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 p¢aÉC −a¡, p¢aÉ ¢L? Bj¡−cl −pC −R¡V−hm¡ −hm¡ −b−L ¢n−M Bp¡, p¢aÉ hm−h, p¢aÉ öe−h, 

¢L¿¹¥ p¢aÉ ¢S¢epV¡ Bp−m ¢L? Bj¡−cl S£h−e p¢aÉ ¢L? Bj¡−cl S¡e¡l f¢lp£j¡u p¢aÉ LaV¡? 

Lb¡…−m¡ i¡h−a b¡L−m HLV¡ AeÉ p¤¤l −h−S J−Wz fËL«¢al −Q¡−M p¢aÉ ¢L? HLV¥ −i−h −cM−m fËL«¢al 

−Q¡−M ph ¢LR¥C A−eLV¡ "L¥¢s−u Be¡, R¢s−u −gm¡"l −Mm¡!  ph ¢LR¥C f¢lhaÑen£mz AbQ, a¡l j¤−m 

HLV¡ p¤¤lz ¢L −pC p¤¤l? ¢L h¡ −pC p¢aÉ? a¡lC −M¡yS HM¡−ez  

 HLV¥ −i−h −cM−m Bj¡−cl pL¡−m O¤j −b−L JW¡ −b−L l¡−a ö−a k¡Ju¡ fkÑ¿¹ Bj¡−cl p¡b£ 

fËL«¢al −Q¡−M HLdl−Zl "L¥¢s−u Be¡, R¢s−u −gm¡"l −Mm¡z Bl a¡l j¤m p¤¤l: HLV¡ Af¢lhaÑe£u 

Ahruz n¢š²l Ahruz fËL«¢al −Q¡−Mz HLV¥ AeÉi¡−h −cM−m Bj¡−cl −pC ¢c−el −kV¥L¥ f¡Ju¡ h¡ 

q¡l¡−e¡ h¡ f¢lhaÑe, fËL«¢al −Q¡−M a¡l J j¤m p¤¤l n¢š²l ¢e¢š²−a −pC HLC Af¢lhaÑe£u Ahruz a−h 

fËL«¢al −Q¡−M ¢eaÉ ¢L? f¢lhaÑez Bl −pC f¢lhaÑ−el Nq−Z öd¤C HL L¡m¡a£a Ahr−ul L¡æ¡z ah¤ 

fËL«¢a ¢e¢hÑL¡lz ¢el¦š¡fz B¢p LÒfe¡l h¡Ù¹−hz dl¡ k¡L pª¢øl j¡−q¾cÊr−Z c¡y¢s−u Bj¡−cl −cM¡l p¤¤−k¡N 

q−u−R pª¢ø p‰£az ¢L −cM¢R? fËb−j AåL¡lz a¡lfl qW¡v HLV¡ ¢py¢sz HLV¡ ¢nöz a¡l j¡z Bl 

ApwMÉ −N¡m −N¡m hmz Hh¡l HL Ah¡L OVe¡z ¢nö¢V L−uLV¡ hm ¢e−u Ry¥−s ¢c−aC j¤q−̈aÑ −k¡N qm 

B−lLV¡ ¢py¢sl d¡f Bl A−eL ph NËq, erœz Hšph L¡−äl fl, j¡ ph hm…−m¡ L¥¢s−u Be−m 

−cMm¡j −k LV¡ hm ¢nö¢V Ry¥−s¢Rm −p LV¡ hm j¡ ¢g−l −f−me ¢WLC ¢L¿¹¥ a¡−cl Buae −Nm L−jz 

AbÑ¡v, hm¡ Q−m hm…−m¡l pwMÉ¡Na j¡e HL b¡L−mJ …ZNa j¡e −Nm L−jz Bjl¡ HarZ k¡ 

−cMm¡j, a¡ Bp−m fËL«¢a−a HLcj öl¦l ¢c−L HL AZ¤j¤q−̈aÑ O−V k¡Ju¡ OVe¡z HM¡−e ¢nö¢V −pC 

pj−ul OVj¡e e¡e¡e OVe¡ Bl j¡ q−me üuw fËL«¢az hm…−m¡l pwMÉ¡ −j¡V n¢š²l f¢lj¡fz hm…−m¡l 

Buae, n¢š²l …Zz a¡C HC pª¢øl −Mm¡l fË¢a d¡−f n¢š²l −j¡V f¢lj¡Z Af¢lh¢aÑa b¡L−mJ a¡l …Z 
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ü¡i¡¢hLi¡−hC pj−ul p−‰ p−‰ Q−m−R L−jz 

b¡−jÑ¡X¡Ce¡¢j−„l c¤C p§œz fËbj p§œ h−m: ¢h¢e

f¢li¡o¡u, HC ¢hnÄ-pwp¡−l −k−L¡−e¡ fË¢œ²u¡l öl¦ Bl −n−o n¢š²l f¢lj¡Z b¡−L Af¢lh¢aÑaz Bl 

Bj¡−cl N−Òf, −Mm¡ k¡C −q¡L e¡ −Le, −Mm¡ −n−o h−ml pwMÉ¡ b¡L−h HLCz ¢àa£u p

pwp¡−l n¢š²l …ZNa j¡e −k−L¡−e¡ fË¢œ²u¡l öl¦ Bl −n−o HL b¡−L e¡z a¡ œ²jnx L−jC Q−mz HC 

…ZNa j¡−el ¢h‘¡−el f¢li¡o¡u Bh¡l HL −f¡n¡L£ e¡j B−R: H¾VÊf£ h¡ Cw−lS£ Arl 

pñ¡he¡, k¡l S¡jÑ¡e f¢li¡o¡ Wahrscheinlichkeit (W),

H−X¡u¡XÑ −h¡ÒVpj¡e fËbj −cM¡e −k −L¡−e¡ (BcnÑ) NÉ¡−pl H¾VÊf£ a¡l HLC lL−jl AZ¤…−m¡l ¢h¢iæ 

AhÙÛ¡u b¡L¡l pñ¡he¡l p−‰ HL N¡¢Z¢aL pÇf−LÑ (

 

 

 

 

 

 

 

 

¢Qœ 1: −h¡ÒVpj¡−el ¢i−ue¡l pj¡¢dl Jfl −mM¡
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ü¡i¡¢hLi¡−hC pj−ul p−‰ p−‰ Q−m−R L−jz Bp−m pª¢øl −Mm¡l HC c¤C djÑ a¡fN¢a¢hcÉ

b¡−jÑ¡X¡Ce¡¢j−„l c¤C p§œz fËbj p§œ h−m: ¢h¢e-fup¡u c¤¢eu¡u −L¡b¡J M¡Ju¡ −S¡−V e¡! ¢h‘¡−el 

pwp¡−l −k−L¡−e¡ fË¢œ²u¡l öl¦ Bl −n−o n¢š²l f¢lj¡Z b¡−L Af¢lh¢aÑaz Bl 

Bj¡−cl N−Òf, −Mm¡ k¡C −q¡L e¡ −Le, −Mm¡ −n−o h−ml pwMÉ¡ b¡L−h HLCz ¢àa£u p

pwp¡−l n¢š²l …ZNa j¡e −k−L¡−e¡ fË¢œ²u¡l öl¦ Bl −n−o HL b¡−L e¡z a¡ œ²jnx L−jC Q−mz HC 

…ZNa j¡−el ¢h‘¡−el f¢li¡o¡u Bh¡l HL −f¡n¡L£ e¡j B−R: H¾VÊf£ h¡ Cw−lS£ Arl 

Wahrscheinlichkeit (W), HL¢V ¢h−no S¡uN¡ ¢e−u b¡−Lz m¤X¢iL 

H−X¡u¡XÑ −h¡ÒVpj¡e fËbj −cM¡e −k −L¡−e¡ (BcnÑ) NÉ¡−pl H¾VÊf£ a¡l HLC lL−jl AZ¤…−m¡l ¢h¢iæ 

AhÙÛ¡u b¡L¡l pñ¡he¡l p−‰ HL N¡¢Z¢aL pÇf−LÑ (loge) k¤š²:  

S = k logeW 

−h¡ÒVpj¡−el ¢i−ue¡l pj¡¢dl Jfl −mM¡: S = k loge

                                                                        −p±jÉ¢Sv l¡u       −p±jÉ¢Sv l¡u       −p±jÉ¢Sv l¡u       −p±jÉ¢Sv l¡u           

Bp−m pª¢øl −Mm¡l HC c¤C djÑ a¡fN¢a¢hcÉ¡ h¡ 

fup¡u c¤¢eu¡u −L¡b¡J M¡Ju¡ −S¡−V e¡! ¢h‘¡−el 

pwp¡−l −k−L¡−e¡ fË¢œ²u¡l öl¦ Bl −n−o n¢š²l f¢lj¡Z b¡−L Af¢lh¢aÑaz Bl 

Bj¡−cl N−Òf, −Mm¡ k¡C −q¡L e¡ −Le, −Mm¡ −n−o h−ml pwMÉ¡ b¡L−h HLCz ¢àa£u p§œ h−m: HC ¢hnÄ-

pwp¡−l n¢š²l …ZNa j¡e −k−L¡−e¡ fË¢œ²u¡l öl¦ Bl −n−o HL b¡−L e¡z a¡ œ²jnx L−jC Q−mz HC 

…ZNa j¡−el ¢h‘¡−el f¢li¡o¡u Bh¡l HL −f¡n¡L£ e¡j B−R: H¾VÊf£ h¡ Cw−lS£ Arl Sz fËL«¢a−a 

HL¢V ¢h−no S¡uN¡ ¢e−u b¡−Lz m¤X¢iL 

H−X¡u¡XÑ −h¡ÒVpj¡e fËbj −cM¡e −k −L¡−e¡ (BcnÑ) NÉ¡−pl H¾VÊf£ a¡l HLC lL−jl AZ¤…−m¡l ¢h¢iæ 

eW. 
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¢h‘¡−el f¢li¡o¡u b¡−jÑ¡X¡Ce¡¢j−„l ¢àa£u p§œ h−m: ¢hnÄ-pwp¡−l −k−L¡−e¡ fË¢œ²u¡l −n−o H¾VÊf£l j¡e ph 

pju EÜÑj¤M£z AeÉi¡−h hm¡ Q−m, −k−L¡−e¡ fË¢œ²u¡l −n−o n¢š²l …ZNa j¡e œ²jnx L−jC Q−mz Bl 

Bj¡−cl N−Òf, −Mm¡ k¡C −q¡L e¡ −Le, −Mm¡ −n−o h−ml Buae h¡ …Z k¡−h L−jz Bl a¡C pj−ul 

p−‰ p−‰ fËL«¢a−a Q−m−R HLV¡C OVe¡: n¢š²l …ZNa j¡e œ²jnx Q−m−R L−jz f¡−u f¡−u l−u−R HL 

Ahruz p¢aÉ HV¥L¥Cz −h¡ÒVpj¡−el ¢i−ue¡l pj¡¢dl Jfl −mM¡ fËL«¢al pñ¡he¡l p−‰ H¾VÊf£l pÇfLÑ 

−ke −L¡e Ni£l AbÑq£e q¡¢p−a B−S¡ Bj¡−cl i¡¢h−u −a¡−mz (¢Qœ 1)z 

 ¢g−l k¡C Bj¡−cl N−Òfl pj−ul ¢py¢s−az pj−ul ¢py¢s h−uC Q−m−Rz Q−m−R −pC R¢s−u −gm¡, 

L¥¢s−u Be¡l −Mm¡z Bl −pC −Mm¡l −S−l −L¡−e¡ HL ¢py¢sl f¡−n qW¡vC °al£ q−µR HL i¡Cl¡pz 

−pM¡e −b−L hýc§−l HL hÉ¡−ƒ¢lu¡z Bl a¡−l¡ mr-−L¡¢V ¢py¢sl f¡−n −L¡b¡J q¡p−R hej¡e¤o, a¡−l¡ −hn 

¢LR¥c§−l BS−Ll ja j¡e¤oz ¢py¢sV¡ ¢ejÀj¤M£z −kje L−l ¢ejÀj¤M£ Bj¡−cl n¢š²l …Zz ¢py¢s hC−R Jfl 

−b−L ¢e−Ql ¢c−Lz a¡l h−u Qm¡l j¤m p¤¤l j¡ Bl ¢nöl hm ¢e−u −Mm¡ Ll¡z ea¥e ea¥e ¢S¢ep h¡ 

S£h-S¿¹¥, N¡R-f¡m¡, −f¡L¡-j¡Ls −pM¡−e °al£ q−µR H d¡−f Jd¡−fz ah¤ pjpÉ¡ HLV¡Cz JC ¢py¢s −h−u 

¢eQ −b−L Jf−l JW¡ Apñh h¡Ù¹−hz a−h LÒf-¢h‘¡−el V¡Cj-−j¢ne h¡ j−el LÒfe¡u −pM¡−e ¢eQ −b−L 

Jf−l h¡ Jfl −b−L ¢e−Q Qm¡-−gl¡u −L¡−e¡ h¡d¡ −eC! ¢L¿¹¥ h¡Ù¹−h pj−ul ¢py¢s hC−R ec£l −pË¡−al 

jaz HL ¢c−Lz Ae¿¹z ¢hnË¡jq£e Ahr−ul −j¡qe¡uz AbQ −pC Ahr−ul j¤mp¤¤l−L nËÜ¡ L−lC ¢py¢sl 

f¡−n LM−e¡ h¡ EW−R qlè¡ j−q−¾S¡c¡−l¡, LM−e¡ hÉ¢hm−el T¥m¿¹ EcÉ¡e, −L¡Z¡−LÑl p§kÑj¢¾cl, Q™¡−n¡−Ll 

djÑ¡−n¡L q−u JW¡, h¡ −L¡b¡J −h−S EW−R h£−W¡−g−el ehj ¢pÇge£, B−l¡ c¤−l S¡f¡−el ¢hnÄk¤−Ül 

¢hi£¢oL¡ L¡¢V−u BS−Ll S¡f¡e q−u E−W g¥L¥¢nj¡l ¢hfkÑu ¢hdÆÙ¹ qJu¡z phC Q−m−R pj¡−e ¢py¢sl 
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Hf¡−n Jf¡−n Bl j¡-¢nöl −Mm¡l p¡−b p¡−bz

−pC f¢lhaÑ−el Nq−Z Ahruz 

 AhnÉ Ahr−ul j¡−T B−p ¢hØjuz ¢hØju Bj¡−cl −hy−Q b¡L¡ h¡ B−l¡ Øfø L−l hm−m 

Bj¡−cl A¢Ù¹aÆ ¢e−uJz −kje, dl¡ k¡L, Bj¡−cl h¡u¤j™−m A¢„−S−el f¢lj¡

HC f¢lj¡e k¢c naLl¡ 23 i¡N −q¡−a¡ a−h Bj¡−cl c¤¢eu¡ BS j¡ehn§ZÉ Ešç Eol EcÉ¡e q−u 

EWaz a¡C Ah¡L m¡−N ¢Li¡−h ¢eyM¤a NZZ¡u Bj¡−cl A¢Ù¹−aÆl f¢lL¢Òfa l©f¡uZ pñh q−u−Rz B−l¡ 

Ah¡L m¡−N S£h−el A¢Ù¹−aÆl p¡j¢NËL R¢hV¡l Lb¡ i¡h−mJz Bl HC phC O−V

¢a−m Ahr−ul Ly¡V¡l ¢VL ¢VL L−l M¤h B−Ù¹ h−u Qm¡l p¡−b p¡−bz B¢p S£h−el 

R¢hV¡l Lb¡uz S£h−el A¢Ù¹−aÆl j§m fVi¥¢j−a l−u−R c¤¢V Ae¤o‰z fËbj¢V NWZj§mLz ¢àa£u¢V, LjÑj§mLz 

a¡C S£h−el A¢Ù¹aÆl Ah¡L ¢hØj−ul Ae¤d¡h−e c¤¢V Ae¤o‰C pj¡e …l¦aÆf§ZÑz 

 

  

 

  

 

 

    

 

¢Qœ 2: X¡¢pÑ J−u−¸V¡u¡bÑ bjp−el hC 
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¢nöl −Mm¡l p¡−b p¡−bz Qm−R R¢s−u −gm¡, L¥¢s−u Be¡z 

AhnÉ Ahr−ul j¡−T B−p ¢hØjuz ¢hØju Bj¡−cl −hy−Q b¡L¡ h¡ B−l¡ Øfø L−l hm−m 

Bj¡−cl A¢Ù¹aÆ ¢e−uJz −kje, dl¡ k¡L, Bj¡−cl h¡u¤j™−m A¢„−S−el f¢lj¡ez naLl¡ 20 i¡Nz AbQ 

HC f¢lj¡e k¢c naLl¡ 23 i¡N −q¡−a¡ a−h Bj¡−cl c¤¢eu¡ BS j¡ehn§ZÉ Ešç Eol EcÉ¡e q−u 

EWaz a¡C Ah¡L m¡−N ¢Li¡−h ¢eyM¤a NZZ¡u Bj¡−cl A¢Ù¹−aÆl f¢lL¢Òfa l©f¡uZ pñh q−u−Rz B−l¡ 

Ah¡L m¡−N S£h−el A¢Ù¹−aÆl p¡j¢NËL R¢hV¡l Lb¡ i¡h−mJz Bl HC phC O−V

¢a−m Ahr−ul Ly¡V¡l ¢VL ¢VL L−l M¤h B−Ù¹ h−u Qm¡l p¡−b p¡−bz B¢p S£h−el 

S£h−el A¢Ù¹−aÆl j§m fVi¥¢j−a l−u−R c¤¢V Ae¤o‰z fËbj¢V NWZj§mLz ¢àa£u¢V, LjÑj§mLz 

a¡C S£h−el A¢Ù¹aÆl Ah¡L ¢hØj−ul Ae¤d¡h−e c¤¢V Ae¤o‰C pj¡e …l¦aÆf§ZÑz  

X¡¢pÑ J−u−¸V¡u¡bÑ bjp−el hC “On Growth and Form”

                                                                        −p±jÉ¢Sv l¡u       −p±jÉ¢Sv l¡u       −p±jÉ¢Sv l¡u       −p±jÉ¢Sv l¡u           

Qm−R R¢s−u −gm¡, L¥¢s−u Be¡z j¤mp¤¤l: f¢lhaÑez Bl 

AhnÉ Ahr−ul j¡−T B−p ¢hØjuz ¢hØju Bj¡−cl −hy−Q b¡L¡ h¡ B−l¡ Øfø L−l hm−m 

ez naLl¡ 20 i¡Nz AbQ 

HC f¢lj¡e k¢c naLl¡ 23 i¡N −q¡−a¡ a−h Bj¡−cl c¤¢eu¡ BS j¡ehn§ZÉ Ešç Eol EcÉ¡e q−u 

EWaz a¡C Ah¡L m¡−N ¢Li¡−h ¢eyM¤a NZZ¡u Bj¡−cl A¢Ù¹−aÆl f¢lL¢Òfa l©f¡uZ pñh q−u−Rz B−l¡ 

Ah¡L m¡−N S£h−el A¢Ù¹−aÆl p¡j¢NËL R¢hV¡l Lb¡ i¡h−mJz Bl HC phC O−V−R h¡ O−V Q−m−R ¢a−m 

¢a−m Ahr−ul Ly¡V¡l ¢VL ¢VL L−l M¤h B−Ù¹ h−u Qm¡l p¡−b p¡−bz B¢p S£h−el A¢Ù¹−aÆl p¡j¢NËL 

S£h−el A¢Ù¹−aÆl j§m fVi¥¢j−a l−u−R c¤¢V Ae¤o‰z fËbj¢V NWZj§mLz ¢àa£u¢V, LjÑj§mLz 

“On Growth and Form”. 
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   Bp¡ k¡L S£h−el NWZj§mL Ae¤o−‰l Lb¡uz HC fËp−‰ fËbj ¢c−Ll i¡he¡ A−eLV¡C p¡dÑnahoÑ 

B−Nl ¢h‘¡e£ X¡¢pÑ J−u−¸V¡u¡bÑ bjp−elz ay¡l AeÉhcÉ hC “On Growth and Form” H ¢a¢e 

fËL«¢a−a n¢š²l ¢e¢l−M S£h−el NWZj§mL E−eÈ−ol ¢cLV¡ a¥−m d−l−Rez (¢Qœ 2)z ay¡l Lb¡u, "An 

organism is so complex a thing, and growth so complex a phenomenon, that for 

growth to be so uniform and constant in all the parts as to keep the whole shape 

unchanged would indeed be an unlikely and an unusual circumstance. Rates vary, 

proportions change, and the whole configuration alters accordingly."  HLV¡ pqS 

Bl −R¡−–¡ Ec¡qlZ −cM¡ k¡Lz dl¡ k¡L, −Sm£¢g−nl NW−Zl Lb¡z −Sm£ ¢g−nl −p±¢Me p¡S¡−e¡ nl£−ll 

A¢Ù¹−aÆl A−eLV¡C fËL«¢al h−ml p¡−jÉl l£¢a l¡M¡l ¢eu−j hy¡d¡z ¢Li¡−h? HLV¡ j¡ep fl£r¡ Ll¡ 

k¡Lz dl¡ k¡L, HLV¡ f¡−œ M¤h Oe HLV¡ −am l¡M¡ B−Rz Hh¡l −pC f¡−œl Ni£−l ¢N−u L−uLV¡ −gy¡V¡ 

S−ml h¤ch¤c k¢c −R−s −cJu¡ qu, a−h −cM¡ k¡−h A−eLV¡ −Sm£¢gn-pcªn BL¡l B−Ù¹ B−Ù¹ −pC 

Ni£−l °al£ q−µRz pqS Lb¡u, fËL«¢al h−ml p¡−jÉl l£¢a l¡M¡l ¢eu−jz HM¡−e A¢ihÉ¢š² h¡ 

A¢i−k¡S−el Lb¡u e¡ ¢N−uJ −Sm£¢g−nl ja S£h−el NW−Zl Lb¡ hÉ¡MÉ¡ Ll¡ k¡uz AhnÉ −pC öl¦ 

a¡lfl hý ¢h‘¡e£ A−eL p¤¤¾cl p¤¤¾cl fl£r¡u −c¢M−u−Re ¢Li¡−h S£h−el pcªn NWZ fl£r¡N¡−l °al£ 

Ll¡ pñhz HLV¡ ea¥e N−hoZ¡l −rœJ °al£ q−u−Rz k¡l −f¡n¡L£ e¡j: Biomimetics. 

 Hh¡l Bjl¡ Bj¡−cl fl£r¡N¡−l °al£ Ll¡ HL T¥¢s jVlny¥¢V −c−M r¡¿¹ q−h¡z e¡ 

h¡−u¡¢j−j¢VLp eu, hlw lp¡u−Zl q¡a d−lz ¢Li¡−h? HL dl−Zl AZ¤ Bjl¡ °al£ Ll−a f¡¢l k¡−cl 

j−dÉ c¤−V¡ p¤¤Øfø Awn B−Rz Hh¡l Hl¡ −k ¢e−S−cl H−L AeÉ−L M¤h fR¾c L−l Hje euz a−h 

lp¡u−Zl p¡q¡−kÉ H−cl HLp¡−b h¢p−u A−eLV¡ BV−L HC AZ¤−L lp¡uZ¡N¡−l h¡e¡−e¡ pñhz Hl lp¡u−Z 
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HLV¡ M−V¡j−V¡ −f¡n¡L£ e¡j B−R: 

V¡ MoO3 q¡a dl¡d¢l L−l h−p B−Rz ¢L¿¹¥ H−cl j−dÉ −hn ¢LR¥V¡ AfR¾cz a¡C HLV¥ p¤¤−k¡N −f−mC 

Hl¡ q¡a −R−s °al£ Ll−h öl¦l

−L¡−e¡ p¤¤¾cl pwNWZ? Bl a¡ −cM−a Bjl¡ p¡¢S−u¢Rm¡j HLV¡ −R¡−

 

 

 

 

 

 

 

 

 

 

¢Qœ 3: AZ¤ p¡¢S−u jVlny¥¢V °al£ Ll¡z Ce−p−V j¡C−œ²¡−ú¡−fl B−m¡u −cM¡ A°Sh jVlny¥¢Vz
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HLV¡ M−V¡j−V¡ −f¡n¡L£ e¡j B−R: PMo12O40 h¡ (PO4)(MoO3)12 z k¡l j¡−e HLV¡ 

q¡a dl¡d¢l L−l h−p B−Rz ¢L¿¹¥ H−cl j−dÉ −hn ¢LR¥V¡ AfR¾cz a¡C HLV¥ p¤¤−k¡N −f−mC 

Hl¡ q¡a −R−s °al£ Ll−h öl¦l PO4 Bl MoO3z AbQ HC q¡a R¡s¡R¡¢sl j¡−T ¢L q−a f¡−l 

−L¡−e¡ p¤¤¾cl pwNWZ? Bl a¡ −cM−a Bjl¡ p¡¢S−u¢Rm¡j HLV¡ −R¡−–¡ fl£r¡z 

 

 

 

 

AZ¤ p¡¢S−u jVlny¥¢V °al£ Ll¡z Ce−p−V j¡C−œ²¡−ú¡−fl B−m¡u −cM¡ A°Sh jVlny¥¢Vz

                                                                        −p±jÉ¢Sv l¡u       −p±jÉ¢Sv l¡u       −p±jÉ¢Sv l¡u       −p±jÉ¢Sv l¡u           

z k¡l j¡−e HLV¡ PO4 Bl 12 

q¡a dl¡d¢l L−l h−p B−Rz ¢L¿¹¥ H−cl j−dÉ −hn ¢LR¥V¡ AfR¾cz a¡C HLV¥ p¤¤−k¡N −f−mC 

q¡a R¡s¡R¡¢sl j¡−T ¢L q−a f¡−l 

 (¢Qœ 3)z   

AZ¤ p¡¢S−u jVlny¥¢V °al£ Ll¡z Ce−p−V j¡C−œ²¡−ú¡−fl B−m¡u −cM¡ A°Sh jVlny¥¢Vz 
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fl£r¡V¡ A−eLV¡ HlLjz AZ¤ Bl hsps −k−L¡−e¡ fc¡bÑl j¡−T −k ¢hn¡m S¡uN¡V¡ f−s B−R, ¢h‘¡−el 

−f¡n¡L£ e¡−j "eÉ¡−e¡ Bl jÉ¡−œ²¡"l j¡−Tl A’−m A−eL p¤¤−k¡N −L¡−e¡ p¤¤¾cl BL¡l °al£ qJu¡lz 

PMo12O40 h¡ (PO4)(MoO3)12 H HLV¡ PO4 Bl 12 V¡ MoO3 q¡a dl¡d¢l L−l h−p B−Rz 

H−cl j−dÉ −hn ¢LR¥V¡ AfR¾cz a¡C q¡a R¡s¡R¡¢s q−mC °al£ q−a f¡−l −L¡−e¡ p¤¤¾cl pwNWZz Bl 

a¡C Bjl¡J −cM−a Q¡Cm¡j, ¢L qu Bj¡−cl AZ¤l −r−œ k¢c qu q¡a R¡s¡R¡¢s, JC "eÉ¡−e¡ Bl 

jÉ¡−œ²¡"l j¡−Tl A’−m? [HM¡−e h−m l¡M¡ i¡−m¡, eÉ¡−e¡ Bl jÉ¡−œ²¡ c¤−ulC SeÈ °cOÑÉ −h¡T¡−e¡l HLL 

−b−Lz eÉ¡−e¡ h¡ eÉ¡−e¡¢jV¡l, HL ¢jV¡−ll fË¡u cn −L¡¢V i¡−Nl HL i¡N! Bl jÉ¡−œ²¡ hm−a −h¡T¡u 

A¿¹ax j¡C−œ²¡¢jV¡l h¡ a¡l −hn£z j¡C−œ²¡¢jV¡l Bh¡l HL ¢jV¡−ll HL mr i¡−Nl HL i¡Nz] "eÉ¡−e¡ 

Bl jÉ¡−œ²¡"l j¡−Tl A’−m ¢L L−l Bj¡−cl ¢ú−S¡−é¢eu¡u Bœ²¡¿¹ AZ¤, a¡ −cM−a Bjl¡ öd¤ E−ú 

¢cm¡j HLV¡ −i±a-l¡p¡u¢ZL pwNË¡jz ¢L ¢c−u? n−ël hÉhq¡−lz AbÑ¡v, HLV¡ ¢e¢ŸÑø pju d−l HL ¢h−no 

al‰°c−OÑl në JC AZ¤l HL Sm£u pw¢jnË−Z −hn ¢LR¥rZ Q¡m¡−aC −cM¡ −Nm eÉ¡−e¡¢jV¡l °c−OÑÉl AZ¤ 

ea¥e L−l −p−S EWm A−eLV¡ A°Sh jVlny¥¢Vl ja L−l! L¡lZ? −pV¡ M¤h Øfø e¡ q−mJ −j¡V¡j¤¢V 

Bj¡−cl Be¤j¡e, −k PO4 Bl MoO3, në n¢š²l p¡q¡−kÉ e−s Q−s h−p ea¥e i¡−h: A°Sh jVlny¥¢Vl 

ja L−lz (¢Qœ 3)z −kM¡−e, PO4 jVlc¡e¡u h¡p¡ hy¡−d Bl a¡l Q¡lf¡−n a¡−L S¢s−u b¡−L MoO3z 

L¡lZ: PO4 Hl fR¾c −N¡m jVlc¡e¡, Bl MoO3 Q¡u a¡l b¡−L b¡−L p¡S¡−e¡ ¢œ²ØV¡−ml p¤¤¾cl 

f¢l−hnz H −ke, AZ¤lC HL l©f¡¿¹¢la f¢lhaÑe, k¡l p−‰ HL q¡ó¡ ¢j−m −L¡−e¡i¡−h ¢j−n k¡u 

−Sm£¢g−nl SeÈhªš¡−¿¹l −i±a fl£r¡l gmV¥L¥z a−h HphC j−el j¡−T ¢j−ml −My¡−Sz h¡Ù¹−h H−cl 

j¡−Tl hÉhd¡e jVlny¥¢V Bl −Sm£¢g−nl jaC A−eLM¡¢e! AbÑ¡v pqS l¡p¡u¢ZL fl£r¡u Bjl¡ S£h−el 
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pcªn pwNWZ pq−SC °al£ Ll−a f¡¢lz a¡l SeÉ fË−u¡Se −eC −L¡−e¡ ¢S−el A¢ihÉ¢š² hl’ a¡−a 

B−R HL l¡p¡u¢ZL A¢ihÉ¢š²z HMe fËnÀ J−W ¢Seju S£h SN−a ¢Se¡a£a ¢LR¥ OV¡ ¢L pñh?  

 p¡ÇfË¢aL S£h¢hcÉ¡ −ke A−eLV¡ a¡lC C¢‰a ¢c−µRz B¢p S£h−el LjÑj§mL Ae¤o−‰l Lb¡uz 

HGT h¡ Horizontal Gene Transfer, qm Hj¢e HL OVe¡ −kM¡−e ¢Se ÙÛ¡e¡¿¹¢la qu HL S£h 

−b−L AeÉ S£−h, fËSeÈ −b−L fËS−eÈl h¡C−lz HMe Hje f¢l−h−n −cM¡ k¡u B−lL Aá¥a OVe¡z 

fË¡L«¢aL h¡ f¡¢lf¡¢nÑ−Ll Q¡−fl ¢nL¡l q−m HL fËS¡¢al hÉ¡−ƒ¢lu¡ üµR−¾c AeÉ fËS¡¢al hÉ¡−ƒ¢lu¡ −b−L 

¢Se ¢e−u a¡−L Bš£L«a L−l −hy−Q b¡−Lz AbÑ¡v a¡l SeÉ B−lL fËSeÈ A−fr¡l a¡l Bl −L¡−e¡ 

clL¡l b¡−L e¡z BSL¡m Bj¡−cl j¡−T −k A−eL AÉ¡¢¾Vh¡−u¡¢VL L¡S L−l e¡, a¡l L¡lZJ HC HGT 

h¡ Horizontal Gene Transferz AbÑ¡v, ¢Se BS−Ll SN−a HGT h¡ Horizontal Gene 

Transfer Hl B−m¡u ¢h¢iæ fËS¡¢al S£−hl j−dÉ h¡ ¢h−no L−l i¡Cl¡p, hÉ¡−ƒ¢lu¡ Bl f¢l−h−nl 

j−dÉ Ae¡¢cL¡m d−l Qm−a b¡L¡ L−b¡fLb−el HL i¡o¡ j¡œ! Bl HC cª¢øi‰£ −b−L fËnÀ J−W a−h 

¢h‘¡−el ¢e¢l−M paÉ ¢L? Ešlz f¢lhaÑez Bl a¡C ¢h‘¡e£−cl −r−œ HL AeÉaj p¢aÉ: d¡lZ¡l 

f¢lhaÑez Hl ¢hÙ¹¡l−L Bh¡l ¢lQ¡XÑ X¢L¾p ay¡l hC "−pm¢gn ¢S−e" a¥me¡ L−l−Re Bl pw‘¡¢ua 

L−l−Re "BC-¢Se" Hl d¡lZ¡l j¡dÉ−jz −k−L¡−e¡ ea¥e i¡he¡ h¡ d¡lZ¡ Bj¡−cl j−dÉ BSL¡m 

fËp¡lm¡i L−l M¤h â¥az a¡l SeÉ fË−u¡Se −eC −L¡−e¡ fËS−eÈl A−fr¡lz hlw C¾V¡l−eV h¡ hC−ul 

f¡a¡u Bj¡−cl ‘¡−el BqlZ-¢hasZ-fËp¡l J h−Vz Bl HC fËp¡−ll HLL X¢L−¾pl Lb¡u "BC-¢Se" 

h¡ ‘−jj’ (Meme)z  



p¢aÉ ¢L?                                               p¢aÉ ¢L?                                               p¢aÉ ¢L?                                               p¢aÉ ¢L?                                                                                                                       −p±jÉ¢Sv l¡u       −p±jÉ¢Sv l¡u       −p±jÉ¢Sv l¡u       −p±jÉ¢Sv l¡u           

 

10 

 

 "BC-¢Se" −b−L Bp¡ k¡L B−lL BC¢Xu¡l Lb¡uz ¢h‘¡−el SN−a a¡l e¡j ¢œ²¢VLÉ¡¢m¢Vz 

Hh¡l HC ¢œ²¢VLÉ¡¢m¢Vl cª¢ø−L¡Z −b−L Bjl¡ ¢S−‘p Ll−h¡ p¢aÉ ¢L? HMe fËnÀ ¢œ²¢VLÉ¡¢m¢V ¢L? −p¡S¡ 

h¡Pm¡u ¢œ²¢VLÉ¡¢m¢V hm−a Bjl¡ h¤¢T pwLVjua¡ h¡ pwLVj¤qäÑz Bl HLV¥ …¢R−u k¢c ¢S−‘p Ll¡ 

qu, −L¡−e¡ fc¡−bÑl pwLVj¤qäÑ hm−a ¢L −h¡T¡u, aMe hm¡ −k−aC f¡−l −k j¤q̈−aÑ h¡ −k ¢h¾c¥−a −L¡−e¡ 

fc¡−bÑl AhÙÛ¡l pwLV H−p q¡¢Sl qu a¡−LC hm¡ k¡u −pC fc¡−bÑl pwLVj¤qäÑ h¡ a¡l pwLV¢h¾c¤z 

HLV¡ pqS Ec¡ql−Z ¢S¢epV¡ −h¡T¡ k¡Lz 1863 p¡−m bj¡p Häl¦n HL pqS fl£r¡u fËbj −L¡−e¡ 

fc¡−bÑl pwLV¢h¾c¤ fl£r¡j§mLi¡−h fËj¡Z L−l −cM¡ez L¡hÑe X¡C A„¡CX NÉ¡p ¢e−u ¢a¢e a¡l Jfl 

œ²jnx Q¡f ¢c−a ¢c−a Hje HL AhÙÛ¡u −fy±Re −kM¡−e öd¤ NÉ¡pC eu, alm L¡hÑe X¡C A„¡CXJ HL 

p¡−b Ef¢ÙÛaz L¡hÑe X¡C A„¡C−Xl −r−œ h¡u¤jä−ml Q¡−fl 73 …Z Q¡−f Bl 31.1 ¢XNË£ a¡fj¡œ¡u 

HC pwLVj¤q̈aÑ −cM¡ k¡uz HMe −LeC h¡ Hje qu? HC fË−nÀl Ešl −f−a B−lLV¥ Ni£−l Ey¢L ¢c−a 

quz −k−L¡−e¡ fc¡−bÑl AhÙÛ¡l Ni£−l m¤¢L−u AZ¤l ¢heÉ¡pz L¢W−Zl −r−œ AZ¤…−m¡ W¡p¡W¡¢p L−l h−p 

b¡−L, A−eLV¡ ¢is k¡œ£ −h¡T¡C h¡−pl jaz L¡−SC −kje h¡−pl clS¡l L¡−R −LE −S¡−l −Wm¡ ¢c−m 

c§−l cy¡s¡−e¡ k¡œ£J −pC d¡‚¡l −Sl −Vl f¡e, −aje L−l L¢WZ fc¡−bÑl −r−œ AZ¤…−m¡l JC hSÊ-ByV¥¢e 

hy¡d¤¢el SeÉC L¢WZ fc¡bÑ Aa L¢WZ! Bh¡l L¢W−Z AZ¤…−m¡l pwMÉ¡Na OeaÆ J −hn ¢euj −j−e Q−mz 

L¡lZ, h¡p i¢aÑ b¡L−m Bjl¡ h¡dÉ qC HLV¡ ¢e¢ŸÑø S¡uN¡u cy¡s¡−az pqS f¢lpwMÉ¡e −b−L hm¡ k¡u 

LSe LaV¡ S¡uN¡ ¢e−u cy¡¢s−uz i¢aÑ h¡−p HL S¡uN¡u −m¡−Ll OeaÆ Bl HL −L¡−Z −m¡−Ll OeaÆJ 

hm¡ k¡u −hn pq−Sz L¡lZ HC c¤C OeaÆ pÇf¢LÑaz ¢h‘¡−el f¢li¡o¡u correlatedz a¡C Bh¡l 

HLC Lb¡ HLV¥ O¤¢l−u f¤el¡hª¢š Ll−m L¢WZ fc¡−bÑl HL djÑ E−W B−pz −k−L¡−e¡ L¢W−Zl AZ¤l pwMÉ¡l 

OeaÆ pjÙ¹ L¢W−Zl −r−œ pÇf¢LÑaz HC pwMÉ¡Na Oe−aÆl a¡lajÉ L¢W−Zl −r−œ M¤hC Lj h¡ eNZÉz 
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¢h‘¡−el f¢li¡o¡u HC a¡la−jÉl e¡j fluctuations h¡ density fluctuationsz hm¡C h¡ýmÉ, 

al−ml −r−œ HC a¡lajÉ, L¢W−Zl −b−L A−eL −hn£, L¡lZ al−ml −r−œ HC pwMÉ¡Na OeaÆ Ljz 

Bl NÉ¡−pl −r−œ pwMÉ¡Na OeaÆ M¤hC Lj Bl pwMÉ¡Na Oe−aÆl a¡lajÉ ph −b−L −hn£z HM¡−e h−m 

l¡M¡ i¡−m¡ pwLV¢h¾c¥−a pwMÉ¡Na Oe−aÆl a¡lajÉ ph −b−L −hn£z Bl a¡C, fc¡−bÑl ea¥e −L¡−e¡ 

pj¢øNa d−jÑl E−eÈ−ol pñ¡he¡J pwLV¢h¾c¥−a phÑ¡¢dL! Bl −pM¡−eC ¢œ²¢VLÉ¡¢m¢Vl …l¦aÆz Hh¡l pqS 

Lb¡u −cM¡ k¡L Jf−ll fkÑ−hrZz dl¡ k¡L HLV¡ h¡p a¡l Evp-ÙÛm pÒV−mL −b−L ¢nu¡mc¡ q−u a¡l 

N¿¹hÉ X¡m−q±p£ k¡−µRz HLcj öl¦l ¢c−L h¡pV¡ gy¡L¡z LSe j¡œ k¡œ£z Hh¡l h¡pV¡ ka ¢nu¡mc¡l ¢c−L 

−k−a b¡L−h aa a¡l k¡œ£ pwMÉ¡ h¡s−hz HV¡ A−eLV¡ Häl¦−nl L¡hÑe-X¡C-A„¡CX ¢e−u fl£r¡u, 

NÉ¡−pl Jfl Q¡f h¡s¡−e¡l pja¥mÉz ka Q¡f h¡−s aa AZ¤l pwMÉ¡Na OeaÆ h¡−sz ¢WL h¡pV¡l d£−l 

d£−l ¢nu¡mc¡l ¢c−L H−N¡−e¡l jaz h¡pV¡ kaC ¢nu¡mc¡l ¢c−L H−N¡u, aaC h¡−s k¡œ£ Bl L−j 

k¡œ£−cl cy¡s¡−e¡l ü¡d£ea¡z Hhw d£−l d£−l HLV¡ k¡œ£ pwMÉ¡l Oe−aÆl ¢e¢ŸÑø dlZ h¡ fÉ¡V¡ZÑ °al£ quz 

¢WL −kje L−l Häl¦n p¡−qh ay¡l fl£r¡u Q¡f h¡¢s−u NÉ¡p−L alm£L«a L−le, −aje L−lC Bjl¡ 

hm−a f¡¢l k¡œ£ h¡¢s−u Bjl¡ h¡−pJ HLC i¡−h −pC AhÙÛ¡l l©f¡¿¹l O¢V−u¢Rz NÉ¡p −b−L −ke H−p¢R 

al−m! B−Nl AhÙÛ¡l a¥me¡u h¡−pl k¡œ£−cl pwMÉ¡Na Oe−aÆl a¡lajÉ −N−R L−jz Hh¡l dl¡ k¡L 

h¡pV¡ H−m¡ ¢nu¡mc¡uz qW¡v hý k¡œ£ e¡j−me, hý k¡œ£ EW−Rez h¡−pl ¢ial HLV¡ Q̈s¡¿¹ AhÙÛ¡ °al£ 

q−m¡z A−eLrZ d−l cy¡s¡−e¡ −LE hp−a −f−me e¡ Bh¡l qW¡v E−WC −LE −N−me h−p! k¡œ£−cl 

pwMÉ¡Na Oe−aÆl a¡lajÉJ −fy±R−m¡ Q̈s¡−¿¹z hm¡ k¡u ¢nu¡mc¡u −fy±−R h¡pV¡ −fy±R−m¡ pwLV¢h¾c¥−a, 

−pM¡−e k¡œ£−cl pwMÉ¡Na Oe−aÆl a¡lajÉJ Ql−jz j−el Bue¡u QV L−l ¢j¢m−u ¢eC Häl¦n p¡−q−hl 
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fl£r¡z h¡−pl AhÙÛ¡ aMe L¡hÑe X¡C A„¡C−Xl ja! kMe L¡hÑe X¡C A„¡CX h¡u¤jä−ml Q¡−fl 73 

…Z Q¡−f Bl 31.1 ¢XNË£ a¡fj¡œ¡uz AbÑ¡v h¡−pl R¢hV¡ ¢œ²¢VLÉ¡¢m¢Vl −cÉ¡aL! 

 HC ¢œ²¢VLÉ¡¢m¢Vl …l¦aÆ −h¡T¡−a H−p f−s p¤¤f¡lLä¡ƒ¡−ll Lb¡z Hl f¡n¡f¡¢n S¢s−u "eÉ¡−e¡ 

Bl jÉ¡−œ²¡"l j¡−Tl A’−ml A−eL p¤¤−k¡−Nl Lb¡Jz HLV¡ −R¡– Ec¡ql−Z ¢S¢epV¡ Øfø −h¡T¡ k¡uz dl¡ 

k¡L −p¡e¡ Bl e¡−u¡¢hu¡j e¡−jl c¤C d¡a¥l Lb¡z H−cl c¤−ul flj¡Z¤…−m¡ HLC lL−jlz −p¡e¡l j¡−Tl 

C−mƒÊe…−m¡ HL f¢lh¡q£ alm °al£ L−l Bl a¡C −p¡e¡, −p¡e¡! QLQ−L, a¢s−al p¤¤f¢lh¡q£z 30 

eÉ¡−e¡¢jV¡l fkÑ¿¹ −p¡e¡ Bl e¡−u¡¢hu¡−jl flj¡Z¤…−m¡l hÉhq¡l HLClLjz Bl a¡l f−lC öl¦ qu 

fËL«¢al HL BÕQkÑ −Mm¡z 30 eÉ¡−e¡¢jV¡−ll fl e¡−u¡¢hu¡−jl C−mƒÊe…−m¡ −S¡s¡ hy¡−dz HC dl−Zl −S¡s¡ 

hy¡d¡ fËbj B¢h×L¡l L−le 1965 p¡−m j¡¢LÑe ¢h‘¡e£ ¢mJe L¥f¡lz a¡C HC dl−Zl −S¡s¡−L ¢h‘¡−el 

f¢li¡o¡u hm¡ qu L¥f¡l −S¡s¡ h¡ Cooper pairz Bl B−Ù¹ B−Ù¹ Bjl¡ ka eÉ¡−e¡¢jV¡l −R−s 

j¡C−œ²¡¢jV¡−ll ¢c−L H−N¡C aa ApwMÉ −L¡¢V −L¡¢V L¥f¡l −S¡s¡ HL p¡−b q−u HL ea¥e AhÙÛ¡l pª¢ø 

L−lz hm¡C h¡ýmÉ H−r−œJ mrZ£u HL AeÉdl−Zl ¢œ²¢VLÉ¡¢m¢V: pwMÉ¡ Bl Bua−el ¢œ²¢VLÉ¡¢m¢V! 

Bl HC ea¥e AhÙÛ¡u e¡−u¡¢hu¡j l©f¡¿¹¢la qu A¢af¢lh¡q£−a h¡ p¤¤f¡lLä¡ƒ¡−lz HC AhÙÛ¡u ¢he¡ 

−l¡−d a¢sv f¢lh¡¢qa quz −Q±ðL−rœ qu A−eLV¡C h¢q×L«a, Bl a¡C Q¥ð−Ll Jfl −l−M ¢c−m HC 

ea¥e AhÙÛ¡l e¡−u¡¢hu¡j i¡−p! p¡d¡lZ e¡−u¡¢hu¡j q−u J−W A¢af¢lh¡q£z −p±S−eÉ: pwMÉ¡ Bl Bua−el 

¢œ²¢VLÉ¡¢m¢V!   

 p¤¤f¡lLä¡ƒ¡l ka BLÑoZ£uC −q¡L e¡ −Le, a¡ fË¡Zq£ez Hh¡l Bjl¡ Bh¡l LÒfe¡l SN−a 

HLV¡ −R¡– X¥h −c−h¡z p‰£ ¢œ²¢VLÉ¡¢m¢Vz Bjl¡ B−NC −c−M¢R S£h−el E−eÈ−ol c¤−V¡ fËd¡e Ae¤o‰z 

NWZj§mL Bl LjÑj§mLz ¢L¿¹¥ BS−L Bj¡−cl h¢dÑa ‘¡−el −fË¢r−a Bjl¡ Ae¡u¡−p HC c¤C Ae¤o‰−L 



p¢aÉ ¢L?                                               p¢aÉ ¢L?                                               p¢aÉ ¢L?                                               p¢aÉ ¢L?                                               

 

 

Bm¡c¡ L−l e¡ −c−M A−eLV¡ HLC R¢hl c¤C A‰ ¢q−p−h −cM−a f¡¢lz Bjl¡ BS fªbLi¡−h S£he

pcªn NWZj§mL ÙÛ¡faÉ pqS lp¡u

S£h−el LjÑj§mL Ae¤o−‰l −fË¢r−aJ BS Bj¡−cl ‘¡e A−eLM¡¢ez fËnÀ J−W: −L¡−e¡i¡−h HC c¤C 

Ae¤o−‰l fkÑ¡uœ²¢jL f¢lhaÑ−e ¢L −L¡−e¡ ea¥e AhÙÛ¡ °al£ Ll¡ pñh? a¡C ¢L S£he? qu−a¡ HC c¤C 

j¡œ¡l fkÑ¡uœ²¢jL f¢lhaÑ−e ¢œ²¢VLÉ¡¢m¢Vl ¢c

(¢Qœ 4)z ¢h‘¡−el −Q¡−M a−h −pV¡C q−u EW−a f¡−l HLV¡ p¤¤¾cl p¢aÉz  

  

  

 

 

 

 

     ¢Qœ 4: E−eÈ−ol c¤−V¡ fËd¡e Ae¤o‰z NWZj§mL Bl LjÑj§mLz

O¢sV¡ ¢VL ¢VL L−l Q−m−Rz ¢S−‘p Ll−R −ke, a−h p¢aÉ ¢L? f¢lhaÑe, a¡l j§−ml Ahru? a−h 

j¡e¤o ¢q−p−h Bj¡−cl S£h−el p£j¡l −fË¢r−a qu−a¡ HC Ahru i¡he¡ HL¡¿¹ B¢aÈL q−u J−W e¡z 
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Bm¡c¡ L−l e¡ −c−M A−eLV¡ HLC R¢hl c¤C A‰ ¢q−p−h −cM−a f¡¢lz Bjl¡ BS fªbLi¡−h S£he

pcªn NWZj§mL ÙÛ¡faÉ pqS lp¡u−Zl fË−u¡−N °al£ Ll−a prjz Bh¡l HGT 

S£h−el LjÑj§mL Ae¤o−‰l −fË¢r−aJ BS Bj¡−cl ‘¡e A−eLM¡¢ez fËnÀ J−W: −L¡−e¡i¡−h HC c¤C 

Ae¤o−‰l fkÑ¡uœ²¢jL f¢lhaÑ−e ¢L −L¡−e¡ ea¥e AhÙÛ¡ °al£ Ll¡ pñh? a¡C ¢L S£he? qu−a¡ HC c¤C 

j¡œ¡l fkÑ¡uœ²¢jL f¢lhaÑ−e ¢œ²¢VLÉ¡¢m¢Vl ¢c−L −Q¡M −l−M Bjl¡ −fy±R−a f¡¢l ea¥e E−eÈ−ol p£j¡−¿¹! 

(¢Qœ 4)z ¢h‘¡−el −Q¡−M a−h −pV¡C q−u EW−a f¡−l HLV¡ p¤¤¾cl p¢aÉz   

¢Qœ 4: E−eÈ−ol c¤−V¡ fËd¡e Ae¤o‰z NWZj§mL Bl LjÑj§mLz
 

O¢sV¡ ¢VL ¢VL L−l Q−m−Rz ¢S−‘p Ll−R −ke, a−h p¢aÉ ¢L? f¢lhaÑe, a¡l j§−ml Ahru? a−h 

j¡e¤o ¢q−p−h Bj¡−cl S£h−el p£j¡l −fË¢r−a qu−a¡ HC Ahru i¡he¡ HL¡¿¹ B¢aÈL q−u J−W e¡z 

                                                                        −p±jÉ¢Sv l¡u       −p±jÉ¢Sv l¡u       −p±jÉ¢Sv l¡u       −p±jÉ¢Sv l¡u           

Bm¡c¡ L−l e¡ −c−M A−eLV¡ HLC R¢hl c¤C A‰ ¢q−p−h −cM−a f¡¢lz Bjl¡ BS fªbLi¡−h S£he-

HGT Bl Meme Hl ja 

S£h−el LjÑj§mL Ae¤o−‰l −fË¢r−aJ BS Bj¡−cl ‘¡e A−eLM¡¢ez fËnÀ J−W: −L¡−e¡i¡−h HC c¤C 

Ae¤o−‰l fkÑ¡uœ²¢jL f¢lhaÑ−e ¢L −L¡−e¡ ea¥e AhÙÛ¡ °al£ Ll¡ pñh? a¡C ¢L S£he? qu−a¡ HC c¤C 

−L −Q¡M −l−M Bjl¡ −fy±R−a f¡¢l ea¥e E−eÈ−ol p£j¡−¿¹! 

¢Qœ 4: E−eÈ−ol c¤−V¡ fËd¡e Ae¤o‰z NWZj§mL Bl LjÑj§mLz 

O¢sV¡ ¢VL ¢VL L−l Q−m−Rz ¢S−‘p Ll−R −ke, a−h p¢aÉ ¢L? f¢lhaÑe, a¡l j§−ml Ahru? a−h 

j¡e¤o ¢q−p−h Bj¡−cl S£h−el p£j¡l −fË¢r−a qu−a¡ HC Ahru i¡he¡ HL¡¿¹ B¢aÈL q−u J−W e¡z 
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a−h hÉ¢š² j¡e¤−ol L¡−R p¢aÉ ¢L? qu−a¡ p¢aÉ fË¢a Ae¤j¤q̈aÑz Ahru, jªaÉ¥−L S£he ¢c−u A¢aœ²j 

L−l −hy−Q b¡L¡l −p±¾ckÑC p¢aÉz p¤¤¾clz 

−mM¡¢V i¡la£u ¢h‘¡e p¡de¡l HL AeÉaj fË¡Zf¤l¦o BCp¡l LmL¡a¡l (IISER-Kolkata) AdÉ¡fL 

¢h−cÉ¾c¥−j¡qe −ch−L EvpNÑ£L«az  

    
abÉp§œ:abÉp§œ:abÉp§œ:abÉp§œ:    
 

1. The Feynmann Lectures on Physics, Addison Wesley Longman, 1970. 

2. Richard Dawkins, The Blind Watch Maker: Why the Evidence of Evolution Reveals a Universe 

without Design, W. W. Norton and Co. Ltd., London, 1996. 

3. Richard Dawkins, The Selfish Gene, Oxford University Press, 3
rd

 Edition, USA, 2006. 

4. Phillip Ball, The Self-Made Tapestry: Pattern Formation in Nature, Oxford University Press, 

2001.   

5. D’arcy Wentworth Thompson, On Growth and Form, (Ed. John Tyler Bonner), Cambridge 

University Press, (Abridged Edition) 1992. 

6. S. Roy, et al.  Langmuir, 23 (2007) 5292. 

7. Nigel Goldenfeld and Carl Woese, Nature, 445 (2007) 369.  

8. N. Frigaard, A. Martinez, T. Mincer and E. DeLong, Nature 439 (2006) 847. 



p¢aÉ ¢L?                                               p¢aÉ ¢L?                                               p¢aÉ ¢L?                                               p¢aÉ ¢L?                                                                                                                       −p±jÉ¢Sv l¡u       −p±jÉ¢Sv l¡u       −p±jÉ¢Sv l¡u       −p±jÉ¢Sv l¡u           

 

15 

 

9. M. Sullivan, et al. PLoS Biol. 4, (2006) e234.  

10. M. Pedulla, et al. Cell 113 (2003) 171. 

11. K. Vetsigian, C. Woese and N. Goldenfeld, Proc. Natl Acad. Sci. USA 103 (2006) 10696. 

12. P. Coleman, Nature 446 (2007) 379. 

13. P. W. Anderson, Science 177 (1972) 393. 

14. P. Coleman and A. Schofield, Nature 433 (2005) 226. 

15. R. B. Laughlin, A Different Universe, Basic Books, 2005. 

16. J. Davis, http://musicofthequantum.rutgers.edu  

 

 

  


