`m AmdV© H$mcmV \$º$ XomZ
_wcÐì` AgVmV.

3. Xþgam AmdV© H$mc Xwgè`m _w»` H$úmonmgwZ  (L) gwé hmoVmo.  L- H$úmoV  2s Am{U
2p`m XmoZ CnH$úmm AgVmV. 2s1 Am{U 2s2 Am{U 2p1 Vo 2p6 `m gmaIo AmR>
àH$maMo  (L) H$úmoMo BcoŠQ´>mZrH$ g§énU eŠ` Amho. åhUwZ Xþgè`m AmdV© H$mcmV
Li, Be, B, C, N O, F Am{U Ne ho AmR> _wcÐì` AgVmV. AemàH$mao Xþgè`m
AmdV©H$mcmV XmoZ  s-ãcmH$ _wcÐì` (Li, Be) Am{U ghm p-ãcmH$ _wcÐì` (B
nmgwZ Nen ©̀V)AgVmV.

4. {Vgam AmdV©H$mc {Vgè`m _w»` H$úmonmgwZ (M) gwé homVom. ̀ m _w»` H$úmoV (M)
3s, 3p Am{U 3d ̀ m {VZ CnH$úmrH$m AgVmV. n§aVw Ë`m H$úmoV BcoŠQ´>mZ ̂ aVm§Zm
‘4s’ _Ü`o BcoŠQ´>mZ ̂ aë`mZ§Va 3d _Ü ò ̂ aVmV. åhUwZ {Vgè`m AmdV©H$mcmV 8
_wcÐì` AgVmV. `m_Ü ò XmoZ s-ãcmH$ _wcÐì` (Na, Mg) Am{U ghm p-ãcmH$
_wcÐì`o (Al Vo Ar) AgVmV.

5. MdÏ`m _w»` H$úmoV (N) 4s, 4p, 4d Am{U 4f `m Mma CnH$úmrH$m AgVmV.
BcoŠQ´>mZ ^aVm§Zm AUwV àdoe H$aUmao BcoŠQ´>mZ 4s, 3d Am{U 4p `m H«$_mV
^aVmV. `m_wio MdÏ`m AmdV© H$mcmV AR>am _wcÐì`mghrV XmoZ s-ãcmH$ (K,
Ca) 10 _wcÐì` d ãcmH$ nmgwZ  (Sc VoZn) Am{U p-ãcmH$ nmgwZ ghm _wcÐì`|
(31Ga Vo 36 Kr) AgVmV. Aem àH$mao gd© {_iwZ AR>am _wcÐì ò MdÏ`m AmdV©
H$mcmV AgVmV.
AemarVrZo nmMì`m AmdV© H$mcmV (37Rb to 54Xe) 18 _wcÐì`o H$m AgVmV ̀ mMo

AmnU ñnï>rH$aU H$é eH$Vmo.
ghmì`m AmdV©H$mcmV 55Cs Vo 86 Rn EHw$U ~Îmrg _wcÐì ò AmhoV. `m_Ü ò  s-

ãcmH$  (6s) _Yrc 2 _wcÐì` Am{U f-ãcmH$ (4f) _Yrc 14 _wcÐì` d-ãcmH$ (5d)
_Yrc 6 _wcÐì`m§Mm g_mdoe Amho  p-ãcmH$ (6p) AgVmV.

‘4f’ _wcÐì`m§Zm c°WZmB©S>g (Lanthanoids or lanthanides) åhUVmV. 58Ce
Vo 71Lu `m _wcÐì`m§Mo JwUY_© 57 La `m _wcÐì`mgmaIo AgVmV. åhUwZ c°WZmB©S>g ho

hmcmoOZ Hw$Qw>§~hmcmoOZ Hw$Qw>§~hmcmoOZ Hw$Qw>§~hmcmoOZ Hw$Qw>§~hmcmoOZ Hw$Qw>§~: h°cmog = g_wÐmMo {_R>, {OZg = CËnmXHo$ 17(VIIA) JQ>mVrc OmñVrV
OmñV _wcÐì` g_wÐmÀ`m {_R>mnmgwZ {_iVmV Ë`m§Zm hmcmoOZ Hw§$Qw>§~ (halogen family)åhUVmo.
{ZpîH«$` dm`w {ZpîH«$` dm`w {ZpîH«$` dm`w {ZpîH«$` dm`w {ZpîH«$` dm`w :  18(VIIIA) `m JQ>mVrc _wcÐì` H$_r {H«$`m{ec AgVmV. Ë`m§Zm
{ZpîH«$` dm ẁ (noble gases) åhUVmV. Ë`m§À`m ~mø H$úmmMo BcoŠQ´>mZrH$ g§énU ho AmŠQ>oQ>
{Z`_mMm (octet rule) Mm AmYma Amho.
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Zmd `m _wcÐì`mgmR>r Cn ẁº$ Amho.
7 dm AmVd©H$mc AnwU© AgwZ Ë`m_wÜ`o  s-ãcmH$ (7s) Mo 2 _wcÐì` f-ãcmH$

(5f)_Yrc 14 _wcÐì` d-ãcmH$ (6d) _Yrc 10 _wcÐì ò Am{U p-ãcmH$ (7p) _Yrc
H$mhr _wcÐì`m§Mm g_mdoe Amho. 5f _wcÐì`m§Zm EŠQ>rZmB©S>g  (Actinoids or as
Actinides) åhUVmV.Vo _wcÐì` 90Th Vo 103Lr AmhoV.

 f- ãcmH$ _wcÐì`m§Zm c°WZmB©S>g Am{U EŠQ>rZmB©S>g åhUVmV. ho AmdV© gmaUrÀ`m
eodQ>r Imcr AcJ AcJ XmI{dco Amho.

YmVw Am{U AYmVw YmVw Am{U AYmVw YmVw Am{U AYmVw YmVw Am{U AYmVw YmVw Am{U AYmVw (Metals and Non metals)

8 ì`m dJm©V Vwåhr YmVw Am{U AYmVw ̀ m YS>çmV YmVwÀ`m JwUY_m© ~Ôc {eH$cmV
AmdV© gmaUrVrc _wcÐì`mÀ`m YmVwÀ`m JwUY_m©Mm Aä`mg H$é `m.

~mø H$úmoV VrZ qH$dm Ë`mnoúmm OmñV BcoŠQ´>mZ Agcoë`m _wcÐì`mZm YmVw _mZw
`m. Am{U ~mø H$úmoV nmM qH$dm Ë`mnoúmm OmñV BcoŠQ´>mZ Agcoë`m _wcÐì`m§Zm
AYmVw åhUwZ {dMmamV KoD$. ‘d’ ãcmH$_Yrc _wcÐì`m_Ü ò 3 è`m JQ>mnmgwZ 12 ì`m
JQ>mn`ªV Agcoë`m YmVw§Zm( H$mhr _wcÐì`o gmoSw>Z) g§H«$_H$ _wcÐì`o åhUVmV.  d-
ãcmH$_Yrc _wcÐì`m§À`m YmVwMr d¡{eï>o AmdV© gmaUrV S>mdrH$Sw>Z COdr H$S>o H«$_mUo
H$_r hmoV OmVo. dmñV{dH$nUo c°WoZmBS>g Am{U AŠQ>rZmB©S>g {Vgè`m JQ>mV (III B)
AgwZ Vo g§H«$_H$ _wcÐì`mV AgVmV. åhUwZ Ë`m§Zm A§Va g§H«$_H$ _wcÐì` (inner
transition elements) Ago åhUVmV.

{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am

• AmdV© gmaUrÀ`m eodQ>À`m c°WZmBS>g Am{U AŠQ´>rZmBS>g doJdoJio H$m R>odcoco
Amho?

• Oa Ë`mg gmaUrÀ`m AmV R>odë`mg Vr gmaUr H$er hmoB©c `mMr H$ënZm H$am?

AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?
AmB©S> ‘Ide’ åhUOo g§nXm  (heir) `mMm Cn`moJ Cl Vo Cl- _Ü ò ~Xc H$aÊ`mgmR>r hmoVmo.

‘Cl’ hm ŠcmoarZ AUw Amho Am{U Cl- ŠcmoamB©S> Am`Z Amho.  ‘Oid’ åhUOo g_mZ (the same)
H$mhr emóm§kmZr  57La Vo 70Yb cm c°WoZmB©S>g gmaIo H$mhtZm 58Ce Vo 71Lu cm  à{VnmXrV

Ho$co. `oWo 57La Vo 71Lu (15 _wcÐì`)21Sc Am{U 39Y cm c°WoZmBS>g _Ü`o {_i{dcm nm{hOo. hm
EH$ dmX Amho. hr gd© gwMZm BcoŠQ´>mZ g§énZmÀ`m Ñï>rZo gË` R>aVo. H$maU  21Sc, 39Y Am{U 57La
Vo 71Lu n ª̀V gd© _wcÐì`mMo EH$M ~mø H$úmm g§énZmMo Agcoco AgVmV.

EŠQ>rZmBS>gÀ`m g§X^m©V doJù`m àH$maMm dmX Amho.  90Th Vo 103Lr [H§$dm 89Ac Vo 102No
qH$dm 89Ac Vo 103Lr n ©̀V {d{dY dmX {ddmX AmhoV.
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YmVw Am{U AYmVw `m XmoKm§Mo JwU XmI{dUmar _wcÐì`o YmVwgÑî` qH$dm A§eV:
YmVw åhUVmV. Ë`m§Mo JwUY_© YmVw gmaIoM Agco Var Vo {R>gwi AmYmVw gmaIo AmhoV.
gmYmaUV: Vo AY©dmhH$ Amho. CXm.: B, Si, Ge.

s- ãcmH$mVrc gd© _wcÐì` YmVw AmhoV. n§aVw  p-I§S>mVrc (18 ì`m JQ>mMo gmoSw>Z)
_wcÐì` YmVw, AYmVw Am{U YmVw gÑe AmhoV. AmdV© gmaUrV Vwåhmcm hÔ Xe©{dUmar
aofo gmaIr {OÝ`mMr nm`ar {XgwZ `oVo. `m aofoÀ`m S>mì`m ~mOwH$S>rc _wcÐì`o YmVw
Am{U COì`m ~mOwH$S>rc _wcÐì ò AYmVw AmhoV. {OÝ`mdarc _wcÐì ò Ogo  B, Si, As,
Ge BË`mXr YmVw gÑî` AmhoV.

AmYw{ZH$ gmaUrVrc _wcÐì`mMo AmdV© JwUY_© AmYw{ZH$ gmaUrVrc _wcÐì`mMo AmdV© JwUY_© AmYw{ZH$ gmaUrVrc _wcÐì`mMo AmdV© JwUY_© AmYw{ZH$ gmaUrVrc _wcÐì`mMo AmdV© JwUY_© AmYw{ZH$ gmaUrVrc _wcÐì`mMo AmdV© JwUY_© (Periodic properties of
the elements in the modern table)

_wcÐì`mÀ`m AUwÀ`m BcoŠQ´>mZrH$ g§énUmÀ`m AmYmamdéZM AmYw{ZH$ AmdV©
gmaUrMr aMZm Ho$cr Amho. _wcÐì`mÀ`m ^m¡{VH$ Am{U amgm`{ZH$ JwUY_m©Mm g§~§Y
Ë`mÀ`m BcoŠQ´>mZ g§aénU {deof åhUOo ~mø H$úmoÀ`m g§énmUmer g§~§Y Amho.
JQ>mVrc _wcÐì`mÀ`m AUw§Zm gmaIo BcoŠQ´>mZrH$ g§énU AgVo. åhUwZ AmnU A§XmO
cmdw eH$Vmo H$s, `m JQ>mVrc gd© _wcÐì`m§Zm gmaIoM amgm`{ZH$ JwUY_© AgVmV
Am{U `mdéZ Imcr n`ªV Ë`m§À`m ^m¡{VH$ JwU_Ym©V H$«_dma ~Xc {XgwZ `oVmo.

AemàH$mao AmdV© gmaUrVrc AmdV© H$mcmV S>mdrH$Sw>Z COdrH$S>o OmV AmgVm§Zm
_wcÐì`mMo AUwH«$_m§H$ EH$ EH$H$mZo dmT>V OmVo. åhUwZ {Xcoë`m AmdV© H$mcmVrc
H$moUË`mhr XomZ _wcÐì`mMm ~mø H$úmoMo BcoŠQ́>mZrH$ g§énU gmaIo ZgVo. ̀ m H$maUm§_wio
AmdV© H$mcmVrc _wcÐì`mMo amgm`{ZH$ JwUY_© doJdoJio AgVmV. na§Vw S>mdrH$Sw>Z
COdrH$S>o ^m¡{VH$ JUwY_m©V H«$_dma ~Xc {XgwZ òVo. ho g_OwZ KoÊ`mgmR>r H$mhr
_wcÐì`m§Mo JUwY_© KoD$Z Vo JQ>mV AmdV©© H$mcmV H$go ~XcVo `mMr MMm© H$é `m.

JQ>mV Am{U AmdV© H$mcmV _wcÐì`mÀ`m JwUY_m©Mm H$c JQ>mV Am{U AmdV© H$mcmV _wcÐì`mÀ`m JwUY_m©Mm H$c JQ>mV Am{U AmdV© H$mcmV _wcÐì`mÀ`m JwUY_m©Mm H$c JQ>mV Am{U AmdV© H$mcmV _wcÐì`mÀ`m JwUY_m©Mm H$c JQ>mV Am{U AmdV© H$mcmV _wcÐì`mÀ`m JwUY_m©Mm H$c (Properties
of elements and their trends in Groups and in Periods)

1. g§`wOm g§`wOm g§`wOm g§`wOm g§`wOm (Valence): EH$m _wcÐì`mMm hm`S´>moOZ AmŠgrOZer qH$dm
AàË`úmnUo hm`S´>moOZ Am{U AmŠgrOZ ìXmao H$moUË`mhr BVa _wcÐì`mÀ`m g§`moJ
eº$scm g§`wOm åhUVmV. _wcÐì`mMr hm`S´>moOZ g§~§Yr g§`wOm hr Ë`m _wcÐì`m§Vrc
hm`S´>moOZÀ`m AUwn¡H$s Ë`m _wcÐì`mMm EH$ AUw amgm`{ZH$ [aË`m g§`moJ nmdVmo.
_wcÐì`mMr AmŠgrOZer g~§Yr g§`wOm hr Ë`m AmŠgrOZ AUwer g§`moJ nmdUmè`m
Ë`m g§»`oÀ`m XþßnQ> g§»`ocm Ë`m _wcÐì`mMr g§`wOm åhUwZ gm§JVm `oVo.

CXmhaUmW© ‘Na’ Mm EH$ AUw hm ‘H’ À`m EH$m AUwer amgm`{ZH$ g§`moJ hmoD$Z
NaH V`ma hmoVo. åhUwZ Na Mr g§̀ wOm  1Amho.  ‘Ca’Mm EH$ AUw ‘O’ À`m EH$m
AUwer g§`moJ nmdwZ  CaO V`ma homVo. åhUwZ  Ca Mr g§`wOm  2 Amho.
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gmYmaUnUo EH$m _wcÐì`mMr hm`S´>moOZer g§`wOm hr nma§nmarH$ JQ> g§»`m Amho.
Oa _wcÐì` JQ> V qH$dm Ë`mnoúmm daÀ`m JQ>mV Agë`mg Ë`mMr g§̀ wOm hr 8– JQ>
g§»`m hmoVo. CXm. ŠcmoarZMr g§`wOm 8-7 = 1 Amho.

gmYmaU nUo n{hë`m JQ>mVrc _wcÐì`mgmR>r g§`wOm 1 nmgwZ gwé hmoVo. JQ>mÀ`m
g§»`oer 4 n`ªV dmT>Vo. Am{U ImcÀ`m JQ>mgmR>r 4 nmgwZ 0 n`ªV H$_r hmoVo. (ho \$º$
_w»` JQ> ‘s’ Am{U ‘p’ ãcH$À`m _wcÐì`mgmR>r cmJw hmoVo.)

gÜ`mÀ`m H$mimV AUwÀ`m ~mø H$úmoVrc BcoŠQ´>mZÀ`m g§»`ocm Ë`m _wcÐì`Mr
g§`wOm åhUwZ KoV Amho. AmŠgrS>rH$aU g§»`oMr g§H$ënZm hr AmYw{ZH$ gm{hË`m_Ü`o
g§`wOoÀ`m g§H$ënZo EodOr KoVcr OmVo.

      H¥$Vr 3H¥$Vr 3H¥$Vr 3H¥$Vr 3H¥$Vr 3
• n{hë`m 20 _wcÐì`mMr g§̀ wOm _m{hV H$am?
• S>mdr H$Sw>Z COdr H$S>o OmVm§Zm AmdV© H$mcmV g§̀ wOm H$er ~XcVo?
• JQ>m déZ Imcr Amë`mg g§̀ wOm H$er ~XcVo?
AUw{ÌÁ`m AUw{ÌÁ`m AUw{ÌÁ`m AUw{ÌÁ`m AUw{ÌÁ`m (Atomic radius)

AUwÀ`m H|$ÐH$mnmgwZ Ë`mÀ`m ~mø H$úm|darc A§Vamcm AUw{ÌÁ`m (Atomic
radius) Ago åhUVmV.

_wcÐì`mÀ`m AUwMr {ÌÁ`m Ë`mÀ`m ñdV§Ì [ñWVrV _moOUo eŠ` Zmhr. H$maU
_wcÐì`mV H|$ÐH$m ^modVr Agcoë`m BcoŠQ´>mZMo ñWmZ R>a{dUo eŠ` Zmhr. H$go Var
AmnU YZ AdñWoV ~mOwÀ`m AUwÀ`m H|$ÐH$m_Yrc A§Va AmnU _moOw eH$Vmo. `mdéZ
AmnU àË òH$ AUwÀ`m {ÌOocm ̀ m A§Vamn¡H$s AY} A§Va {Z ẁº$ H$éZ AUwÀ`m n[a_mUmMm
A§XmO cmdw eH$Vmo. hr nÜXV KZ AdñWoV AgUmè`m YmVwÀ`m _wcÐì`mgmR>r Cn ẁº$
Amho. 75% noúmm OmñV _wcÐì` YmVw AmhoV Am{U Ë`m YmVwÀ`m AUw {ÌÁ`m§Zm YmVwMr
{ÌÁ`m åhUVmV. AUwMo n[a_mU _moOÊ`mMm Xþgam Cnm` åhUOo ghg§`wO aoUwVrc XmoZ
AUw_Yrc A§Va _moOUo hmò . Cl2 aoUwVrc XomZ ŠcmoarZ AUwÀ`m ghg§̀ wO ~§YmMr cm§~r
_moOë`mZo ŠcmoarZ AUwÀ`m n[a_mUmMm A§XmO cmdVm ̀ oVmo. AÜ`m© A§Vamcm AUw {ÌÁ`m
åhUwZ KoË`mg Ë`mcm ŠcmoarZ AUwMm ghg§̀ wO ~§Y (covalent radius) Ago åhUVmV.

AUw{ÌÁ`m hr ‘pm’ {nH$mo {_Q>a (pico meter) EH$H$mV _moOë`m OmVo.
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JQ>mVrc AUw {ÌOo_Yrc ~Xc JQ>mVrc AUw {ÌOo_Yrc ~Xc JQ>mVrc AUw {ÌOo_Yrc ~Xc JQ>mVrc AUw {ÌOo_Yrc ~Xc JQ>mVrc AUw {ÌOo_Yrc ~Xc (Variation of atomic radii in group)

AmdV© gmaUrV JQ>m_Ü ò déZ Imcr n ª̀V AUwMr {ÌÁ`m dmT>Vo. AmnU Og Ogo
JQ>mV Imcr OmVmo. Vg Vgm _wcÐì`mÀ`m AUwH«$_m§H$ dmT>Vmo. åhUwZ OmñV g§»`oV
BcoŠQ´>mZcm g_mdwZ KoÊ`mgmR>r OmñV H$úmoMr Amdí`H$Vm nS>Vo. åhUwZ JQ>mV déZ
Imcr `oV AgVm§Zm H|$Ð{H$` ~Xc Z hmoVm n[aUm_r AUwMo H|$ÐH$ Am{U ~mø
H$úmo_Yrc A§Va dmT>Vo.

AmdV©ZmVrc AUw {ÌOo_Yrc ~Xc AmdV©ZmVrc AUw {ÌOo_Yrc ~Xc AmdV©ZmVrc AUw {ÌOo_Yrc ~Xc AmdV©ZmVrc AUw {ÌOo_Yrc ~Xc AmdV©ZmVrc AUw {ÌOo_Yrc ~Xc (Variation of atomic radii in period)

_wcÐì`mMr AUw {ÌÁ`m AmdV©ZmVrb S>mdrH$Sw>Z COdrH$Sw>Z Joë`mg H$_r hmoVo.
Ooìhm AmnU COdrH$Sw>Z OmVmo Voìhm BcoŠQ´>mZ gma»`m _w»` H$úmoV àdoe H$aVmV
qH$dm ‘d’ ãcm°H$À`m A§Va H$úmoV qH$dm ‘f’  ãcm°H$À`m _wcÐì`mÀ`m A§Va H$úmoV àdoe
H$aVmV. åhUwZ Ë`m _wcÐì`mÀ`m AUwÀ`m H|$ÐH$ Am{U ~mø H$úmoVrc A§VamV H$mhr
~Xc KSw>Z ̀ oV Zmhr. na§Vw AmdV© H$mcmVrc _wcÐì`mÀ`m AUwH«$_m§H$m§V dmT> Pmë`m_wio
Ho$ÐH$s` à^ma dmT>Vmo. åhUwZ ~mhoarc H$úmoVrc BcooŠQ´>mZMo H|$Ðr` AmH$f©Z dmT>Vo.
n[aUm_r AUwÀ`m AmH$ma H$_r hmoVmo.

• _wcÐì`mÀ`m AUwMm Am{U Ë`mÀ`m Am`ZMm AmH$ma g_mZ AgVmo H$m?
Imcrc CXmhaU KoD$ `m.
gmoS>r`_À`m (Na) AUwZo EH$ BcoŠQ´>mZ J_mdcm Am{U gmoS>r`_Mm (Na+) YZ

à^maVrV Am`Z V`ma Ho$cm.
Na Am{U Na+ n¡H$s H$moUË`m Am`ZmÀ`m AmH$ma _moR>m Amho? H$m?
gmoS>r`_Mm AUwH«$_m§H$ (Na) 11Amho. åhUwZ gmoS>r`_À`m (Na) AUwV 11 àmoQ>mÝg

Am{U 11 BcoŠQ´>mZ AgVmV. Ë`mMm ~mø g§énU  3s1 Amho. XþgarH$S>o Na+ Am`ZmV
11 àmoQ>mÝg Am{U \$º$ 10 BcoŠQ´>mZ AgVmV.Na+  À`m 3s H$úmoV EH$ hr BcoŠQ´>mZ
ZgVo. åhUwZ Ë`mÀ`m ~møH$úmoMo g§énU 2s2 2p6 Amho. àmoQ>mZMr g§»`m Ë`m_Yrc
BcoŠQ´>mZÀ`m g§» ònoúmm OmñV Agë`m_wio  Na+ ion Am`ZmMo H|$ÐH$ Ë`m ~mø H$úmoVrc
BcoŠQ´>mZcm H|$ÐH$ eº$sìXmao H|$ÐH$mH$S>o AmH$fuë`m OmVo. n[aUm_r Na+  Mm AmHm$a

JQ >JQ >JQ >JQ >JQ > _wcÐì` (AUw {ÌÁ`m _wcÐì` (AUw {ÌÁ`m _wcÐì` (AUw {ÌÁ`m _wcÐì` (AUw {ÌÁ`m _wcÐì` (AUw {ÌÁ`m pm _Ü`o) _Ü`o) _Ü`o) _Ü`o) _Ü`o)

JQ> 1: Li (152), Na (186), K (231), Rb (244) Am{U Cs (262)

JQ 17: F (64), Cl (99), Br (114), I (133) Am{U At (140)

V³Vm-6V³Vm-6V³Vm-6V³Vm-6V³Vm-6

AmdV©H$mcAmdV©H$mcAmdV©H$mcAmdV©H$mcAmdV©H$mc _wcÐì` (AUw {ÌÁ`m _wcÐì` (AUw {ÌÁ`m _wcÐì` (AUw {ÌÁ`m _wcÐì` (AUw {ÌÁ`m _wcÐì` (AUw {ÌÁ`m pm _Ü`o) _Ü`o) _Ü`o) _Ü`o) _Ü`o)

2nd AmdV©H$mc Li (152), Be (111), B (88), C (77), N (74), O (66), F (64)

3rd AmdV©H$mc Na (186), Mg (160), Al (143), Si (117), P(110), S(104), Cl(99)

V³Vm-7V³Vm-7V³Vm-7V³Vm-7V³Vm-7
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chmZ hmoVmo. åhUwZ  Na+ n[a_mU Na AUwnoúmm H$_r hmoVo. gmYmaUV: _wcÐì`mÀ`m
YZà^marV Am`ZmMm AmH$ma (n[a_mU) Ë`mÀ`m CXm{gZ AUwnoúmm H$_r AgVmo.

Xþgao EH$ CXmhaU KoD$ Xþgao EH$ CXmhaU KoD$ Xþgao EH$ CXmhaU KoD$ Xþgao EH$ CXmhaU KoD$ Xþgao EH$ CXmhaU KoD$ : ŠcmoarZ (Cl) ŠcmoarZMm F$U Am`Z (Cl –) V`ma
H$aÊ`mgmR>r EH$ BcoŠQ´>mZ {_i{dcm.
• Cl Am{U Cl – n¡H$s H$moUË`m Am`ZmMm AmH$ma _moR>m Amho? H$m?

ŠcmoarZ AUwMo BcoŠQ´>mZrH$ g§énU (Cl) 1s2 2s2 2p6 3s2 3p5  Amho. Am{U
ŠcmoamBS> (Cl –) Am`ZmMo BcoŠQ´>mZrH$ g§énU 1s2 2s2 2p6 3s2 3p6 Amho. ŠcmoarZ
Am{U ŠcmoamBS> Am`ZmV àË`oH$s 17 àmoQ>mZ AmhoV. na§Vw ŠcmoarZ AUwV 17 BcoŠQ´>mZ
AmhoV. ŠcmoamB©S> Am`Z _Ü`o 18 BcoŠQ´>mZ AmhoV. åhUwZ ŠcmoarZ AUwÀ`m VwcZoV
ŠcmoamBS> Am`ZmV H|$Ð{H$` AmH$f©U ~c OmñV AgVo. åhUwZ ŠcmoarZ Cl –  AUwMm
AmH$ma ŠcmoamBS> Am`Zmnoúmm (Cl) chmZ AgVmo. gmYmaUV: _wcÐì`mMm F$U Am`Z
(anion) Ë`mÀ`m CXm{gZ AUwnoúmm _moR>çm AmH$mamV AgVmoo.

³bmoarZMm ³bmoamB‹S> Am¶Z (99 pm) Cl – (181 pm); F (64 pm) F – (64
pm); O (73 pm); O-2 (140 pm); N (75 pm); N-3 (171 pm)
• Imcr n¡H$s H$moUË`m OmoS>rMm AmH$ma _moR>m Amho?

(a) Na, Al  (b) Na, Mg+2  (c) S2-, Cl –  (d) Fe2+, Fe3+  (e) C4-, F–

Am`Zr^dZmMr eº$s Am`Zr^dZmMr eº$s Am`Zr^dZmMr eº$s Am`Zr^dZmMr eº$s Am`Zr^dZmMr eº$s (Ionization Energy)

CXm{gZ dm ẁÀ`m AUwÀ`m ~mø H$úmoVrc BcoŠQ́>mZcm ~mhoa H$mT>Ê`mgmR>r cmJUmè`m
eº$rcm Am`Zr^dZmMr eº$s(COm©) åhUVmV. _wcÐì`mMr CXm{gZ dm`wÀ`m AUwVrc
~mø eº$s,H$úmoVwZ nm{hë`m BcoŠQ´>mZcm H$mTw>Z Q>mH$Ê`mgmR>r  cmJUmè`m CO}cm
(eº$rcm) n{hcr Am`Zr^mdZ eº$s åhUVmV. _wcÐì`mÀ`m EH$ YZmË_H$ Am`ZmnmgwZ
BcoŠQ´>mZ H$mTw>Z Q>mH$Ê`mgmR>r cmJcoë`m eº$scm Xþgar Am`Zr^dZ eº$s åhUVmV.

M(g) + IE1    M+
(g) + e- (IE1= n{hcr Am`Zr^dZ eº$s)

M+
(g) + IE2   M+2

(g) + e- (IE2= Xþgar Am`Zr^dZ eº$s )

_wcÐì`mMr Am`Zr^dZ eº$s `mda {Z ©̂a H$aVo.
1.  AUwH|$Ð{H$` à^ma AUwH|$Ð{H$` à^ma AUwH|$Ð{H$` à^ma AUwH|$Ð{H$` à^ma AUwH|$Ð{H$` à^ma (Nuclear charge):  H|$Ð{H$` à^ma OmñV Agë`mg

Am`Zr^dZ eº$s OmñV AgVo. CXm. 11Na Am{U 17Cl _Ü ò ŠcmoarZ AUwMr Am`Zr^dZ
eº$s OmñV AgVo.

{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am

• _wcÐì`mMr Xþgar Am`Zr^dZ eº$s hr Ë`m _wcÐì`mÀ`m n{hë`m Am`Zr^dZ
eº$snoúmm _moR>r AgVo? H$maU?SCERT T
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2. nQ>c n[aUm_nQ>c n[aUm_nQ>c n[aUm_nQ>c n[aUm_nQ>c n[aUm_: ~mhoaÀ`m H$úmoV AgUmè`m BcoŠQ´>mZda H|$ÐH$mMm n[a_mU
AmVrc H$úmoV AgUmè`m BcoŠQ´>mZ_wio H$_r hmoVmo `mcmM nQ>c n[aUm_(screening
effect)  åhUVmV.  nQ>c n[aUm_ A{YH$ Agë`mg Am`Zr^dZ eº$s H$_r hmoVo. 3Li
Am{U 55Cs _Ü ò Agcoë`m  55Cs  À`m AmVrc H$úmoV nQ>cm n[aUm_ OmñV Agë`m_wio
Am`Zr^dZ eº$s H$_r AgVo.

3.  H${úmH$m§Mr ^oXH$ eº$s H${úmH$m§Mr ^oXH$ eº$s H${úmH$m§Mr ^oXH$ eº$s H${úmH$m§Mr ^oXH$ eº$s H${úmH$m§Mr ^oXH$ eº$s : EH$ _w»` H$úmoV AgUmè`m H$úmrH$mV H|$ÐH$mH$S>o
KwgÊ`mMr eº$s doJdoJir AgVo. CXm.4s>4p>4d>4f>  ^oXH$mV AmhoV. åhUwZ 4f
noúmm 4s BcoŠQ´>mZ H$mT>Uo gmono OmVo.  4Be 1s2 2s2 Am{U B 1s2 2s2 2p1 ̀ m _wcÐì`mV
B Mr Am`Zr^dZ eº$s H$_r AgVo. H$maU  ‘2p’ À`m VwcZoV ‘2s’Mr KwgÊ`mMr eº$s
H$_r AgVo.

4. pñWa BcoŠQ´>mZ g§énU pñWa BcoŠQ´>mZ g§énU pñWa BcoŠQ´>mZ g§énU pñWa BcoŠQ´>mZ g§énU pñWa BcoŠQ´>mZ g§énU (Stable configuration):   8O (1s22s22p4) noúmm
7N (1s22s22p3) nmgwZ EH$m BcoŠQ´>mZ H$mT>Uo gmono Amho. H$maU 7N cm pñWa AY}
^acoco g§énU AgVo.

5.  AUw{ÌÁ`m AUw{ÌÁ`m AUw{ÌÁ`m AUw{ÌÁ`m AUw{ÌÁ`m : AUw{ÌÁ`m OmñV Agë`mg Am`Zr^dZ eº$s H$_r AgVo. åhUwZ
‘F’ Mr Am`Zr^dZ eº$s ‘I’ noúmm OmñV AgVo Am{U ‘Na’Mr Am`Zr^dZn eº$s
‘Cs’noúmm A{YH$ AgVo.

AmnU AmdV© gmaUrV JQ>mV OgOgo Imcr OmVmo Vg Vgo Am`Zr^dZ eº$s H$_r
hmoV OmVo. Am{U gmYmaUnUo AmdV© H$mcmV S>mdrH$Sw>Z COdrH$S>o dmT>Vo.

Am`Zr^dZ eº$scm  kJ mol-1  _Ü ò ì`º$ H$aVmV.

Am`Zr^dZ eº$scm Am`Zr^dZ {d^d gwÜXm åhUVmV. n§aVw Ooìhm AmnU Am`Zr^dZ
{d^d nXm§Mm dmna H$aVmo Voìhm  eV AUw–1 EH$H$ {c{hUo gmò rñH$a AgVo.

Ionisation Energy Values are given in the following table in KJ/mol.

H He
1312.1 2372.3

Li Be B C N O F Ne
520.2 899.5 800.6 1086.5 1402.3 1313.9 1681 2080.7

Na Mg Al Si P S Cl Ar
495.9 737.7 577.5 786.5 1011.8 999.6 1251.5 1520.6

K Ca Ga Ge As Se Br Kr
418.8 589.8 578.8 762 947 940.9 1139.9 1350.8

Rb Sr In Sn Sb Te I Xe
403.0 549.5 558.2 708.4 834 869.3 1008.4 1170.4
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BcoŠQ´>mZMo AmH$f©U BcoŠQ´>mZMo AmH$f©U BcoŠQ´>mZMo AmH$f©U BcoŠQ´>mZMo AmH$f©U BcoŠQ´>mZMo AmH$f©U (Electron affinity)
H$mhr _wcÐì`mMo AUw Am`ZrH$ g§̀ wJo V`ma H$aVm§Zm BcoŠQ´>mZ àmá H$aVmV. AUw

BcoŠQ´>mZ àmá H$aÊ`mgmR>r g_W© AgVmo. Ooìhm AUw ~mhoarc BcoŠQ´>mZ Ë`mÀ`m
H|$ÐmìXmao AmH${f©ë`m OmVo `m AmH$f©UmV COm© _wº$ hmoVo.

Ooìhm BcoŠQ´>mZcm Ë`mÀ`m CXmgrZ dm`wÀ`m AUwV {_i{dë`m OmVo Voìhm COm©
_wº$ hmoVo. ̀ mcmM _wcÐì`mMo BcoŠQ´>mZ AmH$f©U(electron gain enthalpy) åhUVmV.
_wcÐì`mÀ`m BcoŠQ´>mZ AmH$f©Umcm Ë`m _wcÐì`mMr nwU© Cî_m àmá H$aUo gwÜXm
åhUVmV.

M(g) + e-  M-
(g) + EA (EA = BcoŠQ´>mZMo AmH$f©U )

Ooìhm BcoŠQ´>mZcm _wcÐì`mÀ`m EH$ F$U Am`Zer {_i{dVo Voìhm COm© _wº$ hmoVo.
`mcmM Ë`m _wcÐì`mMo Xþgao BcoŠQ´>mZ AmH$f©U åhUVmV. Xþgam BcoŠQ´>mZ Ë`mÀ`m EH$m
F$U Am`Zmer {_i{dë`mg àË`úmnUo H$moUVmhr _wcÐì` COm© _wº$ hmoVm§Zm XmI{dV
Zmhr. `mMm AW© Agm H$s, F$U qH$dm pìX -F$U qH$dm {Ì F$U Am`Z V`ma hmoV
Zmhr. Xþgam BcoŠQ´>mZ {_i{dë`mZ§Va COm© Xþgè`m énmV åhUOo ~§Y {Z_m©U Pmco
nm{hOo Aem [a{VZo Vr COm© _wº$ hmoVo.

AmnU Og Ogo JQ>mV Imcr OmVmo Vg Vgo BcoŠQ´>mZZo àmá Ho$cocr Cî_mMr qH$_V
H$_r hmoVo. n§aVw AmdV©ZmV S>mdrH$Sw>Z COdrH$S>o dmT>V OmVo. YmVwZm BcoŠQ´>mZ nwU©
Cî_m àmá H$aÊ`mMr qH$_V H$_r AgVo Am{U AëH$Y_u YmVw§Zm YZ qH$_Vr AgVmV.

VII A hm°cmoOÝg F (-328); Cl (-349); Br (-325); I (-295); At (-270)
VI A MmëH$moOÝg O (-141); S (-200); Ge (-195) Te (-190) PO (-174)

JQ> Bbo³Q´>m°Zer AmHf©U qH$‘V (kj mol-1$) ‘Ü¶o
V³Vm-8V³Vm-8V³Vm-8V³Vm-8V³Vm-8

Element Ist 2nd 3rd 4th 5th 6th

H 1312.1

He 2372.3 5220

Li 520.2 7300 11750

Be 899.5 1760 14850 20900

B 800.6 2420 3660 25020 32600

C 1086.5 2390 4620 6220 37820 46990

Al 577.5 1810 2750 11580 14820 18360

Ga 578.8 1980 2970 6170 8680 71390

IONIZATION POTENTIAL VALUES
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{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am

• AëH$Y_u YmVwMr BcoŠQ´>mZ Cî_m {_i{dÊ`mMr _m{hV Ho$cocr qH$_V, Am{U amOdm ẁ
YZ AgVmV. ho Vwåhr H$go$ ñnï> H$amc?

• Xþgè`m JQ>mVrc _wcÐì`mMr, CXmhaUmV ‘F’ Mr BcoŠQ´>mZ Cî_m {_i{dVo ho {Vgè`m
AmdV© H$mcmVrc gma»`mM JQ>mgmR>r CXm.  ‘Cl’ noúmm H$_r H$m AgVo?

gmaUrVrc COo}Mo F$U {MÝh åhUOo COm© _wº$ hmoUo qH$dm èhmg hmoVo. Xe©{dVo Am{U
YZ {MÝh COm© àmá H$aUo qH$dm emofë`m OmVo. Am`Zr^dZmda n«^md nmS>Umao gd©
KQ>H$ BcoŠQ´>mZ nwU© Cî_m {_i{dë`mZ§Va gwÜXm à^md nmS>Vo.

{dÚwV F$UVm {dÚwV F$UVm {dÚwV F$UVm {dÚwV F$UVm {dÚwV F$UVm (Electronegativity)

Am`Zr^dZmMr eº$s Am{U BcoŠQ´>mZ Cî_m {_i{dUo ho _wcÐì`mÀ`m ñdV§Ì AUwMo
JwUY_© AmhoV. _wycÐì`mMo AUw g§`moJ nmdë`mZ§Va Vo _wcÐì` BcoŠQ´>mZcm AmH$f©U
H$aÊ`mÀ`m gm_Ï`m©Mr VwcZm H$aÊ`mgmR>r EH$m _mnmMr JaO Amho. `mgmR>r {dÚwV
F$UVm hr g§H$ënZm _m§S>cr Amho.

EH$m _wcÐì`mMo AUw Xþgè`m _wcÐì`mÀ`m AUwer ~§YmV AgVm§Zm BcoŠQ´>mZcm
Amnë`m H$S>o AmH$f©U H$aÊ`mÀ`m gmnoúm àd¥Îmrcm {dÚwV F$UVm åhUVmV.

Am`Zr^dZ eº$s Am{U BcoŠQ´>mZ AmH$f©Umda à^md nmS>Umao gd© KQ>H$ Ë`m
_wcÐì`mÀ`m {dÚwV F$UVoda gwÜXm à^md nmS>VmV. ̀ m H$maUm_wio _wcÐì`mMr Am`Zr^dZ
eº$s Am{U BcoŠQ´>mZÀ`m AmH$f©UmMr gamgar åhUOoM {dÚwV F$UVm hmo`. `mMo
à{VnmXZ [_ëH$s_oZ (Milliken) `m§Zr Ho$co.

{dÚwV F$UVm  =     Am`Zr^dZ eº$s + BcoŠQ´>mZMo AmH$f©U
            2

cm`Zg nm°ctJ `m§Zr {dÚwV F$UVoMr [H§$_V ~§Yeº$sÀ`m AmYmao {Z`wº$s Ho$cr.
Ë`m§Zr hm`Ś>m|OZMr {dÚwV F$UVm 2.20 KoD$Z hm`Ś>moOZÀ`m gmhmæ`mZo BVa _wcÐì`mÀ`m
qH$_Vr _m{hV Ho$ë`m.

gmaUrVrc JQ>m_Ü`o Ooìhm AmnU déZ Imcr OmVmo Voìhm _wcÐì`mMr {dÚwV
F$UVm H$_r hmoVo Am{U AmdV© H$mcV S>mdrH$Sw>Z COdr H$S>o Joë`mg dmT>Vo. gdm©{YH$
{dÚwV F$UVm Agcocm _wcÐì`  ‘F’ Amho Am{U gdm©V H$_r {dÚwV F$UVm Agcocm
_wcÐì` ‘Cs’Amho.

hm°cmoOÝg F(4.0), Cl(3.0), Br(2.8), I(2.5)
2nd H$mc: Li(1.0), Be(1.47), B(2.0), C(2.5), N(3.0), O(3.5), F(4.0), Ne(-)

AmdV©H$mc _wcÐì` (hm`S´>moOZer {dÚwV F$UVm)
V³Vm-9V³Vm-9V³Vm-9V³Vm-9V³Vm-9
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YmVwMo Am{U AYmVwMo JwUY_© YmVwMo Am{U AYmVwMo JwUY_© YmVwMo Am{U AYmVwMo JwUY_© YmVwMo Am{U AYmVwMo JwUY_© YmVwMo Am{U AYmVwMo JwUY_© (Metallic and Non-Metallic Properties)

gmYmaUV: YmVw H$_r {dÚwV F$UVm JwUY_© XmI{dVmV. g§̀ wJmV gmYmaUVm Vo YZ Am`Z
Agë`mMo XmI{dÊ`mMr àd¥Îmr AgVo. `m JwUY_m©cm ~hþXm d¡Y¥Îmr YZ d¡{eï>o `m gmaIo nX
dmnaco Amho. YmVw ho d¡Y¥Îmr _wcÐì`o AmhoV.

chmZ AUw{ÌOo_wio YmVw gmYmaUV: OmñV d¡Y¥Îmr F$U AgVmV.
{Vgè`m AmdV© H$mcmMo _wcÐì`mMo n[aúmU H$é `m.

3rd H$mcmMo Na Mg Al Si P S Cl

Na Am{U Mg YmVw Amho ho AmnUmg _m{hV Amho.  Al Am{U Si ho A§eV YmVw (YmVw gÑe)
P, S Am{U Cl  ho AYmVw AmhoV. AemàH$mao AmdV© gmaUrÀ`m S>mì`m ~mOwcm YmVw Am{U COì`m
~mOwcm AYmVw AmT>iwZ ̀ oVo. AmnU AmdV© H$mcm ~amo~a (S>mdr H$Sw>Z COdrH$S>o) OmVm§Zm YmVwMr
d¡{eï>o H$_r hmoVo Am{U AYmVw d¡{eï>o dmT>Vo.

Mcm JQ>  14 (IVA) _wcÐì` KoD$ `m.
IVA JQ> C Si Ge Sn Pb

òWo H$m~©Z AYmVw , Si Am{U Ge YmVw gÑî` AmhoV. Sn Am{U Pb YmVw AmhoV.
åhUwZ AmdV© gmaUrÀ`m daÀ`m ̂ mJmV COì`m ~mOwcm AYmVw Am{U AmdV© gmaUrÀ`m Imcr

S>mì`m Am{U COì`m ~mOwcm YmVw AmhoV. `mMm AW© AmdV© H$mcmV déZ Imcr `oVm§Zm YmVwMr
d¡{eï>o dmT>VmV Am{U AYmVw d¡{eï>o H$_r hmoVmV.

_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX

{ÌHo$, Aï>Ho$, AmdV© {Z`_, AmdV© gmaUr, AmdV© H$mc, JQ>, c°WZmBS>g, AŠQ>rZmBS>g,
_wcÐì`mMo Hw§$Qw>§~, YmVw gÑí`, AmdV©Vm, AUw, {ÌÁ`m, Am`Zr^dZ eº$s, BcoŠQ´>mZ

AmH$f©U, {dÚwV F$UVm, {dÚwV KZVm

• _wcÐì`mÀ`m gma»`m JwUY_m©déZ Ë`m§Mo dJuH$aU H$aÊ`mV Amco.
• S>m~arZaMo _wcÐì`mZm§ {ÌHo$ JQ>mV {d^mOZ Ho$co Am{U Ý`w§c§S>Zr Aï>H$m§Mm {Z`_ {Xcm.
• _|S>{c\$Mm AmdV© {Z`_, _wcÐì`mMo ^m¡{VH$ Am{U amgm`{ZH$ JwUY_© ho Ë`m§À`m AUwdñVw_mZmMo

AmdV© \$c AmhoV.
• _mogcoMm AmdV© {Z_`: _ycÐì`mMo ^m¡{VH$ Am{U amgm`{ZH$ JwUY_© ho Ë`m§À`m AUwH«$_m§H$mMo

AmdV© \$c AmhoV.

AmnU H$m` {eH$cmoV?AmnU H$m` {eH$cmoV?AmnU H$m` {eH$cmoV?AmnU H$m` {eH$cmoV?AmnU H$m` {eH$cmoV?
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• AmYw{ZH$ AmdV© {Z`_: _wcÐì`mMo ^m¡{VH$ Am{U amgm`{ZH$ JwUY_© ho Ë`m§À`m BcoŠQ´>mZ g§énmMo
AmdV© \$c AmhoV.

• dmT>Ë`m AUwdñVwm_mZmÀ`m AmYmamdéZ Ho$cocr _wcÐì`mMr Ag§JV _m§S>Ur dJië`m OmVo, Ooìhm
_wcÐì`mMr _m§S>Ur Ë`m§À`m AUwg§»`oMm dmT>Ë`m H«$_m§V hmoVo, _wycÐì`mMo _wc^wV JwUY_© _mogcoZr
emoYwZ H$mT>co.

• AmYw{ZH$ AmdV© gmaUrV 18 JQ> Am{U 7 AmdV© H$mimV _wcÐì`mMrm _m§S>Ur Ho$cr Amho.
• CnH$úmoVrc BcoŠQ´>mZÀ`m ^oXmdéZ _wcÐì`mMo s, p, d, f  I§S>mV dJr©H$aU H$aÊ`mV Amco.
• gd© d- I§S>mVrc _wcÐì`m§Zm  (Zn JQ>mVrc gmoSw>Z ) g§H«$_H$ _wcÐì` åhUVmV. Am{U gd© f-I§S>mVrc

_wcÐì`mZm (c°WZmBS>g Am{U AŠQ>rZmBS>g gmoSw>Z) Am§VarH$ g§H«$_H$ _wcÐì ò åhUVmV.
• _wcÐì`mMo AmdV©JwUY_© Am{U Ë`m§Mm JQ>mVrc Am{U AmdV© H$mimVrc H$c.

AmdV© JUwY_©AmdV© JUwY_©AmdV© JUwY_©AmdV© JUwY_©AmdV© JUwY_© H $cH $cH $cH $cH $c

JQ >JQ >JQ >JQ >JQ > AmdV© H$mcAmdV© H$mcAmdV© H$mcAmdV© H$mcAmdV© H$mc

déZ Imcr S>mdr H$Sw>Z - COdr H$S>o
g§`wOm
AUw {ÌÁ`m dmT>Vo H$_r hmoVo
Am`Zr^dZ eº$s H$_r hmoVo dmT>Vo
BcoŠQ´>mZMo AmH$f©U H$_r hmoVo dmT>Vo
{dÚwV F$UVm H$_r hmoVo dmT>Vo
{dÚwV KZVm dmT>Vo H$_r hmoVo
YmVwMm ñd^md dmT>Vo H$_r hmoVo
AYmVwMm ñd^md H$_r hmoVo dmT>Vo

g§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZ
1. Ý ẁcm§S>Zr Aï>Ho$À`m {Z`_mMo à{VnmXZ Ho$co _|S>mcr\$Zo Ë`mÀ`m AmdV© gmaUrV _wcÐì`mgmR>r AmR> JQ>

_m§S>Ê`mgmR>r gwM{dco.AmYw{ZH$ AmdV© dJuH$aUmV ̀ m [Z[aúmUmMo ñnï>rH$aU Vwåhr H$go H$amc?(AS1)
2. _§oS>{c\$À`m AmdV© gmaUrÀ`m {g_m H$m` AmhoV? AmYw{ZH$ AmdV© gmaUr _|S>{c\$À`m gaUrÀ`m

{g_ocm H$go _mV H$aVo? (AS1)
3. AmYw{ZH$ AmdV© {Z`_mMr ì`m»`m {chm? AmdV© gmaUrÀ`m {dñV¥V énmÀ`m aMZoMr MMm© H$am?  (AS1)
4. AmdV© gmaUrV _wcÐì`mMo s, p, d Am{U f- ãcmH$_Ü`o H$go dJuH$aU Ho$co ̀ mMo ñnï>rH$aU Úm Am{U

`m n«H$maÀ`m dJuH$aUmMo \$m`Xo {chm? (AS1)
5. AUwH«$_m§H$ 17 Agcoë`m _wcÐì`mMo JwUd¡{eï>o {chm?  (AS1)

BcoŠQ´>mZ g§énU ____________________________________
AmdV© H$mc g§»`m ____________________________________
JQ>mMr g§»`m ____________________________________

Aä`mgmV gwYmaUm H$amAä`mgmV gwYmaUm H$amAä`mgmV gwYmaUm H$amAä`mgmV gwYmaUm H$amAä`mgmV gwYmaUm H$am
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AmdV©H$mcAmdV©H$mcAmdV©H$mcAmdV©H$mcAmdV©H$mc
g§»`mg§»`mg§»`mg§»`mg§»`m

H$úmoV ^aUoH$úmoV ^aUoH$úmoV ^aUoH$úmoV ^aUoH$úmoV ^aUo
(CnH{úmH$m)(CnH{úmH$m)(CnH{úmH$m)(CnH{úmH$m)(CnH{úmH$m)

gd© CnH${úmHo$Vgd© CnH${úmHo$Vgd© CnH${úmHo$Vgd© CnH${úmHo$Vgd© CnH${úmHo$V
OmñVrV OmñV BcoŠQ´>mZOmñVrV OmñV BcoŠQ´>mZOmñVrV OmñV BcoŠQ´>mZOmñVrV OmñV BcoŠQ´>mZOmñVrV OmñV BcoŠQ´>mZ

^aUo^aUo^aUo^aUo^aUo

AmdV© H$mcmVrcAmdV© H$mcmVrcAmdV© H$mcmVrcAmdV© H$mcmVrcAmdV© H$mcmVrc
_wcÐì`mMr EHw$U_wcÐì`mMr EHw$U_wcÐì`mMr EHw$U_wcÐì`mMr EHw$U_wcÐì`mMr EHw$U

g§»`mg§»`mg§»`mg§»`mg§»`m
1
2
3
4 4s, 3d, 4p 18 18
5
6
7 7s, 5f, 6d, 7p 32 AnwU©

_wcÐì`mMo Hw$Qw>§~ ____________________________________
g§`wOm BcoŠQ´>mZ g§»`m ____________________________________
g§`wOm ____________________________________
YmVw qH$dm AYmVw ____________________________________

6. AmdV© gmaUrMm Cn`moJ H$éZ Imcrc gmaUr nwU© H$am?  (AS1)

7. AmdV© gmaUrMm Cn`moJ H$éZ Imcrc gmaUr nwU© H$am?  (AS1)

8. _wcÐì`mMm dJuH$aUmMm {Z`_ AUw dñVw_mZmnmgwZ AUw H«$_m§H$mH$S>o H$m ~XcVo? (AS1)
9. AmdV© JwUY_© åhUOo H$m`? Imcrc JwU_Y© AmdV© H$mcmV Am{U JQ>mV H$em àH$mao ~XcVmV?

ñnï>rH$aU Úm? (AS1)
(a) AUw{ÌÁ`m  (b) Am`Zr^dZ eº$s   (c) BcoŠQ´>mZ AmH$f©U   (d) {dÚwV F$UVm
(b) Imcrc _wcÐì`mÀ`m g_whmVrc Am`Zr^dZ eº$sÀ`m H«$_mMo ñnï>rH$aU {chm.
a) Na, Al, Cl  b) Li, Be, B c) C, N, O   d) F, Ne, Na    e) Be, Mg, Ca. (AS1)

AmdV©H$mcAmdV©H$mcAmdV©H$mcAmdV©H$mcAmdV©H$mc
g§»`mg§»`mg§»`mg§»`mg§»`m

_wcÐì`m§Mr EHw$U_wcÐì`m§Mr EHw$U_wcÐì`m§Mr EHw$U_wcÐì`m§Mr EHw$U_wcÐì`m§Mr EHw$U
g§»`mg§»`mg§»`mg§»`mg§»`m

_wcÐì`_wcÐì`_wcÐì`_wcÐì`_wcÐì` À`m _Yrc EHw$U _wcÐì`À`m _Yrc EHw$U _wcÐì`À`m _Yrc EHw$U _wcÐì`À`m _Yrc EHw$U _wcÐì`À`m _Yrc EHw$U _wcÐì`

nmgwZnmgwZnmgwZnmgwZnmgwZ n`ªVn`ªVn`ªVn`ªVn`ªV s-ãcmH$$$$$ p-ãcmH$$$$$ d-ãcmH$$$$$    f-ãcmH$
1
2
3
4
5
6
7
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g§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZ
1. Imcr A, B, C, D _wcÐì`mMo BcoŠQ´>mZ g§énU {Xco Amho. (AS1)

A.1s2  2s2 1. gma»`m AmdV© H$mcmV òUmar _wcÐì` H$moUVr?
B.1s2 2s2 2p6 3s2 2. gma»`m JQ>mV `oUmao _wcÐì` Ho$mUVo AmhoV?
C.1s2 2s2 2p6 3s2 3p3 3. H$moUVo _wcÐì` {ZpíH«$` dm ẁ AmhoV?
D.1s2 2s2 2p6 4. C _Yrc _wcÐì` H$moUË`m JQ>mer Am{U AmdV© H$mcmer g§~§YrV Amho?

2. a. Imcrc {Xcoë`m gmaUrVrc àË`oH$ _wcÐì`mMr BcoŠQ´>mZ g§`wOm g§»`m JQ>g§»`m Am{U AmdV©
H$mc g§»`m {chm?   (AS1)

b. Imcrc _wcÐì`o JQ> (G), AmdV© H$mc (P) er g~§YrVrV Amho qH$dm JQ> Am{U AmdV© H$mc (N)
er g§~YrV Zmhr Vo g§mJm?   (AS1)

3. gmYmaUVm: JQ>mVrc _wcÐì ò gma»`m JwUY_m©Mo AgVmV. na§Vw AmdV©H$mcm darc _wcÐì ò {^Þ
JwUY_m©Mo AgVmV. `m H$WZmcm Vwåhr H$go ñnï> H$amc?(AS1)

4. 18 ì`m JQ>mVrc _wcÐì`o gmoSw>Z s - ãcmH$> Am{U  p - ãcmH$Mo _wcÐì` {ZgJm©V {dnwc n«_mUmV
CncãY Agë`m_wio H$Yr H$Yr Ë`m§Zm _wcÐì`mMm à{V{ZYr åhUVmV. ho ~amo~a Amho H$m?
H$maU?(AS1)

5. X, Y Am{U Z _wcÐì`mMo BcoŠQ´>mZ g§énU Imcr {Xcoco Amho?
a) X = 2 b) Y = 2, 6 c) Z = 2, 8, 2
i) Xþgè`m AmdV© H$mcmVrc _wcÐì` H$moUVm Amho? ii) Xþgè`m JQ>mVrc _wcÐì` H$moUVm Amho?
iii) 18 ì`m JQ>mVrc _wcÐì` H$moUVm Amho?

_wcÐì`_wcÐì`_wcÐì`_wcÐì`_wcÐì` G/P/N

Li,C,O
Mg, Ca, Ba
Br, Cl, F
C,S, Br
Al, Si, Cl
Li, Na, k
C,N,O
K, Ca, Br.

_wcÐì`_wcÐì`_wcÐì`_wcÐì`_wcÐì`  BcoŠQ´>mZ g§`wOm BcoŠQ´>mZ g§`wOm BcoŠQ´>mZ g§`wOm BcoŠQ´>mZ g§`wOm BcoŠQ´>mZ g§`wOm JQ> g§»`mJQ> g§»`mJQ> g§»`mJQ> g§»`mJQ> g§»`m AmdV© H$mc g§»`mAmdV© H$mc g§»`mAmdV© H$mc g§»`mAmdV© H$mc g§»`mAmdV© H$mc g§»`m

gë\$a
AmŠgrOZ
_°½Zo{e`_
hm`S´>omOZ
âcmoarZ
Amë ẁ{_Zr`_
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6. Imcrc OmoS>rn¡H$s _moR>r AUw{ÌÁ`m Agcocm _wcÐì` AmoiIwU Ë`m g_moa (3) {MÝhm§Mr IwU H$am?
(AS1)
(i) Mg or Ca (ii) Li or Cs (iii) N or P (iv) B or Al

7. Imcrc OmoS>rn¡H$s H$moUË`m OmoS>rMr Am`Zr^dZ eº$s H$_r Amho Ë`mg (3) {MÝhmZo IwU H$am?
(AS1)
(i) Mg or Na (ii) Li or O (iii) Br or F (iv) K or Br

8. Imcrc g§X^m©V YmVwMo JwUY_© H$go ~XcVmV?
i. AmdV© H$mcmV Imcr Joë`mg ii. AmdV© H$mcmV S>mdrH$Sw>Z COdrH$S>o Joë`mg

9. Mg, gmaIo amgm`{ZH$ JwUY_© Agcoë`m XmoZ _wcÐì`mMr Zmdo Úm. H$moUË`m A§emÀ`m AmYmao Vwåhr
{ZdS> Ho$cr? (AS2)

10. ^mH$sV Ho$coë`m AUwH«$_m§H$mÀ`m AmYmao 9,37,46 Am{U 64 AUwH«$_m§H$ Agcoco _wcÐì` H$moUË`m
ãcmH$er g§~§YrV Amho? (AS2)

11. AmdV© gmaUrMm Cn òmJ H$éZ 13 ì`m JQ>mVrc  X _wcÐd` Am{U 16 ì`m JQ>mVrc  Y
_wcÐì`m_YwZ V`ma hmoUmè`m g§̀ wJmMo ^mH$sV gwÌ {chm? (AS2)

12.  X ZmdmMo _wcÐì` gmaUrV {Vgè`m AmdV©H$mcmer Am{U Xþgè`m JQ>mer g§~§YrV Amho.
(a) EHw$U ìhco§er BcoŠQ´>mZ (b) g§̀ wOm (c) YmVw qH$dm AYmVw Amho.  (AS2)

13. EH$m _wcÐì`mMm AUwH«$_m§H$ 19 Amho. Va _wcÐd AmdV© gmaUrV Hw$R>o Agw eH$Vo Am{U H$m
AgVmo?  (AS2)

14. AmdV© gmaUrÀ`m dJuH$aUmV _wcÐì`mÀ`m AUwÀ`m BcoŠQ´>mZ g§énUmÀ`m ^w{_HoMr Vwåhr H$er
à§egm H$amc?  (AS6)

15. _wcÐì`mÀ`m AUwMo BcoŠQ´>mZ g§énU _m{hV ZgVm§Zm _|S>{c\$Zo AmYw{ZH$ AmdV© gmaUrÀ`m _m§S>Ur
gmaIr _wcÐì`mMr _m§S>Ur Ho$cr. Vwåhr Ë`m§À`m H$m`m©Mo H$m¡VwH$ H$go H$amc? (AS 6)

16. AmdV© gmaUrV hm`S´>moOZÀ`m ñWmZm{df`r Vwåhr {Q>ßnUr {chm? (AS7)
Cƒ {dMma gaUrMo àíZCƒ {dMma gaUrMo àíZCƒ {dMma gaUrMo àíZCƒ {dMma gaUrMo àíZCƒ {dMma gaUrMo àíZ
1. AmdV© gmaUrVrc _wcÐì`mÀ`m ñWmZmÀ`m _XVrZo amgm`{ZH$ JwUY_m©Mo ̂ mH$sV H$aÊ`mgmR>r H$em

àH$mao _XV hmoVo? CXmhaU XoD$Z ñnï> H$am? (AS7)
2. AmdV© gmaUrV Xþgè`m AmdV© H$mcmVrc X ZmdmMm _wcÐì` Y _wcÐì`mÀ`m COì`m ~mOwcm Amho.

Va `mVrc Ho$mUË`m _wcÐì`mV Imcrc JwUY_© AgVmV.
(i) Aën H|$ÐH$s` à^ma (ii) chmZ AUw AmH$ma (iii) OmñV Am`Zr^dZ eº$s
(iv)OmñV {dÚwyV F$UVm (v) AYrH$ YmVwMr d¡{eï>o                                                  (AS1)

1. AmdV© gmaUrÀ`m {dñV¥V énmVrc Xþgè`m JQ>mVrc _wcÐì`mMr g§»`m [ ]
a)  2 b)  8 c)  18 d)  32

2. Amd©Z gmaUrV V ì`m JQ>mVrc _wcÐì` Zm`Q´>moOZ (Z = 7) Amho. Ë`m JQ>mV `mÀ`mda `oUmè`m
_wcÐì`mMm AUwH«$_m§H$ [ ]
a)  9 b)  14 c)  15 d)  17

n`m©`r àíZmMo CÎma {ZdS>mn`m©`r àíZmMo CÎma {ZdS>mn`m©`r àíZmMo CÎma {ZdS>mn`m©`r àíZmMo CÎma {ZdS>mn`m©`r àíZmMo CÎma {ZdS>m
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3. 2, 8, 7 BcoŠQ´>mZ g§énU _wcÐì`mMo Imcrc n¡H$s H$moUË`m EH$m _wcÐì`mer amgm`{ZH$ gmå`
Amho? [ ]
a) Zm`Q´>moOZ (Z=7) b) âcmoarZ (Z=9) c) \$mñ\$mag(Z=15) d) AmJm©Z(Z=18)

4. Imcrc n¡H$s H$moUVm YmVw A{YH$ {H«$`m{ec Amho? [ ]
a) {cWr`_ b) gmoS>r`_ c) nmoQ>°{e_` d) é{~S>r`_

1. Aë ẁ{Z_r`_ IomcrÀ`m Vmn_mZmda nmÊ`mer {H«$`m KSw>Z ̀ oV Zmhr. na§Vw gm¡å` HCl Am{U NaOH
ÐmdUmer {H«$`m KS>Vo. `m {dYmZmMr à`moJmìXmao VnmgUr H$am. Vw_À`m {Z[aúmUmcm amgm`{ZH$
g_rH$aUmV {chm. darc {Z[aúmUm déZ Al  hm YmVw gÑí` Amho Agm {ZîH$f© H$mTw> eH$Vmo
H$m?(AS3)

1.  VIII A JQ>mÀ`m _wcÐì`mMr A{^{H«$`m{ecVo ~Ôc A§VaOmim _YwZ _m{hVr Jmoim H$am. qH$dm
Vw_À`m emioVÀ`m J«§Wmc`mVwZ Jmoim H$éZ Ë`m§À`m {deof JwUY_m©Zwgma AmdV© gmaUrVrc BVa
_wcÐì`mÀ`m VwcZoV EH$ [anmoQ>© V`ma H$am?(AS4)

2·. IA JQ>mer g§~§YrV _wcÐì`mMo JwUY_© Ë`m JQ>mV déZ Imcr `§oVmZm dmT>Vo. `m A§emda Omoa
XoÊ`mgmR>r Ë`m g§~§YrV Cn ẁº$ _m{hVr Jmoim H$éZ EH$ Ahdmc V`ma H$am?(AS4)

gwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ën

gwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJ
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_mJrc YS>çmV Vwåhr _wcÐì`m§Mo BcoŠQ´>mZ g§énU Am{U AmdV© gmaUr{df`r
{eH$cmV. AmVmn ª̀V 115 _wcÐì`m~Ôc {eH$cmo.
• Vr _wcÐì ò H$moUË`m pñWVrV AgVmV?
• Vr _wcÐì ò AcJ AcJ AgVmV H$m g_whmV (JQ>mV) AgVmV.?

9 ì`m dJm©V AmnU nm{hco H$s, AmŠgrOZ, Zm`Q´>moOZ Am{U hm`S´>moOZ gmaIr
_wcÐì ò pìXAUw aoUw gmaIr AgVmV. `m AUw KQ>H$m§Zm aoUwV EH${ÌV AmUUmao ~c
H$moUVo Amho.
• AUwÀ`m énmV AgUmar _wcÐì`o AmhoV H$m?
• H$mhr _wcÐì ò aoUw gmaIr AgVmV Am{U H$mhr _wcÐì ò AUwgmaIr H$m AgVmV?

_mJrc dJm©V Vwåhr {d{dY amgm`{ZH$ {Z`_m ~Ôcm {eH$cmV. AZoH$ _wcÐì`mMo
AUw {d{dY n«H$maÀ`m _wcÐì`mÀ`m g§`moJmZo amgm`{ZH$ g§`wJo V`ma hmoVmV `m
{df`m_wio AZoH$ àH$maMo àíZ CØ^dVmV.
• H$mhr _wcÐì ò Am{U g§̀ wJo OmoamV A{^{H«$̀ m H$m H$aVmV Am{U H$mhr {ZpíH«$̀  H$m AgVmV?
• nmUr  H2O Am{U gmoS>r`_ ŠcmoamB©S>cm amgm`{ZH$ gwÌ AgVo. n§aVw NaCl Am{U

HO2 Am{U NaCl2 cm H$m ZgVo?
• H$mhr _wcÐì ò g§̀ moJ nmdVmV nU H$mhr _wcÐì` H$m g§̀ moJ H$m nmdV Zmhr. Aem

àíZmMr CÎmao AmnU XoÊ`mMm à`ËZ H$é `m.
• _wcÐì ò Am{U g§̀ wJo ghO[aVrZo doJdoJù`m AUw§Zr d¡̀ {º$H$ nUo _m§Sw>Z V`ma hmoVmV H$m?
• AUw_Ü`o H$moUVohr AmH$f©U AgVo H$m?

Mcm {_R>mMo NaCl CXmhaU KoD$ `m. Ooìhm Vwåhr {_R>mcm eoH$s¨J _erZ ìXmao
hmc{dë`mg gmoS>r`_ Am{U ŠcmoarZ doJio hmoVmV H$m? Zmhr, `mdéZ {XgwZ `oVo {H$
gmoS>r`_ Am[U ŠcmoarZMo AUw EH$Ì YéZ R>odVmV.
• Ë`m§Zm EH$Ì YéZ R>odUmao H$m` Amho?

amgm`{ZH$ ~§Y

8
YS>mYS>mYS>mYS>mYS>m

(Chemical Bonding)
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19 ì`m eVH$mÀ`m eodQ>r Am{U 20 ì`m eVH$mÀ`m gwédmVrcm emókm§Zr {VZ
n«H$maÀ`m ~cmMr _m{hVr KoVcr. Vo ~c åhUOo JwéËdmH$mf©U, Mw§~H$s` ~c Am{U
{dÚwV {ñWVrH$ ~c Amho. Ë`mZr BcoŠQ´>mZg Am{U àmoQ>mÝgÀ`m AñVrËdmMr gwÜXm
_m{hVr KoVcr. {dÚwV pñWVrH$ ~c ho aoUwVrc AUw_Yrc AmH$f©U ~cmgmR>r H$maUr ŵV
Amho. Agm Ë`m§Zm {dídmg dmQ>cm. Ooìhm XmoZ AUw nwaogo Odi `oVmV Voìhm AUwMo
n«Ë`oH$ BcoŠQ´>mÝg BVa AUwÀ`m H|ÐH$mÀ`m AmH$f©U ~cmMm AZw^d H$aVmV. na§Vw F$U
à^marV BcoŠQ´>mZ EH$_oH$m§nmgwZ Xþa OmVmV, Ë`mM à_mUo YZ à^marV H|$ÐHo$ gwÜXm
EH$_oH$m§er à{VH$f©U H$aVmV. AmH$f©U qH$dm à{VH$f©UmMr eº$s ~§Y V`ma H$aÊ`mMm
{ZíM` H$aVmV. Ooìhm AmH$f©U à{VH$f©Umnoúmm OmñV AgVo Voìhm AUw g§`moJ nmdV
Zmhr. Ooìhm AUw EH$Ì `oVmV, Voìhm Am§VarH$ H$úmoVrc H|$ÐH$ Am{U BcoŠQ´>mÝg da
H$moUVmhr à^md nS>V Zmhr. na§Vw AUwÀ`m ~mø H$úmoVrc BcoŠQ´>mÝg(§~mø H$úmm) da
à^md nS>Vmo.

`m à`moJmìXmao g§`wJmVrc YmVwMm ^mJ F$U AJ«mH$S>o
Am{U AYmVwMm ^mJ YZ AJ«mH$S>o OmVmZm nm{hco. `m
AmYmamZo YZ à^marV H$UmgmR>r YmVw H$maUr^wV AgwZ F$U
à^maVrV H$UmgmR>r AYmVw H$maUr^wV AgVo ̀ mMo à{VnmXZ
Ho$co. g§`wJm_Ü`o  {dÚwV ñWrVr ~cm_wio {déÜX à^ma
Agcoco H$U EH$Ì òVmV. `m ñnï>rH$aUmer Vwåhr gh_V
Amho H$m? H$maU? `m ñnï>rH$aUm Xaå`mZ NaCl, KCl
BË`mXr _Yrc ~§Ym{df`r ñnï>rH$aU XoD$ eH$Vm H$m? H$m~©Z g§̀ wJo qH$dm _wcÐì`mÀ`m pìXAUw -
aoUwVrc ~§YmMo ñnï>rH$aU XoVm `oV Zmhr.

A Votaic pile

S>odrMm à`moJ S>odrMm à`moJ S>odrMm à`moJ S>odrMm à`moJ S>odrMm à`moJ (Davy’s experiment )

c§S>Z _Yrc am°`c BÝñQ>r`wQ> _Yrc
agmZemók h§àr S>odr (Humphry Davy

(1778-1819)`m §Zr 250 YmVwÀ`m
MH$Ë`m§Zr {dÚwV KQ>mMr (~°Q>ar) aMZm
Ho$cr. 1807 _Ü ò `m ~°Q>arVwZ CËnÞ
Pmcoë`m {dÚwVMm dmna H$éZ úmamÀ`m
ÐmdUmnmgwZ {dÚwV {dKQ>ZmZo nmoQ>°{e`_
Am{U gmoS>r`_ gmaIo A{YH$ {H«$`m{ec
YmVw V`ma H$aÊ`mV Amco.

S>o{dìXmao à`moJmMo _m§S>UrS>o{dìXmao à`moJmMo _m§S>UrS>o{dìXmao à`moJmMo _m§S>UrS>o{dìXmao à`moJmMo _m§S>UrS>o{dìXmao à`moJmMo _m§S>Ur

AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?
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AUwVrc ~§Y V`ma homÊ`mgmR>r eodQ>À`m H$úmoVrc BcoŠQ´>mÝg H$maUr ŵV R>aVmV.
_mJrc YS>çmV Vwåhr Cî_mXm`r A{^{H«$`m Am{U Cî_mJ«mhr A{^{H«$ ò ~Ôc

Aä`mg Ho$cm. AmdV©  gmaUrVrc _wcÐì`m§À`m {H«$`m{ecVo {df`r gwÜXm Vwåhr
Aä`mg Ho$cm.

H$hmr _wcÐì` OmñV {H«$`m{ec Am{U H$mhr H$_r {H«$`m{ec AgVmV.
• H$mhr {ZpíMV amgm`{ZH$ A{^{H«$ òV COm© H$m emofë`m OmVo Am{U H$mhrV COm©

H$m gmoS>ë`m OmVo?
• emofcocr COm© Hw$R>o OmVo?
• AUw_Yrc ~§Y V`marV Am{U CO}V H$mhr g§~§Y Amho H$m?
• _wcÐì`mÀ`m {H«$`m{ecVo_Ü ò \$aH$ òÊ`mMo H$maU H$m` Agoc?
co{dgMo {MÝh {H$§dm qQ>~mMr g§aMZm co{dgMo {MÝh {H$§dm qQ>~mMr g§aMZm co{dgMo {MÝh {H$§dm qQ>~mMr g§aMZm co{dgMo {MÝh {H$§dm qQ>~mMr g§aMZm co{dgMo {MÝh {H$§dm qQ>~mMr g§aMZm Lewis symbols (or) Lewis dot structures:

BcoŠQ́>mZ g§énZmÀ`m AmYmao AmdV© gmaUrMo dJuH$aU Am{U _wcÐì`mÀ`m _m§S>Ur_wio
agm{ZH$ ~§YmÀ`m Z{dZ {dMmamMr _m§S>Ur Pmcr.

{ZpíH«$` dm`wÀ`m emoYmZo Am{U Ë`m§À`m BcoŠQ´>mZ g§énmZmÀ`m _m{hVrdéZ
_wcÐì`mÀ`m AUwV V`ma hmoUmè`m amgm`{ZH$ ~§YmMo ñnï>rH$aU H$aÊ`mg _XV {_iVo.
ewÝ` JQ>mer g§~§YrV {ZpíH«$` dm`w BVa _wcÐì`mÀ`m VwcZoV {d{^Þ JwUY_m©Mo
AgVmV. ho dm ẁ Iwn H$_r {H«$`m{ec qH$dm H$_r amgm`{ZH$ ~Xc qH$dm H$moUË`mhr
n«H$maMo amgm`{ZH$ ~Xc KSw>Z òV Zmhr. Vo pñWa AgwZ Vo ñdVmer qH$dm BVa
_wcÐì`mÀ`m AUwer g§`moJ nmdwZ H$gcocr aoUw V`ma H$aV Zmhr.
• `m _mJrc H$maU H$m` Amho?

Mcm _m{hVr KoD$ `m.
_mJrc YS>çmVrc AmdV© gmaUrMo {Z[aúmU H$éZ Imcrc Vº$m ^am.

Vº$m-1Vº$m-1Vº$m-1Vº$m-1Vº$m-1

Xþgè`m Am{U {Vgè`m ñV§̂ mH$S>o nmhm. {hcr`_cm (Helium (He) gmoSw>Z gd©
{Z{H«$` dm ẁÀ`m ~mø H$úmoV AmR> BcoŠQ´>mÝg AmhoV. ho ñnï> {XgwZ `Vo.

_wcÐì`_wcÐì`_wcÐì`_wcÐì`_wcÐì` Z BcoŠQ´>mZ g§énZBcoŠQ´>mZ g§énZBcoŠQ´>mZ g§énZBcoŠQ´>mZ g§énZBcoŠQ´>mZ g§énZ d°coÝgr BcoŠQ´>mÝgd°coÝgr BcoŠQ´>mÝgd°coÝgr BcoŠQ´>mÝgd°coÝgr BcoŠQ´>mÝgd°coÝgr BcoŠQ´>mÝg
(_wº$ BcoŠQ´>mZ)(_wº$ BcoŠQ´>mZ)(_wº$ BcoŠQ´>mZ)(_wº$ BcoŠQ´>mZ)(_wº$ BcoŠQ´>mZ)K L M N

{hcr`_ (He) 2 2 2
{Z`moZ (Ne) 10 2 8 8
AmJm©Z (Ar) 18 2 8 8 8
{H«$ßQ>mZ (Kr) 36 2 8 18 8 8SCERT T
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18 ì`m JQ>mVrc _wcÐì`mÀ`m AUwÀ`m {d{dY H$úmoVrc BcoŠQ´>mZMr _m§S>Ur Vº$m-
1 _Ü`o XmI{dcr Amho. _wcÐì`mÀ`m AUwVrc d°cÝgr BcoŠQ´>mZMo co{dg {MÝh qH$dm
BcoŠQ´>mZ q~Xþ g§aMZoìXmao g§{úmá énmV H$miOrnwd©H$ dU©Z Ho$co Amho. AUwÀ`m AmVrc
H$úmoVrc BcoŠQ´>mZcm Am{U H|$ÐH$mg _wcÐì`mÀ`m {MÝhmV Am{U ~mhoarc H$úmoVrc
BcoŠQ´>mÝgcm qQ>~mZo qH$dm X {MÝhmZo Xe©dw eH$Vmo.

Vo H$go nmhþ ̀ m ? AmJm©Z Am{U gmoS>r`_  (argon and sodium) AUwMr co{dg
q~Xþ g§aMZm Imcr {c{hcocr Amho.

Mcm AmJm©Z nmgwZ gwédmV H$é. `mÀ`m AUwV AmR> g§̀ wOm BcoŠQ´>mÝg AgVmV.
àW_ AmJm©Z _wcÐì`mMr g§km {chm.       Ar
g§koÀ`m ^modVmcr _wº$ BcoŠQ´>mZ R>odm. _wcÐì`mÀ`m Mmahr ~mOwcm EH$mM doir

XmoZ {Q>§~ R>odm.
Aem àH$mao òVo.

AemarVrZo gmoS>r`_ _Yrc _wº$ BcoŠQ´>mZ EH$m AmhoV Am{U Ë`m§Mr g§km NaAmho.
AmnU `oWo BcoŠQ´>mÝg gmR>r H«$mg {MÝh ( x) Mm dmna H$é eH$Vmo.

{ZpíH«$` dm ẁ (amOdm ẁ) À`m AUwMr co{dg q~Xþ aMZm Imcr {Xcoë`m AmhoV.

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr   1
Imcr {Xcoë`m VŠË`mVrc _wcÐì`mgmR>r co{dgMr g§aMZm {chm. Am{U AmdV©

gmaUrMo {Z[aúmU H$éZ _wcÐì`mMm AUwH«$_m§H$ ^am.
Vº$m Vº$m Vº$m Vº$m Vº$m  – 2:

: Ar ::
:

Nax

He

: : Kr ::
: : Ne ::
:

: Xe ::
: : Ar ::
: : Rn ::
:

_wcÐì`_wcÐì`_wcÐì`_wcÐì`_wcÐì` hm`S´ >m oOZhm`S´ >m oOZhm`S´ >m oOZhm`S´ >m oOZhm`S´ >m oOZ {hcr`_{hcr`_{hcr`_{hcr`_{hcr`_ ~oarcr`_~oarcr`_~oarcr`_~oarcr`_~oarcr`_ ~moam °Z~moam °Z~moam °Z~moam °Z~moam °Z H$m~ ©ZH$m~ ©ZH$m~ ©ZH$m~ ©ZH$m~ ©Z Zm`Q´ >m oOZZm`Q´ >m oOZZm`Q´ >m oOZZm`Q´ >m oOZZm`Q´ >m oOZ AmŠgrOZAmŠgrOZAmŠgrOZAmŠgrOZAmŠgrOZ

JQ> g§»`m 1
_wº$ 1
BcoŠQ´>mZ
co{dgMr qQ>~H.
g§aMZm
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AmdV© gmaUrH$S>o nmhm. _wº$ BcoŠQ´>mÝgÀ`m g§» òV Am{U JQ> g§» òg H$mhr g§~§Y
Vwåhmcm {XgwZ `oVmo H$m? JQ> -1 -2 Am{U 13-18 gmR>r _wº$ BcoŠQ´>mÝgMr g§»`m
H$mT>Ê`mgmR>r AmnU AmdV© gmaUrMm Cn`moJ H$é eH$Vmo. JQ> 1 _Ü ò ~mø H$úmoV EH$
BcoŠQ´>mZ AgVmo JQ> -2 _Ü ò 2 Am{U JQ> 13 _Ü ò VrZ BcoŠQ´>mÝg AgVmV.
• {ZpíH«$` dm ẁÀ`m co{dg {Q>§~ g§aMZoV Am{U Vº$m-1 _Ü ò XmI{dcoë`m `m

_wcÐì`mÀ`m AUwÀ`m BcoŠQ´>mZ g§énUmdéZ Vw_À`m cúmmV H$m` `oVo?
amgm`{ZH$ JwUY_m©V ̂ mJ KoUmè`m _wcÐì`m§Zm Aï>Ho$ qH$dm  ns2 np6  g§énU ̀ oVo.

ho g§énZ {ZpíH«$` dm`w À`m g_mZ Agë`mMo AmT>iwZ `oVo. Aï>Ho$ g§énU ho gm_mÝ`
H$aUM Amho. na§Vw Vmo {Z`_ Zmhr. H$maU `m {Z`_mcm H$mhr {g_m AmhoV.
co{dg Am{U H$mogcoMm d°coÝgr BcoŠQ´>mZ {gÜX§mVco{dg Am{U H$mogcoMm d°coÝgr BcoŠQ´>mZ {gÜX§mVco{dg Am{U H$mogcoMm d°coÝgr BcoŠQ´>mZ {gÜX§mVco{dg Am{U H$mogcoMm d°coÝgr BcoŠQ´>mZ {gÜX§mVco{dg Am{U H$mogcoMm d°coÝgr BcoŠQ´>mZ {gÜX§mV

AUw_Yrc amgm`{ZH$ ~§YmMr V`mar BcoŠQ́>mZÀ`m ̂ mfoV ñnï> H$aÊ`mMm  {H$Ë òH$Xm
à`ËZ Ho$cm. na§Vw `m g§H$ënZoMo gm_mYmZ H$maH$ ñnï>rH$aU H$mogco Am{U co{dg
(Kossel and Lewis in 1916) _Ü`o {Xco. Ë`m§Zr `m g§H$ënZocm ñd§VÌnUo dU©Z
Ho$co. Ë`m§À`m {gÜXm§VmMm _wi AmYma BcoŠQ´>mZcm AgwZ `m AmYmamZo g§`wOmMr
ì`m»`m H$aUo Am{U {ZpíH«$` dm`wÀ`m amgm`{ZH$ {H«$`m{ecVoÀ`m H$_VaVoÀ`m AmYmao
g§`wOmMo VmH$s©H$ ñnï>rH$aU {Xco. `mdéZ AîQ>H$ {Z`_mMm nm`m aMcm. _wcÐì`mÀ`m
AUwMo àË`úm dmJUwH$sMo {Z[aúmU H$am. (JQ> IA, IIA, IIIA, IVA, VA, VIA, VIIAAm{U
ewÝ` qH$dm  VIIIA _wcÐì`)Ooìhm Vo amgm`{ZH$ A{^{H«$`oV ^mJ KoVmV. Voìhm ~mø
H$úmoVrc _wcÐì`mMo Aï>H$, BcoŠQ´>mZ g§énU {_i{dÊ`mMm à`ËZ H$aVo.

Imcrc CXmhaUmìXmao `m ~Ôc _m{hVr g_OwZ KoD$.
IA JQ> _wcÐì`  (Li nmgwZ Cs n`ªV)  Ë`mMo AUw ~mø H$úmonmgwZ EH$ BcoŠQ´>mZ

J_mdwZ Ë`m g_mZ EH$_mÌ YZmË_H$ Am`Z V`ma Pmë`mZo Ë`mÀ`m ~mhoarc H$úmoV
Aï>H$ òVmV.

CXmhaUCXmhaUCXmhaUCXmhaUCXmhaU : 11Na  2, 8, 1 ;    11Na+  2, 8

 IIA JQ>mMo _wcÐì` (Mg nmgwZ Ba n ª̀V ) Ë`m§À`m AUwnmgwZ amgm`{ZH$ {H«$`m
KS>Vm§Zm XmoZ _wº$ BcoŠQ́>mZ gmoS>VmV Am{U ~mhoarc H$úmoV Aï>H$mÀ`m énmV pìXYZmË_H$
Am`Z V`ma H$aVmV.

CXmhaU CXmhaU CXmhaU CXmhaU CXmhaU : 12Mg  2, 8, 2 ;    12Mg2+  2, 8

IIIA JQ>m _Yrc _wcÐì` Ë`mÀ`m AUwnmgwZ VrZ _wº$ BcoŠQ´>mZ gmoS>VmV Am{U
~mhoarc H$úmoV Aï>H$mÀ`m énmV {ÌYZmË_H$ Am`Z V`ma H$aVmV.
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CXmhaUCXmhaUCXmhaUCXmhaUCXmhaU: 13Al  2, 8, 3 ;    13Al3+  2, 8
 VIA JQ>mVrc _wcÐì ò amgm`{ZH$ ~XcmÀ`m Xaå`mZ Ë`m§À`m AUwnmgwZ XomZ

BcoŠQ´>mÝg J«hU H$aVmV Am{U Ë`m g§~§Yr pìXF$UmË_H$ F$U Am`Z V`ma hmoD$Z
~mhoarc H$úmrHo$V Aï>H$ V`ma hmoVo.

CXmhaU CXmhaU CXmhaU CXmhaU CXmhaU : 8O  2, 6 ;    8O
2–  2, 8

VIIA JQ>mVrc _wcÐì ò amgm`{ZH$ ~cXmÀ`m Xaå`mZ Ë`m§À`m AUw nmgwZ EH$
BcoŠQ´>mZ J«hZ H$éZ Ë`m g_mZ EH$_mÌ F$U Am`Z V`ma homD$Z Ë`m§À`m ~mø
H$úmrHo$V Aï>H$ òVo.

CXmhaU  CXmhaU  CXmhaU  CXmhaU  CXmhaU  : 9F  2, 7 ;    9F
–  2, 8

 VIIIA JQ>mVrc _wcÐì ò gmYmaUV: BcoŠQ´>mZ J_mdUo qH$dm J«hZ H$aÊ`mMm
à`ËZ H$arV Zmhr. gmYmaUV: {hcr`_ Am{U {Z`mZ amgm`{ZH$ ~XcmV ^mJ KoV
Zmhr. VIIIA JQ>mMo BVa _wcÐì`o gwÜXm Ë`m§À`m AUwnmgwZ BcoŠQ´>mZ J«hZ H$aUo [H§$dm
BcoŠQ´>mZ J_mdV Zmhr. Ooìhm Vo Iwn H$_r amgm`{ZH$ ~XcmV ^mJ KoVmV.

CXmhaUCXmhaUCXmhaUCXmhaUCXmhaU: 10Ne  2, 8 Ý ẁ̀ m°Z AUwnmgwZ H$moUVmhr BcoŠQ́>mZ J«hU qH$dm J_mdë`m
OmV Zmhr.

• _w»` JQ>m{df`r darc {ZíH$fm©déZ Vw_À`m cúmmV H$m` Amco?
• _wcÐì`mMo AUw g§̀ moJ nmD$Z aoUw V`ma H$aÊ`mMm à`ËZ H$m H$aVmV?

 VIII A  JQ>mVrc amOdm ẁ ({ZpíH«$` dm ẁ) À`m AUwÀ`m ~mhoarc H${úmHo$V AmR>
BcoŠQ´>mÝg AgVmV. {hcr`_ hm AndmX Amho. `mÀ`m AUwV \$º$ XmoZM BcoŠQ´>mZ
AgVmV. n§aVw Ë`mMm H$úm nwU©nUo ̂ acocm AgVmo. {ZpíH«$` dm ẁÀ`m AUwVrc eodQ>À`m
H$úmoV AmR> BcoŠQ´>mÝg AmhoV. Vo A{YH$ pñWa Am{U amgm`{ZH$ ~XcmV H$_r ^mJ
KoUmao AmhoV. åhUwZ H$moUË`mhr AUwÀ`m ~mø H$úmoV AmR> BcoŠQ´>mÝg Agë`mg pñWa
AgVmV.

V VI VII

N O F

P S Cl

As Se Br

Sb Te I

Bi Po At

I II III

Na Mg Al

K Ca Ga

Rb Sr In

Cs Ba Tl

Fr Ra

VIII

Ne

Ar

Kr

Xe

Ra

–3 –2 –1
OmXþMoOmXþMoOmXþMoOmXþMoOmXþMo
Aï>Ho$Aï>Ho$Aï>Ho$Aï>Ho$Aï>Ho$

BcoŠQ´>mZ J_mdVoBcoŠQ´>mZ J_mdVoBcoŠQ´>mZ J_mdVoBcoŠQ´>mZ J_mdVoBcoŠQ´>mZ J_mdVoJ«hU BcoŠQ´>mZJ«hU BcoŠQ´>mZJ«hU BcoŠQ´>mZJ«hU BcoŠQ´>mZJ«hU BcoŠQ´>mZ

+1 +2 +3

AYmVwAYmVwAYmVwAYmVwAYmVw {ZpíH«$` dm`w{ZpíH«$` dm`w{ZpíH«$` dm`w{ZpíH«$` dm`w{ZpíH«$` dm`w
(amOdm`w)(amOdm`w)(amOdm`w)(amOdm`w)(amOdm`w)

YmVwYmVwYmVwYmVwYmVw

Am`Z darcAm`Z darcAm`Z darcAm`Z darcAm`Z darc
{Zìdi à^ma{Zìdi à^ma{Zìdi à^ma{Zìdi à^ma{Zìdi à^ma }
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• amgm`{ZH$ A{^{H«$ ò Xaå`mZ IA Vo VIIA  JQ>mVrc _wcÐì` Ë`mÀ`m Am`Z énmV
AgVm§Zm Ë`m§À`m eodQ>À`m H$úmoV {ZpíH«$` dm`w gmaIo 8 BcoŠQ´>mÝg AgZo
AZnoúmrV Amho H$m?
Zmhr, Vo AZnoúmrV Zmhr. H$maU ~mø H$úmoVrc AmR> Am`Z {ZpíMVnUo Ë`m

Am`Zcm qH$dm AUwcm pñWaËd XoVo. darc {Z[aúmUmÀ`m AmYmao Aï>H$ {Z`_mMr
H$ënZm V`ma Pmcr.
Aï>H$ {Z`_ Aï>H$ {Z`_ Aï>H$ {Z`_ Aï>H$ {Z`_ Aï>H$ {Z`_ (Octet rule)

_wcÐì`mMo AUw amgm`{ZH$ ~XcmV ^mJ KoD$Z Ë`m§À`m AUw nmgwZ ~mø H$úmoV
AmR> BcoŠQ´>mZ gmoS>VmV `mcm Aï>H$ {Z`_ Ago åhUVmV.

co{dgZo AUwcm YZ à^ma Agcoco H$Z}c (kernel)( AmVrc H$úmoVrc BcoŠQ´>mZ
Agcoco H|$ÐH$) Am{U OmñVrV OmñV AmR> BcoŠQ´>mZ ^é eH$Umè`m ~mø H$úmoMo
H$ënZm {MÌ XmI{dÊ`mMm n«`ËZ Ho$cm.

amgm`{ZH$ {H«$`m{ec Agcoë`m _wcÐì`mÀ`m AUwV ~mø H$úmoV AmR> BcoŠQ´>mZ
ZgVmV. Vo Aï>H$ àmá H$aÊ`mgmR>r Ë`mÀ`m _wcÐì`mÀ`m AUwer Xþgè`m _wcÐì`mÀ`m
AUwer g§`moJ nmdUmè`m à`ËZm_wio Ë`mg hr {H«$`m{ecVm g§H«$_rV hmoVo.

H$moUË`mhr XmoZ AUw qH$dm AUwÀ`m JQ>m_Yrc H$m`©aV ~cm_wio `oUmè`m pñWa
AñVrËdmcm amgm`{ZH$ ~§Y åhUVmV.  amgm`{ZH$ ~§Y AZoH$ àH$maMo AmhoV. òWo
AmnU \$º$ Am`ZrH$ ~§Y Am{U ghg§̀ wO ~§Y (ionic bond and covalent bond)
`m~Ôc MMm© H$aUma AmhomV.
Am`{ZH$ Am{U ghg§`wO ~§Y Am`{ZH$ Am{U ghg§`wO ~§Y Am`{ZH$ Am{U ghg§`wO ~§Y Am`{ZH$ Am{U ghg§`wO ~§Y Am`{ZH$ Am{U ghg§`wO ~§Y (Ionic and Covalent bonds )

A.  Am`{ZH$ ~§Y Am`{ZH$ ~§Y Am`{ZH$ ~§Y Am`{ZH$ ~§Y Am`{ZH$ ~§Y (Ionic bond)
H$mogco Zr Imcrc A§emÀ`m AmYmao Am`{ZH$ ~§YmMo ( {dÚwV pñWVrH$ ~§Y )

à{VnmXZ Ho$co.
i. EH$m _wcÐì`mÀ`m AUwVrc BcoŠQ́>mZ Xþgè`m _wcÐì`mÀ`m AUwV énm§VarV Pmë`m_wio

XmoZ {^Þ _wcÐì`mÀ`m AUw_Ü`o Am`{ZH$ ~§Y V`ma hmoVo.
ii. AmdV© gmaUrV S>mì`m Am{U COì`m ~mOwcm AZwH«$_o AëH$cr YmVw gmaIo (IA)

A{YH$ {H«$`m{ec YmVw Am{U hmcmoOZ gmaIo ( halogens (VIIA) A{YH$ {H«$`m{ec
AYmVw AgVmV.

iii. {hcr`_cm gmoSw>Z gd© {Z{íH«$` dm`wÀ`m AUwÀ`m eodQ>À`m H$úmoV AmR> BcoŠQ´>mÝg
AgVmV. Vo amgm`{ZH$ nUo {H«$`m{ec Am{U pñWa ZgVmV.

iv. ~møH$úmoV EH$, XmoZ, qH$dm VrZ BcoŠQ´>mÝg AgUmao YmVwMo AUw Ë`m§À`m eodQ>À`m
H$úmoV AmR> BcoŠQ´>mZ {_idwZ {ZîH«r` dm ẁ g_mZ g§énZ {_i{dÊ`mgmR>r Ë`m
BcoŠQ´>mZcm J_mdwZ YZmË_H$ Am`Z V`ma hmoVmV. `mcmM YZ à^marV Am`Z
(cations) åhUVmV.
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CXmhaUCXmhaUCXmhaUCXmhaUCXmhaU : 11Na  2, 8, 1   ;   Na+    2, 8

12Mg  2, 8, 2  ;   Mg2+  2, 8

13Al   2, 8, 3   ;   Al3+   2, 8

v. 5,6 qH$dm 7 _wº$ BcoŠQ´>mZ Agcoco AYmVw Ë`mÀ`m ~mø H$úmoV AmR> BcoŠQ´>mZ àmá
H$aÊ`mgmR>r AZwH«$_o  3,2 qH$dm 1 BcoŠQ´>mZ àmá H$éZ F$UmË_H$ Am`Z V`ma
H$aVmV `mcmM YZ à^marV Am`Z  (anions.) åhUVmV.
CXmhaUCXmhaUCXmhaUCXmhaUCXmhaU: 15P    2, 8, 5   ;   P3-    2, 8, 8

16S    2, 8, 6   ;   S2-     2, 8, 8

17Cl  2, 8, 7   ;   Cl-     2, 8, 8

vi. Am`ZrH$ ~§Y V`ma hmoUo Am`ZrH$ ~§Y V`ma hmoUo Am`ZrH$ ~§Y V`ma hmoUo Am`ZrH$ ~§Y V`ma hmoUo Am`ZrH$ ~§Y V`ma hmoUo (Formation of ionic bond)
YmVwÀ`m AUwnmgwZ AYmVwH$S>o ñWmZm§Va Pmcoë`m BcoŠQ´>mZ _wio YZmË_H$
Am`Z(YZà^marV Am`Z) Am{U F$UmË_H$ Am`Z ( F$U à^marV Am`Z) V`ma
hmoD$Z {dÚwV pñWVrH$ ~cmMm AZŵ d H$aVmV Am{U {_imcoë`m AmH$f©UmZo
amgm`{ZH$ ~§Y V`ma hmoVmV. hm ~§Y à^maVrV H$Um_Ü ò Agë`m_wio Am`Z
~ZVmV. ̀ mcmM Am`{ZH$ ~§Y Ago åhUVmV.H$Yr H$Yr {dÚwV pñWVrH$ ~cmÀ`m
AmYmao `m ~§Ymg {dÚwV pñWVrH$ ~§Y gwÜXm åhUVmV. g§̀ wOmMr g§H$ënZm
BcoŠQ´>mZÀ`m énmV ñnï> Ho$ë`m_wio Ë`mg {dÚwV g§`wOm ~§Y gwÜXm åhUVmV.

AemVèhoZo Am`{ZH$ ~§Ymg Imcrc à_mUo ì`m»`m H$aVm òVo.
{dÚwV pñWVrH$ AmH$f©U ~cmìXmao (BcoŠQ´>mZÀ`m ñWmZm§Vam_wio YmVwMo AUw Am{U

AYmVw AUw nmgwZ V`ma Pmcoco YZ à^marV Am`Z Am{U F$U à^marV Am`Z) EH$Ì
R>odwZ {dÚwV Z{dZ {dÚwVr` CXm{gZ g§̀ wJo V`ma homVmV Ë`mg Am`{ZH$ ~§Y åhUVmV.
• co{dgÀ`m BcoŠQ´>mZ qQ>~ g§koìXmao (gwÌ)  NaCl, MgCl2, Na2O Am{U AlF3

Am`{ZH$ g§̀ wJo V`marMo ñnï>rH$aU Úm?

AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?
EH$m YmVwÀ`m AUwVwZ J_mdcoë`m BcoŠQ´>mZMr g§»`m hr _wcÐì`mMr g§`wOm Amho. Am{U hr

JQ> g§» òcm g_mZ AgVo.
CXmCXmCXmCXmCXm. Na Am{U Mg Mr g§`wOm AZwH«$_o 1Am{U 2 Amho.

AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?
AYmVwZo Ë`mÀ`m AUwgmR>r àmá Ho$coë`m BcoŠQ´>mZMr g§»`m Ë`m§Mr g§`wOm hmoVo. hr JQ>g§»`ocm

gwÜXm g_mZ AgVo. (8 – 7 JQ> g§»`m )
CXmCXmCXmCXmCXm. ŠcmoarZMr g§`wOm (8 – 7) = 1Amho.

SCERT T
ELA

NGANA



amgm`{ZH$ ~§Y158 dJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dm

CXmCXmCXmCXmCXm-1.  gmoS>r`_ ŠcmoamB©S> V`ma H$aUo gmoS>r`_ ŠcmoamB©S> V`ma H$aUo gmoS>r`_ ŠcmoamB©S> V`ma H$aUo gmoS>r`_ ŠcmoamB©S> V`ma H$aUo gmoS>r`_ ŠcmoamB©S> V`ma H$aUo Formation of sodium chloride (NaCl):
gmoS>r`_ ŠcmoamBS> ho gmoS>r`_ Am{U ŠcmoarZ nmgwZ V`ma hmoVo Ë`mMo ñnï>rH$aU

Imcrc à_mUo Amho.
Na(s) + 1/2 Cl2(g)       NaCl(s)

YZà^maVrV Am`ZMr {Z_uVr YZà^maVrV Am`ZMr {Z_uVr YZà^maVrV Am`ZMr {Z_uVr YZà^maVrV Am`ZMr {Z_uVr YZà^maVrV Am`ZMr {Z_uVr (Cation formation)
Ooìhm gmoS>r`_ (Na)  Mm AUw Aï>H$ BcoŠQ´>mZ g§énU `oÊ`mgmR>r EH$ BcoŠQ´>mZ

gmoS>Vmo Voìhm YZ à^marV Am`Z (Na+) V`ma hmoVmo Am{U {Z`mZ AUwMo (Neon
(Ne) BcoŠQ´>mZ g§énU `oVo.

11Na (g)          11Na+ (g)  +  e-

BcoŠQ´>mZ g§énU  2, 8, 1     2, 8
qH$dm    [Ne] 3s1     [Ne]

F$U à^marV Am`ZMr {Z_uVr F$U à^marV Am`ZMr {Z_uVr F$U à^marV Am`ZMr {Z_uVr F$U à^marV Am`ZMr {Z_uVr F$U à^marV Am`ZMr {Z_uVr (Anion formation )
ŠcmoarZÀ`m eodQ>À`m H$úmoV Aï>H$ `oÊ`mgmR>r ŠcmoarZ _Ü`o EH$m BcoŠQ´>mZMr

OmJm AgVo. åhUwU Vo Na AUw nmgwZ EH$ BcoŠQ´>mZ àmá H$éZ F$Uà^marV Am`Z
{Z_m©U H$aVo Am{U AmJm©Z (Ar) AUwMo BcoŠQ´>mZ g§énU `oVo.

          17Cl (g)      +    e-   Cl– (g)

2, 8, 7           2, 8, 8 BcoŠQ´>mZ g§énU
    qH$dm    [Ne] 3s2 3p5 [Ne] 3s2 3p6  qH$dm [Ar]

Am`Zm nmgwZ Am`Zm nmgwZ Am`Zm nmgwZ Am`Zm nmgwZ Am`Zm nmgwZ NaCl g§`wJmMr {Z_uVrg§`wJmMr {Z_uVrg§`wJmMr {Z_uVrg§`wJmMr {Z_uVrg§`wJmMr {Z_uVr
‘Na’ Am{U ‘Cl’ AUw _Yrc BcoŠQ́>mZÀ`m ñWmZmVam_yio  ‘Na+’ Am{U ‘Cl–’ Am`Z

V`ma hmoVmV. {déÜX à^ma Agcoco ho Am`Z {dÚwV pñWVrH$ ~cm_wioo EH$_oH$m§H$S>o
AmH$fuë`m OmD$Z gmoS>r`_ ŠcmoamBS>  (NaCl) g§`wJ V`ma hmoVmo.

Na+
(g)   +   Cl–

(g)       Na+Cl– (s)  or NaCl
CXm CXm CXm CXm CXm -2.  _°¾o{e`_ ŠcmoamB©S>Mr _°¾o{e`_ ŠcmoamB©S>Mr _°¾o{e`_ ŠcmoamB©S>Mr _°¾o{e`_ ŠcmoamB©S>Mr _°¾o{e`_ ŠcmoamB©S>Mr  (MgCl2) {Z_uVr: {Z_uVr: {Z_uVr: {Z_uVr: {Z_uVr:

_°¾o{e`_ Am{U ŠcmoarVZ _wcÐì`mnmgwZ _°¾{e`_ ŠcmoamBS> V`ma hmoVmo.  MgCl2

_Yrc ~§Y amgm`{ZH$ g_rH$aUmÀ`m _XVrZo Imcrc n«_mUo Xe©{dVm `oVo.
Mg(s) + Cl2(g) Mg Cl2(s)

YZ à^marV Am`ZYZ à^marV Am`ZYZ à^marV Am`ZYZ à^marV Am`ZYZ à^marV Am`Z
     11Mg (g)         11Mg2+ (g)  +  2e–

BcoŠQ´>mZ g§énU    2, 8, 2                  2, 8
qH$dm       [Ne] 3s2         [Ne]

F$U à^marV Am`ZF$U à^marV Am`ZF$U à^marV Am`ZF$U à^marV Am`ZF$U à^marV Am`Z
   2Cl (g)      +   2e–      2Cl– (g)

BcoŠQ´>mZ g§énU    2, 8, 7               2, 8, 8
qH$dm   [Ne] 3s2 3p5             [Ne] 3s2 3p6  qH$dm [Ar]

SCERT T
ELA

NGANA



Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20 159

Am`ZmnmgwZ MgCl2 g§`wJmMr {Z_uVr
Mg2+ ho ‘Ne’ Mo g§énU {_i{dVo Am{U
àË òH$ Cl–  ‘Ar’ Mo g§énU {_i{dVo.
Mg2+ (g)   +   2Cl–

(g)       MgCl2 (s)

 ‘Mg’ Mm EH$ AUw XomZ BcoŠQ´>mZ gmoSw>Z EH$ EH$ BcoŠQ´>mZ ‘Cl’ AUwer OwiwZ
Mg2+ Am{U 2Cl– EH$_oH$m§er AmH${f©V hmoD$Z  MgCl2 V`ma hmoVmo.
CXmCXmCXmCXmCXm-3.  S>m` gmoS>r`_ _moZmoŠgmB©S>Mr S>m` gmoS>r`_ _moZmoŠgmB©S>Mr S>m` gmoS>r`_ _moZmoŠgmB©S>Mr S>m` gmoS>r`_ _moZmoŠgmB©S>Mr S>m` gmoS>r`_ _moZmoŠgmB©S>Mr (Na2O){Z_uVr:{Z_uVr:{Z_uVr:{Z_uVr:{Z_uVr:

S>r gmoS>r`_ _moZmoŠgmB©S>Mr  (Di sodium monoxide)  {Z_uVrMo ñnï>rH$aU
Imcr {Xcoco Amho.

YZ à^marV Am`ZmMr {Z_uVr  (Na+ {Z_m©U ):
   2Na (g)         2Na+ (g)  +  2e-

BcoŠQ´>mZ g§énU    2, 8, 1    2, 8
qH$dm          [Ne] 3s1   [Ne]

F$U n«^marV Am`ZmMr {Z_uVr  (O2–, AmŠgmBS>Mr V`mar):
    O (g)      +      2e-      O2- (g)

BcoŠQ´>mZMr g§énU     2, 6    2, 8
qH$dm    [Ne] 2s2 2p4                [He] 2s2 2p6  or [Ne]

 Na2O g§`wJmMr V`mar Ë`mÀ`m Am`Zmnmg§wZ Imcrc à_mUo XmI{dcocr Amho.
2Na+ (g)   +   O2-

(g)       Na2O(s)

 ‘Na’ AUwMo XmoZ BcoŠQ´>mZ AmŠgrOZÀ`m EH$ EH$ AUwer EH$Ì `oD$Z 2Na+

Am{U O2- V`ma hmoVo.
àË òH$ Na+ Am`Z  ‘Ne’ Mo g§énU {_i{dVo Am{U  O2- ‘Ne’ Mo g§énU àmá hmoVo.
ho Am`Z (2Na+ Am{U O2-) EH$_oH§$mH$S>o AmH$f©U H$éZ Na2O V`ma homVo.

CXmCXmCXmCXmCXm-4.  Aë`w{_Zr`_ ŠcmoamBS>Mr Aë`w{_Zr`_ ŠcmoamBS>Mr Aë`w{_Zr`_ ŠcmoamBS>Mr Aë`w{_Zr`_ ŠcmoamBS>Mr Aë`w{_Zr`_ ŠcmoamBS>Mr (AlCl3)V`mar:V`mar:V`mar:V`mar:V`mar:
Aë ẁ{_Zr`_ ŠcmoamBS>Mr (Aluminium chloride)  V`mar Imcrc à_mUo Amho.
Aë`w{_Zr`_ ŠcomamBS>Mr  (Al3+) Mr V`mar, YZà^marV Am`Z

     13Al(g)          Al3+ (g)  +  3e-

BcoŠQ´>mZ g§énU   2, 8, 3        2, 8
qH$dm        [Ne] 3s23p1        [Ne]

ŠcmoamBS> Am`ZMr (Cl-) V`mar, F$U à^marV Am`Z
   3Cl(g)     +      3e-      3Cl–

(g)

BcoŠQ´>mZ g§énU  2, 8, 7               2, 8,8
qH$dm   [Ne] 3s2 3p5                [Ne] 3s2 3p6  qH$dm [Ar]

Aë`w{_Zr`_ AUwMm àË`§oH$ AUw VrZ BcoŠQ´>mZ gmoS>Vmo Am{U VrZ ŠcmoarZMo AUw
J«hZ H$aVmo Aem àH$mao àË`oH$s EH$ BcoŠQ´>mZ J«hZ H$aVmo.

SCERT T
ELA

NGANA



amgm`{ZH$ ~§Y160 dJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dm

AlCl3 g§`wJ Ë`mÀ`m KQ>H$ Am`ZmnmgwZ {dÚwV pñWVrH$ ~cmÀ`m AmH$f©Um_wio
V`ma hmoVo.

Al3+ (g)   +   3Cl–
(g)       AlCl3 (s)

Am`{ZH$ g§`wJmV Am`ZMr g§aMZm Am`{ZH$ g§`wJmV Am`ZMr g§aMZm Am`{ZH$ g§`wJmV Am`ZMr g§aMZm Am`{ZH$ g§`wJmV Am`ZMr g§aMZm Am`{ZH$ g§`wJmV Am`ZMr g§aMZm (The arrangement of ions in ionic compounds)

• Am`{ZH$ g§̀ wJmMo YZ à^marV Am`Z d F$Uà^marV Am`Z KZ AdñWoV H$go
AgVmV?

• gomS>r`_ ŠcmoamB©S>À`m CXmhaU KoD$Z ñnï> H$am?
• gmoS>r`_ ŠcmoamBS> ñ\$Q>rH$mV  Na+ Am{U Cl- Am`Z OmoS>rV AgVmV Ago Vwåhmcm

dmQ>Vo H$m`?
Vwåhr Agm {dMma Ho$ë`mg Vmo {dMma MwH$sMm Amho. {dÚwV pñWVrH$ ~c ho

{XemhrZ AgVo `mMr AmR>dU R>odm. åhUwZ EH$ Na+  Am`Z EH$m Cl– Am`ZmìXmao
AmH$fucm OmUo eŠ` Zmhr. Ë`mMà_Uo EH$  Cl- Am{U EH$m  Cl–  Am`ZmìXmao
AmH${f©co OmUo gwÜXm eŠ` Zmhr. EH$m {d{eï> Am`ZMm AmH$ma, Am{U à^mamdéZ
Ag§»` {déÜX à^mamMo Am`Z Ë`mÀ`m H$S>o EH$m {deof g§»`oVM AmH${f©ë`m OmVo.
gmoS>r`_ ŠcmoamBS> ñ\$Q>rH$mV àË òH$  Na+ Am`ZmÀ`m ^modVr 6Cl–  Am`Z Am{U
àË`oH$ Cl–  À`m ^modVr 6 Na+  Am`Z AgVmV. ñ\$Q>rH$ énmVrc Am`{ZH$ g§̀ wJmV
{dÚwV pñWVrH$ ~cmÀ`m AmH$f©UmìXmao YZ à^marV Am`Z A[U F$U à^marV
Am`Z§mZm {Ì_rVr` {Z_m©UmV EH$Ì _m§S>ë`m OmVo. gmoS>r`_ ŠcmoamB©S>Mr ñ\$Q>rH$s`

aMZm Imcr {Xcocr Amho.
KZénmVrc NaCl _w»` H|$ÐH$ ñ\$Q>rH$ aMZoMr AgVmV(AmH¥$Vr

1 nmhm)
EH$m {d{eï> à^mamZo Am`Zm ̂ modVr Agcoë`m {déÜX à^mamÀ`m

Am`ZmÀ`m g§» òcm Ë`m Am`ZmMr ghg§~§Y g§»`m åhUVmV.
CXmhaUmV: gmoS>r_` ŠcmoamB©S> ñ\$Q>rH$mV  Na+ Mr ghg§~§Y

g§»`m 6 Amho Am{U Cl- gwÜXm 6 Amho.
YZ à^marV Am{U F$U à^marV Am`ZmÀ`m V`marV à^mdYZ à^marV Am{U F$U à^marV Am`ZmÀ`m V`marV à^mdYZ à^marV Am{U F$U à^marV Am`ZmÀ`m V`marV à^mdYZ à^marV Am{U F$U à^marV Am`ZmÀ`m V`marV à^mdYZ à^marV Am{U F$U à^marV Am`ZmÀ`m V`marV à^md
nmS>Umao KQ>H$nmS>Umao KQ>H$nmS>Umao KQ>H$nmS>Umao KQ>H$nmS>Umao KQ>H$

_mJÀ`m YS>çmV Vwåhr AmdV© gmaUrMm AmdV©H$mc qH$dm JQ>mVrc
_wcÐì`mMo YmVw qH$dm AYmVw d¡{eï>o ~Ôc {eH$cmV. _wcÐì`mÀ`m

YmVw Am{U AYmVw d¡{eï>o {df`r A§emMr AmR>dU H$am.
gmYmaUV: YmVwMr _wcÐì`o Ë`mÀ`m ~mø H$úmoVwZ BcoŠQ´>mZcm J_mdwZ Aï>H$

g§énU {_i{dÊ`mMm à`ËZ H$aVmV. `m JwUY_m©cm YmVw d¡{eï>o qH$dm {dÚwV KZVm
åhUVmV. A{YH$ {dÚwV YZVm AgUmar _wcÐì ò YZ à^marV Am`Z {Z_m©U H$aVmV.
AemàH$mao AmŠgrOZ (8O), âcm|arZ (9F) Am{U ŠcmoarZ (17Cl) ̀ mgmaIo AYmVw BcoŠQ́>mÝg
J«hZ H$éZ [Z{îH«$` dm`wMo BcoŠQ´>mZ g§énU n«má H$aVmV.  `m JwUY_m©cm _wcÐì`mMo
AYmVw d¡{eï>o qH$dm {dÚwV F$UVm (non-metallic character or electronegativity
of the element) åhUVmV. Am{YH$ {dÚwV F$UVm Agcoco _wcÐì` F$U à^marV
Am`Z {Z_m©U H$aVmV.

AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr -1Cl–
Na+
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• darc dU©Z Ho$coë`m A§emMo H$maU g§mJw eH$Vm H$m?
_wcÐì`mÀ`m AUw_Ü ò Am`{ZH$ ~§Y V`ma homÊ`mgmR>r Ë`mÀ`m {dÚwV F$UVo

_Yrc \$aH$ 1.9 qH$dm Ë`mnoúmm OmñV Agcm nm{hOo.
Am`{ZH$ ~§YmÀ`m V`marV eodQ>À`m H$úmoV Aï>H$ `oÊ`mgmR>r AUw BcoŠQ´>mZ

gomS>VmV. qH$dm J«hZ H$aVmV åhUOo Am`{ZH$ ~§YmV AUwÀ`m g§`moJmV BcoŠQ´>mZ Mo
~Xc KSw>Z òVo.

BcoŠQ´>mZ J_mdÊ`mMm hm H$c YZ à^marV Am`ZmMr {Z_uVr Am{U BcoŠQ´>mZ
àmár_wio F$U à^marV Am`Z {Z_uVrgmR>r Imcrc KQ>H$mda {Z^©a H$aVo.

i. AUw§Mm AmH$ma (Atomic size)
ii. Am`Zr^dZ {d^d (Ionisation potential)
iii. BcoŠQ´>mZ AmH$f©U (Electron affinity)
iv. {dÚwV F$UVm (Electronegativity)
H$_r Am`Zr^dZ eº$s, H$_r BcoŠQ´>mZ AmH$f©U, _moR>o AUw n[a_mU Am{U {dÚwV

F$UVm Agcoë`m _wcÐì`mMo AUw YZ à^marV Am`Z {Z_m©U H$aVmV.
A{YH$ Am`Zr^dZ {d^d, A{YH$ BcoŠQ´>mZ AmH$f©U, chmZ AUwMm AmH$ma Am{U

A{YH$ {dÚwV F$UVm Agcoë`m _wcÐì`mMo AUw F$U à^marV Am`Z {Z_m©U H$aVmV
B. ghg§`wO ~§Y ghg§`wO ~§Y ghg§`wO ~§Y ghg§`wO ~§Y ghg§`wO ~§Y (B. Covalent bond)

H$mhr _wcÐì`mMo AUw Ë`m_Yrc BcoŠQ´>mZÀ`m ~Xcm{edm` ~mø H$úmoV Aï>Ho$
àmá H$aVmV Ago n«{VnmXZ cwB©g (G.N. Lewis (1916) `m emókm§Zr Ho$co. EH$
qH$dm Ë`mnoúmm OmñV AUwer _wº$ BcoŠQ´>mZmMr dmQ>Ur H$éZ Vo Ë`m§À`m ~mø H$úmoV
Aï>H$ g§énU àmá H$aVmV.

XmoZ AUw _Ü`o dmQ>ë`m Jococo BcoŠQ´>mZ Ë`m XomZ AUwer g§~§YrV AgVmV. Am{U
Ë`m XomZ AUwVrc BcoŠQ´>mZ dmQ>Ur _wio V`ma Pmcoë`m amgm`{ZH$ ~§Ymcm ghOg§`wO
~§Y (covalent bond) Ago åhUVmV.

CXm. pñWa aoUw {Z_m©U H$aUmao XmoZ âcmoarZMo AUw ¿`m. àË`oH$ âcmoarZMm AUw
~§Y V`margmR>r EH$ BcoŠQ´>mZ XoVmo Am{U AemàH$mao V`ma Pmcocr BcoŠQ´>mMr OmoS>r hr
XomÝhr âcmoarZ AUwìXmao EH$_oH$m§Mo BcoŠQ´>mZ dmQw>Z KoVmV.F2 aoUwVrc àË`oH$ AUwÀ`m
~mø H$úmoV AmR> BcoŠQ´>mZ AgVmV.
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âcmoarZ AUw^modVr AgUmao qQ>~ Ë`m AUwMo _wº$ BcoŠQ´>mZ XmI{dVo.
XmoZ AUwV _wº$ BcoŠQ´>mZÀ`m nañna dmQ>Ur _wio XomÝhr AUwÀ`m ~mø H$úmoV Aï>H$

g§énU qH$dm XmoZ _wº$ BcoŠQ´>mZ g§énU n«má Ho$ë`mZo V`ma Pmcoco hmoUmè`m amgm`{ZH$
~§Ymcm ghg§`wO ~§Y (covalent bond) åhUVmV.

covalent bond À`m g_moa  co –  åhUOo XmoÝhr g_mZM qH$dm XomÝhr {_iwZ
AmhoV ho XmI{dÊ`mgmR>r dmnaVmV.. àË òH$ AUwÀ`m ~mø H$úmoVwZ EH$ BcoŠQ´>mZ
amgm`{ZH$ ~§YmV ^mJ KoVo. åhUwZ Ë`mg ghg§̀ wO ~§Y ho Zmd {Xco Amho. (g_mZ
d°coÝgr BcoŠQ´>mZ ^mJ KoVmV `m {df`mMr _m{hV XoVo.)
O2 aoUwMr V`mar aoUwMr V`mar aoUwMr V`mar aoUwMr V`mar aoUwMr V`mar (Formation of O2 molecule)

 8O Mo BcoŠQ´>mZ g§énU  2Amho.  6 AmŠgrOZ AUwV Ë`mÀ`m ~mø H$úmoV 6
BcoŠQ´>mZ AgVmV. Aï>H$ BcoŠQ´>mZ g§énU àmá H$aÊ`mgmR>r AOwZ XmoZ hmoV BcoŠQ´>mZMr
Amdí`H$Vm Amho. åhUwZ AmŠgrOZMo AUw EH$_oH§$mOdi òD$Z ~§Y V`margmR>r XmoZ
BcoŠQ´>mZ XoVmV. Aem VèhoZo O2 aoUwV XmoZ AUw_Ü ò XmoZ ghg§̀ wO ~§Y AgVmV. ̀ m_wio
XomZ BcoŠQ´>mZÀ`m OmoS>çm Ë`m_Ü`o dmQ>ë`m OmVmV.

 O2  aoUwÀ`m XomZ AmŠgrOZÀ`m XmoZ AUw_Ü ò Xþhoar~§Y V`ma hmoVo Ago AmnU gm§Jw
eH$Vmo.

• Zm`Q´>moOZÀ`m aoUwÀ`m AUwV H$moUË`m àH$maMo ~§Y AgVmV ho Vwåhr gm§Jw eH$Vm
H$m?
Mcm _m{hV H$é `m.

Zm`Q´>moOZ aoUw Zm`Q´>moOZ aoUw Zm`Q´>moOZ aoUw Zm`Q´>moOZ aoUw Zm`Q´>moOZ aoUw (Nitrogen (N2) molecule)
Zm`Q´>omOZ AUwMo BcoŠQ´>mZ g§énU 2,5 Amho Am{U ~mø H$úmoV Aï>H$ V`ma

hmoÊ`mgmR>r AOwZ VrZ BcoŠQ´>mZMr JaO nS>Vo. Ooìhm XmoZ Zm`Q´>moOZ AUw EH$_oH§$mOdi
`oVmV, Voìhm ~§Y V`ma H$aÊ`mgmR>r n«Ë`oH$ AUw 3 BcoŠQ´>mÝg XoVmV. åhUwZ XmoZ
Zm`S´>moOZÀ`m AUwV ghm BcoŠQ´>mZMr dmQ>Ur VrZ BcoŠQ´>mZÀ`m OmoS>rÀ`m énmV hmoVo.
åhUwZ N2  aoUwV XmoZ Zm`Q´>moOZ AUw_Ü`o {Vhoar ~§Y AgVo.SCERT T
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{_WoZ aoUw {_WoZ aoUw {_WoZ aoUw {_WoZ aoUw {_WoZ aoUw (Methane (CH4) molecule)
{_WoZ CH4 aoUwÀ`m V`marV H$m~©Z 4  BcoŠQ´>mÝg (àË`oH$ hm`S´>moOZ AUwgmR>r EH$

BcoŠQ´>mZ) Am{U 4 hm`S´>moOZ AUw n«Ë`oH$s EH$ BcoŠQ´>mZ XoVmo. AemVèhZo CH4  aoUwV
Mma  C – H  gh g§̀ wO ~§Y Imcrc XmI{dë`m à_mUo AgVmV.

A_moZr`m aoUw A_moZr`m aoUw A_moZr`m aoUw A_moZr`m aoUw A_moZr`m aoUw (Ammonia (NH3) molecule)
A_moZr`m aoUwV VrZ  N – H EHo$ar g§hg§̀ wO ~§Y AgVmV.
 7N  Mo BcoŠQ´>mZMo g§énU  2, 5 Am{U 1H Mo  1 Amho.
Zm`Q´>moOZMo AUw, ~§Y V`margmR>r VrZ BcoŠQ´>mÝg XoVmV. VrZ hm`S´>moOZ AUw

EH$mM doir ~§Y V`margmR>r àË`oH$s EH$ BcoŠQ´>mZ XoVmV. ghm BcoŠQ´>mZÀ`m VrZ
OmoS>çm ~ZVmV, Am{U àË`oH$ BcoŠQ´>mZrMr OmoS>r Zm`Q´>moOZ Am{U EH$ hm`S´>moOZ
Imcrc à_mUo dmQ>ë`m OmVo.
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nmÊ`mMo aoUw nmÊ`mMo aoUw nmÊ`mMo aoUw nmÊ`mMo aoUw nmÊ`mMo aoUw (Water (H2O) molecule)
nmÊ`mÀ`m aoUwV  (H2O), VrZ  O – H  EHo$ar ghg§̀ wO ~§Y AgVmV.
 8O BcoŠQ´>mZ g§énU  2,6 Am{U 1H Mo 1Amho.
AmŠgrOZ AUwcm ~mø H$úmoV Aï>H$ V`ma H$aÊ`mgmR>r 2 BcoŠQ´>mÝgMr JaO

nS>Vo. åhUwZ XomZ BcoŠQ´>mZ XomZ hm`S´>moOZ AUwer dmQw>Z nmÊ`mMm (H2O) aoUw V`ma
hmoVmo.

EH$m _wcÐì`mÀ`m AUwìXmao V`ma Ho$coë`m ghg§`wO ~§YmÀ`m g§»`ocm ghg§`wOVm
(covalency) Ago åhUVmV.
ghg§`wO ~§YmMr, ~§Ycm§~r Am{U ~§YCOm©ghg§`wO ~§YmMr, ~§Ycm§~r Am{U ~§YCOm©ghg§`wO ~§YmMr, ~§Ycm§~r Am{U ~§YCOm©ghg§`wO ~§YmMr, ~§Ycm§~r Am{U ~§YCOm©ghg§`wO ~§YmMr, ~§Ycm§~r Am{U ~§YCOm©

ghg§̀ wO ~§Y V`ma H$aUmè`m XomZ AUw H|$ÐH$m_Yrc g_Vmoc A§Vamg ~§Ycm§~r
qH$dm ~§Y A§Va åhUVmV.

gmYmaUV: hr  nm _Ü`o ZmZmo_rQ>a (nanometer) qH$dm Å E§JñQ´>mo_ EH$H$
(Angstrom unit)Zo gw{MV H$aVo.

dm ẁ AdñWoV Agcoë`m pìXAUw ghg§̀ wO g§̀ wJm À`m XmoZ AUw_Yrc ghg§̀ wO
~§Ymcm VmoS>Umè`m CO}cm ~§Y COm© qH$dm ~§Y AnKQ>Z COm© åhUVmV.

d°coÝgrd°coÝgrd°coÝgrd°coÝgrd°coÝgr(valence) BcoŠQ´>mZ qgÜXm§VmMo Xmof:BcoŠQ´>mZ qgÜXm§VmMo Xmof:BcoŠQ´>mZ qgÜXm§VmMo Xmof:BcoŠQ´>mZ qgÜXm§VmMo Xmof:BcoŠQ´>mZ qgÜXm§VmMo Xmof:
1) AUwÀ`m ñd^mdmMr ndm© Z H$aVm, Ooìhm H$moUË`mhr XmoZ AUwV ghg§`wO ~§Y

V`ma hmoVo, Voìhm ~§Y A§Va Am{U ~§Y COm© gmaIrM hmoVo. H$maU H$moUË`mhr XomZ
AUw_Ü`o V`ma Pmcocm ghg§`wO ~§Y hm XmoZ g_mZ BcoŠQ´>mZÀ`m dmQ>UrMm n[aUm_
Amho. na§Vw àË`úmnUo [Z[aúmUmg Amco H$s, Ooìhm AUw doJdoJùo ~§Y V`ma H$aVmV,
Voìhm ~§Ycm§~r Am{U ~§Y COm© gmaIr ZgVo. (Vº$m-3 nmhm)
• ~§Y cm§~r Am{U ~§Y CO}déZ Vwåhmcm H$m` g_OwZ Amco?

AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?
• E§JñQ´>mo_ (Å) ho cm§~rMo EH$H$ Amho Am{U ho 10-10 _rQ>a qH$dm 0.1 ZmZmo{_Q>a qH$dm 100

{nH$mo_rQ>a g_mZ Amho.
• 1 ZmZmo{_Q>a  = 10-9 _rQ>a
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• {^Þ àH$maÀ`m AUw _Yrc ~§YmMr qH$_V {^Þ Zmhr H$m?
2) ClB

 
eCl  _Ü ò  BeCl2 , 1800  Amho.  FBF _Ü ò BF3 , 120o, HCH _Ü ò

CH4 ,109028/, HNH _Ü`o
NH3 , 107018/  Am{U HOH
_Ü ò  H2O , 104o31/  H$m AgVo
ho {gÜX§mV ñnï> H$é eH$Vm H$m?

åhUOo aoUwMm AmH$ma ñnï>
H$aÊ`mgmR>r Ag\$c Pmcm.
eodQ>À`m H$úmoVrceodQ>À`m H$úmoVrceodQ>À`m H$úmoVrceodQ>À`m H$úmoVrceodQ>À`m H$úmoVrc
BcoŠQ´>mÀ`m OmoS>rMmBcoŠQ´>mÀ`m OmoS>rMmBcoŠQ´>mÀ`m OmoS>rMmBcoŠQ´>mÀ`m OmoS>rMmBcoŠQ´>mÀ`m OmoS>rMm
à{VH$f©U {gÜX§mVà{VH$f©U {gÜX§mVà{VH$f©U {gÜX§mVà{VH$f©U {gÜX§mVà{VH$f©U {gÜX§mV

VrZ qH$dm Ë`m noúmm OmñV
AUwZr {_iwZ ~Zcoë`m aoUwV gd©
AUw EH$ AUw H|$Ðmer gh g§`wO
~§Ymer OmoSw>Z Agë`mg Ë`m
_Yrc ~§Y H$moZmMo dU©Z H$aUmè`m
{gÜXmVmcm eodQ>À`m H$úmoVrc
BcoŠQ´ >mZ OmoS>rMm à{VH$f©U
{gÜX§mV valence – shell –
electron – pair repulsion – theory (VSEPRT) åhUVmV.  `mM {gÜXm§VmMo
à{VnmXZ {gS>{dH$ Am{U nm°doc (Sidgwick and Powell (1940) ̀ m§Zr Ho$coo. g_moa
J°cmoñnr Am{U Zm`hmoë_ (Gillespie and Nyholm (1957) _Ü`o `m {gÜXm§VmMm
{dH$mg Ho$cm.

`m {gÜX§mVmZo Imcr {df`m§Mo {ddaU {Xco Amho.
1. VSEPRT  ghg§`wO ~§YmV eodQ>À`m H$úmoVrc BcoŠQ´>mÝg Am{U ~§YmV ^mJ Z

KoUmao EH$mH$s BcoŠQ´>mZMr OmoS>r eŠ`Vmo EH$_oH$m§nmgwZ Xþa amhÊ`mMm à`ËZ
H$aVmV. Ë`m_wio AU§wZm {doeof AmH$ma `oVmo.

2. eodQ>À`m H$úmoVrc ghg§`wO ~§YmVrc BcoŠQ´>mZMr OmoS>rMr g§»`m AUwH|$Ðmda
Agcoco EH$mH$s BcoŠQ´>mZMr OmoS>rMr g§»`m _m{hV Pmë`mg Ë`m BcoŠQ´>mZ OmoS>r
_Ü`o AUwÀ`m H|$ÐH$m^modVr H$em àH$mao R>odco Amho. `mMm A§XmO cmdwZ `mgmR>r,
Ë`m déZ aoUwÀ`m AmH$mamMm A§XmO cmdUo gmono OmVo.

3. _Ü` AUw^modVr ~§Y BcoŠQ´>mZ OmoS>r noúmm, EH$mH$s BcoŠQ´>mZ OmoS>r OmñV OmJm
ì`mnVo. EH$mH$s BcoŠQ´>mZ OmoS>r(~§YmV ^mJ Z KoUmar qH$dm Z dmQ>Umar) \$º$
EH$mM H|$ÐH$mìXmao AmH${f©ë`m OmVo na§Vw ~§Y BcoŠQ´>mZ OmoS>r_mÌ XmoZ AUw
H|$ÐH$mìXmao dmQw>Z KoVë`m OmVo. _Ü` AUwdarc EH$mH$r BcoŠQ´>mZÀ`m OmoS>r_wio
aoUwMm AmH$ma Am{U ~§Y H$moZmV WmoS>mgm ~Xc KSw>Z `oVmo. H|$ÐH$mda EH$mH$r
BcoŠQ´>mZ OmoS>r_Ü`o à{VH$f©U dmT>ë`mg gmYmaUnUo AUw_Yrc ~§Y H$moZ Z¸$sM
H$_r hmoVmo.

~§Y~§Y~§Y~§Y~§Y ~§Y cm§~r~§Y cm§~r~§Y cm§~r~§Y cm§~r~§Y cm§~r ~§Y AnKQ>Z COm©~§Y AnKQ>Z COm©~§Y AnKQ>Z COm©~§Y AnKQ>Z COm©~§Y AnKQ>Z COm©
 (Å)   (KJmol-1)

H –H 0.74 436
F – F 1.44 159
Cl – Cl 1.95 243
Br – Br 2.28 193
I – I 2.68 151
H – F 0.918 570
H – Cl 1.27 432
H – Br 1.42 366
H – I 1.61 298
H – O (of H2O) 0.96 460
H – N (of NH3) 1.01 390
H – C (of CH4) 1.10 410

Vº$mVº$mVº$mVº$mVº$m – 3

∧ ∧

∧

∧

∧
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4.i) ghg§`wO ~§YmV _Ü` AUwH|$ÐH$m^modVr eodQ>À`m H$úmoV VrZ ~§Y BcoŠQ´>mZ
OmoS>çm Agë`mg Ë`mÀ`m _Yrc à{VH$f©U eº$s H$_r H$aÊ`mgmBr Ë`mg 1800 H$moZmV
doJio H$amdo cmJVo. Ago H$oë`m_wio aoUw aoIr` AmH¥$VrV `oVmo.

CXmhaU:CXmhaU:CXmhaU:CXmhaU:CXmhaU:

4.ii) ghg§`wO ~§YmV _Ü` AUw H|$ÐH$m^modVr eodQ>À`m H$úmoV (docoÝgr H$úmm)
VrZ ~§Y BcoŠQ´>mZ OmoS>çm Agë`mg Vo  1200  H$moZmV {ÌH$moUmÀ`m {VÝhr H$monè`mV
doJio Ho$ë`m OmVo. åhUwZ Vmo aoUw aoIr` {ÌH$moU hmoVmo.

CXmhaU:CXmhaU:CXmhaU:CXmhaU:CXmhaU:

gwMZm gwMZm gwMZm gwMZm gwMZm : BeCl2 Am{U BF3 _Ü ò _Ü` AUw Be Am{U B _Ü`o eodQ>À`m H$úmoV 8
BcoŠQ´>mZ Zgcoco Vwåhr nm{hco Agmc. Ë`m_Ü`o 4 Am{U 6 BcoŠQ´>mZM Amho. Aem
aoUwcm BcoŠQ´>mZ Zgcoco aoUw åhUVmV.

4.iii) Oa ghg§̀ wO ~§YmV _Ü` AUwH|$ÐH$m^modVr eodQ>À`m H$úmoV Mma ~§X
BcoŠQ´>mZ OmoS>çm Agë`mg Vmo MVwî\$cH$ ({Ì{_Vr` AmH¥$Vr) AmH$mamV Mma H$monè`mV
doJio Ho$ë`m OmVo Am{U ~§Y H$moZ A§XmOo 109028/ AgVmo.

CXm: {_WoZCXm: {_WoZCXm: {_WoZCXm: {_WoZCXm: {_WoZ
* {_WoZÀ`m aoUwV (CH4), HCH _Ü` ~§Y H$moZ 109028/  Amho. H$maU _Yë`m

H$m~©Z ^modVr Mma ~§Y BcoŠQ´>mZ OmoS>çm AmhoV. Ë`mMm AmH$ma Imcr XmI{dcm
Amho.

∧
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4.iv)  Oa VoWo VrZ ~§Y OmoS`m Am{U EH$ EH$mH$s OmoS>rcm (Z dmQ>cocr
BcoŠQ´>mZMr OmoS>r) Agë`mg _Ü` AUwÀ`m H|$ÐH$m^modVr EH$mH$s OmoS>r OmñV OmJm
ì`mnVo. Cacoë`m VrZ OmoS`m NH3 aoUwgma»`m EH$_oH§$mÀ`m AJXr Odi òVmV.

CXm:CXm:CXm:CXm:CXm:A_moZr`m
Am_moZr`m  (NH3) aoUwV Zm`Q´>moOZ AUwÀ`m H|$ÐH$m ^modVr ghg§`wO

~§YmV  (3 N – H) VrZ ~§Y OmoS>çm AgVmV Am{U EH$ EH$mH$s OmoS>r AgVo.
EH$mH$s OmoS>r - ~§Y OmoS>rMo à{VH$f©U ~§Y OmoS>r-~§Y OmoS>r à{VH$f©U noúmm
A{YH$ AgVo. åhUwZ NH3 Mm AmH$ma MVwîH$\$cH$mgmaIm AgVmo. Am{U
Ë`mÀ`m ~mø H$úmoV Mma BcoŠQ´>mZ OmoS>çm AgVmV. Am{U HNH = 109028/ Ë`mg
HNH = 107048/  H$maU ~§Y OmoS>rda EH$mH$s OmoS>rìXmao à{VH$f©U AgVo.

NH3 aoUwMm AmH$ma N gwMrMm {eam|{~Xþ AgwZ Ë`mMm AmH$ma {ÌH$moUmH$ma gwMr
gmaIm AgVmo.

4.v)  _Ü` AUwÀ`m H|$ÐH$m^modVr Ë`m§À`m ~mø H$úmoV Oa XmoZ ~§Y OmoS>çm Am{U
EH$mH$s BcoŠQ´>mZÀ`m XmoZ OmoS>çm Agë`mg EH$mH$r OmoS>r- EH$mH$r OmoS>r à{VH$f©U
ho EH$mH$r OmoS>r- ~§Y OmoS>r à{VH$f©U noúmm A{YH$ AgVo. åhUwZ ~§Y OmoS>r_Yrc
H$moZ nwT>o nwT>o H$_r hmoV OmVo.

CXmhaU :CXmhaU :CXmhaU :CXmhaU :CXmhaU : nmUr
nmÊ`mÀ`m aoUwV (H2O) AmŠgrOZ AUwÀ`m H|$ÐH$m^modVr Mma BcoŠQ´>mZÀ`m

OmoS>çm AgVmV Ë`mn¡H$s XomZ EH$mH$s OmoS>çm Am{U XmoZ ~§Y OmoS>çm AmhoV.
åhUwZ H2O aoUw ‘V’ AmH$ma qH$dm dmH$cocm AmH$ma qH$dm MVwîH$\$cH$m EodOr
H$moUr` AmH$mamV CH4 gmaIm AgVmo. H$maU EH$mH$s OmoS>r- EH$mH$s OmoS>r
n«{VH$f©U Am{U EH$mH$s OmoS>r-~§Y OmoS>r à{VH$f©U AgVo. HOH is 104031/

• aoUw_Ü`o ~§Y H$moZ åhUOo H$m`?
XmoZ AUwÀ`m H|$ÐH$m_YwZ OmUmè`m H$ën{ZH$ aofoZr V`ma Ho$coë`m

H$moZm_wio _Ü` AUwÀ`m H|$ÐH$mìXmao _Ü` AUwda ghg§`wO ~§Y V`ma hmoVo.
(AmH¥$Vr nmhm. ‘α’ hm ~§Y H$moZ Amho.)

(VSEPRT) {gÜXm§V ~§YmMr eº$s ñnï> H$aÊ`mgmR>r Ag_W© R>acm H$maU hm
{gÜX§mV AÚmn ghg§`wO ~§Y V`marÀ`m co{dgÀ`m g§H$ënZoda {Z^©a Amho.  Vmo
{gÜX§mV ghg§̀ wO ~§YmÀ`m BcoŠQ´>mZrH$ ñd^mdmÔc OmñV ñnï>rH$aU XoD$ eH$V Zmhr.

107048/////

ααααα
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ghg§̀ wO ~§YmMo dU©Z H$aÊ`mgmR>r cm`Zg nmqcJ (Linus Pauling (1954)ZmdmMo
emókmZo ghg§`wO ~§Y {gÜXm§VmMo à{VnmXZ Ho$co.
ghg§`wO ~§Y {gÜX§mV ghg§`wO ~§Y {gÜX§mV ghg§`wO ~§Y {gÜX§mV ghg§`wO ~§Y {gÜX§mV ghg§`wO ~§Y {gÜX§mV (Valence bond theory)

ghg§̀ wO ~§YmMo dU©Z H$aÊ`mgmR>r cm`Zg nmqcJ ZmdmÀ`m emókm§Zr ghg §̀wO
~§Y {gÜXm§VmMo à{VnmXZ Ho$co. hm {Z_` Imcrc n«_mUo Amho.

1. ~mhoarc H$úmoV OmoS>r Z ~Z{dUmao EH$mH$s BcoŠQ´>mZ Agcoco XmoZ AUw
EH$_oH§$mZ Odi Amë`mg, Ë`m XomZ AUwer {déÜX Aúmm^modVr {\$aUmao OmoS>r Z
~Z{dUmè`m BcoŠQ´>mZcm {_iwZ dmQ>Ur Ho$ë`m_wio ghg§`wO ~§Y V`ma hmoVo. AemàH$mao
EH$_oH§$mda ì`mncocm H$úmoVrc BcoŠQ´>mÝg XomÝhr AUwÀ`m H|$ÐH$mH$S>o AmH$fuë`m OmVo.
hm ~§Y XmoÝhr AUw§Zm EH$Ì H$aVo.

 CXm: H2 aoUwÀ`m {Z_m©UmV EH$ ‘H’ AUwÀ`m ‘1s’H$úmoV EH$_oH§$mda ì`mnUmao
EH$mH$s BcoŠQ´>mÝg AgVmV. ho EH$mH$s BcoŠQ´>mZ Xþgè`m ‘H’AUw_Yrc AgVmV. `m
‘H’ AUwcm {déÜX H$úmoV {\$aUmao EH$mH$s BcoŠQ´>mZ AgVmV. ho H-H ~§Y Am{U H2

aoUw XoVmV.

       H AUw    H AUw                         H2 aoUw
2. H$úmm OodT>r OmñV EH$_oH§$mda ì`mnVo Voìhm V`ma hmoUmao ~§Y VodT>o ~cdmZ

~ZVo ‘s’ H$úmocm gmoSw>Z Xþgar H$úmrH$m Ooìhm `m ~§YmV ^mJ KoVmV Voìhm Ë`m ~§YmV
{Xem XoUmar d¡{eï>o {Z_m©U hmoVmV.

3. ~§YmV ̂ mJ KoUmè`m àË`oH$ aoUwÀ`m ñdVm:À`m H$úmm AgVmV. na§Vw EH$_oH$m§Zm
ì`mnUmè`m H$úmoVrc BcoŠQ´>mZÀ`m OmoS>çm _mÌ EH$_oH$m§Zm ì`mnUmè`m XomZ AUw {_iwZ
dmQw>Z KoVmV.

4. XmoZ AUw_Ü ò ~hþ~§Y V`ma Pmë`mg Ë`m_Ü ò V`ma homUmè`m nm{hcm ~§Y AUwÀ`m
H|$ÐH$m§Zm {_idUmè`m A§Va H|$ÐH$ aofogmo~V H$úmoÀ`m EH$_oH$m§er ì`mnÊ`m_wio (sigma(σ)
~§Y V`ma hmoVmV. hm {g½_m  (sigma(σ) ~§Y V`ma Pmë`m Z§Va H$úmoÀ`m nmíd© ì`mnÝ`m_wio
π  ~§Y V`ma hmoVmo. H$úmoÀ`m {ef© ̂ mJmÀ`m EH$_oH§$mer ì`mnÊ`m_wio hmoUmam {g½_m ~§Y (σ)
~cdmZ AgVmo. n§aVw {g½_m ~§YmÀ`m VwcZoV  π  ~§Y Xþ~©c AgVmo. H$maU ‘p’ H$úmrH$m
EH$_oH§$mda nmíd© [aVrZo ì`mnë`m_wio VodT>o ~cdmZ ~§Y V`ma hmoV Zmhr.
Cl-Cl aoUw KoD$ `m. aoUw KoD$ `m. aoUw KoD$ `m. aoUw KoD$ `m. aoUw KoD$ `m. (Consider Cl-Cl molecule)

17Cl  -  1s2 2s2 2p6 3s2 3px
2 3py

2 3pz
1

 Cl2 aoUwÀ`m V`marV, EH$ ŠcmoarZ AUwÀ`m 3pz H$úmoV Agcoco EH$mH$s
BcoŠQ´>mZ 3pz H$úmoV EH$_oH$m§da {déÜX H$úmoV \$saUmè`m Xþgè`m AUwÀ`m EH$mH$s
BcoŠQ´>mZ ìXmao H$úmoda EH$_oH$m§da ì`mnVo.
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• HCl aoUw H$gm V`ma hmoVmo?
H  AUwÀ`m  ‘1s’  H$úmoV Agcoco EH$mH$s BcoŠQ´>mZ ŠcmoarZ AUwV Agcoë`m

{déÜX H$úmoV {\$aUmè`m EH$mH$s BcoŠQ´>mZìXmao ‘3p’ H$úmocm EH$_oH§$mda ì`mnVo.
N2 aoUwMr {Z_uVr aoUwMr {Z_uVr aoUwMr {Z_uVr aoUwMr {Z_uVr aoUwMr {Z_uVr (Formation of N2 molecule)

7N Mo BcoŠQ´>mZ g§énU 1s2 2s2 2px
1 3py

1 3pz
1 Amho. g_Om EH$  N AUwMr px

H$úmm Xþgè`m ‘N’ AUwÀ`m ‘px’H$úmoìXmao EH$_oH$m§da ì`mnë`mg A§Va H|$ÐH$ Aúmmda  σ
px - px ~§Y V`ma hmoVmo. Zm`Q´>moOZ AUwÀ`m py Am{U pz H$úmrHo$er nmíd© [aVrZo
EH$_oH§$mda ì`mnVo. ho ~§Y AUwÀ`m H|$ÐH$mZm OmoS>Umè`m A§Va A{úm` aofoda c§~
AgUmè`mpy Am{U pz π py-py Am{U π pz-pz ~§YmZm {Z_m©U H$aVo AemarVrZo N2

aoUwVrc XmoZ Zm`Q´>moOZ AUwV {Vhoar~§Y V`ma hmoVo.

O2 aoUwMr {Z_uVr aoUwMr {Z_uVr aoUwMr {Z_uVr aoUwMr {Z_uVr aoUwMr {Z_uVr (Formation of O2 molecule)

8O aoUwMo BcoŠQ́>mZ g§énU 1s2 2s2 2px
2 3py

1 3pz
1 Amho. EH$m  O AUwMr ‘py‘H$úmrH$m

Xþgè`m ‘O’ AUwÀ`m H${úmHo$cm A§Va A{úm` aofoda EH$_oH$m§Zm ì`mnë`mg {g½_m py- py

Am{U (σpy- py)  ~§Y V`ma hmoVmV. EH$m O AUwVrc pz H$úmm hr Xþgè`m ‘O’ AUwVrc
pz H$úm|er nmíd©arVrZo Am§Va A{úm` aofoda c§~nUo EH$_oH§$mda ì`mnVo Am{U π pz- pz

~§Y V`ma hmoVo.  O2 aoUwV XmoZ AmŠgrOZ AUw_Ü`o Xþhoar~§Y AgVo.

d°coÝgr ~§Y {gÜXmV - g§H$aU d°coÝgr ~§Y {gÜXmV - g§H$aU d°coÝgr ~§Y {gÜXmV - g§H$aU d°coÝgr ~§Y {gÜXmV - g§H$aU d°coÝgr ~§Y {gÜXmV - g§H$aU (Valence bond theory-Hybridisation)

BeCl2 V`ma H$aUo V`ma H$aUo V`ma H$aUo V`ma H$aUo V`ma H$aUo (Formation of BeCl2 (Beryllium chloride) molecule)

4Be Mo BcoŠQ´>mZ g§énU  1s2 2s2 Amho. `mV OmoS>r Z OwS>coco BcoŠQ´>mZ ZgVmV.
åhUwZ ho ghg§`wO ~§Y V`ma H$aV Zmhr. n§aVw Vo àË`oH$s EH$ BcoŠQ´>mZ ŠcmoarZÀ`m
XmoZ AUwer {_iwZ XmoZ ghg§`wO ~§Y V`ma hmoVmV. ~oarcr`_Mo AUw CÎmoOrV pñWVrV
AgVm§Zm Ë`mÀ`m ‘2s’ nmVir _YwZ EH$ BcoŠQ´>mZ 2px nmVirV Joë`mZo Ë`mMo BcoŠQ´>mZ
g§énU  4Be  1s2 2s1 2px

1 Am{U  17Cl  1s2 2s2 2p6 3s2 3px
2 3py

2 3pz
1 AgVo ho

AmnUmg _m{hV Amho.
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Oa Be Mm AUw XomZ ŠcmoarZÀ`m AUwer Owië`mZo ghg§`wO ~§Y V`ma Ho$co
AgVm. ~oarcr`_Mr ‘2s’H${úmH$m EH$ ŠcmoarZ AUwÀ`m  ‘3pz’ H$úmrHo$er EH$_oH§$mda
ì`mnë`mg EH$ {g½_m σ2s-3p ~§Y V`ma hmoVmo. Ë`mMà_mUo ~oarcr`_Mr ‘2px
H$úmrH$m Xþgè`m ŠcmoarZ AUwÀ`m 3p H$úmrHo$er EH$_oH$m§da ì`mnë`mg {g½_m σ2p-3p
~§Y V`ma hmoVmo. H${úmHo$À`m EH$_oH$m§da ì`mnZo {^Þ Agë`m_wio Be-Cl  ~§YmMr
~§YZ eº$s {^Þ AgVo. n§aVw XomÝhr ~§Y g_mZ eº$sMo AgwZ Am{U ClBeCl ~§Y H$moZ
1800Amho. ̀ m Aem \$aH$mÀ`m ñnï>rH$aUmgmR>r cm`Zg nm°ctJZo(1931)AUwH$úmrHo$Mo
g§H$aU(hybridisation of atomic orbitals)  JwUY_m©Mo n«{VnmXZ Ho$co.

g§H$aU g§H$aU g§H$aU g§H$aU g§H$aU (Hybridisation) AUwÀ`m ~mø H$úmoV AgUmè`m OdiOdi g_mZ
eº$sÀ`m AUw H$úmrHo$cm nañna {_idwZ Am{U nwZ©ì`dñWrH$aUmìXmao Ë`mM g§» òV ~§Y
eº$s, AmH$ma `mgmaIo JwUY_© EH$ gmaIoM Agcoë`m gd© g_mZ H${úmHo$À`m Am§Va
{_lUmcm g§H$aU åhUVmV.

Be AUw CÎmoOH$ pñWVrV AgVm§Zm Ë`m_Yrc OmoS>r Z ~Z{dUmam EH$mH$r BcoŠQ´>mZ
Agcocr 2s H$úmm Am{U 2px H$úmm nañna {_iwZ nwZ©aì`dñWrH$aUm ìXmao XmoÝhr
gma»`m H${úmH$m V`ma hmoVmV. h§S>g À`m {Z`_mdéZ, g§H$aUmìXmao {Z_m©U hmoUmè`m
àË`oH$ H$úmoV EH$ BcoŠQ´>mZ AgVmo. g§H$aUmV ^mJ KoVcoë`m H$úmoÀ`m àH$mamdéZ
V`ma Pmcoë`m `m Z{dZ H$úmm§Zm  sp H$úmrH$m åhUVmV. XomZ sp H${úmHo$ _Yrc H$moZ
1800 AgVo. ~oar`_ gh ~§YmV ̂ mJ KoUmè`m XomZ ŠcmoarZ AUwV àË òH$ ŠcmoarZ AUwMr
3pz

1 H$úmrH$m ~oar`_À`m sp g§H$arV H$úmogmo~V AmH¥$VrV XmI{dë`mn«_mUo EH$_oH$m§da
ì`mnë`m_wio XomZ gmaIo  Be-Cl {g½_m ~Y (σsp-p ~§Y )  V`ma hmoVmV .åhUwZM
ClBeCl  hm c§~ H$moZ 1800 gmaIm g_mZ ~cmMo XmoZ ~§Y V`ma hmoVmV.

XmoÝhr ~§Y g_mZ eº$sMo AgVmV.

BF3  aoUw V`ma H$aUo  aoUw V`ma H$aUo  aoUw V`ma H$aUo  aoUw V`ma H$aUo  aoUw V`ma H$aUo (Formation of BF3 molecule)

5B BcoŠQ´>mZ g§énZ 1s2 2s2 2px
1 Amho.

Ë`m_Ü`o EH$ OmoS>r Z Owicocm BcoŠQ´>mZ Agë`m_wio  (2px
1) \$º$ EH$ ghg§̀ wO

~§Y V`ma hmoD$Z B-F aoUw `oVo. na§Vw àË`úmnUo AmnUmg  BF3 aoUw `oVo.
ho ñnï> H$aÊ`mgmR>r Ago gw{MV Ho$co H$s,
i. ~moam°Z  (B)àW_ CÎmoOrV hmoD$Z1s2 2s1 2px

1 2py
1BcoŠQ´>mZ g§énU {_i{dVo.

ii.  BF3  _Ü`o VrZ B-F gmaIo ~§Y V`ma Pmë`m_wio ‘B’AUw g§H$aUmV ^mJ
KoVmV, ho gw{MV Ho$ë`m OmVo. ̀ oW§o 2s, 2px, 2py A§Va {_lUmZo Ago VrZ gma»`m H$úmoV
dmQ>n Ho$ë`mZo Ë`mg sp2 g§H$arV H$úmrH$m åhUVmV. VrZ sp2 H$úmooHo$cm doJio H$aÊ`mgmR>r

∧

∧

~oam°Z Q´>mB©âcmoamB©S>~oam°Z Q´>mB©âcmoamB©S>~oam°Z Q´>mB©âcmoamB©S>~oam°Z Q´>mB©âcmoamB©S>~oam°Z Q´>mB©âcmoamB©S>
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H$Yr à{VH$f©U nm{hOo Am{U _Ü` AUwda H$moUË`mhr XomZ
H$úmoVrc H$moZ 1200 AgwZ n«Ë`oH$ sp2 H${úmH$m H$úmm EH$
BcoŠQ´>mZ {_i{dVo. AmVm VrZ âcmoarZ AUw OmoS>r Zgcoë`m
Ë`mÀ`m 2pz  H$úmoda EH$_oH$m§Zm ì`mnVmV. (F9 1s2 2s2

2px
2 2py

2 2pz
1) OmoS>r Z Owicoco BcoŠQ´>mÝg Agcoë`m

BÀ`m sp2  H$úmrHo$ìXmao VrZ σsp2-p ~§Y V`ma H$aVmV.
NH3 aoUwMr V`mar H$aUo aoUwMr V`mar H$aUo aoUwMr V`mar H$aUo aoUwMr V`mar H$aUo aoUwMr V`mar H$aUo (Formation of NH3 molecule)

Am_mo{Z`mÀ`m aoUwV EH$ Zm`Q´>moOZ AUw Am{U VrZ hm`S´>moOZ AUw AgVmV. gd©
VrZ  N-H  ~§Y gma»`m eº$sMo AgwZ Ë`m_Yrc H$moZ HNH  = 107048/

7N Mo BcoŠQ´>mZ g§énU 1s2 2s2 2px
1 2py

1 2pz
1 Amho.

Oa VrZ hm`S´>moOZ AUwMr 1s H$úmm Zm`Q´>moOZ AUwÀ`m ‘p’ H$úmoda EH$_oH$m§Zm
ì`mncoë`mg Ë`m nmgwZ gmaIo  σ p-s  ~§Y {_iVmV. Voìhm HNH  hm H$moZ 900 À`m
g_mZ Agcm nm{hOo na§Vw Vo 107048/ Amho. `m \$aH$mMo H$maU åhUOo Zm`Q´>moOZ
AUwV V`ma homUmè`m sp3 H$úmrH$m Am{U VrZ ‘2s’ H${úmH$m Am{U 2px,
2py, 2pz {_iwZ Mma  sp3 g§H$arV H$úmrH$m V`ma hmoVmV. `m Mma sp3

g§H$arV H${úmH$ n¡H$s \$º$ EH$M H$úmm BcoŠQ´>mZMr OmoS>r {_i{dVo
Am{U Mma BVa VrZ sp3 H${úmH$m \$º$ EH$ EH$ BcoŠQ´>mZ Agcocr 1s
H$úmm Zm`Q´>moOZ AUwVrc OmoS>r Z ~Z{dUmè`m BcoŠQ´>mZ Agcoë`m sp3

g§H$arV H$úmoer EH$_oH§$mZm ì`mnë`m_wio VrZ σs-sp3 ~§Y V`ma hmoVmV.
sp3 g§H$aUmgmR>r HNH ~§Y H$moZ 1090 28/  Mm Agcm nm{hOo. n§aVw EH$m sp3H$úmoV
BcoŠQ´>mZMr OmoS>r Agë`m_wio ~§YmV ̂ mJ KoUmè`m BcoŠQ´>mZÀ`m OmoS>r _Yrc à{VH$f©U
OmñV Agë`m_wio HNH ~§Y H$moZ H$_r hmoD$Z 107048/ homVmo.
nmÊ`mÀ`m aoUwMm AmH$ma nmÊ`mÀ`m aoUwMm AmH$ma nmÊ`mÀ`m aoUwMm AmH$ma nmÊ`mÀ`m aoUwMm AmH$ma nmÊ`mÀ`m aoUwMm AmH$ma (Shape of water molecule)

nmÊ`mMm AUwV ~§YH$moZ HOH is 104031/  Agë`mMo AmT>iwZ Amco.
AmŠgrOZ 8O Mo BcoŠQ´>mZ g§énU 1s2 2s2 2px

2 2py
1 2pz

1 Am{U1H is 1s1Amho.
åhUwZ XomZ hm`S´>moOZ AUwV AgUmè`m ‘s’H$úmrH$m AmŠgrOZ AUwV OmoS>r Z

Owicoco BcoŠQ´>mZ Agcoë`m ‘p’ H$úmoer EH$_oH$m§Zm H$mnÊ`m_wio XmoZ  σ s-p ~§Y V`ma
hmoVmV. Am{U HOH ~§Y H$moZ 900 Agcm nm{hOo.

na§Vw HOH Mm ~§Y H$moZ 104031/ Agë`mMo {Z[aúmUmg Amco. `mMo
ñnï>rH$aU H$aÊ`mgmR>r sp3 g§aH$UmZo ‘O’ AUwÀ`m eodQ>À`m H$úmocm gw{MV
Ho$co. s-H$úmm (2s) Am{U VrZ ‘p’H$úmm (2px, 2py, 2pz) nañna {_iwZ
Am{U nwZ©aì`dñWrH$aUmìXmao Mma gma»`m H$úmrHo$V dmQ>ë`m OmVo.  AmŠgrOZ
AUwV EH$wU ghm BcoŠQ´>mÝg R>odë`m_wio XmoZ sp3 H$úmrHo$V EH$ EH$
BcoŠQ´>mZMr OmoS>r AgVo. AmVm AUwÀ`m XomZ  sp3 H$úmrH$m XmoZ hm`S´>moOZ

107048/////

∧

∧

∧

∧

∧

Am_mo{Z`mAm_mo{Z`mAm_mo{Z`mAm_mo{Z`mAm_mo{Z`m

∧
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AUwÀ`m s H$úmoda EH$_oH$m§Zm ì`mnwZ σsp3-s  ~§Y V`ma H$aVmV. EH$mH$s OmoS>r,
EH$mH$s OmoS>r à{VH$f©U Am{U EH$mH$s OmoS>r ~§Y OmoS>r à{VH$f©Um_wio HOH ~§Y
H$moZ 109028/ noúmm H$_r  (sp3 MVwîH$\$cH$ – g§H$aU gmoSw>Z) hmoD$Z 104031/hmoVmo.

{_WoZ CH4, BWoZ C2H4 Am{U C2H2 aoUw À`m {Z_m©Um g§~§YrV H$m~©Z Am{U Ë`m§Mr
g§`wJo YS>çmV nwT>o {eH$Uma AmhmoV.

Am`{ZH$ Am{U ghg§`wO g§`wJmMo JwU_Y©Am`{ZH$ Am{U ghg§`wO g§`wJmMo JwU_Y©Am`{ZH$ Am{U ghg§`wO g§`wJmMo JwU_Y©Am`{ZH$ Am{U ghg§`wO g§`wJmMo JwU_Y©Am`{ZH$ Am{U ghg§`wO g§`wJmMo JwU_Y©
Vº$mVº$mVº$mVº$mVº$m -4

darc Vº$`mdéZ _m{hVr hmoVo H$s,  NaCl gmaIo Am`ZrH$ g§̀ wJo ImocrÀ`m
Vmn_mZmda KZ pñWVrV AgVmV.

HCl gma»`m Y¥dr` g§̀ wJmV {dViU q~Xþ, CËH$cZ q~Xþ, {H«$`m{ecVm, ÐmdUr`Vm
BË`mXr gmaIo JwUY_© g§̀ wJmV AgVmV. XmoZ {^Þ AUw_Ü ò ghg§̀ wO ~§Y {Z_m©U
Pmë`mg XomÝhr AUwìXmao dmQë`m Jococr BcoŠQ´>mZMr OmoS>r OmñV {dÚwV F$UVm
Agcoë`m AUwH$S>o KSw>Z `oVo. åhUOo aoUwVrc A{YH$ {dÚwV F$UVm Agcoco AUw H$_r
F$U à^ma Am{U H$_r {dÚwV F$UVm Agcoco AUw H$_r YZ à^mamMo AgVmV. Aem
àH$maMo aoUw Oo CXm{gZ AmhoV na§Vw Ë`mMo aoUw Oo WmoS>ogo YZ à^mamMo AgVmV Aem
aoUwcm Y¥dr` aoUw åhUVmV Am{U Ë`m_Yrc ~§Ymg Y¥dr` ghg§`wO ~§Y qH$dm AnwU©
Am`{ZH$ Am{U AnwU© ghg§̀ wO ~§Y åhUVmV.

Eg: H+Cl  +δ -δ
H   -  Cl

Am`{ZH$ g§̀ wJmV Ë`m§À`m {déÜX à^marV Am`Zm§_Ü ò {dÚwV pñWVrH$ AmH$f©U
~c g_mdcocm AgVmo. åhUwZ Vo A{YH$ {dViU q~Xþ Am{U CËH$cZ q~Xþ AgUmao
KZ nXmW© AmhoV.EH$ gmaIoM AgwZ Ë`mVM {daKiVmV `m {Z`_mZwgma Vo A{YH$

A.H«$.A.H«$.A.H«$.A.H«$.A.H«$. JwUY_© JwUY_© JwUY_© JwUY_© JwUY_© NaCl (Am`{ZH$Am`{ZH$Am`{ZH$Am`{ZH$Am`{ZH$) HCl (nmocma ghg§`wOmnmocma ghg§`wOmnmocma ghg§`wOmnmocma ghg§`wOmnmocma ghg§`wOm) C2H6 (g§`wOmg§`wOmg§`wOmg§`wOmg§`wOm)
1. gwÌ 58.5 36.5 30.0
2. ^m¡{VH$ pñWVr nm§T>ao ñ\$Q>rH$s` KZ a§J{hZ dm`w a§J{hZ dm`w
3. ~§YmMo àH$ma Am`{ZH$ nmocma ghg§`wO ghg§`wO
4. ÐdUm§H$ 801 0C -115 0C -183 0C
5. CËH$cZ q~Xþ 1413 0C -84.9 0C -88.63 0C
6. ÐmdUr`Vm

7. agm`{ZH$ H¥$Vr

∧

nmÊ`m_Ü`o {daKiVo Am{U
nmocma Zgcoë`m ÐmdH$mV
{daKiV Zmhr.

nmÊ`m_Ü ò {daKiVo Am{U H$mhr
nm ocma Zgcoë`m ÐmdH$mV
{daKiVo

nmÊ`m_Ü`o {daKiVo Zmhr
Am{U H$mhr nmocma Zgcoë`m
ÐmdH$mV {daKiVo.

n o mcma ÐmdH $ mV OmñV
{H«$`m{ec AgVo Am{U {H«$`m
gVV Mmcw AgVo.

OmñV {H«$`m{ec ZgVo. gm_mÝ` Vmn_mZmda A{Ve`
H$_r {H«$`m{ec AgVo.
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_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX
BcoŠQ´>mÝg, {ZîH«$s` dm ẁ, co{dg qQ>~mMr aMZm, Aï>H$ {Z`_, amgm`{ZH$ ~§Y,

Am`{ZH$ ~§Y, ghg§̀ wO ~§Y, YZ à^marV Am`Z, F$U à^marV Am`Z, {dÚwV pñWVrH$
~c, Am`{ZH$ g§̀ wO, Y¥dr` ÐmdH$, AY¥dr` ÐmdH$, aoUwMr {Z_uVr Am`{ZH$ g§̀ wJo,
ghg§`wO g§`wJo, {dÚwV YZr` d¡{eîQ>o, {dÚwV F$UVm d¡{eï>o, Y¥dr` ~§Y, BcoŠQ´>mZMr
~Y§Z OmoS>r, EH$oar OmoS>r, EH$mH$s OmoS>r, ~§Ycm§~r, ~§Y COm©, aoUwMm AmH$ma, aofr`

MVwîH$\$cH$, Am`{ZH$ Am{U ghg§`wO g§`wJmMo JwUY_©

Y¥dr`, Y¥dr` ÐmdUmV {daKiUmao AmhoV. Am`{ZH$ g§̀ wJmÀ`m ÐmdUmÀ`m amgm`{ZH$
A{^{H«$`oV Am`ZmMr gmYr _m§S>Ur ÐmdUmV KSw>Z ̀ oVo. Vr A{^{H«$`m Iwn OcX JVrZo
homVmo.

ghg§`wO aoUwVrc AmH$f©U ~c Xþ~©c AgVo. åhUwZ ghg§`wO g§`wJo ImocrÀ`m
Vmn_mZmda dm`w qH$dm Ðmd nXmW© AmhoV. Ë`m§Mm {dViU q~Xþ Am{U CËH$cZ q~Xþ
H$_r AgVmo. EH$gmaIo AgwZ Ë`mVM {daKiVmV. `m {Z`_mÀ`m AmYmao ho ghg§̀ wO
~§Y AY¥dr` ÐmdUmV, aoUw ÐmdUmÀ`m AY¥dr` ñd^mdm_wio {daKiVmV. ghg§̀ wO
g§`wJmÀ`m amgm`{ZH$ A{^{H«$`oV ~§Y VmoS>Umao Am{U ~§Y {Z_m©U H$aUmao Agë`m_wio
CËnmXrVo {_iVmV. åhUwZ hr A{^{H«$`m gm¡å` qH$dm _§XJVrMr AgVo. gmaIo AgwZ
Ë`mVM {daKiVmV. `m {Z_`mÀ`m AmYmao ÐmdUmH$UmV H$moUË`m àH$maMo amgm`{ZH$
~§Y AgVmV. Oo Ë`m ÐmdUmV {daKiw eH$VmV. Á`mÀ`m aoUwV gma»`m àH$maMo
amgm`{ZH$ ~§Y AgVmV.

AmnU H$m` {eH$cmoV?AmnU H$m` {eH$cmoV?AmnU H$m` {eH$cmoV?AmnU H$m` {eH$cmoV?AmnU H$m` {eH$cmoV?
• AmdV© gmaUrVrc _wcÐì`mMo ñWmZ, _wcÐì`m_Ü`o V`ma homUmè`m ~§YmÀ`m n«H$mamMo ^mH$sV

H$aÊ`mgmR>r Cn`moJr nS>Vo.
• Am`Z ho YZ qH$dm F$U à^marV H$U AmhoV. Vo BcoŠQ´>mZ gmoS>Uo qH$dm n«má Ho$ë`m_wio V`ma hmoVo
• XmoZ AwU qHdm AUwJQ>mVrc eº$s_wio V`ma Pmcoë`m pñWa ApñVËdmcm amgm`{ZH$ ~§Y åhUVmV.
• ~mø H$úmocm d°coÝgr H$úmm, Ë`m_Yrc BcoŠQ´>mZcm d°cÝgr BcoŠQ´>mZ åhUVmV.
• ‘O’ JQ>mer g§~§YrV dm ẁ§Zm amOdm ẁ åhUVmV. H$maU Vo BVa AUwer g§̀ moJ nmdV Zmhr.

{hcr`_cm gmoCwZ gd© amOdm ẁ `mÀ`m ~mø H$úmoV Aï>H BcoŠQ´>mZ g§énU AgVo.
• Aï>H$ {Z_`mdéZ AUw~§Y H$m V`ma H$aVmV ñnï> H$aVm òVo.
• amgm{ZH$ {H«$`m{ec _wcÐì`mÀ`m AUwV ~mø H$úmoV AnwU© Aï>H$ AgVo.
• AUwÀ`m ~mø H$úmoVrc CncãY BcoŠQ´>mZÀ`m g§»`m Ë`m_Yrc ~§YmÀ`m àH$mamMm {ZU©` H$aVo.
• _wcÐì`mÀ`m ~mø H$úmoV Aï>H$ òÊ`mgmR>r BcoŠQ´>mZ J«hZ H$aÊ`mÀ`m H$c AgVmo. Ë`mg {dÚwV

F$UVm d¡{eï>o Agcocr _wcÐì`o åhUVmV Vo F$U n«^marV Am`Z V`ma H$aVmV.
• Am`{ZH$ ~§YmÀ`m V`marV {dÚwV YZVm Agcoë`m _wcÐì`mMo AUw Ë`m§Mo d°coÝgr BcoŠQ´>mZ {dÚwV

F$UVm Agcoë`m _wcÐì`mÀ`m AUwV gmoSw>Z XomÝhrÀ`m ~mø H$úmoV Aï>Ho$ AmUÊ`mMm à`ËZ H$aVo.
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Amnë`m Aä`mgmV gwYmaUmAmnë`m Aä`mgmV gwYmaUmAmnë`m Aä`mgmV gwYmaUmAmnë`m Aä`mgmV gwYmaUmAmnë`m Aä`mgmV gwYmaUm

• {dÚyV pñWVrH$ COm© hr YZ à^marV Am{U F$U à^marV Am`Zm§Zm EH$Ì R>oD$Z {dÚwVr` CXm{gZ
AñVrËd V`ma H$aÊ`mg Am`{ZH$ ~§Y Ago åhUVmV.

• Am`{ZH$ g§̀ wJo hr A{YH$ ÐdUm§H$ Agcoco ñ\$Q>rH$s` KZ AmhoV.
• AUw_Yrc d°coÝgr BcooŠQ´>mZÀ`m dmQ>Ur_wio V`ma Pmcocr amgm`{ZH$ ~§Y XmoÝhr AUwÀ`m ~mø H$úmoV

Aï>Ho$ qH$dm Ë`m§À`m ~mø H$úmoV {ìX$H$pñWVr ~Z{dVmV ̀ mcm ghg§̀ wO ~§Y åhUVmV.
• Ooìhm XomZ AUw EH$ BcoŠQ´>mZ OmoS>r dmhþZ KoVmV Voìhm EH$ ghg§`wO ~§Y V`ma homVmo.
• àË`oH$ dmQ>ë`m Jococr BcoŠQ´>mZMr OmoS>r hr ghg§`wO ~§Ymcm g_Vwë` AgVo.
• BcoŠQ́>mZ Zoh_r AUwÀ`m ghg§̀ wO ~§Ymg g_mU [aVrZo dmQ>ë`m OmV Zmhr. ̀ mdéZ ~§Yr` Y¥dVm V`ma homVo.
• YZ Am{U F$U à^marV Am`ZmÀ`m V`marV à^md nS>Umao KQ>H$.
• ghg§`wO ~YmìXmao aoUwVrc ~§YH$moZmMo ñnï>rH$aU H$aÊ`mgmR>r d°coÝgr-H$úmm BcoŠQ´>mZ -OmoS>r

n«{VH$f©U qgÜXmV (VSEPRT) Amho.
• ghg§`wO ~§YmMo gm‘Ï¶© ñnï> H$aÊ¶mgmR>r g§¶wOm ~§Y {gÜXm§VmMr MMm© cmJoc.

1. XmoZ AUw‘Ü¶o V`ma hmoUmè`m ~§YmMo àH$ma R>a{dUmè`m KQ>H$m§Mr `mXr {chm? (AS1)
2. d°coÝgr BcoŠQ´>mZ Am{U _wcÐì`mMr d°coÝgr (ghg§`wOVm)`m_Yrc \$aH$ ñnï> H$am? (AS1)
3 amgm`{ZH$ g§`wJmcm Imcrc à_mUo co{dg g§Ho$V AgVmo:  (AS1)

a) Y _wcÐì`mV {H$Vr d°coÝgr BcoŠQ´>mZ AgVmV?
b) Y _wcÐì`mMr d°coÝgr H$m` Amho?
c) X _wcÐì`mMr d°coÝgr H$m` Amho?
d) aoUwV {H$Vr ghg§̀ wO ~§Y AgVmV?
e) X Am{U Y_wcÐì`mgmR>r Zmd gw{MV H$am?    (AS2)

4. ~§Y V`marV ~mø H$úmoVrc BcoŠQ́>mZM H$m ̂ mJ KoVmV? A§Va H$úmoVrc BcoŠQ́>mZ H$m ̂ mJ KoV Zmhr? (AS1)
5. aoUwÀ`m amgm`{ZH$ JwUY_m©Mo ̂ mH$sV H$aÊ`mgmR>r ~§Y COm©, ~§Ycm§~r, H$er Cn òmJr nS>Vo? EH$

CXmhaU XoD$Z ñnï> H$am? (AS1)
6. Imcrc ghg§`wO ~§YmMr BcoŠQ´>mZMr _m§S>Ur Xe©{dUmar gmYr AmH¥$Vr H$mT>m?        (AS5)

a) H°$ëer`_ AmŠgmBS> (CaO) (b) nmUr (H2O) (c) ŠcmoarZ (Cl2)
7. co{dg g§Ho$VmÀ`m gmhmæ`mZo  H2O aoUw Xe©dm? (AS5)
8. co{dg g§Ho$VmdéZ Imcrc AUw Xe©dm?    (AS5)

(a) ~oarcr`_   (b) H°$ëer`_  (c) {cWr`_ (d) ~«mo{‘Z dm¶w
9. Aï>H$ {Z`_ åhUOo H$m`? _wcÐì`mÀ`m amgm`{ZH$ JwUY_m©Mo dU©Z H$aÊ`mgmR>r Aï>H$ {Z`_mÀ`m

^w{_Ho$Mo H$go A{^Z§XZ H$amc? (AS6)
10. g§H$aU åhUOo H$m`? g§H$aUmÀ`m _XVrZo Imcrc aoUw H$go {Z_m©U homVmV ho ñnï> H$am?

a) Be Cl2 b) BF3

g§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZ
1. BcoŠQ´>mZ ho EH$m AUwVwZ Xþgè`m AUwV ñWmZm§Va hmoVmV ̀ m g§H$ënZodéZ gmoS>r`_ ŠcmoamB©S> Am{U

H°$ëer`_ AmŠgmB©S>À`m {Z_uVrMo dU©Z H$am?(AS1)

AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr -Q3

g§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZ
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`om½` n`m©`r àíZmMo CÎma {ZdS>m`om½` n`m©`r àíZmMo CÎma {ZdS>m`om½` n`m©`r àíZmMo CÎma {ZdS>m`om½` n`m©`r àíZmMo CÎma {ZdS>m`om½` n`m©`r àíZmMo CÎma {ZdS>m

2. A, B, Am{U C _wcÐì`mMo AUwH«$_m§H$ AZwH«$_o 6, 11 Am{U 17 AmhoV.
i. `mn¡H$s H$moUVo Am`{ZH$ ~§Y V`ma H$aV Zmhr? H$maU H$m`?   (AS1)
ii. `mn¡H$s H$moUVo ghg§̀ wO ~§Y V`ma H$aV Zmhr? H$maU?  (AS1)
iii. `mn¡H$s H$moUVo Am`{ZH$ d ghg§̀ wO ~§Y V`ma H$aVmV? H$maU?  (AS1)

3. Am`{ZH$ g§̀ wJmÀ`m VwcZoV ghg§̀ wOmÀ`m g§̀ wJmgmR>r H$_r ÐdUm§H$m Mr H$maUmMm A§XmO cmdm?(AS2)
4. AUw_Yrc ~§Y V`marMr à{H«$`m g_OÊ`mgmR>r co{dg qQ>~mMr aMZm H$er Cn`moJr nS>Vo?(AS6)
5. d°coÝgr ~§Y {gÜXm§VmìXmao Imcrc aoUwÀ`m V`marMo dU©Z H$am?

a) N2 aoUw b) O2 aoUw
Cƒ {dMma gaUrMo àíZCƒ {dMma gaUrMo àíZCƒ {dMma gaUrMo àíZCƒ {dMma gaUrMo àíZCƒ {dMma gaUrMo àíZ
1. Imcr XmoZ amgm`{ZH$ A{^{H«$`oMo dU©Z {Xco Amho.  (AS5)

• Zm`Q´>moOZMr hm`S´>moOZer {H«$`m hmoD$Z A_moZr`_ V`ma hmoVmo.(NH3)
• H$m~©Z Am{U hm`S´>moOZ ~§Y {_iwZ {_W§oZ aoUw (CH4) V`ma homVmo.
àË òH$ Am{^{H«$`mgmR>r Úm.
(a) {H«$`oV ^mJ KoVcoë`m àË`oH$ AUwMr d°coÝgr {H$Vr?   (AS1)
(b) V`ma Pmcoë`m CËnmXH$mMr co{dg g§aMZm   (AS5)

1) Imcrc n¡H$s H$moUVm _wcÐì` {dÚwV F$U Amho? [ ]
a) gmoS>r`_ b) AmŠgrOZ c) _°½Zo{e`_ d) H°$ëer`_

2)  11X
23 hm _wcÐì` Xþgè`m ‘Y’_wcÐì`mer Am`{ZH$ ~§Y {Z_m©U H$aVmo Voìhm X ìXmam V`ma

Pmcoë`m Am`ZMm à^ma AgVmo. [ ]
a) +1 b) +2 c) -1 d) -2

3) ‘A’ _wcÐì` ŠcmoamB©S> ACl4~Z{dVmo. ‘A’À`m d°coÝgr H$úmoV AgUmè`m BcoŠQ´>mZMr g§»`m {H$Vr?
a) 1 b) 2 c) 3 d)  4 [ ]

4) ~mhoarb H$joV Aï>H$ Bbo³Q´>mo{ZH$ g§énZ ZgUmao {Z{îH«$¶ dm¶y ‘wbÐì¶
a) {h{b¶‘ b) AmJm©Z c) H«oßQ>mZ d)  aoS>mZ [ ]

5) {‘WoZ aoUwV Agboë¶m ghg§¶wO ~§Ym§Mr g§»¶m
a) 1 b) 2 c) 3 d)  4 [ ]

6) AUwÀ¶m H$joMo g§H$aU {h g§H$ënZm ¶m§Zr ‘m§S>br
a) bmBd nmoqbJ b) ‘mogbo c) bodrg d)  H$mogb [ ]

7) ~oao{b¶‘ ³bmoamBS> aoUwV ~§Y H$moUm§Mr [H§$‘V AgVo.
a) 1800 b) 1200 c) 1100 d)  104.310 [ ]

1. ghg§̀ wO ~§YmMo Cn`moJ Am{U JwUY_m© ~Ôc _m{hVr Jmoim H$éZ Ë`mMr Ahdmc V`ma H$am? (AS4)
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nwduÀ`m dJm©V Vwåhr {dÚwV Ymam, {dÚwV KQ>(Battery), {dÚwV n[anW (Electric
circuit) Am{U Ë`mMo gcJ {d^mJm {df`r eH$cm AmhmV.
• {dÚwV Ymam åhUOo H$m`?
• {dÚwV n[anWmer OmoS>co AgVm {dÚwV VmaoVwZ H$moUVm à^ma (YZ qH$dm F$U)

dmh>Vmo?
• X¡Z§{XZ {OdZm_Ü`o à^mamÀ`m JVrgmR>r H$mhr nwamdo AmhoV H$m?

AmR>ì`m dJm©V Vwåhr AmH$memVrc {dOm {df`r _m{hVr {_i{dcr AmhmV.XmoZ
T>Jm_Yrc qH$dm T>J Am{U n¥Ïdr _Yrc {dÚwV {dà^marVocm AmH$memVrc {dO
_m{hV H$aVo. T>JmVwZ O_rZrH$S>o hdm ìXmao hmoUmao {dÚwV {dà^marV Amnë`mcm
dmVmdaUmV `m {R>UJr qH$dm M_H$Uo Ago {XgVo.

dmVmdaUm_Ü ò JVrÀ`m à^mamgmR>r AmH$memVrc {dO M_H$Uo ho EH$ {Od§V
CXmhaU Amho.
• à^mamÀ`m McZm_wio àË`oH$ doir {dÚwV Ymam {Z_m©U hmoVo H$m?

Mcm nmhþ `m.

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr 1
g§X^©g§X^©g§X^©g§X^©g§X^© 1: EH$ ~ë~, {dÚwV KQ>, EH$ ~Q>Z Am{U H$mhr Vm§~o VmaoMo VwH$S>o ¿`m.

`m§Zm n[anWmV OmoSw>Z ~Q>Z Mmcw H$am. ~ë~Mo {Z[aúmU H$am.
• Vwåhr H$m` {Z[aúmU Ho$co?

g§X^©g§X^©g§X^©g§X^©g§X^© 2: n[anWm nmgwZ {dÚwV KQ> H$mTw>Z Q>mH$m Am{U n[anWmcm g§nwU© H$aÊ`mgmR>r
Cacoë`m gcJ ̂ mJm§Zm OmoS>m. nwÝhm n[anWmMo ~Q>Z Mmcw H$am. Am{U ~ë~Mo {Z[aúmU
H$am.~ë~ àH$meVo H$m?

{dÚwV Ymam (Electric Current)

9
YS>mYS>mYS>mYS>mYS>m
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g§X^©g§X^©g§X^©g§X^©g§X^© 3: H$m°na Vmao EodOr Zm`cm°Z Vma dmnam Am{U {dÚwV KQ>, ~ë~ Am{U
~Q>Zcm n[anWmV OmoS>m. AmVm n[anWm darc ~Q>Z Mmcw H$am Am{U ~ë~ Mo {Z[aúmU
H$am. ~ë~ àH$meVo H$m?

`m gd© H¥$Vr Ho$ë`mZ§Va Vwåhmcm Ago cúmmV ̀ oB©c H$s, \$º$ n{hë`m g§X^m©V ~ë~
àH$meVo.
• 2 è`m Am{U 3 è`m g§X^m©V ~ë~ Z àH$meÊ`mMm H$maUm§Mm A§XmO Vwåhr H$é

eH$mc H$m?
{dÚwV KQ>mV agm`ZrH$ COm© gmR>dcocr AgVo Am{U Vr {dÚwV CO}V énm§Va hmoVo

Am{U g§X^© 1 _Ü`o Vwåhr {Z[aúmU Ho$ë`m gmaIo ~ë~ cm àH$m{eV H$aVo. åhUOoM
~ë~ àH$merV hmoÊ`mgmR>r nm{hOo Agcocr COm© {dÚwV KQ> nwa{dVo. nU g§X^© 3 _Ü`o
n[anWmV {dÚwV KQ> Agco Var Zm`cm°ZMr Vma {dÚwV KQ>mnmgwZ ~ë~ n ª̀V COm© ZoD$
Z eH$ë`mZo ~ë~ àH$m{eV hmoD$ eH$co Zmhr.

åhUwZ, {dÚwV KQ nmgwZ ~ë~ n ª̀VÀ`m CO©oÀ`m ñWmZm§Vam_Ü ò nXmWm©À`m ñd^mdmMm
_hËdmMm dmQ>m Amho. {dÚwV KQ (ómoV) nmgwZ ~ë~ n ª̀V Á`m dñVwVwZ COm© ñWmZm§Va
hmoV Amho Ë`mcm dmhH$ (conductor) Ago åhUVmV. Am{U Á`m dñVw _YwZ {dÚwV KQ
nmgwZ ~ë~ n`ªV COm© ñWmZm§Va hmoV Zmhr Ë`m dñVwcm {Zdm©hH$$ (non conductor)
Ago åhUVmV.
• gd© dñVw dmhH$mMr ŵ{_H$m H$m ~OmdV Zmhr?
• ómoV nmgwZ ~ë~ n ª̀V CO}Mo ñWmZm§VaU dmhH$ H$go H$aVo?

Mcm nmhþ `m.

{dÚwV Ymam {dÚwV Ymam {dÚwV Ymam {dÚwV Ymam {dÚwV Ymam (Electric current)
Omo n ª̀V YZ _wcH$ Ë`m§À`m ñWmZmda AgVmV Voìhm YmVw gma»`m dmhH$mV _moR>çm

g§»`oZo _wº$ BcoŠQ´>mZ AgVmV. Ago à{VnmXZ 19 ì`m eVH$mV S¯>S> Am{U cmoaoÝQ´>P
(Drude and Lorentz) `m emókm§Zr Ho$co. YZ _wcH$(ions) À`m _m§S>Urcm OmcH$
(lattice) Ago åhUVmV.

OmcH$ AdH$memV BcoŠQ´>mZMo dmJUwH$ _m{hV H$é `m. dmhH$mcm CKS>o n[anW
g_Ow. AmH¥$Vr 1 _Ü ò XmI{dë`m à_mUo dmhH$mÀ`m OmcH$ AdH$memV BcoŠQ´>mZ
H«$_ahrV nUo hmcMmc H$aVmV. AmH¥$Vr -1 _Ü ò XmI{dë`m à_mUo dmhH$mV EImÚm
H$mQ> N>oXrcm g_Ocmo Va EH$m gooH§$XmV Ë`m H$mQ>N>oXrm S>mì`m ~mOwdéZ COdr H$S>o
OmUmè`m BcoŠQ´>mZ Mr g§»`m EH$m goH§$XmV Ë`mM H$mQ>N>oXrcm COdr H$Sw>Z S>mdr H$S>o
OmUmè`m BcoŠQ´>mZ g§»`oÀ`m g_mZ AgVo. åhUOoM Iwë`m n[anWm _Yrc dmhH$mV
H$moUË`mhr H$mQ>N>oXm déZ OmUmao à^ma ewÝ` AgVo.

• dmhH$mÀ`m Q>moH$mZm Oa {dÚwV KQ> OmoS>co Va BcoŠQ´>mZ
Mo McZ H$go AgVo Vo gm§Jm?

AmH¥$Vr-1: BcoŠQ´>mZMoAmH¥$Vr-1: BcoŠQ´>mZMoAmH¥$Vr-1: BcoŠQ´>mZMoAmH¥$Vr-1: BcoŠQ´>mZMoAmH¥$Vr-1: BcoŠQ´>mZMo
H«$_ahrV McZ ( Iwë`mH«$_ahrV McZ ( Iwë`mH«$_ahrV McZ ( Iwë`mH«$_ahrV McZ ( Iwë`mH«$_ahrV McZ ( Iwë`m

n[anWmV)n[anWmV)n[anWmV)n[anWmV)n[anWmV)
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dmhH$mMo Q>moH$ Ooìhm ~ë~ déZ {dÚwV KQ>mcm OmoS>co
AgVm ~ë~ àH$m{eV hmoB©c H$maU H$s, {dÚwV KQ> _YwZ
~ë~ n ª̀V COm©Mo ñWmZm§Va KS>coco Amho. CO}À`m ñWmZmV§aZ
BcoŠQ´>mZ _wio homVo. Oa {dÚwV KQ> _YwZ ~ë~ n ª̀V CO}Mo
ñWmZm§VaU Oa BcoŠQ´>mZ _wio KS>V Agoc Va Ë`m§Mr JVr

EH$m nÜXVrV Agm`cm nm{Oo. Ooìhm BcoŠQ´>mZMr JVr EH$m H«$_nÜXVrV AgVo Voìhm
dmhH$mVrc H$moUË`mVar H$mQ>N>oXm déZ OmUmao à^ma ì`dñWrV nm{hOo. AmH¥$Vr -2
nmhm BcoŠQ´>mZ À`m `m H«$_nÜXVrV McZmcm {dÚwV Ymam (electric current) Ago
åhUVmV.

åhUwZ {dÚwV Ymam åhUOo à^mamMo H«$_nÜXVrV McZ hmo`.
{dÚwV Ymamcm amer _Ü ò ì`º$ H$é `m.
EH$m goH§$XmV {dÚwV dmhH$mVrc H$moUË`mVar H$mQ>N>oXm déZ OmUmao à^mamMo
n[a_mUmcm {dÚwV Ymam åhUVmV.
t doimV, EH$ dmhH$mVrc H$mQ>N>oXr déZ OmUmao à^ma Q  g_Ow Voìhm EH$m

goH§$XmV Ë`m dmhH$mVrc Ë`mM H$mQ>N>oXm déZ OmUmao à^ma Q/t hmoVo. åhUwZ
{dÚwV Ymam = {dÚwV à^ma / doi
I = Q/t
{dÚwV YmamMo  SI EH$H$ Eånr`a Amho Vo  A Zo Xe©{dVmV.
1Eånr`a = 1 Hw$c§~/1 goH§$X
1 A = 1 C/s

• BcoŠQ´>mZ EH$m {ZpíMV {XeoV H$m hmcMmc hmoVmV?
{dÚwV KQm _YwZ n[anWmcm dmhH$ Ooìhm OmoS>coco ZgVo, dmhH$m_Yrc BcoŠQ´>mZ

H«$_ahrV hmcMmc H$aVmV nU Ooìhm {dÚwV Ymamcm dmhH$ OmoS>Vmo Voìhm BcoŠQ´>mZ
EH$m {ZpíMV {XeoV hmcMmc H$aVmV. BcoŠQ´>mZ {ZpíMV {XeoV hmcMmc H$aÊ`mMo
_mJo H$mhr H$maU Amho Ago {XgVo. dmhH$mÀ`m XmoÝhr Q>moH$mcm {dÚwV KQ>mÀ`m Q>moH$mZr
OmoS>co AgVm, nwU© dmhH$mV EH$ gmaIo {dÚwV V`ma hmoVo. hm úmoÌ BcoŠQ´>mZ cm
{ZpíMV hmcMmc H$amd`mg cmdVo.
• BcoŠQ´>mZ H$moUË`m {XeoV hmcMmc H$aVmV?
• BcoŠQ´>mÝg {Za§Va ËdaUrV hmoVmV H$m?
• Vr pñWa JVrZo hmcMmc H$aVmV H$m?

{dÚwV úmoÌmìXmao dmhH$m_Yrc _wº$ BcoŠQ´>mZ ËdaUrV hmoVmV Am{U úmoÌmÀ`m
{XeoÀ`m {déÜX {XeoV hmcMmc H$aVmV. úmoÌmÀ`m à^mdmZo Ooìhm BcoŠQ´>mÝg JVr _Ü`o
AgVmV, OmcH, _wcH$ gmo~V AmKmV H$aVmV. COm© J_dVmV Am{U àË òH$ AmKmV
Vo {ZíMc pñWVrV `oVmV. {dÚwV úmoÌmìXmao Vo nwÝhm ËdaUrV homVmV Am{U Xþgè`m
OmcH$ _wcH$mer AmKmV _maVmV. `m nÜXVrVZo dmhH$m_Ü ò Vo hmcMmc H$aVmV.

AmH¥$Vr-2: BcoŠQ´>mZMoAmH¥$Vr-2: BcoŠQ´>mZMoAmH¥$Vr-2: BcoŠQ´>mZMoAmH¥$Vr-2: BcoŠQ´>mZMoAmH¥$Vr-2: BcoŠQ´>mZMo
EH$m H«$_mV McZEH$m H«$_mV McZEH$m H«$_mV McZEH$m H«$_mV McZEH$m H«$_mV McZ
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AmH¥$Vr -3 _Ü`o BcoŠQ´>mZMr JVr XmI{dcocr Amho.
åhUwZ dmhH$m_Yrc BcoŠQ´>mZ Mr hmcMmc EH$m pñWa
gamgar JVrZo AgVo Ago g_Ow. AmnU ̀ m JVrcm AZwJ_Z
JVr qH$dm AZwJ_Z doJ (drift speed qH$dm drift velocity)
åhUVmo.

_wº$ à^mamcm AZwJ_Z JVr Zo _moOw `m.
 A H$mQ>N>oXr úmoÌ\$i Agcoë`m dmhH$mÀ`m XmoÝhr Q>moH$mZm {dÚwV KQ>mcm OmoS>co

Va Ë`m _Ü ò {dÚwV àgma hmoVo. AmH¥$Vr -4 _Ü ò XmI{dë`m à_mUo à^mamMr AZwJ_Z
JVr  vd  g_Ow. EH$H$ KZ\$i (à^ma KZVm) _Ü ò dmhH$mVrc CnpñWVr à^mamMr
g§»`m n EH$m go|H$Xm_Ü`o àË`oH$ à^mamZo H$mncoco A§Va vd

Amho. Va ̀ m A§VamgmR>r dmhH$mMm KZ\$i Avd  À`m g_mZ
AgVo. (AmH¥$Vr 4 nmhm) KZ\$i (volume) Agcoë`m
à^mamMr g§»`m nAvd À`m g_mZ Amho. àË òH$ dmhH$mMr
à^ma q  g_Ow. EH$m goH§$XmV  D  darc H$mQ>N>oXr déZ
OmUmao EHw$U à^ma  nqAvd hmoVo. ho {dÚwV YmaoÀ`m g_mZ
Amho.

åhUwZ,
{dÚwV Ymam  I = nqAvd ………………. (1)
åhUwZ  vd = I/nqA ………………. (2)
Amnë`mcm _m{hV Amho H$s, dmhH$m_Ü`o BcoŠQ´>mZ ho à^mamcm dmhþZ ZoVo. {dÚwV

à^mamMo n[a_mU ‘e’ hm 1.602 x 10-19C AgVmo.
H$mQ>N>oXr (cross sectional) úmoÌ\$i A = 10-6 m2 Agcoë`m Vm§ã`mÀ`m VmamnmgwZ

1A {dÚwV Ymam AgVm§Zm BcoŠQ´>mZ Mr AZwJ_Z JVr _m{hV H$é `m. à`moJ nwU©
Pmë`mZ§Va _m{hV Ho$coco Vm§~o BcoŠQ´>mZMr KZVm  n = 8.5x1028m–3 ,q = e ho
g_rH$aU (2) _Ü ò à{VúmonrV H$éZ

vd = 1/(8.5x1028x10-6x1.6x10-19)
vd = 7x10-5m/s = 0.07mm/s
`m déZ Ago {XgVo H$s, BcoŠQ´>mÝgMr hmcMmc Iwn hiwZ hmoV Amho.

• Ooìhm AmnU ~Q>Z Mmcw H$aVmo Voìhm cJoM ~ë~ H$m àH$m{eV hmoVom?
{dÚwV n[anWmV ~Q>Z Mmcw Ho$ë`mda cJoM n[anWmVrc {dÚwV OZH$ {dÚwV

KQ>mMo {d^m§dVa (potential difference) _wio nwU© dmhH$mV {dÚwV úmoÌ V`ma hmoVo.
dmhH$mMr cm§~r {H$Vrhr Agcr Var cJoM {dÚwV úmoÌ {Z_m©U hmoVo. hm {dÚyV úmoÌ
{Z_m©U Pmë`mZo Ë`mÀ`m à^mdm_wio dmhH$mVrc BcoŠQ´>$mZ {ZpíMV {XeoV hmcMmc
H$aVmV.
• {dÚwV YmamMr {Xem AmnU H$er R>adw eH$Vmo?

g_rH$aU  I = nqAvd Zo  n Am{U A À`m qH$_Vr YZ AmhoV åhUwZ {ZX}{eV H$aVo.
q  à^maMo {MÝh g§Ho$V Am{U AZwJ_Z JVr vd ìXmam {dÚwV YmamMr {Xem R>a{dcr

AmH¥$Vr-3: BcoŠQ´>mZMo McZAmH¥$Vr-3: BcoŠQ´>mZMo McZAmH¥$Vr-3: BcoŠQ´>mZMo McZAmH¥$Vr-3: BcoŠQ´>mZMo McZAmH¥$Vr-3: BcoŠQ´>mZMo McZ

{d^md§Va

{dÚwV úmoÌmMr {Xem

A B

AmH¥$Vr-4: YZ à^marV MoAmH¥$Vr-4: YZ à^marV MoAmH¥$Vr-4: YZ à^marV MoAmH¥$Vr-4: YZ à^marV MoAmH¥$Vr-4: YZ à^marV Mo
AZwJ_ZAZwJ_ZAZwJ_ZAZwJ_ZAZwJ_Z

A (H$mQ>N>oXr úmoÌ\$i)

D
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vd
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OmVo. F$U n«^marV BcoŠQ´>mÝg gmR>rq  hm F$U Am{U vd  hm YZ AgVmo. Va q Am{U
vd Mm JwUmH$ma F$U AgVmo. ho F$U {MÝh g§Ho$V Ago XmI{dVo H$s, {dÚwV YmamMr
{Xem hr F$U à^mamÀ`m àdmhmÀ`m {déÜX AgVo. YZ à^mamgmR>r q Am{U vd Mo
JwUmH$ma hm YZ AgVmo. åhUwZ YZ à^mamÀ`m àdmhmÀ`m {Xeo déZ {dÚwV YmamMr
{Xem R>a{dë`m OmVo.
• {dÚwV Ymam AmnU H$er _moOw eH$Vmo?

gmYmaUV: {dÚwV Ymam _moOÊ`mgmR>r A°__rQ>a (ammeter) Mm dmna H$aVmV. ho
Ho$ìhmhr n[anWm À`m loUrV OmoS>cocm AgVmo.
• BcoŠQ´>mZ CO}cm H$moRw>Z g§nmXrV H$aVmV?

{d^dm§Va {d^dm§Va {d^dm§Va {d^dm§Va {d^dm§Va (Potential Difference)

dmhH$ VmaoÀ`m XmoZ Q>moH$mcm {dÚwV KQ>mÀ`m Q>moH$mZo OmoS>coo AgVm, nwU© dmhH$mV
{dÚwV úmoÌ V`ma hmoVo. ho {dÚwV úmoÌ à^ma (BcoŠQ´>mZ) da eº$sMm à`moJ H$aVo. _wº$
à^ma q da {dÚwV úmoÌmZo cmdcocr eº$s Fe  g_Ow. {dÚwV úmoÌmÀ`m {Xeo_Ü ò _wº$
à^ma ËdaUrV hmoVmV. (Vo _wº$ à^ma Oa BcoŠQ´>mZ AgVrc Va Ë`mda {dÚwV úmoÌ
{XeoÀ`m {déÜX {Xeocm {dÚwV ~c H$m_ H$aVo.) åhUOoM _wº$ à^mamcm {ZpíMV
{XeoV hmcMmc H$am`cm cmdÊ`mgmR>r {dÚwV úmoÌ WmoS>o H$m_ H$aVo.
• {dÚwV ~cmZo Ho$coco H$m_ Vwåhr _m{hV H$é eH$Vm H$m?

AmH¥$Vr -5 _Ü ò XmI{dë`m à_mUo {dÚwV ~c à^mamcm
A nmgwZ  B cm ‘l’ A§Va hmcMmc H$amd`mg cmdco Ago
g_Ow. ~cmÀ`m {XeodéZ H$m_ ho ~c Am{U A§VamMo
JwUmH$ma Amho ho Amnë`mcm _m{hV Amho.

åhUwZ, _wº$ à^ma da {dÚwV ~cmìXmao Pmcoco  H$m_,
W = Fe l

EH$H$ n«^mamda {dÚwV ~cmìXmao Pmcoco H$m_ {H$Vr Amho?
EH$H$ à^mamda {dÚwV ~cmìXmao Pmcoco H$m_    = W/q = Fe l/q
EH$H$ YZ à^mamZo A  nmgwZ B  n ª̀V ‘l’  A§Va hmcMmc H$aÊ`mg cmdcoco {dÚwV

~cmcm A Vo B Mo {d^md§Va (potential difference) åhUVmV. {d^md§Va ho  V
{MÝhmZo Xe©{dVmV. dmhH$mÀ`m VmaoV nañna l A§Vamda Agcoë`m XmoZ q~XþÀ`m _Ü ò
{d^md§Va Imcrc àH$mao {chþ eH$Vmo.

V = W/q = Fe l/q

AmH¥$Vr-5:AmH¥$Vr-5:AmH¥$Vr-5:AmH¥$Vr-5:AmH¥$Vr-5:

Fe

{dÚwV úmoÌmMr {Xem
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`m {d^md§Va cm {dÚwV Xm~ (voltage) gwÜXm åhUVmV. {d^md§Va Mo SI  EH$H$
ho {dÚwV Xm~  (“Volt”) Am{U Vo V Zo Xe©{dVmV.

1 Xm~ = 1 Á`wc /1 Hw$c§~
1V = 1J/C

• {d^md§Va Zwgma {dÚwV Ymam H$moUË`m {Xeocm AgVo?
• dmhH$m_Ü ò YZ à^ma hmcMmc H$aVmV H$m? `m gmR>r Vwåhr EH$ CXmhaU XoD$

eH$Vm H$m?
8 ì`m dJm©V {eH$coë`m àdmhr nXmWm©À`m {dÚwV dmhH$mcm {dÚwV AnKQ>Z Am{U

{dÚwV nÌm (electrolysis and electroplating) `m {df`r AmR>dU H$é `m. àdmhr
nXmWm©VwZ {dÚwV àdmh H$aV AgVm§Zm YZ _wcH$ Am{U F$U _wcH$ (positive ions
(cations) Am{U negative ions (anions) nañna {dé¿X {XeoV hmcMmc H$aVmV.
F$U à^ma ho YZ à^mamÀ`m {déÜX {Xeocm hmcMmc H$aVo doiog {dÚwV AnKQ>Zr
_Ü`o YZ à^mamÀ`m McZm( motion)  Mr {Xem H$oìhm§hr {dÚwV úmoÌmÀ`m {Xeo_Ü`o
AgVo. åhUOoM ÐdmV {dÚwV àdmh hmoÊ`mgmR>r YZ Am{U F$U à^ma XomÝhr McZmV
AgVmV. nU YmVw dmhH$mV \$º$ BcoŠQ´>mÝg Mo McZ AgVo. (OmcH$ _Ü ò YZ à^ma
AgVmV)

dmhH$mV A Vo B  YZ à^ma hmcMmc Ho$co Va {dÚwV úmoÌ Ho$coco H$m_ ho YZ H$m_
hmoVo åhUwyZ YZ à^mamgmR>r W/q  ho YZ Amho. `mdéZ {dÚwV úmoÌmMr {Xem  A Vo B
H$S>o Amho Ago Vwåhr gm§Jw eH$Vmo. åhUOo  A  hm q~Xþ OmñV {d^d ( potential) da
Amho. F$U à^ma Ho$ìhm§hr {dÚwV úmoÌmÀ`m {déÜX {Xeocm McZ H$aV Agë`m_yio
BcoŠQ´>mZ H$_r {d^d déZ OmñV {d^d H$S>o McZ H$aVo åhUwZ gm§Jw eH$Vmo.

{dÚwV KQ> nwU© nUo {dà^marV (discharged) hmoB© n`ªV Ë`mÀ`m Q>moH$mÀ`m _Ü`o
pñWa {d^md§Va pñWa AgVo åhUwZ Amnë`mcm _m{hV Amho.
• {dÚwV KQ>m Ë`mÀ`m Q>moH$mÀ`m (terminals) _Ü ò pñWa {d^md§Va H$m`_ R>oD$

eH$Vo H$m?
• {dÚwV KQ>mMo YZ Am{U F$U Q>moH$ Ooìhm dmhH$mZo OmoS>co OmVo Voìhm {dÚwV KQ>

{dà^marV H$m hmoVo?
`mMo CÎma XoÊ`mgmR>r {dÚwV KQ> H$go H$m_ H$aVo ho Amnë`mcm _m{hV AgUo

Amdí`H$ Amho.
{dÚwV KQ>m_Ü`o YmVwMo XmoZ V~H$ ({dÚwV AmH$f©H$electrodes) Am{U

agm`Z({dÚwV AnKQ>Zr) AgVmV. ~°Q>arÀ`m XmoZ YmVwÀ`m V~H$mÀ`m _Ü ò Agcoco
{dÚwV AnKQ>Zr (agm`Z) _Ü ò YZ Am{U F$U _wcH$ AgVmV Oo  nañnam§À`m {déY
McZ H$aVmV. (AmH¥$Vr-6 nmhm) `m _wcH$ da {dÚwV AnKQ>Zr {ZpíMV ~i
cmdVmo. Am{U Ë`mZm {ZpíMV {Xeo_Ü ò McZ H$amd`mg cmdVmo. ̀ m ~cmcm agm`ZrH$
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~c(Fc) åhUw ̀ m. {dÚwV KQ>mV dmnacoë`m agm`ZmÀ`m ñd^mdmdéZ YZ _wcH$, {dÚwV
KQ>mVrc H$moUË`m Var EH$m YmVwÀ`m V~H$mH$S>o hmcMmc H$éZ V~H$mda O_m hmoVmV.
`m V~H$mda à^ma O_m Pmë`m_wio ho V~H$ YZ n«^marV hmoVo. ̀ mcm YZmJ« (anode)
åhUVmV. YZ _wcH$ À`m McZÀ`m {déÜX {XeoV F$U _wcH$ Mo McZ AgVo Am{U Vo
Xþgè`m V~H$mda O_m hmoVo. Va ho V~H$ F$U à^marV hmoVo. Am{U Ë`mcm F$UmJ«
(cathode) åhUVmV. YmVwÀ`m V~H$mda à^ma nm{hOo VodT>çm pñWVrcm òB©n ª̀V `m
à_mUo à^mamMm gmR>m hmoV OmVmo.

YmVwwÀ`m V~H$mda à^ma nm{hOo VodT>çm pñWVrcm Amë`mda _wcH$ À`m hmcMmcrda
BVa ~c H$m_ H$aVo. `m ~cmcm {dÚwV ~c (Fe) åhUw `m. `m ~cmMr {Xem agm`U

~cmÀ`m {XeoÀ`m {déÜX AgVo Am{U ̀ m ~cmMo n[a_mU
YmVwÀ`m V~H$mda O_m Pmcoë`m à^mamda AmYméZ
AgVo.

{dÚwV ~c  Fe OmñV agm`Z ~c Fc Agco Va
à^maÀ`m V~H$mda nmohMm`cm nm{hOo. {VWo da da
hmcMmc H$aVmV. AmH¥$Vr 7 nmhm. agm`Z ~cmgmo~V
{dÚwV ~c g_mZ hmoB© n ª̀V à^ma V~H$m da O_m hmoV
OmVmV. {dÚwV ~c agm`Z ~cmÀ`m g_mZ Pmë`mda
à^mamMr JVr Wm§~Vo. `mcm AmnU AmH¥$Vr 8 _Ü`o
nmhþ eH$Vmo. AmnU {dH$V KoVcoco ZdrZ KQ> ho g_~c
à^mdmV Agcoë`m à^mamÀ`m pñWVrV AgVmV. AmH¥$Vr
9 nmhm. åhUwZ {dÚwV KQ>mÀ`m XmoZ Q>moH$mÀ`m _Ü`o
pñWa {d^md§Va AgVo.

{dÚwV KQ>mVrc V~H$mda O_m Pmcoco à^ma
n[a_mU, {dÚwV KQ>mV dmnacoë`m agm`ZmÀ`m ñd^mdmda
AmYmarV AgVo.

• n[anWm _Ü`o Ooìhm {dÚwV KQ>mcm OmoS>Vmo
Voìhm H$m` KS>Vo.

EH$m dmhH$mMr Vma {dÚwV KQ>mÀ`m Q>moH$mZm OmoS>ë`m
da, dmhH$ Vma XmoZ Q>moH$mÀ`m _YmV {d^m§dVa {Z_m©U
hmoVo. hm {d^m§dVa nwU© dmhH$mV {dÚwV úmoÌ {Z_m©U
H$aVo. ( dmhH$m_Ü`o {dÚwV úmoÌmMr {Xem hr YZ Q>moH$
Vo F$U Q>moH$ AgVo.)

AmH¥$Vr-6:AmH¥$Vr-6:AmH¥$Vr-6:AmH¥$Vr-6:AmH¥$Vr-6:
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dmhH$mV _moR>çm g§»`oZ BcoŠQ´>mZMr g§»`m AgVo ho Amnë`mcm _m{hV Amho.
{dÚwV KQ>mVrc YZ Yw«dmV Ë`mÀ`m Odi Agcoë`m KQ>mVrc BcoŠQ´>mZcm AmH${f©V
H$aVmV. Ë`m_wio BcoŠQ´>mZ YZ Yw«dmH$S>o hmcMmc H$aVmV. Voìhm Ë`m V~H$mda YZ
à^ma n[a_mU H$_r hmoVo. åhUwZ agm`Z CO©o noúmm {dÚwV COm© H$_r hmoVo. Voìhm
agm`Z ~c, F$U à^ma _wcH$m§Zm YZ à^marV V~H$m déZ ~mhoa AmoTw>Z Ë`m§Zm F$U
à^ma V~H$mH$S>o hmcMmc H$aÊ`mg cmdVo. `m F$U à^marV _wcH$, F$U Yw«dm_Ü`o
AgUmè`m eº$rdmZ {dH$f©U H$maUm_wio F$U Y¥d dmhH$mV BcoŠQ´>mZcm T>H$cVmo.
åhUwZ {dÚwV àdmh hmoV AgVm§Zm dmhH$mVrc BcoŠQ´>mZMr g§»`m pñWa AgVo. agm`Z
COm© Fc Am{U {dÚwV COm© Fe  _Ü`o g_Vmoc pñWVr `oB© n`ªV da gm§JrVcoë`m à_mUo
à{H«$`m {Za§Va Mmcw AgVo.

{dÚwV àoaUm eº$s {dÚwV àoaUm eº$s {dÚwV àoaUm eº$s {dÚwV àoaUm eº$s {dÚwV àoaUm eº$s (Electromotive force (emf)
EH$ dmhH$ Vmaocm {dÚwV KQ>mÀ`m Y¥dmcm OmoS>ë`m da dmhH$mVrc BcoŠQ´>mZ da

{dÚwV COm© H$m_ H$aV Agë`m_wio Vo F$U Yw«dm déZ YZ Yw«dmH$S>o AZwJ_Z JVr Zo
hmcMmc H$aVmV. `mM doioV {dÚwV KQ>mVrc agm`Z ~c (Fc)  À`m à^mdmZo
BcoŠQ´>mZ à^ma n[a_mUmcm g_mZ n[a_mUmV F$U _wcH$ {dÚwV ~cmÀ`m(Fe) AS>Wim
_wio YZ Yw«dmH$Sw>Z F$Uw Y«wdmH$S>o hmcMmc H$aVmV. `m àH$mao {dÚwV KQ>mVrc
_wcH$m§Zm hmcMmc H$amd`mg cmdÊ`mgmR>r H$mhr agm`Z eº$s IM© hmoVo.åhUOoo
agm`Z COm© H$mhr à_mUmV H$m_ H$aVo.

q n[a_mU Agcoë`m F$U à^mamcm {dÚwV ~cmÀ`m {déÜX YZYw«dm déZ F$U
Yw«dmH$S>o hmcMmc H$amd`mg cmdUmgmR>r agm`Z ~c Ho$coco H$m_ ‘W’  g_Ow.
agm`Z ~c  Fc Am{U {dÚwV ~c(Fe) n[a_mU g_mZ g_Ow.

agm`Z ~cmìXmao F$U à^ma  q  da Ho$coco H$m_ W = Fcd  ̀ oWo ‘d’ hm Yw«dm_Yrc
A§Va hmò . 1 Hw$c§~ à^ma YZ Yw«dmdéZ F$U Yw«dmn ª̀V hmcMmc H$amd`mg cmdÊ`mgmR>r
agm`Z ~c Zo Ho$coco H$m_  W/q = Fcd/q. AmnUmg _m{hV Amho H$s,  Fc = Fe, åhþUZ
W/q = Fed/q.

W/q hm EH$H$ F$U à^mamcm YZYw«dm H$Sw>Z F$U Yw«dmn`ªV hmcMmc H$amd`mg
cmdÊ`mgmR>r agm`Z ~c Vo Ho$coco H$m_ hmò . `mcm emf (ε) Ago åhUVmV.

ε = W/q = Fed/q
gmYmaUV: emf  cm EH$H$ YZ à^mamcm F$U Yw«dm H$Sw>Z YZ Yw«dm H$S>o hmcMmc

H$amd`mg cmdUmè`m agm`ZrH$ ~cmZo Hococo H$m_ åhUwZ ì`m»`m H$é eH$Vmo.

• {d^dm§Va qH$dm emf AmnU H$go _moOw eH$Vmo?
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gmYmaUV: {dÚwV KQ>mgma»`m {dÚwV CnH$aUm_Yrc XmoZ Yw«dm _Yrc {d^md§Va
qH$dm emf  _moOÊ`mgmR>r {dÚwV Xm~ _rQ>aMm Cn`moJ H$aVmV. n[anWmV ̀ mcm {dÚwV
CnH$aUmÀ`m XmoZ Yw«dm _Ü ò g_m§Va OmoS>VmV.

Ooìhm Q>mM© cmB©Q> _Ü ò EH$ {dÚwV KQ> ~aoM {Xdg dmnacmo Va ̀ mMm n«H$me H$_r
nS>Vmo. Voìhm AmnU Ago åhUVmo H$s, Ë`m _Yrc {dÚwV KQ> {dà^marV Pmco Amho.
åhUOo `mMm AW© H$m`?
• {dÚwV KQ>mcm OmoS>coë`m dmhH$mVrc BcoŠQ´>mZMr AZwJ_Z JVr Am{U {dÚwV

KQ>mÀ`m emf  _Ü`o H$mhr g§~§Y Amho H$m?
Amoh_ Mm {Z`_ Amoh_ Mm {Z`_ Amoh_ Mm {Z`_ Amoh_ Mm {Z`_ Amoh_ Mm {Z`_ (Ohm’s law)

CÔoeCÔoeCÔoeCÔoeCÔoe: dmhH$mgmR>r V/I Mo JwUmoÎma pñWa Amho Ago {gÜX H$aUo.
Amdí`H$ gm_wJ«rAmdí`H$ gm_wJ«rAmdí`H$ gm_wJ«rAmdí`H$ gm_wJ«rAmdí`H$ gm_wJ«r:  àË`oH$s 1.5V Mo 5 {dÚwV KQ> (goc), dmhH$mMo Vmao,

A°__rQ>a, {dÚwV Ðmd _rQ>a ( a volt meter), 10 go._r.
cm§~rMr ~marH$ cmoI§S>mMr Vma, ~Q>Z Am{U  LED

nÜXVnÜXVnÜXVnÜXVnÜXV: AmH¥$Vr 10 _Ü ò XmI{dë`mà_mUo n[anWmMr OmoS>Ur
H$am. ~Q>Z Mmcw H$éZ, A°__rQ>amVrc {dÚwV àdmh, {dÚwV
Xm~ _rQ>a _Yrc {d^md§Va §̀Ìmdarc _moO_mn _m{hV H$éZ
Vº$m -1 _Ü ò Z_wX H$am.

Vº$m Vº$m Vº$m Vº$m Vº$m :1

AmVm n[anWm _Ü ò EH$ gocÀ`m EodOr XmoZ goc (loUrV) OmoS>m A°__rQ>a Am{U
hmoëQ>_rQ>a À`m AZwgéZ Agcoco _mnmMr Zm|X Vº$m-1 _Ü`o ^am. nwÝhm AgmM à`moJ
AZwH«$_o VrZ goc, Mma goc, Am{U nmM goc gmR>r H$am. àË`oH$ g§X^m©_Ü`o {d^md§Va
(V)  Am{U Ymam (I) À`m qH$_VrMr Zm|X H$éZ Vº$m -1  _Ü ò Z_wX H$am. qH$_VrÀ`m
àË`oH$ g§MmgmR>r V/I  Mr [H§$_V _m{hV H$am. Vw_À`m H$m` cúmmV Amco? V/I  Mo
JwUmoÎma pñWa Amho. `mcm AmnU J{UVm_Ü`o Ago {chþ eH$Vmo.

à`moJemim H¥$Vrà`moJemim H¥$Vrà`moJemim H¥$Vrà`moJemim H¥$Vrà`moJemim H¥$Vr

AmH¥$Vr-10:AmH¥$Vr-10:AmH¥$Vr-10:AmH¥$Vr-10:AmH¥$Vr-10:

A

V

cm§oIS>mMr Vma

~Q>Z{dÚwV
KQ>

H«$.g.H«$.g.H«$.g.H«$.g.H«$.g. {d^md§Va{d^md§Va{d^md§Va{d^md§Va{d^md§Va (V) YmamYmamYmamYmamYmam (I) V/I

I
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V ∝ I
`m à`moJmdéZ, cmoI§S>mMr Vma (dmhH$) À`m XmoZ Q>moH$mÀ`m _Yrc

{d^m§dVa Ë`m Q>moH$mÀ`m _Ü ò àdmhrV {dÚwVcm g_à_mUmV AgVo
åhUwZ gm§Jw eH$Vmo. (cmoI§S>mÀ`m VmaoV {dÚyV àdmh hmoV AgVm§Zm Ë`mMo
Vmn_mZ pñWa Amho Ago J¥hrV Yé)

{dÚwV (I) qH$_VrV y- Aúmmda, {d^md§Va V  qH$_VrZm x- Aúmmda
KoD$Z `mo½` Vo à_mU KoD$Z `mo½` Vo à_mU KoD$ZV,l À`m _Yrc AmcoI
H$mT>m. AmH¥$Vr 11 _Ü`o XmI{dë`mn«_mUo Vwåhmcm Ama§^ q~Xþ _YwZ
OmUmar gai aofoMm AmcoI {_ioc.

cmoI§S>mÀ`m Vmao EodOr LED Mm dmna H$éZ hr à{H«$`m nwÝhm H$am.
LED  Mo cm§~ Q>moH$mcm {dÚwV KQ>mMo YZ Yw«d OmoS>m Am{U chmZ
Q>moH$mcm {dÚwV KQ>mMo F$U Yw«d OmoS>m. àË`oH$ g§X^m©_Ü`o {dÚyV I, Am{U
{d^m§dVa V À`m [H§$_VrMr Zm|X H$éZ Vº$m -1 _Ü ò Z_wX H$am. I Am{U
{d^md§Va ‘V’ À`m àË òH$ g§MmgmR>r V/I _m{hV H$am.  I Am{U V Mo
JwUmoÎma pñWa Zmhr ho Vw_À`m cúmmV `oVo. LED gmR>r V Am{U I
_Yrc AmcoI H$mT>m. AmH¥$Vr -12 _Ü`o XmI{dë`mà_mUo Vwåhmcm dH«$
AmcoI {_ioc.

darc à`moJemim H¥$Vr déZ AmnU Ago {ZîH$f© H$mTw> eH$Vmo H$s$, pñWa
Vmn_mZmda H$mhr dñVwgmR>r V Am{U I _Yrc JwUmoÎma pñWa AgVo. hr dñVwpñWVr
nm{hë`m§Xm O_©Z ^m¡{VH$emók, OmO© gmB©_Z Amoh_ (George Simon Ohm) Zo
gm§JrVco. `mcm Amoh_ Mm {Z`_ åhUwZ AmoiIcm OmVmo.

Amoh_Mm {Z`_mMr ì`m»`m AmnU Imcrc àH$mao H$é eH$Vmo.
dmhH$mMr ^m¡{VH$ AdñWm H$m`_ amhV Agë`mg (ñWra Vmn_mZ) dmhH$mÀ`m

XmoZ Q>moH$m§_Yrc {d^md§Va ho dmhH$mVwZ OmUmar {dÚwV Ymaoer g_ à_mUmV AgVo.
g_Om dmhH$mÀ`m XmoZ Q>moH$m§_Yrc {d^md§Va  V  Am{U dmhH$mVwZ OmUmar {dÚyV

Ymam I
V ∝ I   (pñWa Vmn_mZ)
V/I = pñWa
`m pñWacm dmhH$mMo amoY (resistance) åhUVmV. ho  ‘R’ Zo {ZX}{eV H$aVmV.

Va  V/I = R.
V = IR
amoY Mo SI EH$H$ Amoh_ Amho. Amoh_ Mo {MÝh  Ω Amho.
1 OAmoh_ = 1 dmoëQ>/1 Aånr`a
1 Ω = 1V/A

AmH¥$Vr-11:AmH¥$Vr-11:AmH¥$Vr-11:AmH¥$Vr-11:AmH¥$Vr-11:
V

(ìhmoëQ> _Ü ò)

I
(A

°ån
r`
a _

Ü
ò )

AmH¥$Vr-12:AmH¥$Vr-12:AmH¥$Vr-12:AmH¥$Vr-12:AmH¥$Vr-12:
V

(ìhmoëQ> _Ü`)

I
(A

°ån
r`
a _

Ü`
)
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• LED À`m g§X^m©V V Am{U I Mo JwUmoÎma H$m g_mZ Zmhr ̀ mMm Vwåhr A§XmO  H$é
eH$Vm H$m?

• gd© nXmW© Amoh_ À`m {Z`_mcm nmiVmV H$m?
• Amoh_À`m {Z`_mÀ`m AmYmamda AmnU nXmWm©Mo dJuH$aU H$é eH$Vmo?

Amoh_À`m {Z`_mÀ`m AmYmamda nXmWm©Zm XomZ JQ>mV {d^mJUr H$é eH$Vmo. Oo
Amoh_ Mm {Z`_ nmiVmV Ë`m§Zm Amoh_ nXmW© åhUVmV. CXm. YmVw ho Amoh_ nXmW©
AmhoV. Oo Amoh_Mm {Z`_ nmiV Zmhr Ë`m§Zm Amoh_ {Z`_ Z nmiUmao nXmW©
åhUVmV. CXm.  LEDhm Amoh_ {Z`_ Z nmiUmam nXmW© Amho.
Amoh_À`m {Z`_mMo _`m©Xm Amoh_À`m {Z`_mMo _`m©Xm Amoh_À`m {Z`_mMo _`m©Xm Amoh_À`m {Z`_mMo _`m©Xm Amoh_À`m {Z`_mMo _`m©Xm (Limitations of Ohm’s Law)

YmVwMo dmhH$ Amoh_ Mm {Z`_ nmiVmV. nU Ë`m§Mo Vmn_mZ BVa ̂ m¡{VH$ AdñWm
pñWa Agm`cm nm{hOo. Vmn_mZmcm AZwgéZ nXmWm©Mo amoY ~XcVo. åhUwZ Vmn_mZ
~Xcoco H$s, dmhH$mcm g§~§YrV V-I Mm AmcoI aofr` ZgVmo. dm ẁ dmhH$mZm hm Amoh_
{Z`_ cmJw nS>V Zmhr. VgoM {gcrH$m°Z Am{U O_©{Z`_ gma»`m AY©dmhH$mgmR>r
gwÜXm ho cmJw nS>V Zmhr.
• amoY åhUOo H$m`?
• gd© nXmWm©gmR>r amoY Mr qH$_V gmaIr AgVo H$m?

EH$m dmhH$mcm {dÚwV KQ>mer OmoS>co AgVm Ë`mVrc _wº$ BcoŠQ´>mZ {ZíMrV
{Xeocm AZwJ_Z JVrZo hmcMmc H$aUo gwédmV H$aVo. McZ H$aVm§Zm BcoŠQ´>mZ
OcH$mÀ`m YZ _wcH$m gmo~V AmKmV H$éZ Wm§~VmV. åhUOo `mMm AW© Agm H$s, Vo
CîUVoÀ`m ñdénmV `m§{ÌH$ COm© J_dVmV. {dÚwV KQ>mÀ`m gmhmæ`mZo nwU© dmhH$mV
V`ma Ho$coco {dÚwV úmoÌm_wio BcoŠQ´>mZ nwÝhm CO}cm J«hZ H$éZ hmcMmc H$aUo gwédmV
H$aVmV. OcmH$m _wcH$ BcoŠQ´>mZ À`m McZmcm AS>Wim AmUVmV. OcmH$m _wcH$
BcoŠQ´>mÝgÀ`m McZmcm H$aUmar AS>Wim Ë`m nXmWm©À`m ñd^mdmda Adc§~wZ AgVo.

åhUwZ dmhH$mÀ`m amoYmcm dmhH$mVrc BcoŠQ´>mZÀ`m McZmcm H$aUmar AS>Wim
åhUwZ ì`m»`m H$é eH$Vmo. BcoŠQ́>mZ McZmcm amoY H$aUmè`m nXmWm©cm amoYH$(resistor)
Ago åhUVmV.
• X¡Z§{XZ {OdZm_Ü ò Amoh_À`m {Z`_mMm H$mhr Cn`moJ hmoVmo H$m?
• Amnë`m earamcm {dOoMm Y¸$m cmJÊ`mMm H$maU {dÚwV Ymam Amho H$m? {dÚwV

Xm~ Amho ?
Mcm nmhþ `m.

{dOoMm Y¸$m {dOoMm Y¸$m {dOoMm Y¸$m {dOoMm Y¸$m {dOoMm Y¸$m (Electric shock)
_mZdr eara ho amoYH$ Amho Ago J¥hrV Yé. gmYmaUV: _mZdr earamMm amoY 100

Ω (eara _rR>mÀ`m nmÊ`mV {^OwZ Agoc Voìhm) nmgwZ 5,00,000 Ω (Oa ËdMm Iwn
H$moaS>r Agoc) _mZdr earamV àdmhrV {dÚwV Ymam _moOw `m. g_Om Vwåhr  24V
{dÚwV KQ>mÀ`m Yw«dmZm Vw_À`m ~moQ>mZo ñne© Ho$ë`mda n[anW nwU© Pmco Ago g_Ow.
Vw_À`m earamMo amoY 1,00,000Ω Amho Ago g_Ow. Va Vw_À`m earamVwZ àdmhrV
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{dÚwV Ymam  I = 24/100000 = 0.00024A. ho Iwn H$_r {dÚwV Ymam Amho. Aer
{dÚwV Ymam Amnë`m earamVwZ àdmhrV Pmcm Va earamVrc {d{dY Ad`d H$aUmè`m
H$m_m _Ü ò à^md Q>mH$V Zmhr.
•  Amnë`m KamV dmnaUmao {dÚwV Xm~ {H$Vr Vwåhmcm _m{hV Amho H$m`?
• 240V Vmaocm ñne© Ho$cm Va H$m` KS>Vo?

240V Agcoë`m Vmaocm ñne© Ho$ë`mda Amnë`m earamVwZ àdmhrV {dÚwV Ymam I
= 240/100000 = 0.0024A.  `m n[a_mUmVrc {dÚwV Ymam Amnë`m earamV
àdmhrV Pmco Va earamVrc {d{dY Ad`d H$aUmè`m H$m_m_Ü ò AS>Wim {Z_m©U
H$aVo. Agm AS>Wim {Z_m©U H$aUo åhUOoM {dÚwV Y¸$m cmJUo hmo`. Amnë`m earamV
AmUIr {dÚwV Ymam àdmhrV hmoV Agoc Va earamVrc CVr Iam~ hmoVmV Á`m_wio
earamMr amoY H$_r hmoV OmVo. Ooìhm hm {dÚwV Ymam OmñV doim n`ªV àdmhrV hmoV
Agoc Va CVr AmUIr Iam~ homD$Z earamVrc amoY AmUIr H$_r homVo. Oa earamV
{dÚwV YmaoMm àdmh 0.07A n ª̀V dmT>cm Va Vo öX`mÀ`m H$m`m©da à^md Q>mH$Vo. Oa
EdT>r {dÚwV Ymam öX`mVwZ 1 g|H$Xmnoúmm Iwn doim n`ªV àdmhrV Pmcr Va Vo
àmUKmVH$ hmoD$ eH$Vo. Oa EdT>r {dÚwV Ymam OmñV doim n ª̀V àdmhrV Pmcm Va
{dOoÀ`m YŠŠ`mZo ì`º$s _aVmo. _mZdr earamda {dÚwV YmamMm à^md Vº$m-2 _Ü ò
{Xcoco Amho Vo nmhm.

Vº$mVº$mVº$mVº$mVº$m -2

darc MM} déZ Amnë`m earamVrc H$moUVohr  XmoZ Ad`dm_Ü ò {d^md§Va Agco
Voìhm {dOoMm Y¸$m cmJVmo Ago AmnU [ZîH$f© H$mTw> eH$Vmo. _mZdr earamVwZ {dÚwV
Ymam àdmhrV hmoVmZm H$_r amoY Agcoco _mJm©cm Vo {ZdS>Vo. Amnë`m earamV gd©
{R>H$mUr EH$ gmaIo amoY ZgVo. CXmhaUmW© earamÀ`m AmVrc Ad`dmnoúmm ËdMmMm
amoY OmñV AgVmo.  earamV {dÚwV YmaoMm àdmh Og Ogo hmoV OmVo Vg Vgo {dÚwV
Ymam Am{U earamMm amoY ì`ñV _Ü`o ~XcV OmVo. åhUwZ {dOoMm Y¸$m hm {d^md§Va,
{dÚwV Ymam Am{U _mZdr earamMm amoYmMm EH${ÌV à^md Amho.

A°ånr`a_Ü`oA°ånr`a_Ü`oA°ånr`a_Ü`oA°ånr`a_Ü`oA°ånr`a_Ü`o
{dÚwV Ymam{dÚwV Ymam{dÚwV Ymam{dÚwV Ymam{dÚwV Ymam à^mdà^mdà^mdà^mdà^md

0.001 à^md ^mgVo
0.005 BOm hmoVo
0.010 ñZm ẁ A§Hw$MZ nmdVo.
0.015 ñZm`wMm Vmoc {~KS>Vmo.
0.070 1 goH§$Xmnoúmm OmñV doim n`ªV öX`mìXmao àdmhrV Pmco Va àmU KmVH$ hmoVo
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• OmñV {dÚwV Xm~ Vmaoda C ô amhrcoë`m númrcm {dOoMm Y¸$m H$m cmJV Zmhr?
{dÚwV Im§~mda XmoZ g_m§Va dmhH$mMr Vma AgVmV. `m XomÝhrhr _Ü ò 240V

{d^md§Va AgVo. ̀ m XomÝhrÀ`m _Ü ò EImXo {dÚwV CnH$aU OmoS>co Va Vo {dÚwV Ymao Zo
à^m{dV hmoVo. åhUOo EImÚm _Ü`o {dÚwV àdmhrV H$am`Mo Agoc Va ̀ m XmoZ Vmam§Zm
OmoS>mdo. Ooìhm OmñV {dÚwV Xm~ `m Vmaoda númr C^o amhVo Va númrÀ`m nm`m_Ü`o
Ho$mUVohr {d^md§Va ZgVo H$maU Vo EH$m Vmaoda C^o AgVo. åhUwZ númr _Ü`o {dÚwV
YmaoMm àdmh hmoV Zmhr. Ë`m_wio númrcm {dOoMm Y¸$m ~gV Zmhr.

nXmWm©À`m amoYmda à^md Q>mH$Umao KQ>H$nXmWm©À`m amoYmda à^md Q>mH$Umao KQ>H$nXmWm©À`m amoYmda à^md Q>mH$Umao KQ>H$nXmWm©À`m amoYmda à^md Q>mH$Umao KQ>H$nXmWm©À`m amoYmda à^md Q>mH$Umao KQ>H$
Vmn_mZ Am{U amoY Vmn_mZ Am{U amoY Vmn_mZ Am{U amoY Vmn_mZ Am{U amoY Vmn_mZ Am{U amoY (Temperature and resistance )

H¥$Vr H¥$Vr H¥$Vr H¥$Vr H¥$Vr 2
Iwë`m n[anWm _Ü ò Agcoë`m ~ë~Mm amoY ~hþ_mnrÀ`m gmhmæ`mZo _moOm. ~ë~À`m

amoYmcm _moOÊ`mgmR>r ~hþ_mnrcm Amoh_ _rQ>a åhUwZ V`ma H$am. gcoŠeZ Zm°~  À`m
gmhmæ`mZo ~hþ_mnrcm 20K Ω da _m§S>Ur H$éZ Ë`mÀ`m Vmam§Zm ~ë~ À`m Q>moH$m§Zm
OmoS>m. _mnr Imcrc n¡H$s EH$ _mn XmIdco Amho.
- 0.00 qH$dm 1 qH$dm ~ë~Mo dmñVd amoY

AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?
~hþ_mnr (multi meter) hm EH$ BcoŠQ´>m{ZH$ CnH$aU Amho. ho amoY {dÚwV Xm~, {dÚwV Ymam

gma»`m qH$_VrZm _moOw eH$Vmo. `mÀ`mZo _moOcoë`m qH$_VtZm g§»`o_Ü`o XmIdVo.
~hþ_mnrcm VrZ ^mJ AgVmV.
{S>ñnoco {S>ñnoco {S>ñnoco {S>ñnoco {S>ñnoco (Display): ~hþ_mnr Mma A§H$ XmIdw eH$Vo Am{U F$U

{MÝh nU ho XmIdw eH$Vo.
gcoŠeZ Zm°~ gcoŠeZ Zm°~ gcoŠeZ Zm°~ gcoŠeZ Zm°~ gcoŠeZ Zm°~ (Selection knob):  {dÚwV Xm~ V  amoY Ω

BË`mXr _Ü`o H$emcm _moOmdo `mcm AZwgéZ ~hþ_mnrMr _m§S>UrgmR>r
gcoŠeZ Zm°~ Mm Cn`moJ hmoVmo.

nmoQ>©g nmoQ>©g nmoQ>©g nmoQ>©g nmoQ>©g (Ports): ~hþ_mnr gmYmaUV: XmoZ ^mJmV AgVo. Ë`m_Ü ò
EH$m da ‘COM’ (common or ground port) {chþZ AgVo. ̀ m _Ü ò
H$mù`m a§JmÀ`m VmaoMr ( test lead) _m§S>Ur H$amdr. Xþgè`mda  mAVΩ
Ago {chþZ AgVo `m_Ü`o cmc a§JmMr VmaoMr _m§S>Ur H$amdr.

gwMZmgwMZmgwMZmgwMZmgwMZm: ~aoMí`m ~hþ_mnr  AC  ametZm gwÜXm _moOw eH$VmV nU AC  n[anW YmoH$mXm`H$
Agw eH$Vo. åhUwZ \$º$ DC ametZm _moOm.
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− Oa ~hþ_mnr 1 qH$dm  OL XmIdV Agoc Va Ë`mÀ`m da OmñV ^ma nS>ë`mMm
g§Ho$V hmo`. Va Aem doir ~hþ_mnrÀ`m Zm°~cm 200K Ω qH$dm 2M Ω BË`mXr

− Oa ~hþ_mnr 0.000 qH$dm 0 À`m OdiMr [H§$_V XmIdV Agoc Va ~hþ_mnrÀ`m
Zm°~cm  2K Ω qH$dm 200 Ω da ~XcwZ ¿`mdm.
amoYÀ`m qH$_VrZm Vw_À`m dhrV Zm|X H$am. AmH¥$Vr -13 _Ü ò XmIdë`mà_mUo

KQ>H$m§Zm n[anWm_Ü`o OmoS>m. n[anWmMo ~Q>Z Mmcw H$am.
H$mhr {_ZrQ>mÀ`m Z§Va, da ñnï> Ho$ë`m à_mUo, ~ë~ Mo amoY
nwÝhm _moOm. `m qH$_VrMm Vw_À`m dhrV Zom§X H$am. darc
XmoÝhr qH$_Vr_Ü ò H$moUVm \$aH$ Vw_À`m cúmmV Amcm?
Iwë`m n[anWm _Yrc ~ë~À`m amoYmnoúmm Xþgè`m doioÀ`m
~ë~Mo amoY OmñV Amho.
• ~ë~ _YwZ {dÚwV Ymam àdmhrV hmoV AgVm§Zm Ë`mMo

amoY dmT>Ê`mMo H$maU H$m` Agw eH$Vo?
~ë~ Ja_ Pmcoco Vwåhmcm {Xgoc. ~ë~ _Yrc AJXr ~marH$ VmaoMr (filament)

Vmn_mZ dmT>ë`mZo ~ë~Mm amoY dmT>Vmo. åhUwZ AmnU Agm {ZîH$f© H$mTw> eH$Vmo H$s,
~ë~Mm amoY Am{U Ë`mMm Vmn_mZm_Ü ò g§~§Y Amho.

åhUwZ dmhH$m§À`m XmoZ Q>moH$m _Yrc pñWa {d^dm§VagmR>r dmhH$m§À`m amoYmMr
qH$_V Vmn_mZmda Adc§~wZ AgVo.

nXmWm©Mo ñd^md Am{U amoY nXmWm©Mo ñd^md Am{U amoY nXmWm©Mo ñd^md Am{U amoY nXmWm©Mo ñd^md Am{U amoY nXmWm©Mo ñd^md Am{U amoY (Nature of material and resistance)
H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr 3

Vm§~o, Aë`w_rZr`_, cmoI§S> gmaIo {d{dY àH$maMo YmVwMo Vma Jmoim H$am. Ë`m§Mr
cm§~r Am{U H$mQ>N>oXr úmoÌ\$i g_mZ Agm`cm nm{hOo.
AmH¥$Vr -14 _Ü ò XmI{dë`m à_mUo n[anW ~Zdm. P Am{U
Q  Q>moH$mè`m_Ü ò H$moUVo Var EH$ YmVwMo Vma OmoS>m. n[anWmMo
~Q>Z Mmcw H$am. n[anWmcm OmoS>coë`m A°__rQ>a À`m gmhmæ`mZo
{dÚwV Ymam _moOwZ Vw_À`m dhrV Z_wX H$am. BVa YmVwÀ`m
Vmao gmo~V AgoM nwÝhm H$am Am{U àË`oH$ g§X^m©V {dÚwV
Ymam _moOm. Vw_À`m H$m` cúmmV òVo? {d^dm§Va pñWa
AgVm§Zm {dÚwV YmaoMr qH$_V {d{dY YmVwÀ`m Vmaocm doJdoJir AgVo Ago Vw_À`m
{Z[aúmUmg `oVo. `m H¥$Vr déZ AmnU Agm {ZîH$f© H$mTw> eH$Vmo H$s, dmhH$mMm amoY
hm dmhH$mÀ`m dñVwda Adc§~wZ AgVo.
• dmhH$mMr cm§~r Oa dmT>dcr Va dmhH$mMo amoY H$go AgVo?

AmH¥$Vr-13:AmH¥$Vr-13:AmH¥$Vr-13:AmH¥$Vr-13:AmH¥$Vr-13:
~Q>Z{dÚwV KQ>

I

AmH¥$Vr-14:AmH¥$Vr-14:AmH¥$Vr-14:AmH¥$Vr-14:AmH¥$Vr-14:
~Q>Z{dÚwV KQ>

I

P Q

 P Am{U Q _Ü`o OmoS>coë`m {d{dY YmVwÀ`m
N>S>çm

A
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_m{hV H$é `m.
dmhH$mMr cm§~r Am{U amoY dmhH$mMr cm§~r Am{U amoY dmhH$mMr cm§~r Am{U amoY dmhH$mMr cm§~r Am{U amoY dmhH$mMr cm§~r Am{U amoY (((((Length of the conductor and resistance)

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr 4
gmaIm H$mQ>N>oXr úmoÌ\$imÀ`m doJdoJù`m cm§~rÀ`m cmoI§S>mÀ`m Amè`m (iron

spokes) Jmoim H$am. AmH¥$Vr 14 _Ü ò XmI{dë`mn«_mUo n[anW ~Zdm.  10 go._r.
cm§~rMr EH$ Amar PAm{U Q _Ü`o OmoS>m. n[anWmcm OmoS>coë`m A°__rQ>a À`m
gmhmæ`mZo dmnacoë`m {dÚwV YmaoMr qH$_V _moOm. Ë`m qH$_Vrcm Vw_À`m dhrV Zm|X
H$am. cmoI§S>mÀ`m BVa cm§~rÀ`m Amar gmo~V hr H¥$Vr nwÝhm H$am. {dÚwV YmaoÀ`m
g§~§YrV qH$_Vr Vw_À`m dhrV Zm|X H$am. Vw_À`m H$m` cúmmV Amco? AmarMr cm§~r
Oer dmT>V Amho Ver {dÚwV YmaoMr qH$_V H$_r hmoV OmV Amho. åhUwZ {d^md§Va
pñWa AgVm§Zm AmarMo cm§~r dmT>cr Va amoY dmT>Vo.

darc H¥$Vr déZ {d^md§Va pñWa AgVm§Zm dmhH$mMm amoY  (R) Ë`mMm cm§~r(l)
cm g_à_mZmV AgVo åhUwZ AmnU gm§Jw eH$Vmo.

BË`mXr
R ∝ l    (Vmn_mZ Am{U H$mQ>N>oXr úmoÌ\$i pñWa AgVmV) .................. (1)

• dmhH$mÀ`m OmS>rMm à^md amoYm da nS>Vmo H$m?
_m{hV H$é `m.

H$mQ>N>oXr úmoÌ\$i Am{U amoY H$mQ>N>oXr úmoÌ\$i Am{U amoY H$mQ>N>oXr úmoÌ\$i Am{U amoY H$mQ>N>oXr úmoÌ\$i Am{U amoY H$mQ>N>oXr úmoÌ\$i Am{U amoY (Crosssection area and resistance)

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr 5
g_mZ cm§~rMo nU {^Þ H$mQ>N>oXr úmoÌ\$imMo cmoI§S>mÀ`m N>S>çm Jm|im H$am.

AmH¥$Vr 14 _Ü ò XmI{dë`mn«_mUo n[anW ~Zdm. H$moUVr Var EH$ N>S>r P Am{U Q cm
OmoS>m. n[anWmcm OmoS>coë`m A°__rQ>a À`m gmhmæ`mZo dmnacocr {dÚwV Ymam _moOwZ
Vw_À`m dhrV Zom§X H$am. BVa N>S>çm gmo~V {hM H¥$Vr nwÝhm nwÝhm H$am. àË`oH$
g§§X^m©_Ü ò g§~§YrV N>S>rgmR>r {dÚwV Ymam _moOwZ Vw_À`m dhrV Zm|X H$am. Og Ogo
H$mQ>N>oXr úmoÌ\$i dmT>oc Vg Vgo {dÚwV YmaoMm àdmh dmT>cocm Vw_À`m {Z[aúmUmg
`oB©c. åhUOoM N>S>rMo H$mQ>N>oXr úmoÌ\$i  Ogo dmT>V OmVo Vgo Ë`mMo amoY H$_r hmoV
OmVo.

`m H¥$Vr déZ AmnU Agm {ZîH$f© H$mTw> eH$Vmo H$s, dmhH$mMm amoY hm Ë`mMm
H$mQ>N>oXr úmoÌ\$imÀ`m ì`ñV n«_mUmV AgVo.

R ∝ 1/A    (dmhH$mMr cm§~r Am{U Vmn_mZ pñWa AgVmV) .................. (2)
g_rH$aU (1) Am{U (2) déZ
R ∝l/A     (pñWa Vmn_mZm da)
R = ρl/A
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òWo ρ  hm à_mUmVrc pñWa§mH$ Amho. `mcm {d{eï>
amoY (specific resistance)  åhUVmV. ho g_raH$U
ñnï> hmoÊ`mgmR>r AmH¥$Vr -15 nmhm.

{d{eï> amoY hm nXmWmªÀ`m ñd^mdmda Am{U
Vmn_mZmda Amdc§~wZ AgVo. nU dmhH$mMm amoY hm
nXmWm©À`m ñd^mdmda, Vmn_mZ Am{U dmhH$mÀ`m cm§~r
d H$mQ>N>oXr úmoÌ\$im gma»`m ̂ m¡_rVrH$ KQ>H$mda Adc§§~wZ
AgVo.

{d{eï> amoYmMm SI EH$H$ Ω - m Amho.
{d{eï> amoYmÀ`m ì`ñVmcm dmhH$Vm(conductivity (σ) åhUVmV.
 nXmWm©Mo {d{eîQ> amoY hm Ë`mMr dmhH$Vm _m{hV H$aVo. H$_r {d{eï> amoYMo YmVw

Mm§Jë`m dmhH$mMr ^w{_H$m ~OmdVmV. åhUwZ {dÚwV Vma ~Z{dÊ`mgmR>r Vm§ã`m
gma»`m Ym§VwMm dmna H$aVmV. {dÚwV ~ë~ _Yrc AJXr ~marH$ Vmao gmR>r
Q>§JñQ>Z(tungsten) Mm dmna H$aVmV. H$maU Ë`mMm
{d{eï> amoY Am{U {dViU q~Xþ (34220C) OmñV
AgVo.

{dÚwV {dg§dmhH$À`m (insulators) {d{eï> amoY
À`m qH$_Vr OmñVrV OmñV 1014  Vo 1016 Ω-m n`ªV
AgVo. {ZH«$mo_({ZHo$c, H«$mo_r`_ Am{U cmoI§S>) _°JZrO
(86% Vm§~o, 12% _°JZrO, 2% {ZHo$c) gmaIo
{_ÌYmVwMo {d{eï> amoY qH$_V YmVwÀ`m {d{eï> amoYmcm
30-100 nQ> AgVo. åhUwZ `m§Zm BñVar CnH$aUmV,
MnmVr Ja_ H$aÊ`mè`m CnH$aUm gma»`m {dÚwV
CnH$aUmV CîU CnH$aU åhUwZ dmna H$aVmV. {_l
YmVw§Zm AmUIr EH$ {deofV: Aer Amho H$s, Ë`m§Mr
amoY qH$_V Vmn_mZmcm AZwgéZ gwc^VoZo ~XcVo.
VgoM ho gwc^VoZo Am°ŠgrS>mBO hmoV ZmhrV. {gcrH$m°Z
Am{U O_m©{Z`_ gmaIo nXmWm©Mo {d{eï> amoYMo {dgdmhH$
À`m {d{eï> aomYmcm 105 to 1010 nQ> AgVo.`mMo {d{eï>
amoYMo {dgdm§hmH$mÀ`m amoYmZo VwcZm Ho$cr Va 1015Vo
1016 nQ > AgVo. Aem nXmWm ©Zm AY©dmhH
(semiconductors) åhUVmV. S>m`moS>, Q´>mÝgrñQ>a
Am{U g §ŠcrV n[anW (ICs)~Z{dÊ`mgmR > r
AY©dmhH$mMm Cn`moJ hmoVmo. gd© àH$maÀ`m {dÚwV
CnH$aUm_Ü ò Ogo g§JUH$  TV, mobile phones
BË`mXr _Ü ò (ICs) Mm Cn`moJ hmoVmo.

AmH¥$Vr-15:AmH¥$Vr-15:AmH¥$Vr-15:AmH¥$Vr-15:AmH¥$Vr-15:

I

I

A

l

Potentialdifference (V)

nXmW©nXmW©nXmW©nXmW©nXmW© ρρρρρ(ΩΩΩΩΩ-m) at 20 °C

Mm§Xr 1.59 × 10-8

Vm§~o 1.68 × 10-8

gmoZo 2.44 × 10-8

Aë ẁ{_Zr`_ 2.82 × 10-8

H°$ëer`_ 3.36 × 10-8

Q>§JñQ>Z 5.60 × 10-8

qPH$ 5.90 × 10-8

{ZHo$c 6.99 × 10-8

cmoI§S> 1.00 × 10-7

{ego 2.20 × 10-7

{ZH«$mo_ 1.10 × 10-6

H$m~©Z (J«m\$mB©Q>) 2.50 × 10-6

O_©Zr`_ 4.60 × 10-1

{nÊ`mMo nmUr 2.00 × 10-1

{gcrH$m°Z 6.40 × 102

{^Ococo cmHw$S> 1.00 × 103

H$mM 10.0 × 1010

a~a 1.00 × 1013

hdm 1.30 × 1016

Vº$mVº$mVº$mVº$mVº$m- 3
{d{^Þ nXmWm©Mo {d{eï> amoY{d{^Þ nXmWm©Mo {d{eï> amoY{d{^Þ nXmWm©Mo {d{eï> amoY{d{^Þ nXmWm©Mo {d{eï> amoY{d{^Þ nXmWm©Mo {d{eï> amoY
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• {dÚyV CnH$aU n[anWm _Ü ò H$go OmoS>co OmVo?

{dÚwV n[anW {dÚwV n[anW {dÚwV n[anW {dÚwV n[anW {dÚwV n[anW (Electric Circuits)

{dÚwV KQ> dmhH$ VmaoZo BcoŠQ´>mZcm àdmh H$aÊ`mgmR>r V`ma Ho$coë`m g§d¥Îm
_mJm©cm n[anW (circuit)  Ago åhUVmV. BcoŠQ´>mZ {Za§Va àdmh H$aÊ`mìXmao n[anWmV
~Q>ZÀ`m gmhmæ`mZo EH$ I§S> ~ZdVmo. `mcm Mmcw ~§X H$aÊ`mìXmao narnWmV {dÚwV
n«dmhmcm Mmcw ~§X H$é eH$Vmo. n[anWmV {dÚwV ómoVmnmgwZ {dÚwV Cn`moJ H$aUmao
CnH$aU EH$m noúmm OmñV g§»`oV gwÜXm amhþ eH$Vo. n[anWm _Ü`o ho CnH$aU loUrV
qH$dm g_m§Va _Ü ò OmoS>co OmVo.

{dÚwV CnH$aUmZm loUrV OmoS>ë`mda {dÚwV KQ> Am{U OoZaoQ>a qH$dm q^Vrc$m
Agcocm {dÚwV gm°Ho$Q>( ho {dÚwV gwÜXm YZ, F$U Yw«d Agcoco CnH$aU hmo`.)
Yw«dm§À`m _Ü ò BcoŠQ´>mZ n«dmh hmoÊ`mgmR>r EH$M _mJ© AgVo. {dÚwV CnH$aU g_m§Va
OmoS>UrV OmoS>ë`m da n[anWm _Ü`o {d{dY \$mQ>o \w$Qw>Z BcoŠQ´>mZ àdmh H$aÊ`mgmR>r
{d{dY _mJ© V`ma hmoVmV.

loUr Am{U g_m§Va OmoS>UrMo JwUY_© doJdoJio AgVmV. `m XmoZ àH$maÀ`m
OmoS>UrÀ`m n[anWm {df`r g§úmrá _Ü`o _m{hV H$é `m.

EH$ga OmoS>Ur (amoYH$m§Zm loUrV OmoS>Uo)EH$ga OmoS>Ur (amoYH$m§Zm loUrV OmoS>Uo)EH$ga OmoS>Ur (amoYH$m§Zm loUrV OmoS>Uo)EH$ga OmoS>Ur (amoYH$m§Zm loUrV OmoS>Uo)EH$ga OmoS>Ur (amoYH$m§Zm loUrV OmoS>Uo)Series connection of resistors

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr 6
VrZ ~ë~ ¿`m. _ëQ>r_rQ>a Zo Ë`mMo amoY _moOm. Ë`m qH$_Vr Vw_À`m dhrV R1,

R2, R3 åhUwZ Zm|X H$am.
AmH¥$Vr -16 _Ü ò XmI{dë`mà_mUo Ë`mMr OmoS>Ur H$am.

n[anWm _Ü`o OmoS>coë`m {dÚwV KQ>mÀ`m Y¥dmMo
{d^md§Va _moOm. àË`oH$ ~ë~À`m Q>moH$m_Yrc {d^md§Va
{dÚwV Xm~ _rQ>a Zo _moOwZ Vw_À`m dhrV  V1, V2 Am{U
V3  åhUwZ Zm§oX H$am. {dÚwV KQ>mMo {d^md§Va Am{U amoY
Mr VwcZm H$am.
•     Vw_À`m {Z[aúmUmg H$m` Amco?

àË òH$ ~ë~Mr {d^md§Va Mr ~oarO, Vo loUrV
OomS>ë`m Z§Va {_imcoë`m XmoZ Q>moH$m _Yrc {d^md§Va

À`m g_mZ AgVo.
V = V1 + V2 + V3 ......................... (1)

AmH¥$Vr-16:AmH¥$Vr-16:AmH¥$Vr-16:AmH¥$Vr-16:AmH¥$Vr-16:
~Q>Z{dÚwV KQ>

I
A

V1 V2
V3
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A°__rQ>a À`m gmhmæ`mZo n[anWm _Yrc àdmhrV {dÚwV Ymamcm _moOm Am{U Vo
I åhUwZ Vw_À`m dhrV Zm|X H$am.
• Vw_À`m {Z[aúmUmg H$m` Amco?

g__ w ë` a m oY mMr EH $ga Om o S >U rg__ w ë` a m oY mMr EH $ga Om o S >U rg__ w ë` a m oY mMr EH $ga Om o S >U rg__ w ë` a m oY mMr EH $ga Om o S >U rg__ w ë` a m oY mMr EH $ga Om o S >U r
(Equivalent resistance of a series
connection)

AmH¥$Vr 17 Mo {Z[aúmU H$am. `m_Ü ò ~ë~ Zm
amoYH$m§À`m {MÝhmV XmIdcocr AmhoV.

amoYH$m§Zm loUrV OmoS>ë`mda {dÚwV àdmhmcm
EH$M _mJ© Amho. åhUwZ n[anWm _Yrc {dÚwV Ymam
I À`m g_mZ Amho.

Amoh_À`m {Z`_mZwgma
 R1 Q>moH$mÀ`m n{cH$S>rc {d^md§Va   V1 = IR1

 R2 Q>moH$mÀ`m ncrH$S>rc {d^md§Va    V2 = IR2

 R3 Q>moH$mÀ`m ncrH$S>rc {d^md§Va    V3 = IR3

loUrV amoYH$mÀ`m EH$sH$aUmMo g__wë` amoY Req g_Ow.
• g__wë` amoY åhUOo H$m`?

AZoH$ amoYmÀ`m EH${ÌV n[a_mU Á`m EH$mM amoYm_wio {Z_m©U hmoVmo. Aem amoYm§g
Ë`m aomYm§Mm g__wë` amoY (equivalent resistor) Ago åhUVmV. (n[anWm_Ü ò {dÚwV
ñÌmoV pñWa Agm`cm nm{hOo)

åhUwZ,  V = I Req

 V1, V2, V3 Am{U V À`m qH$_Vr g_rH$aU (1) _Ü`o à{VúmonrV H$éZ.
IReq =  IR1 + IR2 + IR3

Req =  R1 + R2 + R3

darc g_raH$Um déZ OmoS>coë`m aomYH$m_wio V`ma Pmcoco g__wë` amoY Ë`m Ë`m
amoYH$mÀ`m ~oaOoÀ`m g_mZ AgVo.
• loUrV OmoS>cocr H$moUVr Var EH$ amoYH$ Oa {~KS>cr Va H$m` KS>Vo?

loUrV OmoS>cocr H$moUVr Var EH$ amoYH$ Oa {~KS>cr Va n[anW CKS>Vo Am{U
n[anWm _Ü`o {dÚwV YmaoMo àdmh KS>V Zmhr. ̀ m_wioM KamVrc {dÚwV CnH$aUo loUrV
OmoS>co OmV Zmhr.
• Amnë`m KamVrc {dÚwV CnH$aUmZm H$go OmoS>VmV `mMm Vwåhr A§XmO cmdm?

Mcm Vo nmhþ `m.

AmH¥$Vr-17:AmH¥$Vr-17:AmH¥$Vr-17:AmH¥$Vr-17:AmH¥$Vr-17:

AmH¥$Vr-18:AmH¥$Vr-18:AmH¥$Vr-18:AmH¥$Vr-18:AmH¥$Vr-18:
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amoYH$mMr g_m§Va OmoS>Ur amoYH$mMr g_m§Va OmoS>Ur amoYH$mMr g_m§Va OmoS>Ur amoYH$mMr g_m§Va OmoS>Ur amoYH$mMr g_m§Va OmoS>Ur (Parallel Connection of resistors)

          H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr 7
à`moJ -6 _Ü`o dmnacoco ~ë~ Zm AmH¥$Vr -19 _Ü`o

XmI{dë`m n«_mUo OmoS>m.
~hþ_mnr qH$dm {dÚwV Xm~ {_Q>a Mm Cn`moJ H$éZ

n«Ë`oH$ ~ë~À`m eodQ>À`m Q>moH$mÀ`m _Yrc {d^md§Va _m{hV
H$am. `m qH$_VrZm Vw_À`m dhrV Zm|X H$am. Vwåhmcm H$m`
{Z[aúmUmg Amco? àË`oH$ ~ë~À`m eodQ>À`m Q>moH$m_Yrc
{d^md§Va g_mZ Amho. ̀ m ~ë~Mm g_m§Va OmoS>UrZo OmoS>coco
Amho Ago åhUVmV. A°__rQ>a dmnéZ n«Ë òH$ ~ë~ _Ü ò
àdmhUmè`m {dÚwV YmaoMr _moOUr H$am. `m qH$_VrMr Zom§X
H$am.

 R1, R2 Am{U R3 ̀ m amoYH$m _YwZ dmhUmar {dÚwV Ymam
AZwH«$_o I1,I2 Am{U I3 g_Ow.
• {dÚwV KQ>m _YwZ {dÚwV YmaoMo àdmh {H$Vr Pmco?

• ho da _moOcoë`m gd© {dÚwV KQ>m _YwZ {dÚwV YmaoÀ`m àdmhmÀ`m ~oaOoÀ`m g_mZ
hmoVo H$m?
A°__rQ>a  1  ìXmam {dÚwV KQ>m _YwZ {dÚwV YmaoÀ`m àdmhmcm (I) _moOm. {dÚwV

KQ>m _YwZ Pmcoë`m {dÚwV YmaoMo àdmh ho Ë`m Ë`m ~ë~ _Ü`o {dÚwV àdmh Pmcoë`m
~oaOoÀ`m g_mZ Amho Ago Vw_À`m cúmmV òVo. `mdéZ

I = I1 + I2 + I3 .................. (1)
g__wë` amoYm§Mr g_m§Va OmoS>Ur g__wë` amoYm§Mr g_m§Va OmoS>Ur g__wë` amoYm§Mr g_m§Va OmoS>Ur g__wë` amoYm§Mr g_m§Va OmoS>Ur g__wë` amoYm§Mr g_m§Va OmoS>Ur (EQUIVALENT RESISTANCE OF A PARALLEL

CONNECTION)
AmH¥$Vr 19 À`m n[anWmMr _m§S>Ur AmH¥$Vr -20 _Ü`o
XmI{dcocr Amho.

Amoh_À`m {Z`_mZwgma
 R1 {dÚwV YmaoMm àdmh    I1 = V/R1

 R2 {dÚwV YmaoMm àdmh     I2 = V/R2

 R3, {dÚwV YmaoMm àdmh    I3 = V/R3

AmH¥$Vr -21 _Ü ò XmI{dcoco  Req hm g_m§Va OmoS>UrV
Agcoë`m amoYH$mÀ`m g__wë` amoY g_Ow.

Voìhm     I = V/Req

g_rH$aU (1) _Ü ò  I, I1, I2 Am{U I3 Mr qH$_V à{VúmonrV H$éZ
V/Req = V/R1 +V/R2 + V/R3

1/Req = 1/R1 + 1/R2 + 1/R3

 R1 Am{U R2 ho XmoZ amoYH$ g_m§Va OmoS>UrV Amho Ago g_Ow.
1/Req = 1/R1 + 1/R2

Req = R1R2/(R1+R2)

AmH¥$Vr-19:AmH¥$Vr-19:AmH¥$Vr-19:AmH¥$Vr-19:AmH¥$Vr-19:~Q>Z{dÚwV KQ>

I
A

A

A

A

A°__rQ>a 1

P

I1

I2

I3

Q

AmH¥$Vr-20:AmH¥$Vr-20:AmH¥$Vr-20:AmH¥$Vr-20:AmH¥$Vr-20:

AmH¥$Vr-21:AmH¥$Vr-21:AmH¥$Vr-21:AmH¥$Vr-21:AmH¥$Vr-21:

I

I I

I

A

A

A

A
I1

I2

I3
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g_m§Va OmoS>UrV Agcoë`m aomYmMo g__wë` amoY qH$_V Ë`m àË òH$ amoYH$mÀ`m amoY
qH$_Vr noúmm H$_r AgVo.

`m déZ EH$ cmoI§S>mÀ`m VmaoMr amoY Ë`mÀ`m H$mQ>N>oXr úmoÌ\$imcm ì`ñV à_mUmV
H$m AgVo Vwåhr ñnï> H$é eH$Vm. EH$ OmS> Vma AZoH$ ~marH$ Vmam gmo~V g_m§Va
OmoS>UrV Amho Ago J¥hrV Yam. Voìhm OmS> VmaoMr am|Y n«Ë`oH$ ~marH$ VmaoÀ`m amoYm
noúmm H$_r AgVo. Xþgè`m eãXmV OmS> VmaoMr amoY ~marH$ VmaoÀ`m amoYm noúmm H$_r
AgVo.

CXm-1…CXm-1…CXm-1…CXm-1…CXm-1… 10 Ω, 20 Ω, 30 Ω ¶m amoYH$m§Zm A) loUrV ~) g‘m§VaoZo OmoS>bobo
Amho. Ë¶m n{anWmVrb eodQ>Mo amoYH$ H$mT>m.

CÎma-CÎma-CÎma-CÎma-CÎma- {Xboë¶m R1= 10 Ω, R2= 20 Ω, R3= 30 Ω, n[anWmdéZ
A) loUrVrb eodQ>Mo amoYH$ R= R1+R2+R3

R= 10+20+30 = 60 Ω

~) eodQ>Mo amoYH$ g‘m§Va OmoS>Urg…

                         R = 5.5 Ω
CXm-2…CXm-2…CXm-2…CXm-2…CXm-2… R1 Ω, 4 Ω Am{U 8 Ω ho VrZ amoYH$ {dÚwV n[anWmg loUrV OmoS>bobo

Amho. Oa n[anWmMm eodQ>Mm amoY 20 Ω Agë¶mg R1 Mr qH$‘V H$mT>m?
CÎma-CÎma-CÎma-CÎma-CÎma- loUrVrb OmoS>bobo eodQ>Mo amoYH$ R= R1+R2+R3

20 = R1+4+8
20 = R1+12
R1 = 20 - 12
R1 = 8 Ω

CXm-3…CXm-3…CXm-3…CXm-3…CXm-3… R1 Ω, Am{U 12 Ω ho XmoZ amoYH$ {dÚwV n[anWmg g‘m§Va OmoS>bobo
Amho. Oa n[anWmMm eodQ>Mm amoY 3 Ω Agë¶mg R1 Mr qH$‘V H$mT>m?>>>>>

CÎma-CÎma-CÎma-CÎma-CÎma- g‘m§Va OmoS>bobo eodQ>Mo amoYH$

                                         R1 = 4 Ω
CXm-4…CXm-4…CXm-4…CXm-4…CXm-4… {Xboë¶m n[anWmMo {ZarjU H$éZ eodQ>Mo amoYH$ ‘m{hV H$am?
CÎma-CÎma-CÎma-CÎma-CÎma- {Xboë¶m n[anWmdéZ R1 = 4 Ω, R2 = 12 Ω, ho g‘m§VaoZo OmoS>bobo Amho.

Ë¶mMo eodQ>Mo amoYH$

R1     R2     R3

 +   +
1      1      11

R
=

10    20    30  +   +
1      1      1

=1
R

11
60

=

 +R1     R2

1      11
R

=

 +R1     R2

1      11
3

=

1      1      3  1
3     12    12     4

1
R1

=     +      +  =SCERT T
ELA

NGANA



{dÚwV Ymam196 dJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dm

R1, R2 ho R3 bm loUrV OmoS>bobo Amho, Ë¶mMo eodQ>Mo amoYH$ R = 3+7 =
10 Ω  AJmoXaÀ¶m ^mJmV Oar H$aVm nÕVr~Ôb amoYH$mMr Ë¶mÀ¶m g‘Vwë¶
amoYH$mAmYmao loUrV Am{U g‘m§Va OmoS>UrÛmao AXbm~Xb Ho$br Vr H$mhr
amoYH$mÀ¶m OmoS>UrÀ¶m gwú‘rH$aUmgmR>r Cn¶w³V Amho, Vo EH$ {dÚwV KQ>
Agboë¶m gmÜ¶m n[anWmÀ¶m {díbofUmgmR>r n¶m©á Zmhr. nmhþ ¶m.   $

{H$aMm°\$ Mm {Z`_ {H$aMm°\$ Mm {Z`_ {H$aMm°\$ Mm {Z`_ {H$aMm°\$ Mm {Z`_ {H$aMm°\$ Mm {Z`_ (Kirchhoff’s laws)
EH$m DC n[anWmV H$mhr {dÚwV KQ>mZm Am{U H$mhr amoYH$m§Zm H$moUË`mhr n«H$mao

OmoS>co Var Ë`m§À`m {df`r _m{hV H$éZ KoÊ`mgmR>r XmoZ gmoß`m {Z`_mMm Cn`moJ
nS>Vmo. `mcm {H$aMm°\$ {Z`_ (Kirchhoff’s rules) Ago åhUVmV.
O§ŠeZ {Z`_ O§ŠeZ {Z`_ O§ŠeZ {Z`_ O§ŠeZ {Z`_ O§ŠeZ {Z`_ (Junction Law)

AmH¥$Vr -19 nmhm.
`m _Ü ò P q~Xþda {dÚyV YmamMo {d^mOZ hmoV Amho

Ago AmnU nm{hco. {dÚwV KQ>m_YwZ H$mT>cocr {dÚwV
Ymam Ë`m Ë`m amoYH$mVwZ àdmhrV {dÚwV ~oaOoÀ`m g_mZ
AgVo.  P cm (O§ŠeZ) g§J_ñWmZ åhUVmV. VrZ qH$dm
VrZ noúmm OmñV dmhH$mMr Vma Á`m q~Xþ da {_iVmV Ë`m
q~Xþcm g§J_ñWmZ Ago åhUVmV.

n[anWm _Ü`o H$moUË`mhr g§J_ñWmZ q~Xþda {dÚwV Ymam {d^mOrV hmoVo.
g§J_ñWmZmcm nomhMcocr EHw$U {dÚwV Ymam Ë`m g§J_ñWmZm nmgwZ {ZKmcoë`m {dÚwV
YmamÀ`m EHw$U ~oaOo EdT>m AgVmo. åhUOoM n[anWm _Yrc Ho$mUË`mhr g§J_ñWmZm da
{dÚwV à^mamMm H$moUVmhr g§M`  hmoV Zmhr.

AmH¥$Vr -22 déZ
I1 + I4 + I6 = I5 + I2 + I3

hm {Z`_ à^mamÀ`m Aúm`Vo da AmYmarV Amho.
dc` {Z`_ dc` {Z`_ dc` {Z`_ dc` {Z`_ dc` {Z`_ (Loop Law)

EH$m ~§X n[anWm_Ü`o {d{dY CnH$aUmÀ`m XmoZ Q>moH$m _Yrc {d^md§Va dmT>cocr
Am{U H$_r Pmcocr A§H$JUrVr` ~oarO ewÝ` AgVo. hm {Z`_ CO©oÀ`m Aúm`Voda
AmYmarV AgVo.

EH$m ~§X n[anWm _Ü ò gwédmVrcm XmoZ {~XþÀ`m _Yrc {d^md§Va EH$ {ZpíMV
qH$_V g_Ow. Ë`m n[anWm_Ü`o dmnacoë`m CnH$aUmÀ`m XmoZ Q>moH$m_Yrc {d^md§Va
_moOV Joco Va n[anWm_Ü`o dmnacoë`m {dÚwV KQ> Am{U amoYH$mcm AZwgéZ {d^md§Va
dmTw> qH$dm H$_r hmoD$ eH$Vo. nU Oa n[anWmV nwU© àdmg H$éZ nwÝhm Ama§^ q~Xþ da
nmohMco Va {d^md§Va _Yrc ~Xc ewÝ` homVo. åhUOo {d^md§Va _Yrc Pmcocm ~Xc

R1  R2

R1 + R2

R =            =                 =       = 3 Ω
4 x 12
4 + 12

48
16

4 Ω

12 Ω

7 Ω

AmH¥$Vr-22AmH¥$Vr-22AmH¥$Vr-22AmH¥$Vr-22AmH¥$Vr-22

AmH¥$Vr-23:AmH¥$Vr-23:AmH¥$Vr-23:AmH¥$Vr-23:AmH¥$Vr-23:
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A§H$JUrVr` ~oarO ewÝ` homVo.
• éT>rMo {MÝh H$em àH$mao KoVë`m OmVo?
1. ‹Ooìhm AmnU ~°Q>arÀ`m YZmJ«mhH$Sw>Z F$UmJ«mH$S>o OmVmo Voìhm ~°Q>arMr àoaUm eŠVr
   F$UmË_H$ ¿`mdr.
2. Ooìhm ~°Q>arÀ`m F$UmJ«mH$Sw>Z YZmJ«mH$S>o OmVmo Voìhm ~°Q>arMr àoaUmeº$s YZmË_H$
   ¿`mdr.
3. {dÚwV àdmhmÀ`m {XeoÀ`m [Z[aúmUmH$Sw>Z amoYH$mMo {d^mdm§Va {MÝh {_iVo.
4. Ooìhm AmnU amoYH$mìXmao {dÚwV àdmhmÀ`m {Xeocm MmcVmo Voìhm {d^mdm§Va
   F$U ¿`mdo
5. Ooìhm AmnU amoYH$mìXmao {dÚwV àdmhmÀ`m {déÜX {Xeocm MmcVmo Voìhm {d^mdm§Va
   YZ$ ¿`mdo.

CXm-1… CXm-1… CXm-1… CXm-1… CXm-1… db¶ {Z¶‘mZwgma {Xboë¶m AmH¥$VrdéZ eodQ>Mo
{d^dm§Va ‘m{hV H$am?

gmoS>dUwH$… gmoS>dUwH$… gmoS>dUwH$… gmoS>dUwH$… gmoS>dUwH$… ABCDEA     db¶mV ~°Q>ardarb {d^dm§Va
-V1 Amho. R1 amoYH$mda {d^dm§Va i1  R1 Amho. n[anWmda
eodQ>Mo {‘iUmao {d^dm§Va =-V1 + i1  R1 = 0

CXm-2… CXm-2… CXm-2… CXm-2… CXm-2… db¶ {Z¶m‘mdéZ {Xboë¶m AmH¥$VrMo eodQ>Mo {d^dm§Va
‘m{hV H$am?

gmoS>dUwH$… gmoS>dUwH$… gmoS>dUwH$… gmoS>dUwH$… gmoS>dUwH$… {Xboë¶m n[anWmda db¶ {Z¶‘mMm dmna H$é ¶m.
~°Q>ar v1 da {d^dm§Va +V1  Amho. v2 da {d^dm§Va -V2

R1 amoYH$mda {d^dm§Va = -i1  R1

R2 amoYH$mda {d^dm§Va = -i2  R2

R3 amoYH$mda {d^dm§Va = -i3  R3

n[anWmVrb eodQ>Mo {d^dm§Va +V1 -V2 -i1  R1 -i2  R2  -i3  R3 = 0
CXm-3… CXm-3… CXm-3… CXm-3… CXm-3… db¶ {Z¶‘mZwgma {Xboë¶m AmH¥$VrdéZ eodQ>Mo {d^dm§Va

H$mT>m?
gmoS>dUwH$… gmoS>dUwH$… gmoS>dUwH$… gmoS>dUwH$… gmoS>dUwH$… {Xboë¶m n[anWmg db¶ {Z¶‘ bmJw H$é ¶m.

ABCDEA     db¶mdéZ ~°Q>arMo {d^dm§Va -v1 Amho. amoYH$mda {d^dm§Va
i1  R1 + i2  R2 AmhoV. n[anWmda eodQ>Mo {d^dm§Va -V1  + i1  R1 + i2  R2  = 0

AmH¥$Vr-24:AmH¥$Vr-24:AmH¥$Vr-24:AmH¥$Vr-24:AmH¥$Vr-24:
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CXm-4… CXm-4… CXm-4… CXm-4… CXm-4… db¶ {Z¶‘mZwgma {Xboë¶m AmH¥$VrdéZ eodQ>Mo {d^dm§Va
‘m{hV H$am?

gmoS>dUwH$… gmoS>dUwH$… gmoS>dUwH$… gmoS>dUwH$… gmoS>dUwH$… {Xboë¶m n[anWmgmR>r db¶ {Z¶‘ dmné ¶m.
I: ABCDEA db¶mdéZ ~°Q>ardarb {d^dm§Va =  -V1 + V2

amoYH$mdarb {d^dm§Va = +i1  R1 +i2  R2

db¶mdarb eodQ>Mo amoYH$ -V1 + V2 + i1  R1 -i2  R2  = 0
II: AFEDCBA db¶mdéZ ~°Q>ardarb {d^dm§Va =  -V2 + V1

amoYH$mdarb {d^dm§Va = +i2  R2 -i1  R1

db¶mdarb eodQ>Mo amoYH$ -V2 + V1 + i2  R2 -i1  R1  = 0
III: FEDGH db¶mdéZ ~°Q>ardarb {d^dm§Va =  -V2

amoYH$mdarb {d^dm§Va = +i2  R2 + R3 x (i1 + i2)
db¶mdarb eodQ>Mo amoYH$ -V2 + i2  R2 + R3 x (i1 + i2)  = 0
IV: FHGDEF db¶mdéZ ~°Q>ardarb {d^dm§Va =  +V2

amoYH$mdarb {d^dm§Va = - R3  x (i1 + i2) - i2  R2

db¶mdarb eodQ>Mo amoYH$ +V2 - R3  x (i1 + i2) - i2  R2 = 0
V: HGCAH db¶mdéZ ~°Q>ardarb {d^dm§Va =  +V1

amoYH$mdarb {d^dm§Va = - R3  x (i1 + i2) - i1  R1

db¶mdarb eodQ>Mo amoYH$ +V1 - R3  x (i1 + i2) - i1  R1 = 0
VI: ACGHA db¶mdéZ ~°Q>ardarb {d^dm§Va =  -V1

amoYH$mdarb {d^dm§Va = +i1  R1 +R3  x (i1 + i2)
db¶mdarb eodQ>Mo amoYH$ -V1 + i1  R1

+ R3  x (i1 + i2)  = 0
CXmhaU-5… CXmhaU-5… CXmhaU-5… CXmhaU-5… CXmhaU-5… db¶ {Z¶‘mZwgma {Xboë¶m
AmH¥$VrdéZ eodQ>Mo {d^dm§Va ‘m{hV H$am?
 ACDBA dc`m gmR>r
-V2 + I2R2 – I1R1+V1 = 0
EFDCE dc`mgmR>r
-(I1+I2) R3 – I2R2 + V2 = 0
EFBAE dc`mgmR>r
-(I1+I2) R3 – I1R1+V1 = 0
CXmhaU-6…CXmhaU-6…CXmhaU-6…CXmhaU-6…CXmhaU-6… 12V emf  À`m {dÚwV KQ>mVwZ H$mT>cocr {dÚwV
Ymam ( AmH¥$Vr -30) _m{hV H$am.
gmoS>dUwH$: gmoS>dUwH$: gmoS>dUwH$: gmoS>dUwH$: gmoS>dUwH$: 12V emf  _YwZ H$mT>cocr {dÚwV Ymam g_Om
I = I1+I2 AmH¥$Vr 30 déZ dc` {Z`_ dmnéZ DABCD,
dc` gmR>r-3 (I1+I2) + 12 – 2I1-5 = 0……….. (a)
DAFED, dc` gmR>r

-3 (I1+I2) + 12 – 4I2 = 0  ………. (b)

AmH¥$Vr-28:AmH¥$Vr-28:AmH¥$Vr-28:AmH¥$Vr-28:AmH¥$Vr-28:

AmH¥$Vr-29:AmH¥$Vr-29:AmH¥$Vr-29:AmH¥$Vr-29:AmH¥$Vr-29:

I2

I1

I1+I2

V2

V1 R1

R2

R3

A B

C D

E F

AmH¥$Vr-AmH¥$Vr-AmH¥$Vr-AmH¥$Vr-AmH¥$Vr--30

I1+I2

12V

I1+I2

5V

I1I2

I1I2
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3Ω

4Ω
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 (a) & (b) g_rH$aU gmoS>dwZ
AmnUmg  I1 = 0.5 A Am{U I2 = 1.5 A
åhUwZ 12V emf  _wio n[anWmV V`ma hmoUmao {dÚwV Yma I = 0.5 + 1.5 = 2A

–––––––––––––
• “`m _{hÊ`mV Amåhr 100 `wZrQ> {dÚwV IM© Ho$co” Ago dmŠ` Vwåhr EoH$coM

Agmc. ẁZrQ> åhUOo H$m`?
• ~ë~ da 60W Am{U 120V AgVo. `m qH$_Vr H$m` Xe©{dVmV?

Mcm nmhþ `m.

{dÚwV eº$s {dÚwV eº$s {dÚwV eº$s {dÚwV eº$s {dÚwV eº$s (Electric power)

X¡ZqXZ {OdmZmV AmnU dmnaUmao {hQ>a, Hw$H$a, n§Io, [\«$O
BË`mXr {dÚwV CnH$aUo {dÚwV COm© IM© H$aVmV.  ‘R’  amoYmÀ`m
dmhH$mVwZ ‘I’ {dÚwV Ymam àdmhrV hmoV Amho Ago g_Ow .
dmhH$mVwZ  {dÚwV n«dmh Pmcm Va CîU CO}Mr CËnÎmr hmoVo ho
Amnë`mcm _m{hV Amho.

AmH¥$Vr 24 _Ü ò XmI{dë`m à_mUo   A q~Xþ déZ B q~Xþ H$S>o t goH§$XmV Q Hw$c§~
à^ma n«dmhrV Pmco Ago g_OVo. A Am{U B q~XþÀ`m _Ü ò {d^dm§Va V g_Ow.  ‘t’
g|H$Xm _Ü`o {dÚwV úmoÌmZo Ho$coco H$m_

W = QV .........................(1)
dmhH$mVwZ {dÚwV àdmh hmoV AgVm§Zm à^mamZo J_mdcocr COm© hr `m H$m_mer

g_mZ AgVo.
• 1 goH§$Xm_Ü`o à^mamZo J_mdcocr COm© {H$Vr Amho?

ho W/t À`m g_mZ Amho.
g_rH$aU (1), déZ
W/t = QV/t .........................(2)
darc g_rH$aUmV Q/t ho dmhH$mVwZ àdmhrV {dÚwV Ymam  (I) cm {ZX}{eV H$aVo

Am{U W/t ho àVrg|H$Xm_Ü`o Ho$coë`m H$m_mcm {ZX}{eV H$aVo.
Ho$coë`m H$m_mÀ`m Xamcm eº$s åhUVmV. åhUwZ ImcÀ`m dJm©V AmnU {eH$cmoV.

åhUwZ W/t ho {dÚwV eº$s(P).cm {ZX}{eV H$aVo.
{dÚwV eº$s P = VI .........................(3)
darc g_rH$aUmV
n[anmWmV OmoS>cocr EImÚm CnH$aUmìXmao IM© Pmcocr COm© _moOÊ`mgmR>r `m

g_rH$aUmMm Cn`moJ H$é eH$Vmo.
V = IR
g_rH$aU (3) Ago {chþ eH$Vmo.
P = I2

 R = V2/R
{dÚwV KQ>m gma»`m Ho$mUË`mhr ñÌmoV nmgwZ {_iUmè`m {dÚwV eº$scm _m{hV

H$aÊ`mgmR>r  P = VI  gwÌmMm gwÜXm dmna H$é eH$Vmo. Aem g§X^m©V  P = VI

AmH¥$Vr-31:AmH¥$Vr-31:AmH¥$Vr-31:AmH¥$Vr-31:AmH¥$Vr-31:

Fe

{dÚwV úmoÌmMr {Xem

A B

l

Q
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g_rH$aUmcm Imcrc àH$mao ~XcwZ {chþ eH$Vmo. P = ε I.
`m_Ü ò ε hm {dÚwV KQ>mMm  emf Amho.

CO©oMr InV g_OÊ`mgmR>r EH$ CXmhaU {dMmamV KoD$ `m.
~ë~ da 60W Am{U 120V {chþZ AgVo. Oa ~ë~120V ñÌmoVer OmoS>co Va

EH$m g§oH$X§mV 60J Mr {dÚwV COm© CîUVoMo qH$dm àH$memV énm§Va hmoVo.
~ë~da {c{hcoë`m déZ AmnU ~ë~ Mr amoY _moOw eH$Vmo.
 P = V2/R  R = V2/P `m g§~§YmdéZ
darc g_rH$aUmV  V Am{U P À`m qH$_Vr àVrúmonrV H$éZ
R = 120 x 120/ 60 = 240 Ω
åhUOo 60W Am{U 120V  {chþZ Agcoco ~ë~ Ë`m§À`m _YwZ àdm{hV {dÚwVcm

gmYmaU n[apñWVrV 240 Ω amoYm _Ü ò AgVo.
Oa `m ~ë~cm 12V {dÚwV KQ>mcm OmoS>co Va ~ë~ ìXmam Pmcocr IVn
P = V2/R = 12 x 12/ 240 = 3/5 = 0.6 W
ìh°Q> (w)  hm eº$scm g§~§YrV chmZ EH$H$ Agë`m_wio gmYmaUV: {dÚwV

eº$sÀ`m InV cm _m{hV H$aÊ`mgmR>r {H$cmoìh°Q> (Kilowatt)  `m _moR>çm EH$H$m cm
dmnaVmo.

1 KW = 1000 W = 1000 J/S
Vw_À`m Kar àË òH$ _{hÊ`mcm {dÚwV Mo {~c òVo ho Vwåhr nmhVmM Agmc. Ë`m

{~cm_Ü ò {dÚwV InV Mr Zm|X ẁZrQ> _Ü ò Ho$cocr AgVo. ẁZrQ> H$m` Xe©{dVo?
{dÚwV eº$s InV Mm ẁ{ZQ> hm  1 KWH À`m g_mZ AgVo. (one Kilo Watt

Hour).
1 KWH = (1000 J/S) (60 x 60 S)

= 3600 x 1000 J
= 3.6 x 106 J

• AmodacmoS> åhUOo H$m`?
• `m_wio {dÚwV CnH$aUo H$m {~KS>VmV?

{dÚwVMm AmodacmoS>(overload) Pmë`mZo ~aoMeo ZwH$gmZ Pmco Aer ~mV_r
AmnU dma§dma EoH$Vmo.

XmoZ Vmao déZ Amnë`m KamV {dÚwV òVmo Ë`m VmaoZm cmB©Ýg åhUVmV. hr cmB©Z
(Vma) H$_r amoYmMo AgVmV A[U Ë`m Vmao _Yrc {d^md§Va gmYmaUV: gw_mao 240V
AgVo. hr cmB©Z (Vma) KamVrc nwU© n[anWm _Ü ò OmVo. ̀ m n[anWmV n§Io, TV, {\«$O
BË`mXr gmaIo {dÚwV CnH$aUo OmoS>coco AgVmV.

`m XomZ VmaoÀ`m _Ü ò {d{^Þ q~Xþ da Amnë`m KamVrc gd© {dÚwV CnH$aUo
OmoS>Vmo. åhUOo gd© {dÚwV CnH$aUo g_m§Va OmoS>UrV AmhoV. åhUOoM àË òH$ CnH$aUmÀ`m
XmoZ Q>moH$m _Ü`o {d^md§Va 240V Amho. {dÚwV CnH$aUmÀ`m amoYmMr qH$_V Oa
Amnë`mcm _m{hV Agoc Va I = V/R `m g_rH$aUmMm dmna H$éZ CnH$aUm_Ü ò
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àdmhrV Pmcocm {dÚwVMr JUZm H$é eH$Vmo. CXmhaUmW©  240 Ω amoYmÀ`m
~ë~ _YwZ 1 A. {dÚwV àdmhrV hmooVmo.

àË`oH$ {dÚyV CnH$aUmÀ`m amoYmZm AmYma H$éZ cmB©Z (Vma) déZ H$mhr
{dÚwV dmna hmoVmo. cmB©Z (Vma) déZ dmnacoco EHw$U {dÚwV hm {d{dY
CnH$aU déZ àdmhrV {dÚwV YmaoÀ`m ~oaOoÀ`m g_mZ AgVo.( g§J_ñWmZmÀ`m
{Z`_ déZ)

Amnë`m KamV {dÚwVMm dmna H$aUmao CnH$aU dmT>co Va Vo cmB©Z (Vma)
déZ dmnaUmè`m {dÚwV _Ü ò gwÜXm dmT> hmoVo.
• OmñV {dÚwV dmnaë`mZo H$m` KS>Vo?

`mMo CÎma XoÊ`mgmR>r Vw_À`m KamV ~g{dcoë`m {S>OrQ>c _rQ>a darc
qH$_VrMo {Z[aúmU H$amdo.

{d^md§Va : 240 V
{dÚwV Ymam : 5 – 20A
åhUOo Vw_À`m _rQ>a n`ªV Amcoë`m XomZ Vmao _Ü`o 240V {d^md§Va AgVo.

Ë`m Vmao _YwZ H$_rV H$_r  5A Am{U OmñVrV OmñV  – 20A. {dÚwV dmné
eH$Vmo. Ë`m Vmao déZ 20A.noúmm OmñV {dÚwV dmnaco Va KamVrc n[anW Iwn
CîU hmoD$Z AmJ cmJÊ`mMr eŠ`Vm AgVo. `mcmM AmodacmoS> Ago åhUVmV.
AmH¥$Vr 25 cm nmhm. `m AmH¥$VrV XmI{dë`mà_mUo AmnU Oa ~Q>Z Mmcw Ho$co
Va AmnU  20A noúmm OmñV {dÚwV dmnaVmo. Voìhm AmJ cmJVmo.
• AmodacmoS>tJ _wio hmoUmè`m ZwH$gmZrcm AmnU H$go Q>miw eH$Vmo?

AmH¥$Vr 25 _Ü`o XmI{dë`m à_mUo KamVrc n[anWmcm Oa AmnU {dÚyV â`wO
(fuse) OmoS>cmo Va AmodacmoS>tJ _wio hmoUmao ZwH$gmZ AmnU Q>miw eH$Vmo. `m _m§S>UrV
cmB©Z ìXmao `oUmao EHw$U {dÚwV â`wO _YwZ àdmhrV hmoVo. â`wO _Ü`o H$_r {dViU q~Xþ
Mr nmVi Vma AgVo. Ooìhm â ẁO _Ü ò 20A noúmm OmñV {dÚwV ̀ oVo Voìhm Vma Ja_ hmoVo
Am{U {dViVo. Voìhm n[anW CKS>Vo Am{U KamVrc n[anW _Ü ò {dÚwV àdmhmV AS>Wim
H$aVo. AmodacmoS>tJ _wio ZwH$gmZ hmoUmè`m gd© {dÚwV CnH$aUm§Zm ZwH$gmZr nmgwZ
~MmdVo.

åhUOo â ẁO dmnaë`mZo KamVrc n[anW Am{U Ë`m _Yrc CnH$aUmZm AmodacmoS> _wio
ZwH$gmZ hmoUma Zmhr.

gwMZmgwMZmgwMZmgwMZmgwMZm: AmodacmoS> {dÚwV qH$_V ho Kamcm Am{U H$maImÊ`mcm doJdoJù`m nÜXVrV
AgVo.

240V

Fuse

TV

Fridge

Bulb

Fan

Heater

20A

6A

8A

2A

4A

AmH¥$Vr-32:AmH¥$Vr-32:AmH¥$Vr-32:AmH¥$Vr-32:AmH¥$Vr-32:
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• dmhH$mV EH$m q~Xþ déZ Xþgè`m {~§Xþda, ẁ{ZQ> YZ à^mamcm hmcMmc H$amd`mg cmdÊ`mÀ`m
H$m_mcm Ë`m q~Xþ _Ü`o {d^md§Va Xe©{dVo.

• EH$m goH§$XmV dmhH$mVrc H$moUË`m Var H$mQ>N>oXr déZ OmUmao à^mamÀ`m n[a_mUmcm {dÚwV Ymam
Ago åhUVmV.

• ~hþ_mnr hm EH$ BcoŠQ́>mZrH$ CnH$aU Amho. ho amoY {dÚwV Xm~, {dÚwV Ymam, gma»`m qH$_VrZm _moOw eH$Vo.
• Amoh_Mm {Z`_: dmhH$mMr ^m¡{VH$ AdñWm H$m`_ amhV Agë`mg (pñWa Vmn_mZ) dmhH$mÀ`m

XmoZ Q>moH$m _Yrc {d^md§Va ho dmhH$mVZw OmUmè`m {dÚwV Ymaoer g_à_mUmV AgVo. V=IR.

• pñWa Vmn_mZmda \$º$ YmVw dmhH$mgmR>r Amoh_Mm {Z`_ cmJw hmoVmo. hm {Z`_ dm ẁ dmhH$ Am{U
AY©dmhH$mgmR>r cmJw hmoV Zmhr.

• BcoŠQ´>mZÀ`m McZmV AS>Wim AmUUo `m nXmWm©À`m JwUY_m©cm dmhH$mMr {dÚwV amoY åhUVmV.
• VmaoMm amoY hm Ë`m VmaoÀ`m nXmWm©da VmaoMr cm§~r Am{U H$mQ>N>oXr úmoÌ\$im da Adc§~wZ AgVo.

Rα l/A.

• EH$H$ cm§~r, EH$H$ H$mQ>N>oXr úmoÌ\$i Agcoë`m dmhH$mÀ`m amoYmcm {d{eï> amoY åhUVmV.
• XmoZ qH$dm Ë`m noúmm OmñV dmhH$mV EH$M {dÚwV àdmhrV hmoV Agoc Va Vo XmoZ dmhH$ loUrV

OmoS>coco AmhoV Ago åhUVmV.
• XmoZ qH$dm XmoZ noúmm OmñV dmhH$mcm gmaIoM {d^md§Va Agoc Va Vo dmhH$ g_m§Va OmoS>UrV

AgVmV.
• g§J_ñWmZ {Z`_: n[anWm_Ü`o H$moUË`mhr g§J_ñWmZ q~Xþda {dÚwV Ymam {d^mOrV hmoV.

g§J_ñWmZmcm nmohMcocr EHw$U {dÚwV Ymam Ë`m g§J_ñWmZmnmgwZ {ZKmcoë`m {dÚwV YmamÀ`m
EHw$U ~oaOo EdT>m AgVmo.

• dc` {Z`_: EH$m ~§X n[anWm _Ü ò {d{dY CnH$aUmÀ`m XmoZ Q>moH$m_Yrc {d^md§Va dmT>cocr
Am{U H$_r Pmcocr A§H$JUrVr` ~oarO ewÝ` AgVo.

• {dÚwV eº$s hm {dÚwV Ymam Am{U {d^md§Va Mm JwUmH$ma hmo`. {dÚwV eº$sMm SIEH$H$ ìh°Q> (W).

• {dÚwV COm© hm {dÚwV eº$s Am{U doioMm JwUmH$ma hmo`. {dÚyV CO}Mm EH$H$ W-s Am{U KWH.

AmnU H$m` {eH$cmoV?

_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX

à^ma, {d^md§Va, {dÚwV Ymam, ~hþ_mnr, Amoh_Mm {Z`_, amoY, {d{eï>
amoY, {H$aMm°\$ Mm {Z`_, {dÚwV eº$s, {dÚwV COm©

SCERT T
ELA

NGANA



Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20 203

g§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZ
1. cmoa§oQ>g - hþ§S²> BcoŠQ´>mZ {gÜXm§VmÀ`m _XVrZo {dÚwV àdmhmcm BcoŠQ´>mZ H$go H$maU hmoVmV?(AS1)
2. {dÚwV KQ> H$go H$m ©̀ H$aVo? ñnï> H$am?(AS1)
3. {d^md§Va Am{U emf _Yrc \$aH$ {chm?  (AS1)
4. dmhH$mMo amoY Vmn_mZmda AmYméZ AgVo åhUwZ Vwåhr H$go {gÜX H$amc? (AS1)

5. {dOoMm Y¸$m åhUOo H$m`? Vo H$go cmJVo? ñnîQ> H$am? (AS1)

6. {H$aMm©\$ {Z`_ cm CXmhaUmghrV ñnï> H$am. (AS1)

7. Á ẁëg _Ü ò 1 KWH Mr qH$_Vr {H$Vr AgVo?(AS1)

8. VrZ amoYH$ loUrV OmoS>ë`m Z§Va g__wë` amoYmgmR>r g_rH$aU V`ma H$am? (AS1)

9. VrZ amoYH$ g_m§Va OmoS>UrV OmoS>ë`m Z§Va g__wë` amoYmgmR>r g_rH$aU V`ma H$am?(AS1)

10. Vm§ã`m noúmm Mm§Xr hm Mm§Jcm {dÚwV dmhH$ Amho. Va AmnU {dÚwV dmhH$VogmR>r Vm§ã`mMr Vma
H$m dmnaVmo? (AS1)

11.  A Am{U B  Aeo XmoZ amoYH$ {dÚwV KQ>m gmo~V loUrV OmoSw>Z Amho.  A amoYmÀ`m ncrH$S>o
_moOÊ`mgmR>r ìhmoëQ> _rQ>a Amho. ho g§X^© ñnï> Ho$cocr n[anWmMr AmH¥$Vr H$mT>m? (AS5)

12. AmH¥$Vr àíZ. Q-12 _Ü ò B da {d^md§Va ewÝ` Agoc Va
A da {d^md§Va——————— (AS7)

g§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZ
1. KamVrc n[anWmMo AmodacmoStJ ñnï> H$am? (AS1)

2. KamVrc n[anWm _Ü ò AmnU {dVi Vma H$m dmnaVmo? (AS1)

3. XmoZ ~ë~Mr dJuH$aU 100 W, 220V Am{U 60 W, 220 V _Ü`o Ho$cr Amho. H$moUVo OmñV amoYmMo
Amho? (AS1)

4. ~ë~, Q>r.ìhr. n§Io Am{U KamVrc BVa {dÚwV CnH$aUmZm AmnU loUrV H$m OomS>V Zmhr? (AS1)

5. 100 Ω Mo amoY Agcoë`m EH$m VmaoMr cm§~r 1 _r._r. Am{U {µÌÁ`m 0.1 _r._r. Amho. Va Ë`mMo
{d{eï> amoYH$ {H$Vr? (AS1)

6. ~ë~ _Yrc AJXr ~marH$ VmaoÀ`m V`marV Q>§JñQ>ZMm dmna H$m H$aVmV? (AS2)

7. H$maÀ`m hoS> cmB©Q>cm loUrV OmoS>VmV H$m qH$dm g_m§Va OmoS>UrV OmoS>VmV H$m? H$m? (AS2)

8. KamVrc {dÚwV CnH$aUm§Zm g_m§Va OmoS>UrV H$m OmoS>VmV? Oa Vo loUrV OomS>co Va H$m` KS>Vo?

Amnë`m Aä`mgmV gwYmaUm H$amAmnë`m Aä`mgmV gwYmaUm H$amAmnë`m Aä`mgmV gwYmaUm H$amAmnë`m Aä`mgmV gwYmaUm H$amAmnë`m Aä`mgmV gwYmaUm H$am

5Ω

1A

2VA B

V= 0
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n`m©`r àíZ {ZdS>mn`m©`r àíZ {ZdS>mn`m©`r àíZ {ZdS>mn`m©`r àíZ {ZdS>mn`m©`r àíZ {ZdS>m

9. KamV dmnaUmè`m {d{dY {dÚwV CnH$aU {~KSw> Z XoUmè`m H$m`m©V â ẁO Mr à§egm Vwåhr H$er
H$amc?  (AS7)

10. Oa Vw_À`m earamMo amoY 100000Ω Agoc Ooìhm Vwåhr 12V {dÚwV KQ>mÀ`m Yw«dm§Zm ñne© Ho$cm Va
Vw_À`m earamV {H$Vr {dÚwV àdmh hmoB©c? (AS7)

11. 100Ω amoY Agcoco EH$g_mZ OmS>rMr dmhH$ {dViwZ gwédmVrÀ`m dmhH$m§À`m cm§~rcm XþßnQ>
cm§~rV ~Xcoco. Z{dZ V`ma Pmcoë`m dmhH$mMo amoY {H$Vr?(AS7)

Cƒ {dMma gaUrMo àíZCƒ {dMma gaUrMo àíZCƒ {dMma gaUrMo àíZCƒ {dMma gaUrMo àíZCƒ {dMma gaUrMo àíZ
1. àË òoH$s 30 ΩamoY qH$_VrMo VrZ amoYH$ Vw_À`m Odi AmhoV

Ago g_Ow. `m {VÝhr amoYH$m§Zm dmnéZ {H$Vr àH$maÀ`m
{d{eï> amoY Vwåhr {_idw eH$Vm? Ë`mcm g§~YrV AmH¥$Vr
H$mT>m?

2. n[anWmMo {Z[aúmU H$éZ Imcrc àíZm§Mo CÎmao Úm? (AS7)

i. 3,4 amoYH$ loUrV AmhoV H$m?
ii. 1,2 amoYH$ loUrV AmhoV H$m?
iii. EImÚm amoYH$m gom~V {dÚwVKQ> loUrV Amho H$m?
iv. amoYH$ 3 À`m ncrH$S>o {d^md§Va {H$Vr Amho?
v. amoYH$1 À`m ncrH$S>o {d^md§Va  6V Agoc Va n[anWm _Ü ò EHw$U emf  {H$Vr?

3.  EH$m KamV 3 Q>çw~ cmB©Q>, XmoZ n§Io Am{U EH$  TV Amho. àË òH$ Q>çw~ cmB©Q> 40W {dÚwV dmnaVmo.
àË`oH$ n§Im 80W Mo {dÚwV Am{U Q>r.pìh. 60W Mo {dÚwV dmnaVo. gamgarV àË òH$ {Xder gd©
Q>çw~ cmBQ> nmM Vmg Mmcw R>odco. XmoZ n§Io 12 Vmg Am{U Q>r.ìhr. nmM Vmg Mmcw R>odco. Va
àVr é. 3.oo cm Kwh XamZo 30 {Xdgm _Ü`o dmnacoë`m {dÚwV CO}gmR>r {H$Vr én`o cmJVrc?
(AS7)
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– +

+

–

+

–

V3

G

AmH¥$Vr-AmH¥$Vr-AmH¥$Vr-AmH¥$Vr-AmH¥$Vr--Q2

1.  50 Ω amoYmMo EH$g_mZ VmaoMo nmM g_mZ ^mJmV H$mnco. AmVm `m ^mJm§Zm g_m§Va OmoS>UrV
OmoS>co Va OmoS>UrMo g__wë` amoY [      ]

a)  2 Ω b)  12 Ω

c) 250 Ω d) 6250  Ω

2. {~§Xþ  A nmgwZ q~Xþ  B n`ªV à^mamMr hmcMmc hmoV Amho. `m à{H«$`oV EH$H$ à^mamÀ`m
hmcMmcrÀ`m `m H$m`m©cm ..... åhUVmV. [      ]

a)   A da {d^md§Va b)  B da {d^md§Va
c)  A Am{U B _Yrc {d^md§Va d) A Vo B n ª̀VMr {dÚwV Ymam
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3. Á ẁc/Hw$c§~ hm ....... À`m er g_mZ Amho. [     ]
a) 1 - ìh°Q> b) 1 - ìh°Q>
c) 1- A°ånr`a d) 1 - Amoh_

4. 2Ω,4Ω,6Ω qH$‘VrMo VrZ amoYH$ loUrV OmoS>bobo AmhoV. n[anWmVrb OmoS>UrMo [     ]
g‘Vwë¶ amoY ........... Amho.
a) 2Ω b) 4Ω

c) 12Ω d) 6Ω

5. 2Ω, 4Ω, 6Ω qH$‘VrMo VrZ amoYH$ g‘m§Va OmoS>bobo AmhoV. n[anWmVrb OmoS>UrMo [     ]
g‘Vwë¶ amoY ........... Amho.
a) 12Ω b) 36Ω

c) 18Ω d) 1.8Ω

6. 6Ω, 6Ω amoYH$ Agboë¶m loUrV OmoS>ë¶mg Am{U 12Ω g‘m§Va OmoSë¶mg n[anWmMo [     ]
g‘Vwë¶ amoY ........... Amho.
a) 24Ω b) 6Ω

c) 18Ω d) 2.4Ω

7. Vmao _Yrc {dÚwV Ymam..... `m da Adc§~wZ AgVo. [     ]
a) \$º$ {d^md§Va da b) VmaoÀ`m \$º$ amoYmda
c) darc XmoÝhr da d) darc EH$hr Zmhr.

1. Amoh_ Mm {Z`_ {chm. ho nS>Vmim H$aÊ`mgmR>r EH$m à`moJ gwMdwZ Ë`mMr H$m ©̀ nÜXV ñnï> H$am? (AS3)

2. pñWa Vmn_mZ, ñWra H$mQ>N>oX úmoÌ\$im gmR>r dmhmH$mMm amoY hm dmhH$mÀ`m cm§~rcm à_mUmV AgVo
åhUwZ Vwåhr H$go {gÜX H$amc? (AS1)

1.  a. EH$ {dÚwV KQ> Ë`mMr {d^md§Va _moOm. {dÚwV KQ> OmoSw>Z EH$ n[anW ~ZdwZ {dÚwV KQ>mMo
{d^md§Va _moOm. {dÚwV KQ>mÀ`m {d^md§Va _Ü ò H$moUVm Var \$aH$ Amho H$m?  (AS4)

b. CKS>çm n[anWm _Yrc ~ë~ Mo amoY ~hþ_mnr Zo _moOm. ~ë~, 12V Mm {dÚwV KQ> Am{U ~Q>Z
`m KQ>mH$m§Mm dmna H$éZ loUrV EH$ n[anW ~Zdm. ~Q>Z ~§X H$am. Z§Va nwÝhm àË òHr$ 30
{_ZrQ>m§Zr Ë`mM ~ë~ Mo amoY _moOV Om. EH$m VŠË`mV {Z[aúmUmMr Zm|X H$aV Om. da Ho$coë`m
[Z[aúmU H$éZ Vwåhr H$moUVm {ZîH$f© H$mTw> eH$Vm?(AS4)

2. Vw‘À¶m KamV dmnaUmè¶m {d{dY ~bm§Mm amoY ‘m{hV H$am Am{U H$moUË¶m ~bm§Mm amoY H$‘r/
OmñV Amho Vo H$mT>m? Vw‘À¶m {ZarjUmda EH$ [anmoQ>© V¶ma H$am?

3. Vw‘À¶m KamM/emioV {dÚwVMm dmna ¶mda EH$ [anmoQ>© V¶ma H$éZ Ë¶m~Ôb ‘m{hVr Jmoim
H$am?

gwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJ

gwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ën
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⌥⌃

BcoŠQ´>mÝgÀ`m McZ da Ý`wQ>ZMm {Z`_ AmnU cmJw H$é eH$Vmo H$m?BcoŠQ´>mÝgÀ`m McZ da Ý`wQ>ZMm {Z`_ AmnU cmJw H$é eH$Vmo H$m?BcoŠQ´>mÝgÀ`m McZ da Ý`wQ>ZMm {Z`_ AmnU cmJw H$é eH$Vmo H$m?BcoŠQ´>mÝgÀ`m McZ da Ý`wQ>ZMm {Z`_ AmnU cmJw H$é eH$Vmo H$m?BcoŠQ´>mÝgÀ`m McZ da Ý`wQ>ZMm {Z`_ AmnU cmJw H$é eH$Vmo H$m?
(Can we apply Newton law’s to the motion of electrons? )

gwMZmgwMZmgwMZmgwMZmgwMZm: `m ñnï>rH$aUmV, BcoŠQ´>mÝgÀ`m H«$_ahrV McZmcm Xþc©úm H$é.

dmhH$mMr cm§~r l  Am{U H$mQ>N>oXr úmoÌ\$i A g_Ow. dmhH$mÀ`m BcoŠQ´>mZMr
KZVm  n  g_Ow.

dmhH$mÀ`m Q>moH$mÀ`m _Ü`o {d^md§Va  V pñWa AgVm§Zm dmhH$mVwZ àdmhrV {dÚwV
Ymam

I = nAevd ....................... (a)

òWo e hm BcoŠQ´>mZMm n«^ma Amho. Am{U  vd hm BcoŠQ´>mZMm AZwJ_Z doJ (drift
velocity) Amho.

ómoV ìXmam dmhH$mÀ`m Q>moH$m§_Ü`o BcoŠQ´>mZ hmcMmc Ho$coco H$m`©

W = Ve ....................... (b)

{dÚwV eº$sZo Ho$coco H$m`© Amho ho Amnë`mcm _m{hV Amho.

W =Fl ....................... (c)

òWo F hm {dÚwV úmoÌmìXmao cmdcocr eº$s Amho.

g_rH$aU (b) Am{U (c) déZ

 Fl = Ve    F = Ve/l

Ý ẁQ>ZÀ`m Xþgè`m {Z`_mdéZ, EImÚm H$UmÀ`m McZmMm Aä`mg H$aÊ`mgmR>r F
= ma ho gwÌ `mo½` Amho. Ago Amnë`mcm _m{hV Amho.

 ma = Ve/l   a = Ve/lm ......................(d)

BcoŠQ´>mZÀ`m gwédmVrMm doJ  (u)  ewÝ` J¥hrV Yé. t doim _Ü`o BcoŠQ´>mZ Zo J¥hZ
Ho$cocm doJ  v g_Ow. (XmoZ H«$_mZo hmoUmè`m AmKmVm _Yrc doi) Va  u = 0 Am{U t
= τ

g_rH$aUm déZ v = u+at

 v = aτ = Veτ/lm (g_rH$aU d déZ )
OcmH$m _wcH$m gmo~V Ho$coë`m AmKmVm_wio BcoŠQ´>mÝg À`m McZmcm _`m©Xm

AZw~§YAZw~§YAZw~§YAZw~§YAZw~§Y
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cmJVo. doim _Ü`o BcoŠQ´>mÝgÀ`m doJmMr gamgar AZwJ_Z doJ hmoVo.

BcoŠQ´>mZMm gamgar doJ  vd = (v+u)/2 = v/2

darc g_rH$aUm _Ü ò  v Mr qH$_V àVrúmonrV H$éZ

gamgar doJ = AZwJ_Z doJ  vd = Veτ/2lm

g_rH$aU (a) _Ü`o vd Mr qH$_V àVrúmonrV H$éZ

I = nAe(Veτ/2lm)

I = V(ne2τ/2m)(A/l)

I (2m/ne2τ)(l/A) = V ......................(e)

darc g_rH$aUmV BcoŠQ´>mZMo dñVw_mZ (m) Am{U BcoŠQ´>mZMo n«^ma(e) ho
pñWam§H$ AmhoV H$maU `m qH$_Vr BcoŠQ´>mZÀ`m cúmUm Mo AmhoV.

YmVwÀ`m dmhH$mMr BcoŠQ´>mZ KZVm (n) hr Ë`mÀ`m ñd^mdmda Adc§~wZ Amho.
åhUwZ EH$m {d{eï> dmhH$mgmR>r Vo gwÜXm pñWa AmhoV.

 {Xcoë`m dmhH$mgmR>r cm§~r (l)  Am{U H$mQ>N>oXr úmoÌ\$i (A) gwÜXm pñWam§H$
AmhoV. τ  Mr qH$_V dmhH$mÀ`m Vmn_mZmda Adc§~wZ Amho. Ooìhm Vmn_mZ dmT>oc
Voìhm BcoŠQ´>mZMo H«$_ahrV McZ dmT>Vo Am{U τ Mr qH$_V H$_r hmoVo.

dmhH$mÀ`m ñWra Vmn_mZmgmR>r τ Mr qH$_V pñWa hmoVo.

åhUwZ EH$m {d{eï> dmhH$mcm (2m/ne2τ) (l/A) ho pñWam§H$ `mcm  R  _Ü ò
{ZX}{eV H$am. (`mcm dmhH$mMm amoY Ago åhUVmV.)

IR = V (g_rH$aU e déZ ) ...................(f)

`mcm Amoh_Mm {Z`_ Ago åhUVmV.

`oWo R = (2m/ne2τ) (l/A) ..................(g)

darc g_rH$aUmV 2m/ne2τ hm dmhH$mcm g§~§YrV A{^cúmU hmo`. EH$m
{d{eï> dmhH$mÀ`m {d{^Þ ^m¡_rVrH$ qH$_VrgmR>r amoY R Mr qH$_V doJdoJir
AgVo. åhUwZ  2m/ne2τ hm dmhH$mÀ`m ^m¡{_VrH$ qH$_Vr da AmYméZ ZgVo.
`mcm AúmamV ρ åhUwZ gwMdw. `mcm {d{eï> amoY Ago åUVmV.

ρ = 2m/ne2τ

g_rH$aU (g) déZ

R = ρl/A ..................(h)
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_mJrc YS>çmV Vwåhr {dÚwV àdmhmÀ`m CîU n[aUm_m ~Ôc {eH$coV Zm, Amnë`m
X¡Z§{XZ {OdZmV {dÚwV _moQ>ma, {dÚwV OZaoQ>a, {dOoMr K§Q>r, {dÚwV H«o$Z BË`mXr
{dÚwV CnH$aUm§Mm dmna H$aV AgVmo.
• Vr {dÚwV CnH$aUo H$go H$m ©̀ H$aVmV?
• {dÚwV M§w~H$ H$go H$m ©̀ H$aVo?
• {dÚwV Am{U Mw§~H$mV H$mhr g§~§Y Amho H$m?
• {dÚwV nmgwZ Mw§~H$Ëd AmnU V`ma H$é eH$Vmo H$m?

`m YS>çmV AmnU {dÚwV Mw§~H$mMo n[a_mU `m ~Ôc Aä`mg H$aUma AmhmoV.
{dÚwV àdmhmÀ`m Mw§~H$s` n[aUm_mV H$m ©̀ H$aUmar {dÚwV _moQma Am{U OZaoQ>a _Yrc
McMw§~H$mMm {dÚwV n[aUm_m~Ôc {eH$Uma AmhmoV.

19 ì`m eVH$mVrc h§g {H«$ñQ>r`Z AmoB©añQ>oS> (Hans Christian
Oersted (1777 - 1851) ZmdmÀ`m emókm§Zo {dÚwV M§§w~H$Ëdmg
g_OwZ KoÊ`mV _hËdmMr ^w{_H$m {Z^mdcr. AZoH$ àm§VmV {\$éZ
Ë`m§Zr cm|H$m_Ü`o ^mfUmìXmao Mm§Jcr à{gÜXr {_i{dcr. Aem
àH$mao E{àc 1820 _Ü`o Ë`m§Zr Ë`m AmYr Agm à`moJ H$Yr Ho$cm
Zmhr Ë`m§Zr EH$m Xe©{dUmè`m gwMrÀ`m gwB©cm Vmao Imcr R>odwZ Ë`m
VmaoVwZ {dÚwV àdmh nmR>{dcm.Ë`m {XemgwMH$mMr gwB© hmcMmc
H$éZ {Xem ~Xccr.

Am°añQ>oS>cm Ë`mZo Ho$coë`m à`moJmMo _hËd AmoiIco. `m
à`moJmAmYr gdmªZm dmQ>V hmoVo H$s, {dÚwV Am{U Mw§~H$mËd ho XmoZ EH$_oH§$mer g§~§Y Zgcoco

{dÚwV Mw§~H$Ëd

10
YS>mYS>mYS>mYS>mYS>m

(Electromagnetism)
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H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr 1

Am`añQ>oSMm n«`moJ Am`añQ>oSMm n«`moJ Am`añQ>oSMm n«`moJ Am`añQ>oSMm n«`moJ Am`añQ>oSMm n«`moJ (Oersted experiment)
EH$ Wa_moH$mocMr {eQ> KoD$Z Ë`mda 1 go._r. C§MrÀ`m XmoZ cmH$S>r H$mS>çm Cä`m

R>odm. Ë`m H$mS>çm§À`m daÀ`m Q>moH$mer EH$ chmZ \$Q> Amho. Ë`m \$Q>rVwZ 24 JoO
AgUmar EH$ Vma Aem [aVrZo _m§S>m H$s, Vr Ë`m \$Q>rVwZ OmdwZ EH$ dc` {Z_m©U
Pmco nm{hOo. Ë`m dc`mV 3 (qH$dm 9) ìhmoëQ>Mr ~°Q>ar({dÚwV KQ>) ~Q>Z, Vm§ã`mMr
Vma AmH¥$Vr 1 _Ü`o XmI{dë`mà_mUo loUrV {_idm. AmVm Mw§~H$s` {XH$gwMr R>odm.
Am{U nÅ>r Mw§~H$mcm {XH$gwMrÀ`m Odi AmUm.
• nÅ>r Mw§~H$m_wio {XH$gwMrVrc gwB© {Xem ~XcVo H$m?
• Mw§~H$m_wioo {XH$gwMr H$m {dMcrV homVo?

nÅ>r Mw§~H$mcm dc`mÀ`m Xþa Ý`m Am{U ~Q>Z gwé
H$am. gwB©À`m ñWmZmV hmoUmam ~Xc nmhm.
• Vw_À`m {Z[aúmUmg H$m` Amco?
• {XH$gwMrÀ`m gwB©V H$mhr hmcMmc hmoVo H$m?
• {XH$gwMrÀ`m gwB©À`m `m {Xem ~XcÊ`mÀ`m hmcMmcrcm H$moUÎmo ~c H$maUr^wV

Amho?
• {dÚwV àdmhrV Vma Ë`m gwB©da ~c cmdVo H$m?
• `m ~cmg AmnU H$m` åhUVmo? (8 ì`m dJm©À`m ~c `m YS>çmVrc úmoÌ ~c `m

H$ënZoMr AmR>dU H$am)
{XH$gwMrÀ`m gwB©À`m hmoUmè`m {dMcZmMr H$maUo g_OwZ KoÊ`mgmR>r (Mw§~H$nÅ>r

Odi ZgVm§Zm) AmnUmg M§w~H$s` úmoÌ Am{U Mw§~H$s` úmoÌmda hmoUmè`m {dÚwV
à^mdm ~Ôc _m{hVr KoÊ`mMr JaO Amho.

Mcm Ë`m~Ôc _m{hVr KoD$ `m.

{dkmZ Amho. `m à`moJmìXmao Ë`m XomÝhr_Ü`o Agcocm g§~§Y Am`añQ>oS> `m§Zr XmI{dcm. `mdéZ
{dÚwV Mw§~H$Ëd nañnamer g§~§YrV Amho ho XmI{dco. ̀ m à`moJmZo àoarV homD$Z H$mhr emókm§Zr
{dÚwV Mw§~H$Ëdmda g§emoYZ Ho$co. Ë`mÀ`m g§emoYZmdéZ {H$Ë`oH$ n«H$maMo emór` {gÜXm§V
S>m`Zmo_m, {dÚwV _moQ>ma gmaIo Z{dZ Am{dîH$ma Ho$co. Z{dZ V§ÌkmZmìXmao aoS>rAmo, Q>ocr{dOZ,
àH$meV§Vw gma»`m V§ÌkmZmMm A{dîH$ma Pmcm.

Am`añQ>oS>À`m gÝ_mZmW© Mw§~H$s` úmoÌmÀ`m ~cmg Am`añQ>oS> ZmdmMm dmna H$arV Amhmo.
1822 _Ü ò Am`añQ>|S am°̀ c pñdS>re AH$mX_r Am°\$ gm`Ýgog (Royal Swedish Academy of
Sciences) _Ü`o {dXoer gXñ` åhUwZ {Z`wº$s Pmcr.

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-1
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Mw§~H$s` úmoÌ Mw§~H$s` úmoÌ Mw§~H$s` úmoÌ Mw§~H$s` úmoÌ Mw§~H$s` úmoÌ (Magnetic Field)
EH$ nXmWm©Mm Xþgè`m nXmWm©er H$moUVmhr ^m¡{VH$ g§~§Y ZgVm§Zm Ë`mda ~cmMm

à`moJ Ho$coë`m g§X^m©V úmoÌ ZmdmÀ`m nXmMm dmna H$aVmV. Vwåhr ho H¥$Vr -1 _Ü`o
AmYrM nm{hco Amho. ̀ m H¥$VrV {XH$gwMrÀ`m gwB©À`m hmcMmcrg H$maUr^wV Agcoë`m
úmoÌmcm Mw§~H$s` úmoÌ Ago åhUVmV.
• ho úmoÌ H$go {Z_m©U homVo.
• nÅ>rM§w~H$mMo Mw§~H$s` úmoÌ AmnU nmhþ eH$Vmo H$m?

à`ËZ H$é `m.
H¥$Vr H¥$Vr H¥$Vr H¥$Vr H¥$Vr  2

EH$m Q>o~cmda EH$ nm§T>è`m H$mJXmMr {eQ> R>odm. nÅ>r Mw§~H$mcm Q>o~cmÀ`m
_Ü`^mJr R>odm. {XH$gwMrcm Mw§~H$mOdi R>odm. Vr gw{MH$m EH$m pñWa {XeoH$S>o gw{MV
H$aVo. noÝgrcÀ`m gmhmæ`mZo gwB©À`m XomÝhr ~mOwcm H$mJXr {eQ>da qQ>~ R>|dm. AmVm
{XH$gwMr dmT>þZ Ë`m XomZ qQ>~mZm OmoS>Umar EH$ gai aofm H$mT>m. Ë`mda EH$ ~mU
gwB©À`m X{úmU Y¥dmHSw>Z gwB©À`m CÎma Y¥dmH$S>o H$mT>m. H$mJXmda {d{dY {R>H$mUr
{XH$gwMr R>odwZ nwÝhm nwÝhm H$éZ nmhm.
• Ago H$m KS>Vo?

nÅ>rM§w~H$ H$mT>m Am{U Mw§~H$s` {XH$gwMr H$mJXmda R>odm. Vr CÎma X{úmU {XeoV
pñWa hmoVo. AmVm nÅ>r M§w~H$mcm Ë`mÀ`m nwdu R>odcoë`m OmJr R>odm.
• Mw§~H$s` {XH$gwMrÀ`m gwB©À`m hmcMmcrV H$mhr ~Xc KSw>Z `oVmo H$m? Am{U

Ë`mMo H$maU H$m`?
  {XH$gwMrMr gwB© Mw§~H$mcm ñne© H$aVm Ë`m M§w~H$mìXmao à^m{dV hmoVo. gwB©À`m

hmcMmcrgmR>r Am{U EH$m {ZpíMV {XeoV pñWa amhÊ`mgmR>r ~c H$maUr ŵV R>aVo.
• {XH$gwMrÀ`m gwB©da H$m ©̀ H$aUmè`m ~cmÀ`m ñd^md H$gm AgVmo?

nÅ>r Mww§~H$s` úmoÌm_wio gwB©À`m H$mhr A§VamdéZ Vo ~c gwB©da H$m`© H$aVo.
H¥$Vr -2 _Ü ò Vwåhr nm{hcoV H$s H$mJXmda doJdoJù`m {R>H$mUr gwB© doJdoJir

{Xem^r_wIVm {XI{dVo. `mdéZ Mw§~H$s` úmoÌmcm {Xem AgwZ Vo EH$m {R>H$mUmnmgwZ
Xwgè`m {R>H$mUm ~XcV AgVo.

nQ²Q>r Mw§~H$mOdi Ooìhm Vwåhr {XH$gwMrMo ñWmZ ~XcVm Voìhm {XH$gwMrMr {Xem
{^_wIVm {~Xþ {~§Xþ da ~XcVm§Zm {XgwZ `oVo, {XH$gwMrcm H$mJXmda Iwn Xþa  R>odm
Am{U àË`oH$ g§X^m©V {XH$gwMrÀ`m gwB©À`m {Xem{^_wIVoMo {Z[aúmU H$éZ nmhV Om.
• Vwåhmcm H$m` {Z[aúmUmg `oVo?SCERT T
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Mw§~H$mnmgwZ Xþa Agcoë`m H$moUË`mhr {R>H$mUmdéZ {XH$gwMr Mr gwB© EH$mM {XeoV
CÎma X{úmU {Xem XmI{dVo.
• `mMm AW© H$m` hmoVmo?

darc {Z[aúmUmdéZ AmnU Agm {ZîH$f© H$mTw> eH$Vmo H$s, Mw§~H$mnmgwZ A§VamZwgma
úmoÌ~c ~XcV AgVo. AmVm {XH$gwMrcm Q>o~cÀ`m WmoS>o da Mw§~H$mda ̀ oB©c Ago Yam.
Vw_À`m Ñï>rg ̀ oVo H$s, Mw§~H$m^modVr gd© {XeoV Mw§~H$s` úmoÌ {Ì{_Vr` AgVo ̀ mdéZ
AmnU åhUw eH$Vmo H$s, M§w~H$s` úmoÌ ho {Ì_r` AgVo. åhUOoM Mw§~H$s` úmoÌ Ë`m
Mw§~H$m ^modVr AgVo. darc MM}déZ AmnU gm_mÝ` H$aU H$é eH$Vmo.

nÅ>rMw§~H$mÀ`m g^modVr Mw§~H$s` úmoÌmMo AñVrËd AgVo Am{U Ë`mg eº$s Am{U
{Xem BË`mXr cúmUo AgVmV.
• úmoÌ~c Am{U úmoÌ{Xem AmnU H$er _m{hV H$aVmo?

Vwåhmg _m{hV Amho H$s, úmoÌ~c ho {XH$gwMrÀ`m gmhmæ`mZo R>a{dVm ̀ oVo. úmoÌ~c
H$go R>a{dVm òVo _m{hV H$é `m.

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr  3
EH$m Q>o~cmda nm§T>è`m H$mJXmMr EH$ {eQ> R>odm. Ë`m Q>o~cmÀ`m _Ü`^mJr

{XH$gwMr R>odm. {XH$gwMrÀ`m gwB©À`m XomÝhr ~mOwg XomZ qQ>~ H$mT>m. AmVm Ë`m
{XH$gwMrcm H$mTw> ¿`m. Ë`m XmoÝhr q~XþZm OmoSw>Z n¥ÏdrMr CÎma - X{úmU {Xem
XmI{dUmar EH$ aofm H$mT>m. AmVm Ë`m nÅ>r M§w~H$mcm Ë`m aofoda Aem àH$mao R>odm H$s,
Ë`mMo CÎma Y¥d n¥ÏdrÀ`m CÎma Y¥dmH$S>o Amco nm{hOo. AmVm {XH$gwMrcm nÅ>rMww§~H$mÀ`m
CÎma Y¥dmda R>odm. {XH$gwMrÀ`m gwB©À`m CÎma Y¥dmda EH$ qR>~ R>odm. {XH$gwMrcm
H$mTw>Z Ë`m qQ>~mda R>odm. gwM{H$m Xþgè`m {Xoeocm Xe©{dVo. naV {XH$gwMrÀ`m gwB©À`m
CÎma Y¥dmda EH$ qQ>~ R>odm. nÅ>r M§w~H$mÀ`m X{úmU {Xeocm nomhMon ª̀V hr à{H«$`m nwÝhm
nwÝhm H$am. nÅ>r M§w~H$mÀ`m N Y¥dmnmgwZ nQ²>Q>r Mw§~H$mÀ`m s Y¥dmn`ªV qQ>~mcm OmoS>m.
Vwåhmcm EH$ dH«$ aofm `oVo. AmVm nÅ>r Mw§~H$mÀ`m CÎma Y¥dmnmgwZ Xþgam q~Xþ {ZdS>m.
CÎma Y¥d AZoH$ q~Xþ KoD$Z ̀ m à{H«$ òcm dma§dma
H$am. Vwåhmcm AmH¥$Vr -2 _Ü`o XmI{dë`m
n«_mUo dooJdoJio dH«$ `oVmV.
• hr dH«o$ H$m` AmhoV?

`m dH«$m§Zm gm§Ho$VrH$ nUo Mw§~H$s` úmoÌ
aofm (magnetic field lines) åhUVmV. `m
úmoÌ aofm H$mën{ZH$ AgVmV. `m aofm Mw§~H$s`
úmoÌmMm ñd^md AmoiIÊ`mgmR>r Cn`moJr nS>VmV.
åhUwZ ̀ m dH«$ aofm Mw§~H$s` úmoÌ aofm Xe©{dVmV.

AmH¥$Vr-2: Mw§~H$s` úmoÌ aofmAmH¥$Vr-2: Mw§~H$s` úmoÌ aofmAmH¥$Vr-2: Mw§~H$s` úmoÌ aofmAmH¥$Vr-2: Mw§~H$s` úmoÌ aofmAmH¥$Vr-2: Mw§~H$s` úmoÌ aofm
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Oa Vwåhr {XH$gwMrcm aofodarc Ho$mUË`mhr q~Xþda R>odë`mg Vr gwB© aofdarc ñneuHo$
er ñWra amhVo åhUwZ AmnU {ZîH$f© H$mTw> eH$Vmo H$s, úmoÌ aofodarc q~Xþda H$mT>cocr
ñneuH$m Ë`m Mw§~H$s` úmoÌmcm {Xem {ZX}eZ H$aUo.
• `m úmoÌaofm g§d¥Îm Amho H$m qH$dm {dd¥Îm Amho?

Mw§~H$s` úmoÌaofm g§d¥Îm dH«$mgma»`m {XgVmV. n§aVw {MÌmH$S>o nmhþZ Ë`m úm|Ìaofm
g§d¥Îm Amho H$m {dd¥Îm Amho `mMm AZw_mZ Vwåhr cmdw eH$V Zmhr. H$maU nÅ>r
Mw§~H$mVwZ OmUmè`m M§w~H$mer H$em gaoIZ Amho `m~Ôc AmnUmg _m{hVr Zmhr.
Amnë`mcm `m {df`r _m{hVr `m YS>çmV Z§Va {_ioc.

aofm_Yrc OmJoMo {Z[aúmU H$am. H$mhr {R>H$mUr úmoÌaofm EH$m OmJr O_md Pmë`m
gma»`m (nQ²>Q>r M§w~H$mÀ`m Y¥dmOdi)  Am{U {R>H$mUr úmoÌ aofm Xþa Xþa (nÅ>rMw§~H$mÀ`m
Xþa Joë`mda) AmhoV. `m AmH¥$VrdéZ AmnU Agm {ZîH$f© H$mT>Vmo H$s, Ooìhm úmoÌ
aofm§Mm O_md hmoVmo Voìhm M§w~H$s` úmoÌ eº$semcr Am{U aofm Xþa Xþa AgVm§Zm Mw§~H$s`
úmoÌ Xþ~©c AgVo.

Aem[aVrZo dmT>coco úmoÌ EH$g_mZ Zmhr H$maU q~Xþ q~Xþ da eº$s Am{U {Xem
~XcV AgVo.

EH$m úmoÌmMm ñd^md Ë`m úmoÌmÀ`m eº$sÀ`m Am{U {XeoÀ`m énmV ì`m»`m H$aVm
`oVo. úmoÌmcm EH$g_mZ ZgUmao úmoÌ åhUVm `oVo Ooìhm Ë`mÀ`m XomZ cúmUmn¡H$s
åhUOoM eº$s qH$dm {Xem hr q~Xþ q~Xþda ~XcV AgVo. AemarVrZo úmoÌmcm
EH$g_mZ åhUVm òVo Oa nwU© úmoÌmV eº$s Am{U {Xem pñWa AgVo. EH$g_mZ
M§w~H$s` úmoÌmer ì`m»`m H$é `m.
• Mw§~H$s` úmoÌm_Yrc n«Ë`oH$ q~Xþda úmoÌmÀ`m n[a_mUmMr {ZpíMV qH$_V AmnU

XoD$ eH$Vmoo H$m?
‹‹ ‹‹ ‹M§ w~H$s` A{^dmh - M§w~H$s` A{^dmh KZVmM§w~H$s` A{^dmh - M§w~H$s` A{^dmh KZVmM§w~H$s` A{^dmh - M§w~H$s` A{^dmh KZVmM§w~H$s` A{^dmh - M§w~H$s` A{^dmh KZVmM§w~H$s` A{^dmh - M§w~H$s` A{^dmh KZVm

OmJoVrc EH$ g_mZ Mw§~H$s` úmoÌ {dMmamV ¿`m. AmH¥$Vr
3(A) _Ü ò XmI{dë`mà_mUo Ë`m úmoÌmV EH$m q~XþOdi úmoÌ\$i
‘A’ Agcoco àVc úmoÌmer c§~ Amho Ago J¥hrV Yé. H$mhr
úmoÌaofm ̀ m àVcmVwZ OmVm§Zm Vw_À`m Ñï>rg ̀ oVo. hr g§»`m Ë`m
q~Xþdarc úmoÌmÀ`m eº$sMm A§XmO {_idwZ XoVo. úmoÌmer c§~
AgUmè`m,  ‘A’  úmoÌ\$imÀ`m n«VcmVwZ OmUmè`m aofoÀ`m g§» òcm

M§w~H$s` A{^dmh (magnetic flux)  åhUVmV. Ë`mg ‘Φ’`m  {MÝhmZo Xe©{dVmV.
M§w~H$s` A{^dmh úmoÌmVrc H$mën{ZH$ n«VcmVwZ OmUmè`m aofoMr g§»`m Xe©{dVo.

Mw§~H$s` A{^dmh úmoÌmVrc n«VcmÀ`m {Xem^r_wIVoda Adc§~wZ AgVo. n§aVw `oWo
AmnU úmoÌmer c§~ Agcoë`m n«Vcmg _mÌ {dMmamV KoVco Amho. S.I nÜXVrV Mw§~H$s`
A{^dmhMo EH$H$ ~o~a Amho. `m M§w~H$s` A[^dmh déZ úmoÌmÀ`m eº$sMr ì`m»`m
ghOnUo H$é eH$Vmo. Oa H$mënUrH$ àVc EH$H$ úmoÌ\$i Agcoë`m (úmoÌmer c§~

AmH¥$Vr-3:AmH¥$Vr-3:AmH¥$Vr-3:AmH¥$Vr-3:AmH¥$Vr-3:(a)

B

Area A
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Agë`mg `m EH$H$ úmoÌ\$imÀ`m àVcmVwZ OmUmao A{^dmh déZ Ë`m úmoÌmMo gm_Ï`©
`oVo. `m úmoÌmÀ`m gm_Ï`m©cm Vm§{ÌH$nUo Mw§~H$s` A{^dmh KZVm ( magnetic flux
density (B) åhUVmV. åhUOo úmoÌmer c§~ Agcoë`m EH$H$ úmoÌ\$i Agcoë`m
àVcmVwZ OmUmè`m Mw§~H$s` A{^dmhmcm M§w~H$s` A{^dmh KZVm Aer ì`m»`m
H$aVm òVo. B cm Mw§~H$s` úmoÌ n«dV©Z gwÜXm åhUVmV.

‘A’ úmoÌ\$i Agcoë`m A{^dmh cm Φ g_Ow `m.
• úmoÌmer c§~ Agcoë`m EH$H$ úmoÌ\$imVwZ OmUmao A{^dmh {H$Vr?

Vo Φ/A. cm g_mZ AgVo. Mw§~H$s` úmoÌmer c§~ AgUmè`m, àVcmVwZ OmUmè`m M§w~H$s` A{^dmh
Am{U Ë`m àVcmÀ`m úmoÌ\$imÀ`m JwUmoÎmamg Mw§~H$s` A{^dmh KZVm åhUVmV.

Mw§~H$s` A{^dmh KZVm= Mw§~H$s` A{^dmh/úmoÌ\$i
B = Φ/A.  Φ = BA

Mw§~H$s` A[^dmh KZVoMo EH$H$ do~a ({_Q>a)2 Amho .
`mcm Q>ogcm  (Tesla) Ago åhUVmV.
• úmoÌmVrc àVcmÀ`m {Xem^r_wIVogmR>r A{^dmhÀ`m gwÌmMo

gm_mÝ` H$aU AmnU H$é eH$Vmo H$m?
AmH¥$Vr 3(~) _Ü`o XmI{dë`mn«_mUo Mw§~H$s` úmoÌ  A

Am{U B úmoÌ\$i Agcoë`m àVcmÀ`m c§§~ _Yrc H$moZ ‘θ’
g_Ow. úmoÌmer c§~ Agcoë`m àVcmMo à^m{dV úmoÌ\$i  A
cosθ Amho. Va Mw§~H$s` A{^dmh KZVm Amho.

B = Mw§~H$s` A{^dmh/ à^m{dV úmoÌ\$i
(`m gwÌmMm Cn`moJ àVcmZo úmoÌmer H$moZ Ho$cm Voìhm hmoVmo. ).

Va B = Φ/A cosθ
àVcmVwZ OmUmao A{^dmh

Φ = BA cosθ.
• úmoÌmer g_m§Va KoVcoco àVcmVwZ OmUmao A{^dmh H$m` Amho?
• Mw§~H$s` A{^dmh Am{U Mw§~H$s` A{^dmh KZVm ̀ m g§H$ënZoÀ`m _m{hVrMr H$m`

Cn`moJ hmoVmo?
`m YS>çmZ§Va hr H$ënZm H$er dmnaë`m OmVo ho Vw_À`m cúmmV òB©c.

• OwÝ`m H$mimV dmnaUmar {dÚwV H$m°ctJ ~oc H$er H$m_ H$aVo ?
• Mw§~H$m{edm` BVa H$moUVohr Mw§~H$s` úmoÌmMo ñÌmoV Amho H$m?

Mcm _m{hV H$é `m.
{dÚwV àdmhm_wio {Z_m©U hmoUmao Mw§~H$s` úmoÌ{dÚwV àdmhm_wio {Z_m©U hmoUmao Mw§~H$s` úmoÌ{dÚwV àdmhm_wio {Z_m©U hmoUmao Mw§~H$s` úmoÌ{dÚwV àdmhm_wio {Z_m©U hmoUmao Mw§~H$s` úmoÌ{dÚwV àdmhm_wio {Z_m©U hmoUmao Mw§~H$s` úmoÌ     Magnetic field due to currents

H¥$Vr -1 _Ü`o AmnU nm{hco H$s, Ooìhm {dÚwV n«dmh dc`mVwZ dmhVmo Voìhm
{XH$gwMrMr gwB© {dMcrV hmoD$Z {Xem ~XVo ̀ mdéZ VmaoVwZ OmUmè`m {dÚwV àdmhm_wio
M§w~H$s` úmoÌ {Z_m©U hmoVo. hm AZw_mZ cmdw eH$Vmo.

{dÚwV dmhV Agcoë`m Vmao_wio M§w~H$s` úmoÌ {Z_m©U hmoVo.
`m~Ôc MMm© H$é `m.

AmH¥$Vr-3:AmH¥$Vr-3:AmH¥$Vr-3:AmH¥$Vr-3:AmH¥$Vr-3:(b)

Area A cosθArea A
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(i) {dÚwV àdmhrV gai VmaoìXmao Mw§~H$s` úmoÌmMr {Z_uVr{dÚwV àdmhrV gai VmaoìXmao Mw§~H$s` úmoÌmMr {Z_uVr{dÚwV àdmhrV gai VmaoìXmao Mw§~H$s` úmoÌmMr {Z_uVr{dÚwV àdmhrV gai VmaoìXmao Mw§~H$s` úmoÌmMr {Z_uVr{dÚwV àdmhrV gai VmaoìXmao Mw§~H$s` úmoÌmMr {Z_uVr

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr  4
EH$ cmH$S>r R>moH$im KoD$Z Ë`mg AmH¥$Vr 4(A)

XmI{dë`m à_mUo EH$ {N>Ð nmS>m. ̀ m R>moH$ù`mcm Q>o~cmda
R>odm. AmVm R>moH$ù`mda EH$m ñQ´>°S>cm R>odm. AmVm 24
JoO Agcocr Vma Ë`m R>moH$ù`mÀ`m {N>ÐmVwZ Am{U
ñQ>°S>À`m a~ar ~wMmVwZ Aem àH$mao OmD$ Úm H$s, Vr
Vma ñQ>S>cm ñne© Z H$aVm gai Cä`m pñWVrV am{hcr
nm{hOo. VmaoMr XmoÝhr Q>moHo$ ~Q>Zm_mJ©o ~°Q>arcm OmoS>m. 6
Vo 10 {XH$gwMrÀ`m gw`m Ë`m {N>ÐmÀ`m ̂ moVr dVw©imH$ma
_mJm©V  AemarVrZo R>odm H$s, Ë`mMm H|$Ð {N>Ðmda Amcm
nm{hOo. 3 dmoëQ> (qH$dm -9) ~°Q>arMm ({dÚwV KQ>) Mm
dmna H$éZ ~Q>Z gwé H$am. VmaoVwZ {dÚwV àdmh dmhVo.

• {XH$gwMrÀ`m gwB©Mr {Xem H$er ~XcVo?
Vwåhmcm {XgwZ `oVo H$s, Vo dVw©imÀ`m ñneuHo$À`m {Xeocm gwM{dVmV.

• Vmao^modVr Mw§~H$s` úmoÌaofoMm AmH$ma H$gm AgVmo?
Vr Z¸$sM d¥ÎmmH$ma aofm AgVo. åhUwZ AmnU {ZîH$f© H$mTw> eH$Vmo

H$s, M§w~H$s` úmoÌaofm g§d¥Îm aofm AmhoV. gai VmaoVwZ OmUmè`m {dÚwV
àdmhm_wio {Z_m©U Pmcoco Mw§~H$s` úmoÌ aofm AmH¥$Vr 4(~) _Ü`o Am{U
4(H$) _Ü ò XmI{dco Amho. {dÚwV àdmh Mmcw AgVm§Zm Ë`m Vmaô mdVr
cmoh{H$g qenS>wZ AmnU Ë`mMr nS>VmiUr H$é eH$Vmo.
• úmoÌ aofodarc H$moUË`mhr q~Xþda Mw§~H$s` úmoÌ àdV©ZmMr {Xem H$m`
AgVo?

Oa {dÚwV àdmh c§~ {XeoZo Joë`mg úmoÌ aofm AmH¥$Vr 4(~) _Ü`o
XmI{dë`m à_mUo KS>ù`mÀ`m H$mQ>çmÀ`m {XeoV AgVmV. Oa {dÚwV
àdmh n¥ð>mVwZ ImcÀ`m {XeoV àdmg Ho$ë`mg AmH¥$Vr 4(H$)_Ü ò XmI{dë`m
à_mUo KS>çmù`mÀ`m H$mQ>çmÀ`m {déÜX {XeoV AgVmV. AmnU úmoÌaofm§Mr
{Xem H$er R>a{dVmo? COì`m hmVmÀ`m A§JR>çmMm {Z`_mdéZ úm|ÌaofoMr
{Xem R>a{dUo gmono Amho. AmH¥$Vr 4(A) _Ü`o XmI{dë`m à_mUo COì`m
hmVmÀ`m A§JR>çmÀ`m {XeoV {dÚwV àdmh àdmhrV Pmcm nm{hOo Aem[aVrZo
{dÚwV àdmhrV Vmaocm Vw_À`m COì`m hmVmZo nH$S>co Amho Ago _mZm.
VmaoÀ`m ^modVr Agcocr BVa ~moQ>o M§w~H$s` úmoÌmMr {Xem gwM{dVo.

AmH¥$Vr-AmH¥$Vr-AmH¥$Vr-AmH¥$Vr-AmH¥$Vr-
4: 4: 4: 4: 4: (a)

Q>o~c

~°Q>ar

~Q>Z

{XH$gwMrMr
gwB©

ñQ>±S>

{dÚwV
dmhUmar

Vma

AmH¥$Vr-AmH¥$Vr-AmH¥$Vr-AmH¥$Vr-AmH¥$Vr--4(b)
n¥ð>m~mhoarc {dÚwV Ymam

n¥ð>mÀ`m AmVrc {dÚw§VYmam
AmH¥$Vr-AmH¥$Vr-AmH¥$Vr-AmH¥$Vr-AmH¥$Vr-4(c)

B
I

AmH¥$Vr-AmH¥$Vr-AmH¥$Vr-AmH¥$Vr-AmH¥$Vr-4(d)

cmH$S>r
R>moH$im
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(ii) d¥ÎmmH$ma Hw§$S>cm_wio {Z_m©U Pmcoco M§w~H$s` úmoÌd¥ÎmmH$ma Hw§$S>cm_wio {Z_m©U Pmcoco M§w~H$s` úmoÌd¥ÎmmH$ma Hw§$S>cm_wio {Z_m©U Pmcoco M§w~H$s` úmoÌd¥ÎmmH$ma Hw§$S>cm_wio {Z_m©U Pmcoco M§w~H$s` úmoÌd¥ÎmmH$ma Hw§$S>cm_wio {Z_m©U Pmcoco M§w~H$s` úmoÌ

H¥$Vr H¥$Vr H¥$Vr H¥$Vr H¥$Vr  5
nm§T>è`m H$mJXmZo PmH$coë`m EH$ nmVi cmH$S>r R>moH$im ¿`m

Am{U Ë`m R>moH$ù`mÀ`m n¥ð>̂ mJmer AmH¥$Vr 5(A) _Ü ò XmI{dë`m
n«_mUo XmoZ {N>Ð nmS>m. Ë`m {N>ÐmVwZ amoYH$ AmdaU Agcocr
Vm§ã`mMr Vma Kmcm. Am{U Mma nmM doim Jw§S>miwZ Ë`mMr Hw§$S>c
~Zdm. AmH¥$Vr 5(A)nmhm. VmaoÀ`m Q>moH$mg {dÚwV KQ>mÀ`m
AJ«mcm ~Q>ZmìXmao OmoS>m. AmVm dc`mMo ~Q>Z gwé H$am. Hw§$S>cmÀ`m
_Ü`mda R>odcoë`m cmH$S>r R>moH$ù`mda {XH$gwMrMr gwB© R>odm. {XH$gwMrÀ`m XmoÝhr
~mOwda q~XþMr IwU H$am. Ë`m XmoZ q~Xþn¡H$s EH$m q~Xþda {XH$gwMr nwÝhm R>odm. naV
Xþgè`m {~§Xþda R>odm. R>moH$ù`mÀ`m H$S>mda nmohMo n ª̀V AgoM H$aV Om. AmVm H|$ÐmnmgwZ
Hw§$S>cmÀ`m Xþgè`m ~mOwcm q~XþMr IwU H$éZ nwÝhm nwÝhm H$am. ̀ m q~XþZm OmoS>Umar aofm
H$mT>m. Vwåhmcm d¥ÎmmH$ma Hw§$S>cmMr úmoÌaofm `oVo. Ë`m g_mZ aofm H$mT>m. Vwåhmcm
d¥ÎmmH$ma Hw§$S>mcmÀ`m úmoÌ aofm `oVmV.
• Hw§$S>cmÀ`m Mw§~H$s` úmoÌmMr {Xem Vwåhr H$go gm§Jw eH$Vm?

`m àíZmMo CÎma {XH$gwMrÀ`m {Xem^w_wImVo déZ {_iVo. Ooìhm Vwåhr {h {XHgwMr
H§§w$S>cmÀ`m H|$Ðmda R>odVm Voìhm Vwåhmcm {XgwZ `oVo. Á`m {XeoV {XH$gwMrMr gwB©pñWa
AdñWoV Amcr Voìhm Ë`m H§w$S>cr_wio úmoÌmMr {Xem gwM{dVo Aem VèhoZo úmoÌmMr
{Xemhr Ë`m Hw§$S>cmÀ`m àVcmg c§§~ AgVo.
• {XH$gwMr gw{MH$m Mw§~H$s` úmoÌmÀ`m {XeoVM H$m AgVo?

{XH$gwMrcm H§w$S>crÀ`m EH$m n¥ð>̂ mJm g_moa R>odwZ {XH$gwMrÀ`m gwB©À`m {Xem^rV_wIoVoMo
{Z[aúmU H$am. H$w§S>cmg_moarc gwB©À`m Y¥dmMr Zmo§X H$am. AmnUmg _m{hV Amho H$s,
X{úmUY¥d ho CËVa Y¥dmH$S>o AmH$f©U H$aVo. gwB© AemàH$mao {Xem^r_wI
AgVo H$s Ë`mMo X{úmU Y¥d Hw§$S>cmÀ`m CÎma Y¥dmH$S>o AgVo.
`mdéZ Vw_À`m g_moarc VmaoÀ`m Hy§$S>crVrc {dÚwV KS>`mirÀ`m
H$mQ>`mÀ`m {déÜX {XeoV àdmhrV Pmë`mg {Z_m©U hmoUmao Mw§~H$s`
úmoÌ Vw_À`m H$S>o Agcoë`m {XeoV AgVo. Vw_À`m à`moJmV `mMr
nS>VmiUr H$am. (Hw§$S>cmÀ`m Vmaocm ñne© H$é ZH$m) Hw§$S>cmVrc
{dÚwV KS>ù`mÀ`m H$mQ>çmÀ`m {XeoV àdmhrV Agë`mg Mw§~H$s`
úmoÌ {Xem Vwåhr g_moa OmUmè`m {XeoV AgVo. COì`m hmVmÀ`m A§JR>çmÀ`m {Z_`mdéZ
H§w$S>cmMr úmoÌ {Xem R>a{dVm o`oVo.

“{dÚwV àdmhmÀ`m {XeoV Vw_À`m COì`m hmVmMr ~moQ> Xþ_S>ë`mg Vw_Mm hmVmMm
A§JR>m Mw§~H$s` úmoÌmMr {Xem gwM{dVo.ho COì`m hmVmÀ`m {Z`_mdéZ H$iVo.”

AmH¥$Vrc 5(~) _Yrc Mw§~H$s` úmoÌmMr {Xem nmhm.

fig-5(a)
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(iii) gmocoZmB©S> _wio {Z_m©U hmoUmao Mw§~H$s` úmoÌgmocoZmB©S> _wio {Z_m©U hmoUmao Mw§~H$s` úmoÌgmocoZmB©S> _wio {Z_m©U hmoUmao Mw§~H$s` úmoÌgmocoZmB©S> _wio {Z_m©U hmoUmao Mw§~H$s` úmoÌgmocoZmB©S> _wio {Z_m©U hmoUmao Mw§~H$s` úmoÌ
H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr 6

EH$m cmH$S>r R>moH$ù`mcm nm§T>am H$mJX {MH$Q>dm. AmH¥$Vr
6(A) _Ü ò XmI{dë`mn«_mUo Ë`mÀ`m n¥ð>̂ mJmda g_mZ A§Vamda
{N>Ð nmS>m. AmH¥$Vr 6(A) _Ü ò XmI{dë`mà_mUo Vmã`m§Mr
Vma Ë`m {N>ÐmVwZ Kmcm. `m Vmao_wio H§w$S>c V`ma hmoVo. `m
VmaoMo (H§w$S>crÀ`m)XmoÝhr Q>moH$§ {dÚwV KQ>mg ~Q>ZmÀ`m gmhmæ`mZo
OmoS>m. dc`mMo ~Q>Z gwé H$am. Hw$§S>cmVwZ {dÚwV àdmh
dmhVmo. Hw§$S>cm ^modVr R>moH$ù`mÀ`m n¥ð^mJmda cmoh{H$g
qenS>m, Ë`mg Wm|S>o PQ>H$m. H$mJXmda EH$m {d{eï> H«$_mVrc
Z_wÝ`mgmaIo cmoh{H$g {XgwZ òVo.
• H«$_dma Z_wÝ`mV Vo H$go gwì`dñWrV homVmV?

`m c§~ Hw$§S>cmg gmocoZmBS> åhUVmV. cm§~rÀ`m _mZmZo
H$_r ì`mgmÀ`m X§S>Jmocmda amoYH$ doï>Z Agcocr VmaoMr
doQ>moir ~gdwZ V`ma Ho$coco CnH$aU gmocoZmB©S>Mo úmoÌ AmH¥$Vr
6(~)  _Ü`o XmI{dcoco Amho. gmocoZmB©S>g Zo {Z_m©U Ho$coë`m
Mw§~H$s` úmoÌaofm nÅ>rMw§~H$mÀ`m M§w~H$s` úmoÌaofo gma»`mM

{XgVmV. Ë`m aofm_wio nÅ>rMw§~H$mgmaIo gmocoZmB©S> dV©UwH$ H$aVo ho gw{MV H$aVo.
gmocoZmB©S>_wio {Z_m©U Pmcocr úmoÌ {Xem COì`m hmVmÀ`m {Z_`mìXmao R>a{dVm `oVo.
gmocoZmB©S>Mo EH$ Q>moH$ CÎma Y¥dmgmaIo Am{U Xþgao Q>moH$ X{úmU Y¥dmgmaIo dmJVo.
gmocoZmB©S>gÀ`m ~mhoarc úmoÌaofm Ë`mÀ`m AmV gwÜXm AI§S> AgVmV. gmocoZmBS>gÀ`m
~mhoarc úmoÌ aofoMr {Xem CÎma Vo X{úmU Am{U AmVrc úmoÌ aofoMr {Xem X{úmU Vo CÎma
AgVo. Aem VèhoZo Mw§~H$s` úmoÌaofm g§d¥Îm dc` AmhoV.

{dÚwV àdmhrV VmaonmgwZ Mw§~H$s` úmoÌ{Z_m©U homVo åhUwZ JVrVrc {dÚwV à^ma
Mw§~H$s` úmoÌ {Z_m©U H$aVmV.
• {dÚwV àdmh dmhV Agcoë`m Vmaocm Mw§~H$s` úmoÌmcm R>odë`mg H$m` KS>Vo?
Mcm _m{hV H$é `m.
Mc à^ma Am{U {dÚwV àdmhrV Vmaodarc Mw§~H$s` ~cMc à^ma Am{U {dÚwV àdmhrV Vmaodarc Mw§~H$s` ~cMc à^ma Am{U {dÚwV àdmhrV Vmaodarc Mw§~H$s` ~cMc à^ma Am{U {dÚwV àdmhrV Vmaodarc Mw§~H$s` ~cMc à^ma Am{U {dÚwV àdmhrV Vmaodarc Mw§~H$s` ~c

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr  7
 TV À`m pñH«$Z Odi C ô amhm. TV gwé H$am.  (OwZr CRT , TV)

• Vw_À`m ËdModa H$moUË`mhr ñnem©Mr OmUrd hmoVo H$m?
• `m _mJMr H$maUo H$m` Amho? EH$ nÅ>r Mw§~H$ KoD$Z Ë`mg {Q>.ìhr. pñH«$Z Odi

AmUm Vwåhmcm H$m` {XgwZ `oVo? TV pñH«$Z darc {MÌ {dH¥$V Pmcoco Vwåhmcm
{XgwZ òVo?

•  {MÌ {dd¥Îm H$m hmoVmV?

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-6(a)

{dÚwV àdmhmgmR>r
n[anW nwadR>m

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-6(b)
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• pñH«$Z Odi nomhUmè`m BcoŠQ´>mZÀ`m JVrda nÅ>r Mw§~H$mÀ`m Mw§~H$r` úmoÌmMm
à^md nS>Vmo H$m?
nÅ>rMw§~H$mcm {ñH«$ZÀ`m Xþa Ý`m. AmVm Vwåhmcm {MÌ ñnï> {XgVo. nÅ>rMw§~H$mÀ`m

Mw§~H$s` úmoÌmMm BcoŠQ´>mZÀ`m JVrda à^md nS>Vmo. `mMr ImÌrhmoB© n`ªV hr H¥$Vr
dma§dma H$aV Om. hmcMmc H$aUmè`m n«^mamda Mw§~H$s` úmoÌmZo cmdcoë`m ~cm_wioo
{MÌ {dH¥$V hmoVo. `m ~cmg Mw§~H$s` ~c ( magnetic force)Ago åhUVmV.
• Mw§~H$s` úmoÌmV hmcMmc H$aUmè`m à^mamìXmao AZw^dmcoco ~c

AmnU _m{hV H$é eH$Vmo H$m?
AmH¥$Vr -7 _Ü ò XmI{dë`mn«_mUo  ‘q’ à^ma ‘v’doJmZo Mw§~H$s` úmoÌ

‘B’ cm c§m~mg Amho Ago g_Ow. hmcMmc H$aUmè`m à^mamdarc Mw§~H$s`
~cm à`moJmìXmao _m{hV H$aVm ̀ oVo. Am{U ̀ mg Ago {chVm ̀ oVo.

F = q v B
à^mamdarc Mw§~H$s` ~c ho à^ma, doJ Am{U Mw§~H$s` A{^dmh

`m VrZ amerÀ`m JwUmH$mamEdT>o AgVo.  ‘q’ à^mamda H$m ©̀aV Agcoë`m
Mw§~H$s` ~cmMo g_rH$aU  F = q v B Amho. ‘v’ à^ma Agcoë`m
H$UmÀ`m doJmMr {Xem hr ‘B’Mw§~H$s` úmoÌmÀ`m {Xeocm c§~ AgVo. \$º$ `mgmR>rM ho
g_rH$aU cmJw hmoVo.
• à^mamdarc Mw§~H$s` ~cmÀ`m g_rH$aUmMo AmnU gm_mÝ` H$aU H$é eH$Vmo H$m?

Ooìhm úmoÌmMr {Xem B Am{U Ë`mMm doJ V `m _Yrc H$moZ ‘θ’AgVmo
JVr{ec à^ma, Mw§~H$s` úmoÌm_Yrc ‘θ’ H$moZ AgVm§Zm Ë`m n«^mamda H$m`©aV
Mw§~H$s` ~cmg Imcrc g_rH$aUmìXmao gwM{dVm `oVo Ago à`moJmìXmao {gÜX
H$aÊ`mV Amco.

F = q v B sinθ.
• Mw§~H$s` úmoÌmcm g_m§Va Agcoë`m JVrerc à^mamdarc Mw§~H$s` ~c H$m`

Amho? {H$Vr Amho?
Mw§~H$s` úmoÌmcm g_m§VamZo Ooìhm à^ma hmcMmc H$aVmo. (Mw§~H$s` úmoÌmgmo~V

qH$dm úmoÌm{déÜX) Voìhm θ Mr qH$_V ewÝ` hmoVo. darc g_rH$aUmV 0 Amho åhUwZ
sinθ = 0 hmoVo.

AemVèhoZo Ooìhm à^ma Mw§~H$s` úmoÌmÀ`m g_m§VamZo J_Z H$aVo (úmoÌmÀ`m {XeoV
qH$dm úmoÌmÀ`m {déÜX {XeoV) Voìhm à^mamZo AZw^dcoco ~c ewÝ` AgVo.

• J_Z H$aUmè`m à^mamda H$m ©̀aV Mw§~H$s` ~cmMr {Xem H$m` AgVo?
Mw§~H$s` úmoÌmV J_Z H$aUmè`m à^mamdarc H$m ©̀aV Mw§~H$s` ~cmMr {Xem

_m{hV H$aÊ`mMr EH$ gmonr nÜXV Amho. hmcMmc H$aUmè`m à^maÀ`m doJmÀ`m {XeoV
Vw_À`m COì`m hmVmMr ~moQ> R>odm Am{U Mw§~H$s` úmoÌÀ`m {XeoV Vw_À`m ~moQ>mMo dc`
H$am. Voìhm Z§Va AmH¥$Vr 8(A) _Ü`o XmI{dë`mà_mUo hmVmMm A§JR>m Mw§~H$s` ~cmMr
{Xem Xe©{dVo.  hm {Z`_ Mw§~H$s` doJmMr {Xem Am{U Mw§~H$s` úmoÌm_Yrc H$moZmgmR>r

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-7
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cmJw hmoVmo. Mw§~H$s` ~cmMr {Xem Zoh_r doJ Am{U Mw§~H$s`
úmoÌmÀ`m {Xeocm c§~ AgVo.

gmYmaUV: COì`m hmVmMm {Z`_mMm Cn`moJ hmoVmo Ooìhm à^mamMm
doJ Am{U Mww§~H$s` úmoÌ EH$_oH$m§g c§~ AgVmV. ̀ m {Z_`mdéZ COì`m
hmVmMr VO©Zr, _Yco ~moQ> Am{U A§JR>m nañna c§~ R>odÊ`mg VO©Ur hr
à^mamÀ`m doJmMr {Xem qH$dm {dÚwV, _Yco ~moQ>, úmoÌ {Xem, (B)
A§JR>m ~cmMr {Xem f cm gw{MV H$aVo. AmH¥$Vr 8(~) nmhm.

hm {Z`_ \$º$ YZ à^mamcm cmJw hmoVmo.
•  úmoÌmVrc hmcMmc H$aUmè`m F$U à^mamda H$m`©aV ~c H$moUË`m
{XeoV H$m`© H$aVo?

àW_ F$Uà^mda H$m`© H$aUmÀ`m ~cmMr {Xem _m{hV H$am.
Ë`mZ§Va Ë`mMr {déÜX {Xem _m{hV H$am. òUmar Z{dZ {Xem hr
F$UmË_H$ à^mamda H$m ©̀ H$aUmar ~cmMr {Xem Amho.

à^marV H$Um§da H$m ©̀ H$aUmè`m ~cmMo CXmhaU nmhþ `m.
CXmhaU 1CXmhaU 1CXmhaU 1CXmhaU 1CXmhaU 1

à^mar H$U  ‘q’ ho  ‘v’ doJmZo hmcMmc H$arV AgwZ Vo M§w~H$s`
úmoÌmMo àdV©Z B cm c§~ Amho. à^ma _mJm©Mr {ÌÁ`m Am{U H$Um§Mm
«̂_U H$mc _m{hV H$am.

gmoS>dUwH$ :gmoS>dUwH$ :gmoS>dUwH$ :gmoS>dUwH$ :gmoS>dUwH$ : AmH¥$Vr E-1 _Ü`o XmI{dë`m à_mUo úmoÌ {Xem `m n¥ð>mda Amho Ago
g_Ow. H$UmìXmao AZw^dcoco ~c F = q v BAmnUmg _m{hV Amho, ~c Zoh_r doJmÀ`m
c§~ {XeoV AgVo. åhUwZ à^marV H$Umdarc H$U d¥ÎmH$ma _mJm©V McZ H$aVmV Am{U
à^marV H$Umdarc ~c A{^H«o|$Ðr ~cmgmaIo H$m`© H$aVo.

g_Om r hr dVw©imH$ma _mJm©Mr {ÌÁ`m Amho.
A{^H|$Ðr ~c  = mv2 / r
                                           q v B = mv2 / r
`m g_rH$aUmcm gmoS>{dë`mg  r = mv / Bq
H$UmMm «̂_U H$mc  T = 2πr / v
r Mr qH$_V darc g_rH$aUmV _m§S>ë`mg

T = 2πm / Bq
–––––––––––––––––

• {dÚwV àdmhrV Vmaocm Mw§~H$s` úmoÌmV R>odë`mg H$m`
KS>Vo?

F

B

V

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-8(a)

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-8(b):YZ à^mamgmR>rYZ à^mamgmR>rYZ à^mamgmR>rYZ à^mamgmR>rYZ à^mamgmR>r
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{dÚwV àdmh åhUOo McZmVrc à^ma hmo`. AmnUmg _m{hV Amho H$s, àË`oH$
à^ma Mw§~H$s` ~cmMm AZw^d KoVmV Ë`mM à_mUo {dÚwV àdmhrV Vmaocm Mw§~H$s`
úmoÌmV R>odco AgVm Mw§~H$s` ~cmMm AZŵ d KoVmV.
• Mw§~H$s` úmoÌmV R>odcoë`m {dÚwV àdmhrV Vmaoda H$m`© H$aUmao Mw§~H$s` ~c Vwåhr

R>adw eH$Vm H$m?
AmnUmg _m{hV Amho H$s, VmaoVrc àË òH$ à^ma, Mw§~H$s` ~c AZŵ dV Zmhr

H$maU à^ma úmoÌmV, úmoÌmÀ`m {Xeocm g_m§VamZo hmcMmc H$arV AgVmV. åhUwZ
Vmaodarc H$m`©aV ~c ewÝ` AgVo. Ooìhm Vr Mw§~H$s` úmoÌmV R>odcr OmVo.

EH$g_mZ Mw§~H$s` úmoÌ ‘B’cm g_m§Va EH$m gai {dÚwV àdmhrV Vmaocm c§~
R>odë`mg Ë`mda H$m ©̀ H$aUmao Mw§~H$s` ~c _m{hV H$é `m.  ‘B’ Mr {Xem `m n¥¥ð>mV
Amho Ago g_Ow. AmH¥$Vr 9 _Ü |̀ XmI{dë`m n«_mUo `mcm ‘x’ Zo Xe©{dco Amho. g_Om
úmoÌmMr cm§~r L n`ªVM _`m©XrV Amho. åhUwZ L Mr cm§~rÀ`m VmaoÀ`m ^mJmn`©VM
Mw§~H$s` úmoÌmV Amho. Cacocr Vma Mw§~H$s` úmoÌmÀ`m ~mhoa Amho. AmnUmg _m{hV
Amho H$s, {dÚwV àdmh åhUOo hmcMmc H$aUmao à^ma åhUwZ Vo H$mhr {deof doJmZo
hmcMmc H$aVmV Ë`mg AZwJ_Z doJ (drift velocity ‘v’) Ago åhUVmV.

EH$mH$s à^mamdarc Mw§~H$s` ~c
F0 = q v B

Mw§~H$s` úmoÌmVrc EHw$U à^ma Q hmoVo. àdmhrV Vmaodarc
Mw§~H$s` ~c

F = Q v B ..................(1)
úmoÌ Amocm§S>Ê`mgmR>r à^mamZo (Q) KoVcocm Amho.

t  = L / v  v = L/t ..................(2)
`m qH$_VrZm g_rH$aU 1 _Ü ò R>odë`mg
F = Q (L/t) B  F = (Q / t) LB ..................(3)
AmnUmg _m{hV Amho. Q / t ho VmaoVrc {dÚwV àdmhÀ`m g_mZ

Amho.
I = Q / t

 ‘I’ Mr qH$_V g_rH$aU 3 _Ü`o à{VúmonrV Ho$ë`mg
F = ILB .................(4)

gwMZm gwMZm gwMZm gwMZm gwMZm : {dÚwV àdmhmMr {Xem Mw§~H$s` úmoÌmcm c§~ Agë`mg
ho g_rH$aU cmJw nS>Vo.

AmH¥$Vr 9 _Ü ò Vmaoda ~c cmdë`m_wio Vr dmH$cocr {XgVo.
• Mw§~H$s` úmoÌmer {dÚwV àdmhrV VmaoÀ`m cm§~rZo Ho$cocm H$moZ  ‘θ’ Agë`mg Ë`m

Vmaodarc ~c H$m` amhrc?

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-9

B BL

I = 0 I

VmaoMo XmoÝhr Q>moH$ {dÚwV
KQ>À`m AJ«mcm OmoS>co Amho

Ago _mZm.
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Oa {dÚwV àdmhmMr {Xem Am{U Mw§~H$s` úmoÌmVrc H$moZ ‘θ’ Agë`mg {dÚwV
àdmhrV Vmaodarc H$m ©̀aV ~c

F = ILB sinθ (H$moUË`mhr H$moZmda ) ...................(5)
• Vwåhr Ë`mMr {Xem H$er _m{hV H$amc?

{dÚwV àdmhrV Vmaodarc H$m ©̀ H$aÊ`mÀ`m ~cmMr {Xem _m{hV H$aÊ`mgmR>r Vwåhr
COì`m hmVmMm {Z`_mMm Cn`moJ H$é eH$Vm.

{dÚwV àdmhrV Vmaodarc cmdcocm ~c à`moJmìXmao _m{hV H$é `m.

H¥$Vr H¥$Vr H¥$Vr H¥$Vr H¥$Vr  8
EH$ cmH$S>r R>moH$im KoD$Z Ë`mda XomZ c§~ cmH$S>r H$mS>çm KÅ> ~gdm. ̀ m cmH$S>r

H$mS>çmMo daMo Q>moH$ {Mam. Vm§ã`mMr Vma `m {Mè`mVwZ OmD$Z 3 dmoëQ> ~°Q>arcm({dÚwV
KQ>mcm) Ë`m VmaoMo Q>moH$ ~Q>ZmìXmao OmoS>m. dc` nwU© H$aÊ`mgmR>r ~Q>Z ~§X H$am.

VmaoVwZ {dÚwV àdmhrV hmoVo. AmVm KmoS>çmÀ`m ZmcmH¥$Vr AmH$mamMo Mw§~H$
(horseshoe magnet)  AmH¥$Vr 10 _Ü ò XmI{dë`mà_mUo Vm§ã`m§À`m VmaoOdi AmUm.
• Vmaocm H$m` hmVo?
• Vma H$moUË`m {XeoV {dMcrV hmoVo?

COì`m hmVmMm {Z`_ dmnéZ ~cmMo
{dMcZ _m{hV H$am.
• n«̀ moJmË_H$ [aVrZo {Z[aúmU Ho$cooco {dMcZmMr
{Xem g¡X§YmVrH$ nUo AnoúmrV Ho$ë`mgmaIrM
AgVo H$m?

Ë`m KmoS>çmÀ`m ZmcmH¥$Vr AmH$mamÀ`m
Mw§~H$mMr Y¥do ~Xcm. naV {dMcZmMo {Z[aúmU
H$am. dc`mVrc {dÚwV àdmhmMr {Xem ~XcV
dma§dma H$aV Om.

• Mw§~H$s` úmoÌmìXmao Vmaoda cmdcoë`m Mww§~H$s` ~cmÀ`m {XeogmR>r COì`m hmVmMm
{Z`_ ñnï>rH$aU XoD$ eH$Vo H$m?
Mw§~H$s` úmoÌmìXmoa {dÚwV àdmhrV Vmaoda cmdcoë`m Mw§~H$s` ~cmMr {Xem

_m{hV H$aÊ`mgmR>r COì`m hmVmMm {Z`_ Cn`moJr nS>Vmo. VmaoÀ`m {dMcZmMo H$maU
ñnï> H$aÊ`mgmR>r hm {Z`_ Cn`moJr nS>V Zmhr.
• Vwåhr `mMr H$maUo XoD$ eH$Vm H$m?

VmaoV {dÚwV àdmh Zmhr Aem àg§JmMr H$ënZm H$am. ~mhoarc ñÌmoVm_wwio {VWo
\$º$ Mw§~H$s` ~c AgVo (KmoS>çmÀ`m ZmcmH¥$Vr AmH$mamMo Mw§~H$) Ooìhm {dÚwV
àdmh AgVmo Voìhm Vr Mw§~H$s` úmoÌ {Z_m©U H$aVo. ho úmoÌ EH$_oH$m§da ì`mnwZ
EH$g_mZ ZgUmao úmoÌ V`ma H$aVo. ̀ mg AmnU ñnï>nUo AmH¥$VrìXmao nmhþ eH$Vmo.

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-10
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KmoS>çmÀ`m ZmcmH¥$Îmr Mw§~H$mMo CÎma Am{U X{úmU Y¥dm_Yrc Mw§~H$s` úmoÌ ¿`m
AmH¥$Vr 11(A) _Ü ò Xm{Idco Amho. n¥îR>mer c§~ Agcoë`m EH$m VmoaMr H$ënZm H$am.
Ë`m VmaoVwZ {dÚwV àdmh àdmhrV hmoV Agë`mMo J¥hrV Yam. AmH¥$Vr 11(~) _Ü ò
XmI{dë`mà_mUo Vr Mw§~H$s` úmoÌ {Z_m©U H$aVo. AmVm úmoÌ aofoMr nmhUr H$éZ ̀ oUmè`m
aofoMr AmH¥$Vr H$mT>m.  úmoÌr` aofm§À`m {Xem VmaoVrc daÀ`m ̂ mJm_wio (d¥ÎmmH$ma aofm)
KmoS>mÀ`m ZmcmH¥$Vr Mw§~H$mÀ`m úmoÌ aofoÀ`m {Xeoer g§nVZ hmoVmV. úmoÌ aofm»`m {Xem
VmaoVrc ImcÀ`m ̂ mJmìXmao(d¥ÎmmH$ma aofm) KmoS>çmÀ`m ZmcmH¥$Vr Mw§~H$mÀ`m úmoÌaofoÀ`m
{Xeocm {déÜX AgVo. `m_wio daÀ`m ^mJmVrc {Zìdi úmoÌ gm_Ï`©dmZ Am{U
ImcÀ`m ^mJmVrc {Zìdi úmoÌ Xþ~©c AgVo. åhUwZ VmaoÀ`m ^modVr Ag_mZ úmoÌ
{Z_m©U hmoVo. ho Ag_mZ úmoÌ AmH¥$Vr 11(H$) _Ü`o XmI{dco Amho. åhUwZ Vma Xþ~©c
úmoÌmH$Co hmcMmc H$aÊ`mMm à`ËZ H$aVo.
• COì`m hmVmÀ`m {Z`_mìXmaoo _m{hV Ho$coë`m Mw§~H$s` ~c{XeoVM Vma {dMcrV

hmoVo H$m?
• {dÚwV àdmhrV H§w$S>c EH$g_mZ Mw§~H$s` úmoÌmV R>odë`mg H$m` KS>Vo?
• {dÚwV _moQ>mamMr {Z_uVr H$aÊ`mgmR>r `m kmZmMm Cn`moJ H$é eH$Vmo H$m?

Mcm `m àíZmgmR>r à`ËZ H$é
{dÚwV _moQ>a {dÚwV _moQ>a {dÚwV _moQ>a {dÚwV _moQ>a {dÚwV _moQ>a (Electric Motor)

{dÚwV _moQ>aMr H$m ©̀ àUmcr g_OÊ`mgmR>r AmnUmg EH$g_mZ Mw§~H$s` úmoÌmV
R>odcoë`m {dÚwV àdmhrV Hw§$S>cmÀ`m ñd^mdm~Ôc _m{hVr KoUo JaOoMo
Amho.

AmH¥$Vr 12(A) _Ü ò XmI{dë`mn«_mUo EH$g_mZ Mw§~H$s` úmoÌmV
Am`VmH$ma H§w$S>c R>odcoco Amho, Ago g_Ow. dc`mdarc ~Q>Z gwé H$éZ
Am`VmH$ma Hw§$S>c _YwZ {dÚwV àdmh àdmhrV hmoB©c Ago H$é. Hw§$S>cm_Yrc
{dÚwV àdmhmMr {Xem AmH¥$Vr 12(A) _Ü ò XmI{dcr Amho.
• Mw§~H$s` úmoÌmer  AB Am{U CD Zo Ho$cocm H$moZ [H$Vr Amho?

Vo úmoÌmer Zoh_r c§~ Agcoco Vw_À`m {Z[aúmUmg `oVo.

B

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-11(a): KmoS>çmÀ`m ZmcmH¥$VrKmoS>çmÀ`m ZmcmH¥$VrKmoS>çmÀ`m ZmcmH¥$VrKmoS>çmÀ`m ZmcmH¥$VrKmoS>çmÀ`m ZmcmH¥$Vr
Mw§~H$m_Yrc Y¥dmìXmao úmoÌaofmMw§~H$m_Yrc Y¥dmìXmao úmoÌaofmMw§~H$m_Yrc Y¥dmìXmao úmoÌaofmMw§~H$m_Yrc Y¥dmìXmao úmoÌaofmMw§~H$m_Yrc Y¥dmìXmao úmoÌaofm

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-11(b):
n¥ð>m_Yrc {dÚwV Ymamn¥ð>m_Yrc {dÚwV Ymamn¥ð>m_Yrc {dÚwV Ymamn¥ð>m_Yrc {dÚwV Ymamn¥ð>m_Yrc {dÚwV Ymam

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-11(c)

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-12(a)
M§w§~H$s` úmoÌ (B)

A

B

C
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• AB Am{U CD ~mOwda Mw§~H$s` ~c{Xem H$mTw> eH$Vm H$m?
Mw§~H$s` ~c {Xem _m{hV H$aÊ`mgmR>r COì`m hmVmMm {Z`_ dmnam. AB da

Mw§~H$s` ~c AmVwZ H$m`© H$aVo Am{U Mw§~H$mÀ`m úmoÌmer c§~ AgVo, CD da
n¥îR>mnmgwZ ~mhoa H$m ©̀ H$aVo.

AmH¥$Vr 12(~) nmhm. `m AmH¥$VrV Vmaocm,déZ nm{hë`mg
H$er {XgVo, ho XmI{dco Amho.  BC Am{U DA ~mOwda ~c doJdoJio
AgVo, H$maU Mw§~H$s` úmoÌmV Hw§$S>cmÀ`m {d{dY {R>H$mUr, Vo {d{dY
H$moZ V`ma H$aVmV.
•  BC Am{U DA ~mOwda ~cmMr {Xem H$em àH$maMr AgVo?

BC ~mOwda Mw§~H$s` ~c Hy§$S>cmg ImcÀ`m {XeoV AmoT>Vo. Am{U
DA ~mOwda Mw§~H$s` ~c Hw§$S>cmg daÀ`m {XeoV AmoT>Vo.
•  Am`VmH$ma Hw§$S>cmda {Zìdi ~c {H$Vr AgVo?

~mø Mw§~H$s` úmoÌm_wio AB da H$m ©̀ H$aUmao ~c CDda H$m ©̀ H$aUmè`m ~cm
g_mZ AgwZ {déÜX {XeoV AgVo. H$maU Vo, g_mZ {dÚwV àdmh {déÜX {XeoV dmhþZ
ZoVmV. åhUOo ̀ m ~cmMr ~oarO ewÝ` Amho. AemarVrZo ̀ mM H$maUm_wio BC Am{U DA
~mOwda H$m`©H$aUmè`m ~cm§Mr ~oarO ewÝ` AgVo. åhUwZ H§w$Scmda {Zìdi ~c ewÝ`

AgVo. na§Vw {VWo H§w$S>c «̂_U H$aVo. ho H$go eŠ` Amho?
• Hw§$S>c H$m «̂_U H$aVmV?
~mQ>crMo PmH$U CKiÊ`mMo EH$ CXmhaU {dMmamV KoD$. ̀ oWo PmH$Umda
XmoZ g_mZ Am{U {déÜX ~c H$m ©̀ H$arV Amho. AmH¥$Vr 12 (~) _Ü ò
XmI{dë`mà_mUo ~mQ>crÀ`m PmH$Ê`mÀ`m XmoÝhr ~mOwcm g_mZ n[a_mUmMo
Am{U {déÜX {XeoMo XomZ ~c H$m`© H$arV Agco nm{hOo. `m ~cm_wio
PmH$U ^«_U H$aVo. AemarVrZo Hw§$S>cmÀ`m XomÝhr ~mOwda g_mZ Am{U
{déÜX ~c OmoS>rZo H$m`© Ho$ë`m_wio Am`VmH$ma Hy§$S>c KS>çmù`mÀ`m
H$mQ>çmÀ`m {XeoV ^«_U H$aVo.

• Hw§$S>cm_Yrc {dÚwV àdmhmMr {Xem pñWa am{hë`mg Ë`m Hw§$S>mcmÀ`m ̂ «_UmMo H$m`
hmoVo?
Oa Hw§$S>cmrc {dÚwV àdmhmMr {Xem Z ~Xcë`mg Vo daÀ`m {XeoZo Cä`m pñWVrV

^«_U H$aVo Z§Va Ë`mÀ`m OS>Ëdm_wio Vo nwT>o KS>çmù`mÀ`m H$mQ>çmÀ`m {XeoV ^«_U
H$aVo. n§aVw AmVm Hy§$S>cmÀ`m ~mOw {déÜX {XeoV Agcoë`m ~cmg AZw^dVo, åhUwZ hr
~co KS>çmù`mÀ`m H$mQ>çmÀ`m {déÜX {XeoV ̂ «_U H$aÊ`mMm à`ËZ H$aVo. n[aUm_r ho
H§w$S>c Wm§~Vo Am{U naV KS>çmù`mÀ`m H$mQ>`mÀ`m {XeoV ^«_U H$aVo. ho {dÚwV
àdmhmMr {Xem {ñWa Ago n`ªV nwT>o gwé amhVo.
• H§w$S>c gVV ^«_U H$aÊ`mgmR>r H$m` Ho$co nm{hOo?

Hy§$S>crVrc {dÚwV àdmhmMr {Xem AÜ`m© ^«_UmZ§Va {déÜX {XeoV àdmg Ho$ë`mg
Hw§$S>c Ë`mM {XeoV gVV ^«_U H$aVo. Aem VèhoZo Hw§$S>cmVrc {dÚwV àdmh àË`oH$
AÜ`m© ^«_UmZ§Va CcQ> {XeoZo àdmhrV hmoVo Voìhm Hw§w$S>c gVV EH$mM Am{U gma»`m
{XeoV «̂_U H$aVo.

F(on AB)

F(on CD)

B

C

B

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-12(b)

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-12(c)
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• AmnU ho H$go gmÜ` H$é eH$Vmo?
ho gmÜ` H$aÊ`mgmR>r AmH¥$Vr 12(S>) _Ü ò XmI{dë`m

n«_mUo  B1 Am{U B2  ~«eogMm (brushes) Cn`moJ
H$aVmV. hm ~«e ~°Q>arcm OmoS>VmV. Hy§$S>crMr Q>moHo$  C1

Am{U C2KgaUmè`m [a¨JmZm OmoS>ë`m AmhoV. Ë`m
Hw§$S>crgmo~V ̂ «_U H$aVmV. gwédmVrcm C1  hr B1 À`m
Am{U C2 hr  B2 À`m g§nH$m©V AgVo. AÜ`m© ̂ «_UmZ§Va
Vr ~«eog BVa KgaË`m [a§JÀ`m g§nH$m©V Aem [aVrZo
òVmV H$s, Hw§$S>cm _Yrc {dÚwV àdmh {dnarV {XeoV

dmhþ cmJVmo. n«Ë`oH$ AÜ`m© ^«_UmZ§Va Ago KS>Vo
AemarVrZo Hw§$S>crMr ^«_U {Xem gmaIrM amhVo. hm
{Z`_ {dÚwV _moQ>a (“electric motor.”) _Ü ò dmnaë`m
OmVmo.

{dÚwV _moQ>a (McrÌ) _Ü ò {dÚwV COm© hr `m§{ÌH$ CO}V ~XcVo.
Ooìhm {dÚwV àdmhrV Hw§$S>cmg EH$g_mZ Mw§~H$s` úmoÌmV R>odë`m OmVo Voìhm Vo

Hw§$S>c ^«_U H$aVo ho AmnU {eH$cmo.
• {dÚwV àdmh ZgUmè`m Hw§$S>cmg M§w~H$s` úmoÌmV ̂ «_U H$am`cm cmdë`mg H$m` KS>Vo?
• {dÚwV àdmh H$gm {Z_m©U hmoVmo?

{dÚwV Mw§~H$s` àdV©Z{dÚwV Mw§~H$s` àdV©Z{dÚwV Mw§~H$s` àdV©Z{dÚwV Mw§~H$s` àdV©Z{dÚwV Mw§~H$s` àdV©Z

H¥$Vr H¥$Vr H¥$Vr H¥$Vr H¥$Vr  9
AmH¥$Vr 13(A) _Ü ò XmI{dë`m à_mUo EH$m cmH$S>r VwH$S>çmÀ`m AmYmamZo

EH$m _D$ X§S>Jmocmg Ë`m cmH$S>mda C ô KÅ> ~gdm. AmH¥$Vr 13(A) _Ü ò
XmI{dë`m à_mUo Ë`m _D$ cmoI§S>m^modVr Vm§ã`mMr Vma Jw§S>mim. Ë`m _D$ cmoI§S>r
X§S>JmocmÀ`m {ÌOo noúmm _moR>r {ÌÁ`m Agcocr EH$ [a¨J K|D$Z Ë`m X§S>Jmocm_Ü`o
Kmcm. H§w$S>cmMr Q>moHo$ àË`mdVuYmaocm AC  OmoSw>Z ~Q>Z Mmcw H$am.
•     Vwåhmcm H$m` {XgwZ `oVo?

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-12(d)+ -

~«eog
B1

B2

C2

C1

N

S
B

C

D
A

KS>çmù`mÀ`m
H$mQ>çmÀ`m

{déÜX {XeoV

Split-ring
Communicator

{dÚwV àdmh
AÜ`m©
«̂_UmZ§Va

naV {\$aVmo.

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-13(a)

AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?AmnUmg _m{hV Amho H$m?
• àdVuV {dÚwVmMr {Xem, Mw§~{H$` joÌ Am{U ~i `m§À`m_Yrb g§~§Y âboq_JÀ`m S>mì`m

hmVmÀ`m {Z`_mMm Cn`moJ H$éZ g_OdVm òVmo. S>mì`m hmVmMm A§JR>m, _Ybo ~moQ> Am{U
VO©Zr ̀ m§Zm Ago VmUm H$s, Vo EH$_oH$m§er b§~ AgVrb. VO©Zr Mw§~{H$` joÌmMr {Xem Xe©dVo
_Ybo ~moQ> {dÚwV àdmhmMr {Xem Xe©dVo Am{U A§JR>m ~imMr {Xem XmIdVo. âb|q_JÀ`m
S>mì`m hmVmÀ`m {Z`_mZo AmnU {dÚwV _moQ>maMo H$m`© g_Odw eH$Vmo.
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YmVwMr [a¨J Ë`m Hw§$S>cmda AYm§Var CMcë`m gmaIr {XgwZ `oVo.
{dÚwV nwadR>m ~§X H$am. Vr [a¨J hdoV CS>Vo. AC àË`mdVu Ymam H$mTw>Z AZm{d©Ymao

DC Mm nwadR>m H$am. H$m` KS>Vo nmhm.
• `m XomÝhr g§X^m©V dmJÊ`mV H$m` \$aH$ Amho?
• Ooìhm [a¨J hdoV CS>Vo Voìhm JwéËdmH$f©Um {déÜX H$moUVo ~c [a¨Jcm _XV

H$aVmV?
•   AZm{d©Ymao_wio [a¨J hdoV CS>Vo H$m?

YmVwMr [a¨J àË`mdVuYmam AC  dmnaë`mg hdoV CS>Vo. åhUwZ Ë`mdarc
{Zìdi ~c Ý`wQ´>ZÀ`m Xþgè`m {Z`_m à_mUo ewÝ` AgVo. YmVwÀ`m [a¨JMr
_wº$ dñVwMr AmH¥$Vr 13(~) _Ü ò XmI{dcr Amho. `m_Ü ò dOZ (w)
ImcÀ`m {XeoZo H$m`© H$aVo. [a¨Jcm g§VwcrV H$aÊ`mgmR>r ~c ho g_mZ
n[a_mUmZo (F) Am{U {déÜX {XeoV H$m`© Ho$co nm{hOo. ho AmH¥$Vr 13(~)
_Ü`o XmI{dco Amho.

•YmVwÀ`m [a¨Jda H$m`© H$aUmao AZmoiIr ~c H$moUVo Amho?
`m H¥$VrV  AC Mm dmna Ho$cm Amho.  AC hr Ë`mMr {Xem

Am{U n[a_mU {Z`_rV H$mcmdYrV ~XcVo. Hw§$S>cmVrc {dÚwV
àdmhm_wio M§w~H$s` úmoÌ {Z_m©U hmoD$Z Ë`mMo EH$ Q>moH$ CÎma
Y¥d Am{U Xþgao Q>moH$ X{úmU YwdmgmaIo H$mhr {deof H$mcmdYrV
nwaVo H$m`© H$aVo. {ZpíMV H$mcmdYr Z§Va Hw§$S>c Ë`mMo Y¥d
~XcVo. AemarVrZo pñWa H$mcmdYrV H§w$S>cm^modVr Agcoco
Y¥d nañna ~XcVmV. YmVwMr [a¨J hdoV CS>Ê`mgmR>r Vr Mw§~H$m
gmaIo H$m`© Ho$co nm{hOo. Am{U Ë`mM H$mcmdYrV {VMo Y¥d
gmocoZmB©S> gmaIo ~Xcco nm{hOo. hm ~Xc gmocmoZmB©Q>À`m

Y¥dmÀ`m ~Xcm{déÜX Agcm nm{hOo. gmocoZmBS>À`m daÀ`m ^mJmnmgwZ nm{hco AgVm
{dÚwV àdmh KS>çmù`mÀ`m H$mQ>çmÀ`m {XeoV àdmhrV homVo. Ooìhm [a¨JMr daMr ~mOw
CÎma Y¥d hmoVo Voìhm Ë`m [a¨Jda CÜd© Jm_r ~c cmdë`m OmVo. (åhUOoM [a¨JMo X{úmU
Y¥d gmocoZmB©S>À`m X{úmU Y¥dmH$S>o `oVo.) [a¨J_Ü`o KS>çmù`mÀ`m H$mQ>mÀ`m {déÜX
{XeoV {dÚwV àdmh àdmhrV Pmcm VoìhmM ho eŠ` hmoVo. H$mhr doimZ§Va gmocoZmBS
Ë`mMr Y¥do ~Xcco. åhUwZ Ë`mM H$mcmdYrV [a¨J gwÜXm Ë`mMr Y¥do ~XcVo. `m
H$maUm_wio Vr [a¨J hdoV CS>Vo.
• cmoI§S>r [a¨J_Ü`o {dÚwV Hw$Rw>Z `oVo?

àË`mdVuYmam AC  hr pñWa {dÚwV Zmhr. åhUwZ gmocoZmB©S> Am{U [a¨J _Ü`o
n[a_mU Am{U {Xem XmoÝhrV Mw§~H$s` àdV©Z ~XcVo.

Direction of
induced emf

Falling ring

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr 13(c)
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`oWo cmoI§S>r [a¨JMo úmoÌ\$i pñWa Amho. na§Vw cmoI§S>r [a§J _YwZ OmUmao úmoÌm
~XcVo. åhUwZ [a¨J_YwZ OmUmao úmoÌ A[^dmh ~XcVo.
• Oa DC dmnaë`mg cmoI§S>r [a¨J da CMcwZ Vm~S>Vmo~ Imcr H$m nS>Vo?

cmoI§S>r [a¨Jcm Owicoco A{^dmh ewÝ` AgVo. gmocoZmB©S> _YwZ {dÚwV àdmh OmV
Zmhr. Ooìhm gmocoZmB©S> _YwZ {dÚwV àdmh àdmhrV Ho$ë`mg Vo nÅ>r Mw§~H$m gmaIo H$m`©
H$aVo. åhUwZ Ooìhm ~Q>Z gwé AgVo Voìhm A{^dmh cmoI§S>r [a¨Jer AZwg§YmZ H$aVo.
[a¨J gmo~V Owicoë`m A{^dmhmV VËH$mc ~Xc KS>wZ ̀ oVmo åhUwZ [a¨J da ̀ oVo. Ë`mZ§Va
{VWo Hw$§S>cmer Owicoë`m A{^dmhmV ~Xc hmoV Zmhr åhUwZ Vo Imcr nS>Vo. Oa ~Q>Z
~§X Ho$ë`mg [a¨J naV da `oVo Am{U Imcr nS>Vo. `m g§X^m©V gwÜXm Ooìhm ~Q>Z ~§X
AgVo Voìhm [a¨J gmo~V Owicoë`m dmhH$mV ~Xc KSw>Z òVmo.
• d[ac {dícofUmdéZ Vwåhr H$m` {ZíH$f© H$mT>Vm?

H¥$Vr 9 _Yrc AmnU _m{hV Ho$cocm n[aUm_ EH$m H$ën{ZH$
à`moJmìXmao _m{hV H$é `m.

Hw§$S>cmÀ`m XmoÝhr AJ«mcm g§doXZ{ec A°_rQ>a qH$dm JmëdmZmo
{_Q>acm (ammeter or a galvanometer) AmH¥$Vr 14 _Ü`o
XmI{dë`mà_mUo OmoS>m. `oWo n[anWm_Ü`o H$moUVmhr {dÚwV àoaUm
eº$s Zgë`m_wio JmëdmZmo {_Q>a _Yrc gwB©À`m H$moUË`mhr {dMcZmMr
gm_mÝ`nUo Anoúmm H$é eH$V Zmhr. AmVm AmnU nÅ>rMw§~H$mcm
Hw§$S>cmH$S>o T>H$ë`mg Ë`mÀ`m Hw§$S>cmH$S>rc CÎma Y¥dmìXmao EH$
A{dñ_aUr` KQ>Zm KSw>Z òVo. Mw§~H$ Ë`m Hw§$S>mH$S>o J_Z H$aVm§Zm
JmëdmZmo{_Q>a _Yrc gwB© {dMcrV hmoVo Am{U {dÚwV àdmh  Hw§$S>cmV {Z_m©U Pmë`mMo
Xe©{dVo. Oa Mw§~H$ pñWa Agë`mg JmëdmZmo {_Q>aÀ`m gwB©V H$moUVohr {dMcZ ZgVo.
`mMm AW© H§w$S>crV {dÚwV àdmh {déÜX {XeoV àñWm{nV hmoVo.

darc H¥$VrV CÎma Y¥dm EodOr X{úmU Y¥d dmnaë`mg à`moJmMo dU©Z gmaIoM amhVo
na§Vw JmëdmZmo{_Q>aÀ`m gwB©Mo {dMcZ {déÜX {XeoV hmoVo.

`m à`moJmg dma§dma Ho$ë`mZo H§w$S>c, Mw§~H$m_Yrc gmnoúmm McZm_wio Hw§$S>cmV
{dÚwV àdmh {Z_m©U hmoVo ho H$iwZ `oVo. `oWo Mw§~H$ Hw§$S>cmH$S>o gaH$ë`mg `oUmè`m
n[aUm_mV ~Xc hmoV Zmhr.

“Hw§$S>cmVrc M§w~H$s` A{^dmh gVV ~Xcë`mg Ë`m Hw§$S>crV {dÚwV CËnÞ hmoVo.”
`mcmM \°$aS>oÀ`m {Z`_mMo EH$ én åhUVmV.
Aem àH$mao {Z_m©U Pmcoë`m {dÚwV àdmhmcm àdVuV {dÚyV àdmh (induced

current) åhUVmV. Am{U ho àdVuV {dÚwV à^mdU ~c (electromotive force
(induced EMF)ìXmao {Z_m©U Pmco Ago g_OwZ Amco. Aem àH$mao àdVuV {dÚwV
àdmhmìXmao V`ma Pmcoë`m KQ>Zocm {dÚwV Mw§~H$s` àdV©Z(electromagnetic
induction) åhUVmV.

Hy§$S>cmVrc {dÚwV àdmhmgmR>r Ë`m Hw§$S>mVrc M§w~H$s` A[^dmh ~Xc H$ma^r^wV

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-14
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R>aVo Ago \°$aS>oÀ`m {Z[aúmUmg Amco. VodT>oM ZgwZ Hy§$S>crVrc A{^dmh ~Xc OodT>m
OmñV AgmVo VodT>mM àdVuV {dÚwV àdmh qH$dm VodT>oM àdVuV {dÚwV à^mdZ OmñV
AgVo ho gwÜXm Ë`mÀ`m {Z[aúmUmg Amco. _w»` KQ>m§À`m {Z[aúmUmZ§Va Ë`m§Zr {dÚwV
Mw§~H$s` àdV©ZmÀ`m {Z`_mcm Imcrc à_mUo à{VnmXZ Ho$co.

“EH$m g§d¥Îm dc`mV {Z_m©U hmoUmao àd{V©V {dÚwV à^mdZ ~c ho Ë`m_YwZ
OmUmè`m Mw§~H$s` A{^dmhmÀ`m ~XcmÀ`m Xam g_mZ AgVo.”

`mg J{UVmÀ`m énmV Imcrc à_mUo {c{hVm `oVo.
àdVuV {dÚwV à^mdU ~c  =  A{^dmh ~Xc/doi
ε = ΔΦ/Δt .....................(6)
`m g_rH$aUmcm \°$aS>oMm àdV©Z {Z`_ åhUVmV. `oWo  Φ (\$m`)  ho Hw§$S>cmer

Owicoco A{^dmh Amho. g_Om  Φ0 EH$m doQ>moioer Owicocm A{^dmh Agoc Va
Hww§$S>cmV EHw$U  N doQ>moio Agë`mg Hw§$S>cmer Owicoocm A{^dmh N Φ0 hmoVo.

  Φ = N Φ0 ......................(7)
AmVmn ª̀V AmnU àdVuV {dÚwV à^mdU ~cmMr {Xem {ZpíMV Ho$cr Zmhr.

AJmoXaÀ`m CXmhaUmV AmnU {Z[aúmU Ho$co H$s, àdVuV {dÚwV àdmh dc`mV
g_mdcoco AgVoo.
• Ë`m àd{V©V {dÚwV àdmhmMr {Xem H$m` Amho?
• {dÚwV Mw§~H$s` àdV©ZmgmR>r COm© Aúmæ`VoMm {Z`_ AmnU cmJw H$é eH$Vmo H$m?
b|PMm {Z`_ (b|PMm {Z`_ (b|PMm {Z`_ (b|PMm {Z`_ (b|PMm {Z`_ (Lenz Law)))))

Ooìhm AmnU nÅ>rMw§~H$ Hw§$S>cmH$S>o T>H$cVmo, Voìhm {dÚwV CËnÞ hmoVo. Xþgè`m
eãXmV gm§Jm`Mo åhUOo {dÚwV Mww§~H$s` àdV©Z KSw>Z `oVo Am{U `m§{ÌH$ COm© {dÚwV
CO}V énm§VarV hmoVo.

Mcm g{dñVanUo MMm© H$é `m.
AmnUmg _m{hV Amho H$s, Ooìhm nÅ>rMw§~H$mcm Ë`mÀ`m

CÎma Y¥dmH$S>wZ Ë`m Hw§$S>cmH$S>o gaH${dVmo. Voìhm {dÚwV Ë`m
Hww§$S>cmV g_mdë`m OmVo. g_Om Hw§$S>cmVrc {dÚwV {Xem
nÅ>rMw§~H$mÀ`m CÎma {Xeoer KS>çmù`mÀ`m H$mQ>çmÀ`m {XeoV
Amho.  ̀ m {dÚwV dmhUmè`m dc`mMr dV©ZwH$ Mw§~H$mgmaIr
AgVo. Ë`mMo X{úmU Y¥d nÅ>r Mw§~H$mÀ`m CËVa Y¥dmer Ë`m
À`m _wImH$S>o Agë`m gmaIo {Z_m©U homVo. Aem [ñWVrV
nQ²>Q>r Mw§~H$ Ë`m Hw§$S>cmg AmH$fuV H$aVo, Voìhm Vo J{VO

COm© J«hZ H$aVo. ho COm© Aúmæ`VoÀ`m {Z`_mÀ`m {déÜX Amho. åhUwZ àdVuV {dÚwV
àdmhmMr {Xem KS²>`mù`mÀ`m H$mQ>çmÀ`m {XeoV AgVo. ho AmnU J¥hrV Yaco ho MwH$sMo
Amho. åhUwZ H§w$S>cmVrc {dÚwV {Xem nÅ>rMw§~H$m§À`m CÎma {Xeoer KS>ù`mÀ`m H$mQ>çmÀ`m
{déÜX {XeoV AgVo. Aem n[apñWVrV AmH¥$Vr 15 _Ü`o XmI{dë`m à_mUo Hw§$S>cmMo
CÎma Y¥d nÅ>rMw§~mH$mÀ`m CÎma Y¥dmH$S>o ̀ oVo. Voìhm nÅ>rMw§~H$mÀ`m CÎma Y¥d Hw§$S>cmÀ`m
CÎma Y¥dmìXmao à{VH$fuV hmoVo. `m ~cmda _mV H$aÊ`mgmR>r AmnUmg H$mhr H$m ©̀

AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr -15
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H$aUo JaOoMo Amho. ̀ m nÅ>r Mw§~H$mda Ho$coë`m H$m`m©_wio Hw§$S>cm_Ü`o COm© {dÚwV CO}V
é§nmVarV hmooVo. AemàH$mao Aúmæ`VoMr COm© {dÚwV Mw§~H$s` n««dV©V KSw>Z ̀ oVo. M§w~H$mMo
CÎma Y¥d Hw§$S>cmÀ`m _wImH$S>o Agcoë`m H§w$S>cmnmgwZ nÅ>r M§y~H$mg Xþa IoMë`m OmUmao
g§X^© nmhþ `m. Aem g§X^m©V `m§{ÌH$ CO}cm {dÚwV CO}V énm§Va H$éZ Ë`mg g§VwcrV
H$aÊ`mgmR>r Hw§$S>c nÅ>rMw§~H$mÀ`m McZmMm {damoY H$aVo. Ago KS>wZ ̀ oÊ`mgmR>r M§w~H$mMo
CÎma Y¥d Hw§$S>cmÀ`m X{úmU Y¥dmÀ`m _wImH$S>o Agco nm{hco.
• Aem g§X^m©V Hw§$S>cm_Ü ò àdVuV {dÚwV àdmhmMr {Xem H$m` AgVo `mMm A§XmO

Vwåhr cmdw eH$Vm H$m?
Hw§$S>mcmVrc àdVuV {dÚwV àdmhmMr {Xem KSS>çmù`mÀ`m H$mQ>çmÀ`m {XeoV

Agcr nm{hOo. gmÜ`m eãXmV gm§Jm`Mo åhUOo Hw§$S>cmVrc A{^dmh dmT>ë`mg Vo
H§w§$S>c A{^dmhH$mÀ`m dmT>rMm {damoY H$aVo Am{U Ooìhm A{^dmh H$_r hmoVo Voìhm
Hw§$S>c Ë`m A{^dmh H$_r hmoÊ`mMm {damoY H$aVo.

coP§Mm {Z`_
Hw§$S>cmVrc A{^dmhmÀ`m ~Xcmg {damoY H$aÊ`mÀ`m {XeoV àdVuV {dÚwV àdmh

AgVmo. `mcmM c|PMm {Z`_ (Lenz’s law) Ago åhUVmV.
• COm© Aúmæ`VoÀ`m {Z`_mdéZ \°$aoS>oÀ`m àdVuV {dÚwV àdmhmMm {Z`_ ̀ oVmo H$m?

Mcm nmhþ `m.

’°$aoS> ogÀ¶m {Z¶‘mg gmÜ¶ H$aUo.’°$aoS> ogÀ¶m {Z¶‘mg gmÜ¶ H$aUo.’°$aoS> ogÀ¶m {Z¶‘mg gmÜ¶ H$aUo.’°$aoS> ogÀ¶m {Z¶‘mg gmÜ¶ H$aUo.’°$aoS> ogÀ¶m {Z¶‘mg gmÜ¶ H$aUo.
AmH¥$Vr 16 _Ü ò XmI{dë`m à_mUo

CnH$aUmMr _m§S>Ur H$am. `m_Ü`o XomZ
g_m §Va dmhH$ (parallel bare
conductors) / l _rQ>a A§Vamda
‘B’À`m EH$ g_mZ M§w~H$s` úmoÌmV
R>odcoco Amho. AmnU Xþgao dmhH$ Aem
àH$mao nH$Sw> eH$Vmo H$s, Vmo dmhH$
XmoÝhr g_m§Va VmaoÀ`m g§nH$m©V Amcm
nm{hOo. (AmH¥$Vr 16 nmhm) {dÚwV
n[anWmnwU© H$aÊ`mgmR>r JmëdmZmo{_Q>acm
g_m§Va dmhmH$mÀ`m Q>moH$mer OmoS>co
Amho. AmVm Oa {VaH$g Vma g_m§Va
dmhH$mÀ`m AS>dr R>odë`mg Vr S>mdrH$S>o gaH$Vo. JmëdmZmo {_Q>aMr gwB© EH$m {VgaH$g
{XeoV {dMcrV hmoVo.

Oa hr Vma COdrH$S>o gaH$ë`mg Ë`m§Mr gwB© nwduÀ`m {dMcZmÀ`m {déÜX {XeoV
{dMcrV hmoVo. g_Om {VaH$g Vma‘Δ t’doimV s _rQ>a A§Va S>mdrH$S>o gaH$ë`mg

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-16
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JmëdmoZmo_rQ>a _Yrc [aS>tJ {dÚwV n[anWmV dmhV Agcoë`m EHw$U {dÚwV àdmh
Xe©{dVo {dÚwV n[anWmV, {dÚwV à^mdZ ~c Agë`mg {dÚwV Ë`m n[anWm_Ü ò
g_mdVo. g_Om Vmo EMF ‘ε’ Amho. COm© Aúmæ`VoMm {Z`_ gm§JVmo H$r, hr {VaH$g
{dÚwV COm© ({dÚwV àdmhgmo~V Agcocr) {VgH$g VmaoÀ`m hmcMmcrda AmnU
Ho$coë`m H$m`m©nmgwZ `oVo. Oa AmnU àË`oH$ OmJodarc KwU©Z gmoS>wZ _m§S>UrV `m
cmdcoë`m ~cmìXmao KSw>Z Amcoco H$m`© = fs. I cm§~rÀ`m {VaH$g VmaoìXmao 1 E§nr`a
{dÚwV àdmhrV hmoVo ̀ mMm AmYma Amho Am{U Vr Vma M§w~H$s` úmoÌmV AgVo ̀ m _m{hVr
déZ.
• B úmoÌmìXmao {VaH$g Vmaoda à`moJ  Ho$coë`m ~cmMo g_rH$aU gmÜ` H$é eH$Vm H$m?

_mJrc MM}déZ g_rH$aU -4 À`m AmYmao Vo ~c BIl cm g_mZ Amho ho AmnUmg
_m{hV Amho. (nmZ H«$. 269 nmhm)

åhUOo  F = BIl .............................(8)

ho ~c à`moJ Ho$coë`m ~cmMm {damoY H$aVo. à`moJ Ho$coë`m ~cmMr {Xem {VaH$g
VmoaVrc {dÚwV àdmhmMr {Xem R>a{dVo. `oWo AmnU Ho$cooco H$m`© YZmË_H$ Amho.
{VaH$g Vmaocm hmcMmc H$aÊ`mgmR>r AmnU Ho$coco H$m`© VmaoV {dÚwV eº$sV énm§Va
H$aVo. åhþUZ  KSw>Z Amcoco H$m`©

W = Fs =BIls .............................(9)    (g_rH$aU 8 déZ)

{VaH$g Vma g_m§Va dmhH$mÀ`m AmS>dr R>odë`mg nwU© {dÚwV n[anW V`ma hmoVo.
`mÀ`m ^modVr H$mhr à_mUmV Mw§~H$s` A{^dmh AgVo.AmVm [VaH$g Vmaocm S>mdrH$S>o
gaH${dë`mg dc`mMo úmoÌ\$i (g_m§Va dmhH$ Am{U {VaH$g VmaoZo V`ma Pmcoco)
H$_r hmoVo. Am{U dc`mVwZ OmUmao A{^dmh gwÜX H$_r hmoVo. H$_r Pmcoco A{^dmh

ΔΦ = Bls .............................(10)

`oWo  B ho úmoÌ\$imer  (ls) c§~ Amho. g_rH$aU 9 Am{U 10 déZ
W = (ΔΦ) Ι

`m g_rH$aUmÀ`m XomÝhr ~mOwg Δt Zo ^mJë`mg
W/Δ t = I (ΔΦ/ Δt) .............................(11)

{dÚwV eº$s P = IΔΦ/ Δt

{dÚwV eº$s hr {dÚwV àdmh Am{U {dÚwV à^mdZ ~cmMm JwUmH$ma hmò . qH$dm
dmoëQ>oO  ε=ΔΦ/Δt  ho àdVuV {dÚwV n«̂ mdZ ~cm EodT>o AgVo.

{dÚwV eº$s, P = εΙ   .............................(12)

 AemarVrZo n[anWm_Ü`o CËnÞ Pmcocr {dÚwV eº$s hr àdVr©V {dÚwV àoaUm
eº$s Am{U {dÚwV àdmhmÀ`m JwUmH$mam EodT>o AgVo. Aem [aVrZo {VaH$g VmaoZo EH$m
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g|H$Xm§V McZ H$aÊ`mgmR>r Cn`moJr Ho$cocr `m§{ÌH$ COm© {dÚwV eº$sV (ΔΦ/Δt)
énm§VarV hmoVo. hr COm© Aúmæ`Vm Amho.

g_rH$aU (9) cm Δt Zo ^mJë`mg
W/Δt = Fs/Δt =BIls/Δt ..................(13)

`oWo  s/Δt  {VaH$g VmaoMm doJ, AgwZ g_Om Ë`mg v Zo
gwM{dcoë`mg

{dÚwV eº$s  P = W/Δ t = Fv = BIlv ......(14)

åhUOo eº$scm ~c Am{U doJmMm JwUmH$ma åhUwZ gm§JVm
òVo. g_rH$aU (12)Am{U(14) déZ

W/Δ t = εI

       εI = BIlv
     ε = Blv `oVo.
`mcmM Mcr` {dÚwV àoaUm ~c (EMF) Ago åhUVmV.

darc g_rH$aU \°$aS>oMm {Z`_ Zmhr. H$maU ho dc`mer g§~§YrV Zmhr. Ooìhm
dmhH$ EH$g_mZ Mw§~H$s` úmoÌmV McZ H$aVmV Voìhm `mMm Cn`moJ hmoVmo.

àdVuV {dÚwV àoaUm ~cmMr H$mhr CXmhaUo nmhþ `m.
CXmhaU -1CXmhaU -1CXmhaU -1CXmhaU -1CXmhaU -1

400 doQ>moio ( coil) Agcoë`m EH$m Hw§$S>cmV n«Ë`oH$ doQ>moioVwZ ~XcV OmUmam
Mw§~H$s` A{^dmh AmH¥$VrV XmI{dco Amho.

Hw§$S>cmVrc CËnÞ hmoUmè`m OmñVrV OmñV àdVuV àoaUm ~c H$mT>m.  t = 0.1
nmgwZ 0.3 n ª̀V àdVuV àoaUm ~cmV H$mhr ~Xc Amho H$m?

gmoS>dUwH$:gmoS>dUwH$:gmoS>dUwH$:gmoS>dUwH$:gmoS>dUwH$:      {Xcoë`m AmcoImdéZ 0.1 goH§$XmV Hw§$S>cmVrc EH$m doQ>moù`mV
dmT>Umam Mw§~H$s` A{^dmh 0.001 Wb Amho. \°$aS>oÀ`m {Z`_mZwgma Hw§$S>cmVrc CËnÞ
hmoUmam OmñVrV OmñV àdVuV àoaUm ~c

ε   = N Δ Φ /Δt
{Xcoë`m [H§$_Vt à{VúmonrV Ho$ë`mg

ε = 400(0.001/0.1) = 4V òVo.
AmcoImdéZ t = 0.1s nmgwZ  0.3s  n`ªV Hw§$S>cmV Mw§~H$s` A{^dmhmV H$moUVmhr

~Xc Pmcocm Zmhr.åhUwZ Ho$mUVohr àoaUm ~c {Z_m©U hmoV Zmhr.
CXmhaU -2CXmhaU -2CXmhaU -2CXmhaU -2CXmhaU -2

0.8T Mw§~H$s` A{^dmh KZVm Agcoë`m úmoÌ {Xeocm c§~ 10 _r.go. doJmZo McZ

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr-E-2
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H$aUmè`m dmhH$mÀ`m Vmao _Ü ò  8V {dÚwV àoaUm ~c àoarV Ho$ë`mg Ë`m VmaoMr cm§~r H$mT>m?
gmoS>dUwH$ :gmoS>dUwH$ :gmoS>dUwH$ :gmoS>dUwH$ :gmoS>dUwH$ : t B = 0.8T, v = 10 _r.go.Am{U  ε = 8V {Xcoco Amho.

 ε = Blv dmnéZ
8 = 0.8(l)(10)
l (dmhH$mMr cm§~r) = 1_r

–––––––––––––––––
\°$aS>oÀ`m {dÚwV M§w~H$s` àdV©ZmMr H$mhr Cn`moOZo nmhþ `m.\°$aS>oÀ`m {dÚwV M§w~H$s` àdV©ZmMr H$mhr Cn`moOZo nmhþ `m.\°$aS>oÀ`m {dÚwV M§w~H$s` àdV©ZmMr H$mhr Cn`moOZo nmhþ `m.\°$aS>oÀ`m {dÚwV M§w~H$s` àdV©ZmMr H$mhr Cn`moOZo nmhþ `m.\°$aS>oÀ`m {dÚwV M§w~H$s` àdV©ZmMr H$mhr Cn`moOZo nmhþ `m.
Amnë`m g^modVmcr gJir H$S>o {dÚwV Mw§~H$s` àdV©Z Amho.

• gwaúmm VnmgUrgmR>r V`ma Ho$coë`m _moR>m XmamV EH$_moR>r Vma R>odw `m. Vr Xþ~©c
ghO Mw§~H$s` úmoÌ {Z_m©U H$aVo AmnU H$moUË`mhr cmoI§S>m gmaIo Mw§~H$s` úmoÌ
à^m{dV dñVwcm Ë`m XmamVwZ KoD$Z OmVm§Zm Hw§$S>cmMo Mw§§~H$s` úmoÌmÀ`m A{^dmhmV
~Xc KSw>Z {dÚwV àdmh {Z_m©U hmoD$Z Amcm_© dmOVmo.

• JmUo EoH$Ê`mgmR>r qH$dm AmdmO [aH$mS>© H$aÊ`mgmR>r AmnU Q>on[aH$mS>©Mm dmna
H$aVmo. ho Q>on[aH$mS>©a {dÚwV Mw§~H$s` àdV©ZmÀ`m {Z`_mda H$m ©̀ H$aVo. Ë`m_Ü ò
Am`Z© AmŠgmB©SMo AmdaU {Xcocm EH$ ßcmñQ>tH$Mm Q>on AgVmo Am{U Ë`mÀ`m BVa
^mJmn¡H$s H$mhr ̂ mJmV OmñV à_mUmV Mw§~H$s` JwU AmUcoco AgVmV. Q>on[aH$mS>©a
_Yrc chmZ Hw§$S>cm^modVr (gmYmaUVm ̀ mcm hoS> åhUVmV.)(head of the tape
recorder),hm Q>on ñne© H$éZ hmcMmc H$aVm§Zm Ë`mÀ`m Mw§~H$s` úmoÌmV hmoUmè`m
~Xcm_wio Vr chmZ Hw§$S>cmV {dÚwV àdmh CËnÞ H$aVo.

• ATM H$mS>© _Yrc Mw§~H$s` nÅ>r ñH°$Za ìXmam ñdmB©n Ho$ë`mZo {dÚwV Mw§~H$s` àdV©ZmMm
AmnU H$gm Cn`moJ KoVmo? Vw_À`m {_Ìmer Am{U {eúmH$m§Mr MMm© H$am?

• àdV©Z Mwc (induction stove) hr [dÚwV Mw§~H$s` àdV©ZmÀ`m {Z`_mZwgma H$m ©̀
H$aVo. àË`mdVuYmam (AC) dmhþZ Zoë`m_wio àË`mdVu Mw§~H$s` úmoÌ {Z_m©U
hmoVo.Ooìhm nmÊ`mZo ̂ acoco YmVwMo ̂ m§S>o Ë`mda R>odVmo Voìhm Ë`mÀ`m ~wS>mer Agcoco
Mw§~H$s` úmoÌ ̂ m§S>çmÀ`m ImcÀ`m ̂ mJmcm Amocm§S>ë`m_wio {dÚwV àoaUm ~c àoarV
homVo. H$maU ^m§S>o YmVwMo Agë`m_wio àoarV {dÚwV àoaUm ~c ^m§S>çmVrc àdV©Z
{dÚwV CËnÞ H$aVo. ̂ m§S>o gm§V amoYH$ Agë`m_wio àdVuV {dÚwV àdmhm_wio CîUVm
{Z_m©U hmoD$Z Vr CîUVm nmÊ`mcm nwadcr OmVo. åhUwZ `mg àdV©Z Mwc
åhUVmV.
AmnUmg {dÚwV eº$s Hw$Rw>Z {_iVo `mMm H$Yr {dMma Ho$cm H$m?
Mcm `m~Ôc {eHw$ `m.

{dÚwV OZaoQ>a Am{U àË`mdVu© Ymam- AZmduYmam {dÚwV OZaoQ>a Am{U àË`mdVu© Ymam- AZmduYmam {dÚwV OZaoQ>a Am{U àË`mdVu© Ymam- AZmduYmam {dÚwV OZaoQ>a Am{U àË`mdVu© Ymam- AZmduYmam {dÚwV OZaoQ>a Am{U àË`mdVu© Ymam- AZmduYmam (Electric Generator
and Alternating - Direct Currents)
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• EH$ g_mZ Mw§~H$s` úmoÌmV H§w$S>c gVV ^«_U
H$aV Agë`mg H$m` KS>Vo?

• {dÚwV CËnÎmr H$aÊ`mgmR>r hr à{H«$`m AmnUmg
Cn`moJr nS>Vo H$m?
Mcm nmhþ `m.
EH$m Am`VmH$ma Hy§$S>c ¿`m AmH¥$Vr 17(A)

_Ü ò XmI{dë`mà_mUo Ë`m Hw§$S>cmg dH«$H$ma H$m`_
ñdénr Mw§~H$mÀ`m Y¥dm_Ü`o R>odco Amho. Hy§$S>c ^«_Z
Ho$ë`mg Ë`m_YwZ OmUmao Mw§~H$s` A{^dmh ~XcVo.
{dÚwV Mw§~H$s` àdV©ZmÀ`m {Z`_mZwgma àdVuV {dÚwV
àdmh H§w$S>cmV CËnÞ hmoVo.
• Hw§$S>cm_Yrc àdVuV {dÚwV YmaoMr {Xem pñWa

AgVo H$m? Vr ~XcVo H$m?
1. gwédmVrcm Hy§$S>cmg Aem pñWVrV R>odm H$s,

Ë`m_YwZ Mw§~H$s` A{^dmh àdmhrV Pmcm nm{hOo
Ago {dMmamV ¿`m. Ooìhm Hy§$S>c Cä`m pñWVrV AgVo Ë`mMr ~mOw (A)  da {XeoV
Am{U ~mOw (B) ImcÀ`m {XeoZo AgVo. Voìhm Vo {dÚwV àdV©Z Ë`mda hmoV Zmhr.
åhUwZ `m pñWVrV Hw§$S>cm darc {dÚwV àdmh ewÝ` AgVmo.

2.  Ooìhm Hw§S>c KS>çmùrÀ`m H$mQ>çmÀ`m {XeoV ̂ «_U H$aVo Voìhm Ë`m _Ü`o {dÚwV
àdV©Z hmoD$Z Vo A nmgwZ B da àdmhrV hmoVo. n{hë`m nmd ^mJmÀ`m ^«_UmV {dÚwV
àdmh ewÝ` nmgwZ dmT>V OmD$Z gdm©V OmñV qH$_Vrn`ªV nmohmoMVmo. Voìhm H§w$S>c
{úmVrO g_m§Va pñWVrV AgVo.

3. Hw§$S>cmMo ^«_U gVV Mmcw
R>odë`mg Xþgè`m AÜ`m© ^mJmÀ`m
«̂_UmV {dÚwV àdmh  H$_r hmoD$Z

eodQ>r ewÝ` hmoVmo. Voìhm Hw§$Cc
Cä`m pñWVrV ̀ oVo. Ë`mMr B ~mOw
daÀ`m {XeoV Am{U (A)~mOw
ImcÀ`m {XeoV `oVo. Xþgè`m
^mJmÀ`m ^«_Um Xaå`mZ n{hë`m
nmd ̂ mJmVrc ̂ «_UmgmaIr {dÚwV
CËnÞ H$aVo \$º$ {dÚwV àdmhmMr
{Xem CcQ>r AgVo (AmH¥$Vr 17
(~) nmhm)
• Hw§$S>c ^«_U H$aVm§Zm {dÚwV

àdmh ewÝ`mnmgwZ dmT>V
OmD$Z _hÎm_ hmoVo Am{U `m
CcQ> OmñV qH$_V H$_r hmoD$Z eodQ>r eyÝ` hmoVo `m ~XcmÀ`m H$maUmMm A§XmO
cmdw eH$Vm H$m?
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horizontal

Zero
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• AmnU {dÚwV n«dmhmMm Cn`moJ H$é eH$Vmo
H$m? Oa Cn`moJ H$aV Agoc Va H$gm H$aVmo?

Mcm _m{hV H$é `m.
AmH¥$Vr 17(A) _Ü ò XmI{dë`mà_mUo H§w$S>cmMr

XmoÝhr Q>moHo$ KgaË`m [a¨Jcm OmoS>cocr Amho. XmoZ
H$m~©Z ~«eog Aem àH$mao ~g{dcr Amho H$s, Ë`m
~«eogÀ`m KgaË`m [a¨Jdarc Xm~m_wio Hw§$S>cmVwZ {dÚwV
àmá hmoVo. ̀ m ~«eogcm TV, aoS>rAmo gma»`m CnH$aUmV
OmoS>ë`mg Ë`m CnH$aUm§g H$m~©Z ~«eogÀ`m Q>moH$m§nmgwZ
nwadR>m Ho$coë`m {dÚwV àdmhm_wio Vo H$m`© H$am`cm
cmdw eH$Vmo.

`m à{H«$`oV CËnÞ Pmcocr {dÚwV n«Ë`oH$ AÜ`m©
«̂_ZmZ§Va AmH¥$Vr 17(~) _Ü ò XmI{dë`mà_mUo Ë`mMr

{Xem ~XcVo.
`m {dÚwV àdmhmcm àË`mdVu Ymam (alternating

current (AC) åhUVmV. `m _Ü`o à^marV àdmhmMr
{Xem {d{eï> H$mcmdYrV AgVo. åhUwZ AC {dÚwV àdmhmV {deof dma§dmaVm AgVo.
`oWo MMm© Ho$coë`mg O{ZÌ AC åhUVmV. hr AC - EMF Am{U AC `mg rms Mr
qH$_VrV ì`º$ Ho$co AmhoV.

g_Om I0 Am{U V0 ̀ m AC Am{U AC - EMFÀ`m Cƒ qH$_Vr Agë`mg
Irms = I0/  and Vrms = V0/

• O{ZÌmMm Cn`moJ H$éZ AmnU DC {dÚwV H$er {_i{dVm?
•  AC O{ZÌmg DC O{ZÌm_Ü ò ~XcÊ`mgmR>r H$moUVm ~Xc H$aÊ`mMr JaO Amho?

Mcm _m{hV H$é `m.
AmH¥$Vr 17(H$) _Ü ò XmI{dë`m à_mUo Oa XmoZ AÜ`m© KgaË`m [a¨Jcm Hy§$S>cmÀ`m

XomÝhr Q>moH$mcm OmoS>ë`mg  AC O{ZÌ
ho DCO{ZÌmgmaIo H$m ©̀ H$aVo Am{U
{dÚwV {Z_m©U hmoVo.

Vo H$go H$m`© H$aVo Vo nmhw `m.
Cä`m pñWVrV Agcoco Hw§$S>c

nm{hë`m AÜ`m© ^«_UmMm àdVuV
{dÚwV Ymam ewÝ`mnmgwZ dmTw>Z H$_mc
qH$_Vrn ª̀V OmVo Am{U naV H$_r
hmoD$Z nwÝhm ewÝ` hmoVo. Hw§$S>cr Ogo
nwT>o gaH$Vo Ver Ë`m§Mr Q>moHo$ Xþgè`m
KgaË`m [äJda OmVm. åhUwZ Xþgè`m
AÜ`m© ^«_Um Xaå`mZ Hw§$S>crVrc
{dÚwV àdmh ñdVm: CcQ> {XeoV
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N

S

Rotation
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B

AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr -17(c)
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_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX

Mw§~H$s` A{^dmh, Mw§~H$s` A{^dmh KZVm, {dÚwV _moQ>ma, KgaË`m
[a¨Jm, àdVuV {dÚwV Ymam, àdVuV {dÚwV n«̂ mdV ~c EMF,
{dÚwV O{ZÌ (generator), DC Am{U AC {dÚwV àdmh, rms qH§$_V

• àVcmVwZ OmUmam A{^dmh úmoÌmer c§~ Am{U àVcmMo úmoÌ\$i ̀ m JwUmoÎmamcm Mw§~H$s` A{^dmh
KZVm (B) Ago åhUVmV.

•  {dÚwV àdmhrV Vma Mw§~H$s` úmoÌ {Z_m©U H$aVo.
•  F = qvB sin θ Am{U F = ILB sin θ
•  {dÚwV _moQ>a _Ü ò {dÚwV CO}Mo énm§Va `m§{ÌH$ CO}V hmoVo.
•  \°$aS>oMm {Z`_:\°$aS>oMm {Z`_:\°$aS>oMm {Z`_:\°$aS>oMm {Z`_:\°$aS>oMm {Z`_: g§d¥Îm dc`mV CËnÞ Pmcoco àdVuV {dÚwV à^mdZ ~c (EMF)Ë`m _YwZ

OmUmè`m Mw§~H$s` A{^dmhÀ`m XamÀ`m ~Xcmg g_mZ AgVo.
• c|oPMm {Z`_:c|oPMm {Z`_:c|oPMm {Z`_:c|oPMm {Z`_:c|oPMm {Z`_: Hw§$S>cm_Ü`o àdVuV {dÚwV Aem {XeoV g_mdcr Amho H$s, Vo A{^dmhmVrc KSw>Z

òUmè`m ~XcmMm {damoY H$aVo.
•  ‘l’ cm§~rMm dmhH$ v doJmZo B úmoÌmH$S>o cm§~ {XeoV J_Z Ho$ë`mg dmhH$m§À`m A§J«m_Yrc {dH$grV

Pmcoco KQ>mMo {d^dm§Va Blv Amho. `m EMF cm {d^d EMF Ago åhUVmV.
• O{ZÌmV `m§{ÌH$ COm© hr {dÚwV CO}V ~XcVo.

g§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZ
1. Mw§~H$s` úmoÌaofm g§d¥Îm AgVmV H$m? ñnï> H$am? (AS1)

2. AmH¥$Vr Q-1 _Ü ò Mw§~H$s` aofm Agë`mg Vmao _YwZ OmUmè`m {dÚwV
àdmhmMr {Xem H$m` AgVo? (AS1)

3. Hw§$S>cmH$S>o CÎma Y¥d Agcoco nÅ>rMw§~H$ AmH¥$Vr Q-2 _Ü`o XmI{dco
Amho. Hw§$S>cmìXmao àdmhrV hmoUmam Mw§~H$s` A{^dmh H$m` hmoVo?(AS1)

AmnU H$m` {eH$cmoVAmnU H$m` {eH$cmoVAmnU H$m` {eH$cmoVAmnU H$m` {eH$cmoVAmnU H$m` {eH$cmoV

Aä`mgmV gwYmaUm H$amAä`mgmV gwYmaUm H$amAä`mgmV gwYmaUm H$amAä`mgmV gwYmaUm H$amAä`mgmV gwYmaUm H$am

N

AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr - Q2

AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr - Q1

àdmhrV hmoVo. EH$m nwU© ^«_UmV AmH¥$Vr 17(S>) _Ü`o XmI{dë`m à_mUo n{hë`m AY©o ^«_Um_wio CËnÞ
Pmcocr {dÚwV hr n{hcm AY} ^«_UmVrc  (DC) {dÚwV gmaIrM AgVo.

O{ZÌm_Ü`o `m§{ÌH$ eº$s hr {dÚwV eº$s_Ü`o énm§VarV hmoVo.
.
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AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr - Q5

B

i

L

4. n¥ð>mda EH$ H§w$S>c c§~ R>odcoco Amho. {dÚwV àdmh P Odi n¥îR>mVàdmhrV hmoD$Z Vr Q  Odi
~mhoa `oVo. Ë`m H§w$S>cmìXmao {Z_m©U hmoUmè`m Mw§~H$s` úmoÌmMr {Xem H$em àH$maMr AgVo?
(AmH¥$Vr Q-4 nmhm) (AS1)

g§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZ
1. AmH¥$Vr Q-4 _Ü`o Hw§$S>cm_Ü`o àdmhrV {dÚwV àdmhmMr {Xem XmI{dcr Amho. {dÚwV àdmh

àdmhrV Agcoë`m n¥ð>mda H$moUË`m àH$maMo Mw§~H$s` Y¥d V`ma hmoVo?(AS1)
2. Q>ocr{dOZÀ`m pñH«$ZOdi nÅ>r Mw§~H$ Zoë`mg pñH«$Z da {XgUmao {MÌ {dH¥$V H$m hmoVo? ñnï>

H$am? (AS1)
3. ‘X’ hr g§km n¥ð>m_Yrc {dÚwV àdmhmMr {Xem Xe©{dVo. {dÚwV àdmh Ë`mÀ`m cm§~r gmo~V dmhmV

Agcocr gai Vma M§w§~H$s` úmoÌmcm c§~ R>odcocr Amho. Ë`m VmaooZo AZŵ dcoë`m ~cmMo n{a_mU H$m`
Amho? Vr H$moUË`m {XeoV H$m ©̀ H$aVo?(AS1)

4. {dÚwV _moQ>maÀ`m H$m`m©Mr ñdÀN> AmH¥$Vr H$mTw>Z ñnï> H$am? (AS1)
5. AC {dÚwV O{ZÌmMo H$m ©̀ ñdÀN> AmH¥$VrÀ`m _XVrZo ñnï> H$am?(AS1)
6. DC {dÚwV O{ZÌmMo H$m ©̀ ñdÀN> AmH¥$VrÀ`m gmhmæ`mZo ñnîQ> H$am? (AS1)
7. COm© Aúmæ`VoMm {Z`_mMm n[aUm_ Agcoë`m \°$aS>oÀ`m {Z`_mMm Vwåhr H$gm {ñdH$ma H$amc?(AS6)
8. _mZdr {OdZmMr {Xem ~XcwZ Q>mH$coë`m Mw§~H$s` úmoÌ Am{U {dÚwV `m_Yrc g§~§YmMm Vwåhr

pñdH$ma H$gm H$amc?(AS6)
9. Mw§~H$s` úmoÌ àdV©ZmMr [§H§$_V EH$ g_mZ Amho Am{U Vr 2T Amho. M§w~H$s` úmoÌmer c§~

Agcoë`m 1.5_r.2 úmoÌ\$imVwZ àdmhrV hmoUmam A{^dmh {H$Vr Amho?(AS1)
10. Mw§~H$s` úmoÌmcm c§~ Agcoë`m 20 go._r. cm§~r Agcoë`m Am`VmH$ma {dÚwV dmhH$mda H$m ©̀

H$aUmao ~c 8N  Amhoo. dmhH$mV 40 E§nr`a {dÚwV àdmh AgVm§Zm V`ma hmoUmao Mw§~H$s` úmoÌ
_m{hV H$am? (CÎma: 1Q>oñcm (tesla)) (AS1)

11. amOHw$_ma Vw_À`mer åhUmcm H$s, Mw§~H$s` úmoÌaofm g§d¥Îm AgwZ
Ë`m nÅ>r Mw§~H$mÀ`m CÎma Y¥dmnmgwZ gwé hmoD$Z X{úmU Y¥dmda
g§nVmV. amOHw$_maMo H$WZ XþéñV H$éZ úmoÌaofm g§d¥Îm AgVmV
Ago åhUÊ`mgmR>r Vwåhr amOHw$_macm H$moUVo àíZ {dMmaVm?(AS2)

12. AmH¥$Vr Q-6 _Ü`o XmI{dë`m à_mUo H§w§$S>c Am{U nÅ>rM§w~H$ EH$mM
{XeoV McZ H$aVmV. Vw_À`m {_ÌmZo dmX KmVcm H$s, A{^dmh
~XcV Zmhr. Vwåhr Ë`mÀ`mer gh_V Amho H$m? Oa Zgë`mg
Vw_À`m _ZmV H$moUVr g§e` ̀ oVo ? A{^dmh hmoUmè`m ~Xcm{df`r
Vw_À`m e§H$o$ g§~§Yr àíZ ~Zdm?(AS2)

AmH¥$VrAmH¥$VrAmH¥$VrAmH¥$VrAmH¥$Vr- Q6

N

V

C

AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr - Q4 AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr AmH¥$Vr - Q3
xP

Q
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13. X¡Z§{XZ {OdZmV \°$aS>oÀ`m àdV©Z {Z`_mMo H$mhr CXmhaUo Úm? (AS7)
14. H$moUË`m {dÚwV {Z{_©VrÀ`m nÕVrZo {ZgJm©Mo g§ajU hmoVo? Vw_À`m CÎmamMo g_W©Z H$aUmar H$m§hr

CXmhaUo Úm?(AS7)

1. {dÚwV eº$scm `m§{ÌH$ eº$sV é§nmVa H$aUmao [ ]
a) _moQ>ma b) {dÚwV KQ> (battery)
c) O{ZÌ (generator) d) ~Q>Z (switch)

2. `m§{ÌH$ eº$scm {dÚwV eº$sV énm§Va H$aUmao [ ]
a) _moQ>ma b) {dÚwV KQ> (battery)
c) O{ZÌ (generator) d) ~Q>Z (switch)

3. EH$ g_mZ Mw§~H$s` úmoÌmcm c§~ Agcocm {dÚwV àdmh Vma Agcoë`m Vmaoda H$m`© H$aUmao ~c
Amho. ................. [ ]
a) 0 b) ILB
c) 2ILB d) ILB/2

4. EH$ Q>oñbm = [ ]
a) Ý¶yQ>Z/ Hw$b§~ b) Ý¶yQ>Z/ Eånr¶a-‘rQ>a
c) Eånr¶a/‘rQ>a d) Ý¶yQ>Z/ Eånr¶a-goH§$X

5. Mw§~{H$¶ A{^dmh [ ]
a) S>mB©Z b) AmaoñQ>°S>>
c) Jm°g d) do~a

6. {dÚwV dmhH$mV àdm{hV {dÚwV Ymaoda H$moUVohr ~b H$m¶©aV ZgVo O|ìhm Vr [ ]
.............. R>odë¶m OmVo.
a) Mw§~{H$¶ joÌmg g‘m§Va b) Mw§~{H$¶ joÌmg b§~
c) Mw§~{H$¶ joÌmV d) Mw§~{H$¶ joÌmÀ¶m Xþa

1. {dÚwV àdmh dmhþZ ZoUmar Vma M§w~H$s` úmoÌ {Z_m©U H$aVo. ho Vwåhr XomZ H¥$VrìXmao ñnï>
H$am?(AS1)

2. {dÚwV àdmh dmhþZ ZoUmè`m dmhH$mg Mw§~H$s` úmoÌmV R>odë`mg Vo dmhH$ ~cmg AZŵ dVo Ë`mMr
Vwåhr à`moJmìXmao nS>VmiUr H$er H$amc?(AS1)

3. \°$aS>oMm àdV©ZmMm {Z`_ H¥$VrìXmao ñnï> H$am?(AS1)

`mo½` n`m©`r àíZ {ZdS>m`mo½` n`m©`r àíZ {ZdS>m`mo½` n`m©`r àíZ {ZdS>m`mo½` n`m©`r àíZ {ZdS>m`mo½` n`m©`r àíZ {ZdS>m

gwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJ
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gwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJ

4. \°$aS>oMm {Z`_ g_OÊ`mgmR>r Vwåhr H$moUVm à`moJ gwM{dVm? Ë`mgmR>r H$moUH$moUVo CnH$aU
hdo AmhoV? à`moJmMo Mm§Jco n[aUm_ `oÊ`mgmR>r H$moUVo _mJ©Xe©Z H$amc?H$moUVr gmdYmUr
~miJcr nm{hOo?(AS3)

5. {dÚwV n«dmh dmhUmar Vma Mw§~H$s` úmoÌ {Z_m©U H$aVo `mMr à`moJmìXmao nS>VmiUr Vwåhr
H$er H$amc? (AS3)

1. \°$aS>oÀ`m {Z`_mMm dmna H$éZ {dÚwV {Z_uVr H$er hmoVo? `m {df`r _m{hVr Jmoim
H$am?(AS4)

2. gmYr {dÚwV _moQ>ma H$er V`ma H$aVmV? `mgmR>r Amdí`H$ gm_J«r Am{U nÜXVrMr _m{hVr
A§VaOmù`mVwZ Jmoim H$am Am{U Vwåhr ñdV: gmYr {dÚwV _moQ>ma ~Zdm?(AS4)

3. \°$aS>oZr Ho$coë`m à`moJm~Ôc _m{hVr Jmoim H$am? (AS4)
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YmVw {dkmZmMo {Z`_

11
YS>mYS>mYS>mYS>mYS>m

dY©{Z`_ (malleability) VÝ`V (ductility) ÜdZrcúmU (sonarity)  BË`mXr
YmVwÀ`m JwUY_m© {df`r 8 ì`m dJm©V Vwåhr _m{hV Ho$co AmhoV. Amnë`m X¡Z§{XZ
{OdZmV YmVwMo Iwn _hËd Amho. AmnU {d{dY YmVw, {d{dY H$m_mgmR>r dmnaVmo. gmoZo
Am{U Mm§XrMo XmJrZo ~Z{dÊ`mgmR>r, dmhH$mMr Vmao Am{U ^m§S>o ~Z{dÊ`mgmR>r Vm§~o,
cm|IS>, Aë ẁ{_Zr`_ `m YmVw dmnaVmo. AmnU KamV YmVw Am{U YmVwÀ`m {_lUm
nmgwZ ~Zcoë`m AZoH$ dñVw dmnaVmo.
• YmVwnmgwZ ~Zcoë`m H$mhr dñVw Vwåhr gm§Jw eH$Vm H$m?
• X¡Z§{XZ {OdZm_Ü`o AmnU Oo H$mhr YmVw dmnaVmo. VgoM gmaIo YmVw {ZgJm©V

gmnS>VmV H$m?
• YmVwH$ IZrO Am{U YmVw {dkmZ gmaIo eãX Vwåhr Ho$ìhm§Var EoH$coV H$m?
• ho YmVw H$go {_iVmV ho Vwåhmcm _m{hV Amho H$m?

`m àíZm§Mo CÎma XoÊ`mgmR>r Vwåhmcm YmVw{dkmZm {df`r _m{hV H$aUo JaOoMo
Amho. `m YS>çmV AmnU YmVw {dkmZmÀ`m g§~§YrV doJdoJù`m H$ënZm Am{U X¡Z§{XZ
{OdZm_Ü`o dmnUmè`m YmVwMo ewÜX én {_i{dÊ`mÀ`m à{H«$`m {df`r MMm© H$aUma
AmhmoV.

“YmVwH$m§ nmgwZ YmVwMo {ZîH$f©U d Ë`mMo ewÜXrH$aU `m à{H«$`og YmVw {dkmZ
(Metallurgy) Ago åhUVmV.

_mZdr` B{VhmgmV _mZd dmnaUmao nXmWm©Zwgma ~«mP ̀ wJ (bronze age) cmoI§S>mMo
ẁJ, (Iron age) gmaIo AmhoV. ~«mP åhUOo Vm§~o Am{U {Q>Z Mo {_ÌYmVw hmo`. gÜ`m

AmT>iUmè`m _wcÐì`mV 75% noúmm OmñV _wcÐì` YmVw AmhoV.

{ZgJm©V YmVwMr Cn[ñWVr {ZgJm©V YmVwMr Cn[ñWVr {ZgJm©V YmVwMr Cn[ñWVr {ZgJm©V YmVwMr Cn[ñWVr {ZgJm©V YmVwMr Cn[ñWVr (Occurrence of the metals in nature)
• {ZgJm©V YmVwMr CnpñWVr H$er AgVo?

YmVwMo _w»` ómoV ^wnQ>c (earth’s crust) Amho. g_wÐmÀ`m nmÊ`mV gwÜXm H$mhr

(Principles of Metallurgy)
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{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am{dMma H$am Am{U MMm© H$am

ÐmdUr` úmma Ogo gmoS>r`_ ŠcmoamBS> Am{U _°¾o{e`_ ŠcmoamBS> BË`mXr H$_r A{^{H«$`merc
åhUwZ H$mhr YmVw Ogo gmoZo (Au), Mm§Xr (Ag) Am{U Vm§~o (Cu)  ho {ZgJm©V _wº$
pñWVrV AmT>iVmV. OmñV A{^{H«$`m{ecVo _wio BVa YmVw _moR>çm à_mUmV {_l énmV
{ZgJm©V gmnS>VmV. ^wnQ>cmda {ZgJm©_Ü`o gmnS>Umao YmVwMo _wcÐì` qH$dm g§`wJmZm
I{ZOo (minerals)  åhUVmV. H$mhr {R>H$mUr {d{eï> YmVwMo I{ZOo _moR>çm n«_mUmV
AgVmV. Am{U {VWwZ YmVw H$mT>Uo Iwn \$m`ÚmMo R>é eH$Vo. Aem àH$mao YmVw
{_i{dÊ`mgmR>r AZwHw$c I{ZOtZm YmVwH$ (ores)  Ago åhUVmV.

CXmhaUmW© ̂ wnQ>cmda Agcocm gmYmaU YmVw Aë ẁ{_Zr`_ Amho. ~aoMí`m I{ZOm
_Ü`o Cn[ñWV AgVo. Var ̀ m§Zm I{ZOmVwZ H$mT>Uo VodT>o cm^Xm`H$ Zmhr. gmYmaUVm:
Aë ẁ{_Zr`_ {ZîH$f©U AË §̀V cm^Xm`H$ Agcoë`m YmVwH$ ~m°ŠgmBQ> Amho. åhUwZ
Aë ẁ{_Zr`_ Mo YmVwH$ ~m°ŠgmBQ> Amho. `m _Ü ò 50-70% Aë ẁ{_Or`_ AmŠgmB©S>
(aluminium oxide ) AgVo.

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr 1
Imcrc YmVw§H$Zm nmhm.
àË`oH$ YmVwH$ _Yrc Cn[ñWV YmVwcm AmoiIm.

Vº$mVº$mVº$mVº$mVº$m - 1

•  “gd© YmVwH$ ho I{ZO AmhoV nU gd© I{ZOo YmVwH$ hmoUo JaOoMo Zmhr?” `m
{dYmZmer Vwåhr gh_V AmhmV H$m? H$m?

ORE gwÌgwÌgwÌgwÌgwÌ        YmVw       YmVw       YmVw       YmVw       YmVw ORE gwÌgwÌgwÌgwÌgwÌ        YmVw       YmVw       YmVw       YmVw       YmVw

~m°ŠgmB©Q> (Al2O3 2H2O)   Al

H$m°na Am`aZ nm`amBQ> (CuFeS2)   Cu

 qPH$ ãc|S> (ZnS)   Zn

_°¾ogmBQ> (MgCO3)   Mg

 Bßgmo_ úmma (MgSO4 7H2O)  Mg

hm°Z© {gëda (AgCl)   Ag

nm`amocwgmB©Q> (MnO2)   Mn

{h_mQ>rQ> (Fe2O3)   Fe

qPH$mBQ> (ZnO)   Zn

am°H$ gm°ëQ> (NaCl)   Na

{gZm~ma (HgS)   Hg

 _°¾oQ>mB©Q> (Fe3O4)   Fe

J°coZm (PbS)   Pb

{Oßg_                (CaSO4 2H2O)       Ca

cmB©_ ñQ>moZ (CaCO3)   Ca

H$mZm©cmB©Q>      (KCl MgCl2 6H2O)      Mg
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AmVm Imcrc VŠË`mV Ë`m§Mo dJuH$aU H$am.
Vº$m Vº$m Vº$m Vº$m Vº$m  - 2

• Vº$m -1 _Ü ò Agcoë`m YmVwH$m _YwZ Amnë`mcm H$moUË`m YmVw {_iVmV?
• `m YmVwZm Ë`m§À`m A{^{H«$`m {ecVmÀ`m H«$_mV Vwåhr aMZm H$é eH$Vm H$m?
• Vº$m -2 _Ü`o Vwåhmcm H$m` {Z[aúmUmg Amco?

~aoMí`m YmVwMo YmVwH$ ho AmŠgmBS>g Am{U gë\$mBS>g Amho ho Vw_À`m {Z[aúmUmg
`oVo. åhUwZ AmŠgrOZ - gë\$a (16 do JQ>) JQ>mcm MmcH$moOZ Hw§$Qw>§~ (chalcogen
family) åhUVmV.(MmcH$mo- YmVwH$, OZg= CËnÞ Pmcoco)

K, Na, Ca, Mg Am{U Al gmaIo YmVw OmñV A{^{H«$`m{ec Agë`m_wio Vo
{ZgJm©V _wº$ {ñWVrV Ho$ìhm§hr gmnS>V ZmhrV.

Zn, Fe, Pb  BË`mXr gmaIo YmVw _`m©XrV A{^{H«$`m{ec AgVmV. Vo ̂ wnQ>cmda
_w»`Ëdo AmŠgmBS>g, gë\$mB©S>g Am{U H$m~m}ZoQ>g _Ü ò gmnS>VmV.

 Au, Ag gmaIo YmVw Iwn H$_r A{^{H«$`m {ec AgVmV. åhUwZ Vo {ZgJm©V _wº$
pñWVrV AmT>iVmV.

A{^{H«$`m{ecVm À`m AmYmamda YmVw§Zm Imcr XmI{dë`mà_mUo CVaË`m H«$_mV
aMZm H$é eH$Vmo.

   K, Na, Ca, Mg, Al       Zn, Fe, Pb, Cu       Ag, Au
–––––––––––––––       –––––––––––––––           –––––––––––––
        OmñV A{^{H«$`m{ecVmOmñV A{^{H«$`m{ecVmOmñV A{^{H«$`m{ecVmOmñV A{^{H«$`m{ecVmOmñV A{^{H«$`m{ecVm                     _`m©XrV A{^{H«$`m{ecVm_`m©XrV A{^{H«$`m{ecVm_`m©XrV A{^{H«$`m{ecVm_`m©XrV A{^{H«$`m{ecVm_`m©XrV A{^{H«$`m{ecVm                  H$_r A{^{H«$`m{ecVmH$_r A{^{H«$`m{ecVmH$_r A{^{H«$`m{ecVmH$_r A{^{H«$`m{ecVmH$_r A{^{H«$`m{ecVm

• YmVwZm Ë`mÀ`m YmVwH$ nmgwZ H$go {_i{dVmV `mMm {dMma H$é eH$Vm H$m?
• YmVwÀ`m {ZîH$f©UmV YmVw A{^{H«$`m{ecVmcm YmVwH$À`m àH$mamV (AmŠgmBS>,

gë\$mBS>g, ŠcmoamBS>g, H$m~m}ZoQ>g, gë\o$Q>g ) EImXm g§~§Y Amho H$m?
• I{ZO YmVwH$ nmgwZ YmVwMo {ZîH$f©U H$go homVo?
• H$moUVr nÜXV dmnaVm?

_m{hV H$é `m.

YmVwH$ _YwZ YmVwMo {ZîH$f©U YmVwH$ _YwZ YmVwMo {ZîH$f©U YmVwH$ _YwZ YmVwMo {ZîH$f©U YmVwH$ _YwZ YmVwMo {ZîH$f©U YmVwH$ _YwZ YmVwMo {ZîH$f©U (((((Extraction of metals from the ores)

YmVwZm Ë`mÀ`m YmVwH$m nmgwZ {ZîH$f©U H$aÊ`mV _w»`Ëdo VrZ nm`è`m AmhoV.
I) YmVwH$ g§hVr
II) AewÜX YmVwMo {ZîH$f©U (Extraction of crude metal)
III)YmVwMo ewÜXrH$aU

Am°ŠgmBS>gAm°ŠgmBS>gAm°ŠgmBS>gAm°ŠgmBS>gAm°ŠgmBS>g gë\$mBS>ggë\$mBS>ggë\$mBS>ggë\$mBS>ggë\$mBS>g ŠcmoamBS>gŠcmoamBS>gŠcmoamBS>gŠcmoamBS>gŠcmoamBS>g  H$m~m}ZoQ>g H$m~m}ZoQ>g H$m~m}ZoQ>g H$m~m}ZoQ>g H$m~m}ZoQ>g  gë\o$Q>g gë\o$Q>g gë\o$Q>g gë\o$Q>g gë\o$Q>g
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I.   YmVwH$ g§h_r YmVwH$ g§h_r YmVwH$ g§h_r YmVwH$ g§h_r YmVwH$ g§h_r (Concentration or Dressing of the ore)
O_rZr _YwZ ImUr (mined) ìXmam {_i{dcocr YmVwH$mV$ gmYmaUV: _mVr,

dmiw gma»`m _mcrÝ` Iwn _moR>çm à_mUmV {_giwZ AgVmV.
`m _crZm§Zm I{OZ _mcrÝ`(gangue)  åhUVmV. òWo AmnU eŠ`Vmo OmñVrV

OmñV ewÜX qH$dm OmñV g§hVrMo YmVwH$ {_idw eH$Vmo.
YmVwH$ Mo g§hVr (Enrichment (concentration) of the ore: YmVwH$ cm g§hV

H$aÊ`mgmR>r {d{^Þ ̂ m¡VrH$ nÜXVr dmnaVmV. ~aoMí`m g§X^m©V ̂ m¡VrH$ nÜXVr ìXmam
nm{hOo Zgcoco IS>H$ dñVw _YwZ YmVw g§`wJo doJio H$aUo eŠ` Amho. ̀ mgmR>r \o$g VaU
( froth flotation)  ho EH$ CXmhaU Amho.

YmVwH$ À`m ^m¡{VH$ JwUY_© Am{U _crZ À`m JwUY_m©Vrc \$aH$mda YmVwH$ À`m
g§hVr H$aÊ`mgmR>r H$moUVr ^m¡VrH$ nÜXV dmnamdr ho Adc§~wZ AgVo.

YmVwH$Mo g§hVr

YmVwH$ hmVmZo doJio H$aUo
nmÊ`mZo YwUo
\$og VnU
Mw§~H$mZo doJio H$aUo

amgm`{ZH$ úmnU
ñd§̀  úmnU
{dñWmnU nÜXV
{dÚwV AnKQ>Z úmnU

CÜd©nmVZ
nomctJ
{dVidUo
{dÚwV AnKQ>Zr ewÜXrH$aU

Zo

YmVwH$ _YwZ AewÜX YmVwMo {ZîH$mf©U

OmñV A{^{H«$`m{ecVoMo
YmVw

_Ü`_
A{^{H«$`m{ecVoMo YmVw

H$_r A{^{H«$`m{ecVoMo
YmVw

gë\$mB©S> YmVwH$

^mOUo

úmnU

ewÜXrH$aU
(eg:Ag)

AmŠgmB©S>

YmVw

H$m~m}ZoQ> YmVwH$ gë\$mB©S> YmVwH$

{ZñVmnU ^mOUo

YmVwMo AmŠgmBS>

YmVwMo úmnU

YmVwMo ewÜXrH$aU
(eg. Cu, Zn, etc.,)

AmŠgmB©S>g

{dVicoë`m YmVwH$Mo
{dÚwV AnKQ>Z

YmVw
(eg: Na, Mg, Al, etc.,)

hcmB©Q>g
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nÜXVrMo Zm§dnÜXVrMo Zm§dnÜXVrMo Zm§dnÜXVrMo Zm§dnÜXVrMo Zm§d à{H«$`mà{H«$`mà{H«$`mà{H«$`mà{H«$`m

hmVmZo doJio H$aUohmVmZo doJio H$aUohmVmZo doJio H$aUohmVmZo doJio H$aUohmVmZo doJio H$aUo a§J, AmH$ma gma»`m JwUY_m© _Ü ò Oa YmVwH$ H$UmV {d{^ÞVm
Am{U _crZmV {d{^ÞVm Agë`mg Ë`m JwUY_m©Mm dmna H$éZ
YmVwH$ H$UmV Ë`m§À`mV Agcoë`m _crZm nmgwZ hmVmZo doJio
H$aVmV.

nmÊ`mZo YwUnmÊ`mZo YwUnmÊ`mZo YwUnmÊ`mZo YwUnmÊ`mZo YwUo (Washing) YmVwH$cm ~marH$ MwU© H$éZ H$cË`m n¥ð>^mJmda R>odco OmVo.
déZ ̀ oUmè`m nmÊ`mÀ`m àdmhmV YwVmV. Voìhm H$_r XmQ> Agcoco
_crZ nmÊ`mÀ`m àdmhmV dmhþZ OmVmV. dOZXma ewÜX YmVwH$
H$U VoWo Wm§~VmV.

\o$g VnU\o$g VnU\o$g VnU\o$g VnU\o$g VnU hr nÜXV _w»`Ëdo gë\$mBS> YmVwH$ _YwZ _crZm Zm H$mTw>Z
Q>mH$Ê`mgmR>r Cn`moJmV ̀ oVo. ̀ m à{H«$`oV YmVwH$ cm ~marH$ MwU©
H$éZ hm MwU© nmÊ`mÀ`m Q>~ _Ü ò R>odVmV. `m Q>~ _Ü ò Xm~Z
hdm nmR>dwZ \o$g ~ZdVmV. V`ma Pmcocm \o$g YmVwH$ H$UmZm
da  n¥ð>^mJmda ZoVo Am{U Q>~ À`m Vimcm _crZ Mo H$U
nmohMVmV. \$og doJio H$éZ Ë`mcm YwdwZ YmVwH$ H$U {_i{dVmV.
(AmH¥$Vr 1 nmhm)

Mw§~H$mZo doJio H$aUoMw§~H$mZo doJio H$aUoMw§~H$mZo doJio H$aUoMw§~H$mZo doJio H$aUoMw§~H$mZo doJio H$aUo YmVwH$ qH$dm _crZm _Ü`o Oa EH$ Mw§~H$s` nXmW© Am{U Xþgao
Mw§~H$s` nXmW© Zgoc Va Ë`m§Zm doJio H$aÊ`mgmR>r qdÚwV Mw§~H$mMm
dmna H$aVmV (AmH¥$Vr 2 nmhm)

gë\$mB©S> YmVwH$m
H$UmV \o$g ~wS>~wS>o Xm~ XoUmar

hdm

gë\$mB©S>
YmVwH$ H$U

nmÊ`m_Ü ò
Agcoco nmB©Z

Voc
_crZ

AmH¥$Vr -1: gë\$mB©S> YmVwH$ À`m g§hVrAmH¥$Vr -1: gë\$mB©S> YmVwH$ À`m g§hVrAmH¥$Vr -1: gë\$mB©S> YmVwH$ À`m g§hVrAmH¥$Vr -1: gë\$mB©S> YmVwH$ À`m g§hVrAmH¥$Vr -1: gë\$mB©S> YmVwH$ À`m g§hVr
H$aUmgmR>r \o$g VnU à{H«$`mH$aUmgmR>r \o$g VnU à{H«$`mH$aUmgmR>r \o$g VnU à{H«$`mH$aUmgmR>r \o$g VnU à{H«$`mH$aUmgmR>r \o$g VnU à{H«$`m

YmVwH$ MwU©

Mw§~H$s`
MH«$

hmcMmc H$aUmam
nÅ>m

Mw§~H$s` Zgcoco YmVwH$

Mw§~H$ Zgcoco

MH«$

AmH¥$Vr-2: Mw§w~H$mZo doJio H$aUoAmH¥$Vr-2: Mw§w~H$mZo doJio H$aUoAmH¥$Vr-2: Mw§w~H$mZo doJio H$aUoAmH¥$Vr-2: Mw§w~H$mZo doJio H$aUoAmH¥$Vr-2: Mw§w~H$mZo doJio H$aUo

M§w~H$s` YmVwH$

Table-3

 BVa g§hVr H$aUmè`m nÜXVr Vwåhr daÀ`m dJm©V {eHw$ eH$Vm.

(Hand picking)

(Froth floatation)

(Magnetic separation)
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II   YmVwH$ _YwZ AewÜX YmVwMo {ZîH$f©UYmVwH$ _YwZ AewÜX YmVwMo {ZîH$f©UYmVwH$ _YwZ AewÜX YmVwMo {ZîH$f©UYmVwH$ _YwZ AewÜX YmVwMo {ZîH$f©UYmVwH$ _YwZ AewÜX YmVwMo {ZîH$f©U
YmVwMo Ë`mÀ`m YmVwH$m _YwZ {ZîH$f©U ho YmVwÀ`m A{^{H«$`m{ecVo da AmYméZ

AgVo. Amnë`mcm Iwn n[aMrV Agcoë`m YmVwÀ`m A{^{H«$`{ecVm H«$_mcm _m{hV
H$aÊ`mgmR>r Ë`m YmVwcm W§S> nmUr, nmÊ`mMo dm\$, {dac {Vd« Amåc Am{U Cl2 gmo~V
H$aÊ`mè`m amgm`{ZH$ A{^{H«$`m Mm Aä`mg H$amdo cmJUma. ̀ m {H«$ òV A{^{H«$`m{ecVm
dmT>Uo Am{U H$_r hmoÊ`mÀ`m AmYmamda A{^{H«$`m{ecVm loUrcm R>adw eH$Vmo.
YmVwÀ`m CVaË`m H«$_mV A{^{H«$`m{ecVm déZ YmVwÀ`m aMZocm A{^{H«$`m {ecVoMm
_mcrH$m (activity series)  Ago åhUVmV. (Vº$m -4 nmhm)
A{^{H«$`m{ecVoÀ`m AmYmamda YmVwMo dJuH$aU A{^{H«$`m{ecVoÀ`m AmYmamda YmVwMo dJuH$aU A{^{H«$`m{ecVoÀ`m AmYmamda YmVwMo dJuH$aU A{^{H«$`m{ecVoÀ`m AmYmamda YmVwMo dJuH$aU A{^{H«$`m{ecVoÀ`m AmYmamda YmVwMo dJuH$aU (Reduction of
purified ore to the metal)

EH$m YmVwH$m da {H«$`m H$éZ YmVw_Ü ò ~Xc KS>{dÊ`mgmR>r dmnaÊ`mMr nÜXV
{H«$`m{ecVm _m{cHo$V Ë`m YmVwÀ`m ñWmZmda AmYméZ AgVo.
A) {H«$`m{ecVm _m{cHo$V {ef© ^mJmda Agcoë`m YmVwMo {ZîH$f©U{H«$`m{ecVm _m{cHo$V {ef© ^mJmda Agcoë`m YmVwMo {ZîH$f©U{H«$`m{ecVm _m{cHo$V {ef© ^mJmda Agcoë`m YmVwMo {ZîH$f©U{H«$`m{ecVm _m{cHo$V {ef© ^mJmda Agcoë`m YmVwMo {ZîH$f©U{H«$`m{ecVm _m{cHo$V {ef© ^mJmda Agcoë`m YmVwMo {ZîH$f©U
(Extraction of Metals at the top of the activity series)

(K, Na, Ca, Mg Am{U Al). gma»`m YmVwMo YmVwH$ C, CO  gmo~V VmndÊ`m
gma»`m gmYmaU {H«$`m nÜXVrZm dmnéZ YmVwMo {ZîH$f©U H$aVm `oV Zmhr. `m
{H«$`ogmR>r OmñV Vmn_mZmMr JaO Amho. Am{U Iwn I{M©H$ Amho. IMm©cm H$_r
H$aÊ`mgmR>r {dÚwV AnKQ>Zr nÜXVrMr pñdH$ma H$aVmV. nwÝhm Oc ÐmdUmMo {dÚwV
AnKQ>Z gwÜXm VodT>o gmo`rMo ZgVo H$maU Ë`m ÐmdUmVrc YmVwÀ`m _wcH$m noúmm AJmoXa
H°$WmoS> ^modVr O_m Aà^marV homVo.

`m YmVwZ {ZîH$f©U H$aÊ`mgmR>r ̀ mo½` nÜXVrgmR>r Ë`m§À`m Ðdén g§̀ wJm§Zm {dÚwV
AnKQ>Z H$amdo. CXmhaUmV  NaCl, _YwZ Na Mo {_i{dÊ`mgmR>r Ðì`én NaCl gmo~V
{dÚwV AnKQ>Z cm ñQ>rc H°$WmoS> (cathode (-) Am{U J«m\$mB©Q> A°ZmoS>> (anode (+)
gmo~V {dÚwV AnKQ>Z H$aVmV. H°$WmoS> da YmVw (Na) O_m hmoVo Am{U âcmoamBS> A°ZmoS>
da _wº$ hmoVo.

H°$WmoS> da 2Na+  +  2e–    2Na
A°ZmoS> da 2Cl –    Cl2 + 2e–

darc {dÚwV AnKQ>ZmgmR>r YmVwH$ cm Ðd pñWVrV R>odÊ`mgmR>r OmñV à_mUmV
{dÚVMr JaO AmgVo. YmVwH$ _Ü ò `mo½` Vo _crZ {_idwZ YmVwH$ Mo {dViU {~§Xþ
H$_r Ho$ë`m OmVo.
B)  {H«$`m{ecVm _mcrHo$V _Ü`^mJmV Agcoë`m YmVwMo {ZîH$f©U{H«$`m{ecVm _mcrHo$V _Ü`^mJmV Agcoë`m YmVwMo {ZîH$f©U{H«$`m{ecVm _mcrHo$V _Ü`^mJmV Agcoë`m YmVwMo {ZîH$f©U{H«$`m{ecVm _mcrHo$V _Ü`^mJmV Agcoë`m YmVwMo {ZîH$f©U{H«$`m{ecVm _mcrHo$V _Ü`^mJmV Agcoë`m YmVwMo {ZîH$f©U
(Extraction of metals in the middle of the activity series )

(qPH$, cmoI§S>, {Q>Z, coS>, Am{U Vm§~o ): `m YmVwMo YmVwH$ gmYmaUV: {ZgJm©V
gë\$mamBS>g qH$dm H$m~m}ZoQ>g åhUwZ CnpñWV AgVmV. åhUwZ `m YmVwÀ`m YmVwH$mMo
úmnU H$aÊ`m AJmoXa Ë`m§Zm YmVw AmŠgmBS> _Ü ò énm§Va H$aUo Amdí`H$ Amho.

OmñV hdoV gë\$mB©S> YmVwH$m§Zm Iwn Ja_ H$aÊ`mìXmao AmŠgmBS> _Ü ò énm§Va

(EXTRACTION OF CRUDE METAL FROM THE ORE)
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H$aVmV. `m à{H«$`mcm ^mOUo (roasting) Ago åhUVmV. gmYmaUV: gë\$mB©S>
YmVwH$m§Zm YmVw_Ü ò úmnU H$aÊ`mAJmoXa ̂ mOwZ Ë`m§Zm AmŠgmBS> _Ü ò énm§Va H$aVmV.

CXm.: 2PbS  +  3O2    2PbO  +  2SO2

H$m~©Z gma»`m úmnUH$ Mm dmna H$éZ YmVw AmŠgmBS>VwZ YmVwV úmnU H$aVmV.
i) H$m~©Z gmo~V YmVw AmŠgmBS>Mo úmnU H$m~©Z gmo~V YmVw AmŠgmBS>Mo úmnU H$m~©Z gmo~V YmVw AmŠgmBS>Mo úmnU H$m~©Z gmo~V YmVw AmŠgmBS>Mo úmnU H$m~©Z gmo~V YmVw AmŠgmBS>Mo úmnU (Reduction of metal oxides

with carbon) :  ̂ Å>r _YwZ H$moH$ ìXmam AmŠgmB©S>g H$_r hmoD$Z YmVw Am{U H$m~©Z
_moZmŠgmBS> (carbon monoxide (CO) {_iVo.

                   at 1400 oC
Eg: PbO  + C        ––––––––––>  Pb  +  CO

ii) CO gmo~V YmVwH$ AmŠgmBS>Mo úmnUgmo~V YmVwH$ AmŠgmBS>Mo úmnUgmo~V YmVwH$ AmŠgmBS>Mo úmnUgmo~V YmVwH$ AmŠgmBS>Mo úmnUgmo~V YmVwH$ AmŠgmBS>Mo úmnU

          PmoV ^Å>r_Ü`o
CXm: Fe2O3  +  3CO   ––––––––––––> 2Fe  +  3CO2

iii) gë\$mB©S> YmVwH$Mo ñd`§ úmnU gë\$mB©S> YmVwH$Mo ñd`§ úmnU gë\$mB©S> YmVwH$Mo ñd`§ úmnU gë\$mB©S> YmVwH$Mo ñd`§ úmnU gë\$mB©S> YmVwH$Mo ñd`§ úmnU (Auto (self) reduction of sulphide
ores):  gë\$mBS> YmVwH$ _YwZ Vm§ã`m§À`m {ZîH$f©Um_Ü`o Ë`m YmVwH$m§Zm hdoV WmoS>ogo
^mOwZ AmŠgmBS> _Ü ò ~XcdVmV.

2Cu2S  +  3O2    2Cu2O  +  2SO2

Ooìhm hdoMm nwadR>m ~§X H$aVmo Am{U Vmn_mZmcm dmT>dVmo. AmŠgmBS> gmo~V
gë\$mB©S> A{^{H«$`m H$aVmV Am{U YmVw Am{U SO2 V`ma H$aVmV.

2Cu2O  +  Cu2S    6Cu  +  2SO2

iv)OmñV A{^{H«$`merc YmVw ìXmam YmVwH$ (g§`wJo) Mo úmnU OmñV A{^{H«$`merc YmVw ìXmam YmVwH$ (g§`wJo) Mo úmnU OmñV A{^{H«$`merc YmVw ìXmam YmVwH$ (g§`wJo) Mo úmnU OmñV A{^{H«$`merc YmVw ìXmam YmVwH$ (g§`wJo) Mo úmnU OmñV A{^{H«$`merc YmVw ìXmam YmVwH$ (g§`wJo) Mo úmnU (Reduction
of ores (compounds) by more reactive metals.)

Aë ẁ_rZr`_ gmo~V YmVw AmŠgmBS>À`m A{^{H«$`mV W_m©BQ> à{H«$`mMm g_mdoe
AgVmo. Ooìhm gmoS>r`_, H°$ëer`_, Aë ẁ{_Zr`_ gmaIo OmñV A{^{H«$`m{ec YmVw
úmnUH$ åhUwZ dmnaVmo Vo g§`wJm _YwZ H$_r A{^{H«$`mercVmÀ`m YmVwZm ñWmcm§Va
H$amd`mg cmdcmV. hr {dñWmnU A{^{H«$`m gmYmaUV: AVr Cî_múmonr(highly
exothermic) AgVo. hr A{^{H«$`m EodT>r OmñV CîUcm CËgOuV H$aV OmVo H$s,
V`ma hmoUmao YmVw Ðd(molten state)  pñWVrV AgVmV.

                                              850 oC
Eg: TiCl4  +  2Mg   ––––––––––––>Ti + 2MgCl2

         850 oC
      TiCl4  +  4Na   ––––––––––––>  Ti + 4NaCl
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cmoI§S> (III) AmŠgmBS> (Fe2O3) ho Aë ẁ_rZr`_ gmo~V {H«$`m Ho$ë`mZ§Va {_imcocò m
ÐdmZo aoëdo éimÀ`m H$RS²>>çmcm O$moS>Ê`mgmR>r qH$dm `§Ìm_Ü`o VwQ>coë`m ^mJmZm
OmoS>Ê`mgmR>r Cn`moJ hmoVmo. ̀ m {H«$ òcm W_m©BQ> {H«$`m (thermite reaction) åhUVmV.

2Al + Fe2O3   Al2O3 + 2Fe  +  CîUVm
2Al + Cr2O3   Al2O3 + 2Cr  +  CîUVm

C) A{^{H«$`m {ecVm loUrMo Vimcm Agcoë`m YmVwMo {ZîH$f©U A{^{H«$`m {ecVm loUrMo Vimcm Agcoë`m YmVwMo {ZîH$f©U A{^{H«$`m {ecVm loUrMo Vimcm Agcoë`m YmVwMo {ZîH$f©U A{^{H«$`m {ecVm loUrMo Vimcm Agcoë`m YmVwMo {ZîH$f©U A{^{H«$`m {ecVm loUrMo Vimcm Agcoë`m YmVwMo {ZîH$f©U (Extraction
of metals at the bottom of the activity series) (Ag, Hg BË`mXrBË`mXrBË`mXrBË`mXrBË`mXr)

A{^{H«$`m{ecVm loUrV Vimcm Agcoë`m YmVw _wº$ pñWVrV AgVmV. Ë`m§Mr
A{^{H«$`m {ecVm BVa AUw noúmm Iwn H$_r Amho. åhUwZ Aem YmVwÀ`m AmŠgmBS> Zm
CîUVm XoD$Z YmVw _Ü ò úmnU H$é eH$VmV Am{U H$mhr doim Oc ÐdUmVwZ {dñWmnU
H$amd`mg cmdVmV.

i) nmè`mMo YmVwH$ {gÞm~ma  (HgS) cm Ooìhm hdoV Vmn{dVmo Voìhm Vo gwédmVrcm
(HgO) _Ü`o énm§VarV hmoVo Am{U Z§Va nwÝhm Vmn{dë`mZo nmè`mMo úmnU hmoVo.

Eg: 2HgS  +  3O2  ––––>  2HgO  +  2SO2 ––––> 2HgO  –––> 2Hg  +  O2    CîUVm                                       CîUVm                   CîUVm

ii) OcÐdmUm _YwZ {dñWmnU
CXm: Ag2S  +  4CN-   2[Ag(CN)2]

-  +  S2-

       2[Ag(CN)2]
- (aq) +  Zn(s)  [Zn(CN)4]

2- (aq) +  2Ag (s)
òWo KCN ÐmdUm_Ü ò Ag2S  cm {dVidwZ S>m`gm`ZmoAaOZoQ> (dicyanoargentate)

(I) Am`ZmZm qPH$ S>ñQ> MwU© gmo~V {H«$`m H$éZ Ag  cm AdúmonU énmV {_i{dVmV.
III. AewÜX YmVwMo ewÜXrH$aU AewÜX YmVwMo ewÜXrH$aU AewÜX YmVwMo ewÜXrH$aU AewÜX YmVwMo ewÜXrH$aU AewÜX YmVwMo ewÜXrH$aU (Purification of the crude metal)

YmVwH$À`m úmnU ìXmao {_iUmao YmVw gmYmaUV: YmVwH$mV énm§Va Z Pmcooco _crZ
YmVwH$mVrc BVa YmVw Am{U YmVwH$ _Yrc F$U Am`Z _YwZ AYmVw AgVmV.

CXmhaUmW©, H$m°nacm Ë`mÀ`m gë\$mBS> YmVwH$ Agcoë`m H$m°na Am`aU nm`amBQ>g
(copper iron pyrites (CuFeS2) _YwZ {_i{dë`mZ§Va Ë`m_Ü ò H$mhr H$m°na gë\$mBS,
cmoI§S>, gë\$a AgVmV. `mcm {dÚwV AnKQ>Zm gmo~V `mo½` nÜXVrZo ewÜX H$aVmV.
AewÜX YmVw nmgwZ ewÜX YmVw {_i{dÊ`mÀ`m ̀ m à{H«$ òcm YmVwMo ewÜXrH$aU (refining)
åhUVmV. YmVwÀ`m ewÜXrH$aUm_Ü`o AZoH$ àH$maÀ`m à{H«$`m AgVmV. H$mhr
ewÜXrH$aUmÀ`m nÜXVr Imcr {Xcoë`m AmhoV.

AmH¥$Vr-3(A)AmH¥$Vr-3(A)AmH¥$Vr-3(A)AmH¥$Vr-3(A)AmH¥$Vr-3(A) AmH¥$Vr-3(~)AmH¥$Vr-3(~)AmH¥$Vr-3(~)AmH¥$Vr-3(~)AmH¥$Vr-3(~) AmH¥$Vr-3(H$)AmH¥$Vr-3(H$)AmH¥$Vr-3(H$)AmH¥$Vr-3(H$)AmH¥$Vr-3(H$)
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a) CÜd©nmVZ(Distillation)  (b) nmoctJ   (c) {dVi{dUo (Liquation)  (d) {dÚwV AnKQ>Zr
{Xcoë`m YmVwMo ewÜXrH$aU H$aÊ`mgmR>r YmVwMo ñd^md Am{U Ë`m _Ü`o Agcoë`m

_crZm da AmYméZ AgVo H$s, H$moUVr à{H«$`m ñdrH$mamdr?
a) CÜd©nmVZ CÜd©nmVZ CÜd©nmVZ CÜd©nmVZ CÜd©nmVZ (Distillation):  qPH$ Am{U nmè`m gmaIo H$_r CËH$cZ YmVw

(low boiling metals)  OmñV CËH$cZ YmV§wZm (high boiling metals) _crZ {_iwZ
Agcoë`m Ë`m YmVwÀ`m ewÜXrV hr nÜXV Iwn Cn òmJr nS>Vo. Ðd pñWVrV Agcoë`m
{ZîH$fuV YmVw CÎH$cZ H$éZ ewÜX YmVw {_i{dVmV.

b) nmocr§J nmocr§J nmocr§J nmocr§J nmocr§J (Poling): Ðd pñWVrVrc YmVwZm [haì`m cmH$S>mÀ`m H$mS>çmZo
Mm§Jco T>diVmV. Ago H$aÊ`mìXmao _crZ dm ẁ énmV ~mhoa {ZKVmV qH$dm AewÜX
YmVwMr _ir Ðdén YmVwÀ`m n¥ð>^mJmda V`ma hmoVo. nwirXma Vm§~o `m nÜXVrZo ewÜX
Ho$co OmVo. cmH$S>mVwZ úmnUH$ dm`w ~mhoa nSw>Z Vm§~mÀ`m AmŠgrS>oeZ cm à{V~§Y
nS>Vo.

c) {dVi{dUo {dVi{dUo {dVi{dUo {dVi{dUo {dVi{dUo (Liquation): `m nÜXVrV {Q>Z gma»`m  H$_r {dViU YmVwZm
Ja_ H$éZ H$cË`m n¥ð>^mJmda gaHo$c Ago H$aVmV. Voìhm YmVw {dViwZ Imcr
`oÊ`mìXmao OmñV {dViU _crZm nmgwZ Vo doJio Ho$ë`m OmVo.

d) {dÚwV AnKQ>Zr ewÜXrH$aU {dÚwV AnKQ>Zr ewÜXrH$aU {dÚwV AnKQ>Zr ewÜXrH$aU {dÚwV AnKQ>Zr ewÜXrH$aU {dÚwV AnKQ>Zr ewÜXrH$aU (Electrolytic refining) :  `m nÜXVrV
_crZ YmVw (impure metal) Zm YZmJ« (anode) Am{U ewÜX YmVwcm F$UmJ« (cathode)
åhUwZ dmna H$aVmV. {dÚwV AnKQ>Z VmoQ>rV Ë`mM YmVwÀ`m úmma ÐmdU KoVmV.
Amnë`mcm nm{hOo Agcoë`m YmVwÀ`m F$UmJ« da ewÜX pñWVrV O_m hmoVo. _crZ
YZmJ« åhUwZ YZmJ« da Q>moH$mV nmohMVmV.

YZmJ« YZmJ« YZmJ« YZmJ« YZmJ« :   M     Mn+   +   ne-

F$UmJ«F$UmJ«F$UmJ«F$UmJ«F$UmJ«: Mn+   +   ne-     M
(M = ewÜX YmVw )

òWo n = 1,2,3, ...
`m {dÚwV AnKQ>Zr nÜXVrMm H$m°na

ewÜXrH$aUmgmR>r hmoVmo.
 ̀ mgmR>r AewÜX H$m°nacm YZmJ« åhUwZ

ewÜX H$m°nacm F$UmJ« åhUwZ KoVmV. H$m°na
gë\o$Q> Amåc ẁº$ ÐmdU hm {dÚwV AnKQ>Zr hmò . ewÜXénmVrc H$m°na {dÚwV AnKQ>Zr
{ZH$mcmV YZmJ«  Vo F$UmJ« Ago ñWmZm§Va hmoVo.

YZmJ«YZmJ«YZmJ«YZmJ«YZmJ«: Cu   Cu2+   +   2e-

F$UmJ«F$UmJ«F$UmJ«F$UmJ«F$UmJ«: Cu2+   +   2e-     Cu
ÐmdUmV ÐmdUr` _crZ amhþZ OmVmV. nwirXma Vm§ã`m _YwZ {_imcoco ÐmdUr`

_crZ YZmJ« À`m VimV nmohmMVmV. `m YZmJ«mV A°Q>mo_moZmo, goco{Z`_, Q>ocrar`_,
gmoZo, Mm§Xr Am{U ßcmQ>r{Z`_ gmaIo _wcÐd AgVmV. `m§Zm nwÝhm {_i{dUo WmoS>o
I{M©H$ Amho.

Pr§H$cm `m àH$mao gwÜXm ewÜX H$aVm `oVmo.

AmH¥$Vr-4: H$m°naÀ`m {dÚwV AnKQ>ZAmH¥$Vr-4: H$m°naÀ`m {dÚwV AnKQ>ZAmH¥$Vr-4: H$m°naÀ`m {dÚwV AnKQ>ZAmH¥$Vr-4: H$m°naÀ`m {dÚwV AnKQ>ZAmH¥$Vr-4: H$m°naÀ`m {dÚwV AnKQ>Z
ewÜXrH$aUmgmR>r _m§S>cocm à`moJewÜXrH$aUmgmR>r _m§S>cocm à`moJewÜXrH$aUmgmR>r _m§S>cocm à`moJewÜXrH$aUmgmR>r _m§S>cocm à`moJewÜXrH$aUmgmR>r _m§S>cocm à`moJ
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J§OUo J§OUo J§OUo J§OUo J§OUo (Corrosion )
cmoI§S> (Am`aU AmŠgmBS>) Mo J§OUo, Mm§Xr ({gëda AmŠgmBS>) Mo Vm§~aUo H$m°na

(H$m°na H$m~m}ZoQ>) Am{U ~«m§P da {haì`m WamMr dmT> ho J§OÊ`mMr H$mhr CXmhaUo
AmhoV.
• J§OUo H$m KS>Vo, ho Vwåhmcm _m{hV Amho H$m`?

_m{hV H$é `m.

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr  2
• VrZ n[aúmm Zù`m KoD$Z Ë`m àË`oH$m _Ü`o cmoI§S>mMo ñdÀN> {Iio R>odm.
• `m n[aúmm ZitZm  A,B Am{U C ho Zmd Úm.  A n[aúmm ZirV H$mhr nmUr AmoVm

Am{U ~wMmZo Vo ~§X H$am.
• B n[aúmm ZirV CH$icoco {S>ñQ>rcrS> nmUr AmoVm Ë`m _Ü`o gw_mao 1 _r.cr. Voc

{_idm Am{U ~wMmZo ~§X H$am. nmÊ`mda Voc Va§JVo Am{U nmÊ`mV hdocm
{_gù`mg n«{V~§Y H$aoc.
• n[aúmm Zir C _Ü ò H$mhr AZh>m`S´>g H$ëer`_
ŠcmoamBS> R>odm. Am{U ~wMmZo ~§X H$am. hdo nmgwZ H$mhr
AmÐ©Vm Agoc Va Vo AZmS>m`S´>g H$ë`er`_ ŠcmoamBS>
emofU H$éZ KoVo. `m n[aúmm ZirZm H$mhr {Xdg VgoM
amhþ Úm Am{U Z§Va {ZaúmU H$am (AmH¥$Vr nmhm)

n[aúmm Zir A _Yrc cmoI§S>mMm {Iim J§Ococm
{Xgoc nU  BAm{U C n[aúmm Zir _Yrc {Iim J§Ococm
{XgUma Zmhr Ago Vw_À`m {Z[aúmUmg `oB©c. n[aúmm
Zir  A _Yrc {Iim, nmUr Am{U hdm `m XmoÝhr _Ü`o
CKS>o Amho. n[aúmm Zir  B _Yrc {Iim \$º$ nmÊ`m
_Ü`o CKS>m Amho Am{U n[aúmm Zir C _Yrc {Iim
H$moaS>çm hdo_Ü ò CKS>o Amho.

•  cmoI§S>mÀ`m dñVw J§OÊ`mgmR>r Amdí`H$ n[apñWVr {df`r hm H¥$Ë` H$m` gm§JV Amho
YmVw§À`m J§OÊ`m_Ü ò gmYmaUV: AmŠgrOZ BcoŠQ´>mZ J_mdë`m _wio AmŠgmBS>
V`ma  hmoÊ`mìXmao YmVwMo AmŠgrS>H$aU hmoVo. nmUr Am{U hdoÀ`m CnpñWVrV
cmoI§S> J§OVo.
J§OUo hm EH$ amgm`{ZH$ emómV Iwn AdKS> ~m~ Amho. `mcm EH$ {dÚwV
amgm`{ZH$ KQ>Zm åhUwZ g_OVmV. cmoI§S>mÀ`m dñVwÀ`m n¥îR>^mJmda EH$ {d{eï>
úmoÌmV J§OUo à{H«$`m hmoVm§Zm {VWo AmŠgrS>rH$aU hmoD$Z Vo úmoÌ A°ZmoS> åhUwU
dmdaVo. `mcm A{^{H«$`oV AmnU Ago {chþ eH$Vmo.
A°ZmoS> A°ZmoS> A°ZmoS> A°ZmoS> A°ZmoS> :    2Fe(s)     2Fe2+   +   4e–

Boiled
distilled water

Anhydrous
calcium chloride

Water

Rusty
iron
nails

Air Air Dry
air

Layer
of oil

AmH¥$Vr-5: cmoI§S> J§OÊ`mÀ`mAmH¥$Vr-5: cmoI§S> J§OÊ`mÀ`mAmH¥$Vr-5: cmoI§S> J§OÊ`mÀ`mAmH¥$Vr-5: cmoI§S> J§OÊ`mÀ`mAmH¥$Vr-5: cmoI§S> J§OÊ`mÀ`m
g§X^m©cm n[aúmU H$aUog§X^m©cm n[aúmU H$aUog§X^m©cm n[aúmU H$aUog§X^m©cm n[aúmU H$aUog§X^m©cm n[aúmU H$aUo
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`m A°ZmoS> déZ {ZKmcoco BcoŠQ´>mÝg YmVw _YwZ Xwgè`m úmoÌmV OmD$Z hm`S´>moOZ
Am`Z  H+ À`m CnpñWVrV AmŠgrOZ Mo úmnU H$aVo. (hdoV Agcoco H$m~©Z S>m`AmŠgmBS>
dmVmdaUmVrc AmÐ hdoV Agcoë`m nmÊ`mV {_gië`m _wio V`ma hmoUmao H2CO3

déZ  H+ {_iVo åhUwZ g_OVo. VodT>oM ZgwZ dmVmdaUmVrc Amåc AmŠgmBS> nmÊ`mV
{_gië`mZo hm`S´>moOZ Am`Z {_iVmV) hm úmoÌ H°$WmoS> åhUwZ dmdaVmo. hr A{^{H«$`m
Aer {chþ eH$Vmo.

H°$WmoS> H°$WmoS> H°$WmoS> H°$WmoS> H°$WmoS> :   O2(g)   +   4H+ (aq)  +  4e-   2H2 O(l)

EHw$U A{^{H«$`m : 2Fe(s)+O2(g)+4H+
(aq)  2Fe2+

(aq)+2H2O(l)

dmVmdaUmVrc AmŠgrOZ Zo \o$aO Am`Ýg AmŠgrS>rH$aU hmoD$Z \o$arH$ Am`Ýgcm
énm§Va hmoD$Z hm`S´>oQ>S> \o$arH$ AmŠgmBS>  (Fe2O3.XH2O) énmV J§OmV énm§Va hmoVo.

J§OÊ`mcm à{V~§Y J§OÊ`mcm à{V~§Y J§OÊ`mcm à{V~§Y J§OÊ`mcm à{V~§Y J§OÊ`mcm à{V~§Y (Prevention of corrosion)

J§OÊ`mcm à{V~§Y KmcUo _hËdmMo Amho. hr \$º$ n¡em§Mr ~MV H$aV ZgwZ
AnKmVmZm§ gwÜXm Q>miVo. Ogo nwc H$mogiUo qH$dm Mmã`m gma»`m dñVw J§OÊ`mìXmao
Mmã`m Iam~ hmoUo.

YmVwÀ`m dñVw§Mm n¥ð>^mJ dmVmdaUmÀ`m g§nH$m©V `oD$ Z XoUo, J§OÊ`mcm à{V~§Y
KmcÊ`mgmR>r EH$ gmonr nÜXV Amho. `mgmR>r n¥ð>^mJmcm H$emZo Var PmHw$Z R>odmdo
qH$dm H$mhr amgm`Zo Zo Ë`mcm a§J cmdmdm. (CXm. ~m`gnoZm°c)

H$_r A{^{H«$`m{ecVm Agcoë`m dmVmdaUmV Vo A{^{H«$`m H$éZ YmVwcm dmM{dUmao
YmVw (Sn, Zn BË`mXr )  gma»`m YmVwMo AmdaU MT>dUo. hr EH$ Xþgar gmonr nÜXV
Amho.

{dÚwV amgm`Z nÜXVrV,  Mg, Zn gmaIo YmVw BcoŠQ´>mS> ñdV: J§OVo nU dñVwcm
J§OÊ`m nmgwZ dmMdVo.

AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?
EH$m YmVwÀ`m JwUY_m©§Zm d¥ÜXr H$aÊ`mgmR>r Ë`mcm {_l YmVwV énm§Va H$aUo ho EH$ Mm§Jcr

nÜXV Amho. `m nÜXVrìXmao YmVw _Ü`o nm{hOo Agcocm JwUY_© AmnU {_i{dVmo. CXmhaUmW©
cmoI§S> hm OmñV dmnaUmam YmVw Amho. nU Vo Ho$ìhm§hr ewÜX pñWVrV dmnaV  ZmhrV. H$maU
ewÜX cmoI§S> hm Iwn _D$ Am{U Vmn{dco AgVm cdH$a VmUVmo. nU WmoS>çm à_mUmV H$m~©Z,
cmoI§S> gmo~V {_lU Ho$co Va Vo KÅ> Am{U _O~wV ~ZVo. Ooìhm cmoI§S>mMo {ZHo$c Am{U H«$mo_r`_
gmo~V {_lU Ho$co Va Amnë`mcm ñQ>oZcog pñQ>c {_iVo, Oo J§OV Zmhr. ewÜX gmoÝ`mcm 24
H°$aoQ> Mo gmoZo åhUwZ AmoiIVmV, Oo Iwn _D$ AgVo. åhUwZ XmJrZo ~Z{dÊ`mgmR>r Vo `mo½`
ZgVo. ho Vm§~o qH$dm Mm§Xr gmo~V {_lU hmoD$Z H${R>U ~ZVo. gmYmaUV: ^maVm_Ü ò XmJrZo
~Z{dÊ`mgmR>r 22 H°$aoQ>Mm gmoZo dmnaVmV. åhUOo `mMm AW© Agm Amho H$s, ewÜX gmoÝ`mZo 22
^mJ ho Vm§~o qH$dm M§mXrÀ`m 2 ^mJm gmo~V g_rl Pmco AmhoV.
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AmH¥$Vr-6: PmoVAmH¥$Vr-6: PmoVAmH¥$Vr-6: PmoVAmH¥$Vr-6: PmoVAmH¥$Vr-6: PmoV
^Å > r^Å > r^Å > r^Å > r^Å > r

Skip
car

Charge
hoppers

Waste
gases

Alternating
layers of iron
ore and coke

Hot air

Molten iron

∼200 oC

∼700 oC

∼1200 oC
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YmVw {dkmZ _Ü`o dmnaV Agcoco BVa H$mhr _hËdmÀ`m à{H«$`mYmVw {dkmZ _Ü`o dmnaV Agcoco BVa H$mhr _hËdmÀ`m à{H«$`mYmVw {dkmZ _Ü`o dmnaV Agcoco BVa H$mhr _hËdmÀ`m à{H«$`mYmVw {dkmZ _Ü`o dmnaV Agcoco BVa H$mhr _hËdmÀ`m à{H«$`mYmVw {dkmZ _Ü`o dmnaV Agcoco BVa H$mhr _hËdmÀ`m à{H«$`m
(A few important processes used in metallurgy)

{dJmcZ H$aUo {dJmcZ H$aUo {dJmcZ H$aUo {dJmcZ H$aUo {dJmcZ H$aUo (Smelting):  {dJmcZ hr CÎm_ amgm`{ZH$ à{H«$`m Amho. Á`m
_Ü ò YmVwH$ gmo~V {demoYH$ (flux) {_l hmoD$Z Amho Am{U B§YZZo Iwn {Vd« nUo
Vmn{dcoco Amho. CîUVm Iwn OmñV Agë`mZo YmVwH$ Mo YmVw_Ü`o úmnU hmoVo Am{U YmVw
ÐdñWrVrV {_iVo. {dJmcZ à{H«$`m hmoVm§Zm YmVwH$ _Yrc _crZ {demoYH$ gmo~V
A{^{H«$`m H$éZ YmVwMr AewÜX _ir V`ma hmoD$Z {ZKwZ OmVo. ho_mQ>mB©Q> ( haematite
(Fe2O3) YmVwH$ gmR>r H$moH$ hm B§YZ åhUwZ dmnaVmV Am{U cmB©_ ñQ>moZ (lime stone

(CaCO3)  hm {demoYH$ åhUwZ dmnaVmV. {dJmcZ
à{H«$`m hr {d{eï> nUo ~m§Ycoë`m ^Å>rV Ho$ë`m OmVo.
`mcm PmoV ^Å>r (blast furnace) åhUVmV.

^Å>rÀ`m AmV_Yrc A{^{H«$`m
2C(s)   +   O2 (g)   ––––>  2CO(g)Fuel

Fe2O3(s)   +   3CO(g)   ––––>  2Fe(l)   +   3CO2(g)
haematite

CaCO3(s)              ––––>  CaO(s)   +   CO2 (g)
Limestone(flux)                          lime

CaO(s)   +   SiO2(s)   ––––>   CaSiO3(l)
Lime              silica(gangue)              calcium silicate(slag)

^mOUo ^mOUo ^mOUo ^mOUo ^mOUo (Roasting) : ^mOUo ho CÎm_ amgm`{ZH$
à{H«$`m Amho Á`m_Ü`o YmVwH$ cm Ë`mÀ`m {dViU q~XþÀ`m
Imcr, hdm qH$dm AmŠgrOZ À`m CnpñWV Vmndë`m
OmVo. `m à{H«$`o _Ü`o CËnÞ Pmcoco nXmW© gwÜXm KZ
pñWVrV AgVmV. (gë\$mBS> YmVwH$ nmgwZ YmVw AmŠgmBS>
gmaIo.) gmYmaUV: ^mOÊ`mgmR>r [ada~oaQ>r ^Å>r
(reverberatory furnace) dmnaVmV.

2ZnS(s)   +   3O2(g)   ––––>  2ZnO(s)   +    2SO2(g)
zinc blende
{ZñVmnU {ZñVmnU {ZñVmnU {ZñVmnU {ZñVmnU (Calcination) :  {ZñVmnU ho EH$ CÎm_

amgm`{ZH$ à{H«$`m Amho Á`m _Ü`o YmVwHcm hdoÀ`m
AZwnpñWV Vmndë`m OmVo. ̀ m à{H«$ ò _Ü ò YmVwH$ gmYmaUV:
AnKQ>Z hmoVmo.

Eg: MgCO3(s)       MgO(s)   +   CO2(g)

CaCO3(s)         CaO(s)   +   CO2(g)
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_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX

I{ZOo, YmVwH$, \o$g VnU, W_m©BQ> à{H«$`m, CÜd©nVZ, nomctJ,
{dVi{dUo, {dÚwV AnKQ>Ur, ewÜXrH$aU, {dJmcZ H$aUo, ̂ mOUo,

{ZñVmnU, PmoV ̂ Å>r, [ada~oQ>ar ̂ Å>r

{demoYH$ {demoYH$ {demoYH$ {demoYH$ {demoYH$ (Flux): YmVwH$ _Yrc _crZcm H$mT>Ê`mgmR>r YmVwH$ _Ü ò ~mhoéZ
EH$ nXmW© {_i{dcm OmVmo. Ë`mcm {demoYH$ åhUVmV. _crZ (gangue) SiO2

gmaIo Amåc nXmW© Agoc Va Ë`mcm {demoYH$ åhUwZ CaO  gmaIo nXmW© dmnaVmV.
Am{U FeO gmaIo _wc ñd^mdmV _crZ Agoc Va Ë`m_Ü ò SiO2 gmaIo Amåc
{demoYH$ {_idVmV.

CaO(s)   +     SiO2(s) ––––>   CaSiO3(l)
flux                  silica(gangue) calcium silicate(slag)

FeO(s)   +   SiO2(s) ––––>   FeSiO3(l)
gangue              flux calcium silicate(slag)

• YmVw {dkmZ _Ü`o ^Q²>Q>rMr ^w{_H$m H$moUVr Amho?
• Vo OmñV à_mUmVrc CîUVocm ghZ H$go H$aVmV?
• gd© ^Q²>Q>rMr aMZm gmaIr AgVo H$m?

nmhþ `m.
^Å>r ^Å>r ^Å>r ^Å>r ^Å>r (Furnace) :  YmVw {dkmZ _Ü ò

CÎmmn amgm`{ZH$ à{H«$`m H$aÊ`mgmR>r
^Å>rMm dmna H$aVmV. ^Å>rMo VrZ _w»`
^mJ AmhoV. hmW©  (Hearth)  {M_Ur
(Chimney) Am{U A¾r Imocr (fire box)
AmhoV.

^Q²>Q>rV VmndÊ`mÀ`m CÔoemZo Á`m
OmJoV YmVwH$ cm R>odVmV. Ë`m OmJocm
hmW© Ago åhUVmV.

^Å>r _YwZ {ZH$m_r dm ẁ ~mhoa OmÊ`mgmR>r {M_UrMr dmna H$aVmV. ^Å>r _Ü ò
OiÊ`mgmR>r Á`m OmJoda B§YZ R>odë`m OmVo Ë`m OmJocm A¾r Imocr åhUVmV. PmoV
^Å>r_Ü`o A¾r Imocr Am{U hmW© EH$mM _moR>çm ImocrV AgVmV. OoWo YmVwH$ Am{U
B§YZ R>odco OmVmV. [ada~oaQ>ar ^Q²>Q>r _Ü ò A¾rImocr Am{U hmW© doJdoJio AgVmV.
nU B§YZmÀ`m OiÊ`m_wio V`ma hmoUmar Á`moV hmW© _Yrc YmVwH$cm ñne© H$aVo Am{U
Ë`mcm VmndVo.

CÜd©nmVZ `§Ì ^Å>r _Ü`o hmW© Am{U A¾rImocr _Ü`o n«Ë`úm g§~§Y hmoV Zmhr
Am{U Á`moV nU YmVwH$ cm ñne© H$aV Zmhr.

YmVwH$YmVwH$YmVwH$YmVwH$YmVwH$

hmW©

AmH¥$Vr-7 : [ada~oaQ>ar ^Å>rAmH¥$Vr-7 : [ada~oaQ>ar ^Å>rAmH¥$Vr-7 : [ada~oaQ>ar ^Å>rAmH¥$Vr-7 : [ada~oaQ>ar ^Å>rAmH¥$Vr-7 : [ada~oaQ>ar ^Å>r
A½ZrImocr
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• ^wnQ>cmda {_iUmao _crZ {_giwZ YmVwÀ`m g§`wJocm I{ZOo åhUVmV.
• H$_r IMm©Zo YmVw {_i{dÊ`mgmR>r AZwHw$c I{ZOmcm YmVwH$ Ago åhUVmV.
•  YmVwH$ _Ü ò CnpñWV _crZmZm gangue åhUVmV.
• YmVwH$ _YwZ gangue H$mTw>Z Q>mH$Ê`mgmR>r {_imcoë`m nXmWm©cm {demoYH$  (flux) Ago åhUVmV.
• YmVwÀ`m {ZîH$f©Um _Ü ò VrZ nm`è`m AmhoV. g§hVr H$aU, AewÜX YmVwMo {ZíH$f©U, YmVwMo ewÜXrH$aU
• YmVwH$À`m g§hVr H$aUmV ^m¡{VH$ nÜXVrV pñdH$aVmV Vo hmVmZo doJio H$aUo, nmÊ`mZo YwUo, \o$g

VnU, M§w~H$mZo doJio H$aUo BË`mXr.
• A{^{H«$`m{ecVm _m{cH$m.
• AewÜX YmVwÀ`m {ZîH$f©UmgmR>r dmnaUmè`m nÜXVr {ZñVmnU, ^mOUo, amgm`{ZH$ úmnU, ñd§̀

úmnU, {dñWmnU nÜXV, {dÚwV AnKQ>Zr úmnU.
• hdm qH$dm AmŠgrOZÀ`m AZwnpñWVrVr _Ü ò YmVwH$ cm OmñV Vmn{dÊ`mÀ`m à{H«$ òcm {ZñVmnU

Ago åhUVmV.
• {ZñVmnU hmoV AgVm§Zm H$m~m}ZoQ> hm Ë`mÀ`m AmŠgmBS> _Ü`o énm§Va homVo.
• hdm qH$dm AmŠgrOZÀ`m _wº$ nwadR>çm_Ü ò YmVwcm OmñV Vmn{dÊ`mÀ`m à{H«$ òcm ̂ mOUo åhUVmV.
• {ZñVmnU Am{U ^mOUo ho {ada~oaQ>ar ^Å>r H$aVmV.

g§H$ënZoMo àVrñn§XZg§H$ënZoMo àVrñn§XZg§H$ënZoMo àVrñn§XZg§H$ënZoMo àVrñn§XZg§H$ënZoMo àVrñn§XZ
1. AmŠgmBS> YmVwH$ åhUwZ {ZgJm©V gmnS>Umè`m VrZ YmVw§Mo Zmdo {chm? (AS1)
2. {ZgJm©V _wº$ pñWVrV AmT>iUmè`m VrZ YmVwMo Zmdo {chm. (AS1)
3. YmVw {dkmZ _Yrc YmVwH$ À`m g§hVrH$aUmda {Q>n {chm? (AS1)
4. YmVwH$ åhUOo H$m`? I{ZOmV H$moUË`m AmYmamda YmVwH$ Mr {ZdS> H$aVmV? (AS1)
5. cmoI§S>mÀ`m H$moUË`mhr XomZ YmVwH$ Mo Zmdo {chm? (AS1)
6. {ZgJm©V YmVw H$go AmT>iVmV? H$moUË`mhr XomZ I{ZOm§Mr CXmhaUo Úm? (AS1)
7. \o$g VnU à{H«$`m da cKw {Q>n {chm?  (AS1)
8. YmVwH$À`m g§hVr H$aÊ`mgmR>r AmnU Ho$ìhm M§w~H$mZo doJio H$aÊ`mMr nÜXV dmnaVmV? EH$m

CXmhaUmghrV ñnï> H$am? (AS1)
9. Imcrc n¡H$s àË`oH$mda {Q>n {chm? (AS1)

i) ̂ mOUo      ii) {ZñVmnU     iii) {dJmcZ H$aUo
10. {ZñVmnU Am{U ^mOZo _Ü ò H$m` \$aH$ Amho? àË òH$mgmR>r EH$ CXmhaU Úm? (AS1)
11. Gauge Am{U Slag åhUOo H$m¶?   (AS1)
12. Imcrc à{H«$`m§Mr AmH¥$Vr H$mT>m. i) \o$g VnU   ii) Mw§~H$mZo doJio H$aUo. (AS5)
13. [ada~oQ>arMr gw~H$ AmH¥$Vr H$mTw>Z ^mJmZm Zmdo Úm? (AS5)
g§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZ
1. _°¾o{e`_ hm {H«$`m{ec YmVw Amho. Oa {ZgJm©V Vo ŠcmoamBS> åhUwZ AmT>iV Agoc Va Ë`mÀ`m

{ZîH$f©UmgmR>r úmnU Mr H$moUVr nÜXV `mo½` Amho? (AS2)
2. ewÜX YmVw {_i{dÊ`mgmR>r XomZ nÜXVr gm§Jm? (AS2)

Amnë`m Aä`mgmV gwYmaUm H$amAmnë`m Aä`mgmV gwYmaUm H$amAmnë`m Aä`mgmV gwYmaUm H$amAmnë`m Aä`mgmV gwYmaUm H$amAmnë`m Aä`mgmV gwYmaUm H$am

AmnU H$m` {eH$cmoV?AmnU H$m` {eH$cmoV?AmnU H$m` {eH$cmoV?AmnU H$m` {eH$cmoV?AmnU H$m` {eH$cmoV?
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`mo½` n`m©`r CÎma {ZdS>m`mo½` n`m©`r CÎma {ZdS>m`mo½` n`m©`r CÎma {ZdS>m`mo½` n`m©`r CÎma {ZdS>m`mo½` n`m©`r CÎma {ZdS>m

3. OmñV A{^{H«$`m{ecVm YmVwÀ`m {_i{dÊ`mgmR>r Vwåhr H$moUVr nÜXV gwMdmc? H$m? (AS2)
4. {H«$`m{ecVm _mcrH$m åhUOo H$m`? YmVwÀ`m {ZîH$f©U _Ü ò Vo H$go _XV H$aVo? (AS6)
5. W_m©BQ> à{H«$`m åhUOo H$m`? X¡Z§{XZ {OdZm_Ü`o Ë`mMm Cn`moJ {chm? (AS7)
6. Amnë`m X¡Z§{XZ {OdZm_Ü ò AmnU hmVmZo doJio H$aUo Am{U nmÊ`mV YwdwZ doJio H$aUo ̀ m nÜXVr H$moR>o

dmnaVmo? CXmhaUo Úm. ̀ m CXmhaUm gmo~V YmVwH$mÀ`m g§hVrH$aUmer Vwåhr H$go g~§Y OmoS>Vm?  (AS7)

1. YmVwH$ _Ü ò Agcoë`m _crZmcm  _________ åhUVVm. [ ]
a) Gangue b) {demoYH$ c) Slag d) I{ZOo

2. Imcrc n¡H$s H$moUVo H$m~m}ZoQ> YmVwH$ Amho? [ ]
a) _°¾ogmBQ> b) ~m°ŠgmBQ> c) {Oßg_ d) JmcoZm

3. Imcrc n¡H$s H$moUVo {Oßg_Mo ~amo~a gwÌ Amho? [ ]
      a) CuSO4. 2H2O b) CaSO4. ½ H2O c) CuSO4. 5H2O d) CaSO4. 2H2O
4. \o$g VnU à{H«$`o_Ü`o dmnaUmao Voc  __________ [ ]

a)  Ho$amo{gZ Voc b) nmB©Z Voc c) Zmar`c Voc d) Am°crìh Voc
5.  ______YmVwH$À`m ewÜXrH$aUmgmR>r \o$g VnU nÜXV dmnaVmV. [ ]

a)  gë\$mBS> b) AmŠgmBS> c) H$m~m}ZoQ> d) Zm`Q´>oQ>
6. JmcoZm ho  ————————  Mo YmVwH$ Amho. [ ]

a)  Zn b) Pb c) Hg d) Al
7. _wi énmV gmnS>Umao YmVw  __________ [ ]

a)  Pb b) Au c) Fe d) Hg
8. ŵnQ>cmda OmñV gmnS>Umam YmVw —————— [ ]

a)  {gëda b) Aë ẁ{_Zr`_ c) qPH$ d) cmoI§S>
9. W_m©BQ> à{H«$`o_Ü`o úmnUH$ ___________ [ ]

a)  Al b) Mg c) Fe d) Si
10.   YmVwH$ {dJmcZ H$aÊ`mMo CÔoe__________ [ ]

a)  AmŠgmBS> b) úmnU c) CXmgrZr H$aU d) `mn¡H$s Zmhr

1. J§OÊ`mgmR>r hdm Am{U nmUr CnpñWV AgUo JaOoMo Amho. ho {gÜX H$aÊ`mgmR>r EH$ à`moJ
gwMdm? H$m ©̀ nÜXVr ñnï> H$am?(AS3)

1. H$_r A{^{H«$`m{ecVoMo Mm§Xr, ßcQ>rZ_ Am{U gmoZo `m YmVwÀ`m {ZîH$f©Um{df`r _m{hVr Jmoim
H$éZ Ahdmc V`ma H$am? (AS4)

gwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJ

gwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ënSCERT T
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Vwåhr ImUmao AÞ, KmcUmao H$nS>o, gm¡X`© àgmYUo, Vwåhr dmhZmV dmnacoco B§YZ
hr gd© H$m~©ZMr g§`wJo AmhoV.

H$m~©ZMm emoY nwd© B{VhmgmV cmdcm Ë`mg à{MZ H$mi Ago åhUVmV. Vo g|X«r`
nXmWm©cm OmiwZ Ë`mMm cmoUmar H$moigm ~Z{dV Ago.

H$m~©Z (Carbon) hm AYmVw Amho. Vmo AmYw{ZH$ AmdV© gmaUr _Ü ò Agcocm  IV
A  [H§$dm Mm¡Xmì`m JQ>mVrc _wcÐì` Amho. `m JQ>mVrc _wcÐì`mÀ`m ~mø H$úmoV Mma
BcoŠQ´>mÝg AgVmV.

Mcm H$m~©ZMo  (6C) BcoŠQ´>mZ g§énU {chþ `m.
H$m~©ZMm AUw H«$_m§H$ 6 Amho.
H$m~©ZMo BcoŠQ́>mZ g§énU(_wi pñWVrV) 6C: 1s2 2s2 2p2 Amho. Ë`mÀ`m ~mø H$úmoV

Aï>H$ ̀ oÊ`mgmR>r Am{U C4- Vo V`ma hmoÊ`mgmR>r Ë`mV AOwZ Mma BcoŠQ́>mZ {_i{dco nm{hOo.
H$m~©ZMr {dÚwV F$UVm \$º$ 2.5 Amho Am{U Ë`mÀ`m H|$ÐH$mV ghm àmoQ>rZ AgVmV. åhUwZ
H|$ÐH$mV Agcoë`m ghm àmoQ>rZm_wio H|$ÐH$mcm Xhm BcoŠQ́>mZ YéZ R>odÊ`mgmR>r H${R>U OmVo.
åhUwZ H$m~©Zcm C4-Am`Z {Z_m©U H$aUo \$ma gmono Zmhr.
• H$m~©Z Ë`mÀ`m ~møH$úmoVwZ Mma BcoŠQ´>mZ gmoSw>Z hrcr`_Mo BcoŠQ´>mZ g§énU

{_idw eH$Vo H$m? .
Oa H$m~©Z Ë`mÀ`m ~mô` H$úm§oVwZ Mma BcoŠQ´>mZ gmoS>ë`mg, Vo  C4+ Am`Z V`ma

H$aVo. ̀ mgmR>r _moR>çm à_mUmV CO}Mr JaO nS>Vo. Vr gmYmaUnUo CncãY hmoV Zmhr.
åhUwZ C4+ Am`Z V`ma hmoÊ`mMr eŠ`Vm gwÜXm H$_r AgVo.H$m~©Z Ë`mÀ`m Mma
doc°Ýgr cm g§V¥á H$aÊ`mgmR>r Xþgè`m AUwÀ`m ghg§`wJ ~§YmMr {Z{_©Vr Ë`mÀ`m
ñdVm:À`m AUwer qH$dm BVa _wcÐì`mÀ`m AUwer H$amdr cmJVo.

H$m~©Z Am{U Ë`m§Mr g§̀ wJo

12
YS>mYS>mYS>mYS>mYS>m

(Carbon and its Compounds)
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H$m~©Z AUwìXmao ~§Y{Z{_©VrMr eŠ`Vm Imcr {Xco Amho.
a) i. hm`S´>moOZ, ŠcmoarZ `m gma»`m _wcÐì`mÀ`m AUwer Mma EHo$ar ghg§`wO ~§Y

{Z_m©U H$aUo.

CXmCXmCXmCXmCXm: CH4, CCl4 or ,

ii. {^Þ _wcÐì`mÀ`m AUwer Mma EHo$ar ghg§`wO ~§Y {Z_m©U H$aUo.

CXm:            

b) H$m~©ZMo AUw EH$ Xþhoar~§Y Am{U XmoZ EHo$ar ~§Y {Z_m©U H$é eH$VmV.
CXm:  ;

c) H$m~©ZMo AUw EH$ EHo$ar ~§Y Am{U EH$ {Vhoar~§Y {Z_m©U H$é eH$VmV.
CXm:  H–C   C–H qH$dm CH3 –C   N H$m~©Z AUw

       CH2 = C = CH2`m gmaIo XmoZ pìX~§Y gwÜXm V`ma H$aVmV.
• da C„oI Ho$ë`mà_mUo H$m~©Z AUw {d{dY àH$mao ~§Y H$go V`ma H$aVmV?
• CÎmoOrV AdñWoV H$m~©Z AUwVrc OmoS>r Z Owicoco Mma BcoŠQ´>mZ {df`r ñnï>rH$aU

Úm?
d°coÝgr (valence) ~§Y {gÜXmVmZwgma, (amgm`{ZH$ ~§Y hm YS>m nmhm) H$m~©Z

AUwVrc Mma EH$mH$s BcoŠQ´>mÝg H$m~©Z AUwÀ`m CÎmoOrV AdñWocm gwMdVo ho XmI{dë`m
OmVmo.

H$m~©Z BcoŠQ´>mZ g§énU (_wipñWVr)
1s2 2s2 2p2 (or) 1s2 2s2 2px

1 2py
12pz

0

.

H$m~©Z (_wipñWVr)H$m~©Z (_wipñWVr)H$m~©Z (_wipñWVr)H$m~©Z (_wipñWVr)H$m~©Z (_wipñWVr)
H$m~©ZMo BcoŠQ´>mMo g§énU (CÎmoOrV AdñWm)
1s2 2s1 2px

1 2py
1 2pz

1

H$m~©Z (CÎmoOrV AdñWm)H$m~©Z (CÎmoOrV AdñWm)H$m~©Z (CÎmoOrV AdñWm)H$m~©Z (CÎmoOrV AdñWm)H$m~©Z (CÎmoOrV AdñWm)
1s 2s 2p

1s 2s 2p

H
|

H – C – Cl
|

Br

C l
|

Cl – C – Cl
|

Cl

H
|

H – C – H
|

H

H H

H H

C C

H O

H
H

C CH
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CÎmoOrV AdñWoV H$m~©Z AUwV ‘2s’ H$úmoVrc
EH$ BcoŠQ´>mZ  2pzH$úmoV nmoM{dVo.

CÎmoOrV AdñWoV àË òH$ H$m~©Z AUwV Mma OmoS>r
Z Owicoco BcoŠQ´>mZ AgVmV Am{U Vo Mma ghg§`wO
~§Y V`ma H$aÊ`mV Omoa XoVmV.
• BcoŠQ´>mZcm CÎmoOrV H$aUmar hr eº$r H$moRw>Z

òVo?
gm_mÝ` pñWVrV _wº$ H$m~©Z AUw CÎmoOrV

AdñWoV ZgVo ho AmnUmg _m{hV Amho. Ooìhm EH$
H$m~©Z AUw Xþgè`m AUwer ~§Y {Z_m©U H$aÊ`mgmR>r
V`ma AgVmo. Voìhm Ë`mg CÎmoOrV H$aUmar COm©,
~§YCO}nmgwZ KoVë`m OmVo. Vr H$m~©Z AUw Am{U
BVa AUw _Ü`o ~§Y V`ma hmoVm§Zm _wº$ Pmcocr COm©
Amho.
• {_WoZ (CH4) aoUwV Mmahr H$m~©Z - hm`S´>moOZ

~§Y EH$ g_mZ AgwZ Ë`m_Yrc ~§Y Ho$mZ  HC
∧

H  109o28/ AgVmo. ho AmnU H$go  ñnï> H$aVmo?
darc MM}V AmnUmg AmT>iwZ Amco H$s, CËVoOrV

AdñWoV H$m~©Z AUwÀ`m p-H$úmoV (orbitals) VrZ
OmoS>r Z Owicoco BcoŠQ´>mÝg Am{U  s-H$úmoV EH$
BcoŠQ´>mZ AgVmo. ho Mma d°coÝgr BcoŠQ´>mZ {^Þ CO}Mo
AgVmV.

cm`Zg nm °c tJ cm`Zg nm °c tJ cm`Zg nm °c tJ cm`Zg nm °c tJ cm`Zg nm °c tJ (Linus
Pauling) OmJVrH$ gwà{gÜX
emók Am{U _mZdVmdmXr homVo. Vo
gdm©V OmñV à^mdemcr agm`Z
emók hm oV o . h o  AmVmn` ªV
agm`ZemómV XmoZ Zmo~oc nwañH$ma
Am{U em§Vr nwañH$ma (1954) Am{U
(1962) {dOoVo hmoVo.

• {_WoZ aoUwV ho Ag_mZ CO}Mo d°coÝgr BcoŠQ´>mZ Mma g__wë` ghg§̀ wO ~§Y H$go {Z_m©U
H$aVmV?
Mcm H$go {Z_m©U H$aVmV Vo nmhþ `m.

BcoŠQ´>mZMr ~T>Vr BcoŠQ´>mZMr ~T>Vr BcoŠQ´>mZMr ~T>Vr BcoŠQ´>mZMr ~T>Vr BcoŠQ´>mZMr ~T>Vr (Promotion of an electron)

 Ooìhm ~§Y V`ma hmoVmV Voìhm COm© gmoS>ë`m OmVo Am{U ì`dñWm pñWa hmoVo. Oa
H$m~©Z AUw XmoZ ~§Ym EodOr Mma ~§Y V`ma Ho$ë`mg, OmñV à_mUmV COm© gmoS>ë`m OmVo.
åhUwZ òUmam aoUw OmñV {ñWaËdmMm AgVmo.
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2s Am{U 2p H$úmoVrc \$aH$ Iwn chmZ AgVmo.
Ooìhm H$m~©Z AUw ~§Y {Z_m©UmgmR>r V`ma hmoVmV
Voìhm Vo ~§Y CO}VwZ H$_r à_mUmV COm© KoVmV
Am{U  2s  nmgwZ 2p cm ~T>Vr XoÊ`mgmR>r BcoŠQ́>mZcm
CÎmoOrV H$aVo Am{U Mma OmoS>r Owicoco BcoŠQ´>mÝg
XoVo.

AmnUmg ~§Y V`margmR>r Mma OmoS>r Owicoco
BcoŠQ´>mZ {_imco. na§Vw ho BcoŠQ´>mÝg XmoZ {^Þ
n«H$maÀ`m H$úmoV AgwZ Ë`m§Mr COm© dooJdoJir AgVo.
ho OmoS>r Z ~Zcoco BcoŠQ´>mZ Mma g_mZ H$úmoV
Agë`m{edm` AmnUmg Mma g_mZ ~§Y {_iUma
Zmhr.

H$m~©ZÀ`m Mma H$úmoV g_mZ CO}Mo OmoS>rH$m~©ZÀ`m Mma H$úmoV g_mZ CO}Mo OmoS>rH$m~©ZÀ`m Mma H$úmoV g_mZ CO}Mo OmoS>rH$m~©ZÀ`m Mma H$úmoV g_mZ CO}Mo OmoS>rH$m~©ZÀ`m Mma H$úmoV g_mZ CO}Mo OmoS>r
Z Owicoco BcoŠQ´>mZ AgVmV Ë`mMo ñnï>rH$aUZ Owicoco BcoŠQ´>mZ AgVmV Ë`mMo ñnï>rH$aUZ Owicoco BcoŠQ´>mZ AgVmV Ë`mMo ñnï>rH$aUZ Owicoco BcoŠQ´>mZ AgVmV Ë`mMo ñnï>rH$aUZ Owicoco BcoŠQ´>mZ AgVmV Ë`mMo ñnï>rH$aU
H$go H$aVm `oB©c?H$go H$aVm `oB©c?H$go H$aVm `oB©c?H$go H$aVm `oB©c?H$go H$aVm `oB©c?

g§H$aUmìXmao g§H$aUmìXmao g§H$aUmìXmao g§H$aUmìXmao g§H$aUmìXmao (hybridisation)AmnU `mMo {ddaU H$é eH$Vmo.AmnU `mMo {ddaU H$é eH$Vmo.AmnU `mMo {ddaU H$é eH$Vmo.AmnU `mMo {ddaU H$é eH$Vmo.AmnU `mMo {ddaU H$é eH$Vmo.

g§H$aU g§H$aU g§H$aU g§H$aU g§H$aU (Hybridisation)

g§H$aUmMr g§H$ënZm cm`Zg nm°ctJ `m§Zr (Linus Pauling (1931) _m§S>cr.
d¡`{º$H$ AUw_Ü`o g_mZ CO}À`m H$úmrHo$À`m nwZa©{dVaUmdéZ COm© Am{U AmH$ma
gma»`m g_mZ JwUY_m©Mo Ag§»` Z{dZ H${úmH$m V`ma hmoÊ`mg g§H$arH$aU
(“hybridisation”) Ago åhUVmV. Z{dZ V`ma Pmcoë`m H$úmrH$m§Zm g§H$arV H${úmH$m
(‘hybrid orbitals.’) Ago åhUVmV.

CÎmoOrV H$m~©Z AUwV Ë`m§Mr EH$  s-H$úmrH$m (2s) Am{U VrZ p-H$úmrH$m (2px,
2py, 2pz) EH$_oH$m§Zm {_giwZ nwZ©aMZo_wio Mma EH$ gma»`m H${úmH$m V`ma hmoVmV.
Ë`mg  sp3 H${úmH$m åhUVmV. Aem àH$mao H$m~©Z AUwMo  sp3 g§H$aU hmoVo.

Mma BcoŠQ´>mÝg Mma Z{dZ EH$ gma»`m g§H$arV H${úmHo$V àdoe H$aVmV `mg sp3

g§H$arV H${úmH$m Ago åhUVmV. ( H$maU Ë`m EH$‘s-H$úmrH$m’ Am{U VrZ ‘p-
H$úmrHo$Zo’ ~Zcoë`m AmhoV åhUwZ Ë`mg sp3 H$úmrH$m åhUVmV.)

gwMZm gwMZm gwMZm gwMZm gwMZm :   “ sp3 “ cm “ s p VrZ” “Ago dmMmdo”

2sCO
m© 2py2px 2pz

sp3 g§H$aU

2s
2px 2py 2pz

~T>Vr

CO
m©

2s
2px 2py 2pzCO

m©

_wi pñWVrVwZ CÎmoOrV
pñWVrV
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g§H$aUm_wio H$m~©Z AUw àË`oH$mV EH$ BcoŠQ´>mZ g_mZ eº$sÀ`m Mma gma»`m  sp3

g§H$arV H$úmrH$m AgVmV. H$m~©Z AUwV Mma OmoS>r Z Owicoco BcoŠQ´>mZ Agë`m_wio Vo
BVa Mma H$m~©Z AUwer qH$dm EH$ g§̀ wOVm Agcoë`m BVa _wcÐì`mer ~§Y V`ma H$é
eH$VmV. Ooìhm H$m~©Z, S>m`S´>moOZer {H«$`m KSw>Z `oVo, Mma hm`S´>moOZ AUwVrc ‘s’
H$úmrHo$V Agcoë`m àË`oH$s EH$ BcoŠQ´>mZ H$m~©Z AUwÀ`m Mma  sp3 H$úmrHo$er
EH$_oH§$mZm ì`mnVo Am{U Vo Ë`m§À`mer 109o28/ Mm H$moZ H$aVo. (H$m~©Z AUwVrc Mma
g§H$arV H$úmrH$m Ë`mÀ`m BcoŠQ´>mZ _Yrc à{VH$f©Z H$_r Ho$ë`m gmaIo MVwîH$\$cH$mÀ`m
Mma H$monè`mV AgVmV) AUwMo H|$ÐH$ MVwîH$\$cH$mÀ`m H|$ÐmV AgVo. Imcrc AmH¥$Ë`m
nmhm.

       ̀ m {Z_m©UmdéZ H$m~©Z AUw Am{U Mma hm`S´>moOZ AUw_Ü`o Mma sp3 – s {g½_m
~§Y  (sigma bonds) {Z_m©U H$aÊ`mgmR>r Cn`moJr nS>Vo. ho gd© ~§Y g_mZ eº$rMo
AgVmV.

sp2 g§H$aU g§H$aU g§H$aU g§H$aU g§H$aU (hybridisation)
H$m~©Z AUw XmoZ EHo$ar ghg§̀ wO ~§Y Am{U EH$ Xwhoar~§Y V`ma H$aÊ`mÀ`m

gm_Ï`mªMo ñnï>rH$aU Vwåhr H$go H$amc?
BWrZ aoUwMo (ethene) (ethylene, CH2 = CH2) CXmhaU Úm.

CH2=CH2 À`m {Z_m©UmV CÎmoOrV AdñWoVrc àË òH$ H$m~©Z AUw EH$ s- H$úmrH$m
(2s) Am{U XmoZ p- H${úmH$m (2px, 2py) nañna {_iwZ sp2 g§H$aUmìXmao nwU© _m§S>Ur
H$éZ VrZ sp2 H${úmH$m V`ma hmoVmV. AmVm àË`oH$ H$m~©Z AUwV g§H$aU Z Pmcocr
EH$ ‘p’ H${úmH$m ( pz) CaVoo. VrZ sp2 H${úmHo$V àË`oH$r EH$ BcoŠQ´>mZ H$m~©Z AUw
H|$ÐH$m ^modVr nañna 120o H$moZmV doJio Ho$coco AgVmV. Ooìhm H$m~©Z AUw ~§Y
{Z_m©U H$aÊ`mgmR>r V`ma AgVmV Voìhm EH$m H$m~©Z AUwVrc EH$  sp2 H${úmH$m
Xþgè`m H$m~©Z AUwÀ`m sp2 H$úmrHo$er EH$_oH§$mg ì`mnVmV Am{U sp2 – sp2 {g½_m(σ)

2s
2py2px 2pz

sp2 g§H$arV
2pz

CO
m©

EH$_oH$m§Zm ì`mnZo

EH$_oH$m§Zm ì`mnZo
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H–C =_    C–H

Ag§H$arV XmoZ H$m~©Z AUwda ~§Y V`ma H$aVmV. àË òH$ H$m~©Z AUwVrc Cacoë`m XomZ
sp2 H${úmH$m OmoirV Owicoco BcoŠQ´>mZ Agcoë`m XmoZ hm`S´>moOZ AUwVrc ‘s’ H$úmrHo$
ìXmao EH$_oH$m§Zm ì`mnVmV. pz H$úmrH$m nmíd©[aVrZo EH$_oH$m§Zm ì`mnwZ AmH¥$VrV
XmI{dë`m à_mUo Ë`m_Ü`o  π  ~§Y {Z_m©U H$aVmV. `mMm AW© EWrZ aoUwÀ`m XmoZ
H$m~©Z AUwV {g½_m (σ) ~§Y Am{U nm` (pi) (π) ~§Y ApñVËdmV AgVo. åhUwZ BWrZ
aoUwcm(C2H4)Imcrc n«_mUo XmI{dVmV.

BWrZMo gm_mÝ` Zmd BWrcrZ  (Ethylene) Amho.
sp g§H$aU g§H$aU g§H$aU g§H$aU g§H$aU (hybridisation)

àË òH$ H$m~©Z AUw Mma ({_WoZ qH$dm BWoZ) {H§$dm VrZ (BWrZ) cm gmoSw>Z \$º$
XmoZ BVa AUwer OwiVmo. ̀ oWo H$m~©Z AUw ~§Y V`ma H$aÊ`mAmYr Ë`mMr ~mø H${úmH$m
g§H$arV H$aVo. `mdoir Vo \$º$ XomZM H${úmH$m g§H$arV H$aVmV.

Vo ‘s’ H${úmH$m(2s) Am{U EH$  2p H${úmH$m dmnaVmV. na§Vw BVa  2p H${úmH$m§Zm
Z ~XcVm VgoM gmoSw>Z XoVmV. EH$ S H${úmH$m Am{U EH$ P H$úmrH$m nwZ©g§KQ>rV
Ho$ë`mZo {Z_m©U Pmë`m. åhUwZ Z{dZ {Z_m©U Pmcoë`m g§H$arV H$úmrHo$cm (sp hybrid
orbitals) g§H$arV H${úmH$m åhUVmV.

EH$ EHo$ar ~§Y Am{U EH$ {Ì~§Y V`ma H$aUmè`m H$m~©Z AUwÀ`m gm_Ï`mªMo Vwåhr
dU©Z H$go H$amc?

EH$ EHo$ar ~§Y Am{U EH$ {Vhoar~§Y {Z_m©U H$aUmè`m H$m~©Z ‘C’  Mo gm_Ï ©̀
_m{hV H$aÊ`mgmR>r BWmB©Z (acetylene, C2H2) aoUwMo CXmhaU {dMmamV KoD$ `m.

EgrQ>crZ aoUwVrc XmoZ H$m~©ZÀ`m AUw_Ü`o EH$ {Vhoar~§Y AgVmo AUwMr Mm¡Wr
g§`wOVm g§V¥á hmoÊ`mgmR>r àË`oH$ H$m~©Z AUw EH$m hm`S´>moOZer ~§Y V`ma H$aVmo.
(H–C    C–H ).

H H

H H

C C

C2H4 Mr AmH¥$Vr Mr AmH¥$Vr Mr AmH¥$Vr Mr AmH¥$Vr Mr AmH¥$Vr

σsp2-s σsp2-s

σsp2-sσsp2-s

σsp2-sp2

πpz-pz
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C2H2 aoUw_Ü`o H$m~©ZMo AUw Am{U XmoZ hm`S´>moOZMo AUw AgVmV. CÎmoOrV
AdñWoV àË òH$ H$m~©Z AUw Ë`mMr EH$  s-H$úmrH$m  (2s) Am{U EH$  p- H$úmrH$m  -
(2p)  {_iwZ Am{U Ë`mMr nwZ©aMZm H$éZ g§H$aUmìXmao XmoZ EH$én Agcoë`m H${úmH$m
V`ma hmoVmV. `mg sp-H$úmrH$m Ago åhUVmV.  n«Ë`oH$ H$m~©Z AUwV XomZ Ag§H$arV
H${úmH$m (2py, 2pz) AgVmV.

EH$m H$m~©ZMr EH$  sp-H$úmrH$m Xþgè`m H$m~©ZÀ`m sp-H$úmrH$oer EH$_oH$m§da
ì`mnë`mg sp-sp {g½_m ~§Y V`ma hmoVmo. àË`oH$ H$m~©Z AUwer BVa  sp-H$úmrH$m
hm`S´>moOZ AUwÀ`m ‘ s ’ H$úmrH$oda EH$_oH$m§g ì`mnë`mZo s-sp {g½_m ~§Y V`ma hmoVo.
EH$m H$m~©Z AUwMr Ag§H$arV‘p’ H${úmH$m Xþgè`m H$m~©Z AUwÀ`m Ag§H$arV ‘p’H${úmHo$er
nmíd©[aVrZo EH$_oH$m§da Amë`mg XmoZ H$m~©Z AUwV XmoZ π ~§Y (πpy-py, πpz-pz ,
AmH¥$Vr nmhm ) {Z_m©U hmoVo. Aem [aVrZo BWmB©Z aoUwV H–C    C–H VrZ Am{U σ-~§Y
Am{U XmoZ π-~§Y AgVmV.
• H$m~©Z AUwÀ`m H§|$ÐH$m§_Yrc ~§Y A§VamMm A§XmO cmdm.

 Vo  H–C     C–H  `m H«$_mMr ~§Y COm© Am{U ~§Y V`ma

                  H$aÊ`mV Amco `mMo ñnï>rH$aU Úm.
• CH4, C2H4 Am{U C2H2 aoUw_Yrc HC

∧ 
H ~§Y H$moZ H$m` AmhoV?

H$m~©ZMr ~hþéno H$m~©ZMr ~hþéno H$m~©ZMr ~hþéno H$m~©ZMr ~hþéno H$m~©ZMr ~hþéno (Allotropes of Carbon)

H$moUVmhr _wcÐì`o XomZ qH$dm Ë`mnoúmm OmñV ^m¡{VH$ énmV AmT>iwZ OmñV qH$dm
H$_r gmå` amgm`{ZH$ JwUY_© AgwZ doJdoJio ^m¡VrH$ JwUY_© Agë`mg Ë`mg
AnénVm(allotropy) Ago åhUVmV. {d{dY énmVrc _wcÐì`m§Zm Anéno (allotropes)
Ago åhUVmV. aoUwVrc AUwÀ`m aMZoVrc \$aH$m_wio Anéno V`ma hmoVmV.

σsp-sp

σs-sp σs-spπpz-pz

πpy-py

Η Η

 C2H2Mr AmH¥$VrMr AmH¥$VrMr AmH¥$VrMr AmH¥$VrMr AmH¥$Vr

2s
2py2px 2pz sp g§H$arV

2pz2py

H H

H H
C C

H

H

CC

H

H

H H

CO
m©

SCERT T
ELA

NGANA



H$m~ ©Z Am{U Ë`m §Mr g§` wJ o260 dJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dm

 H$m~©ZÀ`m AnénmMo XmoZ ^mJmV dJuH$aU Ho$co Amho Vo
•  Añ\${Q>H$r` éno Añ\${Q>H$r` éno Añ\${Q>H$r` éno Añ\${Q>H$r` éno Añ\${Q>H$r` éno (Amorphous forms)
•  ñ\$Qr{H$` éno ñ\$Qr{H$` éno ñ\$Qr{H$` éno ñ\$Qr{H$` éno ñ\$Qr{H$` éno (Crystalline forms)

Añ\${Q>H$r` éno Añ\${Q>H$r` éno Añ\${Q>H$r` éno Añ\${Q>H$r` éno Añ\${Q>H$r` éno (Amorphous forms)
H$m~©ZMr doJdoJir Añ\$Q>rH$m` Anéno H$moigm, H$moH$, cmHw$S>, cmoUmar H$moigm,

àmÊ`mMo MmaH$moc {Xì`mMr H$mOir, dm`w énmVrc H$m~©Z, noQ´>mocr`_ H$moH$, gmIaoMo
MmaH$moc(Cƒ à{VMr gmIa) BË`mXr AmhoV.
ñ\$Q>rH$s` éno ñ\$Q>rH$s` éno ñ\$Q>rH$s` éno ñ\$Q>rH$s` éno ñ\$Q>rH$s` éno (Crystalline forms)

H$m~©Z AUwV ñdVm:{d{dY n«H$maÀ`m g§H$arV Pmcoë`m amgm`{ZH$ ~§YmV g§aMZm
H$aVmV. åhUwZ Vo {ham Am{U J«m\$mB©S> gmaIo {d{dY ̂ m¡{VH$ Am{U amgm`{ZH$ g§aMZm
àX{e©V H$aVmV. YZ àmdñWoVrc H$m~©Z AUw VrZ ñ\$Q>rH$s` AnénmV AgVmo. Vr
Anéno {ham, J«m\$mB ©Q> Am{U ~H$_rZñQ>a (diamond, graphite and
buckminsterfullerene) \$w„arZ AmhoV.

{ham Am{U J«m\$mBQ> ghg§̀ wO OmirMr g§aMZm V`ma H$aVo.J«m\$mB©Q> Am{U ~H$_rZñQ>a
KZaoUw AmH$mamV ho C60 AgVmV.  hr ñ\$Q>rH$s` Anéno {d{dY g§aMZo AgwZ {^Þ
^m¡{VH$ JwUY_m©Mo AgVmV.
{ham {ham {ham {ham {ham (Diamond)

{hè`mVrc àË òH$ H$m~©Z AUw CÎmoOrV pñWVrV sp3 g§H$aU KSw>Z òVo. åhUwZ
àË òH$ H$m~©Z AUw MVwîH$moZr` AmH$mamV AgVmo. {hè`mMr {Ì{_Vr` g§aMZm Imcrc
XmI{dë`m à_mUo Amho.

             {hè`mMr OmcH$ g§aMZZm{hè`mMr OmcH$ g§aMZZm{hè`mMr OmcH$ g§aMZZm{hè`mMr OmcH$ g§aMZZm{hè`mMr OmcH$ g§aMZZm {hè`mMr g§aMZm {hè`mMr g§aMZm {hè`mMr g§aMZm {hè`mMr g§aMZm {hè`mMr g§aMZm (Diamond structure)
{hè`mV  C-C ~§Y Iwn eº$semcr Agë`m_wio Ë`m§Mm {dén H$aÊ`mgmR>r OmñV

à_mUmV COm© cmJVo. åhUwZ {ham gdm©V H${R>U nXmW© åhþUZ AmoiIë`m OmVmo.
J«m\$mB©Q> J«m\$mB©Q> J«m\$mB©Q> J«m\$mB©Q> J«m\$mB©Q> (Graphite)

J«m\$mB©©Q> C-C ~§Ymgmo~V Ë`mÀ`m WamV pìX_rVr` WamMr g§aMZm {Z_m©U H$aVo.
VoWo Wam_Ü`o gmnoúmVoZo Xþ~©c nañna {H«$`m Ho$cocr AgVo.
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H$m~©Z AUwMr J«m\$mB©Q> WamVrc _m§S>UrH$m~©Z AUwMr J«m\$mB©Q> WamVrc _m§S>UrH$m~©Z AUwMr J«m\$mB©Q> WamVrc _m§S>UrH$m~©Z AUwMr J«m\$mB©Q> WamVrc _m§S>UrH$m~©Z AUwMr J«m\$mB©Q> WamVrc _m§S>Ur
WamÀ`m g§aMZoV, H$m~©Z AUw {ÌH$moUr` àVcmÀ`m AgVmV. hr g§aMZm àË òH$

sp2 g§H$arV H$m~©Z AUwV AgVo. sp2 H$úmrHo$_Yrc nañna {H«$`o_wio (EH$_oH$m§Zm
ì`mncoë`mZo) C-C ~§Y V`ma hmoVmV. àË òH$ H$m~©Z AUw EH$m Ag§H$arV ‘p’ H$úmrHo$gmo~V
AgVmo. Ag§H$arV ‘p’ H$úmrH$m nañna {H«$`m H$éZ V`ma Pmcoco π ~§Y g§nwU© WamV
{dñWmnU H$aVmV. `m nañna {H«$`m§Zm Wam§_Yrc c§S>Z à{H$U©Z ~c (London
dispersion forces) åhUVmV.  Vo 3.35  A

o
 ̀ m A§Vamda doJio hmoVmV Am{U nmÊ`mÀ`m

aoUwÀ`m CnpñWVr_wio Xþ~©c Pmë`mZo J«m\$mB©Q>cm {MaUo gmono OmVo. `m H$maUm_wio
J«m\$mB©Q>Mm d§JZ (lubricant)åhUwZ Am{U noÝgrc_Ü`o {ego åhUwZ Cn`moJ H$aVmo.
• noÝgrcZo H$mJXmda Ho$coë`m IwUm({c{hZo) Vwåhr H$em àH$mao g_OwZ KoVm?

AmnU Ooìhm noÝgrcZo H$mJXmda {c{hVmo Voìhm J«m\$mB©S>À`m Wam_Yrc AmH$f©Z
{~KS>ë`mZo J«m\$mB©S>Mm Wa H$mJXmda amhmVmo. noÝgrcMo {MÝh H$mJXmda ImoS> a~amÀ`m
_XVrZo nwggo gmono OmVo. H$maU Vo Wa H$mJXmda ~cemcr ~§Y V`ma H$aV Zmhr. π
BcoŠQ´>mZ ì`dñWoÀ`m {dñWmnUm_wio J«m\$mB©Q> hm Mm§Jco {dÚwV dmhH$ Amho.
~H$_rZñQ>a \w$„rarZ ~H$_rZñQ>a \w$„rarZ ~H$_rZñQ>a \w$„rarZ ~H$_rZñQ>a \w$„rarZ ~H$_rZñQ>a \w$„rarZ (Buckminsterfullerene (60C)

~H$_rZñQ>a \w$„rarV (Buckminsterfullerenes) aoUw {d{dY n[a_mUmV AgwZ
\$º$ H$m~©Z AUwÀ`m KQ>H$m§Zr ~Zcoco AgVmV. `m aoUwÀ`m g§aMZo déZ nmoH$i Jmoc,
{XK©©d¥ÎmO qH$dm g§aMZoVrc pñWVrkmZmÀ`m AmYmao ZcrH$m V`ma homVmV. {Z{îH«$`
dm ẁÀ`m dmVmdaUmV H$m~©Z ~mî\$mMo g§KZZ hmoD$Z \w$„arZ V`ma hmoVmo.

AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?
~H$_rZñQ>a \w$„arZ qH$dm g§{úmánUo \w$„arZÀmm emoY 1985 _Ü`o am°~©Q> E\$. H$c©, hamoëS>

S>ãë`w. H$moaQ>mo Am{U [aMS>© B©. ñ_mco (Robert F. Curl, Harold W. Kroto and Richard E.
Smalley)  `m§Zr ggoŠg {díd{dÚm{nR>À`m {VKm§Zm 1996 _Ü ò agm`Z emók§mZm Zmo~c
nwañH$ma {_imcm. [aMS>© ~H$_rZñQ>a, (~H$m©) \w$„a (Richard Buckminster “Bucky”
Fuller) ZmdmMm emók Am{U {eënH$mam§Zr V`ma Ho$coo Or`moS>ogrH$ {Z_m©U gmå` Agë`m_wio ̀ m
aoUwZm ho Zmd XoÊ`mV Amco.
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~H$s~mëg ~H$s~mëg ~H$s~mëg ~H$s~mëg ~H$s~mëg (Buckyballs) : JmocmH$ma \w$„aZogcm ~H$s~mëg åhUVmV.
~H$s_rZñQ>a \w$„arZ (60C) _Ü ò Odi Odi JmocmH$ma 60C aoUw gm°H$a ~mc À`m

AmH$mamV AgVmV.

\w$„oarZ (Fullerene), 60C aoUwÀ`m gm°H$a ~m°c (soccer ball)AmH$mamÀ`m daÀ`m
n¥ð>^mJmV 12 n§Mw^wOr`À`m Am{U 20 fQ>^wOr` n¥ï> AgVmV. ̀ m_Yrc n«Ë`oH$ H$m~©Z
AUwV  sp2 g§H$aU H$úmrHo$Mm g_mdoe AgVmo.

d¡ÚH$s` úmoÌmV \w$„arZÀ`m Cn`moJm ~Ôc gImoc Aä`mg gwé Amho. {d{eï>
{ZamoYH$ eº$s Agcoë`m gwú_O§VwMm Zme, {d{eï> H$H©$amoJmÀ`m (_ocoZmo_m) (melanoma)
H$Um§Zm Zme H$aÊ`mgmR>r {d{eï> amoJ {ZamoYH$ Am¡fYm§Mr V`mar gwé Amho.
ZmZmo ZcrH$m ZmZmo ZcrH$m ZmZmo ZcrH$m ZmZmo ZcrH$m ZmZmo ZcrH$m (Nanotubes)

H$m~©ZMo Xþgao Anéno ZmZmo ZcrH$m Amho.
`mMm emoY 1991 _Ü ò gw_r`mo cr Or_ (Sumio
li jima) `m§Zr cmdcm. ZmZmo ZcrH$oV H$m~©Z
AZwÀ`m ghg§`wO~§YmMo fQ>_wIr` {H$aUo J«m\$mB©Q>
_Yrc {eQ> gmaIo AgVmV. J«m\$mB©Q>erQ> gmaIo
gnmQ> ZgwZ ZmZmo ZcrHo$V Vo X§S>JmocmH$ma J§wS>miwZ
AgVmV. `m H$maUm_wio Ë`m§Zm ZmZmo ZcrH$m
åhUVmV. ZmZmo ZcrH$m J«m\$mB©Q> gmaIo {dÚwV
dmhH$ AmhoV Am{U Ë`mg aoUwVma åhUwZ Cn`moJ
H$aVmV. KQ>H$m§Zm EH$Ì OmoS>Ê`mgmR>r n[anWm_Ü ò
Vm§ã`mÀ`m EodOr ZmZmo ZcrH$m dmnaVmV.
emókm§Zm gwú_ H$Zm§V Ho$mUË`mhr {Odm§Zm àd|e
H$amd`mMm Agë`mg Ë`m {Od aoU§wZm ~marH$ Am{U
nmVi ZcrHo$V nmR>dwZ Ë`mìXmao H$Um§V àdoe
H$aVo.

~H$_rZñQ>a \$„arZ~H$_rZñQ>a \$„arZ~H$_rZñQ>a \$„arZ~H$_rZñQ>a \$„arZ~H$_rZñQ>a \$„arZ (60C) ~H$_rZñQ>a \$„arZ ~H$_rZñQ>a \$„arZ ~H$_rZñQ>a \$„arZ ~H$_rZñQ>a \$„arZ ~H$_rZñQ>a \$„arZ (60C) Mr  Mr  Mr  Mr  Mr 3D g§aMZmg§aMZmg§aMZmg§aMZmg§aMZm

EHo$ar q^VrMr H$m~©ZMr ZmZmoEHo$ar q^VrMr H$m~©ZMr ZmZmoEHo$ar q^VrMr H$m~©ZMr ZmZmoEHo$ar q^VrMr H$m~©ZMr ZmZmoEHo$ar q^VrMr H$m~©ZMr ZmZmo
ZcrH$m qH$dm ~H$sQ>çw~ZcrH$m qH$dm ~H$sQ>çw~ZcrH$m qH$dm ~H$sQ>çw~ZcrH$m qH$dm ~H$sQ>çw~ZcrH$m qH$dm ~H$sQ>çw~
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H$m~©ZMm Aï>n¡cw ñd^md H$m~©ZMm Aï>n¡cw ñd^md H$m~©ZMm Aï>n¡cw ñd^md H$m~©ZMm Aï>n¡cw ñd^md H$m~©ZMm Aï>n¡cw ñd^md (Versatile nature of carbon)
AR>amì`m eVH$mV emókm§Zr g§̀ wJm_Yrc \$aH$mg {dñV¥V énmV ñnï> H$aÊ`mMm

à`ËZ Ho$cm.

Oo. Oo. ~oOu{c`g (J. J. Berzelius (1807)  Zo g{OdmnmgwZ V`ma hmoUmè`m
g§`wJm§Zm g|Ðr` g§`wJo åhUwZ {ZOud nXmWm©nmgwZ V`ma Ho$coë`m nXmWm©Zm Ag|Ðr` g§`wJo
åhQ>co Amho. g§o{Ð` g§`wJo g{Odm§À`m XohmVrc àmUeº$s _wio V`ma hmoVo Ago Ë`m§Zm
dmQ>co. {ZOud nXmWm©V Vr eº$s ZgVo. åhUwZ à`moJ emioV Ë`mg H¥${Ì_ nÕVrZo
V`ma H$aÊ`mMo R>a{dco.

E\$. ìhmoca  (F. Wohler (1828) ZmdmÀ`m emókmZo à`moJ emioV Ag|Ðr`
cdZ Agcoë`m A_moZr`_ gm`ZoQ> cm Ja_ H$éZ ̀ war`m (Urea) ZmdmMm g|Ðr` g§`wJ
V`ma Ho$cm.

NH4CNO
A_m o {Z`_A_m o {Z`_A_m o {Z`_A_m o {Z`_A_m o {Z`_
gm`ZoQ >gm`ZoQ >gm`ZoQ >gm`ZoQ >gm`ZoQ >

H
CîUVmCîUVmCîUVmCîUVmCîUVm H

N
C

O

N
H

H

`war`m` war`m` war`m` war`m` war`m

AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?AmnUmg _m{hV Amho H$m`?

 J«m\$mB©Q> {eQ>Mr J«m\$mB©Q> {eQ>Mr J«m\$mB©Q> {eQ>Mr J«m\$mB©Q> {eQ>Mr J«m\$mB©Q> {eQ>Mr 3D Xe©dUwH$ Xe©dUwH$ Xe©dUwH$ Xe©dUwH$ Xe©dUwH$ 0.16 _r.cr.J«. Š`w~rH$ go._r. dOZmMm_r.cr.J«. Š`w~rH$ go._r. dOZmMm_r.cr.J«. Š`w~rH$ go._r. dOZmMm_r.cr.J«. Š`w~rH$ go._r. dOZmMm_r.cr.J«. Š`w~rH$ go._r. dOZmMm
J«m\$sZ EamoOoc VwH$S>m \w$cmda R> odcmJ«m\$sZ EamoOoc VwH$S>m \w$cmda R> odcmJ«m\$sZ EamoOoc VwH$S>m \w$cmda R> odcmJ«m\$sZ EamoOoc VwH$S>m \w$cmda R> odcmJ«m\$sZ EamoOoc VwH$S>m \w$cmda R> odcm

Amh o.Amh o.Amh o.Amh o.Amh o.

J«m\$rZ J«m\$rZ J«m\$rZ J«m\$rZ J«m\$rZ (Graphene) - EH$ Z{dZ AX²^wV nXmW©

Ë`mÀ`m ZmdmZo Xe©{dë`m n«_mUo noÝgrc _Ü`o dmnacoë`m J«m\$mB©Q> nmgwZ J«m{\$Z V`ma hmoVmo.
J«m\$mB©Q> gmaIoM J«m{\$Z hm H$m~©Z AU§wZr ~Zcocm AgVmo. 1 _r._r. OmS> J«m\$mB©Q> _Ü`o 3
_rcr`Z J«m{\$ZMo Wa AgVmV. H$m~©Z fQ>_wIr _YmÀ`m nmoioÀ`m V`marV H$m~©Z 0.3 ZmZmo {_Q>a
OmS>rV `mo½` à_mUmV dmQ>ë`m OmVo.

J«m\$sZ Vm§ã`m noúmm Mm§Jco {dÚwV dmhH$ Amho. Vo nmocmXmnoúmm 200 nQ> H${R>U Amho Am{U
6 nQ> hcHo$ Amho. ho nwU© nUo àH$memV nmaXe©H$ AgVo.
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ìhmoca à`moJmZo àoarV Pmcoco BVa emók à`moJ emioV {_WoZ, Egr{Q>H$ EgrS>
BË`mXr g§`wJm§Zm ̀ eñdrnUo V`ma Ho$co. ̀ m_wio gOrdmnmgwZ {Od g§`wJo V`ma hmoVo ̀ m
^mdZocm OmoaXma Y¸$m ~gcm. ho agm`Z emókm§Zm H$m~©Z g§`wJmMr Z{dZ ì`m»`m
H$aÊ`mgmR>r Ë`m§Zm {dMma H$aÊ`mg àd¥Îm Ho$co. g|Ðr` g§`wJmÀ`m _wcÐì`mMo Am{U
{Z_m©UmMo {Z[aúmU Ho$ë`mZ§Va Ë`m§Zr g|Ðr` g§`wJmZm H$m~©ZMr g§`wJo åhUwZ ì`m»`m
Ho$cr. åhUwZ g|Ðr` agm`Z emómg nwU©nUo H$m~©Z g§`wJmgmR>r Zo_Ê`mV Amco.

• agm`ZemómÀ`m EH$m {deof {d^mJmcm H$m~©Z, Ë`m§À`m g§̀ moJm nXmWm©cm àË`úmnUo
EH$m emIoV Zo_Uo ~amo~a Amho H$m? H$moUË`mhr n«H$maÀ`m _wcÐì`mZm Aer
{deof emIm Zo_cr Zmhr. `mMo g_W©Z Vwåhr H$go H$amc?

 AmnUmg g_OwZ Amco H$s, gd© aoUw OrdUmg eŠ` ~Z{dVo Ogo H$m~m}hm`S´>oS>g,
àmoQ>rÝg, Ý ẁŠcr`H$ Amåc, M~u, hma_moÝg Am{U {OdZgËd BË`mXr _Ü ò H$m~©Z
AgVo. {Od ì`dñWoV KSw>Z òUmè`m gd© amgm`{ZH$ {H«$`m H$m~©Z g§̀ wJm§er g~§YrV
AmhoV. {ZgJm©nmgwZ {_iUmao AÞ, {d{dY Am¡fYr, H$mnwg, XþY, H¥${Ì_ a~a gwÜXm
H$m~©Z g§`wJo AmhoV. åhUwZ Ag§»` g§`wJmV H$m~©Z hm {deof _wcÐì` AmhoV.

_mcrH$m ~§YZ _mcrH$m ~§YZ _mcrH$m ~§YZ _mcrH$m ~§YZ _mcrH$m ~§YZ  (Catenation)

H$m~©ZMr Xþgar {deofVm åhUOo BVa H$m~©Z AUwer gdm©V c§m~ gmIir V`ma
H$aÊ`mMo gm_Ï ©̀ AgUo, Oa H$moUVmhr _wcÐì` Ë`mÀ`m ñdVm:À`m AUw _Ü ò ~§Y
{Z_m©U H$éZ _moR>m aoUw V`ma H$aVmo `m JwUY_m©cm _mcrH$m ~§YZ (catenation)
åhUVmV. H$m~©Zcm gdm©V cm§~ gmIir ~Z{dÊ`mMo gm_Ï ©̀ Amho. Ë`m gmIirV
aoUw_Ü ò {_cr`Z H$m~©Z AUw AgVmV. àmoQ>rÝg, gë\$a, \$mñ\$ag Am{U H$mhr AYmVw
_Ü ò hm JwUY_© Iwn H$_r à_mUmV AgVmo.

ìhmoca \«o$S>arH$ìhmoca \«o$S>arH$ìhmoca \«o$S>arH$ìhmoca \«o$S>arH$ìhmoca \«o$S>arH$(Wöhler Friedrich) (1800 – 1882)
O_©Z agm`Z emók ~oOucr`gMm {eî` ìhmoca 1828 _Ü ò {gëda

gm`ZmB©S> Am{U A_moZr`_ ŠcmoamB©S>>nmgwZ A_moZr`_ gm`ZoQ> V`ma H$aVm§Zm
AMmZH$ `war`m V`ma Pmcm. hoM n{hco V`ma Ho$coco H$m~©Z g§`wJ Amho.
Ë`mÀ`m A{dîH$mamda Voìhm gdm©Zr Ë`mda {dídmg H$éZ àmUeº$s
{gÜXm§Vmg (vitalism theory) ImoQ>o {gÜX Ho$co.

ìhmoca Ë`mÀ`m à`moJ emioÀ`m AmYmamZo `war`m Am{U A_moZr`_
gm`ZoQ> EH$mM amgm`{ZH$ gwÌmMo AgwZ na§Vw doJdoJù`m amgm`{ZH$ JwUY_m©Mo

Agë`mMo emoYwZ H$mT>co. ̀ mg gdm©V AJmoXaMm g_KQ>Zm (isomerism) åhUwZ gm§Jw eH$Vmo. ̀ war`mMo
gm§Ho$VrH$ gwÌ  CO(NH2)2 Am{U A_moZr`_ gm`ZoQ>Mo gm§Ho$VrH$ gwÌ NH4CNO AgVmV.
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H$m~©Z Imcrc à_mUo ~§Y {Z_m©U H$é eH$VmV ho Vwåhmcm g_OwZ Amco.

a) Mma EHo$ar ghg§̀ wO ~§Y

b) Xþhoar~§Y Am{U XmoZ EoH$ar ghg§`wJ ~§Y
c) EHo$ar ghg§`wJ ~§Y Am{U {Vhoar~§Y (–C   C) qH$dm XmoZ Xþhoar~§Y (C = C

= C) Ë`mÀ`m AUwgmo~V qH$dm BVa _wcÐì`mer Ë`m§Mr MVw© g§̀ wOVm  g§V¥á H$aVo.
H$m~©ZÀ`m {d{dY àH$mao ~§Y V`ma H$aÊ`mÀ`m ̀ m gm_mÏ`m©_wio Vmo {ZgJm©Mm Aï>n¡cw

_wcÐì` ~Zcm. åhUwZ H$m~©ZMo gm_Ï ©̀ 1) Ag§»` g§̀ wJo {Z_m©U H$aUo 2) Ho$Q>oZoeZ XmI{dUo
3) {d{dY àH$maMo ~§Y V`ma H$aUo ̀ m_wio {ZgJm©Mm Aï>n¡cw _wcÐì` ~Zcm.
hm`S´>moH$m~©Ýg hm`S´>moH$m~©Ýg hm`S´>moH$m~©Ýg hm`S´>moH$m~©Ýg hm`S´>moH$m~©Ýg (Hydrocarbons)
• hm`S´>moH$m~©Zg åhUOo H$m`?

g§̀ wJmÀ`m aoUwV \$º$ H$m~©Z Am{U hm`S´>moOZ AUw Agë`mg Ë`mg hm`S´>moH$m~©Ýg
(hydrocarbons) Ago åhUVmV.

hm`S´>moH$m~©Z g§d¥Îm l¥I§cm hm`S´>moH$m~©Z Am{U {dd¥Îm l¥I§cm hm`S´>moH$m~©Z (open
chain hydrocarbons and closed chain hydrocarbons)  Aem XmoZ {d^mJmV
Ë`mMo dJuH$aU H$aÊ`mV Amco. {dd¥Îm hm`S´>moH$m~©Zgcm Ecr\o$Q>rH$ hm`S´>moH$m~©Z
(aliphatic hydrocarbons) qH$dm {dd¥Îm l¥I§cm`wº$ hm`S´>moH$m~©Zg (acyclic
hydrocarbons) åhUVmV.
{dd¥Îm Am{U g§d¥Îm l¥I§cm hm`S´>moH$m~©Ýg{dd¥Îm Am{U g§d¥Îm l¥I§cm hm`S´>moH$m~©Ýg{dd¥Îm Am{U g§d¥Îm l¥I§cm hm`S´>moH$m~©Ýg{dd¥Îm Am{U g§d¥Îm l¥I§cm hm`S´>moH$m~©Ýg{dd¥Îm Am{U g§d¥Îm l¥I§cm hm`S´>moH$m~©Ýg     (Open and closed chain hydrocarbons)

Imcr {Xcoë`m {d{dY n«H$maÀ`m hm`S´>moH$m~©ZgÀ`m {Z_m©UmMo {Z[aúmU H$é `m.
1) CH3–CH2–CH2–CH2–CH3  n-n|Q>oZ, gai l¥I§cm g§̀ wJ
2) CH3–CH–CH2–CH3.   Am`gmo n|Q>oZ, emIm l¥I§cm g§`wJ
                 |
               CH3

3) CH2   –  CH2     gm`Šcmo noQ>§oZ M{H«$` g§`wJ qH$dm dc` g§`wJ
 |                    |CH2       CH2  \           /
       CH2

• darc gd© g§̀ wJmV g_mZ g§» òV C Am{U H AUw AgVmV H$m?
n{hë`m CXmhaUmV gd© H$m~©Z AUw EH$ Xþgè`mg OwiwZ aofr` g§aMZm V`ma

Pmcr. Xþgè`m CXmhaUmV Mma H$m~©Z AUw aofr` énmV Owicoco Amho Am{U nmMdm
H$m~©Z AUw _w»` l¥§IcoVrc EH$m H$m~©Zer OwiwZ emIm V`ma Pmcr. {Vgè`m
CXmhaUmV H$m~©Z l§¥Icm g§d¥Îm hmoD$Z dc` énmV V`ma Pmcr. åhþUZ ho g§d¥Îm
l§¥I§cm hm`S´>moH$m~©Ýg qH$dm dc` hm`S´>moH$m~©Ýg Amho.

H
 C

H

H
H
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gd© hm`S´>moH$m~©Ýg (Ecr\o$Q>rH$ Am{U M{H«$` hm`S´>moH$m~©Z) nwÝhm AëHo$Ýg,
AëH$sZ Am{U AëH$mB©Z _Ü`o {d^mJco Amho.
1) H$m~©Z AUw_Ü`o \$º$ EHo$ar ~§Y Agë`mg Aem hm`S´>moH$m~©Zgcm AmëHo$Z

(Alkanes) Ago åhUVmV.
2) H$m~©ZÀ`m AUw_Ü ò H$_rV H$_r EH$ Xþhoar~§Y Agë`mg Aem hm`S´>moH$m~©Ýgcm

AmëH$sZ ( Alkenes)  Ago åhUVmV. Am{U
3) H$m~©Z AUw_Ü ò EH$ {Vhoar ~§Y Agë`mg Aem hm`S´>moH$m~©Ýgcm AmëH$mB©Z

(Alkynes) Ago åhUVmV.
g§n¥º$ Am{U Ag§n¥º$ hm`S´>moH$m~©Ýg g§n¥º$ Am{U Ag§n¥º$ hm`S´>moH$m~©Ýg g§n¥º$ Am{U Ag§n¥º$ hm`S´>moH$m~©Ýg g§n¥º$ Am{U Ag§n¥º$ hm`S´>moH$m~©Ýg g§n¥º$ Am{U Ag§n¥º$ hm`S´>moH$m~©Ýg Saturated and unsaturated hydrocarbons

hm`S´>moH$m~©Z _Ü`o \$ŠV C–C  EH$oar ~§Y Agë`mg Ë`mg g§n¥º$ hm`S´>moH$m~©Ýg
(saturated hydrocarbons) åhUVmV. gd© AmëHo$Z g§n¥º$ hm`S´>moH$m~©Ýg AmhoV.
hm`S´>moH$m~©ZÀ`m H$m~©Z AUw_Ü ò H$_rV H$_r EH$ Xþhoar~§Y(C=C) qH$dm H$_rV H$_r
EH$ {Vhoar~§Y (C  C)  Agë`mg Ë`mg Ag§n¥º$ hm`S´>moH$m~©Ýg(unsaturated
hydrocarbons) åhUVmV. AmëH$sZ Am{U AmëH$mB©Z ho Ag§n¥º$ hm`S´>moH$m~©ZMr
CXmhaUo AmhoV.

gai l¥I§cm, emIm l¥I§cm Am{U g§d¥Îm l¥I§cm hm`S´>moH$m~©Z g§`wJo g§n¥º$ qH$dm
Ag§n¥º$ Agw eH$VmV. Imcrc CXmhaUo nmhm.
1) Imcrc n¡H$s H$moUVr g§̀ wJo Ag§n¥º$ AmhoV Vo gm§Jm? Vw_À`m CÎmamMo ñnï>rH$aUÚm

a. CH3–CH2–CH3 b. CH3 – CH = CH2

c. CH – CH2 d. HC    C – CH = CH2
  ||         |

      CH –  CH2

e. CH3 – CH – CH= CH2      f.  CH3–CH2– CH2– CH2
|                                                                 |
CH3                                                                              CH2 – CH3

2) Imcrc g§`wJm_Yrc emIm`wº$ l¥§Icm Am{U g§d¥Îm l¥§Icm g§`wJo AmoiIm.
(a) CH3 – CH  – CH – CH3         (b)             CH2 – CH2

 | |                    |       |
CH3    CH2 – CH3          H3C – CH  – CH2

             CH3
                          |

(c)CH   –  CH2 (d)  HC     C – C – CH3
 ||               |   |
CH       CH2                             CH3
  \           /
      CH2
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BVa _wcÐì`mer H$m~©ZMo ~§YZ BVa _wcÐì`mer H$m~©ZMo ~§YZ BVa _wcÐì`mer H$m~©ZMo ~§YZ BVa _wcÐì`mer H$m~©ZMo ~§YZ BVa _wcÐì`mer H$m~©ZMo ~§YZ (BINDING OF CARBON WITH OTHER ELEMENTS)
H$m~©Z Am{U hm`Ś>moOZÀ`m g§̀ wJmZm hm`Ś>moH$m~©Z( hydrocarbons. ) Ago åhUVmV.

ho AmnU _m{hV Ho$co.
• H$m~©Z BVa _wcÐì`mÀ`m AUwer ~§Y {Z_m©U H$aVo H$m?

H$m~©Z hm hm`S´>moOZ AUwer Zmhr Va BVa _wcÐì`mÀ`m AUwer gwÜXm ~§Y {Z_m©U
H$aVmo. Ogo AmŠgrOZ, Zm`Q´>moOZ, gë\$a, \$mñ\$moag, h°comOZ BË`mXr, H$m~©Z BVa
_wcÐì`mÀ`m AUwer V`ma hmoUmar g§`wJo nmhþ `m.
C, H, X. er V`ma hmoUmar H$m~©Z g§`wJo  er V`ma hmoUmar H$m~©Z g§`wJo  er V`ma hmoUmar H$m~©Z g§`wJo  er V`ma hmoUmar H$m~©Z g§`wJo  er V`ma hmoUmar H$m~©Z g§`wJo  (Carbon compounds with C, H, X.)

• g§`wJmV Agcoco C, H, X òWo ‘X’ ho h°cmoOZ Xe©{dVo. (Cl, Br, I AUw ).
AUwAUwAUwAUwAUw: CH3Cl, CH3– CH2–Br, CH2Cl – CH2I, CH3 – CHCl2

`mg hm`Ś>moH$m~©ZMr h°cmoOZ CËnmXrVo åhUVmV qH$dm h°cmo hm`Ś>moH$m~©Ýg åhUVmV.
C, H, O. er V`ma hmoUmar H$m~©Z g§`wJo  er V`ma hmoUmar H$m~©Z g§`wJo  er V`ma hmoUmar H$m~©Z g§`wJo  er V`ma hmoUmar H$m~©Z g§`wJo  er V`ma hmoUmar H$m~©Z g§`wJo (Carbon compounds with C, H, O.)

•  C, H, O Agcocr g§̀ wJo {d{dY àH$maMr AgVmV.
AëH$mohc AëH$mohc AëH$mohc AëH$mohc AëH$mohc (Alcohols)

 H2O aoUw_Yrc hm`S´>moOZ AUw  ‘R’ Zo à{VúmonrV Pmë`mg AmnUmg  R-OH. òVo.
hm`S´>moH$m~©Zg _Ü`o  –OH JQ> Agë`mg Ë`mg AmëH$mohc åhUVmV. Imcrc

CXmhaUo nmhw `m.
  CH3OH, CH3CH2OH, CH3-CHOH-CH3 BË`mXr.

AmëH$mohcMo gmYmaU gwÌ  R – OH Amho. ̀ mV  ‘R’ ho AmŠcmB©c JQ>  (alkyl group)
CnH2n+1Amho.
 AmëS>rhmBS>g AmëS>rhmBS>g AmëS>rhmBS>g AmëS>rhmBS>g AmëS>rhmBS>g (Aldehydes)

 –CHO \§$ŠeZc J«wn Agcoë`m hm`S´>moH$m~©Zgcm AmëS>rhmBS>g åhUVmV. Imcrc
CXmhaUmMo {Z[aúmU H$am.

 H – C = O, CH3 – C = O, CH3 – CH2 - C = O  BË`mXr
         |                      |                                 |
        H                    H                               H
    Formaldehyde           Acetaldehyde                         Propionaldehyde

AmëS>rhmBS>g Mo gwÌ R – CHO, òWo R = AmëH$mB©H$ J«wn qH$dm hm`S´>moOZ Am{U
-CHO \§$ŠeZc J«wn (H$m`©H$mar JQ>)
{H$Q>moÝg {H$Q>moÝg {H$Q>moÝg {H$Q>moÝg {H$Q>moÝg (Ketones)
hm`S´>moH$m~©Z gmo~V                        H$m ©̀H$mar g_wh Agë`mg Ë`mg {H$Q>moÝg åhUVmV.

                                O                                       O
                                 ||                                        ||

CH3 – C – CH3,   CH3 –  CH2 – C – CH3 etc.
        Di methyl ketone                     ethyl methyl ketone

                   J«n (g_wh) cm {H$Q>moÝg J«wn Ago åhUVmV. (gm_mÝ` nÜXV)

C OC
C

C OC
C
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{H$Q>moÝgMo gmYmaU gwÌ Amho.

R Am{U R1 ho AmëH$mBc J«wn AgwZ Vo g_mZ qH$dm {^Þ Agw eH$Vo.
H$ma~mŠgrcrH$ Amåco H$ma~mŠgrcrH$ Amåco H$ma~mŠgrcrH$ Amåco H$ma~mŠgrcrH$ Amåco H$ma~mŠgrcrH$ Amåco (Carboxylic acids)

H$ma~mŠgrcrH$ AmåcmMo aoUw gwÌ R – COOH Amho.
`oWo R hm AmëH$mB©c J«wn qH$dm  H AUw Amho.
H – C = O,           CH3 – C = O, CH3 – CH2– C = O,
        |                                |                                  |
       OH                           OH                             OH
    Formic acid           Acetic acid         Propionic acid

       – C = O  `m g_whmcm H$m~©~mŠgrc g_wh  (carboxyl group.) åhUVmV.
           |
        OH

BWg© BWg© BWg© BWg© BWg© (Ethers)
BWg© ho nmÊ`mÀ`m H2O aoUwer g§~§YrV H$m~©Z g§`wJo Amho. nmÊ`mÀ`m aoUwVrc XmoZ

hm`S´>moOZ AUwMo XmoZ g_mZ qH$dm {^Þ AmëH$mB©c g_whmìXmao à{VúmonU Pmë`mg BWg©
V`ma hmoVo.

CXmCXmCXmCXmCXm: CH3 – O – CH3 , CH3 – CH2 – O – CH3, CH2 = CH – O – CH3 etc.
               Di methyl ether                 ethyl methyl ether  methyl vinyl ether

BñQ>g© BñQ>g© BñQ>g© BñQ>g© BñQ>g© (Esters)
hr g§`wJo H$m~mŠgrcrH$ Amåcm nmgwZ {_i{dcocr g§`wJo AmhoV.   - COOH Mm

hm`S´>moOZ AUw ‘R’ ìXmam à{VúmonrV Pmë`mg BñQ>g© {_iVo.
          O                                     O                                       O
           ||                                       ||                                        ||
CH3 - C - OCH3, CH3 -  CH2 – C - OCH3 ,  CH3 -  CH2 – C – OCH2CH3 etc.

Di methyl ester ethyl methyl ester Di ethyl ester

C, H, N Agcocr g§`wJo Agcocr g§`wJo Agcocr g§`wJo Agcocr g§`wJo Agcocr g§`wJo (Compounds containing C, H, N)
A_mB©Zg A_mB©Zg A_mB©Zg A_mB©Zg A_mB©Zg (Amines)                                              NH2)

                                                                                           |
Eg: CH3–NH2, CH3–CH–NH2,  CH3CH2NH2,  CH3–CH2–C–CH3     etc.

                             |   |
                            CH3              CH3
 - NH2 g_whmcm A_mB©Ýg g_wh (amine group) åhUVmV. AmnU A_mB©Ýg

g_whmMr NH3 er VwcZm H$é eH$Vmo. Oa  ROH nmgwZ  R – O – R/ Am{U H2O V`ma
Ho$ë`mg

Oa NH3 _Yrc EH$ hm`S´>moOZ AUw AmëH$mBc g_whmìXmao  à{VúmonVrV Pmë`mg
òUmè`m g§̀ wJmcm àmW{_H$ A_mB©Ýg åhUVmV. Oa NH3_Yrc XmoZ hm`S´>moOZ AUw

XmoZ AmëH$mBc J«wnìXmao (gmaIo qH$dm {^Þ) à{VúmonU Pmë`mg pìXVr` Am_B©Ýg
`oVmV Am{U Oa gd© {VÝhr hm`S´>moOZ AUw gmaIm qH$dm {^Þ AmëH$mBc J«wn ìXmao
n«{VúmonU Pmë`mg V¥Vr` Am_B©Ýg {_idw eH$Vmo.

C OR
R/

SCERT T
ELA

NGANA



Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20 269

CXmCXmCXmCXmCXm:

H$m~©Z g§`wJmVrc H$m`©H$mar JQ> H$m~©Z g§`wJmVrc H$m`©H$mar JQ> H$m~©Z g§`wJmVrc H$m`©H$mar JQ> H$m~©Z g§`wJmVrc H$m`©H$mar JQ> H$m~©Z g§`wJmVrc H$m`©H$mar JQ> (FUNCTIONAL GROUPS IN CARBON COMPOUNDS)

EH$m H$m~© g§̀ wJmMo JwUY_© _w»`Vm aoUw _Yrc EH$m AUwda qH$dm AUwÀ`m JQ>mda
Adc§~wZ AgVo `mcmM H$m ©̀H$mar JQ> ( functional group. ) Ago åhUVmV.

H$m~©Zr g§`wJo Ë`m_Yrc H$m`©H$mar JQ>mÀ`m AmYmao dJr©H¥$V Ho$co. H$m`©H$mar JQ>mV
Ë`m H$m~©Zr g§`wJmÀ`m dV©UwH$scm H$maUr^wV R>aVo. EH$mM àH$maMm {H«$`mË_H$ JQ>
Agcocr g§`wJo EH$mM àH$maÀ`m {H«$`oV ^mJ KoVmV.
g_KQ>Zm g_KQ>Zm g_KQ>Zm g_KQ>Zm g_KQ>Zm (Isomerism)

Imcrc XmoZ g§aMZm nmhm.
(a)  CH3–CH2–CH2–CH3           (b)   CH3–CH–CH3     |
                                                                      CH3

• Ë`mMr g§aMZm H$er Amho? Vr gmaIrM Amho H$m?
• (a) Am{U (b) g§aMZoV qH$Vr H$m~©Z Am{U hm`S´>moOZMo AUw AmhoV?
• (a) Am{U(b)gmR>r g§ÐdU aoUw gwÌo {chm? Ë`mMo aoUw gwÌ gmaIoM Amho H$m?

(Vw_À`m {eúmH$mÀ`m _XVrZo darc CXmhaUmVrc g§`wJmMr Zmdo Úm).
n{hë`m g§aMZocm ã`wQ>oZ  (butane)  (qH$dm)  gm_mÝ` nÜXVrZo EZ- ã`wQ>oZ

(n-butane) åhUVmV.
Xþgè`m g§aMZocm 2- {_WmB©S> àmonoZ  (2-methyl propane) qH$dm Am`gmo ã ẁQ>oZ

(iso-butane) gm_mÝ` nÜXVrV åhUVmV.
{ZgJm©V hr XmoÝhr g§`wJo AmT>iVmV. Ë`mÀ`m g§aMZoV \$aH$ Agë`m_wio Ë`m§Mo

JwUY_© doJdoJio AgVmV. EH$M aoUwgwÌ AgwZ {^Þ JwUY_© AgUmè`m g§̀ wJmZm
g_KQ>H$  (isomers)  åhUVmV.

EH$M aoUwgwÌ Agcoë`m g§̀ wJmMr doJdoJir JUwY_© Agcoë`m KQ>Zocm g_KQ>Zm
(isomerism) åhUVmV. g_KQ>Zm XmI{dUmè`m g§̀ wJm§Zm g_KQ>H$(isomers)  Ago
åhUVmV..

(iso = gmaIm; meros = ^mJ åhUOo gmaIo aoUw gwÌ )
darc CXmhaUmV g§aMZoV \$aH$ Agë`m_wio g_KQ>Zm V`ma hmoVo ̀ mcmM g§aMZmË_H$

g_KQ>Zm  (structural isomerism) Ago åhUVmV.
Imcr {Xcoë`m H$m~©Z g§`wJmMr doJdoJir g§aMZm H$mTw>Z àË`oH$mVrc g_KQ>m§Zm

Zmdo Úm. (`mgmR>r Vw_À`m {eúmH$m§Mr _XV ¿`m.)
(a) C5H12   (b) C6H14

CH3   NH

H3C

CH3   N

H3C
CH3

({ìXVr` A_mB©Ýg)
 N-methyl methanamine

(V¥Vr` A_mB©Ýg)
N,N-di methyl methanamine
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g_OmVr _mcrH$m(loUr) g_OmVr _mcrH$m(loUr) g_OmVr _mcrH$m(loUr) g_OmVr _mcrH$m(loUr) g_OmVr _mcrH$m(loUr) (Homologous series)

AmVmn`ªV AmnU H$m~©Z l¥I§cm Am{U H$m`©H$mar JQ>mÀ`m AmYmao H$m~©Zr g§`wJmMo
dJuH$aU Ho$co. g_OmVr _mcrH$mdéZ AmUIr H$mhr EH$m àH$mamV dJr©H$aU H$aVm
òVo.

H$m~©Z g§̀ wJmÀ`m _mcrHo$Vrc XmoZ H«$_mJV g§̀ wJm_Yrc \$aH$  –CH2 EH$H$
AgVmo `mcmM g_OmVr _mcrH$m  (homologous series) Ago åhUVmV.

CXm: 1) CH4, C2H6, C3H8 …
2) CH3OH, C2H5OH, C3H7OH …

darc _m{cHo$Mo {Z[aúmU Ho$co AgVm àË`oH$ XmoZ H«$_mJV g§`wJmVrc \$aH$  –
CH2 EH$H$ Amho ho cúmmV `ooVo.

H$m~©Zr g§̀ wJmÀ`m g_OmVr _mcrHo$V Imcrc JwU d¡{eï>o AgVmV.
1) Ë`mMo gmYmaU gwÌ EH$M AgVo.

CXm:AëHo$Ýg  (CnH2n+2); AëH$mB©Ýg (CnH2n-2); AëH$mohëg (CnH2n+1)OH etc.
2) _mcrHo$Vrc H«$_mJV g§̀ wJm_Yrc \$aH$ (-CH2) EH$H$ AgVmo.
3) gma»`m {H«$`mË_H$ JQ>m_wio Ë`m§Mo amgm`{ZH$ JwUY_© gmaIoM AgVmV.

CXm. AmëH$m|hc, AmëS>rhmB©S>g, H$m~m©oŠgrcrH$ Amåc BË`mXr _Ü ò H$m ©̀H$mar
JQ> AgVmV C–OH,  C–CHO Am{U C-COOH AgVmV.

4) Ë`m§À`m ^m¡{VH$ JwU_Ym©V H«$_dma ~Xc XmI{dVo. (Vº$m - 1 nmhm)
CXm.AmnU AmëHo$Z, AmëH$sZ, AmëH$mB©Z, AmëH$mohc, AmëS>rhmBS>g Am{U

H$ma~mŠgrcrZ Amåc, BË`mXr g_OmVr _mcrH$m åhUwZ KoD$ eH$Vmo. g_OmVr
_mcrH$oÀ`m d¡̀ º$sH$ gXñ`m§Zm g_OmVr (homologs.) åhUVmV.

Imcrc Vº$m_Ü ò 1,2 Am{U 3 Mo {Z{aúmU H$am. Vo VrZ doJdoJù`m g_OmVr
_mcrH$m Xe©{dVmV.

Vº$m -1: AmëHo$ZMr g_OmVr _mcrH$m(loUr).Vº$m -1: AmëHo$ZMr g_OmVr _mcrH$m(loUr).Vº$m -1: AmëHo$ZMr g_OmVr _mcrH$m(loUr).Vº$m -1: AmëHo$ZMr g_OmVr _mcrH$m(loUr).Vº$m -1: AmëHo$ZMr g_OmVr _mcrH$m(loUr).

`m AmëHo$ZÀ`m g_OmVr _mcrHo$Mo gmYmaU gwÌ  CnH2n+2, Amho. `oWo  n = 1,2,3...

AëHo$ZAëHo$ZAëHo$ZAëHo$ZAëHo$Z aoUwMo gwÌaoUwMo gwÌaoUwMo gwÌaoUwMo gwÌaoUwMo gwÌ

{_WoZ CH4 H-CH2-H 1 –164 –183 0.55
BWoZ C2H6 H-(CH2)2-H 2 –89 –183 0.51
àmonoZ C3H8 H-(CH2)3-H 3 –42 –189 0.50
ã`wQ>oZ C4H10 H-(CH2)4-H 4   0 –138 0.58
n|Q>oZ C5H12 H-(CH2)5-H 5  36 –136 0.63

g§aMZmg§aMZmg§aMZmg§aMZmg§aMZm H$m~©ZMrH$m~©ZMrH$m~©ZMrH$m~©ZMrH$m~©ZMr
g§»`mg§»`mg§»`mg§»`mg§»`m

CËH$cZCËH$cZCËH$cZCËH$cZCËH$cZ
q~Xþq~Xþq~Xþq~Xþq~Xþ

{dViU{dViU{dViU{dViU{dViU
q~Xwq~Xwq~Xwq~Xwq~Xw(oC)

KZVmKZVmKZVmKZVmKZVm
(gml -1at20oC)
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Vº$m -2 : AmëH$sZMr g_OmVr _mcrH$mVº$m -2 : AmëH$sZMr g_OmVr _mcrH$mVº$m -2 : AmëH$sZMr g_OmVr _mcrH$mVº$m -2 : AmëH$sZMr g_OmVr _mcrH$mVº$m -2 : AmëH$sZMr g_OmVr _mcrH$m

AmëHo$ZMo gm_mÝ` aoUwgwÌ  CnH2n, Amho. `oWo ‘n’ is 2, 3, 4, …
Vº$m -3: AmëH$mB©ZMr g_OmVr _mcrH$m (loUr)Vº$m -3: AmëH$mB©ZMr g_OmVr _mcrH$m (loUr)Vº$m -3: AmëH$mB©ZMr g_OmVr _mcrH$m (loUr)Vº$m -3: AmëH$mB©ZMr g_OmVr _mcrH$m (loUr)Vº$m -3: AmëH$mB©ZMr g_OmVr _mcrH$m (loUr)

AmëH$mB©ZMo gm_mÝ` gwÌ CnH2n-2, Amho. `oWo ‘n’ is 2, 3, 4, …
H$m~©Zr g§`wJmMo Zm_H$aU H$m~©Zr g§`wJmMo Zm_H$aU H$m~©Zr g§`wJmMo Zm_H$aU H$m~©Zr g§`wJmMo Zm_H$aU H$m~©Zr g§`wJmMo Zm_H$aU (Nomenclature of organic compounds)

H$m~©Zr g§̀ wJo H$mhr {_cr`Z g§» òV Amho. H$m~©Zr g§̀ wJmMr g§»`m A{Ve` OmñV
Agë`mg d¡̀ º$sH$ nUo Ë`m§Mr AmR>dU R>odUo H$R>rU OmVo. `m g_ñ òda _mV H$aÊ`mgmR>r
Ë`m§Mo `mo½` [aVrZo Zmd R>odco nm{hOo. `mgmR>r (International Union of Pure and
Applied Chemistry (IUPAC) `m g§ñWoMr ñWmnZm Pmcr.(A§Vamï´>r` ewÜX Am{U
Cn`moJr agm`Z emó g§ñWm) `m g§KQ>ZoMo H$m ©̀ åhUOo H$m~©Z Am{U AH$m~©Zr g§̀ wJmMo
ì`dñWrnUo Zm_H$aU H$aUo. `m Zm_H$aUmMm CÔoe åhUOo OJmV Hw$R>ohr `m {Xcoë`m
g§aMZocm EH$M Zmd Agco nm{hOo. Am{U Ë`m§Mr g§aMZm gwÜXm OJmV EH$M Agcr nm{hOo.
H$m~©Zr g§̀ wJmÀ`m  IUPAC Zm_H$aUm_wio Imcrc _m{hVr {_iVo.
1) _wi nX…_wi nX…_wi nX…_wi nX…_wi nX… aoUwVrc H$m~©ZAUwÀ`m g§»`oÀ`m `m ^mJmg _wi nX  Ago åhUVmo.
 C1 - Meth; C2 - eth; C3 - prop; C4 - but ;     C5-pent; C6 - hex;
 C7 - hept; C8-oct; C9-non; C10 - dec     Am{U AemàH$mao
2) Cng§J© Cng§J© Cng§J© Cng§J© Cng§J© (Prefix):  aoUwVrc n«{V`moOrcm Cng§Jm©gmaIo XmI{dVmV. (prefix)
3) n«Ë`` n«Ë`` n«Ë`` n«Ë`` n«Ë`` (Suffix):  aoUwVrc H$m`©H$mar JQ>mg àË``mìXmao XmI{dco OmVo.  (suffix)

2. Cng§J© 2. Cng§J© 2. Cng§J© 2. Cng§J© 2. Cng§J© (Prefix):  CngJm©Mo nwÝhm H$mhr ^mJ AmhoV. Vo àmW{_H$ Cng§J©,
pìXVr` Cng§J©, g§»`mË_H$ Cng§J© Am[U g§kmË_H$ Cng§J© AmhoV.

àmW{_H$ Cng§J©…àmW{_H$ Cng§J©…àmW{_H$ Cng§J©…àmW{_H$ Cng§J©…àmW{_H$ Cng§J©… hm gm`Šcmo (‘cyclo’) `mMm Cn`moJ \$º$ M{H«$` g§̀ wJmV
hmoVmo. Ë`mMo JUwY_© Ecr\o$Q>rH$ g§`wJm gmaIo AgVmV.g§`wJo MH«$s` Zgë`mg `m
ZmdmMm Cng§J© ZgVmo.

AmëHo$ZAmëHo$ZAmëHo$ZAmëHo$ZAmëHo$Z H$m~©ZMr g§»`mH$m~©ZMr g§»`mH$m~©ZMr g§»`mH$m~©ZMr g§»`mH$m~©ZMr g§»`m aMZmaMZmaMZmaMZmaMZm gwÌgwÌgwÌgwÌgwÌ

BWoZ 2 CH2 =CH2 C2H4

àmonoZ 3 CH3-CH=CH2 C3H6

ã`wQ>oZ 4 CH3-CH2-CH=CH2 C4H8

n|Q>og 5 CH3-CH2-CH2-CH=CH2 C5H10

AmëH$mB©ZAmëH$mB©ZAmëH$mB©ZAmëH$mB©ZAmëH$mB©Z H$m~©ZMr g§»`mH$m~©ZMr g§»`mH$m~©ZMr g§»`mH$m~©ZMr g§»`mH$m~©ZMr g§»`m g§aMZmg§aMZmg§aMZmg§aMZmg§aMZm gwÌgwÌgwÌgwÌgwÌ

BWmB©Z 2 HC     CH C2H2

àmonmB©Z 3 CH3- C    CH C3H4

ã`wQ>mB©Z 4 CH3-H2C-C    CH C4H6

noZQ>mB©Z 5 CH3-CH2-CH2-C    CH C5H8
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{ìXVr` (Xþæ`_) Cng§J©…{ìXVr` (Xþæ`_) Cng§J©…{ìXVr` (Xþæ`_) Cng§J©…{ìXVr` (Xþæ`_) Cng§J©…{ìXVr` (Xþæ`_) Cng§J©… ho Xþgè`m ñVamÀ`m H$m`©H$mar JQ>m~Ôc _m[hVr XoVo Ë`mg
à{V`moOr åhUVmV. Vo h°cmoOÝg (‘halogens’) AmhoV `mg h°cmo (halo) Ago {c{hVmV.
AmëH$mBc JQ> (R) A[U AëH$mŠgr JQ> (-OR) BË`mXrg AëH$mB©c>, AmëH$mŠgr Ago {c{hVmV.

g§kmË_H$ CngJ©… g§kmË_H$ CngJ©… g§kmË_H$ CngJ©… g§kmË_H$ CngJ©… g§kmË_H$ CngJ©… O|ìhm gmaIo à{V¶moOr AZoH$ ~§Y qH$dm H$m¶©H$mar JQ> XmoZXm, VrZXm
nwZamd¥Îm hmoVmV, Ë¶mg g§kmË‘H$ CngJ© åhUVmV. Ë¶mg S>mB©, Q´>mB©, Q>oQ´>mZo Xe©{dVmV.

g§»¶m CngJ©… g§»¶m CngJ©… g§»¶m CngJ©… g§»¶m CngJ©… g§»¶m CngJ©… ¶m‘Ü¶o H$moUVm g§¶wJmMm H$moUVm à{V¶moOr, AZoH$ ~§Y qH$dm H$m¶©H$mar
JQ> Owibobo Amho.

3. n«Ë`` 3. n«Ë`` 3. n«Ë`` 3. n«Ë`` 3. n«Ë`` (Suffix):  `mÀ`mV gwÜXm H$mhr ^mJ AgVmV. Vo ^mJ àmW{_H$ n«Ë``,
pìXVr` àË``, g§kmË_H$ àË`` Am{U g§»`m àË`` BË`mXr

àmW{_H$ àË`` (Primary suffix)  g§̀ wJmÀ`m g§n¥º$m{df`r gm§JVo. g§n¥º$m  (C-C) gmR>r
‘an’  Am{U H$m~©Z AUw ho EH$_oH$m§g g§̀ wJmVrc EHo$ar ~§Ym_wio Owicoco AgVmV.

Ag§n¥º$ (C=C)  Xþhoar ~§YmÀ`m g§̀ wJmgmR>r BZ ‘en’ Am{U Ag§n¥º$ {Vhoa  (C   C ) ~§YmÀ`m
g§̀ wJmgmR>r `Z ‘yn’ àË`` OmoS>ë`m OmVo.

{ìXVr` àË`` ho Ë`mVrc H$m ©̀H$mar JQ>m ~Ôc gm§JVo.
CXmhaUmW© hm`S´>moOZgmR>r  ‘e’

AmëH$mohc gmR>r ‘ –ol ’
AmëS>rhmB©S>g gmR>r ‘ –al ‘
{H$Q>moÝg gmR>r  ‘ –one ‘ Am{U
H$ma~mŠgrcrH$ AmåcmgmR>r  ‘ –oic Amåc’

{ìX, {Ì.(di, tri) gma»`m g§kmË_H$ CngJm©Zm pìXVr` CngJ© àmW{_H$ n«Ë` ò Am{U
pìXVr` àË``mgmR>r {c{hVmV. Ooìhm gmaIm à{V`moOr(substituent) AZoH$ ~§Y qH$dm
H$m`©H$mar JQ> XmoZXm, {VZXm nwZamd©Îm homVo ̀ mg pìX, {Ì, (di, tri)  Ago {c{hVmV. g§`wJmMm
H$moUVm n«{V`moOr, AZoH$ ~§Y qH$dm H$m`©H$mar JQ> Owicoco AmhoV. ho g§»`oìXmao ho g§mJVm ̀ oVo.

H$m~©Z g§̀ wJmMr Zmdo R>odÊ`mgmR>r Imcrc H«$_ nmicm nm{hOo. Vmo H«$_ Imcrc à_mUo Amho.

 (1), (2), (3); (6), (7), (8) Am{U (9), (10) Am{U (11) _Ü`o Vwåhmcm H$moUVm \$aH$
AmT>iwZ òVmo?

(1), (2) `m g§»`m Am{U g§kmË_H$ Xe©dUwH$ AgwZ `mg pìXVr` Cng§Jm©gmR>r {c{hVmV.
ho Xþgè`m ñVamÀ`m H$m`©H$mar JQ>mVrc ñWmZ Am{U nwZamd¥Îmr Pmcocr gm§JVo `mg à{V`moOr
(substituents)  åhUVmV.

           1          2         3          4

CXm: CH3–CH–CH–CH3     2, 3 – di   chloro   but     an      e
          |       |    (1)        (2)         (3)         (5)         (8)      (11)

                          Cl     Cl

g§»`m-g§»`m-g§»`m-g§»`m-g§»`m- g§kmË_H$ Cng§J©-g§kmË_H$ Cng§J©-g§kmË_H$ Cng§J©-g§kmË_H$ Cng§J©-g§kmË_H$ Cng§J©- {ìXVr` Cng§J©- àmW{_H$ Cng§J©- _winX-{ìXVr` Cng§J©- àmW{_H$ Cng§J©- _winX-{ìXVr` Cng§J©- àmW{_H$ Cng§J©- _winX-{ìXVr` Cng§J©- àmW{_H$ Cng§J©- _winX-{ìXVr` Cng§J©- àmW{_H$ Cng§J©- _winX- g§»`mg§»`mg§»`mg§»`mg§»`m
         1                           2                                           3                              4                                 5                    6

g§kmË_H$ Cng§J©- àmW{_H$ àË`o`- g§»`m- g§kmË_H$ Cng§J©- Am{U pìXVr` àË``g§kmË_H$ Cng§J©- àmW{_H$ àË`o`- g§»`m- g§kmË_H$ Cng§J©- Am{U pìXVr` àË``g§kmË_H$ Cng§J©- àmW{_H$ àË`o`- g§»`m- g§kmË_H$ Cng§J©- Am{U pìXVr` àË``g§kmË_H$ Cng§J©- àmW{_H$ àË`o`- g§»`m- g§kmË_H$ Cng§J©- Am{U pìXVr` àË``g§kmË_H$ Cng§J©- àmW{_H$ àË`o`- g§»`m- g§kmË_H$ Cng§J©- Am{U pìXVr` àË``
            7                                   8                           9                              10                                         11
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 (6) Am{U (7) ho g§`wJmÀ`m aoUw g§aMZoVrc ~hþ~§YmMo ñWmZ Am{U nwZamd¥ÎmrZm
gwM{dVmV. ho àmW{_H$ àË``m (8) er g§~§YrV AgwZ g§̀ wJmÀ`m Ag§n¥º$Vo ~Ôc
H$i{dVmV.

              5        4       3        2          1

CXmCXmCXmCXmCXm: CH3-C=CH-CH   CH       but –  3  – ene –   1  –  yn –      e
         (5)       (6)        (8)          (9)        (8)           (11)

(9) Am{U (10) ho H$m`©H$mar JQ>mMo ñWmZ Am{U nwZamd¥Îmm§ ~Ôc g§mJVmV. qH$dm
~hþH$m ©̀H$mar g§̀ wJmVrc _w»` H$m ©̀H$mar JQ>m{df`r H$i{dVmV. `m g§»`m H$moUË`m
H$m~©Z JQ>mVrc AmhoV qH$dm Ë`m {H$Vr doim nwZamd¥Îm Pmë`m hr _m{hVr XoVmV. Oa
H$m`©H$mar JQ> EH$XmM Amcm AgVm _moZmo (mono)  {c{hÊ`mMr JaO Zmhr. åhUwZ
g§kmË_H$ Cng§J© Ë`m_Ü`o Zgë`mg H$m`©H$mar JQ> nwZamd¥Îm hmoV Zmhr ho g_Ow eH$Vmo.
AemarVrZo Ecr\o$Q>rH$ g§`wJmÀ`m ZmdmV _winX (5) àmW{_H$ àË`` (8) Am{U
pìXVr` àË``(11) Z¸$sM AgVmV Am{U BVa Agw eH$Vo qH$dm Zgw eH$Vo.

CXmCXmCXmCXmCXm:      CH3-CH2-CH-CH2-OH but     ane – 1,2 –     di     ol
                                |   (5)         (8)         (9)           (10)    (11)

              OH
{dam_{MÝh {dam_{MÝh {dam_{MÝh {dam_{MÝh {dam_{MÝh (Punctuation): g§»`m§Zm ñdën{dam_mìXmao  (,) Am{U g§kmZm

g§`moJm {MÝhmìXmao (hyphen(-) doJio H$aVm òVmV.
g_Om g§aMZoV EH$m noúmm OmñV à{V`omOr Agë`mg Ë`m§Mr Zmdo {chrVm§Zm

Aúmam§Mm H«$_mMm {Z`_ nmicm nm{hOo. `mgmR>r g§kmË_H$ Cng§J© {dMmamV KoD$ Z`o.
à{V`moOr: X (h°cmo), R (AëH$mB©c), -OR (AmëH$mŠgr), -NO2 (Zm`Q́>mo), NO (Zm`Q́>mogmo)
BË`mXr.

Oa H$moUË`mhr g§aMZoV EH$m noúmm OmñV H$m ©̀H$mar JQ> Agë`mg Ë`m_Yrc _w»`
H$m ©̀H$mar JQ>mMr {ZdS> H$éZ Ë`mg pìXVr` àË``mgmaIo {c{hVm òVo. gd© BVa
H$m`©H$mar JQ> n«{V`moOr(à{VúmonH$) ~ZVmV.

H$m`m©Ë_H$ JQ>mg àmYmÝ`m déZ {ZdS> H$aÊ`mgmR>r Am{U Zmdo XoÊ`mgmR>r _w»`
JUwd¡{eîQ>o Agcoë`m JQ>mg CVaË`m H«$_mV {c{hco nm{hOo.`mg pìXVr` àË``mÀ`m
énmV {chrco nm{hOo.

H¥$Vr H¥$Vr H¥$Vr H¥$Vr H¥$Vr 1

                -COOH > (CH3CO)2O > -COOR >   -COX    >  - CONH2  >  -CN   >  -CHO  >  >C=O >   R-OH    >  -NH2

     Acid        anhydride          ester       acid halide       amide         nitrile    aldehydes     ketones    alcohols    amines
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Vº$m Vº$m Vº$m Vº$m Vº$m -4:

H$m~©Z AU§wMr _moOUr qH$dm H«$_m§H$ XoUo H$m~©Z AU§wMr _moOUr qH$dm H«$_m§H$ XoUo H$m~©Z AU§wMr _moOUr qH$dm H«$_m§H$ XoUo H$m~©Z AU§wMr _moOUr qH$dm H«$_m§H$ XoUo H$m~©Z AU§wMr _moOUr qH$dm H«$_m§H$ XoUo (Numbering carbon atoms)
1) H$m~©Z AUw§Zm S>mdrH$Sw>Z COdrH$S>o qH$dm COdr H$Sw>Z S>mdr H$So H$gohr Z§~a

XoD$ eH$Vmo. à{VúmonU (à{V`moOr) Am{U H$m ©̀H$mar JQ> Agcoë`m ñWmZmcm gwM{dUmar
g§»`m eŠ`Vmo H$_r Agcr nm{hOo.

2) Oa {Z`_ (1)Z nmië`mg H$m ©̀H$mar JQ>mÀ`m H$m~©Zcm gdm©V chmZ g§»`m
Úmdr cmJVo.

3) H$m~©Z AUwÀ`m gmIirÀ`m eodQ>mg H$m ©̀H$mar JQ> Agë`mg CXm.–CHO, qH$dm –
COOH  ̀ m gma»`m JQ>mcm Zoh_r (1) Am{U (2) {Z`_ Z nmië`mg Zoh_r 1 g§»`m Úmdo.

bm§~ gmIirMm {Z¶‘… bm§~ gmIirMm {Z¶‘… bm§~ gmIirMm {Z¶‘… bm§~ gmIirMm {Z¶‘… bm§~ gmIirMm {Z¶‘… H$m~©ZÀ¶m OUH$ gmIirMr {ZdS> H$am. gd© H$m~©Z
AUwÀ¶m gmIirÀ¶m KQ>H$mVrb gmIirMo KQ>H$ ~mOwMr gmIir qH$dm ’$m§XrMr
gmIir Amho. $

dJ©dJ©dJ©dJ©dJ© gwÌgwÌgwÌgwÌgwÌ Cng§J© Cng§J© Cng§J© Cng§J© Cng§J© (Prefix) àË`` àË`` àË`` àË`` àË`` (Suffix)
H$mhr _hËdmMo d¡{eï>`o Agcoë`m H$m`©H$marJQ>mgmR>r Cng§J© Am{U n«Ë`` Imcr {Xcoco Amho.H$mhr _hËdmMo d¡{eï>`o Agcoë`m H$m`©H$marJQ>mgmR>r Cng§J© Am{U n«Ë`` Imcr {Xcoco Amho.H$mhr _hËdmMo d¡{eï>`o Agcoë`m H$m`©H$marJQ>mgmR>r Cng§J© Am{U n«Ë`` Imcr {Xcoco Amho.H$mhr _hËdmMo d¡{eï>`o Agcoë`m H$m`©H$marJQ>mgmR>r Cng§J© Am{U n«Ë`` Imcr {Xcoco Amho.H$mhr _hËdmMo d¡{eï>`o Agcoë`m H$m`©H$marJQ>mgmR>r Cng§J© Am{U n«Ë`` Imcr {Xcoco Amho.

Amåc hmcmB©S>g -COX hcomH$m~m©oZrc H$ma~m}{Zc hmcmB©S>
(Where X is halogen atom)

-(C)O-X AmoBH$ hmcmB©S>
AmëH$mohc -OH hm`S´>moŠgr Amoc
AmëS>rhS>g -CHO \$a_mB©c H$ma~mëS>rhmB©S>

-(C)HO AmŠgmo -Ac
A_mB©S>g -CONH2 H$ma~m_moBc H$ma~moŠgm_mB©S>

-(C)ONH2 AmŠgmo -Ac
A_mB©Ýg -NH2 A_m`Zmo A_mB©Z
H$m~m©ŠgrcrH$ Amåc -COOH H$ma~mŠgr H$ma~m°ŠgmcrH$ Amåc

-(C)OOH AmoBH$ Amåc
BWg© -OR (R)AmŠgmo
BñQ>g© -COOR AmŠgrH$ma~moZrc (R)…H$ma~moPocoQ>>

(C)OOR R - AmŠgrH$ma~moZrc (R)… AmoEQ>
{H$Q>moÝg -C = O AmŠgmo -dZ
Zm`S´>mB©cg -CN gm`Zmo - H$ma~moZm`Q´>mB©c

-(C)N Zm`Q´>mB©c

     1  2                 3                 4         5

CH3 --  CH -- CH2 -- CH -- CH3

           CH3       CH3
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H$_rV H$_r g§»¶m§Mm {Z¶‘… H$_rV H$_r g§»¶m§Mm {Z¶‘… H$_rV H$_r g§»¶m§Mm {Z¶‘… H$_rV H$_r g§»¶m§Mm {Z¶‘… H$_rV H$_r g§»¶m§Mm {Z¶‘… H$m~©ZÀ¶m g§¶wJmV H$m~©Z AUwMm ’$º$ EH$M
KQ>H$ Agm AgVmo, H$s KQ>H$ dmhþZ ZoUmam H$m~©Z AUw bhmZ g§»¶m àmá H$aVmo.

bhmZ ~oaOoMm {Z¶‘… bhmZ ~oaOoMm {Z¶‘… bhmZ ~oaOoMm {Z¶‘… bhmZ ~oaOoMm {Z¶‘… bhmZ ~oaOoMm {Z¶‘… Oa OUH$ gmIirVrb H$m~©Z g§¶wJmV XmoZ {H$§dm
Ë¶mnojm K¶H$ ho Ë¶m‘Yrb eodQ>mH$S>yZ OmñV H$m~©Z KQ>H$m§Mr bhmZ ~oarO {‘i{dVo.

Aja H«$‘… Aja H«$‘… Aja H«$‘… Aja H«$‘… Aja H«$‘… O|ìhm XmoZ qH$dm Ë¶mnojm OmñV {d{^Þ JQ> AgVmV, Aem JQ>m§Zm
H«$‘mV ‘m§S>ë¶m OmVo.

Imcr {Xcoë`m g§`wJmÀ`m ZmdmMo {Z[aúmU H$éZ {Xcoë`m [aH$må`m OmJoV H$maUo
{chm.

da {Xcoë`m gwMH$mdéZ {Xcoë`m ZmdmMo {d^mJUr H$éZ Ë`m ZmdmVrc ^mJ da
{Xcoë`m  (1) Vo (11) g§»`mìXmao AmoiIm Am{U Vw_À`m dhrV Zm|X H$am.

(`mgmR>r Vw_À`m {eúmH$m§Mr _XV ¿`m.)
gwMH$mdéZ ZmdmMr {d^mJUr H$aÊ`mMo _mJ©Xe©Z H$aÊ`mgmR>r Vwåhmcm EH$ CXm.{Xco

v. CH3–CH2–CH2–CH3 : ã ẁQ>oZ  ..................................................

 4         3          2        1

v CH3–CH2–CH=CH2 : ã ẁQ>-1-BZ ..............................................

          1           2        3          4

v CH3–CH–CH2–CH3 : 2-Šcmoamo ã ẁQ>oZ...................................
     |

                     Cl

          1           2        3        4

v CH3–CH–CH–CH3 : 2,3 – S>m`Šcmoamo ã ẁQ>oZ ...........................
                        |      |
                     Cl     Cl

    H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr  1

     5  4                 3                 2            1

CH3 --  CH -- CH2 -- CH2 -- CH3

           CH3

(Incorrect method)

     1  2                 3                 4         5

CH3 --  CH -- CH2 -- CH2 -- CH3

           CH3

(Correct method)

     CH3
 6 5                4                 3                2 1

CH3 --  CH -- CH2 -- CH2 -- C -- CH3

           CH3        CH3

     CH3
 1 2                3                 4                5 6

CH3 --  CH -- CH2 -- CH2 -- C -- CH3

           CH3        CH3
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 4          3        2         1

v CH3–CH=CH=CH2 : ~wQ>m 1, 2- S>mB©Z ....................................

 4          3          2        1

v CH3–CH2–CH2–CH2–OH  : ã ẁQ>Z – 1 – ol ......................................

 4          3          2        1

v CH3–CH2–CH2–CHO : ã ẁQ>Zmc ...................................................

v CH3–CH2–CH2–COOH  : ã ẁQ>ZmoB©H$ Amåc.......................................

v CH2–CH2 : gm`Šcmo ã ẁQ>oZ...........................................
 |         |
CH2–CH2

v CH3–C–CH2–CH2–CH3  : n|Q>m n – 2 - dZ .................................
     ||

          O

v Br     Br : 1,2 –S´>m`~«m_mo ã ẁQ>oZ .................
 |        |
CH– CH
 |        |
CH2–CH2

v CH2–CH–CHO : 2,3 – Ś>m` Šcmoamo àmonZmc ........................
 |        | gmoS>dUwH$:
Cl     Cl

gwMZm gwMZm gwMZm gwMZm gwMZm : H$m~©Z AUwÀ`m OZH$ hm`Ś>mB©Q> À`m Zmdm_Yrc A§Va ̂ mJmV Agë`mg
(C) Zo gwM{dVmV Am{U Cng§J© qH$dm àË`` cmdcoë`m JQ>mV ZgVmo.

CXmhaUCXmhaUCXmhaUCXmhaUCXmhaU: CH3–CH2–CHO _w»` gmIirÀ`m ZmdmV {_imcoë`m  CHO
Mm àmonZmc - (C)

 CH3–CH–COOH 2- \$ma_mB©c àmonZmB©c  Amåc- ‘C’  CHO
           | _w»` JQ>mMm A§Va ^mJ Zmhr
          CHO >OZH$ gmIir (parent chain)

CXmhaU CXmhaU CXmhaU CXmhaU CXmhaU -1: CH3CH2OH
_w»` H$m ©̀H$mar JQ>     :  -OH    (-ol)
OZH$ hm`S´>mB©S>        :  CH3 – CH3

2,3 - di  chloro prop  an   al
  (1)      (2)     (3)           (5)      (8)    (11)
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OZH$ hm`S´>mB©S>>  +  EH$ _w»` H$m ©̀H$mar JQ>    CH3CH2OH
g§̀ wJmMo Zmd        Eth  an    ol

 (5)     (8)     (11)

CXmhaU CXmhaU CXmhaU CXmhaU CXmhaU -2: OH      OH
                        |           |

                 CH2  –  CH2

OZH$ hm`S´>mB©S>  +  XmoZ _w»` H$m ©̀H$mar JQ>    OH        OH
     |       |

g§̀ wJmMo Zmd     eth ane – 1,2 – di    ol     CH2 –   CH2
           (5)    (8)         (9)      (10)   (11)

             O
 ||

CXmhaUCXmhaUCXmhaUCXmhaUCXmhaU-3:CH3-C-CH2-CH2-CH2-CH2-CH2-OH
_w»` H$m ©̀H$mar JQ>   >(C) = O    -EH$
OZH$ hm`S´>mB©S> CH3-CH2-CH2-CH2-CH2-CH2-CH3   hoßQ>oZ
OZH$ hm`S´>mB©S>>  +  _w»` H$m ©̀H$mar JQ>

                  O
                   ||

        7          6         5         4         3        2     1
CH3-CH2-CH2-CH2-CH2-C-CH3    Heptan -2-one
n«{V`moOr   -OH     hoßQ>oZ

     O
                  ||

  OH-CH2-CH2-CH2-CH2-CH2 -C-CH3

g§`wJmMo Zm§d   7     –   hydroxy    hept    ane   –   2   –   one––  ––––––     –––   ––––     ––      ––––
                (1)          (3)                (5)        (8)            (9)           (11)

gwMZm gwMZm gwMZm gwMZm gwMZm :  `m_Ü ò _w»` H$m ©̀H$mar JQ>mcm  >C=O (Keto)  –OH (AëH$mohc)
noúmm OmñV àmYmÝ` XoÊ`mV Amco.

CXmhaU CXmhaU CXmhaU CXmhaU CXmhaU -4:CH2 = CH – CH2 – CH –CH3      |
     OH

OZH$ hm`S´>mB©S>   CH3 – CH2 – CH2 – CH2 – CH3     n|Q>oZ
_w»` H$m ©̀H$mar JQ>  -OH -Amoc
_w»` hm`S´>mB©S> + _w»` H$m ©̀H$mar                n|Q>Z – 2 – Amoc
dOm~mH$sMm ~Xc   (-2H) -en
g§`wJmMo Zmd:   n|Q>  -  4  -  en  -  2  -  ol

(5)      (6)       (8)       (9)      (11)
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OH

CH3

CH3

1
2

3
4

5

6

       8               7      6          5 |           4            3           2             1

CXmhaU CXmhaU CXmhaU CXmhaU CXmhaU -5: CH2 = C = CH  – CH –CH2 – CH2 – CH – CH2|       |          |
           Cl    OH    OH

       5,6  –   di     chloro  –  octa    –  6,7    –  di   en   –  1,2   –  di      ol       –––      ––    –––––       ––––     –––       ––   ––      –––     –––   –––
           (1)            (2)         (3)                  (5)             (6)             (7)      (8)         (9)           (10)       (11)

CXmhaUCXmhaUCXmhaUCXmhaUCXmhaU-6:

        2,3  –   di    methyl –  cyclo     hex     an   –    1    –    ol
       –––      ––    –––––      ––––     –––    ––       ––        –––
           (1)          (2)           (3)                  (4)            (5)         (8)           (9)           (11)

Imbrb {Xboë`m à_mUo aMZm Agboë`m g|{Ð` nXmWmªMr Zmdo {bhm?

1.   CH3 -- CH2 -- CH2 -- CH2 -- CH3

2.   CH3 -- CH -- CH2 -- CH3

3.   CH3 -- C -- CH3

4.   CH3 -- CH2 -- CH -- CH3

5.   CH2 -- CH2 -- CH2

6.   CH3 -- CH2 -- CH2-- CH2-- CH2-- Cl

7.   CH3 -- CH2 -- CH2-- CH -- CH3

8.   CH3 -- CH2 -- CH-- CH -- CH3

9.   CH3 -- CH2 -- C-- C -- CH3

CH3

CH3

CH3

CH3

CH3

CH3

Cl

Cl

Cl

BrCl

ClBr

14.   CH ≡  C -- CH = C -- CH2

Cl

      OCH3

15.   CH2 -- CH2

CH2 CH2

CH2

16.   CH -- CH2

CH CH2

CH2

Cl

Cl

CH3

Cl CH3

Cl

Cl

CH3Cl

Cl

Br

10.   CH3 -- CH2 -- CH -- C -- CH3

11.   CH2 = CH -- CH -- C -- CH3

12.   CH2 = C = CH -- C -- CH3

13.   CH ≡  C -- CH = C -- CH2
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• g§̀ wJmMo Zmd {Xco AgVm Vwåhr g§̀ wJmMr ga§MZm H$é eH$Vm H$m?

hmo`, g§`wJm§À`m ZmdmdéZ Ë`m§Mr g§aMZm Imcrc àH$mao H$aVm `oVo.
1) ZmdmVrc _wi nXmnmgwZ _w»` gmIirVrc H$m~©Z AUw {chm.
2) {Xcoë`m ZmdmdéZ S>mdrH$Sw>Z COdrH$S>o qH$dm COdr H$Sw>Z S>mdr H$S>o H$m~©Z

AUwMr _moOUr `mo½` [aVrZo H$am.
3) à{V`moOtZm (à{VúmonH$m§Zm) Ë`m§À`m g§»`m g§kmÀ`m AmYmaméZ `mo½` H$m~©Z

AUwer Owidm.
4) H$m~©Z AUwÀ`m AZwH«$_mVrc ZmdmZwgma H$m`©H$mar JQ>mMr gwÌo {chm.
5) àË`oH$ H$m~©Z AUwÀ`m MVw©g§`wOmMo g_mYmZ hmoB©c ho Ü`mZmV R>odm. Amdí`H$

g§» òV hm`S´>moOZ AUw dmnam.
CXmhaU:CXmhaU:CXmhaU:CXmhaU:CXmhaU:
1) 2–{_WmB©c n|Q>g–3–ol       2) 2–~«mo_m–3–BWmB©c n|ÝQ>m–1,4–S>mB©Z
3) 3–~«mo_mo–2–Šcmoamo–5–AmŠgmo hoŠgmoZmoB©H$ Amåc
4) 3–A_m`Zmo–2–~«mo_m hoŠgmZ–1–ol

5)  3, 4–S>m`ëH$moamo ã`wQ>–1–ene

gmoS>dUwH$  : 1.  CH3 - CH -  CH - CH2 - CH3

17.   CH -- CH2-- Br

CH CH2

CH2

18.   CH -- CH2-- Br

CH CH-- Cl
CH2

19.    C  ----  C -- Br

C C -- Cl
CH2

20.   CH3 -- CH2-- CH2-- CH2-- CH2

OH

OH
21.   CH3 = CH -- CH2-- CH -- CH2

Cl

22.   CH3 -- CH -- CH2-- CH -- CH2

COOH

Cl

23.   CH3 -- CH -- CH2-- C -- CH3

OH

Cl

CH3 OH

  1   2   3 4  5
|         |SCERT T
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H$m~©Z g§`wJmMr amgm`{ZH$ JwUY_©H$m~©Z g§`wJmMr amgm`{ZH$ JwUY_©H$m~©Z g§`wJmMr amgm`{ZH$ JwUY_©H$m~©Z g§`wJmMr amgm`{ZH$ JwUY_©H$m~©Z g§`wJmMr amgm`{ZH$ JwUY_©(Chemical properties of carbon compounds)

{H$Ë`oH$ _rcr`Z H$m~©Z g§`wJo Agco Var Ë`m§À`m A{^{H«$`m _mÌ _`m©XrV
AmhoV. Ë`m_Yrc H$mhr _hËdmÀ`m A{^{H«$ ò~Ôc MMm© H$é `m.

Vo:
1) XhZ A{^{H«$`m 2)  AmŠgrS>rH$aU A{^{H«$`m
3) g§H$cZmMr A{^{H«$`m 4)  à{VúmonU qH$dm à{V`moOZ A{^{H«$`m

1. XhZ XhZ XhZ XhZ XhZ (Combustion reactions)
H$m~©Z Am{U Ë`m§Mr g§̀ wJo AmŠgrOZ qH$dm hdoÀ`m Cn[ñWVrV XhZ Pmë`mZo

CO2CîUVm Am{U àH$me ~mhoa nS>Vo.
H$m~©Z qH$dm H$m~©ZMr g§̀ wJo OmñV à_mUmV AmŠgrOZÀ`m CnpñWVrV XhZ

{H«$`m KSw>Z CîUVm Am{U àH$me ~mhoa nS>Vo ̀ m à{H«$ òcm XhZ A{^{H«$`m (combustion
reaction)  Ago åhUVmV. A{^{H«$ òV H$m~©Z Ë`mÀ`m _hÎm_ AmŠgrS>rH$aU pñWVrV
òD$Z  4+  CËnmXH$ XoVmV.

CXm: 1) C  +   O2  CO2 + COm©
       2) 2C2H6  + 7O2   4CO2 + 6H2O  + COm©
       3) CH3CH2OH  + 3O2   CO2 + 3H2O  + COm©
gmYmaUVm: g§n¥º$ hm`S´>moH$m~©Z OiVm§Zm ñnï> {Zir Á`mV {Z_m©U hmoVo. Ag§n¥º$

hm`S´>moH$m~©Ýg OiVm§Zm {ndir Á`moV {Z_m©U hmoVo. Oa XhZ {H«$`oV AmŠgrOZMm
nwadR>m nwaogm Zgcm Va g§n¥º$ hm`S´>mH$m~©Ýg XhZ homVm§Zm H$m~©ZMm H$mim Ywa
{ZKVmo. Ooìhm H$moigm, noQ´>m{c`_ BË`mXr hdoÀ`m CnpñWVrV OiVm§Zm CO2 Am{U
Vr H2O  À`m A{V[aº$ gë\$a Am{U Zm`Q´>moOZMo AmŠgmBS> XoVmV. H$m~©ZS>m`
AmŠgmBS> _wio dmVmdaU XþfrV hmoVo. Ooìhm H$moigm qH$dm cmoUmar H$moigm OiVmo
Voìhm H$mhr doi cmc {dñVd {XgwZ ̀ oVo Á`moV {XgV Zmhr. H$maU Á`moV {XgÊ`mgmR>r
dm`w`wº$ B§YZo Oicr nm{hOo.

OmñV J§Y Agcocr g§`wJo Oië`mZ§Va H$mim Ywa {ZKVmo.
• J°g qH$dm Ho$amogrZ Mwcrda ñd`§nmH$ H$aVm§Zm Ë`mdarc ^m§S>çmMo ~wS> H$mio H$m

homVo?
AmV ̀ oUmar hdm ~§X Pmë`m_wio dm`wénmVrc B§YZ nwU©nUo XhZ hmoV Zmhr åhUwZ

Ë`m H$m~©ZÀ`m H$mim Ywa ^m§S>çmÀ`m ~wS>mer V`ma hmoVmo.
gm_mÝ`V: Á`m A{^{H«$ òV Á`moV {Z_m©U homVo Ë`mg XhZ åhUVmV.  XhZ {H«$ òV

Zoh_r Cî_mXm`r A{^{H«$`m AgVo  åhUOo XhZ A{^{H«$ òÀ`m Xaå`mZ COm© CËnÞ
homVo.
2. AmŠgrS>rH$aU A{^{H«$`m AmŠgrS>rH$aU A{^{H«$`m AmŠgrS>rH$aU A{^{H«$`m AmŠgrS>rH$aU A{^{H«$`m AmŠgrS>rH$aU A{^{H«$`m (Oxidation reactions)

 gmYmaUV: XhZ A{^{H«$`m AmŠgrS>rH$aU A{^{H«$`m Agcr Var gd© AmŠgrS>rH$aU
A{^{H«$`m XhZ {H«$`m hmoV Zmhr. AmŠgrS>H$aU A{^{H«$`m AmŠgrS>rH$maH$mÀ`m
CnpñWVrVrV KSw>Z òVo. AmŠgrS>rH$maH$ nXmW© hm BVa nXmWm©g AmŠgrS>rH$maH$mV
~XcVo. Vo ñdV: úmnU hmoVmV.
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CXm. AmëH$cmB©Z nmoQ>°{e`_ na_§JZoQ> qH$dm AmåcrH¥$V nmoQ>°{e`_ S>m`H«$m_oQ> ho
Ðd énmV AgVm§Zm Vo AmŠgrS>rH$maH$m gmaIo H$m ©̀ H$aVo Am{U AmŠgrOZMm nwadR>m
H$éZ AmëH$mohccm H$ma~mŠgrcrH$ AmåcmV ~XcVo.

BWmB©c AmëH$mohcMo AmŠgrS>rH$aU Pmë`mZo EgrQ>mëS>r hmB©S> V`ma hmoVo. Am{U
eodQ>r EgrQ>rH$ Amåc V`ma homVo. (Imcrc g_rH$aU nmhm)

3. g§H$cZ (~oarO) A{^{H«$`m g§H$cZ (~oarO) A{^{H«$`m g§H$cZ (~oarO) A{^{H«$`m g§H$cZ (~oarO) A{^{H«$`m g§H$cZ (~oarO) A{^{H«$`m (Addition reactions)
Ag§n¥º$ H$m~©Zr g§`wJmVrc AmëH$sZ Am{U AmëH$mB©Z gmaIo ~hþ~§Y (=,   ~§Y)

g§H$cZ {H«$`oV ^mJ KoVë`mZo g§n¥º$ H$m~©Zr g§`wJo ~ZVmV. A{^H$maH$mÀ`m g§H$cZ
{H«$`o Xaå`mZ Xþhoar ~§Y qH$dm {Vhoar ~§YmÀ`m H$m~©Z AUw ^mJ KoVmV.

darc A{^{H«$`oV  ‘Ni’CËn«oaH$mMo H$m`© H$aVo.
• CËnoaH$ CËnoaH$ CËnoaH$ CËnoaH$ CËnoaH$ (catalyst)åhUOo H$m`? ho Vwåhmcm _m{hV Amho H$m`?åhUOo H$m`? ho Vwåhmcm _m{hV Amho H$m`?åhUOo H$m`? ho Vwåhmcm _m{hV Amho H$m`?åhUOo H$m`? ho Vwåhmcm _m{hV Amho H$m`?åhUOo H$m`? ho Vwåhmcm _m{hV Amho H$m`?

EH$m amgm`{ZH$ {H«$ òMm doJ H$_r qH$dm OmñV H$aÊ`mgmR>r Cn`moJr nS>Umè`m
nXmWm©cm CËàoaH$ åhUVmV.  Vo H$moUË`mhr amgm`{ZH$ ~XcmV ^mJ KoV Zmhr.

gmYmaUV: dZñnVr nmgwZ V`ma Pmcoë`m VocmMo hm`S´>moOZrH$aU {H«$ òV {ZHo$ccm
CËàoaH$ åhUwZ Cn`omJ H$aVmV. ̀ m VocmV cm§~ Ag§n¥º$ H$m~©Z AUwMr gmIir AgVo.
àmÊ`m§À`m M~uV g§n¥º$ H$m~©ZMr gmIir AgVo.

M~u Am{U Voc _oXmåc AmhoV. Voc gmYmaUV: ImocrÀ`m Vmn_mZmda Ë`m_Yrc
Ag§n¥º$ _oXmåcm_wio ÐdénmV AgwZ M~u YZ énmV AgVo.
4. à{VúmonU (à{V`moOZ) A{^{H«$`m à{VúmonU (à{V`moOZ) A{^{H«$`m à{VúmonU (à{V`moOZ) A{^{H«$`m à{VúmonU (à{V`moOZ) A{^{H«$`m à{VúmonU (à{V`moOZ) A{^{H«$`m (Substitution reactions)

amgm`{ZH$ A{^{H«$`oV {Xcoë`m g§`wJmMm AUw qH$dm AUwÀ`m JQ> Xþgè`m AUwìXmao
qH$dm AUwJQ>mìXmao à{V`moOrV (à{VúmonrV) hmoVo. Ë`mg à{V`moOZ qH$dm à{VúmonU
A{^{H«$`m (substitution reaction) åhUVmV. g§n¥º$ hm`Ś>moH$m~©Z AmëHo$Z amgm`{ZH$
Ñï>rZo H$_r {H«$`m{ec AgVmV åhUwZ Ë`m§Zm n°am{\$Z (paraffins) åhUVmV.  (parum
= chmZ ; affins = affinity(AmH$f©U) amgm`{ZH$ ~XcmH$S>o AmH$f©U ZgVo.

CH3C    C–CH3
NiCÎàoaH$

But–2-yne

CH3CH=CH–CH3 CH3–CH2–CH2–CH3
But–2-ene

Ni CÎàoaH$

Butane
H2 H2

{dMma H$am A[U MMm© H$am{dMma H$am A[U MMm© H$am{dMma H$am A[U MMm© H$am{dMma H$am A[U MMm© H$am{dMma H$am A[U MMm© H$am
• ñd §̀nmH$mV àmÊ`m§À`m M~uMm Cn`moJ H$é Z ò.`mMm CnXoe AmnU H$m H$aVmo?
• ñd §̀nmH$mgmR>r H$moUVo Voc Mm§Jco AgVo? H$m?

CH3CH2OH alkaline KMnO4+CîUVm

Ethanol
(Ethyl alcohol)

CH3CHO
Ethanal

(Acetadehyde)

CH3COOH
Ethanoic acid
(Acetic Acid)

acidified K2Cr2O7+CîUVm
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åhUOo amgm`{ZH$ ~XcmV AmH$f©Z ZgVo. Vo `mo½` n[apñWVrV H$mhr amgm`{ZH$
~XcmV KSw>Z `oVmV Ë`m à{VúmonU A{^{H«$`m AmhoV.

CXmhaUmW©, {_WoZ (CH4) Mr àH$memÀ`m CnpñWVrV ŠcmoarZer A{^{H«$`m KS>Vo.
CH4 À`m hm`S´>moOZ AUw ŠcmoarZ AUwZo n«{VúmonrV hmoVo.

CH4           +  Cl2               CH3Cl          +     HCl
Methane              Methyl Chloride      Hydrogen Chloride

CH3Cl       +  Cl2             CH2Cl2         +     HCl
Methyl Chloride Methylene Chloride       Hydrogen Chloride

CH2Cl2      +  Cl2             CHCl3           +    HCl
Methylene Chloride Chloroform                  Hydrogen Chloride

CHCl3       +  Cl2             CCl4             +    HCl
Chloroform                Carbon     Hydrogen Chloride

Tetrachloride

H$mhr _hËdnwU© H$m~©Zr g§`wJo H$mhr _hËdnwU© H$m~©Zr g§`wJo H$mhr _hËdnwU© H$m~©Zr g§`wJo H$mhr _hËdnwU© H$m~©Zr g§`wJo H$mhr _hËdnwU© H$m~©Zr g§`wJo (Some important carbon compounds)
H$mhr H$m~©Z g§̀ wJo AmnUmg AË §̀V _m¡ë`dmZ AgVmV. na§Vw ̀ oW| AmnU BWZmc,

(BWmB©c AmëH$mohmoc) BWZmoB©H$ Amåc, (EgrQ>rH$ Amåc) ̀ m XmoZm A{V`e _hËdmMm
H$m~©Z g§̀ wJmÀ`m JwUY_m©Mm Aä`mg H$aUma AmhmoV.
BWZm°c (BWmB©c AmëH$mohc) BWZm°c (BWmB©c AmëH$mohc) BWZm°c (BWmB©c AmëH$mohc) BWZm°c (BWmB©c AmëH$mohc) BWZm°c (BWmB©c AmëH$mohc) Ethanol (Ethyl alcohol)

V`ma H$aÊ`mMr nÜXV V`ma H$aÊ`mMr nÜXV V`ma H$aÊ`mMr nÜXV V`ma H$aÊ`mMr nÜXV V`ma H$aÊ`mMr nÜXV (Preparation) :  P2O5 Q>§JñQ>Z AmŠgmB©S> ZmdmÀ`m
CËnoaH$mÀ`m g_úm A{YH$ CîUmoJ«Vm dmVmdaUr` Xm~mda BWrZ _Ü ò nmÊ`mMo ~mî\$
{_idwZ _moR>çm ñVamda BWZmc V`ma H$aVmV.

CH2 = CH2  + H2O         CH3CH2OH
          ethene         100-300 atm                ethyl alcohol
                                                  At 300 oC

_¸$m, Jhþ, Od `m gmaIo YmÝ` BWZm°c Mo gm_mÝ` ómoV AmhoV. åhUwZ Ë`mg
YmÝ` AmëH$mohc gwÜXm åhUVmV.
    YmÝ` + H$m|~ Amcocr Od   ½cwH$moO                    BWZm°c  +  CO2

({nï>_` nXmW©)                           (_m°ca)                              
 E§OmB©_

{nîQ>_` nXmW© Am{U eH©$am ̀ mg  C2H5OH _Ü ò ~XcÊ`mÀ`m à{H«$ òcm {H$ÊdZ
à{H«$`m (fermentation process) Ago åhUVmV.
JwUY_© JwUY_© JwUY_© JwUY_© JwUY_© (Properties)

BWZm°c JmoS> dmg Agcocm a§J{hZ Ðd Amho. ewÜX BWZm°cm 78.3 oC da
~mînr^dZ nmdVmo. ewÜX BWZm°ccm na_(100%) AmëH$mohc (absolute (100 %) alcohol)

åhUVmV. BWZm°c_Ü`o AewÜX nXmW© {_i{dë`mg Vmo {nÊ`m`mo½` amhV Zmhr. åhUwZ
Ë`mg {S>ZmM©a AmëH$mohc(Denatured alcohol) åhUVmV.{_WZmc, {_WmB©c Am`gmoã ẁQ>mB©c
{H$Q>moZ, EdrEeZ J°gmocrZ (methyl isobutyl ketone, aviation gasoline) BË`mXr AewÜX

gẁ ©àH$me

gẁ ©àH$me

CËà|aH$

    BñQ>

gẁ ©àH$me

gẁ ©àH$me

SCERT T
ELA

NGANA



Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20Voc§JmZm emgZmìXmao _mo\$V {dVaU 2019-20 283

AgVmV. ho {dfmar AgwZ Am{U Ë`mMr 200 _r.cr. _mÌm àm¡T>mgmR>r àmU KmVH$ R>aVo.
J°gmo{cZ _Yrc gw_mao 10% BWZm°c Ðd _moQ>ma B§YZmgmR>r Mm§Jco AgVo.

BWZmccm gm_mÝ` nUo AmëH$mohc åhUVmV. Am{U gd©àH$maÀ`m _mÚnmZmV
AmëH$mohc _w»` {H«$`m{ec KQ>H$ Amho. gm¡å` BWZmoc H$_r à_mUmV {në`mg Zem
`oVo. VodT>oM ZgwZ hm Mm§Jcm ÐmdH$ Amho Am{U Vmo {Q>ŠMa Am`moS>rZ,(tincture
iodine)ImoH$cmMr {gan, {H$Ë`oH$ Q>m°{ZH$ `mgma»`m Am¡fYrV Ë`mMm Cn`moJ hmoVmo.
• dmhZ Mmc{dUmè`m MmcH$m§Zr _ÚnmZ Ho$co qH$dm Zmhr `mMr _m{hVr nmocrg

H$go H$mT>VmV?

amgm¶{ZH $JwUY‘©amgm¶{ZH $JwUY‘©amgm¶{ZH $JwUY‘©amgm¶{ZH $JwUY‘©amgm¶{ZH $JwUY‘©
BWZm°c nmÊ`mÀ`m aoUw (H2O) gmaIoM Ë`mV hm`S´>moOZÀ`m EodOr C2H5 JQ>

AgVmo. Vmo YmVw gmoS>r`_er {H«$`m H$éZ hm`S´>moOZ _wº$ hmoVmo Am{U gomS>r`_
BWmŠgmB©S> (sodium ethoxide) V`ma hmoVmo.

2C2H5OH  +  2Na    2C2H5ONa  +  H2
Ethanol              sodium ethoxide

g§h§V {Vd«g§h§V {Vd«g§h§V {Vd«g§h§V {Vd«g§h§V {Vd« H2SO4Mr {H«$`m Mr {H«$`m Mr {H«$`m Mr {H«$`m Mr {H«$`m :  BWZm°c g§h§V {Vd«Vm Agcoë`m H2SO4 er
170oC (443 K) da {H«$`m Ho$ë`mg BWrZ `oVo. hr {ZO©cr^dZ {H«$`m Amho.H2SO4

{ZO©crH$maH$ ({S>hm`S´>oQ>tJ EO§Q)> Amho Am{U H2O H$mTw>Z Q>mH$Vmo.
CH3CH2OH CH2 = CH2  +  H2O

Conc.H2SO4

BWZmoB©H$ Amåc BWZmoB©H$ Amåc BWZmoB©H$ Amåc BWZmoB©H$ Amåc BWZmoB©H$ Amåc (Ethanoic acid) EgrQ>rH$ Amåc EgrQ>rH$ Amåc EgrQ>rH$ Amåc EgrQ>rH$ Amåc EgrQ>rH$ Amåc (Acetic acid, CH3COOH)
BWZmoB©H$ Amåc ho XþJ§Y ̀ wº$ a§J{hZ Ðd Amho. Vmo nmÊ`mV {daKiVmo Am{U H2O

qH$dm BWZm°c noúmm OmñV AmåcY_u AgVmo. na§Vw I{ZO Amåcm noúmm H$_r Amåc
Y_u AgVmo.

_ÚnmZ Ho$co Amho Aer nmo{cgm§Zm e§H$m Amë`mg Vo Ë`m ì`º$scm _Ú
{ZYm©aUm À`m CnH$aUm§ìXmao _m{hV H$aVmV. Vo Ë`m CnH$aUmVrc _mD$W
{ngÀ`m ßcmñQ>rH$ À`m {nedrV hdm \w$H$Ê`mg nmocrg A{YH$mar gm§JVmV.
Ë`m CnH$aUmV nmoQ>°{e`_ - S>m`- H«$m_oQ>Mo (potassium-di-chromate)
ñ\$Q>rH$ (K2Cr2O7).AgVmV. K2Cr2O7 hm Mm§Jcm AmŠgrS>rH$maH$ Amho. Vo
S´>m`daÀ`m ídmgmVrc H$moUË`mhr BWZm°c cm BWZmc Am{U BWZo[aH$ AmåcmV
AmŠgrH$aU H$aVo.

Zma§Jr a§JmVrc Cr2O7
2- cm AmëH$mohcÀ`m AmŠgrS>r H$aUm_wio nmZmgmaIm

{hadm Cr3+ a§JmV ~XcVo. Ë`m {haì`m a§JmV ~XcÊ`mè`m ZcrHo$Mr cm§~r Ë`m
ì`º$sìXmao {ncoë`m AmëH$mohcÀ`m à_mUmg gwM{dVo. gÜ`mÀ`m {XdgmV nmo{cg
BcoŠQ´>m{ZH$ CnH$aU dmnaV Amho. Ë`m CnH$aUmV EH$ chmZ B§YZ KQ> AgVo.
ídmgmVrc BWZm°c AmŠgrS>rH$aU Pmë`mZo {dÚwV {g¾c CËnÞ hmoVmV.

AmYw{ZH$ nUo nomcrg  IR dU©nQ>m§Mm dmna H$éZ BWmB©c AmëH$mohc _Yrc
C – OH Am{U C – H of CH3 – CH2OH _Yrc ~§Y _m{hV H$aÊ`mgmR>r
Cn`moJ H$arV AmhoV.

at 170oC
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BWZmoB©H$ Amåcmcm gm_mÝ`nUo EgrQ>rH$ Amåc (acetic acid) åhUVmV.  5-8%
EgrQ>rH$ Amåcmcm nmÊ`mV {_i{dë`mg Ë`mg {dZoJa (vinegar) åhUVmV. Ë`mMm
Cn`moJ cmoUMo gmR>dwZ R>odÊ`mgmR>r hmoVmo.
amgm`{ZH$ JwUY_© amgm`{ZH$ JwUY_© amgm`{ZH$ JwUY_© amgm`{ZH$ JwUY_© amgm`{ZH$ JwUY_© (Chemical properties)

AmåcVm AmåcVm AmåcVm AmåcVm AmåcVm (Acidity): (YmVw Am{U AmëH$crer {H«$`m )
1) BWZmoB©H$ Amåc {H«$`m{ec YmVw  Na  er A{^{H«$`m H$éZ hm`S´>moOZ dm`w

gmoS>VmV. hr {H«$`m BWZm°c gmaIrM Amho.
2CH3COOH  +  2Na    2CH3COONa  +  H2
acetic acid              sodium     sodium acetate

2) BWZmoB©c AmåcmMrNaOH er A{^{H«$`m KSw>Z úmma Am{U nmUr V`ma hmoVo.
CH3COOH  +  NaOH       2CH3COONa  +  H2O

       sodium hydroxide

3) BWZmoB©H$ AmåcmMr gmoS>r`_ H$m~m}ZoQ>er A{^{H«$`m Am{U gmoS>r`_ hm`S´>moOZ
H$m~m}ZoQ>er gma»`m Xþ~©c úmmamer KSw>Z CO2 ~mhoa nS>Vmo.

2CH3COOH  +  Na2CO3        2CH3COONa  +  H2O  +  CO2
              Sodium carbonate

CH3COOH  +  NaHCO3         CH3COONa  +  H2O  +  CO2
          sodium bi carbonate

AmåcmMr eº$s  pKa qH$_VrÀ`m énmV ì`º$ H$aVmV. Oc ẁº$ ÐmdUmV Amåc
doJio hmoÊ`mer Ë`m§Mm qH$_VrMm g§~§Y AgVmo.

4)  BñQ>a V`ma H$aÊ`mMr A{^{H«$`m BñQ>a V`ma H$aÊ`mMr A{^{H«$`m BñQ>a V`ma H$aÊ`mMr A{^{H«$`m BñQ>a V`ma H$aÊ`mMr A{^{H«$`m BñQ>a V`ma H$aÊ`mMr A{^{H«$`m (Esterification Reactions)

•     BñQ>a (esters) åhUOo H$m`?
BñQ>a_Ü ò H$m ©̀H$mar JQ> AgVmo.

 BñQ>aMo gm_mÝ` gwÌ  R – COO - R/ . R Am{U R/  ho AmëH$mBc JQ> qH$dm
{\$ZmB©cm JQ> (alkyl groups or phenyl groups) Amho.

Activity -2
EH$m n[aúmm ZirV 1 _r.cr. BWZmc (na_ AmëH$mohc) Am{U 1

_r.cr. A{Ve` W§S> EgrQ>rH$ Amåc Ë`mMà_mUo g§hV {Vd« Agcoë`m
gcâ ẁarH$ AmåcmMo H$mhr W§o~ ¿`m.

Ë`mg _‚mZr (dmQ>a ~mW) _Ü ò qH$dm EH$m Ja_ nmUr Agcoë`m
M§MwnmÌmV AmH¥$VrV XmI{dë`m à_mUo H$_rV H$_r nmM {_ZrQ>o R>odm.

 Ë`m H$mo_Q> ÐmdUmg 20-25 _r.cr. nmUr Agcoë`m M§MwnmÌmV Q>mH$m
Am{U òUmè`m {_lUmMm dmg ¿`m.
• Vw_À`m {Z[aúmmg H$m` Amco?

`oUmao {_lU hm JmoS> nXmW© Amho ho Vw_À`m cúmmV `oVo. hm nXmW©

C
 C

O

O–C

    H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr  2
Test
tube

containing
reaction
mixture

WaterBeaker
Wire
gauze

Tripod
standBurner

Formation of ester
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åhUOoM BWmB©c EgrQ>oQ> ho EH$ BñQ>a Amho. H¥$Vr - 2 _Yrc A{^{H«$ òcm BñQ>a{\$Ho$eZ
A{^{H«$`m  (esterification reaction.) åhUVmV.
BñQ>a{\$Ho$eZ BñQ>a{\$Ho$eZ BñQ>a{\$Ho$eZ BñQ>a{\$Ho$eZ BñQ>a{\$Ho$eZ (Esterification)

H$ma~mŠgrcrH$ Amåc Am{U AmëH$mohZ {Vd«  H2SO4 À`m CnpñWVrV A{^{H«$`m
KSw>Z JmoS> dmgmMm nXmW© BñQ>a (ester) H$m ©̀H$mar JQ>mgh V`ma hmoVmo.

`m JQmg>                       BñQ>ar{\$Ho$eZ (esterification)åhUVmV.

BñQ>ar{\$Ho$eZ {H«$`m hiw Am{U CcQ> AgVo.
RCOOH Amåc Am{U  R/OH AmëH$mohmoc _Yrc A{^{H«$`m Amho.
( òWo  R Am{U R/ gmaIo qH$dm {^Þ Agw eH$VmV.)

CXmhaU Vwåhmcm BWmB©c$,BWZmoB©H$ qH$dm BWZm°c nmgwZ BWmB©c, BWZmoB©Q> qH$dm
BWmB©c EgrQ>oQ> Amåc V`ma H$am`Mo Agë`mg Ë`mMo g_rH$aU

Ethanoic acid        Ethanol                                                             ethyl acetate
(acetic acid)                 (ethyl alcohol)

gm~Ur - gm~UrH$aU Am{U g§H$UH$ gm~Ur - gm~UrH$aU Am{U g§H$UH$ gm~Ur - gm~UrH$aU Am{U g§H$UH$ gm~Ur - gm~UrH$aU Am{U g§H$UH$ gm~Ur - gm~UrH$aU Am{U g§H$UH$ (Soaps – Saponification and Micelles)

gm~U H$m` Amho Vwåhmcm _m{hV Amho H$m`?
nm_rQ>rH$ Amåc, (C15H31COOH), ñQ>r`arH$ Amåc (C17H35COOH), AmocoB©H$

Amåc (C17H33COOH) BË`mXr Cƒ _oXmåcmÀ`m gmoS>r`_ qH$dm nmoQ>m°{e`_ úmmam§Zm
gm~Z åhUVmV. gm~ZrMo gm_mÝ` gwÌ RCOONa  {H§$dm  RCOOK, ̀ mV R = C15H31

; C17H35 BË`mXr.
Cƒ _oXm AmåcmMo BñQ>a Am{U Q´>mB© hm`S´>mŠgr AmëH$mohc (½crgamc) `mg _oX

(Fats)Ago åhUVmV.
Ooìhm _oXmMr gmoS>r`_ hm`S´>mŠgmBS>er {H«$`m hmoD$Z gmoS>rA_ úmma _oX Am{U

½crgam°c V`ma hmoVo. `m Cƒ _oXm AmåcmMo gmoS>r`_ úmma gm~ZrÀ`m V`marÀ`m
A{^{H«$`oV ^mJ KoVmV. `m {H«$`og gm~ZrH$aU {H«$`m (saponification reaction)
Ago åhUVmV.

C
 C

O

O–C

CH3–C
O–H

+  CH3CH2OH
O

CH3–C
O–CH2CH3

+  H2O
Oconc.H2SO4

O–H
+  R/OH R – C

O–R/
+  H2O

O O
R – C
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gm~UrH$aU A{^{H«$`m gm~UrH$aU A{^{H«$`m gm~UrH$aU A{^{H«$`m gm~UrH$aU A{^{H«$`m gm~UrH$aU A{^{H«$`m (Saponification reaction)
Cƒ _oXm AmåcmÀ`m BñQ>aMo AmëH$cmB©ZMo {ZO©cr^dZ Ho$ë`mZo gm~Z V`ma hmoVo. Ë`mg

gm~UrH$aU Ago åhUVmV.
gm~Z ho gm§Jco ew^«H$maH$ Amho. ho ew^« H$go H$aVo Vwåhmcm _m{hV Amho H$m?
ho g_OwZ KoÊ`mgmR>r IamoIarMo ÐmdU Am{U H$crcrÐmdU (true solution’ and a

colloidal solution) ~Ôc OmUwZ KoVco nm{hOo.
• IamoIarMo ÐmdU åhUOo H$m`?

EH$m ÐmdUmV Agcoë`m Ðmd H$UmMm ì`mg 1nm noúmm H$_r Agë`mg Ë`m ÐmdUmg
IamoIaMo ÐmdU åhUVmV. H$crcrÐmdUmVrc à{H$U©Z AdñWoV Agcoë`m Ðmì` H$Um§Mm ì`mg
ÐmdH$mV1nm  noúmm _moR>m 1000 nm noúmm chmZ AgVmo.`mcmM n«{H$U©Z _mÜ`_(dispersion
medium)åhUVmV.

gm~Z hr {dÚwV {dKQ>H$ Amho. Ooìhm gm~Zocm H$mhr à_mUmVrc nmÊ`mV Q>mH$ë`mg
H$_r g§hV {Vd«VoMo ÐmdU V`ma hmoVo. `mdéZ IamoIarMo ÐmdU {_iVo. EH$m {d{eï> g§hV
{Vd«Voda gm~UmMo H$U Odi ̀ oVmV ̀ mg H«$m§VrH$ g§H$UH$ g§hV {Vd«Vm  (critical micelle
concentration (CMC) åhUVmV. gm~ZmMo H$U EH$_oH$m§Zm {MH$Q>VmV Am{U Vo {MH$Q>coco
H$U (micelles) H$crcr n[a_mUmV AgVmV `mg g§H$UH$ qH$dm g§JVrZo amhUmao H$crcr
(associated colloids) åhUVmV.
g§H$UH$ g§H$UH$ g§H$UH$ g§H$UH$ g§H$UH$ (Micelle)

nmÊ`mVrc gm~UmMo aoUw JmocmH$ma [aVrZo EH$_oH$m§Odi Amcoë`m g_whmcm g§H$UH$
åhUVmV. Ooìhm gm~Z nmÊ`mV {daKiVo Voìhm H$crcr H$U ẁº$ Ðì` V`ma hmoVmo. `m_Ü ò
gm~ZmMo aoUw g_whmV EH$Ì `oD$Z Jmocr` AmH$mamMo g§H$UH$ V`ma hmoVmV.

H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr  3

g§H$UH$ g§H$UH$ g§H$UH$ g§H$UH$ g§H$UH$ (Micelle)                                   g§H$UH$mMr g§H$UH$mMr g§H$UH$mMr g§H$UH$mMr g§H$UH$mMr 3D g§aMZmg§aMZmg§aMZmg§aMZmg§aMZm

g§H$UH$mMr {Z_uVr g§H$UH$mMr {Z_uVr g§H$UH$mMr {Z_uVr g§H$UH$mMr {Z_uVr g§H$UH$mMr {Z_uVr (Formation of micelle)
XmoZ n[aúmm Zù`m KoD$Z àË`oH$ n[aúmm ZirV 10 _r.cr. nmUr ¿`m.
XmoÝhr n[aúmm ZirV VocmMm (JmoS> Voc) EH$ W|~ Q>mH$m Am{U Ë`mg  A Am{U B Zmdo

Úm.
B n[aúmm ZirV gm~ZmÀ`m ÐmdUmMo H$mhr W§§o~ Q>mH$m.

 H¥$VrH¥$VrH¥$VrH¥$VrH¥$Vr  3
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XmoÝhr n[aúmm Zircm gma»`m doiogmR>r hcdm.
Ë`m_Ü`o Vwåhmcm H$m` AmT>iwZ Amco?
Vwåhmcm XomÝhr n[aúmm ZirV Voc Am{U nmÊ`mMo doJdoJio Wa Vm~S>Vmo~ {XgVmV H$m?

• n[aúmm Zircm hc{dUo Wm§~dë`mZ§Va H$m` hmoVo?
• WmoS>m doi n[aúmm Zircm hmV Z cmdVm {Z[aúmU H$am. VocmMo Wa AcJ hmoVo H$m?
• H$moUË`m n[aúmm ZirV ho AJmoXa KS>Vo? Vw_À`m {Z[aúmUmMr Zm|X H$am?
gm~ZmMr ew^« H$aÊ`mMr {H«$`m gm~ZmMr ew^« H$aÊ`mMr {H«$`m gm~ZmMr ew^« H$aÊ`mMr {H«$`m gm~ZmMr ew^« H$aÊ`mMr {H«$`m gm~ZmMr ew^« H$aÊ`mMr {H«$`m (Cleansing
action of soap)

g_Om AmnU gm~ZmÀ`m ÐmdUmV _icoco H$nS>o R>odco.
_i ho d§JZmgmaIo AgVo. gm~ZmMo aoUw d§JUm gma»`m
hm`S´>moH$m~©ZÀ`m Q>moH$mer JmocmH$ma ì`dñWrnUo _m§S>ë`m
OmVo. Am`Z ^mJ ~mhoa nmÊ`mH$S>o AgVmV.

Ooìhm _icoco H$nS>o gm~ZrÀ`m nmÊ`mV Q>mH$VmV Voìhm hm`S´>moHm~©Z Mm ^mJ Ë`m
_img qH$dm Vocmg {MH$Q>Vo. WmoS>o hc{dë`mg qH$dm Kmgë`mg _crZ H$U gm~UmÀ`m
\o$gmgmo~V {_iwZ ~mhoa `oD$Z nmÊ`mV {daKiVmV. åhUwZ gm~ZmMo nmUr _crZ hmoVo
Am{U H$nS>o ñdÀN> hmoVmV.

• gm~ZmÀ`m H$UmMr d§JUm gma»`m
VocmZo _mIcoë`m H$nS>çmda H$moUVr {H«$`m
KS>Vo?

gm~Z Am{U {S>Q>aO|Q> H$nS>çmdarc
d§JZmÀ`m VocmZo _mIcoco S>mJ YwdZ Ë`mg
nmÊ`mV {daKidwZ H$nS>o ew^« hmoVmV ho
AmnUmg _m{hV Amho.

gm~Zmcm EH$ Yw «dr` Q>m oH$  (
H$m~m©Âcr)  Am{U Mr Xþgao AY¥dr` Q>moH$
AmH¥$VrV XmI{dë`mà_mUo AgVmV.

Y¥dr` Q>moH$mMm ñd^md hm`S´>\$scrH$
AgVmo Am{U ho Q>moH$ nmÊ`mH$S>o AmH$fuë`m
OmVo. AY¥dr` Q>moH$ hm`Ś>mo{\$~rH$ ñd^mdmMo
AgwZ Vo H$mnS>çmdarc d§JZ(_i)  qH$dm
VocmH$S>o AmH${f©ë`m OmVo na§Vw nmÊ`mH$S>o
AmH$fuë`m OmV Zmhr.

Ooìhm gm~Z nmÊ`mV {daKiVo Voìhm Ë`mMo hm`S´>mo\$mo{~H$ Q>moH$ ñdV: _imer {MH$Qw>Z
AmH¥$VrV XmI{dë`mà_mUo _i (dirt)  nwU© H$mTw>Z Q>mH$Vmo.

gmo~ZmMo aoUwgmo~ZmMo aoUwgmo~ZmMo aoUwgmo~ZmMo aoUwgmo~ZmMo aoUw
hm`S´>mo\$mocrH$

Q>moH$
hm`Ś>mo\$mo{~H$

Q>moH$

 gm~ZmÀ`m ew^«gm~ZmÀ`m ew^«gm~ZmÀ`m ew^«gm~ZmÀ`m ew^«gm~ZmÀ`m ew^«
H$aÊ`mÀ`m {H«$`oMoH$aÊ`mÀ`m {H«$`oMoH$aÊ`mÀ`m {H«$`oMoH$aÊ`mÀ`m {H«$`oMoH$aÊ`mÀ`m {H«$`oMo

gmXarH$aUgmXarH$aUgmXarH$aUgmXarH$aUgmXarH$aU

H$nS>o

gm~ZmMo
H$U

gm~ZmMo
ÐmdU
_i

g§H$UH$mgmo~V _i
eŵ « H$nS>o

 C

O
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• gm~ZmÀ`m aoUwMo hm`S´>mo\$mo{~H$ Q>moH$ _i qH$dm d§JUmÀ`m H$UmH$S>o gaH$Vo.
• hm`S´>mo\$mo{~H$ Q>moH$ _crZ H$Umg {MH$Qw>Z Ë`mg IoMÊ`mÀ`m à`ËZ H$aVmV.
• gm~mZmMo aoUw _crZ H$Um^modVr g_whmÀ`m H|$Ðmer `oD$Z JmocmH$ma aMZm {Z_m©U

H$aVmV Ë`mg g§H$UH$  (micelle) Ago åhUVmV.
ho g§H$UH$ H$U ẁº$ nmÊ`mV H$crcr ÐmdUmVrc H$UmgmaIo VgoM amhVmV.
nmÊ`mV Agcoco {d{dY g§H$UH$ EH$Ì òD$Z Adúmon V`ma H$aV Zmhr H$maU

gm~ZmÀ`m H$Um_Ü ò Agcoco Am`Z Am`Z à{VH$f©Z Ë`mg EH$Ì òD$ XoV Zmhr.
AemarVrZo YwirMo H$U g§H$UH$mÀ`m gmnù`mV VgoM amhVo. (H$U`wº$ ÐdmV) amhVo

Am{U Ë`mcm nmÊ`mgmo~V YwVë`m OmVo. åhUwZ gm~ZmMo g§H$UH$ (H$U) nmÊ`mV
{daKië`mZo _i doJim H$ocm OmVmo.

• H$m~©Z Ag§»` g§`wJo {Z_m©U H$aVmV. Ë`mMr MVw©g§`wOm Am{U _m{cH$m ~§YZ JwUY_©
Am{U EHo$ar ~§Y, Xwhoar ~§Y Am{U XmoZ EHo$ar ~§Y, {Vhoar ~§Y Am{U EoH$ar ~§Y
qH$dm XomZ Xþhoar ~§Y ̀ m JwUY_m©_wio H$m~©Zcm Aï>n¡cw ~Z{dVo Am{U H$m~©Z g§`wJmMr
EH$ {deof emIm V`ma H$aVo.

• hm`S´>moH$m~©Ýg hr H$m~©Z Am{U hm`S´>moOZ Mr g§`wJo AmhoV.
• hm`S´>moH$m~©Zgo XmoZ àH$ma AmhoV - g§n¥º$ hm`S´>moH$m~©Zg, Ag§n¥º$ hm`S´>moH$m~©Ýg

(AmëH$sÝg Am{U AmëH$mB©Ýg)
• H$m~©Z Ë`mÀ`m ñdV:À`m AUwer Am{U hm`S´>moOZ, AmŠgrOZ, gë\$a, Zm`Q´>moOZ

ŠcmoarZ gma»`m BVa AUwer g§hg§`wO ~§Y {Z_m©U H$aVo.
• AëH$mohc, AmëS>rhmB©S>g, {H$Q>moÝg Am{U H$ma~mŠgrcrH$ gmaIo H$m`©H$mar JQ>

Ë`m_Ü`o Agcoë`m H$m~©Z g§`wJmer JwUd¡{eï>o JwUY_© XmI{dVmV.  C = C,  C     C
cmúmUrH$ JwUY_m©Mo AgVmV.

• hm`S´>moH$m~©ZÀ`m JQ>mV / loUrMo gmaIo gm_mÝ` gwÌ AgVo. XmoZ H«$_dma g§`wJmVrc
\$aH$  - CH2 Am{U gmaIr g§aMZm d gmaIo JwUY_© AgVmV.( gmaIm H$m ©̀H$mar JQ>)

AmnU H$m` {eH$cmoVAmnU H$m` {eH$cmoVAmnU H$m` {eH$cmoVAmnU H$m` {eH$cmoVAmnU H$m` {eH$cmoV

_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX_hËdmMo eãX

g§H$aU, Anéno, {ham, J«m\$mB©Q>, ~H${_ZrñQ>a \w$„raoÝg, ZmZmo ZcrH$m, _mcrH$m
~§YZ, MVw©:g§`wOm, hm`S´>moH$m~©Ýg, AmëHo$Ýg, AmëH$sÝg, AmŠcmH$B©Ýg, g§n¥º$
hm`S´>moH$m~©Ýg, Ag§n¥º$ hm`S´>moH$m~©Ýg, H$m ©̀H$mar JQ>, g_KQ>Zm, g_OmVr loUr,
Zm_H$aU, XhZ, AmŠgrS>rH$aU, g§H$cZ A{^{H«$`m, n«{V`moOr A{^{H«$`m, BWZm°c,
BWZmoB©H$ Amåc, BñQ>a, BñQ>ar{\$Ho$eZ, gm~ZrH$aU, g§H$UH$
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Aä`mgmV gwYmaUm H$amAä`mgmV gwYmaUm H$amAä`mgmV gwYmaUm H$amAä`mgmV gwYmaUm H$amAä`mgmV gwYmaUm H$am

Ë`mg g_OmVr loUr åhUVmV.
• H$m~©ZMr gmIir, gai, emIm l¥Icm qH$dm [a¨JÀ`m (dc`) énmV AgVo.
• gmaIo aoUw gwÌ Agcoco na§Vw {^Þ g§aMZm Agcoë`m H$m~©Z g§`wJm§Zm hm`S´>moH$m~©Ýg

g_KQ>H$ Ago åhUVmV.
• g§n¥º$ hm`S´>moH$m~©Ýg XhZmZ§Va H$m~©Z S>m`AmŠgmB©S> Am{U nmUr XoVmV Am{U CîUVm

gmoS>ë`m OmVo.
• Ag§n¥º$ hm`Ś>moH$m~©Ýg g§H$cU {H«$ òV ̂ mJ KoUmè`m na§Vw g§n¥º$ hm`Ś>moH$m~©Z à{V`moOZ

{H«$ òV ^mJ KoVmV.
• Amnë`m X¡Z§{XZ {OdZmVrc ho _hËdmMo H$m~©Z g§`wJo BWZm°c (ethanol)Am{U

BWZmoB©H$$ Amåc AmhoV.

g§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZg§H$ënZoda à{Vñn§XZ
1. gmÜ`m hm`S´>moH$m~©ZMo Zmdo Úm? (AS1)
2. AmëHo$Z, AmëH$sZ, Am{U AmëH$mB©ZMo gm_mÝ` gwÌ H$m` Amho?  (AS1)
3. {XK©H$mi g§aúmH$ åhUwZ dmnaUmè`m H$ma~mŠgrcrH$ AmåcmMo Zmdo Úm? (AS1)
4. BWZm°c hdoV OiVm§Zm nmÊ`m{edm` V`ma hmoUmao Xþgao CËnmXH$ H$moUVo Ë`mMo Zmdo

{chm?(AS1)
5. doëS>tJ H$aÊ`mgmR>r AmŠgrOZ Am{U BWmB©Z À`m {_lUmcm OmiVmV. BWmB©Z Am{U

hdoÀ`m {_lUmMm H$m Cn`moJ H$aV Zmhr ho Vwåhr gm§Jw eH$Vm H$m? (AS1)
6. gmÜ`m {H$Q>moÝgMo Zmd Úm Am{U Ë`mMo aoUwgwÌ {chm?  (AS1)
7. H$m~©ZMm AUw Xþgè`m H$m~©ZÀ`m AUwer {_iwZ ~§Y {Z_uVr H$aUmè`m JwUY_m©cm

H$m` åhUVmV?  (AS1)
8.  BWZm°ccm OmñV à_mUmV g§hV {Vd«VoÀ`m H2SO4 er 443 K Vmn_mZmda Vmn{dë`mg

{Z_m©U hmoUmè`m g§`wJmMo Zmdo Úm?  (AS1)
9.  BñQ>a\$sHo$eZ A{^{H«$ òMo EH$ CXmhaU Úm? (AS1)
10. BWZm°c, H«$mo_rH$ AZ hm`Ś>mB©S> qH$dm AëH$mcmB©Z nmoQ>°{e`_ na_°JZoQ>er AmŠgrS>rH$aU

Pmë`mZo V`ma hmoUmè`m CËnmXH$mMo Zmdo {chm?  (AS1)
11. BWoZ nmgwZ BWZmc V`marÀ`m A{^{H«$ òcm Xe©{dUmao amgm`{ZH$ g_rH$aU {chm?(AS1)
12. H$m~©Z g§`wJmÀ`m g_OmVr loUrMr ì`m»`m Úm? g_OmVr loUrMo H$moUVrhr XomZ

JwUd¡{eï>o {chm?(AS1)
13. H$m`©H$mar JQ>mMr (Functional Groups)Zmdo Úm. (i) -CHO (ii) -C=0.  (AS1)
14.  H$m~©Z AUw ghg§̀ wO ~§YmZo g§̀ wJo H$m V`ma H$aVmo?  (AS1)
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15.  BWZm°c nmgwZ gmoS>r`_ BWmŠgmB©S> H$gm V`ma Ho$ë`m OmVmo. Ë`mMo amgm`{ZH$ g_rH$aU {chm.  (AS1)
16. gm~ZrMo ew^« H$aÊ`mMo H$m`© {chm? (AS1)
17. H$m~©Zr g§̀ wJmÀ`m BñQ>a{\$Ho$eZ Am{U gm~ZrH$aU `m _Yrc \$aH$ ñnï> H$am? (AS1)
18. J«m\$mB©Q>Mr aMZm ~§YmÀ`m énmV ñnï> H$éZ ̀ m aMZoÀ`m AmYmamdéZ Ë`mMm EImXm JwUY_© {chm? (AS1)
19. {dZoJa _Yrc AmåcmMo Zmd {chm? (AS1)
20. gmoS>r`_Mm EH$ chmZ VwH$S>m BWZm°c _Ü ò Q>mH$ë`mg H$m` KS>Vo?(AS2)
21.  (C2H6) BWoZ aoUwMr BcoŠQ´>mZrH$ q~Xþ g§aMZm H$mT>m? (AS5)
22. X¡Z§{XZ {OdZmV BñQ>aÀ`m ŵ{_H$oMm pñdH$ma Vwåhr H$gm H$amc?  (AS6)
g§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZg§H$ënZoMo Cn¶moOZ
1. Imcrc g§̀ wJm§Zm IUPAC Zmd Úm. g_Om EH$m noúmm OmñV g§̀ wJo Agë`mg Ë`m gdmªZm Zmdo Úm.

(AS1)
i.  AmëS>rhmB©S>g nmgwZ V`ma Pmcoco BWoZ ii. ã`wQ>oZ nmgwZ V`ma Pmcoco {H$Q>moÝg
iii.àmonoZ nmgwZ V`ma Pmcoco ŠcmoamBS iv. n|Q>oZ nmgwZ V`ma Pmcoco AmëH$mohc

2. dZñnVr VwnmÀ`m CÚmoJmV g§H$cU {H«$`oMm H$gm Cn`moJ hmoVmo, ho amgm`{ZH$ g_raH$UmÀ`m
_XVrZo dU©Z H$am? (AS1)

3. a.  C3H6O aoUw gwÌ Agcoë`m g§`wJmMo {d{dY g§^mì` g§aMZm gwÌo V`ma H$am. (AS1)
    b. darc CXmhaUmVrc g§̂ mì` g§̀ wJm§Zm  IUPAC  Zmdo Úm. Am{U Ë`m§Zm g§aMZoÀ`m énmV

Xe©dUwH$ H$am? (AS1)
    c. `m g§`wJm_Ü`o H$m` gmå` Amho Vo gm§Jm?  (AS1)
4. CH3OHCH2CH3.`m Z§Va `oUmè`m g_OmVr loUrÀ`m g§`wJmMo  IUPAC Zmdo {chm? (AS1)
5. H$moUË`m dJm©À`m nXmWm©ìXmao Anéno hm JwUY_© XmI{dë`m OmVmo. _wcÐì`, g§`wJo qH$dm {_lUo

AnénmMo CXmhaU XoD$Z ñnîQ> H$am? (AS1)
6.  A Am{U B ZmdmÀ`m XomZ H$m~©Z g§`wJmMo aoUwgwÌ AZwH«$_o C3H8 Am{U C3H6 AmhoV. `m n¡H$r

H$moUVo g§H$cZ {H«$`m XmI{dVo? Vw_À`m CÎmamMo ñnï>rH$aU Úm? (AS2)
7. g_mOmV AmëH$mohcÀ`m godmZmMo I§S>U Vwåhr H$go H$amc?  (AS7)
8. C2H4O2 aoUw gwÌ Agcocm EH$ H$m~©Z g§`wJ gmoS>r`_ H$ma~moQ>ZoQer> g§H$cZmZo (~oarO)

gwdmgmMm dm ẁ V`ma hmoVo. Imcrc CÎmao Úm?
a. H$m~©Z g§`wJ AmoiIm. (AS1)
b. darc {H«$ ògmR>r amgm`{ZH$ g_rH$aU {chm? (AS1)
c. _wº$ hmoUmam dm`w H$moUVm? (AS2)
d. _wº$ Pmcoë`m dm`wMo n[aúmU H$go H$amc?  (AS3)
e. darc g§`wJmoM XmoZ _hËdnwU© Cn`moJ {chm? (AS1)

9. 1 _r.cr. KÅ> EgrQ>rH$ Amåc 1 _r.cr. BWZm°c cm EH$m n[aúmm ZirV KoD$Z Ë`mV WmoS>o g§hO
{Vd«VoMo gë\w$arH$ Amåc {_i{dë`mg Ë`m {_lUmcm H$mo_Q> nmÊ`mV 5 {_ZrQ>o R>odco, Va Imcrc
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`mo½` n`m©`r àíZ {ZdS>m`mo½` n`m©`r àíZ {ZdS>m`mo½` n`m©`r àíZ {ZdS>m`mo½` n`m©`r àíZ {ZdS>m`mo½` n`m©`r àíZ {ZdS>m

àíZmMo CÎmao Úm.
a. `oUmè`m g§`wJmMo Zmd {chm? (AS2)
b. amgm`{ZH$ g_rH$aUmìXmao darc ~Xcmg Xe©dm? (AS1)
c. Aem A{^{H«$`ocm Xe©{dUmè`mgmR>r H$moUË`m nXm§Mm dmna Ho$cm?(AS1)
d. V`ma Pmcoë`m g§̀ wJmMo {deof JwU_Y© H$m` AmhoV? (AS1)

1. Imcr H$moUË`m EgrQ>rH$ Amåc ÐmdUmg nmÊ`mV {_i{dë`mg Vo g§aúmH$ åhUwZ dmnaVo.[ ]
a) 5-10% b) 10-15%
c) 15-20% d) 100%

2. AmëS>rhmB©S>Mo Zmd {c{hVm§Zm dmnacocm àË`` H$moUVm Amho? [ ]
a) -ol b) -al c) -one d) -ene

3. EgrQ>rH$ Amåc Ooìhm nmÊ`mV {daKiVo Vo Am`ZmV CcQ>nUo {dMarV hmoVo H$maU Vo [ ]
a) gm¡å` Amåc b) {Vd« Amåc
c) gm¡å` Amåcmar d) {Vd« Amåcmar

4. Imcrc n¡H$s H$moUVo hm`S´>moH$m~©Ýg g_KQ>Zm XmI{dVo. [ ]

a) C2H4 b) C2H6 c) C3H8 d. C4H10

5. hm`S´>moH$m~©Ýg XhZ hmoVmV _wº$ hmoVo.
a) CîUVm b) n«H$me
c)  OmñV CîUVm Am{U n«H$me d) {dÚwV àdmh

6. A, B Am{U C n[aúmm ZirV àË`oH$s 2ml BWZmoB©H$ Amåc KoD$Z Ë`m_Ü`o AZwH«$_o  2ml,4ml Am{U
8ml nmUr {_i{dë`mg H$moUË`m ZirV ñnîQ>nUo ÐmdU V`ma hmoVo. [ ]

a)  \$º$ A n[aúmm ZirV b) \$º$ A & B n[aúmm ZirV
c) \$º$ B Am{UC n[aúmm ZirV d)  gd© n[aúmm ZirV

7. 5 _r.cr. nmÊ`mV 2 _r.cr. EgrQ>rH$ AmåcmMo W|~ W§o~ {_i{dë`mg `mMo {Z[aúmU H$am[ ]

a) nmÊ`mda doJim Wa AmåcmìXmao V`ma hmoVo.
b) Amåcmda nmÊ`mìXmao doJim Wa {Z_m©U hmoVmo.
c) ñnîQ>nUo gOmVr` ÐmdU V`ma hmoVo.
d) Jwcm~r a§JmMo ñnîQ>nUo ÐmdU V`ma hmoVo.

8. KZ gmoS>r`_ H$ma~moZoQ> _Ü`o H$mhr W|~ BWZmoB©H$ AmåcmMo {_i{dë`mg Imcrc H$moUVr {H«$`m
KSw>Z òVo. [ ]

a) {hg Agm AmdmO {Z_m©U hmoVmo. b) Vn{H$ar a§JmMm Ywa {ZKVmo.
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c) gwdm{gH$ dm ẁ {ZKVmo. d)  {VIQ> dmgmMm dm ẁ {ZKVmo.
9. EgrQ>rH$ Amåc, BWmB©cm AmëH$mohcer A{^{H«$`m H$aVm§Zm Ë`mV g§hV {Vd« H2SO4 {_i{dë`mg

Vo ...... gmaIm Cn`moJr nS>Vo Am{U `m n«{H«$ òcm........... åhUVmV. [ ]

a)  AmŠgrS>rH$aU, gm~UrH$aU b)  {ZO©cr^dZH$maH$$, BñQ>ar{\$Ho$eZ
c)  úmnUH$, BñQ>ar{\$Ho$eZ d)  Amåc Am{U BñQ>ar{\$Ho$eZ

1. nmÊ`mÀ`m H${R>UnUm _m{hV H$aUmè`m n[aúmocm gwMdwZ Ë`m nÜXVrMo ñnï>rH$a Úm? (AS3)
2. H$moUË`m amgm`{ZH$ n[aúmoìXmao BWZm°c Am{U BWoZmoB©H$ Amåcm_Yrc dJuH$aU H$aVm `oVo ho

gwMdm Am{U Ë`m nÜXVrMo dU©Z H$am? (AS3)
3.  C2H6O aoUwgwÌ Agcoco ‘X’ ZmdmMo H$m~©Z g§`wJ AmëH$mcmB©Z  KMnO4 er AmŠgrS>rH$aU

Pmë`mZo C2H4O2aoUwgwÌ Agcoco ‘Y’ZmdmMo g§`wJo V`ma hmoVo? (AS3)
a.  ‘X’Am{U ‘Y’ Zm AmoiIm.
b. ‘X’ ho g§̀ wJ ‘Y’ er {H«$`m Ho$ë`mZo V`ma hmoUmao g§`wJ cmoUÀ`mV g§aúmH$ (Preservative)$

åhUwZ Cn`moJr nS>Vo. Va V`ma hmoUmè`m g§`wJm~Ôc Vw_À`m [Z[aúmUmMr Zm|X H$am.

1. {MH$Z _mVrMo Jmoio Am{U AmJnoQ>Q>rÀ`m H$mù`m KoD$Z {_WoZ, BWoZ, BWrZ Am{U BWmB©Z aoUwMo
Z_wZo V`ma H$am? (AS4)

2. BWmB©crZ ìXmao \$im§Zm H¥${Ì_ [aVrZo {nH${dÊ`m ~Ôc _m{hVr Jmoim H$am? (AS4)

gwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJgwMdbobo à¶moJ

gwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ëngwMdbobo àH$ën

 pKaåhUOo H$m`?åhUOo H$m`?åhUOo H$m`?åhUOo H$m`?åhUOo H$m`?
pKa hr EH$m AmåcmMr gm¡å` ÐmdUmVrc {dMaUmÀ`m pñWam§H$mÀ`m cKwJwUH$mMr F$U qH$_V hmo`.
pKa åhUOo EH$m ÐmdUmV Amåc {H$Vr à_mUmV {daKiU hmoVo `mMo _moO_mn H$aVo.
pKa = -log10Ka

 pKa qH$_V H$_r Agë`mg Amåc OmñV {Vd« (g§h§V) AgVo.
1.0M HCl Mm  pKa ewÝ` Amho. na§Vw CH3COOH da pKa _mÌ  4.76 Amho.   pKa

qH$_VrdéZ AmåcmMr {Vd«Vm gm§JVm ̀ oVo. g§h§V AmåcmV pKa  < 1  pKa Mr qH$_V 1 Am{U 5 À`m
Xaå`mZ Agcoë`m Amåc g~c (g§hV) AgVo. Am{U  pKa qH$_V  5 Am{U 15 _Ü ò Agë`mg pKa
> 15 hr qH$_V AgVo.

pKa Mr qH$_V ewÝ`mnoúmm H$_r Agë`mg Ë`mg gm_mÝ`Vm {Xcr OmV Zmhr. H$maU pKa À`m
énmV `mMm Cn`moJ hmoV Zmhr Ë`mg gai Ka énmV {c{hVm `oVo.
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H$m~ ©Z Am{U Ë`m §Mr g§` wJ o294 dJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dmdJ© 10 dm

C.N.R. Rao  ~|Jcwa _Ü ò EH$m H$ÞS> Hw§$Qw>~mV hZw_§V ZmJ§ogamd Am{U
ZmJå_m ZmJogm amdm§Zr g§VmZ hmoVo.  Ë`m§Zr 10 dr n §̀©VMo {eúmU àW_ loUrV
1947 _Ü ò nwU© Ho$co. Ë`mZo BSc ~|Jcwé _Yrc _¡gwa {díd{dÚmc`mVrc
H|$Ð g|Q´>c H$m°coc, ~|Jcwa _Ü ò {eHw$U àW_ loUrV 1951 _Ü ò nwU© Ho$co. XmoZ
dfm©Z§Va Ë`m§Zr agm`Z emñÌmV _mñQ>a {S>J«r ~Zmag qhXþ {dÚm{nR> _YwZ nwU©
Ho$cr. Ë`m§Zr 24 ì`m dfu   IIT IaJnwa _Ü ò PhD \$º$ 2 df© 9 _{hÊ`mV
nwU© Ho$cr. Ë`m§Mo n{hco g§emoYZ nÌ 1954 _Ü ò  AmJ«m ẁ{Zd©grQ>r g§emoYZ
OZac _Ü ò N>mnÊ`mV Amco.
  amd nXmW© agm`Z emñÌmV A§mVaamï´>r` nmVirda agm`Z emók åhUwZ

AmoiI nQ>cr.
Vo g§Ü`m àYmZ_§Ìrcm g„m XoUmao d¡Úm{ZH$ g„mJma _§S>imMo AÜ`úm AmhoV.
Ë`m§Zr 1400 noúmm OmñV g§emoYZ nÌ Am{U 45 noúmm OmñV nwñVHo$ {c{hcr.
Ë`m§Zm B.g. 2000 _Ü ò am°̀ c gmò m`Q>r Zo hOog _oS>c (Hughes Medal by the Royal Society) ZmdmMm
nwañH$ma {Xë`m  Jocm. India Science Award in 2004 _Ü ò nwañH$ma XoÊ`mV Amco.
Ë`m§Zm n[adV©Z _wcÐì` AmŠgmB©S> nÜXVr ~Ôc g§H$aU nXmW© ZmZmo nXmW© {df`r, ZmZmo, ZcrH$m, AmcoIm
~XX²c {dñV¥V g§emoYZ Ho$coco.
gÜ`m am_mamd J«m\$sZ ZmdmÀ`m AX ŵV nXmW© Am{U H¥${Ì_ àH$me g§ícofU {H«$ ò ~Ôc g§emoYZ H$arV AmhoV
^maV gaH$maZo Ë`m§Zm 2013 _Ü ò ^maVr` gdm}ƒ gÝ_mZ  ‘Bharat Ratna’ cm {Xco.

qMVm_Ur ZmJogm am_M§ÐmamdqMVm_Ur ZmJogm am_M§ÐmamdqMVm_Ur ZmJogm am_M§ÐmamdqMVm_Ur ZmJogm am_M§ÐmamdqMVm_Ur ZmJogm am_M§Ðmamd

hmo_r Oo. ^m^m (Homi J. Bhabha), (30 AmŠQ>mo~a 1909 – 24 OmZodmar 1966)
EH$ na_mUw ^m¡{VH$ emók hmoVo. Vmo TIFR g§ñWoMm n{hcm S>m`aoŠQ>a ^m¡{VH$emó àmÜ`mnH$
åhUwZ H$m`©H$arV hmoVm. ^maV AZweº$s H$m`©H«$_mcm `m§Zm {nVm_h g_Oë`m OmVo. Ë`m§Zm
{H$Ë òH$ (TIFR) Bhabha Atomic Research Centre gma»`m à{gÜX Pmcoë`m g§emoYZm
g§ñWoMm n{hcm S>m`aoŠQ>a(g§MmcH$) åhUwZ H$m`©aV hmoVm. `m XmoÝhr g§ñWmZr gwÜXm ^maVmV
AUw^Å>r V`marV AUweº$sÀ`m {dH$gmV _hËdmMr ^w{_H$m {Z^mdcr. `m g§ñWm ^m^mÀ`m
XoIaoIoImcr H$m`© Ho$ë`m nuclear reactors and nuclear energy ZmdmÀ`m A§emda
Ë`m§Zr Ë`mMo n{hco g§emoYZ nÌ _wÐrV Ho$ë`mZ§Va 8 OmZodmar 1993 _Ü`o ^m^m§Zm AUw ^m¡{VH$
emómV   Phd {_imcr. ho g§emoYZ nÌ Ë`m§Zm 1934 _Ü`o BgmH$ Ý`wQ>moZ ñQw>S>oQ>{en (Isaac
Newton Studentship in 1934) KoÊ`mgmR>r Cn`moJr nS>co. ̂ m^mMo d¡km{ZH$ àñWmZ {~«QoZ _Ü`o gwé H$éZ ̂ maVmV dmng
`oD$Z ~|Jcwé_Ü`o Zmo~oc nwañH$ma {dOoVm ga gr.ìhr. a_Zm `m§À`m ZoV¥ËdmImcr MmcV Agcoco (Indian Institute of
Science(IISC) _Ü`o coŠMa åhUwZ Ë`m§Mr d¥Îmr gwédmV Ho$cr. Ë`m H$mimVM Ë`m§Zr ^maV XoemV AUweº$s H$m`©H«$_ gwé
H$aÊ`mMr JaO Agë`mMo lr Odmha cmc Zohé `m§Zm nQ>dwZ {Xco. 1945 _Ü`o (Tata Institute of Fundamental
Research(TIFR) Mr ñWmnZm Ho$cr. Am{U 1948 _Ü`o (Atomic Energy Commission) Mo n{hco MoAa_Z åhUwZ
H$m_ Ho$co. 1950 _Ü`o IAEA H$mZ\$aogcm ^maV XoemH$Sw>Z à{V{ZYrËd Ho$co. Ë`mM à_mUo OoZodm _Ü`o 1955 _Ü`o (UN
Conference on the Peaceful Uses of Atomic Energy )  Mo AÜ`úm åhUwZ H$m`© Ho$co. ̂ m^m ̀ m§Zr BcoŠQ´>mZ ìXmao
nmPrQ´>mZMo ñHo$Q>atJ Mo `mo½` g_rH$aU gmÜ` H$éZ A§VaOmVr` à{gÜXr {_i{dcr. hr à{H«$`m ^m^m ñH°$Q>atJmìXmam à{gÜX
Pmcr. Ë`m§Zr H«$m°ßQ>Z ñH°$Q>atJ R- à{H«$`ogmR>r Ho$coco l_ AUw ^m¡{VH$ emómÀ`m {dH$mgmR>r Cn`moJr nS>co. nU XþX©odmZo ^m^m
{d`mZm _Ü`o hmoUmè`m IAEA’s À`m n[afXocm hOa hmoÊ`mgmR>r OmVm§Zm _m|Q> ~°H$ Odi Pmcoë`m {d_mZ AnKmVmV 1966 _Ü`o
Ë`m§Mo {ZYZ Pmco. na§Vw Ë`m§Zr ^maV XoemV AUweº$sgmR>r Q>mH$coco {~O AmO Amnë`m Xoemcm AJ« XoemV ZoD$Z C^o H$oco Amho.

hmo_r Ohm§Jra ^m^mhmo_r Ohm§Jra ^m^mhmo_r Ohm§Jra ^m^mhmo_r Ohm§Jra ^m^mhmo_r Ohm§Jra ^m^m
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