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dlpfpô²$ fpÄe `pW$é`yõsL$ r_rd®rs A_¡ Aæepk¾$d k„ip¡^_ d„X$m, `yZ¡.‎

^p¡fZ-_hdy„

ipk_ r_Z®e ¾$dp„L$ : Aæepk - 2016/(â.¾$.43/16) A¡kX$u-4 qv$_p„L$ 25-4-2016 AÞhe¡ õ\pr`s \e¡g kdÞhe 
krdrs_u qv$_p„L$ 3-3-2017 fp¡S>_u duqV„$Ndp„ Ap `pW$é`yõsL$ r_^p®qfs L$fhp_u dpÞesp Ap`hpdp„ Aphu R>¡.

rhop_ A_¡ s„Óop_

sdpfp õdpV®$ap¡_dp„ DIKSHA APP Üpfp `pW$é`yõsL$_p 
`l¡gp `p_p `f_p Q. R. Code hX¡$ qX$rS>V$g `pW$é`yõsL$ 
A_¡ v$f¡L$ `pW$dp„ Ap`¡gp Q. R. Code hX¡$ s¡ `pW$ k„b„r^s 
AÝee_ AÝep`_ dpV¡$ D`ey¼s ×íe-îpìe kprlÐe D`gå^ 
\i¡. 



B

©

rhop_ rhje krdrs :‎

X$p¸. Q„Öi¡Mf hk„sfph dyfydL$f, AÝen

X$p¸. qv$rg` kv$prih Å¡N, kv$õe

X$p¸. Ace S>¡f¡, kv$õe

X$p¸. kygcp r_rs_ rh^ps¡, kv$õe ‎

îudsu d©Zprg_u v¡$kpC, kv$õe

îu NÅ__ rihpÆfph k|e®h„iu, kv$õe‎

îu ky^uf epv$hfph L$p„bm¡, kv$õe

îudsu qv$`pgu ^_„S>e cpg¡, kv$õe

îu fpÆh Aê$Z `pV$p¡m¡, kv$õe - krQh

rhop_ rhje AæepkS|>\ :‎
X$p¸. âcpL$f _pN_p\ nufkpNf
X$p¸. i¡M dp¡lçdv$ hpL$uAp¡Øu_‎ A¡Q.
X$p¸. rhóÏ hT¡‎
X$p¸. NpeÓu Np¡fM_p\ Qp¥L$X¡$‎
X$p¸. AS>e qv$N„bf dlpS>_‎
îudsu ð¡sp qv$gu` W$pL|$f
îudsu `yó`gsp Nph„X¡$‎
îu. fpS>¡i hpd_fph fp¡d_‎
îu. l¡d„s AÃeys gpNhZL$f
îu. _pN¡i cudk¡hL$ s¡gNp¡V¡$‎
îudsu qv$[às Q„v$_tkN rbís‎
îu. rhðpk cph¡‎

r_d„rÓs kv$õe :‎
X$pµ. kyjdp qv$gu` Å¡N
X$pµ. `yó`p Mf¡
X$pµ. S>ev$u` kpmu
îu. k„v$u` `p¡`V$gpg Qp¡fqX$ep
îu. kQu_ Aip¡L$ bpfV$½¡$

cpjp„sfL$pf :  
X$pµ. ljp® dQ¯V$

îudsu bu_p ipl
îudsu kyjdp L$V$hp

cpjp„sf k„ep¡S>L$ : 
L¡$sL$u r_s¡i Å_u

rhi¡jpr^L$pfu, NyS>fpsu rhcpN
‎̀ pW$é`yõsL$ d„X$m, `yZ¡‎.

k„ep¡S>L$
îu. fpÆh AfyZ `pV$p¡m¡

rhi¡jpr^L$pfu, rhop_ rhcpN
‎̀ pW$é`yõsL$ d„X$m, `yZ¡‎

dyM`©›$ A_¡ kÅhV$ :‎
îu. rhh¡L$p_„v$ rihi„L$f `pV$ug

Ly$. Api_p AX$hpZu

Anfp„L$_ :‎
kd\® N°pqa¼k, 522, _pfpeZ `¡W$, 

`yZ¡.‎

L$pNm : 
 70 Æ.A¡k.A¡d. ¾$udìlp¡ìl 

dyÖZpv¡$i : 

dyÖL$ : 

âL$piL$‎
îu. rhh¡L$ DÑd Np¡kphu

r_e„ÓL$‎,
‎̀ pW$é`yõsL$ r_rd®rs d„X$m,‎

âcpv¡$hu, dy„bC - 25.‎

r_rd®rs
îu. k[ÃQsp_„v$ Apam¡‎, 
dy¿e r_rd®rs Ar^L$pfu

îu. fpS>¡ÞÖ rhk`ys¡‎
r_rd®rs Ar^L$pfu

dlpfpô²$ fpÄe `pW$é`yõsL$ r_rd®rs A_¡ Aæepk¾$d k„ip¡^_ d„X$m, `yZ¡ 411 004.‎

dlpfpô²$ fpÄe ‎‎ pW$é`yõsL$ r_rd®rs A_¡ Aæepk¾$d k„ip¡^_ d„X$m `pk¡ Ap `yõsL$_p 
b^p lL$ fl¡i¡. Ap `yõsL$_p¡ ‎L$p¡C`Z cpN k„QpgL$, dlpfpô²$ fpÄe `pW$é`yõsL$ r_rd®rs 
A_¡ Aæepk¾$d k„ip¡^_ d„X$m_u g¡rMs ‎‎ fhp_Nu hNf R>p`u iL$pi¡ _rl.‎

îu. âip„s `„qX$sfph L$p¡mk¡‎
îu. kyLy$dpf î¡rZL$ _hg¡‎
îu. v$epi„L$f rhóÏ h¥Û
îudsu L$p„Q_ fpS>¢Ö kp¡fV¡$‎
îudsu A„S>rg gÿduL$p„s MX$L¡$‎
îudsu d_ujp fpS>¢Ö v$luh¡gL$f
îudsu Äep¡rs d¡X$r`ghpf
îu. i„L$f rcL$_ fpS>`|s
îu. dp¡lçdv$ AprsL$ Aåvy$g i¡M
îu. d_p¡S> flp„NX$pm¡‎
îudsu Äep¡rs v$pdp¡v$f L$fZ¡‎

â\dph©rÑ	 : 2017 
`y_dy®ÖZ	 : 2022
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âõsph_p

rhÛp\} rdÓp¡, ‎

‎̂ p¡fZ _hdp„ Ap`_y„ õhpNs R>¡. _hu_ Aæepk¾$d `f Ap^pqfs rhop_ A_¡ s„Óop__y„ Ap 

‎‎ pW$é`yõsL$dp„ Ap`_p lp\dp„ kp¢`sp Ad_¡ rhi¡j Ap_„v$ \pe R>¡. âp\rdL$ õsf\u AÐepf ky^u sd¡ 

rhrh^ `pW$é`yõsL$p¡ Üpfp rhop__p¡ ‎Aæepk L$ep£ R>¡. ^p¡fZ _hdp„ sd¡ rhop__u d|mc|s k„L$ë`_pAp¡ 

A_¡ s„Óop__p¡ Aæepk A¡L$ ‎Sy>v$p ×[óV$L$p¡Z\u A_¡ rhrh^ rhop_ ipMpAp¡_p dpÝed\u L$fu iL$ip¡.‎

‎"rhop_ A_¡ s„Óop_' Ap `pW$é`yõsL$_p¡ d|m l¡sy Ap`Zp v¥$r_L$ Æh_ kp\¡ k„b„r^s rhop_ A_¡ 

‎s„Óop_ "kdÅ¡ A_¡ buÅ_¡ kdÅhp¡' s¡ R>¡. rhop__u k„L$ë`_p, rkÙp„s A_¡ sÒhp¡ kdÆ_¡ s¡_y„ ‎ìehlpf 

kp\¡ Å¡X$pZ kdÅ¡. Ap `pW$é`yõsL$_p¡ Aæepk L$fsu hMs¡ "epv$ L$fp¡', "L$lp¡ Å¡CA¡' S>¡hu ‎L©$rsAp¡_p¡ 

D`ep¡N `y_fphs®_ dpV¡$ L$fp¡. "r_funZ L$fp¡ A_¡ QQp® L$fp¡', "L$fu Sy>Ap¡' S>¡hu A_¡L$ ‎L©$rsAp¡ Üpfp sd¡ 

rhop_ iuMhp_p R>p¡. Ap b^u L©$rsAp¡ sd¡ Qp¡½$k L$fp¡. "dNS> Qgphp¡', "ip¡^p¡', ‎‎"rhQpf L$fp¡' S>¡hu 

L©$rsAp¡ sdpfu rhQpf âq¾$ep_¡ Nrs Ap`i¡.‎

‎̀ pW$é`yõsL$dp„ A_¡L$ âep¡Np¡_p¡ kdph¡i L$fhpdp„ Apìep¡ R>¡. Ap âep¡N, s¡_u fus A_¡ s¡ v$fçep_ 

‎AphíeL$ r_funZp¡ sd¡ Ås¡ L$pmÆ`|h®L$ L$fp¡. s¡d S> AphíeL$sp lp¡e Ðep„ sd¡ rinL$p¡_u, hpgu_u ‎A_¡ 

hN®dp„_p klpeL$_u dv$v$ gp¡. sdpfp v¥$r_L$ Æh_dp„_p A_¡L$ âk„Np¡ ̀ pR>m_y„ rhop_ DL¡$g_pfu ‎h¥rióV$`|Z® 

dprlsu A_¡ s¡_p `f Ap^pqfs rhL$rks s„Óop_ Ap `pW$é`yõsL$dp„ L©$rsAp¡_p ‎dpÝed\u õ`óV$ L$fhpdp„ 

Apìey„ R>¡. ApS>_p s„Óop__p TX$`u eyNdp„ k„NZL$, õdpV®$ap¡_\u sd¡ ‎‎ qfrQs S> R>p¡. `pW$é`yõsL$_p¡ 

Aæepk L$fsu hMs¡ dprlsu k„â¡jZ s„Óop__p kp^_p¡_p¡ ep¡Áe ‎D`ep¡N L$fp¡. S>¡_p hX¡$ sdpfy„ AÝee_ 

kfm b_i¡.‎

L©$rs A_¡ âep¡N L$fsu hMs¡ rhrh^ D`L$fZp¡, fkpeZp¡_p k„v$c®dp„ kphQ¡su fpMp¡. A_¡ buÅAp¡_¡ 

‎‎ Z Ýep_ fpMhp S>Zphp¡. h_õ`rs, âpZu rhjeL$ L©$rs, r_funZ L$fsu hMs¡ `ep®hfZ ‎k„h^®__p¡ 

âeÐ_ L$fhp¡ A`¡rns R>¡. s¡_¡ _yL$ip_ _ \pe s¡_y„ Ýep_ fpMhy„ AphíeL$ R>¡.‎

Ap `pW$é`yõsL$ hp„Qsu hMs¡, Aæepk L$fsu hMs¡ A_¡ kdS>su hMs¡ sd_¡ Nd¡gp¡ cpN s¡d S> 

‎Aæepkdp„ Aphsu dyíL¡$guAp¡, DÐ`ß \sp âï_p¡ Ad_¡ S>ê$f\u S>Zphp¡.‎

Ap`_¡ Ap`_u i¥nrZL$ âNrs dpV¡$ lpqv®$L$ iyc¡ÃR>p.‎

`yZ¡‎

spfuM :	 28 A¡râg 2017, Ane s©rsep

	 cpfsue kp¥f qv$_p„L$ : 8 h¥ipM 1939

‎(X$p¸. kyr_g bp. dNf)‎

k„QpgL$‎

dlpfpô²$ fpÄe `pW$é`yõsL$ r_rd®rs

A_¡ Aæepk¾$d k„ip¡^_ d„X$m, `yZ¡.‎
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DISCLAIMER Note : All attempts have been made to contact copy righters (©) but we have not heard from them. 
We will be pleased to acknowledge the copy right holder (s) in our next edition if we learn from them.

l	̂ p¡fZ ÓZ\u `p„Q ky^u `qfkf Aæepk_p dpÝed\u fp¡Æ„v$p Æh__y„ kl¡gy„, klS> rhop_ Ap`Z¡ 
‎rhÛp\}Ap¡_¡ iuMìey„ R>¡. Äepf¡ ^p¡fZ R>\u ApW$_p `pW$é`yõsL$dp„ rhop__u â\dv$i} Ap¡mMpZ 
L$fphu ‎R>¡.‎

l	fp¡Æ„v$p Æh__u OV$_p rhi¡ sL®$k„Ns A_¡ rhh¡L$byqÙ\u rhQpf L$fsp„ AphX¡$ s¡ rhop_ rinZ_p¡ DØ¡i 
R>¡.‎

l	‎̂ p¡fZ _hdu_p rhÛp\}Ap¡_y„ he S|>\ Ýep_dp„ g¡sp„ Apk`pk b_su OV$_p rhi¡ s¡d_y„ Ly$s|lg A_¡ s¡dp„ 
‎fl¡gp¡ L$pe®L$pfZcph ip¡^hp_u ip¡^h©rÑ s\p _¡s©Ðh L$fhp_u cph_p Ap b^p_p¡ AÝee_ ‎dpV¡$ kyep¡Áe 
D`ep¡N L$fhp_u sL$ rhÛp\}Ap¡_¡ Ap`hu S>ê$fu R>¡.‎

l	rhop_ iuMhhp_u âq¾$epdp„ r_funZ, sL®$, A_ydp_, syg_p, âpàs dprlsu_y„ D`ep¡S>_ hN¡f¡ dpV¡$ 
âep¡N ‎L$p¥iëe S>ê$fu R>¡. s¡\u âep¡Nipmpdp„ âep¡N L$fphsu hMs¡ kcp_sp`|h®L$ Ap L$p¥iëep¡ rhL$rks 
L$fhp_u ‎qv$ipdp„ âeÐ_ L$fhp¡. rhÛp\}Ap¡ sfa\u Aphsp„ b^p„ r_funZp¡ A_¡ _p¢^_p¡ õhuL$pf L$fu, 
A`¡rns r_Z®e ‎ky^u `lp¢Qhp dpV¡$ s¡d_¡ dv$v$ L$fhu.‎

l	rhÛp\}_p rhop_ rhje_p DÃQ-rinZ_p¡ `pep¡ A¡V$g¡ dpÝerdL$ õsf_p Ap b¡ hj® lp¡e R>¡ s¡\u 
rhop_ ‎rhje âÐe¡ s¡d_u Arcê$rQ kd©Ý^ A_¡ k„`Þ_ L$fhp_u S>hpbv$pfu Ap`Zu R>¡. rhjehõsy A_¡ 
L$p¥iëe_u kp\¡ S> ‎h¥opr_L$ ×rô$L$p¡Z A_¡ kS>®_iugsp rhL$rks L$fhp Ap` klz l„d¡i dyS>b AN°¡kf 
lip¡ S>.‎

l	rhÛp\}Ap¡_¡ AÝee_dp„ dv$v$ L$fsu hMs¡‎ "epv$ L$fp¡' Ap L©$rs_p¡ D`ep¡N L$fu âL$fZ dpV¡$_p `|h®op__¡ 
QL$pkhy„ s¡ kp\¡‎ S> rhÛp\}Ap¡A¡ A_ych\u d¡mh¡gy„ op_, s¡_u Csf hp„Q_ dprlsu A¡L$rÓs L$fu_¡ 
`pW$_u âõsph_p L$fhp ‎dpV¡$ ̀ pW$ép„i_u iê$Apsdp„ ‎"L$lp¡ Å¡CA¡' ‎ Ap cpN hp`fhp¡. Ap b^y„ L$fsu hMs¡ 
sd_¡ `p¡sp_¡ k|T¡ s¡hp rhrh^ âï_p¡, L©$rsAp¡ lp¡e sp¡ s¡_p¡ Ahíe ‎D`ep¡N L$fhp¡. ‎

	 "rhjehõsy'‎ rhi¡ õ`óV$uL$fZ Ap`su hMs¡ ‎ "L$fu_¡ Sy>Ap¡‎' ‎̀ Z L$p¡CL$ AÝee_ A_ych sdpf¡ `p¡s¡ L©$rs 
L$fu_¡ v$ip®hhp_p¡ lp¡e Ðepf¡ ‎"L$fu Å¡CA¡‎‎' ‎A¡d bÞ_¡ L©$rsAp¡_p¡ D`ep¡N `pW$é`yõsL$dp„ dy¿eÒh¡ L$ep£ R>¡. 
`pW$ép„i A_¡ `|h®op__p A¡L$rÓs D`ep¡S>_ ‎dpV¡$ "dNS> Qgphp¡' Ap`¡gy„ R>¡.‎ "Ap l„d¡ip„ epv$ fpMp¡'dp„ 
rhÛp\}_¡ ‎ L¡$V$guL$‎ dlÒh_u k|Q_pAp¡ A_¡ ‎d|ëep¡ Apàep„ R>¡. "ip¡^p¡', "dprlsu d¡mhp¡', A_¡ "Ap sd¡ 
ÅZp¡ R>p¡ L¡$ ?', ‎"`qfQe h¥opr_L$p¡_p¡', "L$pe® k„õ\p_y„' ‎ Ap b^p iuj®L$ l¡W$m `pW$é`yõsL$_p blpf_u 
dprlsu,‎ L$ë`_p rhõspf dpV¡$ s¡dS> lÆ h^y dprlsu d¡mh¡, õhs„Ó fus¡ `p¡sp_u d¡m¡ k„v$c® ip¡^¡ A_¡ 
A¡hu Apv$s `X¡$ ‎s¡ dpV¡$ Ap`¡gp„ R>¡.‎

 ‎l	‎Ap `pW$é`yõsL$ hN®dp„ a¼s hp„Qu_¡, kdÅhhp_y„ _\u. `f„sy s¡ A_ykpf L©$rs L$fu_¡ rhÛp\}_¡ op_ 
‎L¡$hu fus¡ d¡mhhy„ s¡_p dpN®v$i®_ dpV¡$ R>¡.‎ `pW$é`yõsL$_p¡ Ap l¡sy kam \pe s¡ dpV¡$ hN®dp„_y„ hpsphfZ                           
A_p¥`QpqfL$ lp¡hy„ Å¡CA¡. h^ydp„ h^y rhÛp\}Ap¡ ‎QQp®, âep¡N A_¡ L©$rsdp„ cpN g¡ s¡ dpV¡$ âp¡Ðkpl_ Ap`hy„. 
rhÛp\}Ap¡A¡ L$f¡gp„ D`¾$d, âL$ë` hN¡f¡ rhjep¡ ‎bpbs hN®dp„ Al¡hpg hp„Q_, fS|>Aps, rhop_ qv$hk 
D`fp„s rhrh^ Ap¥rQÐe`|Z® qv$hkp¡_u DS>hZu ‎L$fhu, S>¡hp A_¡L$ L$pe®¾$dp¡_y„ Ahíe Apep¡S>_ L$fhy„.‎

 ‎l	‎‎ pW$é`yõsL$dp„ rhop_ A_¡ s„Óop__u rhjehõsy kp\¡ dprlsu k„â¡jZ s„Óop__u Å¡X$ Ap`u R>¡. 
rhrh^ ‎h¥opr_L$ k„L$ë`_pAp¡_p Aæepk dpV¡$ s¡_p¡ D`ep¡N L$fhp¡ Arcâ¡s R>¡ S>¡ Ap`_p dpN®v$i®_ l¡W$m 
L$fphu ‎g¡hp¡.‎

dyM`©óW$ A_¡ A„s:`©óW$ : `pW$é`yõsL$dp„_u rhrh^ L©$rsAp¡, âep¡Np¡ A_¡ k„L$ë`_p rQÓp¡.‎

rinL$p¡ dpV¡$ ‎
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kÆh k©rô$

‎1.‎	 âpZu A_¡ h_õ`rs_u rhrh^ Æh_âq¾$epAp¡ hÃQ¡_p¡ 
afL$ õ`ô$ L$fsp„ AphX¡$.‎

‎2.‎	 kÆh k©rô$dp„ "fpkperZL$ r_e„ÓZ_u' dprlsu_p¡ 
D`ep¡N L$fu_¡ fp¡Æ„v$p Æh_dp„ b_su ‎OV$_pAp¡_u 
õ`ô$sp Ap`sp„ AphX¡$.‎

‎3.‎	 L$p¡j_p rhrh^ âL$pf hÃQ¡_p¡ afL$ s¡_u fQ_p_¡ Ap^pf¡ 
õ`ô$ L$fsp„ AphX¡$.‎

‎4.‎	 ârsS>¥rhL$p¡_p r_dp®Zdp„ kyÿdÆhp¡_y„ dlÒh A_¡ 
D`ep¡N õ`ô$ L$fsp„ AphX¡$.‎

‎5.‎	 kÆhp¡dp„ rhrh^ Æh_âq¾$ep A_¡ kyÿdÆhp¡ hÃQ¡ 
L$pe®L$pfZ k„b„^ õ`ô$ L$fsp„ AphX¡$.‎

‎6.‎	 lpr_L$pfL$ kyÿdÆhp¡_¡ gu^¡ Dv¹$chsp„ rhrh^ fp¡N A_¡ 
s¡_p D`pep¡ õ`ô$ L$f¡ s¡ kp\¡ `p¡sp_p ‎Apfp¡Áe_u A_¡ 
kdpS>_p Apfp¡Áe_u L$pmÆ L$f¡.‎

‎7.‎	 h_õ`rs_y„ h¥opr_L$ ×rô$A¡ hN}L$fZ L$fsp„ AphX¡$.‎

‎8.‎	 dp_hu DÐkS>®_s„Ó A_¡ Q¡sps„Ó_u fQ_p v$p¡fu s¡_y„ 
Ap`Zp Æh_dp„ fl¡gy„ dlÒh õ`ô$ L$fsp„ ‎AphX¡$.‎

‎9.‎	 dp_hu ifuf_u A„s:öphu N°„r\dp„\u Tfsp„ DÐk¡QL$p¡_p¡ 
(k„â¡fL$p¡_p¡) ifuf_p rhL$pkdp„ dlÒh_p¡ ‎apmp¡ R>¡ s¡ 
kdS>¡. õhdÁ_sp, ArsDÑ¡S>L$sp, Aph¡idp„ Aphhy„, 
ArsgpNZuiugsp hN¡f¡ kdõep ‎‎ pR>m_u h¥opr_L$ 
L$pfZdudp„kp õ`ô$ L$fsp„ AphX¡$.‎

DÅ® 
1.‎	 L$pe® A_¡ DÅ®_p¡ `fõ`f k„b„^ õ`ô$ L$fu fp¡Æ„v$p 

Æh_dp„ L$pe®_p âL$pf Ap¡mMsp„ AphX¡$.‎
‎2.‎	 fp¡Æ„v$p Æh_dp„ L$pe®, DÅ® A_¡ i[¼s `f 

Ap^pqfs Dv$plfZp¡_u L$pfZdudp„kp L$fsp„ 
AphX¡$ A_¡ ‎NprZsuL$ Dv$plfZp¡ DL¡$gsp„ AphX¡$.‎

‎3.‎	 Ýhr_ k„v$c£ rhrh^ k„L$ë`_pAp¡_y„ v¥$_„qv$_    
Æh_dp„ dlÒh õ`ô$ L$fu rhrh^ âñp¡_p¡ DL¡$g 
ip¡^sp„ ‎AphX¡$.‎

‎4.‎	 kp¡_pf, fX$pf_u fQ_p_y„ k„L$ë`_p rQÓ, fQ_p 
v$p¡fsp„ AphX¡$, ApL©$rs_u ê$`f¡Mp Üpfp õ`ô$uL$fZ 
v¡$sp„ AphX¡$.‎

‎5.‎	 dp_hu L$p__y„ Ýhr_ k„v$c£ L$pe®, L$p__u fQ_p 
Üpfp õ`ô$ L$fsp„ AphX¡$.‎

‎6.‎	 Apfkp_p rhrh^ âL$pf Ap¡mMsp„ AphX¡$. 
Apfkp Üpfp dmsu ârsdp_y„ h¥opr_L$ õ`ô$uL$fZ 
‎Ap`sp„ AphX¡$, f¡MprQÓ v$p¡fsp„ AphX¡$. ‎

‎7.‎	 âep¡NÜpf¡ NyZL$ ârsdp_u k„¿ep ip¡^sp„ AphX¡$.‎
‎8.‎	 fp¡Æ„v$p Æh_dp„ h`fpsp„ Sy>v$p„-Sy>v$p„ Apfkp_p 

D`ep¡N `pR>m_p L$pfZp¡ õ`ô$ L$fsp„ AphX¡$.‎

Aplpf A_¡ `p¡jZ
1.‎	‎  ¡iu k„h^®__p¡ M¡su A_¡ M¡su `|fL$ ìehkpedp„ \sp¡ 

D`ep¡N õ`ô$ L$fu s¡ k„v$c£ âq¾$ep_u dprlsu ‎Ap`sp„ 
AphX¡$.‎

‎2.‎	 kpdprS>L$ rhL$pkdp„ rhrh^ M¡su `|fL$ ìehkpep¡_y„ 
dlÒh kdÅhsp„ AphX¡$.‎

‎3.‎	 AÞ_kp„L$m A_¡ DÅ® r`fpduX$ hÃQ¡_p Ap„sfk„b„^_y„ 
rhïg¡jZ L$fsp„ AphX¡$.‎

‎4.‎	 Ly$v$fsu Q¾$dp„ \sp„ a¡fapf_p L$pfZp¡ ip¡^sp„ AphX¡$.‎
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hõsy_u Nrs (Motion of an Object)

	 _uQ¡ Ap`¡gp L$ep L$ep Dv$plfZp¡dp„ sd_¡ Nrs S>Zpe R>¡? Nrs lp¡hu A_¡ Nrs _ 
lp¡hu s¡_y„ ‎õ`óV$uL$fZ sd¡ L¡$hu fus¡ L$fip¡?‎ ‎

 1. sd¡ bkdp„ âhpk L$fp¡ R>p¡. sdpfu bpSy>dp„ b¡W¡$gu ìe[¼s Nrsdp_ R>¡ L¡$?‎

2. A¡L$pv$u hõsy Nrsdp_ R>¡ L¡$ _\u s¡ r_ròs L$fhp dpV¡$ sdpf¡ L$C L$C bpbsp¡_p¡ rhQpf L$fhp¡ `X¡$? ‎
	 Nrs A¡ kp`¡n k„L$ë`_p R>¡, S>¡ Ap`Z¡ `pR>gp ^p¡fZdp„ iu¿ep R>uA¡. Äepf¡ A¡L$pv$u hõsy ‎Apk`pk_u      
[õ\rs k„v$c®dp„ s¡_y„ õ\p_ bv$gsu lp¡e sp¡ s¡ hõsy Nrsdp_ R>¡ A¡d L$l¡hpe. Å¡ s¡ hõsy Apk`pk_u [õ\rs 
k„v$c®dp„ s¡_y„ õ\p_ bv$gsu _ lp¡e sp¡ s¡ [õ\f R>¡ A¡d L$l¡hpe.‎ ‎

	 fp¡tS>v$p Æh_dp„ Ap`Z¡ rhrh^ hõsy_u Nrs Å¡CA¡ R>uA¡. ¼epf¡L$ hõsy_u Nrs Ap`Z¡ âÐen Å¡C 
‎iL$sp _\u. S>¡dL¡$, hl¡su lhp. Ap`¡g Dv$plfZ âdpZ¡ buÅ A_¡L$ Dv$plfZp¡ sd¡ L$lu iL$ip¡. s¡ ‎L$ep?‎

1.‎	 iusg ipmpA¡ S>su hMs¡ k„Nusp _pd_u s¡_u bl¡_`Zu_p Of¡ S>C_¡ ̀ R>u ipmpA¡ NC. ‎ApL©$rs 1.1 (Ap) Sy>Ap¡.‎
‎2.‎	 âip„s Of¡\u ku^u f¡Mpdp„ ipmpA¡ Nep¡. b„_¡_u TX$` A¡L$kfMu lp¡e sp¡ L$p¡Z ipmpA¡ Ap¡R>p ‎kdedp„       

`lp¢Qi¡? ip dpV¡$?‎
	 D`f_p Dv$plfZdp„ âÐen Qpg¡gy„ A„sf A_¡ ku^u f¡Mp_y„ A„sf A¡ b„_¡dp„ L$C afL$ li¡ L¡$? L$ep¡?‎

\p¡X$p¡ rhQpf L$fp¡.‎

rhQpf L$fp¡.

õ\mp„sf A_¡ A„sf
(Displacement and Distance)

L$fu Sy>Ap¡¡.

Ø  Nrs	 	 Ø  õ\mp„sf A_¡ A„sf
Ø  âh¡N		 Ø  Þe|V$__p NrsrhjeL$ r_ed A_¡ kduL$fZp¡

‎1. Nrs_p r_ed‎p¡

iusg A_¡ âip„s_y„ Of
k„Nusp_y„ Of

ipmp

13
00

 d
uV$f

500 duV$f

1200
duV$f

1.1 ipmp A_¡ Of_u [õ\rs

A

B

(A)

(Ap)

1. 	 v$p¡fu_u dv$v$\u A\u B ky^u_y„ A„sf ApL©$rs 1.1 

(A)dp„ bspìep âdpZ¡ Sy>v$u Sy>v$u fus¡ dp`p¡.‎

2. 	 lh¡ afu\u A\u B ky^u_y„ A„sf ku^u s|V$L f¡Mp 
b_ph¡gu R>¡.‎ s¡ dpN®_¡ dp`p¡. sdpfp ds¡ L$ep dpN£ 

dp`¡gy„ A„sf ep¡Áe R>¡? ip dpV¡$?‎

	 1.‎	‎ nuAp¡_y„ EX$hy„.‎					‎    2. Dcu fl¡gu f¡gNpX$u.‎
	‎ 3.‎	lhpdp„ EX$sp¡ h_õ`rsS>Þe L$Qfp¡.‎		‎  4. Xy„$Nf `f_p¡ [õ\f `Õ\f

dpN®‎ A

dpN®‎ B

L$lp¡ Å¡CA¡ !
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dNS> Qgphp¡.
1.‎	 ApL©$rs 1.2(A)dp„ bspìep âdpZ¡ õhfpgu v$ffp¡S> khpf¡ 100 

duV$f rÓÄep ^fphsp ‎hsy®mpL$pf d¡v$p__p afs¡ Ap„V$p dpf¡ R>¡. s¡Z¡ A 
tbvy$\u Qpghp_u iê$Aps L$fu_¡ A¡L$ Ap„V$p¡ `|fp¡ L$ep£ ‎sp¡ s¡Z¡ L$p`¡gy„ 
A„sf A_¡ s¡Z¡ L$f¡gy„ õ\mp„sf L¡$V$gy„?‎

‎2.‎	 ApL©$rs 1.2(Ap)dp„ bspìep âdpZ¡ ^pfp¡ L¡$ A¡L$ NpX$u P tbvy$\u 

r_L$mu_¡ Q tbvy$ ky^u ‎‎ lp¢Qu_¡ `pR>u P tbvy$ ky^u Aphu. sp¡ s¡ 

NpX$uA¡ L$p`¡gy„ A„sf A_¡ s¡Z¡ L$f¡gy„ õ\mp„sf L¡$V$gy„?‎

 

A .

	 A¡L$pv$u hõsy_y„ õ\mp„sf i|Þe lp¡C iL¡$ sp¡ `Z s¡ S> hõsyA¡ âÐen L$p`¡gy„ A„sf i|Þe _ `Z lp¡e.‎

 
QP

®
®

360 duV$f

	 A„sf A¡V$g¡ b¡ tbvy$Ap¡ hÃQ¡ Nrs L$fsu hMs¡ hõsyA¡ A_ykf¡gp¡ âÐen dpN®. Äepf¡ õ\mp„sf A¡V$g¡ 

‎Nrs_p Apf„c A_¡ A„rsd tbvy$Ap¡ hÃQ¡_y„ kp¥\u V|„$Ly$ A„sf.‎ ‎

TX$` A_¡ h¡N (Speed and Velocity)

Ly$g L$p`¡gy„ A„sf

Ly$g gpN¡gp¡ kde
TX$`‎   = 

1.	 kqv$i (Vectors) A_¡ Aqv$i (Scalars) fpiu A¡V$g¡ iy„?‎ 

2.	 A„sf (Distance), TX$` (Speed), h¡N (Velocity), kde (Time),            

õ\mp„sf (Displacement) Ap b^pdp„ kqv$i A_¡ Aqv$i fpiuAp¡ L$C?‎ 

õ\mp„sf 

kde
h¡N =

1.‎	TX$` A_¡ h¡N_p A¡L$d kdp_ lp¡e R>¡ s¡ SI 
`Ý^rsdp„ m/s A_¡ CGS `Ý^rsdp„ cm/s   
R>¡.‎

‎2.‎	TX$` A¡ A„sf kp\¡ k„b„r^s R>¡ Äepf¡ h¡N A¡ 
õ\mp„sf kp\¡ k„b„r^s R>¡.‎

‎3.‎	Nrs Å¡ ku^u f¡Mpdp„ lp¡e sp¡ h¡N A_¡ TX$`_y„ 
d|ëe kdp_ lp¡e R>¡. _l] sp¡, s¡ Sy>v$p Sy>v$p lp¡C 
iL¡$ ‎

A¡L$d kdedp„ \_pfp õ\mp„sf_¡ h¡N L$l¡hpe R>¡.‎

	 A¡L$d kdedp„ A¡L$ S> qv$ipdp„ hõsyA¡ L$p`¡gp 

A„sf_¡ h¡N (Velocity) L$l¡ R>¡. Al] A¡L$d kde 
A¡V$g¡ A¡L$ ‎k¡L$ÞX$, A¡L$ rdr_V$, A¡L$ L$gpL$ hN¡f¡ L„$C`Z 
lp¡C iL¡$. dp¡V$p¡ A¡L$d kde g¡hp¡ lp¡e sp¡ A¡L$ hj®_¡ `Z 
‎A¡L$d kde sfuL¡$ gC iL$pe. ‎ ‎
	 kde_p k„v$c®dp„, A¡L$d kdedp„ \_pfp               
õ\mp„sf_¡ h¡N L$l¡ R>¡.‎

1.2 A„sf A_¡ õ\mp„sf

epv$ L$fp¡.

Ýep_dp„ fpMp¡.

(A)

(Ap)
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	 krQ_ dp¡V$f kpeL$g\u âhpk L$f¡ R>¡. âhpk v$fçep_ _uQ¡_p 
âk„N¡ iy„ \i¡ s¡ S>Zphp¡. (ApL©$rs ‎‎1.3 Sy>Ap¡)‎ ‎
1.‎	 krQ_ dp¡V$fkpeL$g `f âhpk L$fsu hMs¡, dp¡V$f kpeL$g_p 

âhpk_u qv$ip _ bv$gsp ‎dp¡V$fkpeL$g_u TX$` h^pf¡ A\hp 
OV$pX¡$ sp¡ s¡_p h¡N `f iy„ Akf \i¡?‎

‎2.‎	 krQ_ âhpk L$fsp¡ lp¡e Ðepf¡ fõspdp„ A¡L$pv$p¡ hmp„L$ Aph¡ sp¡ 
s¡_u TX$` A_¡ h¡N kfMp¡ S> ‎li¡?‎ 

	 krQ_¡ dp¡V$f kpeL$g_u TX$` AQg fpMu qv$ip bv$gu sp¡ h¡N 
`f iy„ Akf `X$i¡?‎

‎3.‎	 hmp„L$hpmp fõsp`f dp¡V$fkpeL$g Qgphsu hMs¡ krQ_ 
dp¡V$fkpeL$g_u TX$` A_¡ qv$ip ‎b„_¡ bv$g¡ sp¡ h¡N `f iy„ Akf 
\pe?‎ 

		  D`f_p âk„N `f\u A¡d Ýep_dp„ Aph¡ R>¡ L¡$, h¡N_p¡ 
k„b„^ TX$` A_¡ qv$ip b„_¡ kp\¡ R>¡. sp¡ h¡N ‎‎_uQ¡ âdpZ¡ 
bv$gpe R>¡.

	 1.‎	TX$` bv$gu_¡ A_¡ qv$ip s¡ S> fpMu_¡‎
	‎ 2.‎	qv$ip bv$gu_¡ A_¡ TX$` s¡ S> fpMu_¡‎
	‎ 3.‎	TX$` A_¡ Nrs_u qv$ip b„_¡ bv$gu_¡‎

TX$` A_¡ qv$ip_u h¡N `f \su Akf

A„sf

kde
iusg_u A fõsp `f_u TX$`‎  =                        =                           

500 duV$f

5 rdr_V$‎
= 100 duV$f/rdr_V$‎

A„sf

kde
iusg_u B fõsp `f_u TX$`‎  =                         =                           1200 duV$f

24 rdr_V$‎
= 50 duV$f/rdr_V$‎

Ly$g A„sf 

Ly$g kde
iusg_u kfpkfu TX$`‎       =                      =                           

1700 duV$f

29 rdr_V$‎
= 58.6 duV$f/rdr_V$‎

iusg_p¡ h¡N = 44.83 duV$f/rdr_V$‎

âÐen õ\mp„sf 

gpN¡gp¡ kde
iusg_p¡ kfpkfu h¡N =

1300 duV$f

29 rdr_V$‎
=

1.3 h¡N `f Akf

	 TX$`_y„ `qfdpZ A„sf/kde Ap âdpZ¡ kh®â\d NµrgrgAp¡A¡ L$ey®. lhpdp„ Ýhr__u TX$` 343.2 
m/s  s¡d S> ‎âL$pi_u TX$` 3 × 108 m/s  S>¡V$gu R>¡. `©Õhu k|e®_u ApSy>bpSy> `qfc°dZ L$f¡ R>¡ Ðepf¡ 
s¡_u TX$` 29770 m/s  R>¡.‎

	 ApNm Ap`¡g Dv$plfZ (`©._„.1) dp„ iusg A_¡ k„Nusp_p Of_y„ ku^u f¡Mp_y„ A„sf 500 duV$f R>¡. ‎k„Nusp_p 
Of A_¡ ipmp hÃQ¡_y„ ku^u f¡Mp_y„ A„sf 1200 duV$f R>¡. A\p®s¹ iusg_p Of A_¡ ipmp ‎hÃQ¡_y„ ku^u f¡Mp_y„ A„sf 
1300 duV$f R>¡. ^pfp¡ L¡$ iusg_¡ k„Nusp ky^u S>hpdp„ 5 rdr_V$ gpNu A_¡ ‎Ðep„\u ipmp ky^u S>hpdp„ 24 rdr_V$ 
gpNu s¡ `f\u

Ýep_dp„ fpMp¡.
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A¡L$ f¡Mpdp„ A¡L$d|ëe A_¡ bv$gpsu Nrs (Uniform and Nonuniform Motion along a straight line)
	 Adf, AL$bf A_¡ AµÞ\_u s¡d_u `p¡sp_u NpX$udp„ Sy>v$p Sy>v$p h¡N\u âhpk L$f¡ R>¡. AgN AgN ‎kdep„sf¡ 
s¡dZ¡ L$p`¡gp Sy>v$p Sy>v$p A„sfp¡ _uQ¡ L$p¡W$pdp„ Apàep R>¡.‎ ‎

kde Adf¡ L$p`¡gy„ A„sf
 qL$du dp„‎

AL$bf¡‎ L$p`¡gy„ A„sf 
 qL$du dp„‎

AµÞ\_u‎A¡ L$p`¡gy„ A„sf 
 qL$du dp„‎

5.00 0 0 0 
5.30 20 18 14
6.00 40 36 28
6.30 60 42 42
7.00 80 70 56
7.30 100 95 70
8.00 120 120 84

L$fu Sy>Ap¡¡.

1.‎	 Adf, AL$bf A_¡ AµÞ\_u Äepf¡ âhpk L$f¡ R>¡ Ðepf¡ s¡dZ¡ _p¢^¡gp 

A„sf_p¡ kdeNpmp¡ ‎L¡$V$gp¡ R>¡?‎

‎2.‎	 Qp¡½$k kdeNpmpdp„ kfMy„ S> A„sf L$p¡Z¡ L$pàey„ R>¡?‎

‎3.‎	 AL$bf¡ Qp¡½$k kdeNpmpdp„ A¡L$kfMy„ S> A„sf L$pàey„ R>¡?‎

‎4.‎	 Adf, AL$bf A_¡ AµÞ\_uA¡ Qp¡½$k kdeNpmpdp„ L$p`¡gp A„sf_p¡ 

rhQpf L$fuA¡ sp¡ ‎s¡d_u TX$` L¡$hu R>¡.‎

     S>¡ hõsy kdp_ kdep„sfdp„ kdp_ A„sf L$p`¡ sp¡ s¡_u Nrs_¡ A¡L$d|ëe 

Nrs L$l¡ R>¡.

	 Å¡ hõsy kdp_  

kdeNpmpdp„ Akdp_ A„sf 

L$p`¡ sp¡ s¡hu Nrs_¡ bv$gpsu 

Nrs L$l¡hpe R>¡. 

v$p.s. ‎cuX$hpmp fõspdp„ 

hpl__u Nrs A\hp 

kpeL$gkhpf_u Nrs.‎

âh¡N (Acceleration)

‎1.‎	 A¡L$ duV$f g„bpC_u A¡L$ dp``Ë$u A_¡ A¡L$ _p_p¡ v$X$p¡ gp¡.‎

‎2.‎	 ApL©$rs 1.4 âdpZ¡ dp``Ë$u_p¡ A¡L$ R>¡X$p¡ S>du_ `f V¡$L$hu 

buÅ¡ R>¡X$p¡ S>du_\u v|$f L¡$V$guL$ ‎KQpC `f lp\\u `L$X$p¡.‎

‎3.‎	 v$X$p¡ dp``Ë$u_p KQp cpN `f gC S>C R>p¡X$u v$p¡.‎

‎4.‎	 v$X$p¡ _uQ¡ Aphsp¡ lp¡e Ðepf¡ s¡_p h¡N_y„ r_funZ L$fp¡.‎

‎5.‎	 v$X$p¡ D`f\u _uQ¡ Aphsp¡ lsp¡ Ðepf¡ s¡_p¡ h¡N v$f¡L$ õ\p_¡ 

kdp_ S> lsp¡ L¡$?‎

‎6.‎	 iê$Apsdp„, hÃQ¡ s\p S>du_ ky^u Aphsp s¡_p¡ h¡N L¡$hu 

fus¡ bv$gpe R>¡ s¡_y„ r_funZ L$fp¡.‎

‎1.4 h¡Ndp„ a¡fapf‎

dNS> Qgphp¡.‎

v$X$p¡

dp``Ë$u
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	 _p_`Zdp„ sd¡ b^p S> gkf`Ë$u_u fds fçep lip¡. gkf`Ë$u `f\u 
gkfsp iê$Apsdp„ Ap`Zp¡ ‎h¡N Ap¡R>p¡ lp¡e R>¡. hÃQ¡ `R>u s¡ h^¡ R>¡ A_¡ 
R>¡hV¡$ s¡ Ap¡R>p¡ \C_¡ i|Þe \pe R>¡ s¡ Ap`Z_¡ Mbf ‎R>¡. Ap h¡Ndp„ \sp 
a¡fapf_p v$f_¡ S> Ap`Z¡ âh¡N L$luA¡ R>uA¡.‎

âh¡N ‎ = 	

	 Å¡	u Ap iê$Aps_p¡ h¡N, t kdedp„ R>¡hV$_p¡ h¡N v lp¡e sp¡.‎..

	 Å¡ A¡L$pv$u Nrsdp_ hõsy Qp¡½$k kdeNpmp v$frdep_ h¡N bv$gsu lp¡e sp¡ s¡ hõsy_u Nrs_¡ âh¡Nu ‎Nrs L$l¡ 
R>¡.‎ Nrsdp_ hõsydp„ b¡ âL$pf_p âh¡N lp¡C iL¡$.‎ ‎

	 ‎1.‎	Å¡ kdp_ kdep„sfdp„ h¡Ndp„ kdp_ a¡fapf \pe sp¡ s¡_¡ A¡¡L$d|ëe âh¡N L$l¡ R>¡.‎

	‎ 2.‎	Å¡ kdp_ kdep„sfdp„ h¡Ndp„ Akdp_ a¡fapf \pe sp¡ s¡_¡ bv$gpsp¡ âh¡N L$l¡ R>¡.‎

h¡Ndp„ \sp¡ a¡fapf 

kde

A„rsd h¡N - iê$Aps_p¡ h¡N ‎ 
             kde

(v-u)
t

âh¡N ‎ = a  =                                                 \ a = 

‎̂ _, F>Z A\hp i|Þe âh¡N
	 A¡L$pv$u hõsy_p¡ âh¡N ^_ A\hp F>Z lp¡C iL¡$. Äepf¡ A¡L$pv$u hõsy_p¡ h¡N h^¡ R>¡. Ðepf¡ âh¡N ^_ lp¡e R>¡. 
‎Al] âh¡N h¡N_u qv$ipdp„ S> lp¡e R>¡. Äepf¡ hõsy_p¡ h¡N OV¡$ R>¡ Ðepf¡ âh¡N F>Z lp¡e R>¡. F>Z âh¡N_¡ S> ârsâh¡N 
(Deceleration) L$l¡hpe R>¡. s¡ h¡N_u rhfyÝ^ qv$ipdp„ lp¡e R>¡. Å¡ h¡N [õ\f lp¡e sp¡ âh¡N i|Þe lp¡e R>¡.‎ ‎

A¡L$d|ëe Nrs dpV¡$_p¡ A„sf-kde Apg¡M
	 _uQ¡_p L$p¡W$pdp„ A¡L$ NpX$uA¡ r_ròs L$f¡gp kdedp„ L$p`¡gy„ A„sf Ap`¡gy„ R>¡. s¡ âdpZ¡ kde X An`f A_¡ 
A„sf Y ‎An`f gC ApL©$rs 1.5 dp„ Apg¡M v$p¡fp¡. A„sf A_¡ kde hÃQ¡_p kd Qg__p¡ k„b„^ Apg¡M_u dv$v$\u 
‎õ`óV$ \pe R>¡?‎  

kde 
(k¡L$ÞX$)‎

A„sf 
‎(duV$f)‎ 

0 0
10 15
20 30
30 45
40 60
50 75
60 90
70 105

Ýep_dp„ fpMp¡.

A„sf 
‎(duV$f)‎

‎1.5 A„sf-kde Apg¡M

âdpZ X An 1 k¡du =
Y An 1 k¡du = 

0 10      20     30      40      50      60      70     80
X

140

120

100

80

60

40

20

Y

kde (k¡L$ÞX$)‎

1.‎	 Nrsdp_ [õ\rsdp„ 

Aphsp `l¡gp hõsy  [õ\f lp¡e 

sp¡ s¡ kde¡ s¡ hõsy_p¡ iê$Aps_p¡ 
h¡N ‎L¡$V$gp¡?‎

‎2.‎	 Nrs_p A„s¡ Å¡ hõsy 
[õ\f b_¡ sp¡ sp¡ s¡_p¡ A„rsd h¡N 
L¡$V$gp¡?‎
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dNS> Qgphp¡.
    A¡L$d|ëe Nrsdp„ hõsy kdp_               
kdeNpmpdp„ kdp_ A„sf L$p`¡ R>¡. Ap 
bpbs A„sf-kde Apg¡Mdp„_u ‎ku^u f¡Mp 
v$ip®h¡ R>¡.‎

	 A„sf-kde Apg¡Mdp„ ku^u f¡Mp_p¡ Y$pm (Slope) 
v$p¡fhp\u Ap`Z_¡ s¡ L$C bpbs v$ip®h¡ R>¡?‎

bv$gpsu Nrs dpV¡$ A„sf-kde Apg¡M

dNS> Qgphp¡. 	 A¡L$d|ëe Nrs A_¡ bv$gpsu Nrs_p A„sf-kde Apg¡Mdp„ sd_¡ iy„ saphs 
Å¡hp dþep¡?‎ ‎

kde 
(k¡L$ÞX$)‎

A„sf 
‎(duV$f)‎ 

0 0
5 7

10 12
15 20
20 30
25 41
30 50
35 58

 	 ‎_uQ¡_p L$p¡W$pdp„ A¡L$ bk¡ r_ròs kdedp„ L$p ¡̀gy„ A„sf Ap ¡̀gy„ R>¡. s¡ âdpZ¡ kde X An `f A_¡ A„sf Y An 
`f gC ‎ApL©$rs 1.6 dp„ Apg¡M v$p¡fp¡. A„sf A_¡ kde hÃQ¡_p„ kdQg__p¡ k„b„̂  Apg¡M_u dv$v$\u õ`óV$ \pe R>¡ ‎L¡$?‎

A¡L$d|ëe Nrs dpV¡$ h¡N-kde Apg¡M 

	 A¡L$ f¡ëh¡ NpX$u A¡L$d|ëe h¡N\u 
ârs L$gpL$, 60 qL$du Ap âdpZ¡ 5   
L$gpL$ kss Nrsdp_ R>¡. Ap A¡L$d|ëe 
Nrs ‎dpV¡$ h¡N A_¡ kdedp„ \sp¡    a¡-
fapf h¡N-kde Apg¡M Üpfp ApL©$rs 
1.7 dp„ bspìep¡ R>p¡.‎

1.‎	 f¡ëh¡A¡ 2 \u 4 L$gpL$ v$frdep_ 
L$p`¡gy„ A„sf L¡$hu fus¡ ip¡^u iL$pe?‎

‎2.‎	‎ 2 \u 4 L$gpL$ v$frdep_  f¡ëh¡   
NpX$uA¡ L$p`¡gp A„sf_p¡ A_¡ 
ApL©$rsdp„ A¡L$ QsyóL$p¡Z_p n¡Óam 
hÃQ¡ L„$C ‎k„b„^ R>¡?‎ Atlep      
NpX$u_p¡ âh¡N L¡$V$gp¡ R>¡?‎

	 Al] kde A_ykpf A„sfdp„ A¡L$ kfMp¡ a¡fapf \sp¡ _\u. dpV¡$ Al] bv$gpsu Nrs R>¡.

‎1.6 A„sf-kde Apg¡M

‎1.7 h¡N-kde Apg¡M

h¡N
qL$du/
L$gpL$

0  1       2        3        4        5        6        
X

70

60

50

40

30

20

10

Y
âdpZ : X An 1 k¡du = 1 L$gpL$

Y An 1 k¡du = 10 qL$du/L$gpL$

kde (L$gpL$)‎

A B

C Dt1 t2
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A¡L$d|ëe âh¡Nu Nrs dpV¡$ h¡N-kde Apg¡M
	 r_ròs kdeNpmpdp„ A¡L$ L$pf_p h¡Ndp„ \sp¡ a¡fapf L$p¡W$pdp„ v$ip®ìep¡ R>¡.‎

kde 
(k¡L$ÞX$)‎

h¡N
du/k¡L$ÞX$

0 0
5 8

10 16
15 24
20 32
25 40
30 48
35 56

	 ApL©$rs 1.8 dp„ Apg¡M v$ip®h¡ R>¡ L¡$,‎ ‎

1.‎	 r_ròs kdeNpmpdp„ h¡Ndp„ kdp_ a¡fapf \pe R>¡. Ap h¡N âh¡Nu lp¡hp R>sp„ âh¡N A¡L$d|ëe R>¡. ‎âÐe¡L$ 5 
rdr_V$dp„ h¡Ndp„ L¡$V$gp¡ a¡fapf \pe R>¡.‎

‎2.‎	 b^u A¡L$d|ëe âh¡Nu Nrs dpV¡$ h¡N-kde_p¡ Apg¡M ku^u f¡Mp lp¡e R>¡.‎

‎3.‎	 bv$gpsu âh¡Nu Nrs dpV¡$ h¡N-kde Apg¡M, kdep_ykpf âh¡Ndp„ \_pfp a¡fapf A_ykpf ‎L$p¡C`Z ApL$pf_p¡ 
lp¡C iL¡$.‎

	 ApL©$rs 1.8 dp„ Apg¡M_u dv$v$\u L$pf¡ 10 k¡L$ÞX$ \u 20 k¡L$ÞX$ Ap kdeNpmp v$frdep_ L$p`¡gy„ A„sf ‎Ap`Z¡ 
ApNm f¡ëh¡NpX$u_p Dv$plfZ âdpZ¡ S> ip¡^u iL$uA¡, `f„sy Al] L$pf_p¡ h¡N [õ\f _ lp¡hp\u ‎A¡L$d|ëe âh¡Nu Nrs_¡ 
L$pfZ¡ kss bv$gpsp¡ fl¡ R>¡. Aphp kde¡ Ap`Z¡ Ap`¡gp kdeNpmp v$frdep_ L$pf_p¡ ‎kfpkfu h¡N ip¡^u L$pf¡ L$p`¡gy„ 
A„sf ip¡^u iL$uA¡.‎ ‎

Apg¡M `f\u v¡$Mpe R>¡ L¡$ L$pf_p¡ kfpkfu h¡N ‎

Apg¡M `Ý^rs Üpfp Nrs_p kduL$fZp¡‎ (Equations of Motion using graphical method)

	 Þe|V$_¡ hõsy_u Nrs_p¡ Aæepk L$ep£ A_¡ `R>u s¡dZ¡ NrsrhjeL$ ÓZ kduL$fZ_p¡ NZ fS|> L$ep£. A¡L$ ku^u 
‎f¡Mpdp„ Nrsdp_ hõsy_y„ õ\mp„sf, h¡N, âh¡N A_¡ kde Ap b^p_p¡ k„b„^ Ap kduL$fZp¡dp„ fS|> L$f¡g R>¡.‎

	 A¡_¡ Ap`¡gp kdeNpmp\u A¡V$g¡ L¡$ 10 k¡L$ÞX$\u NyZhp\u L$pf¡ L$p`¡gy„ A„sf dmi¡.‎
	 A„sf = 24 duV$f/k¡L$ÞX$ × 10  k¡L$ÞX$ = 240 duV$f
	 ApNm_p Dv$plfZ âdpZ¡ L$pf¡ L$p`¡gy„ A„sf QsyóL$p¡Z ABCD _p n¡Óam S>¡V$gy„ li¡ s¡_u QL$pkZu L$fu Sy>Ap¡.‎

32+16 
      2

=   24 duV$f/k¡L$ÞX$ R>¡.

   A (     ABCD ) =   A (     AECD ) + A (   ABE ) 

âdpZ X An 1 k¡du = 5 k¡L$ÞX$

Y An 1 k¡du = 8 du/k¡L$ÞX$

h¡N
du/
k¡L$ÞX$

B

A
E

D C

‎1.8 h¡N-kde Apg¡M

0 5      10     15      20      25      30      35     40
X

56

48

40

32

24

16

8

Y

kde (k¡L$ÞX$)‎
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õ\mp„sf-kde k„b„^_y„ kduL$fZ

	 ^pfp¡ L¡$, A¡L$d|ëe âh¡N ‘a’ \u Nrs L$fsu hõsy ‘t’ kdeNpmpdp„ ‘s’  S>¡V$gy„ A„sf L$p`¡ R>¡. ApL©$rs 1.9 dp„_p 
Apg¡M `f\u, hõsyA¡ L$p`¡gy„ A„sf QsyóL$p¡Z DOEB _p n¡Óam Üpfp L$pY$u iL$pe.‎

\ s  = QsyóL$p¡Z DOEB ‎_y„ n¡Óam‎

        = g„bQp¡fk DOEA ‎_y„ n¡Óam‎ + rÓL$p¡Z ‎ DAB _y„ n¡Óam‎

\  s = (AE × OE ) +      × (AB × DA) 
1
2

hõsy_p iê$Aps_p¡ h¡N =  u  = OD 
hõsy_p¡ A„rsd h¡N‎  = v = OC
kde‎ = t = OE 

s = ut +    at2    s¡ õ\mp„sf kde k„b„^ v$ip®h¡ R>¡.‎

v2 = u2 + 2as  s¡ õ\mp„sf A_¡ h¡N hÃQ¡_p¡ k„b„^ v$ip®h¡ R>¡.‎ 
Ap kduL$fZp¡ Apg¡M Üpfp L¡$hu fus¡ d¡mhu iL$pe s¡ Å¡CA¡. ‎
h¡N-kde k„b„^_y„ kduL$fZ
	 A¡L$d|ëe âh¡Nu Nrs\u Nrsdp_ lp¡e s¡hu hõsy_p h¡Ndp„ kdep_ykpf \_pfp¡ a¡fapf ApL©$rs 1.9 dp„ ‎Apg¡M_u 
dv$v$\u v$ip®ìep¡ R>¡. Apg¡Mdp„ hõsy D tbvy$\u Nrsdp_ b_¡ R>¡. kdep_ykpf hõsy_p¡ h¡N h^¡ R>¡ ‎A_¡ t kdeNpmp 
`R>u hõsy Apg¡Mdp„_p B tbvy$ ky^u `lp¢Q¡ R>¡.‎ ‎ ‎

h¡Ndp„ \sp¡ a¡fapf ‎  
		              kde

âh¡N‎ (a) =

 (A„rsd h¡N - iê$Aps_p¡ h¡N)‎
		           kde=                                             

 	 ^pfp¡ L¡$ A¡L$ hõsy A¡L$ ku^u f¡Mpdp„ h¡N ‘u’ \u Nrs L$f¡ R>¡. ‘t’ kdedp„ âh¡N ‘a’  DÐ`Þ_ \pe R>¡ S>¡\u ‎s¡_p¡ 
A„rsd h¡N ‘v’ \pe R>¡, A_¡ s¡_y„ õ\mp„sf  ‘s’  \i¡. sp¡ ÓZ kduL$fZp¡_p¡ NZ A¡hu fus¡ Ap`u iL$pe L¡$,‎
v = u + at  Ap h¡N-kde k„b„^ v$ip®h¡ R>¡.‎

\ CD = at     …… (i)  (OC - OD = CD)

1
2

B tbvy$dp„\u  Y An_¡ kdp„sf f¡Mp v$p¡fp¡. s¡ X An_¡‎ E 
tbvy$dp„ R>¡v¡$ R>¡. D tbvy$dp„\u X An_¡ kdp„sf f¡Mp v$p¡fp¡. s¡ 
f¡Mp BE _¡ Ap A tbvy$dp„ R>¡v¡$ R>¡.

Apg¡M `f\u.... BE = AB + AE
\ v = CD + OD .....(AB = CD A_¡ AE = OD)
\ v = at + u  ............(i `f\u)
\ v = u + at 
Ap NrsrhjeL$ `l¡gy„ kduL$fZ R>¡.‎ ‎

  (OC - OD)  
t

=

h¡N

v

B

u

1.9  h¡N-kde Apg¡M

kde

C

D
A

E
tO

B

T
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 \ s = u × t +      × at × t

(v-u) 
t

a =

(v-u) 
at =

1
2

õ\mp„sf - h¡N k„b„^_y„ kduL$fZ

1
2 1

2
s = ut +      at2 \ NrsrhjeL$ buSy>„ kduL$fZ                                  R>¡.‎

	 ApL©$rs 1.9 dp„_p Apg¡M `f\u hõsyA¡ L$p`¡gy„ A„sf QsyóL$p¡Z DOEB _p n¡Óam Üpfp ip¡^u iL$pe R>¡ s¡ 
Ap`Z¡ ‎Å¡ey„. `f„sy QsyóL$p¡Z DOEB s¡ kdg„b QsyóL$p¡Z R>¡. dpV¡$ kdg„b QsyóL$p¡Z_p k|Ó_p¡ D`ep¡N L$fu_¡ 
hõsyA¡ L$p`¡gy„ ‎A„sf ip¡^uA¡.‎ ‎

\ s = kdg„b QsyóL$p¡Z DOEB _y„ n¡Óam‎

\ s =          × kdp„sf bpSy>Ap¡_u g„bpC_p¡ kfhpmp¡ × kdp„sf bpSy> hÃQ¡_y„  g„b A„sf 

\ s =        × (OD + BE ) × OE     `f„sy ,  OD = u, BE = v A_¡ OE = t

\ s  =          ×  ( u + v) × t      ------ (ii)

`f„sy, 

\                             ---------------(iii)

1
2

1
2

\    s =        × (u + v)× 

\    

\ 2 as =(v+u) ( v-u)  = v2-u2

1
2

(v-u) 
a

 (v+u) ( v-u) 
		         2a

          s =                                             

\ v2= u2 + 2as 

Ap NrsrhjeL$ ÓuSy>„ kduL$fZ R>¡.‎

L$fu Sy>Ap¡¡.

A¡L$d|ëe hsy®mpL$pf Nrs (Uniform Circular Motion)

OqX$epm_p L$p„V$p_p AN°cpN_u TX$` kss A¡L$kfMu lp¡e R>¡. `f„sy s¡_p õ\mp„sf_u qv$ip kss bv$gpsu ‎lp¡hp\u 
s¡_p¡ h¡N kss bv$gpsp¡ fl¡ R>¡. k¡L$ÞX$ L$pV$p„_p¡ AN°cpN hsy®mpL$pf dpN£ afsp¡ lp¡hp\u Ap Nrs_¡ ‎A¡L$d|ëe hsy®mpL$pf 
Nrs A¡d L$l¡hpe. Aphp âL$pf_u Nrs_p buÅ L$ep Dv$plfZp¡ sd¡ Ap`u iL$ip¡?‎

	 OqX$epm_p k¡L$ÞX$L$p„V$p_p AN°cpN_y„ r_funZ L$fp¡. s¡_u TX$` A_¡ h¡N rhi¡ iy„ 
L$lu iL$pe?‎

`f„sy AE = u, OE = t  A_¡  (OE = DA = t)	
AB = at............( AB = CD ) ............(i) `f\u

	 S>¡ kde¡ hõsy âh¡Nu lp¡e s¡ kde¡ s¡_p¡ 
h¡N bv$gpe R>¡. h¡Ndp„ \_pfp¡ a¡fapf h¡N_p 
`qfdpZ A\hp qv$ip ‎A\hp b„_¡ bv$ghp\u 
\pe R>¡.‎

l„d¡ip„ Ýep_dp„ fpMp¡.
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A¡L$d|ëe hsy®mpL$pf h¡N_u qv$ip _½$u L$fhu.‎

L$fu Sy>Ap¡¡. A¡L$ Np¡m af_pfu QL$fX$u gp¡. s¡_p qL$_pf¡ A¡L$ `p„Q ê$r`ep_p¡ rk½$p¡ d|L$p¡. 

	 fp¡tS>v$p Æh_dp„ hsy®mpL$pf Nrs_p rhrh^ Dv$plfZp¡ ip¡^p¡.‎

`qfO

kde
TX$`  = 

1.‎	 ApL©$rs 1.10 dp„ bspìep âdpZ¡ A¡L$ Qp¡fkpL©$rs dpN® v$p¡fp¡.‎

‎2.‎	 s¡ Qp¡fkpL©$rs dpN®_u L$p¡C`Z A¡L$ bpSy>_p dÝecpNdp„ A¡L$ 
tbvy$\u iê$ L$fu `¡[Þkg gC A¡L$ a¡fp¡ `|Z® ‎L$fp¡.‎

‎3.‎	 A¡L$ a¡fp¡ `|Z® L$fsp„ sd_¡ L¡$V$gu hpf qv$ip bv$ghu `X¡$ R>¡ s¡_u 
_p¢^ gp¡.‎

‎4.‎	 lh¡ Ap S> L©$rs `„QL$p¡Z, jV¹$L$p¡Z, AóV$L$p¡Z dpN® `f L$fp¡, A_¡ 
sdpf¡ L¡$V$gu hpf qv$ip bv$ghu `X¡$ R>¡ ‎s¡_u _p¢^ L$fp¡.‎

‎5.‎	 Å¡ bpSy>_u k„¿ep h^pfsp S>C_¡ s¡ Ak„¿e L$fuA¡ sp¡ L¡$V$gu hpf 
qv$ip bv$ghu `X$i¡? A_¡ dpN®_p¡ ‎ApL$pf iy„ li¡?‎

	 A¡V$g¡ L¡$, bpSy>Ap¡_u k„¿ep h^pfuA¡ sp¡ hpf„hpf qv$ip bv$ghu 
`X¡$ A_¡ bpSy>Ap¡_u k„¿ep h^pfsp ‎S>C_¡ Ak„¿e L$fuA¡ sp¡ 
dpN® hsy®mpL$pf b_i¡.‎

2 pr
   tv = 

hsy®mpL$pf  Nrsdp„  Nrsdp_  hõsy  t     
kdeNpmpdp„ `p¡sp_p d|m õ\p_¡ `pR>u 
Aphsu lp¡e sp¡ hõsy_u ‎TX$` _uQ¡_p k|Ó_u 
dv$v$\u ip¡^u iL$pe.‎

1.10 qv$ipdp„ bv$gph

1.11 QL$fX$u D`f_p¡ rk½$p¡

r = hsy®m_u rÓÄep

	 Äepf¡ hõsy A¡L$kfMu TX$`¡ hsy®mpL$pf dpN£ Nrs 
L$fsu lp¡e Ðepf¡ h¡Ndp„ \_pfp¡ a¡fapf aL$s s¡_u Nrs_u 
‎qv$ip bv$ghp_p L$pfZ¡ \pe R>¡. Ap\u Ap âh¡Nu Nrs 
R>¡. Äepf¡ A¡L$pv$u hõsy A¡L$d|ëe TX$`¡ hsy®mpL$pf dpN£ 
‎Nrs L$f¡ Ðepf¡ s¡ Nrs_¡ A¡L$d|ëe hsy®mpL$pf Nrs L$l¡hpe. 
v$p.s. A¡L$ kdp_ TX$`\u afsp Np¡aZdp„_p `Õ\f_u 
Nrs, kpeL$g_p `¥X$p ‎‎ f_p L$p¡C`Z tbvy$_u Nrs.‎

L$fu Sy>Ap¡ A_¡ rhQpf L$fp¡.

QL$fX$u

ApL©$rs 1.11 dp„ bspìep ‎âdpZ¡ QL$fX$u Np¡m 
a¡fhp¡. QL$fX$u h^pf¡ h¡N\u a¡fhhp\u rk½$p¡ L$C 
qv$ipdp„ a¢L$pe R>¡ s¡_y„ r_funZ L$fp¡. ‎QL$fX$u D`f 
rk½$p¡ Sy>v$p Sy>v$p õ\p_¡ d|L$u Ap L©$rs afu afu L$fp¡ 
A_¡ v$f¡L$ hMs¡ rk½$p¡ L$C qv$ipdp„ a¢L$pe R>¡ ‎s¡_y„ 
r_funZ L$fp¡.‎

rk½$p¡

ip¡^p¡ !
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Dv$plfZ‎ 1 : A¡L$ fdshuf 400 du g„bpC_p hsy®mpL$pf dpN® `f v$p¡X$su hMs¡ 25 k¡L$ÞX$ `R>u s¡ afu iê$Aps_p 
õ\p_¡ ‎Aph¡ R>¡. sp¡ s¡_u kfpkfu TX$` A_¡ kfpkfu h¡N ip¡^p¡.‎

Ap`¡gu dprlsu :  Ly$g L$p`¡gy„ A„sf = 400 duV$f. 
Ly$g õ\mp„sf = 0 duV$f (L$pfZ L¡$ `pR>p¡ iê$Aps_p õ\p_¡ Aph¡ R>¡.‎) 	‎
Ly$g gpNgp¡ kde = 25 k¡L$ÞX$  ‎ 
kfpkfu TX$` = ?, kfpkfu h¡N = ?

NZ¡gp„ Dv$plfZp¡‎

Ly$g L$p`¡gy„ A„sf

Ly$g gpN¡gp¡ kde
kfpkfu TX$` = = 

400
 25 = 16 duV$f/k¡L$ÞX$‎

  Ly$g õ\mp„sf

Ly$g gpN¡gp¡ kde
kfpkfu h¡N   = = 

 0
25 = 0 duV$f/k¡L$ÞX$‎

	 rk½$p¡ hsy®mpL$pf QL$fX$u_u rÓÄep_¡ g„b lp¡hp\u s¡ õ`i®L$_u qv$ipdp„ Nrs L$fi¡. rk½$p¡ S>¡ kde¡ QL$fX$u `f 
‎S>¡ [õ\rsdp„ li¡ s¡ A_ykpf s¡ rhrióV$ qv$ipdp„ a¢L$pi¡. A¡V$g¡ L¡$ rk½$p¡ hsy®mpL$pf qv$ipdp„ afsp¡ lp¡e sp¡ âÐe¡L$
tbvy$A¡ s¡_u Nrs_u qv$ip bv$gpe R>¡.‎

Dv$plfZ‎ 2 : A¡L$ rhdp_ 3.2 m/s2 _p âh¡N\u 30 k¡L$ÞX$ v$p¡X$`Ë$u`f v$p¡X$ép `R>u lhpdp„ DX¡$ R>¡ sp¡ rhdp_¡     
lhpdp„ EX$ép„ s¡ `l¡gp„ ‎L¡$V$gy„ A„sf L$pàey„ li¡? 

Ap`¡gu dprlsu : a= 3.2 m/s2, t = 30 k¡L$ÞX$‎, u = o , s = ?

s = ut +    at2  = 0 × 30 +     × 3.2 × 302  = 1440 m.
1
2

1
2

Dv$plfZ‎ 3 : A¡L$ L$p„Npfy rnrsS>g„b qv$ipdp„ 2.5 m 
KQ¡ L|$v$L$p¡ dpfhp_u ndsp ^fphsy„ lp¡e sp¡ s¡ L$p„Npfy 
lhpdp„ L|$v$L$p¡ dpf¡ ‎Ðepf¡¡ s¡_u TX$` L¡$V$gu li¡?‎

Ap`¡gu dprlsu :
a = 9.8 m/s2

s = 2.5 m
v = 0 
u = ?
v2= u2 + 2as
(0)2 = u2 + 2 × (-9.8) (2.5) âh¡N h¡N_u     
rhfy$Ý^ qv$ipdp„ lp¡hp\u F>Z rQl¹_ h`fpe R>¡.‎
0 = u2 - 49 
u2 = 49
u = 7 m/s

Dv$plfZ‎ 4 : A¡L$ bp¡V$ rhfpd Ahõ\p\u iê$ L$fu 
A¡L$d|ëe âh¡N\u Nrs L$f¡ R>¡. Å¡ 5 k¡L$ÞX$dp„ s¡ 15 
duV$f/k¡L$ÞX S>¡V$gp¡ h¡N d¡mh¡ ‎sp¡ DÐ`Þ_ \e¡g âh¡N 
A_¡ Ap`¡gp kdedp„ L$p`¡gy„ A„sf ip¡^p¡.‎

Ap`¡gu dprlsu : 

iê$Aps_p¡ h¡N (u) = 0 duV$f/k¡L$ÞX$‎, R>¡hV$_p¡ h¡N 

(v) = 15 duV$f/k¡L$ÞX$‎, gpN¡gp¡ kde  (t) = 5 k¡L$ÞX$ 

âh¡N = ? , L$p`¡gy„ A„sf  = ? 

Nrs_p„ `l¡gp kduL$fZ A_ykpf, 

v-u 
  t

âh¡N =             =            = 3  duV$f/k¡L$ÞX$‎
215-0 

5
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Þe|V$__p NrsrhjeL$ r_ed (Newton’s Laws of Motion)

Aphy„ ip dpV¡$ \pe R>¡?‎
1.	‎ [õ\f Ahõ\pdp„ `X¡$gu hõsy bm gNpX$ép rkhpe s¡_u S>NpA¡\u lgsu _\u.‎

‎2.‎	 V¡$bg `f `X¡$gp `yõsL$_¡ JQL$hp dpV¡$ S>¡ bm h`fpe s¡ bm\u V¡$bg JQL$u iL$pe _l].‎

‎3.‎	 X$pmu lgphhp\u TpX$ `f\u am _uQ¡ `X¡$ R>¡.‎ ‎

‎4.‎	 rhÛys `„Mp¡ b„^ L$ep® `R>u `Z s¡ \p¡X$uhpf afsp¡ fl¡ R>¡ `R>u `|Z®`Z¡ [õ\f \pe R>¡.

	 D`f_u OV$_pAp¡_y„ L$pfZ ip¡^sp„ Ap`Zp„ Ýep_dp„ Aph¡ R>¡ L¡$ hõsydp„ S>X$Ðh lp¡e R>¡. hõsy_y„ S>X$Ðh A¡ 
‎hõsy_p Öìedp_kp\¡ k„b„r^s R>¡ S>¡ sd¡ iuM¡gp R>p¡. Þe|V$__p NrsrhjeL$ ̀ l¡gp r_eddp„ hõsy_p Ap S> ‎NyZ^d®_y„ 
hZ®_ L$f¡gy„ R>¡ dpV¡$ s¡_¡ "S>X$Ðh_p¡ r_ed' L$l¡ R>¡. 

L$fu Sy>Ap¡¡.

Þe|V$__p¡ NrsrhjeL$ `l¡gp¡ r_ed (Newton’s first Law of Motion)

	 A¡L$ àepgpdp„ f¡su cfp¡. s¡ àepgp D`f A¡L$ guõky„ `|Ìz„$ d|L$p¡. `|Ì$p D`f A¡L$ `p„Q 
ê$r`ep_p¡ rk½$p¡ d|L$p¡. lh¡ ‎‎ |Ì$p_¡ Ap„Nmu hX¡$ Å¡f\u lX$k¡gp¡.	
	 iy„ \pe R>¡ s¡_y„ r_funZ L$fp¡.‎

kdsyrgs bm A_¡ Akdsyrgs bm (Balanced and Unbalanced Force)
	 v$p¡fX$p M¢Q_u fds sd¡ fçep lip¡. Äep„ ky^u b„_¡ bpSy>A¡ gNpX¡$gy„ bm kfMy„ li¡ Ðep„ ky^u v$p¡fXy„$ dÝedp„ ‎‎[õ\f 
fl¡i¡. Al]ep b„_¡ bpSy>A¡ gNpX¡$gy„ bm kdp_ lp¡hp\u A\p®s¹ bm "kdsyrgs' lp¡hp\u bm gNpX$éy„ ‎lp¡hp R>sp„ 
`Z v$p¡fXy„$ dÝedp„ [õ\f fl¡ R>¡. `f„sy Äepf¡ A¡L$ bpSy>A¡\u gNpX¡$gy„ bm h^¡, sp¡ s¡ kde¡ gNpX¡$gy„ bm                    

"Akdsyrgs' b_¡ R>¡ A_¡ `qfZpd¡ bm h^pf¡ bm_u bpSy> sfa Mk¡ R>¡ A_¡ v$p¡fX$p_y„ dÝe s¡ qv$ipdp„ ‎kfL¡$ R>¡.‎ ‎

	 "Å¡ A¡L$pv$u hõsy `f Äep„ ky^u L$p¡C Akdsyrgs bpübm L$pe® L$fsy„ _\u Ðep„ ky^u s¡ hõsy [õ\f li¡ sp¡ ‎‎[õ\f 

fl¡i¡ A\hp A¡L$ ku^u f¡Mpdp„ Nrs L$fsp¡ li¡ sp¡ Nrsdp„ fl¡i¡.'‎	

	 A¡L$pv$u hõsy rhfpd Ahõ\pdp„ A\hp ku^u f¡Mpdp„ A¡L$d|ëe Nrsdp„ lp¡e Ðepf¡ s¡_u `f L$p¡C`Z bm L$pe® 
‎L$fsy„ _\u A¡hy„ _\u. âÐen fus¡ s¡ hõsy D`f rhrh^ bpü bmp¡ L$pe® L$f¡ R>¡. `f„sy s¡ bmp¡ `fõ`f_¡ _pb|v$ ‎L$fsp 
lp¡hp\u A¡L„$v$f `qfZpdu bm i|Þe \pe R>¡. Þe|V$__p `l¡gp r_ed A_ykpf, S>X$Ðh A¡V$g¡ hõsy_u ‎NrsrhjeL$ 
Ahõ\pdp„ ̀ p¡sp_u Ås¡ a¡fapf _ L$fu iL¡$ s¡_y„ õ`óV$uL$fZ R>¡. s¡ S> âdpZ¡ hõsy_u rhfpd ‎Ahõ\pdp„ A\hp hõsy_u 
ku^u f¡Mpdp„ A¡L$d|ëe Nrsdp„ a¡fapf gph_pf A\hp a¡fapf_¡ âh©Ñ L$f_pfp ‎Akdsyrgs bm_y„ õ`óV$uL$fZ Ap`u 
iL$pe.‎

	 S>X$Ðh_p b^p Dv$plfZp¡ Þe|V$__p NrsrhjeL$ `l¡gp ‎r_ed_p Dv$plfZp¡ R>¡.‎ 

1
2

1
2

s = ut +     at2

   =  0 +       = 37.5  duV$f
75
2 

Nrs_p„ buÅ kduL$fZ A_ykpf, L$p`¡gy„ A„sf  

s = 0 × 5 +      × 3 × 52 
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Þe|V$__u Nrs_p¡ buÅ¡ r_ed (Newton’s second Laws of Motion)

A. 1.‎	 sdpfp rdÓ_¡ KQpC `f\u kdp_ ApL$pf_p àgp[õV$L$ A_¡ fbf_p v$X$p _uQ¡ 
a¢L$hp L$lp¡.‎

      ‎2.‎	 sd¡ v$X$p_¡ `L$X$p¡.‎ sd¡ L$ep¡ v$X$p¡ kl¡gpC\u `L$X$u iL$ip¡? ip dpV¡$ ?‎ ‎

Ap. 1.‎	 sdpfp rdÓ_¡ A¡L$ v$X$p¡ ^ud¡\u a¢L$hp L$lp¡ A_¡ sd¡ s¡ `L$X$hp_p¡ âeÐ_ L$fp¡.‎
       ‎2.‎	lh¡ s¡ S> v$X$p¡ sd¡ sdpfp rdÓ_¡ h^pf¡ h¡N\u a¢L$hp L$lp¡ A_¡ s¡_¡ `L$X$hp_p¡ âeÐ_ L$fp¡. L$C ‎‎ qf[õ\rsdp„ 

sd¡ v$X$p¡ kl¡gpC\u `L$X$u iL$ip¡? ip dpV¡$?‎

	 A¡L$pv$u hõsyA¡ buÆ hõsy D`f 
L$f¡gp ApOps_u Akf s¡, s¡ hõsy_p 
Öìedp_ A_¡ s¡ hõsy_p¡ h¡N ‎Ap b„_¡ 
bpbsp¡ `f Ap^pqfs R>¡. A¡V$g¡ L¡$ bm_u 
Akf kdS>hp dpV¡$ hõsy_y„ Öìedp_ A_¡ 
h¡N_¡ ‎Å¡X$_pf A¡L$ NyZ^d® R>¡ s¡_p¡ ¿epg 
Aph¡ R>¡.‎ Ap NyZ^d®_¡ S> Þe|V$_¡  
"h¡Ndp_' _pd Apàey„.‎

	 ‎"h¡Ndp_' _¡ `qfdpZ A_¡ qv$ip b„_¡ lp¡e R>¡. h¡N_u 
qv$ip A¡ S> h¡Ndp__u qv$ip lp¡e R>¡. 
	 SI `Ý^rs_ykpf h¡Ndp__p¡ A¡L$d kg m/s A_¡ 
CGS `Ý^rsdp„ gm cm/s  R>¡.‎
	 Å¡ hõsy D`f gNpX¡$gy„ Akdsyrgs bm h¡Ndp„ a¡fapf 
gphsy„ lp¡e sp¡ s¡ S> bm h¡Ndp_dp„ ̀ Z a¡fapf ‎gph¡. hõsy_p 
h¡Ndp_dp„ a¡fapf gphhp dpV¡$ AphíeL$ bm `f h¡Ndp__p   
a¡fapf_p¡ v$f Ap^pqfs R>¡.‎

h¡Ndp_ (Momentum) (P) :  hõsy_p¡ h¡N A_¡ s¡_p Öìedp__p NyZpL$pf_¡ h¡Ndp_ L$l¡ R>¡. 
P = mv  h¡Ndp_ A¡ kqv$i fpiu R>¡.‎

Þe|V$__p NrsrhjeL$ buÅ r_ed A_ykpf h¡Ndp__p a¡fapf_p¡ v$f hõsyA¡ gNpX¡$gp bm_p kdâdpZdp„ lp¡e R>¡.

h¡Ndp_dp„ \sp¡ a¡fapf

kde
\ 	 h¡Ndp__p a¡fapf_p¡ v$f =  

 mv- mu
      t

\ 	 h¡Ndp__p a¡fapf_p¡ v$f =  m( v- u)
      t

=  = ma 

\  ma  a   F
\ F = k ma   (k - [õ\fp„L$ lp¡hp\u s¡_y„ d|ëe 1 R>¡.‎)
     F =  m × a

	 "h¡Ndp__p a¡fapf_p¡ v$f hõsy `f gNpX¡$gp bm_p kdâdpZdp„ lp¡e R>¡ A_¡ h¡Ndp_dp„ \sp¡ a¡fapf ‎     
gNpX¡$gp bm_u qv$ipdp„ lp¡e R>¡.‎'
	 ^pfp¡ L¡$, m Öìedp_hpmu A¡L$ hõsy iê$Apsdp„  ‘u’ h¡N\u S>su lp¡e Ðepf¡ s¡_u D`f Nrs_u ‎qv$ipdp„ bm 
F gNpX$hpdp„ Aph¡ sp¡ t kde `R>u s¡_p¡ h¡N v li¡.‎ ‎

\	 hõsy_y„ iê$Aps_y„ h¡Ndp_‎ = mu 
	 t kde bpv$ hõsy_y„ A„rsd h¡Ndp_‎ = mv

L$fu Sy>Ap¡¡.
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	 KQp¡ L|$v$L$p¡ dpfhp_u d¡v$p_u fdsdp„ fdshuf S>du_ `f f¡su_p ÅX$p 
\f `f `X¡$ A¡hu ìehõ\p ip ‎dpV¡$ L$f¡gu lp¡e R>¡?‎ ‎

Þe|V$__u Nrs_p¡ ÓuÅ¡ r_ed  (Newton’s third law of Motion) 

dNS> Qgphp¡.1.‎	 q¾$ep A_¡ ârsq¾$ep Ap bm õ`óV$ L$f_pfu 
bpbsp¡ R>¡.‎

‎2.‎	 Ap bmp¡ Å¡X$dp„ lp¡e R>¡. bm ¼epf¡e A¡L$gy„ 
lp¡sy„ _\u.‎

‎3.‎	 q¾$epbm A_¡ ârsq¾$ep bm A¡L$ S> kde¡ 
L$pe®fs lp¡e R>¡.‎ ‎

‎4.‎	 q¾$epbm A_¡ ârsq¾$ep bm Sy>v$p Sy>v$p    
hõsyAp¡ `f gNpX$pe R>¡. A¡V$g¡ L¡$, Ap b„_¡ 
bmp¡ A¡L$ S> hõsy ‎‎ f _ gpNu iL¡$ dpV¡$ s¡ 

bmp¡ A¡L$buÅ_¡ _pbyv$ L$fu iL$sp _\u.‎

1.‎	 Äepf¡ b¡V$ hX¡$ bp¡g_¡ aV$L$pfhpdp„ Aph¡ R>¡ 
Ðepf¡ b¡V$_u Nrs Ap¡R>u \pe R>¡.‎

‎2.‎	 b„vy$L$dp„\u Np¡mu R>p¡X$hpdp„ Aph¡ R>¡ Ðepf¡ 
b„vy$L$ Np¡mu_u rhfyÝ^ qv$ipdp„ `pR>m Mk¡ 
R>¡.‎

‎3.‎	 fpµL¡$$V$_y„ KQ¡ S>hy„.‎

Ap Dv$plfZp¡_y„ õ`óV$uL$fZ Þe|V$__p ÓuÅ 
r_ed_p Ap^pf¡ L¡$hu fus¡ L$fip¡?‎

dNS> Qgphp¡.

1.‎ ‎̀ pR>m_p cpNdp„ rR>Ö lp¡e s¡hu A¡L$ àgp[õV$L$_u lp¡X$u gp¡.‎
‎2. A¡L$ azÁNpdp„ lhp cfu s¡ lp¡X$u_p rR>Ö `f gNphp¡ A_¡ lp¡X$u_¡ `pZudp„ d|L$p¡.‎
S>¡d S>¡d azÁNpdp„\u lhp blpf `X$i¡ s¡d s¡d lp¡X$u `f s¡_u iy„ Akf \i¡? A_¡ ip 
dpV¡$?‎

	 Þe|V$__u Nrs_p `l¡gp b¡ r_edp_ykpf bm A_¡ bm_p `qfZpd rhi¡ dprlsu dm¡ R>¡.‎
	‎ "`f„sy r_kN®dp„ bm ¼epf¡e A¡L$gy„ lp¡sy„ _\u.' bm A¡ b¡ hõsy hÃQ¡_u `fõ`f Ap„sfq¾$ep R>¡. bm l„d¡ip 
‎Å¡X$dp„ lp¡e R>¡. Äepf¡ A¡L$ hõsy buÆ hõsy `f bm gNpX¡$ Ðepf¡ buÆ hõsy `Z `l¡gu hõsy `f bm gNpX¡$ ‎R>¡. b¡ 
hõsy hÃQ¡_p bmp¡ l„d¡ip„ kdp_ A_¡ rhfyÝ^ lp¡e R>¡. Ap rhQpf Þe|V$__u Nrs_p ÓuÅ r_eddp„ fS|> ‎L$fhpdp„ 
Apìep¡ R>¡. `l¡gu hõsyA¡ buÆ hõsy `f gNpX¡$gp bm_¡ q¾$ep bm (ApOps) L$l¡hpe sp¡ buÆ ‎hõsyA¡ `l¡gu hõsy 
`f gNpX¡$gp bm_¡ ârsq¾$ep bm (âÐepOps) L$l¡hpe R>¡. ‎‎
	  "âÐe¡L$ q¾$ep bm_y„ ârsq¾$ep bm, s¡V$gp S> `qfdpZhpmy„ A_¡ rhfyÝ^ qv$ipdp„ lp¡e R>¡.'‎

	 iê$Apsdp„ rhfpd Ahõ\pdp„ lp¡e s¡hp Sy>v$p Sy>v$p 
Öìedp_hpmu b¡ hõsy gp¡. b„_¡ hõsy_y„ iê$Aps_y„ 
h¡Ndp_ i|Þe li¡. ^pfp¡ L¡$ b„_¡ hõsy `f rhrióV$ 
kdeNpmp (t)  dpV¡$ Qp¡½$k bm (F)  gNpX$hpdp„ 
‎Aph¡ R>¡. sp¡ lgL$p¡ `v$p\® hS>_v$pf hõsy L$fsp h^y   
TX$`\u ApNm S>i¡. `f„sy D`f_p k|Ó `f\u ‎Ýep_dp„ 
Aphi¡ L¡$, b„_¡ hõsy D`f \_pfp h¡Ndp__p                
`qfhs®__p¡ v$f kdp_ A¡V$g¡ L¡$ F li¡ A_¡ ‎s¡dp„ \_pfp 
a¡fapf `Z (Ft) kdp_ li¡. dpV¡$ Sy>v$u Sy>v$u hõsy `f 
kdp_ kde dpV¡$ kdp_ bm Ap`hpdp„ Aph¡ ‎sp¡ 
h¡Ndp_dp„ \sp¡ a¡fapf kdp_ lp¡e R>¡.‎

	 SI `Ý^rsdp„ bm_p¡ A¡L$d Þe|V$_ R>¡.‎

Þe|V$_ (N)  : 1 kg Öìedp_dp„ 1 m /s2 âh¡N 
DÐ`Þ_ L$f_pf bm_¡ 1 Þe|V$_bm L$l¡ R>¡.‎

1 N = 1 kg × 1 m/s2

	 CGS `Ý^rsdp„ bm_p¡ A¡L$d X$pC_ R>¡.‎ 

 X$pC_ (dyne): 1 g Öìedp__p 1 cm /s2 _p¡ 
âh¡N DÐ`Þ_ L$f_pf bm_¡ 1 X$pC_ bm L$l¡ R>¡.‎

1 dyne  = 1 g × 1 cm/s2

L$fu Sy>Ap¡¡.
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h¡Ndp__p k„Qe_p¡ rkÝ^p„s (Law of Conservation of Momentum)
^pfp¡ L¡$ A hõsy_y„ Öìedp_ m1 R>¡ S>¡_p¡ iê$Aps_p¡ h¡N u1 R>¡.‎
s¡hu S> fus¡ B hõsy_y„ Öìedp_ m2 R>¡. S>¡_p¡ iê$Aps_p¡ h¡N u2 R>¡.‎
h¡Ndp__p k|Óp_ykpf, A hõsy_p¡ iê$Aps_p¡ h¡Ndp_ = m1u1A_¡ B hõsy_p¡ iê$Aps_p¡ h¡Ndp_ = m2u2

Äepf¡ Ap ‎b„_¡ hõsy A¡L$buÅ kp\¡ A\X$pe s¡ kde¡ A hõsy `f B hõsy_p L$pfZ¡ F1 bm ÅN°s \pe R>¡ A_¡ A 
hõsy v1 ‎âh¡N âpàs L$f¡ R>¡. 

\     A hõsy_p¡ ApOps `R>u_p¡ h¡N = m1v1

Þe|V$__u Nrs_p ÓuÅ r_ed A_ykpf A hõsy `Z B hõsy `f kfMp `qfdpZhpmy„ A_¡ rhfyÝ^ qv$ipdp„ bm ‎  
gNpX$i¡. s¡ kde¡ hõsy B _p¡ h¡Ndp_ `Z bv$gpe R>¡. ^pfp¡ L¡$ s¡_p¡ h¡N v2 \ep¡, 
B hõsy_p¡ ApOps `R>u_p¡ ‎h¡Ndp_ = m2v2  Å¡ B hõsy `f F2 bm gNpX$pe sp¡‎,

  F2 = -F1

\     m2 a2   = - m1 a1………           \  F= ma

                                                                       ………    \   a = 
\ m2 (v2 - u2 )= - m1 (v1-u1)
\ m2 v2 - m2 u2  = - m1 v1+ m1 u1

\ (m2 v2 + m1 v1 )=  (m1 u1+m2 u2)

iê$Aps_p¡ Ly$g h¡Ndp_ = R>¡hV$_p¡ Ly$g h¡Ndp_

 	 dpV¡$ Å¡ b¡ hõsy `f L$p¡C bpübm Akf _ L$fsy„ lp¡e sp¡ iê$Aps_p¡ Ly$g h¡Ndp_ A_¡ R>¡hV$_p¡ Ly$g h¡Ndp_ 
‎kdp_ lp¡e R>¡. Nd¡ s¡V$gu k„¿ep_u hõsy dpV¡$ D`f_y„ rh^p_ kÐe R>¡.

	 "Å¡ b¡ Ap„sfq¾$ep L$f_pf hõsy D`f Å¡ L$p¡C bpübm Akf _ L$fsy„ lp¡e sp¡ s¡d_p¡ Ly$g h¡Ndp_ [õ\f fl¡ R>¡. 
‎s¡ bv$gpsp¡ _\u.'‎

(v-u)
t

	 Ap Þe|V$__p NrsrhjeL$ ÓuÅ r_ed_p¡ D`rkÝ^p„s R>¡. A\X$pdZ `R>u `Z h¡Ndp_ [õ\f lp¡e R>¡.             
A\X$pe¡g ‎‎hõsydp„ h¡Ndp__u a¡fhl¢QZu \pe R>¡. A¡L$ `v$p\® h¡Ndp_ Nydph¡ R>¡ sp¡ buÅ hõsy_p¡ h¡Ndp_ h^¡ R>¡. 
S>¡\u ‎rkÝ^p„s _uQ¡ âdpZ¡ `Z L$lu iL$pe.‎

	 "Äepf¡ b¡ hõsyAp¡ A\X$pe R>¡ Ðepf¡ A\X$pdZ ̀ R>u_p¡ Ly$g h¡Ndp_ A\X$pdZ ̀ l¡gp_p h¡Ndp_ S>¡V$gp¡ S> lp¡e 
‎R>¡.‎'

	 Ap rkÝ^p„s kdS>hp dpV¡$ b„vy$L$dp„\u R>p¡X¡$gu Np¡mu_y„ Dv$plfZ Ýep_dp„ fpMuA¡. Äepf¡ m1 Öìedp_hpmu 
Np¡mu, ‎‎m2 Öìedp_ ^fphsu b„vy$L$dp„\u R>p¡X$hpdp„ Aph¡ R>¡. Ðepf¡ Np¡mu v1 h¡N\u ApNm S>sp s¡_p¡ h¡Ndp_ m1v1 
\i¡. Np¡mu ‎R>p¡X$sp„ `l¡gp„, Np¡mu A_¡ b„vy$L$ b„_¡ [õ\f lp¡hp\u s¡d_p¡ iê$Aps_p¡ h¡Ndp_ i|Þe R>¡. A_¡ Ly$g h¡Ndp_ 
`Z ‎i|Þe \i¡. Np¡mu R>p¡X$ép `R>u `Z D`f_p r_ed âdpZ¡ Ly$g h¡Ndp_ i|Þe lp¡e R>¡. A\p®s¹ b„vy$L$dp„\u Np¡mu 
‎R>p¡X$sp„, b„vy$L$ `pR>m_u sfa Mk¡ R>¡. `pR>m_u sfa Mkhp_u Nrs_¡ lX$k¡gp_p¡ h¡N (Recoil Velocity) L$l¡ R>¡.‎
 b„vy$L$ lX$k¡gp_p h¡N\u (v2) A¡hu fus¡ Mki¡ - 

 m1 v1 + m2 v2 = 0  A\hp v2 =   - 
m1

m2 
v1×

(v1-u1)
t

(v2-u2)
t

\ m2 = - m1 ×  
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NZ¡gp„ Dv$plfZp¡‎

0.175
 0.1 = 1.75 m/s\v2 = 

	 b„vy$L$_y„ Öìedp_ Np¡mu_p Öìedp_ L$fsp„ OÏ„ h^y„ lp¡e R>¡. Ap\u b„vy$L$_p¡ h¡N Np¡mu_p h¡N L$fsp„ OZp¡ 
Ap¡R>p¡ lp¡e R>¡. ‎Ap\u Np¡mu_p¡ h¡Ndp_ A_¡ b„vy$L$_p¡ h¡Ndp_ kfMp `qfdpZhpmp¡ `Z rhfyÝ^ qv$ipdp„ lp¡e 
R>¡. Ap\u ‎h¡Ndp__p¡ k„Qe \pe R>¡. fp¡L¡$V$_u Nrsdp„ `Z h¡Ndp__p¡ k„Qe \pe R>¡.‎

Dv$plfZ ‎ 1 : 500 kg Öìedp_hpmu sp¡`dp„\u Äepf¡ Np¡mp¡ R>p¡X$hpdp„ Aph¡ R>¡ Ðepf¡ sp¡` 0.25 m/s S>¡V$gp h¡N\u 
`pR>u Mk¡ R>¡. sp¡ sp¡`_p¡ ‎h¡Ndp_ ip¡^p¡.‎ ‎

Ap`¡gu dprlsu :‎ sp¡`_y„ Öìedp_‎ = 500 kg , `pR>m Mkhp_p¡ h¡N‎ = 0.25 m/s
h¡Ndp_‎ = ?
h¡Ndp_‎	= m × v  = 500 × 0.25  = 125 kg m/s

Dv$plfZ ‎2 : 50 gm A_¡ 100 gm Öìedp_hpmp b¡ v$X$pAp¡ A¡L$ S> ku^u f¡Mpdp„ A_¡ A¡L$ S> qv$ipdp„ A_y¾$d¡ 3 
m/s A_¡ 1.5 m/s _p h¡N\u Nrs ‎L$f¡ R>¡. s¡ b„_¡ v$X$pAp¡ A¡L$buÅ kp\¡ A\X$pe R>¡. A\X$pep bpv$ `l¡gp¡ v$X$p¡ 
2.5 m/s _p h¡N\u Nrs L$f¡ R>¡. sp¡ buÅ ‎v$X$p_p¡ h¡N ip¡^p¡.‎ ‎
Ap`¡gu dprlsu :‎
‎̀ l¡gp v$X$p_y„ Öìedp_ ‎= m1 = 50 gm = 0.05 kg, buÅ v$X$p_y„ Öìedp_‎ = m2= 100 gm = 0.1 kg
‎̀ l¡gp v$X$p_p¡ iê$Aps_p¡ h¡N‎ = u1 = 3 m/s, buÅ v$X$p_p¡ iê$Aps_p¡ h¡N= u2 = 1.5 m/s
`l¡gp v$X$p_p¡ R>¡hV$_p¡ h¡N‎ = v1 = 2.5 m/s , buÅ v$X$p_p¡ R>¡hV$_p¡ h¡N = v2 = ?
h¡Ndp__p k„Qe_p r_ed A_ykpf,‎ iê$Aps_p¡ Ly$g h¡Ndp_ = R>¡hV$_p¡ Ly$g h¡Ndp_‎ ‎ 

m1u1 + m2u2 = m1v1 + m2v2

(0.05 × 3) + (0.1 × 1.5) = (0.05 × 2.5) + (0.1 × v2)

\ (0.15)+(0.15) = 0.125 + 0.1v2

\ 0.3 = 0.125 + 0.1 v2 

\ 0.1v2 = 0.3 - 0.125

1. 	‎ _uQ¡_p L$p¡W$pdp„ `l¡gp õs„c kp\¡ buÅ A_¡ ÓuÅ õs„c _¡ ep¡Áe fus¡ Å¡X$u L$p¡W$p¡ afu gMp¡.‎ ‎

¾$d‎ õs„c-1‎ õs„c-2‎ õs„c-3‎
1 F>Z âh¡N hõsy_p¡ h¡N [õ\f lp¡e R>¡.‎ A¡L$ L$pf iê$Aps_u rhfpd Ahõ\p `R>u 50 qL$du ‎‎/  

L$gpL$ 10 k¡L$ÞX$dp„ L$p`¡ R>¡.‎

2 ‎̂ _ âh¡N‎ hõsy_p¡ h¡N Ap¡R>p¡ \pe R>¡.‎ A¡L$ hpl_ 25 du/k¡L$ÞX$_p h¡N\u Nrsdp_ R>¡.‎

3 i|Þe âh¡N hõsy_p¡ h¡N h^¡ R>¡.‎ A¡L$ hpl_ 10 du/k¡L$ÞX$_p h¡N¡ Qpgu_¡ 5 k¡L$ÞX$dp„ AV$L¡$ 
R>¡.‎

2. 	 saphs õ`óV$ L$fp¡.‎
	 (A)	 A„sf A_¡ õ\mp„sf
	 (Ap)	 A¡L$d|ëe Nrs A_¡ bv$gpsu Nrs

õhpÝepe
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3. 	 _uQ¡_p¡ L$p¡W$p¡ `|Z® L$fp¡.‎

u (m/s) a (m/s2) t (sec) v = u + at (m/s)
2 4 3 -
- 5 2 20

u (m/s) a (m/s2) t (sec)

5 12 3 -
7 - 4 92

u (m/s) a (m/s2) s (m) v 2= u2 + 2as (m/s)2

4 3 - 8
- 5 8.4 10

4. 	 Mpgu S>Áepdp„ ep¡Áe iåv$ d|L$u rh^p_ `|Z® L$fp¡ 
A_¡ õ`óV$uL$fZ gMp¡.‎ ‎

	 (A)	 hõsy_u Nrs_p Apf„c A_¡ A„rsd      
tbvy$Ap¡ hÃQ¡_p kp¥\u V|„$L$p A„sf_¡ 
........... L$l¡ R>¡.‎

	 (Ap)‎	 ârsâh¡N A¡V$g¡ ...............âh¡N.‎
	 (B)‎	 Äepf¡ hõsy A¡L$d|ëe hsy®mpL$pf Nrsdp„ 

lp¡e Ðepf¡ s¡_u ...............âÐe¡L$ tbvy$ 
`f bv$gpe R>¡.‎

	 (C)	 A\X$pdZdp„ l„d¡ip„ ..............._p¡ 
k„Qe \pe R>¡.‎ 

	 (A¡)‎	 fpµL¡$V$_u Nrs Þe|V$__p .................      
r_ed `f Ap^pqfs R>¡.‎ 

5.  	 h¥opr_L$ L$pfZp¡ gMp¡.‎
	 (A)‎	 Äepf¡ L$p¡C `v$p\® dy¼s fus¡ S>du_ `f `X¡$ 

R>¡, Ðepf¡ s¡ A¡L$d|ëe âh¡Nu Nrs âpàs L$f¡ 
R>¡.‎

	 (Ap)‎	 q¾$ep bm A_¡ ârsq¾$ep bm kdp_        
`qfdpZ ^fph¡ R>¡ A_¡ rhfyÝ^ qv$ipdp„ 
L$pe®fs lp¡hp R>sp„ s¡Ap¡ ‎A¡L$buÅ_¡ _pb|v$ 
L$fsp _\u.‎

	 (B)‎	 kdp_ h¡N ^fphsp q¾$L¡$V$_p v$X$p L$fsp 
V¡$r_k_p bp¡g_¡ AV$L$phhp¡ kfm `X¡$ R>¡.‎

	 (C)	 rhfpd Ahõ\p ^fphsp hõsy_u Nrs_¡ 
A¡L$d|ëe Nrs L$l¡hpe R>¡.‎

6. 	 sdpfu Apk`pk_p 5 Dv$plfZp¡ gC s¡_y„ Þe|V$__p 
NrsrhjeL$ r_ed ̀ f Ap^pqfs õ`óV$uL$fZ gMp¡. 

7.	 _uQ¡_p v$pMgp NZp¡.‎
	 (A)‎	 A¡L$ hõsy ‎̀ l¡gu 3 k¡L$ÞX$dp„ 18 duV$f A_¡ 

Ðepf bpv$_u 3 k¡L$ÞX$dp„ 22 duV$f A_¡> 
R>¡ëgu 3 k¡L$ÞX$dp„ 14 duV$f A„sf L$p`¡ R>¡. 
sp¡ kfpkfu TX$` ip¡^p¡.‎    (S>.ः 6 m/s)

 	 (Ap)‎	‎ 16 kg Öìedp_ ^fphsu hõsy `v$p\® 
3m/s2 _p âh¡N\u Nrs L$f¡ R>¡. s¡_p `f 
L$pe® L$fsy„ bm ip¡^p¡. Å¡ 24 kg Öìedp_
hpmp ‎‎ v$p\® `f kdp_ bm gNpX$hpdp„ 
Aph¡ sp¡ âh¡N ip¡^p¡.‎

(S>. ः 48 N, 2 m/s2)
	 (B)‎	‎ 10 gm Öìedp_ ^fphsu b„vy$L$ Np¡mu 

1.5 m/s h¡N\u 900 gm Öìedp_ 
^fphsp gpL$X$p_p `pqV$ep kp\¡ ‎A\X$pe 
R>¡. gpL$X$p_y„ `pqV$ey„ iê$Apsdp„ [õ\f  
[õ\rsdp„ lp¡e R>¡ `Z Äepf¡ Np¡mu s¡_p 
`f A\X$pe R>¡ Ðepf¡ ‎Np¡mu s¡dp„ S> fl¡ 
R>¡. A_¡ b„_¡ A¡L$ Qp¡½$k h¡N\u Mk¡ R>¡ 
sp¡ b„vy$L$_u Np¡mu krls `pqV$ep_p¡ h¡N    
ip¡^p¡.‎ 	        (S>hpb ः 0.15 m/s)

	 (C)‎	 A¡L$ ìe[¼s iê$Apsdp„ 40 k¡L$ÞX$dp„ 100 
duV$f A„sf¡ R>¡. `R>u_u 40 k¡L$ÞX$dp„ s¡ 
ìe[¼s 80  duV$f S>¡V$gy„ A„sf L$p ¡̀ R>¡. A_¡ 
R>¡ëgu 20 k¡L$ÞX$dp„ s¡ 45 duV$f S>¡V$gy„ A„sf 
L$p ¡̀ R>¡ sp¡ s¡_u kfpkfu TX$̀  ip¡̂ p¡.‎       

(S>hpb ः 2.25 m/s)

‎D`¾$d :	 Þe|V$__p NrsrhjeL$ r_ed `f Ap^pqfs 
fp¡tS>v$p Æh__p rhrh^ Dv$plfZp¡ 
kp^_p¡_u dprlsu d¡mhp¡.

1
2

s = ut +       at2 (m)

²²²
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1. D`f rQÓ 2.1 dp„ L$C L$C OV$_pAp¡dp„ L$pe® \ey„ R>¡ ? ‎
2. h¥opr_L$ v$[óV$L$p¡Z\u rhQpf L$fsp L$pe® \ey„ R>¡ L¡$ _l] A¡hy„ Ap`Z¡ ¼epf¡ L$luA¡ R>uA¡?‎

kpdpÞes: L$p¡C`Z ipfuqfL$ A\hp bp¥[Ý^L$ L©$rs_¡ L$pe® sfuL¡$ k„bp¡^hp_u â\p R>¡. Äepf¡ Ap`Z¡ ‎QpguA¡  
A\hp v$p¡X$uA¡ Ðepf¡ Ap`Zp ifufdp„_u DÅ® L$pe® L$fhp dpV¡$ D`ep¡Ndp„ g¡hpdp„ Aph¡ R>¡. ‎

cZsu R>p¡L$fu `Z L$pe® L$f¡ R>¡ A¡d Ap`Z¡ L$luA¡ `f„sy s¡ s¡_y„ dp_rkL$ L$pe® R>¡. ‎

cp¥rsL$ ip÷dp„ Ap`Z¡ cp¥rsL$ L$pe®_p¡ rhQpf L$fuA¡ R>uA¡. cp¥rsL$ip÷dp„ L$pe® Ap iåv$_p¡ ‎rhrióV$ A\® R>¡. ‎

‎"A¡L$pv$u hõsy D`f bm gNpX$uA¡ sp¡ s¡ hõsy_y„ õ\mp„sf \pe sp¡ h¥opr_L$ ×[óV$A¡ L$pe® \ey„ A¡d ‎L$l¡hpe.'‎

‎̀ v$p\® ̀ f gNpX¡$gp bm¡ L$f¡gy„ L$pe® A¡ bm_p ̀ qfdpZ A_¡ ̀ v$p\®_p bm_u qv$ipdp„ \e¡gp ‎õ\mp„sf_p NyZpL$pf 
S>¡V$gy„ lp¡e R>¡. s¡ sd¡ iu¿ep R>p¡. dpV¡$ L$pe® = bm ´ õ\mp„sf ‎

r_funZ L$fp¡.

2.1  rhrh^ OV$_p

bm_p âL$pf A_¡ s¡_p Dv$plfZp¡ ¼ep ? ‎

du_pnu_¡ A¡L$ gpL$X$p_p Mp¡Mp_y„ õ\mp„sf A \u 
B õ\p_¡ L$fhp_y„ R>¡. rQÓ 2.2 "A' Sy>Ap¡ s¡ kde¡ s¡Z¡ 
‎‎F bm gNpX$éy„ li¡ Ðepf¡ h`fpe¡gu b^u DÅ® s¡ 
Mp¡Mpdp„ âh¡N r_dp®Z L$fhp dpV¡$ S> h`fpC NC ‎li¡ ? 
s¡ DÅ® ¼ep ¼ep bm_¡ _pbyv$ L$fhpdp„ h`fpB li¡ ?‎

dNS> Qgphp¡.epv$ L$fp¡.

1. गतीचे नियम
Ø  L$pe®				    Ø  DÅ®‎	 	 Ø  ep„rÓL$ DÅ®
Ø  DÅ® k„Qe_p¡ r_ed	 	 Ø  dy¼s `s_

‎2. L$pe® A_¡ DÅ®‎

hõsy_y„ õ\mp„sf bm_u qv$ipdp„   
\sy„ lp¡e Ðepf¡ \e¡gy„ L$pe® ip¡^hp_u 
`Ý^rs sd¡ iu¿ep ‎R>p¡. `f„sy Å¡ hõsy_y„ 
õ\mp„sf bm_u qv$ipdp„ \sy„ _ lp¡e sp¡ 
\e¡gy„ L$pe® L¡$hu fus¡ ip¡^pe ?‎

L$lp¡ Å¡CA¡ !
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‎rQÓ 2.2 dp„ "b' A_¡ "L$' dp„ v$ip®h¡gu OV$_p sd¡ Å¡C li¡. _p_y„ bpmL$ NpX$u kp\¡ fdsp„ s¡Z¡ ‎gNpX¡$gy„ bm 
A_¡ NpX$u_y„ \_pfy„ õ\mp„sf A¡L$ S> qv$ipdp„ \sy„ _\u. s¡ S> âdpZ¡ dp¡V$u NpX$u _p_u ‎NpX$u_¡ M¢Qu_¡ gB S>sp„ sd¡ 
Å¡C li¡. Ap kde¡ `Z bm A_¡ õ\mp„sf_u qv$ip A¡L$ S> lp¡su _\u. ‎A¡V$g¡ L¡$ õ\mp„sf_u qv$ipdp„ L¡$V$gpL$ A„i_p 
M|Z¡ bm gNpX¡$gy„ lp¡e R>¡. Ap fus¡ \e¡gy„ L$pe® L¡$d ip¡^pe ‎s¡ Å¡CA¡. ‎

D`f_p Dv$plfZdp„ _p_y„ bpmL$ fdL$X$p_u NpX$u v$p¡fu_u dv$v$\u M¢Q¡ Ðepf¡ bm v$p¡fu_u qv$ipdp„ ‎gNpX$hpdp„ 
Aph¡ R>¡. A_¡ NpX$u rnrsS> kdp„sf (Horizontal) k`pV$u `f M¢Qpe R>¡. s¡ kde¡ \e¡gy„ L$pe® ip¡^hp ‎dpV¡$           
gNpX¡$gy„ bm, õ\mp„sf_u qv$ipdp„ gNpX¡$gp bmdp„ ê$`p„sqfs L$fhy„ `X¡$ R>¡. ‎

F A¡ âÐen gNpX¡$gy„ bm A_¡ F1 s¡ õ\mp„sf_u qv$ip_y„ bm dp_uA¡. s s¡ õ\mp„sf R>¡ s¡ ‎kde¡ \e¡gy„ L$pe®.‎
W = F1.s  ................................. (1)
bm (F)  v$p¡fu_u qv$ipdp„ A¡V$g¡ L¡$ rnrsS> kdp„sf f¡Mp\u L¡$V$gpL$ A„i_p M|Z¡ âey¼s \e¡gy„ R>¡. ‎
F A¡ bm_u rnrsS> kdp„sf qv$ipdp„ L$pe® L$f_pfy„ OV$L$ F1  Ap rÓL$p¡Zrdrs_u dv$v$\u ip¡^u iL$pe.

(ApL©$su 2.3 Sy>Ap¡.)

cos q = 

cos q =  

F1 =  F cos q 
dpV¡$ Ap bm\u \e¡gy„ L$pe® ‎

W = F cos q s  
W = F s cos q 
q _u rhrióV$ qL„$ds dpV¡$ ‎L$pe®_p¡ r_óL$j® _uQ¡_p 

L$p¡W$pdp„ gMp¡. ‎

r_funZ L$fp¡ A_¡ QQp® L$fp¡.

 2.2 hõsy_y„ õ\mp„sf‎

	
q cos q W = F s cos q r_óL$j®

00 1  W = F s
900 0 0
1800 -1 W = -F s

 2.3  õ\mp„sf dpV¡$ gpN¡gy„ bm

‘A’

‘b’

‘L$’

A B

q
F1

F

)

M|Zp_u `pk¡_u bpSy>
L$Z® ‎

F1

F
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^_, F>Z A_¡ i|Þe L$pe® (Positive, Negative and Zero work)

 

L$pe®_p A¡L$d ‎

L$pe® = bm ´ õ\mp„sf ‎

SI `Ùrsdp„ bm_p¡ A¡L$d Þe|V$_ (N) R>¡ A_¡ õ\mp„sf_p¡ A¡L$d duV$f (m) R>¡. dpV¡$ L$pe®_p¡ A¡L$d 
‎Þe|V$_-duV$f R>¡. s¡_¡ S> Äe|g L$l¡hpe R>¡. ‎

1 Äe|g : 1 Þe|V$_ bm\u hõsy_y„ bm_u qv$ipdp„ 1 duV$f õ\mp„sf \pe sp¡ 1 Äe|g L$pe® \ey„ ‎L$l¡hpe.‎

\ 1 Äe|g = 1 Þe|V$_ ´ 1 duV$f 
1 J = 1 N ´ 1m
CGS `Ý^rsdp„ bm_p¡ A¡L$d X$pC_ A_¡ õ\mp„sf_p¡ A¡L$d k¢V$uduV$f (cm) R>¡. dpV¡$ L$pe®_p¡ A¡L$d     

X$pC_-k¢V$uduV$f R>¡. s¡_¡ S> AN® L$l¡hpe R>¡. ‎ ‎

1 AN® : 1 X$pC_ bm\u hõsy_y„ bm_u qv$ipdp„ 1 k¢V$uduV$f õ\mp„sf \pe s¡_¡ 1 AN® L$pe® L$l¡hpe. ‎ 
1 AN® = 1 X$pC_ ´ 1 k¡du

Äe|g A_¡ AN® hÃQ¡_p¡ k„b„^‎ 

1 Þe|V$_ = 105 X$pC_ A_¡ 1 duV$f = 102 k¡du  R>¡ S>¡ Ap`Z_¡ Mbf R>¡.

L$pe® = bm ´ õ\mp„sf ‎

1 Äe|g = 1 Þe|V$_ ´ 1 duV$f

1 Äe|g = 105 X$pC_ ´ 102 k¡du  
	        = 107 X$pC_ k¡du  
1 Äe|g = 107  AN® 

bm A_¡ õ\mp„sf_u qv$ip bpbs QQp® L$fp¡. ‎ ‎

1.‎	b„^ `X¡$gu NpX$u_¡ ^½$p¡ Ap`hp¡. ‎
‎2.‎	sdpfp qdÓA¡ sdpfp sfa a¢L¡$gp v$X$p_¡ `L$X$hp¡. ‎
‎3.‎	v$p¡fu_p R>¡X¡$ `Õ\f bp„^u Np¡m Np¡m a¡fhhp¡. ‎
‎4.‎	v$pv$fp Dsfhp A_¡ QY$hp, TpX$ D`f QY$hy„. ‎
‎5.‎	Nrsdp_ NpX$u_¡ b°¡L$ dpfu Ecu fpMhu. ‎
D`f_p Dv$plfZp¡_p¡ Aæepk L$ep® `R>u Ap`Zp Ýep_dp„ Aphi¡ L¡$ L¡$V$gpL$ Dv$plfZp¡dp„ bm A_¡ ‎õ\mp„sf_u 

qv$ip kfMu S> R>¡. sp¡ L¡$V$gpL$dp„ b„_¡ A¡L$buÅ\u rhfyÝ^ R>¡. sp¡ L¡$V$gpL$ Dv$plfZp¡dp„ bm ‎A_¡ õ\mp„sf_u qv$ip 
A¡L$buÅ_¡ g„bê$` R>¡. Aphp kde¡ bm\u \sy„ L$pe® _uQ¡ âdpZ¡ R>¡. ‎ ‎

1.‎	S>¡ kde¡ bm_u A_¡ õ\mp„sf_u qv$ip A¡L$ S> lp¡e (q =00) s¡ kde¡ s¡ bm\u \e¡gy„ L$pe® ^_ 
‎L$pe® lp¡e R>¡. ‎

‎2.‎	S>¡ kde¡ bm_u A_¡ õ\mp„sf_u qv$ip A¡L$buÅ\u rhfyÝ^ lp¡e (q = 180०) s¡ kde¡ s¡ bm¡ L$f¡gy„ 
‎L$pe® F>Z L$pe® lp¡e R>¡. ‎

‎3.‎	S>¡ kde¡ bm gNpX$sp„ õ\mp„sf \sy„ _\u A\hp bm A_¡ õ\mp„sf A¡L$buÅ_¡ g„bê$` ‎lp¡e       
(q = 90०) s¡ kde¡ bm\u \sy„ L$pe® i|Þe lp¡e R>¡. ‎

rhQpf L$fp¡ A_¡ S>Zphp¡.
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A¡L$ àgp[õV$L$_p¡ L$` gp¡. s¡_u _uQ¡_u bpSy>A¡ dÝecpNdp„ 
A¡L$ rR>Ö `pX$p¡. Ap rR>Ödp„\u ‎gp„bp¡ v$p¡fp¡ bdZp¡ L$fu D`f gp¡ 
A_¡ s¡_¡ ÅX$u NpW$ bp„^p¡ S>¡\u s¡ v$p¡fp¡ rR>Ödp„\u blpf ‎‎_uL$mu 
Åe _rl. v$p¡fu_p b„_¡ R>¡X¡$ A¡L$ Np¡mu bp„^p¡. rQÓ 2.4 dp„ 

bspìep âdpZ¡ L©$rs L$fsp ‎flp¡. ‎ 
ApL©$rs A - L$` V¡$bg `f fpMu A¡L$ bpSy>_u Np¡mu      

àgp[õV$L$_p L$`dp„ fpMp¡ A_¡ buÆ ‎bpSy>_u Np¡mu ApL©$rsdp„ 
bspìep âdpZ¡ _uQ¡_u qv$ipdp„ R>p¡X$p¡. iy„ \i¡ ? ‎

ApL©$rs b - L$` ApNm kfL$sp¡$ lp¡e Ðepf¡ `Ë$u\u 
Ahfp¡^ r_dp®Z L$fp¡ A_¡ L$`_¡ AV$L$php¡. ‎

ApL©$rs L$ - L$` V¡$bg`f fpMu b„_¡ bpSy>_u hS>_v$pf 

Np¡mu R>p¡X$u v$p¡. ‎‎  

âñ -‎

	 1.‎	 "ApL©$rs - A' dp„_p¡ L$` L¡$d M¢Qpe R>¡ ? ‎

	‎ 2.‎	 "ApL©$rs - b' dp„_p L$`_u õ\mp„sf_u qv$ip A_¡ 
`Ë$uA¡ gNpX¡$gp bm_u qv$ip Ap ‎b„_¡ hÃQ¡_p¡ 
k„b„^ iy„ ? ‎

	‎ 3.‎	 "ApL©$rs - L$' dp„ L$`_y„ õ\mp„sf L¡$d \sy„ _\u ?

	‎ 4.‎	 "ApL©$rs A, b A_¡ L$' dp„ \e¡gy„ L$pe® ¼ep âL$pf_y„ 
R>¡ ? ‎

D`f_u ÓZ¡ L©$rsdp„ bm A_¡ \e¡gp„ õ\mp„sf_p k„v$c®dp„ 

L$ep¡ L$pe®L$pfZ k„b„^ R>¡ ?‎

^pfp¡ L¡$ A¡L$ L©$rÓd D`N°l `©Õhu_u ApSy>bpSy> hsy®mpL$pf L$npdp„ `qfc°dZ L$f¡ R>¡. D`N°l 
`f_„y Nyê$Ðhue bm ‎A_¡ D`N°lp¡_y„ õ\mp„sf A¡L$buÅ_¡ g„b qv$ipdp„ lp¡hp\u Ny{$Ðhue bm\u \e¡gy„ 
L$pe® i|Þe lp¡e R>¡.‎

 2.4 ‎̂ _, F>Z A_¡ i|Þe L$pe® ‎

 k„õ\p_y„ ‎ L$pe®
	 fpô²$ue cp¥rsL$u âep¡Nipmp, qv$ëlu (National Physical Laboratory) Ap k„õ\p_u k„L$ë`_p 

1943dp„ fS|> L$fhpdp„ Aphu. Ap ‎âep¡Nipmp h¥opr_L$ A_¡ Ap¥Ûp¡rNL$ A_yk„^p_ `qfjv$_p r_e„ÓZdp„ 
L$pe®fs R>¡. Al] cp¥rsL$ip÷_u ‎rhrh^ ipMpdp„ d|mc|s k„ip¡^__y„ L$pe® Qpg¡ R>¡ s¡d S> DÛp¡Np¡_p A_¡ rhL$pk 
L$pddp„ N|„\pe¡gu rhrh^ ‎k„õ\p_¡ dv$v$ L$fhpdp„ Aph¡ R>¡. dp`__p fpô²$ue dp`v„$X$ $âõ\pr`s L$fhp s¡ Ap 
k„õ\p_p¡ dy¿e DØ¡i R>¡. ‎

L$` 

L$`

L$`

 Np¡mu

 Np¡mu

 Np¡mu  Np¡mu

v$p¡fp¡

ApL©$rs A

ApL©$rs b

ApL©$rs L$

v$p¡fp¡

v$p¡fp¡

L$fu Sy>Ap¡¡.
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Dv$plfZ 1: 20 kg  hS>__u hõsy 10 m KQpC `f 
gC S>hp dpV¡$ \sy„ L$pe® ip¡^p¡.‎ ‎
 (g = 9.8 m/s2)
Ap`¡gu dprlsu :‎ 
	  m = 20 kg; s = 10 m 

     g = 9.8 m/s2

\ F = m.g
        = 20 ´ (-9.8)

	 (bm_u qv$ip õ\mp„sf_u rhfyÝ^ qv$ipdp„ 
lp¡hp\u F>Z rQÞl gu^¡gy„ R>¡.)‎ ‎

       F = -196 N
\ W = F.s
          = -196 ´ 10
     W = -1960 J  

	 (bm_u qv$ip õ\mp„sf_u rhfyÝ^ qv$ipdp„ 
lp¡hp\u F>Z rQÞl R>¡.)‎ ‎

Dv$plfZ 2 : âhuZ¡ rnrsS> kdp„sf qv$ip\u 600  _p 
M|Z¡ 100 N bm gNpX$sp hõsy_y„ õ\mp„sf rnrsS> 
kdp„sf qv$ipdp„ ‎‎\sp„ S>¡hu 400 J S>¡V$gy„ L$pe® \pe sp¡ 
hõsy_y„ õ\mp„sf L¡$V$gy„ \ey„ li¡ ? ‎

   (cos 600 =     )
Ap`¡gu dprlsu :‎
q = 600		
F = 100 N
W = 400 J  ,
W = F s cos q
400 = 100 ´ s ´

           =        ´ s 

\  s = 8 m		
hõsy_y„ õ\mp„sf 8 m \i¡. ‎

DÅ® (Energy) 
Aphy„ ip dpV¡$ \pe R>¡ ? ‎

1.‎	R>p¡X$ fp¡`¡gy„ Ly„$Xy„$ A„^pfpdp„ fpMuA¡ sp¡ R>p¡X$ L$fdpC Åe R>¡. ‎
‎2.‎	Ofdp„ V¡$` A\hp TV _p¡ AhpS> M|b h^pfsp Of_p hpkZp¡ lg¡ R>¡. ‎
3.‎	L$pNm `f brlNp£m L$pQ_u dv$v$ hX¡$ k|e®âL$pi L¡$[ÞÖs L$fsp„ L$pNm kmN¡ R>¡.‎ ‎
`v$p\®dp„ fl¡gu L$pe® L$fhp_u ndsp A¡V$g¡ S> s¡ `v$p\®_u DÅ®. L$pe® A_¡ DÅ®_p A¡L$dp¡ kfMp S> R>¡. SI 

`Ý^rsdp„ A¡L$d Äe|g A_¡ CGS `Ý^rsdp„ A¡L$d AN® (erg)R>¡. ‎
DÅ® rhrh^ ê$`dp„ Å¡hp dm¡ R>¡. ep„rÓL$, ‎DóZsp, âL$pi, Ýhr_, rhÛys Qy„bL$ue, fpkperZL$, AÏDÅ®, 

kp¥fDÅ®, hN¡f¡_p¡ sd¡ Aæepk L$ep£ R>¡. Ap `pW$dp„ Ap`Z¡ ep„rÓL$ DÅ®_p b¡ âL$pf Nrs> ‎DÅ® A_¡ [õ\rs> DÅ®_p¡ 
Aæepk L$fuiy„.‎ ‎

Nrs DÅ® ‎ (Nrs i[¼s) ‎(Kinetic Energy)
iy„ \i¡ s¡ S>Zphp¡‎.

1.	h¡Nhp_ v$X$p¡ õV$ç` `f V$L$fpe Ðepf¡‎
‎2.‎	L¡$fd_p õV²$peL$f\u L|$L$fu_¡ dpfsp.‎
‎3.‎	Np¡V$uAp¡ fdsu hMs¡ Np¡V$uAp¡ A¡L$buÅ kp\¡ A\X$php\u
D`f_p Dv$plfZ `f\u Ap`Zp Ýep_dp„ Aph¡ R>¡ L¡$, Nrsdp_ hõsy [õ\f hõsy kp\¡ A\X$pe sp¡ [õ\f ‎hõsy 

Nrsdp_ \pe R>¡. "`v$p\®_u Nrsdp_ Ahõ\p_¡ L$pfZ¡ `v$p\®_¡ âpàs \e¡gu DÅ®_¡ Nrs DÅ® ‎L$l¡hpe R>¡.‎' L$p¡C A¡L$ 
hõsy `f bm gNpX$u s¡_y„ s A„sf¡ õ\mp„sf L$fsp„ \e¡gy„ L$pe® A¡V$g¡ s¡ hõsy_¡ dm¡gu Nrs DÅ®. ‎

Nrs DÅ® = L$pe®‎

\ K.E. = F × s

NZ¡gp Dv$plfZp¡

1
2

1
2

1
2

s = ?

400
100

4 ´ 2 = s



23

Dv$plfZ :        250 N°pd v$m_p¡ `Õ\f KQpC `f\u _uQ¡ `X¡$ Ðepf¡ s¡_p¡ h¡N 2 m/s lp¡e Ðepf¡ s¡_pdp„ L¡$V$gu   	
		  Nrs DÅ® li¡ ?

Ap`¡gu dprlsu :	  m = 250 gm 		
		              m = 0.25 kg 		
			    v = 2 m/s	

            K.E .  =                           =       × 0.25 × (2)2 = 0.5 J1
2 mv2 1

2

Nrs DÅ®_y„ kduL$fZ : ^pfp¡ L¡$ m Öìedp_hpmu A¡L$ hõsy [õ\f Ahõ\pdp„ R>¡. `Z gNpX¡$gp bm_¡ L$pfZ¡ s¡ 
hõsy Nrsdp_ \C. ‎‎s¡_p¡ iê$Aps_p¡ h¡N u (Al] u = 0) R>¡. s¡ hõsy `f F bm gNpX$hp\u s¡ hõsydp„ ‎âh¡N 
a   r_dp®Z \ep¡ A_¡ t kde `R>u s¡_p¡ A„rsd h¡N v \ep¡. Ap kde v$frdep_ ‎‎\e¡gy„ õ\mp„sf s R>¡ dpV¡$ hõsy 
`f \e¡gy„ L$pe®... ‎

W = F × s
Þe|V$__p buÅ r_ed A_ykpf ‎

F = ma -------- (1)  s¡d S> Þe|V$__p NrsrhjeL$ buÅ kduL$fZ_p¡ D`ep¡N L$fsp„‎

s = ut +                      `f„sy iê$Aps_p¡ h¡N i|Þe lp¡hp\u u=0 

s = 0 + 

s =                ------(2)

\	W = ma × 1
2 at2  ------ kduL$fZ (1) A_¡ (2) `f\u ‎

	 W =                        -------(3)

Þe|V$__p NrsrhjeL$ `l¡gp kduL$fZ `f\u ... ‎

	 v = u + at
\ v = 0 + at
\ v = at
\ v2 = (at)2 ------(4) 
\ W  =                 ------- kduL$fZ (3) A_¡ (4) `f\u.

hõsy_¡ dm¡gu Nrs DÅ® A¡V$g¡ s¡ hõsy `f \e¡gy„ L$pe® R>¡. ‎‎

\ K. E.  = W  
\ K. E.  = 

1
2 at2

1
2 at2

1
2 mv2  

1
2      m(at)2  

1
2 at2

1
2 mv2

dNS> Qgphp¡.
Å¡ A¡L$pv$u Nrsdp_ hõsy_y„ v$m bdÏ„ L$fuA¡ sp¡ s¡ hõsy_u Nrs> DÅ® L¡$V$gp 

NZu \i¡ ? ‎



24

[õ\rs DÅ® ‎ (Potential Energy)

1.‎  ^_yóedp„\u bpZ R>p¡X$éy„.
‎2.‎  KQpC `f fpM¡gy„ `pZu _uQ¡_p _mdp„ Ap`p¡Ap` Aphhy„. ‎
‎3.‎  v$bph¡gu [õâ„N R>p¡X$u.

D`f_p Dv$plfZdp„ [õ\rs bsphsp iåv$ L$ep  ? Ap q¾$epdp„ hõsy Nrsdp_ \hp dpV¡$ Å¡Bsu DÅ® ‎‎¼ep„\u 
Aphu ? ‎ 

Å¡ hõsy s¡ [õ\rsdp„ Apìep S> _ lp¡s sp¡ s¡ Nrsdp_ \ep lp¡s L¡$ ? ‎

"‎̀ v$p\®_u rhrióV$ [õ\rs A\hp õ\p__p L$pfZ¡ k„N°l \e¡gu i[¼s_¡ [õ\rs DÅ® L$l¡hpe R>¡.' ‎

	 1.‎ A¡L$ Qp¡L$ S>du_\u kp^pfZ 5 k¢du KQpC ky^u gC S>B_¡ R>p¡X$u v$p¡. ‎

	‎ 2.‎ lh¡ ku^p Dcp flu_¡ Qp¡L$ R>p¡X$u v$p¡. ‎

	‎ 3. b„_¡ hMs_p r_funZdp„ iy„ afL$ v¡$Mpep¡ A_¡ ip dpV¡$ ? ‎ ‎

[õ\rs DÅ®_y„ kduL$fZ ‎

‘m’ Öìedp_ hõsy `©Õhu_u k`pV$u\u ‘h’ S>¡V$gu KQpCA¡ gC S>hp dpV¡$ ‘mg’ bm_p¡ D`ep¡N NyfyÐhue 
‎bm_u rhfyÝ^ qv$ipdp„ L$fhp¡ `X¡$ R>¡. s¡ kde¡ \e¡gy„ L$pe® _uQ¡ âdpZ¡ ip¡^u iL$pe

   L$pe® = bm × õ\mp„sf ‎

     W = mg × h
\ W = mgh
\  õ\mp„sf_¡ L$pfZ¡ hõsydp„ kdpe¡gu [õ\rs DÅ® = P.E. = mgh 	 (W = P.E.)
õ\mp„sf_¡ L$pfZ¡ mgh S>¡V$gu [õ\rs DÅ® hõsydp„ kdpe¡gu lp¡e R>¡. ‎ ‎

Dv$plfZ : 10 duV$f KQu Bdpfs_u V$p„L$udp„ `f 500 qL$gp¡N°pd Öìedp_ ^fphsy„ `pZu cf¡gy„ lp¡e sp¡ s¡ cf¡gp 
`pZudp„_u ‎‎[õ\rs DÅ® ip¡^p¡. ‎ 
Ap`¡gu dprlsu :	

h = 10 m, m = 500 kg,  g = 9.8 m/s2

\	  P.E.	 = mgh
 	         	 = 10 × 9.8 ×500
\	  P.E. 	= 49000 J

  AS>e A_¡ Asyg_¡ V¡$bg D`f d|L¡$gp m 
Öìedp__p v$X$p_u [õ\rs DÅ® ip¡^hp L$üy„ R>¡. 
s¡d_p iy„ DÑf ‎li¡ ? s¡ Sy>v$p„ li¡ L¡$ ? Ap `f\u sd¡ 
iy„  r_óL$j® L$pY$ip¡ ? ‎ 

	‎ [õ\rs DÅ® s¡ kp`¡n R>¡. AS>e kp`¡n 
v$X$p_u KQpC A_¡ Asyg kp`¡n v$X$p_u KQpC 
‎Sy>v$uSy>v$u R>¡ dpV¡$ AS>e A_¡ Asyg kp`¡n v$X$p_u 
[õ\rs DÅ® Sy>v$uSy>v$u \i¡. ‎

AS>e

Asyg

h2

h1

L$fu Sy>Ap¡¡.
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v$p¡fp A_¡ _V$bp¡ëV$ gC kdp_ KQpC_p b¡ gp¡gL$ s¥epf L$fp¡. 
A¡L$ v$p¡fp¡, Ap^pf_¡ rnrsS> kdp„sf ‎bp„^p¡. ‎

s¥epf L$f¡gp b„_¡ gp¡gL$, rnrsS> kdp„sf v$p¡fp_¡ A¡hu fus¡ 
bp„^p¡, L¡$ S>¡ `|f¡`|fp Ap„v$p¡rgs L$fhpdp„ Aph¡ ‎sp¡ `Z A¡L$buÅ_¡ 
A\X$pe _rl. b„_¡ gp¡gL$_u KQpC kdp_ fpMp¡. lh¡ A¡L$ gp¡gL$_¡ 
Ap„v$p¡rgs L$fp¡ ‎A_¡ \p¡X$p¡ kde r_funZ L$fp¡. iy„ \pe R>¡ s¡ Sy>Ap¡.

 D`f_u L©$rs_y„ r_funZ L$ep® `R>u A¡d S>Zpi¡ L¡$, `l¡gp 
gp¡gL$_u Ap„v$p¡g_Nrs Ap¡R>u \su ‎Åe s¡ S> hMs¡ [õ\f gp¡gL$ 
^ud¡^ud¡ Nrsdp_ b_¡ R>¡. A¡V$g¡ A¡L$ gp¡gL$_u DÅ® buÅ gp¡gL$_¡ 
âpàs \pe ‎R>¡.‎

D`f_u ApL©$rs 2.5 _y„ r_funZ L$fu DÅ®_y„ ê$`p„sf L¡$hu fus¡ \pe R>¡ s¡_u QQp® L$fp¡ A_¡ Dv$plfZp¡ ‎S>Zphp¡. 

DÅ® k„Qe_p¡ r_ed ‎(Law of Conservation of Energy)
"DÅ® r_dp®Z `Z L$fu iL$pe _rl A_¡ _óV$ `Z L$fu iL$pe _rl, s¡_y„ A¡L$ âL$pfdp„\u buÅ ‎âL$pfdp„ ê$`p„sf 

L$fu iL$pe. s¡d S> rhð_u Ly$g DÅ® l„d¡ip AQm fl¡ R>¡.‎'

DÅ®_p rhrh^ âL$pfp¡ ¼ep ? _uQ¡_u âq¾$epdp„ ¼ep âL$pf_u DÅ® âep¡Ndp„ 
Aphu ?‎

2.5 DÅ®_y„ ê$`p„sfZ ‎

‎1. M¢Q¡gp fbf_p Vy$L$X$p‎ ‎2. h¡N\u S>su dp¡V$f ‎3. hfpm\u hpNsu Ly$L$f_u rkV$u ‎4. qv$hpmudp„ awV$sp 
aV$L$X$p ‎5. huS>mu\u Qpgsp¡ `„Mp¡‎ ‎6. Qy„bL$ hp`fu L$Qfpdp„\u gp¡M„X$ blpf L$pY$hy„  ‎7. Å¡f\u AhpS> 
Aphhp\u bpfu_p L$pQ awV$hp. ‎

DÅ®_y„ A¡L$ âL$pfdp„\u buÅ âL$pfdp„ ê$`p„sf L$fu iL$pe R>¡. v$p.s. qv$hpmudp„ aV$pL$X$p ap¡X$su hMs¡ ‎     
s¡dp„_u fpkperZL$ DÅ® Ýhr_, âL$pi A_¡ DóZsp Ap DÅ®dp„ ê$`p„sqfs \pe R>¡.  ‎ ‎

DÅ® ê$`p„sfZ‎ (Transformation of  Energy)

 

A¢rS>_ /`„Mp¡

S>r_Ó

DØu`L$

sp`eyÁd
gpDX$ õ`uL$fdpC¾$p¡ap¡_

qÜsue L$p¡jâp\rdL$ L$p¡j

âL
$pi

ue
 L$p

¡j/
kp

¥f L
$p¡j

rh
Ûys

 v$u
hp

¡ (b
ëb

)

rhÛys DÅ®ep„rÓL$ DÅ® DóZsp DÅ®

âL$pi DÅ®

fpkperZL$ DÅ®

Ýhr_ DÅ®

®®
®

®
®

® ®

®
®
®

v$p¡fp

v$p¡fp

_V$ _V$

v$p¡fp 

‎2.6 k„ey¼s gp¡gL$‎

L$lp¡ Å¡CA¡ !

L$fu Sy>Ap¡¡.
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dy¼s`s_ ‎(Free fall)
A¡L$pv$u hõsy KQpC `f S>C_¡ R>p¡X$hp\u s¡ hõsy `f gpNsp NyfyÐhpL$j®Z bm_p L$pfZ¡ s¡ `©Õhu sfa ‎M¢Qpe 

R>¡. KQpC `f\u R>p¡X¡$gu hõsy a¼s NyfyÐhpL$j®Z bm\u _uQ¡ Aph¡ s¡ q¾$ep_¡ dy¼s`s_ A¡d L$l¡hpe. ‎‎m                   
Öìedp_hpmp¡ `v$p\®, NyfyÐhpL$j®Z bm\u h S>¡V$gu KQpC\u _uQ¡ Aph¡ Ðepf¡ s¡_u Sy>v$u Sy>v$u ‎KQpCA¡ Nrs> A_¡ 
[õ\rs> DÅ® Å¡CA¡. ‎ ‎

ApL©$rsdp„ bspìep âdpZ¡ ^pfp¡ L¡$ tbvy$ A S>du_\u h KQpC `f 
R>¡ m Öìedp_hpmu hõsy A \u B tbvy$ ‎ky^u `lp¢Qsp x S>¡V$gy„ A„sf 
L$p`¡ R>¡. C Ap tbv$y S>du_ `f R>¡. hõsy A, B A_¡ C tbvy$A¡ fl¡gu DÅ® 
‎s`pkp¡. ‎
1.	 hõsy A tbvy$ `pk¡ [õ\f lp¡e Ðepf¡ iê$Aps_p¡ h¡N‎ u = 0 

\ K.E. =       Öìedp_ × (h¡N‎ )2

	           =       mu2

      
	    K.E. = 0
       P.E. = mgh

\  Ly$g DÅ® = K.E. + P.E.
	          = 0 + mgh
Ly$g DÅ® (Total Energy) = mgh.--- (1)

2.	 hõsy B tbvy$ ̀ pk¡ lp¡e Ðepf¡ A¡V$g¡ L¡$ hõsy x A„sf 
	 `pf L$fu B `pk¡ Aph¡ Ðepf¡ s¡_p¡ h¡N vB g¡sp„.‎ 

u = 0, s = x, a = g 

v2 = u2+ 2as

vB
2 = 0 + 2gx

vB
2 = 2gx

\ 	 K.E. =       mvB
2 =       m(2gx)

K.E. = mgx
B Ap õ\p_¡ hõsy_u S>du_\u
KQpC = h-x

\ P.E. = mg (h-x)
     P.E. = mgh - mgx
\ Ly$g DÅ®    T.E. = K.E. + P.E.

	                  = mgx + mgh - mgx
\ T.E. = mgh -------(2)

3.	 hõsy C tbvy$A¡ lp¡e Ðepf¡ A¡V$g¡ L¡$ S>du_ `f 
	 `lp¢Ãep `R>u s¡_p¡ h¡N vC  \pe R>¡. ‎

u = 0, s = h, a = g
	 v2 = u2 + 2as
	 vc

2 = 0 + 2gh
\ 	 K.E. =       mvC

2 =        m(2gh)
	 K.E. = mgh 
	 C  Ap tbvy$\u hõsy_u S>du_\u KQpC

	 h = 0
\	 P.E. = mgh = 0
\	 T.E. = K.E. + P.E 
	 T.E. = mgh ------(3) 

kduL$fZ (1), (2) A_¡  (3) `f\u A, B A_¡ 
C tbvy$A¡ Ly$g DÅ® [õ\f R>¡. ‎

1
2

‎2.7 dy¼s`s_‎

A

x

h 

h - x

B

C

1
2 1

2
1
2

1
2
1
2
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L$pe®_p¡ SI A¡L$d J  R>¡ dpV¡$ i[¼s_p¡ A¡L$d  J/s  R>¡ s¡_¡ S> hpµV$ 
A¡d L$l¡hpe R>¡. ‎

1 hpµV$  = 1 Äe|g / k¡L„$X$ ‎
Ap¥Ûp¡rNL$ n¡Ódp„ i[¼s dp`hp dpV¡$ ‎ Aði[¼s (Horse 

Power) Ap A¡L$d_p¡ h`fpi âQrgs R>¡. ‎ ‎ ‎
1 Aði[¼s  = 746 hpµV$  
ìephlpqfL$ D`ep¡N dpV¡$ DÅ®_p¡ A¡L$d rL$gp¡hpµV$ ¼gpL$ R>¡. ‎
1 qL$gp¡hp¡V$ i[¼s A¡V$g¡ 1000 J ârs k¡L„$X$ Ap âdpZ¡ L$f¡gy„ 

L$pe® 
1 kW hr 	= 1 kW ´ 1hr
		  = 1000 W ´ 3600 s
		  = 3600000 J
1 kW hr 	=  3.6 ´ 106 J
OfNÕ\y D`ep¡N dpV¡$ hp`fhpdp„ Aphsu huS>mu kW hr 

Ap A¡L$ddp„ dp`hpdp„ Aph¡ R>¡. ‎
1 kW hr = 1 Unit 

õL$p¡V$g¢X$_p h¥opr_L$ S>¡çk hpµV¡$ 
(1736-1819) hfpm\u Qpgsp 
A¢Æ__u ip¡^ L$fu. Ap ip¡^\u 
‎Ap¥Ûp¡rNL$ ¾$p„rs \C. ‎ S>¡çk hpµV$_p 
kÞdp_p\£ i[¼s_p A¡L$d_¡ hpµV$ _pd 
Ap`hpdp„ Apàey„ R>¡. Aði[¼s Ap 
iåv$_p¡ D`ep¡N ‎â\d S>¡çk hpµV$¡ 
L$ep£. ‎

i[¼s ‎ (Power)

A¡V$g¡ L¡$, L$p¡C`Z hõsy KQpC `f lp¡e Ðepf¡ s¡dp„ [õ\rs DÅ® lp¡e R>¡. hõsy _uQ¡ `X¡$ Ðepf¡ ‎‎[õ\rs DÅ®_y„  Nrs 
DÅ®dp„ ê$`p„sf \pe R>¡. S>du_ `f `X¡$ Ðepf¡ ([õ\rs  ‘C’) `|Z® [õ\rs DÅ®_y„ ‎ê$`p„sf Nrs DÅ®dp„ \pe R>¡. `f„sy 
L$p¡C`Z [õ\rsdp„ Ly$g DÅ® s¡ JQpC `f_u [õ\rs DÅ® S>¡V$gu ‎S> lp¡e R>¡.  

i.e.  T.E. = P.E. + K.E. A¡V$g¡ L¡$, 
 tbvy$ A `f  T.E. = mgh + 0 = mgh 
 tbvy$ B `f  T.E. = mgx + mg (h-x) = mgh
tbvy$ C `f  T.E. = 0 + mgh = mgh

‎̀ qfQe h¥opr_L$_p¡‎

‎2. 	 ANpiu `f `pZu_u V$p„L$u cfhu lp¡e sp¡ sd¡ bpgv$u\u cfip¡ L¡$ dp¡V$f_u dv$v$\u ? ‎ ‎
‎3. 	 ^pfp¡ L¡$ fpS>îu, ei A_¡ fZÆs_¡ A¡L$ _p_L$X$u V¡$L$fu D`f S>hy„ R>¡. fpS>îu dp¡V$f\u, ei ‎kpeL$g\u A_¡ 

fZÆs `N¡ Nep¡. S>hp dpV¡$ b^pA¡ A¡L$ S> dpN® `k„v$ L$ep£ sp¡ L$p¡Z `l¡gy„ `lp¢Qi¡ ‎A_¡ L$p¡Z R>¡ëg¡ `lp¢Qi¡ ?‎
D`f_p Dv$plfZp¡_p¡ rhQpf L$fuA¡ sp¡ âÐe¡L$ Dv$plfZdp„ \e¡gy„ L$pe® kfMy„ S> R>¡, `f„sy s¡ L$pe® L$fhp ‎dpV¡$ 

âÐe¡L$_¡ A\hp âÐe¡L$ `Ý^rsdp„ gpN_pfp¡ kde Sy>v$p¡Sy>v$p¡ R>¡. L$pe® TX$`u A\hp ^udy„ \hp_y„ ‎âdpZ i[¼s 
v¹$hpfp ìe¼s L$fhpdp„„ Qpg¡ R>¡. "L$pe® L$fhp_p v$f_¡ i[¼s L$l¡hpe R>¡.' ‎

^pfp¡ L¡$, W Ap L$pe® t kdedp„ \pe sp¡, ‎

rhQpf L$fp¡ A_¡ S>Zphp¡.

P = W
  t

L$pe®
kde

i[¼s ‎= 

1. 	 sd¡ S>¡ Nrs\u v$pv$fp QY$u iL$p¡ s¡ S> Nrs\u sdpfp r`spÆ v$pv$fp 
QY$u iL¡$ L¡$? 
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1.	 _uQ¡_p âñp¡_p krhõspf DÑfp¡ gMp¡.
	 (A)‎	 Nrs>DÅ®® A_¡ [õ\rs DÅ® hÃQ¡_p¡  saphs 

õ`óV$ L$fp¡. ‎
	 (Ap)‎	‎  v$p\®_y„ Öìedp_ m R>¡ A_¡ s¡ v h¡N\u 

S>sp¡ lp¡e sp¡ Nrs DÅ®_y„ k|Ó s¥epf L$fp¡. ‎
	 (B)	 KQpC `f\u S>du_ `f dy¼s fus¡ `X$_pfp 

hõsy_u A„rsd DÅ® s¡ hõsy_u iê$Aps_u 
‎‎[õ\rs DÅ®_y„ S> ê$`p„sfZ R>¡. s¡ rkÝ^ 
L$fp¡. 

	 (C)‎	 bm_u qv$ipdp„ 300 _p M|Z¡ õ\mp„sf     
\pe Ðepf¡ L$f¡gp L$pe®_y„ kduL$fZ s¥epf 
L$fp¡. ‎

	 (D)	 A¡L$pv$u hõsy_p¡ k„h¡N i|Þe lp¡e sp¡ s¡ 
hõsy_¡ Nrs DÅ® li¡ L¡$  õ`óV$ L$fp¡. ‎

	 (E)‎	 hsy®mpL$pf Nrsdp„ afsu hõsy_y„ L$pe® ip 
dpV¡$ i|Þe lp¡e R>¡ ? ‎

2. 	 _uQ¡_p `ep®edp„\u A¡L$ A\hp A_¡L$ AQ|L$ `ep®e 
`k„v$ L$fp¡.‎   

	 (A)	 L$pe® \hp dpV¡$ DÅ®.......... L$fhu `X¡$ R>¡. 
		‎  1. õ\p_p„sqfs 	‎ 2. Arckpqfs ‎
		‎  3. ê$`p„sqfs 	‎	‎ 4. _óV$ ‎

	 (Ap)	 Äe|g Ap A¡L$d ......... _p¡ R>¡.‎
		‎  1. bm ‎	‎	  2. L$pe®
	  ‎	‎ 3. i[¼s ‎		‎  4. DÅ® ‎
	 (B)‎	 A¡L$pv$u S>X$ hõsy rnrsS> kdp„sf qv$ipdp„ 

guku k`pV$u ̀ f M¢Qsp .................... 
bm_p `qfdpZ ‎kfMp lp¡e R>¡. ‎

		‎  1. rnrsS> kdp„sf qv$ipdp„ A`pe¡gy„ bm 
		‎  2. NyfyÐhue bm ‎
		‎  3. DÝh®Npdu qv$ip_y„ ârsq¾$ep bm ‎
		‎  4. Oj®Zbm ‎
	 (C)‎	 i[¼s A¡V$g¡ ................ L$l¡hpe.
		‎  1. L$pe® TX$`\u \hp_y„ âdpZ ‎
		‎  2. L$pe® dpV¡$ Å¡Csu DÅ®_y„ âdpZ ‎
		‎  3. L$pe® ^udy„ \hp_y„ âdpZ ‎
		‎  4. kde_y„ âdpZ. ‎
	 (D)‎	 A¡Lpv$u hõsy JQL$sp A\hp M¢Qsp F>Z 

L$pe® .......... bm_¡ L$pfZ¡ \pe R>¡.‎
		‎  1. gNpX¡$gy„ bm‎	‎ 2. NyfyÐhue bm‎
		‎  3. Oj®Z bm ‎	‎ 4. ârsq¾$ep bm ‎

Dv$plfZ 2 : 25 W _p¡ A¡L$ v$uhp¡¡ v$ffp¡S> 10 L$gpL$ 
h`fpe R>¡ sp¡ A¡L$ qv$hkdp„ L¡$V$gu huS>mu h`fpi¡ ?‎
Ap`¡gu dprlsu :	
P = 25, W = 0.025 kW
   \ DÅ®   = i[¼s ´ kde 

	      = 0.025 ´ 10
  DÅ®  = 0.25 kW hr

Dv$plfZ 1: õhfpgu_¡ 20 qL$gp¡ hS>__u b¡N 5 duV$f 
KQpC `f gC S>sp„ 40 k¡L„$X$ gpN¡ R>¡ sp¡ s¡_u i[¼s 
L¡$V$gu ?‎ ‎

Ap`¡gu dprlsu :	  
	 m = 20 kg, h = 5 m, t = 40 s

\ õhfpguA¡ gNpX$hy„ `X$sy„ bm‎ 
	 F = mg  = 20 ´ 9.8
	 F = 196 N

	 õhfpguA¡ 5 du KQpC `f b¡N KQL$u Ðepf¡ 
\e¡gy„ L$pe® ‎
W = F . s = 196 ´ 5 = 980 J

\ i[¼s = (P) = 
		      
               	   P = 24.5 W

W
 t

980
 40=

NZ¡gp Dv$plfZp¡ ‎

h^pf¡ dprlsu dpV¡$ k„L¡$s õ\m ‎ 
www.physicscatalyst.com
www.tryscience.org
 

õhpÝepe
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3.  Ap`¡gp `ep®ep¡dp„\u ep¡Áe `ep®e `k„v$ L$fu _uQ¡_p 
rh^p_p¡ õ`óV$uL$fZ krls gMp¡. ‎ ‎ ‎

	 (A)‎	sdpfp ifuf_u [õ\rs DÅ® Ap¡R>pdp„ Ap¡R>u 
lp¡e R>¡, Äepf¡ sd¡ ...

		‎  1. Myfiu `f b¡W$p lp¡   ‎2.S>du_ `f b¡W$p lp¡
		‎  3. S>du_ `f k|sp lp¡‎  ‎4.S>du_ `f Ecp lp¡
	 (Ap) A¡L$pv$u hõsy S>du_ D`f dy¼s fus¡ `X$su 

lp¡e Ðepf¡ s¡_u Ly$g DÅ® ...
		‎  1. Ap¡R>u \pe R>¡. ‎	‎ 2. [õ\f lp¡e R>¡. ‎	

‎3. h^¡ R>¡. ‎
		‎  4. iê$Apsdp„ h^¡ `R>u Ap¡R>u \pe R>¡. ‎
	 (B)‎	k`pV$ k`pV$u `f fõspdp„ Nrsdp_ lp¡e s¡hu 

dp¡V$fNpX$u_p¡ h¡N, s¡_p d|m h¡N\u 4 NZp¡ 
‎h^pfuA¡ sp¡ dp¡V$fNpX$u_u [õ\rs DÅ® ... ‎

		‎  1. d|m DÅ®_u bdZu \i¡. ‎
		‎  2. bv$gpi¡ _rl‎
		‎  3. d|m DÅ®_u QpfNZu \i¡. ‎
		‎  4. d|m DÅ®_u 16 NZu \i¡. ‎
	 (C)	hõsy D`f \_pfy„ L$pe® ..... D`f Ahg„rbs 

_\u. ‎
		‎  1. õ\mp„sf ‎	‎
		  2. gNpX¡$gy„ bm ‎	‎
		  3. hõsy_p¡ iê$Aps_p¡ h¡N ‎
		‎  4. bm A_¡ õ\mp„sf_u qv$ip hÃQ¡_p¡ M|Zp¡. 

4.	 _uQ¡_u L©$rs kdÅ¡ A_¡ `|R>¡gp âñp¡_p Dsf gMp¡.‎
	 L©$rs 
	 ‎1. 	 b¡ Sy>v$uSy>v$u g„bpC_u A¡ëeyrdr_ed_u `Ë$u 

gp¡. ‎
	‎ 2. 	 b¡ `Ë$u_p D`f_p R>¡X$p kdp_ KQpC D`f 

A_¡ _uQ¡_p R>¡X$p S>du__¡ õ`i® L$f¡ A¡hu 
ìehõ\p ‎L$fp¡. ‎

	‎ 3.	 lh¡ b¡ kdp_ L$v$_p A_¡ hS>__p v$X$p A¡L$ S> 
kde¡ b„_¡ `Ë$u_u D`f_u V$p¡Q `f\u R>p¡X$p¡. 
‎s¡ kfL$sp kfMy„ S> A„sf `pf L$fi¡.

	 âñ‎
	 1. 	 v$X$p¡ R>p¡X$su hMs¡ v$X$pdp„ L$C DÅ® lp¡e R>¡ ?‎
	‎ 2. 	 v$X$p¡ _uQ¡ kfL$sp¡ Aphsp¡ lp¡e L$C DÅ®_y„ L$C 

DÅ®dp„ ê$`p„sf \pe R>¡ ? ‎

	‎ 3. 	 v$X$p¡ kfL¡$ Ðepf¡ kfMy„ S> A„sf L¡$d `pf L$f¡ 
R>¡? ‎

	‎ 4. 	 v$X$pdp„_u A„rsd Ly$g DÅ® L$C lp¡e R>¡ ? ‎
	‎ 5. 	 D`f_u L©$rs `f\u sd¡ DÅ® k„b„^u L$ep¡      

r_ed L$lu iL$p¡ ? õ`óV$ L$fp¡. ‎ 

5. 	 Dv$plfZp¡ DL¡$gp¡.‎
	 (A)	A¡L$ rhÛys `„`_u i[¼s 2 kW R>¡. sp¡ `„` 

ârs rdr_V¡$ L¡$V$gy„ `pZu 10 m KQpC ky^u 
Dg¡Qu iL$i¡ ?         (DÑf : 1224.5 kg)

	 (Ap) Å¡ 1200 W _u B÷u fp¡S> 30 rdr_V$ ky^u 
h`fpe sp¡ A¡râg drl_pdp„ B÷uA¡ Ly$g 
hp`f¡gu ‎huS>mu ip¡^p¡.	  (DÑf : 18 Unit)

	 (B)	10 m KQpC `f\u S>du_ `f `X¡$gp v$X$p_u 
DÅ® S>du_ `f A\X$psp„ S> 40 V$L$p Ap¡R>u   
\pe R>¡ ‎sp¡ L¡$V$gu KQpC ky^u DR>mi¡ ?

       				             (DÑf : 6m)
	 (C)‎	A¡L$ L$pf_p¡ h¡N 54 km/hr \u 72 km/hr 

kŷ u \ep¡ R>¡. Å¡ L$pf_y„ Öìedp_ 1500 kg  
lp¡e sp¡ h¡N h^pfhp L¡$V$gy„ L$pe® L$fhy„ `X$i¡ s¡ 
S>Zphp¡.	            (DÑf : 131250 J)

	 (D)	frhA¡ A¡L$ `yõsL$_¡ 10 N bm gNpX$sp„ s¡ 
`yõsL$_y„ bm_u qv$ipdp„ 30 k¡du S>¡V$gy„       
õ\mp„sf \ey„ sp¡ frhA¡ L$f¡gy„ L$pe® ip¡^p¡.

  	        (DÑf  : 3 J)

D`¾$d : ‎
		  sdpfu ApSy>bpSy> v¡$Mpsp DÅ® ê$`p„sfZ_p 

rhrh^ Dv$plfZp¡_p¡ Aæepk L$fp¡ A_¡ s¡ 
bpbs hN®dp„ ‎QQp® L$fp¡. ‎

²²²
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	 Ap^yr_L$ S>Nsdp„ huS>mu_y„ A_Þe dlÒh R>¡. fp¡tS>v$p Æh_dp„ âÐe¡L$ bpbs dpV¡$ Ap`Z¡ huS>mu ‎‎ f 
Ap^pf fpMuA¡ R>uA¡. huS>mu _ lp¡e Ðepf¡ \su ANhX$sp V$pmhp dpV¡$ v$hpMp_p, b¸„L$p¡, L$pep®gep¡ A_¡ ‎Mp_Nu 
k„õ\pdp„ S>r_Ó (Generator)  hp`fu huS>mu dpV¡$ `ep®eu ìehõ\p L$f¡gu lp¡e R>¡. rhÛyscÌ$u (Electric oven) 
rhÛys dp¡V$f ‎ (Motor) hN¡f¡_¡ Qgphhp s¡d S> L¡$V$gpL$ rhrióV$ D`L$fZp¡_p h`fpi dpV¡$ DÛp¡N^„^pdp„ huS>mu_p¡ 
D`ep¡N L$fhpdp„ ‎Aph¡ R>¡.‎
	 äuS>, rhÛys, Apµh_, rd¼kf, `„Mp, L$`X$p ^p¡hp_y„ diu_, AhL$pi õhÃR>sp e„Ó (Vacuum cleaner), 
fp¡V$ud¡L$f Ap b^p OfNÕ\y ‎kp^_p¡\u Ap`Zp„ îd A_¡ kde_p¡ bQph \pe R>¡. Ap b^p D`L$fZp¡_¡ Qgphhp dpV¡$ 
huS>mu rkhpe ‎buÅ¡ `ep®e _\u.‎
	 aL$s dpZkp¡_¡ S> _l] `Z âpZuAp¡_¡ kyÝ^p„ huS>mu_u S>ê$qfeps lp¡e R>¡. v$p.s. Cg _pd_u dpR>gu 
‎‎ p¡sp_p¡ riL$pf ̀ L$X$hp dpV¡$ A_¡ ̀ p¡sp_y„ k„fnZ L$fhp dpV¡$ huS>mu_p¡ D`ep¡N L$f¡ R>¡. L$X$L$X$pV$ L$fu_¡ ̀ X$_pfu ‎huS>mu 
A¡ _¥krN®L$ rhÛysâhpl_y„ DÑd Dv$plfZ R>¡. Ap huS>mu Ap`Z¡ k„N°lu iL$uA¡ sp¡?‎

 sd¡ A¡L$pv$ ^p¡^ sp¡ Å¡ep¡ S> li¡. `pZu ¼ep„\u L$ep„ `X¡$ R>¡?‎

	 rhÛys r_dp®Z dpV¡$ b„^_y„ `pZu KQu k`pV$u `f\u R>p¡X$hpdp„ Aph¡ R>¡. `pZu NyfyÐhpL$j®Z_¡ L$pfZ¡ _uQ¡_u 
‎k`pV$u `f `X¡$ R>¡. A¡V$g¡ L¡$ b¡ tbvy$dp„_p `pZu_p âhpl_u qv$ip s¡ b¡ tbvy$Ap¡_u k`pV$u `f Ap^pf fpM¡ R>¡ s¡ Ap`Z¡ 
ÅZuA¡.‎

L$fu Sy>Ap¡¡.

huS> v$bpZ (Potential)  A_¡ huS> v$bpZ_p¡ saphs (Potential difference)
kp^_p¡ ‎: b¡ àgp[õV$L$_u bpV$guAp¡, fbf_u _mu, ¼gu`, `pZu.‎
 L©$rs ‎: ‎ApL©$rs 3.1 dp„ bspìep âdpZ¡ fQ_p L$fp¡. `R>u fbf_u _mu `f_u ¼gu` L$pY$u 
_pMu sdpfy„ r_funZ _p¢^p¡.‎ ‎ ‎ 

‎3.1 `pZu_u k`pV$u A_¡ âhpl‎

_uQ¡_p„ âñp¡_p DÑfp¡ Ap`p¡.‎
1.‎	‎ [¼g` L$pY$u _pMsp„ iy„ \pe R>¡?
‎2.‎	‎  pZu_p¡ âhpl b„^ \i¡? ip dpV¡$?‎
‎3.‎	‎  pZu_p¡ âhpl h^pf¡ kde iê$ fl¡ s¡_¡ dpV¡$ 
	 sd¡ iy„ L$fip¡?‎

	 `pZu âdpZ¡S> rhÛys hl¡hp_p¡ âhpl 
A¡L$ âL$pf_u rhÛys k`pV$u `f S> Ap^pf fpM¡ R>¡. 
Ap rhÛys k`pV$u_¡ ‎huS> v$bpZ L$l¡hpe R>¡.‎

epv$ L$fp¡.

Ap`Zu Apk`pk.

1. गतीचे नियम

Ø   huS> v$bpZ A_¡ huS> v$bpZ_p¡ saphs 	 Ø  hplL$ A_¡ AhplL$ 
Ø   rhÛys Ahfp¡^ A_¡ Ap¡ld_p¡ r_ed 	 Ø	Ahfp¡^p¡_y„ Å¡X$pZ A_¡ `qfZpdu Ahfp¡^

[¼g`

3. rhÛysâhpl
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	 ^_rhÛys cpf Ap¡R>p huS> v$bpZ `f\u s¡_p L$fsp„ h^pf¡ huS> v$bpZ sfa õ\p_p„sqfs \pe sp¡ rhÛys 
‎n¡Ó_u  (Electric field) rhfyÝ^ L$pe® L$fhy„ `X¡$ R>¡.‎
rhÛys L$p¡jdp„ huS> v$bpZ_p¡ saphs (Potential differance of a cell)
	 rhÛys L$p¡jdp„ ^_pN° A_¡ F>ZpN° hÃQ¡ huS> v$bpZ_p¡ saphs A¡V$g¡ s¡ L$p¡j_p huS> v$bpZ_p¡ saphs. 
rhÛys ‎L$p¡jdp„ \su fpkperZL$ âq¾$ep_¡ L$pfZ¡ Ap huS> v$bpZ_p¡ saphs r_dp®Z \pe R>¡. Ap rhÛys v$bpZ_p¡ 
‎saphs Cg¡¼V²$p¡Þk_¡ Nrsdp_ L$f¡ R>¡ A_¡ b„_¡ AN°p¡_¡ Å¡X$_pfp hplL$dp„ rhÛysâhpl r_dp®Z \pe R>¡.‎ ‎
	 A tbvy$\u B tbvy$ ky^u A¡L$d ^_cpf õ\p_p„sqfs L$fhp dpV¡$ S>¡ L$pe® L$fhy„ `X¡$ R>¡ s¡_¡ S> A A_¡ B tbvy$ 
‎hÃQ¡_p¡ huS> v$bpZ_p¡ saphs L$l¡hpe.‎ ‎

b¡ tbvy$ hÃQ¡ huS> v$bpZ_p¡ saphs ‎ = 
L$pe®‎

õ\p_p„sqfs \e¡g Ly$gcpf
 

		  	
1V = SI `Ý^rsdp„ huS> v$bpZ_p saphs_p¡ A¡L$d hp¡ëV$ R>¡.‎ 

	 ^_ rhÛys cpf s¡ h^pf¡ huS> v$bpZhpmp tbvy$\u Ap¡R>p huS> v$bpZhpmp tbvy$ sfa âhprls \pe R>¡. 
‎Ap`Z¡ ApNm Å¡ey„ R>¡ L¡$ dp¡V¡$cpN¡ rhÛysâhpl Cg¡¼V²$p¡_ (S>¡_p¡ rhÛys cpf F>Z lp¡e R>¡) _p hl__¡ L$pfZ¡ \pe ‎R>¡. 
Cg¡¼V²$p¡_ Ap¡R>p huS> v$bpZhpmp tbvy$\u h^y huS> v$bpZhpmp tbvy$ sfa âhprls \pe R>¡. ApL$pidp„ QdL$su 
huS>mu A¡V$g¡ v$bpZhpmp hpv$mpdp„\u h^pf¡ huS> v$bpZhpmu S>du_ sfa ‎hl¡_pfp¡ Ap¡R>p Cg¡¼V²$p¡__p¡ âhpl lp¡e 
R>¡. rhÛys huS> v$bpZ_u `qfcpjp ApNm iuMuiy„.‎

	 hplL$ A A_¡ B Ap b„_¡_p rhÛys hõsy_u v$bpZ_p saphs_¡ huS> v$bpZ_p¡ saphs (hu.v$.s.)‎ L$l¡ R>¡. ‎

	 ApL©$rs 3.2 dp„ v$ip®ìep âdpZ¡   
A h^pf¡ huS> v$bpZhpmp¡ A_¡ B ‎Ap¡R>p 
huS> v$bpZhpmp¡ hplL$ (Conductor) 
R>¡. Å¡ b„_¡ hplL$_¡ spf\u Å¡X$hpdp„ Aphsp 
spf_p b„_¡ R>¡X$pdp„ huS> v$bpZ_p¡ saphs 
r_dp®Z \i¡ A_¡ Cg¡¼V²$p¡Þk_p¡ âhpl hplL$ 
B \u hplL$ A sfa hl¡ R>¡. A A_¡ B Ap 
b„_¡ hplL$ `f huS> v$bpZ kdp_ \pe Ðep„ 
ky^u Ap âhpl Qpgy fl¡ R>¡. ‎Äepf¡ Ap b„_¡ 
hplL$ hÃQ¡_p¡ huS> v$bpZ_p¡ saphs     
(hu.v$.s.) i|Þe \i¡ Ðepf¡ huS>âhpl b„^ 
\i¡.‎   3.2 huS> v$bpZ_p¡ saphs A_¡ rhÛysâhpl

  3.3 dy¼s Cg¡¼V²$pµ_‎

Cg¡¼V²$pµ_‎ dy¼s Cg¡¼V²$pµ_‎
dy¼s Cg¡¼V²$pµ_‎

AZy‎
AZy‎

Þey¼guAk

DÃQ rhÛys v$bpZ Ap¡Ry>„ rhÛys v$bpZ

Ahfp¡^L$ hõsy_y„ AphfZ 
^fphsy„ õV¡$ÞX$

Ahfp¡^L$ hõsy_y„ AphfZ 
^fphsy„ õV¡$ÞX$

®A B
huS>hplL$ spf

^_ cpqfs 
hplL$

^_cpqfs hplL$

F>Z cpqfs 
hplL$

1J
1C

 W
 Q

\V = 

Ê Ê

ÊÊ
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huS> v$bpZ_p saphs_u Arsk|ÿd qL„$dsp¡ _uQ¡_p 
A¡L$ddp„ ìe¼s L$fpe R>¡.
1. 1mV (rdguhpµëV$) = 10-3 V
2. 1mV (dpe¾$p¡hpµëV$) = 10-6 V

huS> v$bpZ_p saphs_u dp¡V$u qL„$dsp¡ _uQ¡_p A¡L$ddp„ 
ìe¼s L$fpe R>¡.
1. 1kV (qL$gp¡hpµëV$) = 103 V
2. 1MV (d¡NphpµëV$) = 106 V

dy¼s Cg¡¼V²$p¡_‎ (Free Electron) : L$p¡C`Z ^psyê$` rhÛyshplL$_p âÐe¡L$ `fdpÏ `pk¡ A¡L$ A\hp A¡L$ L$fsp„ 
h^pf¡ Cg¡¼V²$p¡_ lp¡e R>¡. S>¡ `fdpÏ ‎L¡$ÞÖ kp\¡ M|b S> nuZ bm\u bÙ lp¡e R>¡. s¡_¡ dy¼s Cg¡¼V²$p¡_ L$l¡hpe R>¡.‎ 
ApL©$rs 3.3 dp„ bspìep âdpZ¡ ‎hplL$dp„ Ap Cg¡¼V²$p¡_ A¡L$ cpN sfa\u buÅ cpN sfa klS>`Z¡ S>C iL¡$ R>¡. S>¡\u 

dy¼s ‎Cg¡¼V²$p¡Þk_p ‎F>Zcpf_y„ `Z hl_ \pe R>¡. A¡V$g¡ L¡$ hplL$_p dy¼s Cg¡¼V²$p¡Þk s¡ F>Z cpf_p hplL$ lp¡e R>¡.‎

hp¡ëV$_p¡ kpv$p¡ rhÛys L$p¡j

h¥opr_L$_p¡‎ ‎̀ qfQe
   A¸g¡L$TpÞX²$p ìlp¡ëV$p Ap CV$prge_ h¥opr_L¡$ 
kh®â\d rhÛys L$p¡j s¥epf L$ep£. s¡d_p kÞdp_dp„ 
huS> ‎v$bpZ_p saphs_p A¡L$d_¡ hpµëV$ _pd 

Ap`hpdp„ Apìey„ R>¡.‎

‎3.4 dy¼s Cg¡¼V²$p¡Þk_u Nrs‎

spfdp„\u hl¡sp¡ rhÛysâhpl
(Electric Current) 
ApL©$rs 3.4 - (A) dp„ v$ip®ìep âdpZ¡ 
Å¡ rhÛyshplL$ spf, rhÛys L$p¡j_¡ Å¡X¡$gp 
_ lp¡e sp¡ s¡dp„ fl¡gp ‎ dy¼s Cg¡¼V²$p¡Þk, 
hplL$ spfdp„_p `fdpÏAp¡ hÃQ¡ kh® 
qv$ipdp„ dy¼s`Z¡ Nrs L$f¡ R>¡. `f„sy Äepf¡ 
hplL$ spf_¡ ‎rhÛys L$p¡j S>¡hp rhÛys öp¡s 
kp\¡ Å¡X$hpdp„ Aph¡ R>¡ Ðepf¡ spfdp„_p 
dy¼s Cg¡¼V²$p¡Þk `f rhÛys bm L$pe® L$f¡ 
R>¡. ApL©$rs 3.4 - ‎(b) dp„ v$ip®ìep 
âdpZ¡ ‎Cg¡¼V²$p¡Þk F>Zcpqfs lp¡hp_¡ 
L$pfZ¡ s¡ spf_p F>Z R>¡X$p\u (Ap¡R>p 
huS> v$bpZ\u) ^_ R>¡X$p (h^y huS> 
v$bpZ) sfa âhprls   \pe R>¡. Ap S> 
‎Cg¡¼V²$p¡Þk_p âhpl\u spfdp„\u 
rhÛysâhpl hl¡ R>¡. Ap Cg¡¼V²$p¡Þk_u 
lpgQpg Ar_erds     kfpkfu TX$`¡ 
Qpgy S> lp¡e R>¡.‎

(b) spf_p b¡ R>¡X$p hÃQ¡ huS> v$bpZ_p¡ saphs 

r_dp®Z L$ep® `R>u Cg¡¼V²$p¡Þk_u Nrs

(A) spfdp„_p Cg¡¼V²$p¡Þk_u ep×[ÃR>L$ Nrs

rhÛys L$p¡j

Cg¡¼V²$p¡Þk^psy_p¡ spf

Cg¡¼V²$p¡Þk_p âhpl_u qv$ip®

rhÛysâhpl_u k„L¡$sdpÞe qv$ip ®

+

+

-

-

iy„ sd¡ ÅZp¡ R>p¡?
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Cg¡¼V²$p¡_ hl__u qv$ip F>Z  
R>¡X$p\u ^_ R>¡X$p sfa lp¡e sp¡ 
rhÛysâhpl v$ip®hhp_u k„L¡$sdpÞe 
qv$ip ‎Cg¡¼V²$p¡__p âhpl_u rhfyÝ^ 
qv$ipdp„ A¡V$g¡ ^_ R>¡X$p\u F>Z R>¡X$p 
sfa lp¡e R>¡.‎

rhÛysâhpl‎ (Electric Current)
	 hplL$dp„\u hl¡sp Cg¡¼V²$p¡Þk_p¡ âhpl A¡V$g¡ S> 
rhÛysâhpl. s¡_y„ d|ëe (I) A¡L$d kdedp„ hplL$dp„\u hl¡sp 
‎rhÛyscpf S>¡V$gy„ lp¡e R>¡.  
	 Å¡ "Q' S>¡V$gp¡ huS>cpf hplL$dp„\u t kdedp„ hl¡ sp¡ 
rhÛysâhpl I _uQ¡ âdpZ¡ v$ip®hu iL$pe.

rhÛysâhpl = I = 
Q
 t  R>¡.‎

rhÛysâhpl_p Arsk|ÿd `qfdpZ _uQ¡ dyS>b v$ip®hpe R>¡. 

1. 1mA0  (rdgu Aµ[ç`Af) = 10-3 A 
2. 1mA0  (dpe¾$p¡ Aµ[ç`Af)  = 10-6 A 

	 ä¢Q NrZso A_¡ h¥opr_L$ Aµ[ç`Af¡ rhÛysâhpl `f        
Ap^pqfs âep¡Np¡ L$ep®. ‎s¡d_p L$pe®_¡ gu^¡ S> ApS>¡ Ap`Z¡ hplL$            
spfdp„\u hl¡sp¡ rhÛysâhpl dp`u iL$uA¡ R>uA¡. s¡d_p Ap ‎L$pe®_p   
kÞdp_p\£, rhÛysâhpl_p A¡L$d_¡ "Aµ[ç`Af' _pd Ap`hpdp„ Apìey„.‎

Dv$plfZ:‎ 0.4 A S>¡V$gp¡ rhÛysâhpl A¡L$ rhÛyshplL$ 
spfdp„\u kss 5 rdr_V$ ky^u `kpf \hp v¡$hpdp„ Aph¡ 
R>¡. sp¡ s¡ spfdp„\u hl¡sp¡ ‎huS>cpf ip¡^p¡.‎
Ap`¡gu dprlsu :‎  I = 0.4 A
          t = 5 min  = 5 ´ 60 s  =300 s 
k|Ó	 Q = I ´ t
	 Q = 0.4 A ´ 300 s
	 Q = 120 C.
\ spfdp„\u hl¡sp¡ huS>cpf = 120 C

1C

1s 
1A = 

	 huS>cpf_p¡ SI A¡L$d Ly$gp¡d (C) R>¡. rhÛysâhpl Aµ[ç`Af (A) dp„ ìe¼s \pe R>¡. (A¡L$ Cg¡¼V²$p¡_ `f_p¡ 
cpf 1.6 ´10-19 Ly$gp¡d (C) lp¡e R>¡.)‎
Aµ[ç`Af : Å¡ hplL$spfdp„\u A¡L$ k¡L$ÞX$dp„ A¡L$ Ly$gp¡d huS>cpf `kpf \sp¡ lp¡e sp¡ hplL$dp„\u ‎hl¡sp¡ rhÛysâhpl 
A¡L$ Aµ[ç`Af R>¡.‎

k„â¡jZ s„Óop__u ‎dprlsu

	 rkçeyg¡i_ s„Óop__p Ap^pf¡ rhÛysâhpl 
s¡d S> rhop__u rhrh^ k„L$ë`_p_p¡ Aæepk L$fp¡.‎

k„L¡$s õ\m :

www.phet.colorado.edu

www.edumedia-sciences.com

D`f_p k„L¡$s õ\m dyS>b rhrh^ dprlsu ^fphsp 
AÞe k„L¡$s õ\mp¡ ip¡^p¡ A_¡ s¡ buÅ kp\¡ i¡f L$fp¡.

iy„ sd¡ ÅZp¡ R>p¡?
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huS> Ahfp¡^ (Resistance) A_¡ Ap¡ld_p¡ r_ed 
Ap¡ld_p¡ r_ed ‎ (Ohm’s law)
	 hplL$dp„\u hl¡_pfp¡ rhÛysâhpl (I) A_¡ s¡ hplL$_p b¡ R>¡X$p hÃQ¡_p¡ huS> v$bpZ_p¡ saphs (V)  Ap 
b„_¡ hÃQ¡_p¡ ‎k„b„^ S>d®_ h¥opr_L$ ÅµS>® Ap¡ld_p r_edp_ykpf ip¡^u iL$pe.‎
	  hplL$_u cp¥rsL$ [õ\rs s¡ S> fl¡ sp¡ hplL$dp„\u hl¡sp¡ huS>âhpl (I) hpl_p b¡ R>¡X$p hÃQ¡_p huS>       
v$bpZ_p ‎saphs (V) _p kdâdpZdp„ lp¡e R>¡.‎ ‎ 
	 I a V
	 I = kV  ( k = [õ\fp„L$‎) 

	 I ´     = V    (          = R =  hplL$_p¡ Ahfp¡^‎)

	 I ´ R = V    A\p®s¹  V = IR  A\hp  R=  

	 ‎Ap k|Ó_¡ Ap¡ld_p¡ r_ed L$l¡hpe R>¡. 
	 D`f_p k|Ó `f\u Ap`Z¡ Ahfp¡^_p¡  SI  A¡L$d d¡mhu iL$uA¡. rhÛys v$bpZ_p¡ saphs hpµëV$ A_¡ 

rhÛysâhpl ‎A¡[ç`efdp„ d`pe R>¡. dpV¡$ Ahfp¡^_p¡ SI A¡L$d         Aph¡ R>¡ s¡_¡ S> Ap¡ld `Z L$l¡hpe R>¡. Ap¡ld 

Ap A¡L$d W Ap ‎rQl¹_\u v$ip®hu iL$pe.‎

	 \	
1 hpµëV$ 

1 Aµ[ç`Af   = 1 Ap¡ld (W) 

hplL$_u cp¥rsL$  Ahõ\p A¡V$g¡ 
hplL$_u g„bpC, ApX$R>¡v$_y„ 
n¡Óam, DóZspdp_ A_¡ s¡_y„ 
Öìe lp¡e R>¡.‎ ‎ 

 1 
 k

 1 
 k

hplL$_p¡ Ahfp¡^ A_¡ Ahfp¡^L$sp (Resistance and Resistivity)

‎1 Ap¡ld Ahfp¡^ : hplL$_p b¡ R>¡X$p hÃQ¡ 1 hp¡ëV$ huS> v$bpZ_p¡ saphs âey¼s L$fsp„ hplL$dp„\u 1 A¡[ç`ef 
rhÛysâhpl hl¡sp¡ lp¡e sp¡ hplL$_p¡ huS> Ahfp¡^ 1 Ap¡ld (One ohm resistance) L$l¡hpe.‎

	  D`f_u ApL©$rs 3.4 âdpZ¡ hplL$dp„ âQ„X$ âdpZdp„ 
dy¼s Cg¡¼V²$p¡Þk lp¡e R>¡. s¡ Cg¡¼V²$p¡Þk kss_¡ ‎ep×[ÃR>L$ Nrsdp„ 
lp¡e R>¡. hplL$_p b¡ R>¡X$p hÃQ¡ rhÛys v$bpZ_p¡ saphs âey¼s 
L$fsp„ Ap Cg¡¼V²$p¡_ ‎Ap¡R>p huS> v$bpZ_p R>¡X$p sfa\u h^pf¡ 
huS> v$bpZ ^fphsp R>¡X$p ky^u S>hp gpN¡ R>¡. Cg¡¼V²$p¡Þk_p Ap 
‎âhpl\u rhÛysâhpl r_dp®Z \pe R>¡. Nrsdp_ Cg¡¼V²$p¡Þk 
s¡d_p dpN®dp„ Aphsp `fdpÏ `f A\hp Ape_ ‎‎kp\¡ A\X$pe 
R>¡ Ap âL$pf_u A\X$pdZ_¡ gu^¡ Cg¡¼V²$p¡Þk_u Nrsdp„ Ahfp¡^ 
Dcp¡ \pe R>¡ A_¡ rhÛysâhpl_p¡ ‎rhfp¡^ \pe R>¡.‎ Ap rhfp¡^_¡ 
hplL$_p¡ Ahfp¡^ L$l¡ R>¡.‎

Ahfp¡^L$sp : Qp¡½$k Dódspdp_¡ hplL$_p¡ Ahfp¡^ R s¡ 
hplL$`v$p\® (Material), hplL$_u g„bpC (L) A_¡ ApX$R>¡v$_p 
n¡Óam (A) D`f ‎Ap^pf fpM¡ R>¡.‎

 V
  I

	 Å¡S>® kped_ Ap¡ld Ap 
S>d®_ cp¥rsL$ h¥opr_L¡$ rhÛys 
`qf`\dp„_p¡ Ahfp¡^ ip¡^hp 
dpV¡$_p¡ r_ed ‎âõ\pr`s L$ep£. 
s¡d_p kÞdp_p\£ Ahfp¡^_p 
A¡L$d_¡ Ap¡ld _pd Ap`hpdp„ 
Apìey„.‎

V
A
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	 Å¡ hplL$_p¡ Ahfp¡^ R lp¡e sp¡‎,
	 R a L

	 R a 1
A

    \	 R a 
L
A

	 R = r 
L
A  	

rhÛys `qf`\‎ (Electric Circuit)
	 rhÛys L$p¡j_p b¡ ^°yh hÃQ¡ Å¡X¡$gp 
hplL$spf A_¡ buÅ Ahfp¡^dp„\u hl¡sp 
rhÛysâhpl_p km„N dpN®_¡ rhÛys ‎‎ qf`\ 
(Electric Circuit)‎ L$l¡ R>¡. rhÛys `qf`\ 
l„d¡ip ApL©$rs Üpfp v$ip®hpe R>¡. rhÛys `qf`\
dp„ rhrh^ OV$L$p¡ L¡$hu fus¡ Å¡X$hp„, s¡ ‎rhrh^ 
rhÛys rQl¹_p¡_p¡ D`ep¡N L$fu_¡ v$ip®h¡gu 
ApL©$rs_¡ rhÛys `qf`\pL©$rs (Circuit dia-
gram)‎ L$l¡ R>¡.‎ ‎(ApL©$rs 3.5 Sy>Ap¡)‎

1.‎	 bpSy>_p rQÓdp„ iy„ c|g R>¡ s¡ ip¡^p¡.‎

      A	                      B	  	      C		              D		           E

‎2.‎	‎ _uQ¡_p rQÓdp„ B, C, D dp„ v$uhp¡ L¡$d `¡V$sp¡ _\u? L$pfZ õ`óV$ L$fp¡.‎

	 Ap ApL©$rsdp„ rhÛysâhpl dp`hp dpV¡$ "AµduV$f' A_¡ Ahfp¡^_p b¡ R>¡X$p hÃQ¡ fl¡gp¡ huS> v$bpZ_p¡ 
saphs ‎dp`hp dpV¡$ "ìlp¡ëV$duV$f' Ap e„Ó h`fpe R>¡. hpµëV$duV$f_p¡ Ahfp¡^ M|b h^pf¡ lp¡hp\u s¡dp„\u hl¡sp¡ 
rhÛysâhpl Arsk|ÿd lp¡e R>¡.‎ ‎

rhQpf L$fp¡.‎
Ahfp¡^_p¡ SI A¡L$d W m R>¡ s¡ sd¡ L¡$hu fus¡ rkÝ^ L$fip¡?‎

fbf_p Vy$L$X$p

	 Al] r A¡ kdQg__p¡ [õ\fp„L$ R>¡ Ap [õ\fp„L$_¡ hplL$`v$p\®_u "Ahfp¡^L$sp' (Resistivity) L$l¡hpe R>¡. SI 
`Ý^rsdp„ Ahfp¡^L$sp_p¡ A¡L$d Ap¡ld duV$f  (W m ‎) R>¡. Ahfp¡^L$sp s¡ `v$p\®_p¡ rhrióV$ NyZ^d® lp¡hp\u Sy>v$p 
‎Sy>v$p `v$p\®_u Ahfp¡^L$sp Sy>v$u lp¡e R>¡.‎

L¡$V$gpL$ `v$p\p£_u Ahfp¡^sp
sp„by -  1.7 ´ 10-8 W m
_pe¾$p¡d- 1.1 ´ 10-6 W m
lufp¡- 1.62 ´ 1013  ते 1.62 ´ 1018  W m

  3.5 rhÛys `qf`\‎

r_funZ L$fp¡.

rhÛysL$p¡j

hplL$spf

Aµ$duV$f (¾$rdL$ Å¡X$pZ) 

ìlp¡ëV$duV$f 
(Ahfp¡^_¡ kdp„sf)

Ahfp¡^

(.)
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rhÛys `qf`\_p OV$L$p¡ dpV¡$ h`fpsp rQl¹_p¡ A_¡ s¡_p D`ep¡N R>¡.‎

OV$L$‎		             rQÓ                          rQl¹_‎ D`ep¡N

rhÛys L$p¡j hplL$_p R>¡X$pdp„ rhÛys v$bpZ_p¡ 
saphs `|fp¡ `pX$hp¡.‎

b¡V$fu A\hp L$p¡jp¡_p¡ 
kd|l

hplL$_p R>¡X$pdp„ h^pf¡ 
ndsphpmp¡ huS> v$bpZ_p¡ 
saphs `|fp¡ `pX$hp¡.‎

Myëgu V¡$` L$u A\hp 
õhuQ (Myëgu)‎

hplL$_p b¡ R>¡X$p hÃQ¡_p¡ k„`L$®$ 
L$p`u_¡ huS> âhpl b„^ L$fhp¡.‎

v$pb¡gu V¡$` L$u A\hp 
õhuQ (b„^)‎

hplL$_p b¡ R>¡X$p hÃQ¡_p¡ k„`L$®$ 
Å¡X$u_¡ huS> âhpl iê$ L$fhp¡.‎

Å¡X$spf (hplL$spf)‎ rhrh^ OV$L$p¡_¡ `qf`\dp„ Å¡X$hp

Ap¡m„Nu_¡ S>_pfp 
hplL$spf

hplL$ spf A¡L$d¡L$_¡ Ap¡m„Nu_¡ 
S>sp v$ip®hhp

rhÛys bëb rhÛys âhpl_y„ hl_ s`pkhp 
dpV¡$‎ AâL$pris : hl_ \sy„ _\u. 
âL$pris : hl_ \pe R>¡.

rhÛys Ahfp¡^ `qf`\dp„\u `kpf \sp¡ rhÛys 
âhpl r_e„rÓs L$fhp¡.

bv$gpsp¡ Ahfp¡^‎ 
(Rheostat )

S>ê$fs âdpZ¡ Ahfp¡^ bv$gu_¡ 
`qf`\dp„_p¡ rhÛys âhpl Å¡CA¡ 
s¡ fus¡ bv$ghp¡.

AµrdV$f `qf`\dp„_p¡ rhÛys âhpl 
dp`hp¡ (¾$rdL$ Å¡X$pZdp„ $Å¡X$hy„—)‎

hp¡ëV$duV$f rhÛys v$bpZ_p¡ saphs dp`hp¡ 
(kdp„sf Å¡X$pZdp„ $Å¡X$hy„.)‎

kp^_p¡ : sp„bp A_¡ A¡ëeyrdr_ed_p spf, L$pQ_p krmep, fbf.‎ 

L©$rs : ApL©$rs 3.6 dp„ v$ip®ìep âdpZ¡ D`L$fZp¡_¡ Np¡W$hp¡. â\d tbvy$ A 
A_¡ B _u hÃQ¡ sp„bp_p¡ ‎spf Å¡X$p¡. `qf`\dp„_p¡ rhÛysâhpl dp`p¡. 
‎Ðepf bpv$ sp„bp_p spf_u S>ÁepA¡ A¡ëeyrdr_ed spf, L$pQ_p krmep 
A_¡ fbf A¡L$ `R>u A¡L$ d|L$u_¡ âÐe¡L$ kde¡ rhÛys ‎âhpl dp`p¡. sdpfp 
r_funZ_u _p¢̂  L$fp¡. sp„by, A¡ëeyrdr_ed_p spf, L$pQ_p krmep, 
fbf hN¡f¡_p ‎r_funZ_u syg_p L$fp¡.‎

‎3.6 rhÛys`qf`\‎ 

+

+ -

-

(   )

 (  ).

L$fu Sy>Ap¡¡.



37

Ap¡ld_p r_ed_u âpep¡rNL$ QL$pkZu L$fhu.‎

kp^_p¡ : 1.5 V _p Qpf rhÛys L$p¡j, AµduV$f, hpµëV$duV$f, hplL$ spf, _pe¾$p¡d_p¡ 
spf, àgN-Qphu.‎ ‎

L©$rs :
1.‎	 ApL©$rs 3.7 dp„ v$ip®ìep âdpZ¡ `qf`\_u Å¡X$Zu 

L$fp¡.‎
‎2.‎	‎ XY Ap _pe¾$p¡d_p¡ spf Ahfp¡^L$ sfuL¡$ hp`fp¡.‎
‎3.‎	 Ap`¡gp„ ̀ qf`\dp„ ̀ l¡gp„ A¡L$ L$p¡j Å¡X$p¡. (Å¡X$Zu  

‘a’ âdpZ¡)‎ A¡duV$f A_¡ hp¡ëV$duV$f_y„ hp„Q_   
_p¢^p¡.‎

‎4.‎	 Ap fus¡ ¾$d¡ ¾$d¡ A¡L$ A¡L$ h^pf¡ L$p¡j Å¡X$sp Åh 
(Å¡X$Zu  ‘b’, ‘c’, ‘d’) A_¡ hp„Q_ _p¢^p¡.‎

‎5.‎	‎        _u qL„$ds ip¡^p¡‎.

‎6.‎	 rhÛysv$bpZ_p¡ saphs (V) A_¡ huS>âhpl (I) 
_p¡ Apg¡M v$p¡fp¡ A_¡ s¡_y„ Ahgp¡L$_ L$fp¡.‎ ‎	‎

¾$dp„L$‎ hp`f¡g L$p¡jp¡_u 
k„¿ep

rhÛysâhpl (I) 
(mA)

rhÛysâhpl I 
(A)

rh.v$.s.‎
(V)

V
I

= R    (W)

1.
2.
3.
4.

hplL$ A_¡ AhplL$‎ (Conductors and Insulators)
	 rhÛys Ahfp¡^_u k„L$ë`_p âdpZ¡ Ap`Z¡ b^p `v$p\p£_y„ rhÛyshplL$ (kyhplL$) A_¡ rhÛysAhplL$ 
A¡d ‎hN}L$fZ L$fu iL$uA¡.‎ 

kyhplL$ : S>¡ `v$p\p£_p¡ Ahfp¡^ M|b S> Ap¡R>p¡ R>¡ s¡d_¡ kyhplL$ L$l¡ R>¡. s¡dp„\u kl¡gpC\u rhÛysâhpl hlu ‎iL¡$.‎

AhplL$ : S>¡ `v$p\p£_p¡ Ahfp¡^ M|b h^pf¡ lp¡e R>¡ A¡V$g¡ L¡$ S>¡dp„\u rhÛyshl_ \C S> iL¡$ _rl Aphp ‎‎ v$p\®_¡ 
AhplL$ L$l¡ R>¡.‎

‎1. ‎̀ v$p\® hplL$ A\hp AhplL$ L¡$d lp¡e R>¡?‎

‎2.‎ Ap`Ï„ ifuf ip dpV¡$ rhÛys hplL$ R>¡?‎

sdpfu ApSy>bpSy> lp¡e s¡hp kyhplL$ A_¡ AhplL$ `v$p\p£_u epv$u L$fp¡.‎

‎3.7 Ap¡ld_p r_ed_u QL$pkZu‎

X
Y

R
K

r_funZ L$p¡W$p¡‎

V
 I

a    b   c   d

L$fu Sy>Ap¡¡.
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NZ¡gp„ Dv$plfZp¡ : Ap¡ld_p¡ r_ed A_¡ Ahfp¡^L$sp

Dv$plfZ 4 : 110 W Ahfp¡̂ hpmp A¡L$ D`L$fZ_p b¡ 
R>¡X$p hÃQ¡ 33 V S>¡V$gp¡ huS> v$bpZ_p¡ saphs âey¼s 
L$fsp„, D`L$fZdp„\u hl¡sp¡ huS>âhpl ‎ip¡̂ p¡. 500 W         
Ahfp¡̂ hpmp D`L$fZdp„\u s¡V$gp¡ S> huS>âhpl `kpf 
L$fhp dpV¡$ s¡_p b¡ R>¡X$p hÃQ¡ L¡$V$gp¡ ‎huS> v$bpZ_p¡ saphs  
gNpX$hp¡ `X$i¡?‎ ‎
Ap`¡gu dprlsu :   V = 33 V A_¡  R = 110 W  
`l¡gu bpbsdp„‎

	     	 I = V
R

 =   

	          \ I = 0.3 A

\ D`L$fZdp„\u hl¡sp¡ huS>âhpl = 0.3 A 

buÆ bpbsdp„‎
 	 I = 0.3 A, R = 500 W
	 V = IR = 0.3 ´ 500 V = 150 V.
       D`L$fZ_p b¡ R>¡X$p hÃQ¡ âey¼s L$fpsp huS>  		
       v$bpZ_p¡ saphs  = 150 V

Dv$plfZ 3 : hplL$ spfdp„\u hl¡sp¡ huS>âhpl 0.24 A 
lp¡e A_¡ huS> v$bpZ_p¡ saphs 24V lp¡e, sp¡ hplL$_p¡ 
Ahfp¡̂  ip¡̂ p¡.‎
Ap`¡gu dprlsu :  V = 24 V, I = 0.24 A

k|Ó  	 R = 
V
I

 

      \ I =  
24 V
0.24 A

 

	 R = 100 W  
      \ hplL$_p¡ Ahfp¡̂  100 W R>¡.‎

Dv$plfZ 1: rhÛys bëb_p `psmp spf (Filament) 
_p¡ Ahfp¡^ 1000 W R>¡. Å¡ 230V huS> v$bpZ_p¡ 
saphs hpmp öp¡sdp„\u rhÛys bëb_¡ ‎rhÛysâhpl 
dmsp¡ lp¡e sp¡ s¡ `psmp spfdp„\u hl¡sp¡ huS>âhpl 
ip¡^p¡.‎
Ap`¡gu dprlsu :	 R = 1000 W
			   V = 230 V

k|Ó    	 I = 
V
R  	

\ I =  
230 V
1000 W  = 0.23 A. 

\ rhÛys bëb_p `psmp spfdp„\u hl¡sp¡ huS>âhpl 
      = 0.23 A. 
Dv$plfZ 2 : A¡L$ hplL$ spf_u g„bpC 50 cm A_¡ 
rÓÄep 0.5 mm R>¡. Ap spf_p¡ Ahfp¡̂  30 W lp¡e sp¡ 
spf_u Ahfp¡̂ L$sp ip¡̂ p¡.‎
Ap`¡gu dprlsu : L = 50 cm = 50 ´ 10-2 m
	 r  = 0.5 mm = 0.5 ´ 10-3m 
           = 5 ´ 10-4 m A_¡ R = 30 W

Ahfp¡̂ L$sp,  r =
RA
L  

`f„sy A = pr2

\ r	 =  R  
pr2

L

	 =  
30 ´ 3.14 ´ (5 ´ 10-4)2

50 ´ 10-2  

	 =  
30 ´ 3.14 ´ 25 ´ 10-8

50 ´ 10-2

	 =  47.1 ´ 10-6 W m

	 =  4.71 ´ 10-5 W m

\spf_u Ahfp¡̂ L$sp 4.71 ´ 10-5 W m

k„â¡jZ s„Óop__u dprlsu
	 IV$f_¡V$_p Ap^pf¡ NprZrsL$ Dv$plfZp¡ R>p¡X$hp dpV¡$ k„NZL$ue kpµãV$h¡Af L$ep L$ep R>¡ s¡_u dprlsu gC 
s¡_p¡ ‎D`ep¡N Ap A\hp buÅ `pW$_p Dv$plfZ R>p¡X$su hMs¡ L$fp¡.‎  

 33
110
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Dv$plfZ 5 : 1 km g„bpC A_¡  0.5 mm ìepk ^fphsp sp„bp_p spf_p¡ Ahfp¡̂  ip¡̂ p¡.‎  
Ap`¡gu dprlsu :  sp„bp_u Ahfp¡̂ L$sp  = 1.7 ´ 10-8 W m
	 b^p dp`_¡ duV$fdp„ L$fsp„ -
	 L = 1 km = 1000 m = 103 m
	 d = 0.5 mm = 0.5 ´ 10-3 m
	 ^pfp¡ L¡$ r s¡ spf_u rÓÄep R>¡, sp¡ s¡_p¡ ApX$R>¡v$‎
	       A = pr2 

	 	  p
4

 (0.5 ´ 10-3)2 m2  = 0.2 ´ 10-6 m2

	    R = r 
L
A  = 1.7 ´ 10-8 W m ´ (103m)

0.2 ´ 10-6m2
 = 85 W

Ahfp¡̂ p¡_y„ Å¡X$pZ A_¡ `qfZpdu Ahfp¡̂ ‎ (System of Resistors and effective Resistance)
	 A_¡L$ rhÛys D`L$fZp¡ (Gadgets) dp„ Ap`Z¡ Ak„¿e Ahfp¡̂ p¡_¡ rhrh^ fus¡ Å¡X$uA¡ R>uA¡. Aphu fus¡ Å¡X¡$gp 
‎Ahfp¡̂ p¡_¡ `Z Ap¡ld_p¡ r_ed gpNy `X¡$ R>¡.‎

Ahfp¡^p¡_y„ ¾$rdL$ Å¡X$pZ (Resistors in Series)

	 ApL©$rs 3.8 _y„ r_funZ L$fp¡.‎ ‎

	 `qf`\dp„ R1, R2 A_¡  R3 Ap ÓZ Ahfp¡̂ _p 
R>¡X$p A¡L$_u kp\¡ A¡L$ Å¡X$pe s¡ fus¡ Å¡X¡$gp R>¡.                 
Ahfp¡̂ p¡_p Aphp ‎Å¡X$pZ_¡ ¾$rdL$ Å¡X$pZ L$l¡ R>¡.‎ ‎¾$rdL$ 
Å¡X$pZdp„ âÐe¡L$ Ahfp¡̂ dp„\u kdd|ëe rhÛysâhpl 
`kpf \pe R>¡.‎ ApL©$rsdp„ v$ip®ìep âdpZ¡ rhÛysâhpl I 
A_¡ tbvy$ C A_¡ D hÃQ¡_p¡ huS> v$bpZ_p¡ saphs V 
R>¡. 

	 R1, R2 A_¡  R3Ap ‎ÓZ Ahfp¡̂  `qf`\dp„ ¾$rdL$ 

Å¡X$pZdp„ Å¡X¡$gp R>¡.  V1, V2 A_¡ V3 A_y¾$d¡, R1, R2 
A_¡  R3 A¡ âÐe¡L$ Ahfp¡̂ _p R>¡X$p hÃQ¡_p¡ huS>          

v$bpZ_p¡ saphs lp¡e sp¡, ‎

	 V = V1+ V2 + V3 --------(1)

Å¡¡ RS (¾$rdL$_¡ A„N°¡Ædp„ series L$l¡hpe dpV$¡$ RS      
iåv$ hp`f¡gp¡ R>¡.) A¡ tbvy$ C A_¡ D hÃQ¡_p ÓZ¡                
Ahfp¡̂ p¡_p¡ `qfZpdu Ahfp¡̂  lp¡e R>¡ sp¡ Ap¡ld_p       
r_ed âdpZ¡‎ Ly$g huS> v$bpZ_p¡ saphs

	 V = I RS

V1 = I R1, V2 = I R2 A_¡ V3 = I R3 Ap qL„$ds 
kduL$fZ (1) dp„ d|L$sp„, ‎

	 I RS  =  I R1+ I R2 + I R3 
	 RS	   =  R1+ R2 + R3

Å¡ n Ahfp¡̂ p¡_¡ ¾$rdL$ Å¡X$pZdp„ Å¡X$ép lp¡e sp¡‎,

Rs =  R1+ R2 + R3+-------+ Rn

‎3.8 Ahfp¡^p¡_y„ ¾$rdL$ Å¡X$pZ

K E

R3R2
R1

C D

d
2
  2

\  A = p ´   

\  A =   
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	 ‎¾$rdL$ Å¡X$pZdp„ A¡L$ `R>u A¡L$ A¡d 
Å¡X$pZ lp¡e R>¡. s¡dp„_p¡ A¡L$ OV$L$ Å¡ L$pd L$f¡ _rl 
sp¡ `qf`\ M„qX$s \C Åe ‎R>¡ A_¡ rhÛysâhpl 
h¡lsp¡ _\u. Å¡ b¡ bëb ¾$rdL$ Å¡X$pZdp„ Å¡X$uA¡ 
sp¡ A¡L$ A¡L$ gNpX$ép lp¡e s¡_p L$fsp„ ‎Ap¡R>p¡ 
âL$pi Ap`¡. Å¡ ÓZ bëb ¾$rdL$ Å¡X$pZ\u 
Å¡X$uA¡ sp¡ lÆ Ap¡R>u âMfsp\u âL$pris \i¡. 
‎rhQpf L$fp¡ : s¡_y„ iy„ L$pfZ li¡?‎

  Å¡ Ap`¡g Ahfp¡^ ¾$rdL$ Å¡X$pZdp„ Å¡X¡$gp lp¡e sp¡‎ 
1.‎	‎  qf`\_p v$f¡L$ Ahfp¡^dp„ huS>âhpl kdd|ëe 

lp¡e R>¡.‎
‎2.‎	‎ ¾$rdL$ Å¡X$pZdp„ kdd|ëe Ahfp¡^ A¡ v$f¡L$ 

Ahfp¡^_p kfhpmp S>¡V$gp¡ lp¡e R>¡.‎
‎3.‎	‎ ¾$rdL$ Å¡X$pZdp„ b¡ R>¡X$p hÃQ¡_p¡ huS>          

v$bpZ_p¡ saphs A¡ v$f¡L$ Ahfp¡^p¡ hÃQ¡_p 
huS> v$bpZ_p¡ saphs _p kfhpmp S>¡V$gp¡ lp¡e 
R>¡.‎

‎4.‎	‎ ¾$rdL$ Å¡X$pZdp„ `qfZpdu Ahfp¡^ A¡ v$f¡L$ 
Ahfp¡^ L$fsp„ h^pf¡ lp¡e R>¡.‎

‎5.‎	 huS> `qf`\dp„ Ahfp¡^ h^pfhp ¾$rdL$      
Å¡X$pZ_p¡ D`ep¡N \pe R>¡.‎ ‎

¾$rdL$ Å¡X$pZ_p Dv$plfZp¡‎

Dv$plfZ 1: 15 W, 3 W, A_¡ 4 W Ap ÓZ Ahfp¡^p¡_¡ ¾$rdL$ Å¡X$pZdp„ Å¡X¡$gp R>¡. sp¡ `qf`\dp„_p¡ `qfZpdu 
‎Ahfp¡^ ip¡^p¡.‎ ‎
Ap`¡gu dprlsu :   R1 = 15 W, R2 = 3 W, R3 = 4 W
`qfZpdu Ahfp¡^‎  Rs =  R1+ R2 + R3  =  15 + 3 + 4 = 22 W
\ `qf`\_p¡ `qfZpdu Ahfp¡^‎ = 22 W

Dv$plfZ 2 : 16 W A_¡ 14 W _p Ahfp¡^p¡_¡ ¾$rdL$ Å¡X$pZdp„ Å¡X$ép R>¡. Å¡ s¡d_p hÃQ¡ 18 V S>¡V$gp¡ huS> 
v$bpZ_p¡ saphs âey¼s L$fhpdp„ Aph¡ sp¡ ‎‎ qf`\dp„\u hl¡sp¡ rhÛysâhpl ip¡^p¡. s¡d S> âÐe¡L$ Ahfp¡^_p R>¡X$p 
hÃQ¡_p¡ huS> v$bpZ_p¡ saphs ip¡^p¡.‎ ‎ ‎
Ap`¡gu dprlsu :  R1 = 16 W  A_¡    R2 = 14 W  

	    	   Rs =  14 W + 16 W = 30 W
^pfp¡ L¡$ `qf`\dp„\u hl¡sp¡ rhÛysâhpl I R>¡. V1 A_¡ V2Ap A_y¾$d¡ 16 W A_¡ 14 W Ap Ahfp¡^p¡ hÃQ¡_p¡ huS> 
v$bpZ_p¡ saphs R>¡.‎ 
	 V = I R        V = V1 + V2 = 18 V

       	 I = 
V
R   =  

18 V
30 W  

	 \ I = 0.6 A. 

	 V1= I R1

	 V1= 0.6 ´ 16  = 9.6 V

	 V2= I R2  = 0.6 ´ 14  = 8.4 V

\ `qf`\dp„\u hl¡sp¡ rhÛysâhpl = 0.6 A A_¡ 16 W A_¡ 14 W Ahfp¡^_p R>¡X$p hÃQ¡_p¡ huS> v$bpZ_p¡ 
saphs A_y¾$d¡    9.6 V A_¡ 8.4 V S>¡V$gp¡ R>¡.‎

iy„ sd¡ ÅZp¡ R>p¡?
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	 DóZspdp_ Ap¡Ry>„ L$fsp„ L$fsp„ i|Þe L¡$[ëh_ (K) _u _ÆL$ gC S>sp„ L¡$V$gp„L$ hplL$_p¡ Ahfp¡^ 
i|Þe_u _ÆL$ `lp¢Q¡ ‎R>¡. Aphp hplL$_¡ ArshplL$ (Super Conductor)L$l¡hpe. L¡$V$gp„L$ hplL$ Ap¡ld_p 
r_ed_y„ `pg_ L$fsp _\u. Aphp hplL$_¡ ‎A_Ap¡ld_ue hplL$ L$l¡hpe R>¡.‎

Ahfp¡^p¡_y„ kdp„sf Å¡X$pZ (Resistors in Parallel)

	 ApL©$rs 3.9 dp„ R1, R2 A_¡ R3 Ap ÓZ 
Ahfp¡^p¡_¡ tbvy$ C A_¡ D Ap b¡ tbvy$ hÃQ¡ kdp„sf 
Å¡X$pZdp„ Å¡X¡$gp R>¡.‎ ‎̂ pfp¡ L¡$ I1, I2 A_¡ I3 A_y¾$d¡ 
R1, R2 A_¡ R3 Ap Ahfp¡^p¡dp„\u `kpf \sp¡ 
huS>âhpl R>¡. V A¡ tbvy$ C A_¡ D hÃQ¡ âey¼s 
L$f¡gp¡ ‎huS> v$bpZ_p¡ saphs R>¡.‎ ‎

	 `qf`\dp„_p¡ Ly$g  huS>âhpl

	 I = I1+ I2+ I3-------(1)

	 ^pfp¡ L¡$, RP `qf`\dp„_p¡ `qfZpdu Ahfp¡^ R>¡. (kdp„sf_¡ A„N°Ædp„ Parallel L$l¡ R>¡. dpV¡$ RP h`fpe 
R>¡.)‎ ‎̀ f„sy Ap¡ld_p r_ed âdpZ¡  

	 I = 
V
RP

  s¡d S>‎ I1 = 
V
R1

,  I2 =  
V
R2

,  I3 = 
V
R3

 

	 kduL$fZ (1) dp„ Ap qL„$ds  d|L$sp„‎..

	
V
RP

 = 
V
R1

+      + 

      \ 1
RP

   =  
1
R1

+     +         Å¡ n Ahfp¡^ kdp„sf Å¡X$pZdp„ Å¡X$ép lp¡e Ðepf¡‎,‎  

	
1
RP

 = 
1
R1

+  
1
R2

 +  
1
R3

+........+ 
1
Rn

 

 R1, R2, R3 Ap ÓZ Ahfp¡^p¡_y„ Å¡X$pZ b„_¡ bpSy>_p 
R>¡X$p s¡ s¡ bpSy>_u kp\¡ Å¡X$u v$CA¡ sp¡ dmsp Å¡X$pZ_¡ 
kdp„sf ‎Å¡X$pZ L$l¡hpe R>¡.‎

‎3.9 Ahfp¡^p¡_y„ kdp„sf Å¡X$pZ‎

	 kdp„sf Å¡X$pZ\u A_¡L$ v$uhp Å¡X¡$gp lp¡e A_¡ A¡L$pv$p¡ v$uhp¡ s¡ v$uhp_p spf_y„ Å¡X$pZ s|V$hp\u âL$pris _ ‎‎ 
\pe sp¡ `Z rhÛys `qf`\ M„qX$s \sp¡ _\u. buÅ dpN£\u rhÛysâhpl hl¡ R>¡ A_¡ buÅ v$uhp âL$pris \pe R>¡.‎

	 A_¡L$ v$uhp ¾$rdL$ Å¡X$pZ\u Å¡X$sp s¡ `p¡sp_u d|m âMfsp L$fsp„ Ap¡R>u âMfsp\u âL$pi¡ R>¡. `f„sy s¡ S> 
v$uhp ‎kdp„sf `Ý^rs\u Å¡X$uA¡ sp¡ âÐe¡L$ v$uhp¡ `p¡sp_u d|m âMsfsp\u âL$pi Ap`i¡.‎

K E

R2
R3

R1 DC

iy„ sd¡ ÅZp¡ R>p¡?

V
R2

V
R3
1
R3

1
R2
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Å¡ Ap`¡g Ahfp¡^ kdp„sf Å¡X$pZdp„ Å¡X¡$gp lp¡e sp¡‎,
‎1.‎	 Å¡X¡$gp kh® Ahfp¡^p¡_p ìeõsp„L$p¡_p¡ kfhpmp¡, `qfZpdu Ahfp¡^_p ìeõsp„L$ (Reciprocal) S>¡V$gp¡ lp¡e R>¡.‎
‎2.‎	 v$f¡L$ Ahfp¡^dp„ hl¡sp¡ huS>âhpl, Ahfp¡^p¡_p ìeõsâdpZdp„ lp¡e R>¡. (S>¡V$gp¡ Ahfp¡^ ‎h^y, s¡V$gp¡ 

huS>âhpl Ap¡R>p¡) A_¡ `qf`\dp„\u hl¡_pfp¡ Ly$g rhÛysâhpl A¡ kh® Ahfp¡^dp„\u ‎õhs„Ó`Z¡ hl¡sp 
rhÛysâhpl_p kfhpmp S>¡V$gp¡ lp¡e R>¡.‎

‎3.‎	 âÐe¡L$ Ahfp¡^_p R>¡X$p hÃQ¡_p¡ huS> v$bpZ_p¡ saphs kdp_ lp¡e R>¡.‎
‎4.‎	 kdp„sf Å¡X$pZ_p¡ `qfZpdu Ahfp¡^ A¡ Å¡X$pZdp„_p Ahfp¡^ L$fsp„ Ap¡R>p¡ lp¡e R>¡.‎
‎5.‎	 huS> `qf`\dp„ Ahfp¡^ OV$pX$hp kdp„sf Å¡X$pZ_p¡ D`ep¡N \pe R>¡.‎

kdp„sf Å¡X$pZ_p Dv$plfZp¡‎
Dv$plfZ 1 : 15 W, 20 W A_¡ 10 W  Ap ÓZ Ahfp¡^_¡ kdp„sf Å¡X$pZdp„ Å¡X¡$gp R>¡. sp¡ `qf`\dp„_p¡     
`qfZpdu Ahfp¡^ ip¡^p¡.‎
Ap`¡gu dprlsu :  R1= 15 W,  R2 = 20 W A_¡ R3 = 10 W

 

                                         

           RP   =	
60
13   =	 4.615 W

	 \ `qf`\dp„_p¡ `qfZpdu Ahfp¡^ = 4.615 W
Dv$plfZ 2 : Å¡ 5 W, 10 W A_¡ 30 W Ap ÓZ Ahfp¡^ kdp„sf Å¡X$pZdp„ Å¡X¡$gp lp¡e A_¡ s¡_p b„_¡ R>¡X$p `f 
12 V huS> v$bpZ_p¡ saphs âey¼s L$f¡g lp¡e sp¡ `qf`\_p¡ `qfZpdu ‎Ahfp¡^ ip¡^p¡. `qf`\dp„\u hl¡sp¡ Ly$g 
rhÛysâhpl A_¡ âÐe¡L$ Ahfp¡^dp„\u hl¡sp¡ rhÛysâhpl ip¡^p¡.‎ ‎ ‎
Ap`¡gu dprlsu :   R1= 5 W,  R2 = 10 W A_¡ R3 = 30 W, V = 12 V

	 I1 = 
V
R1

 = 
12
5

 = 2.4 A

	 I2 = 
V
R2

 = 
12
10

 = 1.2 A

	 I3 = 
V
R3

 = 
12
30

 = 0.4 A

	 I = I1 + I2 + I3   = 2.4 + 1.2 + 0.4  = 4.0 A

                                   

RP = 3 W  , `qf`\_p¡ `qfZpdu Ahfp¡^‎ = 3 W A_¡ 5 W, 10 W A_¡  30 W _p Ahfp¡^dp„\u hl¡sp¡ 
rhÛysâhpl A_y¾$d¡ 2.4 A, 1.2 A A_¡ 0.4 A R>¡. `qf`\dp„„\u hl¡sp¡ Ly$g rhÛysâhpl = 4 A

=       =
10
30

1
3

	
1
RP

 =		
1
R1

 +  
1
R2

 +  
1
R3

  

	
1
RP

 =	
 1
15

 +  
 1
20

 +  
 1
10

  4 + 3 + 6
60

13
60

= =

6 +3 + 1  
30

	
1
RP

 
1
R1

+  
1
R2

+  
1
R3

  == 1
5

1
10

1
30

+ + =
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OfNÕ\y rhÛys Å¡X$pZ

	 Ap`Zp Ofdp„_p¡ rhÛysâhpl s¡ dy¿e rhÛyshplL$ spfdp„\u S>du__u _uQ¡ spf Üpfp A\hp rhÛys \p„cgp 
‎D`f_p spfdp„\u g¡hpdp Aph¡ R>¡. s¡ `¥L$u A¡L$ spf huS>ey¼s (live) sp¡ buÅ¡ spf sV$õ\ (Neutral) lp¡e R>¡. 
‎kpdpÞe`Z¡ huS>ey¼s spf gpg f„N_p Ahfp¡^L$ A¡V$g¡ L¡$ AhplL$ AphfZey¼s lp¡e R>¡, sp¡ sV$õ\ spf L$pmp 
f„N_p Ahfp¡^L$ AphfZey¼s lp¡e R>¡. cpfsdp„ Ap b„_¡ spfdp„_p¡ ‎rhÛys v$bpZ_p¡ saphs kp^pfZs: 220 V 
lp¡e R>¡.‎

	 Ap b„_¡ spf Of_p rhÛys duV$f kp\¡ dy¿e ãeyT (Main fuse) Üpfp Å¡X¡$gp lp¡e R>¡. ‎dy¿e õhuQ Üpfp 
(Main Switch) Ap spf Of_p b^p hplL$ spf kp\¡ Å¡X$pe Åe R>¡. Ap`Zp„ Ofdp„ âÐe¡L$ Ap¡fX$pdp„ ‎huS>mu 
dmu fl¡ A¡ fus¡ huS>hplL$ spf_y„ Å¡X$pZ L$f¡gy„ lp¡e R>¡. âÐe¡L$ õhs„Ó `qf`\dp„ huS>ey¼s s\p sV$õ\ spf hÃQ¡ 
Sy>v$p Sy>v$p D`L$fZp¡ Å¡X¡$gp lp¡e R>¡. âÐe¡L$ D`L$fZp¡_¡ kdp_ huS> v$bpZ_p saphs_p¡ `|fhW$p¡ `|fp¡ `pX$hpdp„ 
Aph¡ R>¡ A_¡ D`L$fZp¡ l„d¡ip„ kdp„sf Å¡X$pZ\u Å¡X$pe¡gp lp¡e R>¡. Ap D`fp„s ÓuÅ¡ spf S>du_ kp\¡ k„`L®$dp„ 
lp¡hp\u s¡ `ump f„N_p Ahfp¡^L$ AphfZey¼s lp¡e R>¡. s¡ Of `pk¡ ‎S>du_dp„ A¡L$ ^psy_u `Ë$u kp\¡ Å¡X$pe¡gp¡ 
lp¡e R>¡. Ap spf kyfnp dpV¡$ h`fpe R>¡.‎ 

huS> h`fpi_u bpbsdp„ g¡hp_u L$pmÆ
1.‎	 Of_u c]s `f b¡kpX¡$gp rhÛys õhuQ A_¡ kpµL¡$V$ _p_p R>p¡L$fpAp¡_p¡ lp\ `lp¢Q¡ _lu A¡V$gu KQpC ‎‎ f 

lp¡hp Å¡C_¡ A¡V$g¡ L¡$ s¡ `u_ A\hp Mugp S>¡hu hõsy àgNdp„ _pMu iL¡$ _rl. àgN L$pY$su hMs¡ àgN 
‎̀ f\u hpef M¢Qhp _rl. ‎

‎2.‎	 rhÛys D`L$fZp¡_u kapC L$fsp„ `l¡gp„ s¡_p bV$_ b„^ L$fu rhÛysâhpl M„qX$s L$fhp¡ A_¡ s¡_p¡ àgN 
‎kpµL¡$V$dp„\u blpf L$pY$hp¡. ‎

‎3.‎	 rhÛys D`L$fZ hp`fsu hMs¡ sdpfp lp\ L$p¡fp lp¡hp Å¡CA¡. s¡d S> Ap kde¡ fbf_p srmephpmp 
‎‎Qà`g `l¡fu rhÛys D`L$fZp¡ hp`fhp. fbf s¡ rhÛys Ahfp¡^L$ lp¡hp\u Aphp ‎‎Qà`g ‎ hp`fhp\u 
D`L$fZp¡ hp`f_pfu ìe[¼s_p ifufdp„\u rhÛysâhpl âkpf \hp_y„ Å¡Md V$mu Åe R>¡. ‎

‎4.‎	 rhÛys Ap„QL$p¡ (Shock) S>¡ ìe[¼s_¡ gpN¡ s¡ ìe[¼s Å¡ spf_p k„`L®$dp„ flu lp¡e sp¡ sfs S> dy¿e bV$_ 
b„^ L$fp¡ ‎A_¡ Å¡ dy¿e bV$_ v|$f lp¡e sp¡ A\hp s¡_u S>Np sd_¡ Mbf _ lp¡e sp¡ i¼e lp¡e sp¡  
kpµL¡$V$dp„\u ‎àgN blpf L$pY$p¡. Ap `Z i¼e _ lp¡e sp¡ gpL$X$p_u hõsy_u dv$v$\u s¡ ìe[¼s_¡ spf\u v$|f 
^L¡$gp¡.

ãeyT :‎  rhÛys D`L$fZp¡_¡ _yL$kp_ _ \pe s¡ dpV¡$ ãeyT hp`fhpdp„ 
Aph¡ R>¡. Ap spf rhrióV$ ÖhZp„L$ ^fphsp ‎k„rdîZ_p¡ b_¡gp¡ lp¡e R>¡. 
A_¡ s¡ rhÛys D`L$fZ kp\¡ ¾$rdL$ Å¡X$pZdp„ Å¡X¡$gp¡ lp¡e R>¡. Å¡ ̀ qf`\
dp„\u L$p¡CL$ L$pfZ¡ Qp¡½$k d|ëe L$fsp h^pf¡ rhÛysâhpl ̀ kpf \pe, sp¡ 
Ap spf_y„ ‎DóZspdp_ h^¡ A_¡ s¡ `uNm¡ R>¡. S>¡\u rhÛys `qf`\ 
M„qX$s \C rhÛysâhpl AV$L¡$ R>¡ A_¡ D`L$fZp¡_y„ ‎k„fnZ \pe R>¡. Ap 
spf `p¡k£rg_ S>¡hp Ahfp¡^L$ `v$p\®dp„\u b_ph¡gu `¡V$udp„ ‎b¡kpX¡$gp¡ 
lp¡e R>¡. OfNÕ\y h`fpi dpV¡$ 1A, 2A, 3A, 4A, 5A A_¡ 10A  
ndsp ^fphsp ãeyT h`fpe R>¡.‎

L$pV£$S> ãeyT 

rkf¡rdL$ ãeyT
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1.‎	‎  pk¡_p rQÓdp„ Ofdp„_p rhÛys D`L$fZp¡ 
`qf`\dp„ Å¡X$pe¡gp v¡$Mpe R>¡, s¡ `f\u _uQ¡_p 
âñp¡_p DÑf ‎Ap`p¡. ‎ ‎

	 (A)	 Ofdp„ rhÛys D`L$fZp¡ L$C Å¡X$Zu\u 
Å¡X¡$gp R>¡ ? ‎

	 (Ap)‎	b^p D`L$fZp¡_p¡ huS> v$bpZ_p¡ saphs  
L¡$hp¡ li¡ ? ‎

	 (B)	 D`L$fZdp„\u `kpf \_pfp¡ rhÛysâhpl 
kfMp¡ S> li¡ L¡$ ? DÑf_y„ kd\®_ L$fp¡. ‎

	 (C)‎	 Ofdp„ rhÛys `qf`\_u Å¡X$Zu Ap 
`Ý^rs\u ip dpV¡$ L$fhpdp„ Aph¡ R>¡ ?‎

	 (D)	 Ap D`L$fZp¡dp„  T.V. b„^ \C Åe sp¡ 
k„`|Z® `qf`\ M„qX$s \i¡ ?‎ DÑf_y„ 
kd\®_ L$fp¡. ‎ 

2. 	 rhÛys `qf`\dp„ Å¡X$psp OV$L$p¡_p rQÞlp¡ L$p¡W$pdp„ 
Apàep R>¡. s¡ ApL©$rsdp„ ep¡Áe õ\m¡ Å¡X$u ̀ qf`\ 
`|Z® ‎L$fp¡.‎ ‎

4.	 _uQ¡_p L$p¡W$pdp„ rhÛys âhpl (A dp„) A_¡ huS> 
v$bpZ_p¡ saphs  (V dp„) Ap`¡gp¡ R>¡. ‎ ‎

	 (A)‎  L$p¡W$p_p Ap^pf¡ kfpkfu Ahfp¡^ ip¡^p¡. ‎
	 (Ap)	rhÛysâhpl A_¡ huS> v$bpZ saphs_p 

Apg¡M_y„ õhê$` L¡$hy„ li¡ ? (Apg¡M v$p¡fhp¡ 
_rl.) ‎

	 (B)	‎ ¼ep¡ r_ed rkÝ^ \pe R>¡ ?‎ s¡ õ`óV$ L$fp¡. 

	 D`f_p `qf`\_u dv$v$\u L$ep¡ r_ed rkÝ^ L$fu 
iL$pe ?‎

6.	 ‘x’ S>¡V$gu g„bpC_p hplL$_p¡ Ahfp¡^ ‘r’A_¡ 
s¡_p ApX$ R>¡v$_y„ n¡Óam ‘a’  lp¡e sp¡ s¡ hplL$_u 
Ahfp¡^L$sp L¡$V$gu li¡ ‎‎? 

	 s¡ ¼ep A¡L$ddp„ d`pe R>¡ ? ‎

3.	 Dd¡i `pk¡ 15 W A_¡  30 W Ahfp¡^      
^fph_pf b¡ bëb R>¡. s¡_¡ s¡ bëb rhÛys 
`qf`\dp„ Å¡X$hp R>¡. `f„sy s¡Z¡ s¡ ‎bëb A¡L$ 
A¡L$ A¡d õhs„Ó Å¡X$ép sp¡ s¡ bëb `¡V$sp _\u 
sp¡ ...‎

	 (A)‎	 s¡Z¡ bëb Å¡X$su hMs¡ L$C `Ý^rs\u 
Å¡X$hp `X$i¡ ? ‎

	 (Ap)‎	D`f_p âñ_p DÑfp_ykpf bëb Å¡X$hp_u 
`Ý^rs_p NyZ^dp£ S>Zphp¡. ‎

	 (B)	 D`f_u `Ý^rsA¡ bëb Å¡X$hp\u 
`qf`\_p¡ `qfZpdu Ahfp¡^ L¡$V$gp¡ li¡ ? ‎

V I
4 9
5 11.25
6 13.5

5. 	 Å¡X$L$p„ Å¡X$p¡. ‎
	 "A' rhcpN ‎	‎ "b' rhcpN ‎

	 1. dy¼s  Cg¡¼V²$p¡_ ‎	‎ a.	 V/ R
	‎ 2. rhÛysâhpl ‎	 b.	 `qf`\dp„ 		

		  Ahfp¡^L$ 
					    h^pfhp
	‎ 3. Ahfp¡^L$sp ‎	 c.	 nuZ bm\u 
					    b„^pe¡gp
	‎ 4. ¾$rdL$ Å¡X$Zu ‎	 d.	 VA/L I

õhpÝepe
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7.  	 Ahfp¡^L$ R1 , R2 , R3 A_¡ R4ApL©$rsdp„ 
bspìep âdpZ¡ Å¡X¡$gp R>¡. S1 A_¡ S2 s¡ b„_¡ 
Qphu (L$m) v$ip®h¡ R>¡. sp¡ ‎‎_uQ¡_p dyv¹$p_p 
Ap^pf¡ Ahfp¡^dp„\u hl¡sp rhÛysâhpl 
bpbs QQp® L$fp¡. ‎ ‎ 

	

	
	

	 (A)	 L$m (Qphu) S1 A_¡  S2  b„_¡ b„^ L$fu. ‎
	 (Ap)	b„_¡ Qphu Myëgu fpMu. ‎
	 (B)	 S1 b„^ fpMu A_¡ S2 Myëgu fpMu. ‎  

8.	  x1, x2, x3 `qfdpZ_p ÓZ Ahfp¡^ rhÛys 
`qf`\dp„ Sy>v$u Sy>v$u `Ý^rsA¡ Å¡X$sp„ Å¡hp 
dmsp NyZ^dp£_u epv$u _uQ¡ ‎Ap`¡gu R>¡. s¡ L$C 
L$C fus¡ Å¡X$pe¡gp R>¡ s¡ gMp¡.  

	 (I –rhÛysâhpl , V– huS> v$bpZ_p¡ saphs, 
x - `qfZpdu Ahfp¡^)‎ ‎	

	 (A) 	x1, x2, x3 dp„ I S>¡V$gp¡ rhÛysâhpl hl¡ R>¡.
	 (Ap)	x A¡ x1, x2, x3 L$fsp„ h^pf¡ lp¡e R>¡. ‎
	 (B)	 x A¡ x1, x2, x3 L$fsp„ Ap¡R>p¡ lp¡e R>¡. ‎
	 (C)	 x1, x2, x3 hÃQ¡ huS> v$bpZ_p¡ saphs V 

kfMp¡ S> lp¡e R>¡. ‎ 
	 (D) x = x1+ x2+ x3

	 (E)

9.  Dv$plfZp¡ DL¡$gp¡. ‎

	 (A)‎	‎  1m _pe¾$p¡d_p spf_p¡ Ahfp¡^ 6 W  R>¡. 
spf_u g„bpC 70 cm L$fuA¡ sp¡ spf_p¡ 

Ahfp¡^ L¡$V$gp¡ li¡ ?   (DÑf : 4.2  W )
	 (Ap)	Å¡ b¡ Ahfp¡^ ¾$rdL$ Å¡X$pZ\u Å¡X$uA¡ sp¡ 

s¡_p¡ `qfZpdu Ahfp¡^ 80 W lp¡e R>¡. Å¡ 
s¡ S> Ahfp¡^ ‎kdp„sf Å¡X$Zu\u Å¡X$uA¡ 

sp¡ s¡_p¡ `qfZpdu Ahfp¡^ 20 W \pe 
R>¡. sp¡ s¡ Ahfp¡^_u qL„$ds ip¡^p¡.

	 (DÑf : 40 W , 40 W ) 
	 (B)	 A¡L$ hplL$ spfdp„\u 420 C S>¡V$gp¡ 

rhÛysâhpl 5 rdr_Vdp„$ hl¡sp¡ lp¡e sp¡ Ap 
spfdp„\u `kpf \sp¡ ‎rhÛysâhpl L¡$V$gp¡ 

li¡ ? 

	                                      (DÑf : 1.4 A )
D`¾$d : ‎
		 Ofdp„ rhÛys Å¡X$pZ s¡d S> buÆ dlÒh_u 

bpbsp¡ spfs„Óu (Cg¡¼V²$uiue_) `pk¡\u 
L$pmÆ`|h®L$ ÅZu gp¡ A_¡ buÅ_¡ L$lp¡.‎

²²²

R1

R2

A R3

B

C F H

R4S2

S1

G

E

D

I

 x = 
1       1     1
x1       x2    x3

+ +

1

+ -
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‎1. X$pëV$__p¡ AÏrkÝ^p„s iy„ R>¡ ?‎
‎2. k„ep¡S>_ L$C fus¡ b_¡ R>¡ ?‎
‎3. duWy$, L$muQ|_p¡, `pZu, Q|_p¡, Q|_p_p¡ `Õ\f_p AZyk|Óp¡ iy„ R>¡ ?‎

	 d|mÖìep¡_p fpkperZL$ k„ep¡N\u k„ep¡S>_p¡ s¥epf \pe R>¡ A¡ Ap`Z¡ `pR>gp ^p¡fZdp„ Å¡ey„ R>¡. X$pëV$__p 
AÏrkÝ^p„s_p¡ A¡L$ dlÒh_y„ sÒh A¡V$g¡ Sy>v$pSy>v$p d|m Öìep¡_p ̀ fdpÏ ‎A¡L$buÅ kp\¡ Å¡X$pC S>C k„ep¡S>__p¡ AÏ 

s¥epf L$f¡ R>¡, A¡ `Z Ap`Z¡ iu¿ep.‎

	 fpkperZL$ a¡fapf \hp\u `v$p\®_u k„fQ_p bv$gpC Åe R>¡. Ap k„v$c®_p¡ d|mc|s âep¡N 18du A_¡ 19du 
‎kv$u_p h¥opr_L$p¡A¡ L$ep®. Ap âep¡N L$fsu hMs¡ s¡dZ¡ hp`f¡gp A_¡ s¥epf \e¡gp `v$p\p£_y„ AQ|L$ dp`_ L$e¯y. ‎X$pëV$_,  
\pµdk_ A_¡ ê$^fap¡X®$ Ap h¥opr_L$p¡A¡ ̀ v$p\®_u A_¡ ̀ fdpÏ_u k„fQ_p_p¡ Aæepk L$fu fpkperZL$ ‎k„ep¡S>__p r_ed 
ip¡^u L$pY$ép. X$pëV$__p¡ AÏrkÝ^p„s A_¡ fpkperZL$ k„ep¡S>__p„ r_ed_p Ap^pf¡ ‎h¥opr_L$p¡A¡ rhrh^ k„ep¡S>_p¡_p 

AÏk|Óp¡ g¿ep. Ap`Z¡ Al], ÅZusp AÏk|Ó_p Ap^pf¡ fpkperZL$ ‎k„ep¡S>__p r_ed QL$pku_¡ Å¡hp_p R>uA¡.‎

L©$rs ‎1
�	A¡L$ dp¡V$p i„Ly$`pÓdp„ ‎56 N°pd L¡$[ëied  Ap¡¼kpCX$ 

gp¡. A_¡ s¡dp„ 18 N°pd `pZu _pMp¡. ‎

�	iy„ \pe R>¡ s¡ Sy>Ap¡. ‎

�	s¥epf \e¡gp `v$p\®_y„ Öìedp_ dp`p¡. ‎

�	iy„ kdp_sp v¡$Mpe R>¡ ? A_ydp_ gMp¡. ‎ 

L©$rs ‎2
�	A¡L$ i„Ly$`pÓdp„ L¡$[ëied ¼gp¡fpCX$_y„ ÖphZ gp¡ 

A_¡ kp¡qX$ed këa¡V$_y„ ÖphZ L$k_mudp„ gp¡. ‎ 
�	L$k_mu_¡ v$p¡fp¡ bp„^u L$pmÆ`|h®L$ s¡_¡ i„Ly$`pÓdp„ 

d|L$p¡. ‎
�	fbf_p¡ b|Q dpfu i„Ly$`pÓ lhpQ|õs fus¡ b„^ 

L$fp¡. ‎
�	ÓpS>hp_u dv$v$\u i„Ly$`pÓ_y„ Öìedp_ dp`p¡. ‎
�	lh¡ i„Ly$`pÓ_¡ Óp„ky L$fu L$k_mu_y„ ÖphZ 

i„Ly$`pÓ_p ÖphZdp„ W$pghp¡.‎
�	lh¡ afu\u i„Ly$`pÓ_y„ Öìedp_ dp`p¡.
sd_¡ iy„ a¡fapf v¡$Mpep¡ ? Öìedp_dp„ L$p¡C a¡fapf         
\ep¡ L¡$ ?‎

-------------------------

-------------------------

-------------------------

-------------------------

kprlÐe : ‎L¡$[ëied ¼gp¡fpCX$ (CaCl2),kp¡qX$ed këa¡V$(Na2SO4), L¡$[ëied Apµ¼kpCX$ 
(CaO), `pZu (H2O),

 kp^_p¡ : ‎i„Ly$`pÓ, L$k_mu, ÓpS>h„y hN¡f¡. ‎(ApL©$rs 4.1 Sy>Ap¡)‎

epv$ L$fp¡.

Ø  fpkperZL$ k„ep¡S>_p¡_p r_ed	 	 Ø  AÏ-L$v$, Öìedp_, b„^_p„L$
Ø   AÏ Öìedp_ A_¡ dp¡g k„L$ë`_p	 Ø  d|gL$p¡

4. Öìe_u NZ_p

fpkperZL$ k„ep¡S>__p¡ r_ed‎ (Laws of Chemical Combination)

L$fu Sy>Ap¡¡.
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‎4.1 fpkperZL$ k„ep¡S>__p r_edp¡_u QL$pkZu ‎ 

Öìe k„Qe_p¡ r_ed‎ ‎ (Law of Conservation of Matter)
	 D`f_u L©$rsdp„ d|m Öìe_„y Öìedp_ A_¡ fpkperZL$ a¡fapf\u s¥epf \e¡gp Öìe_y„ Öìedp_ kfM„y S> lp¡e R>¡.     
1785 dp„ Ap_Ðhp_ g¡ìlprTA¡ (Antoine Lavoisier) _pd_p ä¡„Q h¥opr_L¡$ k„ip¡^_ Üpfp A¡hp¡ r_óL$j® L$pY$ép¡ L¡$ 
‎fpkperZL$ q¾$ep v$fçep_ Öìe_p Öìedp_dp„ h^-OV$ \su _\u.' fpkperZL$ q¾$epdp„ âq¾$eL$p¡_y„ ‎‎(Reactants) Ly$g 
Öìedp_ A_¡ fpkperZL$ q¾$ep Üpfp r_dp®Z \sp DÐ`pqv$sp¡_y„ (Products) Ly$g Öìedp_ kfMy„ S> lp¡e R>¡ ‎Ap_¡ S> 
"Öìe k„Qe_p¡ r_ed' L$l¡hpe R>¡.‎

[õ\f âdpZ_p¡ r_ed ‎ ‎
(Law of Constant Proportion)
	 ä¢Q h¥opr_L$ â|õV¡$ (J. L. Proust) 1794dp„ 
[õ\f âdpZ_p r_ed_u fS|>Aps L$fu, "k„ep¡S>__p 
rhrh^ ‎‎_d|_pAp¡dp„ OV$L$ d|mÖìep¡_p Öìedp__y„ 
âdpZ l„d¡ip„ [õ\f (Qp¡½$k) lp¡e R>¡.' ‎
	 v$p.s. L$p¡C `Z öp¡s\u dm¡g `pZudp„ 
lpCX²$p¡S>_ A_¡ Ap¡[¼kS>__p Öìedp__y„ âdpZ 
1:8 R>¡. A¡V$g¡ L¡$ 1 N°pd lpCX²$p¡S>_ A_¡ 8 N°pd 
Ap¡[¼kS>_ fpkperZL$ fus¡ k„ep¡ÅC 9 N°pd `pZu 
s¥epf \pe R>¡. s¡ S> âdpZ¡, L$p¡C `Z öp¡s\u dm¡g 
L$pb®_ X$peAp¡¼kpCX$dp„ L$pb®_ A_¡ Ap¡[¼kS>__p 
Öìedp__y„ ‎âdpZ 3:8 lp¡e R>¡ A¡V$g¡ L¡$ 44 N°pd 
L$pb®_ X$peAp¡¼kpCX$dp„ 12 N°pd L$pb®_ A_¡ 32 
N°pd ‎Ap¸[¼kS>_ lp¡e R>¡.

	 Ap_Ðhp_ g¡ìlpTuA¡ (1743 \u 1794) ‎

 	 s¡Ap¡ ä¢Q h¥opr_L$ lsp. s¡d_¡ Ap^yr_L$ ‎fkpeZ- 
ip÷_p S>_L$ L$l¡hpdp„ Aph¡ R>¡. fkpeZip÷ âdpZ¡ 
S> Æhip÷ A_¡ A\®ip÷ `Z s¡dZ¡ dlÒh`|Z® ‎L$pe® 
L$e¯y. 

‎1. Ap¡[¼kS>__u A_¡ lpCX²$p¡S>__y„ _pdL$fZ

‎2. Ähg_ v$fçep_ `v$p\®_p¡ Ap¡[¼kS>_ kp\¡ k„ep¡N     
\pe R>¡ s¡ rkÝ^ L$e¯y. ‎(1772)

‎3. fpkperZL$ âep¡Ndp„ âq¾$eL$p¡ A_¡ DÐ`pv$L$p¡_y„ kQp¡V$ 
Öìedp_ dp`hp_u `Ý^rs_p¡ â\d D`ep¡N ‎L$ep£. ‎

‎4. `pZu A¡ lpCX²$p¡S>_ A_¡ Ap¡[¼kS>_ Üpfp b_¡gy„ R>¡ 
s¡_u ip¡^ L$fu. ‎

‎5. fpkperZL$ âq¾$epdp„ Öìedp_ L$ped [õ\f fl¡ R>¡ Ap 
r_ed_y„ â\d g¡M_ L$e¯y. ‎

‎6. k„ep¡S>_p¡_¡ `Ý^rskf _pd Apàep. v$p.s. këãeyqfL$ 
A¡rkX$, L$pµ`f këa¡V$ hN¡f¡.‎

‎7. 1789 dp„ Elementary Treatise on Chemistry 
_pd_p¡ Ap^yr_L$ fkpeZip÷_p¡ `l¡gp¡ N°„\ g¿ep¡.‎

L¡$[ëied ¼gp¡fpCX$ ‎
(CaCl2) _y„ ÖphZ

kp¡qX$ed këa¡V$
(Na2SO4) _y„ ÖphZ

NaCl ÖphZdp„ CaSO4 _p¡ 
ka¡v$ Ahn¡`

g¡ìlpTuA¡â|õV$ ‎ 

h¥opr_L$_p¡ `qfQe ‎
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`fdpÏ (Atom) ः L$v$, v$m, b„^_p„L ‎$‎(Size, Mass and Valency)

1. `fdpÏ_u A„sN®s k„fQ_p lp¡e R>¡. A¡ L$ep âep¡N `f\u Ýep_dp„ Apìey„ R>¡ ? ¼epf¡ ?‎
‎2. `fdpÏ_p b¡ cpN ¼ep ¼ep ? s¡ i¡_p b_¡gp lp¡e R>¡ ?‎

	 Ap`Z¡ `pR>gp ^p¡fZdp„ Å¡ey„ L¡$ `fdpÏ_p dÝecpNdp„ L¡$ÞÖ (_prc) lp¡e R>¡ A_¡ L¡$ÞÖ_p blpf_p ‎cpNdp„ 
afsp„ Cg¡¼V²$p¡_ A¡ F>Z cpqfs d|mc|s L$Z lp¡e R>¡. L¡$ÞÖdp„ ^_cpqfs âp¡V$p¡_ A_¡ cpffrls ‎ÞeyV²$p¡_ A¡ d|mc|s 
L$Zp¡ lp¡e R>¡. kp\¡ Ap`¡gu ApL©$rs 4.2 dp„ qaëX$ Ape_ k|ÿdv$i®L$_u dv$v$\u ‎dm¡gu `fdpÏ_u ârsdp Sy>Ap¡.

`fdpÏ_y„ A„v$pS>¡ L$v$ ‎ 
‎̀ fdpÏ_u rÓÄep (duV$fdp„) Dv$plfZp¡‎

10-10 lpCX²$p¡S>__p¡ `fdpÏ ‎

10-9 `pZu_p¡ AÏ ‎

10-8 rldp¡Ágp¡rb__p¡ AÏ ‎

 1

109
m = 1nm

1m = 109 nm.

‎4.2 CfuX$ued_p `fdpZy_u ârsdp ‎

epv$ L$fp¡.

	 `fdpÏ_y L$v$ A¡ s¡_u rÓÄep `f\u _½$u \pe R>¡. õhs„Ó `fdpÏdp„ 
`fdpÏ_u rÓÄep A¡V$g¡ `fdpÏ_„y L¡$ÞÖ A_¡ bpüsd L$np hÃQ¡_y„ A„sf. 
`fdpÏ_u rÓÄep A¡ _¡_p¡duV$fdp„ v$ip®hhpdp„ Aph¡ ‎R>¡. ‎

[õ\f âdpZ_p r_ed_u QL$pkZu ‎ ‎
	 A_¡L$ k„ep¡S>_p¡ rhrh^ `Ý^rs\u b_phu iL$pe v$p.s.L$p¡̀ f L$pbp£_¡V$, CuCO3 _p rhOV$_\u s¡d S> ‎L$pµ̀ f 

_pCV²¡$V$ Cu (NO3)2_p rhOV$_\u L$pµ̀ f Ap¡¼kpCX$, CuO Ap k„ep¡S>__p b¡ _d|_p dþep. Ap b„_¡ ‎‎_d|_pdp„\u 

âÐe¡L$dp„ 8 N°pd L$pµ̀ f Ap¡¼kpCX$ gu^p¡ A_¡ s¡_u õhs„Ó fus¡ lpCX²$p¡S>_ hpey kp\¡ âq¾$ep ‎L$fhp\u b„_¡dp„\u âÐe¡L$dp„ 

6.4 N°pd sp„by A_¡ 1.8 N°pd `pZu dþey„. Ap `f\u [õ\f âdpZ_p¡ ‎r_ed L$C fus¡ rkÝ^ \pe R>¡ s¡ Å¡CA¡. ‎

	 L$pµ`f Ap¡¼kpBX$_u lpCX²$p¡S>_ kp\¡ âq¾$ep \C `pZu A¡ k„ep¡S>_ A_¡ L$pµ`f A¡ d|mÖìe A¡d b¡ ops  

(ÅZusp) ‎‎ v$p\® s¥epf \ep. s¡ `¥L$u `pZu H2O Ap k„ep¡S>_dp„ H A_¡ O  A¡ d|mÖìep¡ 1:8 _p Öìedp__p 

‎âdpZdp„ lp¡e R>¡ s¡_u `l¡g¡\u S> ÅZ R>¡ A¡V$g¡ L¡$ 9 N°pd `pZudp„ 8 N°pd Ap¡[¼kS>_ d|mÖìe lp¡e R>¡. dpV¡$ 

1.8 N°pd `pZudp„                          N°pd Ap¡[¼kS>_ lp¡e R>¡. ‎Ap Ap¡[¼kS>_ 8 N°pd L$p¡`f Ap¡¼kpCX$dp„\u 

Apìep¡. s¡_p¡ A\® L$p¡`f Ap¡¼kpCX$_p b„_¡ _d|_pdp„\u ‎âÐe¡L$ 8 N°pd fpridp„ 6.4 N°pd L$p¡`f A_¡ 1.6 N°pd 

Ap¡[¼kS>_ R>¡. A_¡ s¡d_p, Cu A_¡ O _p ‎hS>__y„ âdpZ 6.4: 1.6 A¡V$g¡ L¡$ 4:1 lp¡e R>¡. A¡V$g¡ L¡$ `v$p\®_p 

b¡ Sy>v$p Sy>v$p _d|_pdp„\u ‎d|mÖìep¡_p hS>__y„ âdpZ [õ\f lp¡hp_y„ âep¡N Üpfp Å¡hpdp„ Apìey„. ‎

	 lh¡ L$pµ`f Ap¡qL$kpCX$_p CuO AZyk|Ó `f\u OV$L$ d|mÖìep¡_y„ A`¡rns Öìedp__y„ âdpZ iy„ R>¡ s¡ 

Å¡CA¡. s¡ ‎dpV¡$ d|mÖìep¡_u ÅZ lp¡e s¡hy„ `fdpÏ Öìe hp`fhy„ `X$i¡. Cu A_¡ O _y„ `fdpÏÖìedp_ ‎A_y¾$d¡ 

63.5 A_¡ 16 R>¡. A¡V$g¡ S> CuO _p AÏdp„ Cu A_¡ O A¡ OV$L$ d|mÖìep¡_p Öìedp__y„  âdpZ ‎‎63.5 : 

16 A¡V$g¡ L¡$ 3.968:1 A¡V$g¡ L¡$ A„v$pS>¡ 4:1 R>¡. ‎

	 âep¡N\u dm¡gp OV$L$ d|mÖìep¡_y„ Öìedp__y„ âdpZ AÏk|Ó `f\u ip¡^¡gp A`¡rns âdpZ kp\¡ dm¡ 

‎R>¡. Apd [õ\f âdpZ_p r_ed_u QL$pkZu \C NC. ‎

8
9 x 1.8 = 1.6 
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	 `fdpÏ Arsk|ÿd lp¡e R>¡. 
Cg¡¼V²$p¡_ k|ÿdv$i®L$, auëX$ Ape_ 
k|ÿd v$i®L$, õLµ$t_N      V$_¡tgN 
k|ÿdv$i®L$ A¡hp ‎Ars Ap^yr_L$ 
kp^_p¡dp„ `fdpÏ_u rhipm 
ârsdp b_phhp_u ndsp lp¡e 

R>¡. ‎

	 `fdpÏ_y„ L$v$ A¡ s¡_pdp„ fl¡gp Cg¡¼V²$p¡_ L$np_u k„¿ep `f Ahg„b¡ 

R>¡. L$np_u k„¿ep S>¡V$gu h^pf¡ ‎s¡V$gy„ L$v$ dp¡Vy$. v$ps. Na _p `fdpÏ    

L$fsp„ K _p¡ `fdpÏ dp¡V$p¡ lp¡e R>¡. Å¡ b¡ `fdpÏ_u bpüsd ‎L$np s¡ 

S> lp¡e sp¡ S>¡ `fdpÏ_u bpüsd L$npdp„ h^y Cg¡¼V²$p¡_ lp¡e, s¡_y„ L$v$ 

bpüsd L$npdp„ Ap¡R>p Cg¡¼V²$p¡_ lp¡e s¡hp ̀ fdpÏ_u ‎syg_pdp„ _p_y lp¡e 

R>¡, v$p.s.Na _p `fdpÏ L$fsp„ Mg _p¡ `fdpÏ _p_p¡ lp¡e R>¡.

`fdpÏ_y„ Öìedp_ (Mass of Atom)
	 `fdpÏ_y„ Öìedp_ s¡_p L¡$ÞÖdp„ A¡L$rÓs \e¡gy„ lp¡e R>¡ S>¡ s¡dp„ fl¡gp âp¡V$pµ_ (p) A_¡ Þe|V²$p¡_ (n) _p L$pfZ¡ 
‎lp¡e R>¡. `fdpÏ L¡$ÞÖdp„ fl¡gp âp¡V$p¸_ A_¡ ÞeyV²$p¸__u A¡L$rÓs k„¿ep_¡ `fdpÏcpf (Atomic Mass Number), 
A L$l¡ R>¡. âp¡V$p¡_ A_¡ ÞeyV²$p¡__¡ A¡L$rÓs ‎fus¡ `fdpÏL¡$ÞÖ_p d|mc|s L$Z (Nucleons) L$l¡hpdp„ Aph¡ R>¡.
	 `fdpÏ Arsie k|ÿd lp¡e R>¡ sp¡ `R>u s¡_y„ Öìedp_ L$C fus¡ _½$u L$fu iL$pe ? Ap âñ h¥opr_L$p¡ ‎kdn `Z 
Ecp¡ \ep¡ lsp¡. 19 du kv$u_p h¥opr_L$p¡ dpV$¡$ `fdpÏ Öìedp_ AQ|L$ fus¡ ip¡^hy„ i¼e _ lp¡hp_¡ ‎L$pfZ¡ `fdpÏ_y„ 
kp`¡n Öìedp_' _u k„L$ë`_p A[õsÐhdp„ Aphu. `fdpÏ_y„ kp`¡n Öìedp_ dp`hp dpV¡$ A¡L$ k„v$c® ‎‎ fdpÏ_u 
AphíeL$sp lsu. lpCX²$p¡S>__p¡ `fdpÏ b^pdp„ lgL$p¡ lp¡hp\u iê$Aps_p kdedp„ ‎lpCX²$p¡S>__u `k„v$Nu "k„v$c® 
`fdpÏ' sfuL¡$ \C. S>¡_p L¡$ÞÖdp„ L¡$hm A¡L$ âp¡V$p¡_ R>¡ A¡hp¡ lpCX²$p¡S>__p ‎‎ fdpÏ_y„ kp`¡n Öìedp_ A¡L$ (1) A¡d 
õhuL$pfhpdp„ Apìey„. s¡\u kp`¡n `fdpÏÖìedp__y„ d|ëe A¡ ‎‎ fdpÏcpf S>¡V$gy„ (p+n)  \ey„. ‎
	 lpCX²$p¡S>__y„ kp ¡̀n `fdpÏ Öìedp_ 1 _L$L$u L$fsp„ _pCV²$p¡S>_ `fdpÏ_y„ Öìedp_ ‎L¡$hu fus¡ ip¡̂ u iL$pe ? ‎
	 _pCV²$p¡S>__p A¡L$ `fdpÏ_y„ Öìedp_, lpCX²$p¡S>__p A¡L$ `fdpÏ\u Qp¥v$ (14) NÏ„ lp¡e R>¡ dpV¡$ ‎‎_pCV²$p¡S>__p 
`fdpÏ_y„ kp ¡̀n Öìedp_ 14 R>¡. Ap fus¡ rhrh^ d|mÖìep¡_p kp ¡̀n `fdpÏÖìedp_ _½$u ‎L$fhpdp„ Apìep R>¡. Ap 
dp`_î¡Zudp„ A_¡L$ d|mÖìep¡_p kp ¡̀n `fdpÏÖìedp_ A |̀ZpL̄$dp„ Apìep. ‎s¡\u s¡ kde¡ AÞe L¡$V$gp„L$ `fdpÏ_u 
"k„v$c® `fdpÏ' sfuL¡$ `k„v$Nu \C. R>¡hV¡$ 1961dp„ L$pb®__p ‎‎ fdpÏ_u "k„v$c® `fdpÏ' sfuL¡$ `k„v$Nu \C. Ap 
`Ý^rsdp„ L$pb®__p A¡L$ `fdpÏ_y„ kp ¡̀n Öìedp_ 12 ‎õhuL$pfhpdp„ Apìey„. L$pb®_ `fdpÏ_u syg_pdp„ lpCX²$p¡S>__p 

A¡L$ `fdpÏ_y„ kp`¡n Öìedp_ 12 x       A¡V$g¡ L¡$ ‎‎1 NZpe R>¡.‎̀ fdpÏ_p kp`¡n `fdpÏÖìedp__u `Ë$u`f A¡L$ 

âp¡V$p¡_ A_¡ A¡L$ ÞeyV²$p¡__y„ Öìedp_ A„v$pS>¡ A¡L$ lp¡e R>¡. ‎

	 L¡$V$gpL$ d|mÖìep¡ A_¡ s¡_p„ kp`¡n `fdpÏÖìedp_ _uQ¡_p L$p¡W$pdp„ Ap`hpdp„ Apìep 
R>¡. sp¡ L¡$V$gpL$ ‎d|mÖìep¡_y„ `fdpÏÖìedp_ sd¡ ip¡^p¡. ‎

d|mÖìe ‎̀ fdpÏÖìedp_ d|mÖìe ‎̀ fdpÏÖìedp_ d|mÖìe ‎̀ fdpÏÖìedp_

lpCX²$p¡S>_‎ 1 Ap¡[¼kS>_‎ ap¡õafk

rlrged  ‎ 4 aëeyAp¡qf_ ‎ 19 këaf 32
rgr\ed ‎ 7 r_Ap¡_‎ 20 ‎¼gp¡qf_‎ 35.5
b¡qfrged 9 kp¡qX$ed Af¹Np¡_‎

bp¡fpµ_‎ 11 d¡Á_¡ried 24 ‎̀ p¡V¡$ried ‎

L$pb®_ ‎ 12 A¡ëeyrdr_ed L¡$[ëied 40
‎_pBV²$p¡S>_‎ 14 rkguL$pµ_‎ 28

 1
12

ip¡^p¡.
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d|mÖìep¡_u fpkperZL$ k„op (Chemical symbols of Elements)

1. fkpeZip÷dp„ A¡L$pv$ d|mÖìe L$C fus¡ v$ip®hhpdp„ Aph¡ R>¡ ?‎
‎2. sd_¡ Mbf lp¡e s¡hp L¡$V$gpL$ d|mÖìep¡_u k„op gMp¡. ‎
‎3. A¡ÞV$ud_u, gp¡M„X$, kp¡_y, Qp„v$u `pfp¡, kuky, kp¡qX$ed_u k„op gMp¡.‎

	 X$pëV$_¡ d|mÖìe_¡ k„op Ap`hp dpV¡$ rhrióV$$A¡ rQl¹_p¡¡_p¡ h`fpi L$ep£ lsp¡. S>¡hu fus¡ ‎lpCX²$p¡S>_ dpV¡$ 
� sp¡ sp„bp dpV¡$ ©. ApS>¡ Ap`Z¡ IUPAC (International Union of Pure and Applied Chemistry) 
A¡ _½$u L$f¡gu k„op hp`fuA¡ R>uA¡. Ap ‎Ar^L©$s _pd A_¡ k„op lp¡hp\u rhðdp„ s¡_p¡ h`fpi \pe R>¡. lpg_u 
fpkperZL$ k„op `Ý^rs A¡ ‎brT®rgAk¡ ip¡^¡gu `Ý^rs `f Ap^pqfs R>¡. s¡ A_ykpf d|mÖìe_u k„op A¡ s¡_p 
_pd_p¡ `l¡gp¡ ‎Anf A\hp `l¡gp¡ A_¡ buÅ¡/AÞe rhrióV$ Anf lp¡e R>¡, b¡ Anfp¡dp„\u `l¡gp¡ Anf A„N°¡Æ 
dp¡V$u ‎rg`udp„ A_¡ buÅ¡ Anf A„N°¡Æ _p_u rg`udp„ gMhpdp„ Aph¡ R>¡. 

d|mÖìep¡_p A_¡ k„ep¡S>__p AZy ‎(Molecules of Elements and Compounds)
	 L¡$V$gpL$ d|mÖìep¡_p AZy_„y õhs„Ó A[õsÐh lp¡e R>¡. v$p.s.rlrged, r_ep¡_ A¡V$g¡ L¡$ Ap d|mÖìep¡ 
‎A¡L$-`fdpÏ-AÏ Ahõ\pdp„ lp¡e R>¡. L¡$V$guL$ hMs, d|m Öìep¡_p b¡ L¡$ s¡\u h^pf¡ `fdpÏ_p ‎k„ep¡S>_\u s¡ 
d|mÖìe_p¡ "AÏ' s¥epf \pe R>¡. Aphp d|mÖìep¡ blz-`fdpÏ-AÏ_u Ahõ\pdp„ ‎lp¡e R>¡. Dv$plfZ sfuL¡$$, 
Ap¡[¼kS>_, _pCV²$p¡S>_ A¡ d|mÖìep¡ qÜ-`fdpÏ-AÏ Ahõ\pdp„ O2, N2 A¡ ‎âdpZ¡ lp¡e R>¡. Äepf¡ Sy>v$p Sy>v$p 
d|mÖìep¡_p ̀ fdpÏ A¡L$buÅ kp\¡ k„ep¡S>_ ̀ pd¡ R>¡, Ðepf¡ ‎k„ep¡S>__p¡ AÏ s¥epf \pe R>¡. dpV¡$ S> d|mÖìep¡ hÃQ¡ 
fpkperZL$ ApL$j®Z_¡ L$pfZ¡ k„ep¡S>_ s¥epf ‎‎\pe R>¡. ‎ 

A¡L$-`fdpÏ-AÏ A_¡ qÜ-`fdpÏ AÏ Ahõ\p_p d|mÖìep¡_u epv$u 
s¥epf L$fp¡. ‎

AÏ Öìedp_ A_¡ dp¡g_u k„L$ë`_p‎ (Molecular Mass and Mole Concept)

AÏÖìedp_
	 A¡L$pv$ `v$p\®_y„ AÏÖìedp_ A¡V$g¡ s¡_p A¡L$ AÏ_p kh® `fdpÏ_p `fdpÏÖìedp__p¡ kfhpmp¡. ‎"Ap`¡gp 
AÏdp„ fl¡gp `fdpÏ_p `fdpÏ Öìedp__y„ (`fdpÏv$m_y„) ep¡Nam A¡V$g¡ s¡ `v$p\®_y„ ‎AÏÖìedp_' ‎‎ fdpÏ 

Öìedp_ âdpZ¡ S> AÏÖìedp_ `Z X$pëV$_ (u) A¡L$ddp„ ìe¼s L$fhpdp„ Aph¡ R>¡.‎

`pZu_y„ H2O _y„ AÏÖìedp_ L$C fus¡ ip¡^u iL$pe ? ‎

AÏ OV$L$ 
‎d|mÖìe

`fdpÏ ‎Öìedp_ 

(u)

AÏdp„ ‎‎ fdpÏ_u 
‎k„¿ep ‎

‎̀ fdpÏ ‎Öìedp_‎‎ 
Í`fdpÏ_u ‎k„¿ep

OV$L$_y„ ‎Öìedp_ ‎ 

(u)

H2O lpCX²$p¡S>_ 1 2 1Í2 2
Ap¡[¼kS>_‎ 16 1 16Í1 16
                AÏÖìedp_ = OV$L$ `fdpÏ_p Öìedp__p¡ kfhpmp¡‎

(H2O _y„ AÏÖìedp_)=(H _y„ `fdpÏ Öìedp_)Í2+(O _y„ `fdpÏ Öìedp_)Í1
 

AÏÖìedp_=18

	 lpg_p kdedp„ `fdpÏ_y„  Öìedp_ âÐen dp`hp_u AQ|L$ `Ý^rs rhL$rks \e¡gu R>¡ s¡\u `fdpÏ Öìedp_ 
dpV¡$ kp`¡n Öìedp__¡ bv$g¡ A¡L$uL©$s Öìedp_ (Unified Mass) A¡ A¡L$d õhuL$pep£ R>¡. Ap A¡L$d_¡ "X$pëV$_' 
L$l¡hpe R>¡. s¡_¡ dpV¡$ u k„op h`fpe R>¡. 1u = 1.66053904 x 10-27 kg

epv$u L$fp¡ A_¡ QQp® L$fp¡.

L$lp¡ Å¡CA¡ !
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	 _uQ¡ L¡$V$gpL$ d|mÖìep¡_y„ `fdpÏ Öìedp_ X$pëV$_dp„ Apàey R>¡. A_¡ L¡$V$gpL$ k„ep¡S>_p¡_p AÏk|Óp¡ ‎Apàep R>¡. 

s¡ k„ep¡S>_p¡_y„ AÏÖìedp_ ip¡^p¡.‎

AÏÖìedp_ ‎à H(1), O(16), N(14), C(12),K (39), S (32) Ca(40), Na(23), Cl(35.5), 
Mg(24), Al(27)
AÏk|Óp¡ ‎à NaCl, MgCl2, KNO3, H2O2, AlCl3, Ca(OH)2 , MgO, H2SO4, HNO3, NaOH
dp¡g ‎ (Mole)

	 d|mÖìe L¡$ k„ep¡S>_p¡ Äepf¡ fpkperZL$ q¾$epdp„ cpN g¡ R>¡ Ðepf¡ s¡_p `fdpÏ A_¡ AÏ hÃQ¡ âq¾$ep \su 
‎lp¡hp_¡ L$pfZ¡ s¡_p `fdpÏ-AÏ_u k„¿ep Mbf lp¡hu Å¡CA¡. dpÓ fpkperZL$ q¾$ep L$fsu hMs¡ ‎‎ fdpÏ-AÏ_u 
NZsfu L$fhp L$fsp„ lp\hNu lp¡e s¡hu fpri NZu g¡hu kl¡gu `X¡$. s¡ dpV¡$ "dp¡g' ‎k„L$ë`_p_p¡ D`ep¡N \pe R>¡. ‎

	 dp¡g A¡ `v$p\®_u A¡hu fpri lp¡e R>¡ L¡$ S>¡_y„ N°pddp„ v$m s¡ `v$p\®_p AÏÖìedp__p X$pëV$_dp„_p d|ëe ‎S>¡V$gy„ 
S> lp¡e R>¡. S>¡d Ap¡[¼kS>__y„ AÏÖìedp_ 32 R>¡. 32 N°pd Ap¡[¼kS>_ A¡V$g¡ 1 dp¡g ‎Ap¡[¼kS>_ L$l¡hpe. `pZu_y„ 
AÏÖìedp_ 18 R>¡. s¡\u 18 N°pd `pZu A¡V$g¡ 1 dp¡g `pZu L$l¡hpe. ‎

1. hS>_L$pV$p `f s|h¡fv$pm, dk|fv$pm, QZpv$pm v$f¡L$_p A¡L$ v$pZp_y„ Öìedp_ dp`p¡. iy„ A_ych \ep¡ ?‎
‎2. s|h¡fv$pm, dk|fv$pm, QZpv$pm v$f¡L$_y„ 10 N°pd Öìedp_ dp`p¡ A_¡ s¡dp„_p v$pZp_u k„¿ep ‎NZp¡. s¡ b^p„_u k„¿ep 

kfMu Aphu L¡$ Sy>v$u Sy>v$u ?‎
‎3. L$pNm`f f¡MprQÓ v$p¡fp¡. f„N L$fhp dpV¡$ âÐe¡L$ f¡Mp `f ¾$dbÝ^ s|h¡f, dk|f A_¡ QZp_u v$pm ‎d|L$p¡/ Qp¢V$pX$p¡. 

k„`|Z® rQÓ `|Z® L$fu syh¡fv$pm, ‎dk|fv$pm A_¡ QZpv$pm âÐe¡L$u L¡$V$gp N°pd gpNu s¡ ip¡^p¡ s¡d S> âÐe¡L$ v$pm_p 
v$pZp_u X$T_dp„ ‎k„¿ep ip¡^p¡. ‎ ‎

‎4. kdp_ k„¿ep_u v$pm_y„ Öìedp_ A_¡ kdp_ Öìedp_p_u v$pm_u k„¿ep rhi¡ sd¡ iy„ r_óL$j® L$pY$ip¡ ?‎

	 A¡L$ A¡L$f S>du_dp„ hphZu L$fhp dpV¡$ OJ, Sy>hpf A_¡ bpS>fu_y„ rbepfZ L¡$V$gy„ 
Å¡CA¡ ? Ap ‎Öìedp_p_u s¡_p s¡ s¡ ^pÞe_p v$pZp_u k„¿ep kp\¡ L$p¡C k„b„^ Å¡X$u iL$pe 
L¡$ ? ‎

1. hS>_L$p„V$p¡ hp`fu_¡ L$p¡C`Z `v$p\®_p A¡L$ AÏ_y Öìedp_ dp`hy„ i¼e b_¡ Mfy„ ?‎

	 k„ep¡S>__p¡ 1 dp¡g A¡V$g¡ k„ep¡S>__p 
AÏÖìedp_ S>¡V$gy„ d|ëe hpmy N°pddp„ 
Öìedp_ \pe. dp¡g (mol) A¡ SI A¡L$d 
R>¡.

‎2. Sy>v$p Sy>v$p `v$p\®_p kdp_ Öìedp_ ^fphsu fpridp„ s¡ `v$p\®_p AÏ_u k„¿ep kdp_ li¡ L¡$ ? ‎
‎3. Sy>v$p Sy>v$p `v$p\®_p AÏ kdp_ k„¿epdp„ g¡hp_p lp¡e sp¡ s¡ s¡ `v$p\®_u kdp_ Öìedp_ ^fphsu fpri gC_¡ ‎L$pd 

\i¡ L¡$ ?

 `v$p\®_p-dp¡g_u k„¿ep (n) = 
`v$p\®_y„ N°pddp„ Öìedp_ 
`v$p\®_y„ AÏ Öìedp_ ‎

rhQpf L$fp¡.

dNS> Qgphp¡.

L$lp¡ Å¡CA¡ !

L$fu Sy>Ap¡¡.
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A¡hp¡N¡X²$p¡ k„¿ep ‎ (Avogadro’s number)
	  L$p¡C`Z `v$p\®_u A¡L$ dp¡g fpridp„ AÏ_u k„¿ep r_[ïQs lp¡e R>¡. CV$pgue_ h¥opr_L$ A¡hp¡N¡X²$p¡A¡ ‎Ap 
k„v$c®dp„ M|b d|mc|s$ k„ip¡^_ L$e¯y. dpV¡$ Ap k„¿ep_p¡ "A¡hp¡N¡X²$p¡ k„¿ep' A¡d L$l¡hpe R>¡. A_¡ s¡ ‎‎NA Ap Anf\u 
v$ip®hhpdp„ Aph¡ R>¡. ApNm S>sp„ h¥opr_L$p¡A¡ âep¡N Üpfp bspìey„ L¡$ A¡hp¡N¡X²$p¡ ‎A„L$_y„ d|ëe 6.022 x 1023 S>¡V$gy„ 
R>¡. L$p¡C`Z `v$p\®_p¡ A¡L$ dp¡g A¡V$g¡ 6.022 x 10 23 AÏ. S>¡d 1 X$T_ A¡V$g¡ 12 ‎, ‎1 isL$ A¡V$g¡ 100, 1 N°p¡k 
A¡V$g¡ 144 s¡ S> fus¡ 1 dp¡g A¡V$g¡ 6.022 x 1023. Dv$plfZ sfuL¡$ 1 dp¡g `pZu A¡V$g¡ S> 18 N°pd ‎‎ pZu gCA¡ 
sp¡ s¡ `pZudp„ 6.022 x 10 23  S>¡V$gp AÏ lp¡e R>¡.

‎66 N°pd CO2 dp„ L¡$V$gp AÏ lp¡C iL¡$ ? ‎

 fus : ‎ CO2 _y„ AÏÖìedp_ 44 R>¡.

	  

. ं. n= 1.5 dp¡g (mol)

. ं. 1 dp¡g CO2 dp„ 6.022 x 1023  AÏ lp¡e R>¡. ‎

. ं. 1.5 dp¡g CO2 dp„ 1.5 x 6.022x1023  AÏ ‎= 90.330 x 1023  AÏ ‎= 9.033 x 1023 AÏ ‎ lp¡e R>¡.

‎4.3 A¡L$ dp¡g (A¡hp¡N¡X²$p¡ k„¿ep)

1. A¡L$pv$ `v$p\®_u Ap`¡gu fpridp„ AÏ_u k„¿ep s¡ `v$p\®_p 
AÏÖìedp_ `f\u _½$u \pe R>¡. ‎

‎2. 	Sy>v$p Sy>v$p `v$p\®_p kdp_ Öìedp__u fpridp„ AÏ_u k„¿ep 
Sy>v$u Sy>v$u lp¡e R>¡. ‎

‎3.	 Sy>v$p Sy>v$p `v$p\®_u 1 dp¡g fpri_y„ N°pddp„ Öìedp_ Sy>vy„$ Sy>vy„$ lp¡e 
R>¡. ‎

1. 36 N°pd `pZudp„ `pZu_p L¡$V$gp 

AÏ li¡ ? ‎

‎2. 49 N°pd H2SO4  dp„ H2SO4  _p 

L¡$V$gp AÏ lp¡e R>¡ ?‎

‎‎1 X$T_ L¡$mp 
‎A¡V$g¡ 12 L¡$mp ‎

‎144 _p¡V$byL$ ‎A¡V$g¡ 
1 N°p¡k _p¡V$byL$ ‎L$l¡hpe R>¡.

1 dp¡g `pZu = 6.022 x 1023 AÏ

1 dp¡g duWy$ = 6.022 x 1023 AÏ

58.5 g 

dNS> Qgphp¡.
Ýep_dp„ fpMp¡.

66

44
CO2  _y„ N°pddp„ Öìedp_ 

CO2  _y„ AÏ Öìedp_ ‎ N°pddp„
CO2 dp„ dp¡g_u k„¿ep (n) =  	        = 	



53

b„^_p„L$ ‎(Valency)

rhop_ Tê$Mp¡ ‎

	 ^_ cpqfs Ape_p¡_¡ Lµ$V$pe_ (^_ Ape_) L$l¡ R>¡. 
sp¡ F>Z cpqfs Ape_p¡_¡ Aµ_pe_ (F>Z ‎Ape_) L$l¡hpdp„ 
Aph¡ R>¡. v$p.s. MgCl2 dp„ Mg++, Cl- Ap âdpZ¡ ^_ 
A_¡ F>Z Ape_ lp¡e R>¡. 
	 d|mÖìep¡_u ‎‎bpüsd L$npdp„ fl¡gp Cg¡¼V²$p¡Þk_¡ 
b„^_p„L$ Cg¡¼V²$p¡_ L$l¡ R>¡. ‎

1. H2, HCl, H2O A_¡ NaCl _p AÏk|Óp¡ ̀ f\u H, Cl, O A_¡ Na Ap d|mÖìep¡_p 
b„^_p„L$ _½$u L$fp¡. 

2. NaCl, MgCl2 Ap k„ep¡S>_p¡dp„ L$ep âL$pf_p¡ fpkperZL$ b„^ R>¡ ?‎

	 "sÒhp¡_u k„ep¡S>_ ndsp_¡ b„^_p„L$ L$l¡ R>¡.' ‎d|mÖìep¡_p¡ (sÒhp¡_p¡) b„^_p„L$ A¡ rhrióV$ A„L$ Üpfp v$ip®hhpdp„ 
Aph¡ R>¡. Ap A„L$ A¡V$g¡ s¡ ‎d|mÖìe_p (sÒh_p) A¡L$ ̀ fdpÏA¡ AÞe ̀ fdpÏ kp\¡ L$f¡gp fpkperZL$ b„^_u k„¿ep. 
18du ‎A_¡ 19du kv$udp„ d|mÖìep¡_p¡ (sÒhp¡_p¡) b„^_p„L$ kdÅhhp dpV¡$ fpkperZL$ k„ep¡S>__p¡_p ‎r_edp¡_p¡ 
D`ep¡N L$fhpdp„ Aphsp¡. 20 du kv$udp„ d|mÖìep¡_p (sÒhp¡_p) b„^_p„L$_p¡ s¡_p Cg¡¼V²$p¡_ ‎k„ê$`Z kp\¡_p¡ k„b„^ 
Ýep_dp„ Apìep¡. ‎  

	 Ap âL$pf¡ kp¡qX$ed_p `fdpÏ_u ndsp A¡L$ 
Cg¡¼V²$p¡_ Ap`u v¡$hp_u Äepf¡ ¼gp¡qf__p `fdpÏ_u 
ndsp A¡L$ Cg¡¼V²$p¡_ ‎N°lZ L$fhp_u (gC g¡hp_u)  
R>¡ dpV¡$ S> kp¡qX$ed A_¡ ¼gp¡qf_ b„_¡ d|mÖìep¡_p¡ 
(sÒhp¡_p¡) b„^_p„L$ ‎A¡L$ (1) R>¡. ‎ ‎
	 Aper_L$ b„^ r_dp®Zdp„ d|mÖìep¡_p 
(sÒhp¡_p) `fdpÏ S>¡V$gp Cg¡¼V²$p¡_ Ap`¡ A\hp 
g¡ s¡ ‎k„¿ep A¡V$g¡ s¡ d|mÖìe_p¡ (sÒh_p¡) 

b„^_p„L$.‎ 

	  MgCl2 A_¡ CaO  Ap k„ep¡S>_p¡ d|mÖìep¡ Üpfp L$C fus¡ s¥epf \pe R>¡ ?‎

	 v$u^¡gp L¡$ 

gu^¡gp Cg¡¼V²$p¡Þk_u 

k„¿ep l„d¡i `|Zp¯L$ 

k„¿ep lp¡e R>¡. ‎ dpV¡$ 

b„^_p„L$ l„d¡ip `|Zp¯L$ 

S> lp¡e R>¡.

-1e-

+1e-
  kp¡qX$ed `fdpÏ (Na) Cg¡¼V²$p¡_ k„ê$`Z(2,8,1)                           kp¡qX$ed Ape_ Na+  (2,8)
  ‎¼gp¡qf_ `fdpÏ (Cl) Cg¡¼V²$p¡_ k„ê$`Z (2,8,7)                            ¼gp¡fpCX$ Ape_ Cl-   (2,8,8)

Na+ + Cl-                      NaCl (kp¡qX$ed ¼gp¡fpCX$)	

k„õ\p_y„ L$pe® : fpô²$ue fpkperZL$ âep¡Nipmp, `yZ¡ (National Chemical 
Laboratory) fkpeZip÷_u rhrh^ ‎ipMpAp¡dp„ k„ip¡^_ L$fhy„, DÛp¡Np¡_¡ dv$v$ 
L$fhu A_¡ v¡$i_u Ly$v$fsu kp^_-k„`rÑ_p¡ apev$p¡ \pe s¡ ‎fus¡ h`fpi L$fhp_u ×[óV$A¡ 
_hu_ s„Óop__p¡ rhL$pk L$fhp¡ A¡ DØ¡i\u CSIR _p A¡L$ OV$L$ sfuL¡$ Ap âep¡Nipmp_u 
õ\p`_p 1950dp„ \C. S>¥hs„Óop_, _¡_p¡s„Óop_, Lµ$V¡$rgkuk, ‎Ap¥j^p¡, D`L$fZp¡, 
L©$rjfkpeZp¡, h_õ`rs, dpV$u_y„ k„h^®_ A_¡ blzgL$ rhop_ (Polymer Science) 
S>¡hu ‎rhrh^ D`ipMpAp¡dp„ k„ip¡^_p¡_p¡ D`¾$d Ap âep¡Nipmp Üpfp Apep¡Æs 

L$fhpdp„ Aph¡ R>¡. ‎ 

	 kp¡qX$ed `fdpÏ  A¡L$ Cg¡¼V²$p¡_  ¼gp¡qf__p `fdpÏ_¡ Ap`¡ R>¡ A_¡ kp¡qX$ed_p¡ ^_ Ape_ s¥epf \pe R>¡ dpV¡$ 
‎kp¡qX$ed_p¡ b„^_p„L$ 1 R>¡. ‎‎¼gp¡qf__p¡ `fdpÏ A¡L$ Cg¡¼V²$p¡_ N°lZ L$f¡ R>¡ A_¡ ¼gp¡qf__p¡ F>Z Ape_ s¥epf \pe R>¡. 
dpV¡$ ¼gp¡qf__p¡ ‎b„^_p„L$ 1 R>¡. ‎Ape_p¡dp„ âÐe¡L$ 1 rhfyÝ^ cpf_p ApL$j®Z_¡ L$pfZ¡ Na+ A_¡ Cl-  hÃQ¡ A¡L$ 
fpkperZL$ b„^ r_dp®Z \C ‎‎NaCl s¥epf \pe R>¡. ‎

epv$ L$fp¡. 

dNS> Qgphp¡.
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_uQ¡_p L$p¡W$p¡ `|Z® L$fp¡. ‎

d|mÖìe 
‎(sÒh) ‎

‎̀ fdpÏ A„L$ 
‎

Cg¡¼V²$p¡_ 
‎k„ê$`Z ‎

b„^_p„L$ 
‎Cg¡¼V²$p¡_ ‎

b„^_p„L$ 
‎

lpeX²$p¡S>_ ‎ 1 1 1 1
rlrged 2 2 2 0
rg\ued 2,1
b¡qfrged‎ 4 2
bp¡fp¸_‎ 5 2,3
L$pb®_‎ 2,4 4
‎_pCV²$p¡S>_‎ 7 3
Ap¡[¼kS>_‎ 2,6 6
aëeyAp¡qf_ ‎ 9 7
r_Ap¡_‎ 10
kp¡qX$ed 2,8,1 1 1
d¡Á_¡ried ‎ 12 2
Aëeyrdr_ed 13 2,8,3
rkrgL$p¡_ ‎ 14 4

`qfhs} ‎b„^_p„L$ ‎	
	 Sy>vu Sy>v$u ‎‎ qf[õ\rsdp„ ‎L¡$V$gpL$ 

‎d|mÖìep¡_p ‎‎ fdpÏ Sy>v$u ‎Sy>v$u k„¿epdp„ 

‎Cg¡¼V²$p¡__u ‎Ap`-g¡ L$fsp ‎lp¡e R>¡ Aphp 

‎kde¡ s¡ ‎d|mÖìep¡ ‎‎(sÒhp¡) A¡L$ ‎L$fsp„ h^y 

‎b„^_p„L$ ‎v$ip®h¡ R>¡.‎

‎̀ qfhs} b„^_p„L$ v$ip®h_pfp L¡$V$gpL$ d|mÖìep¡. ‎

d|mÖìe k„op b„^_p„L$ ‎ Ape_‎ ‎_pdL$fZ‎

sp„by Cu 1 A_¡ 2 Cu+

Cu2+

‎¼e|âk‎
‎¼e|râL$ ‎

‎̀ pfp¡‎ Hg 1 A_¡ 2 Hg+

Hg2+

d¼ey®fk ‎
d¼ey®qfL$‎

gp¡M„X$ ‎ Fe 2 A_¡ 3 Fe2+

Fe3+

a¡fk ‎
a¡qfL$ ‎

1. 	 `qfhs} ‎b„^_p„L$hpmp ‎L¡$V$gpL$ 

‎d|mÖìep¡ ‎ip¡^p¡. ‎

‎2. 	 D`f âdpZ¡ ‎‎ qfhs} ‎b„^_p„L$ 

hpmp ‎d|mÖìep¡_p ‎k„ep¡S>_p¡ 

‎ip¡^p¡.‎

d|gL$p¡ ‎ (Radicals)

b¡CT ‎Lµ$V$pe_ ‎ Aµ_pe_ ‎ A¡rkX$ Lµ$V$pe_ ‎ Aµ_pe_‎
NaOH HCl
KOH HBr

Ca(OH)2 HNO3

 ‎_uQ¡_p L$p¡W$pdp„ k„ep¡S>_\u dm_pfp Lµ$V$pe_ A_¡ Aµ_pe_ gMp¡. ‎

gp¡l (Ape_®) ‎‎2 A_¡ 3 ‎A¡hp¡ 

`qfhs} ‎b„^_p„L$ v$ip®h¡ ‎R>¡, s¡\u 

‎‎¼gp¡qf_ kp\¡ ‎dmu_¡ FeCl2 A_¡  

FeCl3 A¡hp ‎b¡ k„ep¡S>_p¡ ‎s¥epf     

L$f¡ R>¡.‎ ‎

L$p¡W$p¡ `|Z® L$fp¡.

ip¡^p¡.

Ýep_dp„ fpMp¡.
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	 Aper_L$ b„^hpmp k„ep¡S>_dp„ b¡ OV$L$p¡ lp¡e R>¡ Lµ$V$pe_ (^_cpqfs Ape_) A_¡ Aµ_pe_ ‎‎(F>Zcpqfs 

Ape_) Ap OVL$ õhs„Ó fus¡ fpkperZL$ âq¾$epdp„ cpN g¡ R>¡, s¡\u s¡_¡ "d|gL$' L$l¡hpdp„ ‎Aph¡ R>¡. Lµ$V$pe_ê$`u 

d|gL$p¡_u Å¡X$u lpCX²$p¡¼kpCX$ Ap Aµ_pe_ê$`u d|gL$ kp\¡ Å¡X$pC_¡ rhrh^ ‎b¡CT s¥epf L$f¡ R>¡. S>¡hp L¡$ NaOH, 
KOH. s¡_¡ L$pfZ¡ Lµ$V$pe__¡‎ b¡CT^d} d|gL$p¡ A¡d ̀ Z L$l¡hpdp„ Aph¡ R>¡. rhrh^ b¡CTdp„ saphs ‎Ap d|gL$ _¡ L$pfZ¡ 

õ`óV$ \pe R>¡. Ap_p\u EgVy„$ Aµ_pe_ê$`u d|gL$p¡_u Å¡X$u lpeX²$p¡S>_ Ape_ Ap ‎Lµ$V$pe_ ê$`u d|gL$p¡ kp\¡ Å¡X$pC_¡ 

rhrh^ A¡rkX$ s¥epf L$f¡ R>¡. S>¡d L¡$ HCl, HBr. s¡_¡ L$pfZ¡ Aµ_pe_p¡_¡ ‎A¡rkX$^d} d|gL$ A¡d `Z L$l¡hpdp„ Aph¡ 

R>¡. rhrh^ A¡rkX$_u k„fQ_p_p¡ saphs A¡ s¡dp„_p A¡rkX$^d} d|gL$_¡ ‎L$pfZ¡ õ`óV$ \pe R>¡. 

	  ‎_uQ¡_p d|gL$p¡ `¥L$u b¡CT^d} d|gL$p¡ A_¡ A¡rkX$^d} d|gL$p¡ ¼ep ? ‎
Ag+, Cu2+, Cl-, I-, SO4

2-, Fe3+, Ca2+, NO3
-, S2-, NH4

+, K+, MnO4
-, Na+

	 kpdpÞe fus¡ b¡CT^d} d|gL$p¡ ̂ psy_p AÏdp„\u Cg¡¼V²$pµ_ Nydphhp\u b_¡ R>¡. S>¡d L¡$ Na+ , Cu2+ ̀ f„sy Apdp„ 

¼ep„L$ A`hpv$ `Z lp¡e R>¡, S>¡d L¡$ NH4
+ s¡hu S> fus¡ A¡rkX$^d} d|gL$p¡ kpdpÞes: A^psy_p AÏdp„ Cg¡¼V²$pµ_ 

g¡hp\u b_¡ R>¡ S>¡d L¡$ Cl-, S2-  `f„sy Apdp„ L¡$V$gpL$ A`hpv$ê$`¡ R>¡ S>¡d L¡$ MnO4
-

	 _uQ¡_p OV$L$p¡_y„ b¡ rhcpNdp„ hN}L$fZ L$fp¡. hN}L$fZ L$fsu hMs¡ s¡d_p 

`f_p rhÛys âcpf_p rQŒ L$fsp AgN L$kp¡V$u hp`fp¡. 
Ag+, Mg2+, Cl-, SO4

2-, Fe2+, ClO3
-, NH4

+, Br-, NO3
-

	 A¡L$S> `fdpÏ ^fphsp d|gL$p¡ A¡V$g¡ kpv$p d|gL$p¡ S>¡d L¡$, Na+, Cu+, Cl-

	 Äepf¡ A¡L$pv$ d|gL$ S>¡ cpqfs `fdpÏ_y„ S|>\ lp¡e Ðepf¡ s¡¡ k„ey¼s d|gL$ L$l¡hpdp„ Aph¡ R>¡. S>¡d L¡$ SO4
2-, NH4

+. 
d|gL$p¡`f_p cpf_y„ S>¡ d|ëe lp¡e s¡ S> s¡_p¡ b„^_p„L$ lp¡e R>¡.

k„ep¡S>__p fpkperZL$ k|Óp¡ - A¡L$ `y_fphgp¡L$_ ‎
	 Aper_L$ b„^\u s¥epf \e¡gp k„ep¡S>__u rhi¡jsp A¡V$g¡ s¡_p `fdpÏ_p b¡ cpN ‎A¡V$g¡ L¡$ Lµ$V$pe_ A_¡ 
Aµ_pe_ A¡V$g¡ S> b¡CT^d} d|gL$ A_¡ A¡rkX$^d} d|gL$. Ap b¡ cpN rhfyÝ^ ‎cpqfs lp¡e R>¡. s¡d_u hÃQ¡_y„ 
ApL$j®Z bm A¡V$g¡ S> Aper_L$ b„^. Aper_L$ k„ep¡S>__p _pddp„ b¡ ‎iåv$ lp¡e R>¡. `l¡gp iåv$dp„ Lµ$V$pe__y„ 
_pd lp¡e R>¡ Äepf¡ buÅ iåv$dp„ Aµ_pe__y„ _pd lp¡e R>¡. S>¡d ‎L¡$ kp¡qX$ed ¼gp¡fpBX$ Ap âL$pf_p k„ep¡S>__y„ 
fpkperZL$ k|Ó gM_u hMs¡ Lµ$V$pe__u k„op X$pbu ‎bpSy>A¡ A_¡ Aµ_pe__u k„op s¡_¡ Å¡X$u_¡ S> S>dZu bpSy>A¡ 
gMhpdp„ Aph¡ R>¡.‎
	 AÏk|Ó gMsu hMs¡ Ape_ `f_p¡ cpf ‎v$ip®hhpdp„ Aphsp¡ _\u dpÓ s¡ s¡ Ape__u k„¿ep k„op_u 
S>dZu bpSy>A¡ `pep sfa gMhpdp„ ‎Aph¡ R>¡. k„ey¼s d|gL$p¡_u k„¿ep 2 A\hp h^y lp¡e Ðepf¡ d|gL$p¡_u k„op 
L$p¦kdp„ gMu L$p¦k_u blpf S>dZu ‎bpSy>A¡   _uQ¡_u sfa ̀ pepdp„ gMhpdp„ Aph¡ R>¡. b„^_p„L$_u Qp¡L$X$u (rsfL$k)      
NyZpL$pf `Ý^rsA¡ Ap k„¿ep d¡mhhu kfm `X¡$ R>¡. v$p.s.kp¡qX$ed ‎këa¡V$ Ap k„ep¡S>__y„ fpkperZL$ k|Ó gMsu 
hMs_p kp¡`p_p¡¡ (sb½$pAp¡) ApNm âdpZ¡ R>¡.

k„â¡jZ s„Óop__u `|fL$ dprlsu ‎
	 Öìe_u NZ_p A_¡ AÞe dprlsu_p Aæepk dpV¡$ 
bpSy>dp„ Ap`¡gp k„L¡$s õ\m_u dv$v$ gp¡. ‎
	 d|mÖìe_„y `fdpÏ„Öìedp_, Cg¡¼V²$p¡_ k„ê$`Z A_¡ 
b„^_p„L$ _p k„v$c®dp„ õâ¡X$iuV$ ‎s¥epf L$fp¡. ‎

k„L¡$s õ\mp¡
 www.organic.chemistry.org
 www. masterorganicchemistry.com 
 www. rsc.org.learnchemistry 

dNS> Qgphp¡. 

L$lp¡ Å¡CA¡ !
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Ape_/ d|gL$p¡‎
               b¡CT^d} d|gL$p¡‎	 				    A¡rkX$^d} d|gL$p¡‎

 	 H +	 lpeX²$p¡S>_ ‎	 Al3+	 A¡ëeyrdr_ed ‎	 H-	 lpeX²$pCX$ ‎	 MnO4
-	 `fd¢N¡_¡V$ ‎ 

 	 Na+	 kp¡qX$ed ‎	 Cr3+	 ¾$p¡rded	 F-	 ãgyfpBX$ ‎	 ClO3
-    	 ¼gp¡f¡V$‎

 	 K+	 `p¡V¡$ried	 Fe3+	 a¡qfL$	 Cl-	 ¼gp¡fpBX$ ‎	 BrO3
-    	 b°p¡d¡V$ ‎

	 Ag+	 rkëhf ‎	 Au3+	 Np¡ëX$ ‎	 Br-	 b°p¡dpBX$ ‎          IO3
-     	 Apep¡X¡$V$‎

	 Cu+	 ¼e|âk	 Sn4+	 õV¡$r_L$	 I-	 Apep¡X$pBX$ ‎	 CO3
2-     	 L$pbp£_¡V$ ‎

	 Hg+	 d¼ey®fk	 NH4
+	 A¡dp¡_ued	 O2-	 Apµ¼kpCX$	 SO4

2-   	 këa¡V$ ‎

	 Cu2+	 ¼e|râL$/ L$p¡`f ‎			   S2-	 këapBX$ ‎	 SO3
2-    	 këapCV$ ‎

	 Mg2+	 d¡Á_¡ried			   N3-	 ‎_peV²$pBX$ ‎       	 CrO4
2-   	 ‎¾$p¡d¡V$ ‎

	 Ca2+	 L¡$[ëied				           	 Cr2O7
2-   	X$pe¾$p¡d¡V$ ‎

	 Ni2+	 r_L$g‎ ‎			   OH-	 lpeX²$p¡¼kpBX$ ‎     PO4
3-    	 ap¡õa¡V$ ‎

	 Co2+	 L$p¡bpëV$	 		  NO3
-	 _peV²¡$V$ ‎

	 Hg2+	 d¼e®yqfL$‎			   NO2
-	 _peV²$pBV$ ‎

	 Mn2+ 	 d¢N¡_uT			   HCO3
-	bpeL$pbp£_¡V$ ‎

	 Fe2+	  a¡fk (Ape_® II)‎		  HSO4
-  bpekëa¡V$ ‎		

	 Sn2+	 õVµ$_k‎			   HSO3
- bpe këapBV$‎	

	 Pt2+	 àg¡qV$_d

kp¡`p_ 1 :	 d|gL$p¡_u k„op gMhu (b¡CT^d} d|gL$ X$pbu bpSy>A¡) ‎

			   Na	 SO4

kp¡`p_ 2 :	 s¡ s¡ d|gL$p¡_u _uQ¡ s¡_p¡ b„^_p„L$ gMp¡. ‎

			   Na	 SO4

			   1	 2
kp¡`p_ 3 :	 d|gL$p¡_u k„¿ep d¡mhhp dpV¡$ suf\u v$ip®ìep âdpZ¡ rsfL$k (Qp¡L$X$u) NyZpL$pf L$fhp¡. ‎

			   Na	 SO4

			   1	 2
kp¡`p_ 4 :	 k„ep¡S>__y„ fpkperZL$ k|Ó gMhy„. ‎

			   Na2SO4

	 rhrh^ k„ep¡S>_p¡_p fpkperZL$ AÏk|Óp¡ gMhp dpV¡$ s¡d_p d|gL$p¡_p b„^_p„L$_u ÅZ lp¡hu ‎AphíeL$ 

R>¡. _uQ¡ Ap`¡g L$p¡W$pdp„ l„d¡ip h`fpsp d|gL$p¡_y„ _pd, s¡_u cpf krls k„op Ap`¡gu ‎R>¡. ‎

`yõsL$p¡ dpfp rdÓ ‎ 
Essentials of Chemistry, The Encylopedia of Chemistry, rhop_ A_¡ s„Óop_ L$p¡i.‎
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	 Ape_/ d|gL$p¡ A¡ L$p¡W$p¡_p¡ A_¡ rsfL$k (Qp¡L$X$u) NyZpL$pf ̀ Ý^rs_p¡ D`ep¡N 

L$fu_¡ _uQ¡_p k„ep¡S>_p¡_p ‎fpkperZL$ k|Óp¡ s¥epf L$fp¡. ‎

1.	 _pd gMp¡.‎ ‎
	 (A)	 ^_ Ape_ ‎
	 (Ap)	b¡CT^d} d|gL$p¡‎
	 (B)	 k„ey¼s d|gL$p¡. ‎
	 (C)	 `qfhs} b„^_p„L$ ^fphsu ^psy ‎
	 (D)	 qÜ A¡rkX$^d} d|gL$p¡. ‎
	 (E)	 rÓ b¡CT^d} d|gL$p¡. ‎ ‎

2. 	 _uQ¡_p d|mÖìep¡ A_¡ s¡d_p\u dm_pfp d|gL$p¡_u 

k„op gMu d|gL$p¡ `f cpf v$ip®hp¡. ‎
	 `pfp¡, `p¡V¡$ried, _pCV²$p¡S>_, sp„by, L$pb®_, 
	 këaf, ¼gp¡qf_, Ap¡[¼kS>_ ‎ 

3.	 _uQ¡_p k„ep¡S>_p¡_p fpkperZL$ k|Óp¡ s¥epf 

L$fhp_p kp¡`p_p¡ (sb½$pAp¡) gMp¡. ‎ ‎
	 kp¡qX$ed këa¡V$, `p¡V¡$ried _pCV²¡$V$, 
	 a¡qfL$ap¡õa¡V$, L¡$[ëied Ap¡¼kpBX$, 
	 A¡ëeyrdr_ed lpBX²$p¡¼kpBX$.‎ ‎

4. 	 _uQ¡_p âñp¡_p DÑfp¡ õ`óV$uL$fZ Ap`u gMp¡. ‎ ‎
	 (A)	 d|mÖìe kp¡qX$ed_p¡ b„^_p„L$ 1 R>¡. ip 

dpV¡$ ? 
	 (Ap)	M A¡ ^psy R>¡. këa¡V$ A_¡ ap¡õa¡V$ d|gL$_u 

kp\¡ s¡Z¡ s¥epf L$f¡gp k„ep¡S>__y„ 
fpkperZL$ ‎k|Ó ip¡^hp_p kp¡`p_p¡ 
(sb½$pAp¡) gMp¡. ‎

	 (B) `fdpÏ Öìedp_ dpV¡$ k„v$c® `fdpÏ_u 
AphíeL$sp õ`óV$ L$fp¡. b¡ k„v$c® ̀ fdpÏ_u 
‎dprlsu gMp¡. ‎

	 (C)	 "`fdpÏ_y„ A¡L$uL©$s Öìedp_' A¡V$g¡ iy„ ? ‎
	 (D)	 `v$p\®_p¡ dp¡g A¡V$g¡ iy„ ? s¡ Dv$plfZkrls 

õ`óV$ L$fp¡. ‎

5. 	 _uQ¡_p k„ep¡S>__p _pd gMp¡ A_¡ AÏÖìedp_ 

ip¡^p¡. ‎ ‎
		  Na2SO4, K2CO3, CO2, MgCl2, 

NaOH, AlPO4, NaHCO3 
6. 	 b¡ Sy>v$pSy>v$p dpNp£\u L$muQ|_p_p„ b¡ _d|_p "d' 

A_¡ "_' dýep. s¡_u k„fQ_p_u dprlsu ‎‎            
_uQ¡ âdpZ¡ R>¡.‎

	 _d|_p¡ "d' : Öìedp_ 7 N°pd ‎
		  OV$L$ Ap¡[¼kS>__y„ Öìedp_	 : 2 N°pd ‎
		  OV$L$ L¡$[ëied_y„ Öìedp_	 : 5 N°pd ‎
	‎ _d|_p¡ "_' : Öìedp_ 1.4 N°pd ‎
		  OV$L$ Ap¡[¼kS>__y„ Öìedp_	 : 0.4 N°pd ‎
		  OV$L$ L¡$[ëied_y„ Öìedp_	 : 1 N°pd ‎ ‎
	 Ap D`f\u fpkperZL$ k„ep¡S>__p¡ L$ep¡ r_ed 

rkÝ^ \pe R>¡ s¡ õ`óV$ L$fp¡.
7. 	 _uQ¡_u fpridp„\u s¡ s¡ `v$p\®_p AÏ_u k„¿ep 

ip¡^p¡. ‎ ‎
		  32 N°pd Ap¡[¼kS>_, 90 N°pd `pZu, 8.8 

N°pd L$pb®_ X$peAp¡¼kpBX$, 7.1 N°pd 
¼gp¡qf_

8. 	 _uQ¡_p `v$p\®_y„ 0.2 dp¡g Å¡Csy lp¡e sp¡ s¡_p 

L¡$V$gp N°pd fpri g¡hu `X$i¡ ? ‎
		  kp¡qX$ed ¼gp¡fpBX$, d¡Á_¡ried Apµ¼kpCX$, 

L¡$[ëied L$pbp£_¡V$ ‎
D`¾$d‎ :
		  ‎̀ |W$p, _p_p Qy„bL$_u QL$suAp¡ A_¡ 

A¡fëX$pBV$_p¡ D`ep¡N L$fu rhrh^ d|gL$p¡_u 
ârsL©$rs b_php¡ A_¡ ‎s¡dp„\u rhrh^ 
k„ep¡S>_p¡_p AÏ b_php¡. ‎

	 L¡$[ëied L$pbp£_¡V$, kp¡qX$ed bpeL$pbp£_¡V$, rkëhf ¼gp¡fpCX$, d¡Á_¡ried Ap¡¼kpBX$, L¡$[ëied ‎lpeX²$p¡¼kpCX$, 

A¡dp¡r_ed ap¡õa¡V$, ¼e|âk b°p¡dpBX$, L$p¡`f këa¡V$, `p¡V¡$ried _pCV²¡$V$, kp¡qX$ed ‎X$pe¾$p¡d¡V$.

²²²

dNS> Qgphp¡. 

õhpÝepe
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	 tgby, Apdgu, Mphp_p¡ kp¡X$p, R>pi, rh_¡Nf, k„sfp, v|$̂ , V$d¡V$p„, rdëL$ Apµa dµÁ_¡riep, 

`pZu, ‎aV$L$X$u Ap `v$p\p£_y„ rgV$dk_u dv$v$\u ÓZ rhcpNdp„ hN}L$fZ L¡$hufus¡ L$fpe ? ‎

	 ApNgp ^p¡fZdp„ Ap`Z¡ Å¡ey„ L¡$ L¡$V$gp„L$ MpÛ`v$p\® õhpv¡$ MpV$p lp¡e R>¡ sp¡ L¡$V$gpL$   

A¡rkX$^d} d|gL$ R>¡. Ap b^p k„ep¡S>_p¡ b¡CT R>¡. S>¡_p b¡CT^d} d|gL$ H+ L$fsp Sy>v$p A_¡ A¡rkX$^d} d|gL$ OH- 

L$fsp„ Sy>v$p R>¡ A¡hp Aper_L$ k„ep¡S>_p¡ npf (Salts) lp¡e R>¡. ‎

õhpv¡$ s|fp A_¡ õ`i®\u [õ_Á^ lp¡e R>¡. Ap `v$p\p£_p¡ h¥opr_L$ Aæepk L$fsp A¡d S>Zpey„ L¡$ ‎s¡d_pdp„ A_y¾$d¡ 

A¡rkX$uL$ A_¡ b¡rTX$ OV$L$ lp¡e R>¡. ApNgp ^p¡fZdp„ Ap`Ï„ rgV$dk S>¡hp k|QL$_p ‎Ap^pf¡ A¡rkX$ A_¡ b¡CT 

Ap¡mMhp_u kl¡gu A_¡ kyfrns `Ý^rs iu¿ep R>uA¡. 

	 rgV$dk `¡`f_p Ap^pf¡ A¡rkX$ A_¡ b¡CT L¡$hu fus¡ Ap¡mMhp ? ‎

	 Ap`Z¡ A¡rkX$ A_¡ b¡CT rhi¡ h^pf¡ dprlsu d¡mhhp_p R>uA¡. s¡ dpV¡ k„ep¡S>__p ‎AÏ L¡$hu fus¡ b_¡ R>¡ s¡_y„ 

Ap`Z¡ `y_fphgp¡L$_ L$fuA¡. ‎
‎_uQ¡_p L$p¡W$pdp„ "A' cpN_p Mp_p `|Z® L$fp¡. ‎

A Ap
k„ep¡S>__y„ _pd ‎ AÏk|Ó b¡CT^d} d|gL$ ‎ A¡rkX$^d} d|gL$‎ k„ep¡S>__p¡ ‎âL$pf

lpeX²$p¡¼gp¡qfL$ ‎A¡rkX$ ‎ HCl H+ Cl- A¡rkX$
HNO3

HBr

H2SO4

H3BO3

NaOH
KOH
Ca(OH)2

NH4OH

NaCl
Ca(NO3)2

K2SO4

CaCl2
(NH4)2SO4

	 L¡$V$gpL$ k„ep¡S>__p AÏdp„ H+ s¡ b¡rTL$ d|gL$ R>¡. Ap b^p A¡rkX$ R>¡. L¡$V$gpL$ k„ep¡S>__p AÏdp„ OH- ‎R>¡ S>¡ 

epv$ L$fp¡.

1. गतीचे नियम
Ø  Af¹l¡r_Ak_p¡ A¡rkX$ A_¡ b¡CT rkÝ^p„s 	 Ø  A¡rkX$ A_¡ b¡CT_u kp„Ösp
Ø   ÖphZ_p¡ pH 	 Ø  A¡rkX$ A_¡ b¡CT_p¡ pH	  Ø  npf

‎5. A¡rkX$, b¡CT A_¡ npf‎
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5.1 NaCl  k„ep¡S>__y„ r_dp®Z : Cg¡¼V²$p¡_ k„ê$`Z‎

	 [õ\f rhÛys_p¡ Aæepk L$fsu hMs¡ 

Ap`Z¡ Å¡ey„ L¡$ r_kN®dp„ L$p¡C`Z hõsy_u âh©rÑ 

rhÛyscpqfs [õ\rsdp„\u sV$õ\ [õ\rs sfa 

S>hp_u lp¡e R>¡. A¡d lp¡hp R>sp„ rhÛys×[óV$A¡ 

kdsyrgs A¡V$g¡ L$¡$ sV$õ\ A¡hp AÏ\u cpqfs 

A¡hp Ape_ L$C fus¡ s¥epf \pe R>¡ ? AÏ_p 

Cg¡¼V²$p¡_ k„ê$`Z ̀ f\u s¡_y„ õ`óV$uL$fZ dmi¡. s¡ 

dpV¡$ kp¡qX$ed A_¡ ¼gp¡qf__p AÏdp„\u Na+ 
A_¡  Cl- s¡ Ape_ A_¡ s¡_p\u NaCl npf L¡$hu 

fus¡ s¥epf \pe R>¡ s¡ ApL©$rs 5.1 dp„ bsph¡g R>¡.

	 kp¡qX$ed A_¡ ¼gp¡qf__p AÏdp„ bpüsd 

L$np s¡ `|Z® AóV$L$ _\u. dpÓ Na+ A_¡ Cl- Ap 

b„_¡ Ape_dp„ bpüsd L$np s¡ `|Z® AóV$L$ R>¡.  

	 `|Z® AóV$L$ lp¡e s¡hy„ Cg¡¼V²$p¡_ k„ê$`Z s¡ [õ\fsp_u [õ\rs v$ip®h¡ R>¡ A_¡ ApNm S>C_¡ Na+ A_¡ Cl- Ap 

rhfyÝ^ cpqfs Ape_dp„ Aper_L$ b„^ s¥epf \hp\u NaCl s¡ Arsie [õ\f lp¡e s¡hp¡ Aper_L$ k„ep¡S>_ s¥epf     

\pe R>¡.

Aper_L$ k„ep¡S>__y„ rhep¡NuL$fZ ‎ (Dissociation of Ionic Compound)
_uQ¡ âdpZ¡ `v$p\® c¡Np L$fsp b_sp rdîZ_¡ iy„ L$l¡hpe ? 

Aper_L$ b„^_ey¼s ‎
NaCl

Cl-

Na 

Cl

Na 

-e-

+e-

Cl

Na+ 

1. `pZu A_¡ duWy„$		  2. `pZu A_¡ kpL$f

3. `pZu A_¡ s¡g		  4. `pZu A_¡ gpL$X$p_y„ cyky„

	 Äepf¡ Aper_L$ k„ep¡S>_  `pZudp„ Ap¡Nm¡ Ðepf¡ Ðepf¡ s¡_y„ S>gue ÖphZ s¥epf \pe R>¡. õ\peu õhê$`dp„ 

lp¡e s¡hp Aper_L$ k„ep¡S>_dp„ rhfyÝ^ cpqfs Ape_ A¡L$d¡L$_¡ Qp¡V¡$gp lp¡e R>¡. Äepf¡ A¡L$pvy„$ Aper_L$ k„ep¡S>_ 

`pZudp„ Ap¡Nmhp_u iê$Aps \pe Ðepf¡ `pZu_p AÏ, k„ep¡S>__p Ape__u hÃQ¡_u S>Npdp„ v$pMg \pe A_¡ 

s¡d_¡ A¡L$buÅ\u v|$f L$f¡, A¡V$g¡ L¡$ S>gue ÖphZ b_su hMs¡ Aper_L$ k„ep¡S>__y„ rhep¡NuL$fZ \pe R>¡. (Sy>Ap¡ 

ApL©$rs 5.2)

(2,8,1)

(2,8,7) (2,8,8)

(2,8)

S>_pfp¡ 1 Cg¡¼V²$p¡_‎

Aph_pfp¡ 1 Cg¡¼V²$p¡_ ‎

epv$ L$fp¡. 

	 lh¡ `pR>mdp„ L$p¡W$pdp„ "Ap' Ap cpN `|Z® L$fp¡. s¡_p `f\u õ`óV$ \pe R>¡ L¡$ Aper_L$ k„ep¡S>__p ÓZ ‎âL$pf lp¡e 

R>¡. A¡rkX$, b¡CT A_¡ npf.
Aper_L$ k„ep¡S>_p¡ : A¡L$ `y_fphgp¡L$_

	 Aper_L$ k„ep¡S>__p AÏ_p b¡ OV$L$ lp¡e R>¡ s¡ R>¡ Lµ$V$pe_ (O_ Ape_/b¡CT^d} d|gL$) A_¡ Aµ_pe_ (F>Z 

Ape_/A¡rkX$^d} d|gL$) Ap Ape_ D`f rhfyÝ^ rhÛyscpf lp¡hp\u s¡d_pdp„ ApL$j®Z bm L$pe®fs lp¡e R>¡. A_¡ 

A¡_¡ S> Aper_L$ b„^ L$l¡hpe R>¡. Ap Ap`Z¡ ApNgp ^p¡fZdp„ Å¡ey„ R>¡. Lµ$V$pe_ `f_p A¡L$ O_cpf A_¡                      

Aµ_pe_ `f_p A¡L$ F>Zcpf hÃQ¡_y„ ApL$j®Z bm A¡V$g¡ A¡L$ Aper_L$ b„^.
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5.2 : duW$p_y„ S>gue ÖphZdp„ rhep¡NuL$fZ

	 ÖphZdp„ AgN \e¡gp âÐe¡L$ Ape_ b^u bpSy>\u `pZu_p AÏAp¡ hX¡$ O¡fpe¡gp lp¡e R>¡. Ap [õ\rs 

v$ip®hhp dpV¡$ âÐe¡L$ Ape__u k„op_u S>dZu bpSy>A¡ (aq) (aqueous A¡V$g¡ S> S>gue) A¡d gMhpdp„ Aph¡ R>¡. 

HCl (g)                       H+(aq) +  Cl-(aq)
  `pZu

(rhep¡NuL$fZ) 

H2SO4 (l)                    H+(aq) +  HSO4
-(aq) 

  `pZu

(rhep¡NuL$fZ) 

HSO4
-(aq)                     H+(aq) +  SO4

2-(aq)
(rhep¡NuL$fZ) 
 

1. NH3, Na2O, CaO Ap k„ep¡S>__p _pd iy„ R>¡ ? ‎

‎2. D`f_p k„ep¡S>_p¡ ̀ pZudp„ _pMsp s¡ ̀ pZu kp\¡ k„ep¡Åe R>¡. s¡\u ¼ep Ape_  

     s¥epf \pe R>¡ s¡ gMu _uQ¡_p¡ L$p¡W$p¡ `|Z® L$fp¡. ‎ ‎

              NH3 (g) +  H2O(l)

              Na2O(s) + ..........                            2 Na+(aq) +..............

              CaO(s) + H2O(l)                                 ........... + .............

NH4
+ (aq) + OH-(aq)

3. D`f_p k„ep¡S>__y„ hN}L$fZ A¡rkX$, b¡CT, npf Ap `¥L$u ¼ep âL$pfdp„ L$fip¡ ? ‎

Af¹l¡r_Ak_p¡ A¡rkX$ A_¡ b¡CT rkÝ^p„s ‎ (Arrhenius Theory of Acids and Bases)
	 C.k.1887 dp„ õhuqX$i h¥opr_L$ Af¹l¡r_Ak¡ A¡rkX$ A_¡ b¡CT_p¡ rkÝ^p„s fS|> L$ep£. Ap rkÝ^p„sdp„ A¡rkX$ 

A_¡ b¡CT_u ìep¿ep L$fu R>¡. S>¡ _uQ¡âdpZ¡ R>¡. ‎

A¡rkX$ : A¡rkX$ A¡V$g¡ A¡hp¡ ̀ v$p\® L¡$ S>¡ ̀ pZudp„ Ap¡Nmsp s¡_p ÖphZdp„ H+ (lpCX²$p¡S>_ Ape_) s¡ A¡L$S> Lµ$V$pe_ 

s¥epf \pe. 

v$p.s.‎ HCl, H2SO4, H2CO3. 

`pZudp„ Ap¡Nmsp 

`l¡gp„_y„ O_ê$` duWy„$

NaCl(s)                          Na+(aq) + Cl-(aq)
  `pZu

(rhep¡NuL$fZ) 

duW$p_y„ S>gue ÖphZ 

`pZukp¡qX$ed 
¼gp¡fpCX$

dNS> Qgphp¡. 
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b¡CT : b¡CT A¡V$g¡ A¡hp¡ `v$p\® L¡$ S>¡ `pZudp„ Ap¡Nmsp s¡_p ÖphZdp„ OH- (lpeX²$p¡¼kpCX$ Ape_)

Aµ_pe_ A¡ A¡L$ S >s¥epf \pe. v$p.s..‎ NaOH, Ca(OH)2

NaOH (s)                            Na+(aq) + OH-(aq)
  `pZu

(rhep¡NuL$fZ) 

  Ca(OH)2 (s)                            Ca2+(aq) + 2OH-(aq)   `pZu

(rhep¡NuL$fZ) 

A¡rkX$ A_¡ b¡CT_y„ hN}L$fZ ‎ (Classification of Acids and Bases)
‎1. suh° A_¡ kp¥çe A¡rkX$, b¡CT A_¡ ApëL$gu npf ‎(Strong and Weak Acids, Bases and Alkali )
	  A¡rkX$ A_¡ b¡CT_p S>gue ÖphZdp„ s¡d_y„ rhep¡NuL$fZ L¡$V$gp âdpZdp„ \pe R>¡ s¡ A_ykpf s¡d_y„ ‎hN}L$fZ 
suh° A_¡ kp¥çe Ap b¡ âLpfdp„ L$fpe R>¡.‎
suh° A¡rkX$ (Strong Acid) : suh° A¡rkX$ `pZudp„ Ap¡Nm¡ Ðepf¡ s¡d_y„ rhep¡NuL$fZ gNcN `|Z® \pe R>¡. A_¡ 
‎s¡d_p S>gue ÖphZdp„ H+ A_¡ k„b„r^s A¡rkX$_p„ A¡rkX$^d} d|gL$_p Ape_ S> dp¡V¡$cpN¡ lp¡e R>¡. ‎v$ps.HCl, 
HBr, HNO3 , H2SO4. 
kp¥çe A¡rkX$ (Weak Acid) :  kp¥çe A¡rkX$ `pZudp„ Ap¡Nm¡ Ðepf¡ s¡d_y„ rhep¡NuL$fZ `|Z®`Z¡ \sy„ _\u A_¡ 
‎s¡d_p S>gue ÖphZdp„ \p¡X$p âdpZdp„ H+  A_¡ k„b„r^s A¡rkX$_p A¡rkX$^d} d|gL$, Ap Ape__u ‎kp\¡ S>      
rhep¡NuL$fZ _ \e¡gp A¡rkX$_p AÏ dp¡V$p âdpZdp„ lp¡e R>¡. v$p.s. CH3COOH, CO2.
suh° b¡CT (Strong Base) : suh° b¡CT `pZudp„ Ap¡Nm¡ Ðepf¡ s¡d_y„ rhep¡NuL$fZ gNcN `|Z® \pe R>¡ ‎A_¡ 
s¡d_p S>gue ÖphZdp„ OH-  A_¡ k„b„r^s b¡CT_y„ b¡CT^d} d|gL$_p Ape_ S> dy¿eÐh¡ ‎lp¡e R>¡. ‎
v$p.s. NaOH, KOH, Ca(OH)2, Na2O.
kp¥çe b¡CT (Weak Base) : kp¥çe b¡CT `pZudp„ Ap¡Nm¡ Ðepf¡ s¡_y„ rhep¡NuL$fZ `|Z® \sy„ _\u A_¡ s¡ ‎S>gue 
ÖphZdp„ Ap¡R>p âdpZdp„ OH- A_¡ k„b„r^s b¡CT^d} d|gL$_u kp\¡ rhep¡NuL$fZ _ ‎‎\e¡gp b¡CT_p AÏ dp¡V$p 
âdpZdp„ li¡. v$p.s. NH3.
ApëL$gu (Alkali) : S>¡ b¡CT `pZudp„ dp¡V$p âdpZdp„ Ap¡Nmsp„ lp¡e s¡d_¡ ApëL$gu L$l¡hpe.‎ v$p.s.  NaOH, 
KOH, NH3  Ap `¥L$u NaOH A_¡ KOH suh° b¡CT R>¡ sp¡ NH3 s¡ kp¥çe b¡CT R>¡. ‎
2. b¡CT NyZ^d® A_¡ A¡rkX$ NyZ^d® (Basicity and Acidity) 
	 ‎_uQ¡_p¡ L$p¡W$p¡ `|Z® L$fp¡. ‎

A¡rkX$ : A¡L$ AÏdp„\u dmsu  H+ _u k„¿ep.

HCl HNO3 H2SO4 H2CO3 H3BO3 H3PO4 CH3COOH

b¡CT : A¡L$ AÏdp„\u dmsu OH- _u k„¿ep. ‎

NaOH KOH Ca(OH)2 Ba(OH)2 Al (OH)3 Fe(OH)3 NH4OH

A¡rkX$ A_¡ b¡CT_y„ hN}L$fZ s¡d_p A_y¾$d¡ b¡CT NyZ^d® A_¡ A¡rkX$uL$ NyZ^d®_p Ap^pf¡ `Z L$fu iL$pe R>¡. ‎



62

A¡rkX$_p¡ b¡CT NyZ^d® : A¡rkX$_p A¡L$ AÏdp„\u rhep¡NuL$fZ Üpfp S>¡V$gp H+ Ape_ dmu iL¡$ s¡ ‎k„¿ep A¡V$g¡ 

s¡ A¡rkX$_p¡ b¡CT NyZ^d® L$l¡hpe. ‎

b¡CT_p¡ A¡rkX$ NyZ^d® : b¡CT_p A¡L$ AÏdp„\u rhep¡NuL$fZ Üpfp S>¡V$gp OH- Ape_ dmu iL¡$ s¡ ‎k„¿ep A¡V$g¡ 

b¡CT_p¡ A¡rkX$ NyZ^d® L$l¡hpe.‎

1.	 `©óW$ ¾$.61 _p L$p¡W$p `f\u A¡L$ b¡CT^d} qÜ-b¡CT^d} A_¡ rÓ-b¡CT^d} 

A¡rkX$_p ‎Dv$plfZ Ap`p¡. ‎

‎2.	 `©óW$ ¾$.61 _p L$p¡W$p ̀ f\u b¡CT_p ÓZ âL$pf ¼ep ? s¡ S>Zphu s¡_p Dv$plfZp¡ 

Ap`p¡. 

A¡rkX$ A_¡ b¡CT_u kp„Ösp‎ (Concentration of Acid and Base)

	 A¡L$ tgby_p b¡ kdp_ cpN L$fu A¡L$ A¡L$ cpN_p¡ fk 

L$pQ_p A¡L$ A¡L$ buL$fdp„ gp¡. A¡L$ buL$fdp„ ‎‎(A) `uhp_y„ 

`pZu 10 rdgu gp¡ A_¡ buÅdp„ (b) 20 rdgu `pZu gp¡. 

b„_¡ buL$fdp„_p ÖphZp¡ lgphu s¡_¡ ‎QpMp¡. b„_¡ buL$fdp„_p 

ÖphZ_p õhpv$dp„ L„$C afL$ R>¡ L¡$? ¼ep¡? ‎

	 D`f_u L©$rsdp„ ÖphZ_p¡ MpV$p¡ õhpv$ s¡ s¡dp„_p              

rg„byfk_u Öpìesp_¡ gu^¡ R>¡. b„_¡ ÖphZdp„ ‎rg„byfk_u Ly$g 

fpri kdp_ R>¡. `f„sy õhpv$dp„ afL$ R>¡. `l¡gp buL$fdp„_y„ 

ÖphZ buÅ ‎buL$fdp„_p ÖphZ L$fsp„ h^pf¡ MpVy„$ R>¡. Aphy„ 

ip\u \pe R>¡ ? ‎

	 b„_¡ ÖphZdp„ Öpìe_u fpri kdp_ lp¡hp R>sp„ ÖphL$_u fpri Ap¡R>u h^pf¡ R>¡. Öpìe_u fpri\u s¥epf ‎‎\e¡gp 

ÖphZ_u fpri_y„ âdpZ Sy>vy„$ Sy>vy„$ R>¡. `l¡gp buL$fdp„ tgby_p fk_y„ âdpZ h^pf¡ R>¡ A_¡ s¡\u s¡ ‎ÖphZ_p¡ õhpv$ h^pf¡ 

MpV$p¡ R>¡. A¡_p\u rhfyÝ^ buÅ buL$fdp„ tgby_p fk_y„ âdpZ Ly$g ÖphZ_p ‎âdpZdp„ Ap¡Ry>„ lp¡hp\u s¡_p¡ õhpv$ Ap¡R>p¡ 

MpV$p¡ R>¡. ‎

	 MpÛ `v$p\®_p¡ õhpv$, s¡dp„_p õhpv$ Ap`_pf OV$L$ `v$p\® L$ep¡ A_¡ L¡$V$gp âdpZdp„ R>¡ s¡_p `f ‎Ap^pqfs R>¡ s¡S> 

âdpZ¡ ÖphZ_p b^p S> NyZ^d® s¡dp„_p ÖphL$ A_¡ Öpìe _p õhê$``f s¡d S> ‎ÖphZdp„ Öpìe_y„ âdpZ L¡$V$gy„ R>¡ s¡_p 

`f Ap^pqfs R>¡. Öpìe_y„, ÖphZdp„ âdpZ A¡V$g¡ Öpìe_u ‎ÖphZdp„ kp„Ösp. Äepf¡ ÖphZdp„ Öpìe_u kp„Ösp h^pf¡ 

lp¡e Ðepf¡ s¡ S>gv$ ÖphZ lp¡e A_¡ Öpìe_u ‎kp„Ösp Ap¡R>u lp¡e sp¡ s¡ d„v$ ÖphZ lp¡e R>¡. ‎

	 ÖphZ_u kp„Ösp ìe¼s L$fhp dpV¡$ A_¡L$ A¡L$d_p¡ D`ep¡N L$fhpdp„ Aph¡ R>¡. Ap `¥L$u b¡ A¡L$d_p¡ D`ep¡N ‎h^pf¡ 

hMs L$fuA¡ R>uA¡. ̀ l¡gp¡ A¡L$d A¡V$g¡ A¡L$ rgV$f ÖphZdp„ Ap¡Nm¡gy„ Öpìe_y„ N°pddp„ Öìedp_ (N°pd ârs rgV$f g/l) 

buÅ¡ A¡L$d A¡V$g¡ A¡L$ rgV$f ÖphZdp„ Ap¡Nm¡gu Öpìe_u dp¡gdp„ ìe¼s L$f¡gu fpri. s¡_¡ S> ÖphZ_u  AÏsp    

(Molarity, M) L$l¡hpe R>¡. A¡L$pv$p Öpìe_u AÏsp bsphhp dpV¡$ s¡_y„ AÏk|Ó ‎dp¡V$p L$p¦kdp„ gMpe R>¡. 

v$p.s. [NaCl]= 1 dp¡g/rgV$f A¡_p¡ A\® duW$p_p âõsys ÖphZ_u AÏsp 1M (1 dp¡gf) R>¡ A¡hp¡ \pe. ‎  

‎5.3 rg„by_p fk_y„ ÖphZ‎

A

dNS> Qgphp¡. 

b

L$fu Sy>Ap¡¡.
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Öpìe Öpìe_u ‎fpri ÖphZ_y„ ‎L$v ÖphZ_u kp„Ösp

A B C D F

‎_pd ‎	 AÏk|Ó AÏ ‎Öìedp_ ‎
(u)

N°pd ‎
(g)

dp¡g
(mol)

rgV$f
(L)

N°pd/rgV$f
(g/L)

f¡Ïsp M
mol/L

duWy„$ ‎	 NaCl 58.5 u 117 g  2 mol 2 L 58.5 g/L 1 M

HCl 3.65 g 1 L

NaOH 1.5 mol 2 L

E =  D
C

G =  D
F H  =  E

F

rhrh^ S>gue ÖphZ_u kp„Ösp_p¡ _uQ¡_p¡ L$p¡W$p¡ `|Z® L$fp¡. ‎

ÖphZ_p‎ pH (pH of Solution)

		  Ap`Z¡ Å¡ey„ L¡$ `pZudp„ Ap¡Nýep `R>u A¡rkX$ A_¡ b¡CT_y„ h^pf¡ - Ap¡R>p âdpZdp„ ‎rhep¡NuL$fZ     

\pe R>¡ A_¡ A_y¾$d¡ H+ A_¡  OH-  Ape_ s¥epf \pe R>¡. kh® _¥krN®L$ S>gue ÖphZdp„ H+ A_¡  OH-  Ap Ape_ 

rhrh^ âdpZdp„ Å¡hp dm¡ R>¡ A_¡ s¡ âdpZ¡ s¡ ÖphZ_p NyZ^d® _½$u \pe. ‎

		  v$p.s. H+ A_¡ OH- ‎Ape__p 

âdpZp_ykpf ‎dpV$u_p A¡rkX$^d}, ‎rir\g A_¡ 

‎b¡CT^d} A¡hp ‎âL$pf `X¡$ R>¡. gp¡lu, ‎L$p¡jÖìe 

hN¡f¡_y„ ‎r_ep¡rS>s L$pe® ‎e\pep¡Áe fus¡ \hp ‎dpV¡$ 

s¡dp„_p H+ A_¡ OH-‎ Ape_p¡_y„ âdpZ r_[ïQs 

‎lp¡hy„ S>ê$fu R>¡. ‎k|ÿdÆhp¡_p ‎D`ep¡N\u s¥epf    

\sp¡ ‎Ap\p¡ A\hp buÆ ‎S>¥hfpkperZL$ âq¾$ep 

‎s¡dS> rhrh^ ‎fpkperZL$ âq¾$epdp„ H+ A_¡  
OH- Ape__y„ ‎âdpZ rhrióV$ ‎dep®v$pdp„ fpMhy„ 

S>ê$fu lp¡e R>¡. iyÝ^ ‎‎ pZu_y„ `Z Arsie ‎‎ 

\p¡X$p âdpZdp„ ‎rhep¡NuL$fZ \C H+ A_¡  OH- 

Ape_ ‎kdâdpZdp„ s¥epf ‎‎\pe R>¡. ‎
                           
	
			   `pZu_p rhep¡NuL$fZ_p 

NyZ^d®_p L$pfZ¡ L$p¡C`Z `v$p\®_p S>gue 

ÖphZdp„ H+ A_¡ OH- A¡ b„_¡ ‎Ape_ lp¡e R>¡. 

dpÓ s¡_u kp„Ösp Sy>v$uSy>v$u lp¡e R>¡. ‎

kpdpÞe S>gue ÖphZ_p‎ pH

ÖphZ pH
suh° A¡rkX$‎

kp¥çe A¡rkX$‎
rir\g ‎

kp¥çe b¡CT

suh° b¡CT

1M HCl
S>W$ffk

rg„byfk

rh_¡Nf

V$pµd¡V$p¡ fk

L$pmu L$pµau

A¡rkqX$L$ hfkpv$

d|Ó

hfkpv$, v|$^‎

iyÝ^ `pZu, kpL$f_y„ ‎ÖphZ

gp¡lu

Mphp_p kp¡X$p_y„ ÖphZ

V|$\`¡õV$‎

rdëL$ Apµa dµÁ_¡ried

Q|_p_y„ r_se¯y  `pZu

1 M NaOH

0.0
1.0
2.5
3.0
4.1
5.0
5.6
6.0
6.5
7.0
7.4
8.5
9.5

10.5
11.0
14.0

        H2O                    H+ + OH- (rhep¡NuL$fZ) 
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	 `pZu_p rhep¡NuL$fZ_¡ L$pfZ¡ s¥epf \_pfp H+ Ape__u kp„Ösp 250C Ap DóZspdp_¡ 1x10-7 dp¡g/rgV$f 
‎S>¡V$gu lp¡e R>¡. Ap S> DóZspdp_¡ 1M HCl ÖphZdp„ H+Ape__u kp„Ösp 1 x 100 dp¡g/rgV$f lp¡e R>¡, sp¡ 1 M  
NaOH ‎Ap ÖphZdp„ H+ Ape__u kp„Ösp 1 x 10-14 dp¡g/rgV$f S>¡V$gu lp¡e R>¡. Ap `f\u Ýep_dp„ Aph¡ R>¡ L¡$, 
‎kh®kpdpÞe S>gue ÖphZdp„ H+ Ape__u kp„Ösp_y„ âdpZ 100 - 10-14  dp¡g/duV$f S>¡V$gy„ h^pf¡ lp¡e R>¡. ‎          
fpkperZL$ A_¡ S>¥hfpkperZL$ âq¾$epdp„ Arsie D`ep¡Nu A¡hp H+ Ape__u kp„Ösp_y„ A¡L$ kl¡gy„ ‎A_¡ _hy„ dp` 
Xµ$r_i h¥opr_L$ kp¡f¡_k_¡ B.k. 1909 dp„ iê$ L$e¯y. Ap dp` A¡V$g¡ pH dp`_î¡Zu R>¡. ‎‎ (pH Scale : Power of 
Hydrogen) Ap dp`_î¡Zu 0 \u 14 _u hÃQ¡ hl¢Qpe¡gu R>¡. Ap dp`_î¡Zu A_ykpf `pZu_p¡ pH = 7 R>¡    
A¡V$g¡ L¡$ ‎iyÝ^ ̀ pZudp„ [H+]= 1x 10-7  dp¡g/rgV$f' lp¡e R>¡. ‎ pH 7 s¡ sV$õ\ ÖphZ v$ip®h¡ R>¡. Ap 7 dp`_î¡Zu_y„ 

dÝetbvy$ R>¡. ‎A¡rkX$^d} S>gue ÖphZ_p¡ 7 L$fsp„ Ap¡R>p¡ sp¡ b¡CT^d} S>gue ÖphZ_p¡ pH 7 L$fsp„ h^pf¡ lp¡e ‎R>¡. 

	 `pR>m_p `p_p `f_p L$p¡W$pdp„ L¡$V$gpL$ kpdpÞe ÖphZ_p pH bsph¡g R>¡. 

	 ÖphZ_p¡ pH _½$u L$fhp dpV¡$ h¥rðL$ k|QL$ ‎h`fpe R>¡. ‎
h¥rðL$ k|QL$ ‎(Universal Indicators)

	 _uQ¡ Ap`¡gp _¥krN®L$ A_¡ fpkperZL$ k|QL$p¡_p¡ A¡rkX$^d} A_¡ b¡CT^d} 

ÖphZdp„ f„N L$ep¡ lp¡e ‎R>¡ ? 

rgV$dk, lmv$f, Nmu, rd\pBg Apµf¡ÞS>, qa_p¡ëã\¡gu_.

‎5.4 h¥rðL$ k|QL$dp„ f„N_p¡ a¡fapf A_¡ pH  dp`L$ ‎

	 Ap`Z¡ ApNgp ^p¡fZdp„ Å¡ey„ L¡$ ‎‎_¥krN®L$ s¡d S> fpkperZL$ f„NÖìep¡ A¡rkX$^d} A_¡ b¡CT^d} ÖphZdp„ b¡ 

Sy>v$p f„N bsph¡ R>¡ A_¡ Aphp f„NÖìep¡_p¡ A¡rkX$ b¡CT k|QL$ sfuL¡$ D`ep¡N ‎L$fhpdp„ Aph¡ R>¡. pH dp`_î¡Zudp„ 

A¡rkX$ b¡CT_u suh°sp âdpZ¡ s¡d_p ÖphZ_p¡  pH 0 \u ‎14 _u hÃQ¡ bv$gpe. pH dp„_p¡ Ap a¡fapf v¡$MpX$hp dpV¡$ 

h¥rðL$ k|QL$ hp`fhpdp„ Aph¡ R>¡. Sy>v$pSy>v$p pH ‎dpV¡$ h¥rðL$ k|QL$ Sy>v$pSy>v$p f„N v$ip®h¡ R>¡. ‎ 

	 A_¡L$ fpkperZL$ k|QL$p¡_¡ rhrióV$ âdpZdp„ rdî L$fu h¥rðL$ k|QL$ b_phpe R>¡. h¥rðL$ k|QL$p¡_y„ ÖphZ ‎A\hp 

s¡_p Üpfp b_ph¡gp L$pNm_u pH k|QL$`Ë$u_p¡ D`ep¡N L$fu Ap`¡gp ÖphZ_p¡ pH _½$u L$fu iL$pe. ‎‎pH dp`hp_u 

kp¥\u AQ|L$ `Ý^rs A¡V$g¡ pH dp`L$ (pH meter) rhÛyskp^_ hp`fhy„. Ap `Ý^rsdp„ ‎ÖphZdp„ rhÛysAN° 

X|$bpX$u pH dp`u iL$pe. ‎

b¡CTA¡rkX$

sV$õ\

epv$ L$fp¡.
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A¡rkX$ A_¡ b¡CT_u q¾$epiugsp ‎
‎1. rir\rgch_‎ (Neutralization)
L©$rs : A¡L$ buL$fdp„ 10 rdgu d„v$ HCl gp¡. Ap ÖphZ_y„ A¡L$ V$u`y„ 

L$pNm_u pH k|QL$`Ë$u D`f L$pQ_p krmep_u ‎dv$v$\u d|L$u, 

dmsp f„N D`f\u ÖphZ_p¡ pH _p¢^p¡. X²$p¡`f_u dv$v$\u d„v$ 

NaOH ÖphZ_p L¡$V$gpL$ V$u`p„ Ap ‎buL$fdp„ _pMu L$pQ_p   

krmep\u    lgphp¡. pH v$i®L$`Ë$u_p buÅ Vy$L$X$p ̀ f Ap ÖphZ_p 

V$u`p d|L$u pH _p¢^p¡. Ap ‎‎fus¡ V$u`¡V$u`¡ d„v$ NaOH _pMsp flp¡ 

A_¡ pH _p¢^sp flp¡. iy„ Å¡hp dþe„y ? Äepf¡ ÖphZ_p¡ pH 7 \pe 

‎Ðepf¡ NaOH c¡mhhp_y„ AV$L$php¡.

H+ + Cl- +  Na+ + OH-                 Na+  +  Cl-  +  H2O                      

H+ + OH -                     H2O                      

HCl + NaOH                 NaCl + H2O               
A¡rkX$ ‎   b¡CT                      npf          `pZu

rir\rgch__u q¾$ep : HCl _p ÖphZdp„ NaOH _y„ ÖphZ V$u`¡V$u`¡ c¡mhhp\u pH ip dpV¡$ h^¡ R>¡ ? Ap_u 

‎‎ pR>m_y„ L$pfZ rhep¡NuL$fZ_u q¾$ep R>¡. HCl A_¡ NaOH Ap b„_¡_y„ s¡d_p S>gue ÖphZdp„ rhep¡NuL$fZ \pe R>¡.  

HCl ÖphZdp„ NaOH _y„ ÖphZ c¡mhhy„ A¡V$g¡ h^pf¡ ‎kp„Ösphpmp H+Ape_ A_¡ h^pf¡ kp„Ösphpmp OH- Ape__¡ 

c¡mhhp S>¡hy„ R>¡. ̀ f„sy ̀ pZu_y„ H+ A_¡ OH-  Ape_dp„ rhep¡NuL$fZ M|b S> Ap¡R>p âdpZdp„ \pe R>¡. S>¡\u cm¡gp 

h^pfp_p OH- Ape_‎ h^pfp_p H+ Ape_ kp\¡ k„ep¡ÅC_¡ `pZu_p AÏ s¥epf L$f¡ R>¡ ‎A_¡ ÖphL$ `pZudp„ cmu 

Åe R>¡. Ap a¡fapf Aper_L$ kduL$fZ\u bsphu iL$pe.

	 D`f_p kduL$fZ `f\u v¡$Mpe R>¡ L¡$ Na+ A_¡  Cl- Ap Ape_ b„_¡ bpSy> R>¡. s¡\u a¼s Aper_L$ ‎Arcq¾$ep 

_uQ¡ âdpZ¡ R>¡.

NaOH ÖphZ S>¡d S>¡d V$u`¡ V$u`¡ HCl ÖphZdp„ cmsy„ Åe s¡d OH-  Ape_ kp\¡ k„ep¡N `pdhp\u H+ Ape__u 

‎kp„Ösp Ap¡R>u Ap¡R>u \su Åe A_¡ s¡\u pH h^sp¡ Åe.

	 Äepf¡ HCl dp„ `|fsy„ NaOH cm¡, Ðepf¡ dm_pfp S>gue ÖphZdp„ a¼s Na+ A_¡  Cl- Ap Ape_ A¡V$g¡ 

NaCl Ap ‎npf A_¡ ÖphL$ `pZu lp¡e R>¡ Ðepf¡ H+ A_¡ OH- Ape__p¡ A¡L S> öp¡s A¡V$g¡ "`pZu_y„ rhep¡NuL$fZ' 

‎S> lp¡e R>¡. s¡\u Ap fpkperZL$ âq¾$ep_¡ rir\rgch_ q¾$ep L$l¡hpe R>¡. rir\rgch__u q¾$ep _uQ¡ ‎âdpZ¡ kpv$p 

kduL$fZ\u `Z v$ip®hu iL$pe. ‎ ‎

rir\rgch_ q¾$ep_p¡ _uQ¡_p¡ L$p¡W$p¡ `|Z® L$fp¡ A_¡ s¡dp„_p A¡rkX$, b¡CT A_¡ npfp¡_p„ _pd gMp¡.‎

     A¡rkX$ ‎     +       b¡CT                                       npf    +      `pZu

     HNO3     +       ..........                                      KNO3 + H2O

   ...............+ 2 NH4OH                                     (NH4)2 SO4 + ...........

    ..............+ KOH                                             KBr + 

5.5 rir\rgch_‎

d„v$ HCl

L$pQ_p¡ 
krmep

pH k|QL$`Ë$u

L$fu Sy>Ap¡¡.
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L©$rs : A¡L$ dp¡V$u L$k_mu gp¡. A¡L$ L$pZphpmp¡ A¡hp¡ b|Q gp¡ S>¡dp„\u 

hpeyhplL$ _mu `kpf \pe. ‎dµÁ_¡ried_u `Ë$u_p L¡$V$gpL$ Vy$L$X$p   

L$k_mudp„ gC s¡dp„ d„v$ HCl _pMp¡. kmNsu duZbsu  hpeyhplL$ 

‎‎_mu_p R>¡X$p `pk¡ gC S>C r_funZ L$fp¡. sd_¡ iy„ Å¡hp dm¡ R>¡ ?

  rir\rgch__u q¾$epdp„ A¡rkX$ A_¡ b¡CT hÃQ¡   

fpkperZL$ q¾$ep \C npf A_¡ `pZu s¥epf ‎‎\pe R>¡. ‎

	 rir\rgch__u fpkperZL$ q¾$ep_p k„v$c®dp„ 

A¡rkX$ A_¡ b¡CT_u ìep¿ep iy„ \i¡ ? ‎

‎2. ^psy kp\¡ A¡rkX$_u fpkperZL$ q¾$ep ‎

	 ‎̂ psy kp\¡ \_pfu A¡rkX$_u fpkperZL$ q¾$ep A¡rkX$_u suh°sp, 

A¡rkX$_u kp„Ösp s¡d S> DóZspdp_ A_¡ ^psy_u ‎q¾$epiugsp     

A_ykpf \pe R>¡. S>gv$ A¡rkX$_p d„v$ ÖphZ_u fpkperZL$ q¾$ep 

dÝed q¾$epiug ^psy kp\¡ ‎kpdpÞe DóZspdp_¡ L$fhu kl¡gu R>¡. ‎

‎3. ^psy_p Apµ¼kpCX$ kp\¡ A¡rkX$_u fpkperZL$ q¾$ep

	 dµÁ_¡ried ^psy kp\¡ suh° A¡rkX$_p d„v$ ÖphZ_u‎ fpkperZL$ q¾$ep : D`f_u L©$rs `f\u Ýep_dp„ Aph¡ R>¡L¡$ 

dµÁ_¡ried ^psy_u d„v$ lpeX²$p¡¼gp¡qfL$ A¡rkX$ ‎kp\¡ fpkperZL$ q¾$ep \C lpeX²$p¡S>_ Ap Ähg_iug hpey s¥epf \pe 

R>¡. Ap q¾$ep hMs¡ ‎A¡rkX$dp„_p lpeX²$p¡S>__¡ dµÁ_¡ried Ap q¾$epiug ^psy rhõ\pr`s L$f¡ R>¡ A_¡ lpeX²$p¡S>_ hpey 

dy¼s ‎‎\pe R>¡. s¡ S> kde¡ ^psy_y„ ê$`p„sf b¡CT^d} d|gL$dp„ \pe R>¡. S>¡ A¡rkX$dp„_p A¡rkX$^d} d|gL$ kp\¡ k„ep¡Åe 

R>¡ A_¡ npf s¥epf L$f¡ R>¡.‎
‎_uQ¡_u A`|Z® fpkperZL$ q¾$ep `|fu L$fp¡. ‎

		  ^psy + d„v$ A¡rkX$ 	        npf + lpeX²$p¡S>_ (H) ‎
		  Mg (s) + 2HCl (aq)	        MgCl2 (aq) + H2 (g)
		  Zn (s)  + .......... (aq)	        ZnSO4 (aq) + .......
		  ........(s) + ....... (aq)	        Cu (NO3)2 (aq) + H2 (g)

‎5.6 ^psy kp\¡ S>gv$ A¡rkX$_p d„v$ ÖphZ_u 
fpkperZL$ q¾$ep

A¡L$ L$k_mudp„ \p¡Xy„$ `pZu gC s¡dp„ f¡X$ Apµ¼kpCX$ (gp¡M„X$_u hõsy f„Nsp `l¡gp 

gNpX$hpdp„ ‎Aphsy„ âpedf) gp¡. lh¡ s¡dp„ \p¡Xy„$ d„v$ HCl _pMu lgphp¡ A_¡ Sy>Ap¡. ‎

‎1. f¡X$ Apµ¼kpCX$ `pZudp„ Ap¡Nm¡ R>¡ ? ‎

‎2. d„v$ HCl _p¿ep `R>u f¡X$ Apµ¼kpCX$_p L$Zdp„ L„$C a¡fapf \pe R>¡ ? ‎

d„v$ HCl

Mg `Ë$u

H2 _p `f`p¡V$p

L$k_mu

b|Q

aV¹$ AhpS> kp\¡ H2  _y„ Ähg_

dNS> Qgphp¡. Ýep_dp„ fpMp¡.

L$fu Sy>Ap¡¡.

L$fu Sy>Ap¡¡.
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1. qir\rgL$fZ_u q¾$ep_p k„v$c®dp„ ^psy_p¡ Apµ¼kpCX$ ¼ep âL$pf_p¡ k„ep¡S>_ b_i¡ ? ‎

‎2. ^psy_p Apµ¼kpCX$ b¡CT^d} lp¡e R>¡. Ap rh^p_ õ`óV$ L$fp¡. ‎

	 f¡X$ Apµ¼kpCX$_y„ fpkperZL$ k|Ó Fe2O3 R>¡. `pZudp„ AÖpìe A¡hp¡ f¡X$ Apµ¼kpCX$ HCl kp\¡ fpkperZL$ ‎q¾$ep 

L$f¡ R>¡ A_¡ `pZudp„ Öpìe A¡hp¡ FeCl3 npf s¥epf L$f¡ R>¡ A_¡ `pZu `ump f„N_y„ b_¡ R>¡. ‎Ap fpkperZL$ a¡fapf dpV¡$ 

_uQ¡_y„ fpkperZL$ kduL$fZ gMu iL$pe. ‎

‎_uQ¡_u âq¾$epAp¡ `|Z® L$fp¡. ‎

Fe2O3 (s) + 6HCl (aq)             2FeCl3 (aq) + 3H2O (l)

‎̂ psy_p Apµ¼kpCX$ + d„v$ A¡rkX$               npf + `pZu ‎
CaO (s) + 2 HCl (aq)         		 ......... + ........
MgO (s) + .................           	 MgCl2 (aq) + H2O (l)
ZnO (s) + 2 HCl (aq)         		 ..............+................
Al2O3 (s)+ 6 HF(l)      		  ...............+.................

4. A^psy_p Apµ¼kpCX$ kp\¡ b¡CT_u fpkperZL$ q¾$ep ‎ ‎

	 A^psy_p Apµ¼kpCX$ kp\¡ b¡CT_u fpkperZL$ q¾$ep \pe Ðepf¡ cpf A_¡ `pZu Ap 

k„ep¡S>_p¡ s¥epf ‎‎\pe R>¡. s¡\u S> A^psy_p Apµ¼kpCX$ A¡rkX$^d} R>¡ A¡d L$l¡hpe. ¼epf¡L$ 

¼epf¡L$ A^psy_p Apµ¼kpCX$ ‎A¡ A¡rkX$_p S> Dv$plfZ R>¡ A¡d L$l¡hpe R>¡. ‎

‎_uQ¡_u âq¾$epAp¡ `|Z® L$fp¡. ‎

A^psy_p Apµ¼kpCX$ + b¡CT  	            npf + `pZu ‎
CO2 (g) + 2 NaOH (aq) 		    Na2CO3 (aq) + H2O (l)
............+ 2 KOH (aq)		    K2CO3 (aq) + H2O  (l)
SO3 (g) + .............		             Na2SO4 (aq)+ H2O (l)

	 tTL$ Apµ¼kpCX$_u kp¡qX$ed lpeX²$p¡¼kpCX$ kp\¡ fpkperZL$ âq¾$ep \C kp¡qX$ed tTL¡$V$ (Na2ZnO2) A_¡ ̀ pZu 

‎s¥epf \pe R>¡. s¡d S> Aµëeyrdr_ed Apµ¼kpCX$_u kp¡qX$ed lpeX²$p¡¼kpCX$ kp\¡ fpkperZL$ q¾$ep \C ‎kp¡qX$ed 

Aµëeyrd_¡V$ (NaAlO2) A_¡ `pZu s¥epf \pe R>¡. ‎

1. Ap b„_¡ âq¾$ep_p fpkperZL$ kduL$fZp¡ gMp¡. ‎

‎2. Ap fpkperZL$ q¾$ep `f\u Al2O3 A_¡ ZnO s¡ A¡rkX$^d} Apµ¼kpCX$ 

	 R>¡ A¡d L$lu ‎iL$pe L¡$ ? ‎

‎3. Dce^d} Apµ¼kpCX$_u ìep¿ep gMu b¡ Dv$plfZ Ap`p¡. ‎ 

5. ^psy_p„ L$pbp£_¡V$ A_¡ bpeL$pbp£_¡V$ npf kp\¡ A¡rkX$_u fpkperZL$ q¾$ep ‎

L$fu Sy>Ap¡¡.

L$fu Sy>Ap¡¡.

dNS> Qgphp¡.

L©$rs : A¡L$ L$k_mudp„ Mphp_p¡ kp¡X$p gp¡. s¡dp„ rg„by_p¡ fk _pMu sfs S> L$k_mu D`f 

hpeyrhdp¡Q_ _muhpmy„ fbf_y„ b|Q b¡kpX$p¡. Ap _mu_p¡ buÅ¡ R>¡X$p¡ buÆ L$k_mudp„ 

gu ¡̂gp Q|_p_p _usep® `pZudp„ ‎Xy$bpX$p¡. b„_¡ L$k_mu_y„ r_funZ L$fu _p¢̂  L$fp¡. Ap S> L©$rs 

^p¡hp_p¡ kp¡X$p, rh_¡Nf, d„v$ HCl _p¡ ‎ep¡Áe âdpZdp„ D`ep¡N L$fu afu\u L$fp¡. iy„ v¡$Mpe R>¡? 
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L©$rs : kp¡qX$ed ¼gp¡fpBX$, Aµdp¡r_ed ¼gp¡fpBX$ A_¡ kp¡qX$ed bpeL$pbp£_¡V$ Ap npfp¡\u s¡d_p 10 rdgu ‎S>¡V$gp 
S>gue ÖphZ s¥epf L$fp¡. pH v$i®L$ `Ë$u_u dv$v$\u ÓZ¡e ÖphZ_p pH dp`p¡. ÓZ¡e_p pH kdp_ ‎li¡ L¡$ ? pH _p 
d|ëe `f\u Ap npfp¡_y„ hN}L$fZ L$fp¡. ‎

	 A¡rkX$ A_¡ b¡CT hÃQ¡_u fpkperZL$ q¾$ep Üpfp npf s¥epf \pe R>¡ s¡ Ap`Z¡ Å¡ey„. Ap ‎fpkperZL$ q¾$ep_¡ 

rir\rgch_ q¾$ep L$luA¡ R>uA¡ R>sp„ s¡_p Üpfp dm_pfp npf sV$õ\ S> lp¡e ‎A¡hy„ _\u. S>gv$ A¡rkX$ A_¡ S>gv$ 
b¡CT hÃQ¡_u rir\rgch__u q¾$ep_p L$pfZ¡ sV$õ\ npf s¥epf ‎‎\pe R>¡.Ap npf_p S>gue ÖphZ_p¡ pH 7 R>¡. suh° 
A¡rkX$ A_¡ kp¥çe b¡CT hÃQ¡_p ‎rir\rgL$fZ_¡ L$pfZ¡ A¡rkX$^d} npf s¥epf \pe R>¡. b¡CT^d} npf_p S>gue 
ÖphZ_p¡ ‎‎ pH 7 L$fsp„ Ap¡R>p¡ lp¡e R>¡. Ap_p\u rhfyÝ^ kp¥çe A¡rkX$ A_¡ S>gv$ b¡CT hÃQ¡_p ‎riq\rgL$fZ_¡ L$pfZ¡ 
b¡CT^d} npf s¥epf \pe R>¡. Aphp npf_p S>gue ÖphZ_p¡ ‎‎pH 7 L$fsp„ h^pf¡ lp¡e R>¡. ‎ ‎

	 _uQ¡_p npfp¡_y„ A¡rkX$^d}, b¡CT^d} A_¡ sV$õ\ npfdp„ hN}L$fZ L$fp¡. 
kp¡qX$ed këa¡V$, ‎‎ pµV¡$ried ¼gp¡fpBX$, Aµdp¡r_ed _pCV²¡$V$, kp¡qX$ed  L$pbp£_¡V$, 
kp¡qX$ed AµrkV¡$V$, kp¡qX$ed ¼gp¡fpBX$. ‎

‎_uQ¡_p L$p¡W$pdp„ fpkperZL$ q¾$ep `|Z® L$fp¡. ‎

‎̂ psy_p¡ L$pbp£_¡V$ npf + d„v$ A¡rkX$                     ^psy_p AÞe npf + L$pb®_ X$pe Apµ¼kpCX$

Na2CO3 (s) + 2 HCl (aq)                      2 NaCl (aq) + CO2 (g) + H2O (l)

Na2CO3 (s) + ...................                   Na2SO4 (aq) + CO2 (g) + ..................

CaCO3 (s) + 2 HNO3 (aq)                        .................. + ..................+ .................

K2CO3 (s) + H2SO4 (aq)                             .................. + ..................+ ................

‎̂ psy_p bpeL$pbp£_¡V$ npf + d„v$ A¡rkX$                 ^psy_p AÞe npf + L$pb®_ X$pe Apµ¼kpCX$

1. NaHCO3 (s) + HCl (aq)                                     NaCl (aq) + CO2 (g) + H2O (l)

2. KHCO3 (s) + HNO3 (aq)                                 .................. + ..................+ .................

3. NaHCO3 (s) + ..............                    CH3COONa (aq)+ ............+ ..................

‎	 Ap L©$rsdp„ `f`p¡V$pê$ ¡̀ Dcfpsp¡ hpey Q|_p_p _usep® `pZu_p k„̀ L®$dp„ Aph¡ R>¡ Ðepf¡ s¡_¡ vy$r^ey„ b_ph¡ ‎R>¡. Ap 

L$pb®_ X$pep¡¼kpBX$ hpey_u fpkperZL$ L$kp¡V$u R>¡. A¡V$g¡ L¡$, Q|_p_y„ r_sēy ‎‎ pZu vy$r^ey„ b_¡ s¡ `f\u Ap`Z_¡ kdÅe 

R>¡ L¡$ `f`p¡V$pê$ ¡̀ Aph¡gp¡ hpey L$pb®_ X$pep¡¼kpBX$ hpey S> R>¡. ‎‎ psy_p L$pbp£_¡V$ A_¡ bpeL$pbp£_¡V$_p npf `f A¡rkX$_u 

fpkperZL$ âq¾$ep\u Ap hpey s¥epf \pe R>¡ ‎A_¡ Q|_p_p _usep® `pZudp„_p Ca(OH)2 kp\¡ s¡_u  fpkperZL$ q¾$ep  

\hp\u CaCO3 _p¡ Ahn¡̀  ‎R|>V$p¡ `X$¡ R>¡‎. S>¡\u Ap hpey CO2 R>¡ s¡d kdÅe R>¡‎. 
Ca(OH)2 (aq) + CO2 (g)                 CaCO3 (s) +H2O(l)

L$fu Sy>Ap¡¡.

dNS> Qgphp¡.

npf ‎(Salts)
npf_p âL$pf : A¡rkX$^d}, b¡CT^d} A_¡ sV$õ\ npf ‎ 
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1.	 õaqV$L$de `v$p\®dp„ õaqV$L$S>m lp¡e R>¡. ‎
‎2. 	 õaqV$L$S>m_p `pZu_p AÏ A¡ õaqV$L$_u A„sN®s 

fQ_p_p¡ A¡L$ cpN lp¡e R>¡. ‎
‎3.	 Nfd L$fhp\u A\hp L¡$V$gp¡L$ kde a¼s A¡d S> 

Myëgp¡ fpMu d|L$hp\u õaqV$L$S>m DX$u Åe R>¡. A_¡ 
‎npf_p s¡ cpN_y„ õaqV$L$ê$` _pi `pd¡ R>¡.

1. õaqV$L$ê` dp¡f\y\y- CuSO4.5H2O
‎2. õaqV$L$ê$` a¡fk këa¡V$

	 (N°u_rhqV²$Ap¡g)- FeSO4.7H2O
‎3. õaqV$L$ê` kp¡X$p- Na2CO3.10H2O
4. aV$L$X$u -K2SO4.Al2(SO4)3.24 H2O

‎5.7 õaqV$L$S>m_p NyZ^d® ‎

õaqV$L$S>m‎ (Water of Crystallisaton) L©$rs : b¡ L$k_mudp„ dp¡f\y\y_p \p¡X$p Vy$L$X$p gp¡. A¡L$ 
L$k_mudp„ `pZu _pMu s¡ lgphp¡. ‎
iy„ v¡$Mpe R>¡ ? ‎
s¥epf \e¡gp ÖphZ_p¡ f„N L¡$hp¡ R>¡ ? ‎
buÆ L$k_mu ^ud¡ sp`¡ b_®f `f Nfd L$fp¡, iy„ v¡$Mpe 
R>¡ ? ‎
dp¡f\y\y_p f„Ndp„ L„$C afL$ `X¡$ R>¡ ? ‎
L$k_mu_u D`f_u bpSy>A¡ iy„ v¡$Mpe R>¡ ? ‎
lh¡ Ap buÆ L$k_mu W„$X$u \ep `R>u s¡dp„ \p¡Xy„$ `pZu 
_pMp¡ A_¡ s¡ lgphp¡. s¥epf \e¡gp ÖphZ_p¡ ‎f„N 
S>Zphp¡? r_funZ `f\u A_ydp_ bp„^p¡?

	 Nfd L$fhp_p L$pfZ¡ dp¡f\y\y_u õaqV$L$u k„fQ_p 

s|V$u_¡ ka¡v$ Q|Z® bÞey„ s¡ S> kde¡ `pZu _uL$m¡ R>¡. 

‎Ap `pZu dp¡f\y\y_p õaqV$L$u k„fQ_p_p¡ A¡L$ cpN 

R>¡. s¡_¡ S> õaqV$L$S>m L$l¡hpe. ka¡v$ Q|Z®dp„ `pZu 

‎‎_p„¿ep `R>u `l¡gu L$k_mudp„_p ÖphZ_p f„N_y„ S> 

ÖphZ bÞey„. s¡ `f\u Ýep_dp„ Aph¡ R>¡ L¡$ ‎dp¡f\y\y_¡ 

DóZsp Ap`hp\u dp¡f\y\y_p õaqV$L$dp„ L$p¡C`Z  

fpkperZL$ a¡fapf \sp¡ _\u. dp¡f\y\y DóZsp 

Ap`hp\u `pZu _uL$mhy„, õaqV$L$ fQ_p s|V$hu, c|fp 

f„N_y„ S>hy„ Ap b^p cp¥rsL$ a¡fapf R>¡. ‎ 

L$fu Sy>Ap¡¡.
`pZu_p V$u`p„

dp¡f\y\y
(ka¡v$)

dp¡f\y\y 
(c|fy„)

kp^_ :  bpó``pÓ, b_k¡_ b_®f, rÓ`pC, spf_u Åmu hN¡f¡. 

fkpeZ : aV$L$X$u.
L©$rs : bpó``pÓdp„ aV$L$X$u_p¡ _p_p¡ Vy$L$X$p¡ gp¡. bpó``pÓ_¡ rÓ`pC `f_u Åmu`f d|L$p¡. b_®f_u dv$v$\u DóZsp 

Ap`p¡. r_funZ L$fp¡.

	 bpó``pÓdp„ iy„ Å¡hp dmi¡? awgph¡gu aV$L$X$u A¡V$g¡ iy„?

®
DóZsp

c|fy„ (ka¡v$)

CuSO4. 5 H2O                CuSO4 + 5 H2O 

L$fu Sy>Ap¡¡.

dp¡f\y\y_¡ DóZsp Ap`sp

	 Aper_L$ k„ep¡S>_p¡ õaqV$L$ õhê$`¡ lp¡e R>¡. s¡d_u õaqV$L$u k„fQ_p Ape_p¡_u A¡L$ rhrióV$ A¡hu ‎Np¡W$hZu\u 
s¥epf \e¡gu lp¡e R>¡. L¡$V$gpL$ k„ep¡S>_p¡_p õaqV$L$p¡dp„ `pZu_p AÏAp¡_p¡ kdph¡i Ap ‎Np¡W$hZudp„ `Z \e¡gp¡ 
lp¡e R>¡. Ap_¡ S> õaqV$L$S>m L$l¡hpe R>¡. k„ep¡S>__p fpkperZL$ k|Ódp„ õaqV$L$S>m rhrióV$ âdpZdp„ lp¡e R>¡. s¡ 

fpkperZL$ k|Ódp„ _uQ¡ âdpZ¡ bsphu iL$pe. ‎

	 D`f_u L©$rs a¡fk këa¡V$, kp¡qX$ed L$pbp£_¡V$_p 

õaqV$L$ gC_¡ `Z L$fu Sy>Ap¡ A_¡ s¡ dpV¡$ D`f 

âdpZ¡ H2O A_¡ x klNyZL$ gC kduL$fZ     

gMp¡.
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Aper_L$ k„ep¡S>_p¡ A_¡ rhÛyshplL$sp L©$rs : 50 rdgu `pZudp„ 1 N°pd kp¡qX$ed ¼gp¡fpCX$ 

c¡mhu ÖphZ s¥epf L$fp¡. b¡ rhÛys spf gp¡. 6 hpµëV$_u 

‎b¡V$fu_p ^_pN°_¡ A¡L$ spf Å¡X$p¡. buÅ¡ spf bµV$fu_p 

F>ZpN°_¡ Å¡X$u hÃQ¡ A¡L$ [õhQ A_¡ ‎huS>mu_p¡ v$uhp¡ 

lp¡e A¡hp¡ `qf`\ s¥epf L$fp¡. spf_p dy¼s R>¡X$p `f\u 3 

k¢du. S>¡V$gy„ AhplL$ ‎AphfZ L$pY$u _pMp¡. D`f_y„ 

ÖphZ 100 rdgu ^pf¼sphpmp buL$fdp„ gC. A¡ 

AphfZ L$pY$u _pM¡gp spf_p R>¡X$p Ap ‎ÖphZdp„ Dcp 

fl¡ s¡ fus¡ X|$bpX$p¡. [õhQ Qpgy L$fp¡. qv$hp¡ `¡V$pe R>¡ L¡$ 

_l] s¡_u _p¢^ L$fp¡. Ap S> L©$rs 1 N°pd L$pµ`f ‎këa¡V$, 1 

N°pd ÁgyL$p¡T, 1 N°pd eyqfep, 5 rdgu d„v$  H2SO4 A_¡ 

5 rdgu d„v$ NaOH A¡d âÐe¡L$_¡ 50 rdgu ‎‎ pZudp„ 

c¡mhu, dm¡gp ÖphZ_p¡ D`ep¡N L$fp¡ A_¡ b^p           

r_funZp¡ ‎A¡L$ L$p¡W$pdp„ _p¢^p¡. 

(v$f hMs¡ ÖphZ bv$gsu hMs¡ buL$f A_¡ spf_p¡ 

Myëgp¡ cpN `pZu\u õhÃR> ‎L$fhp_y„ c|gip¡ _rl.)

Ape_p¡_y„ rhep¡NuL$fZ A_¡ rhÛyshplL$sp ‎ (Dissociation of Ions and Electrical  Conductivity) 
	 D`f_u L©$rs Üpfp S>Zpe R>¡ L¡$ NaCl, CuSO4, H2SO4 A_¡ NaOH Ap k„ep¡S>__p S>gue ÖphZp¡ 

rhÛyshplL$ R>¡. Ap `¥L$u ‎‎NaCl A_¡ CuSO4 npf R>¡, H2SO4 s¡ S>gv$ A¡rkX$ A_¡ NaOH s¡ S>gv$ b¡CT R>¡. 

Ap`Z¡ Å¡ey„ L¡$ npf, S>gv$ ‎A¡rkX$ A_¡ S>gv$ bµCT_p S>gue ÖphZ_y„ gNcN `|Z®`Z¡ rhep¡NuL$fZ \pe R>¡. 

`qfZpd¡ Ap ‎ÓZ¡e_p S>gue ÖphZdp„ dp¡V$p âdpZdp„ ^_ Ape_ A_¡ F>Z Ape_ lp¡e R>¡. ‎  

5.8 ÖphZ_u rhÛyshplL$sp_y„ `funZ

kp¡qX$ed ¼gp¡fpCX$ _y„ ÖphZ

AphfZ L$pY¡$gp rhÛys spf

bëb

QL$su

[õhQ 

buL$f

b¡V$fu

L$fu Sy>Ap¡¡.

dNS> Qgphp¡. 
1. buL$fdp„ ¼ep ¼ep ÖphZp¡ lp¡e Ðepf¡ v$uhp¡ `¡V¡$ R>¡ ? ‎

‎2. ¼ep ¼ep ÖphZp¡ rhÛyshplL$ R>¡? ‎

	 Äepf¡ huS>mu_p v$uhpdp„\u rhÛysâhpl `kpf \pe Ðepf¡ S> v$uhp¡ `¡V¡$ R>¡ A_¡ Ap bpbs Äepf¡ ‎rhÛys `qf`\ 

`|Z® \pe sp¡ S> b_u iL¡$. D`f_u L©$rsdp„ NaCl, CuSO4, H2SO4 A_¡ NaOH _p S>gue ÖphZp¡ hp`ep® ‎lp¡hp\u 

rhÛys `qf`\ `|Z® \e¡gp¡ v¡$Mpe R>¡. A¡_p¡ A\® R>¡ L¡$, Ap ÖphZp¡ rhÛyshplL$ R>¡. ‎

	 rhÛys spfdp„ huS> gC S>hp_y„ L$pd Cg¡¼V²$p¡_ L$f¡ R>¡ A_¡ ÖphZ A\hp âhpludp„\u huS> gC S>hp_y„ ‎L$pd 

Ape_ L$f¡ R>¡. b¡V$fu_p F>Z R>¡X$p `f\u Cg¡¼V²$p¡_ blpf _uL$m¡ R>¡ A_¡ rhÛys `qf`\ `|Z® L$fu s¡ ‎b¡V$fu_p ^_      

R>¡X$p\u b¡V$fudp„ Åe R>¡. `qf`\dp„ Äepf¡ âhplu/ ÖphZ lp¡e Ðepf¡ b¡ spf/ `Ë$u Xy$bpX$hpdp„ Aph¡ R>¡. ‎s¡_¡ 

rhÛysAN° (Electrode) L$l¡hpe. rhÛysAN° kpdpÞes: rhÛys hplL$ O_ `v$p\®_p¡ b_¡gp¡ lp¡e R>¡. b¡V$fu_p ‎F>Z 

R>¡X$p_¡ hplL$ spf\u Å¡X$pe¡g rhÛysAN°_¡ F>ZpN° (Cathode) L$l¡hpe. A_¡ b¡V$fu_p ^_ R>¡X$p kp\¡ ‎Å¡X$pe¡g 

rhÛysAN° A¡V$g¡ ^_pN° (Anode)  L$l¡hpe. ‎

	 L¡$V$gpL$ âhpludp„/ ÖphZdp„ rhÛysAN° Xy$bpX$uA¡ sp¡ rhÛys `qf`\ `|Z® ip dpV¡$ \pe R>¡ ? Ap ÅZhp ‎dpV¡$ 

D`f_u L©$rsdp„ S>¡ ÖphZp¡ rhÛyshplL$ Å¡hp dþep s¡_p¡ KX$pZ\u rhQpf L$fuA¡. 
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rhÛys rhOV$_ ‎(Electrolysis)
L©$rs : ‎1 N°pd L$pµ`f këa¡V$_y„ (CuSO4) 50 rdgu 

`pZudp_y„ ÖphZ A¡L$ 100  rdgu ^pfL$sphpmp 

buL$fdp„ gp¡. sp„bp_u A¡L$ ‎ÅX$u `Ë$u ^_pN° sfuL¡$ gp¡. 

A_¡ L$pb®__u A¡L$ v$p„X$u F>ZpN° sfuL¡$ gp¡. ApL©$rs 

âdpZ¡ fQ_p L$fu ‎‎ qf`\dp„\u L¡$V$gp¡L$ kde huS>âhpl 

`kpf \hp v$p¡. L„$C a¡fapf S>Zpe R>¡ ? ‎

	 D`f_u L©$rsdp„ \p¡X$p¡ kde  rhÛys `kpf L$fhp\u 

F>ZpN°_p¡ S>¡ cpN ÖphZdp„ Xy$b¡gp¡ R>¡ s¡_p `f ‎sp„bp_y„ 

`X$ QY$sp„ v¡$Mpi¡. Aphy„ ip\u \ey„ ? `qf`\dp„\u 

huS>âhpl iê$ \sp„ ÖphZdp„_p Cu2+
 ^_ Ape_ 

F>ZpN° sfa ApL$rj®s \ep. F>ZpN°dp„\u blpf S>sp 

Cg¡¼V²$p¡_ kp\¡  Cu2+ Ape__p¡ k„ep¡N \C  Cu Ap 

^psy_p `fdpÏ ‎s¥epf \C s¡_p¡ \f F>ZpN° `f Åd¡gp¡ 

v¡$Mpi¡. ‎

	 âhplu Ahõ\p_u rhrióV$sp A¡V$g¡ L$Zp¡dp„ fl¡gu Nrs  

L$fhp_u ndsp (Mobility). Ap Nrs L$fhp_u ndsp_¡ L$pfZ¡ 

ÖphZdp„_p ^_ Ape_ ‎F>ZpN° sfa ApL$rj®s \pe R>¡ A_¡ 

FZpN°_u qv$ip sfa âhpk L$f¡ R>¡. A¡\u rhfyÝ^ ÖphZdp„_p 

F>Z ‎Ape_ ̂ _pN°_u qv$ipdp„ âhpk L$f¡ R>¡. ÖphZdp„_p Ape_p¡ 

k„„b„r^s rhÛysAN°p¡_u qv$ipdp„ âhpk ‎L$f¡ A¡V$g¡ S> ÖphZdp„\u 

rhÛys_y„ hl_. Ap_p ̀ f\u sdpfp Ýep_dp„ Aphi¡ L¡$,  ÖphZdp„ 

‎Ape_p¡_y„ h^pf¡ âdpZdp„ rhep¡NuL$fZ \sp„ s¡_¡ rhÛyshplL$sp 

âpàs \pe R>¡. ‎

 ÖphZdp„_p Cu2+ Ape_ Ap âL$pf¡ h`fpsp lp¡hp R>sp„ `Z ÖphZ_p¡ f„N S>¡hp¡ R>¡ s¡hp¡ S> füp¡. L$pfZ ‎L¡$ 

huS>âhpl Qpgy lp¡e Ðepf¡ ̂ _pN°_p sp„bp_p ̀ fdpÏdp„\u Cg¡¼V²$p¡_ L$pY$u s¡ rhS>mu_p spf Üpfp dp¡L$ghpdp„ Apìep. 

s¡\u s¥epf \e¡g Cu2+ Ape_ ÖphZdp„ cýep. Ap fus¡ hl¡sp huS> âhpl_p ‎L$pfZ¡ ÖphZdp„_p Öpìe_y„ rhOV$_    

\pe R>¡. s¡_¡ S> rhÛys rhOV$_ (Electrolysis) L$l¡ R>¡. rhÛys rhOV$__p b¡ ‎cpN lp¡e R>¡, s¡ F>ZpN° Arcq¾$ep A_¡ 

^_pN° Arcq¾$ep. ‎

5.10 rhÛys rhOV$_ ‎

Cu C

‎5.9 Ape_p¡_y„ rhep¡NuL$fZ ‎

[õhQ 

CuSO4   ‎_y„ ÖphZ

e-

e-

L$fu Sy>Ap¡¡.

	 D`f_u L©$rs âdpZ¡ rhÛys rhOV$__¡ b¡ cpNdp„ _uQ¡ âdpZ¡ bsphu iL$pe. ‎

F>ZpN° âq¾$ep    Cu2+(aq)+ 2e-               Cu(S)	
^_pN° âq¾$ep              Cu (S)               Cu2+(aq) + 2e-
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	 iyÝ^ `pZudp„ rhÛys AN°p¡ Xy$bpX$u [õhQ Qpgy L$fuA¡ `Z huS>âhpl hl¡sp¡ _\u. A¡V$g¡ L¡$ iyÝ^ ‎‎ pZu s¡ 

rhÛys_y„ AhplL$ R>¡ s¡ kdÅe R>¡. Ap L$pfZ Ap`Z¡ ApNm S> Å¡ey„ R>¡. `pZu_y„ ‎rhep¡NuL$fZ M|bS> Ap¡R>p      

âdpZdp„ \pe R>¡. rhep¡NuL$fZ\u s¥epf \_pfp H+ A_¡  OH- Ape_p¡_u ‎kp„Ösp âÐe¡L$u 1x10-7 mol/L S>¡V$gu 

lp¡e R>¡. dpÓ `pZudp„ \p¡X$p âdpZdp„ npf A\hp S>gv$ A¡rkX$ / b¡CT ‎c¡mhuA¡ sp¡ s¡_p rhep¡NuL$fZ_¡ L$pfZ¡ 

`pZu_u rhÛyshplL$sp h^¡ R>¡ A_¡ s¡\u `pZu_y„ rhÛys ‎rhOV$_ \pe R>¡. ‎

‎̀ pZu_y„ rhÛys `©Õ\L$fZ (Electrolysis of water)

L©$rs : 500 rdgu iyÝ^ `pZudp„ 2 N°pd duWy„$ Ap¡Npmp¡. 500 

rdgu ^pfL$sp ^fphsp buL$fdp„ 250 rdgu ‎ÖphZ gp¡. `pµhf 

kàgpe_p ^_ A_¡ F>Z R>¡X$p_¡ rhÛys_p b¡ spf Å¡X$p¡. 

spf_p buÅ R>¡X$p `f_y„ 2 ‎k¡du. S>¡V$gy„ fp¡^L$ AphfZ L$pY$u 

_pMp¡. Ap b¡ rhÛysAN°p¡ s¥epf \ep. b¡ ‎L$k_mudp„ s¥epf 

L$f¡gp duW$p_p d„v$ ÖphZ_¡ R>gpR>g cfp¡. Ap L$k_mudp„ 

lhp _ Åe s¡ fus¡ rhÛys ‎AN° `f KOu d|L$p¡. `pµhf kàgpe 

Üpfp 6 hpµëV$ v$bpZ _uQ¡ huS>âhpl iê$ L$fp¡. ‎ ‎\p¡X$p kde 

`R>u L$k_mudp„ iy„ v¡$Mpe R>¡. ‎s¡_y„ r_funZ L$fp¡. ‎

‎5.11 `pZu_y„ rhÛys rhOV$_ ‎

1. rhÛys rh^V$_ \hp dpV¡$ âhpludp„ ÖphZdp„ dp¡V$p âdpZdp„ 
rhep¡NuL$fZ \e¡gp Ape_ lp¡hp S>ê$fu ‎R>¡. dpV¡$ S>¡ `v$p\p£_y„ 
ÖphZdp„  âhplu Ahõ\pdp„ dp¡V$p âdpZdp„ rhep¡NuL$fZ     
\pe R>¡ s¡_¡ suh° rhÛys ‎rhOV$L$ `v$p\® (Electrolyte) L$l¡hpe 
R>¡. ‎npf, S>gv$ A¡rkX$ A_¡ S>gv$ bµCT suh° rhÛys rhOV$L$ 
`v$p\® R>¡, S>¡_p ‎ÖphZdp„ DÃQ rhÛyshplL$sp lp¡e R>¡ A¡V$g¡   
L¡$ suh° rhÛys rhOV$L$ `v$p\® âhplu ê$`dp„ A_¡ ÖphZ       
Ahõ\pdp„ ‎rhÛys_p kyhplL$ lp¡e R>¡. kp¥çe A¡rkX$ A_¡ kp¥çe 
b¡CT kp¥çe rhÛys rhOV$L$ `v$p\® R>¡.

‎2. rhÛys rhOV$_ L$fhp dpV¡$_p `pÓdp„ rhÛys rhOV$L$ `v$p\® 
(âhplu/ ÖphZ) gC s¡dp„ rhÛysAN°p¡ ‎Xy$bpX$ép `R>u S>¡ 
fQ_p s¥epf \pe s¡_¡ rhÛys rhOV$_ L$p¡j L$l¡hpe.

1. 	 ApNm_u L©$rs dyS>b rhÛys 

rhOV$_ L$p¡jdp„ OZp¡ gp„bp¡ kde 

huS> âhprls L$fuA¡ sp¡ ^_pN°dp„ 

iy„ ‎a¡fapf v¡$Mpi¡ ? ‎

‎2.	 `pZu A¡ rhÛys_y„ kyhplL$ R>¡ ? ‎

1. L$k_mudp„ rhÛysAN° `pk¡ hpey_p `f`p¡V$p Å¡hp dýep ? ‎

‎2. Ap hpey `pZu L$fsp„ cpf¡ R>¡ L¡$ lgL$p¡ ? ‎

3. b„_¡ L$k_mudp„_p ÖphZ D`f c¡Np \e¡g hpey_y„ L$v$ kdp_ R>¡ L¡$ Sy>vy„$  ?‎

L$k_muAp¡‎

buL$f

- +

bµV$fu‎

k„L¡$s õ\m ‎
www.chemicalformula.org 

L$fu Sy>Ap¡¡.

dp\y Qgphp¡. Ýep_dp„ fpMp¡.
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D`f_u L©$rsdp„ A¡hy„ Å¡hp dm¡ R>¡ L¡$ FZpN° `pk¡ s¥epf \e¡gp hpey_y„ L$v$ ^_pN° `pk¡ s¥epf \e¡gp ‎hpey_p L$v$ 
L$fsp„ bdÏ„ R>¡. h¥opr_L$p¡A¡ rkÙ L$fu v$uOy„ R>¡ L¡$ F>ZpN° D`f lpeX²$p¡S>_ hpey c¡Np¡ \pe ‎R>¡. sp¡ ^_pN° `pk¡ 
Ap¡[¼kS>_ hpey c¡Np¡ \pe R>¡. Ap D`f\u õ`óV$ \pe R>¡ L¡$ `pZu_y„ rhÛys ‎rhOV$_ \hp\u s¡dp„_p d|mc|s OV$L$ R|>V$p 
`X¡$ R>¡. ‎k„b„r^s rhÛysAN° fpkperZL$ q¾$ep _uQ¡âdpZ¡ R>¡, ‎       

		  F>ZpN° âq¾$ep  2H2O + 2e-                   H2(g) + 2OH-(aq)	

		  ‎̂ _pN° âq¾$ep       2H2O                         O2 (g) + 4H (aq)+ 4e-

1. b„_¡ L$k_mudp„_p ÖphZ_y„ rgV$dk L$pNm\u `funZ L$fp¡. iy„ Å¡hp dm¡ R>¡ ? ‎

‎2. rhÛys rhOV$L$ `v$p\® sfuL¡$ d„v$ H2SO4  s\p d„v$ NaOH hp`fu D`f_u L©$rs afu\u L$fp¡. ‎

rhÛys rhOV$L$ `v$p\p£_p rhrh^ D`ep¡N L$ep L$ep R>¡?

‎1.	 Aep¡Áe iåv$ Ap¡mMp¡ A_¡ L$pfZ Ap`p¡. ‎
	 (A)‎ ‎¼gp¡fpBX$, _peV²¡$V$, lpeX²$pBX$, Adp¡r_ed ‎
	 (Ap) lpeX²$p¡S>_ ¼gp¡fpBX$, kp¡qX$ed lpeX²$p¡¼kpBX$,
		   Lµ$[ëied Apµ¼kpCX$, Adp¡r_ep
	 (B)‎ AµrkrV$L$ A¡rkX$, L$pbp£r_L$ A¡rkX$, 
		  lpeX²$p¡¼gp¡qfL$ A¡rkX$, _peqV²$L$ A¡rkX$‎
	 (C)‎	 Adp¡r_ed ¼gp¡fpB®X$, kp¡qX$ed ¼gp¡fpBX$, 

`pµV¡$ried _pBV²¡$V$, kp¡qX$ed këa¡V$‎
	 (D)	 kp¡qX$ed _peV²¡$V$, kp¡qX$ed L$pbp£_¡V$,      

kp¡qX$ed këa¡V$, kp¡qX$ed ¼gp¡fpBX$‎
	 (E)Lµ$[ëied Apµ¼kpCX$, dµÁ_¡ried Apµ¼kpCX$, 

tTL$ Apµ¼kpCX$, kp¡qX$ed Ap¡¼kpBX$‎ 
	 (A¡) õaqV$L$ê$` dp¡f\y\y, õaqV$L$ê$` duWy„$, õaqV$L$ê$` 

a¡fk këa¡V$, õaqV$L$ê$` kp¡qX$ed L$pbp£_¡V$
	 (A¥) kp¡qX$ed ¼gp¡fpCX$, `p¡Vµ$ried lpCX²$p¡¼kpCX$, 

AµrkqV$L$ A¡rkX$, kp¡qX$ed AµrkV¡$V$.
‎2. 	 _uQ¡_u L©$rs L$fhp\u iy„ a¡fapf \i¡ s¡ gMu s¡_u 

`pR>m_y„ L$pfZ õ`óV$ L$fp¡. ‎ ‎
	 (A)‎	 L$pµ`f këa¡V$_p 50 qdgu. ÖphZdp„ 50 

rdgu `pZu c¡mhsp
	 (Ap)‎ kp¡qX$ed lpeX²$p¡¼pBX$_p 10 rdgu ÖphZdp„ 

qa_p¡ga\¡gu_ k|QL$_p b¡ V$u`p„ _p„Msp. ‎
	 (B)‎	‎ 10 rdgu d„v$ _pCqV²$L$ A¡rkX$dp„ sp„bp_p 

c|L$p_p b¡ L¡$ ÓZ L$Z _pMu lgphsp.

	 (C)‎	‎ 2 rdgu d„v$  HCl dp„ rgV$dk`Ó_p Vy$L$X$p 
_p„Msp. Ðepf `R>u s¡dp„ 2 rdgu    
kp„Ösphpmy„ NaOH ‎‎_pMu lgphsp. ‎

	 (D)‎	 d„v$  HCl dp„ d¡Á_¡ried Apµ¼kpCX$      
c¡mhsp A_¡ d„v$ NaOH dp„ dµÁ_¡ried 
Apµ¼kpCX$ c¡mhsp. ‎

	 (E)‎	 d„v$ HCl dp„ tTL$ Apµ¼kpCX$ c¡mhsp s¡dS> 
d„v$ NaOH dp„ tTL$ Apµ¼kpCX$ c¡mhsp. ‎

	 (A¡)‎	 Q|_p_p Vy$L$X$p `f d„v$ HCl _pMsp. ‎
	 (A¥)‎	 L$k_mudp„ dp¡f\y\y_p Vy$L$X$p_¡ DóZsp 

Ap`sp A_¡ W„$X$p \ep `R>u s¡dp„ `pZu  
c¡mhsp. ‎

	 (Ap¡)	rhÛys rhOV$L$ L$p¡jdp„ d„v$ H2SO4_p„Mu 
s¡dp„\u huS>âhpl `kpf L$fsp„.‎ 

3.	 _uQ¡_p Apµ¼kpCX$_y„ ÓZ cpNdp„ hN}L$fZ L$fu 
s¡_¡ _pd Ap`p¡. ‎ ‎

			  CaO, MgO, CO2, SO3, Na2O, ZnO, 
Al2O3, Fe2O3

4.‎	 Cg¡¼V²$p¡_ k„ê$`Z ApL©$rs v$p¡fu õ`óV$ L$fp¡. ‎
	 (A)‎	 kp¡qX$ed A_¡ ¼gp¡qf_dp„\u kp¡qX$ed  

¼gp¡fpBX$_y„ r_dp®Z ‎
	 (Ap)	dµÁ_¡ried A_¡ ¼gp¡qf_dp„\u dµÁ_¡ried 

¼gp¡fpBX$_y„ r_dp®Z ‎

õhpÝepe

ip¡^p¡.
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5.‎	‎ _uQ¡_p k„ep¡S>_p¡ `pZudp„ Ap¡Nm¡ sp¡ s¡_y„ 
rhep¡NuL$fZ L¡$hu fus¡ \pe s¡ fpkperZL$ 
‎kduL$fZ Üpfp v$ip®hp¡ A_¡ rhep¡NuL$fZ_y„ âdpZ 
Ap¡Ry>„ L¡$ h^pf¡ s¡ gMp¡. ‎ ‎

	 lpeX²$p¡¼gp¡qfL$ A¡rkX$, kp¡qX$ed ¼gp¡fpBX$, 
`pµV¡$ried lpeX²$p¡¼kpBX$, Adp¡r_ep, AµrkqV$L$ 
A¡rkX$, dµÁ_¡ried ¼gp¡fpBX$, L$pµ`f këa¡V$. 

6. 	 _uQ¡_p ÖphZ_u kp„Ösp N°pd/rgV$f A\hp dp¡g/
rgV$f Ap A¡L$ddp„ ìe¼s L$fp¡. ‎ ‎

	 (A)	100 rdgu ÖphZdp„ 7.3 N°pd HCl
	 (Ap)	50 rdgu ÖphZdp„ 2 N°pd NaOH
	 (B)	 100 rdgu ÖphZdp„ 3 N°pd CH3COOH
	 (C)	 200 rdgu ÖphZdp„ 4.9 N°pd H2SO4

7. 	 hfkpv$dp„ `pZu_p _d|_p c¡Np L$fp¡. s¡dp„ h¥rðL$ 
k|QL$_p L¡$V$gp„L$ V$u`p„ _p„Mp¡. s¡_p¡ pH dp`p¡. 
‎hfkpv$_p `pZu_y„ õhê$` iy„ R>¡ s¡ S>Zphu s¡_u 
kÆhk©[óV$ D`f iy„ Akf \pe s¡ S>Zphp¡. ‎ ‎ ‎

8.	 _uQ¡_p âñp¡_p Dsfp¡ gMp¡. ‎ ‎
	 (A) 	b¡CT NyZ^d® A_ykpf A¡rkX$_y„ hN}L$fZ 

L$fp¡. âÐe¡L$_y„ A¡L$ Dv$plfZ gMp¡. 
	 (Ap) rir\rgch_ A¡V$g¡ iy„ ? fp¡Æ„v$p Æh_dp„ 

rir\rgch__p b¡ Dv$plfZ gMp¡. 
	 (B) 	 ÖphZ_p¡ pH dp`hp dpV¡$ L$C `Ý^rs 

h`fpe R>¡ s¡ gMp¡. 
	 (C)	 `pZu_y„ rhÛys rhOV$_ A¡V$g¡ iy„ s¡ S>Zphp¡ 

A_¡ rhÛysAN° âq¾$ep gMu õ`óV$ L$fp¡. 
9.	 L$pfZp¡ gMp¡. ‎
	 (A)	lpeX²$p¡r_ed Ape_ l„d¡ip H3O

+ _p 
õhê$`dp„ lp¡e R>¡. 

	 (Ap)	sp„bp_p A\hp r`sm_p hpkZdp„ R>pi 
fpMsp„ s¡ L$X$hu b_¡ R>¡. 

10.‎	‎ _uQ¡_u L©$rs dpV¡$ fpkperZL$ kduL$fZ gMp¡. ‎
	 (A) HCl _p ÖphZdp„ NaOH _y„ ÖphZ       

c¡mhsp. 
	 (Ap)	d„v$ H2SO4 dp„ S>ks_p¡ c|L$p¡ c¡mhsp. 
	 (B)	 Lµ$[ëied Apµ¼kpCX$dp„ d„v$ _pBqV²$L$ A¡rkX$ 

_p„Msp. 
	 (C)	 KOH_p ÖphZdp„ L$pb®_ X$peApµ¼kpCX$ 

hpey `kpf L$fsp
	 (D)	 Mphp_p kp¡X$p `f d„v$ HCl _p„Msp.
11.‎	 saphsp¡ Ap¡mMp¡. ‎
	 (A)	A¡rkX$ A_¡ b¡CT
	 (Ap)	Lµ$V$pe_ A_¡ Aµ_pe_
	 (B)	 F>ZpN° A_¡ ^_pN°
12. _uQ¡_p `v$p\®_p S>gue ÖphZ_y„ hN}L$fZ pH 

âdpZ¡ 7, 7 L$fsp„ h^pf¡ L¡$ 7 L$fsp„ Ap¡Ry>„ A¡d 
‎L$fp¡. ‎

	 duWy„$, kp¡qX$ed A¡rkV¡$V$, lpeX²$p¡S>_ ¼gp¡fpBX$, 
L$pb®_ X$peAp¡¼kpBX$, `p¡V¡$ried b°p¡dpBX$, 
Lµ$[ëied ‎lpeX²$p¡¼kpBX$, Adp¡r_ed ¼gp¡fpBX$, 
rh_¡Nf, kp¡qX$ed L$pbp£_¡V$, Adp¡r_ep, këaf 
X$pep¡¼kpBX$. ‎

D`¾$d ‎
			  rhÛys rhg¡`_ (Electroplating) _p¡ 

D`ep¡N v¥$r_L$ Æh_dp„ L$fhpdp„ Aph¡ R>¡ s¡ 
rhi¡ h^pf¡ dprlsu d¡mhp¡.‎

²²²
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kÆhp¡_p¡ Aæepk L$fhp dpV¡$ 

fp¡bV$® [ìlV$pL$f¡ (1969) ep¡S>¡gu 

`„Qk©[óV$ `Ý^rs s¡dS> s¡dp„_u 

‎dp¡_¡fp, âp¡qV$õV$p s¡dS> L$hL$ Ap 

k©[óV$_p¡ Aæepk sd¡ L$f¡gp¡ R>¡. ‎

Ap`Zp `qfkf_¡ lqfepmu  

b_ph_pf h_õ`qs k©[óV$dp„ L$e„y 

flõe Ry>`pe¡gy„ R>¡ ? s¡dp„ L$C rhrh^sp 

‎R>¡ ? s¡ Å¡CA¡.‎

k©[óV$ : h_õ`rs‎ (Kingdom Plantae)

L$p¡jqv$hpgey¼s ×íe L¡$ÞÖue L$p¡j ^fph_pf õhe„`p¡ju kÆhp¡_p kd|l_¡ "h_õ`rs' sfuL¡$ ‎Ap¡mMhpdp„ Aph¡ 

R>¡. h_õ`rs lqfsÖìep¡_u dv$v$\u âL$pik„ïg¡jZ L$fsu lp¡hp\u õhe„`p¡ju R>¡. ‎h_õ`rs k©[óV$dp„ Aph¡g kÆhp¡ 

AÞe kh® kÆhp¡ dpV¡$ AÞ__p¡ âdyM (dy¿e) öp¡s R>¡. ‎

h_õ`rs ip÷o A¡Qf¡ 

1883 dp„ h_õ`rs k©[óV$_y„ 

b¡ D`k©[óV$dp„ hN}L$fZ L$e¯y 

s¡ âdpZ¡ k`yó` A_¡ ‎A`yó` 

A¡d b¡ D`k©[óV$_p¡ rhQpf 

h_õ`rs_y„ hN}L$fZ L$fhp 

dpV¡$ L$fhpdp„ Apìep¡. ‎

h¥opr_L$_p¡ ‎ ‎̀ qfQe

Apqv$ L¡$ÞÖue  (Prokaryotic)

A¡L$L$p¡jue

âp¡qV$õV$p

õhphg„bu

blzL$p¡jue

L$p¡jqv$hpg 
krls ‎

`fphg„bu

dp¡_¡fp

L$p¡jqv$hpg 
frls

h_õ`rs hN}e L$hL$hN}e
âpZu hN}e

×íe L¡$ÞÖue ‎(Eukaryotic)

kÆh

h_õ`rs L$p¡jdp„ Aph¡gp ¼ep h¥rióV$é`|Z® A„Np¡ s¡_¡ âpZuL$p¡j L$fsp„ Sy>v$p„ 

v$ip®h¡ R>¡?‎

kÆhp¡_y„ hN}L$fZ L¡$hu fus¡ 

L$fhpdp„ Apìey„ R>¡ ? ‎

hN}L$fZ_p¡ Ap^pf‎
h_õ`rs_y„ hN}L$fZ L$fsp„ kh®â\d h_õ`rs_p Ahehp¡ R>¡ L¡$ _rl, s¡_p¡ 

rhQpf L$fhpdp„ Aph¡ R>¡. ‎Ðepfbpv$ `pZu A_¡ AÞ__y„ hl_ L$fhp dpV¡$ õhs„Ó 
`¡iuk„õ\pdp„ R>¡ L¡$ _rl s¡_p¡ rhQpf L$fhpdp„ ‎Aph¡ R>¡. h_õ`rsdp„ buS> ^pfZ 
L$fhp_u ndsp R>¡ L¡$ ? ‎ lp¡e sp¡ s¡_p buS> `f amp¡_y„ AphfZ R>¡ L¡$ _rl A¡_p¡ 
`Z rhQpf L$fhpdp„ Aph¡ R>¡ A_¡ A„s¡ buS>dp„_p buS>`Óp¡_u k„¿ep `f\u 
h_õ`rs_p S|>\ `pX$hpdp„ Aph¡ R>¡. 

h_õ`rs hN}L$fZ_p DÃQ õsf¡ awgp¡, amp¡ s¡dS> buS> Aph¡ L¡$ _ Aph¡ 
s¡_p `f\u k`yó` A_¡ ‎A`yó`, buS> am_p„ AphfZdp„ R>¡ L¡$ _\u, s¡ `f\u 
Aph©Ñ buS> ^pfu s¡dS> A_ph©ÑbuS> ^pfu A_¡ ‎buS>dp„ Aphsp buS>`Óp¡_u 
k„¿ep `f\u A¡L$v$m s¡dS> qÜv$m Aphp gnZp¡_p¡ rhQpf L$fhpdp„ ‎Aph¡ R>¡. ‎ ‎

\p¡Xy„$ rhQpf L$fp¡.

1. गतीचे नियम
Ø  k©[óV$$: h_õ`rs 
Ø  D`k©[óV$$ :AbuS>`Óu (A`yó`, bu frls)  Ø  D`k©[óV$ : buS>`Óu (k`yó`, buhpmy„)  

 ‎6. h_õ`rs_y„ hN}L$fZ ‎

L$lp¡ Å¡CA¡ !
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D`k©[óV$ -A`yó` h_õ`rs (Cryptogams)	

	 gugp f„N_y„ `pZu lp¡e s¡hp Mpbp¡rQep ip¡^p¡. `pZudp„\u gugp sp„sZp_¡ 
c¡Np L$fp¡. s¡_¡ `¡V²$uX$uidp„ ‎d|L$u_¡ `pZu hX¡$ õhÃR> L$fp¡. s¡dp„\u A¡L$pv$ s„s| L$pQ_u 
`Ë$u`f d|L$u `pZu_p V$u`p„dp„ a¡gphp¡. ‎

rhcpN I - \¡gp¡apeV$p ‎ (Thallophyta)
Ap h_õ`rs dy¿eÐh¡ `pZudp„ h©[Ý^ `pd¡ R>¡. d|m-\X$-`p_-awg A¡hp rhrióV$ Aheh _ lp¡e, ‎̀ Z lqfs 

Öìe_¡ gu^¡ õhe„`p¡ju A¡hu Ap h_õ`rs_p Ap S|>\_¡ i¡hpm (Algae) L$l¡hpe R>¡, i¡hpmdp„ ‎M|b S> rhrh^sp 
Å¡hp dm¡ R>¡. A¡L$ L$p¡jue, blz L$p¡jue, Arsk|ÿd s¡d S> L$p¡CL$ _p_p L¡$ dp¡V$p ‎ApL$pf_u i¡hpm Å¡hp dm¡ R>¡.            
Dv$p. õ`pefp¡Npefp, eygp¡r\°¼k, Dëhp, kfN¸kd, hN¡f¡ Apdp„\u ‎L¡$V$guL$ h_õ`rs duW$p `pZudp„ s¡dS> L$p¡CL$ Mpfp 
`pZudp„\u dmu Aph¡ R>¡. Ap h_õ`rs_y„ ifuf ‎dy¿eÐh¡ _fd A_¡ s„syde lp¡e R>¡. ApS> rhcpNdp„ lqfsÖìe _ 
lp¡e s¡hp rhrh^ âL$pf_p âqL$Îh ‎A_¡ awN (Fungi)_p¡ õhs„Ó`Z¡ kdph¡i \pe R>¡. ‎s¡d_¡ L$hL$ L$l¡ R>¡. 

‎6.1 \¡gp¡apeV$p rhcpN_u h_õ`rs ‎

rhcpN II- b°pep¡apeV$p (Bryophyta) 

õ`pefp¡Npefp.‎Dgìlp ‎ L$pfp

L$p¡jqv$hpg

 kr`®gpL$pf 
lqfsÖìe ‎

L¡$ÞÖ  ‎̀ pef¡_p¡CX$‎

hfkpv$dp„ S|>_u cu_u c]sp¡`f, HV$p¡ `f L¡$ MX$L$p¡ `f gugpi `X$sp¡ 
_fd - NprgQp¡ Å¡ep¡ li¡. _p_u `Ë$u\u s¡_¡ ^uf¡\u Oku_¡ Sy>v$p¡ `pX$p¡ 
dm¡gu h_õ`rs_y„ bpfuL$pC\u r_funZ L$fu QQp® L$fp¡. ‎

Ap rhcpN_u h_õ`rs_¡ h_õ`rsk©[óV$dp„ "DceQf' sfuL¡$ Ap¡mMhpdp„ Aph¡ R>¡. L$pfZ L¡$ s¡ cu_u ‎dpV$udp„ 
h©[Ý^ `pd¡ R>¡. `f„sy âS>__ dpV¡$ dpÓ s¡_¡ `pZu_u S>ê$f `X$¡$ R>¡. Ap h_õ`rs ‎r_ç_õsfue, blzL$p¡jue A_¡ 
õhe„`p¡ju lp¡e R>¡. Apdp„ âS>__ buÅÏ dpfas \pe R>¡. ‎b°pep¡apeV$p rhcpNdp„_u h_õ`rs_u fQ_p Q`V$u fubu_ 
S>¡hu gp„bu lp¡e R>¡. Ap h_õ`rs_p Mfp ‎d|m, \X$, `p_ lp¡sp„ _\u `Z `p_S>¡hu fQ_p lp¡e R>¡. s¡dS> d|m_u 
S>ÁepA¡  d|m S>¡hp„ Aheh ‎d|mpN° lp¡e R>¡. `pZu s¡dS> AÞ__p hl_dpV¡$ rhrióV$ `¡iu lp¡su _\u. Dv$p. dpµk 
(ãey_¡qfAp), ‎AµÞ\p¡rkfpµk, qf[¼kep, hN¡f¡. ‎

	 L$pQ_u `Ë$u`f ApÃR>pv$L$ L$pQ d|L$u_¡ k|ÿdv$i®L$_u dv$v$\u r_funZ L$fp¡. s¡dp„ ku^p s„s|_p L$p¡jdp„ ‎gugp 
kr`®g ApL$pf_u lqfsÖìe_u `Ë$u.' v¡$Mpe R>¡ L¡$ ? Ap h_õ`rs_y„ _pd õ`pefp¡Npefp R>¡. ‎

r_funZ L$fp¡.

r_funZ L$fp¡ A_¡ QQp® L$fp¡.
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6.2 b°pep¡apeV$p rhcpN_u h_õ`rs ‎

k„`yqV$L$p

dL£$Þiuep ‎ãey_¡qfep

‎̀ p_ S>¡hp¡ cpN

d|mpc ‎ A¸Þ\p¡rkfpµk ‎

k„`yqV$L$p

‎̀ p_ S>¡hp¡ cpN

d|mpc ‎

v„$X$ ‎

v„$X$ ‎

‎̀ p_ S>¡hp¡ cpN

k„`yqV$L$p

`rZ®L$p ‎

l„kfpS> ‎ d|m ‎‎̀ rZ®L$pdp„_y„ buÅZ ^p_u `y„S‎

\µgp¡apeV$p, b°pep¡apeV$p s¡dS> V¡$qfL$p¡apeV$p Ap ÓZ 
rhcpNdp„ h_õ`rs_u ifuf fQ_pdp„ saphs lp¡hp ‎R>sp„. 
s¡Ap¡dp„ kdp_sp L$C R>¡ ?‎

rkgµrS>_¡gp gpeL$p¡`p¡qX$ed ‎

6.3 V¡$qfX$p¡apeV$p rhcpN_u h_õ`rs ‎

bNuQpdp„ ip¡csp„ TpX$uTp„Mfpdp„ sd¡ l„kfpS> 
Å¡e¡g li¡. `|Z® h^u Ne¡gp l„kfpS>_y„ A¡L$ `p_ gC_¡ 
‎s¡_y„ bpfuL$pC\u r_funZ L$fp¡. ‎
rhcpN III- V¡$qfX$p¡apeV$p ‎ (Pteridophyta)

Ap hN®dp„_u h_õ`rs_p d|m, \X$, `p_, A¡hp 
kyõ`óV$ Aheh lp¡e R>¡. `pZu s¡dS> AÞ__p hl_ ‎dpV¡$ 
õhs„Ó `¡iu lp¡e R>¡. `Z s¡_¡ am-azg Aphsp„ _\u. s¡_p„ 
`p__p„ `pR>m_p cpN¡ s¥epf \_pfp ‎buÅÏ„ Üpfp S> 
s¡d_y„ âS>__ \pe R>¡. Dv$p.aÞk®, _¡äp¡g¡`uk, dpk£rgep, 
V¡$qfk, A¡qX$A¡V$d, ‎B¼huk¡V$d, rkg¡rS>_¡gp, 
gpeL$p¡`p¡qX$ed, hN¡f¡. 

Ap h_õ`rsdp„ Ag¦rNL$ âS>__ A¡ buÅÏ        
r_rd®rs Üpfp s¡dS> g¦rNL$ âS>__ A¡ eyÁdL$ r_rd®rs  
‎Üpfp \pe R>¡. Aphu h_õ`rsdp„ kyõ`óV$ k„hl_ k„õ\p 
lp¡e R>¡. ‎ ‎ ‎

dNS> Qgphp¡.

r_funZ L$fp¡ A_¡ QQp® L$fp¡.
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Ap kh£_y„ âS>__ buÅÏ„ Üpfp \pe R>¡. s¡_p„ ifuf_u âS>__ k„õ\p AâL$V$ lp¡hp\u s¡Ap¡_¡ A`yó` 
‎‎(Cryptogams : R|>`pe¡gp âS>__ A„Np¡ ^fph_pf) h_õ`rs L$l¡hpe R>¡. ‎

D`k©[óV$- k`yó` h_õ`rs ‎(Phanerogams)
S>¡ h_õ`rsdp„ âS>__ dpV¡$ rhrióV$ `¡iu lp¡e S>¡ buS> r_dp®Z L$f¡ R>¡ s¡ h_õ`rs_¡ k`yó` ‎h_õ`rs L$l¡hpe 

R>¡. s¡dp„ âS>__ âq¾$ep `R>u S> buS> s¥epf \pe R>¡. S>¡dp„ c©Z s¡dS> AÞ_ k„N°rls ‎lp¡e R>¡. buS>_p A„Ly$fZ_u 
iê$Apsdp„ AdyL$ kde c©Z_p rhL$pkdpV¡$ Ap AÞ__p¡ D`ep¡N \pe R>¡. ‎buS> amdp„ Y„$L$pe¡g lp¡e L¡$ _ lp¡e Aphu 

	 bNuQpdp„ kpeL$k_y„ h©n L¡$ q¾$kdk V²$u A_¡ Åkh„su_y„ 
TpX$, rgrg_p¡ R>p¡X$ A¡hu kh® D`gå^ ‎h_õ`rs_y„ r_funZ 
L$fu_¡ s¡_u syg_p L$fp¡. sdpfp Ýep_dp„ Aph¡g kpçesp s¡dS> 
saphs_u _p¢^ L$fp¡. ApNm Å¡e¡gp A_ph©Ñ buS>^pfu h_
õ`rs s¡dS> Ap h_õ`rsdp„ ¼ep¡ saphs Å¡hp ‎dþep¡ ? ‎

A_ph©ÑbuS> rhcpN_u h_õ`rs dp¡V$¡$ cpN¡ kv$plqfs, 
blzhprj®L$ s¡dS> L$póW$de lp¡e R>¡. Ap ‎h_õ`rs_¡ \X$ _¡ 
X$pmuAp¡ lp¡su _\u. `p__p¡ dyNV$ s¥epf \e¡gp¡ Å¡hp dm¡. Ap 
h_õ`rsdp„ _f ‎A_¡ dpv$p awgp¡ A¡L$S> TpX$_p Sy>v$pSy>v$p 
buÅÏ`Ó `f Å¡hp„ dm¡ R>¡. s¡_p„ buS>`f _¥krN®L$ AphfZ 
‎‎_\u lp¡sy„. Gymnosperms A¡V$g¡ am Aphsp _\u s¡_¡    
A_ph©Ñ buS>^pfu h_õ`rs L$l¡ R>¡.‎ A¡V$g¡ Gymnos _ 
Y$„$L$pe¡gy„ / A_ph©Ñ, Sperm - buS>.  

Dv$p. kpeL$k, r`rkep (q¾$kdk V²$u) \yÅ (dp¡f`„Mu), 
`pe_k (v¡$h^f) hN¡f¡.‎

rhcpN II- Aph©Ñ buS>^pfu h_õ`rs (Angiosperms)

Ap rhrióV$sp `f\u k`yó` h_õ`rs_y„  A_ph©Ñ ‎buS>^pfu s¡dS> Aph©Ñ buS>^pfu A¡hp b¡ rhcpN L$fpe R>¡. ‎

rhcpN I- A_ph©Ñ buS>^pfu h_õ`rs‎ (Gymnosperms) 

dL$pC, hpg, i]Nv$pZp, Ap„bgu, Ap„bp¡ L¡$ OJ_p bu _¡ `pZudp„ 8-10 L$gpL$    
c]S>hp¡. c]S>ìep ‎‎ R>u âÐe¡L$ bu _p b¡ kfMp cpN \pe R>¡ L¡$ _lu s¡ Sy>Ap¡ A_¡ s¡ 
A_ykpf s¡_y„ hN}L$fZ L$fp¡.‎ 

kpeL$k ‎

6.4 A_ph©ÑbuS> rhcpN_u h_õ`rs ‎

L$fu Sy>Ap¡¡.

r_funZ L$fp¡.

Ap h_õ`rs_¡ Aphsp„ awgp¡ âS>__ Aheh NZpe R>¡. awg_y„ ê$`p„sf amdp„ \pe s¡dS> amdp„ bu ‎s¥epf \pe 
R>¡. Ap buS> `f AphfZ lp¡e R>¡. Angios - Cover A¡V$g¡ AphfZ, sperm - bu.‎

S>¡ buS>_p klS>sp\u b¡ cpN R|>V$p `X¡$ s¡_¡ qÜv$m h_õ`rs L$l¡hpe A_¡ S>¡ h_õ`rs_p buS>_p b¡ cpN       
\sp„ _\u ‎s¡_¡ A¡L$v$m h_õ`rs L$l¡hpe. ‎
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qÜv$m h_õ`rs ‎ A¡L$v$m h_õ`rs ‎

bu ‎ b¡ buS>`Ó A¡L$ buS>`Ó ‎

d|m ‎ âp\rdL$ d|m (kp¡V$u d|m)‎ s„s|d|m ‎

‎\X$ ‎ dS>b|s, L$W$Z 
Dv$p. hX$_y„ TpX$ ‎

‎̀ p¡L$m Dv$p. bp„b|  
Apcpku  Dv$p. L¡$mp„
QL$su S>hy„ Dv$p. L$p„v$p¡ ‎

‎̀ p_‎ Åmuv$pf, rifprhÞepk kdp„sf rifprhÞepk

awg 4 A\hp 5 cpNhpmy„ awg (Qsy®cpNu 
A\hp `„QAhehu)‎

3 A\hp 3 _p NyZp„L$dp„ cpN lp¡e (rÓAhehu)‎

AbuS>^pfu (A`yó` ‎)

‎\¡gp¡apeV$p‎ b°pep¡apeV$p ‎ V¡$qfX$p¡apeV$p ‎
A_ph©Ñ buS>^pfu ‎

buS>^pfu (k`yó`)

Aph©s buS>^pfu ‎

A¡L$v$m h_õ`rs ‎qÜv$m h_õ`rs ‎

6.4  dL$pC A_¡ fpC ‎

r_funZ L$fp¡ A_¡ _p¢^ L$fp¡. 

h_õ`rs k©[óV$
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1.	 "A', "b' A_¡ "L$' Ap õs„cp¡_¡ ep¡Áe fus¡ Å¡X$p¡. ‎ 

2.	 Mpgu S>Áepdp„ ep¡Áe iåv$ d|L$u rh^p_ `|Z® L$fp¡ 
A_¡ L$pfZ õ`óV$ L$fp¡. ‎ ‎

	 ‎(Aph©sbuS>^pfu, A_ph©ÑbuS>^pfu, rbÅZy, 
b°pep¡apeV$p, \¡gp¡apeV$p, eyÁdL$)‎

	 (A)	‎ ......... h_õ`rs_y„ ifuf dy¿eÐh¡¡ _fd 
A_¡ s„s|ê$` lp¡e R>¡.

	 (Ap)‎	‎........... hN®_u h_õ`rsk©[óV$_¡ DceQf 
L$l¡hpe R>¡. ‎

	 (B)‎	 V¡$qfX$p¡apeV$p h_õ`rsdp„ Ag¥„rNL$ âS>__ 
A¡ ..... r_rd®rs  Üpfp Äepf¡ g¦rNL$ âS>__ 
A¡ ‎‎...... r_rd®rs Üpfp \pe R>¡. ‎

	 (C)‎	 ............ h_õ`rsdp„ _f A_¡ dpv$p awg 
A¡L$S> h©ndp„ AgN-AgN buS>`Ó `f 
DÐ`Þ_     \pe R>¡.‎ 

3.	 _uQ¡_p âñp¡_p DÑfp¡ sdpfp iåv$dp„ gMp¡. ‎ ‎ ‎ ‎ ‎
	 (A)‎	k`yó` h_õ`rs_u rhrióV$sp gMp¡. ‎
	 (Ap)	A¡L$v$m A_¡ qÜv$m_p¡ saphs õ`óV$ L$fp¡. ‎
	 (B)‎	 l„kfpS> Ap ip¡cpedp_ TpX$_y„ hZ®_   

sdpfp iåv$p¡dp„ gMp¡. ‎
	 (C)‎	 õ`pefp¡Npefp Ap h_õ`rs_u rhrióV$sp 

ApL©$rs v$p¡fu gMp¡. ‎
	 (D)‎	 b°pep¡apeV$p hN®_u h_õ`rs_u rhrióV$sp 

gMp¡. ‎

‎"A' õs„c‎ ‎"b' õs„c ‎ ‎"L$' õs„c ‎

‎\¡gp¡apeV$p ‎ am_u A„v$f bu s¥epf \pe ‎ l„kfpS> ‎

b°pep¡apeV$p ‎ bu D`f Ly$v$fsu AphfZ _ lp¡e ‎ kpe¼k ‎

V¡$qfX$p¡apeV$p ‎ Ap h_õ`rs dy¿eÐh¡ `pZudp„ h©[Ý^ `pd¡, ‎ Ap„bgu ‎

A_ph©Ñ buS>^pfu ‎ Ap h_õ`rs_¡ âS>__ dpV¡$ `pZu S>ê$fu ‎ dp¡k ‎

Aph©Ñ buS>^pfu ‎ ‎̀ pZu A_¡ AÞ__p hl_dpV¡$ `¡iu lp¡e ‎ i¡hpm

‎1. k„NZL$dp„ rQÓ v$p¡fhp dpV$¡$ D`ep¡N âZpgu hp`fu `pW$dp„ hZ®h¡g h_õ`rs_p rQÓp¡‎ v$p¡fhp.‎‎

‎2. Ap rQÓp¡_p¡ D`ep¡N L$fu h_õ`qs_p hN}L$fZ `f Ap^pqfs power point presentation s¥epf L$fu  

    hN®dp„ fS|> L$fp¡.

4. ‎	 õhÃR> _pdr_v£$ihpmu ApL©$rs v$p¡fu s¡ rhje_y„ 
õ`óV$uL$fZ gMp¡. ‎

	 dpL£$riep, ãey_pqfep, l„kfpS>, õ`pefp¡Npefp. ‎
5.	 `qfkfdp„ D`gå^ lp¡e A¡hu A¡L$v$m A_¡ 

qÜv$m h_õ`rs_¡ d|m krls D`gå^ L$fu b„_¡ 
h_õ`rs_y„ L$pmÆ`|h®L$ r_funZ L$fu ApL©$rs 
v$p¡fu h¥opr_L$ cpjpdp„ `qfÃR>¡v$ gMp¡.‎

6.	 h_õ`rs_y„ hN}L$fZ L$fsu hMs¡ L$C bpbsp¡_p¡ 
rhQpf L$fhpdp„ Aph¡ R>¡ ? s¡ kL$pfZ gMp¡. ‎

D`¾$d ‎
	 (A)	h_õ`rs_p hN}L$fZ_p k„b„^u Internet 

`f\u h^y dprlsu d¡mhp¡ A_¡ 5 \u 10 
‎rdr_V$_y„ cpjZ s¥epf L$fu âp\®_p hMs¡ 
b^p_¡ k„cmphp¡. ‎

		 (Ap)	A¡L$v$m A_¡ qÜv$m âL$pf_u h_õ`rs_p 
bu_p¡ k„N°l L$fu hN®_u c]s D`f gNphp¡.

	 (B)	 \¡gp¡apeV$p, b°pep¡apeV$p A_¡ V¡$qfX$p¡apeV$p 
v$f¡L$ âL$pf_u 5 h_õ`rs_p ap¡V$p¡ d¡mhp¡ 
A_¡ dprlsu gMp¡.

 

k„â¡jZ s„Óop__u `|fL$ dprlsu ‎

²²²

õhpÝepe
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1.	 `qfk„õ\p A¡V$g¡ iy„ ? ‎

‎2.	 `qfk„õ\p_p„ rhrh^ âL$pf L$ep ? ‎

‎3.	 `qfk„õ\pdp„ S>¥rhL$ A_¡ AS>¥rhL$ OV$L$p¡dp„ Ap„sfq¾$ep L$C `Ý^rs\u `pf 

`X¡$ R>¡ ? ‎

	 ApL©$rs 7.1 : âdpZ¡ sdpfp `qfkfdp„ Å¡hp 

dmsp„ kÆhp¡_u	Qpf kp„L$mu s¥epf L$fp¡. ‎

	 DÐ`pv$L$, cnL$ A_¡ d©sp¡`Æhu Ap b^pdp„ 

L$ped Ap„sf q¾$ep Qpgy S> lp¡e R>¡. Ap Ap„sfq¾$epdp„ 

‎A¡L$ ¾$d lp¡e R>¡. S>¡_¡ AÞ_kp„L$mu L$l¡hpe. âÐe¡L$ 

kp„L$mudp„ Qpf L¡$ `p„Q\u h^y L$X$uAp¡ lp¡e R>¡. ‎

A¡L$pv$ `qfk„õ\pdp„ Aphu `fõ`f Å¡X$pe¡gu A_¡L$ 

AÞ_ kp„L$muAp¡_p¡ kdph¡i \pe A_¡ s¡dp„\u S> 

‎AÞ_ Åmu s¥epf \pe R>¡. ‎

‎̀ qfk„õ\pdp„ DÅ®âhpl ‎ (Energy flow in Ecosystem)
	 ApNgp ^p¡fZdp„ `p¡jZ `Ý^rs A_ykpf Ap`Z¡ kÆhp¡_y„ hN}L$fZ iu¿ep. s¡ dyS>b õhe„`p¡ju ‎‎(DÐ`pv$L$), 

`f`p¡ju (cnL$), d©sp¡`Æhu A_¡ rhOV$L$ A¡hp ̀ Z kÆhp¡_p âL$pf R>¡. Apk`pk_u ‎‎ qfk„õ\pdp„ rhrh^ cnL$õsf 

_uQ¡ v$ip®h¡g R>¡.‎ s¡_y„ r_funZ L$fp¡.

DceAplpfu 
‎(rdîplpfu)‎

Dv$p. dpZk, f]R>.

ipL$plpfu A_¡ dp„kplpfu 

âpZu_p¡ s¡dS>          

h_õ`rs_p¡ AÞ_ 

sfuL¡$ D`ep¡N L$f¡ ‎R>¡.‎

qÜsue cnL$‎
‎(dp„kplpfu)‎

Dv$p. v¡$X$L$p¡, OyhX$, 

riepm hN¡f¡.‎

ipL$plpfu âpZu_p¡ 

AÞ_ sfuL¡$ ‎D`ep¡N L$f¡ 

R>¡.‎

khp£ÃQ cnL$‎

Dv$p. hpO, tkl ‎

ipL$plpfu A_¡ 

dp„kplpfu âpZu_p¡ 

AÞ_ sfuL¡$ ‎D`ep¡N 

L$f¡ R>¡.‎ buÅ âpZuAp¡ 

s¡d_¡ Mpsp„ ‎‎_\u.‎

âp\rdL cnL$‎ ($ipL$plpfu)‎

Dv$p. susuOp¡X$p¡, 

MkL$p¡gu,lp\u ‎hN¡f¡

õhe„`p¡ju (DÐ`pv$L$ ‎

h_õ`rs)‎ D`f âÐenê$`¡ 

Ahg„rbs R>¡.‎

AÞ_kp„L$mu A_¡ AÞ_Åm (Food chain and Food web) 

                             7.1 AÞ_kp„L$mu

rQÓ 7.1 _y„ r_funZ L$fu_¡ âÐe¡L$ OV$L$p¡_p¡ k„b„^ õ`óV$ L$fp¡. ‎

	 Nep ^p¡fZdp„ sd¡ Aæepk L$f¡g rhrh^ `qfk„õ\pdp„_u AÞ_ kp„L$mu 

õ`óV$ L$fp¡. ‎

r_funZ L$fp¡.

dNS> Qgphp¡.

`pR>m afu_¡ Å¡sp

1. गतीचे नियम

Ø  AÞ_kp„L$mu A_¡ AÞ_Åm		  Ø  DÅ® r`fprdX$
Ø  S>¥h-c|-fpkperZL$ Q¾$ : L$pb®_, Apµ[¼kS>_ A_¡ _peV²$p¡S>_ Q¾$

‎7. `qfk„õ\pdp„ DÅ®âhpl ‎
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 	 A¡L$pv$ kÆh buÅ A_¡L$ kÆhp¡_p¡ cÿe lp¡e R>¡. Dv$p. A¡L$pv$ L$uV$L$ A_¡L$ âL$pf_u h_õ`rs_p `p_ ‎Mpe A_¡ 

s¡S> L$uV$L$, v¡$X$L$p¡, Nfp¡mu, `nu hN¡f¡_p¡ cÿe lp¡e R>¡. Å¡ Ap bpbs A¡L$pv$u ApL©$rs hX¡$ v$ip®hhp dpV¡$ f¡Mpe sp¡ 

ku^u AÞ_ kp„L$mu _¡ bv$g¡ Ny„QhZcfu ‎ipMpAp¡ ^fphsy„ Åmy„ s¥epf \pe R>¡. A¡_¡ S> r_kN®dp„_u "AÞ_Åmu' 

(Food Web)L$l¡hpe R>¡. kpdpÞe`Z¡ ‎Aphu AÞ_Åmu r_kN®dp„ kh®Ó Å¡hp dm¡ R>¡.

 7.2 rhrh^ kÆh ‎

	 Of¡ S>dsu hMs¡ sb½$p¡_y„ r_funZ L$fp¡. \pmudp„ r`fkhpdp„ Aph¡g rhrh^ 

AÞ_`v$p\® ‎AÞ_kp„L$mu_p¡ L¡$V$gpdp¡ sb½$p¡ s¡ Ap¡mMp¡. s¡ `f\u Ap`Z¡ Ap`Zu AÞ_

kp„L$mu_p¡ L¡$V$gpdp¡ sb½$p¡ R>uA¡ s¡ ‎ip¡^u L$pY$uiy„. ‎ ‎ ‎

DÅ®_p¡ r`fprdX (Energy Pyramid)
‎̀ p¡jZ õsf ‎ (Trophic Level)
	 AÞ_kpL$mudp„_p âÐe¡L$ õsf_¡ 

"`p¡jZõsf' L$l¡hpe R>¡. ̀ p¡jZ õsf A¡V$g¡ AÞ_ 

âpàs L$fhp_y„ õsf AÞ_ ‎kp„L$mudp„ AÞ_OV$L$ 

A_¡ DÅ®_y„ âdpZ ‎r_ç_õsf `f_p DÐ`pv$L$\u 

DÃQ õsf ̀ f_p cnL$ ky^u_p õsfdp„ såbL$phpf 

Ap¡Ry>„ \sy„ Åe R>¡. ‎

s©sue `p¡jZ õsf

qÜsue `p¡jZ õsf ‎

â\d `p¡jZ õsf 

dp„kplpfu

ipL$plpfu

`qfk„õ\p_p kh® DÐ`pv$L$ ‎‎(h_õ`rs)‎

DceAplpfu 

DÐ`pv$L$‎

7.3 ‎̀ p¡jZõsf ‎

    `qfkf_u `qfk„õ\pdp„ rhrh^ 

cnL$ _p¢̂ u_¡ s¡d_y„ `p¡jZ `Ý^rs- 

_ykpf hN}L$fZ L$fp¡. rQÓ 7.2 ‎dp„ 

rhrh^ kÆhp¡_p rQÓp¡ Apàep R>¡. 

s¡dp„\u AÞ_ Åmu s¥epf L$fp¡. ‎

1. AÞ_ Åmudp„ cnL$_u k„¿ep   

r_ròs lp¡e R>¡ L¡$ ?‎

‎2. A_¡L$ cnL$p¡_y„ AÞ_ A¡L$S> 

âL$pf_p kÆh lp¡e sp¡ s¡_y„ 

`qfk„õ\p `f iy„ `qfZpd 

Aphi¡ ? ‎

‎3. AÞ_Åmdp„ k„syg_ lp¡h„y ip 

dpV¡$ AphíeL$ R>¡? ‎

h¥opr_L$_p¡ ‎‎ qfQe

	 1942 dp„ tgX$d_ _pd_p ipõÓoA¡ AÞ_kp„L$mu s¡dS> s¡dp„_p DÅ®hl__p¡ Aæepk L$ep£. 

	 r_hk_ ‎r`fprdX$ (Ecological Pyramid) Ap k„L$ë`_p kh®â\d Qpëk® k¡ëV$_ Ap rb°qV$i h¥opr_L¡$ 

A¡ 1927 dp„ rbAf b¡V$ `f Vy„$X²$p `qfk„õ\p_p¡ Aæepk L$fu fS|> L$fu. s¡_¡ gu^¡ ‎Ap r`fprdX$_¡ A¡ëV$p¡$r_A_ 

r`fprdX$ `Z L$l¡hpe R>¡. ‎ 

dNS> Qgphp¡. 

ip¡^p¡.
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dp_h
10 kcal

100 kcal

1000 kcal

10,000 kcal

dpR>gu

âpZu ‎(àghL$)

h_õ`rs ‎(àghL$)

	 DÐ`pv$L$ `pk¡\u DÅ® khp£ÃQ cnL$ `pk¡ 

k„¾$qds \pe Ðepf¡ s¡_y„ iy„ \pe R>¡ ? s¡ khp£ÃQ 

cnL$dp„ ‎AV$L$u fl¡ R>¡ ? âpZu Æh„s fl¡ Ðep„ ky^u 

s¡ s¡_p ifufdp„ S> fl¡ R>¡ ? ‎

	 khp£ÃQ cnL$ d©Ðey `pçep `R>u AÞ_ 

kp„L$mudp„\u DÅ® lõsp„sfZ v$fçep_ s¡_p ifufdp„ 

AV$L$u fl¡ ‎sp¡ iy„ \pe ? r_kN®dp„ k|ÿdÆh, awN 

S>¡hp rhOV$L$p¡ _ lp¡s sp¡ iy„ \ps ? ‎

	 ApL©$rs 7.4 dp„ v$ip®ìep âdpZ¡ Ap r`fprdX_p âÐe¡L$ õsf¡ DÅ® k„¾$dZ v$ip®hhpdp„ Apìey„ R>¡. AÞ_ ‎kp„L$mudp„ 

A_¡L$ DÅ® rhr_de õsf lp¡e R>¡. DÅ® rhr_de õsf fQ_pdp„ DÅ®_y„ lõsp„sfZ \pe Ðepf¡ ‎d|m DÅ® Ap¡R>u \su 

Åe R>¡. s¡dS> kÆh_u k„¿ep `Z _uQgp õsf\u D`gp õsf ky^u Ap¡R>u ‎‎\su Åe R>¡. `qfk„õ\pdp„ DÅ®_p Ap 

ApL©$rsb„^_¡ DÅ®_y„ r`fprdX$ L$l¡hpe R>¡. ‎

 	 khp£ÃQ cnL$ d©Ðey `pçep `R>u s¡_p d©s ifuf_y„ 

rhOV$_ L$f_pf rhOV$L$p¡_¡ s¡_u DÅ® âpàs \pe ‎R>¡.  awN 

A_¡ k|ÿdÆh d©s âpZuAp¡_p r_Æ®h ifuf_y„ rhOV$_ 

L$f¡ R>¡. s¡d_¡ rhOV$L$ L$l¡hpe R>¡. d©s ‎Ah¡i¡jp¡dp„\u 

AÞ_ d¡mhsu hMs¡ rhOV$L$p¡ s¡_y„ ê$`p„sf kpv$p      

L$pb®r_L$ `v$p\®dp„ L$f¡ R>¡. s¡ `v$p\® lhp, ‎‎ pZu A_¡ 

dpV$udp„ kl¡gpC\u cmu Åe R>¡. Ðep„\u s¡ OV$L$p¡ afu\u          

h_õ`rs Üpfp A_¡ ApNm AÞ_ ‎kp„L$mudp„ k„¾$rds    

\pe R>¡. ‎ 
7.4  S>gue DÅ® r`fprdX ‎

	 Ap D`f\u sd_¡ lh¡ kdÅey„ li¡. L¡$ kÆhp¡_p rhrh^ `p¡jZ âL$pf A_ykpf s¥epf \_pf AÞ_Åmu_¡ ‎L$pfZ¡ 

DÅ® A_¡ buÅ âL$pf_p `p¡jL$ Öìep¡ `qfk„õ\pdp„ âhprls \pe R>¡. ‎

	 L$p¡B`Z `qfk„õ\pdp„_p¡ DÅ®_p¡ dlÒh_p¡ öp¡s A¡V$g¡ k|e®. `qfk„õ\pdp„_u gugu h_õ`rs Ly$g kp¥f ‎DÅ®dp„\u 

\p¡X$u DÅ® AÞ__p õhê$`dp„ k„Ofu_¡ fpM¡ R>¡. rhOV$L$p¡ ky^u `lp¢Qhp `l¡gp Ap DÅ® ‎A¡¼`p¡jZ õsfdp„\u buÅ 

`p¡jZ õsfdp„ k„¾$rds \pe R>¡. rhOV$_ Üpfp Apdp_u L¡$V$guL$ DÅ® ‎DóZsp_p õhê$`dp„ blpf a¡L$hpdp„ Aph¡ R>¡. 

A¡dp„\u L$p¡C`Z DÅ® k|e® `pk¡ `pR>u S>su _\u. s¡\u DÅ®_p âhpl_¡ A¡L$dpN}e âhpl dp_hpdp„ ‎Aph¡ R>¡. ‎ ‎

k„õ\p_y„ ‎L$pe®

	 cpfsue r_hk_ A_¡ `ep®hfZ k„õ\p (Indian Institute of 
Ecology and Environment)rv$ëlu. Ap k„õ\p_u õ\p`_p 1980_p 

hj®dp„ L$fhpdp„ ‎Aphu lsu. k„ip¡^_, ârinZ A_¡ `qfk„hpv$ 

Apep¡rS>s L$fhp_y„ âdyM L$pe® Ap k„õ\p dpfas ‎L$fhpdp„ Aph¡ R>¡. Ap 

k„õ\p dpfas International Encyclopedia of Ecology and 
Environment N°„\ âL$pris L$fhpdp„ Apìep¡ ‎R>¡.‎ 

	‎  qfk„õ\pdp„ s©rse (khp£ÃQ) 

cnL$ S>¡dL¡$ hpO, rk„l hN¡f¡_u 

k„¿ep buÅ cnL$p¡ L$fsp„ Ap¡R>u ip 

‎dpV¡$ lp¡e R>¡ ?‎

dNS> Qgphp¡. 

dNS> Qgphp¡.

rhQpf L$fp¡.
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S>¥h - c| - fpkperZL$ Q¾$ ‎
(Bio-geochemical cycle) 
	 `qfk„õ\pdp„_p¡ DÅ® âhpl A¡L$dpN}e 

R>¡ Äepf¡ `p¡jZ Öìe_p¡ âhpl Q¾$ue lp¡e R>¡. 

b^p ‎kÆhp¡_u h©[Ý^ dpV¡$ rhrh^ `p¡jL$ 

Öìep¡_u AphíeL$sp lp¡e R>¡. bpSy>_u ApL©$rs_y„ 

r_funZ L$fp¡. ‎s¡dp_p„ rhrh^ OV$L$p¡_p¡ 

Aæepk L$fu S>¥h-c|-fpkperZL$ Q¾$_¡ 

`p¡sp_p iåv$p¡dp„ õ`óV$ L$fp¡.‎

	‎  p¡jL$ Öìep¡_p `qfk„õ\pdp„_p Q¾$ue 

õhê$`_p âhpl_¡ "S>¥h-c|-fpkperZL$ Q¾$' 

(Bio-geochemical cycle) ‎ L$l¡hpe R>¡. 

	 kÆhp¡_u h©rÝ^ dpV¡$ AphíeL$ A¡hp `p¡jL$-Öìep¡ AS>¥rhL$ OV$L$p¡ `pk¡\u S>¥rhL$ OV$L$p¡dp„ A_¡ S>¥rhL$ ‎OV$L$p¡ 

`pk¡\u AS>¥rhL$ OV$L$p¡dp„ ê$`p„sf \pe R>¡. iugphfZ, hpsphfZ, S>gphfZ dmu_¡ s¥epf ‎‎\e¡gp ÆhphfZ_p 

dpÝed\u Ap Q¾$ Arhfs Qpgy fl¡ R>¡. Ap âq¾$epdp„ S>¥rhL$, c|õsfue A_¡ ‎fpkperZL$ `p¡jL$ Öìep¡_y„ Q¾$uch_ 

Ny„QhZ cey¯ R>¡. s¡dS> s¡ `qfk„õ\pdp„_p„ DÅ®hl_ _p„ õsf ‎‎ f Ahg„rbs lp¡e R>¡. ‎
S>¥rh-c|-fpkperZL$ Q¾$_p âL$pf ‎

hpey Q¾$‎ c| Q¾$ ‎

* dy¿e AS>¥rhL$ hpeyê$` `p¡jL$ Öìep¡_p¡ k„Qe 

`©Õhu_p hpsphfZdp„ Å¡hp dm¡ R>¡. ‎

* ‎_pCV²$p¡S>_, Ap¸[¼kS>_, L$pb®_ X$pep¡¼kpCX$, 

bpó` hN¡f¡_p¡ kdph¡i \pe R>¡.‎

* dy¿e AS>¥rhL$ `p¡jL$ Öìep¡_p¡ k„Qe `©Õhu `f_u d©v$p, 

(dpV$u) S>du_ A_¡ MX$L$p¡dp„ Å¡hp dm¡ R>¡. 

*  gp¡M„X$,  L¡$[ëied, ap¡õafk S>du_dp„_p buÅ 

OV$L$p¡_p¡ kdph¡i.‎

	 c| Q¾$ L$fsp hpeyQ¾$ TX$`\u kÅ®e R>¡. Dv$p. A¡L$pv$ cpNdp„ CO2 S>dp \ep¡ lp¡e sp¡ lhp_¡ gu^¡ sfs ‎S> s¡_y„ 

rhkfZ \pe R>¡ A\hp h_õ`rs Üpfp s¡_y„ ip¡jZ \pe R>¡. ‎

	 lhpdp_dp„_p a¡fapf A_¡ dp_hue q¾$epAp¡_¡ gu^¡ rhrh^ Q¾$p¡_u Nrs, suh°sp A_¡ k„syg_ ‎D`f N„cuf 

`qfZpd \pe R>¡. A¡V$g¡ Ap Q¾$p¡_p rhrh^ OV$L$p¡_p Aæepk D`f rhi¡j cpf ‎Ap`hpdp„ Aph¡ R>¡. ‎ ‎

7.5 S>¥h - c| - fpkperZL$ Q¾$ 

		  hpeyQ¾$ A_¡ c| Q¾$ Ap b„_¡ Q¾$p¡_¡ A¡L$buÅ\u AgN L$fu iL$psp _\u. Dv$plfZp\£ : _pCV²$p¡S>_ 

‎hpeyõhê$`dp„ hpsphfZdp„ Å¡hp dm¡ R>¡. Ðepf¡ _pCV²$p¡S>_ Ap¡¼kpCX$ Ap k„eyNpÐdL$ õhê$`dp„ ‎dpV$udp„ A_¡ 

Ahkpv$dp„ Å¡hp dm¡ R>¡. s¡S> âdpZ¡ L$pb®_ AS>¥rhL$ õhê$`dp„ dy¿eÐh¡ c|L$hQdp„ ‎‎(`Õ\qfep) L$p¡gkp, N°¡_pCV$, 

lufp¡ A_¡ Q|_p_p ̀ Ð\fdp„ Å¡hp dm¡ R>¡. Äepf¡ hpsphfZdp„ CO2 õhê$`dp„ Å¡hp dm¡ R>¡. kpdpÞe`Z¡ ̀ Õ\fuep 

L$p¡gkp L$fsp„ h_õ`rs A_¡ âpZudp„ L$pb®__y„ ‎A[õsÐh Ap¡R>p kde dpV¡$ lp¡e R>¡. ‎

S>gphfZ-
hpsphfZ 
Ap„sfq¾$ep

hpsphfZ-
`ep®hfZ 
Ap„sfq¾$ep ‎

S>gphfZ - hpsphfZ - `ep®hfZ A_¡ rigphfZ 
hN¡f¡_u ÆhphfZ kp\¡ \su Ap„sfq¾$ep ‎

iugphfZ_p MX$L$p¡,
dpV$udp„ ê$`p„sf ‎

iy„ sd¡ ÅZp¡ R>p¡ ?
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L$pb®_ Q¾$ ‎ (Carbon Cycle)
	  L$pb®__y„ hpsphfZdp„\u kÆhp¡dp„ A_¡ kÆhp¡_p d©Ðeybpv$ `pRy>„ hpsphfZdp„ \_pfy„ ArckfZ ‎A_¡          

`y_Q®¾$uL$fZ A¡V$g¡ L$pb®_ Q¾$.AS>¥rhL$ L$pb®__p AÏ_y„ dy¿eÐh¡ âL$pik„ïg¡jZ A_¡ ðk_ q¾$ep Üpfp S>¥rhL$ 
ArckfZ A_¡ ‎‎ y_®Q¾$uL$fZ \pe R>¡. 

A¡V$g¡ S> L$pb®_ Q¾$ A¡ A¡L$ dlÒh_y„ 

S>¥h-c|-fpkperZL$ Q¾$ R>¡. ‎

	 gugu h_õ`rs âL$pi k„ïg¡jZ 

âq¾$ep Üpfp CO2 _y„ L$pbp£qv$sdp„ ê$`p„sf 

L$f¡ R>¡. s¡dS> s¡dp„\u âp¡qV$_ ‎A_¡ Qfbu 

S>¡hp L$pb®r_L$ `v$p\® s¥epf L$f¡ R>¡. 

ipL$plpfu âpZu gugu h_õ`rs Mpe R>¡. 

‎ipL$plpfu âpZu_¡ dp„kplpfu âpZu Mpe 

R>¡. A¡V$g¡ L¡$ h_õ`rsdp„\u S>¥rhL$ L$pb®_ 

ipL$plpfu âpZuAp¡dp„ A_¡ ipL$plpfu 

âpZuAp¡dp„\u dp„kplpfu âpZuAp¡dp„ 

A_¡ dp„kplpfu âpZuAp¡dp„\u khp£ÃQ 

‎cnL$ âpZuAp¡dp„ k„¾$rds \pe R>¡. ‎

	 Æhpíd H^Z_y„ Ähg_, gpL$X$p_y„ Ähg_, v$php_m, 
ÄhpmpdyMu rhõap¡V$ S>¡hu AS>¥rhL$ âq¾$ep_¡ ‎L$pfZ¡ CO2  hpey 
blpf `X$u lhpdp„ cm¡ R>¡. âL$pi-k„ïg¡jZ_¡ gu^¡ 
hpsphfZdp„ Ap¡[¼kS>_ ‎R>p¡X$hpdp„ Aph¡ R>¡. Äepf¡ DÃR>hpk 
dpfas¡ CO2  hpsphfZdp„ blpf R>p¡X$hpdp„ Aph¡ R>¡. h_
õ`rs_¡ ‎gu^¡ hpsphfZdp„ O2  A_¡ CO2  hpeyAp¡_y„ kdsp¡g_ 
S>mhpC fl¡ R>¡. ‎

1.‎	 DóZ L$qV$b„^dp„ L$pb®_Q¾$ âcphu lp¡e 
R>¡ ? A¡hy„ ip dpV¡$ \pe R>¡ ?‎

‎2.‎	‎  ©Õhu `f L$pb®__y„ âdpZ [õ\f lp¡e 
R>¡. sp¡ `Z CO2  _¡ L$pfZ¡ DóZspdp_ 
L¡$d h^¡ R>¡ ?‎

‎3.‎	 lhpdp„_p L$pb®_ A_¡ DóZspdp_dp„ 
h©[Ý^ hÃQ¡_p¡ k„b„^ Ap¡mMp¡. ‎

7.6 L$pb®_ Q¾$ ‎

	 R>¡hV¡$ d©Ðey`R>u kh® cnL$p¡_y„ ÆhpÏ A_¡ awN S>¡hp rhOV$L$p¡ Üpfp rhOV$_ \C CO2  hpey `pR>p¡ dy¼s ‎‎\pe R>¡. 

Ap hpey hpsphfZdp„ cmu S>C `pR>p¡ hp`fhpdp„ Aph¡ R>¡. Aphu fus¡ A¡L$ kÆhdp„\u ‎buÅ kÆhdp„ L$pb®__y„ 

ArckfZ Qpgy fl¡ R>¡. kÆhp¡_p d©Ðey `R>u L$pb®_ r_kN®dp„ Aph¡ A_¡ ‎‎ pR>p¡ kÆhp¡dp„ Åe R>¡. ‎ ‎

6 CO2 + 12 H2O                        C6H12O6 + 6 H2O + 6 O2 

k|e®âL$pi

lqfsÖìe ‎

C6H12O6 +  6 O2                         6 CO2     + 6 H2O + DÅ®‎
s„syL$rZL$p 

iy„ sd¡ ÅZp¡ R>p¡ ? rhQpf L$fp¡. 

`pZudp„ ip¡jZ ‎

L$pfMp_pdp„_p¡‎
CO2

h_õ`rs ðk_ ‎

k¢qÖe L$pb®_

k¢qÖe rhOV$_

âpZu ðk_ ‎	

k|e®âL$pi

Æhp[íd I^Z

L$pb®_ Q¾$dp„_u 
dy¿e âq¾$ep
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‎1.‎	‎ _pCV²$p¡S>__y„ [õ\fuL$fZ A¡V$g¡ iy„ ? ‎
‎2.‎	‎ _pCV²$p¡S>_ - [õ\fuL$fZ dpV¡$ ¼ep k|ÿdÆhp¡ 

dv$v$ L$f¡ R>¡ ? ‎

 	 OZp„ k|ÿdÆhp¡ ðk_ dpV¡$ Ap¡[¼kS>__p¡ D`ep¡N L$f¡ R>¡. 
Aphp k|ÿdÆhp¡_¡ Ap¡[¼kÆhu L$l¡hpe ‎S>¡ k|ÿdÆhp¡_¡ 
Ap¡[¼kS>__u AphíeL$sp _\u lp¡su s¡d_¡ rb_Ap¡[¼kÆhu 
L$l¡hpe. L$pbp£qv$s, ‎âp¡V$u_ A_¡ Qfbu_u r_rd®rs dpV¡$ Ap¡[¼kS>_ 
dlÒh_p¡ R>¡. rhrh^ fpkperZL$ âq¾$epdp„ ‎Ap¡[¼kS>_ h`fpe R>¡. 
Ap¡Tp¡_ (O3)_u r_rd®rs Ap¡[¼kS>_dp„\u S> hpsphfZue q¾$ep-
âq¾$ep Üpfp ‎‎\pe R>¡. ‎

Ap¡[¼kS>_ Q¾$ ‎‎ ‎(Oxygen Cycle )
	 `©Õhu_p hpsphfZdp„ gNcN 
21% s¡dS> S>gphfZ A_¡ rigphfZ 
A¡hp ÓZ¡e AphfZdp„ ‎Ap¡[¼kS>_ Å¡hp 
dm¡ R>¡. ÆhphfZdp„ Ap¡[¼kS>__y„ 
ArckfZ s¡dS> s¡_p¡ `y_:h`fpi 
A¡V$g¡ S> ‎Ap¡[¼kS>_ Q¾$. Ap Q¾$dp„ `Z 
S>¥rhL$ A_¡ AS>¥rhL$ A¡hp b„_¡ OV$L$p¡_p¡ 
kdph¡i \pe R>¡. ‎hpsphfZdp„ 
Ap¡[¼kS>__u kpsÐe`|Z® r_rd®rs \pe 
R>¡. s¡dS> s¡_p¡ kpsÐe`|Z® h`fpi `Z 
\pe R>¡.
	 Ap¡[¼kS>_ Arsie q¾$epiug 
lp¡hp\u buÅ A_¡L$ d|mÖìep¡ A_¡ 
k„ep¡S>_p¡ kp\¡ s¡_p¡ k„ep¡N ‎‎\pe R>¡. 
‎Ap¡qL$kS>__p¡ AÏ (O2), `pZu 
(H2O), L$pb®_X$pep¡¼kpCX$ (CO2) A_¡ 
Ak¢qÖe k„ep¡S>__p õhê$`dp„ ‎Ap¡[¼kS>_ 
(O2) lp¡hp\u ÆhphfZdp„ Ap¡[¼kS>_ 
Q¾$ Ny„QhZ cey¯ lp¡e R>¡. âL$pi k„ïg¡jZ 
q¾$epdp„ Ap¡[¼kS>__u r_rd®rs \pe R>¡ 
Äepf¡ ðk_, Ähg_, rhOV$_, 
L$pV$gpNhp¡ S>¡hu ‎q¾$epdp„ Ap¡[¼kS>_ 
h`fpe R>¡. ‎

7.7 Ap¡[¼kS>_ Q¾$ ‎

‎_pCV²$p¡S>_ Q¾$ ‎(Nitrogen Cycle)

7.8 ‎_pCV²$p¡S>_ Q¾$ ‎

	 hpsphfZdp„ _pCV²$p¡S>_ hpey kp¥\u h^y âdpZdp„ 
78% lp¡e R>¡. r_kN®Q¾$_y„ kpsÐe ‎Åmhhp                        
_pCV²$p¡S>__u AphíeL$sp R>¡. r_kN®dp„ S>¥rhL$ A_¡ 
AS>¥rhL$ âq¾$ep Üpfp ‎_pCV²$p¡S>_ hpey_y„ Sy>v$p Sy>v$p 
k„ep¡S>_ Üpfp ‎ArckfZ A_¡ `y_Q®¾$uL$fZ "_pCV²$p¡S>_ 
Q¾$' sfuL¡$ Ap¡mMpe R>¡. ‎

h_õ`rs Üpfp 
Ap¡[¼kS>_ r_rd®rs ‎

âpZu Üpfp 
Ap¡[¼kS>__y„ ðk_ ‎

âpZu Üpfp iL®$fp_p AÏ„_y„ rhOV$_‎

âpZu Üpfp CO2  _y„ 
DÐkS>®_‎

h_õ`qs Üpfp CO2   
_y„ ip¡jZ A_¡ 
AÞ_r_rd®rs ‎

epv$ L$fp¡.

iy„ sd¡ ÅZp¡ R>p¡ ?
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	 b^p kÆhp¡ _pCV²$p¡S>_ Q¾$dp„ cpN g¡ R>¡. _pCV²$p¡S>_ A¡ âp¡V$u_ A_¡ Þey[¼gL$ A¡rkX$ A¡L$ ‎dlÒh_p¡ OV$L$ R>¡. 
buÅ A_¡L$ d|mÖìep¡_u syg_pdp„ _pCV²$p¡S>_ r_qó¾$e R>¡. s¡dS> buÅ„ ‎d|mÖìep¡ kp\¡ klS> fus¡ k„ep¡Åsp¡ _\u. 
dp¡V$pcpN_p kÆhp¡ dy¼s _pCV²$p¡S>__p¡ D`ep¡N L$fu ‎iL$sp _\u. ‎ ‎

_pCV²$p¡S>_ Q¾$dp„_u âdyM âq¾$ep‎ (Processes in Nitrogen Cycle)
1. 	 _pCV²$p¡S>__y„ [õ\fuL$fZ : _pCV²$p¡S>__y„ ê$`p„sf hpsphfZue, Ap¥Ûp¡rNL$ A_¡ S>¥rhL$ ‎âq¾$ep Üpfp _pCV²¡$V$ A_¡   

_pCV²$pCV$dp„ \pe R>¡. ‎
‎2. 	 Adp¡_uL$fZ - kÆhp¡_p Ahi¡j, DÐkrS>®s `v$p\®_y„ rhOV$_ \C A¡dp¡r_ep dy¼s \hp¡. ‎
‎3. 	 _pCqV²$L$fZ - A¡dp¡r_ep_y„ _pCV²$pCV$ A_¡ `R>u _pCV²$¡V$dp„ ê$`p„sf \hy„. ‎

‎4. 	 rh_pCV²$uL$fZ - _pCV²$p¡S>_ey¼s k„ep¡S>__p¡_y„ _pCV²$p¡S>_ hpeydp„ ê$`p„sf \hy„. 

1.‎	‎ _uQ¡_p¡ L$p¡W$p¡ `|Z® L$fp¡. ‎

S>¥h-c|-fpkperZL$ Q¾$‎ ‎ S>¥rhL$ âq¾$ep ‎ AS>¥rhL$ âq¾$ep

‎1. L$pb®_ Q¾$‎
‎2. Ap¡[¼kS>_ Q¾$‎
‎3. _pCV²$p¡S>_ Q¾$ ‎

2.‎	‎ _uQ¡_p„ Mp¡V$p„ rh^p_p¡ kpQp„ L$fu afu\u gMp¡ 
s¡dS> sdpfp rh^p__y„ kd\®_ ‎L$fp¡. ‎ ‎

 	 (A)	 AÞ_ kp„L$mudp„ dp„kplpfu âpZu_p¡ `p¡jZ 
õsf A¡ qÜsue `p¡jZ õsf R>¡. ‎

	 (Ap)	`qfk„õ\pdp„ `p¡jZ Öìep¡_p¡ âhpl       
A¡L$dpN}e NZpe R>¡. ‎

	 (B)	 `qfk„õ\pdp„ h_õ`rs_¡ âp\rdL$ cnL$ 
L$l¡hpe R>¡. ‎

3. 	 L$pfZp¡ gMp¡. ‎ ‎ ‎
	 (A)	 `qfk„õ\pdp„ DÅ®_p¡ âhpl A¡L$dpN}e lp¡e 

R>¡. ‎
	 (Ap)	rhrh^ S>¥h-c|-fpkperZL$ Q¾$_y„ k„syg_ 

lp¡h„y Sê$fu R>¡. ‎
	 (B) `qfk„õ\pdp„ `p¡jZ Öìep¡_p¡ âhpl Q¾$ue 

õhê$`dp„ lp¡e R>¡. ‎
4. 	 ApL©$rs krls õ`óV$uL$fZ sdpfp iåv$dp„ L$fp¡. ‎
	 (A)	 L$pb®_ Q¾$ ‎	          (Ap) _pCV²$p¡S>_ Q¾$‎
	 (B)	 Ap¡[¼kS>_ Q¾$ ‎

5. 	 rhrh^ S>¥h-c|-fpkperZL$ Q¾$_y„ kdsp¡g_ 
Åmhhp dpV¡$ ¼ep ¼ep âeÐ_p¡ L$fip¡ ?‎

‎6. 	 AÞ_kp„L$mu A_¡ AÞ_Åmu hÃQ¡_p¡ Ap„sf k„b„^ 
krhõspf õ`óV$ L$fp¡. ‎

‎7. 	 S>¥h-c|-fpkperZL$ Q¾$ A_¡ s¡_p âL$pf S>Zphu 
S>¥h-c|-fpkperZL$ Q¾$_y„ dlÒh ‎õ`óV$ L$fp¡.

‎8.	 _uQ¡_p âñp¡_p DÑfp¡ Dv$plfZ krls õ`óV$ L$fp¡. 
	 (A) h_õ`rsdp„\u khp£ÃQ cnL$p¡ `pk¡ DÅ®_p¡ 

âhpl Åe Ðepf¡ DÅ®_p âdpZdp„ iy„ afL$ 
`X¡$ R>¡?‎

	 (Ap)	`qfk„õ\pdp„ DÅ®âhpl A_¡ `p¡jL$Öìep¡_p¡ 
âhpl hÃQ¡ iy„ afL$ R>¡ ? ip dpV¡$ ?‎‎

D`¾$d ‎	
	 1.	 L$p¡C`Z A¡L$ _¥krN®L$ Q¾$ `f Ap^pqfs 

ârsL©$rs s¥epf L$fu s¡_¡ rhop_ âv$i®_dp„ 
fS|> L$fp¡. ‎

	‎ 2.	 `qfk„õ\pdp„ k„syg_ rhi¡ aL$fp¡ gMp¡. ‎

	 _pCV²$p¡S>_ Q¾$ âdpZ¡ Apµ[¼kS>_ A_¡ L$pb®_ Q¾$dp„_u dy¿e 
âq¾$ep_u dprlsu IV$f_¡V$_u dv$v$\u d¡mhp¡. 

²²²

õhpÝepe

ip¡^p¡.
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1.‎	 k|ÿd Æh A¡V$g¡ iy„ ? s¡_u rhi¡jsp iy„ R>¡ ? ‎
‎2.‎	 sd¡ k|ÿd Æhp¡_y„ r_funZ L$C fus¡ L$e¯y R>¡ ?‎

L$fu Sy>Ap¡¡.

epv$ L$fp¡.

	 k|ÿdv$i®L$ rkhpe v¡$Mpe _lu `Z S>¡ Ap`Zu ApSy>bpSy> kh®Ó ‎lp¡e R>¡ s¡hp k|ÿd Æhp¡_p âL$pf_¡ sd¡ 
Ap¡mMp¡ R>p¡. Ap`Zp fp¡Æ„v$p Æh__p¡ Ap rhrh^ k|ÿd Æhp¡ kp\¡ iy„ ‎k„b„^ lp¡C iL¡$ ?‎

D`ep¡Nu k|ÿd Æh‎ (Useful micro-organisms)

 v|$^dp„\u v$l] L$C fus¡ s¥epf \pe R>¡ ?‎ Ap âq¾$epdp„ Mf¡Mf iy„ b_¡ R>¡ ? ‎

 	 g¡¼V$p¡b¡rkgpe ÆhpÏ v|$^dp„_u gµ¼V$p¡T kpL$f_y„ Ap\hZ âq¾$ep Üpfp g¡[¼V$L$ A¡rkX$dp„ ê$`p„sf ‎L$f¡ R>¡. s¡\u 
v|$^_p¡ pH Ap¡R>p¡ \pe R>¡ A_¡ v|$^dp„_p âp¡V$u_ OË$ (Coagulation) b_¡ R>¡. s¡\u v|$^dp„ fl¡gy ‎âp¡V$u_ AÞe OV$L$p¡\u 
R|>Vy„$ `X¡$ R>¡ Ap_¡ S> v|$^_y„ v$l]dp„ ê$`p„sf \hy„ L$l¡ R>¡. g¡L$qV$L$ A¡rkX$_¡ ‎gu^¡ v$l] _¡ rhrióV$ âL$pf_p¡ MpV$p¡ õhpv$ âpàs 
\pe R>¡. s¡_p¡ pH Ap¡R>p¡ ‎lp¡hp\u v|$^dp„_p AÞe OpsL$ ÆhpÏAp¡_p¡ _pi \pe R>¡. ‎ 

1.‎	 A`Qp¡ \pe A\hp ̀ ¡V$ bNX$¡$ Ðepf¡ X$p¸¼V$f v$l] 
A\hp R>pi g¡hp_y„ ip dpV¡$ L$l¡ R>¡ ‎‎?‎

‎2.‎	‎ ¼epf¡L$ v$l] L$X$hy„ gpN¡ R>¡ A_¡ ap¡v$p S>¡hy„ \C 
s¡dp„ rQL$pk \pe R>¡, A¡hy„ ip dpV¡$ \sy„ li¡ ‎‎? 

‎3.‎	 v|$^_u dgpC_¡ d¡mhu_¡ (d¡mhZu) Ofdp„ 
¼ep ¼ep `v$p\p£ d¡mhu iL$pe ?‎

g¡¼V$p¡b¡rkgpe‎ (Lactobacilli)
	 spÆ R>pi_y„ A¡L$ V$u`„y L$pQ`Ë$u ̀ f gp¡. s¡ V$u`p_p¡ A¡L$v$d ̀ psmp¡ \f b_php¡ 
s¡_p `f ‎rdr\gu_ ågy k|QL$_y„ A¡L$ V$u`y„ _pMu ApÃR>pv$L$ L$pQ d|L$p¡. k„ey¼s 
k|ÿdv$i®L$_p 10X ‎h¾$L$pQ_p (lens) A_¡ `R>u DÃQ ndsp_p 60X h¾$L$pQ\u 
(lens)r_funZ L$fp¡. ‎
	 c|fpf„N_p kmu S>¡hp Æh lg_Qg_ L$fsp v¡$Mpe R>¡ L¡$ ? Ap ÆhpÏ_y„   
_pd g¡¼V$p¡b¡rkgpe ‎R>¡. s¡_y L$v$ k|ÿd g„bQp¡fk S>¡hy„ lp¡e R>¡. g¡¼V$p¡b¡rkgpe A¡ 
Ap¡[¼kS>_ frls ÆhpÏ„ R>¡. ‎A¡V$g¡ L¡$ Ap¡[¼kS>_ rh_p `Z s¡ DÅ® r_dp®Z L$fu 
iL¡$ R>¡. ‎

8.1 g¡¼V$p¡b¡rkgpe ‎

	 lpgdp„ gp¡L$râe \e¡gy„ "âp¡bpep¡qV$L$' v$l]  A_¡ 
AÞe MpÛ`v$p\® A¡V$g¡ iy„ ? ‎
	 Aphp `v$p\®dp„ g¡¼V$p¡b¡rkgpe S>¡hp D`ep¡Nu k|ÿd 
Æh hp`fhpdp„ Aph¡ R>¡. s¡hp¡ Mp¡fpL$ ‎ifuf dpV$¡          
Apfp¡Áev$peL$ W$f¡ R>¡ L$pfZ L¡$ Ap k|ÿdÆh AÞ_dpN®_p 
¼gp¡õV²$uX$uAd S>¡hp OpsL$ ‎ÆhpÏ_p¡ _pi L$f¡ R>¡. A_¡ 
Ap`Zu fp¡NârsL$pfL$ ndsp h^pf¡ R>¡. ‎

dNS> Qgphp¡. iy„ sd¡ ÅZp¡ R>p¡ ?

Ø  D`ep¡Nu k|ÿdÆh : g¡¼V$p¡b¡rkgpe, fpeTp¡rbAd, qL$Îh
Ø  D`Öhu k|ÿdÆh : ¼gp¡[õV²$qX²$Ad A_¡ Csf k|ÿdÆh

‎8. D`ep¡Nu A_¡ D`Öhu k|ÿdÆhp¡ ‎

L$lp¡ Å¡CA¡.
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L$p¡j rhcpS>_

L$fu Sy>Ap¡¡.

g¡¼V$p¡b¡rkgpe ÆhpÏ„_p D`ep¡Np¡ ‎
1.‎	 v$l] , R>pi, ^u, `_uf, QuT, îuM„X$ S>¡hp A_¡L$ `v$p\® A¡ v|$^_p rdîZ\u dm¡ R>¡. ‎
‎2.‎	 L$p¸L$p¡, A\pZp hN¡f¡ `v$p\p£_y„ dp¡V$p âdpZdp„ DÐ`pv$_ L$fhp dpV¡$ ‎g¡¼V$p¡b¡rkgpe Ap\hZ âq¾$ep 

D`ep¡Nu R>¡. ‎
‎3.‎	‎  pQ_s„Ó_p L$pe®dp„ bNpX$ \sp„ g¡¼V$p¡b¡rkgpe A_¡ AÞe L¡$V$gpL$ k|ÿd Æhp¡ fp¡Nu_¡ ‎A¡L$kp\¡ Ap`u 

D`Qpf L$fhpdp„ Aph¡ R>¡. ‎
‎4.‎	 Npe, c¢k_¡ Ap`hpdp„ Aphsy„ Ap\hZ (Mp¡fpL$) A¡V$g¡S> g¡¼V$p¡b¡rkgpe_u ‎dv$v$\u s¥epf \sy„             

Ap\phpmy„ AÞ_ lp¡e R>¡. ‎
‎5.‎	 dÛpL®$ r_rd®rs s¡dS> L¡$V$gpL$ âL$pf_p `pJ b_phsu hMs¡ g¡¼V$p¡b¡rkgpe Ap\hZ ‎âq¾$ep h`fpe R>¡. 

1.‎	 g¡¼V$p¡bµrkgpe ÆhpÏ„ L¡$V$gp DÛp¡N_¡ Nrs Ap`¡ R>¡ ?‎
‎2.‎	 v|$^pmp Y$p¡f cf`|f D`gå^ lp¡e s¡hp âv¡$idp„ ¼ep ¼ep N©lDÛp¡N A_¡ L$pfMp_p ‎iê$ 

\C iL¡$ ?‎

fpeTp¡rbAd : klÆhu ÆhpÏ ‎ (Rhizobium :  Symbiotic bacteria) 

8.2 kp¡epbu__p d|m `f_u Np„W$‎ r_rd®rs

	 d¡\u, i]Nv$pZp, kp¡epbu_ A\hp L$p¡C`Z L$W$p¡m_p fp¡`V$p gC 3-5%          
lpeX²$p¡S>_ ‎‎ ¡fp¡¼kpCX$_p ÖphZ\u S>„syfrls L$fp¡. ‎ ‎

fpeTp¡rbAd : klÆhu ÆhpÏ_u c|rdî A_¡ ‎dlÒh (Role and Importance of Rhizobium)
	 d|mdp„_u Np„W$dp fl¡_pfp fpeTp¡rbep s¡ R>p¡X$hp_¡ _peV²¡$V$k, _peV²$pCV$k s¡d S> Ard_p¡ A¡rkX$ ̀ |fy„ ̀ pX¡$ R>¡ A_¡ 
s¡_p bv$g¡ R>p¡X$hp `pk¡\u L$pbp£qv$s_p õhê$`dp„ DÅ® d¡mh¡ R>¡. Ap fus¡ `fõ`f apev$p¡ L$fu Ap`_pf k„b„^_¡ 
klÆh_ L$l¡hpe.
	 fpeTp¡rbep lhpdp„_p _peV²$p¡S>_ `pk¡\u   _peV²$p¡S>__p k„ep¡S>_p¡ b_ph¡ R>¡. `Z Ap ‎‎_pCV²$p¡S>_ [õ\fuL$fZ 
dpV¡$ s¡_¡ hV$pZp, kp¡epbu_, hpgp¡m A_¡ buÅ L$W$p¡m S>¡hp i]N h_õ`rs_u "eS>dp_' (Host) sfuL¡$ S>ê$f lp¡e 
R>¡. fpeTp¡rbepA¡ s¥epf ‎L$fu_¡ Ap`¡gp _pCV²$p¡S>_ey¼s k„ep¡S>__p L$pfZ¡ v$pm, L$W$p¡m âp¡V$u__p¡ DÐL©$óV$ öp¡s b_¡ ‎R>¡. 
‎

	 `R>u 70% C\pCg ApëL$p¡lp¡g_p 
ÖphZdp„ 4-5 rdr_V$ fpMp¡. S>„syfrls 
`pZu\u õhÃR> L$fu ‎NpW$_p¡ Arsie `psmp¡¡ 
L$p` L$fp¡. A¡L$ kpfp¡ L$p` k¡ä¡r___p ÖphZdp„ 
2-3 rdr_V$ d|L$p¡. ‎L$pQ`Ë$u `f L$p` fpMu 
ApÃR>pv$L$ L$pQ fpMp¡ A_¡ k„ey¼s k|ÿdv$i®L$ 
hX$¡$ r_funZ L$fp¡. Al] ‎Nygpbu _mpL$pf 
v¡$Mpsp Æh fpeTp¡rbAd ÆhpÏ„ R>¡. ‎
	 Ap ÆhpÏ„ Å¡hp dpV¡$ Ap`Z¡ L$W$p¡m_p 
d|m `f_u Np„W$ ip¡^hu `X$u. s¡ h_õ`rs_¡ 
fpTp¡rbAd_p¡ D`ep¡N \sp¡ li¡ L¡$?

Np„W$_u hprl_u 

ip¡^p¡.

L$p¡j rhcpS>_
fpeTp¡rbAd

ÆhpÏ
ÆhpÏ k„kN®

k„krN®s d|mfp¡d

Np„W$ b¡¼V¡$fp¡CX$

b¡¼V¡$fp¡CX$

Np„W$_u h©qÙ
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	 W$W$p¡m_p¡ `pL$ `|fp¡ \ep `R>u s¡_p d|m A_¡ 

fp¡`_p¡ L¡$V$gp¡L$ cpN ÅZu Å¡C_¡ dpV$udp„ c¡mhu 

ÆhpÏ„_y„ âdpZ L$ped fMpe R>¡. fpeTp¡rbed_¡ 

L$pfZ¡ fpkperZL$ Mpsf_p¡ h`fpi Ap¡R>p¡                

\hp\u fpkperZL$ Mpsf_p vy$ó`qfZpd V$pmu 

iL$pe R>¡. Mpsf dpV¡$_p¡ MQ® Ap¡R>p¡ \hp\u  

M¡X|$s_¡ apev$p¡ \pe R>¡.

	 lpgdp„ hphZu$ L$fsp `l¡gp„ S> rbepfZ_¡            

fpeTp¡rbApey¼s ÖphZ A\hp `phX$f gNpX$hpdp„ Aph¡ 

R>¡. hphZu `R>u fpeTp¡rbAd Ap rÄhpÏ fp¡`dp„ âh¡i 

L$f¡ R>¡, Ap `Ý^rs_¡ ‎fpeTp¡rbAd fkuL$fZ L$l¡hpe. Ap 

âep¡N L$W$p¡m_u kp\¡ s©Z ^pÞe A_¡ buÅ `pL$_¡ `Z ‎‎     

_pCV²$p¡S>__p¡ `yfhW$p¡ L$fhp dpV¡$ D`ep¡Nu \pe R>¡. ‎

L$fu Sy>Ap¡¡.

8.3 L$hL$ (awN) L$p¡j

L$p¡jÖìe

L¢$Ö

L$p¡jqv$hpg

L$mu

L$hL$ (awN) 

L$p¡j

qL$Îh (Yeast)

L©$rs : ‎bÅfdp„\u Active Dry Yeast gC Aphp¡. A¡L$ 

bpV$gudp„ A¡L$ QdQp¡ euõV$, f QdQp kpL$f A_¡ \p¡Xy„$ _hi¡Ly„$ 

`pZu c¡mhp¡. bpV$gu_p dp¡Y$p `f A¡L$ f„Nlu_ `pfv$i®L$ awNp¡ 

kÄS>X$ b¡kpX$p¡. ‎

	‎ 10 rdr_V$ `R>u ¼ep ¼ep a¡fapf v¡$Mpi¡ ? awNpdp„ c¡Np 

\e¡gp hpeydp„ Q|_p_y„ r_se¯y `pZu ‎‎_pMp¡. Ap `pZu     

buL$fdp„ gC s¡_y„ r_funZ L$fp¡. iy„ v¡$Mpe R>¡ ? bpV$gudp„_p 

ÖphZ_y„ A¡L$ ‎V$u`y„ L$pQ`Ë$u `f fpMu s¡_u `f ApÃR>pv$L$ L$pQ 

fpMp¡ A_¡ k„ey¼s k|ÿdv$i®L$ dv$v$\u ‎r_funZ L$fp¡. bpV$gu_y„ 

ÖphZ k„cpmu fpMp¡. ‎

	 L$pQ`Ë$u `f g„bNp¡mpL$pf, f„Nlu_ L$hL$ L$p¡j v¡$Mpe 

L¡$ ? ‎s¡ `¥L$u L¡$V$gpL$ L$p¡j_¡ _p_p¡ Np¡mpL$pf cpN Qp¢V¡$gp¡ 

v¡$Mpe R>¡. Ap R>¡ euõV$_p¡ _hp¡ s¥epf ‎‎\e¡gp¡ L$p¡j. ‎

	 âS>___u Ap Ag¦rNL$ `Ý^rs_¡ dyLy$gpe_ A\hp   

L$rmL$pe_ (Budding)  L$l¡hpe. euõV$ ‎L$pb®r_L$ `v$p\® `f 

h©[Ý^ `pdsp¡ L$hL$hN}e `fp¡`Æhu/`f`p¡ju k|ÿdÆh R>¡. 

	 euõV$ (qL$Îh) s¡ A¡L$`¡iue L$hL$ R>¡. s\p s¡_u   Apif¡ 

1500 âÅrs A[õsÐhdp„ R>¡. ‎euõV$_p L$p¡j ÖíeL¡$ÞÖL$u 

âL$pf_p lp¡e R>¡. ‎

	 D`f_p âep¡Ndp„ kpL$f_p ÖphZdp„_p L$pb®r_L$ `v$p\®_¡ L$pfZ¡ euõV$_u h©[Ý^ \pe R>¡ A_¡ ‎âS>__ S>gv$Nrs\u 

\pe R>¡. `p¡sp_y„ `p¡jZ L$fsp L$fsp euõV$_p L$p¡i ÖphZdp„_p ‎L$pbp£qv$s_y„ ê$`p„sf ApëL$p¡lp¡g A_¡ L$pb®_ X$pe- 

Apµ¼kpCX$ hpeydp„ L$f¡ R>¡. Ap âq¾$ep_¡ ‎Ap\hZ (Fermentation) L$l¡hpe. ‎

‎̀ pJ L¡$hu fus¡ b_¡ R>¡ ?‎

	 euõV$_p Ap âep¡Ndp„ Ap`Z¡ bpV$gudp„ S>¡ ÖphZ b_pìey„ R>¡, s¡_p¡ D`ep¡N L$fu_¡ `pJ ‎L¡$hu fus¡ b_phpe s¡_u 

dprlsu d¡mhp¡ A_¡ s¡ âdpZ¡ L©$rs L$fu `pJ ‎s¥epf L$fp¡. `pJ ‎Åmuv$pf L¡$hu fus¡ \ep¡ s¡_p L$pfZp¡ ip¡^p¡ A_¡ gMp¡.‎
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iy„ sd¡ ÅZp¡ R>p¡ ?

	 kpL$f L$pfMp_p_¡ Å¡X$u_¡ dp¡V¡$cpN¡ 

ApëL$p¡lp¡g_y„ DÐ`pv$_ `Z L$fhpdp„ Aph¡ R>¡. 

i¡fX$u_p ‎fk_p¡ L|$Qp¡ _uL$m¡ R>¡. s¡dp„ `Z cf`|f 

âdpZdp„ L$pbp£qv$s lp¡e R>¡. L|$Qpdp„ (dmudp„) 

‎k¡¼fp¡dperkk qL$Îh c¡mhu s¡_y„ qL$Îh_ L$fhpdp„ 

Aph¡ R>¡. Ap âq¾$epdp„ C\¡_p¡g (C2H5OH)
ApëL$p¡lp¡g âdyM DÐ`pv$_ sp¡ CõV$f A_¡ buÅ 

ApëL$p¡lp¡ëk s¡ D`-DÐ`pv$_ ê$`¡ dm¡ R>¡. ‎

	 C\¡_p¡gdp„\u [õ`fuV$, dÛpL®$, A_¡ AÞe 

fkpeZp¡ dm¡ R>¡. s¡d S> B\¡_p¡g ^|dpX$pfrls 

‎A_¡ DÃQ NyZhÑphpmy„ H^Z ̀ Z R>¡. B\¡_p¡g_p 

Ap¥Ûp¡rNL$ DÐ`pv$_ dpV¡$ i¡fX$u_p L|$Qp ‎âdpZ¡ S> 

dL$pC, S>h (Barley) hN¡f¡ buÅ ^pÞe_p¡ `Z 

h`fpi L$fu iL$pe.‎ ‎

	 Öpn_p fkdp„ fl¡gp ÁgyL$p¡T A_¡ äz¼V$p¡T 

iL®$fp_y„ `Z euõV$_u dv$v$ hX¡$ Ap\hZ L$fhpdp„ 

Aph¡ ‎R>¡ A_¡ dm_pfp AëL$p¡lp¡gdp„\u hpC_ 

b_phpe R>¡. ‎

dNS> Qgphp¡.

1.‎	 cpfskrls OZp„ v¡$ip¡dp„ S>¡hp `¡V²$p¡g A_¡ qX$Tg 

Ap H^Zdp„ 10% B\¡_p¡g rdî L$fhp¡ ‎afrS>eps 

R>¡, ip dpV¡$ ? ‎

‎2.‎	 dlpfpô²$dp„ _priL$ il¡f `pk¡ hpB_ r_rd®rs_p¡ 

DÛp¡N dp¡V$p âdpZdp„ ip dpV¡$ ‎iê$ L$fhpdp„ Apìep¡ 

R>¡ ?‎

‎3.‎	 OD_u fp¡V$gu a¼s awg¡, `pJ Åmuv$pf, _fd A_¡ 

`Qhpdp„ lgL$p¡ lp¡e R>¡. ‎A¡d ip dpV¡$ \pe R>¡? 

S>¥h D`Qpf ‎(Bio-remediation)
	 `pds¡g r_dp®Zdp„ s¥epf \sp T¡fu `v$p\®, buÆ 

L$p¡C Ap¥Ûp¡rNL$ âq¾$epdp„ dy¼s ‎‎\su S>X$ ^psy, npf 

ip¡jhp dpV¡$ epfp¡rhep gpe`p¡rgqV$L$p (Yarrowia 
lipolytica) qL$Îh h`fpe R>¡. ‎k¡¼fp¡dperkk   

k¡f¡rhku qL$Îh Ak£r_L$ âv|$jL$_y„ ip¡jZ L$f¡ R>¡. ‎

Alcanyvorax ÆhpÏ_p¡ D`ep¡N L$fu kdyÖdp„ 

Y$p¡mpe¡gp s¡g_¡ õhÃR> L$fhpdp„ Aph¡ R>¡. ‎

ârsS>¥rhL$p¡‎(Antibiotics)

	 k|ÿdÆhp¡_p¡ _pi A_¡ s¡d_u h©[Ý^_p¡ ârsL$pf L$f_pfp ÆhpÏ A_¡ L$hL$ `pk¡\u d¡mh¡gp L$pb®r_L$ ‎k„ep¡S>_p¡ 
A¡V$g¡ ârsS>¥rhL$p¡ hukdu kv$udp„ ârsS>¥rhL$p¡_¡ L$pfZ¡ Ap¥j^p¡`Qpfdp„ ¾$p„rs \C. ‎ne S>¡hp fp¡N_„y sp¡ lh¡ L¡$V$gpL$ 
v¡$idp„\u gNcN r_d|®g_ \C Ney„ R>¡. ‎

	 ârsS>¥rhL$p¡ dy¿es: ÆhpÏ rhfyÝ^ L$pe® L$f¡ R>¡. L¡$V$gpL$ ârsS>¥rhL$p¡ Apqv$ Æhp¡_¡ _óV$ L$fu iL¡$. ‎

	 L¡$V$gpL$ ârsS>¥rhL$p¡ A_¡L$ âL$pf_p ÆhpÏ rhfyÝ^ D`ep¡Nu b_u fl¡ R>¡. S>¡_¡ rhõs©s n¡Ó ‎ârsS>¥rhL$p¡ (Broad 
spectrum antibiotics) A¡d L$l¡hpe. Dv$p. Aµç`ukurg_, A¡dp¡¼Tukugu_, V¡$V²$pkpe¼gu_ hN¡f¡. fp¡N_p ‎gnZp¡ 
v¡$Mpsp lp¡hp R>sp„ fp¡NS>„sy_y„ A[õsÐh dmsy„ _\u Ðepf¡ Broad spectrum antibiotics _p¡ h`fpi L$fhpdp„ Aph¡ 
R>¡. ‎

	 Äepf¡ fp¡NL$pfL$ k|ÿdÆh ¼ep¡ R>¡ s¡ Qp¡½$k kdÅe Ðepf¡ dep®qv$s n¡Ó ârsS>¥rhL$p¡ (Narrow spectrum 
antibiotics) h`fpe R>¡. ‎v$p.s. `¡r_rkrg_, S>¢V$pdperk_, A¡qf\°p¡dperk_ hN¡f¡. ‎ ‎

k„õ\p_„y ‎ L$pe®
	 `yZ¡dp„ 1952dp„ õ\p`_ \e¡gu _µi_g BÞõV$uV$é|V$ Apµa ìlpefp¡gp¡Æ Ap k„õ\p ÅNrsL$ Apfp¡Áe 
‎k„OV$_p_p klL$pe®\u sph, Ap¡fu, L$dmp¡ s¡d S> a¡akp_p¡ rhL$pf s¡_p `f k„ip¡^__y„ L$pe® L$f¡ R>¡. ‎
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D`Öhu k|ÿdÆh‎ (Harmful Micro- organisms)
L$hL$p‎¡ (Fungi)

	 `¡r_rkrg_‎ (Penicillin) ‎A¡ `¡r_rkrgAd Ap L$hL$ `pk¡\u dm_pfp ârsS>¥rhL$p¡_y„ S|>\ lp¡hp\u              

õV$¡apegp¡L$p¡L$pe, ‎‎¼gpµ[õV²$qX$Ap, õV²¡$àV$p¡L$p¡L$pe âÅrs_p ÆhpÏ\u \_pfp¡ k„kN® L$pbydp„ gphhp dpV¡$ s¡_p¡ h`fpi      

\pe ‎R>¡. L$p_, _pL$, Nmy„, ÐhQp_¡ ÆhpÏ_¡ L$pfZ¡ \_pfp¡ k„kN® s¡d S> Þeydp¡r_ep, õL$pg£V$ auhf ‎‎(gp¡rlsp„N S>hf) 

hN¡f¡_p¡ D`Qpf L$fhp dpV¡$ `¡r_rkgu_ey¼s Ap¥j^p¡ D`ep¡Nu R>¡. ‎

‎̀ ¡r_rkrg_‎ (Penicillin)

1.‎	 Qp¡dpkpdp„ QpdX$p_u hõsy, h÷p¡ A¡dp„ iy„ a¡fapf \e¡gp¡ v¡$Mpe R>¡ ?‎

‎2.‎	 Aphu hõsy sd¡ Ðepf `R>u L¡$V$gp¡ kde hp`fu iL$p¡ ? ‎

‎3.‎	 Ap S> hõsy riepmpdp„ L¡$ D_pmpdp„ L¡$d Mfpb \su _\u ?‎

‎̀ qfQe h¥opr_L$_p¡ ‎

	 k¢V$ d¡fuS> lp¡[õ`V$gdp„ k|ÿdÆhip÷_p âpÝep`L$ 

Ag¡¼Tp„X$f ãg¡tdN¡ s¡d_u âep¡Nipmpdp„ L$pQ_u      

‎fL$pbudp„ Sy>v$p Sy>v$p âL$pf_p ÆhpÏ_u A_¡ azN_u h©[Ý^ 

L$fu lsu. ‎

	‎ 3 kàV¢$bf 1928_p qv$hk¡ ãg¡tdN Äepf¡ 

õV¡$apegp¡L$pµ¼k ÆhpÏ_y„ r_funZ L$fsp lsp. Ðepf¡ A¡L$ 

fL$pbudp„ s¡d_¡ rhgnZ bpbs Å¡hp dmu. s¡ fL$pbudp„ 

azN_p V$u`L$p h^¡gp lsp. `Z s¡ V$u`L$p_u ‎ApSy>bpSy>_u 

S>Np õhÃR> \e¡gu lsu. A¡V$g¡ L¡$ ÆhpÏ Qp¡½$k`Z¡ 

‎‎_óV$ \e¡gp lsp. Ap awN A¡V$g¡ `¡r_rkrgAd R>¡ A_¡ 

s¡dp„_p ÷ph_¡ L$pfZ¡ S> ÆhpÏ _óV$ \ep lsp, ‎s¡ s¡Z¡ 

Ar^L$ Aæepk\u rkÝ^ L$e¯y. ‎

	 Ap fus¡ A¡L$ A_`¡rns OV$_p\u S>Ndp„ `l¡gy„ 

ârsS>¥rhL$ (Antibiotic) – ‎̀ ¡r_rkrg__p¡ S>Þd \ep¡ 

A_¡ AkpÝe fp¡Np¡_¡ r_e„ÓZdp„ gphhp_p âeÐ__p¡ 

`pep¡ _Mpep¡. ‎

	 Ap`Zp¡ Æh bQph_pf ârs S>¥rhL$_p k„ip¡^L$ 

sfuL¡$ Ag¡¼Tp„X$f ãg¡tdN_p Ap`Z¡ L$ped F>Zu ‎fl¡iy„ 

bfpbf_¡ ? ‎ ‎

kph^p_‎

*	ârsS>¥rhL$p¡ l„d¡ip X$pµ¼V$f_u kgpl\u gp¡.

*	v$hp_u vy$L$p_dp„ X$pµ¼V$f_u rQÌ$u rkhpe 

L$p¡C`Z ârsS>¥rhL$p¡ dpNp¡ _rl.‎

*	Nmy„ vy$:M¡, kv$}, D^fk, BÞãgyA¢Tp \pe sp¡ 

ârsS>¥rhL$p¡ `p¡s¡ _p gp¡. ‎

*	X$p¡T `|Z® \sp `l¡gp„ S> kpfy„ gpN¡ sp¡ `Z 

ârsS>¥qhL$p¡_p¡ Ap`¡gp¡ X$p¡T `|Z® L$fp¡. ‎

*	sd_¡ D`ep¡Nu \e¡gp ârsS>¥rhL$p¡ buÅ_¡ 

k|Qhp¡ _rl. ‎

ApïQe® A_ychp¡.

	 L$uX$u ̀ p¡sp_p v$fdp„ awN h^pfu s¡_u ̀ pk¡\u AÞ_ d¡mh¡ R>¡. sp¡ L¡$V$guL$ Års_p qL$V$L$ TpX$_p \X$ ̀ f Aph¡gu 

awNdp„ HX$p d|L$u Cem_p AÞ__u kNhX$ L$fu fpM¡ R>¡.

X$pµ. Ag¡¼Tp„X$f ãg¡tdN ‎

L$lp¡ Å¡CA¡.
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	 lhpdp„ L$hL$_p k|ÿd buÅÏ lp¡e R>¡. cu_pi dmsp„ S> kysfpD L$p`X$, h÷, ‎QpdX$p_u hõsy, gpL$Xy„$ A¡hp 

L$pb®r_L$ `v$p\® `f Ap buÅÏ h©rÝ^ `pd¡ R>¡. L$hL$_p s„sy Ap ‎‎ v$p\®dp„ JX¡$ S>C `p¡sp_y„ `p¡jZ A_¡ âS>__ L$f¡ R>¡. 

Ap âq¾$epdp„ s¡ d|m hõsy _bmp \pe R>¡ dpV$¡ S> awN QX¡$gy„ L$p`X$, h÷p¡$, QpdX$p_p Qà`g-b|V$, `pqL$V$, `Ë$p h^pf¡ 

kde ‎V$L$sp _\u. s¡hu S> fus¡ gpL$X$p_u hõsy Mfpb \pe R>¡. ‎ 

	 dpspA¡ A\pÏ A\hp dyfåbp_u bfZu DOpX$ép `R>u ¼epf¡L$ A„v$f_p cpNdp„ 

L$pmp¡ \f sp¡ ¼epf¡L$ ‎ka¡v$ QL$suAp¡ v¡$Mpe R>¡. s¡ iy„ lp¡e R>¡ ?‎ 

Aphp `v$p\® Mphp dpV¡$ L¡$d Aep¡Áe R>¡ ?
	 A\pZp, dyfåbp¡, S>¡d, kpµk, QV$ZuAp¡ S>¡hp ‎ApÖ AÞ_dp„ L$hL$_u rhrh^ âÅrs h©[Ý^ `pd¡ R>¡. s¡ AÞ__p 

`p¡jZÖìep¡ ip¡ju `p¡sp_u ‎h©[Ý^ A_¡ âS>__ L$f¡ R>¡. Ap âq¾$epdp„ awNdp„_p dpe¾$p¡V$pµ[¼TÞk S>¡hp T¡fu fkpeZp¡ 

AÞ_dp„ cmu S>C AÞ__¡ T¡fu b_ph¡ R>¡. s¡\u awN ey¼s AÞ_ Mphy„ ‎Aep¡Áe R>¡. ‎

‎¼gp¡õV²$uqX$Ad ‎ (Clostridium)
	 kdpf„c_p S>dZhpfdp„ L¡$V$guL$ ìe[¼s_¡ rhjbp^p (Food Poisoning) \pe R>¡. AÞ_ AQp_L$ T¡fu L¡$hu fus¡ 
b_¡ ‎R>¡?‎                      
	 fp„^¡gy„ AÞ_ Mfpb L$f_pfp Ap ÆhpÏ A¡V$g¡ S> ¼gpµõV²$uqX$Ad. Ap ÆhpÏ_u ‎Apif¡ 100 âÅrsAp¡dp„\u 
L¡$V$guL$ õhs„Ó`Z¡ dpV$udp„ Æh¡ R>¡. sp¡ L¡$V$guL$ âÅrs dp_h A_¡ buÅ ‎âpZuAp¡_p AÞ_dpN®dp„ Å¡hp dm¡ R>¡. Ap 
ÆhpÏ _mpL$pf ApL$pf_p lp¡hp\u ârsL|$g `qf[õ\rsdp„ ‎bpV$gu_p ApL$pf_p buÅÏ (Endospores) s¥epf L$f¡ R>¡. 
Ap ÆhpÏ_u rhrióV$sp A¡V$g¡ s¡ lhpdp„_p ‎Ap¡[¼kS>__y„ kh®kpdpÞe âdpZ kl_ L$fu iL$sp _\u L$pfZ s¡      
rb_Apµ¼ku `qf[õ\rsdp„ h^¡ R>¡. ‎ 

    
	 ‎̀ qfQe h¥opr_L$_p¡ ‎
	   dp„k_u Mfpbu "b¡rkgk' ‎ÆhpÏ  Üpfp \pe R>¡. A¡h„y dp_hpdp„ Aphsy„ ls„y. dpÓ Bv$pA¡ ¼gp¡õV²$uqX$Ad 
bp¡V$éyrg_d s¡ ‎rb_Ap¡¼ku ÆhpÏ L$pfZuc|s lp¡hp_y„ bsphu Apàey„. ‎
	 Cv$p b¢NõV$_ riL$pNp¡ rhÛp`uW$dp„\u k|ÿdÆhip÷_y„ DÃQ rinZ gu^y„. Nµk N¢Nqf_ S>¡_p L$pfZ¡             
rhj (Toxin) A_¡ s¡_p rhfyÝ^ D`ep¡Nu ârsrhj (Antitoxin) Ap_p D`f_y„ Cv$p b¢NõV$__y„ k„ip¡^_ ‎L$pe® 
Dëg¡M_ue R>¡. "V$peãk' Ap OpsL$ fp¡N_p k„ip¡^_ v$frdep_ s¡d_¡ `p¡sp_¡ s¡ fp¡N \ep¡, `Z ‎s¡dp„\u `p¡sp_u 
Ås_¡ bQphu_¡ s¡dZ¡ k„ip¡^_ Qpgy S> fp¿ey„ s¡d_p Ap L$pe® bv$g s¡d_¡ 1947 _y„ ‎‎"V$peãk d¡X$g' âv$p_        
L$fhpdp„ Apìey„. ‎

rhQpf L$fp¡. 

8.4 ‎¼gp¡õV²$uqX$Ad âÅrs ‎

buÅ fp¡NL$pfL$ k|ÿd Æh ‎ (Other Harmful Micro- organisms)
	 Ap`Z_¡ a¼s ¼gp¡õV²$uqX$Ad_¡ L$pfZ¡ S> L¡$V$guL$ dp„v$Nu Aph¡ R>¡ L¡$ ? ‎

	 buÆ A_¡L$ âÅrs_p ÆhpÏ, rhjpÏ, Apqv$Æh A_¡ L$hL$ s¡ k|ÿdÆh `Z A_¡L$ dp_hu fp¡N dpV¡$

L$pfZc|s R>¡. ÆhpÏ L$fsp„ `Z ApL$pf\u _p_p lp¡e s¡hp A_¡ a¼s kÆh L$p¡jdp„ S> h©[Ý^ A_¡ ‎âS>__ L$f_pfp 

rhjpÏ_u sd_¡ dprlsu R>¡. lh¡ Å¡CA¡ s¡ Ap`Z_¡ Ópkv$peL$ L¡$d gpN¡ R>¡ ?‎

¼gp¡õV²$uqX$Ad qV$Vµ$_u                 ¼gp¡õV²$uqX$Ad `fqä„S>Þk       ¼gp¡õV²$uqX$Ad bp¡V$éyrg_d     ¼gp¡õV²$uqX$Ad qX$aukpCg
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fp¡N_p¡ a¡gphp¡ A_¡ ârsb„^‎

k|ÿdÆh_p L$pfZ¡ h_õ`rs A_¡ âpZuAp¡_¡ \_pf fp¡N ¼ep R>¡ A_¡ s¡ D`f iy„ 

D`pe ep¡S>_p L$fu ‎iL$pe ?‎dprlsu d¡mhp¡.

fp¡N_y„ _pd ‎ L$pfL$‎ a¡gphp¡ (âkpf)‎ ârsb„^ ‎

A¡X¹$k ‎ rhjpÏ ‎ A¡X¹$k \e¡gu ìe[¼s_p ‎ifufdp„_y„ 
gp¡lu, hue®, fp¡NN°õs dpsp_y„ ‎v|$^‎

IS>¡¼i_ A_¡ kp¡e afu afu ‎‎_    
hp`fhp, kyfrns g¦rNL$ ‎k„b„^ ‎

L$dmp¡‎ rhjpÏ ‎ v|$$rjs `pZu, AÞ_ ‎ õhÃR> Npm¡gy„ `pZu, AÞ_ ‎Y$p„L$u_¡ 
fpMhy„‎

BÞãgyA¡ÞTp rhjpÏ fp¡Nu_p k„`L®$\u fp¡Nu_p¡ k„`L®$ V$pmhp¡ A_¡ ‎õhÃR>sp

Ap¡fu, ‎AR>bX$p rhjpÏ fp¡Nu_p k„`L®$\u S>„syfrls `pZu, õhÃR> AÞ_, 
‎fkuL$fZ L$fhy„‎

bX®$ ãgy  H7 N9 
õhpC_ ãgy H1 N1

rhjpÏ fp¡Nu `nu, âpZu õhÃR>sp A_¡ ep¡Áe fp„^¡gy„ ‎dp„k

X¢$Áey ‎‎ rhjpÏ ‎ dÃR>f_p¡ v„$i ‎̀ qfkf_u õhÃR>sp, ‎‎ pZu_p¡ k„N°l 
_ L$fhp¡, ‎dÃR>f `f r_e„ÓZ fpMhy„. ‎

Þe|dp¡r_Ap ÆhpÏ ‎ fp¡Nudp„\u lhpdp„ Aphsp ‎k|ÿd V$u`p„ fkuL$fZ A_¡ fp¡NuAp¡\u v|$f ‎fl¡hy„‎

Ly$óW$fp¡N ÆhpÏ fp¡Nukp\¡ v$uO®L$pm kp[Þ_Ýe fp¡Nu_¡ k„`L®$ A_¡ s¡d_u ‎hõsy  
hp`fhu V$pmhu ‎

L$pµg¡fp ‎ ÆhpÏ v|$$rjs AÞ_, `pZu õhÃR> AÞ_ A_¡ `pZu

d¡g¡qfep ‎‎ Apqv$Æh dÃR>f_p¡ v„$i, AõhÃR> ‎‎ qfkf‎ ‎̀ qfkf_u õhÃR>sp, ‎‎ pZu_p¡ k„N°l 
_ L$fhp¡, ‎dÃR>f `f r_e„ÓZ fpMhy„.‎

hpmdp„ Mp¡X$p¡, ‎‎
_peV$p, ‎NS>L$Z®, ‎
QpdX$u `f_p ‎QpW$p

L$hL$‎ fp¡Nu_p¡ A_¡ s¡_u hõsy_p¡ k„`L®$‎ õhÃR>sp fpMhu, fp¡Nu_p¡ ‎k„`L®$    
V$pmhp¡. ‎

dNS> Qgphp¡. 
‎1.‎	 A\pZp_u bfZudp„ A„v$f\u duWy„$ gNpX$hpdp„ Aph¡ R>¡ A_¡ L$V$L$p D`f s¡g_p¡ 

\f fpMhpdp„ Aph¡ R>¡; s¡ ip dpV¡$ ? ‎

‎2.‎	 h¡Qpsp MpÛ`v$p\® V$L$phhp dpV¡$ s¡dp ¼ep `qffnL$p¡ c¡mhhpdp„ Aph¡ R>¡ ?‎

‎3.‎	 AÞe h_õ`rs A_¡ âpZuAp¡_¡ L$hL$ hN®_u h_õ`rs_p¡ ip¡ D`ep¡N \pe R>¡ ?‎

‎4.‎	 v$NX$awg (gpeL¡$_) Ap dkpgp_p ̀ v$p\®_u fQ_p L¡$hu R>¡ ? s¡_p¡ buÅ¡ D`ep¡N 

L$ep„ \pe R>¡ ?‎

5. MpÛ`v$p\® h¡Qpsp¡ g¡su hMs¡ S>¡_p f¡`f `f r_dp®Z_u A_¡ Mfpb \hp_u 

spfuM R>p`¡gu lp¡e s¡hp¡ S> `v$p\® ip dpV¡$ g¡hp¡?

8.5 ‎v$NX$awg
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‎1. _uQ¡ Ap`¡gp `ep®ep¡ `¥L$u ep¡Áe `ep®e_u `k„v$Nu 

L$fu rh^p_ ̀ |Z® L$fp¡ A_¡ s¡d_„y õ`óV$uL$fZ Ap`p¡. 

	  ‎(dpe¾$p¡V$pµ¼kuÞk, L$rgL$pe_, fpeTp¡rbAd) ‎
	 (A)‎	 euõV$ ‎.......... `Ý^rs\u Ag¦rNL$ âS>__ 

L$f¡ R>¡. ‎
	 (Ap)	awNS>Þe T¡fu fkpeZp¡_¡ .......... L$l¡hpe 

R>¡. ‎
	 (B)	 ..... _p L$pfZ¡ L$W$p¡mN}e h_õ`rs (qÜv$m 

h_õ`rs) h^pf¡ âdpZdp„ âp¡V$u__y„          
r_dp®Z L$fu iL¡$ R>¡. ‎ 

2.	 _uQ¡_p `v$p\®dp„ ¼ep ¼ep k|ÿdÆh Å¡hp dm¡ R>¡ 
s¡_p _pd gMp¡. ‎ ‎ ‎

		  v$l] , ̀ pJ, L$W$p¡m_p d|m ̀ f_u Np„W$, CX$gu, 
Y$p¡kp, Mfpb \e¡gy„ bV$pV$p_y„ ipL$. ‎ 

3.	 Aep¡Áe iåv$ Ap¡mMp¡ A_¡ s¡ Aep¡Áe ip dpV¡$ 
R>¡?‎ ‎

	 (A) ‎	Þeydp¡r_ep, qX$à\¡qfep (OV$k`®), AR>bX$p, 
L$pµg¡fp

	 (Ap)‎	g¡¼V$p¡b¡rkgpe, fpeTp¡rbed, qL$Îh, 
¼gp¡õV²$uqX$Ad

	 (B)‎	 d|mLy$S>, sp„b¡fp, fyb¡gp, dp¡T¡CL$‎
4.	 h¥opr_L$ L$pfZp¡ gMp¡. ‎ ‎
	 (A)	 D_pmpdp„ M|b kde fpM¡gu v$pm D`f 

auZ v¡$Mpe R>¡. ‎
	 (Ap)	L$`X$pdp„ X$pdf_u Np¡muAp¡ fpMhpdp„ Aph¡ 

R>¡?‎
5.	 L$hL$S>Þe fp¡N_p a¡gphp_p dpÝed A_¡ ârsb„^L$ 

D`pe gMp¡. ‎ ‎ ‎
‎6.	 Å¡X$L$p„ Å¡X$p¡. ‎
		  "A' õs„c ‎	‎	  "b' õs„c‎	
	 (1) fpeTp¡rbed	 (A) 	AÞ_ rhjbp^p ‎
	‎ (2) ¼gp¡[õV²$X$uAd ‎	 (Ap)	_peV²$p¡S>_ [õ\fuL$fZ
	 (‎3) `¡_urkrgAd‎	 (B) 	 b¡L$fu DÐ`pv$_p¡ ‎
	 (‎4) euõV$‎	 (C) 	 ârsS>¥rhL$ r_rd®rs ‎

7.	 DÑf gMp¡. ‎ ‎
	 (A)‎	‎ _p_p bpmL$_¡ L$C L$C fku Ap`hpdp„ Aph¡ 

R>¡ ip dpV¡$ ? ‎
	 (Ap)	fku L¡$hu fus¡ s¥epf L$fhpdp„ Aph¡ R>¡ ?‎
	 (B)‎	 ârsS>¥rhL$_¡ L$pfZ¡ fp¡Nr_hpfZ âq¾$ep 

L¡$hu fus¡ \pe R>¡ ?‎
	 (C)‎	 dp_h âdpZ¡ âpZuAp¡_¡ ârsS>¥rhL$p¡ 

Ap`hpdp„ Aph¡ R>¡ ? b„_¡_¡ Ap`¡gp 
ârsS>¥rhL$p¡ kfMp S> lp¡e ‎R>¡ L¡$ ?‎

	 (D)‎	 rhrióV$ fp¡N_u fku s¥epf L$fhp dpV¡$ s¡ 
fp¡N_p S>„sy_y„ kyfrns`Z¡ S>s_ ip dpV¡$ 
L$fhy„ `X¡$ R>¡ ?‎ 

8. 	 V|„$L$dp„ DÑf gMp¡. ‎
	 (A)‎	 rhõs©s n¡Ó ârsS>¥rhL$p¡ A¡V$g¡ iy„ ?‎
	 (Ap)‎	qL$Îh_ A¡V$g¡ iy„ ? ‎
	 (B)‎	 ìep¿ep gMp¡ "ârsS>¥rhL$' ‎

D`¾$d ‎	
	 	 S>¡_¡qfL$ v$hp rhi¡ dprlsu d¡mhp¡ A_¡ s¡ 

rhi¡ hN®dp„ QQp® L$fp¡. ‎

²²²

õhpÝepe
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lhpdp_‎  (Weather)   
	 A¡L$pv$ S>ÁepA¡ Qp¡½$k kde¡ hpsphfZ_u S>¡ [õ\rs lp¡e s¡_¡ lhpdp_ L$l¡hpe. hpsphfZ_u Ap [õ\rs 

‎lhpdp__p rhrh^ OV$L$p¡ `f Ahg„rbs lp¡e R>¡. lhpdp__u [õ\rs _½$u L$fhp dpV¡$ A_¡L$ OV$L$p¡ L$pfZc|s ‎lp¡e R>¡. 

(ApL©$rs 9.1) ‎ ‎
	 OZuhpf Ap`Z¡ "ApS>¡ M|b W„$X$L$ R>¡, ApS>¡ M|b Nfdu gpN¡ R>¡.' Aphp hp¼ep¡\u Ap`Zp„ `qfkf_p ‎lhpdp_

rhi¡ Ap`Zp¡ ds ìe¼s L$fuA¡ R>uA¡. ‎

lhpdp_dp„ \sp¡ a¡fapf (Change in Weather)
	 lhpdp_ kss bv$gpsy„ _\u. s¡ A¡L$ âv¡$idp„ v$uO®L$pm ky^u kfM„y S> fl¡ R>¡. s¡ ̀ f\u Ýep_dp„ Aph¡ R>¡ L¡$ ‎lhp_p¡ 

k„b„^ Qp¡½$k S>Áep A_¡ Qp¡½$k kde kp\¡ lp¡e R>¡. s¡\u lhpdp__p¡ k„b„^ dp¡V$p âv¡$i A_¡ ‎v$u^® kdeNpmp kp\¡ 

lp¡e R>¡. lhpdp„ \p¡X$p kde dpV¡$ a¡fapf \pe R>¡. Äepf¡ lhpdp_dp„ a¡fapf \hp dpV¡$ v$uO® ‎kde gpN¡ R>¡. ‎

	 lhpdp_ Ap`Zp fp¡tS>v$p Æh_dp„ dlÒh_u c|rdL$p cS>h¡ R>¡. Ap`Zu AÞ_, h÷, fl¡W$pZ A¡ âp\rdL$ 

‎S>ê$qfeps s¡dS> rhrh^ ìehkpe D`f lhpdp__u Akf \pe R>¡. cpfs S>¡hp M¡suâ^p_ v¡$i dpV¡$ sp¡ ‎lhpdp__y„ 

dlÒh A_Þe R>¡. rhdp_ dpV¡$ v$p¡X$`Ë$u b_phhp„, b„v$f r_dp®Z L$fhy„, dp¡V$p `|g s¥epf ‎L$fhp, A_¡ M|b S> KQu 

Cdpfsp¡ bp„^hu hN¡f¡ ep¡S>_pAp¡dp„ lhpdp__p rhrh^ OV$L$p¡ S>¡dL¡$ `h__u ‎qv$ip A_¡ Nrs, sp`dp_ A_¡ lhp_y„ 

v$bpZ hN¡f¡ bpbsp¡_p¡ rhQpf L$fhpdp„ Aph¡ R>¡. ‎

epv$ L$fp¡. 
1. hpsphfZ_p¡ Ap`Zp fp¡tS>v$p Æh_ kp\¡ ip¡ k„b„^ R>¡ ? ‎

‎2. v|$fv$i®_ ApL$pihpZu `f Aphsp rhrh^ kdpQpfp¡_p dpÝed\u lhpdp_ k„v$c£ 

L$C L$C ApNplu L$fhpdp„ Aph¡ R>¡ ‎‎? ‎

‎×óesp 

lhpdp__p¡ OV$L$p¡‎

k|e®âL$pi

hpv$m

hpsphfZ_y„ v$bpZ

ApÖsphfkpv$ ‎

sp`dp_	

9.1 ‎lhpdp__p OV$L$p¡ ‎

lhpdp__u ¼ep ¼ep OV$L$p¡ `f A_yL|$m A\hp ârsL|$m Akf \pe R>¡? Ap Akf 

Ap¡R>u L$fhp dpV¡$ iy„ L$fhy„ ‎Å¡CA¡ ?‎
dNS> Qgphp¡. 

1. गतीचे नियम
Ø	 lhpdp_	 Ø	 lhpdp_ip÷
Ø	 O_ L$Qfp_y„ ìehõ\p`_ 	 Ø	 Ap`rÑ ìehõ\p`_

‎9. `ep®hfZue ìehõ\p`_‎

	 lhpdp_ A¡ lhp_u s¡ kde_u 

[õ\rs`f Ap^pqfs lp¡e R>¡. A¡L$pv$ 

âv¡$idp„ lhpdp__p rhrh^ OV$L$p¡_u 

v¥$r_L$ ‎‎[õ\rs_y„ hjp®_y„hj® r_funZ 

A_¡ dp`_ L$fu rhrióV$ 

kdeNpmpdp„ L$pY¡$gu kfpkfu A¡V$g¡ 

s¡ âv¡$i_y„ ‎lhpdp_. hpsphfZ_u 

v$uO®L$pgu_ õ\peu   [õ\rs_¡ lhpdp_ 

L$l¡hpe. ‎
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A¡L$pv$p õ\m_y„ lhpdp_ _½$u L$fsp„ `l¡gp lhpdp__p rhrh^ A„Np¡_p¡ Aæepk L$fhp¡ S>ê$fu ‎R>¡. s¡_y„ r_funZ 

L$fu _p¢^ fpMhp dpV¡$ vy$r_ep_p OZp v¡$ip¡A¡ lhpdp_ Mpsy„ õ\pr`s L$e¯y R>¡. S>¡_¡ h¡^ipmp ‎L$l¡hpe R>¡. Ap h¡^ipmp 

Ap^yr_L$ e„ÓkpdN°u A_¡ D`L$fZp¡\u kykÄS> lp¡e R>¡. ‎

hs®dp_L$pm_u lhpdp__u [õ\rs_y„ NsL$prg_ lhpdp__p k„v$c£ rhïg¡jZ L$fhp\u crhóeL$pm_p ‎a¡fapf_p¡ 

A„v$pS> L$pY$u iL$pe R>¡. `f„sy lhpdp_ A¡V$g¡ hpsphfZ_p rhrh^ OV$L$p¡_y„ k„rdî õhê$` lp¡hp\u ‎s¡ bpbs¡ A„v$pS> 

L$fhp¡ M|bS> N|„QhZ ce¯y lp¡e R>¡. A¡L$pv$ õ\m_y„ lhpdp_ ^uf¡\u A_¡ dep®qv$s õhê$`dp„ ‎bv$gps„y lp¡e sp¡ Ðep„_p 

a¡fapf_p¡ A„v$pS> L$pY$hp¡ kl¡gp¡ lp¡e R>¡. `Z S>¡ õ\m¡ lhpdp_dp„ \sp¡ a¡fapf ‎N|„QhZ cep£ A_¡ `fõ`f Ahg„rbs 

lp¡e A_¡ s¡ iuO° Nrs\u \sp¡ lp¡e sp¡ Ðep„_p a¡fapf_p¡ A„v$pS> AOfp¡ ‎dyíL¡$g lp¡e R>¡.‎

1. 	 dp_h_u âNrs lhpdp_ A_¡ cp¥Np¡rgL$ A_yL|$msp `f 

Ap^pqfs lp¡e R>¡. ‎

‎2. 	 kv$uAp¡_u kv$u_p lhpdp__p A_ych_p Ap^pf¡ S> d_yóeA¡ 

`p¡sp_p Æh__y„ kde`ÓL$ b_ph¡g R>¡. ‎

‎3. 	 lhpdp__y„ M¡su_p DÐ`pv$_ `f \sy„ `qfZpd Ýep_dp„ g¡sp 

lhpdp__p¡ Aæepk L$fhp¡ h¥opr_L$p¡_¡ AphíeL$ gpÁep¡. ‎ ‎

lhpdp__y„ kÆhk©[óV$dp„ dlÒh‎ (Importance of Weather for Living World)
1. 	 v¥$r_L$ s¡dS> v$uO®L$pgu_ lhp_p¡ A_¡ lhpdp__p¡ dp_hu Æh_`Ý^rs `f âÐen A_¡ AâÐen âcph 

‎‎ X$sp¡ fl¡ R>¡. c|`©óW$, S>mpiep¡, h_õ`rs A_¡ âpZu dmu_¡ `©Õhu `f _¥krN®L$ `ep®hfZ s¥epf L$f¡ R>¡. 

Ap ‎‎ ep®hfZ kÆhp¡_p rhL$pkdp„ L$pfZc|s b_¡ R>¡. ‎

‎2. 	 A¡L$pv$ âv¡$i_p gp¡L$p¡_p¡ Mp¡fpL$, `p¡jpL$, Of, ìehkpe A_¡ Æh__u `Ý^rs _½$u L$fhpdp„ s¡ âv¡$i_y„ 

‎lhpdp_ klpeL$ b_¡ R>¡. Dv$plfZp\£ : L$p[ídfu A_¡ fpS>õ\p_u gp¡L$p¡_u h¥rióV$é`|Z® fl¡Zu-L$fZu ‎

‎3. 	 kpNf_p `pZu_u npfsp, kpNf âhpl_u r_rd®rs A_¡ S>gQ¾$_u r_rd®rs Ap b^u bpbsp¡ lhp A_¡ 

‎lhpdp__p rhrh^ OV$L$p¡ kp\¡ k„b„r^s lp¡e R>¡. ‎

‎4. 	 c|`©óW$ `f_p MX$L$_p rhcpS>__y„ L$pe® lhpdp__p rhrh^ OV$L$p¡ L$fsp lp¡e R>¡. ‎

‎5. 	 dpV$u_p r_dp®Z A_¡ rhL$pkdp„ lhpdp__y„ A_Þe dlÒh lp¡e R>¡. ‎

‎6. 	 dpV$udp„ fl¡gp ÆhpÏ_p¡ k¢qÖe Öìe_p r_dp®Zdp„ dlÒh_p¡ apmp¡ lp¡e R>¡. Ap âq¾$ep lhpdp__p rhrh^ 

OV$L$p¡ `f ‎Ap^pqfs lp¡e R>¡. ‎

	 Ap fus¡ D`f_u A_¡L$ bpbsp¡ `f\u õ`óV$ \pe R>¡ L¡$ hpsphfZ A_¡ lhpdp_ip÷_p¡ Aæepk dp_hu 

‎Æh__p ×[óV$L$p¡Z\u AÐe„s S>ê$fu R>¡. ‎

23 dpQ® Ap qv$hk "ÅNrsL$ 

lhpdp_ip÷ qv$hk' sfuL¡$ 

d_phhpdp„ Aph¡ R>¡. 

lhpdp_ip÷_p k„v$c®dp„ 

dprlsu ‎c¡Nu L$fu s¡_p 

Ap^pf¡ ÅN©rs r_dp®Z L$fhp 

dpV¡$ L$p¡W$p¡ s¥epf L$fp¡. ‎

rv$_ rhi¡j ‎
rhQpf L$fp¡ A_¡ QQp® L$fp¡.
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k„â¡jZ s„Óop__u `|fL$ dprlsu‎

	 HV$f_¡V$ `f\u rhrh^ kQ® A¢rS>_ hp`fu_¡ _uQ¡_u 

k„õ\p_u dprlsu_u _p¢^ lp¡e s¡hu rhrh^ tgL$ ip¡^p¡. ‎âpàs 

dprlsu_p Ap^pf¡ Al¡hpg s¥epf L$fp¡. ‎

Ap„sffpô²$ue lhpdp_ k„õ\p (WMO) ‎
cpfs DóZâv¡$iue lhpdp_ip÷ k„õ\p (IITM)
fpô²$ue kdyÖu A_¡ hpsphfZue ìehõ\p`_ (NOAA)

lhpdp_ip÷‎ (Meteorology)
	  lhpdp„_p rhrh^ OV$L$p¡, r_kN®Q¾$, `©Õhu_u cp¥Np¡rgL$ lgQg A_¡ lhpdp_ Ap b^p_p `fõ`f k„b„^_p¡ 

‎Aæepk A_¡ rhïg¡jZ L$f_pf ip÷ A¡V$g¡ lhpdp_ip÷.  ‎

	 Apdp„ lhpdp_rhjeL$ hpv$mp, hphpTp¡Xy„$, d¡ONS>®_p A_¡ huS>mu_p¡ L$X$L$X$pV$ A_¡ Aphp A_¡L$ OV$L$p¡_p¡ 

‎Aæepk L$fhpdp„ Aph¡ R>¡. Ap `f\u crhóe_p lhpdp__p rhi¡ A„v$pS> ìe¼s L$fhpdp„ Aph¡ R>¡. ‎Ap_p¡ D`ep¡N 

kh®kpdpÞe S>_sp, M¡X|$sp¡, dpR>udpfu DÛp¡N, rhdp_k¡hp, S>mhpl_ìehlpf A_¡ rhrh^ ‎k„õ\p_¡ \pe R>¡. ‎

cpfsue lhpdp_ Mpsy ‎ (Indian Meteorology Department )
	 cpfsue lhpdp_ Mpsp_u õ\p`_p 1875 dp„ rb°qV$ifp¡ A¡ rkdgpdp„ L$fu lsu. s¡_y„ dy¿e L$pep®ge _hu 

qv$ëludp„ ‎R>¡. NyhplpVu, dy„bC, L$p¡gL$Ñp, Q¡Þ_C, _pN`|f A_¡ _hu qv$ëludp„ s¡_p âpv$¡riL$ L$pep®ge R>¡. v$ffp¡S> 

lhp_u [õ\rs L¡$hu ‎fl¡i¡ s¡ v$ip®hsp _L$ip s¥epf L$fhpdp„ Aph¡ R>¡. 24 L$gpL$dp„ 2 hMs Aphp _L$ip s¥epf L$fu 

ârkÝ^ L$fpe ‎R>¡. Apdp„ lhpdp_ dpV¡$ S>ê$fu D`L$fZp¡, fX$pf_u dv$v$\u lhpdp_ k„b„^u ìe¼s L$f¡gp A„v$pS>, 

c|L„$`dp`_ ‎k„b„r^s  lhpdp__p¡ A„v$pS>, hfkpv$ kp\¡ k„b„r^s A„v$pS> dpV¡$ D`N°l_u dv$v$\u lhpdp__p¡ A„v$pS>, 

lhp ‎âv|$jZ hN¡f¡ rhje`f kpsÐe `|Z® k„ip¡^_ Qpgy fl¡ R>¡. ‎

	 cpfsue lhpdp_ Mpsp dpfas rhdp_ DÍ$e_ Mpsy, _p¥L$pep_ Mpsy, M¡su, b„^, kdyÖdp„ s¡g k„ip¡^_ A_¡ 

‎DÐ`pv$_ L$f_pfu k„õ\pAp¡_p¡ kdph¡i \pe R>¡. ^|m_y„ hphTp¡Xy„$, f¡su_y„ hphTp¡Xy„$, d|km^pf hfkpv$, Nfdu ‎A_¡ 

W„$X$u_u gl¡fp¡, Ðky_pdu hN¡f¡ k„L$V$p¡_u `|h® k|Q_p rhrh^ Mpsp kp\¡ b^p„ âkpf dpÝedp¡ A_¡ ‎‎_pNqfL$p¡ ky^u 

`lp¢QpX$hpdp„ Aph¡ R>¡. Ap_¡ dpV¡$ AÐe„s DÃQ s„Óop_\u kÄS> A¡hp A_¡L$ D`N°l cpfs¡ ‎AhL$pidp„ R>p¡X$ép R>¡. 

Ap D`N°l dpfas dm¡gu dprlsu_y„ `©Õ\L$fZ A_¡ rhïg¡jZ L$fhp dpV¡$ cpfsdp„ ‎A_¡L$ W¡$L$pZ¡ h¡^ipmp DÑd fus¡ 

L$pe® L$f¡ R>¡. ‎ (www.imdpune.gov.in)
dp¡Þky_ âpê$` A_¡ lhpdp__p¡ A„v$pS> ‎ (Monsoon Model and Climate Prediction)
	 cpfsdp„ dp¡Þky_ k„b„^u l„Npdu A„v$pS> L$pY$hp_u `f„`fp kp¡ hj® ¼fsp„ `Z S|>_u R>¡. k_ 1877 dp„ `X¡$gp 

‎vy$óL$pm `R>u  IMD _p k„õ\p`L$ A¡Q.A¡a.åg¡_ap¡X£$ 1884 dp„ rldpgedp„_u rldh©[óV$ Ap OV$L$ lp\dp„ gC_¡ 

‎kh®â\d Aphp¡ A„v$pS> L$pY$ép¡ lsp¡. 1930 _p v$iL$dp„  IMD _p sÐL$prg_ k„QpgL$ kf rNgbV®$ hp¡L$f¡ vy$r_epcf_p 

‎rhrh^ lhpdp_ip÷ue OV$L$ A_¡ Ðep„_u dpÞky__p¡ k„b„^ A^p¡f¡rMs L$fu_¡ s¡d_p D`gå^ r_funZ A_¡ ‎‎ l¡gp_u 

_p¢^_¡ Ap^pf¡ Aph_pf dp¡Þky_ L¡$hu li¡ ? s¡_p¡ A„v$pS> L$pY$ép¡. 1990 _p v$iL$pdp„ X$p¸. hk„sfph ‎Np¡hpfuL$f_u 

ApN¡hp_u l¡W$m vy$r_epcf_p lhpdp_ k„b„r^s 16 OV$L$p¡ `f Ap^pqfs dpÞky__y„ âpê$` ‎b_phhpdp„ Apìey„. 1990 

\u 2002 ky^u Ap âpê$` hp`fhpdp„ Apìey„. ‎

k„õ\p_y„ L$pe®
  k„ey¼s fpô²$k„O sfa\u 23 dpQ® 1950_p 

fp¡S> "ÅNrsL$ lhpdp_ip÷ k„OV$_p'  
(World Meteorological 
Organization) Ap k„õ\p_u õ\p`_p 

‎L$fhpdp„ Aphu. Ap k„õ\p_y„ L$pe® AÞ_ kyfnp, 

S>mìehõ\p`_, hpl_ ìehlpf dpV¡$ 

dlÒh_y„ R>¡. ‎
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Ap„L$X$pL$ue dp¸X$¡g ‎	
	 c|sL$pmdp„ rhrh^ âv¡$ip¡dp„ kdyÖ_y„ sp`dp_, 

hpsphfZ_y„ v$bpZ A_¡ Qpgy hj®dp„ dp¡Þky_ L¡$hp¡ 

lsp¡ A¡_p¡ ‎A¡L$rÓs Aæepk L$fu s¡_u syg_pdp„ 

hs®dp_ kdedp„ s¡ âv¡$i_p lhpdp_ k„b„r^s _p¢^ 

gC s¡_¡ A_ykfu_¡ ‎hs®dp_ [õ\rs_p¡ dp¡Þky_ L¡$hp¡ 

li¡ A¡_p¡ A„v$pS> L$pY$hpdp„ Aph¡ R>¡. ‎

k„¿epÐdL$ âpê$` (X$pe_prdL$)/ NprZsuL$ dp¸X¡$g

	 lhpdp__u hs®dp_ bpbsp¡ A_¡ s¡dp„ Qpgsu 

cp¥rsL$ âq¾$ep_p¡ A„v$pS> gC k„¿epÐdL$ dp¸X¡$g Üpfp 

‎ApNplu L$fhpdp„ Aph¡ R>¡. lhpdp__y„ hs®dp_        

r_funZ hp`fu_¡ `fd k„NZL$_u klpe\u 

NprZsuL$ âq¾$ep ‎L$fhpdp„ Aph¡ R>¡. NprZsuL$ 

âL$pfdp„ dm_pf dp¸X¡$g Üpfp cp¥Np¡rgL$ a¡fapf 

dlpk„NZL$ue s„Óop_ Üpfp fS|> L$fhpdp„ Aph¡ R>¡. 

	  L$p¡C`Z lhpdp_ip÷ue dp¸X¡$g A¡ s¡dp„ h`fpe¡g OV$L$ A_¡ dp¸X¡$ëkdp„\u Ap`Z_¡ A`¡rns lp¡e s¡hp 

`qfZpd_p ‎‎ fõ`f k„b„^ `f Ap^pqfs lp¡e R>¡. dpÓ kdyÖ A_¡ hpsphfZdp„ Ap `fõ`f k„b„^ L$ped 

A¡L$kfMp¡ fl¡sp¡ ‎‎_ lp¡hp\u lhpdp_ipõÓue dp¸X¡$gdp„ s¡_¡ A_yê$` kss a¡fapf L$fhp `X¡$ R>¡. ‎

kdy[ÃQs dp¸X¡$g ‎

 A_¡L$ dp¸X¡$gdp„ hp`fhpdp„ Aph¡g S>¡ OV$L$_p¡ 

dp¡Þky_ `f h^y âcph lp¡e, A¡hp OV$L$p¡_¡ Ýep_dp„ 

gC A¡L$rÓs ‎A„v$pS> L$pY$hpdp„ Aph¡ R>¡. lpgdp„ 

IMD sfa\u A`psp¡ A„v$pS> ApS> fus¡ A_¡L$ 

dp¸X¡$g_p A_¡L$ dp¸X¡g_y„ A¡L$rÓs `qfZpd lp¡e R>¡. 

s¡_¡ kdy[ÃQs dp¸X¡$g L$l¡ R>¡. ‎

 	 lpgdp„ IITM Üpfp _hp dp¸X¡$g s¥epf L$fhpdp„ 

Aph¡ R>¡. lpg_p dp¸X¡$g h^y D`ey¼s b_phhp, ‎L¡$V$gpL$ 

_hp dp¸X¡$g A_¡ s„Óop_ rhL$rks L$fhp Ap b„_¡ õsf¡ 

L$pd iê$ R>¡. s¡ dpV¡$ fX$pf e„ÓZp, D`N°l ‎s„Óop__p 

rhL$pk `f `Z cpf d|L$hpdp„ Aph¡ R>¡. ‎ 

O_ L$Qfp_y„ ìehõ\p`_ - kde_u dp„N‎  (Solid Waste Management )

‎1. âv|$jZ A¡V$g¡ iy„ ? ‎

‎2. Ap`Zu ApSy>bpSy>_y„ `qfkf ¼ep ¼ep L$pfZ¡ âv|$rjs \pe R>¡ ?‎

	 sdpfp hN®dp„_p L$Qfp_p X$åbpdp„ fl¡g 

L$Qfp_y„ r_funZ L$fu s¡dp„ ¼ep ¼ep `v$p\p£ R>¡ s¡_u 

epv$u s¥epf L$fp¡ ‎A_¡ A¡ L$Qfp_p¡ ep¡Áe `Ý^rs\u  

r_L$pg L$C fus¡ \C iL¡$ A¡ rhi¡ rinL$p¡ kp\¡ QQp® 

L$fp¡. ‎

	 Ap`Zp Ofdp„_p L$Qfp_u bpbsdp„ Aphy„ L$fu 

iL$pe ? A¡_p¡ rhQpf L$fp¡.‎

L$fu Sy>Ap¡¡.

Ýep_dp„ fpMp¡. 

9.2 O_ L$Qfp¡ 

L$lp¡ Å¡CA¡ ! 
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9.3 L$Qfpey¼s `qfkf A_¡ õhÃR> `qfkf

ârsqv$_ r_dp®Z \sp L$Qfp_y„ âdpZ ‎

	 fpÄe_p âdyM dlp_Nfdp„ r_dp®Z \_pf O_ L$Qfp_y„ 

âdpZ Ap âdpZ¡ R>¡. dy„bC A„v$pS>¡ 5000 V$_, ‎‎ yZ¡ A„v$pS>¡ 

1700 V$_, _pN`|f A„v$pS>¡ 900 V$_. ‎ ‎

	‎ 26 Sy>gpC 2005 fp¡S> dy„bCdp„ dp¡V$p `|f_u [õ\rs       

r_dp®Z \C lsu. Ap Ap`rÑ_y„ A¡L$ dlÒh_y„ ‎L$pfZ O_ 

L$Qfp_y„ Aep¡Áe ìehõ\p`_ lsy„. s¡\u k„N°rls O_ L$Qfp¡ A¡ 

rhrh^ Ap`rÑ_y„ L$pfZ b_u iL¡$ R>¡. ‎

	 sd¡ Äep„ flp¡ R>¡, s¡ dL$p_ A\hp 

`qfkf_y„ kh£nZ L$fp¡. rhOV$_iug A_¡ 

ArhOV$_iug Ap âdpZ¡ ‎L$Qfp_y„ hN}

L$fZ L$fp¡. kp^pfZ ̀ Z¡ A¡L$ AW$hpqX$epdp„ 

L¡$V$gp âdpZdp„ O_L$Qfp¡ c¡Np¡ \pe R>¡ ? 

s¡ dpV¡$ ‎L$pfZc|s OV$L$p¡_u epv$u s¥epf L$fp¡. 

‎

1. bpSy>dp„ Ap`¡g rQÓ (9.3 A A_¡ b) L$ep¡ 

âdyM saphs v$ip®h¡ R>¡ ?‎

‎2. rQÓ "b' dp„_u `qf[õ\rs L$ped Åmhu 

fpMhp dpV¡$ iy„ L$fhy„ `X$i¡ ?‎

	

dp_hu_u fp¡Æ„v$u rhrh^ âh©rÑAp¡ Üpfp 

A_¡L$ _L$pdp `v$p\p£ r_dp®Z \pe R>¡. s¡_¡  O_ 

L$Qfp¡ L$l¡ R>¡. Å¡ Ap`Z¡ ‎Ap L$Qfp_p¡ ep¡Áe   

`Ý^rs\u r_L$pg L$fuA¡ sp¡ Ap _L$pdp `v$p\® 

DÅ®_p¡ A¡L$ d|ëehp_ öp¡s b_u iL¡$. lpgdp„ 

rhð kpd¡ "O_ L$Qfp¡' A¡ A¡L$ ‎dp¡V$u kdõep 

r_dp®Z \C R>¡. s¡_p gu^¡ `pZu A_¡ S>du_ 

b„_¡ âv|$rjs \pe R>¡. A_¡ s¡_p¡ k„b„^ Apr\®L$ 

‎rhL$pk, `ep®hfZ_p¡ ne s¡dS> Apfp¡Áe_¡ 

gNsu kdõepAp¡ kp\¡ R>¡. Ap A¡L$ N„cuf 

bpbs R>¡. O_ L$Qfp_¡ ‎L$pfZ¡ lhp, `pZu A_¡ 

S>du_ âv|$rjs \C r_kN® s¡dS> dp_hu 

hkhpV$ kdn Å¡Md r_dp®Z \C füy„ R>¡.

1. O_ L$Qfp¡ L$p¡_¡ L$l¡ R>¡ ?‎

‎2. O_ L$Qfpdp„ i¡_p¡ i¡_p¡ kdph¡i \pe R>¡ ?‎

fp¡Æ„v$p Æh_dp„ Ap`Z¡ A_¡L$ `v$p\®_p¡, hõsy_p¡ D`ep¡N L$fuA¡ R>uA¡. Ap`Z¡ hp`f¡g Ap `v$p\® A_¡ hõsy_y„ 

‎õhê$` Sy>vy„$ Sy>vy„$ lp¡e R>¡. s¡dp„_p OV$L$ _L$pdp lp¡e R>¡. sp¡ L¡$V$gpL$ `y_h®`fpi_¡ ep¡Áe lp¡e R>¡. `f„sy s¡_p¡ ‎ep¡Áe r_L$pg 

_ \pe sp¡ s¡_y„ rh`qfs `qfZpd `ep®hfZ `f Aph¡ R>¡. ‎

A

b

r_funZ L$fp¡ A_¡ epv$u s¥epf L$fp¡. 

r_funZ L$fp¡ A_¡ QQp® L$fp¡. 

iy„ sd¡ ÅZp¡ R>¡ ?

L$lp¡ Å¡CA¡ ! 
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                  	            D`f S>Zph¡g _L$pdp `v$p\p£_y„ dy¿eÒh¡ L$ep b¡ rhcpNdp„ rhcpS>_ L$fu iL$pe?

rhOV$_iug L$Qfp¡ ‎(Biodegradable waste) : Ap âL$pf_p L$Qfp_y„ rhOV$_ k|ÿdÆhp¡ Üpfp klS>sp\u \pe R>¡. 
s¡dp„ dy¿eÐh¡ fkp¡X$pdp„_p¡ L$Qfp¡, Mfpb ‎AÞ_ `v$p\p£, Mfpb am A_¡ ipL$cpÆ, dpV$u, fpM, R>pZ, TpX$_p `p_, 
hN¡f¡_p¡ kdph¡i \pe R>¡. Ap L$Qfp¡ dy¿eÐh¡ k¢qÖe âL$pf_p¡ lp¡e R>¡. Ap ‎L$Qfp_¡ Ap`Z¡ cu_p¡ O_ L$Qfp¡ L$luA¡ 
R>uA¡. Å¡ Ap L$Qfp_y„ L$pmÆ`|h®L$ rhOV$_ L$fhpdp„ Aph¡ sp¡ Ap`Z_¡ ‎DÑd âL$pf_y„ Mpsf A_¡ HOZ dmu iL¡$ R>¡. 
A_¡L$ il¡fp¡dp„ Aphp âL$pf_p S>¥h HOZ r_rd®rs_p âL$ë` iê$ ‎L$fhpdp„ Apìep R>¡. ‎

ArhOV$_iug L$Qfp¡ (Non-biodegradable waste) : Ap âL$pf_p L$Qfp_y„ kl¡gpC\u rhOV$_ \sy„ _\u L$pfZ L¡$ 
s¡_p rhOV$_ dpV¡$ M|b kde gpN¡ R>¡ A_¡ s¡ dpV¡$ rhrh^ s„Óop__p¡ `Z D`ep¡N L$fhp¡ `X¡$ R>¡. Ap âL$pf_p L$Qfpdp„ 
àgp[õV$L$, ^psy S>¡hp AÞe `v$p\p£_p¡ kdph¡i ‎‎\pe R>¡. Aphp âL$pf_p L$Qfp_¡ k|L$p¡ O_ L$Qfp¡ L$l¡ R>¡.‎

‎_uQ¡_p L$p¡W$p¡_y„ L$pmÆ`|h®L$ hp„Q_ L$fp¡. iy„ Ýep_dp„ Aph¡ R>¡ ? ‎ ‎

hN}L$fZ öp¡s ‎

OfNÕ\y L$Qfp¡‎ h^¡gp¡ AÞ_`v$p\®, _L$pdp L$pNm, àgp[õV$L$_p L$pNm, àgp[õV$L$_u \¡gu, ipL$cpÆ_p 

R>p¡sfp, amp¡_u R>pg, `sfp„_u hõsy, L$pQ_u hõsy hN¡f¡. ‎

Ap¥Ûp¡rNL$ L$Qfp¡‎ fkpeZ, f„N, fpM, _L$pdp¡ `v$p\® ^psy hN¡f¡‎

Å¡Mdu L$Qfp¡‎ rhrh^ DÛp¡N ^„^pdp„\u r_dp®Z \_pf fkpeZp¡, qL$fZp¡Ðkpfu `v$p\®, õap¡V$L$ `v$p\p£, 

‎fp¡NâkpfL$ `v$p\® hN¡f¡ ‎

L©$rj DÛp¡N /
bpNdp„_p¡ L$Qfp¡ ‎

TpX$_p `p_, awgp¡, X$pmuAp¡, M¡sudp„_p `pL$_p Ahi¡j, âpZuAp¡_p dm-‎d|Ó, 

L$uV$L$_piL$, rhrh^ fkpeZp¡ A_¡ Mpsf_p Ahi¡j hN¡f¡. ‎

Cg¡¼V²$p¡r_L$ L$Qfp¡‎ Mfpb \e¡gp¡ V$u.hu.k¡V$,dp¡bpCg ap¡_, çeyrTL$rkõVud, k„NZL$ A_¡ s¡_p ‎cpN hN¡f¡‎

S>¥h h¥ÛL$ue L$Qfp¡‎ v$hpMp_y„, lp¡[õ`V$ëk, f¼s`¡Y$uAp¡ A_¡ âep¡Nipmpdp„ _pMu v$u^¡gp bƒX¡$S>, X²¡$tkN ê$, 

lp\dp¡Å, kp¡e, Ahehp¡_p¡ cpN, gp¡lu, kgpC__u bp¡V$gp¡, v$hp, S|>_u v$hp_u bp¡V$gp¡, 

L$k_mu hN¡f¡.

il¡fu/ _pNfu L$Qfp¡‎ OfNÕ\y, Ap¥Ûp¡rNL$ A_¡ h¥`pfu DÛp¡Np¡ Üpfp r_dp®Z \e¡gp _L$pdp `v$p\p£, ‎vy$L$p_p¡, cpÆ 

dpL£$V$, dV$_ dpL£$V$ hN¡f¡dp„ h`fpsu àgp[õV$L$_u \¡guAp¡, L$pQ, ‎‎ psy_p Vy$L$X$p A_¡ krmep, 

v$p¡fp, fbf, L$pNm, X$åbp, Cdpfs bp„^L$pddp„_p _L$pdp ‎‎ v$p\p£ hN¡f¡. ‎

Ap[ÎhL$ L$Qfp¡‎ AÏrhÛys L¢$Ö, eyf¡r_ed_u MpZ, AÏk„ip¡^_ L¢$Ö, AÏi÷ `funZ ‎L¢$Ödp„\u blpf 

`X$_pf qL$fZp¡Ðkpfu `v$p\® Dv$p- õV²$p¸[Þied-90, rkqfed-‎‎141, b¡qfed-140 A_¡ 

Ap âq¾$epdp„\u blpf `X$_pf cpf¡ `pZu.‎

Mr_S> L$Qfp¡‎ MpZdp„\u dm¡g rkky„, Apk£r_L$, Lµ$X$rded S>¡hu cpf¡ ^psy_p Ahi¡j.‎

‎1. ArhOV$_iug L$Qfp_y„ `y_Q®¾$uL$fZ L$fhy„ L¡$d AphíeL$ R>¡ ?‎
‎2. kyL$p O_ L$Qfpdp„ ¼ep ¼ep `v$p\p£_p¡ kdph¡i \pe R>¡ ?‎dNS> Qgphp¡.

hp„Qp¡ A_¡ rhQpf L$fp¡. 

rhQpf L$fp¡.
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O_ L$Qfp_p ìehõ\p`__u AphíeL$sp 
‎1. `ep®hfZ_y„ âv|$jZ fp¡L$hp A_¡ `qfkf õhÃR> fpMhp dpV¡$ ‎
‎2. DÅ® r_rd®rs A_¡ Mpsf r_rd®rs A_¡ s¡_p Üpfp fp¡S>Npf r_rd®rs_u sL$ D`gå^ L$fhp dpV¡$‎
‎3. O_ L$Qfp `f_u âq¾$ep Üpfp _¥krN®L$ kp^_p¡_u AR>s Ap¡R>u L$fhp dpV¡$ ‎
‎4. Apfp¡Áe k„fnZ A_¡ Æh__u NyZhÑp ky^pfhp dpV¡$ A_¡ `ep®hfZ_y„ kdsp¡g_ Åmhhp dpV¡$ ‎

‎_¥krN®L$ kp¦v$e®_p¡ ‎úpk

L$Qfp_u vy$N¯^ ‎

T¡fuhpey_u r_rd®rs ‎
fp¡Nâkpf

hpey âv|$jZ ‎	S>g âv|$jZ

dpV$u_y„ âv|$jZ

kÆhp¡_u rhrh^sp `f `qfZpd ‎

O_ L$Qfp_y„ 
vy$ó`qfZpd

        9.4 O_L$Qfp_y„ vy$ó`qfZpd‎

‎̀ qfkfdp„_p rhrh^ _L$pdp `v$p\®_u (L$Qfp_u) epv$u s¥epf L$fp¡ A_¡ _uQ¡ âdpZ¡ L$p¡W$p¡ s¥epf L$fp¡. ‎

hõsy ‎ rhOV$_iug ‎‎ v$p\® 
(k¢qÖe)‎

ArhOV$_iug ‎‎ v$p\® 
‎‎(Ak¢qÖe)‎

‎̀ y_r_rd®rs  
‎

‎̀ y_h®`fpi‎ T¡fu ‎

àgp[õV$L$_u ‎bpV$gu ‎ ‎_\u R>¡‎ i¼e i¼e R>¡‎

	 il¡fu A_¡ Ap¥Ûp¡rNL$ 
n¡Ódp„\u r_dp®Z \e¡g O_
L$Qfp¡, A_¡ s¡_p L$pfZ¡ r_dp®Z 
\e¡g kdõep V$pmhp dpV¡$ A_¡ 
‎‎ ep®hfZ_¡ õhÃR> fpMhp dpV¡$ 
O_ L$Qfp_y„ ìehõ\p`_ L$fhy„ A¡ 
hs®dp_ kde_u dp„N R>¡. s¡ 
dpV¡$ DÐ`pv$_ ‎âq¾$ep h^y 
L$pe®nd b_phu Ap¡R>p¡ L$Qfp¡ 
r_dp®Z \pe s¡ Å¡hy„. 
`y_h®`fpi Üpfp L$Qfp_u               
r_rd®rs  Ap¡R>u L$fhu ‎A_¡ 
L$Qfpdp„\u `pR>u hõsy s¥epf 
L$fhu. Ap bpbsp¡ `f 
Ahg„rbs fl¡hy„ `X$i¡. 9.5 O_ L$Qfp_y„ ìehõ\p`_‎

L$Qfp_p 
ìehõ\p`__u 
h¥opr_L$ A_¡ 

`ep®hfZ 
õ_¡lu `Ý^rs 

L$Qfp_y„ rhcpS>_ A_¡ hN}L$fZ ‎

S>¥h h¥ÛqL$e L$Qfp_y„ 
ìehõ\p`_ 
(cÌ$u Üpfp DÃQ 
sp`dp_¡ L$Qfp_y„ 
Ähg_)‎

‎̀ pefp¡rgrkk 
(L$Qfp_y„ JQp DóZspdp_¡ 
Ähg_ L$fu, DÅ® r_rd®rs  
Dv$p. bpep¡Nµk, S>¥hhpeydp„\u 
rhÛys ‎DÅ® r_rd®rs âL$ë`)‎

L$ç`p¡õV$]N 
(k¢qÖe Mpsf) ‎

Amrkep_p 
Mpsf_u r_rd®rs ‎

Ap¥ÛpqNL$ O_ L$Qfp_y„ 
ìehõ\p`_‎
‎(c|rdcfZ_u `Ý^rs)‎

kyfrns 
c|rdcfZ_p 
õ\m_u `k„v$Nu

 k„â¡fZ s„Óop__u dprlsu ‎ 

bpSy>_u ApL©$rs (9.4) _y„ 
L$pmÆ`|h®L$ r_funZ L$fp¡. 
s¡_p Ap^pf¡ O_ L$Qfp_p 
ìehõ\p`__y„ dlÒh sdpfp 
‎rdÓ_¡ e-mail _u klpesp\u 
S>Zphp¡.‎

dprlsu d¡mhp¡.

	 hs®dp_ kdedp„ kh®Ó dp¡bpCg ap¡_ M|bS> gp¡L$râe R>¡. sdpfp Of_u `pk¡ 
Aph¡g ‎dp¡bpCg_u vy$L$p_dp„ bNX¡$gp A_¡ _L$pdp dp¡bpCg_p¡ r_L$pg L$C fus¡ L$fhpdp„ 
Aph¡ R>¡ s¡_u vy$L$p_v$pf ‎‎ pk¡\u dprlsu d¡mhp¡. ‎
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O_ L$Qfp_p ìehõ\p`__p 7 OV$L$p¡ ‎

‎̀ y_h®`fpi (Reuse)

h`fpe¡gy hõsy _L$pdu \ep `R>u AÞe S>ÁepA¡ ep¡Áe 
L$pd dpV¡$ hp`fhu. ‎

D`ep¡N _ L$fhp¡ (Refuse) 

àgp[õV$L$ A_¡ \dp£L$p¡g S>¡hu ArhOV$_iug 
`v$p\®dp„\u b_ph¡g hõsy_p¡ D`ep¡N _ ‎L$fhp¡. ‎

‎̀ y_Q®¾$uL$fZ (Recycle)

_L$pdp `v$p\® `f `y_Q®¾$uL$fZ âq¾$ep L$fu s¡dp„\u 
D`ey¼s `v$p\® s¥epf L$fhp Dv$p. L$pNm ‎A_¡ L$pQ_y„ 
`y_Q®¾$uL$fZ L$fu iL$pe. ‎

‎̀ y_rh®Qpf (Rethink)

fp¡Æ„v$p Æh_dp„ hõsyAp¡ hp`fhp bpbs Ap`Zu 
Apv$sp¡, L©$rs A_¡ s¡_p `qfZpd_p¡ afu ‎‎_h¡kf\u 
rhQpf L$fhp¡. ‎

h`fpi Ap¡R>p¡ L$fhp¡ (Reduce)  

kp^_k„`rÑ_¡ _yL$ip_ \pe A¡hu hõsyAp¡_p¡ D`ep¡N 
Ap¡R>p¡ L$fhp¡. Sy>_u ‎hõsyAp¡_p¡ `y_h®`fpi L$fhp¡. 
A_¡L$ S>ZpA¡ gp¡L$p¡ hÃQ¡ A¡L$ hõsy_p¡ D`ep¡N L$fhp¡. 
hp`fp¡ A_¡ a¢L$p¡ (Use and Throw) A¡hp ‎õhê$`_u 
hõsy_p¡ D`ep¡N V$pmhp¡.‎

k„ip¡^_ (Research) 

spÐ`yfsp D`ep¡Ndp„ _ lp¡e A¡hp _L$pdp ̀ v$p\p£ ̀ pR>p 
h`fpidp„ L$C fus¡ gphhp A¡ k„b„^dp„ ‎k„ip¡^_ L$fhy„. 

‎r_ed_/ S>_ÅN©rs 
(Regulate and Public awareness) 

L$Qfp_p ìehõ\p`_ bpbs_p L$pev$p, r_ed Ås¡ 
`pmhp A_¡ AÞep¡_¡ `Z s¡ `pmhp dpV¡$ âh©Ñ L$fhp. 

Al] L¡$V$guL$ L©$rs Ap`¡gu R>¡. s¡ âÐen fus¡ 
Ap`Z¡ L$fuA¡ R>uA¡ L¡$ ? s¡ L$fhp\u O_ L$Qfp_p 
ìehõ\p`_dp„ ‎Ap`Zu L¡$V$gu dv$v$ \i¡ ? ‎ 

‎1. 	 O_ L$Qfp_p ìehõ\p`_dp„ 3 ‘R’ _p 
d„Ó_p¡ D`ep¡N L$fhp¡. ‎‎

	 Reduce	 - (L$Qfp¡ Ap¡R>p¡ L$fhp¡) 
	 Reuse 	 - (L$Qfp_p¡ `y_h®`fpi) 
	 Recycle	 - (L$Qfp_y„ `y_Q®¾$uL$fZ)‎

‎2.	 Qp¡L$g¡V¹$k, rb[õL$V$k, ApCk¾$ud A\hp 
W$„$X$p ̀ v$p\p£_p àgp[õV$L$_p AphfZ fõsp ̀ f 
A\hp Myëgu ‎S>Áepdp„ Nd¡ Ðep„ _ a¢L$sp„ s¡_¡ 
L$Qfp_p X$åbpdp„ S> _p„Mp¡. ‎

‎3. 	 àgp[õV$L$_u \¡gu_¡ D`ep¡N V$pmhp¡ A_¡ 
s¡_p bv$g¡ L$`X$p_u \¡gu, S|>_u kpX$u, Qpv$f, 
`X$v$p hN¡f¡dp„\u ‎b_ph¡g L$`X$p„_u \¡gu_¡ 
D`ep¡N L$fhp¡. ‎

‎4. 	 L$pNm_u b„_¡ bpSy>A¡ gMhy„, N°uV$]N L$pX®$k, 
rNãV$ `¡`k®_p¡ afu\u D`ep¡N L$fhp¡. ‎

‎5. 	 qV$íe| `¡`f_p¡ D`ep¡N Ap¡R>p¡ L$fu `p¡sp_p¡ 
lp\fydpg hp`fhp¡. ‎

‎6. 	 rkkpey¼s b¡V$fu_u S>ÁepA¡ qfQpS>£bg 
b¡V$fu hp`fhu ‎

‎7. 	 O_ L$Qfp_p ìehõ\p`_dp„ `p¡sp_¡, Ly$Vy„$b_¡ 
A_¡ kdpS>_¡ âp¡Ðkprls L$fhp, rhrh^ 
L$pe®¾$d ep¡S>hp. ‎

‎8. 	 hp`fp¡ A_¡ a¢L$p¡ (Use and Throw)- Ap 
âL$pf_u hõsy `¡_, W„$X$p`uZp_p X$åbp, 
V¡$V²$p`L$ Mfuv$hp_y„ V$pmhy„. ‎

	 	  sdpfp Npddp„ / il¡fdp„ L$Qfp_p ìehõ\p`_ dpV¡$ L$C L$C âq¾$ep L$fhpdp„ 
Aph¡ R>¡?

	 O_ L$Qfpdp„\u rhÛysDÅ® r_dp®Z L$fhp_y„ âdpZ Ad¡qfL$pdp„ kp¥\u h^y R>¡. Å`p_dp„ L¡$mp_u R>pgdp„\u 
L$`X$p_p v$p¡fp ‎A_¡ L$pNm S>¡hu AÞe D`ep¡Nu hõsy s¥epf L$fhp_p âL$ë` rhL$rks L$fhpdp„ Apìep R>¡. sdpfp 
`qfkfdp„ ‎Aphp âL$ë` ¼ep„ ¼ep„ R>¡ ?‎ 

rhQpf L$fp¡. 

dprlsu d¡mhp¡.
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L$Qfp_p rhOV$_dpV¡$ gpNsp¡ kde

‎̀ v$p\®‎ ‎_¥krN®L$ rhOV$_dpV¡$ 
gpN_pfu L$pgph^u ‎

L¡$mp_u R>pg ‎3 \u 4 AW$hpqX$ep

L$pNm_u \¡gu ‎ ‎1 drl_p¡‎

L$`X$p_p„ rQ\fp‎ ‎5 drl_p ‎

D__p„ dp¡Å ‎1 hj®‎

gpL$Xy„$ ‎ ‎10 \u 15 hj® ‎

QpdX$p„_p b|V$ ‎ ‎40 \u 50 hj®‎

S>ks_p X$åbp ‎ ‎50 \u 100 hj®‎

Aµëeyrdr_ed_p X$åbp ‎200 \u 250hj® ‎

Qp¡½$k àgp[õV$L$_u \¡gu ‎ ‎10 gpM hj®‎

‎\dp£L$p¡g L$` (õV$pefp¡ap¡d)‎ A_„s L$pm

9.6 O_ L$Qfp_p k„N°l_u `Ý^rs ‎

	 Ap`Zp„ `qfkfdp„ c¡Np \e¡g O_
L$Qfp_p rhOV$_ dpV¡$ gpNsp¡ kde h^y lp¡e sp¡ 
s¡_y„ `ep®hfZ_p ‎AÞe OV$L$p¡ `f N„cuf `qfZpd 
Aph¡ R>¡. Aph„y _ \pe s¡ dpV¡$ sd¡ L$C L$pmÆ 
g¡ip¡ ? ‎

	‎ _uQ¡_p rQÓ 9.6 "A' dp„ L$Qfp¡ L$C 
`Ý^rs\u fpMhp¡ s¡ v$ip®ìey„ R>¡. Äepf¡ "b' dp„ 
L$Qfp_p âL$pf A_ykpf ‎‎¼ep rhrióV$ X$åbp_p¡ 
D`ep¡N L$fhpdp„ Aph¡ R>¡ s¡ v$ip®ìey„ R>¡. Ap`Zp 
Ofdp„ `Z Ap `Ý^rs_p¡ D`ep¡N L$fu ‎‎ ep®hfZ 
õ_¡lu ìehõ\p`_ L$C fus¡ L$fu iL$pe s¡_p¡ rhQpf 
L$fp¡. 

Brslpkdp„ X$p¡L$uey„ L$fsp„
âpQu_ L$pm\u L$Qfp_p ìehõ\p`_ `f rhi¡j Ýep_ Aphhpdp„ Apìey„ R>¡. N°ukdp„ C.k.`|.320 dp„ A¡\¡Þk ‎‎  
_Nfdp„ L$Qfp_p r_L$pg k„b„^u L$pev$p¡ OX$hpdp„ Apìep¡ lsp¡. s¡ A_ykpf L$Qfp¡ blpf a¢L$hp¡ Ny_p¡ kdS>hpdp„ 
‎Aphsp¡ lsp¡. ‎

‎1.	sdpfp `qfkfdp„ L$C L$C Ap`rÑ_p¡ sd¡ A_ych L$ep¡® R>¡. s¡_u `qfkf_u        
`qf[õ\rs `f iy„ Akf \C R>¡?

‎2.	Ap`rÑ\u bQhp dpV¡$ A\hp Ap¡R>pdp„ Ap¡R>u lpr_ \pe s¡ dpV¡$ sd¡ L$ep             
r_ep¡S>_ L$fip¡ ?‎

	 Ap`Z„p `qfkfdp„ huS>mu `X$hu, dlp`|f Aphhy„, ApN gpNhu S>¡hu _¥krN®L$ OV$_p A_¡ AL$õdps \hp¡, 
‎bp¡çb õap¡V$, L$pfMp_pdp„_u fpkperZL$ vy$O®V$_p, epÓp A_¡ Nv$}hpmp õ\m¡ \su ^½$pd|½$u, lzëgX$ S>¡hu
dp_hr_rd®s OV$_p b_¡ R>¡. Apdp„ dp¡V$p âdpZdp„ Å_lpr_ s¡dS> Apr\®L$ lpr_ \pe R>¡.‎

A b

Ap`rÑ ìehõ\p`_‎ (Disaster Management)

epv$ L$fp¡. 

k|L$p¡ 
L$Qfp¡

cu_p¡ 
L$Qfp¡
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Ap`rÑdp„ SMdu \e¡g Ap`v¹$N°õsp¡_p¡ âp\rdL$ 
D`Qpf 

âp\rdL$ D`Qpf_y„ âdyM DØ¡íe Å_lpr_ V$pmhu, 
‎srbes h^y _ bNX¡$ s¡_u L$pmÆ g¡hu A_¡ afu\u 
õhpõÕe gpc \pe s¡_u âq¾$ep iê$ L$fhp_y„ lp¡e R>¡. 
s¡\u âp\rdL$ D`Qpf ‎A\hp syf„s L$fhp_u D`pe 
ep¡S>_p L$C R>¡ s¡ ÅZu g¡hy„ dlÒh_y„ R>¡. ‎ ‎

âp\rdL$ D`Qpf _p d|m OV$L$p¡ : Q¡s_p A_¡ `y_Æ®h_ 
(Life and Resucitation)
1.	 ðk_dpN® (Airway) : Ap`v¹$N°õs_¡ ðpk g¡hpdp„ 

sL$gua \su lp¡e sp¡ dp\„y _uQy„ fpMhy„ A\hp v$pY$u_¡ 
D`f sfa ‎‎ L¡$ghu Apd L$fhp\u ðk_rgL$p Myëgu 
fl¡ R>¡. ‎

‎2.	 ïhpkp¡ÃR¹>hpk (Breathing): Å¡ ïhpkp¡ÃR¹>hpk 
b„^ `X$u Nep¡ lp¡e sp¡ Ap`v¹$N°õs_¡ dp¢ Üpfp L©$rÓd 
ïhpkp¡ÃR¹>hpk Ap`hp¡. ‎

‎3.	 f¼sprckfZ (Circulation) : Å¡ Ap`v¹$N°õs 
b¡cp_ Ahõ\pdp„ lp¡e sp¡ s¡ ìe[¼s_¡ b¡hpf L©$rÓd 
ïhpkp¡ÃR¹>hpk Ap`hp¡ ‎A_¡ `R>u R>psu`f lp\ 
fpMu ùv$e`f Å¡f\u v$bpZ Ap`hy„. Ap âq¾$ep 
A„v$pS>¡ 15 hpf L$fhu Ap_¡ CPR (Cardio - 
Pulmonary Resuscitation) L$l¡ ‎R>¡. Ap`v¹$N°õs 
ìe[¼s_y„ f¼sprckfZ `pRy>„ kyìeh[õ\s fus¡ Qpgy 
\hpdp„ dv$v$ \pe R>¡. ‎                   

rhrh^ âL$pf_u Ap`rÑ Aphhp\u \_pf Å_
lpr_ Qp¡½$k ¼ep âL$pf_u lp¡e R>¡ ?‎

	 f¼s÷ph : Å¡ Ap`v¹$N°õs ìe[¼s_¡ S>Md \C s¡dp„\u f¼söph iê$ \ep¡ lp¡e sp¡ s¡ S>Md `f S>„sy„ frls 
‎AphfZ d|L$u A„NyW$p\u 5 rdr_V$ v$bpZ Ap`hy„. ‎

	 A[õ\c„N A_¡ dZL$p `f ApOps : Å¡ Ap`v¹$N°õs ìe[¼s_y„ lpX$Ly„$ cp„Nu Ney lp¡e sp¡ s¡ cp„N¡gp„ lpX$L$p„_¡ 
‎‎[õ\f fpMhy„ AphíeL$ b_¡ R>¡. s¡ dpV¡$ L$p¡C âL$pf_y„ ̀ pV$uey„ D`gå^ lp¡e sp¡ s¡ Ðep„ bp„^u AQg (Immobilisation) 
L$fhp ‎dpV¡$ D`ep¡Ndp„ g¡hy„. `uW$ `f/dZL$p `f CÅ \e¡g ìe[¼s _¡ L$W$Z MpV$gu (Hard Stretcher) `f 
kyhX$phhu. 

	 v$pTu S>hy„ : Å¡ Ap`v¹$N°õs ìe[¼s ApN_u ÄhpmpAp¡_p¡ riL$pf b_u lp¡e sp¡ Ap¡R>pdp„ Ap¡R>u 10 rdr_V$ 
‎v$pT¡gpcpN_¡ W„$X$p `pZu_u kss ^pf _uQ¡ fpMhp\u apev$pL$pfL$ \i¡. ‎

       9.7  L©$rÓd ðpkp¡ÃR¹>hpk ‎

  Ap`rÑ ìehõ\p`_ A¡V$g¡ kyr_ep¡S>_, 
k„OV$_pÐdL$ ¾$p„rs A_¡ kdÞhe Üpfp Adg 
L$fhp_u A¡L$pÐdL$ q¾$ep. S>¡dp„ _uQ¡_u bpbs_p¡ 
kdph¡i \pe R>¡.

1.	 Ap`rÑ_¡ L$pfZ¡ \su lpr_ A_¡ Å¡Md 
`f ârsb„^ d|L$hp¡.

2.	 A„v$pS> L$pY$hp¡.

3.	 Ap`rÑ r_hpfZ L$fh„y/Å¡Md_y„ õhê$` 
A_¡ ìep[às Ap¡R>u L$fhu.

4.	 Ap`rÑ_p¡ kpd_p¡ L$fhp_u `|h®s¥epfu 
L$fhu.

5.	 Ap`rÑ_u `qf[õ\rsdp„ sÐL$pm L©$rs 
L$fhu.

6.	 Ap`rÑ\u \e¡gu lpr_ A_¡ s¡_u 
suh°sp_p¡ A„v$pS> L$pY$hp¡.

7.	 bQph A_¡ dv$v$L$pe® L$fhy„.

8.	 `y_h®k_ A_¡ `y_r_®dp®Z L$fhy„.

L$lp¡ Å¡CA¡ ! 
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‎̀ pfZp„ `Ý^rs : bpmL$p¡ 
s¡dS> Ap¡R>p hS>_hpmu 
ìe[¼s dpV¡$ D`ep¡Nu.

M¢Qu_¡ gC S>hy A\hp D„QL$u_¡ gC S>hy : b¡cp_ 
S>Mdu_¡ \p¡X$p A„sf ky^u gC S>hp dpV¡$.

b¡ lp\_u b¥W$L$ : S>¡ S>Mdu Ap^pf dpV¡$ `p¡sp_p lp\ 
hp`fu iL$sp _\u, `f„sy `p¡sp_y„ ifuf kfm fpMu iL¡$ 
‎R>¡. ‎

Qpf lp\_u b¥W$L$ : Äepf¡ S>Mdu_p L$df _uQ¡_p 
Ahehp¡_¡ Ap^pf_u S>ê$f lp¡e. ‎

õV²¡$Qf : Ap`psL$pmdp„ Dsphmdp„ Å¡ l„d¡ip h`fpsy„ 
õV²¡$Qf D`gå^ _ lp¡e sp¡ Aphp hMs¡ D`gå^ hõsy 
‎S>¡hu L¡$ bp„by_p v$fhpÅ ^pbmp, Np¡v$X$u, Qpv$f _p¡ 
D`ep¡N L$fu õV²¡$Qf b_phhy„. ‎

A[Á_ipdL$ v$m_u JQL$u_¡ gC S>hp_u `Ý^rs

`uW$`f b¡kpX$hy„ : S>Mdu Å¡ cp_dp„ 
lp¡e sp¡ D`ey¼s `Ý^rs.‎

S>Mdu/ Ap`v¹$N°õs_y„ õ\mp„sf L¡$hu fus¡ L$fh„y ? ‎

gQL$, dfX$pC S>hy„, QdL$ cfpC S>hu d|Y$ dpf Aphu `qf[õ\rsdp„ RICE ‎_u D`pe ep¡S>_p L$fhu.‎ 
Rest : Ap`v¹$N°õs_¡ Apfpdv$peL$ Ahõ\pdp„ b¡kpX$hp.‎
Ice : Ap`v¹N°õs_¡ dpf gpN¡gp cpN `f bfa gNpX$hp¡.‎
Compression : \p¡X$u hpf dpV¡$ bfa gNpX$ép `R>u s¡ cpNdp„ lmh¡\u dprgi L$fhu. ‎
Elevate :  dpf gpN¡gp cpN_¡ KQp¡ fpMhp¡.

dp_hu L$p„MOp¡X$u `Ý^rs : A¡L$S> `Ndp„ S>Md/ dpf 
gpÁep¡ lp¡e sp¡ buÅ `N `f Ap¡R>pdp„ Ap¡R>p¡ cpf 
Ap`hp¡. ‎
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1.	 "A' A_¡ "b' õs„c_p k„Ns OV$L$p¡_¡ Å¡X$u s¡d_p¡ `ep®hfZ`f \sy„ `qfZpd õ`óV$ L$fp¡. ‎
	 ‎	 "A' õs„c ‎	‎	  "b' õs„c‎
	‎ (1)	 Å¡Mdu L$Qfp¡‎	 (A)	 L$pQ, fbf, L¸fubµN hN¡f¡‎
	‎ (2)	 OfNÕ\y L$Qfp¡‎	 (Ap)	fkpeZ, f„N, fpM hN¡f¡ `v$p\®‎
	‎ (3)	 S>¥h h¥ÛqL$e L$Qfp¡‎	 (B) 	 qL$fZp¡Ðkpfu `v$p\®‎
	‎ (4)	 Ap¥Ûp¡rNL$ L$Qfp¡‎	 (C) 	 _L$pdp¡ bNX$u Ne¡gp¡ AÞ_ `v$p\®, ipL$cpÆ, am_u R>pg ‎
	‎ (5)	 il¡fu L$Qfp¡‎	 (D) 	 bƒX¡$S>, ê$, kp¡e hN¡f¡.‎

2.	 Ap`¡g `ep®edp„\u ep¡Áe `ep®e `k„v$ L$fu rh^p_ 
`|Z® L$fp¡. s¡_y„ kd\®_ L$fp¡. ‎

		 (cp¥Np¡rgL$ A_yL$|msp, lhpdp_, lhp, h¡̂ ipmp) 
	 (A)	 S>¥h rhrh^sp `f AS>¥rhL$ OV$L$p¡dp„\u 

kp¥\u  h^y `qfZpd L$f_pf OV$L$ ....... R>¡. 
	 (Ap)	L$p¡C`Z õ\p_¡ Aë`L$pm dpV¡$_u 

hpsphfZ_u [õ\rs_y„ hZ®_ A¡V$g¡ .... ‎
	 (B)	 dp_h¡ Nd¡ s¡V$gu `Z âNrs L$fu lp¡e sp¡ 

`Z ......... _p¡ rhQpf L$fhp¡S> `X¡$ R>¡. ‎
	 (C) 	 lhp_p kh® OV$L$p¡_y„ r_funZ L$fu _p¢^ 

fpMhp_p õ\p__¡ ......... L$l¡hpe R>¡. ‎ 
3.	 _uQ¡_p âñp¡_p DÑf gMp¡. ‎ ‎
	 (A)	 Ap`rÑdp„ S>Mdu \e¡g Ap`v¹$N°õs 

ìe[¼s_p¡ âp\rdL$ D`Qpf L$C fus¡ L$fhp¡ ?‎
	 (Ap)	h¥opr_L$ A_¡ `ep®hfZ õ_¡lu L$Qfp_p 

ìehõ\p`__u `Ý^rs S>Zphp¡.‎
	 (B) ‎	 lhpdp_ A„v$pS> A_¡ Ap`rÑ ìehõ\p`_ 

hÃQ¡_p¡ klk„b„^ Dv$plfZ krls õ`óV$ 
L$fp¡. 

	 (C) ‎	 C-L$Qfp¡ OpsL$ lp¡e R>¡ ? Ap rhi¡ sdpfp¡ 
ds gMp¡. ‎

	 (D)	 O_ L$Qfp_p ìehõ\p`_dp„ sdpfp¡ 
ìe[¼sNs$ klcpN L¡$hu fus¡ _p¢^phip¡ ?‎

4.	 _p¢^ gMp¡. ‎ ‎
	 lhpdp_ip÷, lhpdp__p OV$L$, dp¡Þky__y„ dp¸X¡$g, 

Ap¥Ûp¡rNL$ L$Qfp¡, àgp[õV$L$ L$Qfp¡, âp\rdL$ 
D`Qpf_p ‎d|m OV$L$p¡¡. ‎

5.‎	 kÆhk©[óV$dp„ lhpdp__y„ dlÒh v$ip®h_pf 
Dv$plfZp¡ õ`óV$uL$fZ krls sdpfp iåv$p¡dp„ 
gMp¡. 

‎6.‎	 S>Mdu_y„ hl_ L$fhp_u `Ý^rs hp`fsu hMs¡ L$C 
L$pmÆ g¡hu Å¡CA¡ s¡ Dv$plfZ krls õ`óV$ L$fp¡. 

‎7.‎	 saphs gMp¡. ‎
	 (A)	 lhp A_¡ lhpdp_ ‎
	 (Ap)	rhOV$_iug A_¡ ArhOV$_iug L$Qfp¡. ‎

D`¾$d ‎	
	 1.	 _ÆL$_p lp¡[õ`V$g_u dygpL$ps gC Ðep„ 

L$Qfp_y„ ìehõ\p`_ L$C fus¡ L$fhpdp„ Aph¡ 
R>¡. s¡ rhi¡ ‎dprlsu c¡Nu L$fp¡. ‎

	 2.	 sdpfu ipmp_p `qfkfdp„ rinL$p¡_p 
dpN®v$i®_ l¡W$m Amrkep_y„ Mpsf r_dp®Z 
L$fhp_p¡ âL$ë` fQp¡. ‎

Ap`psL$pmdp„ h`fpsp AÞe kp^_p¡ : dlp`|fdp„ `pZudp„\u gp¡L$p¡_¡ kyfrns blpf L$pY$hp âipk_ dpfas ‎bp¡V$_p¡ 
D`ep¡N L$fhpdp„ Aph¡ R>¡. syf„s dv$v$ dpV¡$ gpL$X$p_p `pqV$ep„, bp„by_p sfp`p, lhp cf¡g V$pef_u V$éyb ‎hp`fhu 
apev$pL$pf b_¡ R>¡. ‎

²²²

 A[Á_ipdL$ e„Ó ¼ep„e `Z klS> fus¡ gC S>C iL$pe A¡hy„ D`L$fZ lp¡e R>¡. 
ApN Ap¡ghhp dpV¡$ Sy>v$pSy>v$p ‎âL$pf_p e„Óp¡ h`fpe R>¡. Ap bpbs¡ sd¡ il¡fdp„_p 
A[Á_ipdL$ v$m_p dygpL$ps gC rhõs©s dprlsu d¡mhp¡. (h^pf¡ dprlsu dpV¡$ `pW$ 
¾$. 13 Sy>Ap¡.)

dprlsu d¡mhp¡.

õhpÝepe
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dprlsu c¡Nu L$fhu, dprlsu_u g¡hX$ v¡$hX$ L$fhu, dprlsu `f âq¾$ep L$fhu s¡dS> s¡_y„ 
k„â¡jZ L$fhp dpV¡$ âÐen ‎L¡$ AâÐen fus¡ ¼ep ¼ep kp^_p¡ Ap`Z¡ hp`fuA¡ R>uA¡ ?‎ 

dprlsu k„â¡jZ s„Óop_ - (Information Communication Technology : ICT ) Ap k„opdp„ 
k„â¡jZ_p kp^_p¡ A_¡ s¡_p D`ep¡N_u kp\¡ sd¡ hp`fu iL$p¡ s¡hu ‎k¡hpAp¡_p¡ `Z kdph¡i \pe R>¡. rhop_ A_¡ 
s„Óop__u âNrs_¡ L$pfZ¡ r_dp®Z \su âQ„X$ dprlsu_p¡ k„N°l ‎âQ„X$ h¡N¡ h^u füp¡ R>¡. Ap dprlsu_p rhõap¡V$ âÐe¡ 
Å¡ vy$g®n L$fuA¡ sp¡ Ap`Zu ̀ pk¡_y„ op_, s¡_p¡ âQpf, ‎âkpf A_¡ rhõspf _ \hp\u s¡ Ak„Ns (S|>_y„) \hp_u i¼esp 
R>¡. ‎

dprlsu_p rhõap¡V$_p¡ kpd_p¡ L$fhp dpV¡$ dprlsu k„â¡jZ s„Óop__u c|rdL$p L$C 
fus¡ dlÒh_u R>¡ ? ‎

dprlsu k„â¡jZ s„Óop__p kp^_p¡ : k„â¡jZ dpV¡$ dprlsu r_dp®Z L$fhu, s¡_y„ hN}L$fZ L$fhy„. dprlsu_y„ ‎S>s_ 
L$fhy„ A_¡ k„N°l L$fhp¡, dprlsu_y„ ìehõ\p`_ L$fhy„ hN¡f¡ q¾$epAp¡ dpV¡$ rhrh^ kp^_p¡_p¡ D`ep¡N ‎L$fhpdp„ Aph¡ R>¡. 
S>¡d L¡$ V¡$rgap¡__p¡ D`ep¡N k„cpjZ Üpfp dprlsu_u Ap` -g¡ L$fhp dpV¡$ \pe R>¡.‎ ‎

_uQ¡_p L$p¡W$pdp„ dprlsu k„â¡jZ s„Óop__p L¡$V$gp„L$ kp^_p¡_p _pd Apàep„ R>¡. 
s¡dp„ `|R>¡gp âñp¡_p Ap^pf¡ ‎L$p¡W$p¡ `|Z® L$fp¡. s¡ D`fp„s sd_¡ Mbf lp¡e s¡hp AÞe 
kp^_p¡_u _p¢^ L$fp¡. ‎

dprlsu k„â¡jZ s„Óop__y„ dy¿e kp^_ R>¡ k„NZL$. k„NZL$_p 
â\d r_dp®Z\u s¡_u `p„Q `¡Y$uAp¡ dp_hpdp„ ‎Aph>¡ R>¡. k„NZL$_u 
`l¡gu `¡Y$u 1946 \u 1959 Ap kde v$fçep_ d_pe R>¡. Ap kdedp„ 
ENIAC Ap â\d k„NZL$ ‎s¥epf \ey„ s¡dp„ "hpëh' h`fpsp„ lsp„. S>¡ 
ApL$pfdp„ dp¡V$p„ lsp„ S>¡\u h^pf¡ rhÛys h`fpsu lsu. s¡_p L$pfZ¡ ‎h^y 
DóZsp r_dp®Z \su A_¡ OZuhpf k„NZL$ b„^ `X$u S>sp. ApS>_p 
k„NZL$ `p„Qdu `¡Y$u_p R>¡. ‎

CÞV$f_¡V$_u dv$v$\u k„NZL$_u 
b^u `¡Y$uAp¡ A_¡ s¡_p âL$pf_u dprlsu 
d¡mhp¡. s¡d_u rhi¡jspAp¡ hÃQ¡_p¡ 
saphs$ ‎‎ _p¢^p¡. ‎

dprlsu d¡mhp¡. 

L$p¡W$p¡ `|Z® L$fp¡.

rhQpf$ L$fp¡. 

1. गतीचे नियम
Ø  k„NZL$_p dlÒh_p OV$L$p¡‎	 Ø  rhrh^ kp¸ãV$h¡Af ‎
Ø  rhop_ A_¡ s„Óop_dp„ dprlsu k„â¡jZ_y„ dlÒh ‎    Ø  k„NZL$ n¡Ódp„ fl¡gu sL$ ‎

‎10. dprlsu k„â¡jZ s„Óop_ - âNrs_u _hu qv$ip.‎

kp^__y„ _pd ‎ i¡_p dpV¡$ D`ep¡N \pe R>¡? ‎ ‎ ¼ep„ \pe R>¡? D`ep¡N_p¡ apev$p¡

k„NZL$ / gµ`V$pµ` ‎

dp¡bpCg

f¡qX$ep¡ ‎

v|$fv$i®_ ‎

 L$lp¡ Å¡CA¡ !
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k„NZL$_p¡ ApS>_p s„Óop_ eyNdp„ kh®n¡Ó¡ \e¡gp„ âh¡i_y„ L$pfZ k„NZL$_p¡ h^sp¡ S>sp¡ h¡N R>¡. Ap`Zu 
‎Apk`pk ¼ep ¼ep n¡Ódp„ k„NZL$_p¡ D`ep¡N \pe R>¡ ? ‎ ‎ ‎

k„NZL$_y„ L$pe® L¡$hu fus¡ Qpg¡ R>¡ ? ‎

k„NZL$_p dlÒh_p OV$L$p¡  :‎
d¡dfu ‎:  "d¡dfu' A¡V$g¡ C_`yV$ eyr_V$ `pk¡\u Aph¡gu dprlsu A_¡ s¥epf \e¡g DÑf_p¡ k„N°l L$fhp_u S>Áep 
k„NZL$dp„ ‎b¡ âL$pf_u d¡dfu h`fpe R>¡. ‎
	 1. k„NZL$_u `p¡sp_u d¡dfu (Internal Memory) ‎
	 2. k„NZL$_¡ blpf\u `|fu `pX¡$gu d¡dfu (External Memory)
k„NZL$_u Internal d¡dfu b¡ âL$pf_u lp¡e R>¡. ‎
	‎ 1. RAM (Random Access Memory) : Ap d¡dfu Cg¡¼V²$p¡r_L$ `pV®$k¹\u s¥epf \e¡gu lp¡e R>¡. L$p¡C`Z 
Cg¡¼V²$p¡r_L$ `pV®$ s¡_¡ Cg¡¼V²$p¡r_L$ kàgpe ‎dm¡ Ðep„ky^u S> L$pd L$fu iL¡$ R>¡. ‎
	‎ 2. ROM  (Read Only Memory) : Ap d¡dfudp„_u dprlsu Ap`Z¡ a¼s hp„Qu iL$uA¡. d|m dprlsudp„ 
a¡fapf L$fu iL$sp„ _\u. ‎
Ap¡`f¡V$]N rkõV$d (Operating System - OS) : k„NZL$ A_¡ s¡_p ̀ f L$pd L$fsu ìe[¼s Ap bÞ_¡ hÃQ¡ k„hpv$ 
kp^hp_y„ L$pd Ap ‎âpµN°pçk Üpfp \pe R>¡. s¡_¡ S> DOS (Disk Operating System) L$l¡ R>¡. Ap¡`f¡qV„$N rkõV$d 
hNf Ap`Z¡ k„NZL$_p¡ D`ep¡N L$fu iL$sp„ _\u. ‎
âp¡N°pd : âp¡N°pd A¡V$g¡ k„NZL$_¡ Ap`¡gp L$dpÞX$k¹_p¡ kd|l (Group)  R>¡. ‎
X¡$V$p A_¡ CÞap¡d£i_ : X¡$V$p (Data) A¡V$g¡ L$pQp ê$`dp„ Ap`¡gu dprlsu  (Information) R>¡. ‎

âp¡k¡tkN eyr_V$ ‎

10.1 k„NZL$_u L$pe®âZprg

ApDV$`yV$ eyr_V$ : s¥epf \e¡gp¡ S>hpb A„s¡ 
ApDV$`yV$ (Output) eyr_V$dp„ dp¡L$ghpdp„ 
Aph¡ R>¡. dy¿eÐh¡ dp¡r_V$f õ¾$u_ A_¡ râÞV$f_p¡ 
‎D`ep¡N ApDV$`yV$ eyq_V$dp„ \pe R>¡. ‎ 

B_`yV$ eyr_V$ ‎: k„NZL$_¡ b^u 
dprlsu Ap eyr_V$ Üpfp `|fu `pX$hpdp„ 
Aph¡ R>¡. Ap dpV¡$ L$u-bp¡X®$ (Key-
Board) _p¡ D`ep¡N L$fhpdp„ Aph¡ R>¡. 

1. d¡dfu eyr_V$ ‎
2. L$ÞV²$p¡g eyr_V$ ‎
3. ALU eyr_V$ ‎

âp¡k¡kf ‎

 L$lp¡ Å¡CA¡ !
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k„NZL$_p dy¿e b¡ OV$L$‎
lpX®$h¸Af (Hardware) : ‎lpX®$h¸Af A¡V$g¡ k„NZL$dp„ h`fpsp„ b^p„ õ`¡f`pV®$k¹ (Electronic & 

Mechanical parts).
kp¡ãV$h¸Af (Software) :‎ kp¡ãV$h¸Af A¡V$g¡ k„NZL$_¡ Ap`¡gu L¡$ `|fu `pX¡$gu dprlsu (Input) s¡dS> 

k„NZL$ `pk¡\u dm¡gu ‎rhïg¡jus dprlsu (Output). 

k„NZL$_p rhrh^ lpX®$h¸Af A_¡ kp¡ãV$h¸Af_u epv$u b_php¡ A_¡ s¡_p„ 
L$pep£ rhi¡ hN®dp„ QQp® L$fp¡. ‎

k„NZL$dp„ "Microsoft Word' _u dv$v$\u g¡M A_¡ kduL$fZp¡ s¥epf L$fp¡.‎

1.	 Desktop `f_p„             Ap Icon `f click L$fp¡. ‎

‎2.	 File tab dp„ "New' Ap option `k„v$ L$fu Blank Document `f click L$fp¡. ‎

3. 	 õ¾$u_ `f v¡$Mpsp„ L$p¡fp `p_p `f keybord _u dv$v$\u aL$fp¡ type L$fp¡. type L$f¡gp aL$fp_u cpjp, Anfp¡/ 
hp¼ep¡ Bold L$fp¡, Font ‎bv$gp¡, Home tab dp„_p AÞe `ep®ep¡_p¡ D`ep¡N L$fu_¡ gMpZ ApL$j®Z b_php¡.

‎4. 	 aL$fpdp„ equations type L$fhp dpV¡$ insert tab dp„ S>C equation `ep®e `k„v$ L$fp¡.(click L$fp¡.)

L$fu Sy>Ap¡¡.

epv$u b_php¡ A_¡ QQp® L$fp¡. 

‎5. 	 ep¡Áe equation`k„v$ L$fu s¡dp„ NrZs_p rQl¹_p¡ `k„v$ L$fu (Insert) L$fp¡. ‎
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Data Entry L$fsu hMs¡ L$C L$pmÆ g¡ip¡ ?‎
1.	 i¼e lp¡e Ðep„ ky^u Data enter L$fsu hMs¡ V¡$bg_p ê$`dp„ S> fpMhp¡. Sy>v$p-Sy>v$p âL$pf_p X¡$V$pdpV¡$ Sy>v$p-

Sy>v$p cells hp`fhp. Data ‎cfsu hMs¡ kyOX$sp\u A¡L$ S> flow dp„ cfsp„ S>hy„. buS> S>ê$fu Spaces L¡$ 
Special Characters hp`fhp _l]. ‎

‎2. 	Ap`Z¡ OZuhpf Data Drag and Fill L$fuA¡ R>uA¡ Ðepf¡ Data Drag L$ep® `R>u Aphsp Smart tag _p 
D`ep¡N\u Å¡CA¡ s¡hp¡ A_¡ Å¡CA¡ ‎s¡V$gp¡ Data Fill L$fu iL$uA¡ R>uA¡. ‎

‎3. 	Data enter L$ep® `R>u Sy>v$p Sy>v$p âL$pf¡ formating L$fu iL$pe R>¡. s¡dS> Sy>v$p-Sy>v$p âL$pf_p Formulae 
hp`fu_¡ Calculations `Z L$fu iL$pe R>¡. ‎

‎4. 	Formula hp`fsu hMs¡ `l¡gp„  ‘=’ _y„ rQl¹_ Ap`hy„ S>ê$fu R>¡. s¡dS> L$p¡C`Z Formula Type L$fsu 
hMs¡ s¡dp„ Space Ap`hp ‎‎_l]. ‎

Microsoft Excel ‎_u dv$v$\u âpàs k„¿epÐdL$ dprlrs_p¡ Apg¡M v$p¡fhp¡. ‎

1.Desktop D`f                Ap Icon `f click L$fp¡. ‎
	
‎2. File tab dp„ New option `k„v$ L$fu Blank Document Ap `ep®e `k„v$ L$fp¡. ‎
‎3. Screen `f v¡$Mpsu Excel Sheet dp„ S>¡ dprlsu _p¡ Apg¡M v$p¡fhp¡ R>¡ s¡ dprlsu type L$fu gp¡. ‎
‎4. dprlsu type \C Nep `R>u s¡_¡ select L$fu Insert tab dp„_p S>ê$fu graph `f click L$fp¡. ‎

5. Apg¡M_p Ap^pf¡ dprlsu_y„ rhïg¡jZ L$fp¡. ‎

L$fu Sy>Ap¡¡.



112

Microsoft Powerpoint  

Portable  Document  Format (PDF) õhê$`_u 
apCg Å¡hp dpV¡$, râ„V$ L$pY$hp dpV¡$ A_¡ apCg Å¡X$hp 
dpV¡$ h`fpe R>¡.

Internet Explorer
	 A¡ A¡L$ âL$pf_y„ Search Engine R>¡. 
A¡_p Üpfp CÞV$f_¡V$`f D`gå^ dprlsu_p 
Åmpdp„\u AphíeL$ dprlsu ip¡^hpdp„ dv$v$     
\pe R>¡.

Acrobat Reader

Microsoft Powerpoint ‎_u dv$v$\u Presentation (fS|>Aps) L$fhy„.‎

1. Desktop `f_p                Ap Icon `f click L$fp¡‎
‎2. S>¡ OV$L$ `f  Presentation b_phhy„ R>¡ s¡ OV$L$_¡ k„b„r^s dprlsu, rQÓp¡ hN¡f¡ (Story board) `l¡g¡\u S> 
    s¥epf fpMhy„ S>ê$fu R>¡. ‎
‎3. File tab dp„ New option `k„v$ L$fu Blank Slide `ep®e `k„v$ L$fp¡. ‎
   ‎ (Presentation A_ykpf Slide `k„v$ L$fu iL$pe R>¡.) ‎
‎4. `k„v$ L$f¡gu Slide dp„ S>ê$fu dprlsu type L$fp¡ A_¡ Å¡Csy„ rQÓ Insert L$fp¡.‎
‎5. Design tab _u dv$v$\u slide _¡ Design L$fp¡. ‎
‎6. Animations tab _u dv$v$\u  slide _¡ animation Ap`p¡ A_¡ slide show L$fp¡. ‎

L$fu Sy>Ap¡¡.
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k„NZL$ n¡Ódp„ fl¡gu sL$ ‎

1. 	kp¡ãV$h¸Af n¡Ó¡ : Ap dlÒh_y„ n¡Ó R>¡. kp¸ãV$h¡Af s¥epf L$fhp_„y Apl¹hp_ õhuL$pfu_¡ A_¡L$ L„$`_uAp¡A¡ Ap 
‎n¡Ódp„ T„`gpìey„ R>¡. Ap n¡Ódp„ fl¡gu sL$p¡_y„ _uQ¡ âdpZ¡ hN}L$fZ L$fu iL$pe. 

	 A¡àguL¡$i_ âp¡N°pd ‎X¡$ìlg`d¡ÞV$, kp¡ãV$h¸Af ̀ ¸L¡$S> X¡$hg`d¡ÞV$ Ap¡`f¡V$]N rkõV$ud A_¡ eyqV$guV$u X¡$hg`d¡ÞV$, 
õ`¡íeg ``®T ‎kpeÞV$uauL$ A¡àguL¡$i_. ‎

‎2.	 lpX®$h¸Af n¡Ó¡ : lh¡ Ap`Zp v¡$idp„ ̀ Z A_¡L$ L„$`_uAp¡ k„NZL$ b_ph¡ R>¡. s¡ ̀ p¡sp_p k„NZL$ h¡Q¡ R>¡. Äepf¡ 
‎L¡$V$gp„L$ blpf\u gphu_¡ h¡Q¡ R>¡, qf`¡f L$f¡ R>¡. L¡$V$guL$ dp¡V$u L„$`_uAp¡dp„ A_¡L$ k„NZL$ kss L$pe®nd fl¡, 
‎‎¼epf¡e b„^ S> _ `X¡$ s¡ dpV¡$ v¡$Mf¡M fpMhp_p L$p¡ÞV²$p¼V$_p L$pd g¡ R>¡. s¡dp„ `yóL$m _p¡L$fuAp¡ dmu fl¡ R>¡. 
‎lpX®$h¸Af qX$Tpe_]N, lpX®$h¸Af âp¡X$¼i_, lpX®$h¸Af A¡k¡çbgu A_¡ V¡$õV$]N, lpX®$h¸Af d¡_V¡$_Þk,              
kh}k]N A_¡ fu`¡f]N hN¡f¡ n¡Ódp„ _p¡L$fu_u sL$ R>¡. 

‎3.	 ârinZ : Sy>v$p Sy>v$p L$pd dpV¡$ _h¡kf\u iuM_pfp_¡ V²$¡_]N Ap`hp_y„ qaëX$ `Z M|b dp¡Vy„$ R>¡. `p¡s¡ kdfk 
‎‎\C_¡ iuMh¡ s¡dS> k„NZL$ rhjedp„ L$pe®nd A¡hp ârinL$p¡ M|b S> dlÒh_p„ R>¡. ‎

‎4.	 dpL£$qV„$N : k„NZL$ A_¡ s¡_u `|fL$ kpdN°u (A¡¼k¡kfuT) s¥epf L$fsu A_¡ h¡Qsu A_¡L$ k„õ\pAp¡ R>¡. s¡d_¡ 
h¡Qu iL¡$ A¡hp Ly$im gp¡L$p¡_u S>ê$f lp¡e R>¡. Ap dpV¡$ k„NZL$_u L$pe®âZprg, A_ych A_¡ dpL£$qV„$Ndp„ ê$rQ 
s\p L$pe® ‎Ly$imsp lp¡hu S>ê$fu R>¡.‎

h¥opr_L$ dprlsu c¡Nu L$fhu ‎:
CÞV$f_¡V$, Cd¡g, ÞeyTN°y`, 
ågp¡ÁT¹, QµV$ê$çk¹, 
rhL$ur`X$uep, rhqX$Ap¡ 
L$p¡_ÞafÞk]N hN¡f¡...‎

	 rhop_ A_¡ s„Óop_dp„ dprlsu-k„â¡jZ s„Óop__p¡ D`ep¡N _uQ¡_p Qp¡L$W$pdp„ Apàep¡ R>¡. s¡ D`fp„s lÆ ‎‎¼ep 
¼ep D`ep¡N \C iL¡$ ? ‎

A„v$pS> bp„^hp¡ / A_ydp_ L$fhy„ ‎:
dprlsu_y„ k„L$g_ L$fu s¡_p 
`f âq¾$ep L$fu A„v$pS> / 
A_ydp_ bp„^u iL$pe R>¡. 
‎v$p.s. lhpdp_ip÷‎

qv$Áv$i®_ ‎:
rhop__p L¡$V$gp„L$ âep¡N s¡dS> 
k„L$ë`_p, rkçeyg¡i_ A_¡ 
A¡r_d¡i__p¡ D`ep¡N L$fu_¡ 
`qfZpdL$pfL$ A_¡ ‎klS> fus¡ 
qv$Áv$ri®s L$fu iL$pe R>¡. 
v$p.s. Q¡sps„Ó_y„ L$pe®.‎

‎_p¢^ : Ap âL$fZdp„ iuM¡gp„ dprlsu k„âjZ s„Óop__p¡ D`ep¡N rhop_ A_¡ s„Óop_ rhje_p¡ Aæepk ‎L$fsu 
hMs¡ âÐen ê$`¡ L$fhp_p¡ R>¡. s¡ dpV¡$ sdpfp rinL$ s¡dS> hpgu A_¡ rdÓp¡_u S>ê$f dv$v$ gp¡.‎

k„õ\p_y„ L$pe®
	 C-DAC âNs k„NZ_ k„õ\p (Centre for Development of Advance Computing) A¡ `yZ¡_u kyrh¿eps 
k„NZL$ k„ip¡^_ k„õ\p R>¡. k„NZL$ n¡Ó¡ k„ip¡^_ L$fsu ‎cpfs_u AN°NÎe k„õ\p R>¡. ku-Xµ$L$_u dv$v$\u cpfs¡, 
cpfsue b_phV$_y„ â\d "ky`f-L$çàeyV$f' b_pìey„ ‎lsy„. dlp_-Äe¡óW$ h¥opr_L$ rhS>e cV$L$f¡ Ap rhi¡ Ad|ëe 
dpN®v$i®_ Apàey„ ls„y. Ap k„NZL$_¡ "`fd ‎k„NZL$' _pd Apàey„ ls„y. `fd¹ A¡V$g¡ kh®î¡óW$. Ap k„NZL$ A¡L$ 
k¡L$ÞX$dp„ A¡L$ AbS> NZsfu L$fu iL¡$ R>¡. ‎AhL$pi k„ip¡^_, c|Nc®dp„ \su rlgQpg, s¡gL|$hp_y„ k„ip¡^_, 
h¥ÛL$ue, lhpdp_, CS>_¡fu, gíL$fu S>¡hp v$f¡L$ ‎n¡Ó dpV¡$ Ap k„NZL$ D`ep¡Nu R>¡. cpjp gMhp dpV¡$ ISCII 
(Cõ¾$u) L$p¡X$_y„ r_dp®Z `Z ku-Xµ$L$_p lõsL$ S> \e¡gy„ ‎R>¡. ‎
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1.	 Mpgu S>Áepdp„ ep¡Áe iåv$ ip¡^u_¡ rh^p_p¡ `|fp„ 
L$fu s¡_y„ kd\®_ L$fp¡. ‎ ‎

	 (A)‎	 k„NZL$ `f L$pd L$fsu hMs¡ d¡dfudp„_u 
dprlsu Ap`Z¡ hp„Qu iL$uA¡ R>uA¡ 
Äepf¡.... d¡dfudp„ ‎Ap`Z¡ AÞe âq¾$ep 
L$fu iL$uA¡ R>uA¡.‎

	 (Ap)	h¥opr_L$p¡A¡ L$f¡gu ip¡^_p rQÓp¡ A_¡ 
rhqX$Ap¡_u fS|>Aps dpV¡$ ... _p¡ D`ep¡N 
L$fu iL$pi¡. ‎

	 (B)‎	 âep¡N Üpfp dmu Aph¡gu k„¿epÐdL$ 
dprlrs `f âq¾$ep L$fu_¡ s¡_p L$p¡W$p A_¡ 
Apg¡M v$p¡fhp dpV¡$ ........... ‎‎_p¡ D`ep¡N 
L$fu iL$pe R>¡. ‎

	 (C)	‎  l¡gu `¡Y$u_p k„NZL$p¡ ......... _¡ gu^¡ 
b„^ `X$u S>sp. ‎

	 (D)‎	 k„NZL$_¡ ....... dm¡ _rl sp¡ s¡_y„ L$pe® 
Qpgi¡ _l]. 	

2.	 _uQ¡_p âñp¡_p„ S>hpb gMp¡. ‎
	 (A)‎	 rhop_ A_¡ s„Óop_dp„ dprlsu k„â¡jZ 

s„Óop__u c|rdL$p A_¡ dlÒh õ`óV$ L$fp¡. ‎
	 (Ap)‎	k„NZL$dp„_p ¼ep ¼ep A¡àguL¡$i_ 

kp¡ãV$h¸Af_p¡ D`ep¡N sd_¡ rhop_-
s„Óop__p¡ Aæepk L$fsu ‎hMs¡ \ep¡  ? L$C 
fus¡ ? ‎

	 (B) 	 k„NZL$_y„ L$pe® L$C fus¡ Qpg¡ R>¡?
	 (C)‎	 k„NZL$dp„_p rhrh^ kp¡ãV$h¸Af hp`fsu 

hMs¡ L$C L$pmÆ g¡hu AphíeL$ R>¡?‎
	 (D)‎	 dprlsu k„â¡jZ_p rhrh^ kp^_p¡ ¼ep R>¡ ? 

rhop__p k„v$c®dp„ s¡_p¡ D`ep¡N L¡$hu fus¡ 
‎L$fhpdp„ Aph¡ R>¡. ‎

‎3.‎	 Nrs_p r_edp¡ `pW$dp„_p `©óW$ ¾$dp„L$ 4 `f Ap`¡gp 
L$p¡W$pdp„_u dprlsu_¡ Ap^pf¡ Adf, AL$bf, 
‎A¡Þ\_u_u Nrs_p¡ "A„sf-kde' _p¡ Apg¡M 
v$p¡fhp Spreadsheet _p¡ D`ep¡N L$fp¡. Apg¡M 
v$p¡fsu hMs¡ L$C L$C L$pmÆ ‎g¡ip¡ ? ‎

‎4. 	 k„NZL$_u rhrh^ `¡Y$uAp¡ hÃQ¡_p¡ saphs õ`óV$ 
L$fp¡. s¡ dpV¡$ rhop_ L¡$hu fus¡ L$pfZc|s bÞey„?‎

‎5. 	 sdpfu `pk¡_u dprlsu buÅ_¡ Ap`hp dpV¡$ sd¡ 
¼ep ¼ep dprlsu k„â¡jZ_p kp^_p¡_u dv$v$      
g¡ip¡ ? ‎

‎6. 	 dprlsu k„â¡jZ s„Óop_ hp`fu_¡ `pW$é`yõsL$_p 
Ap¡R>pdp„ Ap¡R>p ÓZ OV$L$p¡ `f Powerpoint 
Presentations s¥epf L$fp¡. s¡ L$fsu ‎hMs¡ ¼ep 
sb½$p hp`ep® s¡ A_ykpf agp¡ QpV®$ s¥epf L$fp¡. ‎

‎7. 	 k„NZL$_p¡ D`ep¡N L$fsu hMs¡ sd_¡ L$C L$C 
sp„rÓL$ dyíL¡$guAp¡ _X$u ? s¡ lg L$fhp sd¡ iy„    
L$e¯y ? ‎

D`¾$d ‎	
	 âL$fZ 18 dp„ "Cöp¡' (ISRO) k„õ\p_p k„v$c®dp„ 

dprlsu k„â¡jZ s„Óop__p kp^_p¡ hp`fu 
rinL$_u dv$v$\u dprlsu`V$$ s¥epf L$fp¡. ‎

²²²

õhpÝepe



115

1. âL$pi A¡V$g¡ iy„ ?‎
‎2. âL$pi_y„ `fphs®_ A¡V$g¡ iy„ ? `fphs®__p âL$pf S>Zphp¡. ‎ 

k`pV$ Afukp¡ ‎(Plane mirror) - fp¡Æ„v$p Æh_dp„ A_¡L$ S>NpA¡ k`pV$ 
Afukp_p¡ D`ep¡N L$fhpdp„ Aph¡ R>¡. k`pV$, gukp L$pQ_u `pR>m_u ‎k`pV$u `f 
`psmp¡ A¡hp¡ A¡ëeyrdr_ed A\hp Qp„v$u_u ^psy_p¡ `fphs®L$ \f gNpX$hp\u 
k`pV$ Afukp¡ s¥epf ‎‎\pe R>¡. ̀ fphs®L$ k`pV$u_u Ap bpSy> A`pfv$i®L$ L$fhp dpV¡$ 
A_¡ k`pV$u_p k„fnZ dpV¡$ ^psy_p `fphs®L$ g¡` ‎D`f gµX$ Apµ¼kpCX$ S>¡hp 
`v$p\®_p¡ \f Ap`¡gp¡ lp¡e R>¡. ‎ 

h¥opr_L$_p¡ `qfQe

	 S>d®_ h¥opr_L$ S>õV¹$k 
bpµ_ rgtbN s¡Z¡ kpv$p L$pQ_p 
Vy$L$X$p_u A¡L$ k`pV$ k`pV$u`f 
Qp„v$u_p¡ g¡` gNpX$u ‎Afukp¡ 
s¥epf L$ep£. s¡_¡ S> fS>sL$pQ 
`fphs®L$ A¡d L$l¡hpe. ‎

Afukp¡ A¡V$g¡ iy„ ? ‎ 

	 âL$pi Ap`Zu ApSy>bpSy>_u b_su bpbsp¡ k„b„^u dprlsu `lp¢QpX$_pf k„v¡$ihplL$ R>¡. a¼s âL$pi_p 
‎A[õsÐh_p L$pfZ¡ S> Ap`Z¡ k|ep£v$e, k|ep®õs, HÖ^_yj S>¡hp r_kN®_p rhrh^ bpbs_p¡ Ap_„v$ gC iL$uA¡ R>uA¡. 
Ap`Zu ApSy>bpSy>_p ky„v$f rhð_u ‎guguR>d h_k©[óV$, f„Nb¡f„Nu awgp¡, qv$hk¡ c|fp f„N_y„ v¡$Mpsy„ ApL$pi fpÓ¡ 
A„^pfpdp„ QdL$sp spfp s¡dS> Ap`Zu ‎ApSy>bpSy>_u L©$rÓd hõsy `Z Ap`Z¡ âL$pi_p L$pfZ¡ S> Å¡C iL$uA¡ R>uA¡. 
âL$pi A¡V$g¡ ×[óV$_u k„h¡v$_p ‎r_dp®Z L$f_pf rhÛys Qy„bL$ue qL$fZ R>¡. ‎
	 Ap`Zu ApSy>bpSy> lp¡e s¡hp rhrh^ âL$pf_u k`pV$u `f\u \sy„ âL$pi_y„ `fphs®_ Sy>vy„$ lp¡e R>¡. guku A_¡ 
‎k`pV$ k`pV$u `f\u âL$pi_y„ `fphs®_ r_erds lp¡e R>¡. Äepf¡ MfbQX$u k`pV$u `f_„y âL$pi_y„ Ar_erds `fphs®_ 
‎‎\pe R>¡. Ap bpbs Ap`Z¡ iu¿ep R>uA¡. ‎ 

Afukp A_¡ Afukp_p âL$pf‎ (Mirror  and Types of mirror)

	 âL$pi_y„ `fphs®_ \hp dpV¡$ Ap`Z_¡ QL$QqL$s 
k`pV$u_u AphíeL$sp lp¡e R>¡. L$pfZ L¡$ QL$QqL$s k`pV$u 
‎Ap¡R>p¡ âL$pi ip¡j¡ R>¡ A_¡ s¡\u h^pf¡dp„ h^pf¡ âL$pi_y„ 
`fphs®_ \pe R>¡. ‎

	 rhop__u cpjpdp„ L$l¡hy„ lp¡e sp¡ S>¡ k`pV$u âL$pi_y„ 
`fphs®_ L$fu kyõ`óV$ ârsdp s¥epf L$f¡ s¡_¡ Afukp¡ 
‎L$l¡hpe R>¡. Afukp¡ A¡ `fphs®_ L$f_pfu k`pV$u R>¡. ‎ 	

	 Ap`Z¡ fp¡Æ„v$p Æh_dp„ rhrh^ âL$pf_p Afukp_p¡ 
D`ep¡N L$fuA¡ R>uA¡. Afukp_p b¡ âL$pf R>¡. k`pV$ 
‎Afukp¡ A_¡ h¾$Np¡mpL$pf Afukp¡.‎

âL$pi `fphs®__p r_ed S>Zphp¡. ‎
11.1 k`pV$ Afukp¡‎

epv$ L$fp¡. 

epv$ L$fp¡.

1. गतीचे नियम

Ø  Afukp¡ A_¡ Afukp_p âL$pf ‎	      Ø  Np¡mpL$pf Afukp Üpfp dmsu ârsdp
Ø  Np¡mpL$pf Afukp\u dmsu rh`ygsp

11. âL$pi_y„ `fphs®_‎

L$lp¡ Å¡CA¡ !
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Ap`ps
qL$fZ

`fphrs®s 
qL$fZ

k`pV$ 
Afukp¡

hõsy

Ap„M 

ârsdp M1

M2

S2

S1

R2

R1

O1O

	 Of_p Afukp kpd¡ Dcp fluA¡ sp¡ Afukpdp„ kyõ`óV$ 
ârstbb v¡$Mpe R>¡. Afukpdp„ ârstbb L$B fus¡ s¥epf ‎‎    
\pe R>¡ s¡ kdS>hp dpV¡$ tbvy$ Dv¹$Nd_p ârstbb_p¡ 
Aæepk L$fuA¡. tbvy$ Dv¹$Nddp„\u b^u qv$ipdp„ âL$pi_p 
‎qL$fZp¡    _uL$m¡ R>¡. s¡ `¥L$u A_¡L$ qL$fZp¡ Apfku `f `X¡$ R>¡ 
A_¡ `fphs®_ `pdu_¡ Ap„M ky^u `lp¢Q¡ R>¡. ‎‎ fphs®__¡ 
L$pfZ¡ Ap qL$fZp¡ Apfku_u `pR>m_p tbvy$dp„\u Aphsp„ 
lp¡e A¡hp¡ cpk \pe R>¡. A_¡ s¡ tbvy$ `f ‎s¡ tbvy$ Dv¹$Nd_y„ 
ârstbb s¥epf \pe R>¡. ‎
	 ApL©rs 11.2 "A' dp„ bspìep âdpZ¡ k`pV$ Afukp 

D`f g„bê$`¡ `X$_pfp qL$fZ g„bê$`¡ S> `fphs®_ `pd¡ R>¡. ‎

	 ApL©$rs 11.2 "b' dp„ bspìep âdpZ¡ M1M2 kpv$u 

Apfku_u kpd¡ O A¡ tbvy$ Dv¹$Nd R>¡. OR1A_¡ OR2A¡ b¡ 

‎Ap`ps qL$fZp¡ `fphs®_ r_edp_ykpf R1S1 A_¡ R2S2 

dpN£ `fph©Ñ \pe R>¡. Ap `fph©Ñ qL$fZp¡_¡ `pR>m ‎       

g„bphhpdp„ Aph¡, sp¡ s¡ O1 ApNm A¡L$buÅ_¡ dm¡ R>¡ 

A_¡ E bpSy>A¡\u Å¡hpdp„ Aph¡ sp¡ O1ApNm\u Aphsp„ 

lp¡e A¡hp¡ cpk \pe R>¡.O dp„\u _uL$msp„ buÅ„ qL$fZp¡ 

`Z Ap fus¡ `fphs®_ `pdu O1 dp„\u _uL$msp„ lp¡e A¡hp¡ 

cpk \pe R>¡. dpV¡$ ‎tbvy$ O1 A¡ tbvy$ O _y„ ârstbb R>¡. ‎ ‎
	 `fph©Ñ qL$fZp¡ âÐen fus¡ A¡L$buÅ_¡ dmsp„ _\u. 
dpV¡$ Ap ârstbb_¡ Apcpku ârstbb L$l¡ R>¡. ‎       
ârstbb_y„ Afukp\u g„bA„sf, tbvy$ Dv¹$Nd_p Afukp 

ky^u_p g„b A„sf S>¡V$gy„ lp¡e R>¡. ‎ 
 	 tbvy$ê$` Dv¹$Nd_¡ bv$g¡ rhõs©s Dv¹$Nd_p¡ D`ep¡N 
L$fhpdp„ Aph¡ sp¡, s¡ Dv¹$Nd_p âÐe¡L$ tbvy$_y„ ârstbb 
‎s¥epf \C öp¡s_u ârsdp s¥epf \pe R>¡. ApL©$rs 11.2 "L$' 

dp„ bspìep âdpZ¡ M1M2Apfku_u kpd¡ PQ rhõs©s 

‎Dv¹$Nd R>¡. Q _y„ ârstbb Q1 S>ÁepA¡ A_¡ P _y„ ârstbb 

P1 S>ÁepA¡ dm¡ R>¡. Ap âdpZ¡ PQ `f_p„ b^p„ S> ‎       
tbvy$Ap¡_y„ ârstbb s¥epf \C, k„`|Z® rhõs©s Dv¹$Nd_y„ 

P1Q1 A¡hy„ ârstbb s¥epf \pe R>¡.‎
k`pV$ Afukpdp„ dmsp ârstbb_p¡ ApL$pf Dv¹$Nd_p 

ApL$pf S>¡hX$p¡ S> lp¡e R>¡. ‎

L$. rhõs©söp¡s_¡¡ L$pfZ¡ Afukpdp„ ârstbb_y„ r_dp®Z ‎

b. tbvy öp¡s_¡¡ L$pfZ¡ Afukpdp„ ârstbb_y„ r_dp®Z
M1

M2

Q1Q

P1P

A. Afukp D`f g„bê$` `X$_pfp qL$fZ

E

1.	 `yõsL$dp„_y„ `©óW$ kpv$p Afukp_u kpd¡ ^fhpdp„ Aph¡ sp¡ `©óW$ `f_p Anfp¡ EgV$p 
v¡$Mpe R>¡. Apd L¡$d b_sy„ ‎li¡ ?‎

‎2.	 A„N°¡Æ hZ®dpgp_p ¼ep ¼ep Anfp¡_u ârsdp d|m Anf S>¡hu v¡$Mpe R>¡ ?‎

‎11.2 Afukpdp„ ârsdp_y„ r_dp®Z ‎

L$lp¡ Å¡CA¡ !
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	 Afukpdp„ iåv$p¡_y„ EgVy„$ ârstbb v¡$Mpi¡ iåv$p¡_u f¡Mp `f_p âÐe¡L$ tbvy$_y„ ârsrb„b Afukp_u `pR>m ‎s¡V$gp 

S> A„sf¡ `X¡$ R>¡. ‎

M|Zp¡ ‎	 ârstbb_u 
k„¿ep ‎

120०

90०

60०

45०

30०

1.	 D`f_p k|Ó `f\u ârstbb_u k„¿ep A_¡ Afukp hÃQ¡_p M|Zp_y„ dp` k|Ódp„ d|L$u 
sd_¡ dm¡gu ‎ârstbb_u k„¿ep QL$pkp¡. ‎

‎2.	 Å¡ Afukp A¡L$buÅ_¡ kdp„sf fpMuA¡ sp¡ Afukpdp„ L¡$V$gp ârstbb Å¡hp dmi¡ ?

rh^p_ : k`pV$ Afukpdp„ ìe[¼s_y„ `|Z® ârstbb Å¡hp dpV¡$ Afukp_u gOysd KQpC s¡ ìe[¼s_u KQpC_u AX$^u 
‎lp¡hu Å¡CA¡. ‎ 
kprbsu : ApL©$rs 11.4 dp„ ìe[¼s_p dp\p `f_y„ tbvy$, Ap„M A_¡ `N _uQ¡_y„ tbvy$ H, E A_¡  F  bsph¡g R>¡. sp¡  
HE _y„ dÝetbvy$ R R>¡. s¡_y„ EF dÝetbvy$ S R>¡. k`pV$ Afukp¡ S>du_\u NQ Ap KQpC `f g„b{$`¡ Np¡W$h¡gp¡ R>¡. 
PQ ‎A¡ ìe[¼s_y„ `|Z® ârstbb v¡$Mpe s¡ dpV¡$_u S>ê$fu A¡V$gu Afukp_u KQpC R>¡. s¡ dpV¡$ RP  A_¡ SQ  s¡ 
Afukp_¡ ‎g„bê$` lp¡hp AphíeL$ R>¡. Aph„y ip dpV¡$ s¡ ApL©$rs_y„ r_funZ L$fu_¡ ip¡^u L$pY$uA¡. 
Afukp_u gOyÑd KQpC 
PQ = RS
      = RE + ES 
 

	 lh¡ _uQ¡ Ap`¡gp L$p¡W$p_ykpf Afukp hÃQ¡_p¡ M|Zp¡ 
bv$gp¡ A_¡ v$¡Mpsp ârstbb_u k„¿ep NZp¡. v$f¡L$ kde¡ 
‎M|Zp_y„ dp` bv$gpsp„ ârstbb_u k„¿epdp„  iy„ afL$ S>Zpe 
R>¡ ? s¡_y„ M|Zp_p dp` kp\¡ iy„ k„b„^ R>¡ ? Ap ‎bpbs_u 
QQp® L$fp¡.‎ 	

  	 L$p¡C A¡L$ ìe[¼s kpv$p Afukp_u kpd¡ Ecu fl¡, sp¡ s¡ ìe[¼s_y„ ârstbb 

L¡$hy„ `X$i¡ ? ârstbb_y„ õhê$` L¡$hy„ ‎li¡ ?‎

	 b¡ Afukp A¡L$buÅ kp\¡ L$pV$M|Z¡ Ecp fpMp¡ A_¡ s¡_u hQdp„ A¡L$ _p_u hõsy 
d|L$u b„_¡ Afukpdp„ s¡ hõsy_y„ ‎ârstbb _ufMp¡. sd_¡ L¡$V$gp ârstbb v¡$Mpi¡ ?‎

=          +            =         =    
HE

 2

EF

 2
           ìe[¼s_u KQpC_y„ AX$^y„
HF

 2

L$fu Sy>Ap¡¡.

dNS> Qgphp¡. 

n =             - 1                    
3600
              
 A

 n = ârstbb_u k„¿ep ‎, A= Afukp hÃQ¡_p¡ M|Zp¡‎

11.3 L$pV$M|Z¡ Dcp L$f¡gp Afukp‎
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Np¡mpL$pf Afukp ‎ (Spherical mirrors)

	 A¡L$ fbf_p¡ v$X$p¡ gC s¡ ApL©$rs 11.6 dp„ bspìep âdpZ¡ 
L$p`uA¡ sp¡ r_dp®Z \_pfp L$p¡C`Z A¡L$ cpN D`f ‎b¡ âL$pf_u 
k`pV$u kl¡gpC\u v¡$Mpi¡. ‎

	 Np¡mpL$pf Afukp kpdpÞes: B cpN S>¡hp¡ L$pQ_p `p¡L$m 
Np¡mpdp„\u L$p`¡gp¡ cpN R>¡. s¡_u A„v$f_u A\hp ‎blpf_u k`pV$u 
`f QL$QL$us `v$p\®_p¡ \f gNpX$u Np¡mpL$pf Afukp s¥epf L$fhpdp„ 
Aph¡ R>¡. s¡_u A„v$f_u ‎A\hp blpf_u k`pV$u `f\u âL$pi_y„ 
`fphs®_ \pe R>¡. Ap `f\u h¾$pL$pf Afukp_p b¡ âL$pf `X¡$ R>¡, Ap 

‎b„_¡ âL$pf_u õ`óV$sp _uQ¡ Ap`¡g R>¡. ‎	

 	 d¡mpdp„ lpõeM„X$dp„ d|L¡$gp Afukp sd¡ 
Å¡ep li¡. Ap Afukpdp„ sd_¡ hp„L$pQ|L$p 
dp¡Y$p v¡$Mpi¡. A¡hy„ L¡$d \pe R>¡ ? Ap Afukp 
Of¡Of¡ lp¡e s¡hp ‎k`pV$ Afukp _l] `Z h¾$ 
lp¡e R>¡. Np¡mpL$pf Afukp_¡ L$pfZ¡ s¥epf    
\_pf ârsdp_y„ õhê$` k`pV$ Afukp_¡ ‎L$pfZ¡ 
s¥epf \_pf ârsdp_p õhê$` L$fsp„ Sy>vy„$ lp¡e 
R>¡. s¡\u fp¡S>_p Afukpdp„ Å¡hp dmsy„ 
ârstbb Ap ‎Afukpdp„ v¡$Mpsy„ _\u. ‎

	 dp¡V$pfQpgL$_¡ `pR>m\u Aph_pf 
hpl_p¡ Å¡hp dpV¡$ gNpX¡$gp Afukp k`pV$ 
_l] `Z Np¡mpL$pf lp¡e R>¡.

A

B

H
R

E

S

F

H1

R1

S1

F1

M

P

Q

N

‎11.4  k`pV$ Afukp¡ A_¡ ìe[¼s_y„ `|Z® ârstbb ‎

‎11.6 Np¡mpL$pf Afukp_y„ r_dp®Z ‎

‎11.5 lpõeM„X$ ‎

r_funZ L$fp¡ A_¡ QQp® L$fp¡.

L$fu Sy>Ap¡¡.
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A. A„s®Np¡m Afukp¡‎ (Concave mirror)
	 Å¡ Np¡mpL$pf `©óW$cpN_p¡ A„v$f_p¡ cpN A¡V$g¡ A„s®cpN QL$QL$us lp¡e sp¡ s¡_¡ Ap„s®Np¡m Afukp¡ L$l¡ R>¡. ‎L$pQ_u 
A„v$f_u k`pV$u `f\u âL$pi_y„ `fphs®_ \pe R>¡.‎
Ap. brl®Np¡m Afukp¡ ‎(Convex mirror)
	 Å¡ Np¡mpL$pf `©óW$cpN_p¡ blpf_p¡ cpN A\hp brl®cpN QL$QL$us lp¡e sp¡ s¡_¡ brl®Np¡m Afukp¡ L$l¡ R>¡. 
‎L$pQ_u blpf_u k`pV$u `f\u âL$pi_y„ `fphs®_ \pe R>¡.‎

Np¡mpL$pf Afukp dpV¡$ h`fpsu k„opAp¡ ‎

‎̂ °yh‎ (Pole)ः h¾$ Afukp_u k`pV$u_p dÝetbvy$_¡ "^°yh' L$l¡ R>¡. ApL©$rsdp„ tbvy$ P s¡ Afukp_p¡ ^°yh R>¡.  
h¾$sp L¡$ÞÖ ‎ (Centre of Curvature) ः Afukp¡ S>¡ Np¡mp_p¡ cpN lp¡e s¡ Np¡mp_p L¢$Ö_¡ "h¾$sp L¢$Ö' L$l¡ R>¡. ApL©$rs-

dp„ tbvy$ C _¡ Afukp_y„ h¾$spL¡$ÞÖ ‎R>¡. ‎ 

h¾$sp rÓÄep‎ (Radius of Curvature) ः Afukp S>¡ Np¡mp_p¡ cpN lp¡e s¡ Np¡mp_u rÓÄep_¡ Afukp_u h¾$sp 

rÓÄep L$l¡ R>¡. ApL©$rsdp„ CP A_¡ CA _u g„bpC s¡ Afukp_u ‎h¾$sp rÓÄep R>¡.

dy¿e An (Principal Axis)  ः Afukp_p¡ ^°yh A_¡ h¾$sp L¡$ÞÖdp„\u S>su ku^u f¡Mp_¡ dy¿e ^fu (An) L$l¡ R>¡. 

ApL©$rsdp„ PM _¡ Afukp_u ‎dy¿e Ofu (An) R>¡. ‎ 
dy¿e L¡$ÞÖ ‎(Principal Focus) ः Ap„s®Np¡m Afukp `f dy¿e An (^fu)_¡ kdp„sf Aphsp Ap`psu qL$fZp¡ 

`fphs®_ `pçep `R>u dy¿e An (^fu) `f ‎Afukp_u ApNm A¡L$ tbvy$ (F)`f A¡L$rÓs \pe R>¡. s¡ tbvy$_¡
Ap„s®Np¡m Afukp_y„ dy¿e L¡$ÞÖ A\hp _prc ‎L$l¡ R>¡. brl®Np¡m Afukp `f dy¿e An (^fu)_¡ kdp„sf Aphsp 
Ap`psu qL$fZp¡ `fphs®_ `R>u Afukp `pR>m ‎dy¿e ^fu (An) `f A¡L$ rhrióV$ tbvy$dp„\u Aphsp lp¡e s¡hp¡ cpk 

\pe R>¡. Ap tbvy$_¡ brl®Np¡m Afukp_y„ dy¿e L¡$ÞÖ ‎L$l¡hpe R>¡. 

L¡$ÞÖ g„bpC ‎(Focal length) : Afukp_p ^°yh A_¡ dy¿e L¡$ÞÖ hÃQ¡_p A„sf_¡ Afukp_u L¡$ÞÖ g„bpC (f) L$l¡ R>¡. 

L¡$ÞÖ g„bpC, h¾$sp rÓÄep\u ‎AX$^u lp¡e R>¡. ‎ 

	 A„s®Np¡m A_¡ brl®Np¡m Afukp_p dy¿eL¡$ÞÖ hÃQ¡_p¡ afL$ S>Zphp¡. ‎

‎11.7 Np¡mpL$pf Afukp_y„ r_dp®Z

dNS> Qgphp¡. 

h¾$sp rÓÄep 

Afukp_p¡ 
^°yh

 dy¿e L¡$ÞÖ ‎

h¾$sp L¢$Ö 

PC

M

A

F
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‎̀ fph©Ñ qL$fZp¡ v$p¡fhp

	 h¾$ Afukp ̀ f ̀ X$sp„ qL$fZp¡ L$C qv$ipdp„ ̀ fphs®_ 

`pd¡ R>¡ s¡ L$C fus¡ _½$u L$fhpdp„ Aph¡ R>¡ ? ApL©$rs 

11.8 ‎dp„ bspìep âdpZ¡ h¾$ Afukp MN `f_p Q 

tbvy$dp„\u AQ âL$piqL$fZ A¡ Ap`psqL$fZ R>¡ A_¡ 

CQ A¡ A¡L$ ‎h¾$sp rÓÄep R>¡. dpV¡$ Q tbvy$dp„\u CQ A¡ 

Afukp_¡ g„b R>¡ A¡d _½$u \pe R>¡ A_¡ \pe R>¡. 

`fphs®__p r_ed A_ykpf Ap`psL$p¡Z AQC A¡ 

Ap`psL$p¡Z A_¡ ‎‎ fph©ÑL$p¡Z kdp_ dp`_p lp¡e R>¡. 

dpV¡$ AQ qL$fZ_p¡ `fph©Ñ dpN® QB _½$u L$fhp dpV¡$ 

`fph©ÑL$p¡Z CQB‎ Ap`psL$p¡Z AQC S>¡V$gp dp`_p¡ 

v$p¡fhpdp„ Aph¡ R>¡.‎ 

A

N

M

C

B

P

Q

11.8 ‎̀ fph©s qL$fZp¡ v$p¡fhp‎

	 h¾$Afukp\u dmsp ârstbb_p¡ Aæepk qL$fZpL©$rs_u dv$v$ hX¡$ L$fu iL$pe. qL$fZpL©$rs A¡V$g¡ ‎âL$piqL$fZ_p 

dpN®¾$dZ_y„ rhi¡j rQrÓL$fZ qL$fZpL©$rs v$p¡fhp dpV¡$ âL$pi_p `fphs®__p r_ed `f ‎Ap^pqfs r_ed h`fpe R>¡. 

(Sy>Ap¡ ApL©$rs 11.9)‎

r_ed 1	 :	 Å¡ Ap`ps qL$fZ dy¿e ^fu_¡ kdp„sf lp¡e sp¡ qL$fZ `fphs®_ `pçep bpv$ dy¿e L¢$Ödp„\u `kpf ‎‎\pe 
R>¡. ‎

r_ed 2	 :	 Å¡ Ap`ps qL$fZ dy¿e L¡$ÞÖ sfa S>sy„ lp¡e sp¡ `fphs®_ `pçep bpv$ dy¿e ^fu_¡ kdp„sf Åe R>¡. ‎
r_ed 3 	:	 Å¡ Ap`ps qL$fZ h¾$sp L¡$ÞÖdp„\u `kpf \pe sp¡ `fphs®_ `pçep bpv$ s¡ S> dpN£ `pRy>„ af¡ R>¡. ‎

Ap`ps qL$fZ

`fphrs®s qL$fZ

Ap`ps qL$fZ
Ap`ps qL$fZ

`fphrs®s qL$fZ
`fphrs®s qL$fZ P

PP
FF FC CC

r_ed 1 r_ed 2 r_ed 3

 11.9 qL$fZpL©$rs L$pY$_pfp dpV¡$ r_ed 

L$fu Sy>Ap¡¡.



121

	 bpfu_u _ÆL$ `X$v$p¡ Ecp¡ Np¡W$hp¡ A_¡ s¡_u kpd¡ A„s®Np¡m Afukp¡ Np¡W$hp¡. Afukp_u dv$v$ hX¡$ k|e®_y„ õ`óV$ 

‎ârstbb `X$v$p `f dm¡ A¡hu fus¡ s¡_u S>Áep _½$u L$fp¡. `X$v$p A_¡ Afukp hÃQ¡_y„ A„sf dp`p¡. Ap A„sf s¡ ‎  

Afukp_u L¡$ÞÖg„bpC \i¡. ‎

	 ApL©$rsdp„ bspìep âdpZ¡ kp^_p¡_u Np¡W$hZ A„^pfp Ap¡fX$pdp„ L$fp¡. Afukp_¡ duV$f `Ë$u_p 0 r_ip_u ‎ApNm 

Np¡W$hp¡. s¡_u kpd¡ `X$v$p_¡ Dcp¡ Np¡W$hp¡. `X$v$p A_¡ Afukp_u hQdp„ âL$pi Dv¹$Nd fpMp¡. Apd L$fsu ‎hMs¡ âL$pi 

Dv¹$Nd A_¡ Afukp hÃQ¡_y„ A„sf, Afukp_u L¡$ÞÖ g„bpC L$fsp„ \p¡Xy„$ h^pf¡ fpMp¡. `X$v$p_¡ ‎ApNm-`pR>m Mk¡X$u_¡ 

s¡ âL$pi Dv¹$Nd_„y õ`óV$ ârstbb `X$v$p `f Tugu iL$pe R>¡. dpV¡$ Ap ârstbb_¡ ‎kpQy„ ârstbb L$l¡ R>¡. ‎

	 lh¡, âL$pi Dv¹$Nd_¡ Afukp\u v|$f Mk¡X$p¡. Apd L$fsu-hMs¡ Afukp A_¡ Dv¹$Nd hÃQ¡_y„ A„sf, Afukp_u 

‎L¡$ÞÖg„bpC_p bdZp L$fsp„ h^pf¡ fpMp¡. ̀ X$v$p_¡ Afukp ApNm Mk¡X$p¡ A_¡ s¡_p ̀ f âL$pi Dv¹$Nd_y„ õ`óV$ ‎ârstbb 

d¡mhp¡. ârstbb EgVy„$ d|m Dv¹$Nd L$fsp„ _p_y„ A_¡ kpQy„ lp¡e R>¡. ‎

 

 11.10 A„s®Np¡m Afukp Üpfp dm_pfy„ ârstbb

M M

b.A.
N

Q

P

SA

B
B1

A1
T

R

FC

A

C
F P B1

A1

N

B

Q
S

11.11 A„s®Np¡m Afukp Üpfp dm_pfu ârsdp‎

A„s®Np¡m Afukp Üpfp dmsp„ ârstbb ‎ (Images formed by a Concave Mirror)

kp^_ : duZbÑu A\hp L$pQ_u Qud_u, `yW$p_y„ Mp¡M„y, ka¡v$ L$pNm, dp¡Vy„$ `yÌz„$, A„s®Np¡m 

Afukp¡, duV$f`Ë$u. ‎

L©$rs :  v$uhp¡ A\hp Qud_u flu iL¡$ A_¡ A¡L$ 

bpSy>A¡\u Myëgy„y  lp¡e A¡hy„ `|W$p_y„ Mp¡M„y gp¡. 

Mp¡Mp_u A¡L$ bpSy>A¡ ‎bpZpL©$rs S>¡hp¡ Qufp¡ 

`pX$p¡. Mp¡Mpdp„ v$uhp¡ d|L$hpdp„ Aphsp„       

bpZpL©$rs âL$pi Dv¹$Nd dmi¡. ‎

	 20´30 k¡du ApL$pf_p `|W$p `f ka¡v$ 

f„N_p¡ L$pNm Qp¢V$pX$p¡ A_¡ s¡_¡ A¡L$ õV¡$ÞX$ `f 

Np¡W$hp¡ A_¡ `X$v$p¡ s¥epf L$fp¡. ‎‎ |W$p_y„ buS>y>„ A¡L$ 

Mp¡M„y gp¡ A_¡ s¡_u D`f_u bpSy>A¡ Qufp¡ `pX$p¡ 

A_¡ s¡dp„ A„s®Np¡m Afukp¡ Ecp¡ Np¡W$hp¡. ‎

L$fu Sy>Ap¡¡.

r_funZ L$fp¡.

A„s®Np¡m 
Afukp¡

 ‎ duV$f`Ë$u

`yW$p_y„ 

Mp¡M„y
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	 ApL©$rs 11.11 "A' dp„ bspìep âdpZ¡ hõsy AB _¡ A„s®Np¡m Afukp MN _p dy¿e L¡$ÞÖ A_¡ h¾$sp L¡$ÞÖ_u 

hÃQ¡ ‎d|L¡$gu R>¡. A dp„\u _uL$msy„ A_¡ dy¿e L¡$ÞÖdp„\u `kpf \sy„ Ap`psqL$fZ `fphs®_ `pçep `R>u dy¿e ^fu_¡ 

‎kdp„sf flu_¡ QR dpN£ `fph©Ñ \pe R>¡. dy¿e ^fu_¡ kdp„sf qL$fZ AS `fphs®_ `pçep `R>u dy¿e L¡$ÞÖ dp„\u ST 
dpN£ QR Ap `fphrs®s qL$fZ_¡ A tbvy$dp„ R>¡v¡$ R>¡. dpV¡$ A tbvy$_y„ ârstbb A1 tbvy$ `f `X¡$ R>¡. ‎‎B  tbvy$ dy¿e Ofu 

`f S> lp¡hp\u s¡_y„ ârstbb `Z dy¿e Ofu `f S> `X$i¡ A_¡ A1  _u ku^u f¡Mpdp„ D`f ‎A¡V$g¡ L¡$  B1 tbvy$`f s¥epf 

\i¡. A A_¡ B _u hQdp„ Aph¡gp„„ tbvy$Ap¡_p„ ârstbb A1 A_¡ B1 _u hQdp„ `X¡$ ‎R>¡. dpV¡$ AB hõsy_„y A1B1 
ârstbb `X$i¡. ‎

	 s¡_p `f\u, kprbs \pe R>¡ L¡$, dy¿e L¡$ÞÖ A_¡ h¾$sp L¡$ÞÖ hÃQ¡ fpM¡gu hõsy_y„ ârstbb h¾$sp L$¡ÞÖ\u v|$f 

‎‎ X$i¡. Ap ârstbb EgVy„$ A_¡ d|m hõsy L$fsp„ dp¡Vy„$ lp¡e R>¡. `fph©Ñ qL$fZp¡ A¡L$buÅ_¡ âÐen fus¡ R>¡v¡$ R>¡ ‎A_¡ Ap 

ârstbb s¥epf \pe R>¡. dpV¡$ s¡ ârstbb, kpQy„ ârstbb R>¡ A_¡ s¡\u s¡_¡ `X$v$p `f Tugu iL$pe ‎R>¡. ‎

	 ApL©$rs 11.11 "b' dp„ hõsy AB Afukp_u kpd¡ ^°yh A_¡ dy¿e L¡$ÞÖ_u hÃQ¡ d|L¡$gu R>¡. hõsy_p A tbvy$A¡\u 

‎‎_uL$m_pfy„ A_¡ dy¿e ^fu_¡ kdp„sf lp¡e A¡hy„ AQ A_¡ A _¡ h¾$spL¡ÞÖ_u Å¡X$_pfu qv$ipdp„ S>sy„ AS A¡ b„_¡ ‎Ap`ps 

qL$fZp¡ f¡Mp hX¡$ v$ip®h¡gp„ R>¡. Ap qL$fZp¡_y„ `fphs®_ L¡$hufus¡ \pe R>¡ A_¡ hõsy_„y A1B1 ârstbb L¡$hu ‎fus¡ dm¡ R>¡ 

s¡ ApL©$rs `f\u õ`óV$ \pe R>¡. Ap ârstbb Afukp_u `pR>m Qsy„ (k|gVy„$) A_¡ d|m hõsy L$fsp„ ‎dp¡Vy„$ lp¡e R>¡. s¡ 

S> âdpZ¡ `fph©Ñ qL$fZp¡ âÐen fus¡ A¡L$buÅ_¡ R>¡v$sp„ _\u; `f„sy s¡ Afukp_u `pR>m ‎dmsp„ lp¡e A¡hp¡ Apcpk       

\pe R>¡. dpV¡$ Ap ârstbb kpQy„ ârstbb _\u; `f„sy s¡ Apcpku ârstbb R>¡. ‎

	 A¡L$pv$u hõsy A„s®Np¡m Afukp_u kpd¡ ^°yh A_¡ dy¿e L¡ÞÖ_u hÃQ¡, dy¿e L¡$ÞÖ `f, h¾$sp L¡$ÞÖ A_¡ dy¿e 

‎L¡$ÞÖ_u hÃQ¡, h¾$sp L¡$ÞÖ `f, h¾$sp L¡$ÞÖ\u \p¡X¡$ v|$f A_¡ h¾$sp L¡$ÞÖ\u M|b S> v|$f hõsy_¡ fpMhpdp„ Aph¡, sp¡ s¡_y„ 

ârstbb L¡$hy„ A_¡ ¼ep„ dmi¡ s¡ _uQ¡_p L$p¡W$p ‎‎ f\u õ`óV$ \i¡. ‎

h^pf¡ dprlsu d¡mhp¡. www.physicsclassroom.com 

A„s®Np¡m Afukp Üpfp dm_pfu rhrh^ ârsdp ‎

‎¾$.‎ hõsy_y„ õ\p_ ‎ ârsdp_y„ õ\p_ ‎ ârsdp_y„ õhê$` ‎ ârsdp_p¡ ApL$pf

1. ‎̂ °yh A_¡ dy¿eL¡$ÞÖ_u 

‎hÃQ¡ ‎

Afukp_u `pR>m ‎ Apcpku kygV$u ‎ hõsy L$fsp„ dp¡V$u ‎

2. dy¿eL¡$ÞÖ `f ‎ A_„s A„sf¡ ‎ kpQu, DgV$u ‎ M|b S> dp¡V$u ‎

3. h¾$sp L¡$ÞÖ A_¡ dy¿e 

‎L¡$ÞÖ_u hQdp„ ‎

h¾$sp-L¡$ÞÖ_u `pR>m kpQu, DgV$u ‎ hõsy L$fsp„ dp¡V$u ‎

4. h¾$sp L¡$ÞÖ `f h¾$spL¡$ÞÖ `f kpQu, DgV$u ‎ d|m hõsy S>¡hX$u

5. h¾$spL¡$ÞÖ\u \p¡X¡$ v|$f h¾$sp L¡$ÞÖ A_¡ 

‎dy¿eL¡$ÞÖ_u hÃQ¡ ‎

kpQu, DgV$u ‎ hõsy L$fsp _p_u ‎

6. h¾$sp L¡$ÞÖ\u M|b S> v|$f 

‎‎(A_„s A„sf`f) ‎

dy¿e L¡$ÞÖ `f kpQu, DgV$u ‎ tbvy$ ê$` ‎
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brl®Np¡m Afukp Üpfp dm_pfu ârsdp ‎ (Image formed by Convex Mirror)
	 ApL©$rs 11.12 dp„ MN brl®Np¡m Afukp kpd¡ AB Ap hõsy d|L¡$gu R>¡. hõsy_p A tbvy$dp„\u _uL$msy„ A_¡ 

‎dy¿e ^fu_¡ kdp„sf lp¡e A¡hy„ qL$fZ AQ  f¡Mp\u, sp¡ h¾$sp L¡$ÞÖ\u S>sy„ qL$fZ AR f¡Mp hX¡$ v$ip®h¡g R>¡. Ap b„_¡ 

‎qL$fZp¡_y„ `fphs®_ L¡$hu fus¡ \pe R>¡ A_¡ hõsy_„y A1B1 ârstbb L¡$hu fus¡ dm¡ R>¡. s¡ ApL©$rs `f\u õ`óV$ \pe ‎R>¡. s¡ 

S> âdpZ¡ A¡ ârstbb Afukp_u `pR>m Qsy„ A_¡ hõsy L$fsp„ _p_y„ lp¡e R>¡ s¡ `Z õ`óV$ \pe R>¡. ‎

	 brl®Np¡m Afukp `f\u `fphs®_ \e¡gp„ qL$fZp¡ A¡L$buÅ_¡ âÐen fus¡ R>¡v$sp„ _\u. R>sp„ `Z Afukp_u 

‎‎ pR>m A¡L$buÅ_¡ dmsp„ lp¡e A¡hp¡ cpk \pe R>¡. dpV¡$ Ap ârstbb Apcpku ârstbb R>¡. ‎

	 A„s®Np¡m Afukp dpV¡$ hõsy (1) dy¿e L¡$ÞÖ `f (2) h¾$sp L¡$ÞÖ `f

(3) h¾$sp L¡$ÞÖ\u \p¡X¡$ v|$f (4) A_„s ‎A„sf¡ lp¡e sp¡ âÐe¡L$ kde¡ ârsdp_y„ õhê$` L¡$hy„ 

li¡ s¡ qL$fZpL©$rs_u dv$v$\u ip¡^hp_p¡ âeÐ_ L$fp¡ sdpfp¡ ‎DÑf `pR>m_p L$p¡W$p kp\¡ 

QL$pkp¡. ‎

11.12  brl®Np¡m Afukp Üpfp dm_pfu ârsdp ‎

A

B

M

P

R
Q A1

B1  F  C

	 brl®Np¡m Afukp hX¡$ dm_pfu 

ârsdp_y„ õhê$` hõsy_„y Afukp\u 

L¡$V$gy„ A„sf R>¡. s¡_p `f Ap^pqfs 

_\u. s¡ ‎l„d¡ip Apcpku A_¡ hõsy 

L$fsp„ _p_p ApL$pf_y„ lp¡e R>¡. A_¡ 

Afukp_u `pR>m s¥epf \pe R>¡. s¡_u 

‎QL$pkZu qL$fZpL©$rs Üpfp L$fp¡. ‎ 

âL$pi_y„ A`kfZ A_¡ ArckfZ‎ (Divergence and  Convergence of Light)

A.‎	qv$hpkmu_p bpµ¼kdp„\u `p„Q qv$hpkmuAp¡ gp¡. 

s¡d_p fkpeZ\u s¥epf \e¡g R>¡X$pAp¡ A¡L$ S> qb„vy$ 

‎ApNm dm¡ A¡hu fus¡ ApL©$rsdp„ bspìep âdpZ¡ 

Np¡W$hp¡. Al] fkpeZ\u s¥epf \e¡g R>¡X$pAp¡ 

L¡$ÞÖNpdu ‎‎\e¡g R>¡. ‎

b.‎	 lh¡ qv$hpkmuAp¡_u Np¡W$hZu A¡hu fus¡ L$fp¡ L¡$ 

qv$hpkmuAp¡_p buÅ R>¡X$pAp¡ A¡L$ tbv$y ApNm 

dmi¡. ‎A_¡ fkpeZ\u s¥epf \e¡g R>¡X$pAp¡ A¡L$ 

buÅ\u v|$f S>i¡. Al] fkpeZ\u s¥epf \e¡g 

R>¡X$pAp¡ L¡$ÞÖ`kpfu ‎‎\e¡g R>¡. ‎11.13  âL$pi_y„ A`kfZ A_¡ ArckfZ‎

	  A„sNp¡m Afukp_¡ L¡$ÞÖNpdu (Arckpfu) Afukp¡ `Z L$l¡hpe R>¡. L$pfZ L¡$ dy¿e ^fu_¡ kdp„sf S>sp„ qL$fZp¡ 

‎‎ fphs®_ `R>u A¡L$ S> tbvy$dp„ c¡Np \pe R>¡. (ApL©$rs 11.14 "A' Sy>Ap¡)‎

	 A„s®h¾$ Afukpdp„ hõsy Afukp\u L¡$V$gp A„sf¡ R>¡ s¡ A_ykpf d|m hõsy L$fsp„ dp¡Vy„$ A\hp d|m hõsy L$fsp„ ‎‎_p_y„ 

A¡hp ârstbb s¥epf \pe R>¡. ‎

N

L$fu Sy>Ap¡¡.

L$fu Sy>Ap¡¡.
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	 k`pV$ Afukpdp„ dm_pfu ârsdp Apcpku 

ârsdp (Virtual Image)  lp¡e R>¡. Ap ârsdp 

A¡hp ‎tbvy$dp„\u dm¡ R>¡ L¡$ S>¡\u `fphrs®s âL$pi 

qL$fZ R|>V$p `X$sp„ lp¡e A¡hp¡ cpk \pe R>¡. ApL©$rs 

11.14-"b' Ap ârsdp ‎‎ X$v$p `f gC iL$pe _rl. 

L$pfZ L¡$ âL$piqL$fZ Ðep„ âÐen c¡Np \sp _\u. ‎

	 Äepf¡ âL$piqL$fZ Afukp `f_p `fphs®_ 

Üpfp A¡L$ tbvy$dp„ c¡Np \pe Ðepf¡ âL$pi_y„ ArckfZ 

\pe. ‎Ap`Z_¡ Äepf¡ âL$pi A¡L$ tbvy$dp„ c¡Np¡ L$fhp¡ 

lp¡e Ðepf¡ Arckqfs âL$piigpL$p hp`fhpdp„ Aph¡ 

R>¡. Ap ‎âL$pf¡ âL$piigpL$p hp`fu X$pµ¼V$f v$p„s, L$p_, 

Ap„M hN¡f¡ D`f âL$pi A¡L$pN° L$f¡. Arckpqfs 

âL$pi_p¡ ‎D`ep¡N kp¥f D`L$fZdp„ `Z \pe R>¡. ‎

	 Äepf¡ A¡L$ S> tbvy öp¡sdp„\u âL$piqL$fZ 

Afukp ̀ f_p ̀ fphs®_ Üpfp A¡L$d¡L$\u v|$f Åe Ðepf¡ 

âL$pi_y„ ‎A`kfZ \pe R>¡. Äepf¡ Ap`Z_¡ öp¡s 

Üpfp âL$pi_y„ âkfZ A`¡rns lp¡e Ðepf¡ A`kqfs 

âL$piigpL$p ‎h`fpe R>¡. v$p.s. fõsp `f_p v$uhp, 

V¡$bg g¡ç` hN¡f¡. ‎

brl®Np¡m 

Afukp ‎

L¡$ÞÖ g„bpC

L¡$ÞÖ g„bpC

.
C

F

F

P

P

11.14 A„s®Np¡m A_¡ brl®Np¡m Afukp ‎

A„s®Np¡m Afukp ‎

.
C

A

b

h¾$Afukp¡ A„s®Np¡m L¡$ brl®Np¡m R>¡ s¡ sd¡ L$C fus¡ Ap¡mMip¡ ? ‎

	 v$pY$u L$fhp dpV¡$ hp`fhpdp„ Aphsp¡ Afukp¡ A„s®Np¡m R>¡. Ap Afukp¡ Ql¡fp_u _ÆL$ fpMhpdp„ Aph¡sp¡, ‎ 

Afukpdp„ Ql¡fp_y„ Qsy„ A_¡ dp¡Vy„$ ârstbb v¡$Mpe R>¡. Ap S> Afukp_¡ Ql¡fp\u v|$f v|$f gC S>CA¡ s¡d s¡d ‎ârstbb 

EgVy„$ \pe R>¡. s¡d S> _p_y„ A_¡ _p_y„ \sy„ Åe R>¡. ‎

	 dp¡V$f A_¡ dp¡V$f kpCL$g_p Afukp brl®Np¡m lp¡e R>¡. brl®Np¡m Afukpdp„ Ql¡fp¡ Å¡hp dpV¡$ S>¡ ârstbb ‎d¡mhu 

A¡ R>uA¡ s¡ k|gVy„$ lp¡e R>¡. `f„sy s¡ _p_y„ lp¡e R>¡. Afukp\u v|$f S>hp\u Aph¡ sp¡ s¡ ârstbb _p_y„ \sy„ ‎Åe R>¡ A_¡ 

s¡_¡ L$pfZ¡ ApSy>bpSy>dp„ Aph¡gu buÆ hõsyAp¡ `Z Afukpdp„ v¡$Mpe R>¡. ‎A¡V$g¡ dpV¡$ S> Afukp¡ brl®Np¡m R>¡ L¡$ 

A„s®Np¡m R>¡ s¡ Afukp\u dmsp ârstbb `f\u S> _½$u L$fu iL$pe R>¡. ‎

	 Äepf¡ A¡L$pv$u hõsydp„\u _uL$m_pfy„ âL$pi qL$fZ Ap`Zu Ap„Mdp„ âh¡i L$f¡ R>¡ Ðepf¡ Ap`Z¡ s¡ hõsy Å¡C ‎iL$uA¡ 

R>uA¡ L$pfZ L¡$ Ap„M_p h¾$L$pQ  Üpfp âL$piqL$fZp¡ L¡$[ÞÖs \C hõsy_u ârsdp _¡Ó`V$g ̀ f ̀ pX¡$ R>¡. Ap ‎fus¡ âL$piqL$fZ 

A¡L$ S> tbvy$dp„ L¡$[ÞÖs \i¡, S>¡ ârsdp s¥epf L$f¡ s¡ ârsdp kpQu ârsdp (Real Image) lp¡e R>¡. kpQu ‎ârsdp 

`X$v$p `f Tugu iL$pe R>¡. ‎

	 dy¿e ^fu_¡ kdp„sf qL$fZ brl®Np¡m Afukp `f\u `fphs®_ `pçep `R>u âkfZ `pdsp lp¡hp\u s¡ Afukp_¡ 

‎L¡$ÞÖp¡`kpfu Afukp¡ L$l¡hpe R>¡. (ApL©$rs 11.14 "b' Sy>Ap¡)‎ brl®h¾$ Afukp_¡ L$pfZ¡ hõsy_p d|m ApL$pf ‎L$fsp„ _p_y„ 

ârstbb dm¡ R>¡.‎ 
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A„s®Np¡m Afukp_p¡ D`ep¡N ‎
1.‎	 L¡$iL$s®_pge, v$p„s_y„ v$hpMp_y„ - ^°yh A_¡ _prc_u hÃQ¡ fpM¡g hõsy_u ku^u, Apcpku A_¡ M|b S> ‎dp¡V$u 

ârsdp dm¡ R>¡. ‎

‎2.‎	 V$p¡Q® A_¡ hpl_p¡_u l¡X$gpCV¹$kdp„ : âL$pi_p¡ öp¡s, dy¿eL¡$ÞÖ `pk¡ fpMu âL$pi_p kdp„sf qL$fZ ‎d¡mhhp 
dpV¡$ \pe R>¡. ‎

‎3.‎	 ãgX$ gpCV¹$kdp„ âL$pi_p¡ öp¡s Ap„sNp£m Afukp_p h¾$spL¡$ÞÖ_u \p¡X¡$L$ v|$f fpMhpdp„ Aph¡ R>¡. S>¡\u ‎suh° 
âL$pi igpL$p dm¡ R>¡. ‎

‎4.‎	 rhrh^ kp¥f D`L$fZp¡ - A_„s A„sf\u Aph_pf k|e®_p DódpqL$fZp¡ Ap„s®Np¡m Afukp_p _prce 
‎kdsgdp„ A¡L$rÓs L$fhpdp„ Aph¡ R>¡. ‎ ‎

brl®Np¡m Afukp_p¡ D`ep¡N ‎
1.‎	 NpX$u_u S>dZu A_¡ X$pbu bpSy>A¡ brl®h¾$ Afukp¡ lp¡e R>¡. ‎
‎2.‎	 dp¡V$p brl®h¾$ Afukp N¡V$`f, Qp¡L$dp„ b¡kpX¡$gp lp¡e R>¡.‎ ‎

	 L$pV£$rie_ rQl¹_ k„L¡$sp_ykpf, 
Afukp_p ̂ °yh (P)  _¡ Apf„ctbv$y dp_hpdp„ 
Aph¡ R>¡. dy¿e ^fu_p¡ ‎Ap k„v$c® Qp¥L$V$udp„ 
(Frame of Referance) X Ofu sfuL¡$ 
NZhpdp„ Aph¡ R>¡. ‎
rQl¹_ k„L¡$sp¡ _uQ¡ âdpZ¡ R>¡. ‎
1. hõsy l„d¡ip Afukp_u X$pbu bpSy>A¡ 

fpMhpdp„ Aph¡ R>¡. dy¿e Ofu_¡ kdp„sf 
b^p S> A„sfp¡ ‎Afukp_p ^°yh \u 
dp`hpdp„ Aph¡ R>¡. ‎

‎2. Apf„ctbvy$_u S>dZu bpSy> dp`¡gp 
A„sfp¡ ^_ (+) NZhpdp„ Aph¡ R>¡ A_¡ 
Apf„ctbvy$_u X$pbu bpSy>A¡ ‎dp`¡gp 
A„sfp¡ F>Z (-) NZhpdp„ Aph¡ R>¡. ‎

‎3. dy¿e ^fu_¡ g„b A_¡ D`f_u sfa dp`hpdp„ Aph¡g KQpCAp¡ ^_ NZhpdp„ Aph¡ R>¡. (DÝh® ‎A„sfp¡)‎
‎4. dy¿e Ofu_¡ g„b A_¡ _uQ¡_u sfa dp`hpdp„ Aph¡g KQpCAp¡ F>Z NZhpdp„ Aph¡ R>¡. (A^p¡ ‎A„sf) ‎
‎5. brl®Np¡m Afukp_u L¡$ÞÖg„bpC ^_ A_¡ Ap„sNp£m Afukp_u L¡$ÞÖg„bpC F>Z NZhpdp„ Aph¡ R>¡. ‎

Afukp_y„ k|Ó‎ (Mirror formula)
	  Äepf¡ Ap`Z¡ rQl¹_ k„L¡$sp_ykpf A„sf dp`uA¡ 

R>uA¡ Ðepf¡ Ap`Z_¡ hõsy_y„ A„sf, ‎ârsdp_y„ A„sf 

A_¡ L¡$ÞÖg„bpC_y„ ep¡Áe d|ëe dm¡ R>¡. hõsy_y„ A„sf (u) 
A¡V$g¡ ^°yh\u hõsy_y„ A„sf, ‎ârsdp_y„ A„sf (v) A¡V$g¡ 

^°yh\u ârsdp_y„ A„sf, L¡$ÞÖg„bpC (f ) A¡V$g¡ ^°yh\u 

Afukp_p dy¿e L¡ÞÖ hÃQ¡_y„ ‎A„sf. 

hõsy_„y A„sf, ârsdp_y„ A„sf A_¡ h¾$ Afukp_u 

L¡$ÞÖg„bpC hÃQ¡_p k„b„^_¡ Afukp_y„ k|Ó L$l¡ R>¡. ‎

dy¿e 
An

Ap`ps 
qL$fZp¡_u qv$ip

DÝh® 

A„sfp¡

(^_ +)

A^p¡ 

A„sfp¡ 
(F>Z -)

X$pbu bpSy> dp`¡gp 

A„sfp¡ (F>Z -)

S>dZu bpSy> dp`¡gp 

A„sfp¡ (^_ +)

Y An

X An

L$pV£$rie_ rQl¹_ k„L¡$s

Afukp_y„ k|Ó

1	 1       1
v        u        f+ =

Ap k|Ó b^u `qf[õ\rsdp„ b^p h¾$ Afukp dpV¡$ A_¡ 

hõsyAp¡_p b^p õ\p_p¡ dpV¡$ D`ep¡Nu lp¡e R>¡. ‎
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h¾$Afukp_¡ gu^¡ dmsu rh`ygsp ‎ (M)(Magnification due to Spherical Mirrors )
	 h¾$Afukp_¡ gu^¡ r_dp®Z \su rh`ygsp ârsdp_u KQpC (h2) A_¡ hõsy_u KQpC_p (h1) NyZp¡Ñf\u 
v$i®hhpdp„ ‎Aph¡ R>¡. s¡_p Üpfp hõsy_p ApL$pf_u syg_pdp„ k„b„r^s ârsdp L¡$V$gp âdpZdp„ dp¡V$u dm¡ R>¡ s¡ ip¡^u 
‎iL$pe R>¡. ‎

 	 hõsy l„d¡ip dy¿e ̂ fu ̀ f fpMhpdp„ Aph¡ R>¡, s¡\u s¡_u KQpC l„d¡ip ̂ _ NZhpdp„ Aph¡ R>¡. Äepf¡ ‎ârsdp 
Apcpku lp¡e R>¡ Ðepf¡ KQpC ^_ NZpe R>¡ A_¡ Äepf¡ ârsdp kpQu li¡ Ðepf¡ KQpC ‎F>Z NZhpdp„ Aph¡ R>¡.

	 `©. _„. 122 `f L$p¡W$pdp„_u dprlsu_p Ap^pf¡ âÐe¡L$ [õ\rsdpV¡$ (A.¾$. 1 \u 6)
rh`ygsp M _y„ rQl¹_ b„_¡ k|Ó\u L$pY$p¡. s¡ kdp_ Aph¡ ‎R>¡ L¡$ _rl s¡ QL$pkp¡. ‎

 NZ¡gp„ Dv$plfZp¡ 

Dv$plfZ : fpS>îu_¡ 10 L¡$ÞÖg„bpC ^fphsp A„s®Np¡m Afukp_u dv$v$\u Afukp\u 30 k¡du. A„sf¡ lp¡e s¡hu 5 ‎k¡du 
KQpC_u hõsy_u K^u ârsdp d¡mhhu R>¡ sp¡ s¡Z¡ `X$v$p¡ Afukp\u L¡$V$gp A„sf¡ d|¼ep¡. s¡dS> s¡Z¡ ‎d¡mh¡gu ârsdp_y„ 
õhê$` A_¡ hõsy_y„ L$v$ L¡$V$gy„ li¡ ? ‎

hõsy_u KQpC 10 k¢du li¡. A¡V$g¡ L¡$ ârsdp kpQu 
A_¡ hõsy L$fsp„ ‎‎_p_u li¡.

Ap`¡gu dprlsu :	
L¡$ÞÖ g„bpC = f = - 10 k¡du, hõsy_y„ A„sf = u = - 30 k¡du, ârsdp_u KQpC = h2 = -5 k¡du,
ârsdp_y„ A„sf = v = ? ,hõsy_u KQpC = h1 = ?
Afukp_p k|Óp_ykpf ‎

Afukp\u `X$v$p_y„ A„sf 15 k¢du lp¡hy„ Å¡CA¡ dpV$¡ fpS>îuA¡ `X$v$p¡ Afukp\u 15 k¡du A„sf¡ 
d|¼ep¡. ‎

1	 1       1
v        u       f+ =

1	 1       1
v        f       u-=

1	     1          1
v          -10      -30  = -

1      -3 + 1       
v          30       =

1      -2       
v       30       =

1          1      
v        -15       =

v = -15

M =      = -  
h2
             h1

 v

 u

h1 =  -        
 uh2

  v

h1 =  -           
 (- 30) (-5)
     - 15

h1 =  (-2) (-5)

h1=  10 k¡du

rh`ygsp

L$fu Sy>Ap¡¡.

M =   -
v   
u       

ârsdp_u KQpC

hõsy_u KQpC ‎

h2

h1

   =   rh`ygsp  = Ap `f\u A¡d rkÝ^ L$fu iL$pe L¡$, ‎



127

	 Afukp kpd¡ dmsu ârsdp `X$v$p `f Tugu iL$pe s¡_¡ kpQu ârsdp L$l¡hpe. hõsy_„y õ\p_ ¼ep„e `Z 
‎lp¡e sp¡ `Z brl®Np¡m Afukpdp„ dmsu ârsdp s¡ Apcpku, kygV$u, hõsy L$fsp„ _p_u A_¡ Afukp_u ‎‎ pR>m 
dm¡ R>¡. Afukp_u `pR>m dm_pfu S>¡ ârsdp `X$v$p D`f Tugu iL$pe _rl s¡_¡ Apcpku ârsdp ‎L$l¡hpe, Ap 
ârsdp_u rh`ygsp„ L$fsp„ Ap¡R>u lp¡e R>¡. ‎

1.	 _uQ¡_p âñp¡_p DÑf gMp¡. ‎ ‎
	 (A)‎	 k`pV$ Afukp¡, A„s®Np¡m Afukp¡, brl®Np¡m 

Afukp¡ Ap b^p hÃQ¡_p¡ saphs s¡d_u 
‎ârsdp_p õhê$` A_¡ L$v$_p Ap^pf¡ gMp¡. ‎

	 (Ap)‎	Ap„sNp£m Afukp_p k„v$c®dp„ âL$pi_p 
öp¡sp¡_u AgN-AgN [õ\rs L$lp¡. 

		  1. V$p¡Q® 2. ‎âp¡S>¡¼V$f g¡ç` 3. ãg|X$gpCV¹$kdp„ 
	 (B)‎	 kp¥f D`L$fZp¡dp„ Ap„s®Np¡m Afukp_p¡ 

D`ep¡N ip dpV¡$ L$fhpdp„ Aph¡ R>¡ ?‎
	 (C)‎	 hpl_p¡_u blpf_u bpSy>A¡ b¡kpX¡$gp 

Afukp brl®h¾$ ip dpV$¡ lp¡e R>¡ ?‎
	 (D)‎	 A„s®Np¡m Afukp_u dv$v$\u L$pNm ̀ f k|e®_y„ 

ârstbb gCA¡ sp¡ L¡$V$gpL$ kde `R>u 
L$pNm `¡V¡$ R>¡. ‎

	 (E)‎	 Np¡mpL$pf Afukp awV$u Åe sp¡ dmsp 
Afukp_p âÐe¡L$ Vy$L$X$p ¼ep âL$pf_p¡ Afukp¡ 
b_ph¡ R>¡ ‎‎? ip dpV¡$ ?‎ ‎ 

2. 	 Np¡gue Afukp_¡ L$pfZ¡ \_pfp `fphs®_ dpV¡$ ¼ep 
¼ep rQl¹_ k„L¡$s h`fpe R>¡ ?‎

‎3. 	 A„s®Np¡m Afukp_¡ L$pfZ¡ dmsp ârstbb_p  
kpfp„i `f\u (L$p¡W$p¡) s¡_u qL$fZpL©$rs v$p¡fp¡. ‎

‎4.	 _uQ¡_p D`L$fZdp„ ¼ep¡ Afukp¡ h`fpe R>¡ ? 
	 `¡qfõL$p¡`, agX$gpBV¹$k, v$pY$u L$fhp_p¡ Afukp¡, 

blzê$`v$i®L$ (L¡$rgX$p¡õL$p¡`) fõsp `f_p v$uhp, 
dp¡V$f NpX$u_p ‎v$uhp. ‎

‎5.‎	 Dv$plfZp¡ DL¡$gp¡. ‎
	 (A)‎	 L¡$ÞÖg„bpC 15 k¡du lp¡e A¡hp Ap„sNp£m 

Afukp_u kpd¡ 7 k¡du KQpC_u hõsy 25 
k¡du A„sf `f ‎fpMhpdp„ Aphu R>¡. 

Afukp\u L¡$V$gp A„sf¡ `X$v$p¡ fpMsp 
Ap`Z_¡ õ`óV$ ârsdp      dmi¡ ? ârsdp_y„ 
õhê$` ‎A_¡ ApL$pf õ`óV$ L$fp¡. ‎

  (DÑf‎ : 37.5 k¡du, 10.5 k¡du, 
kpQu ârsdpõhê$`)

	 (Ap)	18 k¢du L¡$ÞÖg„bpC ^fphsp brl®h¾$ 
Afukp kpd¡ fpM¡gu hõsy_u ârsdp s¡ d|m 
hõsy_u ‎KQpC L$fsp„ AX$^u R>¡. sp¡ s¡ hõsy 
brl®h¾$ Afukp\u L¡$V$gu v|$f d|L$u li¡ ? ‎ 	 

(DÑf‎ : 18 k¡du)
	 (B)	‎ 10 k¢du g„bpC_u gpL$X$u 10 k¢du 

L¡$ÞÖg„bpC lp¡e s¡hp A„s®Np¡m Afukp_u 
dy¿e^fu `f ^°yh\u 20 ‎k¡du_p A„sf¡ 
d|L¡$gu R>¡. sp¡ A„sh¾$ Afukp Üpfp dmsp 
ârstbb_u g„bpC L¡$V$gu  ? ‎

	   (DÑf‎ :10 k¡du)
 ‎6.‎	 A¡L$ S> Np¡mdp„\u ÓZ Afukp s¥epf L$ep® sp¡ s¡_p 

^°yh, h¾$sp L¢$Ö, h¾$sprÓÄep, dy¿e ^fu Ap `¥L$u 
‎i¡_p¡ kdph¡i \pe A_¡ i¡_p¡ kdph¡i _ \pe s¡ 
L$pfZ krls gMp¡. ‎

D`¾$d ‎	
	 	blzê$`v$i®L (Calidoscope) e„Ó b_phu s¡_y„ 

L$pe® hN®dp„ bsphp¡.‎

Ýep_dp„ fpMp¡.

õhpÝepe

²²²
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	 Ýhr_ A¡ A¡L$ âL$pf_u DÅ® lp¡C s¡ Ap`Zp„ L$p_dp„ A¡L$ âL$pf_u kp„cmhp_u k„h¡v$_p DÐ`Þ_ L$f¡ R>¡. 
Ap DÅ® sf„Np¡_p õhê$`dp„ lp¡e R>¡. Ýhr__p âkpfZ_¡ dpÝed_u ‎AphíeL$sp lp¡e R>¡. Ýhr_ sf„Np¡_¡ L$pfZ¡ 
dpÝeddp„ ^_uch_ (DÃQ O_sp_y„ n¡Ó) A_¡ õapfu ch__u ‎‎(Ap¡R>u O_sp_y„ n¡Ó) î©M„gp r_dp®Z \pe R>¡. 
dpÝed_p L$Zp¡_y„ L„$`_ s¡d_u dÝedp_ [õ\rs_u ‎ApSy>bpSy>dp„ sf„N âkpfZ_u f¡Mp_ykpf kdp„sf qv$ipA¡ \pe 
R>¡. Ap âL$pf_p sf„Np¡_¡ k„Ns sf„N (Longitudinal Waves ) ‎L$l¡hpdp„ Aph¡ R>¡. Ap_p\u EgVy„$, `pZudp„ 
`Õ\f _pMhp\u r_dp®Z \sp sf„Ndp„ `pZu_p L$Z D`f A_¡ ‎‎_uQ¡ Ap„v$p¡rgs \pe R>¡. A_¡ âkpfZ_u qv$ip_¡ 
g„b Ap„v$p¡rgs \pe R>¡. s¡_¡ g„bsf„N (Transverse Waves ) L$l¡hpdp„ Aph¡ R>¡. ‎

	 A¡L$pv$ Ýhr_ sf„N_¡ Ap`Z¡             
Apg¡M_p õhê$`dp„ _uQ¡ âdpZ¡ v$ip®hu 
iL$uA¡. Ýhr_ sf„Np¡_p âkfZ_¡ L$p¡C ‎‎ Z 
nZ¡ r_lpmuA¡ sp¡ lhpdp„ h^pf¡ A_¡ 
Ap¡R>p O_sp_p (O_uch_ A_¡ õap-
fuch_) `Ë$pAp¡ r_dp®Z ‎‎\e¡gp Å¡hpdp„ 
Aph¡ R>¡. ApL©$rs "A'dp„ O_spdp„ \e¡gp¡ 
a¡fapf v$ip®ìep¡ R>¡. Äepf¡ ApL©$rs "b'dp„           
v$bpZdp„ ‎‎\sp¡ a¡fapf v$ip®ìep¡ R>¡. O_sp/ 
v$bpZ_p¡ Ap a¡fapf Apg¡M_u dv$v$\u 
ApL©$rs "L$'dp„ bspìep¡ R>¡. ‎ 

	 Ýhr_sf„N_u sf„N g„bpC (Wavelength) l (g¡çX$p) A¡ N°uL$ Anf\u v$ip®hhpdp„ Aph¡ R>¡. Äepf¡                

hpf„hpqfspdp„ (Frequency) A¡ u (Þey) N°uL$ Anf\u v$ip®hhpdp„ Aph¡ R>¡. s¡ ‎S> fus¡ Ap„v$p¡g_ rhõspf 
(Amplitude) A¡ A\u v$ip®hpe R>¡. A¡L$ `R>u A¡L$ Aphsp„ b¡ O_uch_ A\hp õapfuch__¡ ‎Qp¡½$k tbvy$dp„\u 
`kpf \sp„ gpNsp„ kde_¡ "sf„NL$pm' (Period) L$l¡ R>¡. sf„NL$pm_¡ ‘T’ Anf\u v$ip®hpe R>¡. ‎
	 hpf„hpqfsp_p d|ëe `f\u Ýhr__u suh°sp (Pitch) A¡V$g¡ L¡$ DÃQ suh°sp _½$u \pe R>¡. ‎Ap„v$p¡g_ rhõspf_y„ 
d|ëe Ýhr__u byg„v$sp A_¡ kp¥çesp A¡V$g¡ L¡$ suh°sp _½$u L$f¡ R>¡.‎ ‎

12.1 Ýhr_sf„N ‎

 1.	 kp, f¡, N, d, `, ^, r_, kp õhfp¡_u hpf„hpqfsp A¡L$d¡L$_u kp\¡ ¼ep k|Ó\u 
Å¡X$pe¡gp R>¡ ?‎

‎2.	 `yfyj_u A_¡ ÷u_p AhpS>_u hpf„hpqfspdp„ dy¿e iy„ saphs lp¡e R>¡ ?‎

1. Ýhr__u Nrs A¡ s¡_u hpf„hpqfsp `f L$C fus¡ Ahg„rbs lp¡e R>¡ ?‎
‎2. Ýhr_ sf„Ndp„ dpÝed_p L$Zp¡_y„ L„$̀ _ A_¡ Ýhr_ âkfZ_u qv$ip hÃQ¡ iy„ k„b„̂  lp¡e R>¡ ? ‎ 

Ýhr_h^®L$

v$bpZdp„ ‎‎\sp¡ a¡fapf ‎

O_spdp„ ‎‎\sp¡ a¡fapf

O_sp 
A\hp 
v$bpZ

kfpkfu O_sp A\hp v$bpZ

L$

b

A

Ýhr_h^®L$

epv$ L$fp¡.

r_funZ L$fp¡ A_¡ QQp® L$fp¡.

1. गतीचे नियम
Ø  Ýhr_ sf„N 		  Ø  Ýhr__p¡ h¡N 	  	 Ø  Ýhr__y„ `fphs®_ 
Ø  dp_h L$Z®, îpìe, îpìe Ýhr_ A_¡ Aîpìe Ýhr_

12. Ýhr__p¡ Aæepk ‎

ip¡^p¡.
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rhrh^ dpÝedp¡dp„ 250C  DóZspdp__p¡ Ýhr__p¡ h¡N ‎

Ahõ\p ‎̀ v$p\®‎ h¡N (m/s) dp„

‎̂ _‎ A¡ëeyrdr_ed ‎
r_L$g
õV$ug
gp¡M„X$ ‎
r`Ñm
L$pQ

5420
6040
5960
5950
4700
3980

âhplu ‎ kdyÖ_y„ `pZu ‎
iyÝ^ `pZu ‎
C\¡_p¡g ‎
rd\¡_p¡g‎

1531
1498
1207
1103

hpey lpCX²$p¡S>_ ‎
rlrged ‎
lhp ‎
Ap¡[¼kS>_‎
këaf X$pep¡¼kpCX$‎

1284
 965
 346
 316
 213

Ýhr__p¡ h¡N ‎ (Speed of  Sound)
1. sd¡ sdpfp A¡L$ rdÓ_¡/ kMu_¡ gC gp¡M„X$_u `pC` lp¡e s¡ W¡$L$pZ¡ Åh. 
	 v$p.s. ipmp_p¡ hf„X$p¡, Of_p v$pv$fp ‎A\hp spf_u hpX. ‎
‎2. sd¡ `pC`_p A¡L$ R>¡X$p `f Ecp flp¡ A_¡ kpdpÞefus¡ 20 \u 25$ awV$ A„sf `f rdÓ_¡ 

Ecp¡ fpMp¡. ‎

	 Ýhr_sf„N `f_p L$p¡C`Z tbvy$ T (sf„NL$pm) Ap kdedp„ _¡ l (sf„Ng„bpC) S>¡V$gy„ A„sf L$p`¡ R>¡, s¡\u 

‎Ýhr__p¡ h¡N, ‎

‎3. rdÓ_¡ `Õ\f_u dv$v$\u `pC` `f W$p¡L$hp S>Zphp¡ A_¡ sd¡ `pC` `f L$p_ d|L$u `pC`dp„\u Aph_pfp ‎‎ Õ\f_p¡ 
AhpS> kp„cmp¡. ‎

‎4. `Õ\f¡ `pC` `f L$f¡gp¡ AhpS> Ap`Z_¡ lhp Üpfp `Z kp„cmu iL$pe R>¡. `f„sy ¼ep¡ AhpS> `l¡gp ‎k„cmpep¡ ? 
‎D`fp¡¼s L©$rs `f\u Ap`Zp Ýep_dp„ Aph¡ R>¡ L¡$ lhp L$fsp„ gp¡M„X$dp„\u Ýhr__p¡ AhpS> h^y dp¡V$p¡ k„cmpe ‎R>¡. 

dpV¡$ S> Ýhr__p¡ h¡N lhp L$fsp gp¡M„X$dp„ h^y lp¡e R>¡.‎ 

	 sf„N `f_p tbvy$A¡ ^_uch_ L¡$ õapfuch_¡ A¡L$d kdedp„ L$p`¡gp A„sf_¡ Ýhr__p¡ h¡N L$l¡ R>¡. ‎

A„sf

kde ‎
h¡N = 

sf„Ng„bpC

sf„NL$pm ‎
h¡N = 

l
Tv  = 

A¡V$g¡ v  =  u l 1
T

L$pfZ L¡$            =  u  

Ýhr__p¡ h¡N = hpf„hpqfsp x sf„N g„bpC ‎

	 kdp_ cp¥rsL$ `qf[õ\rsdp„, Ap`¡gp 
dpÝeddp„ Ýhq__p¡ h¡N b^u S> hpf„hpqfsp 
dpV¡$ gNcN kdp_ S> fl¡ ‎R>¡. Ýhr__p¡ ‎h¡N O_ 
\u hpey dpÝeddp„ OV¡$ R>¡. L$p¡C dpÝed_y„ 
DóZspdp_ h^pfhpdp„ Aph¡ sp¡, Ýhr__p¡ h¡N 
`Z h^¡ R>¡. ‎

CV$pgue_ cp¥rsL$ip÷o bp¡f¡gu A_¡ 
[ìlìluep_u A¡ 1660 _p v$iL$dp„ Ýhr__u 
lhpdp„ Nrs dp`u. v|$f fpM¡gu b„v|$L$dp„\u 
Np¡mu awV$sp _uL$m¡gp¡ âL$pi A_¡ AhpS> 
Ap`Zp ky^u `lp¢Qhp_p kde `f\u s¡dZ¡ 

dp`¡gu Nrs 350 m/s ApS>_p õhuL©$s 

d|ëe_u (346 m/s) M|b _ÆL$ R>¡.

L$fu Sy>Ap¡¡.
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Ýhr__p¡ hpeydp„ h¡N : hpey dpÝeddp„\u `kpf \sp Ýhr_sf„Np¡_p¡ h¡N hpey_u cp¥rsL$ [õ\rs `f Ahg„b¡ R>¡. ‎cp¥rsL$ 

[õ\rs A¡V$g¡ S> hpey_y DóZspdp_, s¡_u O_sp A_¡ s¡_p¡ AÏcpf.‎

DóZspdp_ (Temperature T) : Ýhr__p¡ h¡N dpÝed_p DóZspdp__p (T) hN®d|m_p kdâdpZdp„ lp¡e R>¡. 

A¡V$g¡ S> ‎DóZspdp_ Qpf NÏ h^sp„ Nrs b¡ NZu \pe R>¡. ‎

O_sp (Density r ): Ýhr__p¡ h¡N A¡ dpÝed_u O_sp_p hN®d|m_p ìeõs âdpZdp„ lp¡e R>¡. A¡V$g¡ S> O_sp Qpf 

NZu ‎‎\sp„ Nrs AX$^u \pe R>¡. ‎

AÏcpf (Molecular Weight M ): Ýhr__p¡ h¡N A¡ dpÝed_p AÏcpf_p hN®d|m_p ìeõs `°dpZdp„ lp¡e R>¡.

  
rhQpf L$fp¡.‎

	 Ap¡[¼kS>_ hpey_p¡ (O2) AÏcpf 32 Äepf¡ lpCX²$p¡S>__p¡ (H2)  AÏcpf 2 lp¡e R>¡. Ap D`f\u kprbs L$fp¡ 

L¡$ ‎kdp_ cp¥rsL$ [õ\rsdp„ Ýhr__p¡ h¡N A¡ lpCX²$p¡S>_dp„, Ap¡[¼kS>_ L$fsp„ Qpf NZp¡ lp¡e R>¡. ‎

A¡L$ [õ\f DóZspdp_¡ Ýhr__p¡ h¡N hpey_p v$bpZ `f r_c®f L$fsp¡ _\u.‎

îpìe, Aîpìe A_¡ îpìepsus Ýhr_

 	 dp_hu_p L$p__u Ýhr_ kp„cmu iL$hp_u 
îhZ dep®v$p 20 Hz \u 20000 Hz R>¡. A¡V$g¡ 
Ap hpf„hpqfsp hÃQ¡_p¡ ‎Ýhr_ dp_hu_p¡ L$p_ 
kp„cmu iL¡$ R>¡ dpV¡$ Ap Ýhr__¡ îpìe Ýhr_ 
L$l¡hpe R>¡. dp_hu_p¡ L$p_ 20Hz L$fsp ‎Ap¡R>u A_¡ 
20,000 (20 kHz) L$fsp„ h^y hpf„hpqfsp hpmp¡ 
Ýhr_ kp„cmu iL$sp¡ _\u. 20 Hz L$fsp Ap¡R>u 
‎hpf„hpqfsphpmp Ýhr__¡ Aîpìe Ýhr_ L$l¡hpe R>¡. 
gp¡gL$_p L„$`_\u DÐ`Þ_ \sp¡ Ýhr_, ^fsuL„$` 
`l¡gp ‎‎ ©Õhu_p `©óW$cpN_p L„$`_\u DÐ`Þ_ \sp¡ 
Ýhr_ A¡ 20 Hz L$fsp Ap¡R>u hpf„hpqfsphpmp¡ 
lp¡hp\u Aîpìe ‎Ýhr_ (Intrasound) R>¡. 
20,000 Hz L$fsp h^y hpf„hpqfsp hpmp Ýhr__¡ 
îpìepsus Ýhr_ (Ultrasound) L$l¡hpe R>¡. ‎ 	
			   L|$sfp, Jv$f, QpdpQuqX$ep, 
X$p¸ëau_ S>¡hp âpZuAp¡ s¡d_pdp„ rhi¡j ‎ndsp 
^fphsp lp¡hp_¡ L$pfZ¡ dp_hu_¡  Aîpìe lp¡e 
A¡hp¡ Ýhr__¡ `Z kp„cmu iL¡$ R>¡, Ap ndsp_¡ 
L$pfZ¡ s¡Ap¡ ‎L¡$V$gpL$ AhpS>_¡ A_ychu iL¡$ R>¡ S>¡ 
Ap`Z¡ A_ychu iL$sp _\u `p„Q hj®\u _p_p 
bpmL$p¡, L¡$V$gpL$ âpZuAp¡ ‎A_¡ L$uV$L$p¡ 25000 Hz 
ky^u_p¡ Ýhr_ kp„cmu iL¡$ R>¡. X$p¸ëauÞk, 
QpdprQX$uey, Jv$f hN¡f¡ S>¡hp âpZuAp¡ ‎îpìepsus 

Ýhr_ DÐ`Þ_ `Z L$fu iL¡$ R>¡.‎

Cqslpk `f _S>f _pMsp
	 CV$pgue_ h¥opr_L$ õ`pgp„TuA¡ QpdpQuqX$ep„_p 
ifuf_u rhrióV$ fQ_p_u ip¡^ â\d L$fu. QpdQurX$ep_p¡ 
‎A¡L$ A¡L$ Aheh (L$p_, _pL$, Ap„M, hN¡f¡) A¡L$ A¡L$ 
kde¡ b„^ L$fu s¡d_¡ A„^pfpdp„ EX$sp R>p¡X$u v$u^p. A_¡ 
‎QpdpQuqX$ep A„^pfpdp„ b¡^X$L$ L$C fus¡ EX$u iL¡$ R>¡ s¡_y„ 
flõe õ`àgp„Tp_uA¡ DL¡$ëey„. L$p_ b„^ L$f¡gp ‎QpdprQqX$ep 
^X$p^X$ Alu-slu A\X$php gpÁep. Ap„M Myëgu lp¡hp 
R>sp„ s¡d_¡ s¡_p¡ L$p¡C gpc \sp¡ _ lsp¡. ‎s¡ `f\u s¡dZ¡ 
spfZ L$pY$éy„ L¡$ QpdprQX$uep_u A„^pfpdp„ kX$kX$pV$ EX$u 
iL$hp_u b^u S> ndsp s¡_p L$p_ ‎‎ f Ap^pqfs R>¡ Ap„M 
`f _l] s¡ õ`óV$ \ey„. ‎
	 QpdprQX$uep S>¡ îpìepsus Ýhr_ dp¢dp„\u L$pY¡$ R>¡ s¡ 
kpd¡_p `v$p\® kp\¡ A\X$pC `fphrs®s Ýhr_ s¡_p L$p_ 
‎kp„cmu iL¡$ R>¡. Ap fus¡ kpd¡_p `v$p\®_p A[õsÐh 
(lpS>fu) A_¡ A„sf rhi¡_u Qp¡½$k ÅZ QpdprQX$uep_¡ 
A„^pfpdp„ ‎‎ Z \pe R>¡. ‎

1
av

M

a v T

r
1

av
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Ýhr__y„ `fphs®_‎ (Reflection of Sound )

1. b¡ `|„W$p gp¡. A_¡ ep¡Áe g„bpC_u b¡ A¡¼kfMu         
_muAp¡ s¥epf L$fp¡. ‎

‎2. ApL©$rs 12.2 dp„ v$ip®ìep âdpZ¡ qv$hpg_u `pk¡ 
s¡d_¡ V¡$bg `f Np¡W$hp¡. ‎

‎3. A¡L$ _mu_p Myëgp R>¡X$p `pk¡ OqX$epm d|L$p¡ A_¡ 
buÆ _mudp„\u s¡_p¡ Ýhr_ kp„cmhp_p¡ âeÐ_ 
L$fp¡. ‎

‎4. b„_¡ _muAp¡ hÃQ¡_p¡ M|Zp¡ A¡hu fus¡ Np¡W$hp¡ L¡$ 
OqX$epm_p¡ Ýhr_ õ`óV$`Z¡ kp„cmu iL$pe. ‎

‎5. lh¡ Ap`ps L$p¡Z q1 A_¡ `fphs®_ L$p¡Z q2 dp`p¡ 

A_¡ s¡ b„_¡ M|Zp hÃQ¡_p¡ k„b„^ ip¡^p¡. ‎

	 âL$pi sf„Np¡_p `fphs®_ âdpZ¡ S> Ýhr_ sf„Np¡ `Z O_ A\hp âhplu_p `©óW$cpN `f\u `fphs®_ `pd¡ R>¡. 
‎s¡Ap¡ `Z `fphs®__p r_edp¡ `pm¡ R>¡. Ýhr__p `fphs®_ dpV¡$ a¼s dp¡V$p L$v$_p MfMQX$p A\hp QL$QqL$s 
‎‎(Polished) `©óW$cpN S>¡hp Ahfp¡^_u AphíeL$sp lp¡e R>¡¡. Ap`pstbvy$A¡ Ýhr_ S>¡ qv$ipdp„ Ap`ps \pe R>¡. A_¡ 

‎‎ fphs®_ `pd¡ R>¡. s¡ qv$ipdp„ g„b kp\¡ kdp_ M|Zp b_ph¡ R>¡ A_¡ ÓZ¡e A¡L$ S> kdsgdp„ lp¡e R>¡. ‎

Ýhr__p ep¡Áe `fphs®L$ A_¡ Aep¡Áe `fphs®L$ ‎

	 A¡L$pv$ `fphs®L$ Üpfp Ýhr_ `fphrs®s \sp Ýhr__y„ L¡$V$gp âdpZdp„ `fphs®_ \pe R>¡ s¡_p `f\u Ýhr__y„ ‎ep¡Áe 
`fphs®_ A_¡ Aep¡Áe `fphs®_dp„ hN}L$fZ L$fhpdp„ Aph¡ R>¡. L$W$Z A_¡ k`pV$ `©óW$cpN `f\u ‎Ýhr__y„ `fphs®_ 
ep¡Áe âL$pf¡ \pe R>¡. Äepf¡ L$`X$p, L$pNm, QV$pC, `X$v$p, a_}Qf hN¡f¡ Üpfp Ýhr__y„ ‎‎ fphs®_ _ \sp„, Ýhr_sf„Np¡_y„ 

ip¡jZ \pe R>¡ A¡V$g¡ s¡_¡ Aep¡Áe `fphs®_ A¡d L$l¡hpdp„ Aph¡ R>¡. ‎

					     L©$rsdp„ Å¡ S>dZu bpSy>_u _mu_¡ S>fpL$ KQpCA¡ JQL$hpdp„ Aph¡ sp¡ iy„ \i¡ ?‎

îpìepsus Ýhr__p D`ep¡Np¡ ‎
1.	 A¡L$S>lpS> \u buÅ S>lpS> `f k„`L®$ fpMhp dpV¡$ îpìepsus Ýhr_ D`ep¡Nu R>¡. ‎
‎2. 	 àgp[õV$L$_p `©óW$cpN_p„ k„^pZ dpV¡$ îpìepsus Ýhr_ D`ep¡Nu R>¡. ‎
‎3. 	 v|$^ S>¡hp âhpludp„_p ÆhpÏ_p¡ _pi L$fu gp„bp kde ky^u Åmhu fpMhp dpV¡$ îpìepsus Ýhr__p¡ ‎D`ep¡N 

\pe R>¡. ‎
‎4. 	ùv$e_p ^bL$pf_p¡ Aæepk L$f_pfy„ s„Óop_ (Echocardiography) îpìepsus Ýhr__p sf„Np¡ `f 

Ap^pqfs R>¡. (kp¡_p¡N°pau s„Óop_)‎
‎5. 	dp_h ifuf_p A„s: Ahehp¡_u ârsdp d¡mhhp dpV¡$ îpìepsus Ýhr_ dv$v$ê$` b_¡ R>¡. (AëV²$pkpDÞX$ 

‎õ¾¡$_f) ‎
‎6. 	DÛp¡Np¡dp„ `Z îpìepsus Ýhr_ D`ep¡Nu R>¡ S>¡ cpNdp„ lp\ _ `lp¢\u iL¡$ s¡hp e„Ó_p cpNp¡ kpa L$fhp 

‎dpV¡$ s¡_p¡ D`ep¡N \pe R>¡. ‎
‎7. 	^psy_p dp¡V$p Vy$L$X$pAp¡dp„ rsfpX$ A\hp sX$ `pfMhp dpV¡$ îpìepsus Ýhr__p¡ D`ep¡N \pe R>¡.‎

12.2 Ýhr__y„ `fphs®_‎

qv$hpg

`|„W$p_u _muAp¡

OqX$epm

q1 q2

L$fu Sy>Ap¡¡.

dNS> Qgphp¡. 
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	 syg_p L$fp¡. ‎

‎1. 	 A¡L$ Mpgu b„^ Ofdp„ A\hp spS>¡sfdp„ bp„^u_¡ 

‎‎ |Z® \e¡gp b„^ Ofdp„ sd¡ L¡$V$gpL$ rdÓp¡ klus 

Åh. ‎	‎‎

2.	 Ofdp„ âh¡i L$ep® bpv$ rdÓp¡ kp\¡ Nà`p dpfp¡. ‎

‎3. 	 sd_¡ iy„ A_ych \pe R>¡ s¡_u _p¢^ L$fp¡. ‎	

1. 	 Of_p bpfu bpfZp b„^ L$fu çeyrTL$ rkõV$d 

Qpgy ‎L$fp¡. ‎

‎2. 	 çeyrTL$ rkõV$d_p¡ AhpS> i¼e s¡V$gp¡ dp¡Vp¡ 

fpMp¡.‎

‎3. 	 sd_¡ iy„ A_ych \pe R>¡ s¡_u _p¢^ L$fp¡. ‎

‎̀ qfkf_y„ rhop_ ‎.....	

	 kss A\hp dp¡V¡$ cpN¡ \sp 
`fphs®_p¡_¡ L$pfZ¡ ârsÝhr_ A_¡L$ 
hpf kp„cmu iL$pe R>¡. L$Zp®V$L$_p 
rhS>e`yf_p¡ Np¡m Nyb„S> s¡_y„ DÑd 
Dv$plfZ R>¡. ‎

dNS> Qgphp¡.

1.‎	 Sy>v$p Sy>v$p DóZspdp_¡ õ`óV$ 
ârsÝhr_ kp„cmu iL$pe s¡ dpV¡$ 
Ýhr__p„ öp¡s\u Ahfp¡^L$ ky^u_„y„ 
A„sf ‎kfMy„ S> li¡ L¡$ sdpfp Dsf_y„ 
kd\®_ L$fp¡. ‎

‎2.‎	 L¡$V$guL$ hMs Ýhq__y„ `fphs®_ lpr_
L$pfL$ b_u iL¡$ s¡ L$C fus¡ ? ‎

	 A¡L$pv$ W„$X$u lhp Mphp_p õ\m¡ ârsÝhr_ õ\m A¡V$g¡ L¡$ 

A¡L$p¡`p¡IV$ (echopoint) `pk¡ sd¡ dp¡V¡$\u b|dp¡ `pX$p¡ sp¡, 
\p¡X$p ‎kdebpv$ s¡ S> Ýhr_ afu\u k„cmpe R>¡ s¡_¡ ârsÝhr_ 
L$l¡ R>¡. Ap A_ych sd¡ gu^p¡ S> li¡. ‎ 

	 ârsÝhr_ A¡V$g¡ d|m Ýhr__y„ L$p¡C`Z `©óW$cpN `f\u 
`fphs®__¡ gu^¡ \sy„ `y_fphs®_. ‎ ‎

	 Ýhr_ A_¡ ârsÝhr_ Sy>v$p Sy>v$p kp„cmu iL$pe s¡ dpV¡$ 

22०C  DóZspdp_¡ Ýhr__p öp¡s\u `fphs®_iug ‎‎ ©óW$cpN 

ky^u_y„ Ap¡R>pdp„ Ap¡Ry>„ A„sf L¡$V$gp duV$f lp¡hy„ Å¡CA¡ ? 22०C 
DóZspdp_¡ Ýhr__u lhpdp„ h¡N ‎‎344 duV$f/k¡L„$X$ lp¡e R>¡. 
Ap`Zp dNS>dp„ Ýhr__y„ kpsÐe Apif¡ 0.1 k¡L„$X$ fl¡ R>¡. 
Apd, Ýhr_ Ahfp¡^ ‎ky^u S>C_¡ îp¡sp_p L$p_ ky^u 0.1 k¢L$X$ 
L$fsp„ h^y kde¡ `lp¢Q¡ sp¡ S> Ap`Z_¡ s¡ õhs„Ó Ýhr_ sfuL¡$ 
‎kp„cmhp dm¡. Ýhr__p öp¡s\u `fphs®_ `©óW$cpN ky^u A_¡ 
afu s¡ S> dpN£ `pR>p afhp dpV¡$ Ap¡R>pdp„ Ap¡Ry>„ ‎A„sf Ap`Z¡ 

_uQ¡_p k|Ó\u L$pY$u iL$uA¡.‎

A„sf = h¡N  ´ kde ‎

	 = 344 duV$f/ k¡L„$X$´ 0.1 k¡L„$X$ ‎

	 = 34.4 duV$f

	 s¡_¡ gu^¡, õ`óV$ ârsÝhr_ kp„cmhp dpV¡$ Ýhr__p öp¡s 
A_¡ Ahfp¡^L$ k`pV$u hÃQ¡_y„ gOyÑd A„sf 34.4 ‎duV$f_p 
AX$^p S>¡V$gy„ lp¡h„y Å¡CA¡ A¡V$g¡ 17.2 duV$f lp¡hy„ Å¡CA¡. Sy>v$p 
Sy>v$p DóZspdp_¡, Ap A„sfp¡ Sy>v$p Sy>v$p ‎lp¡e R>¡. ‎

ârsÝhr_‎ (Echo)

ârs_pv$‎ (Reverberation)
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dNS> Qgphp¡. 

	 Bdpfs_u R>s A\hp qv$hpgp¡ `f\u `fphrs®s 
Ýhr__y„ ̀ y_fphs®_ \C_¡, k„ep¡N \C_¡ kss Ýhr__y„ 
r_dp®Z s¥epf \pe R>¡. s¡_p `qfZpd¡ r_dp®Z \sp 
Ýhr__p ‎kpsÐe_¡ ârs_pv$ L$l¡ R>¡. A¡L$pv$ Ýhr_
sf„Np¡_p gNpspf Aphhp_p¡ kde Ap¡R>p¡ \sp¡ Åe 
R>¡ A_¡ ‎‎ fphrs®s  Ýhr_ A¡L$ buÅ kp\¡ cmu õ`óV$ 
_ lp¡e s¡hp (Aìeh[õ\s) A_¡ h^y suh°sphpmp 

(Intensity) ‎Ýhr__y„ Ap¡fX$pdp„ r_dp®Z \pe R>¡.  
Ap ârs_pv$_¡ L$pfZ¡ L¡$V$gp„L$ kph®S>r_L$ kcpN°lp¡ 
A_¡ _pV$é ‎kcpN°lp¡ Ýhr_-îhZ ndspdp„ _bmp„ 

lp¡e R>¡. ‎

	 kph®S>r_L$ kcpN°lp¡dp„, Cdpfsdp„ ârs_pv$ (Reverberation) sd¡ L$C fus¡ 
Ap¡R>p¡ L$fip¡ ? ‎

kp¡_pf (SONAR) 
	 Sound Navigation and 
Ranging V|„$L$pnfu _pd A¡V$g¡ 
SONAR îpìepsus 
(AëV²$pkpDÞX$$) sf„Np¡_u dv$v$\u s¡ 
`pZu_u _uQ¡_p„ hõsy_y„ A„sf, qv$ip 
‎A_¡ h¡N dp`¡ R>¡. SONAR A¡ 
ân¡`L$ (transmitter) A_¡ ip¡^L$ 
(detector) _y„ b_¡gy„ lp¡e R>¡. s¡_¡ 
S>lpS> `f A\hp hlpZ `f 
‎b¸kpX$hpdp„ Aph¡ R>¡. 

    ân¡`L$ îpìepsus (AëV²$pkpDÞX$$) 
sf„Np¡_y„ r_dp®Z L$fu_¡ s¡_y„ âkpfZ 
L$f¡ R>¡. Ap sf„Np¡ ‎‎ pZudp„\u `kpf  
\pe R>¡. kdyÖ_p srme¡ Aph¡gu 
hõsy `f A\X$pC_¡ s¡ `fphs®_ `pd¡ 
R>¡. Ap `fphrs®s ‎sf„Np¡_¡ S>lpS> 
`f_p¡ ip¡^L$ ip¡^¡ R>¡. 

	 ip¡^L$ îpìepsus sf„Np¡_¡ rhÛys k„L¡$sdp„ ê$`p„sf L$f¡ R>¡. A_¡ s¡_y„ ep¡Áe fus¡ ‎A\®OV$_ L$fhpdp„ Aph¡ R>¡. 
îpìepsus (AëV²$pkpDÞX$$) dp„ ân¡`L$ A_¡ N°lZ hÃQ¡_p kdeNpmp_¡ _p¢^hpdp„ Aph¡ R>¡. ‎‎ pZudp„ Ýhr__p¡ h¡N 
A_¡ D`f _p¢^¡gp kde_u dv$v$\u, S>¡ hõsy `f\u Ýhr__y„ `fphs®_ \ey„ s¡_y A„sf ‎ip¡^u iL$pe R>¡. ‎ 

	 SONAR ̀ Ý^rs_u dv$v$\u kdyÖ_u KX$pC ip¡^u iL$pe R>¡. ̀ pZudp„_u V¡$L$fuAp¡, MuZp¡, kbdfuÞk, bfa_p 

‎‎ h®sp¡, X|$bu Ne¡gp S>lpÅ¡ hN¡f¡ ip¡^hp s¡_p¡ D`ep¡N \pe R>¡. ‎ 	

12.4  kp¡_pf `Ý^rs‎

12.3 ârs_pv$ r_rd®rs 

`lp¡Qsp¡ Ýhr_
îp¡spNpeL$

`fphrs®s Ýhr_

`pZu

S>lpS>

kdyÖ srmey„

`fphrs®s õ`„v$_ân¡r`s õ`„v$_

N°plL$ (ip¡^L$)ân¡`L$



134

kp¡_p¡N°pau‎ (Sonography)
	 kp¡_p¡¡N°pau s„Óop_dp„ îpìepsus (AëV²$pkpDÞX$$) Ýhr_sf„Np¡_p¡ D`ep¡N ifuf_p A„v$f_p cpNp¡_u ârsdp_p 

‎r_dp®Z dpV¡$ L$fhpdp„ Aph¡ R>¡. kp¡_p¡N°pau_u dv$v$\u kp¡Å¡ Aphhp¡, S>„sy k„kN®, s¡d S> h¡v$_p_p L$pfZp¡_u ‎ip¡^ \C 

iL¡$ R>¡ ùv$e_u [õ\rs, ùv$efp¡N_p lzdgp bpv$_u ùv$e_u [õ\rs s¡d S> Nc®hsu ÷u_p Ncp®iedp„ ‎Nc®_u h©[Ý^     

\su Å¡hp dpV¡$ Ap s„Ó_p¡ D`ep¡N L$fhpdp„ Aph¡ R>¡.‎

dprlsu d¡mhp¡. 

‎12.5 kp¡_p¡N°pau e„Ó A_¡ s¡_p\u v¡$Mpsu ârsdp ‎

	 Ap s„Óop_dp„ A¡L$ _p_u ip¡^_u (Probe) A_¡ A¡L$ rhrióV$ âhplu 
hp`fhpdp„ Aph¡ R>¡. ip¡^_u A_¡ ÐhQp_p¡ ‎k„`L®$ ep¡Áe fus¡ \C iL¡$ A_¡ 
îpìepsus (AëV²$pkpDÞX$$) Ýhr_ `|Z® ndsp kp\¡ hp`fu iL$pe s¡ dpV¡$ Ap 
‎âhplu_p¡ D`ep¡N L$fhpdp„ Aph¡ R>¡. ‎
	 âhplu_¡, `funZ L$fhp_p cpN `f QpdX$u `f gNpX$u ip¡^_u_u 
klpe\u DÃQ hpf„hpqfsphpmp¡ Ýhr_ ‎âhplu Üpfp ifufdp„ `kpf L$fhpdp„ 
Aph¡ R>¡. ifuf_p Ap„sqfL$ cpN Üpfp `fphrs®s \e¡gp¡ Ýhr_ afu ‎ip¡^_u_u 
klpe\u A¡L$rÓs L$fhpdp„ Aph¡ R>¡. A_¡ Ap `fphrs®s Ýhr__u klpe\u 
k„NZL$ (L$p¡çàeyV$f) ‎ifuf_p A„sN®s cpNp¡_u ârsdp s¥epf L$f¡ R>¡. Ap s„Óop_ 
h¡v$_pfrls lp¡hp\u AQ|L$ r_v$p_ dpV¡$ Ap ‎s„Óop__p¡ D`ep¡N h¥ÛL$ue ip÷dp„ 

h^sp¡ Qpëep¡ R>¡. ‎

	 îpìepsus Ýhr__p¡ 

h¥ÛL$ue ip÷dp„ L$C fus¡ 

D`ep¡N L$fhpdp„ Aph¡ R>¡. 

s¡_u ip¡^ L$fp¡ ?‎

dmsu ârsdp ‎

s`pkZu

kp¡_p¡N°pau e„Ó 

 rhop__p dpÝed Üpfp s„Óop__p¡ \e¡gp¡ rhL$pk Ap dp_h_u âNrs dpV¡$ L$pfZ 

ê$` `|fhpf \ey„ lp¡hp R>sp„ ‎s„Óop__p N¡f h`fpi_p A_¡L$ vy$ó`qfZpd `Z      

dp_hÆh_ `f \ep R>¡. kp¡_p¡N°pau s„Ó_p Ap^pf¡ Ap`Z¡ ‎Ðep„ S>Þd g¡_pf c°yZ 

L¡$hy„ R>¡, s¡_p¡ rhL$pk L$C fus¡ \pe R>¡ s¡_u ÅZL$pfu Ap`¡ R>¡. `f„sy R>p¡L$fp¡ A_¡ 

R>p¡L$fu ‎hÃQ¡ c¡v$ L$fu L$Þep c°yZ lÐep_y„ h^sy„ âdpZ A¡ s„Óop__p¡ N¡f h`fpi S> 

R>¡. Apd L$fhy„ s¡ L$pev$p_u ×[óV$A¡ ‎rinp`pÓ Ny_p¡ lp¡hp\u s¡_¡ dpV¡$ S> PNDT 
Act s¥epf L$fhpdp„ Apìep¡ R>¡. ‎

Ýep_dp„ fpMp¡.
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d_yóe_p¡ L$p_‎ (Human ear)

	 L$p_ A¡ d_yóe_u dlÒh_u IqÖe R>¡. L$p_\u Ap`Z¡ Ýhr_ kp„cmuA¡ R>uA¡. Ýhr_sf„N L$p_ `f `X$sp„ S> 
‎L$p__p¡ `X$v$p¡ L„$r`s \pe R>¡ A_¡ Ap L„$`__y„ rhÛys sf„Ndp„ ê$`p„sf \pe R>¡ S>¡ îhZrhjeL$ dÄÅs„sy Üpfp ‎dNS>_¡ 
`lp¢Q¡ R>¡. L$p__p dlÒh_p ÓZ cpN R>¡. ‎

bpüL$Z® (L$Z®`ëgh) (Pinna)
	 bpücpN Ýhr__¡ c¡Np¡ L$f¡ R>¡. A_¡ îhZ _rgL$pdp„\u (audible canal) dÝeL$Z®_p L$Z®`V$g ky^u 
(eardum) `lp¢QpX¡$ R>¡. ‎

dÝeL$Z® ‎(Middle Ear)
	  dÝeL$Z®_p `p¡gpZdp„ `psmp¡ `X$v$p¡ lp¡e R>¡. Äepf¡ dpÝed_y„ ^_uch_ L$Z®`V$g ky^u `lp¢Q¡ R>¡ Ðepf¡ `V$g_u 
‎blpf v$bpZ h^¡ R>¡ A_¡ s¡ A„v$f sfa Åe R>¡. s¡d S> Äepf¡ õafuch_ (rare faction) `V$g ky^u `lp¢Q¡ R>¡ Ðepf¡ 
s¡_y„ ‎L„$`_ \C_¡ blpf_u sfa Aph¡ R>¡. Ap âL$pf¡ Ýhr_sf„Np¡_¡ L$pfZ¡ `X$v$p_y„ L„$`_ \pe R>¡. Ap L„$`_p¡ rhõspf ‎‎ pd¡ 
A_¡ L$p__p A„v$f_p cpNdp„ gC S>hpe R>¡. ‎

Ap„sfL$Z® ‎(Inner Ear)
	 îhZ _rgL$p_p¡ A¡L$ cpN Ap„sfL$Z®_¡ dNS> kp\¡ Å¡X¡$ R>¡. ‎Ap„sfL$Z®dp„ Np¡L$mNpe_p L$hQ S>¡hp¡ kr`®g L$n 
lp¡e R>¡. s¡_¡ L$Zp®hs® L$l¡ R>¡. L$Zp®hs®dp„ L$Z®`V$gdp„\u ‎N°lZ L$f¡gp L„$`_p¡ dÄÅs„Ó Üpfp rhÛys k„L¡$sdp„ ê$`p„sf       
\pe \C dNS>_¡ `lp¢Q¡ R>¡¡. Ðepfbpv$ dNS>dp„ s¡ k„L¡$sp¡_y„ rhïg¡jZ \pe ‎R>¡. ‎

	 L$p_ A¡ dlÒh_u op_¢qÖe lp¡C L$p_ õhÃR> L$fhp dpV¡$ L$p_dp„ L$p„X$u, AZuhpmu hõsy _pMhu _l]. s¡d 
S> ‎Cefap¡__u klpe\u dp¡V$p AhpS>¡ Nusp¡ kp„cmhp _l]. s¡_p\u L$p__p `X$v$p_¡ N„cuf CÅ _l]. `f„sy 
s¡_p\u ‎L$p__p `X$v$p_¡ N„cuf CÅ \hp_u k„cph_p fl¡ R>¡. ‎	

‎12.6 d_yóe_p L$p__u fQ_p ‎

bpüL$Z®

L$Z®_rgL$p

dÝeL$Z®

Ap„sfL$Z®

dÝeL$Z®_y„ `p¡gpZ

A^®hsy®mpL©$rs _rgL$pÓZ lpX$L$p_u kp„L$mu

L$p__p¡ `X$v$p¡

N°k_uL$Z®_rgL$p

L$Zp®hs®õV¡$àk

Ýep_dp„ fpMp¡.
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A„sf

h¡N ‎
kde =

Dv$plfZ 1 : 1.5 kHz hpf„hpqfsp A_¡ 25 cm sf„N 

g„bpChpmp Ýhr__¡ 1.5 km A„sf L$p`hp dpV¡$ L¡$V$gp¡ 

kde gpNi¡ ‎‎?

Ap`¡gu dprlsu : hpf„hpqfsp (u) = 1.5 kHz 

                             = 1.5 × 103 Hz  

sf„N g„bpC (l) = 25 cm = 0.25 m

      A„sf (s) = 1.5 km = 1.5 × 103 m

	  kde (t) = ? 

Ýhr__p¡ h¡N = hpf„hpqfsp × sf„N g„bpC ‎ 
v = u  l
v = 1.5 x 103 ×  0.25
v = 0.375 ×103 

v = 375 m/s

Ýhr__¡ 1.5 km A„sf L$p`hp 4 s gpNi¡. ‎

s
v

1.5 × 103

   375
=

  1500
   375

= = 4 st = 

Dv$plfZ 2 : SONAR _u klpe\u kdyÖ_p âpZudp„ 

Ýhq_sf„N ân¡r`s L$ep® bpv$ 4s _u ârsÝhr_ âpàs \C 

sp¡ ‎s¡ W¡$L$pZ¡ kdyÖ_u KX$pC L¡$V$gu li¡ ? ‎

(kdyÖ_p `pZudp„ Ýhr__p¡ h¡N =1550 m/s)‎

Ap`¡gu dprlsu :

kdyÖ_p `pZudp„ Ýhr__p¡ h¡N  =1550 m/s

ârsÝhq_ kp„cmhp_p¡ kdeNpmp¡ = 4s

Ýhr_sf„N kdyÖ_p srmep ky^u `lp¢Qhp dpV¡$ gpN¡gp¡ 

kde 

= 4
2 = 2 s

A„sf

kde
h¡N =

A„sf = h¡N × kde
     = 1550 x 2 
     = 3100 m

      s¡ W¡$L$pZ¡ kdyÖ_u KX$pC 3100 m  li¡. ‎

Dv$plfZ 3 : 1cm sf„N g„bpC_p¡ Ýhr_sf„N 340 m/s _p h¡N\u lhpdp„ `kpf \sp„ Ýhr__u hpf„hpqfsp L¡$V$gu 

li¡ ? s¡ Ýhr_ ‎dp_hu_¡ dpV¡$ îhZnd R>¡ L¡$ ?

Ap`¡gu dprlsu : sf„Ng„bpC = l =1cm=1 x 10-2m,  Ýhr__p¡ h¡N = v = 340 m/s

v  =  u l
v
l \ u = 

340
1 x 10 -2  = = 340 × 10 2

\ u = 34000 Hz 

Ap hpf„hpqfsp 20000 Hz L$fsp„ h^y lp¡hp_¡ L$pfZ¡ s¡ Ýhr_ dp_h kp„cmu iL$i¡ _l].‎

 	 kp¡_pf_y„ s„Óop_ `l¡gp rhðeyÝ^dp„ iÓy_u kbdfu_ ip¡^hp dpV¡$ rhL$rks L$fhpdp„ Apìey„ lsy„. Ap 

s„Óop_ ‎lhpdp„ ̀ Z hp`fu iL$pe. QpdprQX$uep Ap S> s„Ó_p¡ D`ep¡N L$fu ̀ p¡sp_p fõspdp„ Aphsp Ahfp¡^p¡_u 

‎dprlsu d¡mh¡ R>¡ A_¡ A„^pfpdp„ `Z klS> EX$u iL¡$ R>¡. ‎

NZ¡gp„ Dv$plfZp¡ 
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1.‎ ‎_uQ¡_p rh^p_p¡ |̀Z® L$fp¡ A_¡ s¡_y„ õ`óV$uL$fZ Ap`p¡. 
	 (A)‎	‎ ......... dp„\u Ýhr__y„ âkpfZ \sy„ _\u. ‎
	 (Ap)‎	‎ pZudp„ A_¡ õV$ugdp„ Ýhr__p h¡N_u 

syg_p L$fsp ......... dp„ Ýhr__p¡ h¡N h^y 
lp¡e R>¡. ‎

	 (B)‎	 fp¡Æ„v$p Æh_dp„ ............. Ap Dv$plfZ 
Üpfp Ýhq__p¡ h¡N âL$pi_p h¡N L$fsp Ap¡R>p¡ 
R>¡ A¡ rkÝ^ \pe R>¡. ‎

	 (C)	 kdyÖdp„ X$yb¡gy„ A¡L$pv$ S>lpS>, dp¡V$u hõsy 
ip¡^hp dpV¡$......... s„Óop_ hp`fhpdp„  
Aph¡ R>¡.  

2.‎	 h¥opr_L$ L$pfZp¡ õ`óV$ L$fp¡. ‎
	 (A)‎	 rk_¡dpN©l, kcpN©l_u R>s h¾$pL$pf 

õhê$`_u b_ph¡gu lp¡e R>¡. ‎
	 (Ap)‎	Mpgu b„^ `X¡$gp Ofdp„ ârs_pv$_u suh°sp 

h^y lp¡e R>¡. ‎
	 (B)‎	 hN®dp„ r_dp®Z \e¡gp¡ ârsÝhr_ Ap`Z¡ 

kp„cmu iL$sp _\u. ‎ ‎ 
3.‎	‎ _uQ¡_p âñp¡_p DÑfp¡ sdpfp iåv$p¡dp„ gMp¡. ‎ ‎
	 (A)‎	 ârsÝhr_ A¡V$g¡ iy„ ? ârsÝhr_ õ`óV$ 

kp„cmu iL$pe s¡ dpV¡$ L$C L$C bpbsp¡ lp¡hu 
AphíeL$ R>¡ ?‎

	 (Ap)‎	rhS>e`yf_p Np¡mNy„bS>_u fQ_p_p¡ 
Aæepk L$fp¡ A_¡ Ðep„ A_¡L$ ârsÝhq_ 
kp„cmu iL$pe R>¡. s¡_u ‎L$pfZdudp„kp L$fp¡. 

	 (B)‎	 ârsÝhr_ r_dp®Z _ \pe s¡ dpV¡$ hN®_p 
Ap¡fX$p_y„ dp`_ A_¡ fQ_p L¡$hu lp¡hu 
Å¡CA¡?‎

4.‎	 Ýhr_ip¡jL$ kp^_p¡_p¡ h`fpi ¼ep ¼ep W¡$L$pZ¡ A_¡ 
ip dpV¡$ L$fhpdp„ Aph¡ R>¡ ?‎ ‎

5.‎	 Dv$plfZ DL¡$gp¡. ‎
	 (A)‎	‎  0 0 C DóZspdp_¡ Ýhr__p¡ lhpdp„ h¡N 

332 m/sR>¡ sp¡ ârs A„i k¡[ëkAk¡ 0.6 
m/s A¡ h^sp 344 m/sA¡ lhp_y„ 
‎DóZspdp_ L¡$V$gy„ li¡ ?‎ (DÑf‎ : 20 0 C) 

	 (Ap)‎	‎_usp_¡ rhS>mu QdL$pf_p 4 k¡L„$X$ bpv$ 
rhS>mu_p¡ AhpS> k„cmpep¡ sp¡ rhS>mu    
_usp \u L$V¡$gp A„sf¡ ‎li¡ ? ‎

		  Ýhr__p¡ lhpdp„ h¡N = = 340 m/s
		                                  (DÑf‎ : 1360 m) 
	 (B)‎	 ky_ug b¡ qv$hpg hÃQ¡ Ecp¡ R>¡. s¡_p\u 

kp¥\u `pk¡_u qv$hpg 360 duV$f A„sf¡ R>¡. 
sp¡ dp¡V¡$\u b|d  `pX$ép ‎bpv$ 4 k¢L$X$ `R>u 
s¡_¡ `l¡gp¡ ârsÝhr_ k„cmpep¡ A_¡ `R>u 2 
k¢L$X$ bpv$ buÅ¡ ârsÝhr_ k„cmpep¡ sp¡ ‎

‎		  1. Ýhr__p¡ lhpdp„ h¡N L¡$V$gp¡ li¡ ? ‎
		‎  2. b¡ qv$hpgp¡ hÃQ¡_y„ A„sf L¡$V$gy„ li¡ ? 
           	            (DÑf‎ : 330 m/s ; 1650 m)
	 (C)‎	 lpCX²$p¡S>_ N¡k b¡ kdp_ bpV$gudp„ (A 

A_¡ B) kdp_ DóZsp_¡ fp¿ep¡ R>¡. 
bpV$gudp„_p hpey_y„ hS>_ ‎A_y¾$d¡ 12 N°pd 
A_¡ 48 N°pd R>¡ L$C bpV$gudp„ Ýhr__u 
Nrs h^y li¡ ? L¡$V$gp NZu ?

	                      ( DÑf‎ :  A dp„, b¡ NZu )
	 (D)	 b¡ kdp_ bpV$gudp„ rlgued hpey cf¡gp¡ R>¡ 

s¡dp„_p hpey_y hS>_ 10 N°pd A_¡ 40 N°pd 
R>¡. Å¡ b„Þ_¡ ‎bpV$gu_p hpey_u Nrs kdp_ 
lp¡e sp¡ sd¡ iy„ r_óL$j® L$pY$ip¡ ? ‎

D`¾$d ‎	
	 ‎	 S>gsf„N A¡ hr^ dpV¡$_u dprlsu d¡mhp¡ 

A_¡ s¡dp„\u Sy>v$pSy>v$p õhfp¡_y„ r_dp®Z L$C 
fus¡ \pe R>¡ s¡ kdÅ¡. ‎

õhpÝepe

²²²
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L$pb®_‎ (Carbon)
	 r_kN®dp„ dbgL$ âdpZdp„ dmu Aph_pf L$pb®_ A¡ d|mÖìe dy¼s 

s¡dS> k„ep¡Æs õhê$`dp„ dmu ‎Aph¡ R>¡. L$pb®_ A¡ A^psy d|mÖìe_p 

rhrh^¡ NyZ^dp£_p¡ Aæepk Ap`Z¡ Ap `pW$dp„ L$fuiy„.‎ 

	 sd¡ khpf\u fps ky^u fp¡Æ„v$p Æh_dp„ S>¡ `v$p\® hp`fp¡ R>p¡         

A\hp Aplpfdp„ S>¡ `v$p\® D`ep¡Ndp„ gp¡ R>p¡ s¡ ‎kh® `v$p\® / hõsy_u 

epv$u s¥epf L$fp¡ A_¡ s¡ `v$p\p£_u _uQ¡_p L$p¡W$pdp„ ep¡Áe õ\p_¡ Np¡W$hp¡.‎	

‎1. 	 L$pb®__u k„op‎ - C 
‎2. 	 `fdpÏ ¾$dp„L$ ‎- 6
‎3. 	 Cg¡¼V²$p¡_ k„ê$`Z ‎- 12
‎4.	 AÏÖìedp_ -2,4
‎5.	 b„^_p„L$ - 4‎
‎6. 	 A^psy d|mÖìe ‎

‎̂ psy_u hõsy dpV$u / L$pQ_u hõsy AÞe hõsy/ `v$p\®‎

	 lh¡ R>¡ëgu lfp¡mdp„_u hõsy_u epv$u Sy>Ap¡. Ap epv$udp„_p AÞ_`v$p\®, L$`X$p, Ap¥j^, H^Z, gpL$X$p_u hõsy 

‎Ap b^pdp„ L$pb®_ A¡ h¥rhÝe`|Z® dlÒh_p¡ OV$L$ R>¡. ‎ 

	 Nep ^p¡fZdp„ sd¡ L$pb®_ A¡ AOpsy d|mÖìe R>¡ A¡_p¡ Aæepk L$ep£ R>¡. L$pb®_ r_kN®dp„ ¼ep ¼ep ‎k„ep¡S>_p¡dp„ 

dmu Aph¡ R>¡ A¡_u dprlsu sd_¡ R>¡. ‎

‎1.‎	 d|mÖìe A¡V$g¡ iy„ ? d|mÖìep¡_p rhrh^ âL$pf ¼ep ? ‎

‎2.‎	 L$p¡C`Z `v$p\®_y„ `|Z® Ähg_ \ep `R>u R>¡hV¡$ iy„ bpL$u fl¡ R>¡ ? ‎

‎3.‎	 L$pb®_ A¡ ¼ep âL$pf_y„ d|mÖìe R>¡ ? s¡ rhje_u dprlsu Ap`p¡. ‎ 

‎1.	 A¡L$ bpó``pÓdp„ \p¡Xy„$ v|$^ gp¡. bpó``pÓ_¡ b_®f_u klpesp\u Nfd L$fp¡. v|$^ `|Z® 

`Z¡ ‎bmu Nep `R>u bpó``pÓ_p smue¡ iy„ bpL$u fl¡ R>¡ ? ‎

‎2.	 Sy>v$u Sy>v$u L$k_muAp¡dp„ kpL$f, E_, kyL$pe¡gp `p„v$X$p, hpm, buep„, v$pm, L$pNm àgp[õV$L$ hN¡f¡_p ‎‎\p¡X$p \p¡X$p 

_d|_p gp¡. âÐe¡L$ L$k_mu_¡ Nfd L$fu `v$p\®dp„ \_pf a¡fapf_y„ r_funZ L$fp¡.

	 âÐe¡L$ L$k_mudp„ R>¡hV¡$ bpL$u fl¡g L$pmp¡ `v$p\® iy„ v$ip®h¡ R>¡. ‎

L$fu Sy>Ap¡¡.

epv$ L$fp¡.

1. गतीचे नियम

Ø   L$pb®__y„ A[õsÐh, NyZ^d®, rhrh^ê$`sp ‎		  Ø   lpeX²$p¡L$pb®_ ‎

Ø   L$pb®_ X$pep¡¼kpCX$ A_¡ rd\¡_ A[õsÐh, NyZ^d®, D`ep¡N ‎

13. L$pb®_ : A¡L$ dlÒh_y„ d|msÐh

	 k„ep¡S>_ A¡V$g¡ iy„ ? k„ep¡S>_ L¡$hu fus¡ s¥epf \pe R>¡?‎ 

	 h_õ`rs A\hp âpZudp„\u âÐen A\hp AâÐen fus¡ dm_pf k„ep¡S>__¡ k¢Öue k„ep¡S>_ L$l¡ R>¡, ‎s¡S> fus¡ 

Mr_S>dp„\u dm_pfp k„ep¡S>_p¡ Ak¢qÖe k„ep¡S>_ sfuL¡$ Ap¡mMpe R>¡. Ap`Zp ‎A_yhp„riL$ NyZ^d® A¡L$ `¡Y$udp„\u 

buÆ `¡Y$udp„ k„¾$rds L$f_pf DNA A_¡  RNA dp„ L$pb®_ A¡ A¡L$ âdyM ‎OV$L$ R>¡. ‎

L$lp¡ Å¡CA¡ !
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13.1 lufp¡

	 S>d®_ fkpeZip÷o hp¡lgfA¡ Adp¡r_ed kpe_¡V$ _pd_p Ak¢qÖe k„ep¡S>_dp„\u 

eyfuep_„y ‎rhïg¡jZ L$e¯y Ðepf `R>u Ak¡qÖe k„ep¡S>_dp„\u dp¡V$p âdpZdp„ k¢qÖe k„ep¡S>_p¡ 

s¥epf L$fhpdp„ ‎Apìep. Ap kh® k„ep¡S>_dp„ L$pb®_ A¡ dy¿e d|mÖìe lp¡hp_y„ r_ó`Þ_ \ey„ 

A¡V$g¡ k¢qÖe fkpeZip÷_¡ ‎L$pb®r_L$ k„ep¡S>_p¡_y„ fkpeZip÷ L$l¡hpdp„ Aph¡ R>¡. ‎

L$pb®__y„ A[õsÐh ‎ (Occurrence of Carbon )
	 g¡qV$_ cpjpdp„ "L$pbp£' A¡V$g¡ L$p¡gkp¡. Ap_p `f\u "L$pb®_' 
A¡ _pd âpàs \ey„ R>¡. r_kN®dp„ L$pb®_ ‎dy¼s s¡dS> k„ep¡Æs 
Ahõ\pdp„ dmu Aph¡ R>¡. dy¼s Ahõ\pdp„ L$pb®_ lufp A_¡ 
N°¡apCV$_p õhê$`dp„ dmu ‎Aph¡ R>¡. k„ep¡Æs Ahõ\pdp„ L$pb®_ 
_uQ¡ S>Zph¡g k„ep¡S>_p¡dp„ lp¡e R>¡. ‎ ‎
1.‎	 L$pb®_ X$peAp¡¼kpCX$, L$pbp£_¡V$_p õhê$`dp„ Dv$p.- L¡$[ëied 
	 L$pbp£_¡V$, dpb®g L¡$gpdpC_ (ZnCO3) ‎
‎2.‎	 Æhpíd H^Z - `Õ\fuep¡ L$p¡gkp¡, `¡V²$p¡rged, _¥krN®L$ 
	 hpey. 
‎3.‎	 L$pb®r_L$ `p¡jL$Öìep¡ - L$pbp£qv$s `v$p\®, âp¡qV$_, Qfbu‎
‎4.‎	‎ _¥krN®L$ sp„sZp - L$`pk, D_, f¡id. ‎ ‎

h¥opr_L$ dprlsu ‎
	 `©Õhu_p L$hQdp„ Apif¡ 0.27% 
L$pb®_ lp¡hp\u s¡ L$pbp£_¡V$, L$p¡gkp¡ A_¡ 
`¡V²$p¡rged_p õhê$`dp„ lp¡e R>¡. Äepf¡ 
‎hpsphfZdp„ fl¡g L$pb®__y„ âdpZ L$pb®_
X$peAp¡¼kpCX$_p õhê$`dp„ Apif¡ 0.03% 
S>¡V$gy„ lp¡e R>¡. ‎
	 dlpkpNf_p smue¡ Å¡ dmsu 
L¡$V$guL$ h_õ`rs `pZudp„_p L$pb®__y„ 
ê$`p„sf L¡$[ëied L$pbp£_¡V$dp„ L$f¡ R>¡. ‎

L$pb®__p NyZ^d®‎ (Properties of  Carbon)
L$pb®__p rhrh^ ê$`‎
rhrh^ê$`sp ‎(Allotropy) - r_kN®dp„ L¡$V$gpL$ d|mÖìep¡ A¡L$ L$fsp„ Ar^L$ ê$`dp„ dmu Aph¡ R>¡. s¡d_p fpkperZL$ 
NyZ^d® kdp_ lp¡e R>¡. ‎‎ f„sy cp¥rsL$ NyZ^d® Sy>v$p lp¡e R>¡. d|mÖìe_p Ap NyZ^d®_¡ rhrh^ê$`sp L$l¡ R>¡. L$pb®_
âdpZ¡ këaf, ‎ap¸õafk Ap d|mÖìep¡ `Z rhrh^ê$`sp v$ip®h¡ R>¡. ‎ ‎

L$pb®__p rhrh^ê$`p¡ ‎ (Allotropes of Carbon)
(A)	õaV$uL$ ê$`‎ (Crystalline forms)
1.‎	 õaV$uL$ ê$` ^fphsp `fdpÏ_u fQ_p r_erds A_¡ r_ròs lp¡e R>¡. ‎
‎2.‎	 s¡d_p Ng_ tbvy$ A_¡ DÐL$g_tbvy$ JQp lp¡e R>¡. ‎
‎3.‎	 õaV$uL$ ê$` ^fphsp L$pb®r_L$ `v$p\p£ r_ròs cp¥rdrsL$ fQ_p, suÿZ qL$_pfu A_¡ k`pV$ `©óW$cpN ‎‎ fph¡ R>¡. 
L$pb®__p ÓZ õaV$uL$ ê$` R>¡. ‎

1. lufp¡ (Diamond)
	 cpfsdp„ lufp¡ dy¿eÐh¡ Np¡hmL$p¢X$p (s¡g„NpZp) 
A_¡ `Þ_p (dÝeâv¡$i)dp„ dmu Aph¡ R>¡. cpfs âdpZ¡ 
‎v$rnZ ApqäL$p, b°prTg b¡[ëÆed, friep, Ad¡qfL$p 
hN¡f¡ v¡$ip¡dp„ `Z lufp¡ dmu Aph¡ R>¡. ‎

®
DóZsp

NH4
+CNO- NH2CONH2

‎̀ qfQe ip÷o_p¡ ‎
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D`ep¡N ‎

1.‎	 L$pQ L$p`hp_p A_¡ MX$L$dp„ rR>Ö `pX$_pfp D`L$fZp¡dp„ lufp¡ h`fpe R>¡. ‎

‎2.‎	 Of¡ZpAp¡dp„ lufp_p¡ D`ep¡N L$fhpdp„ Aph¡ R>¡. ‎

‎3.‎	 Ap„M_u i÷q¾$ep L$fhp_p D`L$fZdp„ lufp_p¡ D`ep¡N \pe R>¡. ‎

‎4.‎	 lufp_p cy½$u_p¡ D`ep¡N buÅ lufp_¡ QdL$phhp dpV¡$ L$fhpdp„ Aph¡ R>¡. ‎

5.	 lufp_p¡ D`ep¡N AhL$pidp„ A_¡ L©$rÓd D`N°ldp„ k„¾$dZ\u k„fnZ v¡$_pfu bpfu s¥epf L$fhp dpV¡$ L$fhpdp„ Aph¡ R>¡.

13.2  lufpdp„_p L$pb®__p AÏ_u fQ_p

Brslpk s`pksp

A¡L$ kde¡ cpfs v¡$i "L$p¡rl_|f' lufp dpV¡$ ârkÝ^ lsp¡. 

Ap lufp¡ Ny„Vy$f (Ap„^°âv¡$i) dp„_u ‎L$p¡ëNyf MpZdp„\u 

13dp„ isL$dp„ dmu Apìep lsp¡. s¡_y„ hS>_ 180 Lµ$f¡V$ 

R>¡.‎

fQ_p :‎ lufpdp„ v$f¡L$ L$pb®__p¡ `fdpZy bpSy>_p Qpf 

L$pb®__p `fdpÏ kp\¡ klk„ep¡S>L$ b„^\u Å¡X$pe¡gp lp¡e 

‎R>¡. Aphu ×Y$ rÓrdrse fQ_p_¡ L$pfZ¡ lufp_¡ L$pqW$Þe 

âpàs \pe R>¡. ‎ ‎
NyZ^d®

1.‎	 s¡S>õhu A_¡ iyÝ^ lufp¡ A¡ _¥krN®L$ `v$p\p£dp„ kp¥\u 

L$W$Z `v$p\® R>¡. ‎

‎2.‎	 lufp_u O_sp 3.5 g/cm3 R>¡. ‎

‎3.‎	 Ng_tbvy  35000 C R>¡. ‎

‎4.‎	 Ap¸[¼kS>__u lpS>fudp„ 800०C DóZspdp_¡ lufp_¡ 

s`phsp CO2 hpey blpf ̀ X¡$ R>¡. Ap ‎âq¾$epdp„ CO2 

rkhpe buÅ L$p¡C`Z DÐ`pqv$sp¡ DÐ`Þ_ \sp _\u. 

‎5.‎	 L$p¡C`Z ÖphZdp„ lufp¡ `uNmsp¡ _\u. ‎

‎6.‎	 lufp `f A¡rkX$/b¡CT_u L$p¡C`Z Akf \su _\u.  

7.‎	 lufp¡ rhÛys_p¡ AhplL$ R>¡ L$pfZ L¡$ s¡dp„ dy¼s  

Cg¡¼V²$p¡Þk lp¡sp _\u. ‎ ‎

N°¡apBV$‎ (Graphite)
	 _¥krN®L$ õhê$`dp„ N°¡apBV$ friep, Þe|[Èg¡ÞX$, Ad¡qfL$p A_¡ cpfsdp„ dmu Aph¡ R>¡. ‎N°¡apCV$_u ip¡^ r_L$p¡gk 

S>¸¼kL$p¸ÞV$uA¡ 1795dp„ L$fu lsu. `¡[Þkgdp„ AZu g¡X$, N°¡apCV$ A_¡ ‎dpV$udp„\u b_phhpdp„ Aph¡ R>¡. ‎

13.3 N°¡apCV$ A_¡ N°¡apCV$dp„_p L$pb®__p `fdpÏ_u fQ_p ‎

L$pb®_

L$pb®_

fQ_p :‎ N°¡apCV$_p L$pb®_ `fdpÏ bpL$u_p ÓZ buÅ 

`fdpÏ kp\¡ A¡hu fus¡ b„^dp„ Å¡X$pe R>¡ L¡$, ‎s¡_p\u 

jV$L$p¡Zue kdsgue k„fQ_p b_¡ R>¡. N°¡apCV$_p¡ õaqV$L$ 

A_¡L$ `fdpÏAp¡_p õsf_p¡ ‎b_¡gp¡ R>¡. v$bpZ 

Ap`hp\u N°¡apCV$_p Ap õsf A¡L$d¡L$ `f Mk¡ R>¡. 

N°¡apCV$_p A¡L$ ‎‎ fdpÏ_p õsf_¡ N°pau_ L$l¡ R>¡. ‎
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L©$rs ‎ः 
1.‎	‎  ¡[Þkgdp„\u AZu L$pY$p¡ A_¡ s¡_p õ`i® A_ychp¡. s¡_p¡ f„N 

Sy>Ap¡ s¡_¡ lp\ hX¡$ ‎sp¡X$u Sy>Ap¡. ‎

‎2.‎	 ApL©$rsdp„ bspìep âdpZ¡ kprlÐe Å¡X$p¡. `qf`\dp„ 

rhÛysâhpl iê$ L$fp¡. r_funZ ‎L$fp¡. iy„ Å¡hp dm¡ R>¡ ?‎

‎3.‎	 A¡L$ L$k_mudp„ `pZu gp¡ b„_¡ L$k_mudp„ `¡[Þkg_u 

AZu_p¡ c|½$p¡ L$fu_¡ _pMp¡ iy„ ‎Å¡hp dm¡ R>¡ ?‎ ‎ ‎

N°¡apBV$_p¡ NyZ^d® ‎
1. 	 r_kN®dp„ D`gå^ N°¡apCV$ L$pmy„, _fd, bfX$$ A_¡ guky„ lp¡e R>¡. ‎

2. 	 N°¡apBV$dp„ A„v$f_p õsfdp„ dy¼s Cg¡¼V²$p¡_ afsp lp¡e R>¡ dpV¡$ rhÛys_y„ kyhplL$ R>¡. ‎ 

3.	 L$pNm `f DW$hp_u ndsp s¡_pdp„ lp¡e R>¡. 

4.	 N°¡apCV$_u O_sp 1.9 \u 2.3 g/cm3 S>¡V$gu R>¡.

5.	 N°¡apCV$ dp¡V¡$ cpN¡ ÖphZdp„ Ap¡Nmsp¡ _\u.

N°¡apBV$_p¡ D`ep¡N
1.‎	 N°¡apCV$\u KS>hp dpV¡$_y„ s¡g b_phpe R>¡.

‎2.‎ 	 L$pb®_ Cg¡¼V²$p¡X$ s¥epf L$fhp dpV¡$ N°¡apCV$_p¡ D`ep¡N \pe R>¡.

‎3.‎	 N°¡apBV$_p¡ D`ep¡N `¡[Þkg_u AZu b_phhp dpV¡$ L$fhpdp„ Aph¡ R>¡. ‎

‎4.‎	 f„N, `pµrgidp„ `Z N°¡apBV$_p¡ D`ep¡N \pe R>¡. ‎

‎5.‎	 h^y âL$pi Ap`_pf ApL®$ g¡ç`dp„ N¡°¡apBV$ h`fpe R>¡. ‎ ‎

kprlÐe ः `¡[Þkg, rhÛyshplL$ spf, b¡V$fu/k¡g, _p_p¡ bëb, `pZu, L$¡fp¡rk_, 

L$k_mu, `¡[Þkg_u ‎AZu hN¡f¡.‎ 

13.4 N°¡apCV$dp„\u rhÛysâhpl hl¡Z   

13.5 ‎1.‎	awgqf__u fQ_p ‎

bL$ubpµg (L$pb®_ _µ_p¡ V$é|b)

bL$ubpµg  (C60)

`¡[Þkg

bëb

k¡g

L$fu Sy>Ap¡¡.

awgqf_‎ (Fullerene)
	 awgqf_ A¡ L$pb®__y„ rhrh^ê$` r_kN®dp„ Ap¡R>p âdpZdp„ 

Å¡hp dm¡ R>¡. awgqf_ L$pS>mdp„, spfp_u Apk`pk_p hpv$mpAp¡dp„ 

s¡dS> c|Nc®_u bp„^Zu \pe Ðepf¡ hÃQ¡_u S>Npdp„ dmu Aph¡ R>¡. 

‎bL$rdÞkV$f awgqf_ (C60) A¡ awgqf__y„ â\d Dv$plfZ R>¡. qfQX®$ 

bL$rdÞkV$f awgf Ap ‎‎ v$p\®rhop_u A¡ L$f¡g Np¡mpL$pf OydV$_u 

fQ_p `f\u Ap rhrh^ê$`_¡ awgqf_ _pd ‎Ap`hpdp„ Apìey„ R>¡. ‎

	 C60 awgqf_ (L$pb®__y„ rhrh^ ê$`)_u ip¡^ dpV¡$ lµfp¡ëX$, ¾$p¡V$p¡, 

fp¡bV®$ L$g® A_¡ qfQX®$ õdp¸gu_¡ ‎‎1996_y„ fkpeZip÷_y„ _p¡b¡g 

`pqfsp¡rjL$ Ap`hpdp„ Apìey ls„y. ‎

	 C60 , C70 , C76 , C82  A_¡  C86  A¡ ãgp¡qf__p AÞe L¡$V$gpL$ 

Dv$plfZ R>¡. Ap AÏ r_kN®dp„ \p¡X$p âdpZdp„ ‎L$pS>mdp„ dmu 

Aph¡ R>¡.
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NyZ^d® ‎
1.‎	 awgqf__u fQ_p AÏ, bL$ubp¸g, bL$uV$éybT 

Ap õhê$`dp„ dmu Aph¡ R>¡. ‎

‎2.‎	 A¡L$ awgqf__p AÏdp„ kp^pfZ fus¡ 30 \u 

900 L$pb®__p `fdpÏ lp¡e R>¡. ‎

‎3.‎	 awgqf_ L$pb®r_L$ ÖphL$dp„ Öpìe lp¡e R>¡. ‎ ‎

	 Dv$p. - L$pb®_ X$pekëapCX$ A_¡ ¼gp¡fp¡b¡[ÞT_ 

D`ep¡N‎
1.‎	 awgqf__p¡ D`ep¡N AhplL$ sfuL¡$ L$fhpdp„ Aph¡ R>¡. 

‎2.‎	 S>giy[Ý^L$fZdp„ awgqf__p¡ DØu`L$ sfuL¡$ D`ep¡N 

L$fhpdp„ Aph¡ R>¡. ‎

‎3.‎	 A¡L$ Qp¡½$k DóZspdp_¡ awgqf_ Ars hplL$sp_p¡ 

NyZ^d® (Super conductor) v$ip®h¡ R>¡. ‎

AõaqV$L$de rhrh^ê$`p¡ ‎ (Non- crystalline / Amorphous forms) 
	 Ap õhê$`_p L$pb®__p `fdpÏ_u fQ_p Ar_erds lp¡e R>¡. `Õ\fuep¡ L$p¡gkp¡, 
L$p¡L$ ‎L$pb®__p AõaqV$L$de ê$` R>¡. ‎

1.	 `Õ\fuep¡ L$p¡gkp¡ : `Õ\fuep¡ L$p¡gkp¡ A¡L$ Æhpíd H^Z R>¡. s¡dp„ L$pb®_, 
lpeX²$p¡S>_ A_¡ Ap¡[¼kS>_ lp¡e ‎R>¡. s¡dp„ \p¡X$p âdpZdp„ _pCV²$p¡S>_ ap¸õafk, 
këaf lp¡e R>¡. s¡ O_ õhê$`dp„ dmu Aph¡ R>¡. s¡_p Qpf âL$pf R>¡. ‎

‎A.	̀ uV$ : L$p¡gkp¡ s¥epf \hp_y„ `l¡gy„ kp¡`p_ A¡V$g¡ `uV$ s¥epf \hy„. s¡dp„ `pZu_y„ 
âdpZ h^y A_¡ L$pb®__y„ ‎âdpZ 60% L$fsp„ Ap¡Ry>„ lp¡e R>¡, dpV¡$ s¡dp„\u Ap¡R>u 
DóZsp dm¡ R>¡. ‎

Ap. rgÁ_pCV$ : S>du__u A„v$f h^sp v$bpZ A_¡ DóZsp_¡ gu^¡ `uV$_y„ ê$`p„sf 
rgÁ_pCV$dp„ \pe R>¡. A¡dp„ ‎L$pb®__y„ âdpZ gNcN 60 \u 70% lp¡e R>¡. L$p¡gkp¡ 
s¥epf \hp_y„ buSy>„ kp¡`p_ rgÁ_pCV$ ‎

B. 	buV$éyrd_k : L$p¡gkp_u r_rd®rs_p ÓuÅ kp¡`p_dp„ buV$éyrd_k s¥epf \pe R>¡. 
s¡dp„ L$pb®__y„ âdpZ ‎‎70 \u 90% lp¡e R>¡. ‎

C. 	Aƒ\°pkpBV$ : Aƒ\°pkpCV$_¡ L$p¡gkp_p iyÝ^ õhê$` sfuL¡$ Ap¡mMhpdp„ Aph¡ R>¡. 
Ap L$p¡gkp¡ L$W$Z lp¡e R>¡ ‎A_¡ s¡dp„ L$pb®__y„ âdpZ 95% lp¡e R>¡. ‎

2.	 QpfL$p¡g : âpZu_p lpX$L$p„, tiNX$p hN¡f¡dp„\u QpfL$p¡g s¥epf L$fhpdp„ Aph¡ R>¡. 
Äepf¡ gpL$X$p A`yfsu ‎lhpdp„ bpm¡ Ðepf¡ h_õ`rsS>Þe QpfL$p¡g s¥epf \pe R>¡. 

L$p¡gkp_p¡ D`ep¡N ‎
1.	 L$pfMp_pdp„ A_¡ Ofp¡dp„ L$p¡gkp_¡ I^Z sfuL¡$ hp`fhpdp„ Aph¡ R>¡. ‎
‎2.‎	 L$p¡L$, L$p¡gN¡k A_¡ L$p¡g V$pf d¡mhhp dpV¡$ L$p¡gkp_p¡ D`ep¡N L$fhpdp„ Aph¡ R>¡. ‎
‎3.‎	 rhÛys r_rd®rs dpV¡$ Ap¥[óZL$rhÛys L¡$ÞÖdp„ L$p¡gkp¡ h`fpe R>¡. ‎
3.	 L$p¡L$ : `Õ\fuep L$p¡gkpdp„\u L$p¡gN¡k L$pY$u gu^p `R>u bQ¡gp iyÝ^ L$p¡gkp_¡ L$p¡L$ 

L$l¡ R>¡. ‎ 
4.	 S>miy[Ý^L$fZ s¡dS> k¢qÖe `v$p\p£_p iy[Ý^L$fZ dpV¡$ QpfL$p¡g h`fpe R>¡.
L$p¡L$_p¡ D`ep¡N
1.‎	 OfOÕ\y HOZ sfuL¡$ h`fpe R>¡. ‎

‎2.‎	 L$p¡L$_p¡ D`ep¡N n`ZL$ sfuL¡$ L$fhpdp„ Aph¡ R>¡. ‎

‎3.‎	 hp¸V$fN¸k (CO+H2) A_¡ ̀ p¡X$éykfNµk (CO+H2+CO2+ N2) S>¡hp hpeyê$` 

I^Z_u r_rd®rsdp„ L$p¡L$_p¡ D`ep¡N \pe R>¡. ‎       13.6 L$pb®__p AõaqV$L$de ê$`p¡ 

`uV$

rgÁ_pCV$ ‎

buV$éyrd_k

Aƒ\°pkpCV$‎

L$p¡L$
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lpCX²$p¡L$pb®Þk : d|mc|s k¢qÖe k„ep¡S>_p¡ ‎ (Hydrocarbons : Basic Organic Compounds)
	 b^p k¢qÖe k„ep¡S>_p¡dp„ L$pb®_ kp\¡ lpCX²$p¡S>_ kdprhóV$ lp¡e R>¡. Ap d|mc|s k¢qÖe k„ep¡S>_p¡ "d|m 

‎k„ep¡S>_ sfuL¡$ Ap¡mMpe R>¡. s¡Ap¡_¡ lpBX²$p¡L$pb®Þk `Z L$l¡ R>¡. ‎

	 L$pb®__y„ Cg¡¼V²$p¡_ k„ê$`Z 2, 4 R>¡ dpV¡$ L$pb®__p AÏ_u buÆ L$npdp„ Qpf Cg¡¼V²$p¡_ Dd¡fpe sp¡ R>¡hV$_u 

‎L$npdp„ AóV$L$ `|Z® \hp\u  s¡ _ÆL$_p r_[ó¾$e hpey (r_Apµ_ 2, 8) âdpZ¡ [õ\f \i¡. ‎

	 L$pb®__p¡ b„^_p„L$ 4 R>¡, dpV¡$ s¡ buÅ L$pb®_ kp\¡ A\hp buÅ d|mÖìe_p `fdpÏ kp\¡ h^ydp„ h^y Qpf 

‎klk„ep¡S>L$ b„^ (Covalent Bond) s¥epf L$fu iL¡$ R>¡. ‎

	 L$pb®_ âÐe¡L$ lpCX²$p¡S>_ kp\¡ A¡L A¡d Qpf lpCX²$p¡S>_ kp\¡ cpNuv$pfu L$fu Qpf C-H s¥epf b„^ s¥epf L$f¡ ‎R>¡. 

Ðepf¡ rd\¡_ CH4 _p¡ AÏ s¥epf \pe R>¡. Ap âL$pf¡ cpNuv$pfu_¡ gu^¡ s¥epf \e¡gp b„^_¡ "klk„ep¡S>L$ b„^' L$l¡ R>¡. 

‎ 

13.7 rd\¡__y„ fQ_pk|Ó A_¡ Cg¡¼V²$p¡_ X$pµV$ ârsL©$rs

klk„ep¡S>L$ k„ep¡S>__p NyZ^d® ‎

1.‎	 klk„ep¡S>L$ k„ep¡S>__y„ DÐL$g_tbvy$ A_¡ Ng_tbvy$ 

_uQy„ lp¡e R>¡. ‎

‎2.‎	 s¡ kpdpÞes: `pZudp„ AÖpìe A_¡ k¢qÖe ÖphL$dp„ 

Öpìe lp¡e R>¡. ‎

‎3.‎	 s¡ rhÛys A_¡ DóZsp_p d„v$ hplL$ lp¡e R>¡. ‎ 

k„s©às A_¡ Ak„s©às lpCX²$p¡L$pb®_‎ (Saturated and Unsaturated Hydrocarbons)
	 L$pb®__p¡ `fdpÏ buÅ L$pb®__p `fdpÏ kp\¡ s¡dS> AÞe `fdpÏ kp\¡ i©„Mgp s¥epf L$fhp_p¡ ‎Akp^pfZ 

NyZ^d® ̂ fph¡ R>¡. S>¡ lpCX²$p¡L$pb®Þkdp„ C-C ̀ fdpÏ ̀ fõ`f a¼s A¡L$ b„^\u Å¡X$pe R>¡. ‎s¡d_¡ k„s©às lpCX²$p¡L$pb®Þk 

L$l¡ R>¡. Dv$p- C\¡_ (C2H6) (CH3      CH3) , âp¡`¡_ (CH3) (CH3      CH2      CH3)
	 S>¡ lpCX²$p¡L$pb®Þkdp„ L$pb®__p `fdpÏAp¡ `fõ`f qÜb„^ A\hp rÓb„^\u Å¡X$pe¡gp lp¡e R>¡ s¡d_¡ ‎Ak„s©às 

lpCX²$p¡L$pb®Þk L$l¡ R>¡. ‎Dv$p-B\u_ (H2C = CH2), B\pC_‎ 			    , âp¡`u_ (CH3 - CH = CH2), 
âp¡`pC_‎ (CH3 - C         CH).

kprlÐe : 3 i„Ly$`pÓ, L$pQ_p¡ krmep¡ ‎

fkpeZp¡ : `pZu, L$¡fp¡rk_, MpÛs¡g, L$p¡gkp_p¡ c|½$p¡ hN¡f¡ ‎

fus : 3 i„Ly$ `pÓ gC A_y¾$d¡ s¡dp„ MpÛs¡g, `pZu A_¡ L¡$fp¡rk_ Dd¡fp¡ 

âÐe¡L$ i„Ly$`pÓdp„ AX$Ûp¡ QdQp¡ L$p¡gkp_p¡ c|½$p¡ Dd¡fp¡ A_¡ L$pQ_p 

krmep hX¡$ lgphp¡. ÓZ¡ ‎i„Ly$`pÓdp„_p ÖphZ_y„ r_funZ L$fp¡.‎ 13.8 L$p¡gkp_u `pZudp„ AÖpìesp

(HC         CH)

L$pb®__p `fdpÏ_p AÞe `fdpÏ kp\¡_p b„^ dS>b|s A_¡ [õ\f lp¡e R>¡ L¡$ ? 

L$fu Sy>Ap¡¡.

dNS> Qgphp¡. 

L$pb®__u Öpìesp ‎ (Solubility of Carbon )
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13.9 L$pb®__u Ap¸[¼kS>_ kp\¡_u Arcq¾$ep‎

L$pb®__u Ap¸[¼kS>_ kp\¡_u Arcq¾$ep‎ (Reaction of Carbon with Oxygen)

1.	‎  pZu, L¡$fp¡rk_ A_¡ MpÛs¡gdp„\u ¼ep ¼ep ÖphZdp„ L$p¡gkp_p¡ c|½$p¡ Ap¡Nm¡ 

R>¡ ?‎

‎2.‎	 L$pb®__u Öpìesp rhi¡ sd¡ iy„ A_ydp_ L$pY$éy ? ‎

kprlÐe : L$p¡gkp¡, dprQk, cu_y„ c|fy„ rgV$dk hN¡f¡ ‎

L©$rs : L$p¡gkp¡ kmNphp¡. s¡ kmÁep ̀ R>u s¡dp„\u DÐ`Þ_ 
\sp„ hpey `pk¡ cu_y„ c|fy„ rgV$dk ^fp¡, ‎r_funZ _p¢^p¡. 

1.‎	 L$p¡gkp¡ kmÁep `R>u s¡_u lhpdp„_p ¼ep hpey kp\¡ 

Arcq¾$ep \pe R>¡. ‎

‎2.‎	 s¥epf \e¡g `v$p\® L$ep¡ ?‎

‎3.‎	 rgV$dk `¡`f_p f„Ndp„ ip¡ a¡fapf \pe R>¡ ?‎

‎4.‎	 D`f_u L©$rsdp„ \_pf fpkperZL$ âq¾$ep gMp¡. ‎

kprlÐe : L$k_mu, õV²$p¡, Q|_p_y„ r_se¯y `pZu hN¡f¡ .‎

L©$rs : A¡L$ L$k_mudp„ spS>y>„ Q|_p_y„ r_se¯y `pZu gp¡. 

õV²$p¡_u dv$v$\u s¡dp„ aw„L$ dpfp¡ A_¡ r_funZ L$fp¡. ‎ 

	  ip¡ a¡fapf \pe R>¡ ? s¡_u `pR>m_y„ L$pfZ iy„ R>¡ ? ‎ 

L$pb®_X$pep¡¼kpCX$ ‎

AÏk|Ó : CO2, AÏÖìedp_ : 44, Ng_tbvy$ -56.6 0C,

A[õsÐh : lhpdp„ L$pb®_X$pep¡¼kpCX$ dy¼s õhê$`dp„ Å¡hp dm¡ R>¡. ‎DÃR¹>hpk hpV¡$ blpf ̀ X$_pfu lhpdp„ gNcN 4% 

CO2 lp¡e R>¡. Qp¸L$, iplbpv$u `Õ\f_u gpv$udp„ CO2  ‎k„ep¡Æs Ahõ\pdp„ Å¡hp dm¡ R>¡. gpL$X$y„, L$p¡gkp¡ hN¡f¡ 

Æhp[íd I^Z_p Ähg_ v$fçep_ CO2  hpey ‎blpf `X¡$ R>¡. ‎

kprlÐe : õV¡$ÞX$, Np¡m smuep hpmp¡ Q„by„, r\kg NfZu, hpey hplL$ _mu, hpey`pÓ

fkpeZp¡ : L¡$[ëied L$pbp£_¡V$, (Apfk`lpZ_p Vy$L$X$p„/ ilpbpv$u `Õ\f_p Vy$L$X$p„/‎ 

Q|_p_p¡ `Õ\f) d„v$ lpCX²$p¡¼gp¡qfL$ A¡rkX$‎.

13.10 Q|_p_p r_sep® `pZu_u CO2 kp\¡_u Arc¾$uep‎

a|„L$ dpfhu ‎

Q|_p_y„ r_se¯y `pZu ‎

L$fu Sy>Ap¡¡.

L$fu Sy>Ap¡¡.

dNS> Qgphp¡. 

L$p¡gkp¡

cu_y„ cyfy„ rgV$dk
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13.11 L$pb®_X$pep¡¼kpCX$ hpey s¥epf L$fhp¡.‎

CaCO3+ 2 HCl ® CaCl2 + H2O + CO2 ®

L©$rs ‎ः 
‎1.‎	 ApL©$rsdp„ bspìep âdpZ¡ D`L$fZp¡ Np¡W$hp¡. 

Np¡m smuep hpmp Qy„bydp„ CaCO3  Dd¡fp¡.

‎2.‎	 r\kg NfZuÜpfp d„v$ HCl Q„bydp„ f¡X$p¡-r\kg 

NfZu_p¡ R>¡X$p¡ A¡rkX$dp X|$b¡ A¡ Sy>Ap¡. 

‎3.‎	‎ CaCO3 A_¡ d„v$ HCl  hÃQ¡ âq¾$ep \C CO2 
hpey s¥epf \pe R>¡. Ap hpey Qpf\u `p„Q 

hpey`pÓdp„ S>dp ‎L$fp¡.‎ ‎

Ap âq¾$ep_y„ fpkperZL$ kduL$fZ Ap âdpZ¡ R>¡. 

L$pb®_ X$pep¡¼kpCX$_p cp¥rsL$ A_¡ fpkperZL$ NyZ^d® 

1.‎	 D`f_p âep¡Ndp„ s¥epf \e¡g hpey_p¡ f„N s`pkp¡.‎

‎2.‎	 hpey`pÓdp„_p hpey_u N„^ s`pkp¡. 

	 (L©$rs 3 \u 7 dpV¡$ õhs„Ó hpey`pÓ hp`fhp.)‎

‎3.‎	 hpey`pÓ_y„ Y$p„L$Z L$pY$u s¡dp„ \p¡Xy„$ Q|_p_y„ r_se¯y `pZu Dd¡fp¡. ‎

‎4.‎	 A¡L$ kmNsu duZbÑu hpey`pÓdp„ Dspfp¡.‎

‎5.‎	 h¥rðL$ k|QL$ _y„ \p¡Xy„$ ÖphZ CO2cf¡gp hpey`pÓdp„ Dd¡fu lgphp¡. ‎

‎6.‎	 hpey`pÓdp„ \p¡Xy„$ `pZu Dd¡fu hpey`pÓ lgphp¡. ‎

‎7.‎	 c|fp¡ A_¡ gpg rgV$dk cu_y„ L$fu hpey`pÓdp„ _pMp¡. ‎

	 D`f S>Zphg kh® L©$rs_„y r_funZ _uQ¡_p L$p¡W$pdp„ _p¢^p¡. ‎ ‎

CO2 _p cp¥rsL$ NyZ^d® ‎ ‎

L$kp¡V$u r_funZ‎

N„^ ‎

f„N ‎

CO2 _p fpkperZL$ NyZ^d®

L$kp¡V$u r_funZ‎

kmNsu duZbÑu‎

h¥rðL$ k|QL$ ‎

Q|_p_y„ r_se¯y `pZu ‎

‎̀ pZu ‎

rgV$dk `¡`f ‎

CO2 _u O_sp lhp_u syg_pdp„ h^y R>¡ L¡$ Ap¡R>u?

d„v$ lpCX²$p¡¼gp¡qfL$ A¡rkX$ ‎(HCl) 

CO2

CaCO3 

‎lhp_y„ 
DÝh®kfZ‎

dNS> Qgphp¡.‎
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13.12  A[Á_ipdL$ e„Ó_u Ap„sf fQ_p ‎

L$pb®_X$pep¡¼kpCX$_p buÅ L¡$V$gpL$ fpkperZL$ NyZ^d® ‎
1.‎	 kp¡qX$ed l$pCX²$p¡¼kpCX$_p S>gue ÖphZdp„\u L$pb®_X$pep¡¼kpCX$ hpey `kpf L$fsp„ ‎kp¡qX$ed L$pbp£_¡V$ dm¡ R>¡. 

(kp¡qX$ed L$pbp£_¡V$ - ^p¡hp_p¡ kp¡X$p)‎ ‎
	 fpkperZL$ kduL$fZ 	:	 2NaOH + CO2® Na2CO3 + H2O
‎2.‎	 kp¡qX$ed L$pbp£_¡V$_p `pZudp„_p ÖphZdp„\u CO2hpey `kpf L$fsp„ kp¡qX$ed bpeL$pbp£_¡V$ ‎dm¡ R>¡. ‎
	 fpkperZL$ kduL$fZ 	:	 Na2CO3 + H2O + CO2  ® 2NaHCO3

A.	D`f_p âep¡Ndp„ `pZu A_¡ L$pb®_X$pep¡¼kpCX$ hÃQ¡ \_pfu fpkperZL$ âq¾$ep_y„ ‎kduL$fZ gMp¡. ‎
‎Ap.CO2cf¡gp hpey`pÓdp„ L$muQ|_p¡ _pMhp\u \su âq¾$ep_y„ kduL$fZ gMp¡. ‎ ‎ ‎
L$pb®_ X$pep¡¼kpCX$_p¡ D`ep¡N‎
1. 	Dcfp¡ Aph¡ A¡hp W„$X$p`uZp s¥epf L$fhp CO2 hpey h`fpe R>¡. ‎
‎2. 	O_ L$pb®_X$pep¡¼kpCX$ (k|L$p¡ bfa) _p¡ D`ep¡N äuS>dp„ v|$^ s¡dS> vy$Á^S>Þe ̀ v$p\® W„$X$p fpMhp ‎dpV¡$ s¡dS> rk_¡dp 

- _pV$L$dp„ ^yçdk_u Akf `¡v$p L$fhp \pe R>¡. ‎
‎3. 	A[Á_ipdL$ e„Ódp„ fpkperZL$ âq¾$ep\u s¥epf \_pf A\hp v$bpZ l¡W$m fpM¡gp CO2 _p¡ D`ep¡N ‎L$fhpdp„ 

Aph¡ R>¡. ‎
‎4.	 L$p¸audp„\u L¸$qa_ v|$f L$fhp dpV¡$ âhpluê$` CO2 h`fpe R>¡. ‎ ‎
‎5.	 ÖphL$ sfuL¡$ âhplu CO2 _p¡ D`ep¡N AÐep^yr_L$ A¡hu `ep®hfZ `|fL$ X²$pe[¼gt_Ndp„ L$fhpdp„ Aph¡ R>¡. ‎
‎6.	 lhpdp„_p CO2 _p¡ D`ep¡N h_õ`rs âL$pik„ïg¡jZ dpV¡$ L$f¡ R>¡. ‎

‎̀ pf„`pqfL$ A[Á_ipdL$ e„Ó‎
(Regular Fire Extinguisher)
	 `pf„`pqfL$ A[Á_ipdL$ e„Ódp„ kp¡qX$ed bpeL$pbp£_¡V$ 
_p¡ c|½$p¡ lp¡e R>¡. A¡L$ L$pQ_u bpV$gudp„ d„v$ ‎këãe|qfL$$ 
A¡rkX$ lp¡e R>¡. e„Ó_u Qp` v$bphhp\u bpV$gu awV$u_¡ 
bpV$gudp„_y„ këãe|qfL$ A¡rkX$ ‎kp¡qX$ed bpeL$pbp£_¡V$ `f 
`X¡$ R>¡. s¡d_u hÃQ¡ fpkperZL$ âq¾$ep \C CO2 hpey dy¼s    
\pe R>¡ A_¡ blpf ‎‎ X¡$ R>¡. ‎
	 CO2 A[Á_ipdL$ e„ÓA¡ L$pV$ârsfp¡^L$ A_¡ rhÛys 
ârsfp¡^L$ lp¡e R>¡. s¡\u rhÛys D`L$fZp¡_¡ L$pfZ¡ ‎A_¡ 
e„Óp¡_¡ L$pfZ¡ gpN¡gu ApNdp„ Ap A[Á_ipdL$ e„Ó hp`fu 
iL$pe. ‎
	 CO2 A[Á_ipdL$ _p_p âdpZdp„ gpN¡gu ApN 
Ap¡ghhp h`fpe R>¡. s¡ dp¡V$p âdpZdp„ gpN¡gu ApN_¡ 
‎Ap¡ghhp dpV¡$ knd _\u. Ap^yr_L$ A[Á_ipdL$ e„Ódp„ 
âhplu A_¡ O_ CO2 v$bpZ l¡W$m cf¡gp¡ lp¡e ‎R>¡. v$bpZ 
Ap¡Ry>„ L$fhp\u s¡ hpeyê$` gC Å¡f\u awhpfp_u S>¡d                
_mudp„_u blpf `X¡$ R>¡. ‎

 2NaHCO3 + H2SO4® Na2SO4 + 2 H2O + 2 CO2 
fpkperZL$ kduL$fZ ‎: ®

kp¡qX$ed 
bpeL$pbp£_¡V$_p¡ 
c|½$p¡

këãe|qfL$ 
A¡rkX$ ‎

e„Ó_u Qp`

L$pQ_u 
‎bpV$gu ‎

	 lh¡ Sy>v$p Sy>v$p âL$pf_p A[Á_ipdL$ e„Óp¡ h`fpe R>¡ s¡ rhi¡ h^pf¡ dprlsu gp¡.
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rd\¡_ - AÏk|Ó‎ CH4 , AÏcpf‎ -16
A[õsÐh ‎

1. 	_¥krN®L$ hpeydp„ Apif¡ 87% rd\¡_ hpey lp¡e R>¡. ‎
‎2. 	S>¥rhL$ `v$p\®_p lhp_u N¡flpS>fudp„ \sp rhOV$_\u s¡ r_dp®Z \pe R>¡. ‎
‎3. 	bpep¡N¸kdp„ `Z rd\¡_ lp¡e R>¡. ‎
‎4. 	L$p¡gkp_u MpZdp„ rd\¡_ dmu Aph¡ R>¡. ‎
‎5. 	L$pv$hL$uQX$hpmu S>du__p `©óW$cpN `f rd\¡_ hpey dmu Aph¡ R>¡. ‎dpV¡$ s¡_¡ dpi® N¸k `Z L$l¡ R>¡. ‎
‎6.	 âep¡Nipmpdp„ lpCX²$p¡S>_ A_¡ L$pb®_ dp¡_p¡¼kpCX$ hpey_y„ rdîZ 3000C A¡ r_L$g Dv¹$u`L$_u ‎D`[õ\rsdp„ 

Nfd L$fsp rd\¡_ hpey s¥epf \pe R>¡.
7.	 iyÝ^ õhê$`_p¡ rd\¡_ _¥krN®L$ hpey_p c„S>L$ DÝh®`ps_\u d¡mhu iL$pe.

rd\¡__p cp¥rsL$ NyZ^d® ‎
1.	 rd\¡__y„ Ng_tbvy$ (-182.5 0C) R>¡. ‎
‎2. 	rd\¡__p¡ DÐL$g_p„L$ (-161.5 0C)  R>¡. ‎
‎3. 	Ap hpey f„Nlu_ R>¡. ‎
‎4. 	âhplu rd\¡__u O_sp `pZu_u O_sp L$fsp Ap¡R>u lp¡e R>¡. ‎
‎5. 	rd\¡_ `pZudp„ blz Ap¡R>p âdpZdp„ Ap¡Nm¡ R>¡. Äepf¡ N¸kp¡rg_, C\f, ApëL$p¡lp¡g S>¡hp k¢qÖe ‎ÖphZdp„ h^y 

âdpZdp„ Ap¡Nm¡ R>¡. ‎
‎6. 	Ap¡fX$p_p DóZspdp_¡ rd\¡_ hpey Ahõ\pdp„ lp¡e R>¡.‎

rd\¡__p fpkperZL$ NyZ^d® ‎
‎1.	 rd\¡_ Arsie Ähg_iug lp¡hp\u kmNsu hMs¡ Ap¡[¼kS>_ kp\¡ Arcq¾$ep L$fu c|fu Äep¡s\u ‎kmN¡ R>¡ ‎ 

A_¡ Ap âq¾$epdp„ 213 kcal/mol DóZsp DÐkrS>®s \pe R>¡. rd\¡_ hpey `|Z®s: kmN¡ R>¡.
	 fpkperZL$ kduL$fZ ‎:   CH4+2O2 ® CO2+ 2H2O + DóZsp
‎2.	 ¼gp¡qf_¡i_ (Chlorination)
	‎  pfÅ„bgu qL$fZp¡_u D`[õ\rsdp„ 2500C \u 4000C DóZspdp_¡ rd\¡_ A_¡ ¼gp¡qf_ hpeydp„ âq¾$ep \C     

dy¿eÐh¡ rdr\g ‎‎¼gp¡fpCX$ (¼gp¡fp¡rd\¡_) A_¡ lpCX²$p¡S>_ ¼gp¡fpBX$ s¥epf \pe R>¡. ‎Ap âq¾$ep_¡ rd\¡__y„ 
¼gp¡qf_¡i_ L$l¡ R>¡. ‎

	 fpkperZL$ kduL$fZ ‎:

rd\¡__p¡ D`ep¡N ‎

‎1.	‎ _¥krN®L$ hpeyõhê$`dp„ rd\¡__p¡ D`ep¡N h÷p¡Ûp¡N, L$pNmr_rd®rs, AÞ_ âq¾$ep DÛp¡N, `¡V²$p¡g ‎iyÝ^uL$fZ hN¡f¡ 
DÛp¡Ndp„ \pe R>¡. ‎

‎2.‎	 kp¥\u Ap¡R>u g„bpC_p¡ lpCX²$p¡L$pb®_ lp¡hp\u rd\¡__p Ähg_dp„\u blpf ̀ X$_pf CO2 _y„ ‎âdpZ M|b Ap¡Ry>„ lp¡e 
R>¡. ‎	dpV¡$ s¡_p¡ D`ep¡N OfNÕ\y I^Z sfuL¡$ \pe R>¡. ‎

‎3.‎	 B\¡_p¡g, rd\pCg ¼gp¡fpCX$, rdr\gu_ ¼gp¡fpCX$ s¡dS> A¸dp¡r_ep A_¡ A¸rkV$ugu_ S>¡hp L$pb®r_L$ ‎k„ep¡S>_p¡_u 
r_rd®rs dpV¡$ rd\¡__p¡ D`ep¡N \pe R>¡. ‎

®CH4+Cl2  
âL$pi  CH3Cl + HCl

1776 \u 1778 v$fçep_ A¸g¡T¡ÞX²$p¡ ìlp¡ëV$pA¡ L$pv$hL$uQX$hpmu S>du_dp„ dmu Aphsp hpey_p¡ ‎Aæepk L$fsu 
hMs¡ rd\¡_ hpey_u ip¡^ L$fu.‎
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13.13   bpep¡N¸k e„Ó

bpep¡N¸k e„Ó‎ : bpep¡N¸k e„Ódp„ âpZuAp¡_p dmd|Ó, TpX$`p__p¡ L$Qfp¡, cu_p¡ L$Qfp¡ hN¡f¡_y„ rb_Ap¡¼ku ÆhpÏ„ 
Üpfp rhOV$_ \pe R>¡. Ap fus¡ rd\¡_ hpey s¥epf \pe R>¡. A¡_¡ bpep¡N¸k L$l¡ R>¡. ‎bpep¡N¸k A¡ fp„^ZN¸k_u dp„NZu 
`|fu L$fu iL¡$ A¡hy„ Arsie kõsy„ H^Z R>¡. bpep¡N¸ke„Ó A¡ ‎huS>r_rd®rsdpV¡$ ̀ Z hp`fhpdp„ Aph¡ R>¡. bpep¡N¸ke„Ódp„ 
Apif¡ 55 \u 60% rd\¡_ A_¡ h^¡gp¡ cpN L$pb®_ X$pep¡¼kpCX lp¡e R>¡. bpep¡N¡k hp`fhpdp„ dpV¡$ kl¡gy H^Z sp¡ 
R>¡ S> `f„sy N¡k s¥epf \pe s¡_u kp\¡ DÑd Mpsf `Z s¥epf \pe R>¡. ‎

bpep¡N¸k r_rd®rs âq¾$ep ‎
	 bpep¡N¸k r_rd®rs âq¾$ep A¡ rb_Apµ¼ku (Anaerobic) âL$pf_u lp¡e R>¡. s¡ b¡ såbL$pdp„ `pf `X¡$ R>¡.‎ ‎

k„â¡jZ s„Óop__u `|fL$ dprlsu ‎
	 L$pb®_ A_¡ s¡_u rhõs©s dprlsu_p k„v$c®dp„ Al¡hpg s¥epf L$fp¡. s¡ dpV¡$ _p¡V$`¸X$, hX®$ hN¡f¡ k„NZL$ue 
‎âZpgu_p¡ D`ep¡N L$fu Al¡hpg buÅ_¡ dp¡L$gphp¡. ‎
k„L¡$s õ\m$ :‎ https://www.boundless.com/chemistry/, www.rsc.org/learn-chemistry 

 Äep„ bpep¡N¸k e„Ó lp¡e s¡hp 
õ\m_u dygpL$ps gC e„Ó_y„ 
âÐen L$pe® ÅZu gp¡ A_¡ s¡_p 
Ap^pf¡ L$ep L$ep rhÛyse„Ó Qpg¡ 
R>¡ s¡_u dprlsu d¡mhp¡. ‎

hpey blpf S>hp_p¡ dpN® ‎

r_N®d dpN® ‎

c|rdNs rhOV$_ V$p„L$u ‎
R>pZ A_¡ 
`pZu_y„ rdîZ ‎

âh¡i dpN® ‎

DÐâhpl V$p„L$u ‎
Y$p„L$Z

R>pZ A_¡ `pZu_y„ 
rdîZ V$p„L$u ‎

R>pfu (Mpsf) 

®CH3COOH       CH4   + CO2 ®

dprlsu d¡mhp¡. 
1.  A¡rkX$r_rd®rs‎ (Production of Acids)
	 L$Qfpdp„_p S>¥hrhOV$_ ep¡Áe S>V$ug k¢qÖe k„ep¡S>_ `f ÆhpÏ„ 
Arcq¾$ep L$f¡ R>¡. A_¡ k¢qÖe A¡rkX$ (Organic Acids) s¥epf L$f¡ R>¡. ‎ 
2.  rd\¡_hpey r_rd®rs (Methane Gas Production)
	 rd\¡_p¡S>¡r_L$ ÆhpÏ„ k¢Öue A¡rkX$`f âq¾$ep L$fu rd\¡_ hpey      
b_ph¡ R>¡.‎
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1.	 Ap`¡gp `ep®ep¡`¥L$u ep¡Áe `ep®e `k„v$ L$fu rh^p_ 
`|Z® L$fp¡.

 	 (A¡L$b„^, qÜb„^, Aper_L$, L$pb®_, g¡hX$v¡$hX$, 
lpeX²$p¡S>_, blzb„^, cpNuv$pfu, k¢qÖe, 
klk„ep¡S>_)

	 (A)	 L$pb®__p AÏ AÞe AÏ kp\¡ ....... b„^ 
L$f¡ R>¡. Ap b„^dp„ b¡ AÏdp„ Bg¡¼V²$p¡__u 
......... \pe R>¡.

	 (Ap)	k„s©às lpeX²$p¡L$pb®_dp„ b^p L$pb®_ L$pb®_ 
b„^ ... lp¡e R>¡.

	 (B)	 Ak„s©á lpeX²$p¡L$pb®_dp„ Ap¡R>pdp„ Ap¡R>p¡ 
A¡L$ b„^ .... lp¡e R>¡.

	 (B) ......... d|mÖìe v$f¡L$ k¡[ÞÖe `v$p\®dp„ 
ArsAphíeL$ lp¡e R>¡.

	 (D)	 lpeX²$p¡S>_ dp¡V$p cpN¡ .... `v$p\p£dp„ lp¡e 
R>¡.

2.‎	‎ _uQ¡_p âñp¡_p DÑf gMp¡. ‎ ‎
	 (A)‎	 L$pb®_ A_¡ s¡_p k„ep¡S>_p¡_p¡ H^Z sfuL¡$ 

D`ep¡N ip dpV¡$ L$fhpdp„ Aph¡ R>¡ ? ‎
	 (Ap)‎	L$pb®_ ¼ep ¼ep k„ep¡S>__p õhê$`dp„ dmu 

Aph¡ R>¡. ‎

	 (B)‎	 lufp_p D`ep¡N gMp¡. ‎ 
3.‎	 saphs gMp¡. ‎ ‎
	 (A)	 lufp¡ A_¡ N°¡apBV$ ‎
	 (Ap)‎	L$pb®__p„ õaqV$L$de ê$` A_¡ AõaqV$L$de 

ê$` 
4.‎	 h¥opr_L$ L$pfZ Ap`p¡. ‎ ‎ ‎
	 (A)‎	 N°¡apBV$ rhÛyshplL$ R>¡. ‎
	 (Ap)‎	N°¡apBV$_p¡ D`ep¡N Of¡Zpdp„ L$fhpdp„ 

Aphsp¡ _\u. ‎ 

	 (B)‎	 Q|_p_p„ r_sep® `pZudp„\u  CO2 hpey 
`kpf L$fsp„ Q|_p_y„ r_sey¯ `pZu v|$r^ey„ b_¡ 
R>¡. ‎

	 (C)‎	 bpep¡N¸k A¡ `ep®hfZ õ_¡lu H^Z R>¡. ‎ 

5.‎	 õ`[óV$L$fZ Ap`p¡. ‎ ‎ ‎
	 (A)‎	 lufp¡, N°¡apCV$ A_¡ azgqf_ A¡ L$pb®__p„ 

õaqV$L$deê$` R>¡. ‎
	 (Ap)‎	rd\¡__¡ dpi®N®k L$l¡ R>¡. ‎
	 (B)‎	‎  ¡V²$p¡g, qX$T¡g, `Õ\fuep¡ L$p¡gkp¡ A¡ 

Æhp[íd I^Z R>¡.
	 (C)	 L$pb®__p rhrh^ê$`p¡_p¡ D`ep¡N. 

	 (D)	 A[Á_ipdL$ e„Ódp„ CO2 hpey_p¡ D`ep¡N.

	 (E)	 CO2 _p ìehlpqfL$ D`ep¡N .
6.‎	 v$f¡L$_p b¡ cp¥rsL$ NyZ^d® gMp¡. ‎ ‎
	 (A)‎	 lufp¡ ‎
	 (Ap)‎	L$p¡gkp¡
	 (B)	 L$pb®__y„ õaqV$L$de ê$` ‎

7.‎	‎ _uQ¡_u fpkperZL$ âq¾$ep `|Z® L$fp¡. ‎

	 1.   ........+.......® CO2 + 2H2O + DóZsp 

	 2.  ...........+.........® CH3Cl + HCl
	 3. 2 NaOH + CO2®........+........
8.‎	‎ _uQ¡_p âñp¡_p krhõspf DÑfp¡ gMp¡. ‎
	 (A)‎	 L$p¡gkp_p âL$pf S>Zphu s¡_p D`ep¡N 

gMp¡. 
	 (Ap)‎	N°¡apCV$ rhÛyshplL$ lp¡e R>¡ A¡ A¡L$ _p_p 

âep¡N Üpfp L¡$hu fus¡ kprbs L$fip¡ ?‎
	 (B)‎	 L$pb®__p NyZ^d® õ`óV$ L$fp¡. ‎

	 (C)‎	 L$pb®__y„ hN}L$fZ L$fp¡. ‎
9.‎	 L$pb®_X$pep¡¼kpBX$_p NyZ^d® L¡$hu fus¡ QL$pkip¡ ? 

D`¾$d ‎	
		 ‎bpep¡N¸k e„Ó_u ârsL©$rs s¥epfu L$fu N¸k                     

r_rd®rs_u âq¾$ep hN®dp„ fS|> L$fp¡. ‎

õhpÝepe

²²²
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fp¡Æ„v$p Æh_dp„ Ap`Z¡ rhrh^ ̀ v$p\p£_p¡ h`fpi L$fsp lp¡CA¡ R>uA¡. ̀ pR>gp ̂ p¡fZdp„ Ap ‎‎ v$p\p£dp„\u L¡$V$gpL$ 
`v$p\p£_u dprlsu A_¡ D`ep¡N s¡d S> s¡_p OV$L$p¡ A_¡ fQ_p k„b„r^s dprlsu Ap`Z¡ ‎rhõspf\u d¡mhu gu^u R>¡. ‎ 

npf
d|mf„N 

(ÖphZ_p¡)‎
h¥rðL$ k|QL$ ‎Dd¡ep® 

`R>u_p¡ ‎f„N ‎
‎pH 

d|ëe ‎
õhê$` 
‎

kpvy„$ duWy„$ f„N lu_‎ i¡hpm S>¡hp¡ ‎gugp¡‎ ‎7‎ sV$õ\‎

kpby ‎‎

^p¡hp_p¡ kp¡X$p

‎b¡qL„$N kp¡X$p

‎‎[ågtQN `phX$f ‎‎

POP (àgpõV$f Ap¡a 
`¡qfk)‎

‎1. fp¡Æ„v$p Æh_dp„ Ap`Z¡ ¼ep ¼ep dlÒh_p `v$p\p£_p¡ h`fpi L$fuA¡ R>uA¡ ? ip dpV¡$ ? 
‎‎2. fp¡Æ„v$p h`fpi_p rhrh^ `v$p\p£_y„ h¥opr_L$ ×rô¡A¡ L$C fus¡ hN}L$fZ L$f¡gy„ R>¡ ?‎

‎fp¡Æ„v$p Æh__p dlÒh_p npf ‎ (Salts)

_uQ¡ L¡$V$gpL$ fp¡Æ„v$p h`fpi_p `v$p\p£_p _pd Apàep R>¡. Ap `v$p\p£_y„ A¡rkX$, 
b¡CT, ^psy ,‎A^psy, npf A¡hp S|>\p¡dp„ hN}L$fZ L$fp¡. ‎

`v$p\® :  duWy$, kpby, V|$\`¡õV$, Mphp_p¡ kp¡X$p, `pZu, v$l] , v|$^, aV$L$X$u, gp¡M„X$, N„^L$, L$`X$p ^p¡hp_p¡ kpby_p¡ 
‎̀ phX$f.

S>¡ Aper_L$ k„ep¡S>_dp„ H+ A_¡ OH-  Ape_ _ lp¡e s¡d S> 
A¡L$ S> âL$pf_p ^_ Ape_ A_¡ F>Z ‎Ape_ lp¡e s¡_¡ kpdpÞe npf 
L$l¡hpdp„ Aph¡ R>¡. v$p.s. Na2SO4, K3PO4, CaCl2 

r_kN®dp„ AL$pb®r_L$ `v$p\® A¡rkX$ A_¡ b¡CT_p õhê$̀ dp„ dmsp 
_\u, s¡ npf_p õhê$̀ dp„ ‎dm¡ R>¡. hj®dp„ A„v$pS>¡ 80 v$igpM V$_ npf 
kdyÖ_p `pZudp„ dm¡ R>¡. s¡\u kdyÖ_¡ npfp¡_p¡ kd©Ý^ öp¡s ‎L$l¡hpdp„ 
Aph¡ R>¡. ‎kdyÖ s¡ ¼gp¡qf_, kp¡qX$ed, d¡Á_¡ried, ̀ p¡V¡$ried, L¡$[ëied, 
b°p¡rd_ S>¡hp rhrh^ npfp¡_p¡ kd©Ý^ ‎‎÷p¡s R>¡. Ap npfp¡_u kp\¡kp\¡ 
fp¡Æ„v$p Æh_dp„ Ap`Z¡ AÞe buÅ npfp¡_p¡ `Z D`ep¡N L$fuA¡ ‎R>uA¡. 
s¡_p rhi¡ h ŷ dprlsu gCA¡.‎

npf A¡V$g¡ iy„ ?‎

kdyÖ_p `pZudp„ dm_pfp dy¿e npf - ‎
‎1. kp¡qX$ed ¼gp¡fpCX$ ‎
‎2. d¡Á_¡ried ¼gp¡fpCX$‎
‎3. d¡Á_¡ried këa¡V$ ‎
‎4. `p¡V¡$ried ¼gp¡fpCX$ ‎
‎5. L¡$[ëied L$pbp£_¡V$
‎6. d¡Á_¡ried b°p¡dpCX$ ‎

 npf_y„ k„s©às ÖphZ s¥epf 
L$fu s¡dp„ h¥rðL$ k|QL$_p 2-3 
V$u`p _p„Mp¡ A_¡ r_funZ_u    
_p¢^ L$fp¡. ‎r_funZ_u _p¢^ 
L$fhp dpV¡$ bpSy>dp„ Ap`¡g 
L$p¡W$p¡_p¡ D`ep¡N L$fp¡. ‎

1. गतीचे नियम

Ø  fp¡Æ„v$p Æh__p dlÒh_p npf - NaCl, NaHCO3, Na2CO3		
Ø  qL$fZp¡Ðkpfu `v$p\®  	 Ø fp¡Æ„v$p Æh_dp„_p L¡$V$gpL$ fpkperZL$ `v$p\®

14. Ap`Zp„ fp¡Æ„v$p Æh_dp„ h`fpsp `v$p\p£‎

epv$ L$fp¡.

iy„ sd¡ ÅZp¡ R>p¡ $?

L$fu Sy>Ap¡¡.

hN}L$fZ L$fp¡. 

L$lp¡ Å¡CA¡ !
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Ap`Z¡ `pR>m_p `pW$dp„ Å¡ey„ L¡$ Äepf¡ ÖphZ_y„ pH d|ëe 7 lp¡e R>¡ Ðepf¡ s¡ npf A_¡ sV$õ\ S>gv$ ‎A¡rkX$ A_¡ 
S>gv$ b¡CT Üpfp s¥epf \ep¡ lp¡e R>¡. Äepf¡ S>gv$ A¡rkX$ A_¡ d„v$ b¡CT Üpfp s¥epf ‎‎\e¡gp npf_y„ pH  d|ëe 7 L$fsp„ 
Ap¡Ry>„ > lp¡C s¡ A¡rkX$^d} lp¡e R>¡. d„v$ A¡rkX$ A_¡ suh° b¡CT\u ‎s¥epf \e¡gp npf_y„ pH  d|ëe 7 L$fsp„ h^y lp¡C s¡ 

b¡CT^d} lp¡e R>¡. lh¡ Ap`Z¡ fp¡Æ„v$p Æh__p ‎L¡$V$gpL$ npfp¡_u dprlsu rhi¡ ÅZuA¡. ‎

kp¡qX$ed ¼gp¡fpCX$ (kpvy$ duWy„$$ - Table  
Salt - NaCl )
 	 AÞ__¡ Mpfp¡ õhpv$ v¡$_pf„y duW„y$ 
A¡ Ap`Zp fp¡Æ„v$p Æh_dp„ kp¥\u h^y 
h`fpsp¡ npf R>¡. Ap npf_y„ ‎fpkperZL$ 
_pd kp¡qX$ed ¼gp¡fpCX$ R>¡. Apdp„ 
kp¡qX$ed A_¡ ¼gp¡qf__p¡ dy¿e kdph¡i 
R>¡. kp¡qX$ed ‎lpCX²$p¡¼kpCX$ A_¡ 
lpCX²$p¡¼gp¡qfL$ A¡rkX$_p hÃQ¡                 
ri\uguch__u âq¾$ep \C kp¡qX$ed 
‎‎¼gp¡fpCX$ s¥epf \pe R>¡. 
	 Ap npf sV$õ\ R>¡ A_¡ s¡_p 
S>gue ÖphZ_y„  pH d|ëe 7 R>¡. s¡ 
Ap`Zp¡ `l¡gp„ Å¡C Nep R>uA¡.
	  ‎

NyZ^d® A_¡ D`ep¡N
1.‎	 Ap f„Nlu_ A_¡ õaqV$L$de k„ep¡S>_ R>¡. s¡_u õaqV$L$de fQ_pdp„ 

õaqV$L$S>m lp¡sy„ _\u. ‎
‎2. ‎	 Ap sV$õ\ npf  R>¡ A_¡ õhpv$dp„ Mpfp¡ gpN¡ R>¡. ‎
3.  Ap k„ep¡S>__p¡ D`ep¡N Na2CO3, NaHCO3  S>¡hp npfp¡_p      

r_dp®Z dpV¡$ \pe R>¡.
‎4.‎	 kp¡qX$ed ¼gp¡fpCX$_p k„s©às S>gue ÖphZdp„\u (b°pC_) 

rhÛysâhpl âkpf L$fhp\u s¡_y„ ‎rhOV$_ \pe R>¡ A_¡ F>Z AN° ̀ f 
(L¸$\p¡X$) lpCX²$p¡S>_ hpey s¡d S> ^_ AN° `f (A¸_p¡X$) ¼gp¡qf_ 
‎hpey dy¼s \pe R>¡. ¼gp¡qf_ hpey_p r_dp®Z dpV¡$ Ap `Ý^rs_p¡ 
D`ep¡N \pe R>¡. Ap `Ý^rs Üpfp ‘NaOH’ ‎A¡ dlÒh_p¡ b¡CT 
s¥epf \pe R>¡. ‎

‎5.‎	 DÃQ DóZspdp_¡ duW$p_¡ Nfd L$fsp„ s¡ Ap¡Nm¡ R>¡ duW$p_u Ap¡Nm¡gu 
Ahõ\p_¡ k[çdrgs Ahõ\p (Fused state) L$l¡hpdp„ ‎Aph¡ R>¡. 

‎6.‎	‎ Ap¡Nm¡gp duW$p_y„ rhÛys-rhOV$_ L$fsp ^_AN° `f (A¡_p¡X$) 
¼gp¡qf_ hpey s¡d S> F>Z AN° ‎‎ f (L¡$\p¡X$) âhplu õhê$`¡ kp¡qX$ed 
^psy dy¼s \pe R>¡. ‎

® ®2NaCl + 2H2O  ® 2NaOH + Cl2   + H2  

1. _uQ¡_u `Ë$u ip_u R>¡ ? s¡_p¡ D`ep¡N i¡_p dpV¡$ L$fhpdp„ Aph¡ R>¡ ?‎
‎2. `v$p\® A¡rkX$^d}, b¡CT^d} R>¡ L¡$ sV$õ\ R>¡ s¡ L$C fus¡ _½$u L$fhpdp„ Aph¡ R>¡ ?‎
‎3. Ofdp„ h`fpsp rhrh^ `v$p\p£_u 1 \u 14 ‎pH A_ykpf epv$u s¥epf L$fp¡. 

L¡$V$gpL$ rhrióV$ âL$pf_p MX$L$p¡dp„\u `Z duW$p_y„ r_dp®Z \pe R>¡. Ap 
fus¡ s¥epf \e¡gp duW$p_¡ fp¸L$ ‎kp¡ëV$ L$l¡hpe R>¡. rldpgeu fp¸L$ kp¡ëV$ (tk^h 
duWy$) A¡ s¡_y„ Dv$plfZ ‎R>¡. Ap duW$p_p¡ A_¡L$ âL$pf_p fp¡N r_hpfZdp„ 
D`ep¡N L$fhpdp„ Aph¡ R>¡.‎

duW$p_p 25% S>gue ÖphZ_¡ duW$p_y„ k„s©às ÖphZ (Saturated Brine) L$l¡hpe R>¡ Ap ÖphZ_p¡ 

 cpN ‎bpó`uch_ \ep bpv$ Ap¡Nm¡gp duW$p_y„ õaqV$L$dp„ ê$`p„sf \C ÖphZdp„\u duWy„$ R|>Vy„$ `X¡$ R>¡. ‎
1
5

iy„ sd¡ ÅZp¡ R>p¡ ?

L$lp¡ Å¡CA¡ !
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kp¡qX$ed bpeL$pbp£_¡V$ 
(Mphp_p¡ kp¡X$p- NaHCO3)

sdpfp S>Þdqv$hk¡ Of¡ L¡$L$ gphhpdp„ Aph¡ R>¡    
A\hp sdpfp dçdu L¡$L$ b_ph¡ R>¡. s¡d S> awg¡gp 
L$fL$fp cÆep ̀ Z b_ph¡ R>¡. sd¡ ¼epf¡e dçdu_¡ L¡$L$ 
rR>Öpmy lp¡hp_y„ A\hp ‎cÆep L$fL$fp awg¡gp lp¡hp_y„ 
L$pfZ `|R¹>ey„ L¡$ ?‎

L$pfZ L¡$ dçdu gp¡V$dp„ b¡qL„$N kp¡X$p _pM¡ R>¡. 
ka¡v$ AõaV$uL$u Q|Z®ê$` kp¡X$p_¡ b¡qL„$N kp¡X$p L$l¡hpe 
R>¡. s¡_y„ fpkperZL$ _pd kp¡qX$ed lpCX²$p¡S>_ L$pbp£_¡V$ 
A\hp kp¡qX$ed bpeL$pbp£_¡V$ R>¡ A_¡ s¡_„y ‎AÏk|Ó 
NaHCO3  R>¡. ‎

NyZ^d® A_¡ D`ep¡N

1.‎	‎ NaHCO3 _u cu_p rgV$dk kp\¡ âq¾$ep \C gpg 
rgV$dk c|fp f„N_y„ \pe R>¡. A¡V$g¡ A¡ b¡CT^d} ‎ R>¡. 

‎2.‎	 Ap_p¡ D`ep¡N, `pJ, L¡$L$, Y$p¡L$mp b_phhpdp„ \pe 
R>¡. ‎

‎3.‎	 b¡CT^d} lp¡hp_¡ gu^¡ s¡_p¡ D`ep¡N ̀ ¡V$dp„ Apçgr`Ñ 
Ap¡Ry>„ L$fhp dpV¡$ \pe R>¡. ‎

‎4.‎	 A[Á_ipdL$ e„Ó_p dy¿e OV$L$  CO2  s¥epf L$fhp 
dpV¡$ NaHCO3  h`fpe R>¡. ‎

‎5.‎	 Ap¡ìl_ õhÃR> L$fhp dpV¡$ b¡qL„$N kp¡X$p_p¡ D`ep¡N    
\pe R>¡.‎

b¡qL„$N `phX$f_p OV$L$p¡ ¼ep ¼ep ? s¡_p¡ h`fpi ip_¡ dpV¡$ L$fhpdp„ Aph¡ R>¡ ?‎

A¡L$ f„Nu_ L$`X$p_p¡ Vy$L$X$p¡ gp¡. s¡_p \p¡X$p cpN `f rhf„S>L$ Q|Z®_y„ k„s©às ÖphZ \p¡X$p 
âdpZdp„ _pMu ‎iy„ \pe R>¡ s¡_y„ r_funZ L$fp¡.‎

L$`X$p_p f„Ndp„ iy„ afL$ `X¡$ R>¡ ?‎ 
Qp¡dpkpdp„ _m_p `pZudp„ A¡L$ rhrióV$ DN° hpk Aph¡ R>¡. s¡ sd¡ A_ychu R>¡ L¡$ ?‎

c]S>h¡gp Q|_p_u ¼gp¡qf_ hpey kp\¡ âq¾$ep           

\hp\u rhf„S>L$ Q|Z® dm¡ R>¡. ‎

           	Ca(OH)2 + Cl2 ® CaOCl2 + H2O

1. bÅfdp„ dmsp rhf„S>L$ Q|Z®_p rhrh^ âL$pf.
‎2. Ap âL$pf ip_p `f Ahg„rbs lp¡e R>¡ ? ‎
‎

sfZ lp¡S>_p `pZudp„ `Z Aphu S> hpk Aph¡ R>¡. Ap hpk `pZu_p„ S>„sy_p¡ _pi L$fhp dpV¡$ hp`f¡gp ‎‎¼gp¡qf_ 
hpey_u lp¡e R>¡. ¼gp¡qf_ hpey A¡ S>gv$ Ap¡[¼kX$pCT]N A¡S>ÞV$ lp¡hp\u s¡_¡ L$pfZ¡ ‎S>„syAp¡_p¡ _pi \pe R>¡ s¡d S> 
rhf„S>__u q¾$ep `Z `pf `X¡$ R>¡. ‎

‎[ågQ]N `phX$f ‎(rhf„S>L$ Q|Z® - CaOCl2)‎ (L¡$[ëied Ap¡[¼k¼gp¡fpCX$)‎

®CaOCl2 + CO2 ® CaCO3 + Cl2 

L$fu Sy>Ap¡¡.

dprlsu d¡mhp¡. 

ip¡^p¡.

hpeyê$`_¡ L$pfZ¡ ¼gp¡qf__¡ kpdpÞe h`fpi ANhX$ê$` R>¡. s¡_p bv$g¡, s¡hy„ S> `qfZpd ‎Ap`_pf O_õhê$`_y„ 
rhf„S>L$ Q|Z® kpdpÞe h`fpi dpV¡$ kNhX$ê$` b_¡ R>¡. lhpdp„_p ‎L$pb®_X$pep¡¼kpCX$_¡ L$pfZ¡ rhf„S>L$ Q|Z®_y„ ^ud¡ ^ud¡ 

rhOV$_ \C ¼gp¡qf_ hpey dy¼s \pe R>¡. Ap dy¼s ‎‎\e¡gp ¼gp¡qf__¡ L$pfZ¡ rhf„S>L$ Q|Z®_¡ s¡_p¡ NyZ^d® âpàs \pe R>¡.‎
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NyZ^d® A_¡ D`ep¡N
1.‎	 rhf„S>L$ Q|Z® A¡ `umpi `X$sp¡ ka¡v$ f„N_p¡ ^_ `v$p\® R>¡. ‎
‎2.‎	 s¡_y„ fpkperZL$ _pd L¡$[ëied Ap¸[¼k¼gp¡fpCX$ R>¡. ‎
‎3.‎	 s¡dp„ dp¡V$p âdpZdp„ ¼gp¡qf__u N„^ Aph¡ R>¡. ‎
‎4.‎	 s¡_p¡ D`ep¡N S>giy[Ý^L$fZ L¡$ÞÖdp„ `uhp_p `pZu_¡ S>„syfrls L$fhp s¡d S> S>gsfZ ‎lp¡S>_p `pZu_¡ 

S>„syfrls L$fhp dpV¡$ \pe R>¡.‎
‎5.‎	 L$`X$p_y„ rhf„S>_ L$fhp dpV¡$ s¡_p¡ D`ep¡N \pe R>¡. ‎
‎6.‎	 fõsp_u ApSy>bpSy>_p M|Zp-Mp„QpAp¡dp„ s¡d S> L$Qfphpmu S>Áep_¡ S>„syfrls L$fhp dpV¡$ ‎‎\pe R>¡. ‎
‎7.‎	 d„v$ këãe|qfL$$ A¡rkX$ A_¡ d„v$ lpCX²$p¡¼gp¡qfL$ A¡rkX$_u kp\¡ rhf„S>L$Q|Z®_u S>gv$ âq¾$ep \C ‎‎¼gp¡qf_ hpey 

`|Z®`Z¡ dy¼s \pe R>¡. ‎ ‎ CaOCl2 + H2SO4 ® CaSO4 + Cl2  + H2O
‎8.‎	‎ L¡$[ëied lpe`p¡¼gp¡fpCX$_u L$pb®_ X$pep¡¼kpCX$ kp\¡ âq¾$ep \C L¡$[ëied L$pbp£_¡V$ A_¡ ‎‎¼gp¡qf_ s¥epf \pe 

R>¡. ‎

‎̂ p¡hp_p¡ kp¡X$p ‎(Washing Soda) (Na2CO3.H2O)

L©$rs : L|$hp_y„ A\hp bp¡Afh¡g_y„ \p¡Xy„$ `pZu Q„bydp„ gC s¡dp„ kpby _pMu lgphp¡¡. lh¡ 
buSy>„ ̀ pZu gC s¡dp„ A¡L$ QdQp¡ ̂ p¡hp_p¡ kp¡X$p _pMp¡ A_¡ kpby _pMu lgphp¡¡. sd¡ L$f¡gu 
L©$rs_y„ r_funZ L$fsp ‎flp¡. ¼ep ¼ep a¡fapf Å¡hp dm¡ R>¡ ? ip dpV¡$ ? 

	 L|$hp_y„ A\hp bp¡Afh¡g_y„ kMs `pZu ^p¡hp_p¡ kp¡X$p ‎‎_pMsp _fd b_¡ R>¡, A¡ s¡dp„ \e¡gp auZ_¡ L$pfZ¡ 
Mbf `X¡$ R>¡. L¡$[ëied A_¡ d¸Á_¡ried_p ¼gp¡fpCX¹$k ‎A_¡ këa¡V$k_p A[õsÐh_¡ L$pfZ¡ `pZu kMs b_¡ R>¡. Aphy„ 
`pZu _fd A_¡ h`fpi ep¡Áe ‎b_phhp dpV¡$ Na2CO3  hp`fhpdp„ Aph¡ R>¡. A¡d L$fhp\u kp¡X$p kp\¡ âq¾$ep \C 
d¡Á_¡ried A_¡ L¡$[ëied_p ‎AÖpìe L$pbp£_¡V$ npf s¥epf \pe$ R>¡. ‎

kp¡qX$ed L$pbp£_¡V$ A¡ `pZudp„ Öpìe A¡hp¡ kp¡qX$ed_p¡ npf R>¡. õaqV$L$ ê$` kp¡qX$ed L$pbp£_¡V$_¡ a¼s ‎fpMu d|L$sp 
kplÆL$sp\u s¡dp„_y„ õaqV$L$S>m DX$u Åe R>¡. A_¡ s¡_y„ ka¡v$ Q|Z® dm¡ R>¡. s¡_¡ S> ^p¡hp_p¡ ‎kp¡X$p L$l¡hpe R>¡. ‎

MgCl2 (aq)+ Na2CO3 (s) ® MgCO3(s) + 2 NaCl  (aq)

Na2CO3 .10 H2O                 Na2CO3 .H2O  
- H2O

  ®
ka¡v$ Q|Z® (^p¡hp_p¡ kp¡X$p)‎

 Na2CO3 _u H2SO4 kp\¡ \_pfu âq¾$ep 

gMp¡. ‎

NyZ^d® A_¡ D`ep¡N
1.‎	 kpdpÞe DóZspdp_¡ ^p¡hp_p¡ kp¡X$p Ap `umpi `X$sp f„N_y„ A_¡ N„^lu_ Q|Z® lp¡e R>¡. ‎
‎2.‎	 s¡_p S>gue ÖphZdp„ rgV$dk_p¡ f„N c|fp¡ lp¡e R>¡. ‎
‎3.‎	 s¡ c¡S> ip¡jL$ (ApÖspip¡jL$) lp¡e R>¡ A¡V$g¡ S> lhpdp„ D^pX$p¡ fpMsp„ (Myëgp¡ fpMsp) ‎lhp_u bpó` ip¡ju g¡ R>¡. 
‎4.‎	 L$`X$p ^p¡hp dpV¡$ dy¿e fus¡ s¡_p¡ h`fpi L$fhpdp„ Aph¡ R>¡. ‎
‎5.‎	 L$pQ, L$pNm DÛp¡Ndp„ s¡d S> `¡V²$p¡gued_p iy[Ý^L$fZdp„ kp¡qX$ed L$pbp£_¡V$_p¡ D`ep¡N ‎L$fhpdp„ Aph¡ R>¡. ‎

L$fu Sy>Ap¡¡.
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`pR>m_p `pW$dp„ sd¡ õaqV$L$S>m rhi¡ dprlsu âpàs L$fu R>¡. õaqV$L$S>m lp¡e s¡hp rhrh^ `v$p\® ‎Ap`Zp 
h`fpidp„ lp¡e R>¡. ‎

õaqV$L$_u fQ_pdp„ kdprhóV$ \e¡gp `pZu_p AÏAp¡_¡ õaqV$L$S>m L$l¡hpdp„ Aph¡ R>¡. ‎

õaqV$L$S>m‎ (Water of Crystallisation)

1.‎ A`dpS>®L$ (X$uV$fS>ÞV$) A¡V$g¡ iy„ ? ‎
‎2.‎ âep¡Nipmpdp„ kpby s¥epf L$fsu hMs¡ ¼ep ¼ep fkpeZp¡ A_¡ kp^_p¡ hp`fip¡ ?‎

Ap`Zp fp¡Æ„v$p Æh_dp„ h`fpidp„ Aphsp õaqV$L$S>m lp¡e s¡hp `v$p\p£. ‎
1. aV$L$X$u (Potash Alum - K2SO4.Al2(SO4)3 .24H2O )
‎2. bp¡f¡¼k (Borax -  2B4O7.10H2O)
‎3. Càkd kp¡ëV$ (Magnesium Sulphate- MgSO4.7H2O)
‎4. b¡qfed ¼gp¡fpCX$ (Barium Chloride - BaCl2.2H2O)
‎5. kp¡qX$ed këa¡V$ (Sodium Sulphate - Glauber's Salt  Na2SO4.10 H2O)
	 D`f Ap`¡gp rhrh^ `v$p\p£_p NyZ^d® A_¡ D`ep¡N k„b„r^s h^y dprlsu d¡mhp¡.
	 S>miyrÝ^L$fZ âq¾$epdp„ aV$L$X$u_p¡ h`fpi \pe R>¡. s¡_p¡ Aæepk sd¡ L$ep£ R>¡. aV$L$X$u_p ‎L$rgguL$fZ_p  
(Coagulation) NyZ^d®_¡ L$pfZ¡ X$lp¡mp ̀ pZu_p¡ Npm (Ahn¡`) A¡L$rÓs Np¡mp¡ b_u cpf¡ \C _uQ¡ b¡ku Åe R>¡. 
Ap âL$pf¡ `pZu iyÝ^ b_¡ R>¡. ‎
	 dp¡f\y\y A¡ A¡r_rdep_y„ r_v$p_ L$fsu hMs¡ f¼s s`pkZudp„ hp`fhpdp„ Aph¡ R>¡. Öpn, k½$fV¡$V$u Ap ‎amp¡ dpV¡$ 
awN_piL$ sfuL¡$ hp`fhpdp„ Aphsp bp¡X$p£ rdîZdp„ dp¡f\y\y_u kp\¡ Q|_p¡ lp¡e R>¡.‎  
kpby ‎(Soap)

‎_lphp_p¡ kpby ‎ L$`X$p ^p¡hp_p¡ kpby ‎

‎1. L$pQu kpdN°udp„ DÃQ v$fÄÅ_y„ s¡g A_¡ [õ_Á^                                 
    `v$p\p£ hp`fhpdp„ Aph¡ R>¡.‎

‎1. r_ç_ NyZhÑp_u ‎Qfbu A_¡ s¡g hp`fhpdp„ Aph¡   
     R>¡. ‎

2. 2.

kpby : Äepf¡ s¡g A\hp Qfbu_¡ kp¡qX$Ad A\hp `p¡V¡$ried lpCX²$p¡¼kpCX$_p S>gue ÖphZ kp\¡ DL$pmuA¡ 
Ðepf¡ L$pbp£[¼TrgL$ A¡rkX$_p (s¡gpçg) kp¡qX$ed A\hp `p¡V¡$ried_p npf dm¡ R>¡. Ap npfp¡_¡ "kpby' (Soap) L$l¡ 
R>¡.

kpby kMs `pZudp„ cmsp„ S> kpbydp„_p kp¡qX$ed_y„ rhõ\p`_ \C s¡gpçgp_p L¡$[ëied A_¡ ‎d¡Á_¡ried_p¡ 
npf s¥epf \pe R>¡. Ap npf `pZudp„ AÖpìe lp¡hp_¡ L$pfZ¡ s¡_u i©„Mgp s¥epf ‎‎\pe R>¡ A_¡ s¡_¡ L$pfZ¡ auZ s¥epf    
\sp _\u. ‎_lphp_p¡ kpby A_¡ L$`X$p ^p¡hp_p¡ kpby hÃQ¡_p¡ saphs gMu L$p¡W$p¡ `|Z® L$fp¡. ‎

qL$fZp¡Ðkpfu `v$p\‎® (Radioactive Substances)
eyf¡r_ed, \p¡qfed, f¡qX$ed S>¡hp DÃQ `fdpÏ cpfp„L$ ^fphsp d|mÖìep¡dp„ A×íe, Arsie c¡v$L$ ‎A_¡ 

DÃQõsfue âqL$fZp¡, DÐõaws® fus¡ DÐkS>®_ L$fhp_p¡ NyZ^d® lp¡e R>¡ s¡_¡ qL$fZp¡Ðkpf (Radiation)  ‎L$l¡hpdp„ Aph¡ 
R>¡. Ap NyZ^d® ^fphsp `v$p\®_¡ qL$fZp¡Ðkpfu `v$p\® L$l¡hpdp„ Aph¡ R>¡. ‎qL$fZp¡Ðkpfu dmÖìe_y„ `fdpÏL¡$ÞÖ A[õ\f 
lp¡e R>¡. qL$fZp¡Ðkpf _prc-L¡$ÞÖdp„\u \pe R>¡. ‎qL$fZp¡Ðkpfu `v$p\p£_p¡ Ap`Zp fp¡Æ„v$p Æh_ kp\¡ k„b„^ R>¡. ldZp„ 
Ap `v$p\® k„b„r^s \p¡X$u ‎dprlsu ÅZu gCA¡. ‎

qL$fZp¡Ðkpfu `v$p\®dp„\u blpf `X$sp âqL$fZp¡ ÓZ âL$pf_p lp¡e R>¡. s¡_¡ Apëap, buV$p A_¡ N¡dp ‎qL$fZp¡ 
L$l¡hpe R>¡. ‎

epv$ L$fp¡.
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rhop__u AV$pfuA¡\u ‎

  l¡Þfu b¸L$h¡f¡g A¡ eyf¡r_ed_ 
rhQåg¡ÞX$ Ap k„ep¡S>__y„ k„ip¡^_ L$fsp 
lsp. s¡dZ¡ V¡$bg_p Mp_pdp„ ‎ap¡V$p¡N°pau_p 
_ h`fpe¡gp L$pQ A¡L$ L$pX®$ bp¡X®$_p Mp¡Mpdp„ 
d|L¡$gp lsp. A_¡ s¡_p `f A¡L$ Qphu `X¡$gu 
‎lsu. s¡_p `f Ap eyf¡r_ed_y„ k„ep¡S>_ 
d|¼ey„. A_¡ s¡ Ðep„ s¡ S> fus¡ füy„. L¡$V$gpL$ 
qv$hkp¡ bpv$ Ap L$pQ ‎‎ p¡hpdp„ Apìep¡ A_¡ 
A¡hy„ v¡$MpC Apìey„ L¡$ ^|mhpmp L$pQ `f 
Qphu_p¡ ApL$pf D`ku Apìep¡ lsp¡. 
‎A„^pfpdp„ ̀ Z D`fp¡¼s âL$pf \hp_p L$pfZ¡ 
b¡L$h¡f¡g¡ A¡hp¡ r_óL$j® L$pY$ép¡ L¡$ `v$p\®_¡ 
c¡v$u_¡ S>_pfp ‎n-qL$fZp¡ S>¡hp qL$fZp¡_p¡ 
DÐkN® A¡ eyf¡r_ed_p k„ep¡S>_¡ `p¡sp_p 
A„sf„N Üpfp S> L$e¯y li¡. Ap ‎qL$fZp¡_¡ 
b¡L$h¡f¡g qL$fZ L$l¡hpe R>¡. L¡$V$gpL$ qv$hkp¡ 
bpv$ d¡X$d ¼eyfu_¡ `Z \p¡qfed_p    
k„ep¡S>_dp„ ‎Aphp S> âL$pf_p NyZ^dp£ 
Å¡hp dþep.

‎qL$fZp¡Ðkpfu âqL$fZp¡_y„ õhê$` ‎
ê$^fap¡X£$(1899) f¡qX$ed DÐkÆ®s L$fsp âqL$fZp¡ b¡ 

rcÞ_ âL$pf_p lp¡e R>¡ s¡_u ip¡^ L$fu. s¡_¡ ‎Apëap A_¡ buV$p 
âqL$fZp¡ L$l¡hpe R>¡. rhgpX$£ ÓuÅ A¡V$g¡ L¡$ N¸dp âq¾$fZp¡_u 
ip¡^ L$fu. b¡ ‎rhfyÝ^ rhÛyscpfhpmu `Ë$udp„\u Ap      
qL$fZ_¡ `kpf L$fsp„ s¡ AgN `X¡$ R>¡. Ap `Ý^rs_p ê$^fap¡X£$ 
‎‎1902dp„ fS|>Aps L$fu. ê$^fap¡X®$ A_¡ rhgpX® s¡dZ¡ rhrh^ 
qL$fZp¡Ðkpfu `v$p\®dp„\u DÐkrS>®s ‎‎\_pfp âqL$fZp¡_p 
Aæepk dpV¡$ âqL$fZp¡_¡ rhÛysn¡Ódp„ S>hp v$u^p A_¡ s¡_p 
dpN®dp„ ap¡V$p¡N°pqaL$ `Ë$u fpMu s¡ kde¡ s¡d_¡ âqL$fZp¡_„y ÓZ 
âL$pf¡ rhcpS>_ \pe R>¡ s¡ S>Zpey„. A¡L$ ‎âqL$fZ F>Z cpqfs 
`Ë$u`pk¡ \p¡Xy$ rhQrgs \s„y lp¡hp_y„ S>Zpey„ s¡d S> buSy>„ 
âqL$fZ ^_ cpqfs ‎‎ Ë$u `pk¡ Ar^L$ âdpZdp„ rhQrgs    
\ep_y„ Å¡hpdp„ Apìey„. `f„sy ÓuÅ âqL$fZ_y„ rhÛys n¡Ódp„ 
‎rbgLy$g `Z rhQg_ \ey„ _l]. F>Z cpqfs `Ë$u`pk¡ 
qL„$rQs rhQrgs \e¡gp qL$fZp¡_¡ Apëap ‎ ^_ cpqfs `Ë$u 
`pk¡ dp¡V$p âdpZdp„ rhQrgs \_pfp qL$fZp¡_¡ buV$p qL$fZ 
A_¡ rbgLy$g S> rhQrgs _ \_pfp qL$fZp¡_¡ N¸dp qL$fZ 

‎L$l¡hpdp„ Aph¡ R>¡. ‎

 a किरण
 ZnS पडदा

14.1 Apëap, buV$p A_¡ N¸dp qL$fZp¡

kukp_p¡ O_

qL$fZp¡Ðkpfu `v$p\® rR>Ö rhÛyscpqfs `Ë$uAp¡

 a qL$fZ

 b qL$fZ

 g qL$fZ

ap¡V$p¡N°pqaL$ `Ë$u

h¥opr_L$_p¡ `qfQe ‎  : A_£õV$ ê$^fap¡X®$ (1871-1937) A¡ rb°qV$i cp¥rsL$rhop__p 
h¥opr_L¡$ S>¡.S>¡.\p¸dk__p dpN®v$i®_ ‎l¡W$m L$¡ìl¡X$ui_u âep¡Nipmpdp„ A_¡ L¡$_¡X$p_u 
d¸L$rNg rhÛp`uW$dp„ qL$fZp¡Ðkpf `f k„ip¡^_ L$e¯y. ‎Apëap L$Zp¡_p¡ dpfp¡ L$fu s¡dZ¡ 
lpCX²$p¡S>__p `fdpÏ_¡ Ry>V$p¡ `pX$u bspìep¡.Ap âep¡N\u ‎cp¥rsL$ip÷_p n¡Ódp„ _hp¡ 
eyN iê$ \ep¡. ‎
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Apëap, buV$p A_¡ N¸dp qL$fZp¡_p NyZ^dp£ ‎ 

A.‎¾$. NyZ^d®‎ Apëap qL$fZp¡‎ (a) buV$p qL$fZp¡‎ (b) N¸dp qL$fZp¡‎ (g)

1. õhê$`‎ Apëap L$Zp¡_p¡ âhpl 
(He++)

buV$p qL$fZp¡_p¡ âhpl ‎‎(e-) rhÛys Qy„bL$ue  
‎âqL$fZ

2. Öìedp_ ‎ 4.0028 u 0.000548 u Öìedp_frls ‎

3. cpf ‎+2 ‎-1 cpffrls ‎

4. h¡N ‎ âL$piue h¡N_p 1/15 \u 
1/20 ‎NZp¡ lp¡e R>¡. ‎

âL$piue h¡N_p 1/5 s¡ 
‎‎9/10 NZp lp¡e R>¡. ‎

âL$piue h¡N s¡V$gp¡ 
‎S> lp¡e R>¡. ‎

5. rhÛysn¡Ódp„ 
‎rhQg_‎

F>Zcpqfs `Ë$u
âÐe¡ ApL$rj®s \pe R>¡.‎

^_cpqfs `Ë$u‎
âÐe¡ ApL$rj®s \pe ‎R>¡.‎

‎¼ep„e `Z ‎ApL$rj®s 
_\u ‎‎\sp. ‎

6. c¡v$_ i[¼s Ap¡R>pdp„ Ap¡Ry>„ 0.02 mm 
‎ÅX$pC_y„ A¡ëeyrdr_ed_y„ 
‎‎ sfy„ c¡v$u iL¡$ R>¡. ‎

Apëap L$Zp¡\u Apif¡ ‎‎100 
NZp h^y, 2 mm ‎ÅX$pC_p 
‎A¡ëeyrdr_ed_p ‎‎ sfp c¡v$u 
iL¡$.‎

Apëap L$Zp¡\u ‎Apif¡ 
10,000 ‎NZp h^y , 
15 cm ‎ÅX$pC_p 
iuip_p ‎‎ X$v$p_¡ c¡v$u 
iL¡$. ‎

7. Ape_uch_ 
‎i[¼s

Ars DÃQ Ap¡R>u Arsie Ap¡R>u

8. ârsqv$[às ‎r_dp®Z 
L$fhp_u ‎i[¼s ‎

dp¡V$p ‎âdpZdp„ ‎ AÐe„s Ap¡R>u Ap¡R>u

qL$fZp¡Ðkpfu kdõ\pr_L$p¡_p¡ D`ep¡N‎ ः qL$fZp¡Ðkpfu d|mÖìep¡ a¼s AÏbp¸„b s¥epf L$fhp dpV¡$ hp`fhpdp„ Aph¡ R>¡, 
A¡hu Ap`Zu N¡fkdS> ‎R>¡. qL$fZp¡Ðkpfu kdõ\pr_L$p¡_p¡ D`ep¡N h¥opr_L$ k„ip¡^_, L©$rj, DÛp¡N^„^p, Ap¥jr^ 

h_õ`rs ‎hN¡f¡ A_¡L$ n¡Óp¡dp„ L$fhpdp„ Aph¡ R>¡. qL$fZp¡Ðkpfu `v$p\p£_p¡ D`ep¡N b¡ âL$pf¡ L$fhpdp„ Aph¡ R>¡.‎ ‎

A. L¡$hm qL$fZp¡Ðkpf_p¡ D`ep¡N L$fu_¡.‎

Ap. qL$fZp¡Ðkpfu d|mÖìep¡_p¡ âÐen h`fpi L$fu_¡. ‎ 

‎_¥krN®L$ qL$fZp¡Ðkpf‎ - kp^pfZ fus¡ r_kN®dp„ 82 \u 92 `fdpÏ¾$dp„L$_p d|m Öìep¡ õhe„õaws® qL$fZp¡ÐkN® 
L$fsp Å¡hp dm¡ ‎R>¡. s¡_¡ _¥krN®L$ qL$fZp¡ÐkN} d|mÖìep¡ L$l¡hpe R>¡. ‎ 

L©$rÓd qL$fZp¡Ðkpfu d|mÖìep¡ ‎- ä¡X$qfL$ ÅµguAp¡ ¼eyfu 
A_¡ Apefu_ ÅµguAp¡ ¼eyfu Ap v„$`rsA¡ â\d 
âhs}s qL$fZp¡ÐkN®_u ip¡^ L$fu. âep¡Nipmpdp„ 
L$Zp¡_p ‎A¡L$^pfp dpfp_¡ L$pfZ¡ \sp„ `fdpÏNc® 
rhOV$_ q¾$epdp„ DÐ`Þ_    \_pfp qL$fZp¡Ðkpfu 
d|mÖìep¡_¡ ‎L©$rÓd qL$fZp¡ÐkNu® d|mÖìe L$l¡hpe R>¡. 
Ap ip¡^ dpV¡$ s¡d_¡ 1935dp„ _p¡b¡g `yfõL$pf\u 
kÞdpr_s L$fhpdp„ Apìep„.
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qL$fZp¡Ðkpfu `v$p\® A_¡ âqL$fZp¡_y„ vy$ó`qfZpd‎ 
1.‎	 qL$fZp¡Ðkpfu âqL$fZp¡_¡ L$pfZ¡ dÝehs} Q¡sp k„õ\p_¡ BÅ `lp¢Q¡ R>¡. ‎
‎2.‎	ifuf_p X$u.A¡_.A¡.`f âq¾$fZp¡_p¡ dpfp¡ \C A_yhp„riL$ v$p¡j r_dp®Z \pe R>¡. ‎
‎3.‎	 qL$fZp¡Ðkpfu âq¾$fZp¡ QpdX$u_¡ c¡v$u_¡ A„v$f S>C iL¡$ R>¡. s¡\u ÐhQp_p L$L®$ fp¡N, ‎ëeyL¡$rdep S>¡hp fp¡N \pe R>¡. 
‎4.‎	 rhõap¡V$_¡ L$pfZ¡ DÐ`Þ_ \e¡gp qL$fZp¡Ðkpfu âv|$jL$p¡ lhp Üpfp ifufdp„ âh¡i R>¡ s¡_¡ L$pfZ¡ ‎s¡_p `f r_e„ÓZ 

fpMhy„ dyíL¡$g b_¡ R>¡. ‎
‎5.‎	 qL$fZp¡Ðkpfu âv|$jL$p¡_¡ kdyÖdp„ _pMhp\u s¡ dpR>guAp¡_p ifufdp„ Åe R>¡. s¡d_p Üpfp ‎dp_hu ifufdp„ âh¡i 

L$f¡ R>¡. ‎
‎6.‎	OqX$epm `f gNpX¡$gp qL$fZp¡Ðkpfu f„NÖìep¡_¡ L$pfZ¡ L$L®$fp¡N \hp_u i¼esp b_¡ R>¡. ‎
‎7.‎	h_õ`rs, am, awg, ^pÞe, Npe_y„ v|$^ hN¡f¡dp„\u õV²$p¡[Þied-90 A¡ qL$fZp¡Ðkpfu ‎kdõ\pr_L$ ifufdp„ 

S>hp\u bp¡_ L¡$Þkf (lpX$L$p_y„ L¸$Þkf, ëeyL¡$rdep S>¡hp fp¡N \pe R>¡.) ‎

rhrh^ n¡Óp¡dp„ qL$fZp¡Ðkpfu kdõ\pr_L$p¡_p¡ D`ep¡N ‎ 
1. ‎Ap¥Ûp¡rNL$ n¡Ó
f¡qX$ep¡N°pau - buX$_u hõsy A\hp gp¡M„X$_u hõsy A\hp gp¡M„X$_u kp„^p`Ë$udp„ rsfpX$, `p¡gpZ N¡dp qL$fZp¡_u 
‎klpe\u ip¡^u iL$pe s¡ dpV¡$ L$p¡bpëV$-60, CqfqX$ed - 192, S>¡hp kdõ\pr_L$p¡_p¡ D`ep¡N ‎f¡qX$Ap¡N°pau L$fhp 
dpV¡$_p L$¸d¡fpdp„ L$fhpdp„ Aph¡ R>¡. ^psyL$pd_p v$p¡j ip¡^hp dpV¡$ Ap s„Ó_p¡ h`fpi ‎L$fhpdp„ Aph¡ R>¡. ‎
ÅX$pC, O_sp A_¡ õsf_y„ dp`_ L$fhy„ - A¡ëeyrdr_ed, àgp[õV$L$, gp¡M„X$ A¡hp Öìep¡_u Ap¡R>u-h^y ‎ÅX$pC_p 
`sfp_y„ DÐ`pv$_ L$fsu hMs¡ Å¡CA¡ s¡V$gu ÅX$pC L$ped fpMhu AphíeL$ lp¡e R>¡. ‎DÐ`pv$_dp„ A¡L$ bpSy> 
qL$fZp¡Ðkpfu Öìe A_¡ buÆ bpSy>A¡ qL$fZp¡Ðkpfu dp`_ e„Ó lp¡e R>¡. ‎dp`_ e„Ó¡ bspX¡$gp qL$fZp¡Ðkpf `sfp_u 
ÅX$pC âdpZ¡ Ap¡R>u hÑu \pe R>¡. Ap s„Ó_u klpe\u ‎‎ ¡qL„$Ndp„ fl¡gp¡ dpg `Z s`pku iL$pe R>¡. ‎
v$uràsdp_ f„N - OqX$epm_p L$pV$p A„^pfpdp„ `Z Å¡C iL$pe s¡ dpV¡$ s¡_p `f f¡qX$ed âp¡d¡r\Ad, V²$uV$uAd Ap 
qL$fZp¡Ðkpfu `v$p\®_y„ ap¡õa¡V$ kp\¡_y„ k„ep¡S>_ ‎gNpX$hpdp„ Aph¡ R>¡. bëbdp„ q¾$àV$p¡_-85 ‎A_¡ âp¡d¡r\ed-147 A¡ 
kdõ\pr_L$p¡ h`fpe R>¡. ‎
rkf¡rdL$ hõsyAp¡dp„ \sp¡ h`fpi - rkf¡rdL$dp„\u b_phhpdp„ Aphsu V$pCëk, hpkZp¡, àg¡V$k, ‎fkp¡X$p_p 
hpkZp¡dp„ QdL$v$pf f„N_p¡ D`ep¡N \pe R>¡. Ap f„Ndp„ eyf¡r_ed Ap¡L$kpCX$ S>¡hp ‎k„ep¡S>_p¡_p¡ D`ep¡N L$f¡ R>¡. ‎ ‎

2. L©$rj n¡Ó  ‎
1.	R>p¡X$hpAp¡_u S>ëv$u h©[Ý^ \pe s¡ dpV¡$ A_¡ h^y AphL$ d¡mhhp dpV¡$, buS>_¡ NyZ^d® ‎Ap`_pfp S>_u_ A_¡ 

NyZk|Óp¡ `f qL$fZp¡Ðkpf_u Akf L$fu s¡_pdp„ d|mc|s a¡fapf ‎L$fhpdp„ Aph¡ R>¡. 
2.	qL$fZp¡Ðkpfu kdõ\pr_L$ L$p¡bpëV$-60 _p¡ D`ep¡N AÞ_ `funZdp„ L$fhpdp„ Aph¡ R>¡.
3.‎	L$p„v$p, bV$pV$p_¡ A„Ly$f _ Aph¡ dpV¡$ s¡_p `f L$p¡bpëV$-60 N¸dp qL$fZp¡_p¡ dpfp¡ L$fhpdp„ Aph¡ R>¡. ‎ ‎
4.	rhrh^ `pL$p¡_p k„ip¡^_dp„ õV²$p¡[ÞiAd-90 h`fpe R>¡. 

3. h¥ÛL$ue ip÷
1.‎	 p¸rgkpe\¡rdep - Ap fp¡Ndp„ gpg f¼sL$Zp¡_y„  âdpZ gp¡ludp„ h^u Åe R>¡. Ap ‎fp¡N_p D`Qpf dpV¡$ ap¡õafk-32 

_p¡ D`ep¡N \pe R>¡. ‎
‎2.‎	lpX$L$p_p¡ L$L®$fp¡N -  D`Qpf dpV¡$ õV²$p¡[ÞiAd-89, õV²$p¡[ÞiAd-90, kdpqfAd-153 A_¡ f¡qX$Ad-223. ‎
‎3.‎	lpe`f\pefp¡CqX$Td - Nmp_u N°„r\ dp¡V$u \hu, c|M gpNhp R>sp„ hS>_ Ap¡Ry>„ \pe R>¡, ‎KO _ Aphhu Ap 

kh® Nmp_u N°„r\dp„\u h^y âdpZdp„ lp¡dp£Þk s¥epf \hp_¡ L$pfZ¡ ‎‎\pe R>¡. s¡_¡ S> lpe`f \pefp¡CqX$Td fp¡N 
L$l¡hpe R>¡. s¡_p D`Qpf dpV¡$ Apep¡qX$_ h`fpe R>¡. ‎

‎4.‎	dNS>dp„ NpW$ (V$é|df) - dNS>dp„ V$é|df_p¡ D`Qpf L$fhp dpV¡$ bp¡fp¸_-10, Apep¡qX$_-131, L$p¡bpëV$-60 
_p¡ D`ep¡N ifufdp„ fl¡gp _p_p V$éydf ip¡^hp dpV¡$ A_¡ ‎Apk£r_L$-74 _p¡ D`ep¡N \pe R>¡. ‎
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14.2 rhrh^ f„Nu MpÛ `v$p\® ‎

fp¡Æ„v$p  Æh__p L¡$V$gpL$ fpkperZL$ `v$p\®  
Ap`Z¡ MpCA¡ R>uA¡ s¡ AÞ_, h`fpi_u hõsyAp¡ v$p.s.L$`X$p„, hpkZp¡, OqX$epm s¡d S> v$hpAp¡ A_¡ ‎AÞe 

hõsyAp¡ Ap Sy>v$p Sy>v$p Öìep¡ Üpfp b_ph¡gp lp¡e R>¡. s¡_p¡ âÐen (ku^p¡) A\hp AâÐenê$`¡ ‎‎(ApX$L$sfu fus¡) 
Ap`Zp„ Apfp¡Áe `f âcph `X$sp¡ lp¡e R>¡. A¡hp AÞe `v$p\p£_u dprlsu Ap`Z¡ ‎gCA¡. ‎ ‎

1.‎	 rdW$pC_u vy$L$p_dp„ S>sp„ S> sd_¡ rhrh^ f„Np¡\u kÅh¡gu rdW$pC_p¡ vy$L$p_dp„ Å¡hp  
dm¡ R>¡ ? s¡ ‎‎ v$p\p£dp„ ¼ep f„N h`fpe R>¡ ? ‎

‎2.‎	 X$p¸¼V$f sd_¡ rbdpf `X$sp„ Sy>v$u Sy>v$u v$hpAp¡ Ap`¡ R>¡ s¡ i¡dp„\u s¥epf \pe R>¡ ?‎

MpÛ f„N A_¡ kyN„^u Öìep¡‎  (Food colours and Essence)
 bÅfdp„ dm_pfp dp¡V$p cpN_p `uZpAp¡ A_¡ AÞ_      

`v$p\p£dp„ MpÛf„N c¡mh¡gp lp¡e R>¡. Ap MpÛf„N ‎‎ phX$f, S>¡g 
A_¡ `¡õV$_p õhê$`dp„ lp¡e R>¡. Ap MpÛf„Np¡_p¡ D`ep¡N Ofdp„ 
A_¡ ìephkpreL$ ‎DÐ`pv$_ Üpfp L$fhpdp„ Aph¡ R>¡. ApCõ¾$ud, 
bfa_pNp¡mp, kp¡k, amp¡_p¡ fk, W„$X$p„ `uZp„, A\pZp„, S>¡d, 
S>¡gu, ‎Qp_p¡ `phX$f Ap b^pdp„ k„b„r^s f„N A_¡ kyN„^u Öìep¡ 
_pM¡gp„ lp¡e R>¡. ‎

bÅfdp„ `¡qL„$Ndp„ dm_pfp dp„k (rQL$_, dV$_), dfQy„, 
lmv$f, duW$pC S>¡hp AÞe `v$p\p£_p¡ f„N ‎kpfp¡ v¡$Mpe s¡ dpV¡$ s¡dp„ 

MpÛf„N c¡mh¡gp Å¡hp dm¡ R>¡. ‎

MpÛ f„Np¡_p vy$ó`qfZpd ‎ 
‎1.‎	A\pZp, kp¸k A_¡ S>¸ddp„ _pMhpdp„ Aphsp f„Np¡dp„ rkky, `pfp¡ \p¡X$p âdpZdp„ hp`f¡gp¡ ‎lp¡e R>¡. kss fus¡ 

Ap DÐ`pv$_p¡_¡ Mp_pfp gp¡L$p¡ dpV¡$ s¡ OpsL$ kprbs \C iL¡$. ‎
‎2.‎	MpÛf„N hp`f¡gp `v$p\p£_p Ars k¡h_\u _p_p„ bpmL$p¡dp„  ADHD(Attention Deficit Hyperactivity 

Disorder) S>¡hu rbdpfu Dv¹$chu ‎iL¡$. ‎

MpÛf„N A¡ Ly$v$fsu A_¡ L©$rÓd `Z lp¡e R>¡. buep, buV$, awgp¡ A_¡ amp¡_p AL®$ Üpfp s¥epf L$fhpdp„ 
‎Aph¡g MpÛf„N Ly$v$fsu lp¡e R>p¡. V¡$V²$pTu_, k_k¡V$ e¡gp¡, A¡_p¡ M|b dp¡V$p âdpZdp„ ‎hp`fhpdp„ Aphsp A¡ 
L©$rÓd MpÛf„N R>¡. `f„sy L©$rÓd MpÛf„N_p Arsk¡h__¡ L$pfZ¡ OpsL$ `|fhpf ‎‎\C iL¡$ R>¡. s¡\u S> l„d¡ip„ Ly$v$fsu 
MpÛf„N_p¡ h`fpi S> ep¡Áe `|fhpf \pe R>¡. ‎

Ýep_dp„ fpMp¡.

Brslpkdp„ X$p¡qL$ey„ L$fsp... ‎
Q¡_p£rbg_u vy$O®V$_p : 26 A¡râg 1986dp„ Q¡_p£rbg AÏ DÅ® L¡$ÞÖdp„ N°¡apCV$ fuA¡¼V$fdp„ õap¡V$ ‎‎\hp_p L$pfZ¡ 
s¡dp„\u qL$fZp¡Ðkpfu kdõ\pr_L$p¡ A_¡ âqL$fZp¡ AQp_L$ blpf Aphhp gpÁep. Ap ‎OV$_p_¡ L$pfZ¡ `pZudp„\u 
A_¡ S>du_dp„\u qL$fZp¡Ðkpfu kdõ\pr_L$p¡ dp_hu_p ifufdp„ âh¡iu ‎A_yhp„riL$ v$p¡j r_dp®Z \ep A_¡ ApNm_u 
`¡Y$u k„¾$rds \C. Npg`Qp¡rmep_y„ (NgN„X$p_y„) âdpZ _p_p\u dp¡V$pdp„ h^u Ne„y ‎s¡_¡ L$pfZ¡ Ðep„ Nmp_p fp¡N_y„ 
âdpZ h^y„ R>¡.‎

L$lp¡ Å¡CA¡ !
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X$pe ‎(Dye)
S>¡ f„Nu_ `v$p\® A¡L$pv$ hõsy_¡ gNpX$hp\u s¡ hõsy_¡ 

f„N âpàs L$fu v¡$ s¡_¡ X$pe L$l¡hpe R>¡. kpdpÞefus¡ X$pe ‎A¡ 
`pZudp„ Öpìe A_¡ s¡gdp„ AÖpìe lp¡e R>¡. A_¡L$ kde¡ 
L$p`X$_¡ f„Áep bpv$ Ap`¡gp¡ f„N ̀ pL$p¡ L$fhp ‎dpV¡$ f„Nb„^L$_p¡ 
D`ep¡N L$fhpdp„ Aph¡ R>¡. ‎

‎_¥krN®L$ X$pe b_phhp dpV¡$ h_õ`rs A¡ dy¿e  
öp¡s  R>¡. d|m, `p_, a|g, R>pg, amp¡, rbep, L¡$kf Ap 
‎b^p_p¡ D`ep¡N X$pe s¥epf L$fhpdp„ \pe R>¡. L$pídufdp„ 
L¡$kfdp„\u DÑd X$pe s¥epf L$fu s¡_p\u ‎sp„sZpAp¡ f„Nu 
(v$p¡fpAp¡_¡) s¡_u kpX$u, ipg, X²$¡k s¥epf \pe R>¡. s¡ 
AÐe„s dp¢Op„ lp¡e R>¡. Ap ìehkpe\u OZp gp¡L$p¡_u 
ApÆrhL$p Qpgsu lp¡e R>¡. hpm ‎f„Nhp dpV¡$ d¢v$u_p 
`p__p¡ D`ep¡N Apfp¡Áe_u ×[óV$A¡ kyfrns lp¡e R>¡. ‎

L©$rÓd X$pe_u ip¡̂  1856dp„ rhrged l¡_fu `L$}_¡ 
L$fu. fpkperZL$ NyZ^d® A_¡ rhÖpìesp A_ykpf L©$rÓd 
‎f„Np¡_p rhrh^ âL$pf `X¡$ R>¡. Apdp„ ¡̀V²$p¡rged_p 
D`DÐ`pv$L$p¡_p¡ A_¡ Mr_Å¡_p¡ h`fpi L$fhpdp„ ‎Aph¡ R>¡. ‎

D`ep¡N
1.‎	 L$`X$p, hpm f„Nhp dpV¡$ s¡_p¡ D`ep¡N L$fhpdp„ 

Aph¡ R>¡. ‎
‎2.‎	 fõsp `f_p sL$suAp¡ (Name Plates) fpÓ¡ 

Å¡C iL$pe s¡ dpV¡$ ãeyAp¡fp¡k„V$  (ârsv$uràsiug)
f„N hp`fhpdp„ Aph¡ R>¡. ‎

‎3.‎	 QpdX$p_p b|V$, `k®, Qà`g_¡ QdL$v$pf         

b_phhp dpV¡$ f„N hp`fpe R>¡. ‎ 
vy$ó`qfZpd ‎

‎1.‎	 hpm_¡ f„Nhp\u hpm Esfu S>hp, hpm Mfpb 
\C S>hp, ÐhQpdp„ bmsfp \hu, Ap„M_¡ ‎CÅ 
`lp¢Qhu S>¡hp hN¡f¡ A_¡L$ ceõ\p_p¡_u 
k„cph_p fl¡ R>¡. ‎

‎2.‎	 rg`õV$uL$dp„ L¸$fdpC_ (Carmine) _pd_p¡ f„N 
lp¡e R>¡. s¡_p\u lp¡W$_¡ CÅ \su _\u `f„sy s¡ 
`¡V$dp„ ‎S>hp\u `¡V$dp„ rhL$pf DÐ`Þ_ \pe R>¡. ‎

‎3.‎	‎ _¥krN®L$ f„N s¥epf L$fhp dpV¡$ h_õ`rs_p¡ Ars 

h`fpi L$fhp\u `ep®hfZ_p¡ l²$pk \pe R>¡. ‎

L©$rÓd f„N‎ (Artificial Colours)

1.‎	 lp¡mudp„ f„Np¡\u fdu gu^p bpv$ sd_¡ L$C L$C sL$guap¡ \pe R>¡ ? ip dpV$¡ ? ‎
‎2.‎	 Ap sL$gua _ \pe s¡ dpV¡$ sd¡ ¼ep f„Np¡_p¡ h`fpi L$fip¡ ? ‎
‎3.‎	 Of_¡, ar_®Qf_¡ f„N L$fpìep bpv$ s¡_u hpk\u sd_¡ iy„ sL$gua \pe R>¡ ?‎

	 lp¡mudp„ f„N\u fdhy„, Of_¡ f„N L$fu 
kÅhhy„, Al] Ap`Z¡ a¼s L©$rÓd f„Np¡_p¡ 
h`fpi L$fuA¡ R>uA¡. lp¡mudp„ hp`fhpdp„ 
Aphsp¡ gpg f„N kp¥\u ‎OpsL$ lp¡e R>¡. s¡dp„ 
`pfp_y„ âdpZ h^„y lp¡e R>¡. s¡\u Ap„^mp`Ï„, 
QpdX$u_y„ L¡$Þkf, Aõ\dp, ‎MyÄgu, QpdX$u_p 
rR>Öp¡ L$pedu õhê$`¡ b„^ \C S>hp S>¡hp„     
ceõ\p_p¡ Dv¹$ch¡ R>¡. Of_¡ f„Nhpdp„ ‎h`fpsp¡ 
`ump¡ f„N `Z OpsL$ lp¡e R>¡. s¡_p„ OpsL$ 
`qfZpdp¡ Ap`Zp ifuf `f \C iL¡$. ‎

L©$rÓd f„Ndp„ lpS>f fl¡gp OpsL$ fkpeZp¡_p _pd A_¡ s¡_p ̀ qfZpd rhi¡ ip¡^ L$fp¡. 

	 buV$, `gpi_p awgp¡, `pgL$, Nygdlp¡f Ap Ly$v$fs_p rhrh^ f„Nu öp¡sp¡dp„\u lp¡mu 

dpV¡$ f„N s¥epf L$fp¡ ‎A_¡ s¡_p¡ h`fpi L$fu `p¡sp_y„ Apfp¡Áe k„cpmp¡. ‎	L$fu Sy>Ap¡¡.

dprlsu d¡mhp¡. 

14.3 L©$rÓd f„Np¡_y„ vy$ó`qfZpd

L$lp¡ Å¡CA¡ !
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vy$N¯^_piL$ ‎ (Deodorant) 
	 ifuf `f \sp„ `fk¡hp_y„ k|ÿdS>„syAp¡A¡ L$f¡gp rhOV$__¡ L$pfZ¡ hpk Aph¡ R>¡. Ap hpk_¡ fp¡L$hp dpV¡$
vy$N¯^_piL$ `v$p\® hp`fhpdp„ Aph¡ R>¡. qv$hkcf âaz[ëgs fl¡hp dpV¡$ v$f¡L$_¡ kyN„^us X$uAp¡X$f¢V$ Nds„y ‎lp¡e R>¡. dp¡V$¡ 
cpN¡ ipmpdp„ S>sp„ bpmL$p¡ X$uAp¡ hp`fsp lp¡e R>¡. qL$ip¡fhe_p„ bpmL$p¡dp„ X$uAp¡_p ‎h`fpi_y„ âdpZ V$uhu `f 
v¡$MpX$hpdp„ Aphsu Ål¡fMbfp¡_¡ L$pfZ¡ h^y R>¡. Apdp„ `¸fpb¡Þk_y„ ‎‎(rd\pCg, C\pCg, âp¡`pCg, b¡ÞTpC_ A_¡ 

åeyV$pCg ApëL$p¡lp¡g) âdpZ h^y lp¡e R>¡. A¸ëeyrdr_ed_p ‎k„ep¡S>_p¡ A_¡ rkrgL$p_p¡ Apdp„ D`ep¡N \pe R>¡. ‎

‎1.	 kh®kp^pfZ X$uAp¡ - Apdp„ A¡ëeyrdr_ed_p k„ep¡S>_p¡_y„ âdpZ Ap¡Ry>„ lp¡e R>¡. s¡ `fk¡hp_u ‎hpk Ap¡R>u L$f¡ R>¡. 
2.	 `fk¡hp_¡ fp¡L$_pf X$uAp¡ - `fk¡hp_p ÷ph_y„ âdpZ Ap¡Ry>„ L$f¡ R>¡. Apdp„ A¸ëeyrdr_ed ‎‎¼gp¡fp¡lpeX²¡$V$k_y„ âdpZ 

15% lp¡e R>¡ s¡_¡ L$pfZ¡ ÐhQp `f_p„ õh¡v$ rR>Öp¡ b„^ \C Åe R>¡.
‎3.	 h¥ÛL$ue X$uAp¡- S>¡ ìe[¼s_¡ Ars `fk¡hp¡ \sp¡ lp¡e A_¡ s¡_y„ OpsL$ `qfZpd QpdX$u `f \pe R>¡. Aphu 

ìeqL$sAp¡ dpV¡$ h¥v¹$L$ue qX$Ap¡ s¥epf L$ey¯ R>¡. S>¡dp„ 20 \u 25% A¡ëeyrdr_ed lp¡e R>¡. Ap a¼s fpÓ¡ S> hp`fhpdp„ 
Aph¡ R>¡. X$uAp¡ A¡ ‎O_, hpey Ap õhê$`¡ Å¡hp dm¡ R>¡. ‎

vy$ó`qfZpd - ‎
‎1.	 A¡ëeyrdr_ed- rTfL$p¡_ued Ap k„ep¡S>_ X$uAp¡X$f¢V$dp„_y„ kp¥\u OpsL$ fkpeZ R>¡. s¡_p ‎L$pfZ¡ dp\p_p¡ vy$Mphp¡, 

Aõ\dp, ðk__p rhL$pfp¡, ùv$erhL$pf S>¡hp fp¡Np¡ \hp_u k„cph_p R>¡. 
‎2.	 A¡ëeyrdr_ed ¼gp¡fplpCX²¡$V$k_¡ L$pfZ¡ QpdX$u_p rhrh^ rhL$pf s¡d S> QpdX$u_p L$L®$fp¡N_u ‎‎(L¡$Þkf)_u i¼esp 

lp¡e R>¡. ‎ ‎

14.4 V¡$ãgp¡_ L$p¡V$]N

NyZ^d®  
1. hpsphfZ_u A_¡ fpkperZL$ `v$p\p£_u 

V¸$ãgp¡_ `f Akf \su _\u. ‎
‎2. `pZu A_¡ s¡g Ap b„_¡ `v$p\® V¡$ãgp¡_ 

L$p¡V¡$X$ hõsy_¡ Qp¢V$sp _\u. ‎
‎3. DÃQ sp`dp__u V¸$ãgp¡_ `f Akf \su 

_\u L$pfZ¡ L¡$ V¡$ãgp¡__p¡ ÖhZp„L$ 327 0C 
R>¡. ‎

‎4. V¡$ãgp¡_ L$p¡V¡$X$ hõsy klS>sp\u õhÃR> L$fu 
iL$pe R>¡. ‎

D`ep¡N
1.‎	 V¡$ãgp¡__p„ AhplL$sp_p NyZ^d®_¡ L$pfZ¡ DÃQ s„Óop__p 

Cg¡¼V²$p¡_uL$ D`L$fZp¡dp„ s¡d S> ‎V¡$ãgp¡_ AphfZhpmp 
huS>mu_p spf A_¡ hõsy s¥epf L$fhp dpV¡$ s¡_p¡ D`ep¡N   
\peR>¡. ‎

‎2.‎	 fkp¡X$pdp„ _p¡_õV$uL$h¡Af s¥epf L$fhpdp„ s¡_p¡ D`ep¡N     
\pe R>¡. ‎

‎3.‎	 b¡ `¥X$p A_¡ Qpf `¥X$p_p hpl_p¡_p f„Nu_ `sfp `f 
sp`dp_, hfkpv$_u Akf \C s¡ Mfpb ‎‎_ \C Åe s¡ 
dpV¡$ V¡$ãgp¡_ L$p¡V$]N L$fhpdp„ Aph¡ R>¡. ‎

V¸$agp¡_‎  (Teflon)
fkp¡X$p_p hpkZp¡dp„ rQL$pi_u âq¾$ep_¡ V$pmhp dpV¡$ 

Ap¥Ûp¡rNL$ D`L$fZp¡_¡ dygpedsp Ap`hp dpV¡$ ‎V¸ãgp¡__p¡ h`fpi 
L$fhpdp„ Aph¡ R>¡. Ap V¡$V²$pãgyfp¡Cr\gu__y„ blzhpqfL$ R>¡. Ap_u 
ip¡^ fp¸e. S>¡. àg¸L¡$V$ 1938dp„ ‎L$fu. s¡_y„ fpkperZL$ _pd 
`p¡guV¡$V²$pãëeyfp¡Cr\gu_ (C2F4)n R>¡. ‎

V¸$ãgp¡_dp„ A¡hp¡ ¼ep¡ NyZ^d® lp¡e R>¡ L¡$ S>¡\u s¡ _p¡_õV$uL$ kp^_p¡dp„ hp`fhpdp„ Aph¡ 
R>¡ ?‎

L$lp¡ Å¡CA¡ !
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rkfprdL$ ‎(Ceramic) 
    rkfprdL A¡V$g¡ AL$pb®r_L$ `v$p\®_¡ `pZudp„ dkmu, ApL$pf v$C, s`phu_¡ s¥epf L$f¡gp¡ DóZsp ‎Ahfp¡^L$ `v$p\®. 
   Ly„$cpf¡ b_ph¡gp„ dpV$u_p„ hpkZp¡ S>¡hp„ L¡$ dpV$gp„, L$p¡qX$ep s¡d S> Of_p„ R>p`fp„ ̀ f _pMhpdp„ Aphsp„ ‎d¢Ngp¡fu   _rmep„, 
bp„̂ L$pd_u IV$, L$̀ -fL$pbu V¡$fpL$p¡V$p_u hõsyAp¡ Ap b^u Ap`Zu ApSy>bpSy> ‎v¡$Mpsp rkfprdL_p„ Dv$plfZp¡ R>¡. ‎

 	 dpV$u_¡ `pZudp„ L$pghu s¡_¡ ApL$pf Ap`u cÌ$udp„ 
1000 \u 11500C  sp`dp_¡ s`phhp\u kR>uÖ ‎‎rkfprdL 
s¥epf \pe R>¡. krR>Ö`Ï„ v|$f L$fhp dpV¡$ s`ph¡gp„ hpkZp¡ `f 
`pZudp„ L$pgh¡gy„ ‎L$pQ_y„ Q|Z® (Ág¡T) gNpX$hpdp„ Aph¡ R>¡. 
A_¡ hpkZ_¡ afu s`phhpdp„ Aph¡ R>¡. s¡_¡ L$pfZ¡ rkfprdL_p  
`©óW$cpN_y„ krÃR>Ö`Ï„ _uL$mu S>C s¡ QL$QqL$s b_¡ R>¡.‎

Ap âL$pf¡ s¥epf \pe R>¡ kufprdL$. ‎

14.5 rkfprdL$$

‎̀ p¡k£rg_  : Ap L$W$Z, A^®`pfv$i®L$ A_¡ ka¡v$ f„N_y„ rkfprdL$ R>¡. s¡ b_phhp dpV¡$ Qu_dp„ 
‎dm_pfu L¸$Ap¡gu_ _pd_u ka¡v$ dpV$u hp`fhpdp„ Aph¡ R>¡. L$pQ, N°¡_pCV$, a¡ëX¹$k`pf Ap        
Mr_S>_¡ ‎L¡$Ap¡gu_dp„ c¡mhu s¡dp„ `pZu _pMu dkmhpdp„ Aph¡ R>¡. s¥epf \e¡gp rdîZ_¡ 
ApL$pf Ap`u ‎cÌ$udp„ 1200 \u 14500C  DóZspdp_¡ s`phhpdp„ Aph¡ R>¡. Ðepf bpv$ ApL$j®L$ 
A¡hp¡ Ág¡T gNphu ‎afu s`phu `p¡k£rg__p ky„v$f hpkZp¡ b_phhpdp„ Aph¡ R>¡. âep¡Nipmpdp„ 
Aphp„ ¼ep„ ¼ep„ hpkZp¡ R>¡ ‎‎?‎
bp¡_Qpe_p : L¡$Ap¡gu_ (Qu_u dpV$u) a¡ëX¹$k`pf Mr_S>, bpfuL$ rkrgL$p_p rdîZdp„ âpZuAp¡_p ‎lpX$L$p_u fpM 
c¡mhu_¡ ApNm_u âq¾$ep L$fhpdp„ Aph¡ R>¡. Ap rkfprdL$ `p¡k£rg_ L$fsp„ ‎‎ Z h^y dS>b|s lp¡e R>¡. ‎
Ap^yr_L$ rkfprdL$ : Ap^yr_L$ rkfprdL$ b_phhpdp„ dpV$u_¡ bv$g¡ A¡ëeydu_p(Al2O3), ‎TuL$p£_uep (ZrO2), rkrgL$p 
(SiO2). A¡hp L¡$V$gpL$ Ap¸¼kpCX$ A_¡ rkrgL$p¸_ L$pbp®CX$ (SiC) , bp¸fp¡_ L$pbp®CX$ (B4C)S>¡hp L¡$V$gpL$ AÞe 
k„ep¡S>_p¡_p¡ D`ep¡N L$fhpdp„ Aph¡ R>¡. Ap rkfprdL_¡ s`phhp dpV¡$ ‎‎1600 \u 18000C  S>¡V$gy„ sp`dp_ A_¡ 
Ap¡[¼kS>_frls hpsphfZ_u S>ê$f `X¡$ R>¡. Ap_¡ S> ‎tkV$qf„N L$l¡hpdp„ Aph¡ R>¡. ‎

‎̀ phX$f L$p¡V$]N‎ (Powder Coating)
gp¡M„X$_u hõsy_¡ L$pV$ _ gpN¡ A¡V$g¡ hõsy_p `©óW$cpN `f f„N L$fsp„ h^y dS>b|s \f Ap`hp_u `Ý^rs ‎A¡V$g¡ 

`phX$f L$p¡qV„$N. Ap `Ý^rsdp„ `p¸rgdf f¡Tu_ f„N A_¡ AÞe OV$L$ A¡L$rÓs L$fu Ap¡Npmhpdp„ ‎Aph¡ R>¡ A_¡ `R>u s¡_¡ 
W„$Xy„$ L$fu_¡ s¡ rdîZ_y„ bpfuL$ Q|Z® b_phhpdp„ Aph¡ R>¡. Cg¡¼V²$p¡õVµ$V$uL$ õâ¡ ‎qX$`p¡Tui_ (ESD)L$fsu hMs¡ ^psy_p 
Ok¡gp cpN `f Ap `phX$f_p¡ azhpfp¡ DX$phhpdp„ Aph¡ R>¡. ‎‎ phX$f_p L$Zp¡_¡ [õ\f rhÛysâhpl Ap`hpdp„ Aph¡ R>¡. 
s¡_¡ L$pfZ¡ s¡_p¡ A¡¼kfMp¡ \f ‎‎ psy_p `©óW$cpN `f Qp¢V$u_¡ b¡ku Åe R>¡. Ðepfbpv$ Ap \f klus hõsy_¡ cÌ$udp„ 
s`phhpdp„ Aph¡ ‎R>¡. s¡ kde¡ \fdp„ fpkperZL$ âq¾$ep \C dp¡V$u g„bpC_u blzhpqfL$ Åm s¥epf \pe R>¡. Ap `phX$f 
‎L$p¡V$]N Arsie V$L$pD, dS>b|s A_¡ ApL$j®L$ lp¡e R>¡. fp¡Æ„v$p h`fpi_p àgp[õV$L$ A_¡ rdrX$ed ‎X¡$ÞkuV$u apebf 
bp¡X$®$`f(MDF) `phX$f L$p¡V$]N L$fu iL$pe R>¡. ‎
A¡_p¡X$peT]N‎ (Anodizing)
	  A¡ëeyrdr_ed ̂ psy_p ̀ ©óW$cpN ̀ f lhpdp„_p Ap¡[¼kS>_ kp\¡ âq¾$ep \C Ly$v$fsu fus¡ A¡L$ k„fnL$ \f ‎s¥epf 
\C Åe R>¡. A¡_p¸X$peT]N âqL$epdp„ Ap \f Å¡CA¡ s¡V$gu ÅX$pC_p¡ b_phu iL$pe R>¡. rhÛys ‎rhOV$_ `Ý^rs_p¡ 
h`fpi L$fu A¡_p¸X$peT]N L$fhpdp„ Aph¡ R>¡. rhÛys rhOV$_ L$p¡jdp„ d„v$ A¡rkX$ gC ‎s¡dp„ A¸ëeyrdr_ed_u hõsy ̂ _pN° 
(A¸_p¡X$$) sfuL¡$ Xy$bpX$hpdp„ Aph¡ R>¡. rhÛysâhpl iê$ L$fsp ‎F>ZpN° (L¸$\p¡X$) sfa lpCX²$p¡S>_ hpey s¡d S> ^_pN° 
(A¸_p¡X$$) sfa Ap¡[¼kS>_ hpey dy¼s \pe R>¡. ‎Ap¡[¼kS>_ kp\¡ âq¾$ep \C A¡ëeyrdr_ed_u `Ë$u ^_pN°`f (A¸_p¡X$$) 
lpeX²¡$V¡$X$ A¡ëeyrdr_ed Ap¡¼kpCX$_p¡ \f s¥epf L$f¡ ‎R>¡. Ap v$fçep_ L$p¡jdp„ f„N _pMu Ap \f_¡ ApL$j®L$ b_phu iL$pe 
R>¡. A¡_p¡X$peT]N L$f¡gp shp, Ly$L$f ‎A¡hp rhrh^ hpkZp¡ Ap`Z¡ hp`fuA¡ R>uA¡. s¡ S> _¡$ ? ‎
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1.‎	 Mpgu S>Áepdp„ ep¡Áe iåv$ gMp¡. ‎ ‎
	 (A)‎	‎  p¡hp_p kp¡X$pdp„ õaqV$L$S>m_p AÏ_u k„¿ep 

.... R>¡. ‎
	 (Ap)‎	b¡qL„$N kp¡X$p_y„ fpkperZL$ _pd ......... R>¡. ‎
	 (B)‎	 lpC`f\pefp¡CqX$Td Ap fp¡N_p D`Qpf 

dpV¡$ ........ _p¡ D`ep¡N \pe R>¡. ‎
	 (C)‎	 V¡$ãgp¡__y„ fpkperZL$ _pd ........ R>¡. ‎
2.‎	 ep¡Áe Å¡X$u b_php¡. ‎
	 	‎ "A' õs„c ‎	‎	  "b' õs„c‎
	 (‎1) k„s©às duW$p_y„ ÖphZ(A)	kp¡qX$ed ^psy dy¼s 
	‎ (2)‎ Ap¡Npm¡g„y duWy„$	 (Ap)b¡CT^d} npf
	‎ (3) ‎CaOCl2 	 (B)	 duW$p_y„ õaqV$L$uch_‎
	‎ (4)‎ ‎NaHCO3  ‎	 (C)	 f„N_y„ Ap¡[¼kX¡$i_ ‎
3.‎	‎ _uQ¡_p âñp¡_p DÑf gMp¡. ‎
	 (A)‎	 qL$fZp¡Ðkpf A¡V$g¡ iy„ ? ‎
	 (Ap)‎	‎ fdpÏ L¡$ÞÖL$ (_prc) A[õ\f R>¡ A¡d ¼epf¡ 

L$l¡hpdp„ Aph¡ R>¡¡ ?‎
	 (B)‎	 L©$rÓd MpÛf„Np¡ Üpfp L$C L$C rbdpfu \pe R>¡?‎
	 (C)‎	 Ap¥Ûp¡rNL$ n¡Ódp„ qL$fZp¡Ðkpf_p¡ D`ep¡N 

¼ep„ ¼ep„ L$fhpdp„ Aph¡ R>¡ ?‎
	 (D)‎	 V¡$ãgp¡__p NyZ^d® gMp¡. ‎
	 (E)‎	‎  ep®hfZ `|fL$ lp¡mu_p¡ sl¡hpf DS>hhp dpV¡$ 

¼ep âL$pf_p f„Np¡_p¡ h`fpi L$fip¡ ? ip 
dpV¡$‎‎? 

	 (A¡)‎	 V¡$ãgp¡_ rhg¡`_ S>¡hu `Ý^rs_p¡ h`fpi ip 
dpV¡$ M|b hÝep¡ R>¡ ? ‎

4.‎	 õ`óV$uL$fZ klus gMp¡. ‎
	 (A)‎	 rhf„S>_ Q|Z®dp„ ¼gp¡qf__u hpk Aph¡ R>¡. ‎
	 (Ap)‎	L|$hp_y„ kMs `pZu ^p¡hp_p¡ kp¡X$p_¡ L$pfZ¡     

_fd b_¡ R>¡. ‎
	 (B$)‎	 kMs `pZudp„ kpby_p¡ Ahn¡̀  s¥epf \pe R>¡. 
	 (C$)	‎  phX$f L$p¡qV„$N L$fsu hMs¡, awhpfp¡ EX$phsp 

`phX$f_p L$Zp¡dp„ rhÛysâhpl ̀ kpf L$fhpdp„ 
‎Aph¡ R>¡. ‎

	 (D)‎	 A¡_p¡X$pCT]Ndp„ A¡ëeyrd_ued_u hõsy    
^_pN° (A¡_p¡X$) sfuL¡$ hp`fhpdp„ Aph¡ R>¡. 

	 (E)‎	 L¡$V$gpL$ qL$fZp¡Ðkpfu `v$p\®dp„\u _uL$msp 
âqL$fZp¡_¡ rhÛys n¡Ódp„ `kpf L$fsp„ s¡_p 
dpN®dp„_u ap¡V$p¡N°pqaL$ `Ë$u `f ÓZ õ\m¡ 
M|Zp v¡$Mpe R>¡. 

	 (A¡)‎	 õ ¡̀k iV$g_p blpf_p \f `f rhrióV$ 
âL$pf_u rkfprdL$ V$pCëk gNpX$hpdp„ Aph¡ R>¡. 

5.‎	‎ _uQ¡_p âñp¡_p DÑf gMp¡. ‎
	 (A)‎	 L©$rÓd MpÛf„N A_¡ s¡dp„ hp`fhpdp„ Aph¡g 

`v$p\® S>Zphu s¡_p vy$ó`qfZpd gMp¡. ‎
	 (Ap)‎	õaqV$L$S>m A¡V$g¡ iy„ s¡ S>Zphu õaqV$L$S>m 

lp¡e s¡hp npf A_¡ s¡_p D`ep¡N gMp¡. ‎
	 (B$)‎	 kp¡qX$ed ¼gp¡fpCX$_y„ rhÛys rhOV$_ L$f_pfu 

ÓZ `Ý^rsAp¡ L$C L$C  ?‎
6.‎	 D`ep¡Np¡ gMp¡. ‎
	 (A)	 A¸_p¡X$peT]N	 (Ap)‎‎ phX$f L$p¡V$]N 
	 (B$)‎	 rL$fZp¡Ðkpfu `v$p\® ‎	 (C)rkfprdL$ L$p¡V$]N 
‎7.‎	 vy$ó`qfZpd gMp¡. ‎
	 (A)‎	 L©$rÓd X$pe ‎	 (Ap)L©$rÓd MpÛf„N
	 (B)‎	 qL$fZp¡Ðkpfu `v$p\® ‎	 (C) vy$N¯^_piL$ ‎
‎8.‎	 fpkperZL$ k|Ó gMp¡. ‎
	 rhf„S>_ Q|Z®, duWy„$, b¡L$]N kp¡X$p, ^p¡hp_p¡ kp¡X$p.‎
9.‎	‎ _uQ¡ Ap`¡g rQÓ_y„ õ`óV$uL$fZ gMp¡. ‎

rkfprdL$$ `v$p\® A¡ DÃQ DóZspdp_¡ `Z rhOV$us \sy„ _\u. rkfprdL$ A¡ bfX$, rhÛys Ahfp¡̂ L$ ‎A_¡ S>g 
Ahfp¡̂ L$ lp¡e R>¡. s¡\u s¡_p¡ D`ep¡N rhÛys D`L$fZp¡dp„, cÌ$u_p A„v$f_p cpNdp„ g¡̀ , ‎S>lpS>, rhg¡̀ _ dpV¡$, S>¡V$ 
A¡„rS>__u `p„M_¡ (åg¡X$) rhg¡̀ _ L$fhp dpV¡$ \pe R>¡. õ ¡̀k iV$g_p ‎blpf_p \f `f rhrióV$ rkfprdL$ V$pCëk 
gNpX¡$gu lp¡e R>¡. L¡$V$guL$ rkfprdL$$_p¡ h`fpi ArshplL$  (Super Conductors)  sfuL¡$ L$fhpdp„ Aph¡ R>¡. ‎

õhpÝepe

²²²

D`¾$d ‎	 ‎‎ phX$f L$p¡V$]N, V¡$ãgp¡_ L$p¡V$]N L$fsp„ lp¡e 
õ\m_u dygpL$ps gC s¡_p rhi¡ dprlsu d¡mhp¡ 
A_¡ hN®dp„ ‎âõsys L$fp¡.‎
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	 dp_h ifufdp„ `pQ_ \e¡gy„ AÞ_ A\hp a¡akp„ Üpfp ifufdp„ ðk_\u `lp¢Q¡gp¡ Ap¡[¼kS>_ ‎‎(âpZhpey) hpey 
ifuf_u v$f¡L$ `¡iu ky^u L$C fus¡ `lp¢QpX$hpdp„ Aph¡ R>¡ s¡_p¡ Aæepk Ap`Z¡ L$ep£ ‎R>¡. A¡S> âL$pf¡ L|$hp_y„ L¡$ b„^_y„ 
(dam) `pZu dy¿e _l¡f Üpfp M¡sf ky^u `lp¢QpX$hp_p¡ âeÐ_ M¡X|$s L$fsp¡ ‎lp¡e R>¡. dp_h `pQ_s„Ó Üpfp Ap`Z¡ 
N°lZ L$f¡gp AÞ__y„ EÅ®dp„ ê$`p„sf L$f¡ R>¡. Ap EÅ® s¡d S> ‎Ap¸[¼kS>_ f¼s Üpfp ApMp ifufdp„ ̀ lp¢QpX$hpdp„ Aph¡ 
R>¡. ‎
‎̀ qfhl_‎ (Transportation)
   `qfhl_ q¾$ep Üpfp A¡L$ cpNdp„ A¡L$rÓs \e¡gp¡ A\hp ip¡jpe¡g `v$p\® buÅ cpN ky^u ‎‎ lp¡QpX$hpdp„ Aph¡ R>¡.‎

h_õ`rsdp„ `qfhl_‎ (Transportation in Plants)

	 S>mhprl_u A_¡ 
fkhprl_u A¡ h_õ`rs_u L$C 

`¡iuAp¡ R>¡ ?‎

‎̀ pQ_s„Ó A_¡ ðk_s„Ó ‎L$C fus¡ L$pe® L$f¡ R>¡ ? ‎

gpg f„N_u 
rifp

õV¡$ÞX$

buL$f

    15.1 d|mv$pb‎

CAp¡ku__y„ 
ÖphZ

\X$

h_õ`rsdp„ `pZu_y„ hl_ ‎
d|mv$pb ‎ (Root Pressure)

1. 	Ap`Z¡ am A_¡ ipL$cpÆ ip dpV¡$ MpCA¡ R>uA¡ ? h_õ`rs_¡ `Z Ap`Zu S>¡d S> 
‎Mr_S>_u AphíeL$sp li¡ L¡$ ? ‎

‎2. 	h_õ`rs_¡ L$pb®_ X$pep¡¼kpCX$ A_¡ Ap¸[¼kS>_ rkhpe AÞe AL$pb®r_L$ `v$p\® ¼ep„\u 
‎dmsp li¡ ?‎

	 dp¡V$p cpN_p„ âpZuAp¡ lg_Qg_ L$fsp„ lp¡e R>¡ `f„sy h_õ`rs [õ\f 
lp¡e R>¡. s¡_p ifufdp„ ‎A_¡L$ d©s`¡iu lp¡e R>¡. âpZuAp¡_u syg_pdp„            
h_õ`rs_¡ EÅ®_u Ap¡R>u S>ê$f lp¡e R>¡ h_õ`rs_¡ ‎‎_pCV²$p¡S>_, ap¡õafk, 
d¡Á_¡ried, kp¡qX$ed S>¡hp AL$pb®r_L$ ̀ v$p\p£_u AphíeL$sp lp¡e R>¡. S>du_ 
A¡ Ap `v$p\p£_p¡ kp¥\u _ÆL$_p¡ A_¡ kd©Ý^ A¡hp¡ öp¡s R>¡. h_õ`rs_p d|m 
S>du__p Ap ‎‎ v$p\p£ ip¡ju g¡ R>¡ A_¡ s¡_y„ `qfhl_ L$f¡ R>¡. rhrióV$ âL$pf_u 
`¡iuAp¡ Ap L$pe® L$f¡ R>¡. S>ghprl_u ‎‎ pZu_y„ hl_ L$fu gC Åe R>¡ A_¡ 
fkhprl_u AÞ__y„ hl_ L$f¡ R>¡. h_õ`rs_p b^p S> cpN Ap ‎k„hprl_u 
`¡iuAp¡ kp\¡ Å¡X$pe¡gp lp¡e R>¡. ‎

	 bpgkd A\hp NygR>X$u S>¡hp _p_p R>p¡X$hpAp¡ s¡_p d|mkrls 
gp¡. s¡_p d|m ^p¡C_¡ õhÃR> ‎L$fp¡. k¡äp_u_ L¡$ CAp¡ku_ S>¡hy„ f„NÖìe        
_pM¡gp `pZudp„ ApL©$rsdp„ bspìep âdpZ¡ d|L$p¡. 2 \u 3 ‎L$gpL$ bpv$ 
h_õ`rs_p \X$ A_¡ `p__u rifp_y„ r_funZ L$fp¡.‎

epv$ L$fp¡.

dNS> Qgphp¡. 

QQp® L$fp¡.

L$fu Sy>Ap¡¡.

1. गतीचे नियम

Ø  h_õ`rsdp„ `qfhl_		  Ø  DÐkS>®_ - h_õ`rs, âpZu A_¡ dp_h
Ø   kdÞhe - h_õ`rs A_¡ dp_h

15. kÆhp¡_u Æh_âq¾$ep‎
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	 h_õ`rs_p \X$_p¡ `psmp¡ ApX$p¡ R>¡v$ gC f„Nu_ \e¡gu S>ghprl_u_y„ k„ey¼s 
k|ÿdv$i®L$_u dv$v$\u ‎r_funZ L$fp¡.‎ 

15.2 d|m Üpfp \sy„ ip¡jZ

	 dpV$udp„_p `pZu A_¡ Mr_S> sÒhp¡_p k„`L®$dp„ d|mL$p¡jp¡ lp¡e R>¡. kp„Ösp_p saphs_¡ L$pfZ¡ `pZu_p AÏAp¡ 
A_¡ Mr_S>sÐhp¡ d|m_p `©óW$cpN_p L$p¡jp¡dp„ âh¡i¡ R>¡. Ap\u d|m_p `©óW$cpN `f_p L$p¡jp¡ awg¡ R>¡. A_¡ s¡d_u 
bpSy>_p L$p¡jp¡ `f v$bpZ Ap`¡ R>¡. s¡_¡ "d|mv$pb' L$l¡ R>¡. Mr_S>sÒhp¡ A_¡ `pZu d|mdp„_u S>ghprl_uAp¡ ky^u 
`lp¢Q¡ R>¡. Ap\u kp„Ösp_p¡ saphs v|$f \pe R>¡. Aphu kpsÐe`|Z® Nrs_¡ L$pfZ¡ `pZu_p¡ A¡L$ õs„c s¥epf \pe R>¡. S>¡ 
D`f_u qv$ipdp„ ApNm ^L¡$gpe R>¡. Ap v$bpZ _p_p _p_p fp¡`, R>p¡X$hp, Opk s¡d S> _p_p„ h©np¡dp„ `pZu D`f ky^u 
`lp¢QpX$hpdp dpV¡$ `|fsy„ lp¡e R>¡. ‎ ‎

bpó`p¡ÐkS>®_ (Transpiration Pull)

	 `pR>gp ^p¡fZdp„ sd¡ h_õ`rs_u X$pm_¡ àgp[õV$L$$_u \¡gudp„ bp„^u r_funZ 
L$fhp_u L©$rs L$fu lsu. ‎s¡dp„ sd_¡ iy„ ÅZhp dýey„ lsy„ ? ‎

	 h_õ`rs `p__u D`f_p cpNdp„ Aph¡g `Z®f„^° dpfas¡ bpó` ê$`¡ `pZu blpf a¡L¡$ R>¡. `Z®f„^° afs¡ (rR>Ö) 
`f b¡ ‎AphfZey¼s `¡iu lp¡e R>¡ s¡_¡ fnL$ `¡iu L$l¡hpdp„ Aph¡ R>¡. Ap `¡iu `Z®f„^°_p„ (`Z®rR>Ö) DOpX$-‎b„^  
\hp `f r_e„ÓZ fpM¡ R>¡. Ap `Z®f„^° Üpfp bpó`p¡ÐkS>®_ \pe R>¡. Ap q¾$ep_¡ bpó`p¡ÐkS>®_ L$l¡hpe R>¡. `p_ 
dpfas `pZu_y„ bpó`uch_ \pe R>¡. s¡ hpsphfZdp„ bpó`ê$`¡ âh¡i¡ R>¡. Ap\u Ar^õsfdp„_p L$p¡jp¡dp„\u 
`pZu_„y âdpZ Ap¡Ry>„ \pe R>¡. Nydph¡g `pZu_u Mp¡V$ `|fhp dpV¡$ `p_dp„_u S>ghprl_uAp¡ `pZu_¡ `p_ ky^u 
gph¡ R>¡. Ap\u ^ud¡ ^ud¡ d|mdp„_u S>mhprl_uAp¡dp„ `pZu D`f M¢Qhp_u q¾$ep iê$ \pe R>¡ A_¡ S>ghprl_uAp¡ 
h^y `pZu ip¡j¡ R>¡. bpó`p¡ÐkS>®__¡ L$pfZ¡ `pZu A_¡ Mr_S> ip¡jpe R>¡ A_¡ h_õ`rs_p b^p cpNp¡dp„ 
`lp¢QX$hpdp„ dv$v$ê$` b_¡ R>¡. fpÓ¡ d|mv$pb_u Akf fpÓ¡ `pZu D`f ^L$¡$ghpdp„ dlÒh_p¡ cpN cS>h¡ R>¡.

15.3 ‎̀ p_ Üpfp \sy„ bpó`p¡ÐkS>®_ (bpó`p¡ÐkS>®_) ‎

kpL$f

Mr_Å¡ `pZu

`pZu

dpV$u_p L$Z
hëLy$V$ /blpf_y„ AphfZ 
Cortex

`pZu

S>mhprl_u (Xylem)

d|mL¡$i/
d|mfp¡d

d|m

dyMfnL$ `¡iu

`p_
`psmp¡ \f

`¡iu

`pZu

epv$ L$fp¡.

r_funZ L$fp¡.
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	 Ap¡L$ _pd_u h_õ`rs s¡_p `p_ dfas¡ A¡L$ hj®dp„ 
gcNN 1,51,000 rgV$f `pZu bpó`p¡ÐkÆ®s ‎L$f¡ R>¡. 
Äepf¡ A¡L$ A¡L$f n¡Ó_u dL$pC_p¡ `pL$ qv$hkdp„ gNcN 
11,400 \u 15,100 rgV$f `pZu ‎blpf a¡L¡$ R>¡. ‎ ‎

rhQpf L$fp¡.

rhop__u AV$pfuA¡\u !

h_õ`rsdp„ AÞ_ A_¡ AÞe `v$p\p£_y„ `qfhl_ (Transportation of food and other substances in 
plants) :
	 `p_dp„ s¥epf \e¡gy„ AÞ_ h_õ`rs_p âÐe¡L$ L$p¡j ky^u `lp¢QpX$hpdp„ Aph¡ R>¡. A¡rd_p¡ A¡rkX$ ‎D`fp„s 
h^pfp_y„ AÞ_ d|m, am A_¡ rbepdp„ k„Ofhpdp„ Aph¡ R>¡. Ap q¾$ep_¡ õ\p_p„sfZ (Translocation)  L$l¡hpe ‎ 
R>¡. Ap q¾$ep fkhprl_uAp¡ Üpfp D`f_u qv$ipdp„ s¡d S> _uQ¡_u qv$ipdp„ L$fhpdp„ Aph¡ R>¡. `v$p\®_y„ õ\p_p„sfZ 
A¡ kpv$u cp¥rsL$ q¾$ep _\u, `f„sy s¡_¡ DÅ®_u S>ê$f ‎‎ X¡$ R>¡. Ap DÅ® ATP dp„\u dm¡ R>¡. ‎

	 S>¡ kde¡ ky¾$p¡T S>¡hp AÞ_`v$p\®_y„ fkhprl_u dpfas¡ ATP _u dv$v$\u hl_ L$fhpdp„ Aph¡ Ðepf¡ s¡ 
‎cpNdp„ `pZu_u kp„Ösp Ap¡R>u \pe R>¡. s¡\u ‎‎ fpkfZ_u q¾$ep_¡ L$pfZ¡ `pZu L$p¡jdp„ âh¡i¡ R>¡. L$p¡j_p OV$L$p¡dp„ 
h©[Ý^ \hp\u L$p¡j_u L$p¡j qv$hpg ‎‎ f v$bpZ h^¡ R>¡. Ap v$bpZ_¡ gu^¡ AÞ_Öìe bpSy>dp„_p„ Ap¡R>p v$bpZhpmp 
L$p¡jdp„ Åe R>¡. Ap ‎q¾$ep fkhprl_u_¡, h_õ`rs_u AphíeL$sp dyS>b Öìe_y„ hl_ L$fhpdp„ dv$v$ L$f¡ R>¡. awg 
Aphhp_u ‎dp¡kddp„ d|mdp„ A\hp \X$dp„ k„N°rls L$f¡gu iL®$fp (kpL$f) L$mu_y„ awgdp„ ê$`p„sf \hp dpV¡$ L$mudp„ 
dp¡L$ghpdp„ Aph¡ R>¡.

DÐkS>®_‎ (Excretion)

	 âÐe¡L$ Ofdp„ \p¡X$p¡ L$Qfp¡ L¡$ r_L$pg L$fhp ep¡Áe `v$p\® r_dp®Z \sp¡ lp¡e 
R>¡ Å¡ sd¡ Ap L$Qfp¡ ‎A_¡L$ qv$hk ky^u sdpfp Ofdp„ S> fl¡hp v$p¡ sp¡ iy„ \pe ?‎

	 kÆhp¡dp„ A_¡L$ _ Å¡Csp `v$p\p£, OpsL$ `v$p\® S>¡hp L¡$ 
eyqfep, eyqfL$ A¡rkX$, A¡dp¡r_ep s¥epf ‎‎\pe R>¡. Ap `v$p\® Å¡ 
ifufdp„ kQhpC fl¡ L¡$ ifufdp„ gp„bp¡ kde `X$u fl¡ sp¡ N„cuf 
CÅ `lp¢QpX$u ‎iL¡$ R>¡ A\hp L¡$V$guL$ hMs s¡_¡ L$pfZ¡ d©Ðey `Z 
\C iL¡$ R>¡. dpV¡$ S> Ap _L$pdp OpsL$ `v$p\p£ ‎ifufdp„\u blpf 
a¡L$hp AphíeL$ R>¡ Ap dpV¡$ Sy>v$p Sy>v$p kÆhp¡dp„ Sy>v$u Sy>v$u 
`Ý^rs lp¡e R>¡. ‎ifuf_¡ _ Å¡Csp A_¡ OpsL$ ̀ v$p\p£_¡ ifufdp„\u 
blpf a¢L$u v¡$hp_u q¾$ep_¡ DÐkS>®_ L$l¡hpe R>¡. A¡L$L$p¡jue 
kÆhdp„ r_L$pg ep¡Áe `v$p\®_¡ `¡iu_p `©óW$cpN `f\u ku^p¡ 
blpf rhkÆ®s L$fhpdp„ Aph¡ R>¡, ‎Äepf¡ blzL$p¡jue kÆhp¡dp„ 
DÐkS>®__u q¾$ep S>qV$g lp¡e R>¡. ‎

	 A_phíeL$ A_¡ a¢L$u v¡$hp ep¡Áe 
`v$p\p£_p k„N°l L$fu fpMhp¡ A¡ OpsL$ R>¡ 
s¡\u S>¡d ‎kÆhp¡dp„ DÐkS>®__u q¾$ep   
\pe R>¡ s¡d Ap`Z¡ `Z Ap`Zp„ 
`qfkfdp„\u, Ofdp„\u L$Qfp_p¡ ep¡Áe 
‎r_L$pg L$fhp¡ A¡ AphíeL$ R>¡. Ap_p\u 
S> Apfp¡Áek„`Þ_ Æh__u iê$Aps 
\i¡.‎

Ýep_dp„ fpMp¡.
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‎1. rhrióV$ F>sydp„ h_õ`rs_p `p_ Mfu Åe R>¡. ‎

‎2. h_õ`rs_p am, awg, R>pg L¡$V$gpL$ kdep„sf¡ Mfu `X¡$ R>¡. ‎

‎3. fpm, Ny„v$f A¡ `v$p\® `Z h_õ`rs_p ifufdp„\u blpf a¢L$hpdp„ Aph¡ R>¡. ‎

	 h_õ`rsdp„ DÐkS>®__u q¾$ep A¡ âpZu_p DÐkS>®_ L$fsp kfm R>¡.    
h_õ`rsdp„ r_L$pg ep¡Áe ‎‎ v$p\®_¡ blpf a¢L$hp dpV¡$ rhi¡j DÐkS>®L$ Aheh 
A\hp DÐkS>®_s„Ó lp¡sy„ _\u. rhkfZ q¾$ep Üpfp ‎hpeyê$` ̀ v$p\® blpf a¢L$hpdp„ 
Aph¡ R>¡. h_õ`rsdp„ OZpMfp _L$pdp `v$p\p£_p¡ s¡_p `p__u ‎rifp, awgp¡, amp¡ 
s¡d S> \X$_u R>pgdp„ k„N°l L$fhpdp„ Aph¡ R>¡. S>¡ L¡$V$gpL$ kde bpv$ Mfu `X¡$ 
‎R>¡. AÞe _L$pdp `v$p\® fpm A_¡ Ny„v$f õhê$`¡ ÆZ® S>ghprl_uAp¡dp„ k„N°l 
L$fhpdp„ Aph¡ R>¡. ‎h_õ`rs d|m Üpfp `Z Apk`pk_u S>du_dp„ L¡$V$gpL$         
_L$pdp `v$p\p£_¡ DÐkÆ®s L$f¡ R>¡.‎

Aphy„ L¡$d \pe R>¡ ?‎

	 dçdu kyfZ A\hp `psfp_p„ `p_ L$p`¡ Ðepf¡ r_funZ L$fp¡. sd¡ `Z kyfZ 
L¡$ `psfp_p„ `p__¡ ‎kdpfhp_p¡ Å¡ âeÐ_ L$ep£ lp¡e sp¡ sdpfp lp\dp„ M„S>hpm 
Aph¡ R>¡. (MyS>gu) A¡hy„ ip dpV¡$ \pe R>¡ ‎‎? s¡_u ip¡^ L$fp¡. Aphy„ _ \pe s¡ dpV¡$ 
dçdu iy„ L$f¡ R>¡ s¡ dçdu_¡ `|R>p¡. ‎
	 L¡$V$guL$ h_õ`rsdp„ _L$pdp `v$p\® L¡[ëied Ap¸¼Tp¡g¡V$_p õaqV$L$_p 
õhê$`dp„ lp¡e R>¡. s¡_¡ ‎fapCX¹$k L$l¡hpe R>¡ s¡ kp¡e_p ApL$pf_p lp¡hp\u QpdX$u 
`f M„|Q¡ R>¡ A_¡ M„S>hpm Aph¡ R>¡. ‎ ‎ 
	 h_õ`rs_p L¡$V$gpL$ _L$pdp `v$p\p£ dp_hu_¡ D`ep¡Nu b_¡ R>¡. v$p.s. fbf_u 
rQL$pi, Ny„v$f, ‎fpm_y„ s¡g hN¡f¡. ‎

dp_hdp„ DÐkS>®_‎ (Excretion in human beings) 

1. Ap`Zp„ ifufdp„ Qep`Qe_u q¾$ep Üpfp ¼ep ¼ep _L$pdp `v$p\p£ s¥epf \pe R>¡ ?‎
‎2. dp_hu ifufdp„ DÐkS>®__u q¾$ep L$C fus¡ `pf `X¡$ R>¡ ?‎

   15.4  `p_Mf

r_funZ L$fp¡ A_¡ QQp® L$fp¡.

h_õ`rsdp„ DÐkS>®_ (Excretion in Plants) ‎

	 dp_hu ifufdp„ rhrh^ q¾$epAp¡ `|fu L$fhp dpV¡$ Sy>v$p Sy>v$p B[ÞÖe s„Óp¡ L$pe®fs fl¡ R>¡ S>¡d L¡$ AÞ__p ‎‎ pQ_ 
dpV¡$ `pQ_s„Ó, ðpkp¡ÃR¹>ðpk dpV¡$ ðk_s„Ó hN¡f¡. Ap`Zp ifufdp„ AÞ__y„ `pQ_ A_¡ ‎s¡dp„\u DÅ® r_dp®Z_y„ 
L$pe® `pf `X¡$ R>¡. s¡ kde¡ ifufdp„ OZp _L$pdp `v$p\® s¥epf \pe R>¡. ‎Ap _L$pdp `v$p\®_¡ ifufdp„\u blpf a¢L$hp¡ 
AphíeL$ R>¡. A_¡ s¡ dpV¡$ DÐkS>®_ s„Ó (Excretory system) L$pe®fs lp¡e R>¡. ‎
	 dp_hu_p DÐkS>®_ s„Ódp„ d|Ót`X$_u Å¡X$u  (Pair of kidnies), d|Óhprl_u_u Å¡X$u  (Pair of Ureters) 
A_¡ d|Ópie (Urinary bladder), d|Ó _rgL$p (Urethra) _p¡ ‎kdph¡i \pe R>¡. d|Ót`X$ Üpfp f¼s_p _L$pdp 
`v$p\® A_¡ h^pfp_p A_phíeL$ `v$p\® Sy>v$p L$fu ‎d|Ó s¥epf L$fhpdp„ Aph¡ R>¡. d|Ót`X$ gp¡ludp„\u A_¡ d|Ódp„\u 
_L$pdp `v$p\p£ v|$f L$f¡ R>¡. ‎ ‎

L$lp¡ Å¡CA¡ !

L$lp¡ Å¡CA¡ !

15.5 fbf, Ny„v$f
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	  Dv$f_p `pR>m_p cpNdp„ L$fp¡X$fÄSy>_u b„_¡ bpSy>A¡ hpg ApL$pf_p b¡ d|Ót`X$p¡ (Kidneys) Aph¡gp R>¡. 
‎d|Ót`X$dp„ Npmhp_u d|mc|s q¾$ep L$f_pfp OV$L$_¡ _¡äp¡_ L$l¡hpe R>¡. âÐe¡L$ _¡äp¡_dp„ L$` ‎ApL$pf_p¡ `psmu v$uhpg 
^fphsp¡ D`f_p¡ cpN lp¡e R>¡ s¡_¡ bpDd¡Þk k„`yV$ L$l¡ R>¡. s¡dp„_p ‎L¡$ihprl_uAp¡_p Ny„Qmp_¡ Ágp¡d¡ê$gk L$l¡ R>¡. 
eL©$sdp„ s¥epf \e¡g eyqfep gp¡ludp„ âh¡i R>¡. Äepf¡ ‎eyqfepey¼s gp¡lu Ágp¡d¡ê$gkdp„ âh¡i¡ R>¡, Ðepf¡ Ágp¡d¡ê$gkdp„_u 
f¼sL¡$riL$pdp„\u gp¡lu Nmpe R>¡ A_¡ eyqfep A_¡ sÐkd `v$p\® Sy>v$p L$fhpdp„ Aph¡ R>¡.

	 bp¡d¡Þk k„`yV$_u `k„v$Nund `V$gdp„\u 
`pZu_p AÏ A_¡ AÞe `v$p\p£_p _p_p AÏAp¡ 
‎blpf _uL$mu iL¡$ R>¡ A_¡ bp¡d¡Þk k„`yV$dp„ fl¡g 
NpmZ _¡äp¡_ ‎‎_rgL$pdp„\u `kpf \pe R>¡. Äep„ afu 
`pZu A_¡ S>ê$fu AÏAp¡_„y ip¡jZ \pe R>¡. bpL$u 
fl¡gp ‎âhpludp„ _L$pdp `v$p\p£ lp¡e R>¡ S>¡ d|Ó b_ph¡ 
R>¡. gp„bu _rgL$p S>¡_¡ d|Óhprl_u L$l¡ R>¡ s¡dp„ âh¡i¡ 
R>¡. ‎ApNm Ap d|Ó_p¡ d|Ópiedp„ k„N°l \pe R>¡. A_¡ 
s¡ d|ÓdpN® (Urethra) Üpfp ifuf_u blpf a¢L$pe R>¡. 
‎d|Ópie õ_peyde lp¡e R>¡ A_¡ s¡_p `f Q¡sp_y„ 
r_e„ÓZ lp¡e R>¡. Ap\u Ap`Z¡ d|ÓrhkS>®_ `f 
‎r_e„ÓZ fpMu iL$uA¡ R>uA¡. dp_hu ifufdp„ d|Ót`X$ 
kp¥\u dlÒh_p¡ Aheh lp¡hp R>sp„ ÐhQp A_¡ ‎a¡akp„ 
`Z DÐkS>®_ âq¾$epdp„ dv$v$ L$f¡ R>¡. 

	 S>dZy„ d|Ót`X$ X$pbp d|Ót`X$ L$fsp„ \p¡X„y$L$ _uQ¡ lp¡e R>¡. âÐe¡L$ d|Ót`X$dp„ gNcN v$k rdrge_ ‎‎_¡ä°p¡Þk 
lp¡e R>¡. kpdpÞe ìe[¼s_p ifufdp„ gNcN 5 rgV$f gp¡lu lp¡e R>¡ S>¡ d|Ót`X$dp„\u fp¡S> 400 ‎hMs Nmpe R>¡. 
d|Ót`X$ fp¡S> kpdpÞe fus¡ 190 rgV$f gp¡lu_y„ NpmZ L$f¡ R>¡. S>¡dp„\u 1 \u 1.9 ‎rgV$f d|Ó b_¡ R>¡ bpL$u fl¡g 
âhplu_y„ afu ip¡jZ \pe R>¡. ‎

15.6 DÐkS>®_ s„Ó A_¡ d|Ót`X$

d|Ót`X$ Öp¡Z d|Ót`X$ rifp

d|Ót`X$ ^d_u

d|Ót`X$ N°„r\ 

d|Óhprl_u

qL$X$_u

d|Ót`X$rifp 

d|Óp¡ÐkS>®L$ _rgL$p

d|Ópie

`©óW$dlpfp¡luZu

kdu` k„hgus _rgL$p

d|Óhprl_u sfa

v$|$fõ\ k„hgus _rgL$p

dÝep„N

bp¡d¡Þk k„`yV$

Ágp¡d¡fygk

bpüp„N

l¡Þg¡g|` k„Qeu
_rgL$p

15.7 _¡äp_

k„`yV$
bpüp„N

d|Ópie sfa 
S>su d|Óhprl_u 

d|Ót`X$ ^d_u

d|Ót`X$ rifp

d|ÓL$gi

d|Ót`X$ r`fµrdX$

d|Ót`X$ 

bpüp„N

dÝep„N
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f¼sìepïg¡jZ ‎(Dialysis) 

dNS> Qgphp¡. 

	 CÅ, k„kN® A\hp Ap¡R>p âdpZdp„ gp¡lu_p¡ `yfhW$p¡ \pe sp¡ d|Ót`X$_u L$pe®ndsp OV¡$ R>¡. Ap\u ‎T¡fu 
L$Qfp_p¡ k„Qe \pe R>¡. S>¡_¡ L$pfZ¡ d©Ðey `Z \C iL¡$ R>¡. d|Ót`X$ AL$pe®nd lp¡hp\u gp¡ludp„\u ‎‎_pCV²$p¡S>_ ey¼s 

`v$p\p£ v|$f L$fhp dpV¡$ L©$rÓd D`L$fZ_p¡ D`ep¡N L$fhpdp„ Aph¡ R>¡. Ap q¾$ep_¡ ‎ìepíg¡jZ (Dialysis)  L$l¡ R>¡. 
A¡L$ kde¡ Ap D`L$fZdp„\u 500 rdgu gp¡lu `kpf L$fhpdp„ Aph¡ R>¡. ‎iy[Ý^L$fZ L$f¡gy„ gp¡lu Ðep$fbpv$ fp¡Nu_p 

ifufdp„ `pRy>„ dp¡L$ghpdp„ Aph¡ R>¡. ‎

1. D_pmpdp„, Qp¡dpkp A_¡ riepmp L$fsp„ d|Ó s¥epf \hp_y„ âdpZ Ap¡Ry>„ 
lp¡e R>¡ A¡hy„ ip dpV¡$ ?‎

‎2. âp¥Y$ ìe[¼sdp„ d|Ó rhkS>®__u q¾$ep r_e„ÓZdp„ lp¡e R>¡. `f„sy L¡$V$gpL$ 
_p_p bpmL$p¡dp„ s¡ ‎r_e„ÓZdp„ _\u lp¡su A¡hy„ L¡$d ?‎

rhQpf L$fp¡.

kdÞhe‎ (Co-ordination)
‎1. ¼epf¡L$ ¼epf¡L$ Ap`Z¡ S>dsp lp¡CA¡ Ðepf¡ AQp_L$ lp\_p¡ A„N|W$p¡ A\hp 

Æc v$p„s _uQ¡ ‎L$QX$pC Åe R>¡ A_¡ Ap`Z_¡ h¡v$_p \pe R>¡.‎

‎2. Mp¡fpL$ Dsphm¡ Mphp\u ¼epf¡L$ ¼epf¡L$ A„Ók gpN¡ R>¡. ‎

 ^d_u

f¼s`„`

ìepíg¡jZ e„Ó

_ h`fpe¡gy„ ìepíg¡jZ âhplu
lhp rkg¢X$f

hp`f¡gy ìepíg¡jZ âhplu

ìepíg¡jZ 
sfa hpm¡gp¡ 
f¼sâhpl

rifp

hpeyip¡^L$
ìepíg¡jZ e„Ó

ìepíg¡jZ âhpludp„\u _rgL$p Üpfp hl¡sy„ f¼s

	  L$p¡C`Z blzL$p¡jue kÆhdp„ rhrh^  Aheh s„Ó L$pe®fs lp¡e R>¡. Ap rhrh^ ‎k„õ\pAp¡ A\hp Ahehp¡ 
A_¡ Apk`pk_p `qfkfdp„_u rhrh^ DÑ¡S>_pAp¡ hÃQ¡ ep¡Áe kdÞhe ‎li¡ sp¡ S> s¡ kÆh `p¡sp_y„ Æh_ 
klS>sp\u Æhu iL$i¡. Ap `f\u Ap`Z¡ L$lu iL$uA¡ L¡$ rhrh^ ‎q¾$epAp¡_y„ ìeh[õ\s r_ed_ A¡V$g¡ S> r_e„ÓZ 
A_¡ rhrh^ q¾$epAp¡ ¾$dbÝ^ \hu A¡V$g¡ S> ‎kdÞhe. ‎

	 L$p¡C`Z q¾$ep kamsp`|h®L$ `|Z® \hp dpV¡$ s¡ âq¾$ep_p âÐe¡L$ sb½¡$ klcpNu \su b^u ‎‎ fpõ`fphg„bu 
Æh_âqL$ep L$fsp rhrh^ Ahehp¡ A_¡ Ahehs„Óp¡ hÃQ¡ kyep¡Áe kdÞhe \hp¡ ‎S>ê$fu R>¡. kdÞhe_p Acph¡ 
A\hp AÞe L$p¡C OV$L$p¡_p L$pfZ¡ L$p¡C`Z õsf¡ Mg¡g `lp¢Q¡ sp¡ ‎A`¡rns âq¾$ep A`|Z® flu iL¡$ R>¡. ‎Æh_
âq¾$ep_p L$p¡C`Z õsf¡ L$p¡C`Z âL$pf_u epv$[ÃR>L$sp (Randomness) _ ‎lp¡hu Å¡CA¡. L$p¡C`Z kÆhdp„ ifuf_y„ 
DóZspdp_, ̀ pZu A\hp DÐk¡QL$p¡_y„ õsf hN¡f¡ s¡d S> bpü ‎‎ ep®hfZdp„_u DÑ¡S>_pAp¡_¡ L$pfZ¡ \su Ap„sqfL$ 
âqL$epAp¡ hÃQ¡ kyep¡Áe kdÞhe ‎lp¡hp¡ AÐe„s AphíeL$ R>¡. B[ÃR>s q¾$epiugsp dpV¡$ kÆhp¡_p rhrh^ s„Óp¡ 
hÃQ¡_p¡ kyep¡Áe ‎kdÞhe Åmhhp_u õ\peu Ahõ\p_¡ "kd[õ\rs' (Homeostasis)  L$l¡hpdp„ Aph¡ R>¡. ‎

15.8 f¼sìepïg¡jZ ‎
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	 bpü DÑ¡S>_p_¡ ârskpv$ Ap`hp h_õ`rs_p L$p¡C`Z 
cpN_y„ \e¡gy„ lg_Qg_ A¡V$g¡ ‎‎"A_yhs®_' (Tropism)  A\hp 
A_yhs} lg_Qg_ (Tropic movement) L$l¡hpe R>¡. 
	 L$p¡C`Z h_õ`rs_u âL$p„X$ k„õ\p (âfp¡l ‎k„õ\p, Shoot 
System) âL$pi DÑ¡S>_p_¡ ârskpv$ Ap`¡ R>¡ A¡V$g¡ S> L¡$ 
âL$piöp¡s_u qv$ipdp„ s¡_u h©[Ý^ \pe ‎R>¡. h_õ`rsA¡ v$ip®h¡g Ap 
lg_Qg__¡ âL$pip_yhs} lg_Qg_ (Phototropic movement) 
L$l¡hpe R>¡. ‎
	 h_õ`rs_u "d|mk„õ\p' (Root System) Nyê$ÐhpL$j®Z A_¡ 
`pZu A¡ DÑ¡S>_pAp¡_¡ ârskpv$ Ap`¡ R>¡. Ap ‎ârskpv$p¡_¡ A_y¾$d¡ 
Nyê$Ðhp_yhs} lg_Qg_ (Gravitropic movement) A_¡      
S>gp_yhs} lg_Qg_ (Hydrotropic movement) L$l¡hpe R>¡. ‎
	 rhrh^ fkpeZp¡_¡ Ap`¡gp ârskpv$ ê$`¡ Å¡ h_õ`rs_p 
cpNp¡dp„ lg_Qg_ \pe sp¡ s¡_¡ fkpeZ ‎A_yhs®_                     
(Chemotropism) L$l¡hpe R>¡. v$p.s. buÅ„X$_u qv$ipdp„ 
`fpN_rgL$p_u \su h©[Ý^. ‎D`f_p b^p S> âL$pf_p lg_Qg_ Ap 
h_õ`rs_u h©[Ý^ k„b„r^s R>¡. dpV¡$ Ap ‎lg_Qg__¡ h_õ`rsdp„ 
h©[Ý^-k„gÁ_ lg_Qg_ L$l¡hpe R>¡. 

h_õ`rsdp„ kdÞhe‎ (Co-ordination in plants )

	 âpZuAp¡_u S>¡d h_õ`rsdp„ Q¡sps„Ó A\hp õ_peys„Ó lp¡sp„ _\u. sp¡ h_õ`rs L¡$hu fus¡ ‎lg_Qg_ L$f¡ 
R>¡ ? h_õ`rsdp„ lg_Qg_ A¡ dy¿eÐh¡ DÑ¡S>_p_¡ Ap`¡gp ârskpv$_p õhê$`dp„ lp¡e ‎R>¡. ‎ ‎

_uQ¡_u ApL©$rs_„y Ýep_\u r_funZ L$fp¡. ‎

15.9 h_õ`rsdp„ kdÞhe‎

 rhop__u AV$pfuA¡\u ‎

*	h¡g_p s„syAp¡ (tendril) õ`i® k„h¡v$u 
lp¡e R>¡. ‎

*	âL$p„X$_p AN° cpNdp„ s¥epf \sy„ k„â¡fL$ 

Ap¸[¼T_ (Auxin) L$p¡j_u g„bpC 

h^pfhpdp„ (Cell enlargement) 
dv$v$ L$f¡ ‎R>¡. ‎

*		\X$_u h©[Ý^ dpV¡$ Æbfp¡rg_ dv$v$ L$f¡ 
R>¡. kpeV$p¡L$per_Þk L$p¡j rhcpS>_
dp„ dv$v$ L$f¡ R>¡. S>¡ k„â¡fL$dp„ dv$v$ L$f¡ 
R>¡. 

*	A¡brkrkL$ A¡rkX$ _pd_y„ k„â¡fL$ 
h_õ`rs_u h©[Ý^ Ahfp¡^phu 
h©[Ý^_u q¾$ep d„v$ \hu>¡, ‎‎ p„v$X$p„_y„ 
kyL$pC S>hy„ `f D`ep¡Nu R>¡.

buÅ„X$_u qv$ipdp„ \su 
`fpN_rgL$p_u h©[Ý^

`fpNfS (`fpNL$Z) >

`fpN_rgL$p

buÅ„X$

A„X$pie

sZph

âL$pip_yhs}° ârskpv$

k|e®

Ap^pfp_yhs} h©[Ý^

r_funZ L$fp¡.

âL$pi_u qv$ip sfa 
hm¡gp¡ R>p¡X$
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_uQ¡_p„ rQÓp¡_„y Ýep_\u r_funZ L$fp¡ A_¡ rhQpf L$fp¡.

ìlu_k ãgpeV²¡$` gÅdZu L$dm bpgkd

	 bpfuL$pC\u r_funZ L$fuA¡ sp¡ gÅdZu S>¡hu 
k„h¡v$_iug h_õ`rs_¡ S>¡ õ\p_¡ õ`i® L$fuA¡ R>uA¡ ‎s¡ 
õ\p_ rkhpe buÅ õ\p_¡ `Z lg_Qg_ Å¡hp dm¡ 
R>¡. Ap `f\u Ap`Z¡ A¡d A_ydp_ L$fu ‎iL$uA¡ L¡$ 
õ`i® \ep¡ R>¡ A¡ dprlsu h_õ`rsdp„ A¡L$ õ\p_¡\u 
buÅ õ\p_¡ âkpqfs \C lp¡hu Å¡CA¡. ‎h_õ`rsdp„ 
dprlsu âkpfZ dpV¡$ rhrióV$ A¡hp L$p¡jp¡ _ lp¡hp_¡ 
gu^¡ A¡L$ L$p¡jdp„\u buÅ L$p¡jdp„ ‎dprlsu âkpqfs 
L$fhp dpV¡$ h_õ`rs rhÛys, fpkperZL$ Apv¡$ip¡_p¡ 
D`ep¡N L$f¡ R>¡. h_õ`rsL$p¡j ‎s¡d_pdp„_p `pZu_y„ 
âdpZ h^pfu-OV$pX$u_¡ `p¡sp_p¡ ApL$pf bv$g¡ R>¡ A_¡ 
s¡_¡ L$pfZ¡ h_õ`rsdp„ ‎lg_Qg_ \pe R>¡. ‎
	 h_õ`rsdp„ L¡$V$gpL$ rhrióV$ lg_Qg__u 
Akf Akf s¡_u h©[Ý^dp„ _\u. Aphp lg_Qg__¡ 
‎h©[Ý^ `f Ap^pqfs _ lp¡e s¡hy„ (h©[Ý^-Ak„gÁ_)              
lg_Qg_ L$l¡ R>¡. Apk`pk_p `qfkfdp„_p ‎a¡fapf_¡ 
ârskpv$ Ap`hp h_õ`rsdp„_p k„â¡fL$p¡     h_õ`rsdp„ 
rhrh^ âL$pf_y„ lg_Qg_ v$ip®h¡ R>¡.‎

 iy„ sd¡ ÅZp¡ R>p¡ ?

	 hu_k agpe V²¡$` (Venus fly trup) Ap 

h_õ`rsdp„ L$uV$L$p¡_¡ akphhp dpV¡$ awgp¡_u S>¡d 

S> v¡$Mpsp¡ A_¡ awg S>¡hu S> ‎kyN„^ ^fphsp¡ `pi 

(trap) lp¡e R>¡. Äepf¡ L$uV$L$ s¡_p `f Aph¡ R>¡ 

Ðepf¡ `pi A¡L$v$d b„^ \pe R>¡ A_¡ s¡ L$uV$L$_y„ 

`pQ_ h_õ`rs Üpfp \pe R>¡. 

	 L$dm_y„ awg khpf¡ sp¡ ‎fS>_uN„^p_y„ awg fpÓ¡ 

Mug¡ R>¡. 

	 L$uV$L$_p¡ õ`i® \sp„ S> X²$p¡k¡fp A¡ L$uV$L$cnu 

h_õ`rs_p `p_ `f ‎Aph¡gp s„syAp¡ (tentacles) 
A„v$f_u bpSy>A¡ hm¡ R>¡. A_¡ L$uV$L$_¡ Qpf¡             

bpSy>A¡\u O¡fu g¡ R>¡. ‎

	 bpgkd (Balsam) h_õ`rsdp„ ep¡Áe 

kde¡ am awV¡$ R>¡. A_¡ s¡_p„ bu kh®Ó âkf¡  R>¡. ‎‎

dp_hdp„ kdÞhe‎
(Co-ordination in human being)

	 sdpfu ipmp_p d¡v$p_dp„ fdsNds_u L$kp¡V$uAp¡ (d¸Q) Qpgy R>¡. fdshufp¡_u 
A¡hu L©$rsAp¡_u epv$u ‎s¥epf L$fp¡ L¡$ S>¡dp„ sd_¡ s¡Ap¡_p lg_Qg_dp„ r_e„ÓZ A_¡ 
kdÞhe Å¡hp dm¡.‎ 

15.10 rhrh^ h_õ`rs

r_funZ L$fp¡.

r_funZ L$fp¡.
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	 dp_hu_p ifufdp„ A¡L$ S> kde¡ rhrh^ q¾$epAp¡ \su lp¡e R>¡. Ap q¾$epAp¡_p¡ DÑd fus¡ A_¡ ‎AkfL$pfL$ 

fus¡ kdÞhe \hp¡ S>ê$fu R>¡. s¡ b¡ e„ÓZp Üpfp L$fhpdp„ Aph¡ R>¡.(A) Q¡sp r_e„ÓZ (Nervous Control) A_¡ 

(b) fpkperZL$ r_e„ÓZ (Chemical Control)	

A. Q¡sp r_e„ÓZ ‎ (Nervous Control) : ‎̀ ep®hfZdp„ \sp„ a¡fapfp¡_¡ ârskpv$ Ap`hp_u ndsp dp_h_¡ 

Q¡spr_e„ÓZ Üpfp âpàs \pe R>¡. ‎‎ ep®hfZdp„_p a¡fapf_¡ A_yê$` dp_hu ifufdp„ Aph¡N r_dp®Z \pe R>¡. 

L$p¡jp¡dp„ Ap Aph¡Np¡_¡ ‎ârskpv$ v¡$hp_u ndsp r_dp®Z L$fhp_y„ dlÒh_y„ L$pe® Q¡sp r_e„ÓZ Üpfp L$fhpdp„ Aph¡ R>¡. 

Aph¡Np¡_¡ ‎ârskpv$ Ap`hp_y„ L$pe® A¡ kÆhp¡_p ifuf fQ_p_u S>qV$gsp `f Ahg„b¡ R>¡. Adubp S>¡hp ‎A¡L$L$p¡ju 

âpZudp„ Aphp âL$pf_p Aph¡N A_¡ ârskpv$ r_dp®Z L$f_pfu Q¡spk„õ\p lp¡su _\u `f„sy ‎dp_h S>¡hp blzL$p¡jue 

âpZudp„ Aph¡Np¡_¡ ârskpv$ Ap`hp dpV¡$ Q¡spk„õ\p S>¡hu e„ÓZp L$pe®fs lp¡e ‎R>¡. Ap r_e„ÓZ ifufdp„_p rhi¡j 

âL$pf_p L$p¡j Üpfp L$fhpdp„ Aph¡ R>¡. Ap L$p¡j_¡ S> Ap`Z¡ ‎Q¡spL$p¡j L$luA¡ R>uA¡. ‎ 

L$p¡j`V$g (k„`L®$bpv$)

Q¡spL$p¡j  (Neuron): 

	 ifufdp„ A¡L$ õ\p_¡\u buÅ õ\p_¡ k„v¡$i hl__y„ L$pe® 

L$f_pf rhi¡j âL$pf_p L$p¡jp¡_¡ ‎Q¡spL$p¡j (Neurons) L$l¡ R>¡. 

Q¡spL$p¡j A¡ dp_hu Q¡spk„õ\p_y„ fQ_pÐdL$ A_¡ L$pep®ÐdL$ 

OV$L$ R>¡. dp_hu ‎ifufdp„_p L$v$\u kp¥\u dp¡V$p s¡hp Q¡spL$p¡j_u 

g„bpC L¡$V$gpL$ duV$f ky^u_u lp¡e R>¡. Q¡spL$p¡jdp„ rhÛys  

‎fpkperZL$ Aph¡N r_dp®Z L$fhp_u A_¡ hl_ L$fhp_u, 

ndsp lp¡e R>¡. Q¡spL$p¡j_¡ Ap^pf Ap`_pf ‎A_¡ s¡_p L$pe®dp„ 

dv$v$ L$f_pf L$p¡j_¡ Q¡spb„^ (Nerves) Q¡spb„^ L$l¡hpe 

R>¡. Q¡spL$p¡rjL$p (Neuroglia) A_¡ Q¡spb„^ (Nerves) \u 

dÄÅs„sy (Q¡sp- Nerves) b_¡ R>¡. ‎

	 Ap`Zp `ep®hfZdp„_u b^u dprlsu Q¡spL$p¡jdp„_p 

riMps„syAp¡_p rhrióV$ V$p¡Q Üpfp N°lZ L$fhpdp„ ‎Aph¡ R>¡. 

Ðep„ S> fpkperZL$ âq¾$ep iê$ \C rhÛys Aph¡N r_dp®Z 

\pe R>¡. S>¡_y„ hl_ riMps„syAp¡ ‎‎(Dendrite) dpfas¡ 

L$p¡jL$pep (Cell body) sfa A_¡ L$p¡jL$pep\u Ans„sy 

(Axon) sfa A_¡ Ans„sy \u s¡_u V$p¡Q ‎sfa \pe R>¡. 

`l¡gp Ans„sy_u R>¡hV$_u V$p¡Q `pk¡ rhÛys Aph¡N 

Q¡spL$p¡j_¡ L¡$V$gpL$ fkpeZp¡ dy¼s L$fhp DÑ¡Æs ‎L$f¡ R>¡. Ap 

\e¡gp fkpeZp¡ b¡ Q¡spL$p¡jp¡ v$fçep_ Aph¡g Arsk|ÿd 

`p¡gpZdp„\u A¡V$g¡ L¡$ ‎k„`L®$ õ\p_dp„\u (Synapse)  Åe 

R>¡ A_¡ s¡hp¡ S> Aph¡N ApNm_p Q¡spL$p¡j_p riMps„sydp„ 

r_dp®Z L$f¡ R>¡. ‎Ap fus¡ Aph¡Np¡_y„ ifufdp„ hl_ \pe R>¡. 

Ap Aph¡N Q¡spL$p¡jp¡dp„\u A„rsds: õ_peyL$p¡j A\hp 

‎N°„r\ sfa `lp¢QpX$hpdp„ Aph¡ R>¡. ‎

riMps„sy
L¡$ÞÖ 

L$p¡jL$pep

Ans„sy

dÄÅhfZ

"íhp_'_p¡ L$p¡j 
Schwann’s cell

f¡ÞhuAf_p k„L$p¡Q

Ans„sy_p 
V$p¡Q

Q¡spL$p¡j

k„`L®$`|h£ 
Q¡spL$p¡j_u V$p¡Q

fkpeZp¡\u cf¡gu 
k„`L®$ `p¡V$gu

k„`L®$ M„X$

15.11 Q¡spL$p¡j A_¡ Q¡sp - õ_pey k„`L®$



172

	 Äepf¡ A¡L$pv$ L©$rs A\hp lg_Qg_ L$fhy„ lp¡e Ðepf¡ kp¥\u R>¡hV$_y„ L$pe® A¡ õ_pey `¡iuAp¡_y„ lp¡e R>¡. 
‎L$p¡C`Z L$pd L$fhp dpV¡$ õ_peyL$p¡jp¡_y„ lg_Qg_ \hy„ S>ê$fu R>¡. L$p¡jue õsf `f lg_Qg_ \pe R>¡ ‎Ðepf¡ L$p¡jp¡ 
`p¡sp_p¡ ApL$pf bv$g¡ R>¡. Ap\u s¡Ap¡ V|„$L$p b_¡ R>¡. õ_peyL$p¡jp¡dp„ A¡L$ rhrióV$ âL$pf_y„ ‎âp¡V$u_ lp¡e R>¡ Ap\u 
L$p¡jp¡_¡ `p¡sp_p¡ ApL$pf bv$ghp_u ndsp âpàs \pe R>¡. s¡d S> s¡ S> âp¡V$u__p ‎L$pfZ¡ dÄÅs„sy_p rhÛys 
Aph¡Np¡_¡ ârskpv$ Ap`hp_u ndsp L$p¡jdp„ r_dp®Z \pe R>¡. ‎
	 Ap `f\u Ap`Z¡ A¡d L$lu iL$uA¡ L¡$ rhÛys Aph¡N_p õhê$`dp„ dprlsu_y„ ifuf_p A¡L$ cpNdp„\u ‎buÅ 
cpN sfa hl_ L$fhp_u ndsp ^fphsu Q¡spL$p¡riL$pAp¡_u kyk„NqW$s ÅmuAp¡\u dÄÅ`¡iu ‎b_¡gu lp¡e R>¡.‎ ‎

1. kÆhp¡_u op_¢qÖep¡ L$C ? s¡_p„ iy„ L$pep£ R>¡ ?‎

‎2. ê$QuN°plu A_¡ N„^N°plu dÄÅs„syAp¡ ¼ep„ lp¡e R>¡ ?‎

‎3. D`f_p b^p_p L$pe® k„b„^u dprlsu A¡L$W$u L$fu hN®dp„ âõsys L$fp¡.  ‎

Q¡spk„õ\p_p âL$pf‎ (Types of Nerve cell/Neurons )

 	 Q¡spL$p¡j_p L$pe® A_ykpf s¡d_y„ ÓZ S|>\dp„ hN}L$fZ L$fhpdp„ Aph¡ 
R>¡. ‎

‎1.	 k„h¡v$u Q¡spL$p¡j (Sensory Neurons) : k„h¡v$u Q¡spL$p¡j Aph¡Np¡_y„ 
hl_ dNS> A_¡ L$fp¡X$fÄSy> sfa L$f¡ R>¡. ‎

‎2.	 â¡fL$ Q¡spL$p¡j (Motor Neurons) : â¡fL$ Q¡spL$p¡j Aph¡Np¡_y„ hl_ 
op_¡[ÞÖep¡dp„\u dNS> A_¡ L$fp¡X$ fÄSy>dp„\u õ_pey A\hp N°„r\ 
‎S>¡hp â¡fL$ Ahehp¡ sfa L$f¡ R>¡. ‎

‎3.	 klep¡Nu Q¡spL$p¡j (Association Neurons): ‎klep¡Nu Q¡spL$p¡j 
Q¡sps„Ó_p A¡L$ÓuL$fZ_y„ (Intergrative) k„L$g_pÐdL$ L$pe® L$f¡ R>¡. 

dp_hu Q¡sps„Ó (The Human Nervous System)

	 dp_hu Q¡spk„õ\p_p _uQ¡ âdpZ¡ ÓZ cpN `X¡$ R>¡. ‎

1. dÝehs} Q¡sps„Ó (Central Nervous System  ) 
2. `qfOue Q¡sps„Ó (Peripheral Nervous System )
3. õhpeÑ Q¡sps„Ó‎ (Autonomic Nervous System) 

L$lp¡ Å¡CA¡ !

dÝehs} Q¡sps„Ó‎ (Central Nervous System or CNS) 

	 dÝehs} Q¡spk„õ\p A¡ dNS> A_¡ L$fp¡X$fÄSy>\u b_¡gu R>¡. ‎

dNS>_u fQ_p Arsie _pSy>L$ `f„sy AÐe„s rhL$rks R>¡. dNS> A¡ Q¡spk„õ\pAp¡ dy¿e ‎r_e„ÓZ L$f_pfp¡ cpN 
lp¡C s¡_¡ Mp¡`fu_y„ (Cranium) A¡V$g¡ L¡$ lpX$L$p„_p dpmMp_y„ k„fnZ dm¡ R>¡ A_¡ ‎L$fp¡X$fÄSy>_¡ (Spinal cord) 
dZL$pAp¡_y„ (Vertebral column) k„fnZ dm¡ R>¡. _pSy>L$ dÝehs} Q¡spk„õ\p A_¡ s¡_p `f_p„ lpX$L$p„Ap¡_p 
‎‎ p¡gpZdp„ k„fnZ L$f_pfp„ AphfZp¡ Aph¡gp„ lp¡e R>¡. S>¡_¡ d[õsóL$phfZ (Meninges) L$l¡ R>¡. dNS>dp„_p 
‎rhrh^ cpNdp„_p `p¡gpZp¡_¡ d[õsóL$ `p¡gpZ (Ventricles) L$l¡ R>¡ A_¡ L$fp¡X$fÄSy>dp„_p gp„bp `p¡gpZ_¡ 
‎dÝehs} _mu (Central canal) L$l¡ R>¡. d[õsóL$ `p¡gpZ, dÝehs} _mu A_¡ d[õsóL$phfZdp„_p `p¡gpZdp„ 
‎d[õsóL$ S>m (Cerebro-Spinal fluid) lp¡e R>¡. Ap d[õsóL$ S>m Q¡sps„Ó_¡ `p¡jZ `|f„y `pX¡$ R>¡. s¡d S> ep„rÓL$ 
ApOps\u ‎s¡_y k„fnZ `Z L$f¡ R>¡.‎

15.12 dp_hu Q¡sps„Ó‎

CNS

PNS
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	 âp¥Y$ dp_hu_p dNS>_y„ gNcN hS>_ 
1300 \u 1400 N°pd lp¡e R>¡, A_¡ s¡ gNcN 
100 AbS> ‎Q¡spL$p¡jp¡_y„ b_¡g„y lp¡e R>¡. 
	 Ap`Zp dNS>_u X$pbu bpSy> Ap`Zp 
ifuf_p S>dZp cpN_¡ r_e„rÓs L$f¡ R>¡. Äepf¡ 
dNS>_u ‎S>dZu bpSy> ifuf_p X$pbp cpN_¡ 
r_e„rÓs L$f¡ R>¡. s¡ D`fp„s dNS>_u X$pbu bpSy> 
Ap`Zp ‎k„cpjZ, gMpZ A_¡ sL®$k„Ns 
rhQpfp¡_¡ r_e„rÓs L$f¡ R>¡ Äepf¡ dNS>_u S>dZu 
bpSy> Ap`Zu ‎L$gpndsp r_e„rÓs L$f¡ R>¡. ‎

dp¡Vy„$ dNS> (AN°dNS>, Cerebrum) : 

15.11 dNS>_u fQ_p ‎

15.14 dNS>_u X$pbu A_¡ S>dZu bpSy> ‎

	 Ap dNS>_p¡ kp¥\u dp¡V$p¡ cpN lp¡C s¡ b¡ Np¡mp^®_y„ b_¡gy R>¡. Ap Np¡mp^® dÄÅs„sy A_¡ Q¡spdpN® (Nerve 
track) ‎Üpfp A¡L$buÅ kp\¡ Å¡X$pe¡gp lp¡e R>¡.      S>¡V$gp¡ dNS>_p¡ cpN dp¡V$p dNS>\u R>hpe¡gp¡ lp¡e ‎R>¡ s¡\u 
s¡_¡ "dp¡Vy„$ dNS>' `Z L$l¡hpdp„ Aph¡ R>¡. dp¡V$p dNS>_p¡ blpf_p¡ `©óW$cpN A¡ ‎Ar_erds ApL$pf_p hge A_¡ 
Mp„Qp\u (NX$uAp¡) b_¡gp¡ lp¡e R>¡. s¡_¡ k„hg_ L$l¡ R>¡. s¡_¡ L$pfZ¡ dp¡V$p ‎dNS>_p `©óW$cpN_y„ n¡Óam h^¡ R>¡. A_¡ 
Q¡spL$p¡jp¡ dpV¡$ cf`|f S>Áep dm¡ R>¡. ‎

‎_p_„y dNS> ‎(Cerebellum) : 
	 Ap dNS>_p¡ _p_p¡ cpN Mp¡`fu_p `pR>m_p cpNdp„ A_¡ dp¡V$p dNS>_u _uQ¡_u bpSy>A¡ lp¡e R>¡ ‎Ap_p¡ 
`©óW$cpN hgepL$pf_¡ (NX$uAp¡_¡) bv$g¡ KQp-_uQp MpX$p V¡$L$fp S>¡hp¡ lp¡e R>¡.‎

g„bdÄÅ (A_ydNS>, Medulla-oblongata) :
	 Ap dNS>_p¡ kp¥\u R>¡ëgp¡ A\hp `„|R>X$u sfa_p¡ cpN lp¡C s¡_u k„fQ_p gNcN ÓZ rdguduV$f gp„bu ‎lp¡e 
R>¡. s¡_u D`f_u bpSy>A¡ b¡ rÓL$p¡ZpL©$rs Ecpf¡gu lp¡e s¡hu k„fQ_p lp¡e R>¡. s¡_¡ r`fprdX$ ‎L$l¡hpe R>¡. s¡_p 
`pR>m_p cpN_y„ ApNm S>sp„ L$fp¡X$fÄSy>dp„ ê$`p„sf \pe R>¡.‎

dp¡V$p dNS>_u NX$uAp¡

L$fp¡X$fÄSy>

dÄÅ k¡sy
_p_y„ dNS> 

d[õsóL$ `yÃR>

dp¡V„y$ dNS> 

d[õsóL$ `yÃR>g„bdÄÅ

_p_„y dNS> 

dNS>_u X$pbu bpSy>_p„ L$pep£ S>dZu bpSy>_p dNS>_p„ L$pep£

rhíg¡jZpÐdL$ rhQpf

spqL®$L$ rhQpf

cpjp

rhop_ A_¡ 

NrZs

khp¯NuZ rhQpf

ârscpÐdL$ rhQpf

_hr_dp®Z 

L$gp A_¡ k„Nus$

2   
3
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 g„bdÄÅ_¡ CÅ \sp ìe[¼s_y„ d©Ðey \C iL¡$ R>¡ A¡hy„ L¡$d ? ‎rhQpf L$fp¡.

dprlsu d¡mhp¡. 

L$fp¡X$ fÄSy>‎ (Spinal Cord)
	 Ap dÝehs} Q¡sps„Ó_p¡ cpN lp¡C s¡ L$fp¡X$õs„cdp„ [õ\f lp¡e R>¡. s¡ L¡$V$gp¡L$ ÅX$p¡ lp¡C ApNm S>sp `psmp¡ 
\sp¡ \pe R>¡ A_¡ s¡_p¡ R>¡ëgp¡ s„syde v$p¡fp S>¡hp¡ cpN lp¡e R>¡ s¡_¡ A„Ðes„sy (A„rsd s„sy)  (Filum terminale) 
L$l¡hpe R>¡.‎

	 v$pê$ `u^¡gu ìe[¼s_y„ 
kdsp¡g_ S>sp„ sd¡ Å¡ey 
li¡. ifufdp„ Ar^L$âdpZdp„ 
ApëL$p¡lp¡g S>hp\u ‎ifuf_y„ 
r_e„ÓZ Qpgu Åe R>¡. Aphy„ 

L¡$d \sy„ li¡ ? Internet _u 
dv$v$\u s¡_u ip¡^ L$fp¡.‎

dNS>_p rhrh^ cpN A_¡ L$pep£ ‎

dNS>_p cpN L$pep£

dp¡Vy„$ dNS> (Cerebrum) A¥[ÃR>L$ lg_Qg_ `f r_e„ÓZ, d__u A¡L$pN°sp, Apep¡S>_, ‎r_Z®endsp, 
õdfZi[¼s, by[Ý^dÑp A_¡ by[Ý^ rhjeL$ q¾$ep

‎_p_„y dNS>(Cerebellum) ‎1.A¥[ÃR>L$ lg_Qg_dp„ kyk|Ósp ApZhu. 
2. ifuf_y„ kdsp¡g_ ‎Åmhhy„‎.

g„bdÄÅ
(Medulla-oblongata) 

ùv$e_p ^bL$pfp, f¼s âhpl, ðpkp¡ÃR¹>hpk, R>uL$hy„, E^fk Mphu, ‎gpm_y„ 
r_dp®Z hN¡f¡ A_¥[ÃR>L$ q¾$ep_y„ r_e„ÓZ .‎

L$fp¡X$fÄSy>(Spinal cord) ‎1.ÐhQp, L$p_ hN¡f¡ k„h¡v$_iug Ahehp¡\u dNS> sfa Aph¡Np¡_y„ ‎hl_ L$fhy„.‎
‎2.dNS>\u õ_pey A_¡ N°„r\ sfa Aph¡Np¡_y„ hl_ L$fhy„‎
‎3.ârsrnàs q¾$ep_p kdÞheL$ L¡$ÞÖ sfuL¡$ L$pe® L$fhy„.‎

 15.15 dNS>, L$fp¡X$fÄSy> A_¡ Q¡spL$p¡jp¡_u Åm ‎

L$fp¡X$õs„c 
(`uW$_p dZL$p)

dNS>

L$fp¡X$fÄSy>

L$fp¡X$fÄSy>

Q¡sp

L$fp¡X$fÄSy>
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‎̀ qfOue Q¡sps„Ó‎ (Peripheral Nervous System) 
	 `qfOue Q¡sps„Ódp„, dÝehs} Q¡sps„Ó\u _uL$m_pfu Q¡sp_p¡ kdph¡i \pe R>¡. Ap Q¡spdÝehs} ‎Q¡sps„Ó_¡ 
ifuf_p b^p cpNp¡ kp\¡ Å¡X¡$ R>¡. Ap Q¡sp b¡ âL$pf_u lp¡e R>¡. ‎

1. d[õsóL$ (Cranial Nerves)

	 dNS>dp„\u _uL$msu Q¡sp_¡ d[õsóL$ Q¡sp L$l¡hpe R>¡. dp\„y, R>psu A_¡ `¡V$_p rhrh^ cpNp¡ kp\¡ s¡ 
‎Å¡X$pe¡gu (k„g[Á_s) lp¡e R>¡. d[õsóL$ Q¡sp_u 12 Å¡X$u lp¡e R>¡. ‎

2. L$fp¡X$fÄSy> Q¡sp ‎(Spinal Nerves) 

	 L$fp¡X$fÄSy>dp„\u _uL$m_u Q¡sp_¡ L$fp¡X$fÄSy> Q¡sp L$l¡hpe R>¡. A¡ lp\-`N, ÐhQp s¡d S> ifuf_p AÞe 
cpNp¡ ‎kp\¡ (k„gÁ_) Å¡X$pe¡gu lp¡e R>¡ L$fp¡X$fÄSy>Q¡sp_u 31 Å¡X$u lp¡e R>¡. ‎

3. õhpeÑ Q¡sps„Ó‎  (Autonomic Nervous System)

 	 ùv$e, a¡akp„, S>W$f hN¡f¡ S>¡hp A_¥[ÃR>L$ Ahehp¡_u Q¡sp\u õhpeÑ Q¡sps„Ó s¥epf \pe R>¡. s¡_y„ ‎r_e„ÓZ 
Ap`Zu CÃR>p `f Ap^pqfs _\u.‎ ‎

ârsrnàs q¾$ep ‎ (Reflex action)

	 `ep®hfZdp„_u A¡L$pv$ OV$_p_¡ 
Ap`¡gp¡ Ðhqfs ârskpv$ A¡V$g¡ 
ârsrnàs q¾$ep. A¡V$g¡ L¡$ Ap OV$_p 
‎k„b„r^s L$p¡C `Z Ås_p¡ rhQpf _ 
L$fsp„ A\hp ârsq¾$ep `f Ap`Ï„ 
L$p¡C`Z âL$pf_y„ r_e„ÓZ _ ‎lp¡e. 
Ap L©$rs A¡V$g¡ `ep®hfZdp„_u 
DÑ¡S>_p_¡ Ap`¡gp¡ ârskpv$. Aphu 
`qf[õ\rsdp„ dNS> ‎rkhpe `Z 
r_e„ÓZ A_¡ kdÞhe ep¡Áe âL$pf¡ 
fpMu iL$pe R>¡. ‎  

D`f_u ApL©$rs_y„ L$pmÆ`|h®L$ r_funZ L$fp¡ A_¡ s¡_p ¾$dp„L$p_ykpf ApNm_p âñp¡_p DÑf ip¡^p¡. ‎

A.‎	‎ 1 A_¡ 2 dp„ Mf¡Mf iy„ b_¡ R>¡ ?‎

Ap.‎	‎ L$C Q¡sp Üpfp 3 dp„ Aph¡N_y„ hl_ \ey„ A_¡ L$C qv$ipdp„ ?‎

B.‎	 4 Ap L$C Q¡sp R>¡ ?‎

C.	‎ 5 Ap ¼ep¡ Aheh R>¡ ?‎

D.‎	‎ 6 ârskpv$_y„ hl_ L$C Q¡sp L$f¡ R>¡ ?‎

E.‎	‎ 7 Ap ârskpv$ Mf¡Mf ¼ep ky^u `lp¡¢Ãep¡ R>¡ ? s¡_¡ L$pfZ¡ iy„ \ey„ ? ‎

D`f_u ApL©$rs_y„ f¡Mp„L$_ L$fu s¡_¡ _pd Ap`p¡. ‎ 
Aphu A¡L$pv$ ârsrnàs q¾$ep rQÓ Üpfp Ap„L$hp_p¡ âeÐ_ L$fp¡. ‎

15.16  ârsrnàs q¾$ep ‎

1

2

3

4

5
67

L$fu Sy>Ap¡¡.
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fpkperZL$ r_e„ÓZ ‎ (Chemical Control)
	  Ap`Zp ifufdp„ k„â¡fL$ L¡$ fpkperZL$ `v$p\® dpfas kdÞhe L¡$ r_e„ÓZ L$fhpdp„ Aph¡ R>¡. A„s: ‎‎÷phu 
N°„r\ Üpfp k„â¡fL$_p¡ ÷ph \pe R>¡. Ap N°„r\Ap¡_¡ _rgL$pflus N°„r\Ap¡ `Z L$l¡ R>¡. Ap N°„r\Ap¡ ‎‎ pk¡ s¡d_p 
÷ph_p¡ k„N°l L$fhp dpV¡$ A\hp s¡ ÷php¡_y„ hl_ L$fhp dpV¡$ L$p¡C`Z âL$pf_u hprl_uAp¡ ‎lp¡su _\u. Ap\u Ap 
k„â¡fL$p¡ s¥epf \sp„ S> ku^p gp¡lu_p âhpldp„ cmu Åe R>¡. ‎
Ap\u Ap k„â¡fL$p¡ DÐ`Þ_ L$f_pf A„s:÷phu (Endocrine glands)  rhrióV$ õ\p_¡ lp¡e sp¡ `Z k„â¡fL$p¡ 
ifuf_p b^p S> ‎cpNdp„ `lp¡Q¡ R>¡. A„s:÷phu N°„r\Ap¡ Q¡sps„Ó_u S>¡d S> r_e„ÓZ A_¡ kdÞhe_u S>hpbv$pfu 
`pf ‎‎ pX¡$ R>¡. ifufdp„_u rhrh^ q¾$epAp¡_y„ r_e„ÓZ A_¡ A¡L$ÓuL$fZ L$fhp_y„ L$pe® Ap b„_¡ s„Óp¡ A¡L$d¡L$_u 
‎klpesp\u L$f¡ R>¡. Ap b„_¡ s„Óp¡ hÃQ¡_p¡ gpnrZL$ saphs A¡ R>¡ L¡$ Q¡sp Aph¡N TX$`u lp¡e R>¡ `f„sy ‎V|„$L$p kde 
dpV¡$ S> lp¡e R>¡ Äepf¡ k„â¡fL$p¡_u q¾$ep M|b S> ^udu `f„sy gp„bp Npmp ky^u AkfL$pfL$ lp¡e ‎R>¡. ‎

15.17 A„s:÷phu N°„r\

S>ê$f lp¡e s¡V$gp S> âdpZdp„ 
k„â¡fL$p¡_p¡ ÷ph \hp¡ Å¡CA¡. s¡ 
dpV¡$ A¡L$ e„ÓZp_u S>ê$f lp¡e R>¡. 
‎k„â¡fL$p¡_p ÷ph_y„ âdpZ A_¡ 
÷h_p kde_y„ r_ed_ ârsq¾$ep 
(feedback) e„ÓZp Üpfp \pe 
R>¡. ‎v$p.s.gp¡ludp„ kpL$f_y„ âdpZ 
h^¡ R>¡ Ðepf¡ s¡ õhpvy$t`X$dp„_p 
L$p¡jp¡_¡ kp¥ â\d S>Zpe R>¡ A_¡ 
s¡_p ‎ârskpv$ ê$`¡ Ap L$p¡jp¡ h^y 
âdpZdp„ CÞõeygu__y„ r_dp®Z 
L$f¡ R>¡. Äepf¡ gp¡ludp„ kpL$f_y„ 
âdpZ ‎Ap¡Ry>„ \pe R>¡. Ðepf¡ 
CÞõeygu__p ÷ph_y„ âdpZ 
Ap¡Ry>„ \pe R>¡. ‎

A^:Q¡sL$

A„X$pie

s©sue_¡Ó N°„r\

r`eyrjL$p N°„r\
\pCfp¡CX$ A_¡ 

`¡fp\pCfp¡CX$ N°„r\

ep¥h_gp¡`u N°„r\

h©jZ

k„â¡jZ s„Óop__u `|fL$ dprlsu : ‎
	‎ _uQ¡ Ap`¡gp k„L¡$s õ\m `f\u dp_hu DÐkS>®_ k„õ\p, dp_hu dNS>_u fQ_p s¡_p `f rinL$_u 
‎dv$v$\u Power point presentation b_phu hN® kdn fS|> L$fp¡. ‎

www.nationalgeographic.com/science/health-and-humanbody/humanbody

www.webmed.com/brain

www.livescience.com/29365-human-brain.html

h©jZ N°„r\
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A„s÷phu N°„r\ - õ\p_ A_¡ L¡$V$gp„L$ dlÒh_p„ L$pep£
N°„r\ ‎ õ\p_ ‎ k„â¡fL$p¡ ‎ L$pe® ‎

A^:Q¡sL$ ‎ 
(Hypothalmus)

dp¡V$p dNS>dp„ 
r`ÃeyV$fu N°„r\_u 
‎D`f

r`ÃeyV$fu_p¡ ÷ph 
‎r_dp®Z L$f_pf `¡iu_y„ 
‎r_e„ÓZ L$f_pf ÷ph 
‎s¥epf L$fhp¡. ‎

r`ÃeyV$fu N°„r\_¡ r_e„rÓs ‎L$fhu

`uÃeyV$fu
(Pituitary)
r`eyrjL$p

dNS>_u _uQ¡ 
k„â¡fL$ N°„r\

h©qÙ k„â¡fL$
A¡qX²$_g N°„r\ k„â¡fL$ 
\pCfp¡CX$ N°„r\ k„â¡fL$ 
âp¡g¡¼V$u_
Ap¡¼kuV$p¡ku_
ëeyV$u_petTN lpdp£_
ârsd|Óg k„â¡fL$
`yV$uL$p N°„r\ k„â¡fL$

- lpX$L$p_u h©[Ý^_¡ h¡N Ap`hp¡.
- A¡qX²$_g N°„r\_p öph_¡ h¡N Ap`hp¡.
- \pCfp¡CX$ N°„r\_p ÷ph_¡ h¡N Ap`hp¡.
- dpspdp„ v$|$^ DÐ`pv$_ L$fhpdp„ âh©Ñ L$fhy„.
- bpmL$_p S>Þd kde¡ Ncp®ie_¡ ApLy„$rQs L$fhy„.
- dprkL$ öph_y„ r_e„ÓZ L$fhy„.
- ifufdp„ `pZu_y„ âdpZ kdsp¡g L$fhy„.
- âS>__N°„r\_u h©qÙ r_e„rÓs L$fhu.

\pCfp¡CX$ ‎
(Thyroid)

Nfv$__p dÝecpNdp„ 
‎ApNm_u bpSy>A¡ 
‎ðpk _rgL$p_u 
(Trachea) b„_¡ ‎bpSy>‎

‎\pefp¸[¼T_ ‎
L¡$[ëkV$p¡_u_‎

‎- ifuf_u h©[Ý^ A_¡ ‎Qep`Qe q¾$ep r_e„rÓs ‎L$fhu. ‎
- L¡$[ëied_p Qep`Qe_y„ ‎A_¡ gp¡ludp„ L¡$[ëied_y„ 
‎r_e„ÓZ ‎ L$fhy„.

‎̀ ¡fp\pCfp¡CX$‎
(Parathyroid)

‎\pCfp¡CX$ N°„r\_u 
‎‎ pR>m Ap Qpf N°„r\ 
‎lp¡e R>¡. ‎

‎̀ ¡fp\p¡dp£_ ‎ ifufdp„ L¡$[ëied A_¡ ‎ap¡õafk_p Qep`Qe_y„ ‎r_e„ÓZ 
L$fhy„.

õhpvy$t`X$ ‎ 
‎(`¡_¾$uApk)‎
(Pancreas)

S>W$f_u `pR>m Qpf 
‎âL$pf_u `¡iu 
Apëap ‎‎ ¡iu (20%)

buV$p ‎‎ ¡iu (70%)

X¡$ëV$p ‎‎ ¡iu (5%)
`u.`u. `¡iu
A\hp
F Cells (5%)‎ 

Ág|L$pNpµ_ ‎

CÞõeyrg_ ‎

kp¡d¡V$p¡õV¡$qV$_ ‎
`¡Þ¾$uA¡V$uL$
‎̀ p¡gu`¡àV$pCX$‎

- eL©$s_¡ ÁgpCL$p¡S>__y„ ‎ÁgyL$p¡Tdp„ ê$`p„sf L$fhp dpV¡$ 
‎DÑ¡Æs L$f¡. ‎
- f¼sdp„ h^su kpL$f_y„ ‎ÁgpeL$p¡S>_dp„ ê$`p„sf L$fhp 
‎eL©$s_¡ DÑ¡Æs L$f¡. ‎
‎- CÞõeygu_ A_¡ ÁgyL$pNp¡__p ‎õsf `f r_e„ÓZ ‎
- Ap„sfX$p_y„ lg_Qg_ A_¡ ‎s¡ Üpfp ÁgyL$p¡T_p ip¡jZ `f 
‎r_e„ÓZ L$f¡. 
- õhpvy$fk_p ‎‎÷ph `f r_e„ÓZ‎ fpM¡.

A¡X²$u_g
(Ar^h©L$L$ N°„r\)
(Adrenal 
gland)

b„_¡ d|Ót`X$ 
(Kidney) _u ‎D`f ‎

A¡X²¡$_®gu_ ‎
_pµfA¡X²¡$_¡rg_ ‎
L$pµqV®$L$p¡õV¡$fpCX$‎

- ¼V$p¡L$V$u_p s¡d S> cph_piug ‎âk„Np¡dp„ hs®_ r_e„ÓZ L$f¡ 
- ùv$e A_¡ k„hl_u s„Ó_¡ ‎DÑ¡Æs L$f¡‎ A_¡ Qep`Qe 
q¾$ep_¡ DÑ¡S>_‎
- Na, K _y„ k„syg_ A_¡ ‎Aep`Qe_u q¾$ep_¡ DÑ¡S>_‎

A„X$pie 
(Ovary)

‎÷uAp¡dp„ Ncp®ie_u 
‎b„_¡ bpSy>A¡ ‎

CõV²$p¡S>¡_ ‎

âp¡S>¡õV¡$fp¸_ ‎

- ÷uAp¡dp„ Ncp®iedp„ A„s: ‎‎÷ph_u h©[Ý^, ÷uAp¡dp„ 
‎Mpk g¦rNL$ NyZ_p¡ rhL$pk ‎L$fhp¡,
- Ncp®ie_p A„s:õsfdp„ ‎Nc®^pfZ dpV¡$ s¥epf L$fhy„.‎
- Nc®^pfZdp„ dv$v$ L$fhu. ‎

h©jZ N°„r\
(Testis)

Scrotum
h©jZL$p¡i 

V¡$õV¡$õV¡$fp¡_ ‎ `yê$jp¡_p Mpk gnZp¡_p¡ ‎rhL$pk S>¡d L¡$ v$pY$u, d|R> Aphhp, 
AhpS> ‎‎‎Op¡Ofp¡ \hp¡.

ep¥h_ gp¡`u N°„r\ ‎

(Thymus)
ùv$e_u _ÆL$ , 
‎R>psu_p t`S>fpdp„ ‎

‎\pedp¡ku_ ‎ ârsL$pf i[¼s r_dp®Z ‎L$f_pfu `¡iu `f r_e„ÓZ fpMhy„.
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2. 	 `qfÃR>¡v$ `|Z® L$fp¡. ‎
			  kNX$u `f v|$^ Nfd L$fhp d|¼ey lsy„. frkL$p    

V$u.hu.Å¡hpdp„ dÁ_ lsu. s¡V$gpdp„ s¡_¡ L$p„C        
bmhp_u hpk ‎Aphu. s¡ v$p¡X$su fkp¡X$pdp„ Aphu. 
v|$^    EcfpC s`¡gp_u blpf Aphsy„ lsy„. sfs S> 
s¡Z¡ s`¡gp_¡ lp\\u `L$X$éy„. `f„sy sfs S> s¡ Quk 
`pX$u EW$u A_¡ s`¡gp_¡ R>p¡X$u v$u^y„. Ap L©$rs 
......... L$p¡j Üpfp r_e„rÓs \C Ap L$p¡jdp„ 
.......... _p h¥rióV$é`|Z® R>¡X¡$ \u ‎dprlsu N°lZ 
L$fhpdp„ Aphu. Ðep„\u s¡ dprlsu ......... sfa 
A_¡ Ðep„\u ............ _p R>¡X$p ky^u dp¡L$ghpdp„ 
‎Aphu R>¡X$p ̀ f r_dp®Z \e¡gp fkpeZp¡ Q¡sps„Ó_p 
Arsk|ÿd `p¡gpZdp„\u A¡V$g¡ L¡$ ........ dp„\u 
`kpf ‎‎\sp. Ap âL$pf¡ ............ _y„ ifufdp„ 
hl_ \pe R>¡ A_¡ Aph¡N ........ dpfas¡ 
.......... ky^u `lp¢QpX$hp\u .......... q¾$ep ‎‎ |Z® 
\pe R>¡. ‎ 

	 (Q¡spL$p¡j, õ_pey`¡iu, Aph¡N, h©rnL$p, Ans„sy, 
k„`L®$õ\p_, ârsrnàs, L$p¡jL$pep.)‎

3.‎	 V|„$L$_p¢^ gMp¡. ‎ ‎ ‎
	 d|mv$pb, bpó`p¡ÐkS>®_, Q¡spL$p¡j, dp_h dNS>, 

ârsrnàs q¾$ep. ‎
‎4.‎	‎ _uQ¡ Ap`¡gu N°„r\_p k„â¡fL$p¡ A_¡ L$pep£ õ`óV$ 

L$fp¡.  r`eyrjL$p, \pCfp¡CX$, A¡X²$u_g N°„r\, ep¥h_ 
gp¡`u, h©jZN°„r\ (Testis), A„X$pie (Overy)

5.‎	‎ _pd - r_v£$i_hpmu õhÃR> ApL©$rs v$p¡fp¡. ‎
	 dp_hu A„s÷phu N°„r\, dp_h dNS>, _¡äp¡_, 

Q¡spL$p¡j, 	 dp_hu_y„ DÐkS>®_ s„Ó.‎

6.‎	‎ _uQ¡_p âñp¡_p DÑf gMp¡. ‎
	 (A)‎	 dp_hu ifuf_p fkpeZp¡_y„ r_e„ÓZ L$C 

fus¡ \pe R>¡ s¡ gMu L¡$V$gpL$ k„â¡fL$_p _pd 
A_¡ ‎s¡_p L$pep£_u _p¢^ L$fp¡. ‎

	 (Ap)‎	dp_hu_p DÐkS>®_s„Ó A_¡ h_õ`rs 
DÐkS>®_s„Ó hÃQ¡_p¡ saphs õ`óV$ L$fp¡. ‎

	 (B)‎	 h_õ`rsdp„ kdÞhe L¡$hu fus¡ lp¡e R>¡ s¡ 
Dv$plfZ krls õ`óV$ L$fp¡. 

	 (C)	 h_õ`rs_„y DÐkS>®_ dp_hu Æh_dp„ L$C 
fus¡ D`ep¡Nu W$f¡ R>¡ ?‎

	 (D)‎	 h_õ`rsdp„ `qfhl_ L$C fus¡ \pe R>¡ ?‎
7.‎	 sdpfp iåv$dp„ Dv$plfZ krls õ`óV$uL$fZ 

Ap`p¡.
	 (A)‎	 kdÞhe A¡V$g¡ iy„?
	 (Ap)‎	dp_hu DÐkS>®_ âq¾$ep L¡$hu fus¡ Qpg¡ R>¡?	

D`¾$d ‎	
	 ‎1.‎	‎  ©óW$h„iue âpZu_y„ dNS> L$C fus¡ rhL$rks    

\sy„ Ne„y s¡ bpbs¡ h^y dprlsu d¡mhu A¡L$ 
Paper Presentation ‎s¥epf L$fp¡ A_¡ 
hN®dp„ fS|> L$fp¡. ‎

	‎ 2.‎	‎ "l„z L$C fus¡ dlÒh_u' Ap rhje `f rhrh^ 
A„s:÷phu N°„r\_y„ L$pe® S|>\ Üpfp s¥epf L$fu 
v$f¡L$ S|>\¡ ‎hN®dp„ fS|>Aps L$fhu. ‎

	‎ 3.‎	‎ "dp_h AÞe âpZuAp¡ L$fsp„ Sy>v$p¡ A_¡ 
by[Ý^dp_ R>¡.' Ap hp¼e_p kd\®_dp„ 
‎dprlsu d¡mhp¡ A_¡ s¡ dprlsu fS|> L$fp¡. ‎

1.	 ep¡Áe Å¡X$L$p Å¡X$u s¡ bpbs¡ õ`óV$uL$fZ gMp¡.‎

‎"A' õs„c ‎ ‎ ‎"b' õs„c ‎

1. buÅ„X$_u qv$ipdp„ \_pfu `fpN_rgL$p_u h©rÝ^‎
‎2. âL$p„X$ s„Ó_u h©[Ý^‎
‎3. d|m_u \su h©[Ý^‎
‎4. `pZu_u qv$ipdp„ \su h©[Ý^ ‎

a. Nyê$Ðhp_yhs} lg_Qg_ ‎
b. fkpeZ-A_yhs} lg_Qg_‎
c. âL$pip_yhs} lg_Qg_ ‎
d. h©[Ý^ Ak„gÁ_ lg_Qg_ ‎
e. S>gp_yhs} lg_Qg_‎ 

²²²

õhpÝepe
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Ql¡fp_p¡ ApL$pf

16.1 ‎Ql¡fp_p L¡$V$gpL$ saphs

_pL$ A_¡ lp¡W$_p¡ ApL$pf

L$p__u b|V$_p¡ ApL$pf L$`pm `f_p hpm_u Np¡W$hZu

r_funZ L$fp¡.

rhQpf L$fp¡.

1. गतीचे नियम
Ø  A_yh„i (hpfkp¡) 	 Ø  A_yhp„riL$sp-gnZp¡ A_¡ gnZp¡_y„ âNV$uL$fZ
Ø  d¡ÞX¡$g¡_p¡ A_yhp„riL$sp_p¡ rkÝ^p„s 	 Ø  NyZk|Óp¡ A`hpv$_¡ L$pfZ¡ \sp fp¡N

16. A_yhp„riL$sp A_¡ `qfhs®_‎

1. sdpfp hN®_p b^p R>p¡L$fp A\hp R>p¡L$fuAp¡ kfMp„ S> v¡$Mpe R>¡ L¡$ ?‎
‎2. _uQ¡_p dyØpAp¡ `f Ap^pqfs rhQpf L$fp¡ A_¡ kdp_sp A_¡ saphs_u _p¢^ L$fp¡.‎
	‎ (rinL¡$ Ap dpV¡$ dv$v$ L$fhp_u fl¡i¡.)

A.L$‎ ìe[¼s h¥rióV$é sd¡ `p¡s¡ v$pv$p v$pv$u ‎̀ à`p‎ dçdu

‎1.‎ ÐhQp_p¡ f„N ‎

‎2.‎ Ql¡fp_p¡ ApL$pf ‎‎(Np¡m, gp„bp¡)‎

‎3.‎ E„QpC ‎

‎4.‎ Ap„M_p¡ f„N

‎5.‎ lp\_p A„N|W$p_u R>p` ‎(ApL$pf)

	 Ap`Zu Apk`pk Lyv$fsdp„ A¡L$ S> âÅrsdp„ M|b rhrh^sp lp¡e R>¡. s¡_p¡ Ap`Z¡ Ap `l¡gp„ Aæepk ‎L$ep£ 
R>¡. `f„sy Ap rhrh^sp ip dpV¡$ r_dp®Z \pe R>¡, s¡_p¡ Ap`Z¡ Ap `pW$dp„ rhQpf L$fhp_p R>uA¡.‎ 

A_yh„i (Inheritance)
	 kÆhdp„ fl¡gp NyZ^dp£ A¡L$ `¡Y$udp„\u buÆ `¡Y$udp„ L$C fus¡ Aph¡ R>¡ s¡_p¡ kpdpÞe fus¡ A_¡ rhi¡j L$fu_¡ 
‎S>_u__p¡ (Genes) Aæepk L$f_pfu Æhip÷_u A¡L$ ipMp R>¡ Ap ipMp_¡ A_yhp„riL$uip÷ (Genetics) L$l¡hpe R>¡.‎
	‎  y_fyÐ`pv$__u âq¾$ep Üpfp _hu k„srs DÐ`Þ_ \pe R>¡ Ap k„srs L¡$V$gpL$ k|ÿd c¡v$ (afL$) bpv$ L$fsp„ 
‎dpspr`sp kp\¡ M|b S> kpçe ^fph¡ R>¡. Ag¦rNL$ âS>__ âq¾$ep\u r_dp®Z \_pf kÆhp¡dp„ k|ÿd saphs ‎lp¡e 
R>¡. Äepf¡ g¦rNL$ âS>__ `Ý^rs\u r_dp®Z \_pf kÆhdp„ saphs kfMpdZudp„ h^y Å¡hp dm¡ R>¡.‎

1. sdpfp hN®_p rdÓ_p L$p__u b|V$_y„ 
Ýep_\u r_funZ L$fp¡.‎

‎2. 	 Ap`Z¡ b^p S> d_yóe-âpZu lp¡hp 
R>sp„ b^p_p f„Ndp„ sd_¡ iy„ saphs 
Å¡hp dm¡ R>¡ ?‎

‎3. 	 sd¡ b^p ^p¡fZ-9 dp„ R>p¡ `f„sy A¡L$ S> 
hN®dp„ L¡$V$gpL$ KQp sp¡ L¡$V$gpL$ Ap¡R>u 
KQpC_p ip dpV¡$ Å¡hp dm¡ ‎R>¡?‎
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A_yhp„riL$sp ‎ (Heredity)
	 dpspr`sp_p ipfuqfL$ A\hp dp_rkL$ gnZp¡ k„srsdp„ k„¾$rds \hp_u âq¾$ep_¡ A_yhp„riL$sp L$l¡ R>¡. ‎Ap\u S> 
L|$sfp_p„ bÃQp„ L|$sfp S>¡hp„, L$b|sf_p„ bÃQp„ L$b|sf S>¡hp„ A_¡ dp_h_y„ bpmL$ (k„srs) dp_h S>¡hy„ ‎S> lp¡e R>¡. ‎

rhrh^ kÆhp¡dp„ NyZk|Óp¡_u k„¿ep.

A_yhp„riL$ gnZp¡ A_¡ gnZp¡_y„ âNV$uL$fZ (Inherited traits  and  Expression of traits) 

	 kÆhp¡dp„ rhrióV$ gnZp¡ A\hp rhrióV$spAp¡ L$C fus¡ âNV$ \pe R>¡?‎

NyZk|Ó c|Å

NyZk|Ótbvy$

p c|Å

q c|Å

X$u.A¡_.A¡.

16.2  NyZk|Ó_u fQ_p

NyZk|Óp¡ (f„Nk|Ó)‎ (Chromosomes) 	
kÆhp¡_p L$p¡jL¡$ÞÖdp„ fl¡gy„ A_¡ A_yhp„riL$ NyZ^dp¡®_„y 
hl_ L$f_pf OV$L$ A¡V$g¡ NyZk|Ó. s¡ dy¿eÐh¡ L¡$ÞÖL$ A¡rkX$ 
(Nuclic acid) A_¡ âp¡V$u_\u b_¡gp lp¡e R>¡. L$p¡j 
rhcpS>_ v$fçep_ k|ÿdv$i®L$e„Ó_u _uQ¡ NyZk|Óp¡ õ`óV$ 
‎fus¡ v¡$Mpe R>¡. A_yhp„riL$ NyZ^dp£_u ê$`f¡Mp kp„L¡$rsL$ 
ê$`¡ ^pfZ L$f_pfp S>_u__u hpõsrhL$sp Ap S> OV$L$ ‎‎ f 
lp¡e R>¡ âÐe¡L$ kÆh_p NyZk|Óp¡_u k„¿ep rhrióV$ lp¡e 
R>¡.‎
	 âÐe¡L$ NyZk|Ó DNA _y„ b_¡gy„ lp¡e R>¡, A_¡ 
L$p¡jrhcpS>__u dÝephõ\pdp„ s¡ v„$X$pL©$rs v¡$Mpe R>¡. 
âÐe¡L$ NyZk|Ó ‎‎ f A¡L$ k„Ly$rQs cpN lp¡e R>¡ s¡_¡ âp\rdL$ 
k„L$p¡Q_ (Primary Constriction) A\hp NyZk|Ó 
tbvy$ (Centromere) L$l¡hpe R>¡. s¡_¡ L$pfZ¡ NyZk|Ó_p 
b¡ cpN ̀ X¡$ R>¡. âÐe¡L$ cpN_¡ NyZk|Ó c|Å L$l¡hpdp„ Aph¡ 
R>¡ rhrióV$ NyZk|Óp¡ `f_p NyZk|Ótbvy$_y„ ‎A¡L$ Qp¡½$k 
õ\p_ lp¡e R>¡. s¡_p Ap^pf¡ NyZk|Ó_p Qpf âL$pf `X¡$ R>¡.‎

dprlsu d¡mhp¡. 

	 dpspr`sp A_¡  k„srs hÃQ¡ OÏ„ kpçe lp¡e R>¡ sp¡ `Z _p_p dp¡V$p saphs Å¡hp dm¡ R>¡. Ap kpçe A_¡ 
‎saphs A_yhp„riL$sp_y„ `qfZpd R>¡. A_yhp„riL$sp_u e„ÓZp iy„ R>¡ A_¡ s¡ L$C fus¡ L$pe® L$f¡ R>¡ s¡ Å¡CA¡. ‎L$p¡jdp„_p 
âp¡V$u_ k„ïg¡jZ dpV¡$ S>ê$fu A¡hu dprlsu_p¡ k„N°l DNAdp„ lp¡e R>¡. DNA _p¡ S>¡ Vy$L$X$p¡ Qp¡½$k `°p¡V$u_ k„b„^u ‎b^u 
S> dprlsu `|fu `pX¡$ R>¡ s¡_¡ s¡ âp¡V$u__y„ S>_u_ L$l¡ R>¡. Ap âp¡V$uÞk kÆhp¡dp„_p gnZp¡ kp\¡ L$C fus¡ ‎k„b„r^s R>¡ s¡ 
kdS>hy„ AphíeL$ R>¡. ‎
	 Ap dyØp_¡ h^y õ`óV$ L$fhp dpV¡$ A¡L$ Dv$plfZ Å¡CA¡. Dv$plfZ sfuL¡$ h_õ`rs_u KQpC A_¡ gnZp¡_p¡ 
‎rhQpf L$fuA¡. gnZp¡dp„ KQpC_¡ (tallness) Ýep_dp„ gCA¡. h_õ`rsdp„ h©[Ý^ DÐâ¡fL$p¡ lp¡e R>¡ s¡ Ap`Z¡ 
‎ÅZuA¡ —R>uA¡ h_õ`rs Üpfp r_dp®Z L$fpe¡g h©[Ý^ DÐâ¡fL$p¡_p âdpZ `f h_õ`rs_u KQpC Ap^pf fpM¡ ‎R>¡. 
	 h_õ`rs Üpfp r_dp®Z L$fhpdp„ Aphsy„ h©[Ý^ DÐâ¡fL_„y$ âdpZ s¡_p k„b„r^s DÐk¡QL$_u L$pe®ndsp ̀ f ‎Ap^pf 
fpM¡ R>¡. L$pe®nd DÐk¡QL$ h^y âdpZdp„ DÐâ¡fL$ r_dp®Z L$f¡ R>¡. Ap\u h_õ`rs_u KQpC h^¡ R>¡ `Z ‎Å¡ DÐk¡QL$ 
Ap¡Ry>„ L$pe®nd lp¡e sp¡ s¡ Ap¡R>p âdpZdp„ DÐâ¡fL$ r_dp®Z L$fi¡ Ap\u h_õ`rs_u KQpC Ly„$qW$s ‎‎\pe R>¡.‎

L$lp¡ Å¡CA¡ !
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_uQ¡ L¡$V$gpL$ kÆhp¡_p NyZk|Óp¡_u k„¿ep 
Ap ¡̀gu R>¡.

A.¾$. kÆh NyZk|Óp¡_u k„¿ep 

1 L$fQgp¡ 200
2 dL$pC 20
3 v¡$X$L$p¡ 26
4 Np¡mL©$rd 04
5 bV$pV$p 48
6 dp_h 46

NyZk|Óp¡_p âL$pf ‎
NyZk|Óp¡_p âL$pf L$p¡j rhcpS>_ kde¡ õ`óV$ fus¡ S>¡hp 
dm¡ R>¡.‎
‎1.‎	 dÝeL¡$ÞÖu (Metacentric) - Ap NyZk|Ódp„ 
NyZk|Ótbvy$ dÝedp„  lp¡e R>¡ A_¡ s¡ ‘V’ A„N¡°Æ> 
d|mpnf S>¡hp¡ ‎v¡$Mpe R>¡. Al] NyZk|Ó c|Å kfMu 
g„bpC_p¡ lp¡e R>¡.‎
‎2.‎	 D`dÝeL¡$ÞÖu (Sub Metacentric) - Ap 
NyZk|Ódp„ NyZk|Órb„vy$ dÝe_u _ÆL$ lp¡e R>¡. A_¡ s¡ 
‘L’ Ap A„N°¡Æ ‎d|mpnf S>¡hp¡ v¡$Mpe R>¡ Apdp„ A¡L$ 
NyZk|Ó c|Å buÆ c|Å L$fsp \p¡X$u _p_u lp¡e R>¡‎
‎3.‎	 AN°L¡$ÞÖu  (Acrocentric)- Ap NyZk|Ódp„ 
NyZk|Órb„vy$ R>¡X$p_u _ÆL$ lp¡e R>¡. A_¡ s¡ ‘j’ A„N°¡Æ 
d|mpnf ‎S>¡hp¡ v¡$Mpe R>¡. Apdp„ A¡L$ NyZk|Ó c|Å M|b 
S> dp¡V$u A_¡ buÆ OZu _p_u lp¡e R>¡.‎
‎4.‎	 A„ÐeL¡$ÞÖu (Telocentric)- Ap NyZk|Ódp„ 
NyZk|Ó tbvy$ R>¡X$p ̀ f lp¡e R>¡. A_¡ s¡ ‘i’ A„N°¡Æ d|mpnf 
‎v¡$Mpe R>¡. Apdp„ A¡L$ S> NyZk|Óc|Å lp¡e R>¡.‎
	 kpdpÞe fus¡ L$preL$ L$p¡jdp„ NyZk|Óp¡_u Å¡X$uAp¡ 
lp¡e R>¡. Ap Å¡X$u_p NyZk|Óp¡_y„ L$v$ A_¡ fQ_p kfMu 
lp¡hp\u ‎s¡_¡ kdÅsue NyZk|Óp¡ (Homologous 
chromsomes) Äepf¡ L$v$ A_¡ fQ_p kfMu _ lp¡e 
s¡_¡ rhÅsue NyZk|Óp¡ (Heterologous              
chromosomes)  L$l¡hpdp„ Aph¡ ‎R>¡. ‎
g¦rNL$ âS>__ L$f_pfp kÆhp¡dp„ NyZk|Óp¡_u A¡L$ Å¡X$u 
AÞe Å¡X$u L$fsp„ Sy>v$u lp¡e R>¡. Ap ‎Å¡X$udp„_p NyZk|Óp¡_¡ 
tgN NyZk|Óp¡ A_¡ AÞe NyZk|Óp¡_¡ AtgNu NyZk|Ó 
L$l¡hpdp„ Aph¡ R>¡.‎

X$u.A¡_.A¡. ( Deoxyribose Nucleic Acid ) 16.3  NyZk|Ó_p âL$pf

	 NyZk|Óp¡ dy¿eÐh¡ X$u.A¡_.A¡._p b_¡gp lp¡e R>¡. C.k. 1869dp„ gp¡lu_p ð¡s f¼s L$Zp¡_p¡ ‎Aæepk L$fsp 
õhuk Æh fkpeZip÷o ä¡qX$L$ rdif¡ Ap A¡rkX$_u ip¡^ L$fu. Ap A¡rkX$ â\d a¼s L¡$ÞÖdp„ Å¡hp dþe„y$. dpV¡$ s¡_„y 
_pd L¡$ÞÖue A¡rkX$ (Nuclic acid) fpMhpdp„ ‎Apìey„. s¡ L$p¡j_p AÞe cpNdp„ `Z Å¡hp dm¡ R>¡. X$u.A_¡.A¡_p 
AZy-rhjpÏ , ÆhpÏ„\u gC_¡ dpZk ky^u ‎dp¡V¡$cpN¡ b^p S> kÆhp¡dp„ Å¡hp dm¡ R>¡. Ap AZy L$p¡j_y„ L$pe®, h©[Ý^ 
A_¡ rhcpS>_ (âS>__) r_e„rÓs L$f¡ ‎R>¡. dpV¡$ s¡_¡ "dy¿e AÏ' (â^p_ AZy) (Master Molecule) L$l¡hpe R>¡.‎

	 X$u. A¡_.A¡. AZy_u fQ_p kh® kÆhdp„ kfMu S> lp¡e R>¡. C.k.1953dp„ hµV$k_ A_¡ q¾$L¡$ Ap AÏ_u 
‎fQ_p_u ârsL©$rs s¥epf L$fu. Ap ârsL©$rsdp„ ¼ey¼guAp¡V$pCX$_p b¡ kdp„sf v$p¡fp A¡L$buÅ afs¡ h]V$pm¡gp lp¡e ‎R>¡. s¡_¡ 
qÜkr`®g (Double helix) fQ_p L$l¡hpe R>¡. Ap fQ_p_u syg_p hmp„L$hpmu ([õ\rsõ\p`L$ -flexible) kuX$u 
‎kp\¡ L$fu iL$pe. ‎

D`dÝeL¡$ÞÖu

 

NyZk|Ótbvy$

c|Å  

dÝeL¡$ÞÖu

A„ÐeL¡$ÞÖu AN°L¡$ÞÖu
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	 X$u. A¡_. A¡. AÏ_p¡ âÐe¡L$ v$p¡fp¡ ÞeyL$guAp¡V$pCX$ 
_pd_p A_¡L$ _p_p AÏAp¡_p¡ b_¡gp¡ lp¡e R>¡. ‎‎         
_pCV²$p¡S>_ey¼s `v$p\® AµX¡$_u_, Áhp_u_, kpeV$p¡ku_ 
A_¡ \pedu_ A¡d Qpf âL$pf_p lp¡e R>¡ s¡dp„\u 
‎AµX¡$_u_ A_ Áhp_u_ _¡ àeyqfÞk L$l¡hpe R>¡ Äepf¡ 
kpeV$p¡ku_ A_¡ ‎‎\pedu__¡ r`qfrdX$uÞk L$l¡hpdp„ 
Aph¡ R>¡.‎

X$u.A¡_. A¡. - qa„Nf âuV$]N : âÐeL¡$ ìe[¼sdp„ fl¡gp X$u.A¡_.A¡._u ê$`f¡Mp_p¡ ¾$d ip¡̂ hpdp„ Aph¡ R>¡. h„i 
‎Ap¡mMhp dpV¡$ L¡$ Ny_¡Npf_¡ Ap¡mMhp dpV¡$ Ap_p¡ D`ep¡N \pe R>¡.‎

S>_u_
L$p¡j

16.4 X$u. A¡_.A¡. (hµV$k_ A_¡ ¾$uL$ dp¡X$¡$g)

NyZk|ÓL$p¡jL¡$ÞÖ$	 Þey¼guAp¡V$pCX$_u fQ_pdp„ iL®$fp_p A¡L$ AÏ_¡ 
A¡L$ _pCV²$p¡S>_ ey¼s `v$p\®_p¡ AÏ A_¡ A¡L$ ap¡õaqfL$ 
A¡rkX$_p¡ AÏ Å¡X¡$gp¡ lp¡e R>¡.‎

	‎ _pCV²$p¡S>_ey¼s `v$p\® Qpf âL$pf_p lp¡hp\u 
ÞeyL$guAp¡V$pCX$ `Z Qpf âL$pf_p lp¡e R>¡. X$u.A¡_.A¡._p 
‎AÏdp„ Þey[¼gAp¡V$pCX$_u fQ_p kp„L$m S>¡hu lp¡e R>¡. X$u. 
A_¡. A¡. _p b¡ v$p¡fp A¡V$g¡ kuX$u_p _d|_p_p b¡ ‎õs„c, 
v$f¡L$ õs„c, hpfpafsu Å¡X¡$gp iL®$f_p AZy A_¡ ap¡õaqfL$ 
A¡rkX$_p¡ b_¡gp¡ lp¡e R>¡. kuX$u_y„ v$f¡L$ `Nr\ey„ ‎A¡V$g¡ 
lpCX²$p¡S>_ b„̂ \u Å¡X$pe¡gu _pCV²$p¡S>_ ey¼s `v$p\®_u 
Å¡X$u. l„d¡ip A̧X¡$_u__u  \pedu_ kp\¡ A_¡ ‎Áhp_u__u 
kpep¡V$uku_ kp\¡ Å¡X$u lp¡e R>¡.‎

S>_u_ (Gene) 
	 âÐe¡L$ NyZk|Ó A¡L$ S> X$u.A¡_.A¡. AÏ_p¡ b_¡gp¡ 
lp¡e R>¡. Ap X$u. A¡_. A¡. AÏdp„_p AÏM„X$p¡_¡ ‎S>_u_ 
(Genes) L$l¡ R>¡. X$u.A¡_.A¡. AÏdp„_p 
ÞeyL$guAp¡V$pCX¹k_u h¥rhÝe |̀Z® Np¡W$hZu_¡ L$pfZ¡ rcÞ_ 
âL$pf_p ‎S>_u_ s¥epf \pe R>¡. Ap S>_u_ A¡L$ lpfdp„ 
NpW¡$he¡gp lp¡e R>¡. S>_u_ L$p¡j_u A_¡ ifuf_u fQ_p `f 
A_¡ ‎L$pe® `f r_e„ÓZ fpM¡ R>¡ s¡dS> s¡ dpspr`sp Üpfp 
A_yhp„riL$ gnZp¡ s¡d_p„ k„sp_p¡dp„ k„¾$rds L$f¡ R>¡. ‎dpV¡$ 
s¡_¡ A_yhp„riL$sp_p¡ L$pe®L$pfu OV$L$ L$l¡hpdp„ Aph¡ R>¡. 
Aphp„ dpspr`sp A_¡ s¡d_p bpmL$p¡dp„ ‎‎OÏ„ kpçe Å¡hp 
dm¡ R>¡.S>_u_dp„ âp¡V$u__u r_rd®rs rhjeL$ dprlsu_p¡ 
k„N°l kQhpe¡gp¡ lp¡e R>¡.
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Apf. A¡_. A¡. (fpebp¡ÞeyL$guL$ A¡rkX$ - Ribose Nucleic Acid )
	 Apf. A¡_ A¡. A¡ L$p¡j_y„ buSy> dlÒh_y„ Þey[¼gL$ A¡rkX$ R>¡. Ap A¡rkX$ 
fpebp¡T iL®$fp, ap¡õa¡V$_p AÏ A_¡ ‎Áhpr__, kpeV$p¡ku_, AµX¡$_u_ A_¡ eyf¡rkg 
Ap Qpf _pCV²$p¡S>_ ey¼s `v$p\p£_p¡ b_¡gp¡ lp¡e R>¡. fpebp¡ ‎iL®$fp, ap¡õa¡$V$_p AÏ 
A_¡ A¡L$ _pCV²$p¡S>_ ey¼s `v$p\p£_p¡ AÏ Ap_p k„ep¡S>_\u Þey[¼gL$ A¡rkX$_u 
kp„L$m_u ‎A¡L$ L$X$u A¡V$g¡ L¡$ Þey[¼gAp¡V$pCX$ s¥epf \pe R>¡. Aphu A_¡L$ L$X$uAp¡_p 
Å¡X$Zu\u Apf.A¡_.A¡. _p¡ "dlpAÏ' ‎s¥epf \pe R>¡. s¡_u L$pe®âZprg A_ykpf 
s¡_p ÓZ âL$pf R>¡.‎
‎1. fpebp¡Tp¡dp¡k Apf.A¡_.A¡. (rRNA) : fpebp¡Tp¡d_p OV$L$hpmp¡ 
R.N.A._p¡ AZy R>¡. fpebp¡Tp¡d âp¡V$u_ k„ïg¡jZ_y„ ‎L$pe® L$f¡ R>¡.‎
‎2. d¡k¢S>f Apf. A¡_. A¡ ( mRNA )  : L$p¡jL¡$ÞÖdp„ fl¡gp S>_u_dp„ A\p®s 
R.N.A. _u kp„L$m`f âp¡V$u__u r_rd®rsrhjeL$ k„v¡$ip¡ âp¡V$u__u r_rd®rs L$f_pf 
fpebp¡Tp¡d ky^u `lp¡QpX$_pf "v|$s AÏ'. ‎
‎3. V²$pÞkaf Apf. A¡_. A¡. (tRNA) : mR.N.A. D`f_p k„v¡$ip_ykpf 
Ard_p¡ A¡rkX$_p AÏAp¡_¡ fpebp¡Tp¡d ky^u ‎‎gph_pfp R.N.A. _p AÏ. ‎

s„Óop__p buS> ‎
	 C.k. 1990 dp„ rhð_p S>_u_ h¥opr_L$p¡A¡ A¡L$Ó Aphu dp_hu S>_u_ âL$ë` lp\ ^ep£. S>|_ 2000 dp„ 
Ap ‎âL$ë`L$sp®Ap¡A¡ A_¡ k¡g¡fp rS>_p¡rd¼k L$pµ`p£f¡i_¡ (Ad¡qfL$p_u Mp_Nu DÛp¡N k„õ\p) k„ey¼s ê$`¡ dp_hu 
‎S>_u_\u X$u.A¡_.A¡. AÏ_p¡ k„`|Z® ¾$d A_¡ ê$`f¡Mp ip¡^u L$pY$ép_y„ Op¡rjs ¼ey®. Ap âL$ë`dp„ dm¡gu ‎dprlsu 
`f\u h¥opr_L$p¡A¡ dp_hu S>_u__u k„¿ep gNcN 20,000 \u 30,000 lp¡e R>¡ A¡ r_[ïQs ¼ey¯. ‎Ðepfbpv$ 
h¥opr_L$p¡A¡ A_¡L$ k|ÿdÆhp¡dp„ S>_u__p¡ ¾$d ip¡Ýep¡ R>¡. Æ_p¡d k„ip¡^__¡ L$pfZ¡ fp¡NL$pfL$ S>_u_ ‎ip¡^u iL$pe  
R>¡. fp¡NL$pfL$ S>_u__u Mbf `X$hp\u fp¡N_y„ r_v$p_ L$fu ep¡Áe CgpS> L$fu iL$pe R>¡.       
k„L¡$s õ\m : www.genome.gov 

rRNA

mRNA

tRNA

_pCV²$p¡S>_ey¼s 
`v$p\p£_u Å¡X$u

iL®$fp-ap¡õa¡qfL$ A¡rkX$\u 
s¥epf \e¡gp L$Zp¡

    16.6 Apf.A¡_.A¡. âL$pf

16.5 X$u. A¡_.A¡. fQ_p

AµX$ur__    \perd_

Npµr__     kpeV$p¡rk_
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N°¡Nf Å¡lpÞk d¢X¡$g¡

(S>Þd :20 Sy>gpC 1822, ‎d©Ðey 6 ÅÞey$Apfu ‎‎1884)‎
N°¡Nf Å¡lpÞk d¡ÞX¡$g Ap¡õV²$ue_ h¥opr_L$ lsp. 
‎hV$pZp_p TpX$ ̀ f âep¡N ‎L$fu s¡dp„_p L¡$V$gp„L$ ‎gnZp¡_u 
‎A_yhp„riL$sp_p¡ s¡dZ¡ ‎Aæepk ¼ep£. Ap ‎gnZp¡_p 
A_yh„idp„ ‎L¡$V$gpL$ rkÝ^p„sp¡_y„ `pg_ ‎L$fhpdp„ Aph¡ 
R>¡. Ap ‎rkÝ^p„s ApNm S>sp ‎s¡d_p S> _pd\u 
‎âQrgs \ep¡. d¡ÞX¡$g¡A¡ ‎L$f¡gp L$pe®_„y dlÒh 20du 
kv$u ky^u L$p¡C_¡ ‎kdÅe„y S> _ lsy„. Ap ‎rkÝ^p„s_u 
`y_: QL$pkZu ¼ep® ‎bpv$ A¡ S> rkÝ^p„s ‎Ap^yr_L$   

A_yh„i ‎ip÷_p¡ `pep¡ NZpe ‎R>¡. ‎

‎̀ ump¡‎

Np¡m

Aâcphuâcphu

gugp¡‎

L$nue

buS>_p¡ 
f„N

KQy

buS>_p¡ 
ApL$pf

gnZp¡

L$fQguhpm¡‎

‎\X$_u KQpC

awg_u S>Áep

cf¡gu

ka¡v$‎Å„byX$u

`ump¡‎	

Q`V$u	

awg_p¡ f„N

i]N_p¡ ApL$pf

i]N_p¡ f„N

16.7 hV$pZp_p TpX$_p kps `fõ`f rhfp¡^u ×íe gnZp¡‎

d¡ÞX¡$g_p¡ A_yhp„riL$sp_p¡ rkÝ^p„s
	 dpsp A_¡ r`sp b„_¡dp„\u kdp_ âdpZdp„ S>_u_ `v$p\® (Genetic Material) s¡d_p bpmL$dp„ Aph¡ R>¡. 
Ap_p `f ‎gnZp¡_p A_yhp„riL$sp_p¡ rkÝ^p„s Ap^pqfs R>¡. Å¡ dpsp A_¡ r`sp bÞ_¡_p¡ klcpN kdp_ lp¡e sp¡ 
‎bpmL$dp„ ¼ep„ gnZp¡ v¡$Mpi¡—? d¡ÞX¡$g¡ Ap S> qv$ipdp„ k„ip¡^_ ¼ey¯ A_¡ A_yhp„riL$sp_p âdyM ‎rkÝ^p„sp¡ âõsys ¼ep¯. 
gNcN A¡L$ isL$ `|h£ A¡dZ¡ L$f¡gp âep¡Np¡ fkâv R>¡.$‎d¡ÞX¡$g¡_p b^p `°ep¡Np¡ hV$pZp_p TpX$dp„ (`pekd kV$pehd-
-Pisum sativum) dmu Aphsp v$íe rhfp¡^pcpku gnZp¡ ‎‎ f Ap^pqfs lsp. Ap gnZp¡ ApNm âdpZ¡, ‎

bV$Ly$‎	

V$p¡Q`f

gugp¡‎

h¥opr_L$_p¡ `qfQe

dp_hu_u L¡$V$guL$ âcphu A_¡ Aâcphu rhi¡jspAp¡‎

âcphu Aâcphu

Æc Np¡m hm¡gu Æc Np¡m _ hpmu iL$pe

lp\ `f hpm lp¡hp‎ lp\ `f hpm _ lp¡hp‎

L$pmp A_¡ OyOqfep hpm c|fp A_¡ ku^p hpm

L$p__u b|V$ R|>V$u ‎ L$p__u b|V$ Qp¢V¡$gu

(R) (r)

(a)

(Y)

(C)

(y)

(c)

(G) (g)

(i)

(A)

(I)

(T) (t)

iy„ sd¡ ÅZp¡ R>p¡ ?
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d¡ÞX¡$g_p¡ A¡L$k„L$qfs k„srs_p¡ âep¡N

S>_L$ `¡Y$u P1                         

gnZ õhê$`               KQy„ ‎          _uQy„

S>_u_ õhê$`                TT               tt
eyÁdL$‎                        T                t
  

‎̀ l¡gu `¡Y$u F1                    Tt 
		
                           (gnZ õhê$` ‎: KQy ‎) 

S>_L$ `¡Y$u P2          F1_y„ õhe„`fpNZ (õhag_)              

gnZ õhê$`                KQy ‎              KQy ‎ 

S>_u_ õhê$`               Tt                 Tt

eyÁdL$‎                   T    t              T      t

buÆ `¡Y$u F2   

                          

	
T t

T TT Tt

t Tt tt

`„yeyÁdL$‎

÷ueyÁdL$‎

KQy ‎

_uQy„

KQy ‎

KQy ‎

	 d¡ÞX¡$g¡_p âep¡Np¡_p r_óL$j®_u õ`óV$sp dpV¡$ ApNm_p b¡ âL$pf_p k„L$qfs rhQpfp¡_¡ Ýep_dp„ g¡hp `X$i¡.

d¡ÞX¡g_p¡ A¡L$k„L$qfs k„srs_p¡ âep¡N ‎ (Monohybrid Cross)
	 d¡ÞX¡$g¡A¡ S>¡ âep¡N ¼ep® s¡dp„, rhfp¡^pcpku gnZp¡_u a¼s A¡L$ S> Å¡X$ lp¡e, s¡hp hV$pZp_p TpX$ hÃQ¡ L$f¡gp 
‎k„L$fZ_¡ "A¡L$k„L$qfs k„srs' (Monohybrid Cross)L$l¡ R>¡.‎
	 A¡L$k„L$qfs NyZp¡Ñf kdS>hp dpV¡$ Ap`Z¡ KQu A_¡ Ap¡R>u KQpChpmp hV$pZp_p TpX$_y„ Dv$plfZ gCA¡.‎

S>_L$ `¡Y$u  (P1)
	 E„Qu E„QpChpmp A_¡ Ap¡R>u KQpChpmp hV$pZp_p TpX$_¡ k„L$fZ dpV¡$ `k„v$ L$ep® lsp. dpV¡$ A¡_¡ S>_L$ 
‎‎ ¡Y$u  (P1)L$l¡hpe. d¡ÞX¡$g¡ KQp A_¡ _uQp TpX$ dpV¡$ A_y¾$d¡ âcphu A_¡ Aâcphu Ap iåv$p¡ hp`ep®. ‎d¡ÞX¡$g¡ 
KQp TpX$_¡ âcphu L$üy„ L$pfZ L¡$ ApNm_u `¡Y$udp„ b^p TpX$ KQp \ep. _uQp TpX$ dpV¡$ ‎Aâcphu iåv$ hp`ep£ 
L$pfZL¡$ Ap gnZ ApNm_u `¡Y$udp„ (F1) Å¡hp dþep _l]. Ap âep¡N "`_¡V$ õL$h¡Af' ‎‎ Ý^rs\u _uQ¡ Apàep¡ 
R>¡.‎

	 Ap D`f\u d¡ÞX¡$g¡ A¡hy„ ârs`pv$_ 
L$e¯y L¡$, gnZp¡_p k„¾$dZ dpV¡$ 
S>hpbv$pf OV$L$ Å¡X$udp„ Å¡hp dm¡ R>¡. 
ApS>¡ ‎Ap`Z¡ Ap S> OV$L$p¡_¡ S>_u_ 
sfuL¡$ Ap¡mMuA¡ R>uA¡. âcphu S>_u_ 
A„N°¡Æ rg`u_p dp¡V$p Anfdp„ Äepf¡ 
‎Aâcphu S>_u_ _p_p Anf¡ 
v$ip®hhpdp„ Aph¡ R>¡. S>_u_ Å¡X$udp„ S> 
S>¡hp dm¡ R>¡. s¡\u KQp TpX$ dpV¡$ 
‎‎(TT) Äepf¡ _uQp TpX$ dpV¡$ (tt) 
Anfp¡ h`fpe R>¡. Ap S>_u__u Å¡X$u 
eyÁdL$ r_dp®Z kde¡ rhc¼s \C Åe 
R>¡. s¡\u  T OV$L$ ‎lp¡e A_¡ t OV$L$ lp¡e 
s¡hp b¡ âL$pf_p eyÁdL$ s¥epf \pe R>¡.‎
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`l¡gu k„sp_ue `¡Y$u ‎(F1) - 
The first Filliagenenum

	  Ap âep¡Ndp„ d¡ÞX¡$g¡_p r_funZ A_ykpf 

`¡lgu k„sp_ue `¡Y$u_p (F1) b^p TpX$ KQp lsp. 

`f„sy F1 ‎‎ ¡Y$u_p KQp TpX$ P1 `¡Y$u_p KQp TpX$ 

L$fsp„ Sy>v$p lsp. L$pfZ L¡$ F1 `¡Y$u_p TpX$_p S>_u_ 

KQpC A_¡ _uQp TpX$ R>¡. F1 `¡Y$u_y„ r_funZ 

L$fsp„ KQp TpX$_p OV$L$ _uQp TpX$_p ‎OV$L$ L$fsp„ 

âcphu lp¡e R>¡. s¡hp¡ r_óL$j® d¡ÞX¡$g¡ L$pY$ép¡. F1 
`¡Y$u_p„ b^p„ TpX$ KQp„ lp¡hp R>sp„ s¡dp„ _uQp TpX$ 

dpV¡$ S>hpbv$pf OV$L$p¡ `Z R>¡. dpV¡$ S> F1 `¡Y$u_p 

TpX$ gnZ õhê$`¡  KQp„ R>¡ `Z S>_u_ õhê$`¡ 

hZ®k„L$$f R>¡ (rdî õhê$`_p R>¡). ‎gnZ õhê$` 

A¡V$g¡ kÆh_p¡ bpü v¡$Mph A\hp kÆhdp„ 

v¡$Mpsu rhi¡jsp. v$p.s. KQp A\hp _uQp TpX.$ 

‎Äepf¡ S>_u_ õhê$` A¡V$g¡ ×íe gnZp¡ dpV¡$ 

S>hpbv$pf A¡hu S>_u_ue Å¡X$u. S>_L$ ‎‎ ¡Y$udp„_p 

KQp TpX$_y„ S>_u_ õhê$` (TT) lp¡C A¡L$ S> 

âL$pf_p (T) eyÁdL$ s¥epf L$f¡ R>¡. F1 `¡Y$u_p KQp 

TpX$_y„ ‎S>_u_ õhê$`  (Tt) lp¡C s¡  T A_¡  t A¡hp 

b¡ âL$pf_p eyÁdL$p¡ s¥epf L$f¡ R>¡. Ap D`f\u Ap`Z¡ 

A¡d L$lu iL$uA¡ ‎L¡$  F1 `¡Y$u_p KQp TpX$ A_¡ P1 

`¡Y$u_p KQp TpX$ s¡d_y„ gnZ õhê$` kdp_ lp¡hp 

R>sp„ s¡_y„ S>_u_ õhê$` rcÞ_ ‎R>¡. d¡ÞX¡$g¡ Ap âep¡N 

ApNm Qpgy fp¿ep¡ ‎ A_¡ F1  ̀ ¡Y$u_p TpX$_y„ õhag_ 

\hp v$u^y$. s¡_p\u buÆ k„sp_ue `¡Y$u F2  s¥epf 

\C.¡‎

‎ buÆ k„sp_ue `¡Y$u (F2)
	 buÆ k„sp_ue `¡Y$udp„ KQp A_¡ _]Qp A¡d 
b„_¡ âL$pf_p TpX$ lsp. d¡ÞX¡$g_p Ap„L$Xp âdpZ¡ Ly$g 
929 ‎hV$pZp_p TpX$ `¥L$u 705 TpX$ KQp Äepf¡ 224 
TpX$ _uQp \ep. A¡V$g¡ S> Ap TpX$_p¡ gnZ õhê$` 
NyZp¡Ñf ‎gNcN 3 KQp : 1 _]Qp Äepf¡ S>_u_ue 
NyZp¡Ñf 1TT : 2Tt : 1tt A¡d R>¡ Ap D`f\u       
r_óL$j® _uL$m¡ R>¡ L¡$ ‎õhê$`p¡_p¡ rhQpf L$fsp F2 `¡Y$u_p 
TpX$ b¡ âL$pf_p Äepf¡ S>__ue k„¼ë`_p A_ykpf 
ÓZ âL$pf_p TpX$ Aph¡ ‎R>¡. Ap âL$pf _uQ¡ L$p¡W$pdp„ 
bspìep R>¡.‎ ‎

F2 iyÙâcphu TT
 - KQp TpX$

kdeyÁd_S>‎

F2 iyÙ Aâcphu  (tt)  
- _uQp TpX$‎

kdeyÁd_S>‎

F2 rdî âL$pf _p ‎(Tt)
- KQp TpX$

rhjdeyÁd_S

d¡ÞX¡$g_u qÜk„L$qfs k„srs ‎(Dihybrid cross)
 	 qÜk„L$qfs k„srsdp„ rhfp¡^u gnZp¡_u b¡ Å¡X$uAp¡_p¡ kdph¡i \pe R>¡. d¡ÞX¡$g¡ A¡L$ L$fsp„ h^y gnZp¡_u Å¡X$u 
‎A¡L$u kde¡ hp`fu_¡ k„L$fZ_p h^y âep¡Np¡ L$ep®. Apdp„ Np¡m-`umpf„N_p (RRYY) buS> ^fph_pf TpX$_y„ 
‎L$fQguhpmp A_¡ gugp f„N_p (rryy) bu ^fph_pf bu kp\¡ k„L$fZ ¼ey¯. ‎Apdp„ bu_p¡ ApL$pf A_¡ bu_p¡ f„N b¡ 
gnZp¡_p¡ kdph¡i L$fhpdp„ Apìep¡ R>¡. dpV¡$ s¡_¡ d¡ÞX¡$g_u qÜk„L$qfs k„srs ‎L$l¡ R>¡.‎
S>_L$ `¡Y$u (P1)
	 d¡ÞX¡$g¡A¡ Np¡m-`ump buS> Aph_pf s¡d S> L$fQugphpmp gugp buS> Aph_pfp hV$pZp_p TpX$_u ̀ k„v$Nu L$fu  
R>¡.‎ s¡ L$p¡W$p âdpZ¡.
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 d¡ÞX¡$g¡_p¡ qÜk„L$qfs k„srs_p¡ âep¡N

S>_L$ `¡Y$u P1                         

gnZ õhê$`     Np¡m A_¡ `ump hV$pZp     L$fQguhpmp gugp hV$pZp

S>_u_ õhê$`               RRYY           rryy    

eyÁdL$‎                     RY                ry  

‎̀ l¡gu `¡Y$u  F1                    RrYy 
		
                   (gnZ õhê$` ‎: Np¡m `ump hV$pZp)

S>_L$ `¡Y$u P2          F1_y„ õhe„`fpNZ (õhag_)              

gnZ õhê$`       Np¡m- `ump hV$pZp ‎   L$fQguhpmp gugp hV$pZp     

S>_u_ õhê$`               RrYy                 RrYy   

eyÁdL$‎            RY, Ry, rY, ry     RY, Ry, rY, ry

buÆ `¡Y$u F2   

	
RY Ry rY ry

RY RRYY RRYy RrYY RrYy

 Ry RRYy RRyy RrYy Rryy

rY RrYY RrYy rrYY rrYy

     ry RrYy Rryy rrYy rryy

`„yeyÁdL$‎

÷ueyÁdL$‎

gnZ õhê$` NyZp¡Ñf ‎

1. `umpNp¡m‎ -	
‎2. `ump L$fQguhpmp‎ -
‎3. gugpNp¡m -
‎4. gugp L$fQguhpgp 
    NyZp¡Ñf‎ =     :     :     :             	

S>_u_ õhê$` NyZp¡Ñf

 RRYY - 
 RRYy  -
 RRyy   -
 RrYY   -
 RrYy   -
 Rryy   -
 rrYY   -
 rrYy   -
 rryy    -
 
NyZp¡Ñf
 =   :   :   :   :  :  :  :  :

   	 P1 ¡̀Y$u_p eyÁdL$p¡ s¥epf \sp lp¡e Ðepf¡ S>_u__u Å¡X$u õhs„Ó 
fus¡ Sy>v$u \pe R>¡. A¡V$g¡ L$¡ RRYYTpX$\u RR A_¡ ‎‎YY A¡hu eyÁdL$ 
s¥epf \sp _\u a¼s RY âL$pf_p eyÁdL$p¡ s¥epf \pe R>¡ s¡ S> fus¡ rryy 
TpX$dp„\u ry eyÁdL$p¡ ‎s¥epf \pe R>¡ Ap D`f\u Ap`Z¡ A¡d L$lu iL$uA¡ L¡$ 
eyÁdL$p¡dp„ S>_u__u Å¡X$u_y„ ârsr_r^Ðh s¡dp„_p âÐe¡L$u A¡L$ OV$L$ Üpfp      
\pe R>¡.‎

‎1.	 (RR) A_¡ (rr)_y„  A¡L$ k„L$qfs 
v$ip®hp¡. A_¡ F2 `¡Y$u_p¡ S>_u_ 
õhê$` A_¡ gnZ õhê$`_p¡ 
NyZp¡Ñf gMp¡.‎

‎2.	 F1 `¡Y$udp„ `ump Np¡m A_¡ 
gugp hV$pZp Ap gnZp¡ `¥L$u 
a¼s `ump hV$pZp A¡ gnZ S> 
ip dpV¡$ âNV$ ‎‎\ey„ li¡ ?‎

dNS> Qgphp¡. 
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	 A¡L$ k„L$qfs âep¡N_p r_óL$j® `f\u qÜk„L$qfs âep¡N_p F1`¡Y$u_p TpX$_¡ `ump Np¡m hV$pZp Aphi¡ A¡hu 

‎d¡ÞX¡$g_¡ A`¡np lsu. s¡d_y„ A_ydp_ bfpbf `Z ls„y. Ap hV$pZp_p TpX$_y„ S>_u_ õhê$` YyRr  lp¡hp R>sp„ gnZ 

‎õhê$` `ump Np¡m bu Aph_pfp TpX$ âdpZ¡ lsy„. L$pfZ L¡$ `ump¡ f„N A¡ gugp L$fsp„ âcphu A_¡ Np¡m ‎ApL$pf A¡ 

L$fQguhpmp ApL$pf L$fsp„ âcphu lsp¡. qÜk„L$qfs âep¡N_p F1`¡Y$u_p TpX$dp„ b¡ gnZp¡_p ‎kdph¡i_¡ L$pfZ¡ qÜk„L$qfs 

L$l¡hpe R>¡. 

	 F1`¡Y$u_p TpX$ Qpf âL$pf_p eyÁdL$ s¥epf L$f¡ R>¡. RY, Ry,  rY, ry. Ap ‎‎ ¥L$u RY A_¡ ryA¡ eyÁdL$p¡ P1   eyÁdL$p¡ 

âdpZ¡ S> R>¡.

	 F1 ¡̀Y$u_p TpX$_p õhag_ Üpfp buÆ k„sp_ue ¡̀Y$u (F) ‎r_dp®Z \pe R>¡ Ap ¡̀Y$u_u k„srsdp„ gnZp¡_y„ k„¾$dZ 

L$C fus¡ \pe R>¡ s¡ ©̀óW$¾$dp„L$ 187 _p L$p¡W$pdp„ V|„$L$dp„ v$ip®ìey„ ‎R>¡ A_¡ k|Ó õhê$ ¡̀ L$C fus¡ gMu iL$pe. s¡_u L©$rs L$p¡W$p_u 

bpSy>dp„ Qp¡fkdp„ Ap ¡̀gu R>¡. 4 âL$pf_p ỳ„eyÁdL$ A_¡ 4 âL$pf_p ÷ueyÁdL$_p k„L$fZ\u ‎S>¡ 16 Sy>v$u Sy>v$u Å¡X$u s¥epf 

\pe R>¡, s¡ `V$p Qp¡fk ApL©$rsdp„ ( ©̀óW$ ¾$dp„L$ 187dp„ )‎v$ip®ìe„y R>¡. Ap ApL©$rs_y„ iuj®L$ ỳ„eyÁdL$ A_¡ bpSy>dp„ ÷ueyÁdL$ 

R>¡. buÆ k„sp_ue ¡̀Y$u_p Aæepk `f ‎Ap^pqfs r_funZp¡ ©̀óW$ ¾$dp„L$ 187 D`f_p L$p¡W$p âdpZ¡ Aphi¡.‎

A_yhp„riL$ rhL©$rs ‎ (Genetic disorder)

	 NyZk|Óp¡dp„ AkpdpÞesp_¡ L$pfZ¡ A\hp S>_u_dp„ DÐ`qfhs®__¡ L$pfZ¡ r_dp®Z \e¡gu rbdpfu ‎‎(fp¡N) 

A¡V$g¡ A_yhp„riL$ rhL©$rs. Ap rhL©$rsdp„ NyZk|Óp¡ h^y A\hp Ap¡R>p \C S>hp, ‎NyZk|Óp¡_p A¡L$pv$ cpN_p¡ gp¡` 

\C S>hp¡ A\hp s¡_y„ õ\p_p„sfZ \hy„ Ap [õ\rs_p¡ kdph¡i \pe R>¡. ‎‎¼`pe¡gp lp¡W$, hZ®L$lu_sp S>¡hu ipfuqfL$ 

Mp¡X$ A_¡ rkL$gk¡g A¡_¡rdep, rldp¡qaguep S>¡hp ifuf q¾$ep_p ‎v$p¡j `Z A_yhp„riL$ rhL©$rs_p L¡$V$gp„L$ Dv$plfZp¡ 

R>¡.‎

	 dpZkdp„ 46 NyZk|Óp¡ 23 Å¡X$u_p õhê$`¡ lp¡e R>¡. NyZk|Óp¡_u Å¡X$u_p ApL$pf A_¡ L$v$dp„ rhrh^sp ‎lp¡e R>¡. 

Ap Å¡X$u_¡ A_y¾$dp„L$ Ap`¡gp R>¡. NyZk|Óp¡_u 23 Å¡X$u `¥L$u 22 Å¡X$u AtgNu NyZk|Óp¡_u lp¡e R>¡ ‎Äepf¡ 1 Å¡X$u 

tgN NyZk|Óp¡_u lp¡e R>¡. ÷uAp¡dp„ Ap NyZk|Óp¡ 44 + xx A¡d v$ip®hpe R>¡ Äepf¡ `yê$jp¡dp„ 44 + xy A¡d v$ip®h¡ 

‎R>¡.‎

	 Å¡lpÞk d¡ÞX¡$g¡ `p¡sp_p âep¡Ndp„ L$pfL$_p 

A¡V$g¡ L¡$ S>_u__p b¡ âL$pf L$üp R>¡. A¡_p dpV¡$ 

s¡dZ¡ âcphu A_¡ ‎Aâcphu S>¡hp iåvp¡ 

hp`ep® R>¡.‎ ‎

	 dp_hu L$p¡jpdp„_p NyZk|Óp¡_u k„¿ep, s¡_p¡ 

g]N kp`¡n âL$pf, s¡_p `f_p¡ S>_u_ âL$pf 

(âcphu, Aâcphu) Ap bpbs¡ rhQpfsp„     

A_yhp„riL$ ‎rhL©$rs ip dpV¡$ Dv¹$ch¡ R>¡ A_¡ s¡_y„ 

k„¾$dZ L$C fus¡ \pe R>¡ s¡ Ýep_dp„ Aph¡ R>¡.‎

16.8 dp_h_p kpdpÞe NyZk|Óp¡_p¡ L$p¡W$p¡

AtgNu NyZk|Óp¡ tgN NyZk|Óp¡ 

 1	         2               3                                                 4              5

 6	         7               8              9               10              11           12

 13	         14           15                              16              17            18

 19	         20                   21              22               23         A\hp             
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1. X$pDÞk tkX²$p¡d A\hp d„Np¡qgL$sp X$pDÞk k„gnZ : ( 46+1) 21dp„     
NyZk|Ó_u rÓkdk|Óu ‎Ahõ\p. 

16.10 V$_®f tkX²$p¡d N°rks 
bpmL$_p¡ lp\ ‎

A. NyZk|Óp¡dp„ AkpdpÞesp_¡ L$pfZ¡ r_dp®Z \su rhL©$rs ‎

	 NyZk|Ó_u Ly$g k„¿epdp„ a¡fapf \hp\u ApNm S>Zph¡g v$p¡jp¡ Dv¹$ch¡ R>¡ AtgNu NyZk|Ó_u k„¿ep Ap¡R>u \C 

‎S>hp\u S>Þd_pfu k„srs r_:k„sp_ _\u lp¡su. Ap\u EgVy„$$ Nc®dp„ Ly$g NyZk|Óp¡_u k„¿epdp„ A¡L$pv$ AtgNu 

‎NyZk|Ó_u Å¡X$u h^¡ sp¡ S>Þd g¡_pfp bpmL$dp„ ipfuqfL $L¡$ dp_rkL$ v$p¡j r_dp®Z \pe R>¡ A_¡ s¡_y„ Apeyóe ‎‎ Z Ap¡Ry>„ 

lp¡e R>¡ S>¡dp„_u L¡$V$guL$ rhL©$rs ApNm âdpZ¡ R>¡.‎

2. V$_®f tkX²$p¡d (V$_®f k„gnZ)
	 AtgNu NyZk|Óp¡ âdpZ¡ tgN NyZk|Ó_u AkpdpÞesp_¡ L$pfZ¡ 
L¡$V$gpL$ rhL$pf Dv¹$ch¡ R>¡. V$_®f tkX²$p¡d A\hp ‎‎44+XAp rhL$pfdp„ A¡L$ X 
NyZk|Ó_p¡ g¦rNL$sp\u k„b„r^s cpN _L$pdp¡ \C S>hp_¡ L$pfZ¡ A¡L$ S> X 
NyZk|Ó ‎L$pe®fs lp¡e R>¡ A\hp dpsp-r`sp sfa\u A¡L$ S> X NyZk|Ó 
k„¾$rds \pe R>¡. Aphu ÷uAp¡dp„ 44+XX  Ap [õ\rs_¡ bv$g¡ 44+X 
A¡hu [õ\rs lp¡e R>¡. Aphu ‎‎÷uAp¡dp„ âS>_¡[ÞÖe_u h©[Ý^ `|Z® fus¡ _ \C 
lp¡hp_¡ L$pfZ¡ s¡ âS>__nd _\u lp¡su.‎

 16.9 X$pDÞk tkX²$p¡d V$_®f k„gnZ

	 NyZk|Óp¡dp„ AkpdpÞesp_¡ L$pfZ¡ Dv$ch_pfu X$pDÞk tkX²$p¡d A\hp 
d„Np¡rgL$sp A¡ A¡L$ rhL©$rs R>¡. Ap rhL©$rs ‎dp_h_u bpbsdp„ `l¡gu hMs 
S> ip¡^pe¡gu A_¡ hZ®_ L$f¡gu NyZk|Óue rhL©$rs R>¡. Ap ‎NyZk|Óp¡_u    
fQ_pdp„ Ly$g 47 NyZk|Óp¡ v¡$Mpe R>¡. Ap rhL©$rsdp„ V²$pekp¡du 21 (A¡L$ 
Ar^L$ qÜNyZussp 21) ‎A¡d `Z L$l¡hpe R>¡ L$pfZ L¡$ Ap rhL©$rsdp„ 
bpmL$_p ifuf_p b^p L$p¡jp¡dp„ 21 dp„ NyZk|Ó_u Å¡X$u kp\¡ A¡L$ ‎h^pfp_y„ 
NyZk|Ó lp¡e R>¡. s¡\u Aphp bpmL$dp„ 46 _¡ bv$g¡ 47 NyZk|Óp¡ S>¡hp dm¡ 
R>¡. Aphp bpmL$p¡ d„v$byqÙ A_¡ Aë`pey lp¡e R>¡, dp_rkL$ h©[Ý^ ‎ê„$^phu A¡  
kp¥\u dlÐh_y„ h¥rióV$é R>¡.‎
	 AÞe h¥rióV$édp„ Ap¡R>u KQpC, ̀ lp¡mu Nfv$_, Q`Vy$ _pL$, V|$L$p Ap„Nmp, ApX$u A¡L$ S> lõsf¡Mp, dp\pdp„ ‎ApR>p 
hpm hN¡f¡ kp\¡ A ¡̀rns Apeyóe 16 \u 20 hj® lp¡e R>¡. s¡d_p Ql¡fp_p¡ v$¡Mph d„Np¡rge_ ìe[¼s ‎ S>¡hp¡ lp¡e R>¡. 

3. L$gpC_ a¡ëV$k® tkX²$p¡d (¼gpC_a¡ëV$k® k„fnZ) ‎: 44+ XXY 
	 `yfyjp¡dp„„ tgN NyZk|Óp¡dp„ AkpdpÞesp_¡ L$pfZ¡ Ap rhL$pf ‎Dv¹$ch¡ R>¡ Apdp„ `yfyjp¡dp„ 44+xy_¡ bv$g¡ x 
NyZk|Ó h^y$ lp¡hp_¡ L$pfZ¡ NyZk|Óp¡_u Ly$g k„¿ep 44+xxy  A¡d lp¡e R>¡. ‎S>¡ `yfyjp¡dp„ NyZk|Óp¡ Aphp õhê$`dp„ lp¡e 
s¡ `yfyj Aë`rhL$rks ‎lp¡e R>¡ A_¡ s¡dp„ âS>__ ndsp lp¡su _\u.‎ Aphp âL$pf_u rhL©$rs_¡ ¼gpC_a¡ëV$k®tkX²$p¡d 
L$l¡hpdp„ Aph¡ R>¡. 

fpóV²$ue Apfp¡Áe Arcep_
	 fpóV²$ue Apfp¡Áe Arcep_ A„sN®s fpóV²$ue N°prdZ Apfp¡Áe Arcep_ A¡râg 2005 Äepf¡ fpóV²$ue 
il¡fu Apfp¡Áe Arcep_ 2013 \u iê$ L$fhpdp„ Apìey„ R>¡.
	 N°prdZ A_¡ il¡fu cpNp¡dp„ Apfp¡Áe ìehõ\p dS>b|s L$fhu, rhrh^ fp¡N s¡d S> rbdpfu `f r_e„ÓZ 
d¡mhhy„, Apfp¡Áe ep¡S>_p_p dpÝed Üpfp v$v$}_¡ Apr\®L$ dv$v$ L$fhu _¡ rhjeL$ S>_ÅN©rs L$fhu A¡ Ap 
Arcep__p dy¿e DqØóV$p¡ R>¡. 
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A¡L$ S>_u_ue DÐ`qfhs®__¡ L$pfZ¡ \sp¡ fp¡N (A¡L$S>_u_ue rhL©$rs)‎
	 A¡L$pv$ kpdpÞe (r_v$p£j) S>_u_dp„ DÐ`qfhs®_ \C s¡_y ê$`p„sf kv$p¡j S>_u_dp„ \hp_¡ L$pfZ¡ S>¡ rhL$pf 
‎Dv¹$ch¡ R>¡ s¡_¡ A¡L$S>_u_ue rhL©$rs L$l¡hpe R>¡. Ap âL$pfdp„ gNcN 4000 L$fsp„ h^y dp_hu rhL$pfp¡ k„b„r^s 
‎dprlsu âpàs \C R>¡. kv$p¡j S>_u__¡ L$pfZ¡ ifufdp„ S>_u_ dpfas¡ \_pfp DÐ`pqv$sp¡ s¥epf \sp _\u. A\hp ‎Ars 
Aë` âdpZdp„ s¥epf \pe R>¡. Ap âL$pf_p Qep`Qe_p S>ÞdÅs rhL$pf Ly$dmu hedp„ Æhg¡Z ‎kprbs \C iL¡$. 
Aphp âL$pf_p fp¡Np¡_p„ Dv$plfZp¡ lrQ_kÞk fp¡N, V¡$k¡¼k fp¡N, N¡g¡L$V$p¡k¡duAp, a¡r_g ‎qL$V$p¡_dl¡, rkL$gk¡g     
A¡r_rdep (v$pÓ ¡̀iu `p„Xy$fp¡N), rkõV$uL$ apeb°p¡kuk ( ỳV$u s„sych_), hZ®L$lu_sp, ‎ludp¡a¡guep, fsp„̂ mp`Z„y hN¡f¡.‎

1. hZ®L$lu_sp (Albinism) hZ®L$lu_sp A¡ 
A¡L$ S>_u_ue rhL$pf R>¡. Ap rhL$pfdp„ ifuf 
d¡g¡r__ hZ®L$ ‎‎(f„NÖìe) s¥epf L$fu i¼sy„ _\u 
Ap„M, ÐhQp A_¡ hpm_¡ d¡g¡r__ A¡ s`Mufu 
f„N_p hZ®L$_¡ L$pfZ¡ f„N ‎Aphsp¡ lp¡e R>¡. 
hZ®L$lu_ ìeqL$s_u ÐhQp r_õs¡S> A_¡ hpm 
ka¡v$ lp¡e R>¡ Ap„M kpdpÞe fus¡ Nygpbu lp¡e ‎R>¡ 
L$pfZ L¡$ `qfspqfL$p A_¡ ×[óV$`V$gdp„ hZ®L$ lp¡s„y 
_\u . 16.11 hZ®L$lu_sp N°õs bpmL$_u Ap„M A_¡ hpm

‎2. v$pÓ`¡iu `p„Xy$fp¡N (rkL$gk¡g A¡r_rdep) 
	 âp¡V$u_, X$u.A¡_.A¡. hN¡f¡ S>¡hp AÏ_u fQ_pdp„ L$p¡C`Z A¡L$v$d dpd|gu a¡fapf_p `qfZpd¡ fp¡N A\hp rhL$pf  
\pe R>¡. rldp¡Ágp¡bu_ AZy_u fQ_pdp„ R>Ìz„$ A¡rd_p¡ A¡rkX$ A¡V$g¡ ÁgyV$pr_L$ A¡rkX$ R>¡. s¡_u S>Áep hµrg_ _pd_p 
A¡rkX$¡ g¡hp\u rldp¡Ágp¡rb__p AÏ_u ‎fQ_p/L$v$ bv$gpe R>¡. s¡\u f¼sL$rZL$pAp¡_p¡ g„bNp¡m S>¡hp¡ kpdpÞe ApL$pf 
bv$gpC_¡ buÅ¡ ApL$pf b_¡ R>¡. ‎Ap [õ\rs_¡ v$pÓ`¡iu `p„Xy$fp¡N L$l¡hpe R>¡. Ap rhL$pf\u bpr^$s ìe[¼sdp„ 
rldp¡Ágp¡bu__u Ap¡[¼kS>_ ‎N°lZ L$fhp_u L$pe®ndsp Ap¡R>u \C Åe R>¡. 
	 Ap [õ\rsdp„ A_¡L$ hMs gpg f¼sL$rZL$pAp¡_u Np„W$ s¥epf \pe ‎R>¡ A_¡ s¡ _pi `pd¡ R>¡. `qfZpd¡ 
fL$shprl_uAp¡dp„ Ahfp¡^ r_dp®Z \pe R>¡ A_¡ f¼sprckfZ s„Ó, dNS>, ‎a¡akp„,d|Ót`X$ hN¡f¡_¡ lpr_ `lp¢Q¡ R>¡.  
rkL$gk¡g A_yhp„riL$ rbdpfu R>¡. Nc®^pfZ kde¡ S>_u_ue a¡fapf_¡ L$pfZ¡ Ap fp¡N \pe R>¡ dpsp A_¡ ‎r`sp b„_¡ 
rkL$gk¡gN°õs A\hp hplL$ lp¡C sp¡ s¡d_p„ bpmL$p¡_¡ Ap fp¡N \C iL¡$. s¡\u kdpS>dp„ rkL$gk¡g ‎hplL$ A\hp 
rkL$gk¡g N°õs ìe[¼sA¡ A¡L$buÅ kp\¡ rhhpl V$pmhp¡ Å¡CA¡.‎

rk¼gk¡g rbdpfu\u `uqX$s ìe[¼s_p âL$pf
‎1. 	 rk¼gk¡g hplL$ ìe[¼s (AS) L¸$fuef‎
‎2. 	 rkL$gk¡g N°õs/r`X$us ìe[¼s (SS) kaff 
rkL$gk¡g fp¡N_p gnZp¡
	 lp\`N `f kp¡Å¡ Aphhp¡,‎ kp„^p vy$Mhp, 
Akü h¡v$_p \hu, ifv$u A_¡ D^fk kss fl¡hu, 
ifufdp„ ^udp¡ sph fl¡hp¡, S>ëv$u \pL$u S>hy„, Ql¡fp¡ 
r_õs¡S> v¡$Mphp¡, rldp¡Ágp¡bu__y„ âdpZ Ap¡Ry>„ \hy„.‎

	 dlpfpóV²$dp„ rkL$gk¡g A¡r_rdAp_p Apif¡ 
2.5 gpM L$fsp„ h^y v$v$}Ap¡ R>¡. A_¡ 21 rS>ëgp 
rkL$gk¡g rbdpfu\u h^y âcprhs R>¡. S>¡dp„ 
rhv$c®_p 11 rS>ëgp_p¡ kdph¡i R>¡.

iy„ sd¡ ÅZp¡ R>p¡ ?
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1.‎	 Ap fp¡N âÅ¡Ð`pv$_ Ap A¡L$ S> dpÝed Üpfp âkpqfs \pe R>¡ 
dpV¡$ gÁ_ `|h£ _rl sp¡ gÁ_ bpv$ ‎hf-h^y b„_¡A¡ s`pkZu 
L$fphu g¡hu Å¡CA¡.

‎2.‎	 rkL$gk¡g hplL$/`uqX$s ìe[¼sA¡ buÅ hplL$/`uqX$s ìe[¼s 
kp\¡ gÁ_ V$pmhp.‎

‎3.‎	 rkL$gk¡g N°õs ìe[¼sA¡ v$ffp¡S> A¡L$ ap¡rgL$ A¡rkX$_u Np¡mu 
g¡hu.‎

Qpgp¡ b^p S> 
f¼s s`pkZu L$fuA¡ !

rkL$gk¡g fp¡N `f
r_e„ÓZ d¡mhuA¡ ! ‎

16.12 rkL$gk¡g

kpdpÞe
bpr^s

rk¼gk¡g rbdpfu _uQ¡ dyS>b \pe R>¡. 
k„L¡$s rQÞlp¡ AA = kpdpÞe (Normal), AS = hplL$ (Carrier), SS = `uqX$s ‎(Sufferer)
A.¾$. `yfyj‎ ÷u‎ rkL$gk¡g bpmL$_p¡ S>Þd

1 AA AA dpsp-r`sp b„_¡ kpdpÞe lp¡e sp¡ b^p bpmL$p¡ r_fp¡Nu S>Þd¡ R>¡‎

2 AA 
A\hp
AS 

AS 
A\hp
AA

dpsp A_ r`sp dp„\u A¡L$ kpdpÞe A_¡ A¡L$ hplL$ lp¡e sp¡ 50% bpmL$ ‎kpdpÞe 
Äepf¡ 50% bpmL$ hplL$ S>Þd¡ R>¡.‎

3 AA 
A\hp

SS

SS 
A\hp
AA

dpsp A_¡ r`sp `¥L$u A¡L$ kpdpÞe A_¡ A¡L$ `uqX$s lp¡e sp¡ b^p bpmL$p¡ ‎hplL$ 
S>Þd¡ R>¡.‎

4 AS AS dpsp-r`sp b„_¡ hplL$ lp¡e sp¡ 25% kpdpÞe, 25% `uqX$s A_¡ 50% ‎hplL$ 
bpmL$p¡ S>Þd¡ R>¡.‎

5 AS 
A\hp

SS

SS 
A\hp
AS

dpsp A_¡ r`sp `¥L$u A¡L$ hplL$ A_¡ A¡L$ `uqX$s lp¡e sp¡ 50 % hplL$ ‎A_¡ 

50 % r`qX$s bpmL$p¡ S>Þd¡ R>¡.‎

6 SS SS dpsp-r`sp b„_¡ `uqX$s lp¡e sp¡ b^p„ bpmL$p¡ `uqX$s S>Þd¡ R>¡.‎

rkL$gk¡g r_v$p_ ‎ - fpóV²$ue Apfp¡Áe Arcep_ A„sN®s kh® rS>ëgp ê$ÁZpgedp„ (lp¡õ`uV$gdp„) rkL$gk¡g_p 
r_v$p_ dpV¡$_u ‎kp¡ëeybuguV$u V¡$õV$_u kyrh^p R>¡. s¡dS> N°pduZ A_¡ D`rS>ëgp ê$ÁZpgedp„ Ap dpV¡$ 
CgL¡$V²$p¡ap¡f¡kuk A¡ ‎r_ròs r_v$p__u V¡$õV$ L$fhpdp„ Aph¡ R>¡.‎ ‎

D`pe ep¡S>_p‎

16.13 rk¼gk¡g N°õs bpmL$_p¡ lp\.‎
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L$. s„syL$rZL$ue rhL©$rs ‎

	 s„syL$rZL$pdp„ X$u.A¡_.A¡.  AÏdp„_p S>_u_dp„ DÐ`qfhs®__¡ gu^¡ v$p¡j r_dp®Z \C iL¡$ R>¡. c°|Z rhL$rks      

\sp„ ‎A„X$L$p¡j Üpfp S> s„syL$rZL$p Aphhp\u, Ap âL$pf¡ Dv¹$chsp¡ rhL$pf a¼s dpsp Üpfp k„sp__¡ dm¡ R>¡. g¡b¡f_u ‎  

A_yhp„riL$ Q¡sprhL©$rs A¡ s„syL$rZL$ue rhL©$rs_y„ Dv$plfZ R>¡.‎      

X$. blzS>_u_ue DÐ`qfhs®__¡ L$pfZ¡ \su  rhL©rs (blzOV$ue rhL©rs)  ‎

	 L¡$V$guL$ hMs A¡L$ L$fsp„ h ŷ S>_u_dp„ a¡fapf \hp_¡ gu ¡̂ rhL©$rs Dv¹$ch¡ R>¡. Aphp dp¡V$pcpN_p rhL$pfp¡ ‎Ncp®hõ\pdp„ 

Nc®_u ApSy>bpSy>_p `ep®hfZ_p OV$L$p¡_u Akf\u rhL$pfp¡_u suh°sp h^¡ R>¡. A_¡L$ kpdpÞe`Z¡ Å¡hp ‎dmsu rhL©$rs 

Ap âL$pf_u R>¡. v$p.s L$`pe¡gp lp¡W$$, L$`pe¡gy spmhy„, k„L$p¡Qpe¡g„y S>W$f, L$fpX¡$fÄSy>_p dZL$pdp„ ‎v$p¡j hN¡f¡. Ap D`fp„s 

d^yâd¡l, fL$sv$pb ùv$erhL$pf, v$d, ÅXp`Zy„ Ap rhL$pfp¡ `Z blzOV$L$ue R>¡. blzOV$L$ue rhL©$rs ‎d¡ÞX¡$g_u                  

A_yhp„riL$sp_u ê$`f¡Mp kp\¡ s„sp¡s„s Å¡X$psu _\u. `ep®hfZ, Æh_i¥gu A_¡ A_¡L$ S>_u__p v$p¡j ‎s¡_p k„ey¼s 

N|„QhZ_p `qfZpd\u Dv$¹ch¡ R>¡.‎

s„bpLy$ k¡h__p¡ rhfp¡^ L$fhp 
dpV¡$ `\_pV$é/_pqV$L$p 
b¡kpX$u fS|> L$fp¡ A_¡ s„bpLy$ 
rhfp¡^u T„yb¡idp„ klcpNu 
‎‎\ph. ‎

s„bpLy$ k¡h_ A_¡ L$p¡jp¡_u Ar_e„rÓs h©[Ý^ (L$L®$fp¡N)_p¡ klk„b„^
	 OZu ìe[¼sAp¡ s„bpLy$_p¡ D`ep¡N ^|d°`p_ L$fhp dpV¡$ A_¡ Qphhp 
dpV¡$ L$fsp lp¡e R>¡. L$p¡C`Z [õ\rsdp„ ‎s„bpLy$S>Þe ̀ v$p\® L$L®$ fp¡N (L¡$Þkf) 
r_dp®Z L$f¡ R>¡. buX$u, rkNf¡V$_p ^|d°`p__¡ L$pfZ¡ `pQ_q¾$ep_¡ `Z 
lpr_ ‎‎ lp¢Q¡ R>¡. s¡\u Nmpdp„ bm¡ R>¡ A_¡ E^fk \pe R>¡. Ars^|d°`p__¡ 
L$pfZ¡ hpf„hpf A[õ\fsp r_dp®Z \pe ‎R>¡. Ap„NmuAp¡ ^°|S>¡ R>¡. k|L$u 
Mp„ku_¡ L$pfZ¡ KOdp„ Mg¡g `X¡$ R>¡. s¡dS> Apeyóe Ap¡Ry>„ \pe R>¡.
v$uO®L$pgu_ ‎b°p¡¢L$pCV$uk, a¡akp„, dyM, õhfe„Ó, ðpk_mu, õhpvy$t`X$, 
d|Ópie hN¡f¡_p L$L®$fp¡N, `qfùv$efp¡N S>¡hu ‎rbdpfu Dv¹$ch¡ R>¡.‎
	‎  |d°`p__y„ ce„L$f `qfZpd s„bpLy$dp„ fl¡gp r_L$p¡V$u_ _pd_p OV$L$_¡ 
L$pfZ¡ \pe R>¡. r_L$p¡V$u_\u dÝehs} A_¡ ‎‎ qfOue Q¡sp k„õ\p `f 
vy$ó`qfZpd \pe R>¡. S>¡\u ^d_uAp¡ bfX$ (L$W$Z) b_¡ R>¡. ^d_u_u  
L$qW$Zsp_¡ ‎L$pfZ¡ f¼s v$bpZ h^¡ R>¡.‎
	 s„bpLy$_p O|dpX$pdp„ `peqfX$u_ A¡dp¡r_ep AëX$ulpCX$ azfaeyfp¡g 
L$pb®_ dp¡_pµ¼kpCX$, r_L$p¡V$u_, këaf ‎X$pep¡L$kpCX$ S>¡hp _yL$kp_L$pfL$ 
k„ep¡S>_p¡ lp¡e R>¡. S>¡\u Ar_e„rÓs L$p¡jrhcpS>_ Dv¹$ch¡ R>¡.s„bpLy$_p 
‎‎ |dpX$pdp„ k|ÿd L$pb®__p L$Zp¡ cf`|f dpÓpdp„ lp¡e R>¡. s¡\u a¡akp„_u      
r_fp¡Nu `¡iu_y„ ê$`p„sf L$pmp f„N_u `¡iudp„ ‎‎\pe R>¡ S>¡\u L¡$Þkf \pe R>¡. 
s„bpLy$ A_¡ s„bpLy$S>Þe `v$p\® Qphsp lp¡e Ðepf¡ s¡_p fk_p¡ dp¡V$p¡ cpN 
ifufdp„ ‎ip¡jpC Åe R>¡. s„bpLy$_p Ars k¡h_\u lp¡W$, Æc hN¡f¡_p¡ L$L®$ 
fp¡N, ×[óV$v$p¡j \C iL¡$ R>¡. dpV¡$ ifuf_¡ ‎L$L®$ fp¡N\u kyfrns fpMhy„ lp¡e sp¡ 
^|d°`p_ A_¡ s„bpLy$ s¡d S> s„bpLy$S>Þe `v$p\p£_y„ k¡h_ V$pmhy„.‎

Ýep_dp„ fpMp¡.
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1.‎	 L$p¥kdp„ Ap`¡gp ̀ ep®ep¡ ̀ ¥L$u ep¡Áe ̀ ep®e ̀ k„v$ L$fu 
hp¼e `|Z® L$fp¡. ‎

     	 (A_yh„i, g¦rNL$ âS>__, Ag¦rNL$ âS>__, 
NyZk|Óp¡, X$u.A¡_.A¡., Apf.A¡_.A¡., S>_u_)‎

	 (A)‎	 A_yhp„riL$ gnZp¡ dpsp-r`sp `pk¡\u 
s¡_u k„srsdp„ k„¾$rds L$f¡ R>¡ dpV¡$ .......... 
_¡ A_yhp„riL$sp_y„ ‎L$pe®L$pfu OV$L$ L$l¡hpe R>¡‎.

	 (Ap)‎	‎...... ̀ y_fyÐ`pv$__u âq¾$ep\u r_dp®Z \sp„ 
kÆhp¡dp„ k|ÿd saphs lp¡e R>¡.‎

	 (B)‎	 kÆhp¡_p L$p¡jL$¡ÞÖdp„ fl¡gp A_¡ A_yhp„riL$ 
NyZ^dp£_„y hl_ L$f_pf OV$L$........ R>¡‎

	 (C)‎	 NyZk|Óp¡ dy¿es: ...... _p b_¡gp lp¡e R>¡. 
	 (D)‎	‎ .......... `y_ê$Ð`pv$__u âq¾$ep\u r_dp®Z 

\sp kÆhdp„ saphs h^y lp¡e R>¡.‎
‎2.‎	 õ`óV$uL$fZ gMp¡.‎ ‎ ‎
	 (A)‎	 d¡ÞX¡$g_u A¡L$ k„L$qfs k„srs L$p¡C`Z A¡L$ 

k„L$qfs Üpfp õ`óV$ L$fp¡‎.
	 (Ap)‎	d¡ÞX¡$g_u qÜk„L$qfs k„srs L$p¡C`Z A¡L$ 

k„L$qfs Üpfp õ`óV$ L$fp¡.‎
	 (B)‎	 d¡ÞX¡$g_u A¡L$ k„L$qfs A_¡ qÜk„Lqfs k„srs 

hÃQ¡_p¡ saphs gMp¡.‎
	 (C)‎	 S>_u_ue rhL$pfhpmp fp¡Nu kp\¡ fl¡hp_y„ 

V$pmhy„ A¡ ep¡Áe R>¡ L¡$?‎ 
3.‎	‎ _uQ¡_p âñp¡_p S>hpb sdpfp iåv$p¡$dp„ gMp¡.‎
	 (A)‎	 NyZk|Óp¡ A¡V$g¡ iy„ s¡ S>Zphu s¡_p âL$pf 

õ`óV$ L$fp¡. ‎
	 (Ap)‎	X$u.A¡_.A¡. AÏ_u fQ_p õ`óV$ L$fp¡.‎
	 (B)‎	‎ X$u.A¡_.A¡. a]Nf âuqV$„$N_p¡ L$C fus¡ \C 

iL¡$ s¡ rhi¡ sdpfp¡ ds ìe¼s L$fp¡.
	 (C)‎	‎ Apf.A¡_.A¡. _u fQ_p, L$pe® A_¡ âL$pf 

õ`óV$ L$fp¡.‎
	 (D)‎	 gÁ_`|h£ hf-h^y b„_¡A¡ f¼s s`pkZu 

L$fhu AphíeL$ R>¡ ip dpV¡$?‎ 

4. ‎	 V|„$L$dp„ dprlsu gMp¡.‎
	 (A)‎	 X$pDÞk k]X²$p¡d/d„Np¡rgL$sp
	 (Ap)‎	A¡L$ S>_u_ue rhL©$rs
	 (B)‎	 rkL$gk¡g A¡r_rdep_p gnZp¡ A_¡ 

D`peep¡S>_p ‎
5.‎	 A, b A_¡ L$ S|>\p¡_¡ `fõ`f iy„ k„b„^ R>¡?‎ ‎

"A' õs„c "b' õs„c "L$' õs„c
g¡b¡f_u 
A_yhp„riL$ 
Q¡sprhL©$rs

44+ xxy r_õs¡S> ÐhQp, 
ka¡v$ hpm

d^yâd¡l ‎ 45+x ‎̀ yfyj âS>__nd 
_\u lp¡sp.

hZ®L$lu_sp s„syL$rZL$ rhL©$rs ‎÷uAp¡ âS>__ 
nd _\u lp¡su.

V$_®f tkX²$p¡d blzOV$L$ue rhL©$rs c°|Z rhL$rks \sy„ 
lp¡e Ðepf¡ ‎r_dp®Z 
\su rhL©$rs

L$gpC_p 
a¡ëV$k® qk„X²$p¡d‎

A¡L$ S>_u_ue 
rhL©$rs

f¼sdp„_p 
ÁgyL$p¡T_p õsf `f 
‎‎ qfZpd‎

6.‎	 klk„b„^ gMp¡‎.
	 (A)	‎ 44 + X : V$_®f tkX²$p¡d : : 44 + XXY : ....
	 (Ap)	‎ 3:1 A¡L k„Lqfs ‎ :: 9:3:3.............
	 (B)	‎‎ ÷uAp¡ : V$_®f tkX²$p¡d :: `yfyj ...‎

7.‎	 A_yhp„riL$ rhL©$rs k„b„r^s dprlsu_p Ap^pf¡ 
agp¡QpV®$ s¥epf L$fp¡.‎

	                 A_yhp„riL$ rhL©$rs

D`¾$d ‎	
	 (A)	 X$u.A¡_.A¡.AÏ_u ârsL©$rs b_phu 

dprlsu fS|> L$fp¡.‎
	 (Ap)	s„bpLy$ k¡h_ A_ L$L®$fp¡N rhi¡ PowerPoint 

Presentation s¥epf L$fu s¡_y„ âõsysuL$fZ 
L$fp¡.‎ 

²²²

õhpÝepe
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‎̀ ¡iu ‎ (Tissue)
	 Adubp S>¡hp A¡L$L$p¡jue kÆhdp„ AphíeL$ s¡ b^p„ L$pep£ s¡ S> L$p¡jdp„_u A„rNL$p `pf `pX¡ R>¡. `Z dp¡V$p 
cpN_p ‎kÆhp¡ blzL$p¡jue R>¡. sp¡ s¡d_p ifufdp„_p rhrh^ L$pep£ ‎L¡$hu fus¡ `pf `X¡$ R>¡? ifufdp„_p rhrh^ L$pep£ `pf 
`pX$hp dpV¡$ ifuf_u L$p¡jp¡_y„ S|>\ A¡L$rÓs \pe R>¡.
	 Anfp¡ g iåv$ g hp¼e g `pW$ g `pW$é`yõsL$ Ap ¾$d sd_¡ Mbf R>¡?
	 s¡ S> âdpZ¡ kÆhp¡_p ifuf_y„ k„OV$_ ‎‎ Z A¡L$ rhrióV$ ¾$d\u \pe R>¡. Ap `¥L$u L$p¡j A_¡ s¡_u A„rNL$pAp¡_u 
dprlsu Ap`Z¡ `l¡gp„ S> gu^¡gu R>¡. ‎
	 	 ifuf_p rhrióV$ L$pe® L$fhp dpV¡$ A¡L$W$$p \e¡gp A¡L$kfMp L$p¡j_p kd|l_¡ `¡iu L$l¡hpe R>¡. bly$L$p¡jue 
‎kÆhp¡_p ifufdp„ gpMp¡ L$p¡j lp¡e R>¡. Ap L$p¡jp¡_u hl¢QZu Sy>v$p Sy>v$p kd|ldp„ L$f¡gu lp¡hp\u âÐe¡L$ kd|l ‎A¡L$pvy„$ 
rhrióV$ L$pe® S> L$f¡ R>¡. v$p.s. Ap`Zp ifufdp„_p õ_peyAp¡_p k„L$p¡Q_-âkfZ-ri\uguL$fZ_p L$pfZ¡ Ap`Z¡ 
‎lg_Qg_ L$fu iL$uA¡ R>uA¡. sp¡ h_õ`rsdp„_u hprl_u `¡iu `pZu A_¡ AÞ__y„ hl_ ifuf_p b^p$ cpN ‎ky^u L$f¡ 
R>¡. L$p¡j_u rhrióV$ fQ_p A_¡ s¡d_p L$pd_u rhcpNZu \hp\u ifuf_p„ b^p„ L$pdp¡ khp£ÃQ ndsp\u ‎‎\pe R>¡.‎

1. 	 kÆhp¡dp„ AphíeL$ A¡hp L$pep£ ¼ep OV$L$$ Üpfp `pf `pX$hpdp„ Aph¡ R>¡?‎
‎2. 	 kÆhp¡_p ifuf_y„ fQ_pÐdL$ A_¡ L$pep®ÐdL$ _p_pdp„ _p_y A¡L$d ¼ey„ R>¡?‎

kpv$u `¡iu‎ (Simple tissue)  
A¡L$ S> âL$pf_p L$p¡jp¡_u b_¡gu lp¡e R>¡.‎
v$p.s. âpZuAp¡dp„_u Arcõsf `¡iu, 

h_õ`rs_u d|m `¡iu

S>qV$g `¡iu ‎ (Complex tissue)
A¡L$ L$fsp h^y âL$pf_p L$p¡jp¡_u b_¡gu lp¡e 

R>¡. v$ps. âpZu_y„ gp¡lu, h_õ`rsdp„_u 
S>ghprl_uAp¡ A_¡ fkhprl_uAp¡.‎ ‎

‎̀ ¡iu_p âL$pf ‎

	 h_õ`rs A_¡ `°pZu_u ifuffQ_p s\p L$pep£ kfMp„ S> R>¡?‎

	 h_õ`rs [õ\f lp¡hp\u s¡d_u dp¡V$pcpN_u `¡iu Ap^pf v$¡hp dpV¡$ lp¡e R>¡. L¡$V$guL$ `¡iu d©s L$p¡jdp„\u b_¡ R>¡ 
‎A_¡ s¡d_¡ h^pf¡ k„cpm_u S>ê$f _\u. h_õ`rs_u h©[Ý^ s¡d_p ifufdp„ Qp¡½$k W¡$L$pZ¡ S> \pe R>¡, Äep„ ‎rhcpÄe 
`¡iu (Meristematis) lp¡e R>¡. `°pZuAp¡_¡ AÞ_, fl¡W$pZ A_¡ Å¡X$uv$pf ip¡^hp dpV¡$ kss l$g_Qg_ A\hp
õ\mp„sf L$fhy„ `X$sy„ lp¡hp\u s¡d_¡ EÅ®_u h^pf¡ S>ê$f lp¡e R>¡. A_¡ s¡d_u dp¡V$p cpN_u `¡iu Æh„s `¡iu Üpfp ‎s¥epf 
\e¡gu lp¡e R>¡. âpZu_u h©[Ý^ ApMp ifufdp„ A¡L$kfMu \pe R>¡ A_¡ s¡dp„ rhcpS>L$ /ArhcpS>L$ `¡iu ‎A¡hp cpN 
_\u lp¡sp. A¡V$g¡ L¡$ h_õ`rs A_¡ âpZudp„ Sy>v$pSy>v$p âL$pf_u `¡iu L$pe®fs lp¡e R>¡.‎

rhQpf L$fp¡.

rhQpf L$fp¡.

1. गतीचे नियम
Ø  `¡iu-h_õ`rs `¡iu A_¡ âpZu `¡iu	 Ø  `¡iu k„h^®_
Ø  L©$rj `e®V$_	 Ø  M¡su`|fL$ ìehkpe

17. S>¥hs„Óop__u Ap¡mM
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âpZu `¡iu‎ (Animal Tissue)	

Ap`Ï„ ùv$e, f¼shprl_uAp¡, Ap„sfX$p Ap Aheh Ap`Z_¡ L¡$d v¡$Mpsp _\u ?‎

	 brl®Np¡m L$pQ\u sdpfu l\¡mu_u `pR>m_u ÐhQp_y„ r_funZ L$fp¡. A¡L$buÅ 
kp\¡ kÄS>X$$ Qp¢V¡$gp QsyóL$p¡Zu, ‎‎ „QL$p¡Zu ApL$pf v¡$Mpe R>¡ ?‎

	 ifufdp„_p rhrh^ Aheh A_¡ HqÖek„õ\p Sy>v$p Sy>v$p fpMhp_y„ L$pe® L$p¡Z L$f¡ 
R>¡? L¡$hu fus¡ ? ‎

	 	 âpZuAp¡_p ifufdp„ A_¡L$ 
Aheh c¡Np dmu_¡ L$pe® L$f¡ R>¡. a¡L$kp„, 
ðk__rgL$p S>¡hp Aheh L¡$V$gpL$ 
rhrióV$ ‎õ_pey_p ApLy„$Q_ A_¡ âkfZ_p 
L$pfZ¡ ðk__y„ L$pe® `pf `pX¡$ R>¡. rhrh^ 
`¡iuAp¡ Ahehp¡dp„ rhrh^ âL$pf_p L$pep£ 
L$fsu ‎lp¡e R>¡. Ap L$pep®_ykpf `¡iu_y„ 
Sy>v$pSy>v$p âL$pfdp„ hN}L$fZ ¼e¯y R>¡.‎
	‎ âpZu `¡iu_p Arcõsf `¡iu 
k„ep¡S>L$ `¡iu, õ_pey `¡iu A_¡ Q¡sp`¡iu 
A¡d dy¿e Qpf âL$pf R>¡.‎

	 ifufdp„_y„ gp¡lu k„ep¡S>L$ `¡iu_p¡ A¡L$ âL$pf R>¡. gp¡lu ifuf_p A¡L$ cpNdp„\u buÅ cpN sfa âhprls 
‎‎\pe R>¡ s¡dS> A_¡L$ `v$p\p£_y„ hl_ L$f¡ R>¡. Dv$p. s¡ Ap¡[¼kS>_ A_¡ `p¡j¼Öìep¡_y„ kh® L$p¡j sfa hl_ L$f¡ R>¡. 
s¡ ‎S> âdpZ¡ ifuf_p b^p cpNdp„ r_dp®Z \_pfp¡ L$Qfp¡ qL$X$_u sfa DÐkS>®_ dpV¡$ hl_ L$f¡ R>¡.‎

17.1 âpZu`¡iu_p âL$pf

Arcõsf `¡iu‎ (Epithelial Tissue)
	 âpZuAp¡_p ifuf_p k„fnL$ AphfZ_¡ Arcõsf `¡iu L$l¡ R>¡. Arcõsf `¡iu_p L$p¡jp¡ A¡L$buÅ kp\¡ kÄS>X$ 
b„^pe¡gp lp¡e R>¡. Ap\u s¡Ap¡ A¡L$ km„N õsf b_ph¡ R>¡. s¡dp„ Ap„sfL$p¡jue S>Áep _ lp¡hp_¡ L$pfZ¡ ifufdp„ âh¡i 
L$fhp dpNsp `v$p\p®_¡ `l¡gp Arcõsf `¡iu_p¡ ‎kpd_p¡ L$fhp¡ `X¡$ R>¡. b^u Arcõsf `¡iu bpüL$p¡jue s„syde 
Ap^pf `V$g hX¡$ s¡_u _uQ¡_u `¡iuAp¡\u ‎AgN `X¡$ R>¡. ÐhQp, dyM_u A„v$f_u ÐhQp_y„ õsf, gp¡lu_u _muAp¡_y„ 
õsf, a¡akp_p hpeyL$p¡jp¡ hN¡f¡ Arcõsf `¡iuAp¡\u b_¡gp R>¡.‎

õ_pey `¡iu

Q¡sp `¡iu Arcõsf `¡iu

k„ep¡S>L$ `¡iu

rhQpf L$fp¡. 

r_funZ L$fp¡.

iy„ sd¡ ÅZp¡ R>p¡ ?

dNS> Qgphp¡. 
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Arcõsf `¡iu_p âL$pf ‎

‎_pd‎ ApL©$rs L$ep„ Å¡¡hp dm¡ ?‎ õhê$`‎ L$pe®‎
‎kpv$u `Ë$ue 
Arcõsf 
(Squamous 
epithelium )

dp¡Yy„$,‎AÞ_ _muAp¡, 
f¼s ‎hprl_uAp¡, 
‎a¡L$kp_p hpeyL$p¡jp¡_u 
A„v$f_u bpSy> ‎

M|b `psmu, Q`V$u 
‎A_¡ _pSy>L$$$ `¡iu_y„ 
A^®`pfv$i®L$ `V$g 
(‎Aõsf)

Qp¡½$k ‎‎ v$p\p®¡_y„ 
hl_ L$fhy„.

õsqfs `Ë$ue 
Arcõsf 
(Stratified 
epithelium)

QpdX$u_p ‎
bpüõsfdp„‎

‎̀ ¡iu_p A¡L$ D`f 
‎A¡L$ A¡hp A_¡L$ \f

Ahehp¡_p¡ 
Okpfp¡ fp¡L$hp¡,  
kf„nZ L$fhy„.

N°„r\e Arcõsf 
(Glandular 
epithelium)

QpdX$u_p ‎
Ap„sfõsfdp„,‎

‎̀ ¡iudp„ 
‎‎÷phL$`v$p\®\u 
cf¡gu ‎‎ yqV$L$p lp¡e R>¡‎

‎̀ fk¡hp¡, s¡g 
A_¡ ‎QuL$Zp 
`v$p\®_p ‎‎÷ph 
÷hhp_y„ L$pe®.‎

õs„cpL$pf 
Arcõsf 
(Columnar 
epithelium)

Ap„sfX$p A_¡ 
‎AÞ_dpN®_p ‎
Ap„sfõsfdp„‎

‎\p„cgp S>¡hu KQu 
‎‎ ¡iu ip¡`Z_y„ L$pe® 
‎Qpg_y„ lp¡e s¡ W¡$L$pZ¡ 
‎L$p¡j_p D`f_p 
‎cpNdp„ NX$u hm¡gu 
‎lp¡e R>¡.‎

‎̀ pQL$ fkp¡_p¡ 
÷ph, ‎‎ p¡jL$ 
Öìep¡_y„ ip¡jZ 
‎L$f¡‎

fp¡dL$ Arcõsf 
(Ciliated 
Epithelium)

ïhk_dpN®_u 
‎A„v$f_u bpSy>,‎

L$p¡jp¡_¡ hpm S>¡hp 
‎fp¡dL$ lp¡e R>¡.‎

lhp A_¡ 
QuL$Zp¡ ‎‎ v$p\® 
ApNm ^L¡$gu 
‎ðk_dpN® 
õhÃR> ‎L$fhp¡‎

O_pL$pf Arcõsf 
(Cuboidal 
epithelium)

d|Ót`„X$_rgL$p,
_mu_p ‎õsfdp„ 
gpmN°„r\_u ‎‎

O_pL$pf L$p¡jp¡‎ ‎d|Ódp„ fl¡gp 
‎D`ep¡Nu Öìe_y„ 
‎ip¡jZ, gpm_p 
‎‎÷ph‎

Arcõsf `¡iu kpv$u `¡iu ip dpV¡$ R>¡ ?‎

	 gp¡lu_y„ L$pedõhê$`u L$pQ`Ë$u_y„ k„ey¼s k|ÿdv$i®L$_u dv$v$\u r_funZ L$fp¡. sd_¡ 
iy„ v¡$Mpi¡ ? ‎ 

	 rhrh^ âL$pf_p, rhrh^ f„N_p $A_¡ ApL$pf_p L$p¡jp¡ c¡Np \e¡gp R>¡ A¡V$g¡ L¡$ gp¡lu s¡ A¡L$ S>qV$g `¡iu_p¡ ‎âL$pf 
R>¡.‎

r_funZ L$fp¡.

dNS> Qgphp¡. 
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k„ep¡S>L$ `¡iu‎ (Connective Tissue) ः ifuf_p Sy>v$pSy>v$p cpN_¡ A¡L$buÅ kp\¡ Å¡X$su `¡iu A¡V$g¡ k„ep¡S>L$ `¡iu 
Ap `¡iudp„ L$p¡j_u fQ_p Y$ugu ‎‎(k¥gkf) lp¡hp\u s¡_u Mpgu S>Npdp„ Ap^pfL$ lp¡e R>¡. Ap Ap^pfL$ O_ê$` A\hp 
S>¡guk×íe A\hp OË$ ‎A\hp `pZu S>¡hy„ âhplu lp¡e R>¡.‎

k„ep¡S>L$ `¡iu_p âL$pf

‎_pd‎ ApL©$rs ‎¼ep„ Å¡hp dm¡ ?‎ õhê$`‎ L$pe®‎
f¼s ‎ 
Blood

b„qv$õs ‎
f¼sprckfZ ‎
k„õ\pdp„ ‎

f¼sfkdp„ gpgL$Z, 
‎ka¡v$L$Z A_¡ ‎f¼sL$rZL$p 
s¡dS> ‎âhplu ê$` ‎Ap^pfL$‎

Ap¸[¼kS>_, 
‎‎ p¡jL$Öìep¡, 
‎DÐk¡QL$p¡ A_¡ 
‎DÐkrS>®s `v$p\p¡_y„ 
‎hl_ L$fhy„.‎

grkL$p ‎ 
Lymph

ifuf_p L$p¡j_u 
‎ApSy>bpSy>‎

L¡$ihprl_udp„\u Tfsy„ 
‎âhplu S>¡dp„ ka¡v$ L$Z 
‎A_¡ âhplu ê$` ‎Ap^pfL$ 
lp¡e R>¡.‎

fp¡N_p k„¾$dZ\u 
‎ifuf_y„ k„fnZ 
‎L$fhy„.‎

n¡rÓL$p ‎ 
Areolar 
tissue

QpdX$u A_¡ 
õ_pey_u ‎hÃQ¡ A_¡ 
gp¡lu_u ‎‎_mu_u 
ApSy>bpSy>‎

rhrh^ âL$pf_p Y$ugp ‎L$p¡j, 
S>¡gu S>¡hp ‎Ap^pfL$ 
‎‎[õ\rsõ\p`L$ s„sy

‎Ap„sf¡[ÞÖ_¡ 
Ap^pf ‎Ap`hp¡.‎

Qfbuey¼s 
`¡iu ‎ 
Adipose 
tissue

ÐhQp_u _uQ¡ A_¡ 
‎Ap„sqfL$ Ahehp¡_u 
‎ApSy>bpSy>dp„‎

‎̀ ¡iu_p L$p¡jp¡ ‎Qfbu_p 
_p_p tbvy$ ‎Ap¡\u cf¡gp 
S>¡gu ‎S>¡hp Ap^pfL$‎

DóZsp fp¡^L$, 
DÅ® ‎‎ |fu `pX$hu, 
[õ_Á^ ‎‎ v$p\® 
kpQhhp.‎

L|$Qp® 
Cartilage

‎_pL$, L$p_ 
ïhpk_mu ‎A_¡ 
õhf`¡V$udp„‎

s„syde, ‎‎[õ\rsõ\p`L$ 
L$p¡j ‎A_¡ S>¡gu S>¡hp¡ 
‎Ap^pfL

lpX$L$p_p 
`©óW$cpN_¡ d©vy$ L$f¡ 
R>¡. ‎Ahehp¡_¡ 
ApL$pf ‎A_¡ 
Ap^pf$ Ap`hp¡.‎

‎(A[õ\) 
lpX$L$p„ ‎
Bones

k„`|Z® ifufdp„ 
‎rhrióV$ fQ_pdp„‎

Lµ$[ëied ap¡õa¡V$dp„\u 
‎b_¡gy„ O_ê$` ‎Ap^pfL$ 
A_¡ s¡dp„ ‎‎"ApµõV$uAp¡ 
kpCV¹k' ‎‎(A[õ\`¡iu) 
_pd_u ‎A„s: õ\pr`s 
`¡iu ‎R>¡.‎

ifuf_p b^p 
‎Ahehp¡_¡ Ap^pf 
‎Ap`hp¡. ‎lg_
Qg_dp„ dv$v$ 
‎L$fhu, Ahehp¡_y„ 
‎k„fnZ L$fhy„‎

õ_peyb„^ ‎ 
Tendons 
A_¡ 
A[õ\b„^ ‎
Ligaments

kp„^pdp„‎ õ_peyb„^_ s„syde 
‎dS>b|s A_¡ Ap¡Ry>„ ‎‎
[õ\rsõ\p`L$ ‎A[õ\b„^ 
h^pf¡ ‎‎[õ\rsõ\p`L$, 
‎dS>b|s

õ_peyb„^_ 
õ_pey_¡ ‎lpX$L$p„ 
kp\¡ Å¡X¡$ 
‎A[õ\b„^ b¡ 
‎lpX$L$p„Ap¡_¡ Å¡X¡$.‎
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õ_pey `¡iu‎ (Muscular Tissue)

‎1.‎	 õ\|m ìe[¼s L$fsp„ `psmu ìe[¼s_¡ L¡$d h^pf¡ W„$X$u gpN¡ R>¡?‎
‎2.‎	 lpX$L$p„ L¡$d hmsp„ _\u?‎

	 Ap„Mp¡ b„^ L$fp¡ A_¡ lp\\u kpd¡_u rhrh^ hõsy_¡ õ`i® L$fu s¡_¡ Ap¡mMp¡. _p¡V$, 
`yõsL$, bp„L$X$p¡, L„$`pk`¡V$u ‎A¡hu A_¡L$ hõsy _ Å¡sp `Z a¼s õ`i®\u Ap¡mMsp sd_¡ 
aphi¡?‎

	 sdpfp¡ lp\ L$p¡Zudp„\u hpmp¡. L$p¡Zu_p D`f_p cpNdp„ A_¡ _uQ¡_p cpNdp„_p 
õ_peyAp¡_y„ r_funZ L$fp¡. lp\ ‎ku^p¡ L$fu afu\u s¡ S> õ_peyAp¡_y„ r_funZ L$fp¡. ApS> 
L©$rs `N O|„V$Zdp„\u hpmu_¡ L$fp¡.âÐe¡L$ lg_Qg__p ‎kde¡ \e¡gy„ õ_pey_y„ k„L$p¡Q_ A_¡ 
`°kfZ S>Zpe R>¡? ‎

	 Ap k„L$p¡Q_ A_¡ âkfZ S>¡_¡ L$pfZ¡ \pe R>¡ s¡ rhrióV$ âp¡V$u_dp„\u õ_peys„sy A_¡ õ_pey`¡iu b_¡ R>¡.
õ_pey`¡iu A_¡ õ_peys„sy gp„bp L$p¡jp¡_p b_¡gp R>¡. Ap `¡iudp„ k„L$p¡rQs âp¡V$u__p k„L$p¡Q_ A_¡ âkfZ_p L$pfZ¡ 
õ_peyAp¡_y„ ‎lg_Qg_ \pe R>¡.‎

õ_pey`¡iu_p âL$pf

‎̀ Ë$u õ_pey‎
 (Straited Muscles)

`Ë$phNf_p õ_pey‎
(Non striated muscles)

‎̀ qfùv$e õ_pey
(Cardiac muscles  )

‎̀ ¡iu-gp„bp, _mpL$pf ipMp ‎hNf_p 
A_¡ blzL¡$ÞÖue L$p¡j

b„_¡ R>¡X¡$\u kp„L$X$p Óp„L L$fp¡X$ ApL$pf_p 
(Spinale shaped) _p_p, 
‎AipMue A_¡ A¡L$L¡$ÞÖue lp¡e ‎R>¡.‎

‎_mpL$pf ipMpde A_¡ A¡L$ ‎L¡$ÞÖue 
`¡iu lp¡e R>¡.‎

õhê$` - Ap õ_peyAp¡dp„ ApR>p  
‎A_¡ O¡fp `Ë$p lp¡e R>¡. lpX$L$p\u 
‎Å¡X$pe¡gp R>¡ dpV¡$ s¡d_¡ "L„$L$pg ‎õ_pey„ ' 
L$l¡ R>¡.  Ap õ_peyAp¡_y„ ‎lg_Qg_ 
Ap`Zu BÃR>p A_ykpf ‎‎\pe R>¡ dpV¡$ 
s¡_¡ CÃR>phs} õ_pey ‎L$l¡ R>¡.‎

õhê$` - õ_peyAp¡_¡ `Ë$p lp¡sp ‎‎_\u. 
lpX$L$p kp\¡ Å¡X$pe¡gp„ lp¡sp„ ‎‎_\u. S>¡ 
‎õ_peyAp¡_p lg_Qg_ `f Ap`Ï„ 
‎r_e„ÓZ _\u s¡_¡ A_¥[ÃR>L$ õ_pey 
‎L$l¡hpe. AÞ__rgL$p, ‎f¼shprl_udp„ 
lp¡e R>¡.‎

õhê$` - õ_pey `f ApR>p A_¡ ‎O¡fp 
`Ë$p lp¡e R>¡. ùv$e õ_pey_y„ ‎b_¡gy„ 
R>¡. Ap õ_pey_p lg_Qg_ ‎‎ f 
Ap`Ï„ r_e„ÓZ _\u. gebÝ^ 
‎‎ Ý^rsA¡ k„L$p¡Q_ A_¡ âkfZ 
‎‎ pd¡ R>¡.‎

lp\`N lgphhp, v$p¡X$hy„, bp¡ghy„ ‎Ap 
lg_Qg_ L$fph_pf õ_pey

‎̀ p„`Z Mp¡g-b„^, `pQ_ s„Ódp„ 
‎AÞ__p¡ âhpk, f¼shprl_u_y„ 
‎k„L$p¡Q_ A_¡ âkfZ L$fph_pf ‎õ_pey

ùv$e_y„ k„L$p¡Q_ A_¡ âkfZ 
‎L$fphhy„.‎

ðk_ k„õ\p_p ðpk_mu_p õ_pey L$ep âL$pf_p lp¡e R>¡?‎

L$fu Sy>Ap¡¡.

L$fu Sy>Ap¡¡.

epv$ L$fp¡.

dNS> Qgphp¡. 

‎̀ Ë$u ‎̀ Ë$u

L¡$ÞÖL$
L¡$ÞÖL$ L¡$ÞÖL$
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Q¡sp`¡iuAp¡ ‎ (Nervous Tissue)
	 Nus kp„cmu_¡ NpeL$_p _pd Ap¡mMhp, N„^ `f\u 
fkp¡X$pdp„ b_sp `v$p\® Ap¡mMhp A¡hp„ L$pdp¡ `Z sd¡ ‎l„d¡ip„ 
L$fp¡ S> R>¡? s¡  dpV¡$ Ap`Z_¡ L$p¡Z dv$v$ L$f¡ R>¡?‎
	 õ`i®, Ýhr_, N„^, f„N hN¡f¡ L¡$V$gpL$ Ds¡S>_p¡_¡ ârskpv$ 
v¡$hp_y„ ifufdp„_u Q¡sp`¡iu_¡ L$pfZ¡ i¼e b_¡ R>¡.‎
	 Ds¡S>_p \hu A_¡ s¡ Ds¡S>_p h¡N\u ifufdp„ A¡L$ 
cpNdp„\u buÅ cpNdp„ dp¡L$ghp dpV¡$ Q¡sp`¡iu_p ‎L$p¡j 
rhrióV$ âL$pf¡ b_¡gp R>¡. âÐe¡L$ Q¡spL$p¡j_p¡ "L$p¡jL$pep' s¡ 
dy¿e cpN lp¡e R>¡. Q¡spL$p¡jdp„ L$p¡j L¢$Ö A_¡ ‎L$p¡jfk lp¡e R>¡. 
âÐe¡L$ Q¡spL$p¡j_¡ A¡L$ gp„bp¡ s„sy lp¡e R>¡. S>¡_¡ Ans„sy 
(Axon) L$l¡ R>¡. A_¡ OZp _p_p ‎ipMue s„sy lp¡e R>¡. S>¡_¡ 
riMps„sy (dendrite) L$l¡ R>¡. A¡L$ Q¡spL$p¡j A¡L$ duV$f gp„bp¡ 
`Z lp¡C iL¡$. OZp ‎Q¡sps„syAp¡ k„ep¡S>L$`¡iu Üpfp Å¡X$pC_¡ 
Q¡sp (Nerve) b_ph¡ R>¡. dNS>, L$fp¡X$fÄSy> A_¡ ifufdp„ 
âkf¡gp„ ‎Q¡spAp¡_p„ Åmp„ Q¡sp`¡iu_p„ b_¡gp„ R>¡. Q¡sp`¡iu 
A_¡ õ_pey ̀ ¡iu_p L$pep®ÐdL$ k„ep¡N_¡ L$pfZ¡ OZp„ âpZuAp¡dp„ 
Q¡s_p_¡ ârskpv$ v¡$hp_u q¾$ep \pe R>¡.‎

Q¡sp`¡iu

L¢$Ö 

L$p¡jL$pep

riMps„syAp¡

Ans„sy 

g„bpC qv$hk 1‎ qv$hk 2‎ qv$hk 3‎ qv$hk 4‎ qv$hk 5‎
hpey`pÓ -A
hpey`pÓ -b

1. 	 L$ep L$p„v$p_p d|m gp„bp R>¡ ? ip dpV¡$ ?‎
‎2.	 buÅ hpey`pÓdp„_p (b) d|m_u h©[Ý^ L¡$d AV$L$u NC ?‎

17.2  Q¡spL$p¡j : Q¡sp`¡iu_p¡ A¡L$d

17.3 L$p„v$p_p ‎d|mdp„ a¡fapf

h_õ`rs `¡iu ‎(Plant Tissue)

1.	 âpZu A_¡ h_õ`rs _u h©[Ý^dp„ dlÐh_p¡ afL$ S>Zphp¡.‎
‎2. 	 h_õ`rs_u h©[Ý^ ifuf_p Qp¡½$k cpNdp„ S> L¡$d \pe R>¡ ?‎

bA

	 ApL©$rsdp„ bspìep âdpZ¡ v$f¡L$ hpey`pÓ `f A¡L$ 
A¡L$ L$p„v$p¡ A¡hu fus¡ d|L$p¡ L¡$ s¡d_p¡ _uQ¡_p¡ cpN `pZudp„ 
‎X$|$bpX¡$gp¡ fl¡. `l¡gp, buÅ, ÓuÅ qv$hk¡ d|m_u g„bpC 
dp`u _p¢^ L$fp¡. Qp¡\¡ qv$hk¡ buÅ hpey`pÓdp„_p (b) 
‎L$p„v$p_p d|m_u V$p¡Q_p¡ cpN gNcN 1 k¡du S>¡V$gp¡ 
L$p`p¡. ‎
	 lÆ buÅ `p„Q qv$hk ky^u L$p„v$p_p d|m_u g„bpC 
‎v$ffp¡S> dp`u _uQ¡ L$p¡W$pdp„ s¡_u _p¡¢^ L$fp¡.

d|mp¡

L$fu Sy>Ap¡¡.

epv$ L$fp¡.
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17.5 ìluAp¡ h_õ`rs_u `¡iu

rhcpÄe `¡iu ‎ (Meristem Tissue)
	 h_õ`rs_p r_ròs cpNdp„ S> lp¡e s¡hu rhcpÄe `¡iu_¡ L$pfZ¡ s¡ cpNdp„ S> h©[Ý^ \su$ lp¡e R>¡. Ap ‎‎ ¡iu_p 
L$p¡jdp„ L$p¡jL¡$ÞÖ MuQp¡MuQ ÆhÖìe A_¡ ApSy>bpSy> `psmu L$p¡jv$uhpg lp¡hp\u s¡ _ÆL$ _ÆL$ Aph¡gp ‎lp¡e R>¡. Ap 
L$p¡jdp„ dp¡V¡ cpN¡ qf[¼sL$p lp¡su _\u. Ap L$p¡j Arsie q¾$epiug lp¡e R>¡, h_õ`rs_u h©[Ý^ ‎L$fhu s¡ rhcpÄe ̀ ¡iu_y„ 
dlÒh_y„ L$pe® R>¡. rhcpÄe `¡iu ¼ep cpNdp„ R>¡ s¡ A_ykpf s¡_p _uQ¡ ‎âdpZ¡ ÓZ âL$pf `X¡$ R>¡.‎

17.4 h_õ`rsdp„ rhcpS>L$ `¡iu_y„ õ\p_

ApL©$rs õ\p_ L$pe®

AN°õ\ rhcpÄe `¡iu : 
A¡ \X$_u R>¡X$p `f A_¡ d|m `f 
Ap`¡gu R>¡.

s¡ d|m A\hp \X$_p¡ g„bpCdp„ 
‎h^hu.‎

Ap„sqfL$ rhcpÄe ‎̀ ¡iu : 
A¡ `p„v$X$p_p Ap^pf `pk¡, X$pmu_p 
‎iê$ \sp cpN `pk¡ lp¡e R>¡.‎

X$pmu_¡ hOhp v¡$. `p_ A_¡ 
awgp¡_y„ ‎r_dp®Z L$f¡.‎

‎̀ píh® rhcpÄe ‎̀ ¡iu : 
d|m A_¡ \X$_p `píh® cpNdp„ ‎

d|m A_¡ \X$_p¡ O¡fphp¡ A_¡ 
‎‎ lp¡mpC h^¡ R>¡.‎

L$pedu `¡iuAp¡ ‎ (Permanent Tissue) 

	 rhcpÄe ¡̀iu_p rhcpS>_\u S>¡ _hp L$p¡jp¡ b_¡ R>¡ s¡ |̀Z® h©qÙ `pçep `R>u Qp¡½$k cpNdp„ A¡L$pv$ rhrióV$ L$pe® 
L$fhp dp„X¡$ R>¡ A_¡ rhcprS>s ‎‎\hp_u i[¼s Nydph¡ R>¡. Ap_p `qfZpd¡ s¡Ap¡ L$pedu ¡̀iu b_ph¡ R>¡. L$pedu ApL$pf A_¡ 
ApL©$rs ^pfZ L$fhp_u A_¡ L$pe® Ap âq¾$ep_¡ rhc¡v$_ (Differentiation) L$l¡ R>¡. rhcpÄe ¡̀iu_p L$p¡jp¡ Sy>v$p âL$pf_u 
L$pedu ¡̀iuAp¡dp„ ‎rhcprS>s \pe R>¡. rhcpÄe ¡̀iu_p L$p¡jp¡ Sy>v$p âL$pf_u L$pedu ¡̀iuAp¡ A¡ kpv$u L$pedu ¡̀iu A\hp 
‎S>qV$g L$pedu ¡̀iuAp¡ lp¡e R>¡.‎

kpv$u L$pedu `¡iu‎ (Simple Permanent Tissues)
 	 s¡ A¡L$ S> âL$pf_p L$p¡jp¡_u b_¡gu R>¡. s¡d_p L$pep®_ykpf s¡d_y„ _uQ¡ âdpZ¡ hN}L$fZ L$fhp„dp Apàey„ R>¡.‎ 

‎̀ ©óW$cpNue `¡iu ‎‎(Epidermis) 

L$fu Sy>Ap¡¡.
 	 ìluAp¡ A\hp gugu A\hp L$p¡C`Z spSy>„ dp„kg `p_ gp¡. s¡ M¢Qu A_¡ v$pbu_¡ 
A¡hu fus¡ Óp„ky a$pX$p¡ L¡$ Vy$L$X$p ‎kp\¡ s¡ `p__u `pfv$i®L$ R>pg `Z v¡$Mpe. rQr`ep\u Ap 
R>pg Sy>v$u L$fu kµäpr__ Ap f„NÖìe_p d„v$ ÖphZdp„ ‎‎1 rdr_V$ fpMp¡. L$pQ`Ë$u ̀ f R>pg 
lgL¡$ lp\ `kfphu s¡_p `f ApÃR>pv$L$ L$pQ fpMp¡ A_¡ k|ÿdv$i®L$_u dv$v$\u ‎R>pg_y„ 
r_funZ L$fp¡.
	 h_õ`rs_p¡ k„`|Z® `©óW$cpN L$p¡j_p A¡L$ S> \f_p¡ b_¡gp¡ R>¡ S>¡_¡ Ar^ÐhQp   
A\hp `©óW$cpNue `¡iu L$l¡ R>¡. ‎Ar^ÐhQp_p L$p¡jp¡ k`pV$ lp¡hp\u A_¡ s¡dp„ 
Ap„sfL$p¡jue `p¡gpZ _ lp¡hp\u L$p¡j A¡L$ km„N õsf b_ph¡ R>¡. ‎‎\X$ A_¡ `p__u 
Ar^ÐhQp `f "¼eyV$uL$g' Ap duZ S>¡hp¡ `v$p\® lp¡hp\u `pZu k„N°lu iL$pe ‎R>¡.‎
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S>qV$g L$pedu `¡iu_p âL$pf‎ ( Types of Complex Permanent Tissues)
‎̀ ¡iu_p _pd ‎ S>ghprl_u (Xylem) fkhprl_u (Phloem)

ApL©$rs

rhrióV$sp ‎ ÅX$u L$p¡jv$uhpg S>¡ d©sL$p¡jp¡_u ‎b_¡gu R>¡.‎ L$p¡jÖìe ^fphsp ‎L$p¡j Üpfp b_¡gu R>¡.‎

‎̀ ¡iu_p âL$pf ‎ hprlr_L$p, S>mhplL$ hprl_u ‎A_¡ 
S>mhplL$ s„sy - d©s L$p¡j, 
‎S>ghprl_u d|m$ `¡iu - Æh„s ‎L$p¡j

QpmZu _rgL$p, kl$L$p¡j, fkhprl_u 
d|mL$p¡j-Æh„s L$p¡j, fkhprl_u s„sy-d©sL$p¡j

L$pe® A¡L$d¡L$ kp\¡ Å¡X¡$gu _mu S>¡hu ‎fQ_p lp¡e 
R>¡, `pZu A_¡ npf_y„ ‎hl_ D`f_u qv$ipdp„ 
\pe R>¡.‎

A¡L$d¡L$_¡ Å¡X¡$gu _muAp¡, ‎‎ p„v$X$pdp„\u  kpL$f A_¡ 
A¡rd_p¡ ‎A¡rkX$ 
\X$ A_¡ d|m sfa ‎hl_ L$f¡.‎

kfm L$pedu `¡iu_p âL$pf‎ (Types of Simple Permanent Tissues)
‎̀ ¡iu_p 
_pd ‎

dyvy$sL$ `¡iu 
(Parenchyma)

õ\|g `¡iu‎ 
(Collenchyma)

v$W$p¡sL$ `¡iu 
(Sclerenchyma)

ApL©$rs

L$p¡j_p 
õhê$` ‎

‎̀ psmu L$p¡jv$uhpg ‎Ap„sfL$p¡jue 
`p¡gpZ ‎lp¡e s¡hp¡ Æh„s L$p¡j

gp„bp L$p¡j, k¡ëeygp¡T ‎A_¡ 
`¡L$V$u__p L$pfZ¡ ‎L$p¡Zue rhõspfdp„ 
ÅX$u ‎L$p¡jv$uhpg, Æh„s L$p¡j

d©s L$p¡jp¡, gp„bu A_¡ ‎kp„L$X$u 
L$p¡j v$uhpg„ ‎‎"rgÁ_u_' Ap 
`v$p\® S>dp ‎‎\hp\u ÅX$u b_¡ 
R>¡.‎

‎¼ep 
cpNdp„ 
Å¡hp dm¡?‎

d|m, \X$, `p_, awg, am ‎A_¡ 
bu kh® ‎Ahehdp„‎

‎̀ p__u v$p„X$u, \X$, X$pmu ‎EN¡ Ðep„ ‎ ‎\X$, `p__u rifp bu_y„ ‎L$W$Z 
¼hQ, _prme¡f_yy„ ‎bpü 
AphfZ.‎

L$pe® Mp¡gu S>Np cf¡, Ap^pf Ap`¡, 
AÞ_ k„Qe

Ahehp¡_u õ\rsõ\p`L$sp A_¡ 
Ap^pf Ap`hp¡.

Ahehp¡_¡ dS>b|su Ap`hu.

D`âL$pf lqfs `¡iu - `p_dp„ ‎Aph¡gu 
d©vy$sL$ `¡iu, ‎âL$pi k„íg¡jZ L$f¡ 
R>¡.‎ hpeysL$ `¡iuAp¡‎ -
S>mQf h_õ`rs_p \X$ ‎A_¡ 
`p__¡ sfhpdp„ dv$v$ L$f¡ R>¡.‎

S>ghprl_u fkhprl_u

k„hl_u
`|g

hprlr_L$p

klL$p¡j

QpmZu _rgL$p

L$p¡jv$uhpg
rg[Á__ey¼s ÅX$u v$uhpg

kpv$u Ns®Å¡X$u `p¡gpZqf[¼sL$pAp„sfL$p¡iu `p¡gpZ

qf[¼sL$p lqfsL$Z
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	 kÆhp¡_p ifufdp„_p L¡$V$gpL$ Æh„s L$p¡j `|Z®nd (Totipotent) lp¡hp\u A_yLy$g hpsphfZ dmu fl¡ sp¡ s¡ 
L$p¡jdp„\u ‎‎_hp¡ `|Z® kÆh s¥epf \C iL¡$. L$p¡j_p Ap NyZ^d®_¡ s¡dS> s¡dp„_p S>_u_Ap^pqfL$ S>¥hfpkperZL$ 
âq¾$ep_p¡ ‎D`ep¡N L$fu A_¡L$ DÑd NyZhÑphpmp A_¡ h^pf¡ DÐ`pv$_ Ap`_pf A_pS>_p rhrh^ buep s¡dS> 
‎S>_phfp¡_u _hu_ âÅrs, rhrh^ fkuAp¡_y„ r_dp®Z L$fu iL$pe s¡ d_yóe_p Ýep_dp„ Apìey„ A_¡ A¡dp„\u S> ‎ApNm 
S>¥hs„Óop_ (Biotechnology) ipMp_p¡ Dv$e \ep¡.‎ ‎

S>¥hs„Óop_‎ (Biotechnology)
	 _¥krN®L$ NyZ^d® D`fp„s _hu_ NyZ^d® ̂ pfZ L$f_pf h_õ`rs s¡d S> ̀ °pZu_u DÐ`rÑ Ap s„Óop__u ‎dv$v$\u 
\C R>¡. dp_hu_¡ apev$p¡ \pe s¡ Dv¡$i\u kÆhp¡dp„ L©$rÓdfus¡ S>_u_dp„ a¡fapf A_¡ k„L$f `Ý^rs\u ‎ky^pfZp L$fhp_u 
âq¾$ep_¡ S>¥hs„Óop_ L$l¡hpe R>¡.‎ Ap s„Óop_dp„ S>__ue Arcep„rÓL$u (Genetic Engineering) A_¡ ̀ ¡iu ‎k„h^®_ 
(Tissue Culture)Ap b„_¡ s„Óp¡_p¡ kdph¡i \pe R>¡. s¡_p¡ D`ep¡N dy¿eÐh¡ fp¡L$qX$ep ̀ pL$_y„ DÐ`pv$_, s¡_u ‎âÅrsdp„ 
ky^pfZp, `ep®hfZue spZ kl_ L$fhp_u ndspdp„ h^pfp¡, fkr_rd®rs, S>ÞdÅs fp¡N_y„ r_v$p_, ‎B„qÖep¡_y„ fp¡`Z, 
L$L®$fp¡N k„ip¡^_, âep¡Nipmpdp„ L©$rÓd ÐhQp, L|$Qp® s¥epf L$fhp hN¡f¡ n¡Ódp„ \pe R>¡.‎

‎̀ ¡iu k„h^®_ (Tissue Culture)

	 rQÓdp„_p bpN S>¡hp¡ bpN sdpfp Of ipmp_u ApSy>bpSy> b_phhp¡ R>¡. s¡ dpV¡$ iy„ 
L$fip¡ ? L$C L$C `Ý^rs\u  ‎Ap fp¡` gNpX$ip¡?‎

	 A¡L$ S> TpX `f 2-3 
Sy>v$p Sy>v$p f„N_p s¡ S> Års_p„ 
a|$g Aph¡gp„ sd¡ Å¡ep li¡. s¡ 
L¡$hu fus¡ i¼e b_¡ ?‎ 

	 M¡su, bpNpesu_p 
k„v$c®dp„ Ap`Z¡ A¡L$ 
AÐep^yr_L$ s„Ó Å¡CA¡.‎ ‎

	 "kÆhp¡_p ifuf blpf `p¡jL$ A_¡ S>„syfrls dpÝeddp„ s¡d_p L$p¡j A\hp `¡iu_u h©[Ý^ L$fhu' Ap s„Ó_¡ `¡iu 
‎k„h^®_ L$l¡hpe. ApS>L$pg `¡iu k„h^®_ s„ÓhX$¡$ A¡L$ L$p¡jdp„\u A\hp `¡iudp„\u k„`|Z® kÆh rhL$rks ‎L$fhpdp„ 
Aph¡ R>¡. ‎

	‎  ¡iu k„h^®_ dpV¡$ AphíeL$ `p¡jL$ A_¡ EÅ® `lp¢QpX$_pf A¡L$pvy„$ âhpluê$`, O_ê$` A\hp S>¡gu S>¡hy„ dpÝed 
‎hp`fhpdp„ Aph¡ R>¡.‎ ‎

17.6  ‎̀ ¡iu k„h^®_ ‎: L¡$mp_p fp¡` A_¡ s¡_p `f Ap^pqfs M¡su

www.britannica.com/science/tissue-culture
www.encyclopedia.com/plants and animals/agriculture and horticulture

k„â¡jZ s„Óop__u `|fL$‎ dprlsu
	 _uQ¡_p k„L¡$s õ\m_p¡ D`ep¡N L$fu `¡iu k„h^®_ A_¡ buÆ dprlsu âpàs L$fu hN®dp„ fS|> L$fp¡.‎

L$lp¡ Å¡CA¡ !
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S>¥hs„Óop__p L$pfZ¡ M¡su ìehõ\p`_dp„ \e¡gp¡ a¡fapf

‎1.	 `pL$_p X$u.A¡_.A¡.dp„ a¡fapf L$fu S>_u_ ky^pqfs `pL$ (Genetically 
Modified Crops) r_dp®Z L$fhpdp„ Aph¡ R>¡. dp¡V¡$ cpN¡ Aphp `pL$ 
‎r_kN®dp„ Å¡hp dmsp _\u, A¡V$g¡ L¡$ _hu âÅrs L©$rÓd fus¡ r_dp®Z 
L$fhpdp„ Aph¡ R>¡. Ap âÅrsdp„ ‎Sy>v$pSy>v$p  D`ep¡Nu NyZ^d® k„L$qfs 
L$fhpdp„ Aph¡ R>¡.‎

‎2.‎	 hpsphfZue spZ kl_ L$fhp_u ndsp - kss bv$gps„y DóZspdp_, 
cu_p¡ A_¡ kyL$p¡ vy$L$pm, ‎bv$gpsy„ lhpdp_ Ap b^p hpsphfZue spZ 
L¡$V$guL$ _¥krN®L$ âÅrs kl_ L$fu iL¡$ _rl, `Z dpÓ GM ‎âÅrs 
L$p¡C`Z ârsL|$m `qf[õ\rsdp„ h^¡ R>¡.‎ ‎

3.‎	 D`Öhu qL$V$L$, fp¡NS>„sy, fpkperZL$ Opk_piL$p¡$_p¡ ârsL$pf L$fhp_u 
ndsp Ap âÅrsdp„ lp¡hp\u ‎S>„sy_piL$p¡, qL$V$L$_piL$p¡, Opk_piL$p¡ S>¡hp 
OpsL$ fkpeZp¡_p¡ h`fpi V$pmu iL$pe.‎

‎4.‎	 GM âÅrs_p rbepfZ_¡ L$pfZ¡ ^pÞe_p bNpX$dp„ OV$pX$p¡ \pe R>¡ A_¡ 
`p¡jZd|ëedp„ h^pfp¡ \pe R>¡.‎

h¥opr_L$_p¡‎ ‎̀ qfQe

	 ä¡$X$qfL$ L¡$[ç`A_ õVy$AX®$ 
(1904-1993) rb°qV$i h_õ`rs 
ip÷o lsp. L$p¡j A_¡ `¡iu_u 
ifuf blpf `Z ‎h©[Ý^ \C 
iL¡$ s¡ s¡dZ¡ rkÝ^ ¼ey¯. s¡ dpV¡$ 
s¡dZ¡ NpS>f_p d|mdp„\u L$p¡j 
Sy>v$p¡ L$pY$u âep¡Nipmp_p `p¡jL$ 
‎dpÝeddp„ DR>¡ep® A_¡ âÐe¡L$ 
L$p¡jdp„ k„`|Z® h_õ`rs r_dp®Z 
L$fhp_u ndsp lp¡e R>¡. s¡ `Z 
s¡dZ¡ rkÝ^ ¼ey¯.‎

17.7  ‎̀ ¡iu k„h^®__u rhrh^ âq¾$ep‎

âS>__/rhcpS>_

öp¡s h_õ`rs

öp¡s h_õ`rs_p¡ 
L„$v$qÜsue ×Y$uL$fZ

âp\rdL$ ×Y$uL$fZ

\X$-
d|m_p¡ Apf„c

âp\rdL$ k„õL$pf
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DÛp_rh^p, fp¡`hpqV$L$p A_¡ h_uL$fZ n¡Ódp„ S>¥hs„Óop__y„ D`ep¡S>_ ‎
(Application of Biotechnology in Floriculture, Nurseries and Forestry)
	 _p_p dp¡V$p âdpZdp„ bpN b_phhp¡, `X$sf S>du_ `f h©npfp¡`Z L$fu h_ s¥epf L$fhp, _pi \_pfp ‎S>„Ngp¡_y„ 
`y_Æ®h_ L$fhy„ Ap b^p DÛp¡N dpV¡$ fp¡`hpqV$L$p_u S>ê$f lp¡e R>¡. s¡ dpV¡$ dp¡V$u k„¿epdp„ fp¡`p¡ Ap`hp `X¡$ R>¡.‎ ‎̀ ¡iu 
k„h^®_ s„Ó_p¡ D`ep¡N L$fu fp¡`p b_phhp Ap DÛp¡N dpV¡$ apev$pL$pfL$ b_¡ R>¡.‎ ‎

	 Aphu fus¡ kh®NyZk„`Þ_ A_pS>_p bu r_dp®Z \hp\u S>Ncfdp„ M¡X|$sp¡ 
ldZp„ dp¡V$p âdpZdp„  GM ‎ ̀ pL$ g¡ R>¡. qv$hk¡qv$hk¡ s¡_y„ hph¡sf n¡Ó h^sy„ Åe 
R>¡. DÃQ DÐ`pqv$s M¡su_u Års (High Yielding Varieties) L¡$mp, dL$pC, 
cps, ‎bV$pV$p, kp¡epbu_, V$p¡d¡V$p¡, L$p`|k, kafS>_, f]NZp, ``¥eyy, Nygpb, 
buV$, s„bpLy$, OJ hN¡f¡ `pL$_u GM ‎âÅrs D`gå^ R>¡. v$p.s. 

dL$pC : MON 810, MON 863 
bV$pV$p : A¸çãgp¡fp 

cps: Np¡ëX$_ fpBk

kp¡epbu_ : rh[õV$ìl Np¡ëX$ 

V$p¡d¡V$p¡ : h¥ipgu 

L$p`|k : bu.V$u. L$pµV$_ hN¡f¡. 

	 sdpfp Of `pk¡, ipmp `pk¡ sdpfu `p¡sp_u fp¡`hpqV$L$p s¥epf L$fp¡. `qfkfdp„ h©qÙ 
`pdsp„ awgTpX$, amTpX$, ip¡cp_p ‎TpX$_p fp¡` s¥epf L$fp¡. Ap L©$rsdp„\u crhóedp„ L$p¡C 
DÛp¡N L$fu iL$ip¡ L¡$ ? s¡ `f rhQpf L$fp¡.‎ ‎ ‎

1.‎	‎  ¡iu k„h®^__¡ L$pfZ¡ DÐL©$óV$$ NyZhÑphpmp 
awgp¡, amp¡ Ap`su h_õ`rs dp¡V$u k„¿epdp„ 
d¡mhu iL$pe.

‎2.	 Ap¡R>p kdedp„ `|Z® h©[Ý^ `pd¡gu h_õ`rs 
dm¡ R>¡.‎

‎3.‎	‎  fpN_e__p dpÝedp¡ _ lp¡e A\hp DN_pfp 
bu _ lp¡e sp¡ `Z h_õ`rs_y„ DÐ`pv$_ dp¡V$p 
‎âdpZdp„ \C iL¡$. v$ps. ApµqL®$X,$ OV$`Z} 
Aphu h_õ`rs_p bu DNsp _\u `Z `¡iu 
k„h^®_\u ‎s¡d_u r_rd®rs klS> i¼e \pe R>¡.‎

‎4.‎	 bpep¡qfA¡L$V$fdp„ L$p¡j h^pfu s¡dp„ Ar^L$ ̀ p¡jL$ 
dpÝed A_¡ buÅ fp¡NL$pfL$ k|ÿd Æhp¡\u 
‎k„fnZ Arsie Ap¡R>p MQ®dp„ L$fu iL$pe. 
M|b dp¡V$p âdpZdp„ fp¡`_y„ r_dp®Z L$fhpdp„ 
‎bpep¡qfA¡L$V$f apev$pL$pfL$ b_¡ R>¡.‎ 17.8 bpep¡qfA¡¼V$f A_¡ s¡_p Ap^pf¡ fp¡`p¡_u r_rd®rs

L$fu Sy>Ap¡¡.

	 `qfkfdp„_p ¼ep ¼ep 
`pL$ dpV¡$ S>_yL$ue ky^pqfs 
âÅrs hp`fhpdp„ Aph¡ R>¡ 
s¡_u dprlsu c¡Nu L$fu _p¢^ 
L$fp¡ GM M¡su_p¡ dp_h`f 
s\p `ep®hfZ`f L$C ârsL|$g 
`qfZpd \pe R>¡? s¡_u `Z 
ip¡^ gp¡.‎

dprlsu d¡mhp¡. 

	 Aphu fus¡ `¡iu k„h^®__p ‎dpÝed Üpfp "lqfs¾$p„rs' kpÝe \pe R>¡ A_¡ cpfs S>¡hp âQ„X$ gp¡L$k„¿ep ^fphsp 
v¡$idp„ `|fsy„ AÞ_^pÞe ‎DÐ`pqv$s L$fhp_p¡ âeÐ_ eiõhu \pe R>¡.‎ ‎

1 2

3
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‎5.‎	 Ap¡R>p kp^_p¡ A_¡ ÷p¡s_p¡ h`fpi L$fu Ap¡R>p kdedp„ dp¡V$u k„¿epdp„ fp¡`_y„ r_dp®Z \pe.‎
‎6.‎	‎  ¡iu k„h^®_, S>_u_ ky^pqfs `Ý^rs r_rd®s h_õ`rs dv$v$ A„i¡ fp¡Ndy¼s lp¡e R>¡. rhcpÄe ‎‎ ¡iu_p k„h^®_\u 

dm¡gp fp¡`p rhjpÏ dy¼s lp¡e R>¡.‎
‎7.‎	‎  pf„`pqfL$ `Ý^rs_¡ b¡/h^y$ k„L$f L$fu s¥epf L$f¡gp c|°Z_u L¡$V$gpL$ L$pfZkf `|Z® h©[Ý^ \su ‎‎_\u. `Z `¡iu 

k„h®^__¡ guO¡ s¡_u Qp¡½$k h©[Ý^ \pe R>¡.‎
‎8.‎	 vy$g®c A_¡ _pdi¡j \su h_õ`rs `¡iu k„h^®_\u kyfrns`Z¡ DR>¡fu s¡_y„ A[õsÐh L$ped fpMu ‎iL$pe. s¡d S> 

Aphu h_õ`rs_p cpN, buep `¡iu k„h^®_\u kyfrns fpMu s¡ âÅrs_y„ fnZ ‎L$fu iL$pe.‎ ‎

1.	 fp¡`hpqV$L$p DÛp¡Ndp„\u lÆ ¼ep ¼ep DÛp¡N rhL$rks L$fu iL$pe ?‎

‎2.	 cuX$ A_¡ ^½$pdy½$u_p Æh_\u L„$V$pm¡gp dpZkp¡ fÅdp„ Apfpd d¡mhhp dpV¡$ ¼ep õ\m¡ S>hp_y„ `k„v$ ‎L$fi¡? ‎

	 D`f_p b„_¡ âñp¡_p¡ A¡L$buÅ kp\¡ ip¡ k„b„^ R>¡?‎
 

L©$rj `e®V$_‎  (Agro Tourism)

	 `|fsu S>du__u D`gå^sp lp¡e 
sp¡ "L©$rj `e®V$_ L¡$„Ö' _hp¡ Dv$e `pd¡gp¡ 
kpfp¡ DÛp¡N R>¡. `¡iu ‎k„h^®_\u awgTpX$, 
amTpX$, ip¡cp_p TpX$, cpÆ, Ap¥jr^ 
h_õ`rs_u dp¡V$p âdpZdp„ fp¡`r_rd®rs 
‎L$fhpdp„ Aph¡ R>¡. s¡dp„_p S> L¡$V$gpL$ 
âL$pf_p TpX$ `|Z®`Z¡ DR>¡fu õhe„`|Z® 
L©$rj`e®V$_ L¡$ÞÖ s¥epf L$fu iL$pe.‎ ‎ 

l Ap„bp, QuLy$, `¡fy, _prme¡f, kuspam A_¡ buÅ> L¡$V$gpL$ âpv¡$riL$ amTpX$‎
l R>pep¡ v¡$_pf A_¡ _e_fçe v¡$iu-rhv¡$iu h©n.
l ip¡cp_p TpX$ A_¡ awgTpX$.‎
l `s„Nuep_p¡ bpN (Butterfly Garden) S>¡ awgp¡ `f `s„rNep Aph¡ R>¡ A¡hp R>p¡X$hp_p¡ _p_p¡ bpN‎.
l Ap¥jr^ h_õ`rs_p¡ bpN.‎
l fpkperZL$ Mpsf/S>„sy_piL$p¡ hN¡f¡_p¡ h`fpi_ L$fsp DR>¡f¡gp (k¢qÖe) cpÆAp¡, amp¡. 
	 Aphp b^p ApL$j®Z lp¡e s¡hp õ\m¡ `e®V$L$ L©$rj`e®V$_ dpV¡$ dp¡V$u k„¿epdp„ Aph¡ R>¡. Ap õ\m¡  fp¡`, cpÆ 
‎am_y„ h¡QpZ h^pf¡ apev$p¡ L$fphu iL¡$.‎

    17.9  L©$rj `e®V$_ L¡$ÞÖdp„_p L¡$V$gpL$ amTpX$‎

www.ecotourdirectory.com/agrotourism
www.agrotourism.in

k„â¡jZ s„Óop__u‎ `|fL$ dprlsu

dNS> Qgphp¡. 
Ap h_õ`rs_p k„v$c®dp„ `¡iuk„h^®_ A_¡ S>¥hs„Óop__p¡ D`ep¡N lsp¡. 

ApNm_p ̂ p¡fZdp„ Ap`Z¡ s¡_p¡ âpZu s¡d S> h¥ÛL$ip÷dp„ \sp D`ep¡Np¡ iuMuiy„. 
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M¡su_¡ ‎̀ |fL$ ìehkpe 

A.`iyk„h^®_ ‎ (Animal Husbandry)
	 sdpfu _ÆL$_p Ap^yr_L$ sb¡gp (âpZuk„N°lpge) 
dygpL$ps gp¡ A_¡ _uQ¡ `°dpZ¡ _p¢^ L$fp¡.‎ 

	 sb¡gpdp„ S>_phfp¡_u (Npe-c¡k_u) ‎k„¿ep$ A_¡ 
s¡d_u rhrh^ Års, Ly$g v|$^ DÐ`pv$_, sb¡gp_u õhÃR>sp, 
S>_phfp¡_p Apfp¡Áe_u L$pmÆ g¡hp ‎dpV¡$ \sp„ D`pe.‎

	 Ap`Zp v¡$idp„ v|$̂  DÐ`pv$_ A_¡ M¡su_p L$pddp„ îrdL$ 
sfuL¡$ dv$v$ \hp dpV¡$ `iỳ pg_ L$fhpdp„ Aph¡ R>¡.‎ v|$̂  v¡$_pfu 
Npe, c¡k s¡dS> cpf D`pX$_pf bmv$, ̀ pX$p$ hN¡f¡. ‎kprlhpg, 
tk^u, Nuf s¡dS> gpg L„$̂ pfu, v¡$hZu, rMëgpfu A_¡ X$p„Nu 
S>¡hu v¡$iu Npe A_¡ S>k}, b°pD_ [õhk, ‎lp¡gõV¡$_ S>¡hu 
rhv¡$iu Npe_p¡ h`fpi v|$̂  DÐ`pv$_ dpV¡$ L$fhpdp„ Aph¡ R>¡. 
v|$̂ _y„ DÃQ A_¡ õhÃR> DÐ`pv$_ dm¡ ‎dpV¡$ `iŷ __u L$pmÆ 
g¡hu AphíeL$ R>¡.‎

1.	 âpZuAp¡_¡ kh® AÞ_OV$L$p¡_p¡ kdph¡i \sp¡ lp¡e s¡hp¡ 
`|fsp¡ Aplpf Ap`hp¡. s¡d_¡ ÅXy„$ vm¡gy„ ‎aZNph¡gy„ 
AÞ_, Qpfp¡ A_¡ `|fsy„ `pZu Ap`hy„ ‎

‎2.	 Y$p¡fp¡_p¡ sb¡gp¡ õhÃR>, k|L$p¡ A_¡ lhphpmp¡ lp¡hp¡ 
Å¡CA¡. sb¡gp_¡ R>s lp¡hu Å¡CA¡. ‎

‎3. 	 Qf_pfp âpZuAp¡_¡ r_erds`Z¡ fp¡Nârsb„^L$ fku 
Ap`hu.‎ ‎

1.	 ð¡s¾$p„„rs A¡V$g¡ iy„ ? s¡_p S>_L$ L$p¡Z ? Ap ¾$p„rs$\u 
¼ep¡ apev$p¡ \ep¡?‎

‎2.	 `iyk„h®^_ rhi¡ h^pf¡ dprlsu d¡mhp¡.‎

‎3. 	 v¡$iu s¡dS> rhv¡$iu Npe\u v$ffp¡S> kfpkfu L¡$V$gy„ 
vy$ÁOp¡Ð`pv$_ \pe R>¡, s¡_u Internet `f\u 
dprlsu d¡mhp¡.‎

dprlsu d¡mhp¡. 

r_funZ L$fp¡ A_¡ QQp® L$fp¡.

  17.10  `iy^_
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Ap. dfOp`pg_‎ (Poultry farming)
	 HX$p A_¡ dp„k Ap`sp dfOu_y„ `p¡jZ A_¡ `¡v$pi L$fhpdp„ Aph¡ R>¡, s¡_¡ dfOp„`pg_ L$l¡hpe. ‎
	 Arkg S>¡hp cpfsue A_¡ g¡Nlpµ_® S>¡hp `fv¡$iu Års_p k„L$f\u _hu Års rhL$rks L$fhp `pR>m _uQ¡_p¡ 
‎DØ¡i R>¡. kpfp NyZhÑp_p bÃQp„ dp¡V$u k„¿epdp„ dm¡, h^pf¡ DóZspdp_ kl_ L$fhp_u ndsp, M¡su_p D`-
‎DÐ`pv$__p¡ AÞ_ dpV¡$ D`ep¡N \hp¡ hN¡f¡. 
	 HX$p A_¡ dp„k b„_¡ dpV¡$ `pmhpdp„ Aphsu dfOu_u Års ìlp¡X$ ‎Apeg„X$ f¡X$, Þe| lµç`ipef, àgpedpD\ fpµL$, 
åg¡L$ fp¡L$ hN¡f¡ R>¡.‎ 	

g¡ek®‎ b°p¡egk®‎

HX$p v¡$_pfu dfOuAp¡‎ dp„k v¡$_pfu dfOuAp¡‎

g¡Nlp¡_®, rd_pµL$p®, A„L$p¡_p, g¡ld_‎ b°ûp, gp¢N, L$p¡rQ_, Arkg ‎

B.  f¡id DÛp¡N‎  (Sericulture) 
	 f¡id DÐ`pv$_ dpV$¡ f¡id_p L$uX$p `pmhpdp„ Aph¡ 
R>¡. "bpµ[çbL$k dp¡fu' Års_p f¡idu L$uX$p_p¡ Ap ‎dpV¡$ 
khp®r^L$ D`ep¡N \pe R>¡. f¡id_p L$uX$p_p Æh_Q¾$dp„ 
HX$p- Cem- L$p¡i- `s„rNey„ Ap Qpf Ahõ\p ‎lp¡e R>¡. 
dpv$pA¡ Ap`¡gp lÅfp¡ HX$p L©$rÓd fus¡ k¡hu k¡h_ L$pm 
Ap¡R>p¡ L$fhpdp„ Aph¡ R>¡. HX$pdp„\u blpf ‎‎ X$_pfu Cem 
i¡syf_p TpX$ `f R>p¡X$hpdp„ Aph¡ R>¡. i¡syf_p `p_ MpC 
Cem_„y `p¡jZ \pe R>¡. 3-4 ‎AW$hpqX$ep `p_ Mp^p `R>u 
Bem i¡syf_u X$pmu `f Åe R>¡. s¡d_u gpmN°„r\dp„\u 
_uL$msp ÷phdp„\u f¡idu ‎s„sy b_¡ R>¡.Ap s„sy `p¡sp_u 
Apk`pk h]V$u Bem f¡idL$p¡j s¥epf L$f¡ R>¡. Ap L$p¡j        
_mpL$pf A\hp Np¡mpL$pf ‎lp¡e R>¡.‎
	 L$p¡j_y„ `s„rNepdp„ ê$`p„sf \hp_p v$k qv$hk `l¡gp„ 
S> b^p L$p¡j DL$msp ̀ pZudp„ _pMhpdp„ Aph¡ R>¡. DL$msp 
‎‎ pZu_¡ L$pfZ¡ Cem df¡ R>¡ A_¡ f¡id s„sy Y$ugp `X¡$ R>¡. 
s¡ L$pY$u_¡ s¡_p `f âq¾$ep L$fu f¡id_p¡ v$p¡fp¡ d¡mhu ‎iL$pe 
f¡idu v$p¡fpdp„\u Sy>v$p Sy>v$p h÷p¡ b_phu iL$pe R>¡.

HX$p  `s„qNey

Cem L$p¡j

  17.10  f¡id_p L$uX$p_y„ Æh_Q¾$
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	 f¡id_p L$uX$p_p L$p¡jdp„_p Æh_u h©[Ý^ `|fu \ep `l¡gp S> L$p¡j DL$msp 
`pZudp„ ip dpV¡$ _pMhpdp„ Aph¡ ‎R>¡?‎

1.‎	‎ _uQ¡_p âÐe¡L$ rh^p_dp„ c|g R>¡. Ap rh^p__p 
A¡L$ L¡$ b¡ iåv$ bv$gu s¡ bfp¡bf L$fu afu gMp¡.‎

	 (A) ‎	ðk_ dpN®dp„ kpv$u `Ë$ue Arcõsf `¡iu 
lp¡e R>¡.‎

	 (Ap)	qL$X$_udp„ N°„r\e Arcõsf `¡iu lp¡e R>¡.‎
	 (B)‎	‎ lqfs`¡iu h_õ`rs_¡ sfhpdp„ dv$v$ L$f¡ R>¡.‎
	 (C) 	‎  Ë$u õ_pey_¡ A_¥[ÃR>L$ õ_pey `Z L$l¡hpe 

R>¡.‎
	 (D)‎	 ×Y$`¡iudp„ lqfsÖìe lp¡e R>¡.‎ 
2. ‎	 S|>\dp„ b„^ _ b¡ksp¡ iåv$ Ap¡mMu s¡_y„ L$pfZ 

gMp¡.‎
	 (A)‎	 S>ghprl_u,fkhprl_u, v$Y$$ ̀ ¡iu, rhcpÄe 

`¡iu
	 (Ap)‎	Arcõsf `¡iu, õ_peys„sy, Q¡sps„sy, 

Ar^ÐhQp.‎
	 (B)‎	 L|$Qp®, A[õ\, õ_peyfÄSy>, ùv$e õ_pey 
3.‎	‎ _uQ¡_u `¡iu_p _pd gMp¡.‎ ‎
	 (A)‎	 dyMdp„ Ap„sqfL$ õsfue `¡iu ‎
	 (Ap)‎	õ_pey A_¡ A[õ\_¡ Å¡X$_pfu `¡iu‎
	 (B)‎	 h_õ`rs_u KQpC h^pf_pfu `¡iu ‎
	 (C)‎	‎ \X$_p¡ O¡fphp¡ h^pf_pfu `¡iu 
4.‎	 saphs gMp¡ : ‎
	 h_õ`rsdp„ kpv$u `¡iu A_¡ S>qV$g `¡iu.‎
5.‎	 V|„$L$ _p¢^ gMp¡.‎
	 (A)‎	 rhcpÄe `¡iu ‎
	 (Ap)‎	S>ghprl_u ‎
	 (B)‎	‎  Ë$u õ_pey ‎
	 (C)‎	 M¡su`|fL$ ìehkpe
	 (D)‎	 S>_u_ue Arcep„rÓL$u ‎
	 (E)‎	 f¡id DÛp¡N

‎6.‎	 S>¥hs„Óop_ A¡V$g¡ iy„ s¡ õ`óV$ L$fu S>¥hs„Óop__p¡ 
M¡su ìehõ\p`_ D`f \e¡gp `qfZpd Dv$plfZ 
‎krls õ`óV$ L$fp¡.‎

‎7.‎	 S>¥hs„Óop_dp„ ¼ep b¡ dy¿e s„Ó_p¡ D`ep¡N \pe 
R>¡? ip dpV¡$?‎

‎8. ‎	‎ "L©$rj `e®V$_' rhje `f hN®dp„ QQp® L$fu sdpfp 
Npd `pk¡ lp¡e s¡hp L©$rj `e®V$_ õ\m rhi¡ âLë` 
gMp¡. s¡ hN®dp„ fS|> L$fp¡. ‎

‎9. ‎	‎  ¡iu A¡V$g¡ iy„ s¡ S>Zphu `¡iu k„h^®_ k„L$ë`_p 
õ`óV$ L$fp¡.‎

‎10. ‎	O¡V$p `iy^_ R>¡. Ap hp¼e_p kd\®dp„ õ`óV$uL$fZ 
gMp¡.‎

‎

D`¾$d ‎	
	 ‎‎(1)	 `„srNep_u rhrh^sp rhi¡ dprlsu d¡mhu 

sdpfu ipmpdp„ `„srNep DÛp_s¥epf L$fhy„ 
lp¡e ‎sp¡ iy„ L$fhy„ `X¡$, s¡_u rhõs©s dprlsu 
d¡mhp¡.‎

	‎ (2)	 d^ydrnL$p (d^dpiu) `pg_ L¡$„Ö_u 
dygpL$ps gC dprlsu d¡mhp¡.‎

²²²

dNS> Qgphp¡. 

õhpÝepe
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epv$ L$fp¡.

	 OZp âpQu_ kde\u S> dp_h¡ k|e® A_¡ fps_p ApL$pidp„ Q„Ö, spfpAp¡ sfa Ly$s|lgsphi Å¡hp_u iê$Aps 
‎L$fu lsu.  _fu Ap„M¡ L$f¡gy„ r_funZ A_¡ ANp^$ L$ë`_pi[¼s_u klpe\u s¡Z¡ Ap„M kdn v¡$Mpsp ‎ApL$pi_¡ 
kdS>hp_u L$p¡rii L$fu. ApL$pidp„ spfp_u, _nÓ_u [õ\rs kdep_ykpf bv$gpsu fl¡ R>¡ A_¡ Ap ‎‎[õ\rs_p¡ A_¡ 
F>syQ¾$_p¡ L„$CL$ k„b„^ R>¡ s¡ dp_h_p Ýep_dp„ Apìey„. M¡su dpV¡$ F>syQ¾$_u dprlsu AphíeL$ ‎lp¡hp\u Ap           
ApL$piv$i®_ s¡_¡ D`ep¡Nu `X$hp gpÁey. _nÓ_u [õ\rs kpNf M¡X|$Ap¡_¡ kyÝ^p qv$ipv$i®_ sfuL¡$ ‎D`ep¡Nu `X$hp 
dp„X$u. ApL$pi r_funZ Üpfp Dv¹$ch¡gp Ak„¿e âñp¡_p DÑfp¡ ip¡^hp dpV¡$ dp_h_u v$p¡X$pv$p¡X$u ‎iê$ \C. `f„sy 
ApL$pi_p N°lp¡ A\hp spfp h^y _S>L$\u Å¡hp dpV¡$ s¡_u ̀ pk¡ L$p¡C`Z âL$pf_p D`L$fZp¡ ‎‎(kp^_p¡) D`gå^ _ lsp.‎

	 NµrgrgAp¡_p v|$fbu_ bpv$ R>¡ëgp 400 
hjp£dp„ v|$fbu_ s„Óop_dp„ A_¡ A¡L„$v$f¡ 
AhL$pi ip÷ A_¡ s„Óop_dp„ ‎dp_h¡ cf¡gu 
lfZapm_¡ L$pfZ¡ ApS>¡ Ap rhð_y„ AÐe„s 
rhõdeL$pfu rQÓ Ap`Zu kdn Ecy R>¡. 
k„ip¡^_ ‎dpV¡$ S> _l] `Z Ap`Zp fp¡Æ„v$p 
v¥$r_L$ Æh__u A_¡L$$ kyM - kyrh^pAp¡ dpV¡$ 
AhL$pi ip÷ A_¡ s„Óop_ ‎ApS>¡ Ap`Z_¡ 
D`ep¡Nu `X¡$ R>¡.‎ AhL$pi r_funZ dpV¡$ 
v|$fbu__p¡ D`ep¡N L$fhpdp„ Aph¡ R>¡. `f„sy 
AL¡$ S> v|$fbu__u dv$v$\u AhL$pi_y„ k„`|Z® 
‎r_funZ L$fu iL$pe L¡$? AhL$pi r_funZ 
dpV¡$ Sy>v$p Sy>v$p v|$fbu__p¡ h`fpi ip dpV¡$ 
L$fhp¡ `X¡$ R>¡? ‎A„sqfndp„ `Z v|$fbu_       
õ\pr`s L$fu iL$pe L¡$? A¡hu A_¡L$ bpbsp¡ 
`pR>m_p„ rhop__p¡ Ap`Z¡ Ap `pW$dp„ 
‎Aæepk L$fhp_p R>uA¡.‎

	 Qídp s¥epf L$f_pfp lpÞk rg`i£ Ap k„ip¡^L¡$ 1608dp„ b¡ 
h¾$L$pQ (lens) A¡L$buÅ_u kpd¡ ^fu_¡ Å¡ey„ L¡$ v|$f_u ‎hõsy _ÆL$ 
v¡$Mpe R>¡ s¡_u ip¡^ L$fu A_¡ `l¡gy„ v|$fbu_ s¥epf \ey„ Ðepf bpv$ 
1609dp„ NµrgrgAp¡ A¡ v|$fbu_ ‎s¥epf L$fu s¡_p¡ D`ep¡N       AhL-
$pi_p Aæepk dpV¡$ L$ep£ s¡_p Ýep_dp„„ Apìey„ L¡$ _fu Ap„M¡ v¡$Mpe 
R>¡ s¡_p L$fsp„ ‎h^y$ spfpAp¡ Ap AhL$pidp„ R>¡. v|$fbu__u dv$v$iu 
s¡Z¡ Nyê$_p 4 D`N°l, k|e® ̀ f_p X$pO (^åbp) hN¡f¡_u ‎ip¡^ L$fu.‎

âL$pi_p rhrh^ ê$`p¡ ‎
	 âL$pi A¡V$g¡ rhÛys Q„ybL$ue sf„N sf„Ng„bpC (Wavelength) A¡ âL$pi_p¡ A¡L$ NyZ^d® R>¡ S>¡ âL$pi_u 
sf„Ng„bpC ‎gNcN 400 nm \u 800 nm _u hÃQ¡ lp¡e, s¡S> âL$pi Ap`Zu Ap„M ""Å¡C''iL¡$ R>¡. s¡_¡ S> Ap`Z¡ 
×íe ‎âL$pisf„N L$luA¡ R>uA¡. `f„sy Ap sf„Ng„bpC D`fp„s sf„Ng„bpChpmp¡ âL$pi `Z R>¡ S>¡ Ap`Z¡ Å¡C iL$sp 
‎‎_\u L$pfZ L¡$ Ap`Zu Ap„M> Ap qL$fZp¡ dpV¡$ k„h¡v$_iug _\u. Ap dpV¡$ _uQ¡_p sL$sp_p¡ Aæepk L$fp¡. ‎

h¥opr_L$_p¡ `qfQe ‎

1. ApL$pi A_¡ AhL$pidp„ iy„ afL$ R>¡?‎
‎2. AhL$pi r_funZ A¡V$g¡ iy„? s¡_y„ iy„ dlÒh R>¡ ?‎

1. गतीचे नियम

Ø  âL$pi_p rhrh^ ê$`p¡ 		 Ø  v|$fbu_ A_¡ v|$fbu__p¡ âL$pf

Ø  AhL$pidp„_p v|$fbu_	   	 Ø  cpfsue A„sqfn A_yk„^p_ L¡$ÞÖ (Ckfp¡)

18. AhL$pi r_funZ : v|$fbu_‎
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1 nm(_µ_p¡duV$f)=10-9 m A_¡  1 pm(r`L$p¡duV$f)= 10-12  m  
	 D`fp¡¼s `¥L$u a¼s "×íe' âL$pi qL$fZp¡ Å¡C_¡ a¡L$hp_u ndsp Ap`Zu Ap„Mp¡dp„ R>¡. s¡\u A„sqfndp„\u ‎       
Aph_pfp¡ "×íe' âL$pi Å¡hp dpV¡$ Ap`Z¡ "×íe âL$pi v|$fbu_' A¡V$g¡ S> kpv$p g¡Þk (h¾$L$pQ) A\hp ‎Afukp Üpfp 
b_ph¡gy v|$fbu_ hp`fuA¡ R>uA¡. `f„sy A_¡L$ AhL$piue hõsy Üpfp "×íe âL$pi' D`fp„s AÞe ‎âL$pf_p¡ âL$pi `Z 
_u¼m¡ R>¡. f¡qX$$ep¡ sf„N, n qL$fZ, N¡dp qL$fZ hN¡f¡ âL$pf_p âL$piqL$$fZ N°lZ L$fhp dpV¡$ ‎A_¡ s¡_p ÷p¡sp¡_p¡ Aæepk 
L$fhp dpV¡ Ap`Z_¡ Sy>v$p Sy>v$p v|$fbu__u AphíeL$sp `X¡$ R>¡.‎

ê$`‎ sf„N g„bpC

f¡qX$ep¡ sf„N (Radio Waves)	
k|ÿd sf„N (Micro Waves)	
‎A^p¡f¼s qL$fZp¡  (Infrared Waves)	
×íe âL$pi (Visible light Rays)	
‎̀ pfÅ„bgu qL$fZp¡ (Ultraviolet Rays)
n qL$fZp¡ (X-rays)	
N¸dp qL$fZp¡ (Gamma Rays)

gNcN 20 cm L$fsp h^y ‎
0.3 mm – 20 cm
800 nm – 0.3 mm
400 nm – 800 nm
300 pm – 400 nm
3 pm – 300 pm
3 pm L$fsp„ Ap¡R>u

v|$fbu_‎ (Telescopes)

        18.1 h¾$L$pQ_u fQ_p Üpfp b_ph¡gy„ v|$fbu_‎

‎×íe âL$pi v|$fbu_‎ (Optical Telescopes)	
	 dp¡V$p cpN¡ ×íe âL$pi v|$fbu_dp„ b¡ L¡$ h^y 
h¾$L$pQ(g¡Þk_p¡)_p¡ D`ep¡N L$f¡gp¡ lp¡e R>¡ ApL©$rs 
18.1 _y„ ‎r_funZ L$fp¡. AhL$piue hõsy Üpfp 
Aphsp¡ h^ydp„ h^y âL$pi A¡L$rÓs \C iL$¡ A¡V$g¡ 
hõsyL$pQ L$v$dp„ dp¡V$p¡ ‎lp¡e R>¡ A_¡ Ap A¡L$rÓs 
\e¡gp âL$pi Üpfp AhL$piue hõsy_u rhipm 
ârsdp s¥epf L$f_pf LpQ (g¡Þk), ‎A¡V$g¡ L¡$ _¡ÓL$pQ 
L$v$dp„ _p_p¡ lp¡e R>¡. âL$piqL$fZp¡      hpsphfZd-
p„\u h¾$L$pQdp„ (g¡Þk) A\hp h¾$L$pQdp„\u 
(g¡Þk) hpsphfZdp„ S>su hMs¡ `p¡sp_p¡ dpN® 
bv$g¡ R>¡ A¡V$g¡ L¡$ s¡_y„ h¾$uch_ \pe R>¡. dpV¡$ Ap 
v|$fbu__¡ h¾$uchL$ ‎v|$fbu_         (Refracting 
telescope) L$l¡hpdp„ Aph¡ R>¡.‎ 

 	 h¾$L$pQ_u (lens) dv$v$\u hõsy_u ârsdp_y„ r_dp®Z L$C fus¡ \pe R>¡ s¡_p¡ Aæepk Ap`Z¡ ApNgp hj£        
L$fhp_p ‎R>uA¡. kpdpÞe ApL$pi r_funZ dpV¡$ Ap âL$pf_y„ ×íe âL$pi v|$fbu_ D`ep¡Nu R>¡ R>sp„ Apdp„ `Z L¡$V$gpL$ 
‎AX$QZp¡ `Z R>¡.‎
‎1.‎	 õÓp¡s Üpfp Aph_pf h^ydp„ h^y âL$pi A¡L$Ó L$fu ÷p¡s_u s¡S>õhu ârsdp d¡mhhu lp¡e sp¡ ‎hõsyL$pQ_p¡ ìepk 
h^ydp„ h^y dp¡V$p¡ lp¡hp¡ AphíeL$ R>¡. `f„sy A¡V$gp¡ dp¡V$p¡ h¾$ L$pQ b_phhp¡ dyíL$¡g sp¡ lp¡e S> ‎D`fp„s s¡_y„ hS>_ `Z 
M|b h^pf¡ lp¡e A_¡ s¡_y„ L$v$ bv$gpe R>¡ ‎
‎2.‎	 v|$fbu__p b¡ h¾$L$pQ (lens) rhfyÝ^ R>¡X¡$ lp¡hp\u h¾L$pQ_y„ L$v$ h^¡ R>¡ s¡\u v|$fbu__u g„bpC `Z h^¡ ‎R>¡. 
‎3.‎	 h¾$L$pQ (lens) Üpfp s¥epf \e¡gu ârsdpdp„ f„N_u Mpdu lp¡e R>¡. ‎

hõsyL$pQ
_¡ÓL$pQ 

âL$piöp¡s 



211

	  ×íe â¼pi v|$fbu_dp„ Aph_pfu dyíL¡$guAp¡ v|$f L$fhp dpV¡$ A„s®Np¡m Aqfkp¡ Üpfp v|$fbu_ b_phhpdp„ Aph¡ R>¡. 
‎Apdp„ âL$pi_y„ A„s®Np¡m Aqfkp Üpfp `fphs®_ (Reflection) \sy„ lp¡hp\u Ap v|$fbu__¡ `fphs®L$ v|$fbu_      
(Reflecting Telescope) L$l¡ R¡>. ‎Apdp„, hõsy_u s¡S>õhu ârsdp d¡mhhp dpV¡ dp¡V$p Aqfkp¡ Ars AphíeL$ 
lp¡e R>¡. `f„sy dp¡V$p¡ Aqfkp¡ ‎b_phhp syg_p_u ×óV$uA¡ kfm lp¡e R>¡. s¡ rkhpe A_¡L$ Vy$L$X$pAp¡ Å¡X$u_¡ `Z dp¡V$p 
Aqfkp¡ b_phu iL$pe ‎R>¡. s¡_y„ hS>_ `Z s¡V$gp S> L$v$_p h¾$L$pQ (lens) L$fsp„ Ap¡Ry„> lp¡e R>¡. Aqfkp¡ Üpfp s¥epf 
\e¡g ârsdpdp„ f„N_u ‎Mpdu (Ó|qV$) lp¡su _\u. _fu Ap„M¡ ¼epf¡e Å¡C iL$pe _lu s¡hp Ars v|$f fl¡gp spfp (Stars) 
A_¡ ApL$piN„Np (Galaxies) Ap`Z¡ ‎Aphp âQ„X$ v|$fbu_ Üpfp Å¡C iL$uA¡ R$uA¡.‎ 

	 A„sNp¡m Aqfkp `f Ap^pqfs v|$fbu_dp„ 
Þe|V$_`Ý^rs_y„ A_¡ ¾¡$kap¡_ `Ý^rs_y„ v|$fbu_ 
âQrgs R>¡. 
	 ApL©$rs 18.2dp„ v$ip®ìep âdpZ¡ Þe|V$_ 
`Ý^rsdp„ AhL$pidp„\u Aph_pfy„ âL$pi qL$fZ 
A„s®Np¡m ‎Afukp `f\u `fphsu®s \pe R>¡. Ap 
`fphrs®s qL$fZ Afukp_p dy¿eL¡$ÞÖ `pk¡ 
A¡L$rÓs \pe s¡ `l¡gp„ A¡L$ ‎k`pV$ Afukp¡ s¡_p¡ 
dpN® bv$g¡ R>¡ s¡\u Ap qL$fZ v|$fbu__p               
v„$X$Np¡mp_u g„b qv$ipdp A¡L$ tbvy$A¡ A¡L$rÓs      
\pe ‎R>¡. Ðep„ fl¡gp¡ "_¡ÓL$pQ' _pd_p rhrióV$ 
h¾$L$pQ (lens) Üpfp Ap`Z¡ hõsy_u dp¡V$u   
ârsdp Å¡C iL$uA¡ R>uA¡‎. 
	 ApL©$rs 18.3dp„ bspìep âdpZ¡ Lµ$k¡N°¡_ 
`Ý^rsdp„ `Z A„sNp¡m Afukp_p¡ S> D`ep¡N 
L$f¡gp¡ lp¡e R>¡. Al] ‎dpÓ A„s®Np¡m Afukp `f\u 
`fphrs®s \e¡gy qL$fZ A¡L$ brl®Np¡m Afukp 
Üpfp afu A„s®Np¡m Afukp sfa S> ‎‎ fphrs®s \pe 
R>¡ A_¡ A„s®Np¡m Afukp_p s¡_p L¡$ÞÖ sfa fl¡gp 
rR>Ö Üpfp `pRm_u bpSy>A¡\u _¡ÓL$pQ `f ‎‎ X¡$ 
R>¡. _¡ÓL$pQ_u klpe\u Ap`Z¡ ÷p¡s_u dp¡V$u 
ârsdp Å¡C iL$uA¡ R>uA¡.‎

18.2 Þe|V$_ `Ùrs_y v|$fbu_

 	 cpfsdp„ b¡ duV$f_p¡ ìepk ^fphsp¡ Afukp¡ lp¡e 
s¡hp L¡$V$gpL$ v|$fbu_ A_¡L$ hjp£\u L$pe®fs R>¡. cpfsdp„ 
‎b^p\u dp¡Vy„$ 3.6 duV$f_p ìepk_y„ v|$fbu_ Ape®cË$ 
â¡nZ rhop_ ip¡^ k„õ\p_, _¥r_spg Ap k„õ\pdp„ 
[õ\s ‎R>¡. Ap A¡riepdp„ ×íe âL$pi_y„ kp¥\u dp¡V$y      
v|$fbu_ R>¡.‎

     18.3 ¾$µk¡N°¡_ `Ý^rs_y v|$fbu_

A„s®Np¡m Aqfkp

_¡ÓL$pQ

_¡ÓL$pQ

A„s®Np¡m Afukp

k`pV$ Afukp

âL$piöp¡s

âL$piöp¡s

âL$piöp¡s

brl®Np¡m Afukp

âL$piöp¡s
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f¡qX$ep¡ v|$fbu_‎  (Radio Telescope)
	   A_¡L$ AhL$piue hõsy Üpfp ×íe âL$pi D`fp„s f¡qX$ep¡ sf„N `Z _uL$m¡ R>¡. Ap sf„N Ap`Z¡ _fu Ap„M¡ Å¡C 
‎i¼sp _\u dpV¡$ S> Ap sf„N_¡ N°lZ L$fhp dpV¡$ rhrióV$ v|$fbu__p¡ D`ep¡N \pe R>¡. s¡_¡ f¡qX$ep¡ v|$fbu_ (Radio 
Telescope) L$l¡hpe R>¡. f¡qX$ep¡ v|$fbu_ A¡L$ rhrióV$ ApL$pf_u (Paraboloid) qX$i\u A\hp A_¡L$ qX$i_p  NZ 
Üpfp (Set) b_¡gy„ ‎lp¡e R>¡. ×íe-âL$pi v|$fbu_ âdpZ¡ S> Ap qX$i_p h¾$`©óW$ cpN `f\u f¡qX$ep¡ sf„N `fphrs®s       
\pe R>¡ A_¡ s¡ ‎qX$i_p dy¿eL¡$ÞÖ `pk¡ (_prc) A¡L$rÓs L$fhpdp„ Aph¡ R>¡. Ðep„ Ap sf„N N°lZ L$fu iL¡$ s¡hy„ A¡L$ e„Ó 
(Receiver) d|L¡$gy„ ‎lp¡e R>¡. e„Ó¡ N°lZ L$f¡gu dprlsu k„NZL$_¡ (L$pµçàeyV$f_¡) Ap`hpdp„ Ap`¡ R>¡. k„NZL$ Ap 
dprlsu_y„ ‎rhíg¡jZ L$fu Ap f¡qX$ep¡ sf„N_p ÷p¡s_p õhê$`_y„ rQÓ s¥epf L$f¡ R>¡.‎Ap`Z Of¡ fl¡gu qX$i A¸„V¡$_p Ap 
âL$pf_y„ L$pe® L$f¡ R>¡.

18.4 (A) f¡qX$ep¡ v|$fbu__u fQ_p (b) f¡qX$ep¡ v|$fbu__y„ R>peprQÓ

	 `y_p_u `pk¡ _pfpeZ Npddp„ Giant        
Meterwave Radio Telescope (GMRT) A¡    
_pd_u dlpL$pe f¡qX$ep¡ v|$fbu__¡ d|L$hpdp„ Apìey„ 
R>¡. N©lspfpAp¡ `pk¡\u Aphsp duV$fdp„ ‎   
sf„Ng„bpChpmp f¡qX$ep¡ sf„N_p¡ D`ep¡N L$fu_¡ 
MNp¡mue hõsy_p¡ Aæepk L$fhp dpV¡$ Ap v|$fbu_ 
b_phhpdp„ Apìey„ R>¡ Ap v|$fbu_ A¡V$g¡ 30      
`µfpbp¡gp ApL$pf_p v|$fbu_p¡_p¡ kd|l R>¡. Apdp\u 
v$f¡L$ v|$fbu__p¡ ìepk 45 duV$f R>¡. Ap v|$fbu__¡ 
dlpL$pe ‎v|$fbu_ L$l¡hpdp„ Aph¡ R>¡. L$pfZ L¡$       

Apdp„_p 30 v|$fbu__u fQ_p 25 km  dp„ âkf¡gp 

n¡Ódp„ L$f¡gu R>¡ A¡ fQ_p ‎A¡V$g¡ ÅZ¡ L¡$ 25 km 
ìepk ^fphsy„ A¡L$ v|$fbu_ S>. A¡V$g¡ L¡$ 25 km 
ìepk ^fphsp v$|fbu_ Üpfp S>¡ dprlsu ‎dmu iL¡$ s¡ 
dprlsu Ap 30 v|$fbu__p kd|l Üpfp dm¡ R>¡. 

GMRT A¡ cpfsue h¥opr_L$p¡ A_¡ s„Óop¡A¡ 
Ap¡R>pdp„ Ap¡R>p MQ£ r_dp®Z L$f¡gu h¥rðL$ v$fÄÅ_u 
k„ip¡^_ kyrh^p R>¡. Ap v|$fbu_ Üpfp k|e®dpmp, 
`h_, õ`„v$L, ‎dlpõap¡V$L$ A_¡ spfpAp¡_u hÃQ¡ 
fl¡gp  lpCX²$p¡S>_ hpv$mp¡_p¡ Aæepk L$fhpdp„ Aph¡ 
R>¡. Ap v|$fbu__p¡ ‎D`ep¡N L$fhp dpV¡$  rhðdp„\u 
h¥opr_L$p¡ cpfsdp„ Aph¡ R>¡.‎

(A)

A„sqfndp v|$fbu_ ‎ (Telescopes in Space )
	 A„sqfn\u rhrh^ AhL$piue hõsyAp¡ Üpfp Aph_pfp ×íe-âL$pi A_¡ f¡qX$ep¡ sf„N ©̀Õhu_p hpsphfZ\u ‎c|̀ ©óW$ 
kŷ u `lp¢Qu iL¡$ R>¡. s¡_¡ L$pfZ¡ ×íe-âL$pi A_¡ f¡qX$ep¡ v|$fbu_ Ap c|̀ ©óW$̀ f õ\pr`s L$fhpdp„ Aph¡ R>¡ `f„sy Aphp 
c|̀ ©óW$ `f v|$fbu_ Üpfp kpfu ‎NyZhÑphpmy r_funZ L$fhpdp„ L¡$V$gpL$ dyíL¡$guAp¡ Aph¡ R>¡.‎

(b)

k„NZL$

Aµ[çàgapef
(Ýhr_h^®L$ rhÛyse„Ó)

qX$i

f¡qX$ep¡ gl¡f

N°plL$
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  1990 dp„ Ad¡qfL$_u _pkp (N.A.S.A.) k„õ\pA¡ 
lbg Ap ÖíeâL$pi v|$fbu__y„ AhL$pidp„ ân¡`Z ¼ey¯ 
Ap v|fbu_ ‎‎94 IQ ìepk_u lp¡hp\u cy`©óW$ `pk¡\u 
569 qL$gp¡duV$f A„sf `f\u `©Õhu_u ApSy>bpSy> 
âv$rnZp L$f¡ R>¡. ‎lÆ `Z Ap v|$fbu_ L$pe®n$d       
lp¡hp\u, Ap  v|$fbu__u dv$v$\u L$f¡gp r_funZ_¡   

L$pfZ¡ A_¡L$ dlÒh_u ip¡^ \C ‎R>¡.‎

n-qL$fZ N°lZ L$fu s¡_p ÷p¡s_p¡ Aæepk L$fhp dpV¡$ 
1999 kpgdp„  Ad¡qfL$p_u _pkp k„õ\pA¡ Q„Öp 
n-‎qL$fZ v|$fbu_ AhL$pidp„ d|L$u n-qL$fZ 
`fphrs®s L$fu iL¡$ s¡hp rhrióV$ Afukp_p¡ D`ep¡N 
Ap v|$fbu_dp„ ‎L$f¡gp¡ R>¡. Ap Q„Öp v|$fbu_\u spfp A_¡ 
ApL$piN„Np bpbs_u M|b D`ep¡Nu dprlsu d¡mhu 
Ap`u R>¡. Q„Öp s¡ ‎‎_pd ârkÙ cpfsue h¥opr_L$ 

Q„Öi¡Mf kyb°dÎed_p kÞdp_p\¡® Ap`¡gy R>¡.‎

	 AhL$pidp„ Öíe âL$pi hpsphfZdp„\u âhpk L$fu `©Õhu ky^u `lp¢Q¡ R>¡ Ap âhpk v$frdep_ Ap âL$pi_y„ 
‎hpsphfZdp„ ip¡jZ \pe R>¡ A_¡ Ap`Zp ky^u `lp¡Qsp âL$pi_u suh°sp Ap¡R>u \pe R>¡. buÆ dyíL¡$gu s¡ R>¡ ‎L¡$ 
hpsphfÏdp„_y„ DóZspdp_ A_¡ v$bpZ Ap b„_¡ bv$gpe A_¡ s¡_p¡ L$pfZ¡ hpsphfZdp„ Mg¡g `lp¡Qsu lp¡e sp¡ 
s¡dp„\u ‎Aphsp ÖíeâL$pi qL$fZ [õ\f fl¡sp _\u. A¡V$g„y S> _lu, sp¡ qv$hk¡ k|e®âL$pi lp¡hp\u ApL$pi r_funZ 
‎i¼e b_sy„ _\u. hpv$mp¡\u O¡fpe¡gy„ hpsphfZ, fps_p kde¡ il¡fdp„_p¡ v$uhp_p¡¡ âL$pi Ap bpbs kyÝ^p ‎     
ApL$pi r_funZdp„ dyíL¡$gu gph¡ R>¡. Ap dyíL¡$gu Ap¡R>u L$fhp dpV¡$ Öíe âL$pi_y v|$fbu_ 
`lpX$ D`f r_S>®_ ‎S>NpA¡ õ\p`_p L$fhpdp„ Aph¡ R>¡. `f„sy Ap b^u dyíL¡$gu `|Z®`Z¡      
V$pmhu lp¡e sp¡ A¡hy„ ÖíeâL$pi v|$fbu_ ‎ AhL$pidp„ S> b¡kpX$hy„ Å¡CA¡. AhL$pidp„ Ap b^u 
dyíL¡$guAp¡ _ lp¡hp\u, âL$piqL$fZp¡_p ÷p¡s\u dm_pfu ‎ârsdp Arsie kyõ`óV$ A_¡ [õ\f 
li¡. Ap L$ë`_p_¡ h¥opr_L$p¡A¡ âÐenê$`¡ kpL$pf L$fu.

cpfsue A„sfun A_yk„^p_ L¢$Ö (Ckfp¡) ‎ Indian Space Research Organization(ISRO), b¢Ngyfy ‎
	 Ap k„õ\p_u õ\p`_p 1969 dp„ L$fhpdp„ Aphu lp¡hp\u Ðep„ dy¿eÐh¡ L©$rÓd D`N°l s¥epf L$fhp dpV¡$ A_¡ s¡_y„ 
‎ân¡`Z L$fhp dpV¡$ AphíeL$ s„Óop_ rhL$rks L$fhpdp„ Aph¡ R>¡. ApS> ky^u Ckfp¡A¡ A_¡L$ D`N°lp¡_y„ eiõhu ‎fus¡ 
ân¡`Z ¼ey¯ R>¡. õhs„Ó cpfs_p eiõhu L$pe®¾$ddp„ Ckfp¡_y„ L$pe® AN°NÎe R>¡. 
	 cpfs¡ AhL$piip÷dp„ ‎L$f¡gu âNrs_y„ fpô²$ue A_¡ kpdprS>L$ rhL$pkdp„ dp¡Vy„$ ep¡Nv$p_ R>¡. v|$fk„Qpf                          
(Telecommunication),  v|$frQÓhpZu âkpfZ (Television Broadcasting) ‎A_¡ lhpdp_ipõÓ. k¡hp      
(Meteorological services) _¡ dpV¡$ INSAT A_¡ GSAT D`N°l dprgL$p L$pe®fs R>¡. Ap_¡ S> L$pfZ¡ v¡$idp„ kh®Ó 
‎v|$frQÓhpZu, v$|fÝhr_ A_¡ HV$f_¡V$ k¡hp D`gå^ \C iL¡$ R>¡. Ap S> dprgL$pdp„ EDUSAT D`N°l sp¡ a¼s ‎    
rinZn¡Ó dpV¡$ S> hp`fhpdp„ Aph¡ R>¡.  v¡$i_u _¥krN®L$ k„kp^_p¡_y„ r_e„ÓZ A_¡ ìehõ\p`_ (Monitoring and  
Management of Natural Resources)  A_¡ ‎Ap`rÑ ìehõ\p`_ (Disaster Management) s¡ dpV¡$ IRS 

D`N°l dprgL$p L$pe®fs R>¡.‎ h¡bkpCV$ :‎ www.isro.gov.in 
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‎1.‎	 Mpgu S>Npdp„ ep¡Áe iåv$ gMp¡.‎ ‎
	 (A)‎	‎ ×íe âL$pi_u sf„Ng„bpC gNcN ... \u 

... _u hÃQ¡ lp¡e R>¡.‎
	 (Ap)‎	‎GMRT _y„ L$pe® ... glfu D`f Ap^pqfs 

R>¡‎.
	 (B)‎	 n-qL$fZp¡_p A¡L$ v|$fbu__¡ ............. 

h¥opr_L$_y„ _pd Ap`¡gy„ R>¡.‎
	 (C)‎	 AhL$pi r_funZ dpV¡$ v|$fbu__p¡ h`fpi 

kh®â\d ....... Ap h¥or_L$¡ L$ep£.‎
	 (D)‎	 cpfsdp„ ×íe âL$pi_y„ kp¥\u dp¡Vy„$ v|$fbu_ 

...........dp„ [õ\s R>¡.‎  
2.‎	 Å¡X$L$p„ Å¡X$p¡.‎ ‎
		  "A' õs„c		  "b' õs„c
	 (1)	 n-qL$fZ ‎	 (A)	 GMRT	
	 (2)	 Öíe âL$pi v|$fbu_	 (Ap)	Ckfp¡
	 (3)	 cpfsue f¡qX$ep¡ v|$fbu_ ‎	 (B)	 lbg
	 (4)	 L©$rÓd D`N°l ân¡`Z	 (C)‎	 Q„Öp
3.‎	 cy`©óW$ D`f d|L¡$gp Öíe âL$pi v|$fbu_ hp`fhpdp„ 

L$C L$C dyíL¡$guAp¡ _X$¡$ R>¡? Ap dyíL¡$gu L¡$hu fus¡ 
v|$f L$fu ‎iL$pe? ‎

‎4.‎	 A„sh®¾$ Afukp¡, k`pV$ Afukp¡, brl®h¾$ Afukp¡ 
A_¡ h¾$Lp$Q Ap kp^_p¡_p¡ D`ep¡N L$fu_¡ L$C 
‎‎ ÙrsA¡ v|$fbu_ b_phhy„ iL$e R>¡ s¡_u f¡MpL©$rs 
s¥epf L$fp¡.‎‎

5.‎	 ApL©$rs_y„ r_funZ L$fu_¡ DÑfp¡ gMp¡.‎
	  
	

	 (A)‎	 rQÓdp„ v$iph¡g v|$fbu_ L$C `Ý^rs_y„ R>¡ ?‎
	 (Ap)‎	v|$fbu__p dy¿e cpN_p _pd gMp¡.‎
	 (B)‎	 v|$fbu_ ¼ep âL$pf_p Afukp `f Ap^pqfs 

R>¡? ‎
	 (C)‎	 Ap âL$pf_p Afukp¡ `f Ap^pqfs buÆ 

`Ý^rs_p„ v|$fbu__y„ _pd iy„ R>¡ ?‎
	 (D)‎	 D`f_p v|$fbu__y„ L$pe® L$C fus¡ Qpg¡ R>¡ ?‎
‎6.‎	‎ _uQ¡_p âñp¡_p Dsfp¡ gMp¡.‎
	 (A)‎	 N¡rgrgAp¡_p v|$fbu__u fQ_p õ`óV$ L$fp¡.‎
	 (Ap)‎	f¡qX$Ap¡ v|$fbu__u fQ_p õ`óV$ L$fp¡.‎
	 (B)‎	‎ ×íe âL$pi_p v|$fbu__u `lpX$ `f r_S>®_ 

S>ÁepA¡ L¡$d õ\p`_p L$fhpdp„ Aphu R>¡ ?‎
	 (C)‎	 n-qL$fZp¡_y v|$fbu_ `©Õhu `f L$pe®fs¹ L¡$d 

_ \C iL¡$?‎
D`¾$d ‎	
		  ‎cpfs_p rhrh^ h¡^ipmp_u dprlsu d¡mhp¡ 

A_¡ hN®dp„ fSy> L$fp¡.‎

lbg A_¡ Q„$Öp v|$fbu__u S>¡d buÅ `Z A_¡L$ v|$fbu_p¡ AhL$pidp„ L$pe®fs R>¡. s¡_u 
dprlsu d¡mhp¡.‎

dprlsu d¡mhp¡. 

²²²

õhpÝepe

AµõV²$p¡kµV$ (Astrosat)
	 cpfsue A„sfun A_yk„^p_ L¡$ÞÖ Üpfp 2015dp„ 
AµõV²$p¡kµV$ Ap L©$rÓd D`N°l_y„ ân¡`Z L$fhpdp„ Apìey„. Ap 
‎D`N°l `f `pfÅ„bgu qL$fZp¡ A_¡ n-qL$fZp¡ N°lZ L$f_pfp 
v|$fbu_p¡ A_¡ D`L$fZp¡ b¡kpX$hpdp„ Apìep R>¡. ‎s¡_p¡ Ar^L$p„i 
cpN cpfsdp„S> s¥epf L$f¡gp¡ R>¡. Ap âL$pf_p¡ S>Ns_p¡ Ap 
A¡L$ AqÜsue D`N°l R>¡. Ap_p ‎Üpf¡ d¡mh¡gu dprlsu    
hp`fu cpfsue MNp¡g ip÷o b°ldp„X$_p rhrh^ OV$L$p¡ D`f 
ip¡^L$pe® L$fhpdp„ L$pe®fs R>¡.
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rhop_ A_¡ s„Óop_ - i¥nrZL$ r_ep¡S>_‎

	 rhop_ A_¡ s„Óop_ Ap rhje dpV¡$ `pW$é`yõsL$dp„ Ly$g 18 âL$fZp¡_p¡ kdph¡i L$fhpdp„ Apìep¡ R>¡. S>¡dp„ `l¡gp„ 10 
âL$fZp¡ â\d kÓ dpV¡$ A_¡ bpL$u_p 8 âL$fZp¡ qÜsue kÓ dpV¡$ R>¡. Aæepk¾$d A_ykpf b„_¡ kÓp¡ dpV¡$ rhop_ A_¡ s„Óop_ 
rhje_p b¡ õhs„Ó cpN R>¡.
	 cpN I A_¡ cpN II _y„ rhõs©s rhïg¡jZ _uQ¡_p L$p¡W$pdp„ Ap`hpdp„ Apìey„ R>¡. s¡ âdpZ¡ S> âL$fZ_u fQ_p L$fhpdp„ 
Aphu R>¡. cpN I dp„ cp¥rsL$ip÷ A_¡ fkpeZip÷ A_¡ cpN II dp„ Æhip÷ A_¡ rhop_ kp\¡ k„b„r^s ‎̀ ep®hfZ, 
AhL$pi, lhpdp_, Ap`rÑ ìehõ\p`_ A_¡ dprlsu k„â¡jZ s„Óop_ S>¡hp TX$`\u rhL$pk `pd¡gp A_¡ dp_h Æh__¡ 
âcprhs L$f_pfp rhjep¡_p¡ kdph¡i L$fhpdp„ Apìep¡ R>¡.
	 â\d kÓ s¡dS> qÜsue kÓdp„ cpN I dp„ cp¥rsL$ip÷ A_¡ fkpeZip÷ s¡dS> cpN II dp„ Æhip÷ A_¡ ‎k„b„r^s 
A_Þe rhjep¡_p¡ kdph¡i L$ep£ lp¡hp R>sp„ rinL$p¡A¡ rhop_ A_¡ s„Óop_ iuMhsu hMs¡ l„d¡ip kpsÐe`|Z® AÝep`_ 
L$fphhp_y„ R>¡. rhÛp\} A_¡ rinL$ s¡d_p hprj®L$ r_ep¡S>_ dpV¡$_p dlÒh_p dyØp Ap`¡gp R>¡.

kÓâdpZ¡ âL$fZ ep¡S>_p

â\d kÓ

cpN II cpN II

â.¾$. âL$fZ_y„ _pd â.¾$. âL$fZ_y„ _pd

1 Nrs_p r_edp¡‎ 6 h_õ`rs_y„ hN}L$fZ

2 L$pe® A_¡ DÅ®‎ 7 ‎̀ qfk„õ\pdp„ DÅ®âhpl

3 âhplrhÛys 8 D`ep¡Nu A_¡ D`Öhu k|ÿdÆhp¡‎

4 Öìe_u NZ_p‎ 9 ‎̀ ep®hfZue ìehõ\p`_ ‎

5 A¡rkX$, b¡CT A_¡ npf 10 dprlsu k„â¡jZ s„Óop_ : âNrs_u _hu qv$ip

qÜsue kÓ

cpN II cpN II
â.¾$. âL$fZ_y„ _pd â.¾$. âL$fZ_y„ _pd

11 âL$pi_y„ `fphs®_‎ 15 kÆhp¡_u Æh_âq¾$ep

12 Ýhr__p¡ Aæepk 16 A_yhp„riL$sp A_¡ `qfhs®_‎

13 L$pb®_-A¡L$ dlÒh_y„ d|msÒh 17 S>¥h s„Óop__u Ap¡mM

14 ‎Ap`Zp„ fp¡Æ„v$p Æh_dp„ h`fpsp `v$p\p£‎ 18 AhL$pi r_funZ - v|$fbu_‎

1.‎	âpÐernL$ L$pe®, g¡rMs `funp rhi¡ dprlsu õhs„Óê$`¡ Ap`hpdp„ Aphi¡.‎
‎2.‎	âpÐernL$ L$pe® L$fsu hMs¡ âep¡N_u kp\¡ `pW$é`yõsL$_u rhrh^ L©$rs L$fhu AphíeL$ R>¡.‎
‎3.‎	âpÐernL$ L$pe®_u _p¢^ L$fsu hMs¡ iuj®L$, kp^_p¡, fkpeZp¡, ApL©$rs, L©$rs, r_funZ, ‎A_ydp_/r_óL$j® Ap ¾$ddp„ lp¡hu 

S>ê$fu R>¡.‎
‎4.‎	‎ pW$_p A„s¡ Ap`hpdp„ Aph¡gp õhpÝepe_p âï_p¡ `pW$é`yõsL$_p l¡s|_u kp\¡ rhrh^ ‎L©$rs s¡dS> D`¾$dp¡ `f Ap^pqfs 

lp¡hp\u s¡_u L$pe®hplu L$fsu hMs¡ A`¡rns DÑf ky^u ‎‎ lp¡Qhp_p¡ âeÐ_ L$fhp¡.‎
‎5.‎	õhpÝepe `R>u Ap`hpdp„ Ap¡hgp D`¾$dp¡ A¡ `pW$é`yõsL$_p k„v$c®dp„ _hu_ lp¡hp\u âÐe¡L$ ‎D`¾$d õhs„Ó fus¡ L$fhp¡. 

s¡_u L$pe®hplu bpv$ L$f¡g„y g¡M_ âõsph_p, ‎S>ê$qfeps/AphíeL$sp, L$pe®`Ý^rs, r_funZ, A_ydp_ A_¡ r_óL$j® Ap 
¾$d\u lp¡hy„ S>ê$fu ‎R>¡.‎
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