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FFFFFrom rom rom rom rom TTTTThe editors… …he editors… …he editors… …he editors… …he editors… …
We are glad to bring out Pragaami Tarang-2010, a collection of articles
on Physics in Gujarati. On Teachers’ Day September 05, 2009 the first
publication Pragaami Tarang-2009 was released in a Teachers’ Workshop
on Quantum Mechanics, held at Physical Research Laboratory
Ahmedabad. The follow-up efforts of the IAPT RC–7 have succeeded
and the second issue is here in your hands now.

It is our pleasure to thank Hon’ble Mrs. Jayanti Ravi IAS (who is a
Physics graduate), Commissioner of Higher Education, Govt. of
Gujarat Gandhinagar, for sending her motivating message to all of
us. The message appears on the very first page of this issue.

The present volume, like the previous one was inspired by veteran
nuclear physicist and a former IAPT president respected Prof.
Sudhirbhai P. Pandya, who has provided moral and financial support
to this Gujarati publication. Readers will also be happy to find here
an invited article from him on the discovery of atomic nucleus and
the exciting history of early developments in nuclear physics. As
compared to 12 articles last time, we have 15 articles this time. There
are two articles from UG students and one from a Ph. D. student
from PRL. Other authors include an IPR scientist, several college and
university teachers, in-service as well as retired, and two higher
secondary school teachers as well.

The aim of publishing this collection of Gujarati articles on Physics is
to promote writing, since ‘writing makes man perfect’, said a thinker
–writer Francis Bacon. The written communication is as important as
verbal one deliberated usually in lectures. Pragaami Tarang provides a
platform to those who wish to write on Physics in our mother tongue.
As regards responses from readers, we do not have much to report.
We hope the present publication reaches teachers, students and others
across Gujarat, so that the probability of receiving a response increases.

 It is difficult to say whether reading promotes writing or vise versa.
It is perhaps a cumulative process which begins somewhere on the
either side. Therefore the beginning has to be made, and that is what
we have done.

Let us hope the Progressive wave continues to travel sans damping!

 We conclude by thanking Dr. Tarun R. Trivedi (Physics Department,
Bhavan’s College Dakor) for all round help in preparing this issue.

- Shakuntala G. Nene (Rajkot)
- Kamalnayan N. Joshipura (Vallabh Vidyanagar)
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BÞX$uA_ A¡kp¡kuA¡i_ Apµa auTu¼k V$uQk®_p„ 25 hj®_u - fS>s S>e„rs_u - âNrs

îu A¡. `u. dl¡spîu A¡. `u. dl¡spîu A¡. `u. dl¡spîu A¡. `u. dl¡spîu A¡. `u. dl¡sp
(r_h©Ñ) fpS>L$p¡V$

DÃQsf dpÝerdL$\u gB_¡ L$p¡g¡S>, eyr_hrk®V$u A_¡ k„ip¡̂ _ kŷ u_p v$f¡L$ sb½$p_p cp¥rsL$ rhop__p rinZ A_¡
rinL$p¡_u NyZhÑp kŷ pfhp_p A¡L$ âepk sfuL¡$, 1984dp„ Ap rhje_p v$uO®×ô$p, L$p_ ỳf_p (õh.) X$p¸. X$u.`u. M„X¡$ghpg
s\p L¡$V$gpL$ k„r_›$ A_¡ kdr ®̀s rinL$p¡ Üpfp IAPT_u õ\p`_p L$fhpdp„ Aphu. Ðepf\u ApS> kŷ udp„ s¡_u DÑfp¡sf âNrs
\su flu R>¡ A_¡ 2009dp„ IAPT_¡ 25 hj® |̀fp„ \B fS>s S>e„rs DS>hpe¡g R>¡.

kpdpÞe fus¡ A¡hy„ b_¡ L¡$ L$p¡B `Z _hu âh©rÑ L¡$ k„õ\p s¡_u õ\p`_p_u iê$Apsdp„ M|b kq¾$e lp¡e, `Z `R>u\u
b^p„_p DÐkpldp„ Ap¡V$ Aphsp„ Aphsp„ R>¡hV¡$ âh©rÑ d„v$ `X$u Åe. IAPT Apdp„ A`hpv$ê$` R>¡. L$pfZ L¡$ AÐepf¡ cpfs_u
1500 D`fp„s_u i¥nrZL$ k„õ\pAp¡dp„\u gNcN 5000 D`fp„s IAPT_p ApÆh_ kæep¡ R>¡ A_¡ vy$r_ep_p AÞe
v¡$ip¡dp„\u `Z 100 D`fp„s IAPT_p ApÆh_ kæep¡ R>¡. Ap âNrs `pR>m_y„ flõe A¡ R>¡ L¡$ IAPT_p hprj®L$ s\p ApÆh_
kæep¡ Ap âh©rÑ_p c¡M^pfu R>¡ A_¡ IAPT_u sdpd âh©rÑAp¡dp„ `p¡sp_y„ k„r_›$ ep¡Nv$p_ Ap ¡̀ R>¡. cp¥rsL$ip÷_p
rinZ_u NyZhÑp kŷ pfhp_u S>¡_u BÃR>p lp¡e s¡hu L$p¡B `Z ìe[¼s (ìehkpe¡ rinL$ _ lp¡e sp¡ `Z) IAPT_y„ kæe`v$
d¡mhu iL¡$ R>¡. ìe[¼sNs D`fp„s k„õ\pNs fus¡ `Z IAPT_y„ kæe`v$ d¡mhu iL$pe R>¡. Ap âh©rÑ_y„ M|b DS>my„ `pky„
A¡ R>¡ L¡$ IAPT_y„ sdpd L$pe® k„`|Z®`Z¡ õh¥[ÃR>L$ (dl¡_spZp hNf_y„) lp¡e R>¡. ApÆh_ kæe au lpgdp„
ê$p. 1000/- R>¡. IAPT A¡ fÆõV$X®$ k„õ\p R>¡ A_¡ s¡_¡ `p¡sp_y„ b„̂ pfZ R>¡. s¡_p k„Qpg__y„ dpmMy„ Ap âdpZ¡ R>¡ :

ArMg cpfsue L$npA¡ A¡L$ L¡$ÞÖue k„Qpg_ krdrs (Central Executive Council-CEC) lp¡e R>¡ S>¡_p
lp¡Ø¡v$pfp¡ Q|„V$Zu\u A\hp kh®k„drs\u CECdp„ âh¡i d¡mh¡ R>¡. CECdp„ A¡L$ âdyM, R> D`âdyMp¡, A¡L$ S>_fg k¡¾¡$V$fu
s\p v$f¡L$ rhõspfdp„\u A¡L$ A¡L$ ârsr_r^_p¡ kdph¡i \pe R>¡.

v$f hj£ IAPT_y„ hprj®L$ Ar^h¡i_ cpfs_p„ Sy>v$p„ Sy>v$p„ fpÄep¡_p il¡fp¡dp„ Ap¡¼V$p¡./_h¡._u Apk`pk ep¡Åe R>¡.
Ap Ar^h¡i_p¡ ÓZ qv$hk_p„ lp¡e R>¡. 1984\u iê$ L$fu, Qpgy kpg kŷ u_p âdyMp¡ A_¡ S>_fg k¡¾¡$V$fuAp¡_u epv$u _uQ¡
âdpZ¡ R>¡ :

hj®hj®hj®hj®hj® âd yMâd yMâd yMâd yMâd yM S>_fg k¡¾ ¡ $V $fuS>_fg k¡¾ ¡ $V $fuS>_fg k¡¾ ¡ $V $fuS>_fg k¡¾ ¡ $V $fuS>_fg k¡¾ ¡ $V $fu

1984-86 bu. A¡g. kfpa X$u. `u. M„X¡$ghpg

1987-88 A¡Q. A¡k. l„k X$u. `u. M„X¡$ghpg

1989-90 * A¡k. `u. „̀X$ép X$u. `u. M„X¡$ghpg

1991-92 X$u. `u. M„X¡$ghpg hu. îur_hpk_

1993-94 X$u. `u. M„X¡$ghpg hu. A¡k. d|rs®

1995-96 X$u. `u. M„X¡$ghpg `u. A¡Q. DdpX$uL$f

1997-98 bu. A¡g. kfpa * d ŷb¡_ ipl

1999-2000 hpe. Apf. hpOdpf¡ ey. A¡k. Ly$íhplp
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2001-03 hpe. Apf. hpOdpf¡ ey. A¡k. Ly$íhplp

2004-06 A¡Q. A¡k. huL®$ ârscp Å¡gu

2007-09 A¡Q. A¡. `ÐL$u Ly$. bu. A¡_. Q„qÖL$p

2010-2012 X$p¸. kÐeâL$pi X$p¸. A¡k. ku. kpdÞsp

* spfp„qL$s _pdp¡ NyS>fps_p„ R>¡, S>¡ Ap`Z¡ dpV¡$ Np¥fh_u bpbs R>¡. X$p¸. A¡k. `u. „̀X$ép (kŷ ufcpB „̀X$ép)
Adv$phpv$_u PRL_p c|s |̀h® X$pef¡¼V$f R>¡. X$p¸. d ŷb¡_ ipl A¡d. A¡k. eyr_hrk®V$u, hX$p¡v$fp_p„ r_h©Ñ âp¡a¡kf R>¡.

CEC D`fp„s rhõspf_u L$npA¡ Regional Council lp¡e R>¡. Ap`Zu NyS>fps_u Regional Council,
RC-7 sfuL¡$ Ap¡mMpe R>¡.

Ap`Zu RC-7_p D`¾$d¡ 11 A¡râg, 2010_p fp¡S> hëgc rhÛp_Nf_p auTu¼k qX$`pV®$d¡ÞV$dp„ ""auTu¼k
A¡ÄeyL¡$i_ A¡ÞX$ fukQ®'' rhje D`f A¡L$ qv$hkue k¡du_pf_y„ Apep¡S>_ L$fhpdp„ Apìey„ lsy„. Ap âk„N¡ Ap„sffpô²$ue
¿eprsâpá Þey¼guAf rhop_u PRL_p c|s |̀h® X$pef¡¼V$f X$p¸. kŷ ufcpB „̀X$ép_y„ blzdp_ L$fhpdp„ Apìey„ lsy„. îu „̀X$ép
kpl¡b¡ AÐepf kŷ udp„ IAPT, RC-7_u âh©rÑAp¡_¡ h¡N Ap`hp_p l¡sy\u b¡ gpM ê$r`ep D`fp„s A_yv$p_ Ap ¡̀g R>¡. s¡d_u
Jdf lpgdp„ 80 hj®\u `Z h^pf¡ lp¡hp R>sp„ A_¡ Ap„Mp¡_u sL$gua lp¡hp R>sp„ s¡dZ¡ Adv$phpv$\u hëgc rhÛp_Nf A_¡
`fs A¡d âhpk M¡X$ép¡, A_¡ k¡du_pfdp„ ApMp¡ qv$hk lpS>fu Ap`u lsu, S>¡ Ðep„ lpS>f fl¡g b^p dpV¡$ Dv$plfZê$` bpbs
lsu.

1985\u iê$ L$fu, 2010 ky^udp„ IAPT_p„ hprj®L$ Ar^h¡i__y„ hj® A_¡ õ\p_ _uQ¡ âdpZ¡ R>¡.

hj®hj®hj®hj®hj® õ\mõ\mõ\mõ\mõ\m

1985 L$p_ ỳf

1985 Q¡ßpB

1987 Ar^h¡i_ ep¡Åey„ _ lsy„

1988 hëgc rhÛp_Nf (NyS>fps)*

1989 fpe ỳf

1990 A„bpgp

1991 dvy$fpB

1992 _pN ỳf

1993 rhS>ehpX$p

1994 Ad©skf

1995 |̀Z¡

1996 Ap¥f„Npbpv$

1997 rdv¹$_p`p¡f

1998 rbgpk ỳf
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1999 gM_p¥

2000 Q„qv$NY$

2001 ehsdpg

2002 NygbNp®

2003 S>g„^f

2004 Áhprgef

2005 cyh_¡ðf

2006 S>bg`yf

2007 iudgp

2008 b¢Ágp¡f

2009 L$p_ ỳf

2010 fpS>L$p¡V$ (NyS>fps)* (sp. 21,22,23 Ap¡¼V$p¡. 2010)

IAPT_u A_¡L$rh^ âh©rÑAp¡dp„_u L¡$V$guL$ _uQ¡ âdpZ¡ R>¡.

(1) IAPT_y„ Bulletin-dyM`Ó S>¡ 32 \u 36 `p_p_y„ lp¡e R>¡ A_¡ v$f dlu_¡ ârkÙ \pe R>¡. Ap byg¡V$u_
IAPT_p sdpd kæep¡_¡ V$`pg dpfas dp¡L$ghpdp„ Aph¡ R>¡. Apdp„ IAPT_u sdpd âh©rÑAp¡_u dprlsu Ap`hpdp„ Aph¡
R>¡ L$p¡B`Z ìe[¼s auTu¼k_¡ gNsp rhje D`f Apdp„ g¡M dp¡L$gu iL¡$ R>¡. Ap byg¡V$u_ L$p_ ỳf\u r_erds`Z¡ ârkÙ
\pe R>¡.

(2) IAPT Üpfp fpô²$ue L$np_u b¡ âL$pf_u `funpAp¡ g¡hpe R>¡.

(i) ^p¡fZ 11, 12 (rhop_ âhpl)_p rhÛp\}Ap¡ dpV¡$_u `funp, National Standard Examination
in Physics (NSEP). Ap `funp_u iê$Aps 1985dp„ \B. IAPT_u kamsp\u â¡fpB_¡ Chemistry A_¡ Biology_p„
`Z ArMg cpfsue d„X$mp¡ fQhpdp„ Apìep„ R>¡. (IACTA_¡ IABT). IACT A_¡ IABT_u `funpAp¡_y„ k„Qpg_ IAPT
S> L$f¡ R>¡. Apdp„ spS>¡sfdp„ A¡õV²$p¡_p¡du A_¡ Sy>r_ef kpeÞk_u `funpAp¡ `Z kdprhô$ L$fhpdp„ Aphu R>¡. International
Olympiaddp„ `k„v$Nu `pdhp dpV¡$ NSEP, NSEC, NSEB `funp Ap`hu A¡ `l¡gy„ A_¡ afrS>eps `Nr\ey„ R>¡. Ap
sdpd `funpAp¡_y„ k„Qpg_ IAPT_u |̀Z¡_u Ap¡aukdp„\u \pe R>¡.

cpfs¡ International Olympiad in Physics (IPho) _u `funpAp¡dp„ cpN g¡hp_y„ 1998\u iê$ L$eȳ R>¡. Ap
dpV¡$_u V$uddp„ ArMg cpfsue ^p¡fZ¡ NSEPdp„ JQp ¾$dp„L¡$ DÑuZ® \e¡gp `p„Q rhÛp\}Ap¡, b¡ rinL$p¡ A_¡ A¡L$ kpeÞV$uauL$
Ap¡åTh®f A¡d ApW$ ìe[¼sAp¡_p¡ kdph¡i \pe R>¡. cpfs_y„ ârsr_r^Ðh L$fhp dpV¡$, DÃQ NyZp„L$ d¡mh¡gp rhÛp\}Ap¡dp„\u
gNcN 20 S>¡V$gp_¡ dy„bB_p TIFR lp¡du cpcp k¡ÞV$fdp„ kO_ spgud Ap`u, s¡dp„\u `p„Q rhÛp\}Ap¡_u `k„v$Nu L$fhpdp„
Aph¡ R>¡. Ap hj®_u IPho_u `funp \pBg¡ÞX$_p `pV$_Nf b¢NL$p¡L$dp„ Sy>gpB, 2010dp„ ep¡ÅB NB S>¡dp„ cpfs¡ Myb eiõhu
v¡$Mph L$ep£ R>¡. NSEP_u `funp A„N°¡Æ D`fp„s L¡$V$guL$ âpv¡$riL$ cpjpAp¡dp„ (NyS>fpsu krls) `Z g¡hpe R>¡. 1998\u
gB_¡ 2010 kŷ u_p„ hjp£dp„ IPhodp„ cpfs_p¡ v¡$Mph M|b kpfp¡ füp¡ R>¡, A_¡ s¡dp„ cpfs¡ d¡mh¡g `v$L$p¡ (medals)_u
dprlsu _uQ¡ âdpZ¡ R>¡.
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(Gold) kyhZ® - 24

(Silver) fp¥àe - 22

(Bronze) L$p„õe - 12

(ii) L$p¡g¡S>_p B.Sc._p rhÛp\}Ap¡ dpV¡$ National Graduate Physics Examination (NGPE)_u `funp
g¡hpe R>¡, A_¡ \uefudp„ kpfp¡ v¡$Mph L$f_pf rhÛp\}Ap¡dp„\u `k„v$Nu_p rhÛp\}Ap¡_¡ âpep¡rNL$ `funp dpV¡$ Sy>v$p„ Sy>v$p„ il¡fp¡dp„
bp¡gphhpdp„ Aph¡ R>¡. Aphu âpep¡rNL$ `funp NyS>fpsdp„ b¡ õ\mp¡A¡, Adv$phpv$_u M.G. Science Institutedp„ A_¡
Adv$phpv$_u k¢V$ T¡rhek® L$p¡g¡S>dp„ g¡hpdp„ Aphu lsu. NGPE `funp_y„ k„Qpg_ v$l¡fpv|$_\u \pe R>¡.

NSEPdp„ A_¡ NGPEdp„ âñ`Ó s¥epf L$fhp dpV¡$, S>ê$f `X¡$ Ðep„ cpjp„sf L$fhp dpV¡$ A_¡ d|ëep„L$_ dpV¡$ L$p¡B
âL$pf_y„ dl¡_spÏ„ Ap`hpdp„ Aphsy„ _\u. `p¡sp_p il¡f\u ỳZ¡ L¡$ v$l¡fpv|$_ kŷ u_y„ kpvy„$ õgu`f ¼gpk_y„ f¡ëh¡ cpXy„$ A_¡
S>¡ s¡ il¡fdp„ fl¡hp -S>dhp_u ìehõ\p A¡ b„_¡ IAPT sfa\u Ap L$pe® dpV¡$ S>_pf ìe[¼s_¡ L$fu Ap`hpdp„ Aph¡ R>¡.

Ap b„_¡ `funpAp¡_p âñ`Óp¡ s\p s¡_p DL¡$gp¡ (solutions) `funp `R>u IAPT_p byg¡V$u_dp„ Ap`hpdp„ Aph¡
R>¡. Ap D`fp„s Ap b„_¡ `funpAp¡_p R>¡‰p `p„Q hjp£_p âñ`Ó s\p DL¡$gp¡_u Qp¡̀ X$uAp¡ kpdpÞe L$]ds\u |̀Z¡ A_¡
v$l¡fpv|$_\u D.D. dp¡L$gu_¡ d„Nphu iL$pe R>¡.

Ap b„_¡ `funpAp¡dp„ kpfp¡ v¡$Mph L$f_pf rhÛp\}Ap¡_y„ Q„ÖL$ A_¡/A\hp ỳõsL$p¡ (`pqfsp¡rjL$ ê$ ¡̀)\u blzdp_
L$fhpdp„ Aph¡ R>¡.

2010dp„ NGPEdp„ NyS>fps fpÄe L$npA¡ V$p¡̀ _p A¡L$ V$L$p rhÛp\}Ap¡ ÓZ lsp, S>¡ ÓZ¡ S|>_pNY$_u blpDØu_
rhop_ L$p¡g¡S>_p rhÛp\}Ap¡ lsp.

h ŷdp„ _¡i_g _p¡g¡S> L$dui__p Q¡fd¡_, âp¡. kpd r`Óp¡X$pA¡ (S>¡Ap¡ `p¡s¡ NyS>fpsu R>¡) `Z ""Mpfp fZdp„ duW$u
rhfX$u kdp_'' Ap IAPT_u âh©rÑAp¡_¡ bufv$phu_¡, L¡$ÞÖ kfL$pf_¡ IAPT_¡ b_¡ s¡V$gu h^pf¡ Apr\®L$ klpe Ap`hp
cgpdZ L$fu R>¡. sp¡ Aphp¡, Ap`Z¡ b^p kp\¡ dmu_¡ IAPT_¡ lÆ h^pf¡ q¾$epiug A_¡ _pZpL$ue fus¡ kÙf b_phhp
(ApÆh_ kæe \B_¡ A_¡/A\hp RC-7_¡ X$p¡_¡i_ Ap`u_¡) dpV¡$_p L$pe®¾$ddp„ s_, d_, ^_\u apmp¡ Ap`uA¡.

IAPT_p kæe \hp dpV¡$ S>ê$fu ap¡d® cfu_¡, S>ê$fu fL$d_p¡ D.D. L$p_ ỳf Ap¡auk¡ dp¡L$ghp_p¡ lp¡e R>¡.

IAPT_p byg¡V$u_dp„ g¡M Ap`hp dpV¡$ g¡M IAPT_u Q„qv$NY$_u Ap¡auk¡ dp¡L$ghp_p¡ lp¡e R>¡.

NSEP, NGPE_u `funpAp¡ dpV¡$ ¡̀̀ f k¡V$]N L$fhp A_¡ d|ëep„L$_ dpV¡$ S>¡d_¡ õh¥[ÃR>L$ fus¡ L$pe® L$fhy„ lp¡e s¡dZ¡
IAPT_u |̀Z¡ ( |̀_p)_u Ap¡auk_p¡ k„̀ L®$ L$fhp rh_„su R>¡.

D`fp¡¼s ÓZ¡ Ap¡aukp¡_p kf_pdp„ IAPT_p byg¡V$u_dp„ v$f drl_¡ Aph¡ R>¡, s¡ Å¡hp rh_„su R>¡.

*****
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Q„Ö_y„ AÞh¡jZ s\p cpfs_y„ Q„Öep_ Arcep_

X$p ¸. syjpf ku. `„X$épX$p ¸. syjpf ku. `„X$épX$p ¸. syjpf ku. `„X$épX$p ¸. syjpf ku. `„X$épX$p ¸. syjpf ku. `„X$ép
k¡ÞV$ T¡rhek® L$p¡g¡S>, Adv$phpv$

1957dp„ s¡ hMs_p kp¡hue¡V$ fiuep Üpfp L©$rÓd D`N°l õ ỳV$_uL$ R>p¡X$hpdp„ Apìep¡ A¡ dp_hÅs dpV¡$ A„sfun
eyN_u iê$Aps lsu. s¡ `R>u e|fu N¡Npqf_¡ ©̀Õhu blpf A„sfundp„ `N dyL$u_¡ dp_h_p¡ A„sfundp„ S>hp_p¡ dpN® âiõs
L$ep£. Ðepfbpv$ kp¡rhes k„O¡ Q„Ö Arcep_p¡_u A¡L$ gp„bu î©„Mgp_u iê$Aps 1959dp„ g|_p-1 (Luna-1)_p Q„Ö_p _ÆL$
DX$p_ (Fly-by) Üpfp L$fu_¡ Q„Ö s\p N°lp¡_p âÐen AÞh¡jZdp„ A¡L$ AÝepe Dd¡ep£. A¡râg 1960dp„
g|_p-3 (Luna-3)A¡ `l¡guhpf Q„Ö_p `pR>m_p cpN_p ap¡V$p dp¡L$ëep S>¡_p\u Q„Ö_p bß¡ Np¡mp ®̂dp„ dlÐh_u rhjdsp_p
k„L¡$s dþep. Q„Ö_p r_funZ_p kdp„sf L$pe®¾$ddp„ Ad¡qfL$pA¡ L$nue s\p Q„Ö k`pV$u D`f DsfpZ dpV¡$_p ep_p¡_u îy„Mgpdp„
f¡ÞS>f (Ranger) s\p kh£ef (Surveyor) rdi_ dp¡L$ëep. A¡̀ p¡gp¡ î©„Mgpdp„ dp_hkrls Arcep_p¡A¡ 1969\u 1972
v$fçep_ Q„Ö_u k`pV$u D`f âep¡Np¡ L$ep® A_¡ Q„Ö_p L¡$V$gpe õ\p_p¡_p MX$L$p¡ A_¡ dpV$u_p¡ A¡L$ dp¡V$p¡ k„N°l ©̀Õhu `f gB
Apìep. buÆ bpSy> kp¡rhes k„O¡ fp¡bp¡qV$L$ rdi__¡ ep¡Áe NZu_¡ ÓZ rdi_ g|_p-16. 20 A_¡ 24 Üpfp 1969\u
1976 v$fçep_ Q„Ö_u k`pV$u\u 1 duV$f KX$u dpV$u_p _d|_p d¡mìep„. g|_p_p Ap k¡ç`g Q„Ö_p |̀h® c|dÝe n¡Ó_p lsp.
Q„Ö_¡ `Z `p¡sp_u c|Np¡m R>¡. Ap âdpZ¡ A¡̀ p¡gp¡ Arcep_dp„ Q„Ö_p r_L$V$hs} Np¡mp ®̂_p c|dÝehs} n¡Ódp„\u gNcN
400 qL$.N°pd `v$p\® ©̀Õhu `f Aæepk A\£ gphhpdp„ Apìep¡. 1969dp„ A¡̀ p¡gp¡-11 Q„Ö D`f Dsep® bpv$ 5 hj® ky^u
Q„Ö_p rhop_dp„ OZu Nrsrhr^ flu. Ap v$fçep_ A¡̀ p¡gp¡ s\p g|_p rdi_ gph¡g MX$L$p¡ s\p dpV$u_y„ rhõs©s rhïg¡jZ
\ey„ s\p Q„Ö_u k`pV$u D`f d|L¡$g s\p L$nue ep__p D`L$fZp¡ Üpfp Q„Ö_u k`pV$u_y„ M|b AÝee_ \ey„. vy$r_epcf_u
100\u h ŷ âep¡NipmpAp¡A¡ s¡dp„ cpN gu^p¡. cpfsdp„ V$pV$p BÞõV$uV$é|V$ Apµa aÞX$pd¡ÞV$g fukQ® (TIFR) dy„bB, B[ÞX$e_
BÞõV$uV$é|V$ Apµa V¡$L$_p¡gp¡Æ (IIT) L$p_ ỳf, cpcp A¡V$rdL$ fukQ® k¡ÞV$f (BARC) dy„bB A_¡ Ðepfbpv$ qarS>L$g fukQ®
g¡bp¡f¡V$fu (PRL) Adv$phpv¡$ Q„Ö_p _dy_pAp¡_p¡ kO_ Aæepk L$fu rhïg¡jZ_u L¡$V$guL$ _hu V¡$L$r_L$ rhL$kphu. cpfsdp„
X$p¸. v¡$h¡ÞÖ gpg, X$p¸. _f¡ÞÖ c„X$pfu A_¡ AÞe L¡$V$gpL$ h¥opr_L$p¡A¡ Q„Ö_p fpkperZL$, f¡qX$ep¡-NyZ^d} sÐhp¡ A_¡ s¡_p
M_uÅ¡dp„ rhqL$fZp¡ Üpfp Dv¹$ch¡g nrsAp¡_p¡ Aæepk L$ep£ S>¡_¡ L$pfZ¡ Q„Ö_p hpsphfZ rhi¡ _hu ÅZL$pfu dmu.

b¡ v$iL$pAp¡ kŷ u âdpZdp„ ^udu âNrs bpv$ Äepf¡ Ad¡qfL$_ N¡gurgep¡ rdi_ Üpfp dp¡L$g¡g L¡$d¡fpA¡ Q„Ö_p L¡$V$gpL$
Aops õ\p_p¡_p ap¡V$p dp¡L$ëep A_¡ ¼g¡d¡ÞV$pB_ (Clementine) A_¡ g|_f âp¡õ ¡̀¼V$f (Lunar Prospector) rdi_¡
1991-98 v$fçep_ c|Nc}e A_¡ fpkpeZuL$ dp_rQÓ _¼ip b_pìep„, Ðepf¡ Q„Örhop_ rhj¡ afu _hp¡ DÐkpl âNV$ép¡.
N¡rgrgep¡ rdi_¡ Q„Ö_u `pR>m_p cpNdp„ v$rnZ °̂yh-A¡V$L$_ n¡Ódp„ A¡L$ rhipg k„Opsue b¡rk_ (SPA) ip¡̂ u S>¡_¡
`l¡gp„ Ap¡mMu iL$pB _ lsu, L$pfZ L¡$ blz S> rR>R>fu S>du_ R>¡. 1994dp„ eyfp¡̀  s\p Ad¡qfL$p_p D`¾$d¡ L¡$V$gpe D`L$fZp¡
S>¡hp L¡$ guX$pf- (LIDAR - Laser Image Detection and Ranging) A_¡ DÃQ rhc¡v$_ ndsphpmp L¡$d¡fp kp\¡
dp¡L$ghpdp„ Apìep. D`L$fZp¡A¡ Q„Ö_u ỳfu k`pV$u_p `pfÅ„bgu âL$pi (Ultraviolet) ×íe âL$pi (Visible), `pff¼s
âL$pi (Infrared) A_¡ v$uO®sf„N `pff¼s âL$pi (Long-wave length infrared)dp„ ap¡V$p gu^p. Ap Arcep_\u Q„Ö_p
NyfyÐhpL$j®Z_u ÅZL$pfu dmu s\p õ\mpL©$rs_y„ â\d blzhZ®¾$rde (Multispectral) rQÓ dþey„. Ap `qfZpdp¡ D`f\u

|̀fp Q„Ö_y„ Mr_S> rQÓZ `Z bÞey„. Ad¡qfL$_ h¥opr_L$ L$pg} `pBV$k®_¡ s¡_p Ap^pf D`f SPA n¡Ó_p L¡$V$gpL$ rhriô$
gnZp¡ Ap¡m¿ep, S>¡ Mr_S> s\p h¥opr_L$ ×rô$A¡ A_ydpr_s _uQ¡_u ¾$õV$ A\hp D`f_u d¢V$g_¡ kdp_ lsp. Ap cpNp¡
k„crhs b¡rk_ b_su hMs¡ D`f_u k`pV$u D`f Apìep li¡. g|_f âp¡õ ¡̀¼V$f (Lunar Prospector) V¡$L$r_L$_u ×rô$A¡
Av¹$c|s lsy„. S>¡dp„ Ars Ap ŷr_L$ D`L$fZp¡ S>¡hp L¡$ Npdp-f¡ õ ¡̀¼V²$p¡duV$f, d¡‚¡V$p¡duV$f, Bg¡¼V²$p¡_-qfãg¡¼V$p¡duV$f A_¡ X$p¡àgf
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N°¡rhV$u âep¡N kpd¡g lsp„. Q„Ö_u k`pV$u D`f_p L¡$V$gpe sÐhp¡ S>¡hp L¡$ \p¡qfed, `p¡V¡$ried, kd¡qfed, Ape_® rhN¡f¡_p
fpkperZL$ dp_rQÓ D`fp„s, l„d¡ip R>pepdp„ fl¡sp v$rnZ °̂yhue âv¡$ip¡dp„ lpBX²$p¡S>_ ey¼s `v$p\p£_u (L$v$pQus `pZu lp¡e)
D`[õ\rs_p¡ AZkpf d¡mìep¡.

lpg_p hjp£dp„ AÞe N°lp¡_p r_qfnZdp„ e„Óp¡ s\p L$pe®âZprg_p `funZ dpV¡$ Q„Ö_¡ A¡L$ `funZ õ\m s\p
âh¡i Üpf sfuL¡$ D`ep¡N L$fhpdp„ qv$gQí`u h^u R>¡. Ad¡qfL$pA¡ Q„Ö `f L$pedu dp_h D`[õ\rs s\p d„Nm N°l_p r_qfnZ
dpV¡$ Q„Ö-d„Nm dpN®_u ê$`f¡Mp s¥epf L$fu R>¡. s¡ dpV¡$ Q„Ö D`f_p D`gå^ k„kp^_p¡_u ip¡̂  s\p s¡_p¡ D`ep¡N L$fhp_u
AphíeL$sp gpNu. eyfp¡̀ , Qu_, Å`p_, rb°V$_, BV$pgu, S>d®_u s\p äpÞk_u k„õ\pAp¡ A_¡ Mp_Nu DÛp¡Np¡ ApNm_p
v$iL$pdp„ Q„Ö_y„ r_funZ L$fhp_u ep¡S>_pAp¡ ^fph¡ R>¡. Ap„sffpô²$ue qv$gQí`u A_¡ klcpNuv$pfu Å¡sp„ Ap„sffpô²$ue Q„Ö
r_funZ L$pe® kdyl (International Lunar Exploration Working Group, (ILEWG)) ApNpdu v$iL$pdp„ Q„Ö D`f
dp_h_p¡ hkhpV$ fl¡ s¡hp¡ âõsph s\p s¡_u ê$`f¡Mp s¥epf L$fu fl¡g R>¡.

cpfsue A„sqfn A_yk„̂ p_ k„õ\p, Bkfp¡ (ISRO)_u õ\p`_p A^} kv$u `l¡gp„ \B Ðepf¡ s¡Z¡ A„sqfn V¡$L$r_L$p¡_p¡
rhL$pk s\p D`ep¡N_u âp\rdL$sp _½$u L$fu. v$uO®×ô$p X$p¸. rh¾$d kpfpcpBA¡ Bkfp¡_y„ Ýe¡e _½$u L$eȳ. s¡Ap¡ BÃR>sp lsp
L¡$ A„sqfn V¡$L$r_L$_p¡ D`ep¡N kdpS>_p L$ëepZ s\p v¡$i_p rhL$pk dpV¡$ \pe. s¡ A_ykpf b¡ âL$pf_p D`N°lp¡_p¡ rhL$pk
L$fhpdp„ Apìep¡. âpL©$rsL$ k„kp^_p¡ ÅZhp dpV¡$ B[ÞX$e_ qfdp¡V$ k¡[Þk„N k¡V¡$gpBV$ (IRS)-î©„Mgp, A_¡ k„Qpf dpV¡$ kdr ®̀s
INSAT-î©„Mgp, s¡ D`fp„s R>¡‰p v$iL$pdp„ rhrh^ D`N°lp¡ S>¡hp L¡$ L$pV$p£k¡V$ (Cartosat 1 - A_¡ 2) d¡V$k¡V$ (Metsat),
A¡Äeyk¡V$ (Edusat), qfkp¡k® k¡V$ (Resource sat), l¡d k¡V$ (Hem sat) rhN¡f¡_¡ dp_ rQÓZ, dp¡kd, rhop_,
rinZ, V¡$gu-D`Qpf, B-kdr ®̀s ipk_ s\p Ap`rÑ âb„̂ _ dpV¡$_u fpô²$ue AphíeL$spAp¡ ỳfu L$fhp dpV¡$ A„sqfndp„
dp¡L$ëep. s¡_¡ dpV¡$ Bkfp¡A¡ b¡ âL$pf_p fp¡L¡$V$ PSLV s\p (Polar Satellite Launch Vehicle) s\p GSLV
(Geostationary Satellite Launch Vehicle) rhL$rks L$ep®. 1995dp„ PSLV_p kam ân¡̀ Z bpv$ Q„Ö A\hp
A„v$f_p N°lp¡_u _S>v$uL$ L$npdp„ DX$pZ A\hp L$nue rdi_ dp¡L$ghp_y„ k„ch bÞey„. `f„sy s¡ kde_u fpô²$ue âp\rdL$spAp¡_¡
Å¡sp„ Bkfp¡A¡ N°l r_funZ_p¡ L$pe®¾$d 1999-2000dp„ âpf„c L$ep£.

Bkfp¡_¡ ân¡̀ Z, k„Qpf D`N°l s\p D`L$fZ_u V¡$L$r_L$_u ndsp s\p D`f v$ip®h¡g Q„Ö_u dlÑp_u ×rô$A¡ Q„Ö_y„
r_funZ A¡ î¡›$ A_¡ kh®â\d rhL$ë` gpÁep¡. X$p¸. L$õs|fu f„N_ s¡ kde¡ Bkfp¡_p AÝen lsp, s¡dZ¡ X$p¸. Å¡S>® Å¡k¡a_u
AÝenspdp„ Q„Ö_p h¥opr_L$ r_funZ dpV¡$ V$põL$ ap¡k®_y„ NW$_ L$eȳ. s¡dp„ 20 rhi¡jop¡ lsp. Ap V$põL$ ap¡k® (Moon
Mission Task Force) A¡ A¡L$ v|$fk„h¡v$_ D`L$fZp¡\u kykˆ> °̂yrhe D`N°l_p¡ âõsph Apàep¡. Ap Arcep_ dpV¡$
h¥opr_L$ DØ¡ip¡_¡ `qfcprjs L$fu s¡_u âprá dpV¡$ s\p Q„Ö_u kp\¡ k„L$mpe¡g hZDL$g¡gp L$p¡eX$p_¡ lg L$fhp â\d rdi_
Q„Öep_-1_p rhrh^ âL$pf_p D`L$fZp¡_y„ Qe_ \ey„.

Q„Öep_-1 rdi__¡ 2003dp„ cpfs kfL$pf_u d„S|>fu dmu NB lsu A_¡ `p„Q hj®_p A\pL$ âeÐ_p¡ bpv$ Ap¡¼V$p¡bf
2008_p qv$hk¡ îulqfL$p¡V$p ân¡̀ Z L¡$ÞÖ\u Q„Öep_-1_y„ ân¡̀ Z L$fhpdp„ Apìey„. Q„Öep_-1A¡ L¡$V$gpL$ v|$f k„h¡v$_ D`L$fZp¡
Üpfp Q„Ö_u °̂yrhe L$npdp„ 100 qL$.du. KQpBA¡ `qfc°dZ L$fsp„ Q„Ö_y„ AÝee_ L$eȳ R>¡. Q„Ö_u A¡L$ `qf¾$dp L$fsp„ s¡_¡
118 rdr_V$ gpNsu lsu. âÐe¡L$ `qfc°dZ v$fçep_ s¡Z¡ bß¡ °̂yhp¡_y„ AÝee_ L$eȳ R>¡.

Ap rdi__p¡ d|m DØ¡i c|õ\gue, fpkperZL$, f¡X$uAp¡A¡¼V$uh A_¡ Mr_S> `v$p\p£_y„ DÃQ õ\pr_L$ A_¡ hrZ®L$
rhc¡v$_\u rQÓZ L$fhp_p¡ lsp¡. âpá dprlsu `f\u h¥opr_L$p¡_¡ _ L¡$hm s¡_u k`pV$u_u fpkperZL$ A_¡ Mr_S> fQ_p_u
ÅZL$pfu dmi¡ `f„sy rhrcß MX$L$p¡_p kdyv$pe (Rock units)_p¡ Q„Ö_u A„v$f_p KX$pZ kp\¡ k„b„̂  `Z r_^p®qfs \B
iL$i¡. s¡_p\u Q„Ö_u A„v$f_p b„̂ pfZ_p¡ \p¡X$p¡ ¿epg dmi¡ s\p Q„Ö_p âpf„rcL$ rhL$pk A_¡ bpó`rig sÐhp¡_p `qfhl_
bpbs¡ dlÐh |̀Z® dprlsu âpá \i¡. Ap AÝee_ D`f\u Q„Ö D`f_p k„kp^_p¡_u ÅZL$pfu dmi¡.
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Q„Öep_-1dp„ 11 h¥opr_L$ D`L$fZp¡ (pay-loads) lsp. Q„Öep_-1_p DØ¡i rkÙ L$fhp dpV¡$_p„ d|m Qpf D`L$fZp¡
Ap dyS>b lsp„; õV$uqfep¡ rQÓZ dpV¡$ V¡$f¡_ d¡t`N L¡$d¡fp (TMC), Q„Ö_u k`pV$u\u KQpB dp`hp s\p NyfyÐhpL$j®Z dp¡X$g
b_phhp dpV¡$ ëe|_f g¡kf f¡tS>N BÞõV³$d¡ÞV$ (LLRI), Mr_S> rQÓZ dpV¡$ lpe`f õ ¡̀¼V²$g Bd¡S>f (HySI) A_¡ f¡X$uAp¡
kq¾$esp_p rQÓZ dpV¡$ lpB A¡_Æ® õ ¡̀¼V²$p¡duV$f. Ap b^p„ cpfsue D`L$fZp¡ R>¡ S>¡ Bkfp¡_u rhrcß âep¡NipmpAp¡dp„ b_ph¡gp
lsp„. D`fp„s Ap„sffpô²$ue klep¡N Üpfp `Z Arcep__p h¥opr_L$ DØ¡ip¡_¡ apev$p¡ \ep¡ R>¡. s¡\u rhrcß V¡$L$r_L$p¡ D`f Ap^pqfs
L¡$V$gpL$ D`L$fZp¡ Üpfp Q„Öep_-1_p DØ¡ip¡_u âprá_¡ ep¡Nv$p_ dþey„. Ap„sffpô²$ue cpNuv$pfudp„ `p„Q D`L$fZ Q„Öep_-1dp„
kpd¡g L$fhpdp„ Apìep lsp„. d|_-rd_fp¡gp¡Æ d¡̀ f (M3) A_¡ du_u rkÞ\¡qV$L$ A¡̀ fQf f¡X$pf (mini SAR) A¡ bß¡ Ad¡qfL$_

¡̀gp¡X$ lsp. buÅ rhv¡$iu ¡̀gp¡X$dp„ `pff¼s õ ¡̀¼V²$p¡duV$f (Infrared-spectrometer SIR-2), S>d®_u (ESA) sfa\u s\p
f¡X$p¡d (RADOM) bëN¡qfAp sfa\u dyL$hpdp„ Apìep„ lsp„. kbA¡V$rdL$ qfãg¡¼V$]N A¡_¡gpBTf (Sub Atomic Reflecting

Analyser, SARA) s¡ õhuX$_, [õhV¹$Tfg¡ÞX$, Å`p_ A_¡ cpfsue h¥opr_L$p¡_p¡ A¡L$ k„ey¼s ¡̀gp¡X$ lsp¡, S>¡ Q„Ö_p
hpsphfZdp„ fl¡gp sV$õ\ L$Zp¡ (Neutral particles)_y„ dp`_ L$fhp dpV¡$ lsp¡. Ap_p rkhpe Q„Öep_-1dp„ A¡L$ d|_ Bç ¡̀¼V$
âp¡b (MIP) lsp¡. 14 _h¡çbf_p kp„S>¡ 8 L$gpL$ A_¡ 6 rdr_V¡$ (IST) d|_ Bç ¡̀¼V$ âp¡b (Probe)_¡ Q„Öep_-1\u AgN
L$fu v$rnZ °̂yh `f [õ\s i¡L$gV$_ ¾¡$V$f D`f `X$hp R>p¡X$u d|L$hpdp„ Apìep¡ A_¡ s¡ gNcN 25 du_uV$ kŷ u sõhufp¡ `pX$sp¡
s\p AÞe âep¡N L$fsp¡ Q„Ö_u k`pV$u D`f i¡L$gV$_ ¾¡$V$f `pk¡ r_^p®qfs õ\p_¡ S>B_¡ `X$ép¡. Ap âp¡b_u Qpf¡bpSy> cpfs_p¡
rÓf„Np¡ v$p¡f¡gp¡ lsp¡. _hp `qfZpdp¡ A_ykpf Q„Öep_-1A¡ Q„Ö_p DÑf s\p v$rnZ °̂yhp¡_u k`pV$u `f `pZu lp¡hp_p ỳfphp
âpá L$f¡g R>¡. Q„Öep__¡ b¡ hj® kŷ u s¡_u L$npdp„ fpMu Q„Ö_p¡ Aæepk L$fhp_u Bkfp¡_u ep¡S>_p lsu. `f„sy 28 Ap¡NõV$
2009_p fp¡S> Q„Öep_-1_p¡ k„̀ L®$ syV$u S>hp\u Bkfp¡A¡ Ap rdi__¡ kdpá Ål¡f L$ey.̄

Q„Ö_y„ AÞh¡jZ lSy> gp„bp¡ kde Qpgi¡ L$pfZ L¡$ s¡_p¡ Dv¹$ch, rhL$pk s\p ©̀Õhu-Q„Ö hÃQ¡_p¡ k„b„̂  S>¡hp L¡$V$gpe
dlÐh |̀Z® A_¡ S>qV$g âñp¡_p¡ DL¡$g Aph¡g _\u. s¡\u k`pV$u_p âep¡Np¡ A_¡ k¡ç`g A¡L$rÓs L$fu `pR>p gphhp_u gp„bu
ep¡S>_pAp¡ BÃR>_ue R>¡. Bkfp¡A¡ Q„Öep_-2_u s¥epfu iê$ L$fu v$u^u R>¡. Q„Öep_-2_¡ Q„Ö `f DsfpZ L$fhp_u cpfs
kfL$pf_u `fhp_Nu Bkfp¡_¡ dmu NB R>¡. s¡dp„ L$nue ep_ D`fp„s A¡L$ g¡ÞX$f s\p fp¡hf li¡ S>¡ Q„Ö `f Dsfi¡ A_¡
s¡_p\u Q„Ö_u k`pV$u D`f_p `k„v$Nu_p õ\mp¡ D`f rhõs©s âep¡Np¡ L$fhp_y„ k„ch b_i¡. k`pV$u D`f_y„ rdi_
c|-h¥opr_L$ AÝee_ (hplL$sp, Dódpâhpl c|L„$`u âep¡Np¡) Üpfp L¡$V$gpL$ dlÐh |̀Z® âñp¡ S>¡hp L¡$ Nc®_y„ A[õsÐh A_¡
ApL$pf, `pZu_y„ A[õsÐh, k„̀ |Z® Q„Ö_u kf¡fpi fpkperZL$ fQ_p s\p Ap„sqfL$ b_phV$ rhN¡f¡_u ÅZL$pfu Ap`i¡.

cpfs_p Q„Öep_-1 rdi__¡ Ap„sffpô²$ue klep¡N dpV¡$ kpfp¡ Ahkf dþep¡ R>¡. Ap kdedp„ L¡$V$gp„L$ L$rne rdi_
Q„Ö `f L$pe®fs lsp„. Å`p__p¡ rkgu_ (Selene) rdi_ S>¡_¡ lh¡ ¼N|ep _pd Ap ¡̀g R>¡ s¡_¡ kàV¡$çbf 2007, A_¡
Qu__p¡ Qp„N¡-1 L$nue ep_ Ap¡¼V$p¡bf (Change-1)dp„ dp¡L$ghpdp„ Aph¡g R>¡. Ad¡qfL$pA¡ LRO (Lunar Reconnaissance

Orbiter)_¡ 2009_p S|>_ dpkdp„ dp¡L$ëep¡ lsp¡. Ap âdpZ¡ Qpf¡ L$rne ep_p¡ L¡$V$gpL$ kde dpV¡$ Q„Ö_u L$npdp„ kp\¡ `qf¾$dp
L$fsp„ lsp„. Arcep_p¡_u Ap î©„Mgp fpkperZL$, Mr_S>, c|Nc}e rhL$pk A_¡ ©̀Õhu s\p Q„Ö_p Arss k„b„̂ p¡ dpV¡$ s\p
N°lp¡_p rhL$pk kdS>hpdp„ A_¡ Q„Ö_p k„kp^_p¡_p d|ëep„L$_dp„ klpeL$ \i¡. Ap Arcep_p¡ Q„Ö D`f õ\peu L$p¡gp¡_u
b_phhp dpV¡$ D`ey¼s õ\m_u `k„v$Nu dpV¡$ klpeL$ b_u iL¡$ R>¡ A_¡ Ap âL$pf¡ fp¡bp¡qV$L$ L¡$ kdp_h Arcep_p¡ dpV¡$ kpfu
ep¡S>_p b_phhp_p¡ dpN® âiõs \i¡.

_p¢^ :_p¢^ :_p¢^ :_p¢^ :_p¢^ : Ap g¡M âp¡. _f¡ÞÖ c„X$pfu rgrMs `yõsL$ ""Mysterious Moon and India's Chandrayaan Mission'' `f
Ap^pqfs R>¡. d|m A„N°¡Æ `yõsL$ Vigyan Prasar- New Delhi A¡ ârkÙ L$f¡g R>¡. s¡_p¡ X$p¸. syjpf `„X$épA¡ L$f¡g NyS>fpsu
A_yhpv$, NyS>fps kpeÞk A¡L¡$X¡$du Üpfp ârkÙ \_pf R>¡.
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cp¥rsL$ip÷_u L¡$V$guL$ eyN`qfhs®L$ ip¡̂ p¡

X$p ¸. iLy$Þsgp _¡_¡X$p ¸. iLy$Þsgp _¡_¡X$p ¸. iLy$Þsgp _¡_¡X$p ¸. iLy$Þsgp _¡_¡X$p ¸. iLy$Þsgp _¡_¡
(r_h©Ñ), fpS>L$p¡V$

dp_hÅs_p DÐ\p__p¡ rhQpf L$fuA¡ Ðepf¡ epv$ Aph¡ L¡$ L¡$V$guL$ ip¡̂ p¡A¡ dp_hÆh_dp„ Apd|g `qfhs®_ L$eȳ. Ar‚_u
ip¡̂  lp¡e L¡$ Q¾$ ( ¥̀Xy„$)_u ip¡̂  lp¡e, dp_hÅrs_u âNrsdp„ A¡ b^p_p¡¡ apmp¡ dp¡V$p¡ lsp¡.

Al] Ap`Z¡ cp¥rsL$rhop__u A¡hu L¡$V$guL$ ip¡̂ p¡_u hps L$fiy„, L¡$ S>¡Z¡ rhop__p rhQpfdp„ A_¡ âNrsdp„ AÐe„s
dlÐh_p¡ cpN cS>ìep¡ lp¡e A\hp dp_hÆh_ i¥gudp„ ¾$p„rsL$pfu `qfhs®_ gph¡g lp¡e. AgbÑ Aphu sdpd ip¡̂ p¡_u hps
L$fhp b¡kuA¡ sp¡ A¡L$ ỳõsL$ gMhy„ `X¡$. `f„sy Al] Ap`Z¡ L¡$V$guL$ ip¡̂ p¡ rhi¡ hps L$fuiy„.

iê$Aps ÞeyV$_\u L$fuA¡. s¡Z¡ ip¡̂ u L$pY$éy„ L¡$ k|e®âL$pi kps f„Np¡_y„ rdîZ R>¡. k|e®âL$pi_¡ rÓ`pð®L$pQdp„\u `kpf
L$fu_¡ Þe|V$_¡ s¡_p¡ hZ®̀ V$ d¡mìep¡ A_¡ `pep¡ _„Mpep¡ hZ®̀ V$ rhop__p¡. Ap ip¡̂  AÐe„s ¾$p„rsL$pfu NZu iL$pe. Ðepf bpv$
rhop_uAp¡ Sy>v$p Sy>v$p `v$p\p£_p hZ®̀ V$ d¡mhsp \ep. AgbÑ s¡ kde¡ `v$p\p£_p b„̂ pfZ rhi¡ rhõs©s ÅZL$pfu _ lsu
A_¡ iê$dp„ sp¡ A¡L$ S> `v$p\®_p hZ®̀ V$dp„ dmsu Sy>v$u Sy>v$u î¡ZuAp¡ hÃQ¡_p¡ NrZsue k„b„̂  A\hp A¡L$ S> î¡Zu_u f¡MpAp¡
hÃQ¡ A¡hp¡ k„b„̂  R>¡ L¡$ L¡$d s¡ QL$pkhpdp„ Aphsy„. `Z ApNm S>sp„ `fdpÏ_p b„̂ pfZ rhi¡_p ¿epg rhL$ksp Nep s¡_u
âNrsdp„ `Z hZ®̀ V¡$ dlÐh_p¡ cpN cS>ìep¡. L$p¡B `v$p\®_p¡ hZ®̀ V$ A¡V$g¡ ÅZ¡ L¡$ A¡_p lõspnf ! dpÓ hZ®̀ V$ `f\u
`v$p\®_y„ b„̂ pfZ s¡_y„ sp`dp_ hN¡f¡_u dprlsu dm¡. v|$f v|$f Aph¡gp spfpAp¡_u dprlsu `Z s¡_p hZ®̀ V$ `f\u dm¡. hmu
ApNm S>sp„ X$pµàgf Akf `f\u spfp¡ (AhL$piu `v$p\®) Ap`Zp\u v|$f S>B füp¡ R>¡ L¡$ _ÆL$ Aphu füp¡ R>¡ s¡ `Z ÅZu
iL$pe.

lh¡ Þe|V$_¡ rhL$kph¡g v|$fbu__u hps L$fuA¡. N¸gurgep¡A¡ v|$fbu__p¡ D`ep¡N ApL$piu `v$p\p£ Å¡hp dpV¡$ L$ep£. s¡
kde_p v|$fbu_p¡dp„ g¡Þk_p¡ S> D`ep¡N L$fhpdp„ Aphsp¡. Þe|V$_¡ s¡dp„ kŷ pfp¡ L$fu â\dhpf A„sNp£m Afukp_p¡ D`ep¡N
L$fu V¡$guõL$p¡̀  b_pìey„. `fphrs®s qL$fZp¡_p dpN®dp„ A¡L$ _p_L$X$p¡ k`pV$ Afukp¡ dyL$u qL$fZp¡_p¡ dpN® bv$gu _mu_p D`f_p
cpNdp„ ArnL$pQ ApB`uk dyL$u `v$p\®_y„ ârstbb Å¡B iL$pe s¡hu ìehõ\p L$fu. Aphy„ v|$fbu_ Þe|V$p¡_ue_ V¡$guõL$p¡̀  sfuL¡$
Ap¡mMpe R>¡. Ap_p¡ kp¥\u dp¡V$p¡ gpc A¡ lsp¡ L¡$ g¡Þk Üpfp d¡mhpsp ârstbbdp„ S>¡ L¡$V$guL$ nrsAp¡ fl¡su lsu, s¡ Ap
V¡$guõL$p¡̀ dp„ g¡Þk _ lp¡hp\u v|$f \B A_¡ õ`ô$ ârstbb d¡mhu iL$pey„. Ap ip¡̂ _¡ L$pfZ¡ Þe|V$__¡ b°uV$__u fp¡eg
kp¡kpeV$u_y„ kæe`v$ Ap`hpdp„ Apìey„. Apd Þe|V$_ê$ ¡̀ ÅZ¡ L¡$ N¸gurgep¡A¡ afu S>Þd gu^p¡ ! (N¸gurgep¡_y„ Ahkp_ \ey„
s¡ S> hj£ 1642dp„ 25du qX$k¡çbf¡ Þe|V$__p¡ S>Þd \ep¡ lsp¡.)

`f„sy Þe|V$_ kp¥\u h ŷ ÅZusp R>¡ Nyê$ÐhpL$j®Z_u ip¡̂  dpV¡$ ! _p_p L¡$ dp¡V$p b^p `v$p\p£ A¡L$buÅ_¡ ApL$j£ R>¡
A¡hy„ kp¥â\d s¡Z¡ L$üy„. Ap S> ApL$j®Z_¡ Ap`Z¡ Nyê$ÐhpL$j®Z sfuL¡$ Ap¡mMuA¡ R>uA¡. L¡$hp¡ kph®rÓL$ r_ed ! _p_pdp„
_p_y„ L$Z lp¡e L¡$ dp¡Vy„$ spfprhð; kh® `v$p\p£_¡ s¡ gpNy `X¡$ ! lL$uL$s¡ sp¡ Ap ApL$j®Z_u lpS>fu A¡ L$p¡B`Z `v$p\®_p A[õsÐh
"lp¡hp`Zp'_u kprbsu R>¡. hmu A¡ `v$p\p£ hÃQ¡ L$p¡B dpÝed_u `Z S>ê$f _rl. L¡$hu Av¹$cys hps !

Ap `R>u s¡Z¡ `v$p\®_u Nrs_p ÓZ r_ed `Z Apàep. Þe|V$__¡ `p¡sp_¡ `Z ¿epg _rl lp¡e L¡$ kpdpÞe gpNsp
Ap r_edp¡_u L¡$V$gu v|$fNpdu Akfp¡ li¡. Þe|V$__p kde_y„ rhop_ Apd sp¡ ArcÅs ê$qY$Ns (classical) rhop_ NZpe
R>¡. `f„sy Ars Ap ŷr_L$ AhL$pirhop_ n¡Ó¡ `Z Ap r_edp¡ cpN cS>h¡ R>¡. b^p fpµL¡$V$p¡_u Nrs Ap ÓZ¡ r_edp¡_¡ Ap^u_
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S> \su lp¡e R>¡. S>¡ rhÛp\}Ap¡ L¡$ rinL$p¡_¡ A¡d gpNsy„ lp¡e L¡$ Qpfkp¡ hj® S|>_y„ rhop_ lSy>„ iy„ cÎep L$fhp_y„ s¡ kdÆ
S>i¡ L¡$ `pep_p r_edp¡ ÅÎep-kdÄep rh_p Ap ŷr_L$ rhop_dp„ ApNm _rl h^u iL$pe.

NrZs_u A¡L$ ipMp- calculus- L$g_NrZs_u ip¡̂  `Z Þe|V$_¡ õhs„Ó`Z¡ L$fu lsu. NrZs-rhop_dp„ Ap ip¡̂
AÐe„s ¾$p„rsL$pfu lsu. AgbÑ s¡_p S> A¡L$ kdL$pgu_ S>d®_ NrZso rgbr_T (Leibnitz)A¡ buÅ âL$pf_p L¸$ë¼eygk_u
ip¡̂  L$fu lsu. Ap bpbs_p¡ D‰¡M Myv$ Þe|V$_¡ `p¡sp_p N°„\ "râÞkur`ep' _p buÅ cpNdp„ L$ep£ R>¡ L¡$ ""rgbr_T¡ s¡_y„
L¸$ë¼eygk dp¡L$ëey„ lsy„ s¡\u ÅZhp dþey„ L¡$ A¡Z¡ `Z dpfp S>¡hu S> ip¡̂  L$fu R>¡.'' (lpg L¸$ë¼eygkdp„ Ap`Z¡ S>¡ k„opAp¡_p¡
D`ep¡N L$fuA¡ R>uA¡ s¡ rgbr_T¡ âep¡S>¡gu R>¡).

Þe|V$_ ApV$gp¡ dlp_ h¥opr_L$ lsp¡ `f„sy s¡Z¡ L$üy„ lsy„ L¡$ ""lz„ v|$f kŷ u Å¡B iLy„$ Ry>„ L$pfZ L¡$ lz„, |̀h®Å¡_p Mcp
`f Dcp¡ Ry>„.'' dp_hÅrsA¡ ApV$gu b^u TX$`u âNrs L$fu R>¡ L$pfZ L¡$ Ap`Z¡ Þe|V$__p Mcp `f Dcp R>uA¡.

kÑfdu kv$u `R>u L|$v$L$p¡ dpfu_¡ Ap¡NZukdu kv$udp„ S>BA¡ sp¡ Ap¡õV£$X$, a¸f¡X¡$ hN¡f¡_¡ epv$ L$fhp `X¡$. A¡ kv$u_u
iê$Aps\u (1820) Qy„bL$ A_¡ huS>âhpl hÃQ¡_p k„b„̂ p¡ rhL$ksp Qpëep. A_¡ X$pB_¡dp¡, Bg¡¼V²$uL$ dp¡V$f, `phfõV¡$i_
hN¡f¡_u âNrs \su NB. rb°V$_dp„ õhp_ A_¡ Ad¡qfL$pdp„ A¡X$uk_¡ Bg¡¼V²$uL$ bëb_u ip¡̂  L$fu A_¡ dp_hÅrs_y„ Æh_
âL$pi\u Tmp„lmp„ \ey„. rhÛysâhpl_u dv$v$\u Qpgsp kp^_p¡_¡ L$pfZ¡ dp¡V$p„ `qfhs®_p¡ \ep„. fp¡S>bfp¡S>_p Æh_dp„,
DÛp¡Np¡dp„, rhop_dp„ b^p n¡Ó¡ lfZapm NZpe s¡hu âNrs \B. fdsNds A_¡ d_p¡f„S>_ n¡Ó¡ `Z s¡_u Akf \B.
h¥opr_L$ ip¡̂ _u dp_hÆh_ `f \su ¾$p„rsL$pfu Akf_y„ Ap_p L$fsp„ h ŷ kpfy„ Dv$plfZ S>X$hy„ dyíL¡$g R>¡. Ap n¡Ó_u âNrs
hukdu kv$udp„ `Z Akf L$fsu flu.

BV$pgudp„ dpL$p£_uA¡ hpefg¡k_u ip¡̂  L$fu A_¡ k„v¡$ipìehlpf n¡Ó_p¡ rhL$pk \ep¡. `f„sy Bg¡¼V²$p¡_u¼k_u ip¡̂ ¡ s¡dp„
¾$p„rs ApZu. s¡dp„e¡ V²$pÞTuõV$f_u ip¡̂  `R>u sp¡ âNrs_u lfZapm _rl DX$p_ iê$ \B. h ŷ_¡ h ŷ kyÿd R>sp„ h ŷ ndsp
^fphsp„ kp^_p¡ b_sp Nep. lh¡ sp¡ L$p¡çàeyV$f `Z sp¡s]N diu__¡ bv$g¡ _p_u l\¡mudp„ kdpe s¡hp b_hp dp„X$ép R>¡.
AÐepf¡ fp¡tS>v$p Æh_dp„ v$f¡L$ n¡Ó¡ Ap ip¡̂ p¡_p¡ S> D`ep¡N \B füp¡ R>¡. A¡_p hNf lh¡ Æh_ Ai¼e gpNhp dp„X$éy„
R>¡. ¿epg Apìep¡ _¡, Ap`Z¡ 21du kv$udp„ Aphu Nep R>uA¡ !

Ap¡NZukdu kv$u_p A„sdp„ ApL$[õdL$ fus¡ f¡X$uep¡-A¸¼V$uhuV$u_u ip¡̂  \B A_¡ s¡ cp¥rsL$rhop__p¡ "`pfkdrZ' b_u
flu. L¡$V$gpL$ `v$p\p£ õhe„c|̀ Z¡ L¡$V$gp„L$ rhqL$fZp¡ DÐkrS>®s L$f¡ R>¡. Ap NyZ^d® f¡X$uep¡-A¸¼V$uhuV$u sfuL¡$ Ap¡mMpep¡. lL$uL$s¡
Apdp„ ^_ huS>cpf ^fphsp ApëapL$Zp¡, F>Z huS>cpf ^fphsp buV$p L$Zp¡ A_¡ huS>cpffrls Npdp qL$fZp¡ DÐkrS>®s
\pe R>¡. hmu Apëap L¡$ buV$p qL$fZp¡ DÐkrS>®s \hp kp\¡ `fdpÏdp„ (sÐhdp„) `qfhs®_ \pe R>¡. s¡ d|m sÐh dV$u_¡ buSy>„
sÐh b_u Åe R>¡. gNcs s¡ S> kdeNpmpdp„ 1897dp„ S>¡. S>¡. \pµçk_¡ Bg¡¼V²$p¡__u ip¡̂  L$fu. Apd `fdpÏ b„̂ pfZ
rhi¡_p ¿epgp¡dp„ âNrs iê$ \B. Apëap L$Zp¡_¡ `psmp hfMdp„\u `kpf L$fsp„ S>¡ `qfZpdp¡ dþep„ s¡dp„\u ""Þey¼guAf
A¸V$d dpµX¡$g''-_prcL$ ^fphsp„ `fdpÏ_p¡ S>Þd \ep¡ ! Apd lh¡ 2011dp„ _prcL$_p S>Þd_¡ kp¡ hj® |̀fp„ \i¡.

lL$uL$s¡ f¡X$uep¡-A¸¼V$uhuV$u_¡ "`pfkdrZ' A¡V$g¡ L$l¡hpe L¡$ A¡L$ sÐh_y„ buÅ sÐhdp„ ê$`p„sf L$fhp_u Qphu Ap
ip¡̂ dp„\u dmu. L$p¡B sÐh_p _prcL$dp„ âp¡V$p¡__u k„¿ep `f\u s¡ ¼ey„ sÐh R>¡ s¡ _½$u \pe. A¡V$g¡ âp¡V$p¡__u k„¿epdp„
a¡fapf L$fhp\u S> sÐhdp„ `qfhs®_ \pe R>¡. f¡X$uep¡-A¸¼V$uhuV$udp„ Aphy„ Ly$v$fsu fus¡ \pe R>¡, `f„sy L©$rÓd fus¡ `Z Aphp¡
a¡fapf L$fu iL$pe. AgbÑ f¡X$uep¡-A¸¼V$uhuV$u A¡ r_kN®v$Ñ A¡hp¡ NyZ^d® R>¡ S>¡dp„ cp¥rsL$ fus¡ L$p¡B`Z a¡fapf L$fhp¡ i¼e
_\u. `v$p\®_¡ W„$X$p¡ L¡$ Nfd L$fp¡, Qy„bL$ue L¡$ huS>n¡Ódp„ dyL$p¡ L¡$, fpkperZL$ âq¾$ep L$fp¡ sp¡ `Z sÐh `p¡sp_p¡ Ap NyZ^d®
Nydphsy„ _\u. AgbÑ L©$rÓd fus¡, õ\peu sÐhp¡_p f¡X$uep¡-A¸¼V$uh kdõ\pr_L$p¡ b_phu iL$pe R>¡, S>¡_p¡ ip„rsde D`ep¡N
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L©$rj, rQqL$Ðkp hN¡f¡ n¡Ódp„ \pe R>¡. Þey[¼gef DÅ®n¡Ó¡ `Z f¡X$uep¡-A¸¼V$uhuV$u_p¡ D`ep¡N R>¡. buÆ sfa `fdpÏ Þey[¼gef
bpµçbê$ ¡̀ dp_hÅrs_p lp\dp„ cep_L$ rh_piL$ i[¼s `Z Aph¡g R>¡. s¡_p¡ L¡$hp¡ D`ep¡N L$fhp¡ s¡ dp_hÅrs_u kpfpkpf
rhh¡L$byqÙ_u `funp L$f¡ R>¡.

hukdu kv$u_u iê$Apsdp„ ApBÞõV$pB__y„ ¾$p„rsL$pfL$ âv$p_ c|gu iL$pe S> _rl. N|Y$ qagp¡kp¡au_u kp\¡ A¡ lsp
cp¥rsL$ip÷_p d|mc|s `pep lQdQphu v¡$_pf ¾$p„rsL$pfu rhQpfp¡ ! v$m, g„bpB (AhL$pi) L¡$ kde r_f ¡̀n _rl; kp ¡̀n
R>¡ ! 2005_p kdN° hj® v$fçep_ ApBÞõV$pB__u ip¡̂ p¡ rhi¡ rhõs©s L$pe®¾$dp¡ \ep s¡\u Al] s¡_p rhi¡ g¿ey„ _\u.

Al] hZ®h¡g b^u S> ip¡̂ p¡ rhi¡ ipmpAp¡dp„ A_¡ õ_psL$-A_yõ_psL$ L$npA¡ iuMhhpdp„ Aph¡ R>¡ `f„sy s¡ ip¡̂ p¡
L¡$hu eyN`qfhs®L$ flu A_¡ dp_hÆh_ `f s¡_p¡ L¡$V$gp¡ KX$p¡ âcph \ep¡ s¡_¡ A¡L$ `qfâ¡ÿedp„ Al] dyL$hp_p¡ âepk L$ep£
R>¡. Å¡ Ap`_¡ A¡d gpN¡ L¡$ Al] L¡$V$guL$ ANÐe_u ip¡̂ p¡_p¡ D‰¡M \ep¡ _\u, sp¡ DW$php¡ L$pNm- ¡̀_, A_¡ gMp¡ A¡L$
g¡M !!!

*****

A¡râg 11, 2010_p fp¡S> ep¡Åe¡g IAPT RC-7_u kcpdp„
âp¡. îu A¡k. `u. „̀X$ép_p blzdp__u sõhuf
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"\p¡f'_p¡ `X$L$pf

A_yhpv$:
âp¡. Nufui h¡L$fuepâp¡. Nufui h¡L$fuepâp¡. Nufui h¡L$fuepâp¡. Nufui h¡L$fuepâp¡. Nufui h¡L$fuep

kf `u. V$u. kpeÞk L$p¡g¡S>, dp¡X$pkp

ârkÙ S>_®g f¡Tp¡_Þk_p "a¡Bk Vy$ a¡Bk' rhcpNdp„ rhop_ kp\¡
k„L$mpe¡gp ìe[¼sÐh_u h¥opr_L$ sfuL¡$ L$pfL$uv$} `k„v$ L$fhp dpV¡$_p `qfbmp¡
A_¡ k„Å¡Np¡ `f âL$pi `pX$hpdp„ Aph¡ R>¡. s¡dp„\u gu ¡̂g cpfs_p ârkÙ
h¥opr_L$ Atomic Energy Commission_p AÝen X$p¸. Ar_g L$pL$p¡X$L$f_u
kyÅsp hv®$fpS>_ kp\¡_u dygpL$ps_p A„ip¡ âõsys R>¡.

cpfsue Þey[¼gef fZ_urs_u spS>¡sf_u fpS>L$ue QQp®Ap¡dp„, Ly$v$fsu
fus¡ dmsu Qp„v$u S>¡hu ka¡v$ \p¡X$u f¡qX$ep¡NyZ^d} \p¡qfed-^psy dp¡Mf¡ R>hpe¡gu R>¡. cpfs L¡$ S>¡ Myb S> \p¡Xy„$ Ly$v$fsu eyf¡r_ed
^fph¡ R>¡, s¡ vy$r_epdp„ fl¡gp \p¡qfed_p Ly$g S>Õ\p_p¡ gNcN ÓZ Qsy\p¯i S>Õ\p¡ ^fph¡ R>¡. Apdp„\u dp¡V$p¡ cpN dp¡_¡TpBV$
ê$ ¡̀ v$rnZ A_¡ |̀h®_p v$qfepL$p„W$p `f S>dp \e¡g R>¡. fp¡L¡$V$Nrs_u S>¡d qL„$dsp¡_p¡ h^pfp¡ A_¡ eyf¡r_ed_u dep®qv$s D`g[å^_¡
L$pfZ¡ ApNpdu hjp£ dpV¡$ cpfs¡ \p¡qfed_¡ Þey[¼gef H^Z sfuL¡$ `k„v$ L$f¡g R>¡. h^pfpdp„ eyf¡r_ed L$fsp„ \p¡qfed_y„ H^Z
Q¾$ h^pf¡ AkfL$pfL$ R>¡. R>sp„, vy$r_epcf_p Þey[¼gef fuA¡¼V$fp¡dp„ `f„̀ fpNs fus¡ eyf¡r_ed h`fpe R>¡, L¡$V$gp„L$ h¥opr_L$p¡A¡
crhóe_p H^Z sfuL¡$ \p¡qfed_u dlÑp õhuL$pfu R>¡, s¡dp„ _p¡b¡g rhS>¡sp L$pgp£ fyrb_p _p¢̂ _ue R>¡ L¡$ S>¡dZ¡ kgpds,
r_e„rÓs L$fu iL$pe s¡hu M„X$_ âq¾$ep fSy> L$f¡g S>¡_¡ A¡_Æ® A¡çàguapef L$l¡ R>¡.

cpfs¡ rÓõsfue Þey[¼gef L$pe®¾$d b_ph¡g R>¡. s¡_u ê$`f¡Mp AÓ¡ Å¡BA¡ sp¡;

(1) Pressurized Heavy Water Reactors (PHWR) A_¡ Light Water Reactors. àgyV$p¡r_ed
(Pu-239) b_phhp A_y¾$d¡ Ly$v$fsu A_¡ Ap¡Ry>„ kd©Ù eyf¡r_ed H^Z lp¡e R>¡.

(2) Þey[¼gef `phf DÐ`pv$__u ndsp h^pfhp A_¡ Th-232dp„\u U-233 b_phhp àgyV$p¡r_ed Ap^pqfs
H^Z_p¡ D`ep¡N L$fsp„ Fast Breeder Reactors (FBR) D`ep¡Ndp„ Aphi¡.

(3) U-233, Pu-239 A_¡ Th-232_¡ bpmhp Advanced Heavy Water Reactors (AHWR) L¡$ S>¡
s¡_u gNcN 70% EÅ® Thdp„\u d¡mhsy„ lp¡e s¡_p¡ D`ep¡N L$fi¡. D`ep¡Ndp„ g¡hpdp„ Aphsp H^Z_u
afu âq¾$ep \i¡. rhM„qX$s `v$p\® AgN L$fu afu DÐ`pqv$s L$fpi¡.

X$p¸. Ar_g L$pL$p¡X$L$f, hjp£\u Þey[¼gef H^Z sfuL¡$ \p¡qfed_p D`ep¡N_p âZ¡sp füp R>¡. s¡Ap¡ A¡L$ AÐe„s Ly$im
A_¡ A_ychu A¡ÞÆ_uef s\p Þey[¼gef V¡$L$_p¡gp¡Æ_p h¥opr_L$ R>¡. s¡Ap¡_u 1996dp„ BARC_p r_epdL$ sfuL¡$ r_dZ|„L$
\B, s¡Ap¡ 2000\u DAE_p k¡¾¡$V$fu füp R>¡ A_¡ lpg r_h©Ñ \ep R>¡. s¡Ap¡ OZu b^u fpô²$ue s¡dS> Ap„sffpô²$ue
A¡L¡$X¡$du_p kæe R>¡.

X$p¸. Ar_g L$pL$p¡X$L$f_p DÐkpl A_¡ Qp¡L$kpB s¡Ap¡_p iåv$p¡ Üpfp õ`ô$ v¡$Mpe R>¡. hpsQus v$fçep_ s¡Ap¡ A¡L$
ìehlpfy A_¡ OZp kfm ìe[¼s Å¡hp dm¡ R>¡. dyíL¡$gudp„\u dpN® L$pY$hp_u s¡Ap¡_u ndsp A_¡ gÿe d¡mhhp_u A¡L$pN°sp
Sy>õkp¡ hN¡f¡ i[¼sAp¡A¡ s¡d_u Akp^pfZ kamspdp„ âv$p_ L$f¡g R>¡.
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eyhp_ he¡ s¡dZ¡ 100 MW fuA¡¼V$f °̂yhp_u qX$TpB_ A_¡ bp„̂ L$pddp„ dlÐh_y„ ep¡Nv$p_ Ap ¡̀g. Ðepfbpv$ s¡dZ¡
Þey[¼gef fuA¡¼V$f_u kgpds e„Ó fQ_p h^pfhp_p _hp D`pep¡ A_¡ dpNp£ ip¡Ýep. s¡dZ¡ AHWRs A_¡ FBRs_p
rhL$pk_u iê$Aps_p¡ ×Y$ r_òe L$ep£. s¡dZ¡ L$ë`½$d-1 A_¡ 2 s\p fpS>õ\p_-1 Þey[¼gef fuA¡¼V$k® L¡$ S>¡ fu ¡̀f _
\B iL¡$ s¡hp \B Nep lsp s¡_¡ ỳ_:õ\pr`s L$fhpdp„ `Z kamsp d¡mhu. s¡Ap¡ 1974 s\p 1998_p `p¡MfZ `funZp¡dp„
Å¡X$pe¡g lsp. cpfs_¡ rhS>mu_p DÐ`pv$_dp„ ApÐdr_c®f b_phhp_p s¡Ap¡_p âeÐ_p¡A¡ \p¡qfed Ap^pqfs Þey[¼gef
fuA¡¼V$k®_p k„ip¡̂ _ `f AHWR_u qX$TpB_ A_¡ v¡$idp„ ADS`f_p„ âep¡Np¡_¡ DÑ¡S>_ Apàey„. s¡dZ¡ Þey[¼gef A¡_Æ®
V¡$L$_p¡gp¸Ædp„ Ap ¡̀g âv$p_ A_¡ s¡d_u fpô²$ âÐe¡_u k¡hp dpV¡$ OZu âi[õsAp¡ d¡mhu R>¡. S>¡dp„ 1998dp„ `Úîu 1999dp„
`Úc|jZ A_¡ 2009dp„ `ÚrhcyjZ_p¡ kdph¡i \pe R>¡.

rdĻ$r_L$g A¡[ÞS>_uef]N_p Aæepk bpv$ L$p¡̀ p£f¡V$ n¡Ó_u k¡hp_¡ bv$g¡ X$p̧. L$pL$p¡X$L$f¡ Atomic Energy Establishment
(lh¡ BARC)dp„ Å¡X$php_y„ `k„v$ L$eȳ. Ap r_Z®e A„Ns fk A_¡ ìe[¼sNs gÿep¡_¡ L$pfZ¡ g¡hpep¡ lsp¡. lh¡ dygpL$ps_p
A„ip¡ Å¡BA¡.

kyÅsp :kyÅsp :kyÅsp :kyÅsp :kyÅsp : sd¡ sdpfp iê$Aps_p rinZ rhi¡ A_¡ sdp¡_¡ rdL¡$r_L$g A¡[ÞS>r_ef]N\u A¡V$p¡rdL$ A¡_Æ® sfa v$p¡fu
S>_pf `qfbm rhi¡ L$l¡ip¡ ?

X$p¸. Ar_g :X$p¸. Ar_g :X$p¸. Ar_g :X$p¸. Ar_g :X$p¸. Ar_g : dÝeâv¡$i_p bX$hp_u _pd_p _p_p _Nfdp„ dpfp¡ S>Þd \ep¡ lsp¡. d¢ dpfy„ ipm¡e rinZ _ÆL$_p
MfNp¡_dp„ gu ŷ„. s¡ A¡L$ ri›$ _Nf lsy„. âdpZdp„ dp¡Vy„$, L$v$pQ 50000_u hõsu li¡. NrZs dpV¡$_u Arcê$rQ_p¡ dpfpdp„
rhL$pk \ep¡ L$pfZ L¡$ Adpf¡ NrZs_p rinL$ OZp kpfp lsp. dp_y„ Ry>„ L¡$ rinL$ sfuL¡$ s¡Ap¡ DÑd dpN®v$i®L$ lsp.

Ðepfbpv$ lz„ L$p¡g¡S>_p rinZ dpV¡$ dy„bB Apìep¡. Ap hj® lsy„ 1958. s¡ A¡L$ il¡fu hpsphfZ lsy„ s¡\u Np¡W$hZ_p
OZp âñp¡ lsp, A¡L$ âñ cpjp_p¡ lsp¡. ê$`pf¡g L$p¡g¡S>dp„ d¢ BÞV$frdX$uA¡V$ kpeÞk L$eȳ. s¡ kde¡ sd¡ â\d hj® BÞV$frdX$uA¡V$
L$fp¡ `R>u A¡ÞÆ_uef]N L¡$ bu.A¡k.ku.dp„ S>B iL$p¡, Äepf¡ lz„ BÞV$frdX$uA¡V$ kpeÞkdp„ `pk \ep¡ Ðepf¡ hpBk râ[Þk`pg
`pk¡ s¡d_p¡ Apcpf dp_hp Nep¡. s¡dZ¡ d_¡ ỳR>ey„ ""sy„ ApNm iy„ L$fhp_p¡ R>¡ ?'' d¢ L$üy„ lz„ B.Sc. L$fui. lz„ dpfp il¡f_u
L$p¡g¡S>dp„ Aæepk Qpgy fpMhp_p¡ Ry>„. s¡dZ¡ d_¡ L$üy„, ""_rl, _rl, s¢ kpfp dpL®$k d¡mìep R>¡. s_¡ A¡[ÞS>r_ef]N L$p¡g¡S>dp„
A¡X$dui_ dmi¡. Aphsu L$pg¡ dpfu Ap¡aukdp„ AphuÅ lz„ s_¡ A¡[ÞS>r_ef]N L$p¡g¡S> dpV¡$_y„ AfÆ`ÓL$ Ap`ui.'' d¡ L$üy„,
`Z lz„ sp¡ B.Sc. L$fhp BÃRy>„ Ry>„.'' s¡ qv$hkp¡dp„ L$p¡B ìe[¼s rinL$ kpd¡ h ŷ `X$su v$gug L$fu iL$su _tl. s¡dZ¡ L$üy„
""_rl, Ap`Z¡ s¡ b ŷ„ `R>u Å¡iy„, `Z sy„ ap¡çk® cfu v¡$, sy„ Aphsu L$pg¡ Aph¡ R>¡.'' lz„ BÞL$pf L$fhp L¡$ s¡_p¡ rhfp¡̂  L$fhp_u
[õ\rsdp„ _lp¡sp¡, s¡\u d¢ L$üy„ ""cg¡ lz„ Aphsu L$pg¡ sdpfu Ap¡aukdp„ Aphui.'' lz„ S>sp¡ lsp¡ Ðepf¡ s¡dZ¡ L$üy„ ""d_¡ MpÓu
R>¡ L¡$ s_¡ A¡[ÞS>r_ef]N L$p¡g¡S>dp„ âh¡i dmi¡, `Z L$v$pQ spf¡ B.Sc. L$fhp_u S>ê$qfeps Dcu \pe sp¡ sy„ ¼ep rhjedp„
L$fhp dp„N¡ R>¡ ?'' s¡ kde¡ d_¡ cp¥rsL$ip÷dp„ h ŷ fk `X$sp¡ lsp¡. d¢ L$üy„ L¡$, lz„ cp¥rsL$ip÷-NrZsip÷dp„ L$fhp BÃRy>„
Ry>„. s¡dZ¡ d_¡ ỳR>ey„, ""cp¥rsL$ip÷ A_¡ NrZsip÷dp„ ip dpV¡$ L$fhp BÃR>¡ R>¡ ?'' d¢ L$üy„, ""d_¡ s¡ Nd¡ R>¡, S>¡\u M.Sc.
lz„ cp¥rsL$ip÷dp„ L$fu iLy„$.'' s¡dZ¡ L$üy„, Å¡ .B.Sc. L$fhp_u S>ê$qfeps Dcu \i¡ sp¡ lz„ s_¡ B.Sc.dp„ NrZsip÷-
cp¥rsL$ip÷dp„ âh¡i Ap`ui, cp¥rsL$ip÷-NrZsip÷dp„ _lu. d¡ L$üy„ ""L¡$d ?'' s¡dZ¡ L$üy„, ""sy„ ÅZsp¡ _\u, sy„ lSy>
_p_p¡ R>¡, lz„ s_¡ â¡¼V$uL$g `funpAp¡ lp¡e s¡hp rhjedp„ M.Sc. L$fphhp BÃR>sp¡ _\u.'' R>¡hV¡$ d¢ A¡[ÞS>r_ef]Ndp„ VJTI
(hufdpsp ÆÅbpB V¡$L$_p¡gp¡ÆL$g BÞõV$uV$éyV$)dp„ âh¡i gu^p¡. d¢ rdL¡$r_L$g A¡[ÞS>r_ef]N_p¡ Aæepk L$ep£. dpfu
A¡[ÞS>r_ef]N X$uN°u |̀Z® L$ep® `R>u lz„ OZp gp¡L$p¡_¡ dþep¡, s¡dp„\u L¡$V$gpL¡$ kyQìey„ L¡$ Å¡ sd¡ V²$p¡çb¡ Mps¡ Atomic Energy
Establishment (BARC_y„ s¡ hMs¡ Ap _pd lsy„)dp„ Å¡X$ph sp¡ sd¡ S>¡_u ip¡̂  L$fp¡ R>p¡ s¡hy„ L$pd L$v$pQ d¡mhu iL$p¡.
s¡ kde¡ _p¡L$fu d¡mhhp Ad¡ rdÓp¡ Apsyf lsp. s¡\u dpfu S> _l], dpfp b^p rdÓp¡_u apBgp¡ A¡̀ p¡BÞV$d¡ÞV$ g¡V$k®\u cf¡gu
fl¡su. OZp qL$õkpdp„ sp¡ BÞV$ìey®dp„ Nep rh_p `Z BÞX$õV²$uT_¡ ÅZ \pe L¡$ sd¡ VJTIdp„\u õ_psL$ \ep R>p¡ sp¡ s¡d_¡



1515âNpdu sf„N...

A¡̀ p¡BÞV$d¡ÞV$ g¡V$f dp¡L$gphu v¡$. s¡Ap¡ sd_¡ L$l¡ ""Adpfu kp\¡ Å¡X$phpdp„ sd_¡ fk li¡, Ap ap¡d® cfp¡ _¡ Adp¡_¡ dp¡L$gu
Ap`p¡. `R>u Adpfu `pk¡ Aphp¡,'' VJTI_p„ dpfp kp\uv$pfp¡ lz„ Atomic Energy Establishmentdp„ Å¡X$pJ s¡hy„ BÃR>sp
_lp¡sp. Äepf¡ s¡Ap¡A¡ ÅÎey„ L¡$ lz„ Aphy L„$BL$ rhQpfy„ Ry>„ Ðepf¡ s¡Ap¡A¡ dpfp `f kfL$pfu _p¡L$fudp„ _ Å¡X$php OÏ„ v$bpZ
L$eȳ. s¡Ap¡A¡ L$üy„ L¡$ ""spf¡ BÞX$õV²$uTdp„ Å¡X$phy„ Å¡BA¡'', L$pfZ L¡$ kfL$pfu _p¡L$fudp„ KQp `Npf Q|L$hpsp _lp¡sp. Ap\u
Äepf¡ s¡Ap¡A¡ ÅÎey„ L¡$ d_¡ Ap _p¡L$fu dpV¡$ BÞV$ìey® `Ó dþep¡, Ðepf¡ s¡ `Ó dpfu `pk¡\u gB gu^p¡, A_¡ lz„ Mf¡Mf s¡
BÞV$ìeȳ Q|L$u Nep¡. d¢ dpfu X$uN°u `funp |̀fu L$fu s¡ qv$hk¡ A¡L$ L„$`_u Üpfp dpfu cfsu L$fu g¡hpdp„ Aphu `qfZpd Ål¡f
\pe s¡ `l¡gp„ S> dpfu `pk¡ _p¡L$fu lsu A_¡ d¢ L$pd iê$ L$fu v$u ŷ„ lsy„. `Z dpf¡ Atomic Energy Establishmentdp„
S> L$pd L$fhp_p¡ rhQpf lSy> dpfp d_dp„ lsp¡. dpfp rdÓp¡A¡ s¡ BÞV$ìey® `Ó d_¡ BÞV$ìey®_u spfuM `R>u `fs Apàep¡, s¡\u
s¡ `Ó gB lz„ Atomic Energy Establishmentdp„ Nep¡ Ðep„ 10-15 qv$hk\u BÞV$ìey® Qpgy S> lsp, s¡\u d¢ Ðep„ L$üy„
L¡$ ""lz„ bfpbf s¡ S> spfuM¡ Aphhp_p¡ lsp¡ `Z AdyL$ L$pfZkf lz„ Aphu i¼ep¡ _l]. Å¡ lh¡ dpfp¡ BÞV$ìey® g¡hpdp„ Aphi¡
sp¡ d_¡ Ap_„v$ \i¡.'' s¡ Nyõk¡ \ep, `Z lz„ ApN°l |̀h®L$ L$l¡sp¡ füp¡ L¡$ d_¡ Ap _p¡L$fudp„ fk R>¡. A„s¡ L$rdV$udp„\u A¡L¡$
dpfp¡ BÞV$ìey® gu^p¡ A_¡ d_¡ `k„v$ L$ep£.

lz„ spgudu ipmpdp„ âh¡íep¡ A_¡ A¡ Adpfu 7du b¡Q lsu. lz„ dpfu b¡Qdp„ kp¥\u V$p¡Q_p ¾$dp„L¡$ lsp¡. d¢ fuA¡¼V$f
A¡[ÞS>r_ef]N_p¡ rhL$ë` `k„v$ L$ep£ L$pfZ L¡$ d_¡ gpÁey„ L¡$ s¡dp„ lz„ dpfp A¡[ÞS>r_ef]N op__p¡ A_¡ `òpv$c|rdL$p_p¡ D`ep¡N
L$fu iL$ui. d¢ rhQpeȳ lz„ `phf fuA¡¼V$f qX$TpB_ rhcpNdp„ Å¡X$pBi, S>¡dp„ OZp `qfhs®_ Apìep„, A_¡ ApS>¡ s¡ 'Nuclear
Power Corporation' R>¡. Apd R>sp„ fuA¡¼V$f A¡[ÞS>r_ef]N rhcpNdp„ gp¡L$p¡A¡ d_¡ rhL$pk_u bpbs `f L$pd L$fhp_u
kgpl Ap`u s¡\u d¢ rhQpeȳ L$v$pQ s¡ kpQu kgpl lp¡e A_¡ d¢ A¡[ÞS>r_ef]N âep¡Nipmpdp„ âh¡i L$ep£. Ap bpbs¡ d_¡
fuA¡¼V$f_p rhL$pk_p `pkpAp¡ kp\¡ A¡L$v$d `pepdp„\u kpd¡g \hp_u sL$ A`phu. s¡ Mf¡Mf k„sp¡jL$pfL$ A_ych lsp¡. Äepf¡
sd¡ OZp n¡Óp¡_¡ kpd¡g L$fu A¡L$ S>V$ug âq¾$ep `f L$pd L$fsp lp¡ Ðepf¡ Sy>v$u Sy>v$u AphíeL$spAp¡_¡ L¡$d kdsyrgs L$fhu
s¡_p¡ ¿epg Aph¡ R>¡.

kyÅsp :kyÅsp :kyÅsp :kyÅsp :kyÅsp : Ðepfbpv$ sd¡ iy„ L$eȳ —?

X$p¸. Ar_g :X$p¸. Ar_g :X$p¸. Ar_g :X$p¸. Ar_g :X$p¸. Ar_g : dÖpk A¡V$p¡rdL$ `phf õV¡$i_ L„$V¡$BÞd¡ÞV$ rkõV$d `f L$pd L$ep® bpv$ Ad¡ 220 MW PHWR
fuA¡¼V$f_p cpNp¡_¡ âdpZc|s L$fu rhL$kphhp_y„ L$pd D`pX$éy„, S>¡_¡ dpV¡$ Sy>v$p Sy>v$p õsf¡ OÏ„ b ŷ„ L$pd S>ê$fu lsy„. Ðepfbpv$
d_¡ 100 MW °̂yhp fuA¡¼V$f `f L$pd L$fhp dpV¡$ |̀R>hpdp„ Apìey„. fuA¡¼V$f _hy„ lsy„, rkÙp„s_u ×rô$A¡ `Z ! s¡_p S>¡hy„
A¡L$`Z fuA¡¼V$f buÆ L$p¡B`Z S>ÁepA¡ _lp¡sy„. b^p S> fuA¡¼V$f kdp_ rkÙp„s `f L$pd L$f¡ R>¡. `f„sy fQ_p rkÙp„s_p
^p¡fZ¡ s¡ _hy„ lsy„. âL$ë`dp„ d_¡ dy¿e rkõV$d kp¢̀ hpdp„ Aphu. dpfp kp\uAp¡ L¡$ S>¡_¡ AÞe rkõV$d_u S>hpbv$pfu kp¢̀ pe¡g
s¡ dpfp L$fsp„ gNcN v$i¡L$ hj® dp¡V$p lsp. Apd lz„ Jdf_u ×rô$A¡ eyhp_ lsp¡ A_¡ A_ychdp„ `Z sd¡ sdpfu kp\¡_p
h^pf¡ Jdf_p dpZkp¡ `pk¡\u iuMu iL$p¡ R>p¡.

kyÅsp :kyÅsp :kyÅsp :kyÅsp :kyÅsp : sp¡ iy„ sd¡ fuA¡¼V$f_p dÝecpN (lpv®$)_u fQ_p L$fu ?

X$p¸. Ar_g :X$p¸. Ar_g :X$p¸. Ar_g :X$p¸. Ar_g :X$p¸. Ar_g : lp kfk, cp¥rsL$ip÷ buÅA¡ Ap ¡̀g lsy„ `f„sy lz„ s¡_p¡ BS>_¡f lsp¡. dÝecpN_u S>¡ c|rdrs fQhpdp„
Aph¡g s¡ A¡[ÞS>r_ef]N dpV¡$ ep¡Áe _lp¡su. cp¥rsL$ip÷_p dp`v„$X$p¡ Åmhu fpMu d¢ dÝecpN_p _¼ip_¡ bv$gu_¡ BS>_¡fu
×rô$A¡ h^pf¡ kfm b_pìep¡. Apd s¡dp„ OÏ„ dp¡Vy„$ L$pd lsy„. fuA¡¼V$fdp„ OZu b^u kNhX$spAp¡ lsu, s¡ OZp b^p gp¡L$p¡_¡
âpep¡rNL$ kyrh^p |̀fu `pX$sy„ lsy„. Mpk L$fu_¡ ÞeyV²$p¡_ âL$uZ®_dp„ Sy>v$p Sy>v$p D`ep¡NL$sp®Ap¡ dpV¡$ rhrh^ EÅ® s\p TX$`
^fphsp„ ÞeyV²$p¡_ ãg¼k_u S>ê$fueps k„sp¡j¡ s¡hu fQ_p rhL$kphhu A¡ A¡L$ dp¡V$p¡ `X$L$pf lsp¡. Ap âL$pf_u fQ_p dpV¡$ Bg¡¼V²$p¡_
bud h¡ëX$]N Dcy„ L$fhy„ S>ê$fu lsy„. Ap\u Ad¡ s¡ kNhX$ Dcu L$fu. Ap b ŷ„ dpfp rdÓp¡_¡ gu ¡̂ \ey„ L¡$ S>¡Ap¡ L¡$V$gpL$ V¡$L$_uL$g
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cp¥rsL$ip÷_p lsp A_¡ s¡Ap¡A¡ b^p_p NyZhÑp_p ^p¡fZp¡_¡ QL$põep. s¡ `R>u_p¡ âñ lsp¡ L¡$ ÞeyV²$p¡__¡ blpf Aphhp
dpV¡$ sdpf¡ A¡hp¡ v$fhpÅ¡ Å¡BA¡, S>¡ ÞeyV²$p¡__¡ `kpf \hp v¡$ R>sp„ l¡hu hp¡V$f dpV¡$ s¡ qv$hpg b_u fl¡. Ad¡ rTL$p£r_ed
rdî^psy_u kp\¡ õV¡$B_g¡k õV$ug Å¡X$u_¡ bpfu b_phhp_y„ rhQpeȳ. sd¡ rTL$p£r_ed rdî^psy A_¡ õV¡$B_g¡k õV$ug_¡ Å¡X$u
_ iL$p¡. Ad¡ ep„rÓL$ fp¡g kp„̂ pAp¡ rhL$kpìep lsp. s¡_p dpV¡$ Adpf¡ Adpfp L¡$V$gp„L$ kp^_p¡ Ecp L$fhp S>ê$fu lsp„, s¡
kp^_p¡ b_pìep„. h¡ëX$]N\u rTL$p£r_ed rdî^psy_¡ gNphhpdp„ Aphu. Apd Ap b^pdp„ âpep¡rNL$ L$pe® A_¡ rhL$pk_u ×rô$A¡
M|b dÅ Aphu.

d¢ °̂yhp fuA¡¼V$f `f L$pd_u iê$Aps L$f¡g lsu. lz„ `l¡gp `p¡MfZ âep¡Np¡dp„ kpd¡g lsp¡. s¡ `ëk apõV$ fuA¡¼V$f\u
Ap¡mMpsy„. buÅ fuA¡¼V$f_u qX$TpB_ `Z d¢ b_ph¡g lsu. S>¡ ¼epf¡e blpf Apìey„ _l] s¡ A¡hy„ fuA¡¼V$f lsy L¡$ S>¡dp„
lpBõ`uX¡$ sd¡ fuA¡¼V$f_p dÝecpN_u _ÆL$ fuãg¡¼V$f ågp¡L$ fpMp¡ R>p¡ A¡hy„ Apdp„ L$eȳ, `ëk fuA¡¼V$f-kp\¡ hpõsrhL$ ×rô$A¡
s¡_¡ \p¡Xy$ N„cuf NZuA¡ A_¡ `R>u syf„s S> TX$`\u i©„Mgp âq¾$ep b„̂  \hp\u v|$f fpM¡ R>¡. fuA¡¼V$f_p `pR>m_p cpN¡
h^pf¡ TX$`\u afsp gp„bp fp¡V$f D`f fuãg¡¼V$f gNph¡g lp¡e R>¡ fuA¡¼V$f_p dÝecpN_¡ r_erds `ëk dp¡L$gu iL$p¡ R>p¡.
Ap rkÙp„s lsp¡, A_¡ âñ A¡ lsp¡ L¡$ Ap`Z¡ b¡f¡rged_p Vy$L$X$p_¡ M|b TX$ ¡̀ Oydphu fuA¡¼V$f_p dÝecpNdp„\u Ap KQu
TX$ ¡̀ AÐe„s _ÆL$ (dudu S>¡V$gp A„sfdp„) gphu_¡ TbL$pfp¡ dpfu iL$uA¡. Ad¡ fp¡V$f_u qX$TpB_ b_phu _pMu `f„sy A„s¡
Ap fuA¡¼V$f ¼epf¡e bÞey„ S> _tl.

kyÅsp :kyÅsp :kyÅsp :kyÅsp :kyÅsp : sdpf¡ `ëk fuA¡¼V$f_u ip dpV¡$ S>ê$qfeps lsu ?

X$p¸. Ar_g :X$p¸. Ar_g :X$p¸. Ar_g :X$p¸. Ar_g :X$p¸. Ar_g : âep¡Np¡ dpV¡$ sdpf¡ OÏ dp¡Vy„$ ÞeyV²$p¡_ ãg¼k Å¡BA¡. lh¡ [õ\s Ahõ\pdp„ Å¡ sd¡ s¡hy„ lpB ÞeyV²$p¡_
ãg¼k DÐ`ß L$fp¡ sp¡ kp\¡ sdpf¡ M|b S> h^pf¡ `phf M¢Qhp `lp¢Qu hmhy„ Å¡BA¡. s¡\u fuA¡¼V$f_y„ A¡[ÞS>r_ef]N h^pf¡
N„yQhpX$pceȳ b_¡ R>¡, buÆ bpSy> Å¡ sd¡ `ëk dp¡X$dp„ fuA¡¼V$f Qgphp¡ sp¡ sd_¡ W$uL$ W$uL$ dÝed `phf hp`fsu rkõV$d
kp\¡ KQu L$np_p ÞeyV²$p¡_ `ëk dm¡. S>¡_p\u âep¡NL$sp®Ap¡ OZub^u fus¡ s¡_p¡ D`ep¡N L$fu iL¡$, `f„sy kp\¡ \d®g
d¡_¡S>d¡ÞV$_u bpbsp¡ N|„QhpX$p cfu b_¡ R>¡. Apd Ap âL$pf_p fuA¡¼V$f_p OZp b^p apev$pAp¡ R>¡, S>¡ Å¡hp dþey„ _tl,
`f„sy Qp¡½$k s¡ A¡L$ kpfp¡ A_ych lsp¡.

kyÅsp :kyÅsp :kyÅsp :kyÅsp :kyÅsp : sd_¡ \p¡qfed_u âq¾$ephpmp fuA¡¼V$f rhL$kphhp_p¡ rhQpf L$B fus¡ Apìep¡ ?

X$p¸. Ar_g :X$p¸. Ar_g :X$p¸. Ar_g :X$p¸. Ar_g :X$p¸. Ar_g : Ad¡ _p_p `pe¡ \p¡qfed_y„ L$pe® L$f¡g lsy„. A_¡ L$prd_u fuA¡¼V$f s¡ U-233 `f Qpgsu 30 KW_u
fQ_p lsu. L$v$pQ buÅ¡ sL®$ A¡ lsp¡ L¡$ Adpfp \p¡qfed kp\¡_p âep¡Np¡_p¡ rhõspf L$fhp¡, Ðepf¡ dp¡V$u V¡$L$_uL$p¡ A_¡ L$v$d
DW$phhp S>ê$fu lsp„. buÅ sb½$pdp„\u ÓuÅ sb½$pdp„ S>hp dpV¡$ Myb KX$u ndsp_u S>ê$fueps `X¡$ R>¡. Apd sp¡ âpf„rcL$
õsf¡-âep¡Nipmp õsf¡ Ad¡ \p¡qfed_p h`fpi_p ÅZL$pf lsp. Å¡ Ad¡ Mf¡Mf `phf DÐ`ß L$fhp KQu L$np_u V¡$L$_p¡gp¡Æ_u
ÅZL$pfu _ d¡mhuA¡ sp¡, Ad¡ TX$`\u Ap a¡fapf _ L$fu iL$uA¡. Apd \p¡qfed fuA¡¼V$f rhL$kphhp_u S>ê$qfeps Dcu
\C s¡ kde gNcN Q¸_p£rbg vy$O®V$_p_p¡ lsp¡. s¡\u ApMy„ rhð kgpds fuA¡¼V$f rhL$kphhp sfa_u iê$Aps L$fu füy„
lsy„. kgpdsu_u ×rô$A¡ D`gå^ fuA¡¼V$f_¡ L$B fus¡ kŷ pfhp s¡ OÏ„ dp¡Vy„$ L$pd lsy„. Ðepf¡ s¡ `Z QQp®_p¡ rhje lsp¡
L¡$ Ad¡ crhóe_p rhL$pk_u A\hp fuA¡¼V$f V¡$L$_p¡gp¡Ædp„ ¾$p„rs rhi¡_u hps L$luA¡. Ap hpsp¡ \su lsu A_¡ ApS>¡ `Z
QQp® A¡ R>¡ L¡$ Å¡ sd¡ k„̀ |Z® _hu V¡$L$_p¡gp¡Æ rhi¡ rhQpfip¡ sp¡ sd¡ `pep\u a¡fapf L$fu iL$ip¡, L„$BL$ k„̀ |Z® _hy„ S> A_¡
Apd fuA¡¼V$f rhQpfhp_y„ i¼e bÞey„, L¡$ S>¡ Myb S> _p_y„ A_¡ kq¾$e s„Ó `f Ap^pqfs R>¡.
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kpdpÞes: Þey[¼gef fuA¡¼V$f_u Apk`pk AphfZ lp¡e R>¡, A_¡ ârsb„r^s rhõspf lp¡e R>¡. dp_hue rhõspf
A_¡ fuA¡¼V$f hÃQ¡ v$uhpg AphíeL$ R>¡ dpV¡$ lz„ L$lz„ Ry>„ L¡$, ApS> dpV¡$ Ap bfpbf R>¡ `f„sy s¡_¡ rhõspfp¡ s¡ ep¡Áe _\u.
sd_¡ blz h ŷ S>Áep dmi¡ _tl. iy„ Ap`Z¡ fQ_p_p A¡hp ^p¡fZp¡ rhQpfu iL$uA¡ L¡$ b^p S> kp_yLy$msp A_¡ kgpdsu
A_ych¡ (cg¡ dp¡V$p il¡f_u dÝedp„ lp¡e sp¡ `Z-A„sf_p¡ ârsb„̂  _tl). iy„ Ap`Z¡ fQ_p_p A¡hp ^p¡fZp¡ _ rhQpfu
iL$uA¡ L¡$ S>¡ Ny„QhpX$p cf¡g kp^_ `f Ap^pqfs _ lp¡e-L$pfZ L¡$ s¡_u qL„$dsdp„ `Z h^pf¡ \pe R>¡ A_¡ sdpf¡ s¡_p dpV¡$
h^pf¡ L$pmÆ `Z g¡hu `X¡$ R>¡. lz„ ApNm rhQpfy„ Ry>„ L¡$, Ap`Z¡ A¡hy„ kfm Ap¡̀ f¡V$f_¡ cygphu v¡$sy„ fuA¡¼V$f b_phuA¡ L¡$
S>¡ Ny„QhpX$p cf¡g kp^_ `f Ap^pqfs _ lp¡e A_¡ âp\rdL$ fus¡ kq¾$e fQ_pAp¡ `f Ap^pqfs lp¡e.

lh¡ Advanced Heavy Water Reactor (AHWR) \p¡qfeddp„\u rhS>mu ¡̀v$p L$f¡ R>¡. s¡_p `Z L¡$V$gpL$ âñp¡
R>¡. Qp¡½$k s¡_p dpV¡$ OZp¡ kde gpN¡ A_¡ OÏ„ rhL$pk_y„ L$pd R>¡. fuA¡¼V$f_y„ Apeyóe 30\u 40 hj® L$lu iL$pe; 30
hj® `R>u sd¡ iy„ L$fip¡ ? b„̂  L$fip¡ ? Þey[¼gef L$Qfp¡ `Z A¡L$ dp¡V$p¡ âñ R>¡. dpV¡$ Ad¡ A¡L$ A¡hp fuA¡¼V$f_p¡ rhQpf
L$ep£ L¡$ S>¡ 100 hj® kŷ u sp¡ Qpg¡ S>. Ap`Z¡ iê$dp„ 25-30hj®_p Apeyóehpmp fuA¡¼V$f_u hps L$fsp lsp. `f„sy
(AHWR) kp\¡ Ap`Z¡ 100hj®_u Apeyóehpmp fuA¡¼V$f_u hps L$fu iL$uA¡, A_¡ s¡ Sy>v$p¡ S> A¡[ÞS>r_ef]N_p¡ `X$L$pf
R>¡. Ap n¡Ódp„ OZp¡ rhL$pk \ep¡ R>¡. AHWR_¡ gpN¡hmN¡ R>¡ Ðepf¡ lh¡ s¡ h^pf¡ õ`ô$ R>¡ L¡$ Å¡ sd¡ àgyV$p¡r_ed A\hp
L¡$ \p¡qfed kp\¡ L$p¡B AÞe dpB_f A¡¼V$u_pBX$_¡ Bf¡qX$e¡V$ L$fp¡ sp¡, sd¡ Ap dV¡$qfeëkdp„\u h^pf¡ kamsp d¡mhu iL$ip¡.
Ðep„ Ap¡R>u dpÓpdp„ \p¡qfed kp\¡ dpB_f A¡¼V$u_pBX$ DÐ`ß \pe R>¡. eyf¡r_ed- àgyV$p¡r_ed Q¾$ kfMpdZuA¡ gp„bp Npmp_p
L$Qfpdp„ Qp¡¿Mp¡ apev$p¡ \pe R>¡.

lpg_u V¡$L$_p¡gp¡Ædp„ fQ_p_u ×rô$A¡ Ap^pqfs _hu fQ_p fQp¡ sp¡ Ap b^p apev$p Ðepf¡ v¡$Mpe R>¡. A¡L$
INPRO_pd_p¡ Ap„sffpô²$ue L$pe®¾$d R>¡. _hp„ S> Þey[¼gef fuA¡¼V$f A_¡ bmsZ Q¾$ `f_p¡ Ap„sffpô²$ue L$pe®¾$d. Aphp
L$pe®¾$dp¡ d¢ L$l¡gp L¡$V$gpL$ l¡sy ^fph¡ R>¡. s¡ dpV¡$ L¡$V$gp„L$ AæepkL$ue qL$õkpAp¡ Å¡Bsp lsp. Apd Adp¡_¡ AHWR AæepkL$ue
qL$õkp sfuL¡$ dþep¡ s¡\u Ap„sffpô²$ue kpfu Akf `X$u. s¡Ap¡ b^pA¡ dpÞey„ L¡$ Ap fQ_p L$pd L$fi¡. buÅ b^p v¡$ip¡ Qp¡\u

¡̀Y$u_p fuA¡¼V$fp¡ `f L$pd L$fsp„ lsp„. `f„sy AHWR_¡ gpN¡hmN¡ R>¡ Ðep„ kŷ u, Ap b^pdp„ cpfs lqfapBdp„ kpd¡g \ey„,
dpÓ \p¡qfed_u ×rô$A¡ S> _rl `f„sy cprh fuA¡¼V$f V¡$L$_p¡gp¡Æ_u ×rô$A¡ `Z. lh¡ Ap`Z¡ fuA¡¼V$fp¡ b_phhp_y„ Qpgy
L$fu v$u ŷ„ R>¡ A_¡ s¡ dpV¡$ buÅ 7-8 hj® Å¡Bi¡. Ap b^p„ L$pe®¾$dp¡ gp„bp Npmp kŷ u Qpg_pfp L$pe®¾$dp¡ R>¡ S>¡dp„ fQ_p
õsf¡ A_¡ _uQgp fQ_p õsf¡ OZp b^p„ dpZkp¡ L$pd L$f¡ R>¡. A¡L$ hõsy kdÆ g¡hu Å¡BA¡, OZu b^u dprlsu Å¡Bi¡,
NyZhÑp âq¾$ep_¡ `Ng¡ OZp b^p âep¡Np¡ L$fhp `X$i¡, s¡ Myb dÅ_y„ R>¡.

kyÅsp :kyÅsp :kyÅsp :kyÅsp :kyÅsp : Ap dlÐh_p kde¡ \p¡qfed Ap^pqfs fuA¡¼V$f_¡ rhL$kphhpdp„ sdpfp âeÐ_p¡ rhi¡ sd¡ L¡$hy„ A_ychp¡
R>p¡ ?

X$p¸. Ar_g :X$p¸. Ar_g :X$p¸. Ar_g :X$p¸. Ar_g :X$p¸. Ar_g : Ap A_ych\u d_¡ Myb S> Ap_„v$ dþep¡ R>¡. A¡ õ`ô$ R>¡ L¡$ sd¡ S>¡ L$pd L$fp¡ s¡_u L$p¡B Akf
`X$su lp¡e sp¡ sd_¡ Ap_„v$ \pe. sdpfp _hp S> k„ip¡̂ __p âL$pi_ L¡$ _hu_sd V¡$L$_p¡gp¡Æ_p rhL$pkdp„\u Ap Akf
v¡$Mpe R>¡. Å¡ sdpfp L$pe®_¡ kp ¡̀n kde_p¡ gpc \pe sp¡ h^pf¡ AkfL$sp® \pe R>¡. ApS>¡ `Z lz„ Ap n¡Ó_p crhóe rhi¡
S> rhQpfy„ Ry>„.

sd¡ Å¡ey„ L¡$ \p¡qfed Ap`Zp dpV¡$ Myb S> D`ep¡Nu R>¡. Ap`Zu `pk¡ |̀fsu dpÓpdp„ R>¡, Ap`Zu `pk¡ h^pf¡ eyf¡r_ed
_\u. Ap\u \p¡qfed A¡ bpL$u_u vy$r_ep dpV¡$ k„̀ rÑ R>¡. Apd v¡$Musu fus¡ Ap`Z¡ Ap V¡$L$_p¡gp¡Æ_p rhL$pk dpV¡$ fpl _
Å¡B iL$uA¡ A_¡ s¡_p¡ õhuL$pf L$fu D`ep¡N L$fhp¡ Å¡BA¡. Ap rhQpf R>¡, Ap`Z¡ Ap`Zp k„ip¡̂ __¡ V¡$L$_p¡gp¡Ædp„ a¡fhhp
Å¡BA¡ A_¡ Ap V¡$L$_p¡gp¡Æ kdpS>_¡ Ap`hu Å¡BA¡.
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kyÅsp :kyÅsp :kyÅsp :kyÅsp :kyÅsp : sd_¡ k„ip¡̂ _ dpV¡$ kde dm¡ R>¡ ?

X$p¸. Ar_g :X$p¸. Ar_g :X$p¸. Ar_g :X$p¸. Ar_g :X$p¸. Ar_g : d|mc|s fus¡ dpfy„ L$pd dp¡V¡$ cpN¡ sp¡ rhL$pk_¡ gNsy„ R>¡. Qp¡½$k, `l¡gp„ k„ip¡̂ _ âh©rÑ dpV¡$ dpfp¡
OZp¡ kde h`fpsp¡, lh¡ lz„ h^pf¡ kde apmhu iL$sp¡ _\u, Å¡ L¡$ lz„ AHWR kp\¡ Å¡X$pe¡g Ry>„, `f„sy s¡ A¡L$ dpmMy„
R>¡ lz„ Ap dpmMp_p¡ cpN Ry>„.

kyÅsp :kyÅsp :kyÅsp :kyÅsp :kyÅsp : sd¡ v¡$i_p rhÛp\}Ap¡_¡ L„$B rhi¡j L$l¡hp dpNp¡ R>p¡ —?

X$p¸. Ar_g :X$p¸. Ar_g :X$p¸. Ar_g :X$p¸. Ar_g :X$p¸. Ar_g : Å¡ sd¡ d_¡ |̀R>ip¡ L¡$ cpfs_u spL$ps iy„ R>¡, sp¡ lz„ S>hpbdp„ L$lui L¡$ cpfs_u spL$ps Ap`Zp
eyhp_p¡ R>¡. Mf¡Mf Aphsp„ hjp£dp„ cpfs¡ dp¡Mf¡ fl¡hy„ lp¡e sp¡ eyhpi[¼s_p¡ gpc dy¿e Ap^pf li¡. lh¡ Å¡ Ap eyhp_p¡_p¡
gpc k„̀ |Z® fus¡ DW$phhp¡ lp¡e sp¡, sdpf¡ eyhp_p¡_¡ kpfy„ rinZ Ap`u s¥epf L$fhp Å¡BA¡. S>¡\u s¡ kdpS>_¡ D`ep¡Nu \pe.
A_¡ `p¡sp_¡ `Z; bß¡ bpbs¡, L$dpZu L$fhpdp„ A_¡ Æh_dp„ ! `f„sy v¡$i_p rhL$pkdp„ apmp¡ Ap ¡̀ s¡ h^pf¡ ANÐe_y„ R>¡.

lz„ dp_y„ Ry>„ L¡$ Ap`Z¡ b¡ hõsy L$fhu Å¡BA¡. L$p¡B`Z n¡Ódp„ eyhp_p¡_¡ Aphhp v¡$hp Å¡BA¡, dpÓ rhop_dp„ S> S>ê$fu
_\u, lz„ s¡_u Arcep¡Áesp dyS>b_p n¡Ódp„ ApNm h^hp_u hps L$lz„ Ry>„, s¡Ap¡ ApNm h^hp S> Å¡BA¡. Ap Qphu R>¡.
Å¡ A¡L$ dp¡V$p¡ cpN rhop_ A_¡ V¡$L$_p¡gp¡Æ li¡ sp¡, dpfu ×rô$A¡ A¡ A¡L$ dp¡V$p¡ apev$p¡ li¡. sd¡ dpÓ ÅZL$pfu dpV¡$ _
iuMp¡ `f„sy s¡dp„ L$p¥iëe d¡mhhp dpV¡$ iuMp¡ L¡$ S>¡_p dpfas¡ Mf¡Mf A_ych dm¡. Apd Äepf¡ sd¡ iuMsp lp¡ Ðepf¡ sd¡
A_ychip¡ L¡$ Ap iuMhy„ A¡ sdpfp lp\dp„ R>¡. Ap`Zp Sy>_p Apîdp¡dp„ ApS> fus lsu A\hp s¡ dpV¡$ rhv¡$idp„ blpf
S>hy„ `X$sy„, L¡$V$gu i¥nrZL$ k„õ\pAp¡dp„ rhÛp\}Ap¡ Ap âL$pf¡ iuM¡ R>¡. L¡$V$guL$ kpdpÆL$ k¡hpAp¡ A_¡ kpdpÆL$ L$pep£ `Z
Ap rinZ_p¡ cpN b_¡ fpô²$ue L$npA¡ dlÐh_p âL$ë`p¡ `Z Ap rinZ_p cpN b_u iL¡$, DÛp¡N-kplrkL$sp
A¡ÞV$fâ¡r_ep¡fri` `Z Ap rinZ_p¡ cpN b_u iL¡$.

(öp¡s : Resonance - Journal of Science Education, March 2010)

*****

'I think,

  therefore I am'.

         - Rene Descartes
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rhÛp\}Ap¡_p â¡fZpöp¡s - X$p¸. ku. hu. fpd_

X$p ¸. r_rdjp h¥ÛX$p ¸. r_rdjp h¥ÛX$p ¸. r_rdjp h¥ÛX$p ¸. r_rdjp h¥ÛX$p ¸. r_rdjp h¥Û
¾$pBõV$ L$p¡g¡S>, fpS>L$p¡V$

Ap`Zp v¡$idp„ v$f hj£ 28du a¡b°yApfu_p¡ qv$hk ""fpô²$ue rhop_ qv$hk'' sfuL¡$ DS>hpe R>¡.
cpfs_p cp¥rsL$ip÷_p â\d _p¡b¡g `pqfsp¡rjL$ rhS>¡sp, X$p¸. ku. hu. fpd_¡ k_ 1928dp„ Ap qv$hk¡
`p¡sp_u AqÜrse ip¡̂  ""fpd_ Akf''_u Ål¡fps L$fu lsu. b¡ hj® `R>u, 1930dp„ s¡d_¡ Ap ip¡̂
bv$g _p¡b¡g `pqfsp¡rjL$ A¡_pes L$fhpdp„ Apìey„. _p¡b¡g `pqfsp¡rjL$ dþep `l¡gp„\u s¡Ap¡ v¡$i rhv¡$idp„
â¿eps lsp. _p¡b¡g `pqfsp¡rjL$ Üpfp s¡d_u NZ_p rhð_p V$p¡Q_p h¥opr_L$p¡dp„ \hp gpNu. s¡d_p
Æh_ A_¡ rhop_dp „ s ¡d_p ep ¡Nv$p_ rhi¡ Myb gMpey „  R> ¡ . A¡L $ rhop_ g¡ML$
Æ. h¢L$V$fpd_¡ ""S>_} BÞVy$ gpBV$'' ỳõsL$dp„ s¡d_y„ Æh_QqfÓ bMybu Apg¡¿ey„ R>¡. X$p¸ ku. hu.

fpd__p Æh__p A_¡L$ `pkp„ ApS>_p rhÛp\}Ap¡ dpV¡$ Myb â¡fZpê$` b_u iL¡$ s¡d R>¡. Al] s¡hp S> dyØp_u QQp® L$fuiy„.

blp¡my „ hp„Q_ :blp¡my „ hp„Q_ :blp¡my „ hp„Q_ :blp¡my „ hp„Q_ :blp¡my „ hp„Q_ :

X$p¸. fpd__¡ bpm`Z\u S> hp„Q__p¡ Myb ip¡M lsp¡. s¡d_p r`sp NrZs A_¡ cp¥rsL$ip÷_p rinL$ lp¡hp\u s¡d_p
Ofdp„ Ap b¡ rhjep¡_p„ A_¡L$ ỳõsL$p¡ D`gå^ lsp„. fpd_¡ `p¡s¡ A¡L$hpf L$l¡gy„: ""A¡L$ kpfp Of L¡$ kpfu ipmp_u `fM s¡
¼ep âL$pf_p ỳõsL$p¡, A¡L$ DNsp d__p OX$sf dpV¡$ |̀fp„ `pX¡$ R>¡, s¡_p\u \pe R>¡.'' s¡Ap¡ dÖpk_u â¡kuX¡$Þku L$p¡g¡S>dp„
cZsp lsp Ðepf¡ s¡dZ¡ Ðep„_p N°„\pge_p ỳõsL$p¡_p¡ kO_ Aæepk sp¡ L$ep£ S>, kp\¡ kp\¡ Ðep„ _ dm¡ s¡hp k„ip¡̂ __¡
gNsp S>_®gp¡ _ÆL$ Aph¡gp A¡L$ N°„\pgedp„ S>B_¡ hp„Ãep„. blp¡mp„ hp„Q__¡ L$pfZ¡ rhðdp„ L$B bpbsp¡ D`f k„ip¡̂ _p¡ \B
füp„ R>¡ s¡_u s¡dZ¡ ÅZL$pfu d¡mhu. A¡L$v$d eyhp_he¡ s¡dZ¡ b°uV$__p ÅZusp„ S>_®g "qagp¡kp¡auL$g d¡N¡Tu_'dp„ A¡L$
ip¡̂ `Ó ârkÙ L$fpìey„.

A„N°¡Æ `f âcyÐh :A„N°¡Æ `f âcyÐh :A„N°¡Æ `f âcyÐh :A„N°¡Æ `f âcyÐh :A„N°¡Æ `f âcyÐh :

ku. hu. fpd_¡ `p¡sp_p Aæepk v$fçep_ A„N°¡Æ cpjp `f `Z iê$Aps\u S> âcyÐh d¡mìey„. L$p¡g¡S>dp„ s¡dZ¡
s¡d_p râe rhjep¡ cp¥rsL$ip÷ A_¡ A„N°¡Ædp„ kyhZ®Q„ÖL$p¡ d¡mìep lsp. s¡d_p rinL$p¡ `Z A„N°¡Æ cpjp `f_u s¡d_u
Av¹$c|s `L$X$_¡ rbfv$phsp. s¡d_p cpjp `f_p âcyÐh A_¡ hp„Q_ âÐe¡_p â¡d_p L$pfZ¡ s¡Ap¡ kpdpÞe fus¡ L$p¡g¡S>dp„ cZsp
rhÛp\}_¡ kdS>hpdp„ dyíL¡$gu `X¡$ s¡hp N°„\p¡ `Z kdS> |̀h®L$ hp„Qu iL$sp.

Av¹$cys byqÙârscp A_¡ A\pN dl¡_s_p¡ kdÞhe :Av¹$cys byqÙârscp A_¡ A\pN dl¡_s_p¡ kdÞhe :Av¹$cys byqÙârscp A_¡ A\pN dl¡_s_p¡ kdÞhe :Av¹$cys byqÙârscp A_¡ A\pN dl¡_s_p¡ kdÞhe :Av¹$cys byqÙârscp A_¡ A\pN dl¡_s_p¡ kdÞhe :

X$p¸. fpd_ `l¡g¡\u S> AkpdpÞe byqÙârscp ^fphsp lsp. s¡Ap¡A¡ dpÓ 11 hj®_u _p_u he¡ sp¡ d¡V²$uL$_u `qfnp
`pk L$fu A_¡ 14 hj®_u Jdf¡ sp¡ rióeh©rÑ kp\¡ s¡dZ¡ dÖpk_u _pdp„qL$s â¡kuX¡$Þku L$p¡g¡S>dp„ bu.A¡._p Aæepk¾$ddp„
âh¡i d¡mìep¡. s¡d_p rinL$p¡ `Z dp_u _lp¡sp iL$sp L¡$ ApV$gu _p_u Jdf_p¡ R>p¡L$fp¡ L$p¡g¡S>_p¡ rhÛp\} lp¡B iL¡$ ! s¡Ap¡
_p_`Z\u S> l„d¡ip â\d ¾$d¡ `pk \sp A_¡ L$p¡g¡S>dp„ `Z s¡dZ¡ A¡ ¾$d Åmhu fp¿ep¡.
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ApV$gp s¡S>õhu fpd_ dl¡_sy `Z Myb S> lsp. L$l¡hpe R>¡ _¡, ""rkqÙ s¡_¡ S>B hf¡, S>¡ `fk¡h¡ Þlpe.'' Äepf¡
s¡Ap¡ L$gL$Ñpdp„ kfL$pfu _p¡L$fu L$fsp„ L$fsp„ ""BÞX$ue_ A¡kp¡kuA¡i_ ap¡f L$ëV$uh¡i_ Apµa kpeÞk''dp„ k„ip¡̂ _L$pe® `Z
L$fsp lsp, Ðepf¡ s¡d_u qv$_Qep® Aphu fl¡su :

khpf¡ 5:30 - s¡Ap¡ A¡kp¡kuA¡i_¡ S>sp.

khpf¡ 9:45 - O¡f `pR>p Aphu_¡ s¡Ap¡ TX$`\u _plu-S>du_¡ Ap¡qak S>hp _uL$msp.

kp„S>¡ 5:00 - _p¡L$fu `f\u Ry>V$u_¡ fpd_ ku^p S> A¡kp¡kuA¡i_¡ k„ip¡̂ _L$pe® L$fhp S>sp.

fpÓ¡ 10:00 - O¡f `pR>p afsp.

ApV$gu gN_\u L$p¡B dl¡_s L$f¡ sp¡ s¡_¡ kamsp S> dm¡, s¡dp„ L$p¡B i„L$p _\u.

Av$çe Ly $sylgh©rÑ :Av$çe Ly $sylgh©rÑ :Av$çe Ly $sylgh©rÑ :Av$çe Ly $sylgh©rÑ :Av$çe Ly $sylgh©rÑ :

b^p S> AkpdpÞe h¥opr_L$p¡_y„ Ap A¡L$ kpdpÞe gnZ lp¡e R>¡. fpd_dp„ `Z bpmklS> Ly$sylgh©rÑ lsu, S>¡
s¡d_p Æh__p A„s kŷ u S>mhpB flu lsu. s¡Ap¡ S>¡ âep¡Np¡ A„N¡ hp„Qsp, s¡ Myv$ L$fu_¡ Å¡sp, s¡d_p `qfZpdp¡ QL$pksp.
Äepf¡ s¡dZ¡ `l¡guhpf rhv¡$i S>hp dpV¡$ v$qfepB dykpafu M¡X$u, Ðepf¡ S>lpS> `f s¡dZ¡ kdyÖ_p `pZu_p f„N `f k„ip¡̂ _
L$fu _p¿ey„. f„Np¡_y„ s¡d_¡ A¡hy„ sp¡ ApL$j®Z \ey„ L¡$ s¡ `R>u s¡dZ¡ `s„Nuep_u `p„M_p f„Np¡, `nuAp¡_p f„Np¡, qL„$dsu fÐ_p¡
A_¡ `Õ\fp¡_p f„Np¡, R>u`gp„_p f„Np¡, hN¡f¡ `f Myb k„ip¡̂ _ L$eȳ. s¡Ap¡ l„d¡ip A¡L$ _p_y„ õ ¡̀¼V²$p¡õL$p¡̀  `p¡sp_u kp\¡ fpMsp.
f„Np¡ âÐe¡_p s¡d_p gNph\u s¡dZ¡ âL$pi A_¡ s¡_p NyZ^dp£ `f `Z Myb k„ip¡̂ _L$pe® L$eȳ. v¡$i rhv¡$idp„ afu_¡ s¡dZ¡
Myb qL„$dsu `Õ\fp¡, fÐ_p¡ hN¡f¡ A¡L$W$p L$ep® A_¡ s¡d_p f„Np¡_y„ L$pfZ kdS>hp OZp âep¡Np¡ L$ep®. ApS>¡ `Z Ap f„Nb¡f„Nu
`Õ\fp¡, fÐ_p¡, R>u`gp„, `s„Nuep hN¡f¡ fpd_ fukQ® BÞõV$uV$éyV$dp„ b¢Ngp¡f_p k„N°lõ\p_dp„ kQhpep R>¡. s¡d_p r`sp_¡
k„Nus_p¡ Myb ip¡M lsp¡. Ap\u _p_`Z\u S> s¡d_¡ huZp S>¡hp spf hpÛp¡ A_¡ sbgp„, d©v„$N S>¡hp spg hpÛp¡_p¡ `qfQe
lsp¡. s¡dZ¡ Ap b^p hpÛp¡ `f k„ip¡̂ _p¡ L$ep® A_¡ ârs`pqv$s L$eȳ L¡$ huZp_p¡ õhf dp_hu_p õhf_¡ kp¥\u h ŷ dmsp¡
Aph¡ R>¡.

ApÐdrhðpk :ApÐdrhðpk :ApÐdrhðpk :ApÐdrhðpk :ApÐdrhðpk :

X$p¸. fpd__¡ `p¡sp_u dl¡_s A_¡ byqÙârscp D`f |̀fp¡ rhðpk lsp¡. 1924dp„ s¡d_¡ HÁg¢X$_u fp¡eg kp¡kpeV$u_p
dp_v¹$ kv$õe Fellow b_phhpdp„ Apìep. Ap âk„N¡ ep¡Åe¡g kdpf„cdp„ s¡dZ¡ Ål¡f L$f¡gy„ L¡$ s¡Ap¡ ApNpdu `p„Q hj®dp„
cpfs dpV¡$ _p¡b¡g `pqfsp¡rjL$ d¡mhi¡ !

_p¡b¡g `pqfsp¡rjL$_u Op¡jZp v$f hj£ Apµ¼V$p¡bf dlu_pdp„ L$fhpdp„ Aph¡ R>¡ A_¡ s¡ A¡_pes L$fhp_p¡ kdpfp¡l qX$k¡çbf
dlu_p_u 10du spfuM¡ õhuX$__p `pV$_Nf õV$p¡L$lp¡d Mps¡ ep¡Åe R>¡. 1930_y„ _p¡b¡g `pqfsp¡rjL$ s¡d_¡ dmhp_y„ R>¡ s¡_u
kÑphpf Op¡jZp _h¡çbfdp„ \B s¡ `l¡gp„ S>, Sy>gpB dlu_pdp„ S> s¡dZ¡ `p¡sp_u A_¡ `p¡sp_p `Ð_u_u S>lpS>_u V$uL$uV$
gB gu^u lsu ! L¡$hp¡ NS>b_p¡ ApÐdrhðpk !
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v¡ $iâ¡d :v¡ $iâ¡d :v¡ $iâ¡d :v¡ $iâ¡d :v¡ $iâ¡d :

ku. hu. fpd_ A¡V$gp ârscpipmu lsp, L¡$ s¡dZ¡ ^peȳ lp¡s sp¡ s¡Ap¡ rhv¡$idp„ õ\peu \B iL$s. `Z s¡dZ¡ sp¡
`p¡sp_u S>Þdc|rd_¡ S> L$d®c|rd b_phu, A_¡ cpfs_¡ fpd_ fukQ® BÞõV$uV$éyV$ S>¡hu k„ip¡̂ __u âep¡Nipmp_u c¡V$ Ap`u.

_p¡b¡g `pqfsp¡rjL$ kdpfp¡ldp„ fpd_ A¡L$gp S> cpfsue `p¡jpL$ A_¡ `pOX$u `l¡f¡gp lsp. s¡dZ¡ Æh_`e¯s `p¡sp_p¡
Ap `p¡jpL$ Åmhu fp¿ep¡. _p¡b¡g `pqfsp¡rjL$ d¡mìep bpv$ fpd_ fX$u `X¡$gp. `pR>m\u s¡Ap¡A¡ L$pfZ g¿ey„- ""dpfu ApSy>bpSy>
b ¡̂ rhv¡$iu Ql¡fpAp¡ lsp. lz„ A¡L$ S> cpfsue lsp¡. `Z S>¡hp¡ `pqfsp¡rjL$ gB_¡ `pR>p¡ Apìep¡ Ðepf¡ Å¡ey„ L¡$ dpf¡ rb°V$__p
ÝhS> _uQ¡ b¡khp_y„ lsy„. Ðepf¡ d_¡ Al¡kpk \ep¡ L¡$ dpfp Nygpd v¡$i_¡ `p¡sp_p¡ ÝhS> `Z _lp¡sp¡. A¡ rhQpfu_¡ lz„ cp„Nu
`X$ép¡ !'' rhop__p¡ kh®î¡›$ ỳfõL$pf d¡mhsu hMs¡ Äepf¡ Ap_„v$_u Ahr^ _ fl¡, Ðepf¡ v¡$i dpV¡$_u gpNZu\u qv$g cfpB
Aph¡, s¡_p\u h ŷ v¡$iâ¡d_y„ iy„ Dv$plfZ lp¡B iL¡$ ?!

âp¡. ku. hu. fpd_ sdpd cpfsuep¡_p A¡L$ â¡fZpöp¡s b_u fl¡i¡.

*****
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rhÛp\}Ap¡_p g¡Mp¡
(Ap g¡Mp¡ ¾$pBõV$ L$p¡g¡S>- fpS>L$p¡V$_u rhÛp\}_u bl¡_p¡A¡ gM¡g R>¡.)

åg¡L$ lp¡gåg¡L$ lp¡gåg¡L$ lp¡gåg¡L$ lp¡gåg¡L$ lp¡g

iusy hu. dp ¡l_iusy hu. dp ¡l_iusy hu. dp ¡l_iusy hu. dp ¡l_iusy hu. dp ¡l_

"åg¡L$ lp¡g' A¡ MNp¡mip÷ dpV¡$ lpg_p¡ AÛs_ L$p¡eX$p¡ b_u füy„ R>¡. s¡_¡ v¡$Musu fus¡ r_lpmhpdp„ Aph¡g _\u.
"åg¡L$ lp¡g' iy„ R>¡ ? A_¡ s¡_y„ r_dp®Z L$B fus¡ \pe R>¡ ? ip dpV¡$ A¡ s\p-L$r\s R>¡ A_¡ s¡_¡ "r_lpmu' iL$hp_u i¼esp
iy„ R>¡ ? Ap b^p âñp¡ Ap`Z_¡ ÅZ¡ L¡$ "åg¡L$ lp¡g'_u A„v$f gB Åe R>¡. Ap`Zp¡ k|e® L¡$ S>¡ A¡L$ kpdpÞe spfp¡ R>¡,
s¡_p v$m_¡ MO k„op Ap`uA¡ sp¡ L$p¡B `Z "spfp¡' S>¡_y„ v$m 1.4 MO L$fsp Ap¡Ry>„ lp¡e s¡_p¡ r_f`hpv$ fus¡ A¡L$ ð¡s hpd_
spfp sfuL¡$ A„s Aph¡ R>¡. `f„sy L$p¡B A¡hp¡ spfp¡ S>¡_y„ v$m 1.4 M

O
 L$fsp„ h ŷ lp¡e, s¡ `p¡sp_p ¾$rdL$ rhL$pk v$fçep_ rhõap¡V$

`pd¡ R>¡. Å¡ AZ^pfu Apas spfp_u \su hsy®mue Nrs AV$L$ph¡ A\hp DÐ`rÑ `l¡gp„ s¡_y„ AdyL$ v$m Nydph¡ sp¡ Å¡ s¡
spfp_y„ âpf„rcL$ v$m 10 M

O
 L$fsp h ŷ lp¡e sp¡, s¡_p¡ dÝecpN k„L$p¡QpB A¡L$ õ\peu "ÞeyV²$p¡_ spfp¡' b_¡ R>¡. Aphp `v$p\®_u

O_sp 1014-15 N°pd/cm3_p„ âdpZdp„ lp¡e R>¡. s¡d R>sp„ `Z Å¡ dy¿e spfp¡ h ŷ v$mv$pf lp¡e, sp¡ `Z _uQu L$np_p¡ ÞeyV²$p¡_
spfp¡ L¡$ S>¡_y„ dlpL$pe dÝecpN `Z h^pf¡ Nyê$ÐhpL$j®Z_p¡ ârsL$pf L$fu iL$hp dpV¡$ knd _ lp¡e. s¡d R>sp„ Aphp spfpAp¡
AdyL$ kp_yLy$m L$pfZp¡kf apV$sp _\u, `Z s¡ k„L$p¡Q_ âq¾$epdp„ âh¡i¡ R>¡. L$pfZ L¡$ Ap dlpL$pe spfp syf„s `p¡sp_u _prcL$ue
DÅ®_p¡ D`ep¡N L$fu W„$X$p `X¡$ R>¡. s¡\u S> spfp¡ k„L$p¡Q_ `pdu `p¡sp_u [õ\f DÅ®_y„ ê$`p„sf Nfdudp„ L$f¡ R>¡, L¡$ S>¡ s¡_p `s__p
Apf¡ h ŷ h¡N `L$X¡$ R>¡. S>¡d `s_ h ŷ _¡ h ŷ \sy Åe s¡d Nyê$ÐhpL$j®Z bm Dv¹$ch¡ R>¡ S>¡ spfp_y„ L$v$ OV$pX¡$ R>¡ A_¡
Ap v$fçep_ spfp_u rÓÄep (R

S
) A_¡ v$m (M) hÃQ¡_p¡ k„b„̂ , `v$p\® dpV¡$_p r_ó¾$dZ-h¡N escape velocity_p k|Ó

`f\u d¡mhu iL$pe. Apd s¡_¡ 2

2
C
GM

RS =  hX¡$ v$ip®hpe R>¡. RS rÓÄep SCHWARTZSCHILD rÓÄep L$l¡hpe R>¡
A_¡ Ap `v$p\®_y„ Nyê$Ðhn¡Ó âL$pi_¡ `Z s¡dp„\u R>V$L$u _uL$mhp v¡$sy„ _\u. L$p¡B `Z âq¾$ep_u Ap`-g¡ Ap
SCHWARTZSCHILD rÓÄep_p rhõspfdp„ i¼e _\u. Ap\u Ap `v$p\® ÅZ¡ L¡$ gyá \ep¡ lp¡e A¡hy„ gpN¡, rkhpe
L¡$ s¡_y„ Nyê$ÐhpL$j®Z n¡Ó_u gNsu Akf s¡_p _ÆL$s_p AÞe `v$p\® `f v¡$Mpe. Apd SCHWARTZSCHILD rÓÄep
Ap AS>b-NS>b_p v$mv$pf `v$p\p£_u A¡L$ dep®v$p bsph¡ R>¡. S>¡_¡ "åg¡L$ lp¡g' L$l¡hpdp„ Aph¡ R>¡. s¡dp„\u âL$pi `Z blpf
Aphu iL$sp¡ _\u. a¼s ApV$gy„ S> _lu, b ŷ„ S>, b„_¡ Öìe/`v$p\® A_¡ âL$pi `Z A„v$f N°lZ \B Åe R>¡. suh°
Nyê$ÐhpL$j®Z lp¡hp\u "åg¡L$ lp¡g' D`f_p hpsphfZdp„\u `Z hpey A_¡ `v$p\® M¢Qhp gpN¡. Ap hpey `v$p\® "åg¡L$ lp¡g'_u
afs¡ A¡L$ qX$õL$ fQ¡ R>¡ S>¡ b^p S>L$X¡$gp `v$p\® hX¡$ b_¡g lp¡e R>¡. Oj®Z bm `v$p\®_u [õ\s DÅ® h¡frhM¡f L$fu dyL¡$ R>¡.
buÆ bpSy> L¡$ÞÖÐepNu bm Dv¹$ch¡ R>¡ A_¡ `v$p\® k`p®L$pf fus¡ "åg¡L$ lp¡g'_u afs¡ af¡ R>¡ A_¡ A„s¡ `v$p\® s¡dp„ kdpB
Åe R>¡. Apd afsp¡ `v$p\® A„v$f kdpB Åe R>¡ S>¡ Myb JQy sp`dp_ âpá L$f¡ R>¡ S>¡\u Myb JQu Aph©rÑhpmp qL$fZp¡
Dv¹$ch¡ S>¡ âpep¡rNL$ fus¡ X-rays lp¡e R>¡. NZsfu `f\u A¡hy„ L$lu iL$pe R>¡ L¡$ 6% L¡$ Ly$g [õ\s-v$m DÅ® L$fsp h ŷ
N°lZ `pdsp `v$p\® qL$fZp¡ÐkN® q¾$epdp„ ê$`p„sf `pd¡ R>¡. s¡\u "åg¡L$ lp¡g' lÆ kŷ u ip¡̂ pep¡ _\u.

A„sdp„ "åg¡L$ lp¡g' Å¡B iL$hp_u cprh Apip iy„ R>¡ ? A_¡ Ap`Z¡ s¡_¡ ¼ep„ ip¡¡̂ hp¡ Å¡BA¡ ? Ap`Z¡ Al] "åg¡L$
lp¡g' dpV¡$_p r_dp®Z `f QQp® L$fu R>¡ s¡ Mfu Dsf¡ sp¡ ApL$piN„Npdp„ gNcN 109 S>¡V$gp "åg¡L$ lp¡g' lp¡B iL¡$. âpep¡rNL$
fus¡ ỳfhpf L$fhpdp„ Apìey„ R>¡ L¡$ CYGNUS X-1 A¡ "åg¡L$ lp¡g' R>¡. lSy> s¡_p `f h ŷ k„ip¡̂ _ Qpgu fl¡g R>¡.
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åg¡L$ bp¡¼k iy„ R>¡ ?åg¡L$ bp¡¼k iy„ R>¡ ?åg¡L$ bp¡¼k iy„ R>¡ ?åg¡L$ bp¡¼k iy„ R>¡ ?åg¡L$ bp¡¼k iy„ R>¡ ?
s©rá A¡d. Ap„brgeps©rá A¡d. Ap„brgeps©rá A¡d. Ap„brgeps©rá A¡d. Ap„brgeps©rá A¡d. Ap„brgep

`l¡gp_p„ S>dp_pdp„ Äep„ `lp¢Qhp qv$hkp¡ L¡$ drl_p _uL$mu S>sp Ðep„ ApS>¡ Myb Ap¡R>p kdedp„ `lp¢Qu iL$pe R>¡.
Ap\u Å¡ `fv¡$i S>h„y lp¡e sp¡ Ap`Z¡ L$pf, f¡ëh¡ hN¡f¡_p¡ D`ep¡N cpÁe¡ S> L$fuA¡ R>uA¡. s¡_p bv$g¡ àg¡__u kaf_¡ dlÐh
Ap`uA¡ R>uA¡. AÞe hpl_p¡_u kfMpdZudp„ àg¡_dp„ V²$pqaL$ kdõep _X$su _\u. s¡\u AL$õdps_y„ âdpZ `Z Ap¡Ry>„ R>¡,
`f„sy Å¡ àg¡__¡ AL$õdps \pe sp¡ `R>u cNhp_ S> bQph¡. Ap\u Äepf¡ àg¡_ syV$u `X¡$ L¡$ kmNu Åe Ðepf¡ L$p¡B dykpaf
sp¡ W$uL$ s¡_p QpgL$p¡ ¾$yd¡çbf_u bQhp_u i¼esp `Z _rlhs¹ R>¡. Aphp kde¡ Ap AL$õdps L$B fus¡ \ep¡ s¡ ÅZhy„ dyíL¡$g
b_¡ R>¡. hpõshdp„ L$p¡B`Z AL$õdps_y„ L$pfZ S> A¡ hpl_dp„ iy„ a¡fapf_u S>ê$qfeps R>¡ s¡ v$ip®h¡ R>¡. `f„sy àg¡__¡ AL$õdps
\pe Ðepf¡ s¡ L$p¡B S> bQsy„ _\u sp¡ `R>u s¡_p L$pfZp¡_u sp¡ ¼ep hps S> flu ? Ap\u àg¡_dp„ A¡L$ Aphy„ L$pfZv$i®L$
diu_ lp¡e R>¡ S>¡_¡ "åg¡L$ bp¡¼k' sfuL¡$ Ap¡mMhpdp„ Aph¡ R>¡. Äepf¡ L$p¡B àg¡__p¡ AL$õdps \pe Ðepf¡ kdpQpfdp„ åg¡L$
bp¡¼k rhi¡ D‰¡M L$fhpdp„ Aph¡ R>¡.

Ap`Z¡ S>¡_¡ "åg¡L$ bp¡¼k' L$luA¡ R>uA¡ s¡ hpõshdp„ ãgpBV$ X¡$V$p f¡L$p¡X®$f A_¡ L$p¡L$`uV$ hp¡Bk f¡L$p¡X®$f R>¡. s¡_¡ FDR

A_¡ CVR sfuL¡$ `Z Ap¡mMhpdp„ Aph¡ R>¡. A¡ b„_¡ QdL$sp L¡$kfu f„N_p lp¡e R>¡ s¡_u `lp¡mpB 5 HQ A_¡ JQpB
7 HQ lp¡e R>¡. Ap kp^_dp„ 20 HQ gp„by ãgpBV$ f¡L$p¡X®$f A_¡ 13 HQ gp„by hp¡Bk f¡L$p¡X®$f lp¡e R>¡. S>¡_y„ hS>_ gNcN
13\u 20 `pDÞX$ S>¡V$gy„ lp¡e R>¡. B.k. 1950_p v$peL$pdp„ rhrh^ A¡fgpBÞkp¡A¡ v$f¡L$ rhdp_dp„ `p„Q dprlsuAp¡_p f¡L$p¡qX¯$N_y„
k|Q_ L$eȳ S>¡dp„- KQpB, lhp_u Nrs, lp¡L$pe„Ó_u qv$ip, D`f sfa_u Nrs (hqV®$L$g A¡[¼kgf¡i_), kde hN¡f¡_p¡ kdph¡i
\pe R>¡. rhdp_ AL$õdps sp¡ L$p¡B `Z õ\m¡ \B iL¡$ S>¡d L¡$ f¡spm âv¡$i, NuQ S>„Ng L¡$ `R>u dlpkpNf D`f hN¡f¡.. Ap\u
Aphp k„Å¡Np¡dp„ Ap f¡L$p¡X®$f _pi _ `pd¡ s¡hp dS>bys lp¡hp Å¡BA¡ A_¡ s¡dp„ ỳfsu dprlsu k„N°lpe¡gu lp¡hu Å¡BA¡. Ap\u
f¡L$p¡X$…N L$f_pfu V¡$` 2000 a¡f_luV$ S>¡V$gu Nfdudp„ 30 rdr_V$ kŷ u V$L$u fl¡hu Å¡BA¡. Ap f¡L$p¡X®$f_u L¡$rb_¡V$ Myb S> dS>byspB
Ap`su V$uV¡$r_ed ^psy_u b_¡gu lp¡e R>¡. Ap D`fp„s Å¡ s¡_p D`f 500 `pDÞX$ hS>_hpmp¡ `p¡gpv$u krmep¡ 10 awV$ JQ¡\u
`X¡$ sp¡ `Z s¡ syV$su _\u. s¡_u A„v$f f¡L$p¡X$…N âq¾$ep Myb S> °̂yÅfu hÃQ¡ `Z knd fus¡ L$pe® L$fu iL¡$ R>¡.

ApV$gy„ _p_y„ Ap kp^_ rhdp_ AL$õdps `R>u Apkp_u\u ip¡̂ u iL$pe s¡ dpV¡$ s¡_¡ QdL$sp¡ L¡$kfu f„N L$fhpdp„ Aph¡
R>¡. A_¡ s¡_p `f gpN-ka¡v$ f„N_u `fphs®L$ `Ë$uAp¡ gNpX$hpdp„ Aph¡ R>¡. hmu s¡_p `f rhÅÏ k„L¡$s DÐ`ß L$fsy„ "`]Nf'
_pd_y„ kp^_ gNpX$hpdp„ Aph¡ R>¡. `pZu_u s¡_p `f Akf _ \pe s¡hy„ s¡_¡ b_phpe R>¡. A_¡ kdyÖ_¡ srme¡\u `Z
s¡ AhpS>_p sf„Np¡ k„L¡$s sfuL¡$ 30 qv$hk kŷ u dp¡L$gu iL¡$ R>¡.

qX$rS>V$g f¡L$p¡X®$f b^u S> âL$pf_u dprlsu rhdp__p Sy>v$p Sy>v$p cpNdp„ Np¡W$h¡gp k¡Þkfp¡ Üpfp dpB¾$p¡hp¡ëV¡$S>_u h^OV$_p
ê$`dp„ dm¡ R>¡ A_¡ s¡ L$çàeyV$f_u cpjpdp„ k„N°rls \pe R>¡. S>¡_p D`f ãgpBV$ X¡$V$p f¡L$p¡X®$ L$fhpdp„ Aph¡ R>¡ s¡ d¡‚¡V$uL$ V¡$` 5.25

HQ `lp¡mu lp¡e R>¡ S>¡_u D`f kss 25 L$gpL$_y„ f¡L$p¡X$…N \pe R>¡. 25 L$gpL$ bpv$ S|>_p D`f _hy„ f¡L$p¡X$…N \pe R>¡. CVR

A¡ L$p¡L$`uV$dp„ fl¡gp ¾y$d¡çbf hÃQ¡_u hpsQus_¡ f¡L$p¡X®$ L$f¡ R>¡. CVR rhdp_dp„ rhÛysâhpl Qpgy \pe Ðepf\u S> iê$ \B Åe
R>¡. s¡dp„ kss AX$^u L$gpL$_u hpQQus f¡L$p¡X®$ \pe R>¡ A_¡ v$f AX$^u L$gpL¡$ _hy„ f¡L$p¡X$…N \pe R>¡. Apd FDR (ãgpBV$ X¡$V$p
f¡L$p¡X®$f) A_¡ CVR (L$p¡L$`uV$ hp¡Bk f¡L$p¡X®$f) S>¡ dprlsu |̀fu `pX¡$ R>¡ s¡ L$v$u r_f\®L$ _\u lp¡su. s¡_p `f\u rhdp__p BS>_¡fp¡
s¡d_u qX$TpB_dp„ \e¡gu c|gp¡ ip¡̂ u s¡_p\u h ŷ knd àg¡_ b_phhp_p¡ âeÐ_ L$f¡ R>¡.

*****
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kcpN©lp¡_y„ Ýhr_ip÷

îu dyL¡$i A¡k. cË$îu dyL¡$i A¡k. cË$îu dyL¡$i A¡k. cË$îu dyL¡$i A¡k. cË$îu dyL¡$i A¡k. cË$
îu k_ps_ ^d® lpBõL|$g, cph_Nf

Äepf¡ sd¡ L$p¡B hMs qaëd Å¡hp S>hp_y„ rhQpfp¡ R>p¡, Ðepf¡ s¡_u kp\¡ s¡ qaëd ¼ep r\e¡V$fdp„ Qpg¡ R>¡ s¡_p¡ `Z
rhQpf L$fp¡ R>p¡. Å¡ r\e¡V$f kpfy„ lp¡e sp¡ s¡dp„ qaëd Å¡hp_u dÅ `X¡$ R>¡. `Z Å¡ r\e¡V$f kpfy„ _ lp¡e sp¡ s¡dp„ qaëd
Å¡hp_p¡ rhQpf \p¡X$p¡ dp¡mp¡ `X$u Åe R>¡. Aphy„ L¡$d ? Ap rhQpf `pR>m r\e¡V$f_u A„v$f fl¡gu AÞe kyrh^pAp¡ kp\¡ ÅZ¡
AÅÎe¡ kcpN©lp¡_y„ Ýhr_ip÷ `Z Ry>`pe¡gy„ R>¡. kcpN©lp¡dp„ k„Nus_p L¡$ AÞe L$pe®¾$dp¡_u kamsp_p¡ Ap^pf s¡_u Ýhr_
k„fQ_p (acoustics) `f fl¡g lp¡e R>¡.

kpfp„ kcpN©lp¡dp„ Ýhr__u kyîpìesp_u `qf[õ\rs dpV¡$ L¡$V$guL$ bpbsp¡ OZu dlÐh_u R>¡ S>¡d L¡$,

* Ýhr_ ỳfsp¡ dp¡V$p¡ lp¡hp¡ Å¡BA¡

* k„ep¡rS>s Ýhr__p sÐL$pm OV$L$p¡ `p¡sp_u kp ¡̀n suh°sp Åmhu fpMu iL$sp lp¡hp Å¡BA¡.

* A_y¾$d¡ Aphsp Ýhr_Ap¡ M|b S> õ`ô$ A_¡ A¡L$buÅ\u Akf-dy¼s lp¡hp Å¡BA¡ s¡dS> s¡dp„ L$p¡B Op¢OpV$_y„
sÐh Dd¡fphy„ Å¡BA¡ _lu.

A¡L$ dp¡V$p„ V$p¡mp„dp„ dpZkp¡ Dcp lp¡e A_¡ L$p¡B h¼sp S>du_ `f Dcp Dcp bp¡gsp¡ lp¡e sp¡ V$p¡mp„dp„_p \p¡X$p S>
gp¡L$p¡ s¡_¡ kp„cmu iL¡$ R>¡. `Z Å¡ h¼sp JQp Apk_ `f Dcp¡ flu bp¡g¡ sp¡ âdpZdp„ h ŷ gp¡L$p¡ s¡_¡ kp„cmu iL¡$. Å¡
Apk__u `pR>m `fphs®L$p¡ d|L$uA¡ sp¡ `qf[õ\rsdp„ kŷ pfp¡ \pe. lSy> `Z h^pf¡ kp_yL|$m `qf[õ\rs_y„ r_dp®Z L$fhy„ lp¡e
sp¡ `pR>m Dc¡gp îp¡spAp¡_¡ bpëL$_udp„ b¡kpX$u v¡$hpdp„ Aph¡ A_¡ Apk`pk `fphs®L$ qv$hpgp¡ A_¡ D`f R>p`fy„ s¥epf L$fhpdp„
Aph¡ sp¡ S>¡ fQ_p s¥epf \pe s¡_¡ L$l¡hpe kcpN©l.

kcpN©ldp„ k„̀ |Z® Ýhr__u `qf[õ\rs_y„ r_dp®Z L$fhp dpV¡$ kcpN©ldp„ Dv¹$chsp¡ Ýhr_ (h¼sp Üpfp, îp¡spAp¡ Üpfp
_l])- kcpN©l_p v$f¡L$ cpNdp„ ep¡Áe A_¡ ìepS>bu kf¡fpi âbmsp ^fphsp¡ lp¡hp¡ Å¡BA¡. Ap Ýhr_dp„ L$p¡B`Z `X$OpAp¡_y„
rdîZ _ lp¡hy„ Å¡BA¡, L¡$ d|mc|s Ýhr__y„ rhê$`Z _ \ey„ lp¡hy„ Å¡BA¡. DÐ`ß \e¡gp¡ Ýhr_ ep¡Áe TX$`\u idu S>hp¡
Å¡BA¡ L¡$ S>¡\u A_y¾$d¡ Aphsp Ýhr_ kp\¡ ìersL$fZ_u OV$_p _ Dv¹$ch¡. Aphu Apv$i® ifsp¡_y„ `pg_ cpÁe¡ S> L$p¡B
kcpN©ldp„ \sy„ lp¡e R>¡. kcpN©lp¡_u qv$hpgp¡ Üpfp \sp Ýhr_ `qfhs®__¡ L$pfZ¡ kcpN©l_p Sy>v$p Sy>v$p rhcpNp¡dp„ suh°sp
r_erds fpMhp_y„ dyíL¡$g b_¡ R>¡. hmu fuhfbf¡i_ (reverberation)- ârsOp¡j dpV¡$ kde A_¡ suh°sp_u hl¢QZu_u
ifsp¡ A¡L$u kp\¡ d¡mhhpdp„ `Z dyíL¡$gu _X¡$ R>¡.

kcpN©lp¡dp„ DÐ`ß \sp„ Ýhr__y„ `fphs®_, ip¡jZ, `pfNd_ A_¡ s¡_¡ `qfZpd¡ DÐ`ß \su `qf[õ\rs_p¡ rhQpf
L$p¡B`Z kcpN©l dpV¡$ L$fhp¡ `X¡$ R>¡.

Äepf¡ kcpN©lp¡dp„ L$p¡B h¼sp Ýhr_ DÃQpf¡ R>¡ Ðepf¡ DÃQpfpA¡gp¡ Ýhr_ Np¡mpL$pf sf„Np¡ (Spherical waves)_p
õhê$`dp„ âkfZ `pd¡ R>¡. Ap fus¡ âkfZ `pdsp¡ Ýhr_ Äepf¡ Ap¡fX$p_u qv$hpgp¡ kp\¡ A\X$pe R>¡ Ðepf¡ qv$hpg\u s¡_y„
`fphs®_ \pe R>¡. A_¡ AdyL$ Ýhr__y„ qv$hpgdp„ fl¡gu bpfuAp¡ Üpfp `pfNd_ `Z \pe R>¡. DÃQpfpA¡gp¡ Ýhr_ kpdpÞe
sp`dp_¡ 1120 awV$/k¡._p h¡N\u Nrs L$f¡ R>¡. `qfZpd¡ blz S> Aë` kdedp„ s¡_y„ hpf„hpf `fphs®_ \B ApMp Ap¡fX$p_¡
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cfu v¡$ R>¡. v$f¡L$ `fphs®_ hMs¡ Ýhr_ kp\¡ Å¡X$pe¡gu DÅ®dp„ OV$pX$p¡ \sp¡ Åe R>¡. `qfZpd õhê$ ¡̀ \p¡X$u hpf `R>u Ýhr_
idu Åe R>¡. Ap¡fX$p_p¡ v$f¡L$ rhcpN hpf„hpf \sp A_¡L$ `fphs®_p¡_¡ L$pfZ¡, Sy>v$u Sy>v$u qv$ipdp„ Nrs L$fsp Ýhr_ sf„Np¡\u
cfpB Åe R>¡. Apd \hp\u v$f¡L$ îp¡sp dpV¡$ \p¡X$p kdedp„ Ýhr__u AdyL$ kf¡fpi âbmsp Dv¹$ch¡ R>¡. kcpN©l_p v|$f M|Zpdp„
b¡W¡$gp îp¡spAp¡ dpV¡$ `Z Ap kf¡fpi âbmsp fQpe R>¡. h¼sp_u sØ_ kpd¡ b¡W$p lp¡e s¡hp îp¡spAp¡ dpV¡$ Ýhr__u âbmsp
Mpk L$fu_¡ h¼sp_p ku^p AhpS> Üpfp lp¡e R>¡, A_¡ `qfZpd¡ h¼sp_u _ÆL$ Ap¡fX$p_p rhcpNdp„ âbmsp_y„ âdpZ rhi¡j
lp¡e R>¡.

Ap¡fX$p_u qv$hpgp¡ Üpfp \sp Ýhr__p `fphs®__¡ gu ¡̂ Ýhr__u âbmspdp„ h^pfp¡ \pe R>¡. `f„sy b^u hMs Aphy„
\sy„ _\u. OZuhpf Ýhr__p `fphs®__¡ gu ¡̂ d|m DÃQpfpA¡gp Ýhr_dp„ rhL©$rs Dv¹$ch¡ R>¡. Mpk sp¡ `fphs®_ `pd¡gp Ýhr_
L$p¡B Qp¡½$k õ\p_¡ L¡$[ÞÖs \pe Ðepf¡ dyíL¡$gu Dv¹$ch¡ R>¡. h¾$ qv$hpgp¡ l„d¡ip `fphs}s Ýhr__¡ L¡$[ÞÖs L$f¡ R>¡. A_¡ dyíL¡$gu
kS>£ R>¡. kpfp kcpN©lp¡ dpV¡$ h¾$ qv$hpgp¡ ceS>_L$ R>¡.

`X$Op¡ A¡V$g¡ Ýhr__p DÃQpfZ bpv$ 1/15 k¡L$ÞX$ L¡$ s¡_p\u h ŷ kdedp„ h¼sp `pk¡ `lp¢Qsp¡ `fphrs®s Ýhr_.
Å¡ L$p¡B îp¡sp `pk¡ `lp¢Qsp ku ¡̂ku^p Ýhr_ A_¡ `fphrs®s Ýhr_ hÃQ¡_p¡ kdeNpmp¡ 1/15 k¡L$ÞX$ L¡$ s¡_p\u Ap¡R>p¡
lp¡e sp¡ kp„cmhpdp„ dyíL¡$gu Dcu \pe R>¡. `Z Å¡ Ap S> Npmp¡ 1/15 k¡L$ÞX$ A_¡ 1/20 k¡L$ÞX$ hÃQ¡ lp¡e sp¡ Ýhr_
âbm b_¡ R>¡.

kdsg qv$hpgp¡ `f\u `fphrs®s \sp¡ Ýhr_ ÅZ¡ L¡$ h¼sp_p Ýhr_ ârstbbdp„\u Aphsp¡ lp¡e, s¡d NZu iL$pe.
Ap\u Ýhr__p Dv¹$Nd õ\p_dp„\u Aphsp¡ Ýhr_ A_¡ `fphs®_ `pdsp¡ Ýhr_ Äepf¡ L$p¡B tbvy$ `pk¡ A¡L$ buÅ `f k„̀ ps
\pe R>¡. Ðepf¡ ìersL$fZ_u OV$_p D`Åh¡ s¡d L$lu iL$pe. Å¡ `fphs®_ L$fsu qv$hpgp¡ `f Ýhr_-ip¡jL$ Öìep¡ gNphhpdp„
Aph¡ sp¡ `fphrs®s Ýhr_ d„v$ `X$u Åe R>¡ A_¡ ìersL$fZ_u OV$_p Ap¡R>u \B Åe R>¡. ìersL$fZ_u OV$_p k„Nusde
Ýhr_dp„ h^pf¡ âdpZdp„ dpg|d `X¡$ R>¡. iåv$de Ýhr__u bpbsdp„ ìersL$fZ OV$_p \hp S>¡V$gp¡ kde dmsp¡ _\u.

Äepf¡ k„ep¡rS>s Ýhr__y„ `fphs®_ \pe R>¡ Ðepf¡ k„ep¡rS>s Ýhr_dp„ fl¡gp Sy>v$p„ Sy>v$p„ Ýhr_ OV$L$p¡_y„ Sy>v$p Sy>v$p âdpZdp„
ip¡jZ A_¡ `fphs®_ \sy„ lp¡e R>¡. Ap_¡ L$pfZ¡ `fphrs®s \e¡gp k„ep¡rS>s Ýhr_dp„ OV$L$p¡_y„ âdpZ bv$gpB Åe R>¡. KQu
Aph©rÑhpmp„ OV$L$p¡, Ap¡R>u Aph©rÑhpmp„ OV$L$p¡ L$fsp„ h^pf¡ âdpZdp„ ip¡jpB Åe R>¡. Ap_¡ `qfZpd¡ `fphrs®s Ýhr_ d|m
Ýhr_ L$fsp„ \p¡X$p¡ O¡fp¡ gpN¡ R>¡. Ap ×rô$A¡ rhQpfuA¡ sp¡ ÷u NpeL$p¡_p¡ Ýhr_, ỳê$j NpeL$p¡_p Ýhr_ L$fsp„ h^pf¡ âdpZdp„
ip¡jpe R>¡.

Ap`Z¡ ApNm Å¡ey„ s¡d Ap¡fX$pdp„ DÐ`ß \e¡gp Ýhr__y„ Ap¡fX$p_u qv$hpgp¡, R>sp¡ s\p Ap¡fX$pdp„ fl¡gu AÞe hõsyAp¡
Üpfp `fphs®_, `pfNd_ A_¡ ip¡jZ \pe R>¡. Ap_p `qfZpdõhê$ ¡̀ Ap¡fX$p_p v$f¡L$ rhcpNp¡, Dv$Nddp„\u Aphsp„ ku^p
sf„Np¡ A_¡ Sy>v$p Sy>v$p rhcpNdp„\u Aphsp `fphrs®s \sp„ sf„Np¡_¡ L$pfZ¡ Ýhr_ EÅ®\u k„̀ |Z® cfpB Åe R>¡. Ap kde
v$frdep_ `X$OpAp¡ `Z Dv¹$ch¡ R>¡. Ap\u Ýhr_ DÐ`pv$L$ õ\p_ Ýhr__y„ DÐ`pv$_ S>¡ nZ¡ b„̂  L$fu v¡$ s¡ S> kde¡ Ap¡fX$pdp„_u
Ýhr_ EÅ® k„̀ |Z® _pi `pdsu _\u `f„sy Ðepf `R>u `Z `fphrs®s sf„Np¡ Ap¡fX$pdp„ \p¡X$p¡ kde S>mhpB fl¡ R>¡. A_¡
Ýhr_ \p¡X$p¡ hMs S>mhpB fl¡ R>¡.

Ýhr_ DÐ`pv$L$ õ\p_ Äepf¡ Ýhr__y„ DÐ`pv$_ b„̂  L$fu v¡$ Ðepf `R>u_p kde v$frdep_ îpìe Ýhr__u S>mhpB
fl¡hp_u OV$_p_¡ qfhfbf¡i_ (ârsOp¡j) L$l¡ R>¡. S>¡ kde v$frdep_ Ýhr_ DÅ® S>mhpB fl¡ R>¡ s¡ kde_¡ qfhfbf¡i_
kde L$l¡ R>¡. Ap kde Ýhr_ DÐ`pv$L$ õ\p_ S>¡ nZ\u Ýhr__y„ DÐ`pv$_ iê$ L$f¡ s¡ nZ\u A\hp k„Nus dpV¡$ Ýhr__y„
DÐ`pv$_ S>¡ nZ\u b„̂  \pe s¡ nZ\u Ap`hpdp„ Aph¡ R>¡. ep¡Áe âdpZ_y„ qfhfbf¡i_ OÏ„ S> S>ê$fu R>¡. ep¡Áe âdpZ_p
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qfhfbf¡i_\u k„Nus_¡ h^pf¡ d ŷf A_¡ kyfugy„ b_phu iL$pe R>¡. kcpN©l_p Ýhr_ip÷ dpV¡$ ep¡Áe âdpZdp„ qfhfbf¡i_
d¡mhhy„ Myb S> S>ê$fu R>¡. Å¡ Ap¡fX$pdp„ h^pf¡ âdpZdp„ Ýhr_ip¡jL$ Öìe Aph¡gy„ lp¡e, sp¡ Ýhr_ h^pf¡ TX$`\u d„v$ `X$u
Åe R>¡, A_¡ Aphp Ap¡fX$pdp„ qfhfbf¡i_ kde âdpZdp„ _p_p¡ lp¡e R>¡, `Z Å¡ Ap¡fX$pdp„ Ýhr_ ip¡jL$ Öìe_y„ âdpZ
Ap¡Ry>„ lp¡e sp¡ Ýhr__y„ ip¡jZ âdpZdp„ Ap¡Ry>„ \sp„, qfhfbf¡i_ kde âdpZdp„ dp¡V$p¡ b_¡ R>¡. A¡hy„ NZu L$pY$hpdp„ Apìey„
R>¡ L¡$ 104 O_awV$ L$v$ ^fphsp„ kcpN©l dpV¡$ 1.03 k¡L$ÞX$_p¡ qfhfbf¡i_ kde, v$f¡L$ iåv$_¡ õ`ô$ A_¡ R|>V$p¡ R|>V$p¡ kp„cmhp
dpV¡$ ep¡Áe R>¡. k„Nus dpV¡$ Ap kde õl¡S> h^pfhp¡ Å¡BA¡.

R>¡‰¡, kpfy„ kcpN©l lp¡hp dpV¡$_u S>ê$qfepsp¡ Å¡B gBA¡.

1. kcpN©ldp„ qfhfbf¡i__y„ âdpZ Myb S> ep¡Áe lp¡hy„ Å¡BA¡. Ap`Z¡ ÅZuA¡ R>uA¡ hpf„hpf `fphs®_p¡\u
qfhfbf¡i__u OV$_p Dv¹$ch¡ R>¡ s¡\u Å¡ qfhfbf¡i__u OV$_p_y„ âdpZ h^pf¡ lp¡e sp¡

(a) kcpN©lp¡_u \p¡X$u bpfuAp¡ ep¡Áe âdpZdp„ My‰u fpMu iL$pe.

(b) qv$hpgp¡ `f ip¡jL$ Öìe ep¡Áe fus¡ gNpX$u iL$pe. Ap dpV¡$ rR>Öpmy Öìe h^pf¡ D`ep¡Nu R>¡.

2. kcpN©l_u qv$hpgp¡ h¾$pL$pf _ lp¡hu Å¡BA¡. qv$hpgp¡dp„ h^pf¡ `X$sp M|Zp-Mp„Qp `Z _ lp¡hp Å¡BA¡.
h¾$pL$pf qv$hpgp¡_¡ L$pfZ¡ Ýhr_ AdyL$ õ\p_¡ L¡$[ÞÖs \B Åe R>¡ Ðepf¡ M|ZpAp¡_¡ L$pfZ¡ AdyL$ S>ÁepA¡
Ýhr_ rbgLy$g k„cmpsp¡ _\u. Aphp õ\p_¡ Dead Space fQpe R>¡.

kcpN©ldp„ Np¡mpL$pf OyçdV$p¡, h¾$pL$pf L$dp_p¡ A_¡ _mpL$pf R>p`fp„ _ fpMhp Å¡BA¡. bpëL$_u blz gp„bu _ lp¡hu
Å¡BA¡. bpëL$_u_u KX$pB (g„bpB), bpëL$_u_p¡ S>¡V$gp¡ cpN `X$v$p kpd¡ My‰p¡ fl¡sp¡ lp¡e s¡_p L$fsp bdZu sp¡ _ S>
lp¡hu Å¡BA¡. Å¡ bpëL$_u_p¡ My‰p¡ cpN `X$v$p kpd¡ kpfp âdpZdp„ lp¡e sp¡ Ýhr_ bpëL$_udp„ kl¡gpB\u âh¡iu iL¡$ R>¡.

kcpN©l_u kpdpÞe ep¡S>_p ApL©$rs-1dp„ v$ip®ìep dyS>b_u lp¡hu Å¡BA¡. `fhgeu qv$hpg_p L¡$ÞÖ `pk¡ h¼sp_y„
õ\p_ fpMhp\u `fphrs®s \sp¡ Ýhr_ kcpN©ldp„ A¡L$kfMp¡ âkf¡ R>¡. b¡W$L$p¡_u fQ_p `Z A¡hu fus_u lp¡hu Å¡BA¡ L¡$
S>¡\u Ýhr_ kfmsp\u kcpN©ldp„ âkfZ `pd¡. Ap dpV¡$ kcpN©ldp„ S>¡d `pR>m S>BA¡ s¡d b¡W$L$p¡ JQu \su S>hu Å¡BA¡
L¡$ S>¡\u Ýhr_ `pR>m_u b¡W$L$p¡ kŷ u `lp¢Qu iL¡$.

k„v$c® : âõsys g¡M, eyr_hrk®V$u N°„\ r_dp®Z bp¡X®$ Üpfp âL$pris `yõsL$ ""Ýhr_'' (g¡. X$p¸. hu. bu. Np¡l¡g)dp„\u dprlsu gB_¡ k„rná õhê$`¡
fS|> L$f¡g R>¡.

*****

b¡W$L$p¡h¼sp

ApL©$rs - 1
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Photonics - âL$pi_u TX$ ¡̀ âL$pi_u âNrs

X$p ¸. sfyZ Apf. rÓh¡v$uX$p ¸. sfyZ Apf. rÓh¡v$uX$p ¸. sfyZ Apf. rÓh¡v$uX$p ¸. sfyZ Apf. rÓh¡v$uX$p ¸. sfyZ Apf. rÓh¡v$u
chÞk L$p¡g¡S>, X$pL$p¡f

Am{X Xodmo Z_ñVwä §̀ - l¡ k|e®v¡$h (Am{X Xod) Ap`_¡ _dõL$pf lp¡. dp_hÅs `f kv$uAp¡\u AM|V$ EÅ®, âL$pi
hfkph_pf k|e®_¡ Ap`Z¡ afu afu _dõL$pf L$fhp `X¡$ s¡d R>¡.

A¡L$hukdu kv$u_p âpf„c¡ Äepf¡ k„v¡$ipìehlpfdp„ ¾$p[Þs Aphu Ðepf¡ d_yóe cp¥rsL$ip÷ A_¡ huÅÏip÷_u dv$v$\u
k„v¡$ipìehlpf_p„ D`L$fZp¡_¡ AÐep ŷr_L$ õhê$`\u kÅhu füp¡ lsp¡, S>¡dp„ "TX$`' s¡_p L¡$ÞÖõ\p_¡ lsu. huÅÏip÷
(electronics) A_¡ huS>Qy„bL$ueip÷ (electromagnetism)_p¡ \e¡gp¡ kdÞhe s¡dp„ AL$ë`_ue a¡fapfp¡ gphu fl¡g
lsp¡. hplL$p¡ L¡$ A ®̂hplL$p¡dp„ fl¡gp Bg¡¼V²$p¡_ (Apd sp¡ L$p¡B`Z ÖìeL$Z), âL$pi_u i|ÞehL$pidp„ TX$` c S>¡V$gu TX$ ¡̀
`lp¢Qu_¡ Nrs L$fu iL¡$ _l]; Ap bpbs ApBÞõV$pB__p rhriô$ kp ¡̀nhpv$_u ANÐe_u amîyrs R>¡. TX$` `f_y„ Ap b„̂ _
Bg¡¼V²$p¡r_L$ D`L$fZp¡ `f A¡L$ dep®v$p gpv¡$ A¡ õhpcprhL$ R>¡. A¡h¡ kde¡ h¥opr_L$p¡A¡ âL$pi_u sfa _S>f dp„X$u A_¡ "kud
kud' L$fsp¡ ÅZ D`ep¡Nusp_p¡ AZM|V$ MÅ_p¡ M|gu Nep¡.

kv$uAp¡\u d_yóe âL$pi\u h^pf¡ cpÁe¡ S> AÞe L$p¡B hõsy\u `qfrQs li¡. âL$pi_p k„h ®̂_\u h¥opr_L$p¡A¡ _hu
S> qv$ipdp„ `NfZ dp„X$ép„. âL$pi_p¡ kp¥\u _p_p¡ EÅ®_p¡ A¡L$d "ap¡V$p¡_' (photon) A_¡ huÅZyip÷_p k„L$g_\u
cp¥rsL$ip÷_u A¡L$ _hu S> ipMp "ap¡V$p¡_u¼k' (photonics=photons+electronics)_p¡ S>Þd \ep¡ R>¡. Bell
Laboratories_p„ h¥opr_L$p¡A¡ gNcN v$kL$p `l¡gp„ Ap qv$ipdp„ k„ip¡̂ _ L$fsp„ Å¡ey„ L¡$ âL$pi_u TX$` a¼s k„v¡$ipìehlpf
L¡$ v|$fk„Qpf dpV¡$S> _tl `f„sy rhop__u AÞe rhÛpipMpAp¡dp„ dlÐh_y„ ep¡Nv$p_ âõ\pr`s L$fu iL¡$ s¡d R>¡.

Apd Sy>Ap¡ sp¡ Bg¡¼V²$p¡__p¡ D`ep¡N gp„bp A„sf_p k„v¡$ipìehlpf dpV¡$ Morse A_¡ Wheatstone (1837) Üpfp
V¡$guN°pa_p dpÝed\u iê$ \B Q|¼ep¡ lsp¡. 1877dp„ N°¡lpd b¡g Üpfp V¡$guap¡__u ip¡̂ \u A_¡ Ðepfbpv$ 1927_u Apk`pk
V$éyb Bg¡¼V²$p¡r_¼k_u dv$v$\u f¡qX$ep¡ k„Qpf-ìehõ\p i¼e b_u lsu. kde_u kp\¡ kp\¡ k„Qpf ìehõ\p_p„ õhê$`p¡ `Z
bv$gpsp„ Nep„ A_¡ hukdu kv$u_p A„sdp„ dp¡bpBg k„v¡$ipìehlpf_p âpf„c\u ÅZ¡ k„v¡$ipìehlpf_p¡ L$pepL$ë` \ep¡. TX$`_p
k„v$c®dp„ fp¡S>bfp¡S>_u V$`pg-ìehõ\p L$V$pndp„ snail mail \u _hpS>hpdp„ Aphu. D`gå^ dprlsu, Ap„L$X$pAp¡, kdpQpfp¡,
rhïg¡jZ hN¡f¡ TX$`\u âkfZ `pdhp dp„X$ép. âkfZj rhïg¡jZ A_¡ k„N°l_u ndsp dep®qv$s gpNhp dp„X$u.
ap¡V$p¡_u¼k_p¡ Dv¹$ch L$v$pQ Ap L$pfZp¡kf i¼e bÞep¡.

ap¡V$p¡_ Nrsdp„ lp¡e Ðepf¡ S> s¡_y„ A[õsÐh R>¡. Bg¡¼V²$p¡__u kfMpdZudp„ ap¡V$p¡__y„ huS>Qy„bL$ue n¡¡Ó h ŷ Ap„v$p¡rgs
\sy„ lp¡e R>¡ A_¡ Bg¡¼V²$p¡__u dpaL$ Qp¡½$k dpÓpdp„ EÅ®_y„ hl_ `Z s¡ L$f¡ R>¡. âL$pi_¡ gNsp kpdpÞe âep¡Np¡dp„ Ap`ps
âL$pi_u suh°sp (intensity) TpTy„ dlÐh ^fphsu _\u, s¡dS> ¼hrQs S> s¡_u suh°sp dp`hpdp„ Aph¡ R>¡. `fphs®_
(reflection), hq¾$ch_ (refraction), ip¡jZ (absorption), ìepkpfZ (dispersion), âv$u`_ (illumination),
qÜA`hs®_ (briefringence) S>¡hu OV$_pAp¡ f¡Mue âL$pi (linear optics)_p NyZ^d® ^fph¡ R>¡, `f„sy S>¡d S>¡d âL$pi_u
suh°spdp„ h^pfp¡ \pe s¡d s¡d s¡_u Ap„sfq¾$epAp¡ Af¡Mue âL$pi (non-linear optics) sfa v$p¡fhpe R>¡. kpdpÞe fus¡
âep¡Nipmpdp„ A\hp fp¡S>bfp¡S>_p D`ep¡Ndp„ h`fpsp g¡Þk, k|ÿdv$i®L$, V¡$guõL$p¡̀  hN¡f¡ dpV¡$ âL$pi_u suh°sp 1010 ap¡V$p¡_
cm–2 s–2 L$fsp„ Ap¡R>u lp¡e R>¡ A_¡ s¡ suh°sp ×íeâL$pi_p hZ®̀ Ë$dp„ hl¢Qpe¡gu lp¡e R>¡ : ap¡V$p¡_u¼k_¡ k„g‚ D`L$fZp¡
dpV¡$ 1020 ap¡V$p¡_ cm–2 s–1 A\hp s¡\u h ŷ suh°sp ^fphsp âL$pi_u S>ê$f `X¡$ R>¡. Apd ap¡V$p¡_u¼k A¡ Af¡Mue âL$piip÷
(non-linear optics)_¡ Apcpfu R>¡.
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Ly$v$fsdp„ âL$pik„ïg¡jZ (photosynthesis)_u âq¾$ep âL$pi_u Ap¡R>u suh°sp kp\¡ k„L$mpe¡g photonics_y„
A`hpv$ê$` Dv$plfZ R>¡. h_õ`rs D`f Ap`ps âL$pi a¼s a¡dV$p¡ k¡L$ÞX$ (10–15s)_p kdeNpmpdp„ Ap âq¾$ep |̀Z® L$f¡
R>¡. ap¡V$p¡_u¼k_p ApNd__u ÅZ âep¡Nipmpdp„ 1960dp„ LASER_u ip¡̂  Üpfp AâÐen õhê$ ¡̀ \B lsu A_¡ lh¡
Ap kv$u_p âpf„c\u s¡ âNrs_p A¡[ÞS>__¡ "âL$pi_u TX$`'\u ApNm v$p¡fu flu R>¡. Apd S>¡d Bg¡¼V²$p¡r_¼kdp„ Bg¡¼V²$p¡__y„
hl_ kdN° Bg¡¼V²$p¡_u¼k_y„ k„Qpg_ L$f¡ R>¡ s¡d ap¡V$p¡r_¼kdp„ ap¡V$p¡__u suh°sp_y„ hl_ kdN° ap¡V$p¡r_¼k_y„ hl_ L$f¡ R>¡.

ap¡V$p¡_u¼k ApS>¡ Sy>v$p-Sy>v$p õsf¡ rhipm D`ep¡Np¡ ^fph¡ R>¡, S>¡_¡ kdphhp Atlep dyíL¡$g R>¡ `f„sy L¡$V$gpL$ D`ep¡Np¡
`f AR>X$su _S>f L$fhp\u s¡_y„ dlÐh ip dpV¡$ h^u füy„ R>¡ s¡ kdÅi¡.

• L$p¡çàeyV$f_p„ Ap„sqfL$ rhcpNp¡ S>¡hp„ L¡$ motherboard, microprocessor hN¡f¡ A¡L$buÅ kp\¡ k|Q_pAp¡_p
rh_ude dpV¡$ sp„bp_p hpef\u Å¡X$pe¡gp lp¡e R>¡. L$p¡çàeyV$f_u TX$` microprocessor _u clock frequency
Üpfp r_òus \pe R>¡. dprlrs, k|Q_pAp¡, rhïg¡jZ hN¡f¡_u Ap`g¡_u TX$` Ap clock frequency `f Ap^pqfs
R>¡. Å¡ microprocessor_u clock frequency 64 Hz\u D`f Åe sp¡ s¡ dprlrs, k|Q_pAp¡_y„ dp¡V$p `pe¡ kS>®_
L$fu iL¡$ s¡d R>¡ `f„sy Ap„sqfL$ Å¡X$pZp¡ Ap Op¡X$p |̀f_y„ hl_ L$fhp Aknd R>¡. s¡hp kde¡ optical interconnects
S> s¡_p¡ `ep®e b_i¡ S>¡_p L$pfZ¡ ap¡V$p¡_u¼k Ap^pfus optical computing A_¡ optical computing i¼e
b_i¡.

• Magnetic storage A¡V$g¡ L¡$ Qy„bL$ue NyZ^d®_¡ Ap^pfus õV$p¡f¡S> devices S>¡hp L¡$ lpX®$ X²$pCh, W$p„ku W$p„ku_¡
data _p¡ k„N°l A¡L$ r_ròs kudp kŷ u L$fu iL¡$ R>¡. `f„sy Ðepfbpv$ h ŷ data s¡dp„ k„N°l L$fhp S>sp s¡Ap¡
A¡L$buÅdp„ lõsn¡̀  L$f¡ R>¡ A_¡ s¡d_u k„N°l L$fhp_u ndsp_u dep®v$p R>su \pe R>¡. s¡_p `ep®eê$ ¡̀ Holographic
storage `Ùrs rhL$ku flu R>¡ S>¡dp„ photonics A¡V$g¡ L¡$ âL$pi_p qL$fZp¡_u dv$v$\u âL$pi k„h¡v$u D`L$fZp¡dp„
rh ỳg âdpZdp„ dprlsu_p¡ k„N°l \B iL¡$ R>¡. Ap õV$p¡f¡S> `Ùrs_¡ L$pfZ¡ Myb S> Ap¡R>u S>Áepdp„ h ŷ dprlsu_p¡
k„N°l s¡dS> âL$pi_u TX$ ¡̀ s¡_y„ S>ê$f `X¡$ s¡hy„ ỳ_: âL$pius/âpá/L$fhy„ i¼e b_¡ R>¡.

• V¡$fp lV®¹$T (THz) ap¡V$p¡_u¼k A\p®s THz (1012) Aph©rÑ ^fphsp sf„Np¡ detectors sfuL¡$ kndsp\u L$pe® L$fu
füp R>¡. 10 GHz\u 30 THz Aph©rÑ ^fphsp sf„Np¡ AÞe rhS>Qy„bL$ue rhqL$fZp¡ dpV¡$ A`pfv$i®L$ `v$p\p£_¡ rhc¡v$u
iL¡$ R>¡ S>¡ kgpdsu (security) dpV¡$ A¡L$ dlÐh_y„ `pky„ R>¡.

• ap¡V$p¡_uL$ V¡$nV$pBg A¡ A¡L$ _hy„ M¡X$pZ R>¡. s¡_u dv$v$\u philips L„$`_u L$p`X$ A_¡ ap¡V$p¡_u¼k_y„ Ny„\Z L$fu QyL$u
R>¡. hZpV$_p kde¡ L$p`X$_u kp\¡ Sy>v$p Sy>v$p f„N_p LED (Light Emitting Diode) hZu g¡hpdp„ Aph¡ R>¡. s¡d_p¡
D`ep¡N Display sfuL¡$ õLy$g b¡N, `N gyR>Zuep s¡dS> Ap¡iuL$pdp„ L$fhpdp„ Aph¡ R>¡.

• Å`p_dp„ h¥opr_L$p¡A¡ Human photonicsdp„ Apòe®S>_L$ k„ip¡̂ _ L$eȳ R>¡. s¡d_p k„ip¡̂ _ A_ykpf dpZk_p
lp\, l\¡mu, _M, L$`pm A_¡ `N ap¡V$p¡__y„ DÐkS>®_ L$f¡ R>¡ A_¡ DÐkÆ®s ap¡V$p¡__u k„¿ep d_yóe_p õhpõ\
A_ykpf bv$gpsu fl¡ R>¡.

• cpfsdp„ L$p¡Qu_ Mps¡ CUSAT (Cochin University of Science and Technology) k„õ\pA¡ ap¡V$p¡_u¼kdp„
k„ip¡̂ _ dpV¡$ AÐe„s Ap ŷr_L$ âep¡Nipmp õ\p`u R>¡, sv¹$D`fp„sdp„ PSI (Photonics Society of India)_p _¡Å
l¡W$m A_¡L$ k¡du_pf ep¡Åe R>¡. NyS>fpsdp„ `Z Aphu A¡L$ âep¡Nipmp õ\`pe s¡ BÃR>_ue R>¡.

ap¡V$p¡_u¼k A¡V$g¡ âL$pi_u TX$ ¡̀ âL$pi Üpfp âNrs !

*****
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Ap`Zu k|e®dpmp blpf_u vy$r_epAp¡ : kp¥fp¡Ñf N°lp¡

îu rhipg A¡Q. Å¡juîu rhipg A¡Q. Å¡juîu rhipg A¡Q. Å¡juîu rhipg A¡Q. Å¡juîu rhipg A¡Q. Å¡ju
k„ip¡̂ L$ rhÛp\}, qaTuL$g fukQ® g¡bp¡f¡V$fu, Adv$phpv$

AhL$pi A_¡ AhL$piue OV$_pAp¡ Apqv$L$pm\u dp_hklS> rS>opkp_p¡ â¡fL$ öp¡s b_u flu R>¡. s¡dp„ `Z Ap`Zu
k|e®dpmp blpf_p N°lp¡ A_¡ s¡_p `f rhL$ksu Æhk©rô$_p¡ rhQpf h¥opr_L$p¡\u `Z h ŷ g¡ML$p¡ A_¡ qaëd r_dp®spAp¡_u
d_Ndsu `qfL$ë`_p R>¡. Å¡ L¡$ A¡L$ hMs_p¡ dpÓ L$ë`_p_p¡ rhje R>¡‰p b¡ v$peL$p\u h¥opr_L$ hpõsrhL$sp_u ©̀›$c|rd `f
A„Ly$qfs \B Q|¼ep¡ R>¡. Ap`Zp k|e® Apk`pk afsp N°lp¡_u S>¡d buÅ spfpAp¡_u Apk`pk Q½$f L$p`sp k¢L$X$p¡ N°lp¡ A_¡
OZu N°ldpmpAp¡ dmu Aphu R>¡. h ŷ N°lp¡_u Mp¡S> A_¡ ip¡̂ pe¡gp N°lp¡_u rhrcß cp¥rsL$ A_¡ b„̂ pfZue `qf[õ\rsAp¡_p¡
KX$p¡ spN d¡mhhp rhop_uAp¡ rhriô$ h¥opr_L$ `ÙrsAp¡_p¡ A_¡ Ap ŷr_L$ V¡$L$_p¡gp¡Æ_p¡ D`ep¡N L$fu_¡ Nl_ Aæepk
L$fu füp R>¡. s¡ A„N¡_u spS>¡sf_u ip¡̂ p¡ rhj¡ AMbpfp¡dp„ `Z kdpQpf Aph¡g R>¡.

k|e®dpmp rkhpe_p N°lp¡ dpV¡$ A„N°¡Ædp„ extrasolar planet L¡$ exoplanet iåv$ h`fpe R>¡. NyS>fpsudp„ Aphp
N°lp¡ dpV¡$ L$p¡B Mpk iåv$ _ lp¡hp\u Ap g¡Mdp„ "kp¥fp¡Ñf (kp¥f+DÑf= k|e®dpmp rkhpe_p) N°l' iåv$_p¡ âep¡N L$ep£ R>¡.
hmu, Ap g¡Mdp„ i¼e b^p `pqfcprjL$ iåv$p¡ `Z NyS>fpsudp„ Ap`hp âeÐ_ L$ep£ R>¡. kp¥fp¡Ñf N°lp¡ A¡V$g¡ k|e®dpmp_u
blpf AÞe spfp kp\¡ k„L$mpe¡gp N°lp¡.

k„rná Brslpk :k„rná Brslpk :k„rná Brslpk :k„rná Brslpk :k„rná Brslpk :

kp¥fp¡Ñf N°lp¡_p¡ â\d h¥opr_L$ sL®$, L$p¡̀ fr_¼k_p rkÙp„s_p iê$Aps_p kd\®L$p¡dp„_p A¡L$ A_¡ kp¡mdu kv$udp„
\B Ne¡gp BV$prge_ sÐhtQsL$ ÆAp¡v$p®_p¡ by°_p¡A¡ fS|> L$f¡gp¡. L$p¡̀ fr_¼k_p rhQpf_¡ ApNm h^pfu_¡ s¡dZ¡ L$üy„ L¡$ k|e®
S>¡hp S> buÅ spfpAp¡_¡ `Z `p¡sp_p N°lp¡ A_¡ N°ldpmp lp¡B iL¡$ R>¡. AY$pfdu kv$udp„ ÞeyV$_¡ `Z principia

mathematica_p A„rsd cpNdp„ Ap dyS>b g¿ey„ ""... A_¡ Å¡ L$p¡B spfpAp¡ Ap âL$pf_u N°ldpmp_y„ L¡$ÞÖ lp¡e sp¡ s¡
s„Ó_¡ `Z Ap S> rkÙp„sp¡ (Nyê$ÐhpL$j®Z)\u hZ®hu iL$pe.'' kp¥fp¡Ñf N°lp¡_p ApX$L$sfp Ahgp¡L$__p v$php sp¡ gNcN
Ap¡NZukdu kv$u_p DÑfp ®̂\u S> \sp füp `f„sy 1992dp„ A¡g¡¼TpÞX$f hp¡ëõTp_ A_¡ X¡$g äug¡ â\d kp¥fp¡Ñf N°l_u
ip¡̂ _p¡ rhðk_ue v$php¡ L$ep£ S>¡_¡ buÅ h¥opr_L$p¡_y„ kd\®_ dþey„. Ap kp¥fp¡Ñf N°l L$p¡B kpdpÞe spfp_¡ bv$g¡ A¡L$ `ëkpf_u
Apk`pk c°dZ L$fsp¡ lsp¡. hpõshdp„ Ap h¥opr_L$ Å¡X$uA¡ s¡ `ëkpf_p "^bL$pfp'dp„ \sp r_erds a¡fapf_¡ dp`u_¡ S>
s¡_u Apk`pk afsp kp¥fp¡Ñf N°l_u lpS>fu kprbs L$fu lsu. Ðepfbpv$ Ap¡¼V$p¡bf 1995dp„ eyr_hrk®V$u Apµa Æ_uhp_p
dpBL$g d¡ef A_¡ v$uv$uf ¼h¡gp¡T¡ 51 pegasi _pd_p k|e® S>¡hp kpdpÞe spfp Apk`pk â\d kp¥fp¡Ñf N°l_u ip¡̂ _u
Ål¡fps L$fu A_¡ Ðepf `R>u V¡$L$_p¡gp¡Æ_p rhL$pk_u kp\¡ kp¥fp¡Ñf N°lp¡_p¡ Ap„L$ hjp£ hj® Ly$v$L¡$ _¡ cyíL¡$ h^sp¡ S> füp¡ R>¡.
lpg (kàV¡$çbf 16, 2010) kŷ udp„ Apif¡ 490 N°lp¡_u A_¡ 55 S>¡V$gu N°ldpmpAp¡_u ip¡̂  \B QyL$u R>¡. h ŷ ip¡̂ L$pe®
Å¡fip¡f\u Qpgy R>¡.

Ap âL$pf_u N°lp¡_u A¡L$ L$pdQgpD ìep¿ep `Z L$fhpdp„ Aphu R>¡. Ap„sffpô²$ue MNp¡mip÷ k„O Üpfp A`pe¡gu
N°l_u L$pev¡$kf_u ìep¿ep dpÓ kp¥fN°lp¡_¡ S> gpNy `X¡$ R>¡. lpg kŷ udp„ kp¥fp¡Ñf N°lp¡ dpV¡$ 2001dp„ A`pe¡gu A_¡ 2003dp„
kŷ pfpe¡gu L$pe®L$pfu ìep¿ep S> âpàe R>¡ S>¡ Ap dyS>b R>¡ : ""A¡hp `v$p\p£ L¡$ S>¡_y„ v$m X$éyV¡$fued_p _prcL$ue k„ge_/
thermonuclear fusion dpV¡$ S>ê$fu gOyÑd v$m L$fsp `Z Ap¡Ry>„ lp¡e A_¡ S>¡ L$p¡B spfp L¡$ spfL$ Ahi¡j (ð¡s hpd_-
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white dwarf L¡$ ÞeyV²$p¡_ spfp)_u Apk`pk b„̂  L$npdp„ afsp lp¡e s¡hp `v$p\p£ kp¥fp¡Ñf N°lp¡ NZpi¡. Aphp `v$p\p£_y„ gOyÑd
v$m k|e®dpmp_p N°lp¡_¡ gpNy `X$su kudpdp„ lp¡hy„ Å¡BA¡.''

Å¡ L¡$ Ap ìep¿epdp„ lSy> kŷ pfp_¡ ỳfsp¡ AhL$pi R>¡ dpV¡$ S> s¡_¡ L$pe®L$pfu ìep¿ep NZhpdp„ Aphu R>¡. hmu Ap
ìep¿epdp„ N°lp¡_p kS>®_ âq¾$ep rhi¡ L$p¡B S> õ`ô$sp _\u.

ip¡^ `ÙrsAp¡ :ip¡^ `ÙrsAp¡ :ip¡^ `ÙrsAp¡ :ip¡^ `ÙrsAp¡ :ip¡^ `ÙrsAp¡ :

ku^p„ Ahgp¡L$_ (ku^p„ Ahgp¡L$_ (ku^p„ Ahgp¡L$_ (ku^p„ Ahgp¡L$_ (ku^p„ Ahgp¡L$_ (direct imaging):):):):): spfpAp¡_p ©̀Õhu\u A„sf_p âdpZdp„ s¡d_u Apk`pk afsp kp¥fp¡Ñf
N°lp¡ S>¡ s¡ spfp\u OZp S> _ÆL$ lp¡e R>¡. h ŷdp„ N°lp¡ Üpfp `fphrs®s \sp A_¡ DÐkÅ®sp âL$pi_u dpÓp d|m spfp_p
âL$pi_u kp ¡̀n¡ Ars Aë` lp¡e R>¡. Ap\u ©̀Õhu `f\u V¡$guõL$p¡̀  Üpfp spfp_u Apk`pk afsp N°lp¡_p ku^p Ahgp¡L$_
L¡$ hpõsrhL$ ap¡V$p¡N°pa gNcN Ai¼e R>¡. R>sp„ `Z lpgdp„ AÐep ŷr_L$ V¡$L$_p¡gp¡Æ Üpfp L¡$V$guL$ Ars rhriô$ fusp¡ A_¡
L¡$V$gpL$ kp¥\u dp¡V$p V¡$guõL$p¡̀ _p¡ D`ep¡N L$fu _¡ gNcN 15 S>¡V$gp kp¥fp¡Ñf N°lp¡_¡ ku^p S> L¡$d¡fpdp„ L¡$v$ L$fu iL$pep R>¡.
Ap dpV¡$ dy¿eÐh¡ spfp_p L©$rÓd N°lZ_u `Ùrs_p¡ D`ep¡N L$fhpdp„ Aph¡ R>¡.

Ars¾$dZ `Ùrs (Ars¾$dZ `Ùrs (Ars¾$dZ `Ùrs (Ars¾$dZ `Ùrs (Ars¾$dZ `Ùrs (Transit method) : ) : ) : ) : ) : Å¡ N°l_u L$np A¡ fus¡ lp¡e L¡$ S>¡\u c°dZ v$fçep_ A¡L$ kde¡
N°l gNcN ©̀Õhu A_¡ spfp_u A¡L$v$d hÃQ¡ Aphu Åe sp¡ s¡ spfp_p Aë` âL$pi_¡ Ahfp¡̂ ¡ R>¡. Ap OV$_p bŷ  A_¡
iy¾$ Üpfp \sp Ars¾$dZ_¡ dmsu Aph¡ R>¡. aL®$ A¡V$gp¡ R>¡ L¡$ ©̀Õhu `f\u Å¡sp Ap`Z¡ v|$f Aph¡gp spfp_u A„v$f N°l_¡
ku^p S> Å¡B _ iL$uA¡ `f„sy Å¡ Ap`Z¡ s¡ spfp_p âL$pi_u dpÓp kde kp\¡ _p¢̂ sp fluA¡ sp¡ spfp_p âL$pidp„ \sp¡
Ap d„v$ OV$pX$p¡ S>ê$f _p¢̂ u iL$uA¡. hmu Ap âL$pi_p a¡fapf_p kde_u kp ¡̀n¡ d¡mh¡gp h¾$ A_¡ L¡$àgf_p N°l_u Nrs_p
r_edp¡, spfp_p sp`dp_, v$m S>¡hu dprlsu_p¡ D`ep¡N L$fu Ap`Z¡ N°l_p¡ c°dZL$pm, v$m, L$v$, spfp\u N°l_y„ A„sf,
L$npL$p¡Z, L$np_u DÐL¡$ÞÖsp (eccentricity) hN¡f¡ OZu dprlsu d¡mhu iL$uA¡.

rÓÄephs} h¡N `Ùrs (rÓÄephs} h¡N `Ùrs (rÓÄephs} h¡N `Ùrs (rÓÄephs} h¡N `Ùrs (rÓÄephs} h¡N `Ùrs (radial velocity method or Doplar method): ): ): ): ): Ap`Z¡ cg¡ A¡d L$l¡sp
lp¡BA¡ L¡$ N°l spfp_u Apk`pk af¡ R>¡ `f„sy hpõshdp„ spfp¡ A_¡ N°l b„_¡ s¡d_p kpdpÞe NyfyÐh dÝeL¡$ÞÖ_u Apk`pk
afsp lp¡e R>¡. Å¡ L¡$ N°l L$fsp spfp¡ v$mdp„ M|b S> cpf¡ lp¡hp\u NyfyÐh dÝeL¡$ÞÖA¡ spfp_p L¡$ÞÖ_u A¡L$v$d _ÆL$ S> lp¡e
R>¡ Äepf¡ N°l L¡$Þv$\u Mpõkp¡ v|$f lp¡e R>¡. Ap\u S> Ap`Z¡ N°l_¡ spfp Apk`pk c°dZ L$fsp¡ Å¡B iL$uA¡ `f„sy spfp_u
NyfyÐh dÝe L¡$ÞÖ Apk`pk_u v$p¡g_ Nrs Ap`Zp Ahgp¡L$_p¡dp„ gNcN Ap¡Tg lp¡e R>¡. N°l_p¡ f¡Mue h¡N OZp¡ h ŷ
(k¢L$X$p¡ L$ugp¡duV$f ârs k¡L„$X$) lp¡e R>¡ Äepf¡ spfp_p¡ f¡Mue h¡N M|b S> Ap¡R>p¡ (L¡$V$gpL$ duV$f ârs k¡L„$X$) lp¡e R>¡. `f„sy
Å¡ Ap`Z¡ |̀fsp k|ÿdN°plu hZ®̀ V$ dp`L$/high resolution spectrometer_p¡ D`ep¡N L$fuA¡ sp¡ spfp_u Ap v$p¡g_
Nrs_p L$pfZ¡ Dv$¹chsu X$p¡àgf Akf spfp_p hZ®`V$ (spectrum)dp„ Å¡hp dmsu ip¡jZ f¡MpAp¡ (absorption

lines)`f Å¡B iL$pe R>¡. spfp¡ Äepf¡ A¡L$ v$p¡g_ |̀Z® L$f¡ Ðepf¡ s¡_p hZ®̀ V$dp„ Ap ip¡jZ f¡MpAp¡ `p¡sp_p kf¡fpi õ\p__u
Apk`pk A¡L$ Ap„v$p¡g_ |̀Z® L$f¡ R>¡.

lpgdp„ spfp_p 1 duV$f ârs k¡L„$X$_p h¡N_¡ `Z dp`u iL¡$ s¡hp hZ®̀ V$ dp`L$ b_phpep R>¡ S>¡d_u dv$v$\u spfp_u
Apk`pk_p N°l_u lpS>fu S> _rl `f„sy s¡d_p rhi¡_u OZu h ŷ ÅZL$pfu d¡mhhu `Z i¼e b_u R>¡.

kp¥fp¡Ñf N°l_u ip¡̂  dpV¡$ dy¿eÐh¡ rÓÄephs} h¡N L¡$ Ars¾$dZ `Ùrs_p¡ S> D`ep¡N \pe R>¡. gNcN 90% kp¥fp¡Ñf
N°lp¡_u ip¡̂  Ap b¡dp„\u A¡L$ `Ùrs Üpfp S> \B R>¡. Apd R>sp„ buÆ L¡$V$guL$ Ap¡R>u h`fpsu fusp¡ _uQ¡ dyS>b R>¡.



3131âNpdu sf„N...

Å¡ L$p¡B spfp_p¡ A¡L$ N°l Ars¾$dZ fus Üpfp ip¡̂ pep¡ lp¡e `f„sy N°l_p ¾$rdL$ Ars¾$dZp¡ r_es kde¡ \hp_¡ bv$g¡
s¡d_u hÃQ¡ r_ròs fus¡ a¡fapf \sp¡ lp¡e sp¡ Ap a¡fapf dp`u_¡ spfp_u Apk`pk_p buÅ N°lp¡_u lpS>fu `Z d¡mhu iL$pe
R>¡. Ap D`fp„s spfp_p õ\p_dp„ \sp k|ÿd a¡fapf, NyfyÐhue k|ÿdv¹$L$ Akf (gravitational micro-lensing) `ëkpf_p
r_erds "^bL$pfp'dp„ \sp Aë` a¡fapf hN¡f¡ fusp¡ Üpfp `Z L¡$V$gpL$ kp¥fp¡Ñf N°lp¡_u ip¡̂  \B R>¡.

kp¥fp ¡Ñf N°lp¡_p kpdpÞe NyZ^dp£ :kp¥fp ¡Ñf N°lp¡_p kpdpÞe NyZ^dp£ :kp¥fp ¡Ñf N°lp¡_p kpdpÞe NyZ^dp£ :kp¥fp ¡Ñf N°lp¡_p kpdpÞe NyZ^dp£ :kp¥fp ¡Ñf N°lp¡_p kpdpÞe NyZ^dp£ :

kpdpÞe fus¡ lpgdp„ ip¡̂ pe¡gp dp¡V$pcpN_p kp¥fp¡Ñf N°lp¡ ""DóZ Nyfy'' (hot jupitors) âL$pf_p R>¡ A¡V$g¡ L¡$ s¡d_p
v$m ©̀Õhu L$fsp A_¡L$ NZp h ŷ R>¡ A_¡ s¡Ap¡ `p¡sp_p spfp_u Myb _ÆL$ lp¡hp\u Mpõkp Nfd `Z lp¡e R>¡. `f„sy s¡_p¡
dsgb A¡ _\u L¡$ b°ûp„X$dp„ Aphp N°lp¡_y„ S> hQ®õh R>¡. hpõshdp„ D`f hZ®h¡gu dy¿e b„_¡ fusp¡ Ap âL$pf_p N°lp¡ S>
Apkp_u\u ip¡̂ u iL¡$ R>¡ dpV¡$ s¡d_u k„¿ep h ŷ R>¡. spfp\u v|$f_p A_¡ âdpZdp„ _p_p N°lp¡ ip¡̂ hp dpV¡$ Ap b„_¡ fus_¡
OZu Qp¡½$k b_phhu S>ê$fu R>¡. Ap D`fp„s L¡$V$guL$ _hu fusp¡ `f `Z k„ip¡̂ L$p¡ L$pe®fs R>¡. bpL$u lpg_p A„v$pS> dyS>b
k|e® S>¡hp spfpAp¡dp„_p gNcN 40% spfpAp¡ _p_p dp¡V$p N°lp¡ ^fphsp lp¡hp Å¡BA¡. Ap`Zu ApL$piN„Npdp„ S> k|e® S>¡hp
200 AbS> spfp lpS>f R>¡ sp¡ sd¡ S> L$ë`_p L$fu gp¡ L¡$ N°lp¡_u Ly$g k„¿ep L¡$V$gu lp¡B iL¡$ ?

h¥opr_L$p¡_¡ Å¡ L¡$ dp¡V$p L$fsp _p_p, gNcN ©̀Õhu S>¡V$gp v$m hpmp N°lp¡ h ŷ fkâv$ gpN¡ R>¡. Æh__u DÐ`rÑ
A_¡ rhL$pk_u ip¡O dpV¡$ õhpcprhL$ fus¡ S> "DóÏ Nyfy' âL$pf_p N°l r_f\®L$ gpN¡.

lpg_u dpÞesp dyS>b v$mv$pf A_¡ Ars KQp sp`dp_ ^fphsp spfpAp¡ L$fsp„ k|e® S>¡hp dÝed v$m A_¡ sp`dp_
^fphsp spfpAp¡_u Apk`pk N°lp¡_u DÐ`rÑ \hp_u k„cph_p OZu h ŷ lp¡e R>¡. kp\¡ S> Å¡ spfpdp„ gu\ued L$fsp cpf¡
sÐhp¡_y„ kp ¡̀n âdpZ h ŷ lp¡e sp¡ Ap k„cph_p OZu h ¡̂ R>¡.

kp¥fp¡Ñf N°l dpV¡$ sp`dp_ k„syg__u ^pfZp, ops L$np A_¡ spfp_p L$v$ A_¡ sp`dp__u ÅZL$pfu_p¡ D`ep¡N
L$fu_¡ N°l_p sp`dp_ rhi¡ A„v$pS> gNphu iL$pe R>¡. S>¡d L¡$ OGLE-2005-BLG-390L b A¡ kp„ L¡$rsL$ _pd_p N°l_y„
sp`dp_ A„v$pS>¡- 2200 C dp_hpdp„ Aph¡ R>¡. Å¡ L¡$ Ap fusdp„ ÓyV$u_u dpÓp OZu h ŷ lp¡e R>¡. Mpk sp¡ N°l_p `fphs®_pL$
rhi¡_u Aõ`ô$sp sp`dp__u ÓyV$u_¡ h^pf¡ R>¡. N°l_p qÜsue N°lZ (secondary eclipse) v$fçep_ gu ¡̂gp A^p¡f¼s
(infrared) âL$pi_p Ahgp¡L$_p¡ hX¡$ N°l_p sp`dp_ rhi¡ Mpõku r_ròs dprlsu d¡mhu iL$pe R>¡. Dv$plfZ sfuL¡$
HD 189733 b_pd_p N°l_y„ A„v$pÆs sp`dp_ Ap fus¡ d¡mhsp s¡ qv$hk sfa_p cpNdp„ 932±90C A_¡ fpÓu_p cpNdp„
700±330C lp¡hp_y„ dpgyd `X¡$ R>¡. h¥opr_L$p¡ Å¡ L¡$ Aphp kp¥fp¡Ñf N°l_u ip¡̂ dp„ R>¡ Äep„ `pZu âhpl õhê$ ¡̀ A[õsÐhdp„
flu iL¡$ A¡V$gy„ sp`dp_ lp¡e. Ap dpV¡$ N°l `p¡sp_p spfp\u r_ròs A„sf-Npmpdp„ S> lp¡hy„ Å¡BA¡, _ sp¡ h ŷ _ÆL$ L¡$
_ sp¡ h ŷ v|$f. Ap A„sf Npmp¡ hmu spfp_p sp`dp_ âdpZ¡ _½$u \pe R>¡. Ap A„sf-Npmp_¡ "A_yLy$g_ rhõspf'
(habitable zone) L$l¡ R>¡. lSy> kŷ u L$p¡C kp¥fp¡Ñf N°l Aphp A_yLy$g_ rhõspfdp„ dþep¡ _\u `Z lpgdp„ ip¡̂ pe¡gp
b¡ N°lp¡ Gliese 581 b A_¡ Gliese 581 c `f sp`dp_ A_yLy$g_ sp`dp__u OÏ„ _ÆL$ lp¡hp_u k„cph_p R>¡.

L¡ $V$gpL$ rhriô$ kp¥fp¡Ñf N°lp¡ :L¡$V$gpL$ rhriô$ kp¥fp¡Ñf N°lp¡ :L¡$V$gpL$ rhriô$ kp¥fp¡Ñf N°lp¡ :L¡$V$gpL$ rhriô$ kp¥fp¡Ñf N°lp¡ :L¡$V$gpL$ rhriô$ kp¥fp¡Ñf N°lp¡ :

PSR B1620-26 _pd_p `ëkpf_u Apk`pk afsp N°l_¡ "d¡\yk¡gpl' D`_pd Ap`hpdp„ Apìey„ R>¡. A¡hy„ dp_hpdp„
Aph¡ R>¡ L¡$ Ap N°l_p¡ S>Þd ApS>\u 13 AbS> hj® `l¡gp„ A¡V$g¡ L¡$ dlprhõap¡V$ (big bang) `R>u a¼s A¡L$ AbS>
hj®dp„ S> \ep¡. Apd, s¡ lpgdp„ ip¡̂ pe¡gp b^p N°lp¡dp„ kp¥\u Sy>_p¡ N°l R>¡.
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HD149026 b N°l_y„ sp`dp_ Apif¡ 20000 C _p¢̂ hpdp„ Apìey„ R>¡. Ap sp`dp_¡ kuky„ `Z `uNmu S>sy„ lp¡e
R>¡. Ap N°l_p¡ L¡$ÞÖ cpN (core) kp¥\u dp¡V$p¡ A_¡ cpf¡ (A„v$pS>¡ ©̀Õhu L$fsp„ 70\u 90 NZp¡ cpf¡) lp¡hp_p¡ A„v$pS> R>¡.

MOA-192 b _pd_p¡ N°l lpg_p¡ kp¥\u _p_p¡ kp¥fp¡Ñf N°l R>¡. s¡_y„ v$m ©̀Õhu\u 3.3 NÏ„ S> R>¡. bpL$u 90%
N°lp¡ ©̀Õhu\u 10 NZp L¡$ s¡\u `Z h ŷ cpf¡ A_¡ AdyL$ N°lp¡ sp¡ ©̀Õhu\u lÅfp¡ NZp v$mv$pf R>¡.

HD209458 b _pd_p¡ N°l A¡ Ars¾$dZ `Ùrs\u ip¡̂ pe¡gp¡ â\d N°l lp¡hp D`fp„s s¡ kss `p¡sp_y„ hpsphfZ
Nydphu füp¡ R>¡. hpõshdp„ s¡_p r`s© spfp Üpfp s¡_p `f rhqL$fZ_p¡ dpfp¡ \B füp¡ R>¡ S>¡\u s¡ v$f k¡L$ÞX¡$ Apif¡ 9000
d¡qV²$L$ V$_ lpBX²$p¡S>_ hpey Nydph¡ R>¡. Ap L$pfZp¡kf S> Ap N°l_¡ k„chs: O|dL¡$sy S>¡hu |̀„R>X$u `Z R>¡. Ap N°l_p A^p¡f¼s
hZ®̀ V$_p Aæepk `f\u k„ip¡̂ L$p¡A¡ s¡_p hpsphfZdp„ `pZu A_¡ du\¡_ hpey_u lpS>fu `Z _p¢̂ u R>¡.

V391 pegasi b _pd_p¡ N°l L$p¡B kpdpÞe spfp_¡ bv$g¡ A¡L$ red giant spfp_u Apk`pk afsp¡ Å¡hpdp„ Apìep¡
R>¡. Ap`Zp k|e®_p¡ A„s `Z Ap fus¡ red giant Ahõ\p\u S> \hp_p¡ R>¡.

fomalhaut b _p¡ N°l A¡hp NÎep NpW$ép N°lp¡dp„_p¡ A¡L$ R>¡ S>¡_¡ hpõshdp„ V¡$guõL$p¡̀  hX¡$ Å¡B iL$pep¡ lp¡e.
hpõshdp„ s¡ A¡L$ rhipm qX$õL$_p¡ cpN R>¡ S>¡ s¡_p r`s© spfp_u Apk`pk õ`ô$ fus¡ Å¡B iL$pe R>¡.

HD 10180 _pd_p spfp_u Apk`pk A¡L$, b¡ L¡$ ÓZ _rl `f„sy ỳfp kps N°lp¡ ip¡̂ pB Q|¼ep R>¡. b¡ L¡$ s¡\u
h ŷ N°lp¡ ^fphsu N°ldpmpAp¡_u k„¿ep sp¡ gNcN 55 D`f `lp¢Qu Q|L$u R>¡ A_¡ Ap Ap„L$X$p¡ crhóedp„ lSy> h^hp_p¡
R>¡.

hZDL¡$ëep âñp¡ A_¡ k„ip¡^__y „ crhóe :hZDL¡$ëep âñp¡ A_¡ k„ip¡^__y „ crhóe :hZDL¡$ëep âñp¡ A_¡ k„ip¡^__y „ crhóe :hZDL¡$ëep âñp¡ A_¡ k„ip¡^__y „ crhóe :hZDL¡$ëep âñp¡ A_¡ k„ip¡^__y „ crhóe :

kp¥fp¡Ñf N°lp¡ rhi¡ Ap b ŷ„ op_ Mf¡Mf sp¡ `pi¡fpdp„ `l¡gu |̀Zu S>¡V$gy„ S> R>¡. v$f¡L$ ip¡̂  A_¡L$ âñp¡ gB_¡ S>
Aph¡ R>¡. lpgdp„ Mpk sp¡ ©̀Õhu S>¡hp N°l_u ip¡̂ , A_yLy$m rhõspfdp„ fl¡gp N°l_u ip¡̂ , rhrh^ N°lp¡_p hpsphfZ_p
b„̂ pfZ, Ap N°lp¡_p S>Þd_p rkÙp„s A_¡ s¡_p `f k„crhs Æh k©rô$_u lpS>fu S>¡hp âñp¡ `f MNp¡mip÷uAp¡_p gNcN
100 S>¡V$gp h¥opr_L$ kd|l Ahgp¡L$_ A_¡ k¥Ùp„rsL$ k„ip¡̂ _ `f L$pe® L$fu füp R>¡. S>¡ dpV¡$ s¡Ap¡ S>du_ `f_p A_¡ AhL$piu,
Öíe A_¡ A^p¡f¼s V¡$guõL$p¡̀ _p¡ D`ep¡N L$f¡ R>¡. rhðdp„ R>¡‰p 5 hj®dp„ b_phpe¡gp 3 AhL$piu V¡$guõL$p¡̀  Mpk kp¥fp¡Ñf
N°lp¡_p ip¡̂  A_¡ Aæepk dpV¡$ L$pe®fs R>¡. Aphsp 5\u 7 hjp£dp„ buÅ 5\u 7 V¡$guõL$p¡̀  Ap Mpk L$pe® dpV¡$ AhL$pidp„
Np¡W$hpi¡. cpfsdp„ Ap dpV¡$ Physical Research Laboratory (PRL)dp„ A¡L$ Mpk hZ®̀ V$dp`L$ (spectrometer)
b_phhpdp„ Aphu füy„ R>¡ S>¡ dpDÞV$ Apbydp„ NyfyriMf `f Aph¡g V¡$guõL$p¡̀ _p D`ep¡N Üpfp rÓÄephs} h¡N `Ùrs\u rhrh^
kp¥fp¡Ñf N°lp¡ rhi¡ k„ip¡̂ _ L$fi¡. Ap hZ®̀ V$dp`L$ hX¡$ spfp_u 5 duV$f ârs k¡L„$X$ S>¡V$gu Nrs_¡ `Z dp`u iL$pi¡ A¡hp¡
A„v$pS> R>¡.

*****



3333âNpdu sf„N...

Þey[¼gef cp¥rsL$rhop__u âpf„rcL$ ip¡̂ Mp¡mp¡_p¡ fp¡dp„QL$ Brslpk

âõsph_p :âõsph_p :âõsph_p :âõsph_p :âõsph_p :

cp¥rsL$rhop__p kdN° Brslpkdp„ A¡L$ kyhZ® ©̀›$ b_¡g `fdpÏ_prc_u ip¡̂ _¡ lh¡ 2011_u kpgdp„ kp¡ hj®
ỳfp„ \i¡. kp¡A¡L$ hj® |̀h£_p kde_u Ap A_¡ Aphu ip¡̂ p¡_p¡ ỳf¡̀ yfp¡ rQspf Ap`hp_y„ sp¡ A¡L$ g¡Mdp„ ¼ep„\u i¼e b_¡

? blz blz sp¡ Ap`Z¡ ¾$d¡ ¾$d¡ \e¡gu âNrs_¡ kdS>hp dpV¡$ Sy>v$p„ Sy>v$p„ `qf×íep¡ (scenario) fQu_¡ A¡L$ fp¡dp„Q MX$p¡
L$fhp L$p¡iuj L$fu iL$uA¡.

sp¡ Aphp„ A¡L$pv$ `qf×íe_u L$ë`_p L$fp¡.

Apif¡ 1900_u kpg_u hps R>¡. g„X$_dp„ L¡$ ¼ep„L$ rb°qV$i A¡kp¡kuA¡i_ ap¡f A¡X$hpÞkd¡ÞV$ Apµa kpeÞk_u A¡L$
kcp dmu R>¡. s¡dp„ h¼sìe Ap`sp„ s¡ kde_p ârkÙ cp¥rsL$ip÷u gp¡X®$ L¡$ëhu_ Ål¡f L$f¡ R>¡, ""cp¥rsL$rhop_dp„ lh¡ L$iy„
_hy„ ip¡̂ hp_y„ füy„ _\u. S>¡ L$p„B L$fhp_y„ fl¡ R>¡ s¡ R>¡ h ŷ_¡ h ŷ Qp¡L$kpBceȳ dp`_ !!''

âcy_p¡ `pX$ dp_p¡ L¡$ A¡ dlp_ rhop_u_y„ Ap L$\_ sØ_ Mp¡Vy„$ `X$éy„. rhop_dp„ Äepf¡ Äepf¡ `Z Aphu L$p„BL$
õ\rNssp Aph¡gu S>Zpe R>¡ Ðepf¡ Ðepf¡ L$p¡B_¡ L$p¡B Akp^pfZ byqÙârscp `p¡sp_p rS>opky d_\u _hp rhQpfp¡ A_¡
_hp âep¡Np¡ QdÐL$pqfL$`Z¡ fS|> L$f¡ R>¡ A_¡ op_rhop_dp„ A¡L$ ¾$p„rs Aph¡ R>¡. Apd sp¡ Äepf¡ L¡$ëhu_¡ D`fp¡¼s rh^p_
L$eȳ, Ðepf¡ L¡$V$guL$ A¡hu ip¡̂ p¡ \B NB lsu L¡$ S>¡ ¾$d¡ ¾$d¡ `fdpÏ_u _prc_u ip¡̂ dp„ `qfZdu. ApS>¡ Ap`Z¡ S>¡_¡ _prcL$
cp¥rsL$ip÷ (Nuclear Physics) sfuL¡$ Ap¡mMuA¡ R>uA¡ s¡ rhop__u dlÐh_u ipMp_p¡ Dv$e `fdpÏ_u Þey[¼gek
ip¡̂ php\u \ep¡. L¡$hp¡ li¡ A¡ kde_p¡ fp¡dp„Q L¡$ Äepf¡ kph AÅZu, L$ë`_p blpf_u Ap bpbs h¥opr_L$ hpõsrhL$sp
b_u_¡ âNV$ \B li¡ ?! Ly$sylg, Apòe® A_¡ fp¡dp„Q sp¡ Æh_dp„ OZu S>ÁepA¡ Aphsp„ lp¡e R>¡. bpmL$p¡ L¡$hp DÐkpl\u
A_¡ rS>opkpc¡f _p_p-dp¡V$p L$p¡eX$p DL¡$gsp„ lp¡e R>¡ ?! i¡fgpµL$ lp¡çk L¡$ A¡hu L$p¡B L$\pAp¡dp„ L$p¡B Ny_p_y„ flõe L¡$hu fus¡
DL$g¡ R>¡ s¡ ÅZhpdp„ hpQL$_¡ M|b fk `X¡$ R>¡. sp¡ hmu L$p¡B rQÓL$pf A¡L$ Av¹$cys A_¡ê„$ rQÓ fQ¡ sp¡ A¡ Å¡B_¡ b^p
Apaqf_ `p¡L$pf¡ R>¡. cp¥rsL$rhop_dp„ Aops_u ip¡̂ _p¡ S>¡ fp¡dp„Q R>¡ s¡ Aphp„ b^p„ Dv$plfZp¡\u sp¡ OZp¡ rhi¡j lp¡e R>¡.
Ap g¡M hp„Ãep `R>u hpQL$p¡_¡ Þey[¼gef qarT¼k_p âpf„c_p hjp£_p¡ A¡L$ fp¡dp„QL$ ¿epg Aphu iL$i¡ sp¡ g¡M_p¡ l¡sy rkÙ
\ep¡ NZpi¡. Þey[¼gef cp¥rsL$rhop__p rhL$pk_u kp\p¡kp\ S>¡ AÞe ipMpAp¡_p¡ `Z Dv$e A_¡ rhL$pk \ep¡ s¡dp„ ¼hp¡ÞV$d
rdL¡$r_¼k, d|mc|s L$Z-cp¥rsL$ip÷, (Particle Physics), M-cp¥rsL$rhop_ (Astrophysics), Þey[¼gef qai_,
ãeyT_ A_¡ Þey[¼gef DÅ®, rhqL$fZ Üpfp rQqL$Ðkp (Radiation therapy) hN¡f¡_p¡ kdph¡i \pe R>¡.

`f„sy Ap`Zu QQp®_p L¡$ÞÖdp„ sp¡ R>¡, `fdpÏ_y„ L¡$ÞÖ, Þey[¼gek...!

Þey[¼gek_p¡ S>Þd - s¥epf \sp¡ s¿sp¡Þey[¼gek_p¡ S>Þd - s¥epf \sp¡ s¿sp¡Þey[¼gek_p¡ S>Þd - s¥epf \sp¡ s¿sp¡Þey[¼gek_p¡ S>Þd - s¥epf \sp¡ s¿sp¡Þey[¼gek_p¡ S>Þd - s¥epf \sp¡ s¿sp¡

1895_u kpg\u iê$Aps L$fuA¡ sp¡ s¡ kde¡ ApL$[õdL$ fus¡ A¡L$ A¡hu cp¥rsL$ OV$_p ip¡̂ pB L¡$ S>¡ `fdpÏ_u
Þey[¼gek_p S>Þd `|h£ ip¡^pe¡gu â\d Þey[¼gef OV$_p lsu. Ap hps R>¡ l¡_°u b¡L¡$f¡g Üpfp \e¡g Ly$v$fsu f¡X$uep¡-
A¡[¼V$huV$u_u ip¡̂ _u. ä¡ÞQ rhop_u b¡L¡$f¡g¡ fp¢ÞS>_ `pk¡\u kp„cm¡gy„ L¡$ n-qL$fZp¡ âõazfZ ¡̀v$p L$f¡ R>¡. b¡L¡$f¡g `pk¡ âõazfZ
Ap`sp õaqV$L$p¡ lsp, S>¡dp„ eyf¡r_edL©$s npfp¡ (Uranized Salts)_p õaqV$L$p¡ `Z lsp. Ap õãqV$L$p¡ âõazfL$ R>¡. sp¡ s¡ iy„
n-qL$fZp¡ ¡̀v$p L$fu iL¡$ ? A¡hp¡ L„$BL$ âñ b¡L¡$f¡g_¡ \ep¡. lh¡ s¡ õaqV$L$p¡_¡ âõazfL$ b_phhp dpV¡$ kye®_p¡ âL$pi S>ê$fu lsp¡,
`f„sy k„Å¡Np¡hips A¡ qv$hkp¡dp„ hpv$muep„ lhpdp__¡ L$pfZ¡ ỳfsp¡ âL$pi dm¡ s¡d lsp¡ _l]. s¡\u eyf¡r_ed ^fphsp s¡

âp¡. ky^uf â. `„X$épâp¡. ky^uf â. `„X$épâp¡. ky^uf â. `„X$épâp¡. ky^uf â. `„X$épâp¡. ky^uf â. `„X$ép
r_h©Ñ r_epdL$ qaTuL$g qfkQ® g¡bp¡f¡V$fu, Adv$phpv$

X$p ¸. qv$gu` `u. Aplg`fpX$p ¸. qv$gu` `u. Aplg`fpX$p ¸. qv$gu` `u. Aplg`fpX$p ¸. qv$gu` `u. Aplg`fpX$p ¸. qv$gu` `u. Aplg`fp
BÞõV$uV$éyV$ Apµa àgpTdp qfkQ®, Np„̂ u_Nf
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õaqV$L$p¡ s¡Z¡ L$bpV$dp„ d|¼ep A_¡ s¡_u D`f ap¡V$p¡N°pqaL$ àg¡V$_y„ Mp¡My„ d|¼ey„. \p¡X$p qv$hkp¡ bpv$ s¡Z¡ Apòe® hÃQ¡ Å¡ey„ L¡$
L$p¡C kye®âL$pi _ lp¡hp R>sp„ ap¡V$p¡N°pqaL$ àg¡V$ Akf `pd¡g - expose \e¡g lsu. Ðepfbpv$ L$pmÆcep® âep¡Np¡_¡ A„s¡ Ap
AZ^pep® `qfZpddp„\u eyf¡_ued_p f¡X$uep¡-A¡[¼V$huV$u_p NyZ^d®_u ip¡̂  \B. l¡_°u b¡L$f¡g_p dp_dp„ f¡qX$ep¡-A¡[¼V$huV$u_u
suh°sp(k¾$uesp)_p A¡L$d_¡ 'Bq' _pd k„op Ap`hpdp„ Aph¡g. A¡L$ Bq A¡V$g¡ f¡qX$ep¡-A¡[¼V$h sÒh_u A¡ kq¾$esp L¡$ S>¡dp„
ârs k¡L$ÞX¡$ A¡L$ Þey¼gpBX$ (nuclide) ne `pd¡ R>¡. Ðepfbpv$ ä¡X$qfL$ kp¡X$uA¡ f¡qX$ep¡-A¡[¼V$huV$u Üpfp \sp„ sÒhp¡_p
`qfhs®__u kdS|>rs Ap`u A_¡ s¡ Üpfp sÒhp¡_p kdõ\pr_L$p¡ (Isotopes)_u ip¡̂  \hp `pdu.

f¡qX$ep¡-A¡[¼V$huV$u_u hps _uL$m¡ Ðepf¡ d¡X$d d¡fu ¼eyfu_¡ L¡$d cygpe ? d¡fu ¼eyfuA¡ k„ip¡̂ _ iê$ L$ey ̄ Ðepf¡ eyf¡_ued
f¡qX$ep¡-A¡[¼V$huV$u_p öp¡s sfuL¡$ ÅZusy„ sÒh bÞey„ lsy„. f¡qX$ep¡-A¡[¼V$huV$u_u kq¾$esp h^pfhp dpV¡$ d¡X$d ¼eyfuA¡ A_¡ s¡d_p
`rs r`efu ¼eyfuA¡ "`uQ åg¡ÞX$u' Mr_S>dp„\u eyf¡_ued_¡ AgN L$fhp_p âep¡Np¡ lp\ ^ep®. s¡_p `qf`pL$ê$ ¡̀ s¡Ap¡_¡ b¡ AÞe
f¡qX$ep¡kq¾$e sÒhp¡ `p¡gp¡_ued (Po) A_¡ f¡X$ued (Ra) dmu Apìep„. \p¡fued sÒh_u ip¡̂  `Z Ðepfbpv$ \B. d¡X$d ¼eyfu_y„
dp_hy„ lsy„ L¡$ f¡qX$ep¡ kq¾$e sÒhp¡dp„\u _uL$msp„ rhqL$fZ dp_hu_¡ Mpk _yL$ip_L$sp® _\u. s¡Ap¡_¡ b¡ hpf _p¡b¡g B_pd dþey„.
`fdpÏ_u Þey[¼gek_p¡ s¿sp¡ Ðepf¡ OX$pep¡ L¡$ Äepf¡ S>¡. S>¡. \p¡çk_¡ `fdpÏ_u Ap„sqfL$ fQ_p_y„ A¡L$ L$ë`_prQÓ (dp¡X¡$g)
fSy> L$ey.̄ Bg¡¼V²$p¡__p NyZ^dp£ âõ\pr`s L$ep® bpv$ \p¡çk_¡ rhQpey ̄ L¡$ Bg¡¼V²$p¡_, `fdpÏdp„ fl¡g d|mc|s L$Z lp¡hp¡ Å¡BA¡.
hmu `fdpÏ A¡L„$v$f¡ sV$õ\ lp¡e R>¡ s¡\u s¡dp„ ^_ huS>cpf `Z fl¡g lp¡hp¡ Å¡BA¡. Apd \p¡çk_¡ L$ë`_p L$fu L¡$ `fdpÏdp„
F>Zcpqfs Bg¡¼V²$p¡_ A_¡ s¡_¡ k„syrgs L$fsp¡ ^_cpf cf¡g lp¡e R>¡. A¡L$ `ròdu hp_Nu_p _pd `f\u Ap_¡ \p¡çk__y„ 'Plum-
Pudding' dp¡X¡$g L$l¡hpdp„ Apìey„. ÞeyTug¡ÞX$-rb°V$__p rhop_u f^fap¡X®¡$ 1911dp„ Apëap L$Zp¡_u dv$v$\u A¡L$ A¡hp¡ âep¡N
rhQpep£ L¡$ S>¡\u L$p¡B `Z `fdpÏ_u A„v$f fl¡g ^_ rhS>cpf_y„ rhsfZ L¡$hy„ li¡ s¡_p¡ ¿epg dmu iL¡$. Ap âep¡Ndp„ Apëap
L$Zp¡_¡ kp¡_p_p `psmp hfM `f âspqX$s (bombard) L$fhpdp„ Apìep„ A_¡ hfMdp„\u Sy>v$p Sy>v$p L$p¡Z¡ âqL$Z®_ (scattering)
`pdsp„ Apëap L$Zp¡_y„ Ahgp¡L$_ L$fhpdp„ Apìey„. Ap âpep¡rNL$ L$pe® f^fap¡X®¡$ s¡_p rhÛp\}Ap¡_¡ kp¢àep bpv$ A¡L$pv$ kápl_¡ A„s¡
s¡Z¡ s¡_p rhj¡ ỳR>`fR> L$fu. rhÛp\}Ap¡A¡ S>Zpìey„ L¡$, Apd sp¡ Apëap L$Zp¡ _p_p-dp¡V$p M|Z¡ AN° (forward) qv$ipdp„ âL¡$qfs
\pe R>¡. f^fap¡X®$_p h¥opr_L$ d_dp„ A¡L$ TbL$pfp¡ \ep¡. s¡Z¡, Apëap L$Zp¡ 900 \u h ŷ L$p¡Z¡ `pR>gu qv$ipdp„ (backward)
S>sp„ S>Zpe R>¡ L¡$ L¡$d s¡ s`pkhp kyQ_p Ap`u. Äepf¡ s¡_¡ dpgyd `X$éy„ L¡$ Apëap L$Zp¡ Aë` âdpZdp„ `Z 900 \u h ŷ
L$p¡Z¡ âqL$Z®_ `pd¡ R>¡ Ðepf¡ s¡_¡ Apòe® \ey„, L$pfZ L¡$ Ap `qfZpd \p¡dk__p `fdpÏ dp¡X¡$g dyS>b sp¡ dpÞepdp„ Aph¡ A¡hy„
_lp¡sy„ ! Apëap âqL$Z®__p âep¡N A„N¡ õhe„ f^fap¡X®$_p¡ ârscph L$p„BL$ Aphp¡ lsp¡ - ""Ap s¡ L¡$hy„ L$p¥syL$ ! ÅZ¡ L¡$ lz„ A¡L$
`psmp L$pNm `f sp¡̀ _p Np¡mp hfkphy„ Ry>„, A_¡ s¡dp„\u L¡$V$gpL$ Np¡mp dpfu sfa `pR>p a¢L$pe R>¡ !!''

hpQL$ rdÓp¡, cp¥rsL$ rhop__p Brslpkdp„ A¡hp L¡$V$gpL$ epv$Npf âep¡Np¡ _p¢̂ pe¡g R>¡ L¡$ S>¡d_p¡ d|m l¡sy L„$BL$ Sy>v$p¡
S> lsp¡ A_¡ `qfZpd Apòe®L$pfL$ A_¡ AZ^peȳ Apìey„ lsy„. Ap k„v$c£ âL$pi_p h¡N rhj¡_p¡ dpBL$gk_ A_¡ dp¡g£_p¡
âep¡N M|b ÅZusp¡ R>¡, s¡ sp¡ sd_¡ kp¥_¡ ¿epg li¡.

f^fap¡X®¡$ rkÙ L$eȳ L¡$ `fdpÏ_p¡ ^_cpf s¡_p L¡$ÞÖ cpN¡ S>dp \e¡gp¡ lp¡e R>¡, A_¡ s¡dp„ S> dlv¹$A„i¡ `fdpÏ_y„
v$m `Z fl¡gy„ lp¡e R>¡. ep_¡ L¡$ `fdpÏ dp¡V¡$ cpN¡ MpguMd R>¡, L¡$ÞÖ cpN¡ _prc A\hp Þey[¼gek A_¡ s¡_u Apk`pk_p
AhL$pidp„ O|dsp„ Bg¡¼V²$p¡_ ! Ap dp_k-rQÓ_p¡ rhQpf L$fsp„ Ap`Z_¡ v$mv$pf k|e® A_¡ s¡_u ApSy>bpSy> AhL$pidp„ O|dsp
_p_p-dp¡V$p N°lp¡ epv$ Aphu Åe R>¡. s¡\u f^fap¡X®$_p¡ `fdpÏ _d|_p¡ N°lue _d|_p¡ (Planetary model) `Z L$l¡hpe
R>¡. sp¡ Ap kp\¡ \p¡çk__y„ dp¡X¡$g `X$u cp„Áey„ A_¡ L¡$ÞÖdp„ _prc ^fphsp `fdpÏ dp¡X¡$g_p¡ S>Þd \ep¡. rhop_ S>Ns¡
Þey[¼gek_p S>Þd\u kp_„v$pòe® A_ycìey„. _hp¡ rhQpf `Qphhp¡ kl¡gp¡ _\u. A¡L$ rhfp¡̂ pcpk A¡hp¡ bÞep¡ L¡$ ârkÙ
rb°qV$i S>_®g qagp¡kp¡qaL$g d¡N¡rT__p A¡L$ S> A„L$dp„ s¡ L$pm¡ eyhp_ rhop_u A¡hp r_ëk bp¡lf_p¡ f^fap¡X®$ `fdpÏ dp¡X¡$g_¡
gNsp¡ g¡M lsp¡ A_¡ kp\p¡kp\ AÞe A¡L$ rhop_u_p¡ \p¡çk__p Plum-pudding dp¡X¡$g `f Ap^pqfs g¡M `Z R>`pep¡
lsp¡. M¡f, f^fap¡X®$ Þey[¼gef dp¡X¡$g\u S>Ndilzf bÞep. s¡Ap¡_¡ ÞeyV²$p¡_ S>¡hp„ L$p¡B L$Z_p A[õsÐh_p¡ `Z L„$BL$ ¿epg
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lsp¡, A_¡ `R>u_p hjp£dp„ s¡Ap¡_p rióe S>¡Bçk Q¡X$rhL¡$ ÞeyV²$p¡__y„ A[õsÐh `Z ip¡̂ u L$pY$éy„. f^fap¡X®$_p¡ Þey[¼gef `fdpÏ
_d|_p¡ S>Þdsp„ S> syf„s A¡L$ N„cuf kdõepdp„ AV$hpB Nep¡. Bg¡¼V²$p¡X$pB_¡rd¼k_p rkÙp„sp¡_¡ Ap^pf¡ Þey[¼gek_u ApSy>bpSy>
O|dsy„ Bg¡¼V²$p¡_- S>¡ A¡L$ rhS>cpf R>¡- s¡ âh¡rNs lp¡hp\u DÅ®_y„ DÐkS>®_ L$fsy„ lp¡hy„ Å¡BA¡. s¡d Å¡sp„ Þey[¼gek afs¡
O|dsy„ Bg¡¼V²$p¡_ DÅ®_y„ DÐkS>®_ L$fsy„ L$fsy„ Ap„M_p `gL$pfpdp„ L„y$X$gpL$pf (spiral) dpN£ S>B_¡ Þey[¼gekdp„ ApÐdrhgp¡̀ _
L$f¡ ! ep_¡ L¡$ f^fap¡X®$_p¡ `fdpÏ õ\peu _ fl¡. r_ëk bp¡lf¡ 1913_p Afkpdp„ f^fap¡X®$_p `fdpÏ _d|_p_¡ Ap^pf b_phu_¡
sL®$ gX$pìep¡- "àgp„L$_p¡ DÅ® ¼hp¡ÞV$rdL$fZ (Quantization)_p¡ ¿epg Å¡ rhqL$fZ_¡ gpNy `X¡$ sp¡ Öìe_¡ A¡V$g¡ L¡$ `fdpÏ_¡
L¡$d gpNy _ `X¡$ ?!' A_¡ Apd S>Þd \ep¡ bp¡lf_p `fdpÏ _d|_p_p¡.

rhop_dp„ A_¡ Mpk L$fu_¡ cp¥rsL$rhop_dp„ _d|_p¡ L¡$ âê$` (model) A¡V$g¡ iy„ ? L$p¡B rhop_u, L$gpL$pf_u S>¡d
L$ë`_p A_¡ ^pfZp_p f„Np¡ gB_¡ sL®$ A_¡ v$gugp¡_u `]R>u hX¡$ S>¡ dp_krQÓ fSy> L$f¡ R>¡ s¡ R>¡ h¥opr_L$ dp¡X¡$g ! bp¡lf¡
`p¡sp_p `fdpÏ _d|_pdp„ DÅ® A_¡ L$p¡Zue h¡Ndp__y„ ¼hp¡ÞV$rdL$fZ v$pMg L$eȳ A_¡ `fdpÏ_¡ [õ\fsp bnu. bp¡lf_p
`fdpÏ _d|_p_¡ lpBX²$p¡S>_ hZ®̀ V$_u f¡MpAp¡_¡ kdÅhhpdp„ kamsp dmu `f„sy `fdpÏ cp¥rsL$ip÷uAp¡_p kd|v$pedp„ A¡L$
âL$pf_p¡ Akd„S>k A_ychpsp¡ lsp¡. kp¥_¡ sgpi lsu A¡L$ _hp d|mc|s rdL¡$r_¼k_u, 1923dp„ d|m¡ Brslpk_p rhÛp\}
A¡hp g|B v¹$ b°p¡ÁguA¡ rhõdeL$pfL$ sL®$ L$ep£- ""Å¡ rhqL$fZ sf„N A_¡ L$Z_p¡ b¡hX$p¡ (Ü¥s) õhcph v$ip®hsy„ lp¡e sp¡ Bg¡¼V²$p¡_
S>¡hy„ "L$Z' `Z L$Z-sf„N Ü¥s õhcph _ v$ip®h¡ ?!''. Apif¡ 1926dp„ A¡frh_ îp¡qX„$S>f¡ A_¡ õhs„Ó`Z¡ h¡_®f lpBT_bN£
¼hp¡ÞV$d rdL¡$r_¼k_u fQ_p L$fu. 1928dp„ `pDg qX$fpL¡$ A¡L$ _hy„ M¡X$pZ L$eȳ S>¡dp„ ¼hp¡ÞV$d rdL¡$r_¼k A_¡ ApBÞõV$pB__p
rhriô$ kp ¡̀nhpv$_p¡ kdÞhe L$fhpdp„ Apìep¡. qX$fpL$_p kp ¡̀nhpv$u ¼hp¡ÞV$d rdL¡$r_¼k_p amõhê$ ¡̀ ârs-L$Z (anti-
particle)_p¡ ¿epg âNV$ \ep¡.

Ap ŷr_L$ cp¥rsL$rhop__p Ap M¡X$pZp¡_p¡ AÓ¡ D‰¡M L$fhp¡ A¡V$gp dpV¡$ S>ê$fu R>¡ L¡$ A¡ b ŷ„ Þey[¼gef cp¥rsL$ip÷_p
rhL$pk kp\¡ M|b S> r_L$V$sp\u k„L$mpe¡g R>¡. afu `pR>p Þey[¼gef qarT¼k `f AphuA¡ sp¡ A¡ kyr_ròs \hp gpÁey„ lsy„
L¡$ cpf¡ sÒhp¡_p f¡qX$ep¡-A¡[¼V$h NyZ^dp£ Þey[¼gef OV$_pAp¡_¡ L$pfZ¡ lp¡e R>¡. 1928dp„ Äep¡S>® N¡dp¡h¡ Apëap L$Zp¡_p
DÐkS>®_ A_¡ Þey[¼gef ne (decay)_¡ kdÅhsp¡ ¼hp¡ÞV$d rdL¡$r_L$g hpv$ (theory) Apàep¡. s¡ Afkpdp„ hp¡ëaN¡ÞN
`pDgu_¡ buV$p L$Zp¡_p DÐkS>®_ A_¡ Þey[¼gef ne_u bpbsp¡dp„ fk `X$ép¡ A_¡ s¡ A„N¡_u kdõepAp¡_p lgê$ ¡̀ `p¥guA¡
ÞeyqV²$_p¡ (neutrino) L$Z_u `qfL$ë`_p Ap`u. Ðepfbpv$ ârkÙ k¥Ùp„rsL$ A_¡ âpep¡rNL$ rhop_u A¡hp A¡_qfL$p¡ ad}A¡
buV$p-ne_¡ kdÅhsp¡ rhNshpf hpv$ fSy> L$fhpdp„ kamsp d¡mhu. s¡ kdeNpmpdp„ `p¡TuV²$p¡__y„ A[õsÐh âpep¡rNL$ fus¡
ÅZdp„ Aphsp„ ârs-L$Z (anti-particle)_p ¿epg_¡ h¡N dþep¡. Å`p_u cp¥rsL$ip÷u eyL$phpA¡ Þey[¼gef bmp¡_p
k„hplL$ sfuL¡$ "d¡kp¡_' L$Z_u k„L$ë`_p fSy> L$fu A_¡ d|mc|s L$Zp¡_p cp¥rsL$rhop__p¡ Apf„c \ep¡. ApS>¡ lh¡ L$Zp¡ A_¡
ârs-L$Zp¡_p¡ Ly$Vy„$b-L$bugp¡ L¡$V$gp¡ rhõsep£ R>¡, A¡ sp¡ ÅZp¡ R>p¡ _¡ !

v$fçep_dp„ \p¡çk_ A_¡ s¡_p rhÛp\}Ap¡ ApõV$_ s\p X¡$ç ¡̀õV$f¡ huS>-Qy„bL$ue n¡Óp¡_p D`ep¡N\u v$ip®ìey„ L¡$ Sy>v$p„
Sy>v$p„ v$m s¡dS> huS>cpf ^fphsp„ Ape_p¡ (ions)_¡ Ry>V$p„ `pX$u iL$pe R>¡. Ap Aæepkdp„\u ÅZhp dþey„ L¡$ õ\peu (f¡qX$ep¡-
A¡[¼V$h _ lp¡e s¡hp„) sÒhp¡ Ne hN¡f¡_¡ `Z `p¡s`p¡sp_p kdõ\pr_L$p¡ lp¡e R>¡. Al] S>¡_p¡ `pep¡ _„Mpep¡ A¡ âpep¡rNL$
`Ùrs_¡ Mass Spectrometry L$l¡ R>¡. kdõ\pr_L$p¡_u lõsuA¡ sÒhp¡_p Aphs®L$p¡ô$L$_¡ A¡L$ Sy>v$u ×rô$ Ap`u, `fÞsy s¡
k„b„̂ p¡ dp¡Tgu (Moseley) _p¡ n-qL$fZp¡ `f_p¡ Aæepk M|b D`ep¡Nu _uhX$ép¡. s¡Z¡ v$ip®ìey„ L¡$ Aphs®L$p¡ô$L$dp„ sÒhp¡_u
Np¡W$hZu `fdpÏcpf dyS>b _l] `Z `fdpÏ¾$dp„L$ (atomic number) Z dyS>b \hu Å¡BA¡. L$d_kub¡ dp¡Tgu eyhp_he¡
`l¡gp„ rhðeyÙdp„ M`u Nep¡.

Þey[¼gef rhop_-A¡L$ rhL$ksy „ hV$h©n :Þey[¼gef rhop_-A¡L$ rhL$ksy „ hV$h©n :Þey[¼gef rhop_-A¡L$ rhL$ksy „ hV$h©n :Þey[¼gef rhop_-A¡L$ rhL$ksy „ hV$h©n :Þey[¼gef rhop_-A¡L$ rhL$ksy „ hV$h©n :

`fdpÏ-Þey[¼gek_u cpm dmu s¡ kde\u S> A¡L$ AÞe M¡X$pZ `Z \e¡gy„ A_¡ s¡_p¡ l¡sy lsp¡ α, β S>¡hp„
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huS>cpqfs L$Zp¡ s¡dS> γ-qL$fZp¡ hN¡f¡_u `fM (detection) L$f_pfp„ kp^_p¡_p¡ rhL$pk_p¡. ApS>¡ sp¡ lh¡ A_¡L$ âL$pf_p„
particle detectors rhL$kphhpdp„ Apìep„ R>¡. hmu, α, β hN¡f¡ L$Zp¡ γ-qL$fZp¡, n-qL$fZp¡ hN¡f¡ radiation\u kÆh-
L$p¡jp¡_¡ \sp _yL$ip_-damage_p¡ Aæepk `Z \B füp¡ R>¡. Nuclear Physics A¡ cp¥rsL$rhop__p kudpX$p hV$phu_¡
Nuclear Science õhê$ ¡̀ A¡L$ rhL$ksy„ hV$h©n b_¡g R>¡. Þey[¼gek `f AÞe L$Zp¡_p¡ dpfp¡ L$fhp\u Sy>v$u Sy>v$u Þey[¼gef
âq¾$epAp¡ (nuclear reactions) \su lp¡e R>¡. Ap k„v$c£ L$Z-âh¡NL$p¡ (particle accelerators)_p¡ rhL$pk \ep¡. ApS>¡
Äepf¡ L$p¡B dp¡V$u lp¡õ`uV$gdp„ linear accelerators Å¡hp dm¡ R>¡ Ðepf¡ ¿epg Aph¡ R>¡ L¡$ Þey[¼gef rhop_ ¼ep„ ¼ep„
S>B `lp¢Q¡g R>¡. L$Z âh¡NL$p¡_p¡ _|s_ Ahspf R>¡, LHC (Large Hadron Collider) !

1930-40_p v$peL$pAp¡dp„ Þey[¼gek_y„ b„̂ pfZ s\p s¡dp„ âp¡V$p¡_-ÞeyV²$p¡__u Nrs-Ahõ\pAp¡_¡ kdS>hp_p âeÐ_p¡
Qpgu füp lsp. Theoratical Nuclear Physics_p n¡Ó¡ rhrh^ Þey[¼gef dp¡X¡$gp¡ rhL$pk `pçep„. Nuclear Shell
model_p k„v$c£ cpfsue-NyS>fpsu rhop_uAp¡_y„ âv$p_ D‰¡M_ue R>¡. h^ydp„ Þey[¼gef dpk-ap¡çey®gp k„b„^¡ cpfs_p
âp¡. kÐ`\u_y„ âv$p_ `Z D‰¡M_ue R>¡. s¡Ap¡ IAPT_p AN°NÎe ApÆh_ kæe R>¡. Þey[¼gef cp¥rsL$ip÷ A_¡ `fdpÏ
cp¥rsL$ip÷ A¡L$d¡L$_p„ ỳfL$ füp„ R>¡, `Z s¡dp„ dy¿e saphs s¡d_p„ L$v$_p¡ s\p s¡d_¡ bp„̂ u fpMsp„ bmn¡Ó (force field)_p¡
R>¡. `fdpÏ-AÏ fQpe R>¡ rhÛysQy„bL$ue bmp¡\u, sp¡ Þey[¼gek b_¡ R>¡ suh° Þey[¼gef (strong nuclear) bm\u.

kp¥\u k|ÿd `fd L$Z_¡ `pdhp_p¡ rhop_uAp¡_p¡ âeÐ_ Arhfs`Z¡ Qpgy R>¡. ÞeyV²$p¡_-âp¡V$p¡__¡ k„ey¼s _pd¡
Þey[¼gep¡_ (nucleon) L$luA¡ sp¡ Þey[¼gep¡_ A¡ quark A_¡ gluon\u fQpe R>¡. AÞs¡ sdpd õ\|m `v$p\p£ quark
A_¡ lepton_p b_¡g R>¡. Ap_¡ standard model L$l¡hpdp„ Aph¡ R>¡.

rhL$ksp„ S>sp„ Þey[¼gef rhop_¡ M-cp¥rsL$ip÷ (Astrophysics)_p„ Üpfp¡ Mp¡gu _pM¡g R>¡. k|e® A_¡ spfpAp¡dp„
DÐ`ß \su ỳóL$m EÅ®_y„ d|m Þey[¼gef k„ge_ (fusion)R>¡ A¡ sÕe lpÞk b¡\pe (Bethe)_u ip¡̂ p¡\u blpf Apìey„.
Nuclear fusion Üpfp ìehlpfdp„ DÅ® ¡̀v$p L$fhp_y„ õhà_ lSy> kpL$pf \ey„ _\u, `fÞsy Ap„sffpô²$ue ITER âep¡N A„sN®s
s¡ rkÙ L$fhp_p¡ âeÐ_p¡ Qpg¡ R>¡ A_¡ Np„̂ u_Nf_u IPR k„õ\p Üpfp Ap`Zp¡ v¡$i `Z s¡ âeÐ_dp„ kpd¡g \e¡g R>¡.

eyf¡r_ed Þey[¼gek_p rhM„X$_ (fission)_u ip¡̂  \ep bpv$ s¡ âq¾$ep\u ìehlpfy DÅ® d¡mhhp_y„ i¼e b_¡g
R>¡. Nuclear fission `f Ap^pqfs DÅ®-d\L$p¡ cpfs A_¡ S>Nscfdp„ L$pe®fs R>¡.

Þey[¼gef cp¥rsL$ip÷ L¡$V$guL$ k¥Ùp[ÞsL$ ipMpAp¡ dpV¡$ S>_¡sp b_¡g R>¡, S>¡dp„ Quantum chromodynamics
(QCD) D‰¡M_ue R>¡.

Þey[¼gef cp¥rsL$ip÷ A_¡ rhop__u AÞe ipMpAp¡dp„ \e¡g âNrs_y„ A¡L$ S>fp Sy>vy„$ Apepd `Z _p¢̂ `pÓ R>¡.
rhop__u Ap ipMpAp¡dp„ lh¡ âpep¡rNL$ k„ip¡̂ _ A¡ L$p¡B A¡L$g v$p¡L$g rhop_u_y„ L$pd füy„ _\u. âpep¡rNL$ L$pe® A¡ rhfpV$
k„Ly$gdp„ dp¡V$p„ kdylp¡dp„ \su L$pdNufu b_¡g R>¡. ÅZ¡ L¡$ ìe[¼sNs kS>®_ A_¡ dp¥rgL$sp A¡ cysL$pm_u bpbs b_u NB
R>¡. hmu, AV$`V$p„ e„Óp¡ Üpfp âpep¡rNL$ L$pdNufu L$fhpdp„ ỳóL$m MQ® \sp¡ lp¡e R>¡ A_¡ Apd Al] hluhV$ A_¡ âipk__p¡
`N ¡̀kpfp¡ \sp¡ Å¡hp dm¡ R>¡.

M¡f, A¡ b ŷ„ S>dp_p_u spkuf R>¡ A¡d dp_uA¡... !

hpQL$rdÓp¡, Ap g¡M_p¡ dy¿e l¡sy sp¡ `fdpÏ-Þey[¼gek_p âpf„rcL$ Brslpk_u A¡L$ TgL$ Ap`hp_p¡ lsp¡.
Þey[¼gef rhop__p kudpX$p S>¡d rhõsf¡ R>¡ s¡d kdÅe R>¡ L¡$ Ap rhop__¡ L$p¡B AÞs L¡$ kudp _\u.

gp¡X®$ L¡$ëhu_, Ap` Ap b ŷ„ kp„cmp¡ (hp„Qp¡) R>p¡ _¡ ?? cp¥rsL$ rhop_dp„ OÏ„ _hy„ ip¡̂ pe¡g R>¡ A_¡ lSy> bpL$u
`Z R>¡...!!!

*****
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Þey[¼gef rhop_u X$p¸. d ŷL$f L¡$. dl¡sp

NyS>fps_¡ Np¥fh A`ph_pf, cpfs_p Þey[¼gef cp¥rsL$rhop_u X$p¸. A¡d. L¡$. dl¡sp_y„
S|>_ 2010dp„ vy$:Mv$ Ahkp_ \ey„. s¡Ap¡_y„ d|m hs_ cph_Nf lsy„.

d¡V²$u¼eyg¡i_ (AÐepf_p 11dp ^p¡fZ_¡ kdL$n)_u dy„bB eyr_hrk®V$u Üpfp g¡hpsu `funp
1944dp„ DÃQ NyZp„L$ kp\¡ DÑuZ® L$fu s¡Ap¡A¡ cph_Nf_u ipdmv$pk ApV®¹$k A_¡ kpeÞk L$p¡g¡S>
(lpg_u `u.`u. kpeÞk BÞõV$uV$éyV$)dp„ âh¡i d¡mìep¡. d¡V²$uL$ kŷ u_p¡ Aæepk Apëä¡X$ lpBõLy$g,

cph_Nf Mps¡ NyS>fpsu dpÝeddp„ L$fu, L$p¡g¡S>_p„ `l¡gp b¡ hj® - F.Y. Science A_¡ Inter Science - cph_Nfdp„
|̀fp„ L$ep¯. BÞV$f kpeÞk_u `funp kpfp NyZp„L¡$ `pk L$fu, dy„bB_u R.I.S. (fp¡eg BÞõV$uV$éyV$ Apµa kpeÞk- lh¡ BÞõV$uV$éyV$

Apµa kpeÞk)dp„ bu.A¡kku.dp„ v$pMg \B, 1948dp„ bu.A¡kku._u `funp dy¿e rhje qaTu¼k A_¡ Np¥Z rhje
d¡\¡d¡V$u¼k kp\¡ qÜsue hN®dp„ `pk L$fu. Ap A¡ k„õ\p R>¡ L¡$ S>¡dp„ A¡L$ kde¡ X$p¸. lp¡du cpcp `Z rhÛp\} sfuL¡$ flu
Q|L¡$gp. bu.A¡kku. \ep `R>u qaTu¼kdp„ X¡$dp¡ÞõV²¡$V$f sfuL¡$_u _p¡L$fu kp\¡, M.Sc._p Aæepk dpV¡$ dy„bB_u rhëk_
L$p¡g¡S>dp„, X$p¸. A¡Q. S>¡. V¡$Bgf_p rhÛp\} sfuL¡$ v$pMg \ep. 1950dp„ M.Sc. `pk \B, A¡ hMs¡ _hu _hu iê$ \e¡gu
T.I.F.R. (V$pV$p BÞõV$uV$éyV$ Apµa aÞX$pd¡ÞV$g fukQ®)dp„ Å¡X$pep. \p¡X$p¡ kde T.I.F.R.dp„ L$pd L$fu, Ad¡qfL$p_u ãgp¡fuX$p õV¡$V$
eyr_hrk®V$u, V¡$ëlpkudp„ Ph.D. dpV¡$ Å¡X$pep. A¡¼k ¡̀fud¡ÞV$g Þey[¼gef qaTu¼k_p n¡Ódp„ Ap _pdp„qL$s k„õ\pdp„\u Ph.D.
d¡mìep bpv$ Ad¡qfL$pdp„ üyõV$_ s\p kuA¡V$g il¡fp¡dp„ L$pd_p¡ A_ych d¡mhu cpfs `pR>p aep®.

AÐepf_y„ B.A.R.C. (cpcp A¡V$duL$ qfkQ® k¡ÞV$f) L$l¡hpe R>¡ s¡ iê$Apsdp„ A.E.E. (A¡V$p¡duL$ A¡_Æ® A¡õV$påguid¡ÞV$)
sfuL¡$ Ap¡mMpsy„, A_¡ V²$p¡çb¡ Mps¡ s¡_u iê$Aps \B flu lsu, Ðepf¡ îu d ŷL$fcpB s¡dp„ Å¡X$pep A_¡ âpf„c_p„ hjp£dp„
hp_ v$-N°pa-S>_f¡V$f D`f L$pe® L$eȳ A_¡ rhÛp\}Ap¡_¡ Þey[¼gef qaTu¼k_p n¡Ódp„ k„ip¡̂ _ L$fphu, Ph.D._u `v$hu dpV¡$
dpN®v$i®_ Apàey„. Þey[¼gef qaTu¼k_p n¡Ódp„ s¡d_p 100 S>¡V$gp„ ip¡^`Óp¡ ârkÙ \ep„ R>¡. R>¡‰¡ 1983dp„ s¡Ap¡
B.A.R.C.dp„\u r_h©Ñ \ep Ðepf¡ Þey[¼gef qaTu¼k X$uhuT__p l¡X$ lsp.

A¡V$p¡duL$ A¡_Æ®_p A_yk„̂ p_dp„, vy$r_epdp„ Ap„sffpô²$ue ^p¡fZ¡ A¡L$ k„õ\p L$pe®fs R>¡, S>¡_y„ _pd R>¡ BÞV$f_¡i_g A¡V$p¡duL$
A¡_Æ® A¡S>Þku (I.A.E.A.). Ap k„õ\p_y„ dy¿e d\L$ huA¡_p (Ap¡õV²$uep) Mps¡ R>¡. Apdp„ cpfs_p ârsr_r^ sfuL¡$ I.A.E.A.Üpfp
s¡d_u dpNZu \sp„, B.A.R.C.dp„\u r_h©rÑ `R>u `p„Q¡L$ hj® I.A.E.A._p cpfs_p ârsr_r^ sfuL¡$ s¡Ap¡ rhA¡_p füp.

Ap kdeNpmp v$fçep_ vy$r_ep_p A_¡L$ v¡$ip¡_u dygpL$ps gu^u A_¡ Þey[¼gef fuA¡¼V$k®_u iê$Aps L$fhp dpV¡$_u
L$duV$u_p kæe `Z füp. s\p BV$gu_p V²$uA¡õV$ Trieste Mps¡ Aph¡gp Aåvy$k kgpd BÞV$f_¡i_g k¡ÞV$f ap¡f \uA¡fuV$uL$g
qaTu¼k (I.C.T.P.)dp„ rhrh^ L$p¡k®_p X$pef¡¼V$f sfuL¡$ k¡hpAp¡ Ap`u.

Ap b^pdp„\u k„̀ |Z® r_h©rÑ gu^p `R>u Adv$phpv$dp„ õ\peu \ep A_¡ X$p¸. rh¾$d kpfpcpB_p ỳÓ îu L$prs®L¡$e
kpfpcpB_p ApN°l\u, Adv$phpv$_p rh¾$d kpfpcpB L$p¡çey_uV$u kpeÞk k¡ÞV$fdp„ dp_v¹$ r_epdL$ sfuL¡$ k¡hpAp¡ Ap`u.

fpS>L$p¡V$_y„ gp¡L$rhop_ L¡$ÞÖ, AÐepf¡ S>¡ ky„v$f L$pe® L$fu füy„ R>¡, s¡ [õ\rsdp„ gphhp dpV¡$ îu d ŷL$fcpB_p¡ tklapmp¡ lsp¡.

Ap`Zp v¡$i_p V$p¡Q_p h¥opr_L$p¡ S>¡hp L¡$ lp¡du cpcp, lp¡du k¡W$_p, `u. L¡$. Ape„Nf, fpÅ fpdßp, rQv$çbfd¹
(A.E.C._p c|s |̀h® Q¡fd¡_), ei`pg, A¡d.Æ. L¡$. d¡__, fpdd|rs®, rh¾$d kpfpcpB hN¡f¡_u lfp¡mdp„ X$p¸. d ŷL$fcpB dl¡sp_y„
_pd `Z dyL$u iL$pe.

Þey[¼gef rhop_u X$p¸. A¡d. L¡$. dl¡sp_¡ is is îÙp„S>rg.

- k„L$rgs...
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k|ÿdv$i®L$_u rhL$pkepÓp

îu ep¡N¡i ìepkîu ep¡N¡i ìepkîu ep¡N¡i ìepkîu ep¡N¡i ìepkîu ep¡N¡i ìepk
k¡ÞV$ d¡fuT õL|$g, fpS>L$p¡V$

rhop_ A_¡ V¡$L$_p¡gp¡Æ_u rhrh^ L$pdNufudp„ _p_u hõsy L¡$ k|ÿd L$Z hN¡f¡_y„ bpqfL$pB\u Ahgp¡L$_ L$fhp_u S>ê$f
`X¡$ R>¡. kpv$pdp„ kpv$p k|ÿdv$i®L$_p¡ â\d D`ep¡N, Arsie _p_p Æhp¡_p Aæepk dpV¡$ _¡̂ fg¡ÞX¹$T_p rhop_u ëeyh¡_-
-lp¡L¡$ L$ep£ lsp¡. L$p¡B bpqfL$ hõsy L¡$ kÆh_¡ õ`ô$ fus¡ r_lpmhu R>¡. s¡_¡ Ap„M\u v|$f fpMuA¡ sp¡ s¡ ỳf¡̀ yfu rhNs\u Å¡B
iL$pi¡ _l]. M|b _ÆL$ fpMhp\u `Z Ap„M_¡ sL$gua `X$i¡. L$p¡B hõsy L¡$hX$u v¡$Mpi¡ s¡_p¡ Ap^pf, A¡L$ Qp¡½$k A„sf¡
s¡ hõsy_p„ `qfdpZ Ap`Zu Ap„M kp\¡ L¡$V$gp¡ MyZp¡ Ap„sf¡ R>¡, s¡_p `f R>¡. Ap k„v$c£ b¡ bpbsp¡ _p¢̂ u_¡ k|ÿdv$i®L$_p
rhL$pkdp„ ApNm h^uA¡.

1. _ÆL$_y„ rbÞvy$- Near Point:- S>¡ Ap¡R>pdp„ Ap¡R>p A„sf¡ fl¡g hõsy_¡ kfmsp |̀h®L$ (Ap`Zu Ap„M_p õ_peydp„ spZ
A_ycìep rkhpe) õ`ô$`Z¡ Å¡B iL$pe s¡ A„sf (rbÞvy$)_¡ _ÆL$_y„ rbÞvy$ L$l¡ R>¡. s¡ A„sf kpdpÞe`Z¡ 25 k¡rd
lp¡e R>¡. _p_y„ bpmL$ 15 k¡rd. A¡ `Z õ`ô$ Å¡B iL¡$ R>¡.

2. v|$f_y„ rbÞvy$ Far Point :- S>¡ dlÑd A„sf¡ hõsy dyL$sp„ s¡_¡ kfmsp\u õ`ô$`Z¡ Å¡B iL$pe, s¡ A„sf (rbÞvy$)_¡
v|$f_y„ rbÞvy$ L$l¡ R>¡. A_Þs A„sf¡ fl¡g hõsydp„\u _uL$msp„ qL$fZp¡ kdp„sf lp¡B_¡ Ap„Mdp„ i¼e s¡V$gy„ õ`ô$ _p_y„
ârstbb fQ¡ R>¡.

kpvy$ k|ÿdv$i®L$, S>¡_p\u kp¥ L$p¡B `qfrQs R>¡, s¡dp„ brlNp£m g¡Þk_p¡ D`ep¡N dp¡V$hZu-L$pfL$ (magnifying) g¡Þk
sfuL¡$ \pe R>¡. L$p¡B hõsy_¡ g¡Þk_u L¡$ÞÖ-g„bpB\u Ap¡R>p A„sf¡ dyL$sp„ s¡_y„ Apcpku, QÑy„ A_¡ hõsy\u dp¡Vy„$ ârstbb dm¡
R>¡. s¡ ârstbb "_ÆL$_p„ rbÞvy$' `f Np¡W$hu iL$pe. lh¡ Å¡ g¡Þk_u L¡$ÞÖ g„bpB _p_u lp¡e sp¡ dp¡V$hZu (magnification)
h ŷ dmi¡. `fÞsy dpÓ dp¡V$hZu h ¡̂ sp¡ ârstbb_u õ`ô$sp (d|m hõsy_u rhNsp¡) S>mhpsu _\u. s¡_¡ gu ¡̂ kpv$p„
k|ÿdv$i®L$_u dp¡V$hZu h ŷdp„ h ŷ 20 X (huk NÏ„ dp¡Vy„$ L$fhp_u ndsp) lp¡B iL¡$. kpv$p„ k|ÿdv$i®L$_u dep®v$p r_hpfhp
dpV¡$ b¡ g¡Þk_u fQ_p A¡V$g¡ L¡$ k„ey¼s k|ÿdv$i®L$ (compound microscope) b_phhpdp„ Aph¡g R>¡.

k„ey¼s k|ÿdv$i®L$ :k„ey¼s k|ÿdv$i®L$ :k„ey¼s k|ÿdv$i®L$ :k„ey¼s k|ÿdv$i®L$ :k„ey¼s k|ÿdv$i®L$ :

k„ey¼s k|ÿdv$i®L$dp„ hõsy sfa_p g¡Þk_¡ hõsyg¡Þk (O) A_¡ Ap„M `pk¡_p g¡Þk_¡ ApB `uk ArnL$pQ L$l¡hpe
R>¡. Ap¡bS>¡[¼V$h (hõsyg¡Þk)_p qÜrse dy¿e L¡$ÞÖ A_¡ ApB`uk_p â\d dy¿e L¡$ÞÖ hÃQ¡_p A„sf_¡ k„ey¼s k|ÿdv$i®L$_u
V$é|bg„bpB L$l¡hpe R>¡. Ap¡åS>¡[¼V$h_¡ gu ¡̂ dmsy„ ârstbb kpQy„, DëV|$ A_¡ dp¡Vy„$ lp¡e R>¡. S>¡ ApC`uk dpV¡$ hõsy_u NfS>
kpf¡ R>¡. ApB`uk kpv$p k|ÿdv$i®L$ sfuL¡$ hs} Apcpku A_¡ M|b S> dp¡Vy„$ A¡hy„ A„rsd ârstbb fQ¡ R>¡. A_¡ s¡ M|b S>
dp¡V$p A„sf¡ dm¡ R>¡. Ap g¡M_¡ A„s¡ Ap ¡̀gu ApL©$rs-1 Sy>Ap¡.

Ap k„v$c£ bpep¡gp¡ÆL$g k„ey¼s k|ÿdv$i®L$_u rhNsp¡ Ap A„L$dp„ AÞeÓ Ap ¡̀g R>¡.

dpB¾$p¡õL$p¡̀ \u hõsy_¡ dp¡V$u Å¡B iL$pe R>¡. s¡ kp\¡ Qg k|ÿdv$i®L$_u dv$v$\u k|ÿd A„sfp¡ dp`u iL$pe R>¡. ÞeyV$__p
hgep¡_p¡ ìepk, ìersL$fZ f¡MpAp¡ hÃQ¡_y„ k|ÿdA„sf hN¡f¡ dp`hp s¡_p¡ D`ep¡N \pe R>¡. Sy>v$p Sy>v$p `v$p\p£_u hZ®̀ V$
f¡MpAp¡_p„ dp`_ L$fhp dpV¡$ AÞe A¡L$ Qg k|ÿdv$i®L$_p¡ D`ep¡N \pe R>¡, S>¡ comparator sfuL¡$ Ap¡mMpe R>¡. s¡ DÃQ
rhc¡v$_ ndsp resolving power ^fph¡ R>¡. S>¡\u hZ®̀ V$ f¡MpAp¡dp„ fl¡gp¡ _p_pdp„ _p_p¡ sf„Ng„bpB_p¡ saphs ÅZu
iL$pe R>¡.
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DÛp¡Np¡dp„ h`fpsy„ optical comparator A¡ A¡L$ A¡hy„ kp^_ R>¡ L¡$ S>¡ L$p¡B`Z e„Ó_p Ars k|ÿd cpN_u s`pk
L¡$ QL$pkZu L$fhp âL$pi_p¡ D`ep¡N L$f¡ R>¡. comparatordp„ e„Ó_p L$p¡B cpN_¡ rhhr ®̂s L$fu_¡ `X$v$p `f ârstbrbs L$fhpdp„
Aph¡ R>¡. A_¡ s¡ `f\u e„Ó_p L$p¡B cpN_p `qfdpZ A_¡ cp¥rdrsL$ ApL$pf_¡ s¡_p A„qL$s dyëe kp\¡ kfMphu_¡ âdprZs
L$fhpdp„ Aph¡ R>¡.

kp¥ â\d comparator A¡ 1922dp„ S>¡çk lpV®$_¡i A_¡ fk¡g `p¡V®$f¡ b_pìey„. s¡Ap¡_p¡ dy¿e rhQpf e„Óp¡_p cpNp¡_p
dp`_dp„ âL$pi_p¡ D`ep¡N L$fhp_p¡ lsp¡. 1922\u 1990 kŷ u s¡dp„ kŷ pfp L$fhpdp„ Apìep. lpg dp`_ dpV¡$_p dp¡V$p cpN_p
A¡L$dp¡_¡ L$p¡çàeyV$f kp\¡ Å¡X$u v¡$hpdp„ Apìep„ R>¡. s¡\u comparator_p¡ D`ep¡N h^y kfm A_¡ TX$`u bÞep¡ R>¡.
B.k. 2000dp„ rÓ`qfdprZe dp`_ dpV¡$_p comparatorA¡ Darsey Üpfp dyL$hpdp„ Apìep. S>¡\u qÜ`qfdprZe dp`__u
b^u S> nrsAp¡ v|$f \B.

lpgdp„ Ars Ap ŷr_L$ comparator A¡ 0.5 µm L¡$ s¡_p L$p¡B A„i_y„ dp`_ L$f¡ R>¡. 12 HQ\u 30 HQ_p L$v$_p
comparator D`gå^ R>¡. Ap sp¡ hps \B âL$piue k|ÿdv$i®L$_u.

Bg¡¼V² $p ¡_ dpB¾$p ¡õL$p ¡` :Bg¡¼V² $p ¡_ dpB¾$p ¡õL$p ¡` :Bg¡¼V² $p ¡_ dpB¾$p ¡õL$p ¡` :Bg¡¼V² $p ¡_ dpB¾$p ¡õL$p ¡` :Bg¡¼V² $p ¡_ dpB¾$p ¡õL$p ¡` :

rhhs®__u OV$_p k„ey¼s k|ÿdv$i®L$_p rhc¡v$_ (resolution)dp„ dep®v$p gpv¡$ R>¡. rhc¡v$_ Ap`ps âL$pi_u
sf„Ng„bpB `f Ap^pf fpM¡ R>¡. S>¡d rhc¡v$_i[¼s h^pf¡ s¡d k|ÿd hõsyAp¡_¡ Ry>Ë$u A_¡ õ`ô$ Å¡B iL$pe R>¡. Ap dpV¡$
Ap¡R>u sf„Ng„bpBhpmp¡ uv (AëV²$phpep¡g¡V$) âL$pi hp`fu iL$pe. `fÞsy Å¡ Bg¡¼V²$p¡__¡ (sf„N õhê$ ¡̀) âh¡rNs L$fphhpdp„
Aph¡ sp¡ B[ÃR>s sf„Ng„bpB d¡mhu iL$pe. s¡dp„\u Bg¡¼V²$p¡_ dpB¾$p¡õL$p¡`_u fQ_p \B lsu. Bg¡¼V²$p¡_ dpB¾$p¡õL$p¡`dp„
qagpd¡ÞV$dp„\u DÐkÅ®e¡gp Bg¡¼V²$p¡__¡ 106 hp¡ëV$_p ¾$d_p [õ\rsdp_ l¡W$m âh¡rNs L$fhpdp„ Aph¡ R>¡. A_¡ B[ÃR>s
sf„Ng„bpB_u Bg¡¼V²$p¡_ ^pfp beam d¡mhu iL$pe R>¡, S>¡_¡ Qy„bL$ue g¡Þkdp„\u `kpf L$fhp\u ap¡L$tkN \pe R>¡. Ap ^pfp_¡
_dy_p (sample) `f Ap`ps L$fsp„ s¡ A„is: ip¡jpe R>¡. dpB¾$p¡õL$p¡̀ _p buÅ R>¡X¡$ âp¡S>¡¼V$f Qy„bL$ue g¡Þk fpMhpdp„ Aph¡
R>¡. ârstbb_¡ rhhr ®̂s L$fu A„rsd ârstbb d¡mhpe R>¡, S>¡ õ¾$u_ A\hp ap¡V$p¡N°pqaL$ àg¡V$ `f Tughpdp„ Aph¡ R>¡. Ap
ârstbb X-ray ap¡V$p¡N°pa S>¡hy„ dm¡ R>¡. Bg¡¼V²$p¡_ dpB¾$p¡õL$p¡̀ _¡ gNcN i|ÞephL$pris Q¡çbfdp„ fpMhpdp„ Aph¡ R>¡. Ap fQ_p
Üpfp 106 NÏ„ rhhr ®̂s L$fu_¡ 10 nm _u kpBT_p L$Zp¡_y„ Ahgp¡L$_ L$fu iL$pe R>¡. Bg¡¼V²$p¡_ dpB¾$p¡õL$p¡̀  A_¡ âL$piue
k|ÿdv$i®L$_u kfMpdZu ApL©$rs-2dp„ Ap ¡̀g R>¡.

A¡V$p ¡rdL$ ap¡k® dpB¾$p¡õL$p ¡` (A¡V$p ¡rdL$ ap¡k® dpB¾$p¡õL$p ¡` (A¡V$p ¡rdL$ ap¡k® dpB¾$p¡õL$p ¡` (A¡V$p ¡rdL$ ap¡k® dpB¾$p¡õL$p ¡` (A¡V$p ¡rdL$ ap¡k® dpB¾$p¡õL$p ¡` (AFM) :) :) :) :) :

lpgdp„ AÐep ŷr_L$ dpB¾$p¡õL$p¡̀ dp„ S>¡_p¡ kdph¡i \pe R>¡ s¡ A¡V$p¡rdL$ ap¡k® dpB¾$p¡õL$p¡̀  (AFM)\u Ap¡mMpe R>¡.
s¡_p¡ S>Þd Scanning Tunneling Microscope (STM)dp„ fl¡gu nrs r_hpfhpdp„\u \ep¡ lsp¡. AFM A¡ _¡_p¡rdV$f
L¡$ s¡_p cpN_p ¾$d_u DÃQ rhc¡v$_i[¼s ^fphsy„ dpB¾$p¡õL$p¡̀  R>¡ S>¡ âL$pi_u rhc¡v$_ ndsp L$fsp„ 1000 NÏ QqX$epsy„
NZpe R>¡. AFM_u ip¡^ 1986dp„ \B.

L$p¡B s„Ó_y„ _¡_p¡ (10–9) rdV$f_p ¾$d_y„ dp`_ L$fhp, s¡_y„ ârstbb d¡mhhp dpV¡$ AFM_p¡ blp¡mp¡ D`ep¡N \pe
R>¡. L$p¡B _dy_p (sample)_u k`pV$u `f ep„rÓL$ PROBE_u `psmu-kmu_u dv$v$\u dprlsu d¡mhhpdp„ Aph¡ R>¡. ¼epf¡L$
Myb S> k|ÿd, Qp¡½$k A_¡ âdprZs dp`_ L$fhp dpV¡$ r`Tp¡-Bg¡¼V²$uL$ OV$L$p¡_p¡ D`ep¡N `Z L$fhpdp„ Aph¡ R>¡. Ap ŷr_L$
AFMdp„ PROBE_p R>¡X¡$\u rhÛysâhpl `kpf L$fhpdp„ Aph¡ R>¡, S>¡ k`pV$u_u _uQ¡_p cpN_p Aæepk dpV¡$ s¡dS> rhÛys
hplL$sp_p dp`_dp„ \pe R>¡.

Apd, hs®dp_ kdedp„ kpv$pdp„ kpv$p k|ÿdv$i®L$\u AÐep ŷr_L$ A¡V$p¡rdL$ ap¡k® dpB¾$p¡õL$p¡̀  kŷ u_p e„Óp¡ k„ip¡̂ _
n¡Ódp„ s¡dS> Ap¥Ûp¡rNL$ n¡Ódp„ D`ep¡Ndp„ g¡hpe R>¡.
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ApL© $rs-ApL© $rs-ApL© $rs-ApL© $rs-ApL© $rs-1

ApL© $rs-ApL© $rs-ApL© $rs-ApL© $rs-ApL© $rs-2
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âL$piue k|ÿdv$i®L$u_p Æhrhop_dp„ D`ep¡Np¡
(Applications of Optical Microscopy in Biology)

âp¡. rdrlf bu. ky\pfâp¡. rdrlf bu. ky\pfâp¡. rdrlf bu. ky\pfâp¡. rdrlf bu. ky\pfâp¡. rdrlf bu. ky\pf
bpep¡gp¡Æ rhcpN, L¡$. L¡$. A¡k.S>¡. drZ_Nf kpeÞk L$p¡g¡S>, Adv$phpv$

âL$pi A¡ huS>Qy„bL$ue rhqL$fZ (electromagnetic radiation) R>¡. huS>Qy„bL$ue hZ®̀ V$_p¡ âÐe¡L$ rhcpN
sf„Ng„bpB_u ApNhu gpnrZL$sp ^fph¡ R>¡. ×íe hZ®̀ V$_p¡ rhcpN 4000-7000 Å (400-700 nm)_u sf„Ng„bpB_u
dep®v$pdp„ Aph¡gp¡ lp¡e R>¡. Sy>v$p Sy>v$p h¾$uch_p„L$ ^fphsp dpÝedp¡dp„\u `kpf \sp„ âL$pi_y„ h¾$uch_ \pe R>¡. L$p¡B`Z
âL$pi-âZprg (light system)_p¡ l¡sy âL$pi_p qL$fZp¡_¡ c¡Np L¡$ R|>V$p L$fhp dpV¡$ lp¡e R>¡. âL$piue k|ÿdv$i®L$u (optical

microscopy)dp„, hõsy_¡ (_d|_p_¡) âL$pris L$fhp dpV¡$ âL$pi_p öp¡s_p¡ D`ep¡N \pe R>¡. g¡Þk âZprg (lens

system) `kpf \B Q|L¡$gp/rhMyV$p `X¡$gp âL$pi_p qL$fZp¡_¡ L¡$[ÞÖs (focus) L$f¡ R>¡ A_¡ s¡_y„ ârstbb b_ph¡ R>¡.

S>¥rhL$ s„Óp¡ (biological systems)_p dp¡V$pcpN_u Apòe®S>_L$ gpnrZL$spAp¡ M|b S> _p_u lp¡e R>¡, S>¡_¡ _fu
Ap„M¡ Å¡B iL$psu _\u. Äepf¡ Ap[ÎhL$ õsf¡ S>hp_u S>ê$qfeps _ lp¡e Ðepf¡ âL$pi k|ÿdv$i®L$ (light microscope)A¡L$
âdprZs A_¡ M|b S> D`ep¡Nu kp^_ R>¡. Bg¡¼V²$p¡_ dpB¾$p¡õL$p¡̀  (huÅÏ k|ÿdv$i®L$) `Z Ap L$pe® dpV¡$ hp`fu iL$pe
R>¡. s¡_p¡ h`fpi hõsy_u AÐe„s TuZhV$cfu dprlsu d¡mhhp dpV¡$ \pe R>¡. s¡_u kpd¡ Bg¡¼V²$p¡_ dpB¾$p¡õL$p¡̀ _u OZu b^u
dep®v$pAp¡ R>¡. s¡_u kfMpdZudp„ âL$piue dpB¾$p¡õL$p¡̀  kfmsp\u hp`fu iL$pe R>¡ A_¡ Aë` MQ® \pe R>¡. s¡_u kp\¡ kp\¡
âL$pi dpB¾$p¡õL$p¡`udp„ rÓ`qfdprZe `v$p\® (3D)_¡ `Z ap¡¼k L$fu iL$pe R>¡. Æhrhop__p h`fpidp„ Aphsp _hp
kp^_p¡_p¡ rhL$pk `Z âL$pi k|ÿdv$i®L$_u dv$v$\u \pe R>¡.

Ap kp^_ d|mc|s cp¥rdrsL$ âL$pirhop_ (elementary geometrical optics)_p rkÙpÞsp¡ `f L$pe® L$f¡ R>¡.
âL$piue g¡Þk brlNp£m L¡$ A„sNp£m (convex or concave) lp¡e R>¡. brlNp£m g¡Þk_¡ ArckfZ (converging) g¡Þk
sfuL¡$ Ap¡mMhpdp„ Aph¡ R>¡. Äepf¡ A„sNp£m g¡Þk_¡ A`kfZ (diverging) g¡Þk sfuL¡$ Ap¡mMhpdp„ Aph¡ R>¡. v$f¡L$ g¡Þk
b¡ dy¿e L¡$ÞÖp¡ (focal points) ^fph¡ R>¡. b„_¡ sfa_u L¡$ÞÖg„bpB kfMu lp¡e R>¡. `f„sy s¡ b„_¡ sfa_p h¾$uch__p dpÝedp¡
`f Ap^pf fpM¡ R>¡.

A„sNp£m g¡Þk Üpfp Apcpku A_¡ _p_y„ ârstbb dm¡ R>¡ Äepf¡ brlNp£m g¡Þkdp„ rhrh^ A„sf¡\u hõsy_p rhrh^
ârstbbp¡ d¡mhu iL$pe R>¡. A_¡ s¡\u dpB¾$p¡õL$p¡̀ dp„ brlNp£m g¡Þk dp¡V¡$ cpN¡ h`fpe R>¡.

kpvy„$/kfm k|ÿdv$i®L$ (kpvy„$/kfm k|ÿdv$i®L$ (kpvy„$/kfm k|ÿdv$i®L$ (kpvy„$/kfm k|ÿdv$i®L$ (kpvy„$/kfm k|ÿdv$i®L$ (Simple Microscope) :) :) :) :) :

A¡ ÅZusy„ R>¡ L¡$ brlNp£m g¡Þk_p dy¿eL¡$ÞÖ A_¡ °̂yh_u hÃQ¡ d|L¡$gu hõsy_y„ ârstbb dp¡Vy„$, QÑy„ A_¡ Apcpku
lp¡e R>¡. kfm k|ÿdv$i®L$e„Ódp„ Afukp_u dv$v$\u âL$pi_p qL$fZp¡_¡ õV¡$S> (s¿sp) `f d|L¡$gp _d|_p (`v$p\®) `f Ap`ps
L$fhpdp„ Aph¡ R>¡. Ap qL$fZp¡ Ðepfbpv$ õV¡$S>_u D`f Aph¡gp A¡L$ brlNp£m g¡Þkdp„\u `kpf \B Ahgp¡L$_L$sp®_u Ap„Mdp„
ârstbb fQ¡ R>¡. Æhrhop_dp„ s¡_¡ qX$k¡¼V$]N dpB¾$p¡õL$p¡̀  (dissecting microscope) sfuL¡$ `Z Ap¡mMhpdp„ Aph¡
R>¡. s¡ kpdpÞe fus¡ _fu Ap„M¡ Å¡B iL$psp„ _p_p„ A„Np¡_¡ A¡L$buÅ\u R|>V$p `pX$hp, rhrh^ `¡iu/Aæepk dpV¡$
D`ep¡Nu R>¡.
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k„ey¼s âL$piuek„ey¼s âL$piuek„ey¼s âL$piuek„ey¼s âL$piuek„ey¼s âL$piue k|ÿdv$i®L$ ( k|ÿdv$i®L$ ( k|ÿdv$i®L$ ( k|ÿdv$i®L$ ( k|ÿdv$i®L$ (Compound light Microscope) :) :) :) :) :

k¥Ùp„rsL$ fus¡ k„ey¼s k|ÿdv$i®L$ e„Ó hõsyL$pQ (L
1
) A_¡ _¡ÓL$pQ (L

2
) ^fph¡ R>¡. s¡_u rhNsp¡ dpV¡$ ApNgp g¡M_u

ApL©$rsAp¡ Sy>Ap¡. _¡ÓL$pQ L$fsp„ hõsyL$pQ_u L¡$ÞÖg„bpB (f) V|„$L$u lp¡e R>¡. Dv¹$Ndõ\p_dp„\u Aphsp âL$pi_p qL$fZp¡ k„ey¼s
k|ÿdv$i®L$ e„Ó_p _uQ¡_p cpNdp„ fl¡gp Afukp Üpfp `fphs®_ `pd¡ R>¡, L$ÞX¡$Þkf g¡Þkdp„\u `kpf \pe R>¡ A_¡ A„s¡ õV¡$S>
`f fl¡gp _d|_p `f A¡L$rÓs \pe R>¡. Al], _d|_p_¡ hõsyL$pQ_u L¡$ÞÖg„bpB (f) A_¡ bdZu L¡$ÞÖg„bpB (2f)_u hÃQ¡
fl¡ s¡d hõsyL$pQ_¡ Np¡W$hhpdp„ Aph¡ R>¡. S>¡\u hõsyL$pQ Üpfp hpõsrhL$, EgVy„$ A_¡ dp¡Vy„$ ârstbb dm¡ R>¡. Ap ârstbb
_¡ÓL$pQ (L2) A_¡ dy¿e L¡$ÞÖ (F)_u hÃQ¡ dm¡ R>¡. S>¡ dp¡Vy„$ Apcpku A_¡ ku ŷ„ lp¡e R>¡. Ap ârstbb Apif¡ 25 k¡du._p
A„sf¡ dm¡ R>¡.

Ap dpB¾$p¡õL$p¡̀  Æhrhop__u âep¡Nipmpdp„ h`fpsy„ AÐe„s dlÒh_y„ kp^_ R>¡. s¡ _fu Ap„M¡ Å¡B _ iL$pe s¡hp
kÆhp¡, ¡̀iurhÛp_p Aæepk dpV¡$, k|ÿd kÆhp¡_p lg_Qg__¡ r_lpmhp dpV¡$ s\p L$pedu/l„Npdu Apõ\p`_p¡_p Aæepk
dpV¡$ D`ep¡Nu R>¡.

Aph^®_/dp¡V$hZu (Aph^®_/dp¡V$hZu (Aph^®_/dp¡V$hZu (Aph^®_/dp¡V$hZu (Aph^®_/dp¡V$hZu (Magnification):):):):):

âL$piue k|ÿdv$i®L$dp„ dp¡V$hZu A¡ âp\rdL$ A_¡ qÜrseL$ dp¡V$hZu k„ey¼s fus¡ lp¡e R>¡. âp\rdL$ dp¡V$hZu A¡
hõsyL$pQ Üpfp s¥epf \sp ârstbb A_¡ qÜrseL$ dp¡V$hZu A¡ _¡ÓL$pQ Üpfp s¥epf \sy„ qÜrseL$ ârstbb R>¡. dp¡V$hZu
g¡Þk-âZprg_u rhc¡v$_ ndsp (resolving power) Üpfp r_^p®qfs \pe R>¡. dpB¾$p¡õL$p¡`_u g¡Þk-âZprg `v$p\®
(_d|_p) L$fsp„ dp¡Vy„$ ârstbb s¥epf L$f¡ R>¡. AÓ¡,

dpB¾$p¡õL$p¡̀ _u dv$v$\u s¥epf \sy„ _¡Ó`V$gue ârstbb

dpB¾$p¡õL$p¡̀ _u dv$v$ hNf s¥epf \sy„ _¡Ó`V$gue ârstbb

rhc¡v$_ (rhc¡v$_ (rhc¡v$_ (rhc¡v$_ (rhc¡v$_ (Resolution) A_¡ rhc¡v$_ ndsp () A_¡ rhc¡v$_ ndsp () A_¡ rhc¡v$_ ndsp () A_¡ rhc¡v$_ ndsp () A_¡ rhc¡v$_ ndsp (Resolving power) :) :) :) :) :

A¡L$buÅ\u M|b _ÆL$ Aph¡gp tbvy$Ap¡_¡ AgN-AgN v$ip®hu iL$hp_u dpB¾$p¡õL$p¡̀ _u ndsp_¡ rhc¡v$_ ndsp L$l¡
R>¡. dpB¾$p¡õL$p¡̀ _u rhc¡v$_ dep®v$p rhhs®_ Akf (diffraction effects) A_¡ klS> sf„N NyZ^d® (properties) Üpfp
r_^p®qfs \pe R>¡. rhh ®̂_ âL$pi_u sf„Ng„bpB (λ) A_¡ hõsyL$pQ (objective lens)_p Þeyd¡fuL$g A¡̀ fQf (numerical
aperture) `f Ap^pf fpM¡ R>¡.

âL$piue k|ÿdv$i®L$u_p âL$pfp¡ (âL$piue k|ÿdv$i®L$u_p âL$pfp¡ (âL$piue k|ÿdv$i®L$u_p âL$pfp¡ (âL$piue k|ÿdv$i®L$u_p âL$pfp¡ (âL$piue k|ÿdv$i®L$u_p âL$pfp¡ (Types of Optical Microscopy) :) :) :) :) :

k„ey¼s k|ÿdv$i®L$e„Ó (compound light microscope) kpdpÞe`Z¡ Æhrhop__u âep¡Nipmpdp„ h`fpe R>¡.
s¡_u g¡Þk-âZprgdp„ g¡Þk_u rhrh^ nrsAp¡- Np¡gue rh`\_ (spherical aberration) hZ® rh`\_ (chromatic
aberration) s\p Atbvy$L$sp (astigmatism) hN¡f¡_¡ gOyÑd L$fhpdp„ Aph¡ R>¡.

Ap D`fp„s kpdpÞe L¡$ rhriô$ S>ê$qfepsp¡_¡ Ýep_dp„ fpMu, `v$p\® (_d|_p¡) A_¡ âL$pi hÃQ¡_u Ap„sfq¾$ep
(interaction) S>¡d L¡$ ip¡jZ (absorption), `pfNd_ (transmission), ìersL$fZ (interference), °̂yhuch_
(polarisation) A_¡ âõawfZ/ârsv$urá (fluorescence)_p Ap^pf¡ AÞe âL$piue k|ÿdv$i®L$e„Óp¡ b_phhpdp„ Aph¡ R>¡.
s¡ rhi¡ V|„$L$dp„ Å¡BA¡.

dp¡V$hZu =
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Av$uán¡Óu k|ÿAv$uán¡Óu k|ÿAv$uán¡Óu k|ÿAv$uán¡Óu k|ÿAv$uán¡Óu k|ÿdv$i®L$u (dv$i®L$u (dv$i®L$u (dv$i®L$u (dv$i®L$u (Dark-field Microscopy) :) :) :) :) :

s¡dp„ `v$p\p£_p b¡L$N°pDÞX$_p¡ h ŷ L$p¡ÞV²$põV$ (âL$pi-c¡v$) Üpfp `v$p\p£_u `fM \B iL¡$ R>¡. A_¡ `v$p\p£ O¡fp b¡L$N°pDÞX$
(`òpv$c|)_u kfMpdZudp„ âL$pris gpN¡ R>¡. O¡fy b¡L$N°pDÞX$ rhriô$ âL$pf_p L$ÞX¡$Þkf g¡Þk âZprg Üpfp _d|_p `f ku^p
Aphsp âL$pi_p bud (beam)_¡ AV$L$phu_¡ d¡mhhpdp„ Aph¡ R>¡. Ap_p\u dpÓ âL¡$qfs (scattered) âL$pi dpB¾$p¡õL$p¡̀ _p
hõsyL$pQdp„ âh¡i¡ R>¡ A_¡ ârstbb_u fQ_pdp„ apmp¡ Ap ¡̀ R>¡. (ku ŷ„ âL$pi bud hõsyL$pQ_p rR>Ödp„ Aph¡gy„ lp¡e R>¡.)
s¡_p¡ D`ep¡N M|b k|ÿd _d|_pAp¡_¡ (v$p.s. b¡¼V¡$qfep_u L$ip) Å¡hp dpV¡$ \pe R>¡.

L$gp-rh`ep®ku k|ÿdv$i®L$u (L$gp-rh`ep®ku k|ÿdv$i®L$u (L$gp-rh`ep®ku k|ÿdv$i®L$u (L$gp-rh`ep®ku k|ÿdv$i®L$u (L$gp-rh`ep®ku k|ÿdv$i®L$u (Phase-contrast microscopy) :) :) :) :) :

sf„N s¡_p L„$`rhõspf (amplitude) A_¡ L$mp-phase (λ_u kp\¡-kp\¡)_u gpnrZL$sp ^fph¡ R>¡ A_¡ L„$`rhõspf
âL$pf (mode) s\p a¡T dp¡X$ (âL$pf) Üpfp dprlsu âpá \pe R>¡. âL$pi Äepf¡ ip¡jZ-dpÝed (absorbing

medium)dp„\u `kpf \pe R>¡ Ðepf¡ ip¡jZ dpÝeddp„ L„$`rhõspf bv$gpe R>¡. Ap suh°spdp„ a¡fapf d_yóe_u Ap„M dpV¡$
k„h¡v$_p |̀Z® lp¡e R>¡. a¡T (phase) bv$gphp\u dprlsu `kpf \pe R>¡, S>¡ d_yóe_u Ap„Mp¡ Üpfp ÅZu iL$psp¡ _\u. Å¡
L¡$ L¡$V$gpL$ dpÝedp¡dp„ Ap bv$gph _¡ L„$`rhõspf bv$gphdp„ a¡fhhpdp„ Aph¡ sp¡ s¡ i¼e b_¡ R>¡.

L$p¡B`Z dpB¾$p¡õL$p¡̀ u (microscopy)dp„ rhhs®_ `pdsp„ âL$pi_p qL$fZp¡ (diffracted rays) A_¡ Apk`pk_p
dpÝeddp„\u `kpf \sp qL$fZp¡ hÃQ¡ ìersL$fZ (interference) \pe R>¡. `pfv$i®L$ _d|_p_p qL$õkpdp„ L„$`rhõspfdp„ bv$gph
(amplitude change) M|b S> Ap¡R>p¡ lp¡e R>¡. `qfZpd¡ âL$pi_y„ bud 1/4 λ S>¡V$gy„ ApNm L¡$ `pR>m Mk¡gy„ lp¡e R>¡.

Ap dpB¾$p¡õL$p¡̀ dp„ L¡$V$guL$ gpnrZL$spAp¡ lp¡e R>¡. (i) L$ÞX¡$Þkf S>¡ hgepL$pf `V$g (annular diphragm) ^fphsp¡
lp¡e. (ii) hõsyL$pQ_u `òps ap¡L$g k`pV$u `f Aph¡gu hgepL$pf àg¡V$ (annular plate/quarter wave plate/ phase

plate). Ap dpB¾$p¡õL$p¡̀ u Mpk L$fu_¡ Æh„s L$p¡jp¡ (live cell) A_¡ ¡̀iuAp¡ (tissues) S>¡ ×íeâL$pidp„ `pfv$i®L$ lp¡e
R>¡ s¡d_¡ r_lpmhpdp„ h`fpe R>¡.

ìersL$fZ k|ÿdv$i®L$u (ìersL$fZ k|ÿdv$i®L$u (ìersL$fZ k|ÿdv$i®L$u (ìersL$fZ k|ÿdv$i®L$u (ìersL$fZ k|ÿdv$i®L$u (Interference Microscopy):):):):):

s¡ L$gp rh`ep®ku k|ÿdv$i®L$u (Phase-contrast microscopy)_p rkÙp„s `f L$pe® L$f¡ R>¡. L$p¡j_p cpNp¡dp„ fl¡gp„
h¾$uch_p„L$dp„ kss bv$gph Üpfp \sp a¡T bv$gph `f Ap^pqfs R>¡, S>¡_¡ L„$`rhõspf bv$gphdp„ a¡fhu _d|_p_¡ Å¡B iL$pe
R>¡. Ap `Ùrs L$p¡jrhcpS>__p Aæepk dpV¡$ M|b D`ep¡Nu R>¡.

^°yhuch_ k|ÿdv$i®L$u (^°yhuch_ k|ÿdv$i®L$u (^°yhuch_ k|ÿdv$i®L$u (^°yhuch_ k|ÿdv$i®L$u (^°yhuch_ k|ÿdv$i®L$u (Polarisation Microscopy) :) :) :) :) :

kpdpÞe âL$pi A¡ A ŷ°huc|s huS>Qy„bL$ue rhqL$fZ R>¡ S>¡dp„ huS> Qy„bL$ue n¡Ó¡ ApNm h^su âkfZ_u qv$ip\u
L$pV$M|Z¡ v$p¡g_ L$f¡ R>¡. Å¡ huS> n¡Ó A¡L$ S> sgdp„ Aph¡g lp¡e (v$p.s. DÝh® sg) sp¡ s¡hp âL$pi_¡ °̂yhuc|s L$l¡hpe.
âL$pi sg °̂yhuc|s L$fhp dpV¡$ õaqV$L$ (crystals) A\hp Mpk kp^_p¡ (v$p.s. `p¡g¡fp¡BX$)_p¡ D`ep¡N \pe R>¡. Äepf¡
A °̂yhuc|s âL$pi_y„ buÅ, `p¡g¡fp¡BX$_u `Ë$u `f `X¡$ R>¡ Ðepf¡ dpÓ °̂yhuc|s \e¡gp¡ âL$pi A¡L$ Qp¡½$k qv$ipdp„ ApNm h ¡̂
R>¡ Äepf¡ bpL$u_p cpNp¡_y„ ip¡jZ \pe R>¡. âL$pi_¡ °̂yhuc|s L$fsp kp^__¡ °̂yhL$ (polarizer) A_¡ °̂yhuc|s âL$pi_u qv$ip
ÅZhp dpV¡$ h`fpsp kp^__¡ rhïg¡jL$ (analyser) L$l¡ R>¡. b„_¡ dp¡V$pcpN¡ kdp_ `v$p\®_p b_¡gp lp¡e R>¡. °̂yhuch_
k|ÿdv$i®L$ (`p¡gfpBT]N dpB¾$p¡õL$p¡̀ )dp„ âL$pi °̂yhL$ (`p¡gfpBTf) Üpfp °̂yhuch_ L$f¡ R>¡ A_¡ °̂yhuc|s âL$pi `v$p\®/_d|_p
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`f `X¡$ R>¡. _d|_pdp„\u rhMfpe¡gp¡ âL$pi rhïg¡jL$ (A¡_¡gpBTf)dp„\u `kpf \ep bpv$ Å¡B iL$pe R>¡. Ap k|ÿdv$i®L$-
`Ùrs _d|_pdp„ fl¡gp cpNp¡_u Np¡W$hZu_¡ ÅZhp dpV¡$ S>ê$fu b_¡ R>¡. s¡dp„ qÜh¾$uch_/qÜ-A`hs®_ (bi-refringence)_u
gpnrZL$sp Å¡hp dm¡ R>¡.

âõawfZ k|ÿdv$i®L$u (âõawfZ k|ÿdv$i®L$u (âõawfZ k|ÿdv$i®L$u (âõawfZ k|ÿdv$i®L$u (âõawfZ k|ÿdv$i®L$u (Fluorescence Microscopy) :) :) :) :) :

âõawfZ L¡$ ârsv$urá A¡hu OV$_p R>¡ S>¡dp„ L¡$V$gpL$ `v$p\p£ Qp¡½$k sf„Ng„bpB_p (A×íe) âL$pi_y„ ip¡jZ L$f¡ R>¡.
\p¡X$p kde_p Npmp bpv$ âL$pi ỳ_: DÐkrS>®s \pe R>¡. `f„sy, s¡_u sf„Ng„bpB bv$gpe¡gu lp¡e R>¡. Å¡ âL$pi_p ip¡jZ
A_¡ DÐkS>®_ hÃQ¡_p¡ Npmp¡ 10 k¡L$ÞX$\u Ap¡R>p¡ lp¡e s¡ OV$_p âõawfZ/âsuv$urá L$l¡hpe.

dp¡V¡$cpN¡ ip¡jZ `pd¡gp âL$pi_u sf„Ng„bpB L$fsp„ DÐkrS>®s âL$pi h ŷ sf„Ng„bpB ^fph¡ R>¡. âõawfZ k|ÿdv$i®L$udp„
Ap gpnrZL$sp ^fphsp `v$p\p£_¡ ârstbb dpV¡$ D`ep¡N L$fhpdp„ Aph¡ R>¡. âep¡N v$fçep_ Ap`ps âL$pi A_¡ âL¡$qfs
(scattered) âL$pi A¡d b„_¡ âL$pf_p âL$pi_¡ qaëV$k® (filters)_u dv$v$\u sf„Ng„bpB_p¡ dpÓ kp„L$X$p¡ `Ë$p¡ v$f¡L$ qL$õkpdp„
d¡mhhpdp„ Aph¡ R>¡. Ap kp\¡ `òpv$cy/ ©̀›$c|rd (background) qaëV$f \pe R>¡ A_¡ dpÓ _d|_p_p ârstbb_¡ `kpf
\hp v¡$ R>¡. OZp âpL©$rsL$ `v$p\p£ ãgp¡fp¡kÞk âsuv$urá ^fph¡ R>¡.

*****
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Arsk„hplL$sp (Superconductivity)

X$p ¸. S> ¡. A¡. cpgp¡qX$epX$p ¸. S> ¡. A¡. cpgp¡qX$epX$p ¸. S> ¡. A¡. cpgp¡qX$epX$p ¸. S> ¡. A¡. cpgp¡qX$epX$p ¸. S> ¡. A¡. cpgp¡qX$ep
cp¥rsL$ip÷ rhcpN, kp¥fpô²$ eyr_hrk®V$u, fpS>L$p¡V$

âõsph_p :âõsph_p :âõsph_p :âõsph_p :âõsph_p :

ApS>_p rhop_eyNdp„ k„ip¡̂ _p¡A¡ dp_hu_y„ Æh_ OZp A„i¡ kfm b_pìey„ R>¡ s¡dp„ b¡ ds _\u. AdyL$ âL$pf_p„
k„ip¡̂ _p¡ sp¡ kdpS>_p kpdpÞe dp_h kŷ u `lp¢Qu_¡ s¡d_¡ `Z gpcv$peu _uhX¡$ R>¡. OZp k„ip¡̂ _p¡ A¡hp„ `Z lp¡e R>¡
S>¡ dp_hÅs_¡ `fp¡n fus¡ OZp S> D`ep¡Nu ỳfhpf \pe R>¡. v¡$i A_¡ vy$r_epdp„ rhS>mu_u hsp®su M¢Q_¡ `lp¢Qu hmhp
dpV¡$ Arsk„hplL$sp_p„ k„ip¡̂ _ Üpfp OZp v|$f fl¡gp DÐ`pv$_-õ\m\u M|b Ap¡R>p MQ£ rhS>mu gB S>B iL$pi¡. A_¡ S>_
kpdpÞe_u kyMpL$pfudp„ h^pfp¡ Ap k„ip¡̂ _ L$fu iL¡$ s¡d R>¡. Ap Arsk„hplL$sp iy„ R>¡, s¡ KX$pZ |̀h®L$ lh¡ ÅZuA¡.

A¡ ÅZusy„ R>¡ L¡$ rhÛysâhpl S>¡ `v$p\®dp„\u `kpf _ \B iL¡$ s¡_¡ AhplL$ (b¡X$ L$ÞX$¼V$k®) L$l¡hpdp„ Aph¡ R>¡.
kpdpÞe sp`dp_¡ S>¡dp„\u Aë` A\hp \p¡X$u Ap¡R>u dpÓpdp„ âhpl `kpf L$fu iL$pe s¡_¡ A ®̂hplL$ (k¡du L$ÞX$¼V$f) L$l¡hpe
R>¡ A_¡ S>¡dp„\u kfmsp\u L$p¡B`Z dp¡V$p Ahfp¡̂  hNf âhpl `kpf L$fu iL$pe s¡_¡ hplL$ (L$ÞX$¼V$f) L$l¡hpdp„ Aph¡ R>¡.
Apd R>sp„ cpfs_u S> hps L$fp¡ sp¡ Ap`Zp huS>-DÐ`pv$__p¡ Apif¡ 21% rlõkp¡ "V²$pÞkdui_ gp¡k'dp„ `fuZd¡ R>¡. Apd,
21% rhS>mu kv„$sf h¡X$apB Åe R>¡. Ap _yL$kp__¡ ê$r`epdp„ NZp¡ sp¡ AbÅ¡ ê$r`ep \pe ! ApV$gp dp¡V$p _yL$ip__y„
iy„ L$fhy„ s¡ b^p v¡$ip¡ dpV¡$ Mf¡Mf âñ R>¡, `Z lh¡ Arsk„hplL$sp_p¡ rkÙp„s "bç`f gp¡V$fu'_p õhê$ ¡̀ s¡d_u kdn lpS>f
R>¡. cp¥rsL$ip÷_p„ \p¡\pdp„ `p¡Zu kv$u_p¡ L$pfphpk cp¡Nìep `R>u A¡ rkÙp„s â¡¼V$uL$g õhê$ ¡̀ blpf Aphu iL¡$ s¡d R>¡.

sp¡ kdS>hp_y„ A¡ R>¡ L¡$ OZp Ap¡R>p Ahfp¡̂  ^fphsp hplL$p¡dp„\u `kpf \sp„ âhpl_¡ L$pfZ¡ `Z Ap`Z¡ AbÅ¡
ê$r`ep_y„ _yL$kp_ cp¡NhuA¡ R>uA¡. Ap_p DL¡$g dpV¡$ hplL$p¡_u kp ¡̀ndp„ OZp S> Ap¡R>p d|ëe_p„ gNcN i|Þe Ahfp¡̂  ^fphsp
Arsk„hplL$p¡ lpS>f R>¡. Arsk„hplL$sp A¡V$g¡ L¡$ kpdpÞe hplL$p¡_u hplL$sp L$fsp„ `Z A_¡L$ NZu hplL$sp. s¡hp `v$p\p£_p¡
Ahfp¡̂  i|Þe_u OZp¡ _ÆL$ lp¡e R>¡. Apd, rhS>mu_p„ hl_ dpV¡$ h`fpsp sp„bp, A¡ëeyrdr_ed, Qp„v$u L¡$ kp¡_p_p spfdp„\u
rhS>mu_p¡ âhpl `kpf L$fhpdp„ Aph¡ sp¡ `Z s¡_p Ahfp¡̂ _¡ L$pfZ¡ OZu _yL$kp_u h¡W$hu `X¡$ R>¡, `f„sy Ap Arsk„hplL$sp_p„
D`ep¡N\u D`fp¡¼s âñ lg \B iL¡$ s¡d R>¡ A_¡ gp„bp A„sf¡ rhÛysâhpl gB S>hp¡ lp¡e sp¡ "V²$pÞkdui_ gp¡k' hNf
gB S>B iL$pe R>¡. L$p¡B`Z Arsk„hplL$ `v$p\®_p Ap NyZ^d®_¡ Arsk„hplL$sp (kỳ fL$ÞX$¼V$uhuV$u) L$l¡hpdp„ Aph¡ R>¡.

rhð_p„ A_¡L$ v¡$ip¡ Ap n¡Ódp„ `p¡sp_y„ k„ip¡̂ _ L$fu füp R>¡. s¡Ap¡A¡ 1987\u ApS>qv$_ kŷ udp„ AbÅ¡ ê$r`ep_u
N°pÞV$ Ap k„ip¡̂ _ `pR>m apmhu R>¡ ! Ap v$p¡X$dp„ Ap`Zp v¡$idp„ fl¡gu k„ip¡̂ _ âep¡NipmpAp¡ S>¡hu L¡$ cpcp A¡V$duL$
fukQ® k¡ÞV$f (BARC), V$pV$p BÞõV$uV$é|V$ Apµa aÞX$pd¡ÞV$g fukQ® (TIFR), _¡i_g auTuL$g g¡bp¡f¡V$fu (NPL) L$pDÞkug
ap¡f kpeÞV$uauL$ A¡ÞX$ BÞX$õV²$ueg fukQ® (CSIR) klus A_¡L$ rhðrhÛpgep¡_p„ k„ip¡̂ L$p¡ `Z kpd¡g R>¡. Ap`Ï„ NyS>fps
`Z Ap n¡Ódp„ k„ip¡̂ _ L$fhpdp„ `pR>m fl¡g _\u. Ap`Z¡ Ðep„ kp¥fpô²$ eyr_hrk®V$u_p cp¥rsL$ip÷ rhcpNdp„ `Z g¡ML$
krls_p A¡ OÏ„ M¡X$pZ Ap n¡Ódp„ L$f¡g R>¡.

Brslpk :Brslpk :Brslpk :Brslpk :Brslpk :

crhóedp„ Äepf¡ kpdpÞe sp`dp_¡ L$pd L$fsp„ Arsk„hplL$p¡ dmu Aphi¡ Ðepf¡ A¡ eyN_y„ _pd "Arsk„hplL$eyN'
L$l¡hpi¡ s¡dp„ b¡ ds _\u ! Arsk„hplL$sp A¡ A¡L$ A¡hu ip¡̂  R>¡ L¡$ S>¡ â\d sp¡ âpep¡rNL$ fus¡ lp\ gpNu lsu, A_¡
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s¡_u k¥Ùp[ÞsL$ kdSy>rs Ðepf bpv$ fSy> \B lsu. Ap âpep¡rNL$ k„ip¡̂ __u `pR>m _¡̂ fg¡ÞX$_p„ cp¥rsL$ip÷u L¡$dftgO
Ap¡Þk_p¡ dy¿e apmp¡ R>¡.

h¥opr_L$ fus¡ sp`dp__p i|Þe_p¡ kpQp¡ Ap„L$ –2730 k¡ÞV$uN°¡X$ R>¡, Äep„ `v$p\®dp„ DóZsp S>¡hy„ L$iy„ fl¡sy„ _\u. s¡_¡
Ap`Z¡ "A¡åkp¡ëeyV$ Tufp¡' L$luA¡ R>uA¡. âñ A¡ lsp¡ L¡$ `v$p\®_y„ sp`dp_ "A¡åkp¡ëeyV$ Tufp¡' L$fhy„ L¡$hu fus¡ ?

OZp r_óam âepkp¡_¡ A„s¡ X$Q h¥opr_L$ L¡$dftgO Ap¡Þk 1911dp„ "A¡åkp¡ëeyV$ Tufp¡'_u _S>v$uL$ `lp¢Qhpdp„ kam
\ep¡. A_¡L$ âep¡Np¡_¡ A„s¡ rlrged hpey_y„ DóZspdp_ s¡Z¡ –268.80 k¡ÞV$uN°¡X$ L$fu _p¿ey„ A_¡ S>¡_p _suÅ ê$ ¡̀ rlrged
hpey _ fl¡sp„ âhpludp„ `qfZçep¡. Ðepf¡ s¡ h¥opr_L¡$ A¡L$ âep¡N lp\ ^ep£ A_¡ s¡ âep¡Ndp„ s¡Z¡ âhplu rlrgeddp„ L¡$V$gp¡L$
`pfp¡ (df¼eyfu) S>g¡bu_u dpaL$ `p\fu v$u^p¡ A_¡ s¡dp„ b¡V$fu hX¡$ S>fp kfMp¡ rhÛysâhpl v$pMg L$ep£. Ap¡Þk_u ^pfZp
dyS>b –268.80 k¡ÞV$uN°¡X$ sp`dp_ `pfp dpV¡$ "V²$p[ÞTi_ V¡$ç`f¡Qf' kprbs \ey„; A¡V$g¡ L¡$ s¡ sp`dp_¡ `pfpdp„ rhÛys Ahfp¡̂
S>¡hy„ L$iy„ füy„ _l]. s¡_p `qfZpd¡ Ap¡Þk¡ b¡V$fu_y„ Å¡X$pZ L$p`u _p¿ep `R>ue¡ f]N S>¡hp `pfpdp„ rhÛysâhpl A¡L$^pfp¡ hl¡sp¡
füp¡ ! Ap rhrQÓsp fp¡tS>v$p Æh_dp„ ¼epf¡e Å¡hp dmsu _\u. huS> ỳfhW$p¡ L$p`u _p„Mp¡ L¡$ sfs S> rhS>mu_p spfdp„
v$bpZ _pbyv$ \pe R>¡ A_¡ âhpl AV$L$u `X¡$ R>¡. Ap`Z¡ ÅZuA¡ R>uA¡ L¡$ spf_p¡ kss L„$`sp¡ AZy-`fdpÏ kdyv$pe
rhÛysâhpl_p„ Bg¡¼V²$p¡__¡ Ahfp¡̂ ¡ R>¡. spf_y„ sp`dp_ S>¡d h^pf¡ s¡d A¡ L„$`_ h ŷ \pe R>¡ A_¡ Bg¡¼V²$p¡_ Ahfp¡̂ pe R>¡.
`f„sy Ap¡Þk_p âep¡Ndp„ [õ\rs blz Sy>v$u lsu A¡V$g¡ L¡$ `pfp_y„ sp`dp_ V²$pÞTui_ V¡$ç`f¡Qf¡ `lp¢Ãep bpv$ rhÛysâhpl_¡
Ahfp¡̂  `Z g¡idpÓ _X$sp¡ _ lsp¡. buÆ sfa âhpl_p„ Bg¡¼V²$p¡Þk båb¡_u Å¡X$u fQu_¡ ApNm h^sp lsp. Bg¡¼V²$p¡Þk_u
Ap Å¡X$u A¡L$ âL$pf_p¡ "TuNT¡N' X$pÞk L$f¡ R>¡. buÆ cpjpdp„ L$luA¡ sp¡ s¡Ap¡ A¡L$buÅ_u ârsL©$rs (duff-Bd¡S>) b_u
Åe R>¡. A¡V$g¡ Äepf¡ A¡L$ Bg¡¼V²$p¡_ ^psy kp\¡ A\X$pe R>¡ Ðepf¡ buÅ¡ Bg¡¼V²$p¡_ A¡V$gp S> bm\u DgV$u qv$ipdp„ a¢L$pe
R>¡ A_¡ Apd `l¡gp Bg¡¼V²$p¡_¡ ^psy kp\¡ A\X$pB_¡ Nydph¡gu EÅ®_¡ kfcf L$f¡ R>¡. Ap_p L$pfZ¡ Bg¡¼V²$p¡Þk ^psydp„\u Äepf¡
hl¡sp lp¡e R>¡ Ðepf¡ i[¼s_p¡ ne rbgLy$g \sp¡ _\u A_¡ Ap_¡ L$pfZ¡ L$p¡B huS> Ahfp¡̂  _X$sp¡ _\u A_¡ Ap ^psy
Arsk„hplL$ sfuL¡$ L$pe® L$f¡ R>¡. Apd, S>Nsdp„ â\dhpf Arsk„hplL$sp `pfpdp„ Å¡hp dmu A¡V$g¡ A¡d L$lu iL$pe L¡$ `pfp¡
rhðdp„ kp¥â\d Arsk„hplL$ sfuL¡$ Ål¡f \ep¡. Apd, Ap¡Þk_p„ Ap âep¡N\u "Arsk„hplL$sp'_p„ Üpf My‰u Nep. A_¡
Ap k„ip¡̂ _ bv$g 1913dp„ Ap¡Þk_¡ _p¡b¡g âpBT\u kÞdp_hpdp„ Apìep.

Ðepfbpv$ 1933dp„ S>d®_ cp¥rsL$ip÷u hp¡ëV$f d¡k_f A_¡ Apf. Ap¡Qk¡_a¡ëX¡$ ip¡̂ u L$pY$éy„ L¡$ Arsk„hplL$ `v$p\p£
OZp S> rhjdQy„bqL$s (X$pepd¡‚¡qV$L$) NZpe A_¡ s¡\u s¡Ap¡_y„ "Qy„bL$ue n¡Ó'\u A`pL$j®Z \pe R>¡. Ap OV$_p "d¡k_f
Akf'\u ÅZusu R>¡. 1954dp„ V$u_/_pep¡bued_u rdî^psydp„ Arsk„hplL$sp `pfp L$fsp„ kl¡S> KQp sp`dp_¡ A¡V$g¡ L¡$
180K A¡V$g¡ L¡$ –2550 k¡ÞV$uN°¡X$¡ Å¡hp dmu. 1957dp„ ey.A¡k._p„ h¥opr_L$p¡-Älp¡_ bpX$}_, guAp¡_ A¡_ L|$`f A_¡ Älp¡_
fp¡bV®$ õ¾$uaf rÓ ỳV$uA¡ Arsk„hplL$sp dpV¡$_u \uefu Ap`u A_¡ Ap ÓZ¡ h¥opr_L$p¡_p _pdp¡_p â\d Anf gB_¡ Ap hpv$
"bukuA¡k \uefu' sfuL¡$ ÅZusp¡ \ep¡. Ðepfbpv$ 1968dp„ _pep¡bued/A¡ëeyrdr_ed/S>d£r_ed rdî^psy \p¡X$p h ŷ "¾$p„rsL$
sp`dp_' kp\¡ A¡V$g¡ L¡$ 210K (–2520 k¡ÞV$uN°¡X$) sp`dp_ kp\¡ Ål¡f \B. 1972dp„ "bukuA¡k \uefu'_u ip¡̂  bv$g
bpX$}_, Ly$`f A_¡ õ¾$uaf_¡ `p¡sp_u ip¡̂ _p gNcN 15 hj® `R>u _p¡b¡g ỳfõL$pf\u _hpS>hpdp„ Apìep. 1973dp„ afu
A¡L $hpf _pep ¡bued/S>d £r_ed_u _hu rdî^psydp „  \p ¡X $ p lS y > h^y sp`dp_¡ A¡V $g ¡ L ¡ $  23.30K
(–2490 k¡.) sp`dp_¡ Arsk„hplL$sp Å¡hp dmu. Apd qv$hk¡ A_¡ hj£ "¾$p„rsL$ sp`dp_'_p„ KQp d|ëe¡ L$pd L$fsp„ `v$p\p£
lp\ gpNsp füp.

1986_u kpgdp„ sp¡ Ap sp`dp_¡ dp¡V$u R>gp„N dpfu A_¡ g¡Þ\¡_d-b¡fued-L$p¡`f-Ap¡¼kuS>_dp„ Arsk„hplL$sp
350K (–2380 k¡.) S>¡hp KQp sp`dp_¡ Å¡hp dmu. 1987dp„ sp¡ fuskf_u L$dpg S> \B NB ! eyA¡kA¡_p„ tQN-hy
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`p¡g Qy A¡ âhplu _pBV²$p¡S>__p„ DÐL$g_ rbÞvy$ L$fsp„ KQp sp`dp_¡ L$pd L$fsp„ Arsk„hplL$_u ip¡̂  L$fu A¡V$g¡ L¡$ gNcN 980K
(–1750 k¡.) sp`dp_¡ Arsk„hplL$sp_u ip¡̂  i¼e b_u. 1987dp„ A¡g¡¼k dygf A_¡ Äep¡S>® b¡X$_p¡T®_¡ _hp S> âL$pf_p
`v$p\®dp„ Arsk„hplL$sp bsphhp bv$g _p¡b¡g âpBT\u _hpS>hpdp„ Apìep. lpg df¼eyfu A_¡ \¡rged b¡BT¹X$ Arsk„hplL$dp„
¾$p„rsL$ sp`dp_ gNcN 1600 \u 1700K _u Apk`pk `lp¢Ãep R>¡. A_¡ Ap`Z¡ Apip fpMuA¡ L¡$ lSy> Ap n¡Ódp„ k„ip¡̂ _p¡
\pe A_¡ kpdpÞe Ap¡fX$p_p DóZspdp_¡ Arsk„hplL$p¡ b_¡ s\p s¡_p D`ep¡Np¡ Ap`Z_¡ lp\hNp b_¡.

NyZ^dp£ :NyZ^dp£ :NyZ^dp£ :NyZ^dp£ :NyZ^dp£ :

Ap`Z¡ ÅZuA¡ R>uA¡ L¡$ L$p¡B`Z spf_p¡ rhÛyrse Ahfp¡^ s¡ spf_u g„bpB_p kdâdpZdp„ R>¡, s¡dS> s¡_p
ApX$R>¡v$_p n¡Óam_p ìeõs âdpZdp„ lp¡e R>¡. ÓuSy> `qfbm A¡ R>¡ L¡$ L$p¡B`Z `v$p\®_p¡ Ahfp¡̂  s¡ `v$p\®_u Ås `f `Z
Ap^pf fpM¡ R>¡. Ap D`fp„s kp¥\u Ýep_pL$j®L$ `qfbm s¡ `v$p\®_y„ sp`dp_ R>¡ A¡V$g¡ L¡$ `v$p\®_y„ sp`dp_ bv$gpsp„ `v$p\®_p¡
Ahfp¡̂  bv$gpe R>¡. dp¡V$pcpN_p„ Arsk„hplL$_p¡ kpdpÞe Ahõ\p_p¡¡ Ahfp¡̂  Ap¡fX$p_p„ spdp_\u _uQ¡ sp`dp_ kp\¡ OV$sp¡
fl¡ R>¡. Å¡ kss sp`dp_ OV$pX$sp fluA¡ sp¡ O0C _uQ¡_p L$p¡B sp`dp_¡ Ap kss OV$sp¡ Ahfp¡̂  AQp_L$ gNcN i|Þe
b_u Åe R>¡. S>¡ sp`dp_¡ Ahfp¡̂  gNcN i|Þe b_u Åe R>¡ s¡ sp`dp__¡ s¡ `v$p\®_y„ "¾$p„rsL$ sp`dp_' Critical
Temperature (Tc) L$l¡hpdp„ Aph¡ R>¡. Apd, Tc L$fsp„ Ap¡R>p„ sp`dp_¡ `v$p\®_p¡ Ahfp¡̂  i|Þe S> fl¡ R>¡, Ap `v$p\®
Arsk„hplL$ [õ\rsdp„ Aphu Åe R>¡. Ahfp¡̂  i|Þe_u _S>v$uL$ `lp¢Qhp\u Ap¡ld_p„ r_ed (I = V/R) dyS>b s¡dp„\u
âhpl_u qL„$ds A_¡L$NZu h^u Åe R>¡ A_¡ Å¡ L$p¡B `v$p\®dp„\u bly S> dp¡V$p d|ëe_p¡ âhpl hl¡ sp¡ s¡ `v$p\® A\hp
spf_u afs¡ dp¡Vy$ Qy„bL$ue n¡Ó fQpe R>¡ A¡V$g¡ L¡$ Arsk„hplL$p¡_p„ spf_p¡ D`ep¡N L$fu_¡ i[¼sipmu Qy„bL$ b_phu iL$pe
R>¡. Å¡ Ap `v$p\®_p„ spf_y„ N|„Qmy b_phu bpü fus¡ s¡dp„ âhpl `kpf L$fhpdp„ Aph¡ A_¡ s¡ spf_y„ sp`dp_ s¡_p„ T

c
 L$fsp„

_uQy„ fpMhpdp„ Aph¡ sp¡ hjp£_p„ hjp£ L$p¡B`Z hp¡ëV¡$S> Apàep hNf s¡dp„ kss huS>âhpl hüp L$f¡ R>¡ ! R>¡ _¡ L$dpg !
Apd Ap spf_u afs¡ gp„bp kde kŷ u V$L$u iL¡$ s¡hy„ bmhp_ Qy„bL$ b_phu iL$pe R>¡. L$ë`_p L$fp¡, L¡$hXy„$ dp¡V$p Qy„bL$ue
n¡Óhpmy„ Qy„bL$ b_phu iL$pe ? ©̀Õhu_p„ Qy„bL$ue n¡Ó L$fsp„ gNcN b¡ gpM NÏ„ Qy„bL$ue n¡Ó fQhp dpV¡$ Ap Qy„bL$
i[¼sdp_ R>¡.

L¡$dftgO Ap¡Þk_¡ `pfpdp„ Arsk„hplL$sp Å¡hp dþep `R>u Aphs® L$p¡ô$L$_p„ v$f¡L$ sÒh_¡ ApV$gp _uQp sp`dp_¡
QL$pkhp_u lp¡X$ Qpgy \B. b^p„ S> sÒhp¡_¡ ApV$gp _uQp sp`dp_¡ s`pkhpdp„ Apìep `f„sy 1971 kŷ u L$p¡B sÒh_y„ A\hp
rdî^psy_y„ T

c
 23.20K L$fsp„ h^pf¡ Å¡hp dþey„ _l], `fÞsy 1973dp„ Nb

3
Ge _pd_u rdî^psydp„ s¡V$gy„ T

c
 Å¡hp dþey„.

Ðepfbpv$ OZu rdî^psyAp¡, sÒhp¡, k„qL$Zp£, A ®̂hplL$p¡ _uQp sp`dp_¡ QL$pkhpdp„ Apìep `f„sy KQy„ Tc dmhp_u Apip
W$Npfu _uhX$u. `f„sy A¡V$gyy„ S>ê$f L$lu iL$pe L¡$ vy$g®c rlrged_p„ õ\p_¡ buÅ kygc hpey_¡ âhplu õhê$ ¡̀ lh¡ hp`fu iL$pe
R>¡. âhplu lpBX²$p¡S>__y„ sp`dp_ 20.40 K (–252.60 k¡.) lp¡e R>¡. rlrged_u kp ¡̀ndp„ lpBX²$p¡S>_ âdpZdp„ kygc hpey
R>¡. D`f bsph¡g Nb

3
Ge_¡ ArshplL$ b_phhp dpV¡$ âhplu lpBX²$p¡S>_ hp`fu iL$pe R>¡. lh¡ h¥opr_L$p¡_¡ A¡ âñ ksphhp

dp„X$ép¡ L¡$ lÆ KQp sp`dp_¡ buÆ L$p¡C ^psydp„ s¡ NyZ^d® ip dpV¡$ _ Aph¡ ? âñ dpÓ A¡ ^psy A\hp rdî ^psy_p„
kS>®__p¡ lsp¡. OZp hjp£ kŷ u A¡hu L$p¡B rdî ^psy Å¡hp dmu _l]. `f„sy AQp_L$ 1987dp„ A¡hp¡ ^X$pL$p¡ L$fhpdp„ Apìep¡
L¡$ g¡Þ\¡_d (La), L$p¡̀ f (Cu) A_¡ õV²$p¡Þiued (Sr) hX¡$ s¥epf L$fpe¡g Ap¡¼kpBX$_¡ 370 K S>¡V$gp KQp sp`dp_¡
Arsk„hplL$ b_phu iL$pe R>¡. Apd 20 hj® kŷ u r_óam âepkp¡ L$fu_¡ \pL$u QyL¡$gp rhop_uAp¡_p¡ DÐkpl `pR>p¡ h^u
Nep¡. Ðepfbpv$ sp¡ h_-X¡$ d¡Q_p„ õL$p¡fbp¡X®$_u dpaL$ h^pf¡ sp`dp_¡ L$pd L$fsp `v$p\p£ b_sp Nep. sdp¡ ÅZp¡ R>p¡ s¡d
âhplu _pBV²$p¡S>__y„ sp`dp_ 770 K s\p âhplu Ap¡¼kuS>__y„ sp`dp_ 100 K R>¡. lh¡ âhplu lpBX²$p¡S>_ sp¡ iy„, âhplu
_pBV²$p¡S>__u S>ê$fs `Z Ap `v$p\p£_p„ k„ip¡̂ _¡ duV$phu v$u^u. Ðepfbpv$ A¡hp `v$p\®_u ip¡̂  \hp_u R>¡ L¡$ S>¡ \uÅh¡gp
L$pb®_ X$pep¡¼kpBX$ L¡$ S>¡_y„ sp`dp_ 194.70 K lp¡e R>¡ s¡ sp`dp_¡ Arsk„hplL$ b_¡. OÏ„ KQp d|ëe_y„ T

c
 ^fphsp `v$p\p£
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A¡V$g¡ "Ap¡¼kpBX$T'R>¡. Ap âL$pf_p„ Ap¡¼kpBX$Tdp„ T
c
_u qL„$ds OZu KQu dmsu lp¡hp\u Aphp `v$p\p£_¡ High

Temperature Superconductors (HTSC) L$l¡hpdp„ Aph¡ R>¡. Aphp OZp `v$p\p£ R>¡. A¡L$ Dv$plfZ gBA¡ sp¡
Y1Ba2Cu3O7-δ_y„ ¾$p[ÞsL$ sp`dp_ 910 K R>¡.

Å¡ Arsk„hplL$ `v$p\®_¡ Qy„bL$uen¡Ódp„ s¡_p Tc L$fsp„ _uQp sp`dp_¡ dyL$hpdp„ Aph¡ sp¡ Qy„bL$uen¡Ó_u f¡MpAp¡
`v$p\®dp„ `kpf \hp_¡ bv$g¡ blpf ^L¡$gpB Aph¡ R>¡. Ap OV$_p_¡ d¡k_f Akf (Meissner Effect) L$l¡hpdp„ Aph¡ R>¡.
s¡\u A¡d L$lu iL$pe L¡$ `v$p\®_p _d|_pdp„ d¡‚¡qV$L$ BÞX$¼i_ i|Þe R>¡. Apd BÞX$¼i_ (B) i|Þe lp¡hp_p L$pfZ¡ Qy„bL$ue
N°lZiugsp_y„ d|ëe F>Z Aph¡ R>¡ A_¡ L$lu iL$pe L¡$ Arsk„hplL$ k„̀ |Z® rhjd¹ Qy„bL$Ðh (X$pepd¡‚¡qV$Td)_p¡ NyZ^d® ^fph¡
R>¡. Apd L$p¡B `Z `v$p\®_p ArshplL$sp_p NyZ^d® dpV¡$ b¡ `pep_u ifsp¡ (1) s¡ `v$p\®_p¡ Ahfp¡̂  (R) = 0 A_¡
(2) d¡‚¡V$uL$ BÞX$¼i_ (B) = 0 R>¡. Ap D`fp„s, knd Qy„bL$ue n¡Ó ArshplL$sp_p¡ _pi L$f¡ R>¡ s¡ `Z ÅZhp S>¡hy„
R>¡. L$p¡B A¡L$ Q„ybL$ue n¡Ó_u Qp¡½$k qL„$ds L$fsp„ h^pf¡ Qy„bL$ue n¡Ó gpNy `pX$hpdp„ Aph¡ sp¡ ArshplL$sp _pi `pd¡ R>¡
A_¡ Qy„bL$ue n¡Ó_u Ap Qp¡½$k qL„$ds_¡ Qy„bL$ue n¡Ó_u "¾$p„rsL$ qL„$ds' (Hc) L$l¡hpdp„ Aph¡ R>¡. hmu Qy„bL$Òh ^fphsp
`v$p\p£_¡ Arsk„hplL$ `v$p\®dp„ Dd¡fhpdp„ Aph¡ sp¡ s¡ `v$p\®_u Arsk„hplL$sp _pi `pd¡ R>¡ A\hp s¡_p T

c
_u qL„$dsdp„ OV$pX$p¡

L$f¡ R>¡. v$p.s. gp¡M„X$ (Fe)_p \p¡X$p¡ `Z A„i Arsk„hplL$ `v$p\®dp„ Dd¡fhpdp„ Aph¡ sp¡ Arsk„hplL$sp_p¡ NyZ^d® dlv¹$A„i¡
_pi `pd¡ R>¡ A\hp s¡_p T

c
dp„ Mpõkp¡ OV$pX$p¡ Å¡hp dm¡ R>¡. Äepf¡ AQy„bL$ue AiyqÙAp¡ Dd¡fhp\u s¡_u Mpk L$p¡B Akf

Å¡hp dmsu _\u. Aphu fus¡ `fdpÏ-v$m (Atomic mass)dp„ bv$gph_u kdõ\pr_L$_u Akf T
c
 `f `X¡$ R>¡.

Arsk„hplL$sp_p D`ep¡Np¡_u A¡L$ Vy„$L$u epv$u Ap flu.

(1) ©̀Õhu_p Qy„bL$Ðh L$fsp„ 2 gpM OÏ„ bmhp_ Qy„bL$ue n¡Ó DÐ`ß L$fu iL$pe R>¡.

(2) kỳ fL$ÞX$¼V$]N `phf gpB_p¡ dp¢Ouv$pV$ huS>mu_¡ bQphu AbÅ¡ ê$r`ep_p¡ apev$p¡ L$fphu Ap`u iL¡$ s¡d R>¡.

(3) Arsk„hplL$p¡ Üpfp b_sp rhipm Qy„bL$ue n¡Ó_p¡ D`ep¡N L$fu TX$`\u v$p¡X$su `f„sy `pV$p_¡ AX$¼ep rh_p V²$¡_p¡ Qgphu
iL$pe R>¡ A_¡ s¡ `Z L$gpL$_p„ 580 qL$.du._u TX$`\u ! crhóedp„ S>¡_¡ (d¡Ng¡h)- Maglev V²¡$B_ L$l¡hpdp„ Aph¡
R>¡, s¡_¡ Adv$phpv$\u dy„bB hÃQ¡ v$p¡X$phhpdp„ Aphi¡ sp¡ s¡d_u hÃQ¡_y„ 530 qL$.du. A„sf gNcN dpÓ A¡L$ L$gpL$dp„
L$̀ pi¡.

(4) Oj®Z frls b¡f]N b_phu iL$pi¡.

(5) V$QyL$X$p„ `f„sy M|b S> TX$`u NZsfu L$fsp„ kỳ f L$p¡çàeyV$k® lSy> h^pf¡ ndsphpmp b_phu iL$pi¡. A_¡ Aphy„ L$p¡çàeyV$f
L$pf_p„ X¡$ibp¡X®$dp„ kdpB iL¡$ !

(6) sbubun¡Ó¡ h`fpsp NMR bp¡X$u õL¡$_f hN¡f¡ h^pf¡ L$pe®nd b_phu iL$pi¡.

(7) Arsk„hplL$p¡_p¡ D`ep¡N rhS>mu_p¡ k„N°l L$fhpdp„ - "A¡_Æ® õV$p¡f¡S>' L$fhpdp„ \B iL$i¡.

Ap`Z¡ S>¡ Arsk„hplL$p¡_u hps L$fu s¡ sdpd lpg Ap¡fX$p_p sp`dp_¡ L$pd Ap`sp _\u s¡ A¡L$ dp¡V$u AQX$Z
R>¡. lpg kp¥\u KQp sp`dp_¡ L$pd L$fsp Arsk„hplL$p¡dp„ df¼eyfu s\p \¡gued b¡BTX$ `v$p\p£ dp¡Sy>v$ R>¡, S>¡ gNcN 140-
1700 K S>¡V$gp KQp sp`dp_¡ L$pd Ap ¡̀ R>¡. `f„sy Äep„ kŷ u Ap¡fX$p_p sp`dp_¡ L$pd Ap`sp Arsk„hplL$p¡_¡ _ b_phu
iL$pe Ðep„ kŷ u s¡_p ìehlpfy D`ep¡Np¡ s\p apev$pAp¡_u dep®v$p Aphu Åe R>¡. Apip fpMuA¡ L¡$ Ap`Zp k„ip¡̂ L$p¡ Ap
rkqÙ hl¡gu d¡mhu g¡ S>¡\u dp_hÅs_¡ ksphsp¡ H^Z A_¡ EÅ®_p¡ âñ L$ped_¡ dpV¡$ lg \pe !!!

*****
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ỳõsL$ `qfQe...

(((((1) ) ) ) ) ""Bðf A¡_y„ _pd'' - A¡L$ h¥opr_L$_u ApÝep[ÐdL$ epÓp_u L$\p""Bðf A¡_y„ _pd'' - A¡L$ h¥opr_L$_u ApÝep[ÐdL$ epÓp_u L$\p""Bðf A¡_y„ _pd'' - A¡L$ h¥opr_L$_u ApÝep[ÐdL$ epÓp_u L$\p""Bðf A¡_y„ _pd'' - A¡L$ h¥opr_L$_u ApÝep[ÐdL$ epÓp_u L$\p""Bðf A¡_y„ _pd'' - A¡L$ h¥opr_L$_u ApÝep[ÐdL$ epÓp_u L$\p

NyS>fpsu A_yhpv$ - X$p ¸ iLy „ $sgp Æ. _¡_¡NyS>fpsu A_yhpv$ - X$p ¸ iLy „ $sgp Æ. _¡_¡NyS>fpsu A_yhpv$ - X$p ¸ iLy „ $sgp Æ. _¡_¡NyS>fpsu A_yhpv$ - X$p ¸ iLy „ $sgp Æ. _¡_¡NyS>fpsu A_yhpv$ - X$p ¸ iLy „ $sgp Æ. _¡_¡
âL$piL$ - khp£v$e L¡$mhZu kdpS> - fpS>L$p¡V$

ârkÙ cpfsue-Ad¡qfL$_ cp¥rsL$rhop_u,
X$p¸. drZ cp¥rdL$_u ApÐdL$\p "Code name God'_p¡
Ap A¡L$ fkâv$ NyS>fpsu A_yhpv$ R>¡. d|m L$p¡gL$psp_p
`Z Ad¡qfL$pdp„ hku_¡ Eximer Laser_p n¡Ó¡ Ap„M_u
kS>®fudp„ h`fpsu Lasik V¡$L$_p¡gp¡Æ_p klk„ip¡̂ L$ sfuL¡$
S>Nrh¿eps b_¡gp X$p¸ cp¥rdL$ Al] rhop_ A_¡
sÒhop__p¡ kdÞhe kp ¡̂ R>¡.

X$p¸. Aåvy$g L$gpd¡ ep¡Áe L$üy„ R>¡ L¡$, ""L$p¡B
rhop_u ¼ep„ `lp¢Ãep¡ s¡ ÅZhy„ S>¡d S>ê$fu R>¡, s¡d A¡
Ðep„ iu fus¡ `lp¢Ãep¡ s¡ ÅZhy„ `Z S>ê$fu b_¡ R>¡.''
Ap fus¡ Å¡sp„ âõsys ỳõsL$ dlÒh_y„ b_¡ R>¡, `f„sy
Al] k„Oj®, kamsp A_¡ ApÐdd„\__u S>¡ kss
rÓh¡Zu hl¡su S>Zpe R>¡ s¡\u ỳõsL$_y„ dlÒh OÏ„ h^u
Åe R>¡. Ap rhop_u_p Æh__y„ kp¥\u h ŷ Ýep_pL$j®L$
`pky„, L¡$ S>¡ A_yhpv$dp„ `Z kỳ ¡f¡ âNV$ \ey„ R>¡, A¡ R>¡,
s ¡d_p Æh_dp „ \e¡gp A_ychp ¡_ y „  Av ¹ $c ys
h¥rhÝe ! A¡L$ ìe[¼s `p¡sp_p Æh_dp„ kpfp-_fkp
L¡$V$gp A_ychp¡dp„\u `kpf \B iL¡$ !? L$p¡gL$psp_u
Tỳ X$`Ë$udp„ DR>f¡g A¡L$ R>p¡L$fp_¡ Nfubu, c|Mdfp¡ A_¡
Aõ ©̀íesp hpfkpdp„ dþep„ lp¡e, ApTpv$u_u gX$pBdp„
Å¡X$pe¡g Ly$Vy„$bdp„ DR>fsp„ s¡_¡ Aæepkdp„ kamsp dm¡
A_¡ s¡ IIT-dy„bBdp„\u Ph.D. \B_¡ h ŷ k„ip¡̂ _p\£
Ad¡qfL$p S>B `lp¢Q¡ A_¡ Ðep„ g¡kf qL$fZp¡_u Lasik

V¡$L$_p¡gp¡Æ ip¡̂ hp_u rkqÙ d¡mh¡... kp\¡ dm¡ AY$mL$
X$p¡gf!! s¡ kp\¡ S> Ad¡qfL$p_u ^_pY$é k„õL©$rsdp„ sfbp¡m
\B_¡ Ad¡qfL$_ Arc_¡Óu_p k„Np\¡ Æh_ NyÅf¡...
A_¡ dp¡X$u fps_u `pV$}Ap¡dp„ i¡ç ¡̀B__u bp¡V$gp¡_p MMX$pV$
hÃQ¡ s¡_¡ k„cmpe A¡L$ JX$p¡ Mpgu`p¡ ! drZ cp¥rdL$_p

Æh__p rhrh^ sb½$pAp¡ M|b _pV$épÐdL$ gpN¡ R>¡.
Ap sdpd c|rdL$pAp¡dp„ s¡_u A„v$f_p¡ rhop_u qagk|a
kss bp¡gsp¡ fl¡ R>¡, A_¡ hpshpsdp„ hpQL$p¡_¡ L$lu v¡$
R>¡ L¡$ lh¡ Bðf_¡ _hy„ kp„L¡$rsL$ _pd (Code name)
Ap`hp_u S>ê$f R>¡. Nfubu A_¡ c|Mdfp_u Ns® s¡_¡
åg¡L$-lp¡g kdu cpk¡ R>¡, sp¡ s¡dp„\u blpf _uL$mu
iL$_pf õhe„_¡ s¡ Hawking Radiation kp\¡ kfMph¡
R>¡. Ap g¡kf rhop_u L$l¡ R>¡ L¡$ g¡kf qL$fZp¡_u S>¡d
Ap`Zp d__¡ `Z k„L¢$qÖs L$fu_¡ õhe„_¡ DrS>®s L$fu
iL$pe, A_¡ s¡\u s¡Ap¡ d__u Q¡s_p `f rhi¡j cpf
d|L¡$ R>¡. `fÞsy Ad¡qfL$pdp„ s¡Ap¡_¡ \e¡gp âpf„c_p
A_ychp¡_¡ g¡ML$ cygsp _\u. âp¡. d¡L$rdg_, S>¡ drZ
cp¥rdL$_p iê$Aps_p Nyê$ lsp, s¡Ap¡_¡ dmhp_p„ kde,
õ\m ÅZp¡ R>p¡ ?!... fpÓ¡ b¡ hpÁe¡ ỳõsL$pgedp„ !

g¡ML$dp „ A¡L$ rhop_u hk¡ R> ¡ sp ¡ A¡L$
AÝepÐdhpv$u `Z fl¡g R>¡. Ap bß¡_p¡ kdÞhe kp^sp„
g¡ML$ Ap`Z_¡ ¼hp¡ÞV$d auTu¼k_p KX$pZdp„ gB Åe
R>¡, L¡$ Äep„ õ\|m S>Ns_u hpõsrhL$sp Qfd kudpA¡
`lp¢Q¡ R>¡. ỳõsL$_p„ R>¡‰p„ L¡$V$gp„L$ âL$fZp¡dp„ Ap`Z_¡
Ap ŷr_L$ cp¥rsL$ rhop__u su\®epÓp L$fsp„ lp¡BA¡ s¡hp¡
A_ych \pe R>¡. ¼hp¡ÞV$d-n¡Ó_p„ Apcpku L$Zp¡
(virtual particles)_u kS>®_ A_¡ _pi_u âq¾$ep
kss Qpgsu fl¡ R>¡ s¡_u hps L$fsp„ g¡ML$_¡ `¡gp¡
rhgnZ rhop_u qfQX®$ a¡B_d¡_ epv$ Aph¡ R>¡, S>¡Z¡
Ap A„N¡ fdyS>dp„ L$l¡gy„, ""kÅ®e, _pi `pd¡, hmu
kÅ®e, _¡ hmu _pi `pd¡... kde_p¡ L¡$hp¡ bNpX$ !''

"Code name God' A¡ ÅZ¡ d__p„ rhrh^
n¡Óp¡_p¡ kdÞhe (Unification) L$fhp_p¡ A¡L$ dlpâeÐ_
R>¡... Unification of forces of Nature_u S>¡d !

Bðf A¡_y „
Bðf A¡_y „
Bðf A¡_y „
Bðf A¡_y „
Bðf A¡_y „

_ pd_ pd_ pd_ pd_ pd
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S>NârkÙ Ad¡qfL$_ cp¥rsL$rhop_u âp¡. qfQpX®$
a¡B_d¡_\u sp¡ L$p¡Z AÅZ lp¡e ? ""There is plenty
of room at the bottom''L$\_ Üpfp _¡_p¡
V¡$L$_p¡gp¡Æ_u i¼esp_p âZ¡sp sfuL¡$ `Z s¡Ap¡_u Ap¡mM
Ap`hpdp„ Aph¡ R>¡. Ap s¡S>õhu A_¡ rhriô$ h¥opr_L$
ârscp rhi¡ gMpe¡gp„ ÓZ A„N°¡Æ ỳõsL$p¡_p¡ k„L$rgs
kpfp_yhpv$ kfk fus¡ D`fp¡¼s NyS>fpsu ỳõsL$dp„ L$fhpdp„
Apìep¡ R>¡. 1965dp„ cp¥rsL$rhop__p _p¡b¡g B_pd
rhS>¡sp âp¡. a¡B_d¡_ s¡Ap¡_u k¥Ùp„rsL$ ip¡̂ p¡\u s¡dS>
a¡B_d¡_ g¡¼Qf rkqfT A_¡ AÞe ỳõsL$p¡\u D`fp„s
s¡Ap¡_u L¡$V$gue¡ qV$Mm-dÅL$p¡\u 20du kv$udp„ M|b S>
ÅZusp bÞep lsp. (S y >Ap ¡ h ¡bkpBV$ -
www.Feynman.com) Ap rhgnZ rhop_u
bpm`Z\u S> AÐe„s rS>opky Ahgp¡L$_L$pf s¡dS>

ỳõsL$p¡_p fkuep lsp. qL$ip¡f a¡B_d¡_¡ gpBb°¡fudp„\u
"Calculus for practical man'_y„ ỳõsL$ hp„Qhp dpV¡$
dp„Áey„. gpBb°¡fue_¡ _hpB `pdu_¡ |̀R¹>ey„, "Ap ỳõsL$_y„
hmu spf¡ iy„ L$pd R>¡ ?' qfQX£$ NcfpB_¡ S>hpb Ap`u
v$u^p¡, "A¡ dpfp r`sp dpV¡$ Å¡BA¡ R>¡.' A¡ S>dp_pdp„
d_p¡¡f„S>_-dprlsu_p kp^_ sfuL¡$ f¡X$uep¡ OfOfdp„ Aphhp
gpN¡g. Ðepf¡, byqÙipmu a¡B_d¡_ Ap„V$p dpfsp„ dpfsp„
(rhQpfp¡ L$fu_¡) f¡X$uep¡ qf ¡̀f L$f_pf sfuL¡$ ÅZusp \ep
lsp. A¡L$ rhop_u Ly$v$fs_p kp¦v$e®_¡ iu fus¡ Sy>A¡ R>¡
A_¡ s¡_y„ L¡$hy„ rhïg¡jZ L$f¡ R>¡ s¡ Ap ỳõsL$dp„ kỳ ¡f¡
_p¢^hpdp„ Apìey„ R>¡. Qugp¡ Qpsfu_¡ Sy>vy„$ rhQpfhp_u
i[¼s (divergent thinking) A¡ a¡B_d¡__u ârscp_y„
dy¿e `pky„ füy„ lsy„. hmu, Äepf¡ qaTu¼k_u hps L$fsp
lp¡e Ðepf¡ kpd¡ L$p¡Z R>¡ s¡_p\u AÅZ b_u_¡ a¡B_d¡_
op__u dy¼s ^pfp hlphu v¡$sp. AÞe A¡L$ Dv$plfZ
Å¡BA¡ sp¡ \p¡X$p dp¡V$p \e¡g a¡B_d¡__¡ A¡L$hpf s¡_p
r`spA¡ |̀R¹>ey„, ""`fdpÏ ap¡V$p¡_ DÐkrS>®s L$f¡ R>¡, s¡
ap¡V$p¡_ `l¡g¡\u `fdpÏdp„ lp¡sp¡ _\u, sp¡ `R>u A¡

(((((2) ) ) ) ) ""Æh_dp„ rhop_ - X$p¸. a¡B_d¡__u A_ychL$\p''""Æh_dp„ rhop_ - X$p¸. a¡B_d¡__u A_ychL$\p''""Æh_dp„ rhop_ - X$p¸. a¡B_d¡__u A_ychL$\p''""Æh_dp„ rhop_ - X$p¸. a¡B_d¡__u A_ychL$\p''""Æh_dp„ rhop_ - X$p¸. a¡B_d¡__u A_ychL$\p''

kpfp_yhpv - X$p ¸. âop A_y`d cË$kpfp_yhpv - X$p ¸. âop A_y`d cË$kpfp_yhpv - X$p ¸. âop A_y`d cË$kpfp_yhpv - X$p ¸. âop A_y`d cË$kpfp_yhpv - X$p ¸. âop A_y`d cË$

âL$piL$ - rhQpfhgp¡Ï„ `qfhpf âL$pi_, Adv$phpv$

Apìep¡ ¼ep„\u ?!'' Ap AS>b khpg_p¡ spqL®$L$ S>hpb S>¡
a¡B_d¡_¡ Apàep¡ lsp¡, s¡ Sy>Ap¡. ""Ap L$p„BL$ A¡hy„ R>¡ L¡$
Ap`Z¡ bp¡guA¡ s¡ `l¡gp„ AhpS> Ap`Zp„ Nmpdp„ lp¡sp¡
_\u, A¡ DÐ`ß \pe R>¡.'' Aphp„ _p_p dp¡V$p„ A_¡L$ fkâv$
Dv$plfZp¡ ỳõsL$dp„ hp„Qhp dm¡ R>¡. Ap„L$X$pAp¡_u fdsdp„
Ap rhop_u NrZs_p AQg "e'_p Åvy$Nf S>¡hp gpN¡ R>¡,
sp¡ õ ¡̀Bk-iV$g Challenger_p AL$õdps_u S>¡ L$fyZp„rsL$p
b_u lsu, s¡_u kdN° s`pkdp„ s¡Ap¡_u A„v$f_p¡ ksL®$
Ahgp¡L$_L$pf A_¡ d¡̂ phu rhïg¡jL$ õ`ô$ v¡$MpB Aph¡ R>¡.
`fÞsy AhmhpZu sp¡ bk a¡B_d¡__u ! Q¡g¡ÞS>f vy$O®V$_p_u
ỳf¡̀ yfu h¥opr_L$ Å„Q L$fhp_y„ s¡Ap¡_¡ M|b S>ê$fu gpÁey„ s¡\u

AÞe ANÐe_p L$pdp¡ `Z `X$sp„ d|L$u_¡ s¡Ap¡ A¡ L$pddp„
gpNu Nep... S>sp„ S>sp„ kp\uAp¡_¡ L$l¡sp Nep, ""lz„ ÅJ
Ry>„. R> drl_p dpV¡$ Ap`Ops L$fy„ Ry>„ !!!'' Q¡g¡ÞS>f_u fp¡L¡$V$-
âZprg_u k„L|$g AV$̀ V$u kp^_-kpdN°udp„\u spN d¡mhu_¡
Ap S>åbfv$õs byqÙârscpA¡ S>¡ kQp¡V$ r_óL$j® Apàep¡ A¡
sp¡ bk, hp„Qp¡ sp¡ S> ¿epg Aph¡ !

L$p¡B rhop_u kdõep_¡ KX$pZ\u rhõde A_¡
AÅebu_u Ap„M¡ Sy>A¡, A_¡ lspip_u `fhp L$ep® hNf
ApNm h^sp„ h^sp„ hZv$uW¡$gu cp¡d `f S>¡_p¡ Apsd
kv$pe¡ `p„M thTsp¡ S>Zpe, sp¡ A¡ qfQX®$ a¡B_d¡_ !

ỳõsL$_p A„scpN¡ a¡B_d¡_ A¡L$ qagk|a b_u
Åe R>¡, A_¡ L$l¡ R>¡, ""Ap`Zu S>hpbv$pfu rhQpfp¡_u
õhs„Ósp_¡ âõ\pr`s L$fhp_u R>¡. k„ie\u X$fhp_u
S>ê$f _\u, A¡ sp¡ AphL$pfv$peL$ R>¡. ApV$gy„ Å¡ Ap`Z¡
ApNgu ¡̀Y$u_¡ iuMhu iL$uiy„ sp¡ rhQpfp¡_u õhs„Ósp
âõ\pr`s \i¡. dp_h_¡ dp_hsp rhL$kphhp_u A¡L$
dp¡L$mpi dmi¡.''

qaTu¼k_p kp¥ rhÛp\}Ap¡-rinL$p¡_¡ Ap ỳõsL$p¡
hp„Qhp„ Ndi¡.

- L¡ $. A¡_. Å¡ju`yfp- L¡ $. A¡_. Å¡ju`yfp- L¡ $. A¡_. Å¡ju`yfp- L¡ $. A¡_. Å¡ju`yfp- L¡ $. A¡_. Å¡ju`yfp



5151âNpdu sf„N...

cp¥rsL$rhop_ lmhu `mp¡dp„...

A¡L$ õhN}e `qf×íe (Scanerio)_u L$ë`_p L$fp¡.

dlp_ cp¥rsL$rhop_uAp¡ ÞeyV$_ A_¡ ApBÞõV$pB_, õ\m-L$pm (Space-time)_p
b„̂ _p¡_¡ ¡̀g¡ `pf ¼ep„L$ L$p¡B Nl_ QQp®dp„ Ny„\pep R>¡. s¡Ap¡_u QQp® gp„bu Qpg¡ R>¡ A_¡ R>¡hV¡$
bß¡ \pL¡$ R>¡. ApBÞõV$pB_ L$p¡B fds fdhp_y„ kyQ_ L$f¡ R>¡, A_¡ ÞeyV$_ k„spLy$L$X$u (hide-and-

seek) fdhp_y„ kyQ_ L$f¡ R>¡. k„spLy$L$X$u iê$ \pe R>¡. Ap bpSy> ApBÞõV$pB_ Ap„Mp¡ b„̂  L$fu_¡
"A¡L$, b¡, ÓZ...' NZhp_y„ iê$ L$f¡ R>¡ A_¡ ¡̀gu bpSy> ÞeyV$_ ¼ep„L$ Ry>`pB S>hp_u ¡̀fhu L$f¡
R>¡. AQp_L$ A¡L$ rhQpf Aphsp„ ÞeyV$_ S>du_ `f 1 rdV$f x 1 rdV$f_p¡ Qp¡fk v$p¡fu_¡ s¡_p `f
Dcp flu Åe R>¡. NZsfu ỳfu \sp„ S> ApBÞõV$pB_ Ap„Mp¡ Mp¡gu_¡ `pR>m afu_¡ Sy>A¡ R>¡. sp¡
kpd¡ S> Dcp R>¡ ÞeyV$_ ! ApBÞõV$pB_ Myi \pe R>¡ A_¡ s¡d_¡ `L$X$u g¡sp„ b|d `pX¡$ R>¡, ""A¡e
ÞeyV$_, ApDV$ ! d¢ sd_¡ `L$X$u `pX$ép. Qpgp¡, lh¡ v$ph v¡$hp_p¡ sdpfp¡ hpfp¡ !'' ÞeyV$_ L$l¡,
""hlpgp ApBÞõV$pB_, sd¡ d_¡ `L$X$ép¡ S> _\u.'' ApBÞõV$pB_ KQ¡ AhpS>¡ L$l¡ R>¡, ""Af¡
rdÓ, Å¡sp _\u L¡$ d¢ sd_¡ `L$X$u `pX$ép R>¡ ? sd¡ S> ÞeyV$_ Mfp L¡$ _l] ?!'' ÞeyV$_ QdL$su
Ap„M¡ S>hpb Ap ¡̀ R>¡, ""A¡ îudp_, S>fp ¼gprkL$g qaTu¼k kdÅ¡. lz„ 1 (rdV$f)2 Qp¡fk `f
Dcp¡ Ry>„... lz„ sp¡ Ry>„ `põL$g....(ÞeyV$_/(rdV$f)2)... !!''

*****

ad}-X$ufpL$ õV¡$V$uõV$u¼k_p A¡L$ âZ¡sp âp¡. X$ufpL$ 1950_p Afkpdp„ L$g¼Ñp Apìep
lsp, Äep„ bp¡T-ApBÞõV$pB_ õV¡$V$uõV$u¼k_p A¡L$ âZ¡sp âp¡. A¡k. A¡_. bp¡T s¡Ap¡_p eS>dp_
lsp. A¡L$ qv$hk V¡$L$_uL$g QQp® ỳfu \ep `R>u âp¡. A¡k. A¡_. bp¡T¡ A¡L$ Å¡hp gpeL$ õ\m¡
S>hp dpV¡$ âõsph dy¼ep¡ A_¡ âp¡. X$ufpL$ A_¡ s¡d_p `Ð_uA¡ s¡_p¡ klj® õhuL$pf L$ep£. âp¡. bp¡T¡
s¡ bß¡_¡ `p¡sp_u dp¡V$fL$pfdp„ Aphu S>hp L$üy„ A_¡ X$ufpL$-eyNg L$pf_u `pR>gu b¡W$L$dp„ Np¡W$hpey„.
õ\ymL$pe âp¡. bp¡T õhe„ X²$pehf sfuL¡$ Np¡W$hpep. s¡dZ¡ AÞe b¡ kp\uAp¡_¡ ApNgu kuV$p¡dp„
`p¡sp_u _ÆL$ b¡khp L$üy„ A_¡ L$pf l„L$pfu. \p¡X¡$ v|$f Nep Ðep„ sp¡ bp¡T_y„ Ýep_ kpd¡\u Aphu
fl¡g A¡L$ rdÓ `f Ney„. L$pf \p¡cphu_¡ bp¡T¡ s¡ rdÓ_¡ `Z kp\¡ Aphhp Apd„ÓZ Ap`u_¡
L$pf_u ApNgu b¡W$L$dp„ Np¡W$hpB S>hp L$üy„. Apd¡e ApNm S>Áep Ap¡R>u lsu A¡V$g¡ kp¥S>Þe\u
â¡fpB_¡ âp¡. X$ufpL¡$ Ap¡af L$fu, ""Af¡ âp¡. bp¡T, s¡d_¡ Al] `pR>gu b¡W$L$ `f Aphhp v$p¡ _¡ !
Al] Ad¡ a¼s b¡ S> R>uA¡.'' S>hpbdp„ âp¡. bp¡T¡ Å¡fv$pf cp¥rsL$ip÷ue Nçds L$fu, ""No,

no, Prof. Dirac, it is your FD Statistics at work there, and it is my BE Statistics

at work here !!!''

*****
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