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Remembrance 

 

Prafulla Kumar De joined the department of Physics of City College as a 

„Demonstrator‟ in the year 1950. Subsequently he became lecturer in Physics and was in 

teaching for more than 41 years. He retired from this Institution on September 1990. 

In 2017, when the first reunion of the Department of Physics was planned, we 

invited him to join us in the programme. We also requested him to contribute an article in 

the   first departmental magazine, - “Focus - where the generations converge”, sharing his 

golden memories associated 

with the college. 

At the age of 92 

years, it was not possible 

for him to join the reunion 

programme travelling 

through a long distance 

from his residence at 

Chandannagar. But he was 

happy to accept our 

invitation and contributed a 

nice article, -“Walking 

down the memory lane”- in 

the first issue of the magazine. An audio-visual message for the department from him  

was arranged in the reunion ceremony. All of the members present in the function  

enjoyed the beautiful speech and were blessed with his good wishes. His feelings in his 

own words- “--------- Till today, even though many years have passed since my 

retirement, your wish to have my participation and presence in any of the functions of our 

college, delights me and provides a sense of peace in my mind, that I could really receive 

such a recognition from you, in such a touching manner. My sincere thanks to all of you 

and best wishes for your future”. We all were very happy to receive such a nice response 

from him and will remain grateful for his spontaneous participation and cooperation, 

overcoming the barrier of age. 

Unfortunately, we will never get another opportunity to interact with him in 

future. Following the laws of the Universe - which everybody has to accept - he left us 

forever on 21st April, 2019. We believe, he is, and will remain with us, in our memories, 

forever. 
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- Archishman Sarkar, Ex Student. 
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Thoughts of a growing Physicist 

- Shramana Paul , Sixth Semester 

 

 

Allow me to submerge myself 

in this holy world of knowledge and intelligence. 

The earth is not for me, 

As I have my own planet to live. 

 

Who would like to do conspiracy and hatred! 

With someone like me who don‟t bother and is straight. 

Torque, equation, force and polar coordinates, 

You are now my best friend and will be always. 

 

Don‟t think I am mad just take me as a native to black hole 

Who want to stay submerged in that intense gravity with its goal. 

I am not self-sufficient probably, 

As I sometimes need a planet or star‟s gravity immensely. 

 

To change the direction of my thoughts and way 

As I‟m travelling in the vast space and far away. 

One day I will find an astounding astronomical body 

For that day a warning to the world, “get ready”. 

    

 

 

 

 

 



 

FOCUS – Where the generations converge 

 

5 
 

 

 

          হ          ! 

-             ,           

 
 

                                   
   ও               হ                 । 

 
             হ      ই                  

                                                
 

                                      
    ও                                 

 
                                      

হ                ই    ই    ই            হ   । 
 

                                        
    ও                  হ              । 

 
               ই হ                             
   ও         ও                            । 

 
                               ই          
    ই                       হ            

 
 

 

 

 



 

FOCUS – Where the generations converge 

 

6 
  

ভ঴াকা঱-া঄ভবমাননয এক টুকনযা য঴঳য 

-           ,             

নজযাভিিভফজ্ঞানীযা প্রভিভনয়িাআ ন঳ৌযজগনিয গ্র঴গুভর ঳ম্পনকি ঩যীক্ষা-ভনযীক্ষা কযনছন, কৃভিভ উ঩গ্র঴গুভর 

নিনক ঩াঠাননা ছভফয উ঩য ভনবিয কনয। ঳ূমি াঅয ঩ৃভিফীয ভানঝ দুভট গ্র঴, ফুধ ও শুক্র। গভিনিয একটা 

ভজায ভনয়ভ নভনন শুক্রনক ঳ূনমিয াঅনরাভকি চাকভিয ঩টবূভভনি কখনও নছানটা একটা ভটন঩য ভনিা 

ধীনয ধীনয ঳নয নমনি নদখা মায়। নজযাভিিভফজ্ঞাননয বালায় এাআ ঘটনা ঴র ‘ট্রনভজট া঄প নবনা঳’। ফাাংরায় 

এনক ফনর ‘শুনক্রয ঳ূমি঳যি’। ঩াটীগভিনিয  া঄দূ্ভি ভনয়ভ নভনন ঩মিায়ক্রনভ ঘটনি িানক এাআ ভফযর 

ভ঴াজাগভিক ঘটনা। কখনও ঴য়নিা ৮ ফছনযয ফযফধানন ঩য঩য দুফায, িায঩য ১০৫.৫ ফছয ফা ১২১.৫ 

ফছনযয দিীঘ ফযফধানন ঩ুনযাফৃভি ঘনট এাআ ভফযর ভ঴াজাগভিক ঘটনায। চরভি ঱িাব্দীনি দুফায ঴  নছ এাআ 

ঘটনা। ২০০৪ ঳ানর ৮াআ জুন িায঩য প্রায় ৮ ফছয ঩য ২০১২ ঳ানর  ৬াআ জুন। এভন ঘটনাভটয 

঩ুনযাফৃভি নদখনি নগনর াঅভানদয া঄ন঩ক্ষা কযনি ঴নফ ২১১৭ ঳ানরয ১১াআ ভডন঳ম্বয ঩মিন্ত। এাআ 

ভ঴াজাগভিক ঘটনায ঱িি ঴র ঳ূমি ও ঩ৃভিফীয ভানঝ একাআ িনর ও একাআ ঳যরনযখায় াঅ঳নি ঴নফ 

শুক্রনক। ঩ৃভিফী নিনক ‘ফুনধয ঳যি’ প্রিযক্ষ কযা মায়। মভদও ফা শুনক্রয ঳যনিয নিনক ফুনধয ঳যি 

িুরনাভূরকবানফ একটু নফভ঱াআ ঘনট। ন঱ল নদখা ভগনয়ভছর এাআ ভ঴াজাগভিক ঘটনাভট ২০১৬ ঳ানর  ৯াআ 

নভ।  

ভফনে াঅনরাড়ন নপনর ভদনয়ভছর ‘রাজি ঴যাড্রন নকারাাআডায’ ফা ‘এরএাআচভ঳’। প্রািভভকবানফ এাআ মনে 

উচ্চ঱    নপ্রাটনকিায নরাি ফা ‘ভফভ’ াআননজক্ট কযা ঴নফ এফাং ক্রভ঱ গভিনফগ ফাড়াননা ঴নফ। ন঱নল 

াঅনরায গভিনি ন঳াআ নপ্রাটনকিা-গুভরয ঳াংঘলি ঘভটনয়  এাআ মনে ‘঴ায়ায এনাভজি নডটা’ উৎ঩ন্ন কযা ঳ম্ভফ 

ফনর জাভননয়ভছনরন প্রস্তুিকাযক ঳াংস্থায ভফজ্ঞানীযা। 

ভফজ্ঞাননয ভফভবন্ন গনফলিায পনর নানা া঄জানা িিয উদঘাভটি ঴নয়নছ। ১৬৬৬ ঳ানর ডাচ 

঩দািিভফজ্ঞানী ঴াাআনগন  প্রিভ ফুঝনি ঩ানযন নম একভট ভফ঱ার ফরয় ঱ভননক ভঘনয যনয়নছ। ঱ভনয ফরনয়য 

াআনফ্রানযড পনটাগ্রাভপনি নদখা ভগনয়নছ নম, ঱ভনগ্র঴নক নকন্দ্র কনয ফিিভানন া঄঳াংখয ফরয়঳঴ উ঩গ্রন঴য 

া঄ফস্থান যনয়নছ। ঱ভনয একভট কু্ষদ্র এফাং নফ঱ দূযফিিী উ঩গ্রন঴য ফরয়ভটাআ ন঳ৌযজগনিয উ঩গ্র঴ 

ফরয়গুভরয ভনধয ফৃ঴িভ। এাআ উ঩গ্রন঴য নাভ ‘ভপনয়ানয’। ঱ভনয ভনিা এি ঳ুন্দয ফরয় ন঳ৌযজগনিয াঅয 

নকাননা গ্রন঴য ননাআ। ঱ভনয ফরয়গুভরয ভধযফিিী নম া঄ঞ্চরগুভর পাাঁকা ফনর ভনন ঴নয়ভছর, ন঳খানন যনয়নছ 

একগুচ্ছ ঳রু ঳রু ফরয়। ঳ফকভট ফরয়াআ া঄ভ঳ৃি এফনড়ানখফনড়া কভঠন ঩দািি ভদনয় তিভয। ভকন্তু 

ভ঴াকা঱মান কযাভ঳ভনয ঩াঠাননা ছভফগুভর নিনক ভফজ্ঞানীযা নম িিয ন঩নয়নছন িা নফ঱ বয়ানক। ঱ভনয 

ফরয় নাভক ধীনয ধীনয উনফ মানচ্ছ। াঅয ফরয়নক ভঘনয গনড় উঠনছ জভাট ফাাঁধা া঄ভিনজ  য বান্ডায। 
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ভফজ্ঞানীনদয ধাযিা া঄নুমায়ী প্রানিয ঳ৃভিয জনয প্রনয়াজন জনরয। ঩ৃভিফীয া঄নুরূ঩ নফ঱ কনয়কভট 

গ্রন঴য ঳ন্ধান ঩াওয়া নগনছ। ফভ঴িভফনেয া঄নু঳ন্ধানন ‘নক঩রায’ প্রকল্পভট খুফাআ গুরুত্ব঩ূিি। বাযিীয় ভ঴াকা঱ 

গনফলিা ঳াংস্থা ‘াআ঳নযা’ ভ঴াকা঱ ভফজ্ঞানন চযভ উন্নভিয ঩নি া঄গ্র঳য ঴নচ্ছ। ২০১৫ ঳ানর ২৪ন঱ জুরাাআ 

ভাভকিন ভ঴াকা঱ ভফজ্ঞান ও প্রমুু্ভি ঳াংস্থা ‘না঳া’ এক চভকপ্রদ াঅভফষ্কানযয কিা নঘালািা কনযভছর, 

‘নক঩রায’ ভভ঱ননয নজযাভিিভফনদযা ঩ৃভিফীয ভিাআ প্রাি ঳ম্ভাফনা ঳ম্পন্ন একভট গ্রন঴য ঳ন্ধান ন঩নয়নছন। 

মায নাভ নদওয়া ঴নয়ভছর ‘নক঩রায- ৪৫২ভফ’। এভট ঩ৃভিফীয ভনিা, নমখানন উন্নি ঩     য প্রাি ঳ৃভিয 

ভনিা া঄ননকগুভর উ঩াদান উ঩ভস্থি াঅনছ। এাআ গ্র঴ভটয বয ঳ূনমিয বনযয িুরনায় ১০৪% নফভ঱। ঩ৃভিফী 

নিনক ‘নক঩রায-৪৫২ভফ’ গ্র঴ভটয দূযত্ব ১৪০০ াঅনরাকফলি। গ্র঴ভট ‘঴যাভফনরট নজানন’ া঄ফভস্থি। া঄িিাৎ এাআ 

গ্র঴ভট প্রাি ঳ৃভিয ঩নক্ষ উ঩মুি স্থানন া঄ফভস্থি। ভফজ্ঞানী-নদয ধাযিা এাআ নফ াঅভফষৃ্কি গ্রন঴য িা঩ভািা 

িযর জনরয উ঩ভস্থভিয ঩নক্ষ উ঩মুি। এাআ গ্রন঴ প্রস্তয ও ভ঱রাখনন্ডয উ঩ভস্থভিয কাযনি ঩ৃভিফীয ভনিা 

এখাননও উভদ্ভদ, িৃ ি, গুল্ম াআিযাভদ জন্মাননা ঳ম্ভফ। ন঳াআজনযাআ ‘নক঩রায-৪৫২ভফ’ গ্র঴ভটনক ‘াঅিি ২.০’ 

নানভও া঄ভবভ঴ি কযা ঴য়।  

২০১৩ ঳ানর ৫াআ ননব য বাযিীয় ভ঴াকা঱ গনফলিা ঳াংস্থা ‘াআ঳নযা’-  ‘ভ঩এ঳এরভব’ যনকট ‘ভভ’ এয 

মাএা শুরু ঴নয়ভছর। বাযনিয ভঙ্গরমান ‘ভভ’ রার গ্র঴ ভঙ্গনরয ঩ভযক্রভায় ২০১৭ ঳ানর ১৯ন঱ জুন ১০০০ 

ভদন ঩ায কনয প্রায় ৭১৫ ভটযও নফভ঱ ছভফ ঩াভঠনয়নছ। ‘ভভ’ এ উ঩ভস্থি যভঙন ছভফ নিারায কযানভযাভট 

এখনও ঩মিন্ত ১০০০ খাননক ছভফ ঩াভঠনয়নছ, ফিিভানন ন঳গুভরয ভফনেলনিয কাজ চরনছ। রার গ্র঴ দাভ঩নয় 

নফড়ানচ্ছ না঳ায ভঙ্গরমান ‘ভকউভযওভ঳ভট’। প্রিভ নচিানিাআ ঳পরবানফ ভঙ্গরমান ঩াভঠনয় নগাটা ভফনেয নজয 

নকনড়নছ বাযিফলি। এফায ঳ূনমিয উনেন঱ যওনা ভদর না঳ায মান ‘঩াকিায ন঳ারায নপ্রাফ’। 
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- Pratap Baj, Ex Student. 
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-         ,           

         এ                              উ              ই এ                !      

                  ও                     এই                      । এ             

এ   ই   !        এ   এ               ই  হ                এ         ও   ই।          

    এ       ই      ।                                 এই            ।      এ   

এ                                   ও            হ               ।               

           ই                                      -  ই  এ                    ।      

                         ,     ই           ঈ  ও         । 

                                        এ          ,             ই             ই 

      ।     ,    হ  ,    ,      ,         ,             ই     ,                       

 হ                    ।           ও                                  ই    । 

                       হ     ই এ                       ।                      

         ই                   । 

  ই                              হ  ও ই   -     , ই     -   হ      ,          -

        ,     -      ,               ,           -                            ।     -

         ,              ও                                            এ       

                                  ই           । 

  ও            -                ,  হ                                          । 

       ―         ‖           2441139 এ।                        এ  ও         উ         , 

     এই       ই              ও   এ       ‗           হ                         ‘। 

                                            । এ         ই    ,        ও        

     ও   - ‗                     ,                 ‘।  

              -                  ‗                 ই   

                                                   

                                          এই                ই‘। 

                            ই এ                         ই উ                

                                   ‗      -            হ  

                                                       ‘।  

          এ                  ,                       , এ            ই।। 
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-        ,          

    হ             - 
          । 

       উ        - 
       ও       । 

হ         - 
               । 

   ও                     
          । 
       হ - 
এ         । 

                  ? 
      হ       ; 

উ           উ        
         !! 

উ              উ -         - 
    হ         - 
               , 

এ      হ               । 
                    ? 
  ,   ,             - 

     এ              । 
                    
হ              , 

                 ও 
            । 

       ই ৯    ১২ 
এই ৪       ; 

                

হ         । 
                  ই- 
‗এই  এ       , 
এ  ই          ‘ 
        এ       
              । 
 হ               
           - 

                 , 
   হ           । 

এ         - 
            
          হ  , 

ই       ই         ; 
                   ? 
এ                   - 
                । 

                     ? 
           ই   !! 
                 
  উ               - 
                 - 
এ             ই, 

         — 
       ও             ই 

        এ   ই- 
                      ? 

                  ? 
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-          ,          

"এ     হ                 ।"         ।            , "    ,    এ                  

  ।"                                     ।                                      হ   

   ।         , "     ই       এ                       ।"         এ    হ        

          , "      এই                                           উ      ই?"      

   , "             উ      ই,            এ         এ           হ     ।         

      ও                  ।        ই        ই।" 

    ,                                এ     ই      হ    ।        ই            

                ।                       ।                                  ই           

                ।                ই                     ।                           । 

                  এ                                                                  

                 এ       এ     ।                         ও                    

              ।                                            ।                     

            হ      ই                  হ      ।                      ই    এই 

                        ।            ,       এ      ।   ই                 এ         

                  ও                                   হ               ।   ই             

       এ                                            ই                  ।            

                                 ।                           ও   ও               

                   ই       ই                                      । 

ও                    এ    ও                                                   

     এ                      । হ                এ                        । হ       

  ও            । এই           এ        ।                  এ                       

এ                              ,      এ     হ    ,     " হ           "।          

     হ    এ    এ          এ      এ         এ     হ         ।   ও ও           

                          । এই      ও    হ                ।           ই ও        

                ।                 ।         , "  ই          হ                        

  ।                           ই             হ      ?"               হ         , "       
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     এই       এ        এ                    ও                        !         ই     

       -এ                         ই।" এই                    -এ       এ        । 

    ও                  ।        -এ                           ও       ,       

    ।                    । ও                          , "          হ             ?" 

                  এ                  ও               , "                         

এ       হ  ই     ।"                                 এ         এ          এ    

              ও                 ।           হ              হ          । এ ও 

                   ।       , "         ।" এ       ও                  ।          

                      এ          ।         হ     ই                 এ              

        ই।      হ  ই             ও   এ        । ও                                 

              ।      ই হ  -            হ            এ              ও             

              ।                                      ।           ই             , 

"                 হ       ।    এ       ই       ।         এ                    

             ।"                           , "এ                              । এ       

এ                 ।         এ  ।         ।"      হ       , "                         

হ                            ?"        ও      হ   । এই                         । 

          , "              ।                 ।                    ।"              

  ই      ।                              ।        ই                      -এ এ    

     ও            উ                          ।             ই    উ                   

    ই    , "             ?"          ই      ও              উ    । এ            

এ                ।                         , "  ?"        উ                       ই 

   , "    ই                ?!"        ও                                  ই হ   

                    , "               হ  !                হ         উ          

    ।" এ              , "                          ,                        ।" এই 

           ও                  ।            ই    ।                       । এ         

  ই।                         ।         এ                  ।                   

     ।            , "এ   !         ই? এ             !   ই           !"          , "এ 

              ই       ।                           উ                   ?       

                    ।        ?    এ               ?                     ও     

             -                                          ই   ।   ও               ? 

                                এ                                     হ             
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         !"                            ।                  হ           হ      ।         

                                , "        ই                এ                  ।     

         ই।"            হ    উ            , "   !                     ।    ও       

                        ।            ।                                        ও     

          এই                              এ         হ                ।             ? 

                     !                                           এই     ই     ।    

     হ                     এ                         ।    এ ই                

          ।"   হ                     ।                    হ                      , 

"            ।    হ     ।"          , "                           ।             

হ  ই।                  ই।"                            ।                   । হ    

                   উ    ।       হ     হ              , "       !               ! 

    !            !"   হ           হ         উ    ।                                      

                   হ                      । 
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- Debjit Maji, Ex Student. 
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-         ,          

  ই                                                                     ।         

                   এ                         ।                                       । 

             এ        । এ                                                   ই 

   ।                              ই হ  , এই          ই     ।                       

                 ও    ।                       ই                    ।                

          ই      । 

           ই            এ               ।            ই এ    '     '     

      ।          ই এই        ।                           ।           ই     -        ই 

                              ।           ই              হ    ।        হ          

             -               ই      ,       এ        ও           ই।                

      ।        ই                                           '              ।      

হও        হ                                   ই।     এ                  । এ  

    , ও         , ও                           ।   ‖                            

 হ      ।                          ই         ।              ও                 । 

এ    ও                ,                     , এ                ই                   

   ।                          ও                            । এই          

এ                 ।                      ই                            ,        

       ।                                       হ    ।     এ       হ    , এ ই      

             হ  ।      ও                             । 

                                  ও                ।                  -   

                            ।                      ই              ।         উ     

           ।                 ।                   এই                           ,    

                  এই  ।                                                    এ।    

                          হ                            হ । এ                    

                         ও                 ।               এ                     

     হ         ।             এ        ।                          হ   ও             
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             হ               ।                                                  

    উ  । 

      হ           হ                    ।                              

      । এই          ই             । এই      এ    এ                               

          ।    ই                          ।   উ   উ                ও    ।       

                       হ                ।    ওই                                

                        ,       ই              ।                  । এ                

       হ                                                                  ই       

       । এই                 এ        ।      এ     এ                           

           ই     ।                এ    ই             ও                         

   ।                                                এ    হ           । এ         

     ।       এ                              উ                                   

এ            ই                          ।                        ও    । 

এ                                                        ।                      

                                    ।                  এ                        ।      

             ।                                         ।                            

                   ।                                ই।          হ                

      ই  ই ।             এ            ই      ।                                    

         ।           এ  ।            । উ                 হ                  

   ।           হ  ও                ।   -     এ         ই       ।                 

     - '                      ই          । এ         হও      ও                হ 

                     ও,                 ও              ।               এ         

           ।          ই।         ই   ই।                       এ  । এ   এ        

                          ।        ও                                            । 

   ও                              ।                      ই। এ               

        ই        ।' 

                                       ।      এই                                  

     ।         এ             ।     এ          এ                 ।             

     হও                      ।                                                     

      । 
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এ             হ এ -                 ও                         ই         ।   ও     

    ও          হ                     ।                                ।   ই      

                ও                  । হ                   হ   ই।   ও         ও       

         ।                     । এ                  এ         এ          

           ,          । এ                                                      । 

এ                    ও                        । এই                             

                      ।                                                উ   এ । 

      এ  ও              । 

  ও                      ও                                      ।      -        

এ                                 হ ।          হ            হ                   

                   । 

              ই              এ                ।                              ই 

               ।                   এ              ও      হ হ         ।        

                      ই                            হ       ।   ই                 

          ।   ,       হ                                 ।    ও                   

    । এ                                               - '   হ                    

                হ  ।     এ           হ     ই            উ                     

    ।   ই               এই      ।'                     উ  ।   ও             ।      

    ও    ।                    ।                                    ।     

      ।     ওই             -                                         ।     

                     ই      ই।                  উ   ।                   উ      । 

এ                     হ         এ    ও         ।             এ            ই এ    

       উ                        উ      ।      হ        হ ।          ই            

  ।                               ।   হ   এ                            এই     

    ।               ই  হ   ও                                     ও এই          

   ।               এই      । এই               এ                   হ হ ।      

                                                    ।                                 

            ।            ।                         উ                             । 

                                উ    ই            এ                    ।            

           ।                   হ       ।      ই                              এই 
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       ।                                        হ       ।   ই                         

                        ও             ।          ও               ই            ।      

                                    ।                                                   

হ । এই    ও                           ।      ও                                   

      ।          ও                           ই          ।               হ         । 

             হ   এ         ও                     হ     ।          হ                 

     এ        । 

 

     

-              ,          

 

                               ! 

                 । 

                   ও   । 

                           উ   ই। 

       হ             এ     ও          । 

                         এ    , 

                       হ         । 

  এ                             

    ই        ই                    । 

   ও      ই    ।          । 

              হ         । 

                           

                      ও  । 

                । 

  ই   ই       Whatsapp      

               । 
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মুফ঳ভানজয প্রভি  

-               

 
একটা কভফিা যচনা কনযা ন঴ নফীন কভফ! 

কিা কভর নফভযনয় াঅ঳ুক হৃদনয়য া঄ন্তয ঴নি, 
ন঴াক না ঱ব্দগুভর কুৎভ঳ি, 
িফুও িা নমন ভ঱যায় ভ঱যায় 

ভফদুযনিয ঳ঞ্চায কনয। 
 

কানফযয প্লাফন নননভ াঅ঳ুক াঅজ এাআ ভদনন, 
঳ভানজয াঅজ- 

ফনড়াাআ খাযা঩ া঄ফস্থা, মা নদখা মায় না 
নরানক ভযনছ কু্ষধায জ্বারায়, দাভযদ্রযিায চযভ কনি! 

এ নম াঅয নদখা মায় না। 
 

একটা কভফিা যচনা ন঴াক ন঴ নফ নমৌফন 
ভ঱যায় ফাআনছ ভফনক্ষানবয াঅগুন, 

প্রভিফাদী দৃ  দর নডনকনছ ভভভছর। 
 

ন঴ নফীন 
াঅজ কভফিায ফাগানন জনভ উনঠনছ ফারুনদয স্তু঩, 

াঅয চাযভদনক খাভর ফারুনদয গন্ধ; 
নিাভায করভাআ ঴র াঅভানদয ঝাড়ু, 

াঅভানদয প্রভিফানদয বালা। 
 

একভদন নিাভায করনভাআ এাআ া঄ন্ধযা- 
নিুন চকু্ষরাব কযনফ! 
দৃভিবভঙ্গ ফদরানফ। 

 
একভট কভফিা যচনা ন঴াক, ন঴ নফ জীফননয দূি 

একভট কভফিা যচনা ন঴াক ।। 
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এ  ই        

- ই     হ    ,          

               এ   এ           হ                  ।         ই                   , 

―    , এই     ,   উ          ?‖                       ―   ‖। এ      ই                 

এ     ―   ’’ ,   উ           ‖                     উ        ―      এ      ই।‖           

                                               ।         ও এ                    

     ।       উ                      '   ।               ‖            ‖    উ    । 

    , এ         ,                          হ  ও,                                 

          ।            এ ই      হ            ।                       ও            

    ।                                     । এই                এ        হ         

        ।                     ?             ।                  ই       হ    ।       

                               ।            এ   ই     ,    এ                    এ   

        ই             ।        উ                   ই         ―  ই, এ  ই       ‖। 

                                     ।           উ                           । 

                          ।   ই                                              

         ।    ও        এ    '               ।         ও                          

এ    হ   উ     । এ         ই                        ।                     ও       

  হ                     ।                                                    উ    

     '    এ                , হ         । এ  ই                  ও              , 

                   উ                 ।            এ                    ।        

                       ও          ও      । ওই                          ই        

                      ।                                এ                     

  উ              ।               ই ও           হ                  ও        ।    হ   

      এ                                 উ         ,   ই এ                       

          ।               এ                                                     

    হ   ।         ই      ―           হ      ‖      ।   উ                উ        

                  ।   উ                              ।    এ             হ             
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                    ,     ,                                       ই               

                         ।   ই              এ                               এ    । 

  ই হ  ,                         ‖                        ।                 

 ‖               ।           হ         এ                             হ এ    

                                ।                ―       ,              ।           

   ।‖               ,               এ         উ     হ   ,                  

                হ       ই                ।               হ                   ই 

            ।        ও হ ,           হ       ।      ই                   এ         

          ,   ―            , উ      ‖                 ও              ই          ।   ই 

  উ                  ।            ই           ই                                  

        হ ।               হ              ,       হ           ।                    

         হ                      ই এ                                     এ । 

                          এ  এ                          এ                    । 

                            ই                          হ     ।          ও       

      হ                                                                    

           ,                  ই এ                                           

                 ―এ  ই       । এ  ই       ।‖ 

 

 

 

 

 

 

 

 



 

FOCUS – Where the generations converge 

 

22 
 

                 :               ও        

-                  ,          

    ১:      ই              ,            

২৯       ,     ১১  : ১২৩৭৭           এ                         এ            

                    ,     এই            ই              ৩২                         

                                          ।                    ই               

                ,   ই হ       ই    হ                      এই                        

        ও      ই           উ       ।   হ  ,        উ   ,  হ                   ,       

    ই                   ।        উ    এই                       ই          

                হ   ও               এই            ।          ,       ,   ই   , 

      , এ       ,             হ                                             ই     ।  

        ‖           এ                            ই (Varsey)                      

এ                । এ                    এ               ,               ও         , 

              ই                                    এই                              

                হ                 ই      ।              ই                       

             হ                         ―            ‖ এ  হ      ।    ও             

      ও     এ             ই     ।        ―    ‖              এ   ―     ‖          , 

এই   ই             ও                ,         এ      হ                        এ   

           ই            উ                   ।          ও                     

           ও             (                  ―    ‖     হ )        উ         এ      

                                ও এই            ই   ও   হ    ।                   ও 

             ও    (Okhrey)             (Gorkhey)                            ও 

    হ    ,                             ।          ,          cherry on the icing, 

     হ       ই                  ।  হ                ও                    ও 

        হ    ,            এ  ই              ।   ই                         

উ           ই                                       ই।               এ  ই      

      হ      ,   ই                              ই                                 । 

   ও                              ই                               ।     ই এ    

                         ই। 
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৩        ,       ৪  :                              ,   ও     ও              , 

                                  ও     উ      ও   হ   হ          হ                

            ।   উ     ই               ই    ,      ই                         

    ।          ,        ,              ,                  হ           ,                

     ও                                    ই       এ                হ          ও    

                  ।                     ই          হ      ।                       

               এ      -        , ও          এ                 হ              

 ও     ই,     এ    হ                                 ই                হ          

    ।                       হও                          ও                        

    ই      এ         এ (Soreng) এ          ।        ও                            

এ                            ই   -                     ।    ও        এ          

            এ                    

            এ                 । 

    ই          ও                

উ    ও          ।       হ          

   -                        ই 

                           ও 

      ,   ই এ                হ    

      ই    ।  

   ও              হ        হ   

    ,   ই                   ও       ই         ও   এ                           । 

ও             এ                           ।                    ও   ও           

          এই ও           ই     ।     ই                 ও                  

             ও     ই                         ।                      ই      

 ও                   ।             হ                            ও                  

         হ     এ               ।                                               

                            । এই                                            ও    , 

                             ।    ই      ,      হ     এ      ই  হ             এই 

          ,                       হ               হ ও  ।               এ       

    ই                ,    এ                        ।           হ ও        

    ও             উ       এ      ই,                                ই       ।   ও 

ফৃভিস্নাি ওখনয 
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                    । এ                              এ           হ    হ       

এ                 ও            ।                      । এ          ও   হ        । 

     ও   । 

৩১       ,       ২   :                  হ                          ।           ও   

        ই এ    এ                  ।       হ                                     ও  , 

        এই ই                         ও       ।                                   

                                 ।      -              এই             হ        ই     । 

হ                                                    ।       এ                      

                                    ,        এ                              হ        

    ই    হ      ।     ই      

                   উ   হ       

          -               

                   ও        

 হ          হ                

এ    হ         এই ই    

  । ই                      

                           

              হ                  

 হ               ও          এ           ।          এ           ,                   

             হ    ।             এ           ।                     ,   ইউ    

  ও         ,                                              ,      এ                 

      উ       ,                    ।                              ই            

  ই         ই      ।              ই                                  ই।            ও 

                     এ         ই              ,    ও               ই              

   ।                ই এ    উ         এ                             ।       

                              এ                     এ        উ       ও  । 

        ও      এ   ই এ                            ও            এই            ই 

                                    এ    । 

                              ও   হ           ই       ।                        

এ         হও                          হ  ও ও           হ                   । 

নগাযনখয ঩নি 
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            ই                       হ        ,   ই           (           ও    ) 

 হ                 ই     ই                                । ও                       , 

  ই                       হ                         ই হ     ।  হ           এ    

        ,                    ই                   ও           এ           এ       

                        হ             এ           ই   ই।                                  

                , এ                                        ই                     

হ    ।                                হ ও                      হ             

    ।            ,  ‖              ও                                     ও      

      । এ                   ,                            ,                ও    

           ই                ই                                  ।                        

        হ                       । ও                         এ   এ                

                         হ                                       ।           এ    

        ,                   এ                                 ,   হ              ও     

    ।         ই উ   ই     ,               হ                             ই           

                                                  এ                        হ    । 

              ই      হ            ই   হ ও                  ,   হ              এই 

            হ      হ                        ।                    এ       ই        

               হ          ।                                                       

                         ,                          ও এ   উ    ।            এ    

                          ,                                                           

হ   ।             ই এ                ,            । এ    এ                      

         হ    ।  

১   এ   ,      ৮  :       

                          

                    হ    ,   ই 

                 ও        

            ।                  

                     হ   

     ।               ই   , 

     ।                         

হ    -                   এ                                               ই          । 

প্রনফ঱দ্বায, বান঳িাআ ঳যাাংচুয়াভয  
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              ই এ                                 ই                         -   

     এ   হ    ।      ই     ও                     ।       উ      এ   ই      

                      হ                                            ও এ   এ   এ   

                  । এ                 হ                ই     ।   ই  হ        এ   

  -        হ                                  হ                     এ       

                                                          । এ                  

     ই                          ।    হ                ও                 ই,     ই      

                      হ                                   হ   (Hilley)             

হ  ।                                   হ         ই হ         হ                         

     উ   ।                     ই                           ই       উ              

                        এ           ই             ।    ই              ।  

     ৭  :                   

             ও   হ            

       ও   উ       ই   এ      

এ                     এ     

                   ।        

এ   ই     ,                

                               

         । ও          ,  হ       

        এ                    

   ও   ই               হ                 ই এ                  এ                 

    ।   ই  হ   এ                ।                                 ই                

             ।                  হ               ,          এ  ,           হ        

                 ই                                      হ    ।          ই         

           ,   ই            হ         ,                       ই                 

                      ও              ই-এ      ।      ই-এ                           ও     

                ।   ই               হ                                                

               ,     ,                                            ।                

হ          এ                                         । এ     ই                

                      ই    হ            হ   ,                          ই      হ   

উ  । উ                 এ                     এ                       ,          

নগারাভ঩ যনডানডনড্রন 
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               উ    হ      । এ                                      হ         

              হ       ইএ       হ    ।     এই                         ও হ     । 

  ই  হ  ,              হ                 হ         এ           হ           ই     

                   হ          ।                ই               উ      ,          

                         ও                               ই                            ই 

                                         ।   ও                           এ   

                                                          এ                   

      ও              ই এ      ।         হ   হ                     হ   ,     

এ                            এ        এ                         । এ     

                                                                  ও     এ        

     ই     ও       ।   ই             এ                  ,                        

এ                ই এ      ।   ও     এ      হ                           ই        , 

                               হ ও                                  ।         এ   

    ও     ও       হ               ই                                           

         ই।                                                                

            ।   ই      ই                                   এ                 , 

                              উ                ,                    ।                 

             ও                    হ   ,   ই                ই            হ         

              ।                             ও    এ          । এ       ই       

                          উ         ই                                         ।    

এ  ই     হ                                     ,        ও                ।         

                     এই                     ও               হ     ??  

    ২:      , উ          

১৮ই   ,     ১   :                                    ই                      

            ,    ও                               ও      হ            ই       ,     

এ             এ             ও এ                             ।    ,        এ        , 

এই      ই       ও             ও এ                                      ই     । 

  ই   ও এ                   ই      ।     এ            উ  ,                 । 

                          ,            উ                        ই এ  ও   ই      

          হ   ও    ।                     ও                ,                      

  ও             ই হ        ।                        এ                                 



 

FOCUS – Where the generations converge 

 

28 
 

  ই,              এ     ই                   ও        এ    উ   হ     এ   ও   । 

                                   হ          হ         ও                      

                           ও                এ       ই             উ     ।             

      ,        এ                এ      ই              ,   ই এ            ও   ,     

  ‖                ও            ।  

                                       হ                   (উ           

        )                                  ও    । এ                    ই        

         ,                  হও                           হ  -                      

                   ও          ।                             ।            -        

                 এ   ই,    

    ও                   

এ             ।     ই         

                        

          এ                 

হ       ।         ও       

                             

                            

      ই।                 

এ                ।  

১৯ই   ,     ৮  :           ই                                এ          ।     

                          এই    -                      হ              ,      

                  ও                       ।             হও   ,         হ           

  ও            এ             হ                       ।        হ           হও     

              হ              ই। এ              হও          এই           হ    ,      

                               ই    ,          এ                            ,      

                         ।           হ                  হ                ।   হ         

  উ     ও                    ই,   ই   এ                    হ                  ও     

           ।      হ                             এ             ই      ।   ই    এ  

    ই                                         । এ    ও           ও          ও      

   ।     এ          ই     এ                ই        এ      এ           ই      

      হ ।                        ,   ই   ও                                  এ   

ভ঳ভিনকয ফাভ঳ন্দা নর঩চা উ঩জাভি 
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                        ও                              হ                  ই      

    ।        ও   এ                                 ।                 ই        

এ       এ       হ              এ              উ         হ                     

                হ    ।  

এ                         ই      ।                       ।          ও   ই 

       , এ                                             এ         ।     ই   উ 

    ই                                              ,                   এ    , 

                      ও   হ                      হ                     ই ঈ    

     ।                                          ।            এ                 ও 

             ই              উ                            ও       এ            হ ও 

      হ   উ   ‗       হ হ   ‘।                          ও            । এ    

           ই     হ           ,              ই এ   ই উ     ও        ‗        ,     

   হ হ   ‘।        হ                                      ।       ও         এ     ই 

  ,        ও        হ     ও        ই   উ      হ                    ।       উ       

          উ                              ও         ।            -            ,      

        এ          হ ,      

   ও                   । 

                            

  ও           ও      ।     ই 

             ও       ,     

         ও                   

হ               ও        এ    

    হ  ও।                ই 

     এ            এ   

    ।                  ,     

ও                  , NH 10 এ  এই                         ই     ,                  

            ও হ      ।                                          ই                   

                    ও                  হ                         এ              

হ                       । ই                      ই                   এ               

                             ।           এ                                       

     এ                                   হ     ও                     ।       

ন঴াভনেয ভ঩ছনন ভ঴ভারনয়য ঩যাননাযভা 
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            হ        উ                    ,       হ                       ও    ও   

                                           ,                            হ    । 

এ           হ             ই                        ।                   এ   

 হ                               হ   ।   ই  হ  , এ                      ,           

         ই        ।           এ   ই    ,             ।                                

২      ,      ৯  :                                                         

          হ ।    ও এ                                   । এ      ই       এ    , 

                       ই,   ই                                    হ    ।         

           , এ                                        ই                          ই 

                      ।                                    ,                     

  হ      ও      ।    ই                 হ       ই উ  ,                 ,            

          ও   হ      উ                  ।        , এই       হ              ই এ     

  উ                                 ই                ও      ।    ও                   

   ও                  ও   উ                         ।     ই       ই   উ      

                                           ও   ,   হ          এ           

                 উ           হ   ।                                           হ  

  ।      এ                      ই                                  

                            , এ                         হ               উ        ই 

   হ    ই                

    । এ   এ        হ   

উ                  ও 

      উ               

    ,      ,       ও       

  ই । এ           ই     , 

  ই এ ই             হই। 

    হ               

                 ই        

                   ।      

এই                         হ   ।                          হ          ই             

               এ                                  ও              ।  

  কাঞ্চনজিা ও িায ঳াভনন নজভু ঱ৃঙ্গ 



 

FOCUS – Where the generations converge 

 

31 
 

                       হ                ,                     এ             

                   ।    এ                        ই          এ    হ          

     ।           ই                   এ       ই এই           ই                  

এ                     । এই        ই     হ    হ              ।               

          এ                                ,            ,             ,      

                         এই          ই  হ       ও এ                   হ          

    ।  

 

 

 

  

 

 

 

 

 

Senior Research Scientist (Physics Division) 

Prophecy Sensorlytics (India) Pvt. Ltd. Salt Lake, Kolkata. 

঳ূনমিাদনয়য     ভ঳ভিক নিনক নিারা কাঞ্চনজিা নযঞ্জ। ফাাঁভদক নিনক ঩াভন্ডভ, কাফরু, িারুাং, কাঞ্চনজিা ও ভ঳নম্ভা টুাআন্স। 
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Dark Matter: Why does it matter?  

- Dr.Dibyendu Nanda, Ex Student. 

Let us begin with the old age question, "What is our universe made of?" In a real night 

sky, if you see through a telescope, you can see a lot of stars, planets, or even some other 

galaxies. All these things are made up of electron, protons, neutrons. But, is that all?  The 

answer is "No"! In 1933, Fritz Zwicky, a Swiss astronomer, wanted to estimate how much 

matter is there in a galaxy cluster, namely coma cluster. How can we determine the total 

mass of any galaxy? Well, there are many different ways to do that. He estimated the 

mass of this galaxy cluster, based on the light they emitted. If one can measure how much 

light is coming, then one can estimate the total number of galaxies present in that cluster.  

As we know the typical mass of a galaxy, we can find out the total mass by multiplying 

the number of galaxies with the mass of a single galaxy. He found that this cluster has 

800 galaxies in it, and the typical mass of a galaxy is    
   . However, being a good 

scientist, he wanted to cross-check his result and used a different technique to measure the 

same quantity. We know that gravity depends on mass. So the total gravitation potential 

of the coma cluster depends on the total mass of the cluster. He assumed that the cluster is 

in equilibrium system and used the Virial theorem, which allows us to relate the kinetic 

energy of a particle propagating in a gravitational potential. Mathematically, one can 

write, 

       
 

 
      

Without going into the mathematical details, one can easily understand that the 

potential energy (P.E.) will depend on the total mass of the system. Now, if you know the 

velocity of the particle, you can find out the kinetic energy and calculate the total mass of 

the cluster by using the above equation. There are ways to find out the typical velocities 

of a star in the cluster, and hence one can find out the total mass of the cluster. 

Interestingly, he found out a discrepancy between the two results. The result from the 

second method (  ) came out to be 500 times greater than the result from the first 

method (  ). This was back in 1933.  Modern calculation shows that actually    = 50 

  . Zwicky got the distance wrong in his calculation. An important point to note is that 

the first method relies on the luminous matter (which emits light), whereas the second one 

completely depends on the gravitational potential. So, what does it mean? May be we are 

missing something in our first method; may be there is something in our universe which 

does not interact with light and hence not contributing in the first method. He named this 

"something" as Dark Matter. 

The idea of dark matter was largely ignored until the 1970s when astronomer Vera 

Rubin saw something that gave her the same thought. She was trying to study the velocity 

of stars moving around the center of our neighboring Andromeda galaxy. She expected 

that the stars at the edge of the galaxy would move more slowly than those at its axis. The 

reason is that the stars closest to the bright and, therefore, a massive cluster of stars in the 

center would feel the most gravitational pull. However, she found something else. The 

stars on the margins of the galaxy moved just as quickly as those in the middle. This 

would make sense if the disc of visible stars were surrounded by an even larger halo made 

of something we couldn't see: something like dark matter. 
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There exist many other observational evidences which suggest the same thing. In 

fact, according to the recent data, almost 85% of the universe's matter content consists of 

dark matter. Is it not strange? Everything we can see with telescopes makes up just about 

15% of the total mass in the universe. Most of the material of our universe is made of 

something entirely different than you and me. The interesting thing is that dark matter is 

all around us. Without it, the universe as we know it would not exist. Whatever structures 

in the universe like stars, planet, galaxies, and clusters of galaxies, nothing would form 

without dark matter. In short, we could not exist without it. So, it is really important to 

know what it is. You will be surprised by knowing the fact that dark matter particles are 

probably going through our bodies right now.  

You can ask, then why can't we detect it? As you understand, it isn't very easy to 

detect something without knowing anything about it. To detect dark matter, we have to 

know how it interacts with our known particles.  We can study something unknown by 

looking at the imprints of it in the known world. Unfortunately, we don't know how dark 

matter interacts. We don't know what the exact mass of the dark matter particle is. We 

don't know what kind of particle it is: scalar, fermion or a vector boson. These are the 

open questions of particle physics. Scientists are looking for answers to these questions. 

There are many great ideas, and based on those ideas, different experiments are running 

in different parts of the earth, to find out the answers to these unsolved puzzles.  

How can we detect dark matter? Well, there are three different ways to detect it. As 

dark matter particles passing through the earth, there is a finite probability that dark 

matter particles can come and hit a target material.   I have already mentioned that dark 

matter has almost negligible interactions (if it interacts at all) with the visible particles, we 

need to design some highly sensitive experimental set-up. Scientists have built some 

underground experiments to avoid all kinds of background and to maximize the 

probability of detection. We are also trying to produce dark matter in the proton-proton 

collider at large hadron collider (LHC) just like we detected Higgs boson in 2012. We can 

also get some information about dark matter by detecting photons coming from different 

directions in the sky, known as indirect detection.  

However, so far, none of those mentioned above experiments gave a positive signal. 

Hope is essential and we are hopeful! Despite all these negative results, we hope to see 

the so-called dark matter in coming future. 

 

 

 

 

 

 

 

Postdoctoral Researcher, School of Physics, 

Korea Institute for Advanced Study, Seoul 02455, South Korea.                                                                                                          
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- Sayak Ghosh, Ex Student. 
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Universal Responsibility 

- Bipul Mandal, Ex Guest Lecturer 

 

Having known about the truth of ever increasing entropy we, human beings, the most 

intelligent amongst all living beings can do best for deaccelerating the pace of ongoing 

mixtupness. It is natural and theoretically approved of having more and more randomness 

in nature which also includes our life and also decides our future. It is not that only usable 

energy is decreasing but if we look closely we can definitely find out that our thinking, 

feeling, psychologies are also getting distorted from that form which they were inherited 

from the superpower at the time of creation of universe in the moments of Big Bang. 

Now on the journey from Big Bang to present moment human have acquired 

knowledge of past happenings, present doings and future plans. But it is not true 

universally for all people. Many are illeterate, some are selfish to overlook the situation. 

Here comes the responsibility of us being blessed with behavior changing tactics called 

education. We have to come forward as problem solvers that can be trivial as household 

problems or may be massive as holding the sustainability of endangered universe. 

Enhancing self knowledge and imparting it to others is the basic. The gateways are 

already established in form of schools, colleges, universities, social awareness 

programmes and so on. Habits starting from making a stop at unnecessary usage of 

energy in our homes to creation of  laws in support of greenary should be inculcated 

together. We have many better plans available for sustained living but still we harm our 

environment and our educated soul too. It is upon us to take the universal responsibility as 

of our own responsibility. 

 

 

 

 

 
 

 

Assistant Teacher (Physical Science),  

Dangram IC High School, South Dinajpur. 
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 ভরভিয়াভ াঅয়ন ফযাটাভয ও ননানফর ঩ুযষ্কানযয গল্প 

-    া঄াংশুভান নন্দী, ঳঴কাযী া঄ধযা঩ক 

একভট ফযাটাভয ফা িভড়ৎনকা  প্রধানি ভিনভট া঄াং঱ দ্বাযা গভঠি- া঄যাননাড, কযানিাড ও িভড়ৎভফনেলয। 

একভট ঳াধাযি ন঩ভন্সর ফযাটাভযয নক্ষনি, ভানঝয দন্ডভট, নমভট +/- ভদকভচ  ি কনয, িায চাভয঩ান঱য 

া঄াং঱ভট ঴য় ধনাত্মক কযানিাড। এনক ভঘনয িানক িভড়ৎভফনেলয, িায চাভয঩ান঱ িানক ঋিাত্মক া঄যাননাড। 

একভট ফযাটাভযনক মখন নকাননা নরাড, নমভন টচি ফা ঘভড়নি রাগাননা ঴য়, িখন ফযাটাভযয ভনধয ভদনয় াঅয়ন 

ও ফাাআনয িানযয ভাধযনভ াআনরকট্রন ঩ভযফ঴ন ঘনট িানক। ঋিাত্মক া঄যাননাড ―-‖ ভচ  ি ভদনকয ভাধযনভ 

ফভ঴স্থ নরানডয ভনধয াআনরকট্রন িযাগ কনয, ধনাত্মক কযানিাড ফভ঴স্থ নরাড নিনক াআনরকট্রন গ্র঴ি কনয। 

িভড়ৎ ভফনেলয এয কাজ ঴র কযানিাড ও া঄যাননাড এয ভনধয াঅয়ননয াঅদান-প্রদান ঘটাননা। িভড়ৎ 

ভফনেলয ও া঄যাননাড কযানিাড এয ভনধয যা঳ায়ভনক ভক্রয়া প্রধানি দুভট কাজ কনয- একভট া঄াং঱ া঄যাননাড 

ও কযানিাড এয ভনধয ফযাটাভযয ভবিয ভদনয় াঅয়ন ঩ভযফ঴ন কনয ও া঄নয া঄াং঱ া঄যাননাড ও কযানিাড এয 

ভনধয ফযাটাভযয ফাাআনয ভদনয় াআনরকট্রন ফা িভড়ৎ ঩ভযফ঴ন কনয। একভট ভযচানজিফর ফযাটাভযয নক্ষনি এাআ 

যা঳ায়ভনক ভক্রয়া উবভুখী া঄িিাৎ ফযাটাভয চাজি কযায ঳ভয় ভফ঩যীি ঩নি াঅয়ন ও াআনরকট্রন ঩ভযফ঴ন 

঴য়।  

নম ফযাটাভযয া঄যাননাডভট া঄িযন্ত ঴ারকা ভরভিয়াভ ধািুয নকান নমৌগ দ্বাযা তিভয িানদয ভরভিয়াভ-াঅয়ন 

ফযাটাভয ফরা ঴য়। এগুভরয িভড়ৎ ভফনেলযভট কভঠন তজফ নমৌগ এফাং কযানিাডভট গ্রাপাাআট ফা কাফিন দ্বাযা 

ভনভভিি। ফযাটাভযগুভরয াঅকায চযাপ্টা। ফিিভানন স্মাটিনপাননয ফযাটাভয ভ঴ন঳নফ এগুভর ফহুরবানফ ফযফহৃি 

঴নচ্ছ। এছাড়াও এগুভর ফ঴ননমাগয াআনরকট্রভনি-঳াভগ্রী, ভভভরটাভয ও াআনরকভট্রক গাভড়নি ফযা঩কবানফ 

ফযফহৃি ঴নচ্ছ। দীঘিভদন ধনয এাআ ফযাটাভযয উন্নভি ঳াধননয কানজয জনয ২০১৯      য঳ায়ন এ ননানফর 

঩ুযস্কায ন঩নরন াঅনভভযকায নজ. ভফ. গুডএনাপ ও েযানভর হুাআভটাং঴যাভ এফাং জা঩াননয াঅভকযা াআয়ভ঱ননা 

নাভক ভফজ্ঞানী িয়। এাআ ধযননয ফযাটাভয গুভরনি    চাভজিাং এয ঳ভয় া঄িিাৎ মেগুভর ফযফ঴ায কযায ঳ভয় 

ভরভিয়াভ াঅয়ন ঋনাত্মক িভড়ৎদ্বায নিনক িভড়ৎ ভফনেযনলয ভাধযনভ ধনাত্মক িভড়ৎদ্বায এয ভদনক মায়। 

চাভজিাং এয ঳ভয় া঄িিাৎ ফাাআনযয িভড়ৎ উৎ঳ নমভন প্লাগ ঩নয়নে মুি িাকাকারীন ভরভিয়াভ াঅয়ন 

ভফ঩যীি ঩নি ঩ভযফাভ঴ি ঴য়। প্রিভ ভদনক ফযাটাভয গুভর ঳মূ্পিি ভনযা঩দ ভছর না। বুর চাভজিাং এয জনয 

ফযাটাভয গুভরনি াঅগুন ধনয মাওয়ায ঳ম্ভাফনা িাকি নমভনভট ঳যাভ঳াাং গযারাভি ননাট 7 এ নদখা 

ভগনয়ভছর। ফিিভানন ভরভিয়াভ ঩ভরভায নজর ধযননয তজফ নমৌগ িভড়ৎভফনেলয ভ঴ন঳নফ ফযফ঴ায কনয এাআ 

঳ম্ভাফনা া঄ননকটাাআ এড়াননা নগনছ। ১৯৬০ ঳ানর াআউনযান঩ ভফজ্ঞানীযা প্রিভ ভযচানজিফর ফযাটাভযনি 

ভরভিয়ানভয কামিকাভযিায উনেখ কনযন। ১৯৭০ ঳ানর াঅনভভযকায় খভনজ নিনরয ঴ঠাৎ ঳ঙ্কনট ভফজ্ঞানীযা 

ভফকল্প ঱ভিয উৎন঳য ঳ন্ধানন ঝাাঁভ঩নয় ঩নড়ন। ন঳ৌয঱ভি ও ফায়ু঱ভি ঳঴জরবয ভফকল্প ঱ভি ঴নরও 
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এগুভরয া঄িযভধক প্রকৃভি ভনবিযিা এগুভরয ফযফ঴াভযক জীফনন কামিকাভযিা া঄ননকটাাআ কভ কনয নদয়। 

ভযচানজিফর ফযাটাভযয প্রনয়াজনীয়িা এাআজনয া঄ননকটাাআ নফভ঱ ঴নয় নদখা নদয়। ভযচাজি কযা মায়না এযকভ 

ভরভিয়াভ াঅয়ন ফযাটাভয ফযফ঴ায শুরু ঴নয় নগনরও ভযচানজিফর ভরভিয়াভ াঅয়ন ফযাটাভয িখননা া঄প্রিুর। 

এ঳ভয় াঅনভভযকায এিন নভাফাাআর কন঩িানয঱ন েযানভর হুাআভটাং঴যাভ নাভক ভফজ্ঞানী নক (ননানফর প্রা঩ক, 

২০১৯) এাআ ধযননয ফযাটাভযয উন্নভি ঳াধননয দাভয়ত্ব নদয়। হুাআভটাং঴যাভ ১৯৭৬ ঳ানর ভরভিয়াভ টাাআনটভনয়াভ 

ডাাআ ঳ারপাাআড ফযফ঴ায কনয ঳াপনরযয কিা প্রকা঱ কনযন। মভদও এাআ ফযাটাভয ঩নয ঱টি ঳াভকিট নিনক 

াঅগুন রাগায ঳ম্ভাফনায জনয ফাভির ঴নয় মায়। এাআ ঳ভয় নজ. ভফ. গুডএনাপ (ননানফর প্রা঩ক, ২০১৯) 

া঄িনপাডি াআউভনবাভ঳িভট নি গনফলিা কনয ভরভিয়াভ নকাফাল্ট া঄িাাআড ও ভরভিয়াভ ভননকর া঄িাাআড 

ফযফ঴ায কনয া঄ননক উন্নিিয ভযচানজিফর ভরভিয়াভ াঅয়ন ফযাটাভয ফাভননয় নপনরন। এাআ নমৌগ দুভটয 

ফযফ঴ানয প্রবাভফি ঴নয় জা঩াননয াঅ঳াভ঴ কান঳াআ কন঩িানয঱ননয াঅভকযা াআয়ভ঱ননা (ননানফর প্রা঩ক, 

২০১৯)  ১৯৮৩ ঳ানর ভরভিয়াভ নকাফাল্ট া঄িাাআড কযানিাড ও গ্রাপাাআট া঄যাননাড ফযফ঴ায কনয ঩ৃভিফীয 

প্রিভ ফযফ঴াযনমাগয ভযচানজিফর ভরভিয়াভ াঅয়ন ফযাটাভয ফাভননয় নপনরন মা ন঳াভন কন঩িানয঱ন দ্বাযা ভনভভিি 

঩ৃভিফীয প্রিভ ফ঴ননমাগয নভাফাাআর নপান তিভযনি ফযফহৃি ঴য়। ২০১৯ এ ননানফর জয়ী এাআ ভিন 

ভফজ্ঞানীয কাজ এফাং ঩ৃভিফীজুনড় াঅজও চরভান গনফলিায জনয ভরভিয়াভ াঅয়ন ফযাটাভযয াঅকায ও 

াঅয়িন এখন াঅনযা কনভনছ, এয দাভ ও ভফ঩দ দুাআ কনভনছ এফাং এয কামিকাভযিায প্রবূি উন্নভি ঳াধন 

঴নয়নছ। এযাআ পরশ্রুভি ঴নরা াঅজনকয ভদনন এাআ ফযাটাভযয ভফ঩ুর চাভ঴দা ও ফযফ঴ায। 
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      ই          , 
                    । 

-              ,              

                                   ।                -                   হ । 

      ই এ                            "    ই   ই        ই        ।         ই 

     ।"                           ও        ,            ই             ই       

              – ‗              ই                       ই            ‘। এই       

এ                                          ‗      ‘। উ    হ  হ           ই    

 ই       । উ               ‗        !‘           ‗ ই        ?‘ উ         ‗    

  ই   ,              ই         ।   ই        উ                               । 

ই                        এ   ই              হ    ।‘ এ                      এ      

                      উ     ‗   ই             উ   ‖       ,     ও হ              

                   ।‘ এ       উ               (     ,       ই     )   উ ই           

(ই       ,            ই     )     -      ।     ই এ ই        উ     হ          

হ        ,          উ   ‖          । এ    ই     । এই                              

       ও                     ।                      এ               এ            

        -              উ                 হ ; এ            এ        ই     ;      

‗      ‘  এ       ও  ই     ।        এ     ই         হ                         

Geometrical Optics.                                                  ,   ই         

  হ     এই                ই,                                              । 

                         ‖                হ‖                    (Reflection) 

এ          (Refraction)।        এ                                          হ  

                     (Deviation)    । এ             (         )     হ ।           

             হ                         (Converging)           (Diverging) 

             হ ।                                  (Converging Power)   ই     

        Power     হ ।                              হ ,                        

+2 Dioptre হ                                        -3 Dioptre হ                । 

ওই                          3 এ  ।    হ                                 ই 
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      ;   ই 3 এ                                        হ    -3 Dioptre.           

                                                     এ                     

                    উ   ।                         এ                    ।   

                ―μ‖এ                         ―R‖ হ                   
  

  ⁄  

               হ     ‖ই              হ ;   ই                   

             
(     )

 ⁄  .             এ          ও                      । 

            এ   উহ                             হ                          

(Pole)      এ           , এ              (Sign)           হ                     

         ।                ই  হ                                                      

(Real) হ    হ‖                 ,                 হ            (               

Dishonest) হ                     হ ।         এ             এ            

           u,             v এ                            P এ         

       

 
 

  

 
          

এই       ই                 এ           । এ‖                      (deal)           

           ।              (                 )                         হ ।  

      1)                               

        2)                           
 
 

 

 
 

 

 
  

3)                                      (u)/             (v) = 2μ1 = μ1/μ2  

                                       =                                         ।  

4)                            

 
 

  

 
 

(     )

 
 

5)                             
 
 

 

 
 

     

  
(

 

  
 

 

  
)     

                 

উ                                   (1)    ও (3)              ,    
  

  
  

              (     )            ই      ও         ।            (Ray tracing)     

                       হ । 
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                       (2), (4), (5)           এ              u এ      ও     

                             v এ      এ           ই                              

      এ                     ।                ―   ‖        ‖       হ        । এই ―   ‖ 

    ই            ―   ‖ হ           (      )          । 

                                  10                             । এ     

u=10     । এ   এ      + 10         -10                            (+      -)      

(sign convention)            হ  । এই                                   । 

           উ        ই    ।   উ         ‗        ও,                     ও, 

                            উ              ও, এ                          ই          

                      ই      ।‘ এ                  (Verstretan)        ‗এ    

graph paper        ,         origin এ    । Along +X-axis             ই +ve    

along –X-axis            ই –ve.               object        +X এ           ।‘ (উ     

          ও           ও এ                উ         (1) Father Verstraten             -

এ                   । (2) উ                  এ    ই    । 

           Resnik, Halliday ই             উ          ই           ।     এ    

     ‗        ও,     উ                                 ই।                     ‖    ই 

             ও,         উ               ই     ।‘ 

     (           )                        u=10                   এ        +10 

         -10        ই         ই       ।                  (         !!)     ,          

      ।                                     Back gear হ      ই     । এই         

                                   হ                 ।   ই        এ        

          One tree Beltola              

  

 
 

  

 
    

এ    ও এ                       ,                    ।                     ই হও, 

       (Real !) হও    হ               +ve            (Virtual) হও   হ   –ve ।     

                   10                  ।           হ    হ   u= +10     ।     ই 

       15                               হ   v=+15     ।         হ         হ   v=-15 

    ।                       

 
 

  

 
   এই                            ই। 
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উ                                                এ   এ   হ          

      (1)                   

   ই                                    
  

  ⁄    এ             ই   

     

 
 

 

 
 

  

 
 

                    R =   (    )   এ   

  
 
 

 

 
 

  

 
   ,  

 
 

 

 
   ,   

 
  

 

 
   

           

          হ    হ   u       হ  এ   v       হ ,             হ             । 

      হ   |v| = |u|, |           | = |       |                         

       এই                       ও        

( ) |           | = |       |  

( )       হ               

( )        হ              

AB এ   CD                P               হ         ;           হ   ।   ই 

এ        (object) P                         

     Q              হ    ।   ই        Q   । 

      (2)                   

                             
     

 
         

 
  

 
 

  

 
    এই               ও        

  

 
 

  

 
 

     

 
  

      R=      এ    

 
 

  

 
 

     

 
   

     এ     

 
 

  

 
    ,     

  

  
   

A 

B 

C 

D 

P Q 

ভচি 1. সমতলে প্রততফেন 
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এ    ও u       হ   v      ,    u       হ   v      ।                        , 

                 ।              d1                                     d2  

হ               
  

  
   ,  

 
  

  

  
 ,   

  
  

  

  
 ,   

  
  

  

  
      

  

এ                   এ                         2
μ1                          । ইহ    

μ1         

  
                    ।     

  

  
 এ     d1       এ   d2      , 

                ।               এ          ইই     

 
 

  

 
    এই         । 

      (3)                   

   হ                           এ      
  ⁄  ,   

 
 

  

 
   এই             

  ও           
 
 

 

 
 

  

 
   

  এ    
 
 

 

 
 

 

 
  

                                    f=R/2   এ             
 
 

 

 
 

 

 
  

   হ                                      এ                 হ    ই                

এ               f      ।      উ              ;                 এ   f      ।    

   (u +ve) এ             (f +ve) হ   v +ve    –ve হ       ।                 এ   

         ই হ       । 

উ  হ  ,         u= +30      , f= +20       

  
 
 

 

 
 

 

 
 

 

  
 

 

  
 

 

  
 ,  v=+60     ,                 । 

      u= +15      , f= +20      

   
 
 

 

 
 

 

 
 

 

  
 

 

  
  

 

  
 ,  v=-60     ,                 ।  

উ                           ও                         হ ।  

উ  হ  ,                উ                            x,   এ  f= -x (x      ) 

  
 
 

 

 
 

 

 
  

 

 
 ,   

 
  

 

 
 

 

 
 , (       u       +ve)  
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  ই,  

 
  (

 

 
 

 

 
)   

 

 
 , (  

 
 

 

 
 

 

 
 +ve),   v=-y ,                  ই 

     ।   ই               ই                   । 

      (4)                   

                      
     

 
 ,               

 
 

  

 
   , এ        ও       

   

 
 

  

 
 

     

 
   

u এ   v এ              ই     হ    .            উ   হ   R               হ   

R      । উ  হ  ,                   

             হ  , উ           

(    2.)             u= +30     , 

             R= 10     , v= ? এ     

                 এ  μ1=1,       

          μ2 =1.5,  

u= +30     ,  R= +10      ,       
 

   
 

   

 
 

     

   
 ,  

   

 
 

  

  
 

 

  
 

 

  
 

 

  
 

 

  
 , v= +90     ,    এ           । 

    u= PO= +10     ,    R= +10      হ ,  

 

   
 

   

 
 

     

   
 

   

   
 ,  

    
 

 
  

  
 

 

  
 

 

  
 

 

  
  

 

  
 ,  

u= -20     ।  

    3. এ        I            হ      

    P      20          ।    হ    

v= -20                । 

 

 

𝜇  𝜇  

30 cm 90 cm 

R= +10 cm 

ফায়ু কাাঁচ 

ভচি 2. ফায়ু নিনক কাাঁনচ প্রভি঳যি,প্রভিভফম্ব ঳দ্ 

I O 

I 
O P 10 cm 

|-------------20 cm---------------| 

তিত্র 3. বায় ুথথলে োাঁলি প্রততসরণ, প্রতততবম্ব অসদ ্
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      (5)             

                                                                  μ1  এ         

            উ                  μ2 .                                  উ          

      এ                         ।                         
     

  
  

  

  
 

  

  
      

                                  
     

  
  

  

  
 

  

  
     

এ    উ                 , এ                            I1  ইহ   ই           

                O2    হ             হ । 

                     AO1 = u1        , এ   AI1 = v1            ।            

                                                      উ                             

                        হ       ই I1               হ ।     PI1 এ           x হ  

  হ   v1= +x .                              
  

  
 

  

 
 .                         I1 

      ই           O2     হ , এ               

AO2 = AI1 = x .                       O2                ।   এ          u2 = AO2 = 

-x.    এ           
  

  
 

  

  
 

  

  
 

  

  
     হ      

     

   
  

  

  
 

  

 
  এ   

   
     

   
   

  

 
 

  

  
   

                  
     

   
 

     

   
 

  

  
 

  

 
 

  

 
 

  

  
   

     (     ) (
 

  
 

 

  
)  

  

  
 

  

  
 এ     u1 = AO1 =                   = u, এ   v2 

=AI2 =                             = v . 

  এ    

 
 

  

 
 (     ) (

 

  
 

 

  
) .    হ   উ           μ1                     

        এ   μ2                              R1 এ   R2 এ                          

(      1)            উ      (      

2) এ                     হ  । 

  এ                            

   (     ) (
 

  
 

 

  
) এই      

উ           R1 এ   R2   ইই +ve, 

উ           R1 এ   R2   ইই –ve. 

উ                         

O1 

O2 

I1 I2 A 

R1 R2 

ভচি 4. থেলে প্রততসরণ 
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             উ               এ                          হ  ।                    

                             10                       (     ) (
 

  
 

 

  
) এ     

μ2 = 1.5 , μ1 = 1.0,  R1= R2 = +10      = 0.1      ।        (       ) (
 

   
 

 

   
)  

    (     )       Dioptre. এ ই                                   R1= R2 = -10 

     = -0.1      । 

   (       ) (
 

    
 

 

    
)      Dioptre. μ1                           , μ2       

উ               ।                           উ       R      -                 R 

     ।  

              :- 

    
  

 
 

  

 
 (     ) (

 

  
 

 

  
).       

 
 

 

 
 (

     

  
) (

 

  
 

 

  
) .      u =   

(           )  

v= f (             ),   এ   

 
 

 

 
 (

     

  
) (

 

  
 

 

  
) .       

 
 (

     

  
) (

 

  
 

 

  
). 

              ই      
 
                    ই     

 
  . 

               

              

 
 

  

 
    

                                                                  ।          

              ,   
  

  ⁄               R      , উ           R      , 

                     

                 
     

 
             উ   হ   R       ,      হ   R      , 

     হ                            (     ) (
 

  
 

 

  
).* 

 

 

 

*                                           
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Gravity in Quantum Mechanics and 

Gravity-induced quantum interference 

-  Dr. Amiya Bhushan Biswas, Retired  Professor 

 

 In addition to the strong, weak and electromagnetic forces that play the significant role 

for the interactions between the elementary particles, there is, as we know, a fourth force 

of nature - the gravity. However gravitational interaction between elementary particles 

(on the microscopic scale) is, in practice, so small compared with the other three that it is 

usually ignored. 

To appreciate the difficulty involved for observing "gravity" on the microscopic scale (for 

micro-particles) here we considered a system of an electron and a neutron bounded by 

gravitational force may be called a "neutron- atom". This is the gravitational analogue of 

hydrogen- atom (H- atom) in which an electron and a proton are bounded by Coulomb 

force. For a given distance, the gravitational force between an electron and a neutron is 

weaker than the Coulomb force between an electron and a proton (proton mass ≈ neutron 

mass, Mn) by a factor ~10
39

. The Bohr-radius of the neutron atom would be    

 (  )    
  

(      )  
 

  

    
   

     cm(!!)                                                 (1a)                                   

  

Where notations are as usual (   is the Newton's gravitational constant). On the other 

hand, the Bohr- radius of H- atom is 

 (  )  
  

              cm                                                                         (1b) 

 

 We note that (  )    is of the order of      light year, which turns out to be much 

greater then the estimated radius of our universe!! 

 

However, gravity does not remain deaf and dumb in all the arena of physical phenomena 

exhibited by micro (elementary)- particles. In fact, there is a remarkable phenomenon, 

known as the  gravity- induced quantum interference which has already been confirmed 

experimentally. Such an extra-ordinary experiment was first conducted by  R. Colella,  A. 

Overhauser and S. A. Werner in 1975 with brilliant success [Ref[2]: Phy. Rev. Let. Vol-

34, No. 23, 1472 (1975)]. Henceforth we refer it as "1975- experiment". Before 

discussing the marvellous phenomenon stated above and its experimental observation,  

we first comment on the usual role of gravity in both (non-relativistic) classical- and 

quantum-mechanics. 

 Let us consider the classical equation of motion for a purely vertical (-ẑ- direction) "free 

fall" of a body of mass m under gravity
ꝉ
, 

   ̈⃗     ⃗⃗⃗           
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 Or,  ̈⃗                                                                                                                      (2) 

 Where mass- factor is dropped out without any objection. 

 This is also true if we use Hamilton's principle of least action: 

     ∫  (   ̇)
  

  
   ;        (          )  

 

 
  ̇      

   ∫ (
 

 
  ̇     )   

  

  
                                                                                    (3a) 

 where , as in Eq (2) mass- factor can again be  eliminated to give 

   ∫ (
 ̇ 

 
   )     

  

  
                                                                                        (3b) 

 The situation is however different in quantum mechanics. The quantum- mechanical 

analogue of the equation (2) is  

 

   
  

  
    * 

  

  

  

   
       +                                                                  (4) 

 

Or,        
 

 

  

  
 * 

  

   

  

         +                                                                              (5) 

 

where mass-term can no longer be eliminated. Rather, it appears in combination of   ⁄ . 

 

Thus, to see any non-trivial quantum mechanical effect of gravity, one must study the 

effects in which not only the Planck constant ħ appears explicitly but also there appears 

the mass m. Until 1975, there had been no direct experimental evidence for the presence 

of gravitational term         in the wave equation. The famous experiment "weight of 

photon" of V. Pound and collaborators did not test gravity in the quantum domain. The 

effect of       -  term is first observed in "1975 experiment" of R. Colella and his 

collaborators using thermal neutron- interferometry. We now discuss this remarkable 

experiment. 

 

In 1975- experiment, a nearly mono-energetic beam of thermal neutrons was split, as 

shown in Fig.1, into two paths       and       and then brought together at 

the point C to produce interference. In actual experiment, neutron-beam was split and 

bent by silicon crystal (*details of the complicated design of neutron interferometry do 

not concern us). Loop dimension was taken of the order of 10 cm
2
 (macroscopic size) 

whereas de-Broglie wavelength of thermal neutrons (mono-energetic nearly) was taken of 

the order of  inter- atomic spacing of silicon crystal(~1.4Ǻ) to allow diffraction scattering. 

Finally particles are detected by 
3
He-detector. We now discuss the phenomenon "gravity 

induced quantum interference". 
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Since a particle (neutron) in the 

beam can be visualised as a 

wavepacket whose dimension 

(~1.4 Ǻ) is much smaller than 

the dimension of either of the 

two alternate paths, forming the 

loop ABCD, We can apply the 

concept of classical trajectory. 

Let us first assume that the paths 

       and       lie 

in the same horizontal plane 

ABCD.  Since the absolute zero 

of gravitational potential has no 

physical significance we can set 

         on the horizontal plane ABCD. Hence the two wavepackets when come to the 

point C along the two alternate paths (one along the path        and the other along 

the path        possess no relative phase difference which could be induced due to 

difference of their potential energies. 

 

 The situation, however, becomes different if the plane ABCD formed by two alternate 

paths       and        is rotated around the path segment AD by an angle 

say,     [Fig.1]. We label the new paths as 

 (     )             (       ) 

 (     )             (      ) 

 where the lengths of the path-segments do not change but the new path B'C' is at higher 

level relative to the horizontal path AD ( or, the plane ABCD) with vertical separation 

[Fig.1], 

                                                                                                                   (6)          

 

 As shown in Fig.1, we take the lengths of the path-segments as 

 

                                                                                                           

                                                                                                        (7)                                                            

            

We now write the gravitational potential energy of the neutrons at the label       

                         

                                                                                  (8) 

         

where    is the the neutron mass, as before. Since this potential energy is higher than that 

of neutrons along the path AD, it will lead to a gravity induced phase difference between 

the amplitudes of the two wavepackets arriving at the interference point    when one of 

Fig.1 Schematic arrangement of 1975 experiment to detect 

gravity induced Quantum interference here C is the point in the 

interference region. The plane ABCD is assumed horizontal. 

𝐴𝐵 𝐶 𝐷 is the same plane but rotated through an angle θ (-900 

<θ<900) relative to the path AD. Here  𝐴𝐵  𝐷𝐶  𝐴𝐵  
𝐷𝐶  𝑙 , 𝐴𝐷  𝐵𝐶  𝐵 𝐶  𝑙  
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them travels along the path         and the other one covers the path       . 
Infact, gravity also induces phase change for the pahts      and      but by equal 

amounts at each level height. Since we are comparing two alternate paths, the above 

stated effect cancel each other. The result is that the wavpacket arriving at the interference 

point    along the path         possesses an additional θ-dependent phase factor, 

   
 

 
                 

 

 
(         )                                                                (9)           

 

where    is the time spent for the wavepackets to go from    to    (or, A to D). This gives 

the net phase-difference for the two interfering wavepackets at the point   , 

 

 (  )                 
 

 
(         )                                              (10)           

 

One can now control this phase-difference by continuously changing the angle( ) of 

rotation of the loop-plane ABCD from      to    
 ⁄   or      

 ⁄ .  

Before calculating the numerical values of (  )  for various values of θ, we express the 

time interval    in terms of de-Broglie wavelength       . Since    
  

  ⁄  where 

    is the velocity of the web packet corresponding to its momentum   , we have 

    
     

 
                                                                                                            (11)                   

Which is typically of the order of     s for    cm and        (   is much less than the 

the mean life-time of neutrons. Use of Eq.(11) in Eq.(10) allows us to write 

 (  )   *
  

       

  
+                                                                                       (12)            

 We can now predict and observable interference effect that depends on angle θ. It is 

interesting that the magnitude of (  )  is of right order for detection with thermal 

neutrons travelling through the path-length  few centimetre. Inserting the numerical 

values of   , g and ħ and taking (nearly the values as used in 1975-experiment),      

   cm
2
 and         (comparable to the inter-atomic spacing in silicon crystal) we 

obtain 

 
  

       

  
                                                                                                        (13)                

and 

 (  )                                                                                                      (14) 

Now as the plane of the loop ABCD is gradually rotated by 90
0
 the intensity in the 

interference region is expected to show a series of maxima and minima. Quantitatively we 

should find 9 oscillations, 
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                                                                                                                 (15)                      

 The results obtained in 1975-experiment of R. Colella et.al are found in agreement with 

all these predictions. The numerical results of this experiment are shown in Fig.2 for θ-

values lying in the range | |     . (This experiment was performed at the University of 

Michigan using Ford nuclear reactor. For details see Ref.[2]) 

 The result demonstrates that is gravitational potential coherently changes the phase of a 

neutron wave function. What we 

must emphasize is that the gravity 

interference is purely quantum 

mechanical because as ħ→0, the 

interference pattern gets washed 

out. This experiment also shows 

that the gravity is not purely 

geometric at the quantum level 

because the effect depends on the 

factor (  ⁄ )
 
. It also makes sure 

that there is no distinction between 

gravitational and inertial mass 

(otherwise we would have to 

replace the quantity 
 

  
  by 

    

  
). 

 

Ref: 

[1] Modern Quantum Mechanics by J. J. Sakurai (Sect. 2.6) 

[2] Phys. Rev. Lett. Vol- 34, nNo. 23, 1472 (1975) 

Paper: Observation of gravitationally induced quantum interference by R. Colella, A. 

Overhauser and S. A. Werner. 

 

 

 

ꝉ
 The equation of motion in gravitational field is  

    ̈⃗      ⃗⃗⃗       ̈⃗  
  

  
 ⃗⃗⃗      where        is the gravitational potential,    is 

the “inertial mass” of the body and    is its “gravitational mass”. E ̈tv ̈s et al (1896, 

1908,1922) experimentally concluded that      . This equality of inertial mass and 

gravitational mass is referred to as the E ̈tv ̈s law. E ̈tv ̈s et al (1922) concluded that 

this equality is true to one part in 10
9
. Latter Dicke  and his collaborators (1964) and 

Braginskii and Panov (1972) repeated E ̈tv ̈s experiment with greatly refined apparatus 

and could reduce the uncertainty to less than one part in 10
11

 and 10
12

 respectively. 

 
 

 Fig. 2  Dependence of gravity induced 

phase on the angle of rotation θ of the 

neutron beam loop. 
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Physics, spherical balls and the games 

people play 

- Dr.Bhupati Chakrabarti , Retired Profossor  

The very word „ball‟ provides with an impression of a perfect sphere. In physics while 

dealing with a number of situations and problems involving motion, rolling or 

gravitational attraction between two bodies or the collision between two bodies or even 

the interaction between two molecules we come up with the analogy of balls. A ball refers 

to a solid, hard and incompressible perfect sphere. That helps us in our calculations and 

depending on the situation this is a well accepted approximation. Remember, we consider 

the earth to be a perfect sphere in number of calculations as that makes our life easier, 

though we know that earth is actually an oblate spheroid and its equatorial diameter is 

about 43 km longer than its polar diameter.  In dealing with the kinetic theory of gases we 

like to assume that the gas molecules are not only spherical but among themselves suffer 

elastic collision only. We either talk about point charge, point mass or like to assume lot 

of things as spherical ones if we are talking about an extended body.   

Balls are integral part of large number of games. Interestingly the most of the ball 

games use the balls, strictly speaking, that are not perfect spheres. Yet they are often 

referred to as balls. Whenever we start talking of the shape of an odd „ball‟ the name of 

rugby ball comes to our mind first. Yes it is also a ball: rugby ball.  It is evidently an 

ellipsoidal one, yet it is called rugby football. Some people confuse it with the balls used 

in American football and that only shows what type of ball is used in that game. The 

game of soccer or what is known as football without any adjective is possibly the most 

popular ball game and is played all over the world. It is played with a ball that is also not 

a perfect sphere. The soccer balls are made of leather and have got the actual shape of a 

Buckminster Ball or a Bucky ball.  It has the structure of a famous C60 molecule, a 

molecule of an allotrope of carbon comprising of 60 carbon atoms. It consists of 20 

regular hexagonal (six sided) and 12 regular pentagonal (five sided) surfaces. It is also 

referred to as truncated icosahedron and is an example of an  Archimedean solid.  It has 

60 vertices and 90 edges. It is more spherical compared to the other solids of this group, 

because the panels bulge due to the pressure of the air inside. But this ball, strictly 

speaking is not a perfect sphere.  

Golf balls are spherical but have dimples on the surface for the reduction of viscous 

drag of the air. These dimples help a golf ball to fly a longer distance when struck upon 

by a golf stick and can spin about its own axis. That helps the ball to swing while on their 

trajectory, an example of Magnus effect in action. Footballers try to generate the curved 

kicks by making the kicked ball swing in the air by imparting spin in the ball while 

kicking. The spinning ball during its flight gets deviation in its trajectory as a force comes 

into play on one side because of Magnus effect. Similar thing happens in lawn tennis or 

simply tennis when a player serves the ball by introducing spin on the ball. Once again we 

can notice the tennis ball is also not a perfect sphere as it has a curved dented line on its 

surface.  A closer look at the balls used to play volleyball, or basketball will reveal that 

they are really not spherical as they have dented stripes on them. The style or the ways the 

dents are made has got strong connection with the type of the game. Because we know 



 

FOCUS – Where the generations converge 

 

53 
 

that in the games of volleyball or basketball the ball is released in the air with or without 

spin and this release has got a lot of things to do with the various aspects of the game. So 

the right kind of release of the ball demands the skill from the concerned player. Table 

tennis ball is also not a perfect sphere and the jointing mark between two halves has a 

crucial role in the generation of the spin in the game along with the nature of the rubber 

surface in the TT player‟s bat. Hockey (field hockey) balls are spherical and are mostly 

white in colour but they may be smooth or may have indentations on the surface. So even 

in an international hockey match one can use a ball that is not a perfect sphere.  

Let us finally take up the issue of cricket balls. We now have come to know that 

cricket is not only played with red balls but also with white balls, and pink balls. And why 

are they special? Why do people talk a lot about them particularly when analyzing the 

performance of a player taking into consideration of the colour of the ball he is playing 

with. There are reasons.  First here also all balls are really not innocent spheres. And 

cricket balls are definitely not perfect spheres with their seams that are very important 

characteristic of the game. Even the colours of the balls are important as that indicates the 

type of materials that the strings are made of and  have been used to stitch the two halves 

of the balls that are otherwise similar irrespective of their colours. Then there is the type 

of polish used to cover the surface of the ball. There are more aspects but I am really not 

going further.  

With the stitches on the surface the cricket balls are obviously not perfect spheres. 

The stitches have got very important roles in the production of swings and spins and in 

some cases reverse swings. Of course there are other factors like the wind flow or the 

bounce of the pitch that one needs to complete the story. The red ball is stitched with a 

white thread while the pink ball is stitched with a black thread. A red ball is wax polished. 

As the match progresses, the ball absorbs the wax and the players are able to reverse 

swing the ball by rubbing and maintaining one side.  

Finally we need to remember that ice hockey is played with a puck. A puck is a disc 

made of vulcanised rubber that does not roll during the play but slides over the ice 

surface. This is also called flat ball for obvious reason. And badminton involves a shuttle 

cock. Then there are relative sizes and permissible masses of these so called balls about 

which we have not discussed. All these will lead to a „different ball game‟ that we should 

not start in the limited space of this excellent publication brought out by the Department 

of Physics, City College, where I spent many great years as a teacher.  
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যাভনভা঴ন যায় হ , জানুয়াযী 1993 
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                                          ।      ‖   এ          উ     –―    , 
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FOCUS – Where the generations converge 

 

57 
 

             হ                         হ         । (২৯)              হ            

    হ  । (৩ )                                      ই   ই। (৩১)   ই                এ   

হ               হ হ             । (৩২)            ও          ই হ   ই          হ   

                 । (৩৩) হ                                   ই   হ । (৩৪)      

  ও      ই,      ই,        ই, হ                 ই।  

         - এই      হ       ।          হ     ও ১৬               ,            ৫  

        হ           ।  

(৩৫)               ই হ                  হ  । (৩৬)               ই   ‖           
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ন঴ানের ঳ু঩ানযয নচম্বায, 1994 
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          ।                হ       ই        ।‖ হ        এ   ।                   

                ই               । এ           ই        হ      ।         এ      

          ও                ।              ও           -                       । 

এ            ও            ।                                                  

           ।  

(৩)             এ                                                        

              ।                      ‖                – ( ) ―৭৫        এ     হ           

                                           ১৮৫                হ        হ     

    ,                       ।                                           ।‖ ( ) 

―                   উ                         ও     এ                                 

               হ ।‖                     হ                      হ               ই 

    হ । এ              হ     এ  ,          ১       ও     -               হ   

  ।  
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(৪) এ                       হ । এ                ই ২৪                              

     ।            ই   ‖             ও             হ  এই              ।  

(৫)            ও                                                         এ    

         হ            হ   ,             – ( )                       এ         

             , ( )                                               ও    , ( )        

           ও         , ( )     ১৭    হ                         , ( )             

                         ও                , ( )                      হ-উ             

    (       )                                ―            ‖                     , ( ) 

               ,                              । (    )            ও      

 হ           ও                                                                   

                 হ         , ( )               হ-        ও হ          হ-        

               ও                         ও                         , ( )        

উ    হ                                   , (ঞ)                                উ     

হও   ও               এ    হও               ও             ।  

(৬)                                                    ও   এ        হ                 । 

(৭)                      এ  উ   (    )       ও         ১              উ   হ      

―হ ‖     ও                        এ              (            )                   

      - ই                  হ  ও           । ই       উ          -এ           

                             ।  

            ও                উ                             হ ।                   

            এ       ই    - ―      ,         হ    ।‖              ৭৪       -       

ও     (ও         ) ও                          ৭৫                         এই       

       ।                                   । এ                             এ   

         ও   ই     উ           ।          এ       ও                  হ      ।  
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া঄ধযক্ষ ন঴নভন্দ্ররার চযাটাজিী,  হ-া঄ধযক্ষ নগাভফন্দ ঳া঴া, নগা঩ারফাফু, 
নদফুফাফু, ও াঅনযা া঄নননকয ঳নঙ্গ নরখক। 09.02.1994 

 . . প্রািন ভেী এফাং প্রািন হ  ঳ু঩ায া঄ধযা঩ক 
ডাঃ ঱াভন্ত দা঱গুপ্ত ঩ুযস্কায ভদনচ্ছন। 04.02.1995 

যাভনভা঴ন যায় ঴নরয ফাভলিক ঩ুযস্কায ভফিযিী া঄নুষ্ঠানন 
ফিফয যাখনছন নযক্টয ডাঃ করুিা নকিন ন঳ন , 28.01.1997 

নকন্দ্রীয় ভেী া঄ভজি ঩াাঁজা ও া঄নযানযযা, 27.01.1993 
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                                  ‖         এ   হ -এ  উ                     

          ।  

১৯৯২-―৯৩           ই ৫           ১  % 

হ      । এ        এ ই                

            ,       ১৯৯৬-―৯৭           

      হ              এ        ।     

                               ও হ    

                                          

       ,                        ।  

                       ,           হ                              ,      এই 

৫/৭                                ও  ।           ও              ও               

       ও                   ও       

     - এ              হ    ।   ও     

                  ।        ৯৫%          

                 ও        উ         , 

                 ই             

             হ             এ    ―     

হ ‖                    ।     ২/৪    

                                  

      ও          ১৯৯৯                হ                                  ।  

               '         ১২/১৪           ।           ৪/৫        ই         । 

১৯৯৪      ১৯৯৬       হ-                                    । এ         এ    

                    হ   ।                    হ                       হ       । 

                        ,      ও 

      হ               ,        

       ,         ,   হ            -    

       ই  হ                      হ    ও 

 হ              ।                      , 

             ,  হ-                     ও 

           ও  হ          ও              ও 

ননিাজীয জন্মভদনন ঳ু঩ায  হ াঅফাভ঳কফৃন্দ, 
1993 

স্বাধীনিা ভদফন঳ ঩িাকা উনিারন 1994 

঴নেনরয ছািনদয ভননয় ভুভ঱িদাফাদ ভ্রভি 22.11.1992 
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 হ                                       হ         ।                     হ  ও 

                     ,                 ও       ,                             

        । এ         ও                       ।      উ    হ                । এ   

               এ               ।                        ই      ও             

          হ              । 

    ও             ,                   ই এ                        হ      

―      হ      হ ‖                 হ      ।                                  এ   

এ            হ        এ    ―           ‖             ই   ।                       

                                        ,        এ              ,             

                   ।                                                  ।             

                           ,                   । এ             ৪ -৫            

                     হ                          হ              হ     ।   ই 

 হ                এ      হ    ।                  হ                    ,           

   হ     ও                               । ১৮৫                              এ   

                                এ   এ     হ                     ও   ও           

   ।               হ     ,        ?            হ               ও         ২ /২৫ 

                                        হ    । এ    ও               ১৯৯২      

১৯৯৯     । 

                  ,                           ।    ই           ,          

    ।                   এই                  হ             এ                        

হ                        ।       ই                   ।।       

 

 

 

 

 

                - ই        হ   ,             
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          -      

-                  ,              

এ                                  -              ।       হ‖          হ       । 

                                 এই                  ।     ও    হ                 

   ।                                     ,                                    

    ।                                           হ‖    ।  ই-                   

                                                  ।                           

                    । এ               ও                      ,   ই                   

এ      ই ই         ।          ও                      এ        হ‖ ।        

             -                             এ                  ।                      

                                         ই       উ                             

হ‖        ।      এ                     ই       ।                উ এ           । 

এই            ও      উ   হ    ।        -              ,                           

                                         ।            ও                  ই 

                                       ।                            ,          ই 

        - এ                       ।                                          

            ই             ও                                           । 

  ই             ই এ          ।   ই                               ই           

                      ।                               হ                 ই      

হ   ।                                     ই                         ,   ‖এ      

             হ    ।          হ                    ও         ও            

        ,   হ   এ       হও           !      এই                          ।       

                                                     ই, এ              ও       

             হ        ।   ই          এ    ই      । হ                   এ   

     ।         এ    হ                                           ও      উ    

      ।           হ               এই                     ―     ‖     ও              । 

এ                   হ   এ                -            হ । এ     এই     হ         

                    -                      ।                                    

                                 । এ         ই        হ    । 
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  হ                                    -                                    হ   

                     ও            । 

                 ―    ‖-                     হ            ।                

                              ,                     ও         । এ               , 

       ও       এ            ই        ।               ও                     

                        হ           । এ              ই                ও      

এ            ।                            হ    ,   উ                           

     । এ    হ  ও এ           ―    ‖-       । 

এ     এ                         এ    ।     হ           ।     -     ‖    ই 

ই                      হ । ―    ‖-       এ                                     

                  । ―    ‖                    ই   ,           হ                    হ   

     , ―         ই হ  ।                  ।― এ                  , ―    এ   এ    

              ও।―                                   ।                               

                        । 

                          এ । ―    ‖ ও   এ                    , ―              

                  এ      -হ           ।       এ   হ                ।                  

                                                    ।‖             হ   ―    ‖-        

এ                                 এ । 

এ                         ,   হ   এ                       ।          -   ,     

ও              ই।                          ।    ―    ‖    ও                       

এ                 ,           ই হ  ।      হও         -        ই                 । 

              এ   ই                   হও                ই                          

  ।             এই                 এ     ―    ‖      এ   হ     হ‖ , ―    ‖        

         , ―           ও।‖        হ                    ―    ‖  হ      ও            ও    

                   এ                              এ           ।                    

হ              , ―       ।‖                           , ―     হ  ।‖                  

             হ                  ই । ও     ও             ।         ও এ ই    । 

ও                        , ―                  ।             হ             ,        

                         ।          ই  ।                                     -    
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হ ।     এ                         ই,   ই                                      ।‖ 

         ও             হ‖ । ―    ‖    ও              এ                            

    -        ই      হ   ―    ‖-                                                      

এ । 

        এই      এ   ই                 এ    ও             ,        -     

হ‖                 ―     হ  ‖        ও         ই         । ―    ‖-           

                      হ‖ ।     ও             ―    ‖-    ও                ই ও    

             । ―    ‖-                উ   ও                   ।                  

ও                । এ            ই Toss          ,            হ  , ‗Head I win, Tail 

you lose.‘ এই                                                  , ―    ‖           , 

                     । 

                ,        ও       ,    ―    ‖-                ও      হ     ।     

                             ;          -       হ                                

    ই                    । এই      এ         হ                হ          হ ই 

  ও      । 
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