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 1.       

 2.  , ,  

 3.    

 4.    

 5.    

 6.  ? ? 

 7.     ? 

 8.   ( )   ( )    ? 

 9.     

 10.    

 11.    

 12.   ,   

 13.   ( )  ? 

 14.     ? 

 15.      ? 

 16.  ,  

 17.    

 18.   :   

 19.     

 20.   ,     



 1.      

           

  . 

 1.   (work) 

   (work)   .      

 ,  ,   .    ,   

 (force),   (energy),  (power),       

 . 

        (force)    (work) 

 .           .  

     ,     ,   

  (measurements)  ,    .    ‘ ’  

      ‘ ’    .   

    ‘ ’   (work)  .     

   : 

   =   x   

 ,  

  =  x  (Work = Force x Distance) 

 ,   

  =  x  (W = F x d ) 



     (Newton)   (measurement unit) . 

    (meter)   .    

  -  (Newton-meter)   .    

   50  ,   5     

 50  x 5   = 250 -  . 

 !  , ,      .  

      . ,    

       .  ?   .    

 ‘ ’ (pull)    . ,       

  (measuring unit)  .     

   ‘  .’   ‘ ’    ‘  ’  

 . (  ‘  ’    ‘ ’ (Joule)    .  

       .)       

           ‘  ,’ 

   ‘ ,’  .     .    

   . 

  1:      .   ? .    

  .    !      

  ,  . 

  2:    .      . 

        . 

 The joule (J) is a unit of  work  in the SI system.  The  commonly used units for work done are 

 newton-meters (N-m), watt-seconds (W-s), or ergs. 1 joule = 1 kg-m^2/sec^2 



 The newton (N) is a unit of  force  in the SI system. It is the force necessary to accelerate a 

 mass of one kilogram (kg) by one meter per second per second (m/sec^2). 1 newton = 1 

 kg-m/sec^2 

 Multiply force by distance (over which that force is applied) and you get work or energy. 

           , ϑ 

  ,     (F)  . ,    

     (F cos ϑ)        (  ): 

  =  x  x cos ϑ  (W = F x d x cos ϑ) 

     F cos ϑ  F       ! (cos ϑ 

   0  1   .)   . 

 .   =   x   

  1:      .   ? .    

  .    !      

  ,  . 

  2:    .      . 

        . 



 2.  (force) 

   (force)    .  (force)      

         gravitational force,  

   electromagnetic force. 

  3.  200   (force)       (  

 10  )      50     35  

  (0.5 /  )  .    (work) ? 

 ●    10      = 200  x 10  x 

 cos (0) = 2,000 -  

 ●    35      = 50  x 35  x 

 cos (0) = 1,750 -  

 ●    = 2000 + 1750 = 3,750 -  

 ●   0.5 /       . 

 ●   ϑ = 0 .         

    0.   cos (0) = 1. 

 3.  (energy) 

    ‘ ’ (energy)        

 . ‘ ’   ergos     . ‘ ’   

 1807    . ‘ ’      ,   ; 

       .  ( )    ,  

     . 

  =  x  (Energy = Work x Time) 



        .      

  ,   (Joule)  .    

 -  !   -          

  . 

           (Watt) .   

     -  .   (hour)    

 -  .         100 W    

 100  .  10        1000 -  . 

   “ ” .  3.6   . (1 Watt-hour = 3.6 Joules.) 

 ●    ,   6    1   . 

 ●    ,    1    1   

 . 

 ●          10    

  1   . 

 4.  (power) 

  (power)     .      . 

      (Watt)   .  “  ” (horse 

 power)   .           

   20   .     

            

  100   . 



      .   ,     

              

 .     (power) . 

  =    (Power = Work  Time) ÷ ÷

        .       30 

       ? 

 60  x 30   x 24 /    = 43,200 -   = 43.2  -  

 (     .) 

  ,  =  x  .   

  = (  x  )   ÷

 (Power = Force x displacement)  Time ÷

 ,  = ( ) x (    ) =  x   ÷

       . 

          ,   

 . 

 5.  (strength) 

     force    strength     

 .   strength        

   .      -   

    .  , , , , ,  

    . 



 :    ?       

   .         . 

 6.   (Exponential Notation) 

      ,     . 

         (scientific notation) 

 .      (exponential notation)  

   . 

 10 =  =   10  1 

 1, 000, 000 =  =      10  6 

 1, 000, 000, 000  =  =      10  9 

 .  10     1,  6, 9,   (exponent) . 

  1  20      .  10  20 

   

 =  = 0.1  10 − 1  1 
 10 

 =  = 0.01  10 − 2  1 
 100 

 =  = 0.000 001  10 − 6  1 
 1     000     000 

   

 =  =  = 0.001 ( 10 − 1 )    𝑥    ( 10 − 2 )    1 
 10     𝑥     1 

 100 
 1 

 1000 

 = ( 10  9 )    𝑥    ( 10 − 2 )   ( 10  7 )

      !! 
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 7.     ? 
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 9.     

 10.    

 11.    

 12.   ,   

 13.   ( )  ? 

 14.     ? 

 15.      ? 

 16.  ,  

 17.    

 18.   :   

 19.     

 20.   ,     



 1.      

           

  . 

 1.   (work) 

   (work)   .      

 ,  ,   .    ,   

 (force),   (energy),  (power),       

 . 

        (force)    (work) 

 .           .  

     ,     ,   

  (measurements)  ,    .    ‘ ’  

      ‘ ’    .   

    ‘ ’   (work)  .     

   : 

   =   x   

 ,  

  =  x  (Work = Force x Distance) 

 ,   

  =  x  (W = F x d ) 



     (Newton)   (measurement unit) . 

    (meter)   .    

  -  (Newton-meter)   .    

   50  ,   5     

 50  x 5   = 250 -  . 

 !  , ,      .  

      . ,    

       .  ?   .    

 ‘ ’ (pull)    . ,       

  (measuring unit)  .     

   ‘  .’   ‘ ’    ‘  ’  

 . (  ‘  ’    ‘ ’ (Joule)    .  

       .)       

           ‘  ,’ 

   ‘ ,’  .     .    

   . 

  1:      .   ? .    

  .    !      

  ,  . 

  2:    .      . 

        . 

 The joule (J) is a unit of  work  in the SI system.  The  commonly used units for work done are 

 newton-meters (N-m), watt-seconds (W-s), or ergs. 1 joule = 1 kg-m^2/sec^2 

 The newton (N) is a unit of  force  in the SI system.  It is the force necessary to accelerate a 

 mass of one kilogram (kg) by one meter per second per second (m/sec^2). 1 newton = 1 

 kg-m/sec^2 



 Multiply force by distance (over which that force is applied) and you get work or energy. 

           , ϑ 

  ,     (F)  . ,    

     (F cos ϑ)        (  ): 

  =  x  x cos ϑ  (W = F x d x cos ϑ) 

     F cos ϑ  F       ! (cos ϑ 

   0  1   .)   . 

 .   =   x   

  1:      .   ? .    

  .    !      

  ,  . 

  2:    .      . 

        . 

 2.  (force) 



   (force)    .  (force)      

         gravitational force,  

   electromagnetic force. 

  3.  200   (force)       (  

 10  )      50     35  

  (0.5 /  )  .    (work) ? 

 ●    10      = 200  x 10  x 

 cos (0) = 2,000 -  

 ●    35      = 50  x 35  x 

 cos (0) = 1,750 -  

 ●    = 2000 + 1750 = 3,750 -  

 ●   0.5 /       . 

 ●   ϑ = 0 .         

    0.   cos (0) = 1. 

 3.  (energy) 

    ‘ ’ (energy)        

 . ‘ ’   ergos     . ‘ ’   

 1807    . ‘ ’      ,   ; 

       .  ( )    ,  

     . 

  =  x  (Energy = Work x Time) 

        .      

  ,   (Joule)  .    

 -  !   -          

  . 



           (Watt) .   

     -  .   (hour)    

 -  .         100 W    

 100  .  10        1000 -  . 

   “ ” .  3.6   . (1 Watt-hour = 3.6 Joules.) 

 ●    ,   6    1   . 

 ●    ,    1    1   

 . 

 ●          10    

  1   . 

 4.  (power) 

  (power)     .      . 

      (Watt)   .  “  ” (horse 

 power)   .           
   20   .     
            
  100   . 

      .   ,     

              

 .     (power) . 

  =    (Power = Work  Time) ÷ ÷

        .       30 

       ? 



 60  x 30   x 24 /    = 43,200 -   = 43.2  -  

 (     .) 

  ,  =  x  .   

  = (  x  )   ÷

 (Power = Force x displacement)  Time ÷

 ,  = ( ) x (    ) =  x  ÷

       . 

          ,   

 . 

 5.  (strength) 

     force    strength     

 .   strength        

   .      -   

    .  , , , , ,  

    . 

 :    ?       

   .         . 

 6.   (Exponential Notation) 

      ,     . 

         (scientific notation) 

 .      (exponential notation)  

   . 

 10 =  =   10  1 



 1, 000, 000 =  =      10  6 

 1, 000, 000, 000  =  =      10  9 

 .  10     1,  6, 9,   (exponent) . 

  1  20      .  10  20 

   

 =  = 0.1  10 − 1  1 
 10 

 =  = 0.01  10 − 2  1 
 100 

 =  = 0.000 001  10 − 6  1 
 1     000     000 

   

 =  =  = 0.001 ( 10 − 1 )    𝑥    ( 10 − 2 )    1 
 10     𝑥     1 

 100 
 1 

 1000 

 = ( 10  9 )    𝑥    ( 10 − 2 )   ( 10  7 )

      !! 



 2. , ,  

 1.       

   “ ”   ‘ ’   ;    

 ‘  ’ . 

   “ ”  ‘ ’    .    “ ”   

    “ ”  -        . 

   “ ” (atom)        

 . 

 ,   .        “ .”    

         : 

 “                    |                  ” 

 ,   ,      .  

              

     ! 

  ? 

 “   ,   ” 

 , (  )     ,   . 

 “    

    

  , , 



   ” 

  ,  ,   ,    

  . 

    “ ”     (John Dalton, 1766-1844)  

              

 “ ”        . 

 ,  .   “  ”   ? Atom 

 Bomb   !   “  ”   ? “  ” 

  Atomic Energy.   ,     

   .        atom! 

    . 

 Atom   , molecule    1969      

  .     .   mega molecule = 

   ( . , ), molecule =  ( . , ,), atom = 

  ( . , ) subatomic particle =   ( . , ) 

 . 

 2.    

 .  1808 ,     ?      

    ( ,    )  (atom)  , 

               

 . 

          .  

  ,      . ,   

 (molecule)    .        

   . 



 3.    

 .  1896 ,  ,   ,  ,      

 “  ”     “      

   ”        

     . 

 .  1897 ,  ,      . .   

      ,    ,  

 .      “ ^ ” (electrons)   .  

  “ ”   !    

 !     .   

  ? 

 4.   (Quantum Theory) 

   ,  , ,       

  .       ,     

 .     .  “      

    ?”      . 

     .   .    (energy) “  

   ”           

   .  ,       “  , 

  ,”    ,    . 

     -  -    ,    

  , .  1900    .      

 , , ,  (heat energy is quantized). 

 .  1905  ^   “   ”     



               

   (light energy is also quantized).    (quantum theory)  

  . 

   ,  ,  ^         

 “ ”  ( ,   )  .     

 ,   ,     ,      

 .            

   1911   . (     

 !)         (  , nucleus ) 

        .      

   .  ?        

  ;             

 .     ^        

          . 

   .  ,    .    

   ^   (acceleration) .     

       ,    , 

      .     .  

  ! 

             , 1913 , 

 .      . ? 

    -     -    

          .    

     (acceleration)     

     .       

       “  ” (quantum jump)     

 “ ”    .      

    ; ,      ,   



  .          

 (quantization of electron orbits)  . 

       (particles)  . ,  

 ,   .        

        .    

        .   

 (subatomic particles) . 

           ^   

 , 1927 ,   .         

             

    . ,  ,  ,    

            .  

 , !   (Pauli)         

  .        .    

  . 

            

             

   . 



 3.   

            ! 

          .   .  
  -        . 
           
 .   ,    ,    
      . 

   (thermodynamics)   .   therme  
 , dynamis  . ,       .    
               
    .  (heat),  (work)    
             
     .    
        . 

 1  (blackbody)  

     .     
   ,  ,    ,  ,      
 .  ,     .  
     .     
  “ ” (blackbody).    .   
      .    
     -   -  “ ”   
 . 

          ,  
  .         .   
     (  )   .   
    .    (300   )   
 (infrared, > 1000 nm)  .      
        !     



      (visible light)  –    (  
  = 700 nm),    (   = 620 nm ),  (580 nm), 
  (470 nm)  - .       
 ,       ;    
 . 

      !      
    !! (       blackbody 
      .       
  .)            
 (ultraviolet)   .   10 - 400  . 
 (    1,000,000,000  .) 

 2  :   

    .         
       .    
    . ,     (frequency);   
 .   (loudness).        
 (amplitude) ;    .       
 (  ) .         
    . 

  ,     ,   
   (amplitude),  (frequency),  (phase)    
  .     :  
 (wavelength).    (crest)    ,  (trough)   
        .    . 

 3    

   ( .  )     
      .      
 ( ) ,  (  ) ,    .   



          700  
  .          
   500   .     
        10  400   
  .           
   ,          
   . 

 4   (ultraviolet catastrophe) 

     .         
       (    )  
  (distribute )    .    .    
 x-        ( ,       
   )  .   y-       
 (energy density or intensity)   . ,      
 .     3,000     
              
 .     - ,      - 990      
   .      3,000       
     990         . 
            .       
      -   (distribution) -  
 ! 



 .           . 
           .    
     .    . 

   4,000        
           .    700 
       .      4,000   
          700     
  .           
       . 

   5,000           .   
   500       .     5,000  
           500    
   .          
      .       (470 nm), 
      .    . 

              .  
    ?   5,000      , 
   (    10 - 400    )  



  .  “  ” (ultraviolet catastrophe) . 
     ;      .   
      . 

 5     

       (  Max Planck  )     . -  

       “ ”  (equipartition)  . 
         ( ) .   
      ;     ,  . 
   ?   .    
       ?    
     ,     

        .  (    

        !)    -  

   . 

      ?      
     hf .  f   , h   
 .     h = 6.63 x 10^(-34).  1   ,   1 
   34   .        
  .        . 
      .      
 .    ,    -   
   ! 

     .   6  .   
  , , , , ,      .  (equipartition) 
       .       
  ,          ,   
      ,....,              
   .       ‘ ’      
   ?          



 ,   ,    , , ,      -   
 .      .      
     .         
    . 

     (quantum)    ,  (quanta)  
  .     .  , 
         ,   
 . 

        .   
         ;    .   
     . 



 4.   

            

 (photoelectric effect).            

        . 

   (electromagnetic radiation,  )   

          ,  

         . 

            

      .     

  ,    “ ” (current)   , 

        "  ” 

 (photoelectric current)   .       

 ? 

      1887   (Hertz)  

        .     

  .    . 

 1.      ( )      ( , 

 )          . 

     f0  . ( ,    

         .) 

 2.     f0   ,      , 

   ,     . 

 3.            f0  

  .          

 ( ,  )     (intensity)   



  (direct proportion)   . (    , 

      .) 

 4.        ,     

    .  ,    

 . 

 5.       ,     

    (kinetic energy)        

 . (     ,   .) 

             

       .     

   (frequency  color)      

 .  .         

 "  "   ; ,   .   

   .     “    ”  

           

  . 

       .  ^     

     .  ( )    ( )  

  .    “ ” (  )  1920  

   .      .   

       .      

       .   -  

   -    - ,    E = hf    . 

   f0          

   . ( ,         

    .)  f0         

        . 



         .    

  .     .  ( )  

          .   ? 

      !       

     “  ” (work function) .  W  

  .        W    

     ( )  .     

  v   .          : 

      (kinetic energy ) =  . (    1 
 2  𝑚     𝑣  2 

  .) 

     =  = hf  𝐸 
 𝑝ℎ𝑜𝑡𝑜𝑛 

 ( ^   .  E_photon      

  ) 

 “ ”      = W 

       =     +   

   . ,   

 ℎ𝑓    =     𝑊    +     1 
 2  𝑚  𝑣  2 

 ^         1915    

  ^     !       

         .           1 
 2  𝑚  𝑣  2 

  . 

  1  :      .       𝑊    =     7 .  53     𝑥     10 − 19 

 f =          ? ?  3     𝑥     10  16 



 ^           

 -  x    𝐸    =     ℎ𝑓    =     6 .  62     𝑥     10 − 34  3     𝑥     10  16 

 (   h   !) 

 =    2     𝑥     10 − 17 

          E =  .      2     𝑥     10 − 17 

  “  ”          𝑊    =     7 .  53     𝑥     10 − 19 

   .   ? 

              

 ,     . , 

 = W +  𝐸 
 𝑝ℎ𝑜𝑡𝑜𝑛 

    1 
 2  𝑚  𝑣  2 

 =  - W     1 
 2  𝑚  𝑣  2  𝐸 

 𝑝ℎ𝑜𝑡𝑜𝑛 

 =  -  = 1.9 x       1 
 2  𝑚  𝑣  2  2     𝑥     10 − 17  7 .  53     𝑥     10 − 19  10 − 17 

    m =      9 .  1     𝑥     10 − 31 

   = (2 x 1.9 x  )/  .      𝑣  2  10 − 17  9 .  1     𝑥     10 − 31 

 =  41 .  7     𝑥     10  12 

 v  = 6.45 x  /  = 6,450,000 /   10  6 

 ,   = 300,000,000 /  

 , ,         

 !! 

  2:     work function = 4.73 ev.      80 nm  

         ?   

       ? 

 = W +  𝐸 
 𝑝ℎ𝑜𝑡𝑜𝑛 

    1 
 2  𝑚  𝑣  2 



 = hf = W +  𝐸 
 𝑝ℎ𝑜𝑡𝑜𝑛 

    1 
 2  𝑚  𝑣  2 

   h  =     6 .  62     𝑥     10 − 34 

  

 f =       ( ) 

   80     

  =      =    80     𝑥     10 − 9 

 c =   =  /   3 .  0     𝑥     10  8 

  f = c/   

 f = c/  =  m/s /  m =  Hz  3 .  0     𝑥     10  8  80     𝑥     10 − 9  3 .  75     𝑥     10  15 

    .  𝐸 
 𝑝ℎ𝑜𝑡𝑜𝑛 

 = hf =     x   = 24.83 x    𝐸 
 𝑝ℎ𝑜𝑡𝑜𝑛 

 6 .  62     𝑥     10 − 34  3 .  75     𝑥     10  15  10 − 19 

   =  - W     1 
 2  𝑚  𝑣  2  𝐸 

 𝑝ℎ𝑜𝑡𝑜𝑛 

  W    .     

  .  1 .  602     𝑥     10 − 19 

 = 24.83 x  -  4.73 x 1.602  x  = 17.253 x       1 
 2  𝑚  𝑣  2  10 − 19  10 − 19  10 − 19 

   m  .    . 

 m = 9.1 x  kg  10 − 31 

      .  𝑣  2 

 = 2 x 17.253 x   / 9.1 x  kg  𝑣  2  10 − 19  10 − 31 

 = 3.791 x  10  12 

 = 1.94 x   /   𝑣  10  6 



 5.   

     ! “     (size)   10 − 10 

  ”   .    1    1   10 − 10 

 10       ,   1/10,000,000,000  . 

 , 1   10    . ,    . 

        : 250  

 (250,000,000)       !    

 ! 

  (Ernest Rutherford)   1911       

     .  ?    (mass)  

       .   (nucleus) 

   100,000  !     ?  

               

    ( ) .     “ ” (nucleus) 

 . 

              

        .   

   ,  ,      

  (spiral shape  )     ,   , 

   .     ! 

            (Niels Bohr) 1913  . 

   , “         

     ! ,      

  ( )   ,     ( ) 

    .” (       , 

 ,      !  .)   

        -    -  



  “ “ (energy level)  ( ,      ); 

      “ ”        

  ( ,  )  . (       

           ! 

 .)     . 

        .     

   .            

        . ,   

          ,     “ - 

 ”    ;    !      

             

 .    energy levels .    “  

 ”  . 

   ( ,  )    ( ,     

   ),          

 .      .     

    .      . 

 (              

      !)       

      .       

     .         

  (electromagnetic radiation)    .    

    . 



 :          

 (  )  .        

  . 

   ?  ,  ,  , 

    ,   , - ,   - 

     . (   “ ”  

 “ ”  !)    (frequency, f),   

 (wavelength,  ) .         λ

 600,000,000,000,000     . ,    , 

 Hz. ,       = 500      𝑓    =     6     𝑥     10  14 λ   

 . 

           

     .    (photons) . 

     (E)   E = h f     . 

  h   .    .     ℎ    =     6 .  63     𝑥     10 − 34 

           .  𝐸    =     3 .  6     𝑥     10 − 19 

  “ ”    .       

 .          

      .     



    “  ” (electronvolt)    .   

      2    . 



 6. ? ? 

        ,     

  .          : 

   ,    ,   .   

      :   ,  . 

              

 .     .   

           F = ma 

    . 

       .   ,   

      ,  ;   ‘ ’   .  

      . 

    ( ,  )       

   (position,  x),   (momentum, p)  .     

   (state)  ,   .     

    .   .      

     . 

        .   (Newton,  1643 - 

 1727)          (Corpuscular theory).   

  (Huygens,  1629 – 1695  )            

  .        

 .   (Thomas Young,  1773 – 1829  )   , 1801 ,  -  

  (double slit experiments)        

 . (  1    .)           

   . 

      . ,       

 ^  .(     ( )   .)   



         .   

    E       f   E = hf  

    .  ^    : 

     ,    ! 

   (De Broglie)   ,   ,   

     . .  .   ,     

    .         

    1924  . . .     .    

      .  ? “     (energy quantum) 

       ,       

 ?”  ( )    “  ”  “  .”    

 ,     .   (  

 ,  ,  )    ?    

 m  ,   v  ,   ,      

   .          

  ^       .     

   . 

       ,  , 1927 , 

   -  !       .  

           .    

 -  -      .   1929  

   . . .        

  !    ! 

  (matter)          . 

        (wavelength,  )  ,   

           .   

     :    



       “  ” ,     

 “  ” .          (mass), 

    .      (vector);      

 (speed) ,     .      “ ”   

 (momentum =  ) .      . 

     (lambda)   ,     (Planck’s 

 constant).            

      . 

   ( )   ?   ?  

       -    (    )!  

           .   

    interference bands .        

            “  

 ” .       “  ”    

  .     “  ”    .  

         “  ”  . 

      .        

 ,       . 

     .    .      . 



 .      



 7.    ? 

 1 

       (quantum physics )   

  .       ,   

  .           

 . 

      .      ,  

  .        

    . 

     ,  ,       

    .     . . . 5  

  ,  ,      

    ( . . 17  )   .  

         F = ma  . 

     .       , 

   ,        ,    

      .      

   .      

 . 

            

 .     (atoms),  (electrons, protons, 

 photons, etc.),   (sub-atomic particles like quarks),   

 .    .        

 ( , F = ma)     .     

        (quantum mechanics )  

 .         



         (wave function)  

  .      ( ,   )  

    , , , ,    

           

   . 

        .   

      .  F = ma  

       ?  !   

       .    

   . 

     .     

 . ,        

         . 

 𝐻     |    ψ >    =  𝐸        |    ψ >

           .     |    ψ >  𝐸    

 (energy)  .          (Hamiltonian operator)  𝐻 

 . 

   “ ” (time)  .      

       : 

 𝑖     ℎ     𝑑 
 𝑑𝑡     |    ψ >       =  𝐸  |    ψ >    

    .         

  , ,       : 



−  ℎ 
 2 
   

 2  𝑚    
 𝑑  2 

 𝑑  𝑥  2 ψ      +     𝑉 ψ   =  𝐸 ψ   

         “ .”    

            .    |    ψ > ψ   

   .        , , 

  ,  ,   ,   .   

         . 

         . 

       (terms),      .  

       (system)    (kinetic energy)  ; 

      .        (system) 

    (potential energy)  ;      .  

      (total energy = E)     . , 

   +    =   

     “   ” (law  of conservation of energy)   

       “     “ (E)      . 

 2 

            

       “  ”    

 .        ,    

        .  . 

    (particle)  .  -  (x- ), -  

 ( , y- ), -  (z- ) -    .   

      , ,   x-    



 ,    .   x-   

 r-    .   x-  . 

    r = 6  r = 7     ,    

 .      r = 5 ,  r = 7    

 (impenetrable barriers)  .      

 . 

   “    ” (a particle in a one-dimensional box)   

 .       V = 0 .   

       ,  ,   

   .       : 

−  ℎ 
 2 
   

 2  𝑚    
 𝑑  2 

 𝑑  𝑥  2 ψ   +  0 =  𝐸 ψ   

    

 𝑑  2 

 𝑑  𝑥  2 ψ   =    −  2  𝑚 

 ℎ 
 2 
   

    𝐸 ψ   



          .   2   ℎ    

 .        (mass)    .  𝑚 

  E =     .       .  𝑘  2 

    

 ;  =  𝑑  2 

 𝑑  𝑥  2 ψ   =    −  𝑘  2    ψ    𝑘  2  2  𝑚 

 ℎ 
 2 
   

    𝐸 

      (differential equation) .   

    (calculus)    .    

      .      

           . ψ   

          . ψ   =     𝑠𝑖𝑛     𝑘𝑥    

          ,   

 .         “  ” (wave 

 function)   .      . “   

   ?”        

 : “  ”        

 “ ”   ”  . (    

 !) 

 :     



    .    .    

   .  . 

       (our particle in a one-dimensional box)  , 

 ,  x  = 5 ,  x = 7    (impenetrable barriers)  

  .         . 

       .   “ ”   

 “  ” -   x  = 5 ,  x  = 7  -     

 .      (smoothness)  . 

 ,        (discontinuity) .    

  .       ( ,  x  = 5 ,  x  = 7 ) 

    0  .     (boundary conditions) 

 . 

      .       x ψ   =     𝑠𝑖𝑛     𝑘𝑥 .    

 = 0  x = a  0 .    . 

 x  = 0       0 ψ   =     𝑠𝑖𝑛     𝑘 ( 0 )   =  𝑠𝑖𝑛    ( 0 )   =     0 .     𝑠𝑖𝑛    ( 0 )

    . 

 x  = a        0  ψ   =     𝑠𝑖𝑛     𝑘 ( 𝑎    )   =     0 ?     𝑠𝑖𝑛     𝑘 ( 𝑎    )

 .   .  ?    ka =  𝜋  = 180° 

 . , 

 a =  2  𝑚𝐸    

 ℎ 
 2 
   

π

   ,  , ka =  𝜋        

 𝐸    =  ℎ 
 2 
π 2 

 2  𝑚  𝑎  2    



          .   𝑠𝑖𝑛     𝑘 ( 𝑎    )   =     0  𝑘𝑎    =     2 π

     

 𝐸    =  4  ℎ 
 2 
π 2 

 2  𝑚  𝑎  2 

       .    𝑠𝑖𝑛     𝑘 ( 𝑎    )   =     0 

 .  𝑘𝑎    =     3 π,  4 π,....     𝑛 π      

      .        

   .          

   !      (energy levels) .  

       “ ” (quantization) . 

          “ ” 

         ! 

    ! 



 8.  (orbit)   (orbital)     

  (orbit),  (orbital)        (quantum physics) 

  .  (atom)       

  .    (positive charge),  

 (negative charge)   ,      

     .  !   

         .   

 , “    ( ),  ( ) 

     .    plum 

 pudding model  ,      . 

             . 

       ,      

      ;    

  .   ? ,     ? 

 ,        .  

  .            

  .    “       

 ”  .    -    - 

    ,    -   -   

     .   

 Bohr’s planetary model .       

    .     orbit . 

     orbit    . 

       (1)   

       , (2)    

     !    ? 

      !      

 ;   “  ”      .    



      orbit    .  

 orbit     . (  An orbit is a bound path around an 

 object.)          .   

    ? “ !      

  .        .  

 !”  .  orbit        

   orbital   .  orbital      

      . (  An  orbital  is a wave function 

 corresponding to a stationary state of the electron. These stationary states are obtained 

 by solving the time-independent Schrödinger equation.) 

 Orbit     , , ,     . 

 Orbital    ?  Orbit       . 

 Orbital      -     “ ”;   

      .  orbit   , orbital   

  ? 

  “        ? “   

         .     

  ,  ,   (electron in a ground state)  

  . “ ,        

        ( ,  )   ” 

  .          

    . 



 : (   )  (orbital)    . 

          ,  

   ,       

      (wave function)       

  . 

       .     .  

   . 



 9.   (Quantum theory)   (spin) 

           

    .     .   

   spin   rotation   .    

          ;    .   

    “  ” .       

 .       .    rotation 

 .   24-       365-   (revolution) 

  .  Earth rotates (spins) on its own axis,  producing the 24-hour day. Earth 

 also revolves about the Sun, producing the 365-day year.   . 

   momentum    ,    .  

   (mass) m .      v   (velocity)  

  .      momentum = mv = mass x velocity 

  ! (   moment    , momentum    

   !)  momentum   ?  , 

 , , ,     . , , 

 “ ” .           “  

 ” (linear momentum or simply, momentum)   .    

        ?      

    (angular momentum = mass x angular velocity) .   

        “      ” 

    “   ” (spin angular momentum) .  

        “     ” (  orbital angular 

 momentum) . 

            

     .    ;  

            



 !        “  .”     

         .    

 (atom)     .    

   ,  .    -   - 

   . (Electrons revolve around the nucleus.) 

           .  

   (Schroedinger)     .  

       ,  , 

  .       .   

            ,    

     . (     , 

 !) ,        

   “  ”  !    “  ” (  

 spin)        .    “  

 ”     (Special Theory of  Relativity)     

  .     . 

         .     

     (spin)  .        

  . “      !”   

 . “      ?     ?” 

    “   ?”   ?    

    !     (spins) .   “  

     ” ( ,  , spin up), “      

 ” ( ,  , spin down)   .      

  . 

 |↑⟩ = spin up → clockwise rotation 



 |↓⟩ = spin down → anticlockwise rotation 

         ( )   “   
 ”   (clockwise)  ,  (anticlockwise)   
    .  “    ?”    
   “  ”   .  ,   
   “   ”       
  .       (  ?  
 ?)  ,       : 

    ?       (  )(  ) = ¾.  3 
 2 

 3 
 2 

       (  )(  ) = ¼ .     1 
 2 

 1 
 2 

    . 

    ? ?       
 Stern-Gerlach experiment.     . 



 10.    ? 

       (thought experiment),    

  .       ,   

 ,   .    ,    . 

       (Quantum Theory)    

   . “    …”    (  Erwin 

 Schrödinger, 1887 – 1961  )   “   ”  . 

       .   ,     

      .     , 

  .    , .   

 .          

  .   .         

 .         ? ,  -  

 ! , ,      (superposition of states) 

 .           

      .  “    ” 

  .      “ ? ?”    

        .  

     . ,      

       ( , collapsed states )  

 ,  . 

       .   (atom)  

   ;   .    .   . 

    .         (particle)  

 .      ?   ?  

  ?    ?    

     (classical physics)    .   



      :  (matter)   

 ,   .       

 “ ” (wavefunction)     .  “ ”  

       .  ?   

        ,       

 . “     ?”     ?    

   !        .    

           .   

 . “   ?”   “    ”  . 

 ,        .   ;  

   “       ,  .” (  

   “         ,   

   .”)     .   

 . 

     collapse of the wavefunction .     

    .     

 ( , centipede)    .    

       .   

      .   ?  

         -   .  

        . (    !)  

         !   

          (  

 collapse ).      ,     

      “  ” !  ,  

     . 

   .    ?  ? 

        ? .    

       . 



     .       “ ” 

 .       .      

   .     .  

   !          

        .     

      . 

      ? 

 ,        .     

   .   ,  , ,   

 .       .     

  ;    . 

 .     (  ) 

 :   ,     “     , 

 ?”    ,  “   ”   

  .       “     , 

  .”   “   ”     

  .  ,    . (  The peculiar rules of 



 quantum theory meant that it could be both dead and alive, until the box was 

 opened and the cat’s state measured.) 

         !  “  

 ”      “  ” .   ,  

  ,         

 .    .      

   .   :     .  

  :   ,  .     ! 

 Schrodinger, in speaking of the universe in which particles are represented by 

 wavefunctions, said, “The unity and continuity of Vedanta are reflected in the unity and 

 continuity of wave mechanics. This is entirely consistent with the Vedanta concept of All 

 in One.” 

 “The multiplicity is only apparent. This is the doctrine of the Upanishads. And not of the 

 Upanishads only. The mystical experience of the union with God regularly leads to this 

 view, unless strong prejudices stand in the West.” (Erwin Schrodinger:  What is Life?, 

 page 129, Cambridge University Press) 



 11.    

   ,  .     ,  ; 

  ‘ ’   .  ,      

  (inequality)         

  .        .  

    ‘ ’      ; ‘  ,  

   ’   . 

      (Quantum theory)  !     

     .        

  . 

          

    (inequality)    .     

    .         

                

 .           ,    

             

  .        .  

      ! 



      ( , )      (∆ 𝑥    )

 .   (      ( ,    ∆ 𝑝    )

  )     .   x  = 0    x 

     ; ,       . 

       p   . ,  

   .  ,  p  = 0   p      

 . ,       .   

     x   .  ,    

  !         

    ,     .    

     !  ; !      

   . ,      ,  

      . 

 1.     

         (thought experiment) . 

       . ,   .  

        .     , 

  ,       . 

          ?     

   .        .   

            

  (   ^  )      .  

          . ,  

   “ ”      .  

             

  .        . 



 2.        ? 

           .    

    .     (mass)    (1 

 kg)  .    100  (   44 ) 

  .    h =  , 6.63    6 .  63     𝑥     10 − 34 .

   ,     1 ,   34   . 

 ,  h      !       

            ; “  

 ”      (size)  20    

  . ( ,        !   

 !)  ,              

    -     .    

 . 

 3.     

       -     - . 

   

    . 

    “  ”  (wavelength of electron wave), 

 = 663  nm 

         (663  nm  )  . ,  

   “ ”   .     , 

      . 

 4.    

           

 .       .        ℎ     /4 π   =  1 



 .          .  

        . (     

      .)        

  .    (x - )    . 

    ! 

 .     

   . 

    , (   ) 

 . 

      

       (  )   .      

 .  

 , (m = 1 kg  ). 

 ,        ;  

    !  , , 11,000   

  ! ,   ! 



 ,         ?    

      .   .   

 ;              

  .     .   (10,000,000,000) 

       (size)  20    !   

   !       . 

       .     

  .     ^    . 

    .         

      . (  :   ,    

 .  ,    .) 

    ?          

  .       , ,  

 .        .  

    ?      . 



 12.  ,   

 1 

   1900  ,       

      .  1905  ^   

      , ,   

      .       

      . 

 ,       ,    

       .    , 

 ^ ,  ,      (quantum theory)   

   .          

        . 

             

  . :        

     !      

  !      (observers)   

  (instantaneous) ( ,   )   ! 

  !    ?     1865 

     .  1905  ^       

        (photons)   . 

            

       .  ,    

  ?   .     

     (   “ ”)   (as long 

 as we do not observe them)  .     

  .         ?   

   .     ! 



            .  

           

  .    “  ?” (What is Reality?)   

  . 

       (matter)      

 .        ,  

   .      ? ? 

 ?         

 (intuition)    ;         

 .   ? 

   “ ^  ” (Copenhagen interpretation)    

 .  ^      .   “ ^  

 ”          

  ;   (    ,   )  

 ,       . ,    

    .     ? ? 

 ?  ,  !      ; 

       .    “  

   ?  ?”  ^  ! “   

   ?”   “      ” 

    . 

             

      (Arthur Schopenhauer)  .  

    , “     . 

      .        

 ”  . 



   ?     : 

 ,  ,  ,  .  -    -  

 ,  ! ,  !      

  !     .      . 

           

  (Reality) ;    . ,     

  (  consciousness)   (project)      

 . 

       .  !     - 

    -      .    

    .       

  . -       

 ( )  (measure ) .   

         ,  

       .     

  .  “ ”     collapse of the wave 

 function .   !    “  = ” 

        . 

 Quantum physics eliminates the gap between the observer and the observed. The Upanishads say 

 that the observer and the observed are the same things. In his 1944 book  What is Life?  , 

 Schrödinger took on a peculiar line of thought. If the world is indeed created by our act of 

 observation, there should be billions of such worlds, one for each of us. How come your world 

 and my world are the same? If something happens in my world, does it happen in your world, 

 too? What causes all these worlds to synchronise with each other? 

 He found his answer, again, in the Upanishads. “There is obviously only one alternative,” he 

 wrote, “namely the unification of minds or consciousnesses. Their multiplicity is only apparent, 

 in truth there is only one mind. This is the doctrine of the Upanishads.” 



       .      

   .  , , ^ ,  . 

         .     

      .    

 (unknowable). 

      “     ”  , 

 “   ”       

 . ,      .  

  ,    ,      ; 

  ,    .    , 

     ! 

 2 

   (quantum theory)            

     ,       

 . Physics   . Metaphysics (  )   

 (reality)  ?  (matter) ,  (mind)    ?  

 (reality) ,  (potentiality)    ?    . 

      (philosophy)   . 

       .  realism,  

  “ .” (Realism is the view that a "reality" of material objects, and 

 possibly of abstract concepts, exists in an external world independently of our minds 

 and perceptions.) ,       

 (observer)   . ,      ,  

    .        , 

     . 



  idealism,   “   .” ,   

    (consciousness)   . ,   

   ( )  . ,   ,    . 

 ,     ,      .  

              

           . 

    (consciousness)       

      " " (unknowable). 

            

  . 

      

      .      

   . ,   , , , , 

  (atoms),  (molecules)     .   

          

 .            ;  

       . “     ?”  

    ;        

  !        (state)   

 “  ” (wave function)    . 

    .     ? “  

 ,  , ,  ,     

 , , , ,   . 

        “   ,   

 ,   ,   !  " "  

   "  " (wave function) . 



   ?      

 .    .   ?    

        , “   ”  . 

  "   ?"   “   ”   

  .  ,        

 ?    .       , 

     . ,     - 

  .    "        

  (  collapse )" .      

   .       (a state of 

 superposition)  .     measurement problem . 

   observation problem  "  "    

 . (   "  "    (thought experiment)  

  !) 

    .  "   " (double slit experiment)  

  .       ; 

  . 

    

        (slits) .     

 . 

    .           .  

    ,  ,       

  "    (interference pattern)    . (  1  

    ).     "  " (interference 

 pattern)       ! (  

 , !) 



    .       (  ,   

 ) ,       .    

               

 .          .   

     (  1    ) . ?   

      " "  (  1    ) 

 .      . 

            

    !     

  "    ,  " . 



  1.            

     .        

 .         .  

  ,           

      !! (  ) 



    .     ?  

 ?   ,          

    (  2  ).    " " 

      .  " "     

 .  ?     " " (  

 )    ;    

 . " "      ,     

           

   ,       

     . 

   ?  (reality)  (observer)   ? 

    " "    ?    

    100   .   

     "      (unknowable)."  

       (  )  "  

 "   ! 

  2.          

  . (  ) 



 13.  ( )  ? 

   

          .   

 ;       .     

  .     .      

 .       ,    

    .   ,  

  .       “ ”   

    “ ”   , “ ”    . 

        “ ”    . 

    .         

  . , “        ?”  

  .    .      

  -         -     

 .          . 

         ,    ,  

   .        (heat) . 

    ?  ,  ,   “ ”   “ ” 

 .   .     ,   , 

  .   (time).     ,   

 ,  .   (entropy). “      

   ”   , ,  .  

         . 

     .           

 .       (generator)       



  .    .      

   (windmill)     !      

           

  .          

 ? !      ,   

   .      (concentrated 

 energy)   ;   .    

   ( )     (entropy) . 

   .    ,     

 , ,  . 

    (emergent property)   (phenomenon) . 

 ,   .   .  (temperature) 

    .    (atom)  ,    (molecule)    

  “ ”    .       , 

     .      ,    

 ,     (heat) ,     

 .     .  . , , 

     (Intelligence)   .  

          .    

  100    .     

            

      .       ?  

     .        

 .        . 

       .   , 

     .     (  ) 

   , ,  1500      

   ?        



     ,  ,     

 !        .     

  (crystal lattice)      ;   

  .   ,      

    -    !      

  ,      .      

   ,  ,  .    ! 

     ?    (  )  

  (collective property)    (probability theory)  

 . “           

  ?”         .  

      ,      

 ! 

    ! 

   

      (abstract concept).   ;  , 

           

   ! 

      , .  . 1865 ,  (Classius)  .   

     (thermodynamics)  ,     

     .         

  . 

      . ,     

     .   ,   



 .           

 “ ”   , “ ”    . 

   ?    .   .  

    (state)      (tempretature),  

  (blood pressure),  (pulse),   .      

   ,    .   .    

         (infection)    

  .          

     .        (macro state)   

    (micro states)  . 

          

      .      

     ?   .      

  ,  (pressure),  (volume),     

        ,    

 ,  .     ,  ,  

    ,      

   .       ,   

 . 

    .         

 .           

 ?     (  ,  ),  ,    

  (  ,  ) . ,     (real numbers)    

        . (They can 

 assume infinite number of possible values even if confined within a finite limit.)   

          

  !   .      , 

             



    .         

 ;   ! 

 .   .  :   , 

  :   . 

           . 

      ,    .  ,  , 

   .     -   ,  -  

 .   (  ),  (  )    .     

    .        

   (standing waves) ,    ,  . 

    , , , …, ,    .  

           (wave number),  𝑛 ,

 .    1, 2, 3,...,10,...       . . 

      (  ),   (  ),  (  )    

  3    (  ) .     

 ?     .    3  

  .    ?    

  ?     .    



   .     !  

 .       .        

 . 

    (300 K) ,   ,     

     (micro states)    

    .  , 

 ,    -   (infinity) ! 

     .       

   ( “ ”)  .  

 , where 

 .       .    .    

   ^   (Boltzmann constant)  .   ( ) 

       . 

          . 



 14.    ? 

    , ^          

     .    (Newton’s 

 Laws of Motion)     . ,  ^  

  (Theory of Relativity)        .  

     ,      

    !     , ,  , 

            

    .      

      .  .   . 

        .     

 .       . 

 1.   : 

 (   B = 0  B   = 0  ) 

             

        B    ,     . 

  divergence of B is equal to zero   del dot B is equal to zero   

 .   B       B     (  ,  vector). 

 ,              

 .   " "  , “ ”   .   

  ( ).    "  " ;    

     .       

  . 



         ?  "   , 

   ,    B    ,   , "  

 . (In a magnetic field, the divergence of B, in an enclosed region, is always 

 zero.) (Divergence   , , ,      

 .) 

     !       . 

   .       M    ,   

  N      .  M     (bangle) 

   (ring)    “     (divergence) ?”   

   ? “  M        

 !”  .   “N      ?”    “  N 

          !”   . 

         ?     

      !       

   . (    “  ”   “  ” 

 (hollow sphere)     .)     

 . 

        .   ,   

  .        (lines of force) 

       .     

        (field) . (   

   “ ”  “ ” (field) .)    

    B   .        ?  

  ? . 



  1.       

     ( ,   )      .  

        !    

        ,      

  .       .    

      .       

 .       .    ( , 

   )     (source)  ?   

      ?  -    - 

       ;       

   .     ,  ;  

    .      

        (closed enclosure)    

  . 

       ?  .  

          ,   . 



         . 

   ,   ! 

  “  B    = 0”  “     !”   

  . There are no magnetic monopoles.   magnetic monopoles 

         ,  

  . ! 

    .         

  . 

 2.    

            

 (electric charge)   .        

  .     ,  .  

        ?      

        .   “  

 ”    .       ?  

          

   ,  . (   !)    

    ,    . 

    ;   ,   .  

     ,     . ,   

           . -  

      ( . - )   ;   ( . 

 - , - )   .   .    

 . (        !) 

             



   . (        !) 

              

    . ,   ,     

   . (     !)    

     . 

  2. -       (  ) 

        . 

 (“    E  =    ”     “  divergence of  E = rho/epsilon_0”   

  ) 

     



 (   B = 0) 

   .       B      

   E  .       " "     .  " "  

    (charge density)  .     epsilon_0  

 .    .     B    

 ( )           

 (sources),  (sinks)  .    " "    

   ( ,    ),   ( ,   

  ) .      !    

   ! 

      .      ; 

   ,   .    

 " " (time)  .      . 

    +      .  -     

  .           

    .       “ ”. 

   “  ”  .  “ ”    

     .      “  = 0.” 

 ,       “ ”  ; 24   

    “  = 24”   . (      

 !).           “ / ” 

  . 

 :     ? 

 The electric flux across any closed surface is proportional to the net electric charge 

 enclosed by the surface. ,         



    (electric flux or electric field lines)      

   (rho)      ;    

      .    (constant of 

 proportionality)   permittivity of free space .   "epsilon-0" 

    . (        (polarization ) 

   .) 

         . 

 .    

    E  = / _0 

    (Gauss’ Law)   .      

 (  " "   )    . ,   

       (  ) . 

  .    

    B  = 0 

         . 

 -           

 .   " - "     . 

      .   (time)  .   

      " "  “  ”  . 

       " "  ,     " " 



  ,     " "  .   , 

  . 

     . 

 .   

    E  = - d  B  /dt 

     d  B  /dt  .     “    E”    

  .     B      .  

             

   E     .  " "  "  "  

 .    .     

   B          E  . 

 4 .   

    B  = mu_0 (  J  + epsilon_0 x d  E  /dt) 

  Ampere’s Circuital Law    .      . 

 ,    B      : (1)    

  (electric current  J  )  , (2)     

  (d  E  /dt) . 



    ?        B   

 “ ” (curl)    .     .  

     (counterclockwise direction)         

 .     (clockwise direction)       

 .           = 0. 

     (curl)    (vector).     

 (magnitude),   (direction) .       

 ?    .       

           

  .         

  .     .    . 

        (mu  zero)  .  permeability of free µ
 0 
   

 space .    (epsilon  zero)     ε
 0 

µ
 0 
   

 .            

 . ,       . 

    J   displacement current .     

 .     :  conduction current,  

 displacement current.     (conduction current)   

        .    

               

              

 displacement current   .       

 ,      . (    electric fields can induce 

 magnetic fields, and magnetic fields can induce electric fields.) 

           
  .    “ ”      -  



        : (1)     

  , (2)      ! 

   .  (3), (4)  (simultaneous) .  

 B, E      .     

 " "   . 

           

 . 

 1. (  )     . 

 2.    (moving charges   )   . 

 3.     (accelerating charges)    

 (electromagnetic waves ) . 

 4.             

   . 

 5.       (   ,  )    

       . 

        .    

  3   -  "    "   - . 

 " " (acceleration)   (velocity)  .   ,   

  " " .          

           . 

 , ,    " "    . 

      4   .   

    .    . 



 15.   

        . 

    ,     .    

    . 

        .   

    ( ,   )    

   .      (Quantum Theory),   

 (Theory of Relativity)      (Quantum Field Theory) 

  . 

     (Paul Dirac)   .       

 .          ; 

      .    ! 

 1.     

   1928   “  ” .    “  

 ”   ! 

           . 

       1905    ^    

   . 

  ^     (c )       

     . 

  .  (space),  (time)   .   , 

 ,     (coordinates)     “ ” 



  ,      “ ” (spacetime) 

      .      

 ,       . 

  1926     ,    .  

  ,      .    

     . (     ; 

    !) 

  x-            

  : 

 The Schroedinger equation in one space dimension is: 

       (wavefunction)  ;  Ψ   

    .       

    (symmetry)  .     

         “x-     ∂ 2 
∂ 𝑥  2 

  ” (second derivative of the wavefunction in the direction of the 

 x-coordinate)   .       “t-  ∂
∂ 𝑡    

     ”  (first derivative of the wavefunction in the 

 direction of the  t-coordinate)   .    

  (  x ),  (  t  )     . 

    ^   ! ,    

   . ,     (  ) 

   ! 



  :        (calculus) .  

      “ ” (slope).      

       .   derivative 

   .         . 

      .      

    .     “t-    ∂
∂ 𝑡    

 ”     “x-     ” .  ∂ 2 
∂ 𝑥  2 

 . 

     (  )    

  !  ,       .  

  -  (Klein-Gordon) .     -   

    - 1926  .     

         (spin)   

    .      

 -        ! (  

      .) 

   -  (Klein-Gordon)         

 . (     ;    

 !) 

 The K-G equation in three space dimensions is: 

            t-  ∂ 2 
∂ 𝑡  2 

  “    ”  (second derivative of the wavefunction with 

 respect to time)  .       “  ” x, 



 y, z-   “    ” (second derivatives of the 

 wavefunction with respect to space coordinates)   .    

      . (Here space and time are treated alike 

 because both the space and time terms appear as second derivatives.)  

       (spin-less)   

     !   

 -           

  -    . ? 

 “    (second derivative)     (first derivative) 

      ?”   . 

        .  2  

     4 .  4  2  , 4   

 (square root) .   +2  -2   .   

          

 .    :   ,   .  

       . 

 “     ?”    .   

   . 

  -  ,       

    ! 

    (second order)  .    (first order)   

 ? !    !       

   !  -  (Klein-Gordon)     

   ! 



      -       (real 

 components).        “ ”)    Ψ   (

 (complex variable)  .       . 

  -           . 

  ,          alpha 

 1, alpha 2, alpha 3, beta     4x4  (4x4 matrices) 

       . 

  m        (mass)  c   

 .     h-bar        (reduced Plank’s 

 constant).    .    n = 1, 2, 3  x, y, z  

 .      𝑝 
 𝑛 

 =  𝑝 
 𝑛 

 𝑖ℎ    ∂
∂ 𝑥    

          (first order 

 derivatives)     !     

    ! 

            .  

         !! 

   alpha-1, alpha-2, alpha-3     (matter),   

 (antimatter)  ,    (spin-up),    (spin-down) 

     .        

            



         !!   

  “        ,       ! 

 (Quantum Theory to Relativistic Quantum Theory to Quantum Field Theory)   

   . 

       ! 

 https://www.youtube.com/watch?v=cuUbZfe1NMs 
 https://en.wikipedia.org/wiki/Klein%E2%80%93Gordon_equation 

https://www.youtube.com/watch?v=cuUbZfe1NMs
https://en.wikipedia.org/wiki/Klein%E2%80%93Gordon_equation


 16. ,  

            

 .   .     

 .    .    

        ;  

  ! ,    110   

  ,        

   .       . 

 1.    

       (metals)   

   .      ,  

      .    

 : (1)    " "  " " (lustre) ;   

   . (2)     . (3)   

  ,    (heat conductivity) . (4)    

 (electrical conductivity)  ! (5)       

 . (6)  ,   .   " " 

 (ductility) . (7)    .   "  

 " (malleability) . (8)    . (9)  

   .      . 

  ,      .     

       .     

     ;  {glass)     !  

 (lead),  (tin)    ,  .   (cast 

 iron)  .  (aluminum),  (magnesium)   

    .   (graphie)  -   -    

       .     



    ,        

   !!       ,  

  (alloy)      ! 

 2.    

  (hydrogen)     92   68  

 , 19   (non-metals) ,  ;  

    (metalloids)       

 (semiconductors)    .  68      , 

    .   1         

        . 

  1.           

   

 (Metallic elements) 

  

 (Availability, %) 

   

 (Non-metallic 

 elements) 

  

 (Availability, %) 

   7.45   (Oxygen)  49.13 

  (Iron)  4.20   (Silicon)  26.00 

  (Calsium)  3.25   (Hydrogen)  1.00 

   2.40    0.35 

   2.35    0.20 

   2.35    0.12 

   0.61    0.10 

   0.05    0.08 



   0.04    0.04 

   0.03 

   0.025 

   0.02 

   0.02 

  (Zinc)  0.02 

  (Copper)  0.  01 

      – ,       

  -    5,000  .  

     , ,     !  , 

 ,           

 .        (magnesium), 

  (copper), ,  (zinc). 

 “  ”  , ,     ,  –  

  -       .   

     ;     

   (oxides) ,     (sulfides), 

  (sulpfates) ,     (carbonates) 

 ,    (complex compounds) .   

   “ ” (ores) .    (reduce , 

    )     .     

           . 

    (rusting),     (verdigris)     

 .    " " (oxidation) .   



     (tarnishing)       

 (hydrogen sulfide)     (silver sulfide)  . 

 3.   

           , 

           . 

     (copper carbonate) ,    

  (antimony sulphide)        ( . . 

 . 3500)      . 

        ,     

    ,    (antimony)   

  .    ( . . . 200) , , , 

 , , ,      “ ”   

     .    ,   

 ,    .      

 (malleable),   ,   .    , 

   ,   (alloys)  . 

        , 

          

  ;         . 

        (metal elements)  

       .      

   ” ”            

  .     “ ”   :   

 (Plumbum nigrum),  (Plumbum candidum ,    ),  

 (Plumbum cinereum).    aes cyprium (     ) 

 .     ,    (copper 

 smelters)             (  

          !). 



 4.  18   

       ;    

    (compounds)        

    .   ,     

        .  

 . . 1743   (zinc)  “ ,   (specific gravity) ,  

     ,     

    ”  . , , 

     (not malleable)    “ ” 

 (half metal) . 

 5.  19   

            

     (smelting)  (reduction)   . 

   (Devy),  (Faraday)       

     (sodium) ,  (potassium)   

     .       

 .          , 

    ,     !    

   -  " " -      

 (calcium),  (magnesium),    .    

          , 

 , ,      , , 

   . 

 6.    



    “ ” (element)      

 .      ?  ?   

    .     

    : (1)      

   “ ” (oxide)    “ " (salts) . 

 (   !) (2)       

 -   (electro-positive charge)      

   (electrolytic cell)      .  (  

 -   !) (3)    (chlorides)  

   . (       

 (decompose)  –   (violent) . 

             

     ,   !      

 ! ,     (  97 C ,  63 C 

  " "  melt )         

 .       , .   

 , ,     ;    !  

   ! (   = 0.59).       

  . 



  1.   (  ). 

 7.      

   (The Periodic Table)  ,   ,  , 

    . (  1   ,   

  .)  " " ,    ; ,   

      .     

  .       4    

 (Be),   13    (Al)      

   ,     ,   

    " " .   7     

 (nitrogen, N),   15     (phosphorous, P)  . 

      ( )       

  .   33     (As)   

  ;     83      (Bi) 

       .    



 (chloride)    .    – , 5   

   (B), 14     (Si), 32     (Ge), 33  

    (As), 52     (Te),  6    

    (C) –   . 

            

     .     

  (atom)      .     

     (mass) ,    (valency) 

 . (         

  .) 

 8.  20   

      (quantum theory)    

    .  (atom)  ,   , 

    (sub-atomic particles) ,    

     .      

  ( )    (inert)   (helium), , ... 

   (shells)        

  (stability)  ( ,  ).       

    (nucleus)       

  ;      .  

  (    , , , )   

           

  .        7   

  , ,          

           

      .    (Cl)    

  (Na)        NaCl   

  .        (neutral)   



     Cl-  , Na+   .  

            

 .  NaCl   .    " "  

 . 

             

    ( ),     

 ( )     . 

 9.     

     .      ( )  

         (Na+),   

  (Cl-)  (alternate)       

    (  2 ).     , 

  ( ,  ,      rigidity) . 

 , ,       ,   

     “ ”  . 

  2.   ( )     (  ),  

  (  )   (cubic)     

  . (  ) 



     (carbon)    .  

     (outer shell)         

       .       

       .    

        ,    

  ,            

        ,  

 .           

  (tetrahedron)  .      

      (hard)   . (      

  !)      (co-ordinate bond) . 

   ,   .    (metallic sodium)  

     .      

      ,     

 ,      .  

          

     .    body-centered cubic 

  (  3     ).       

 (cube)      ,     .   

     (compact)  .    

 face-cented cubic  (  3    ).     

      ,      . 

  (zinc)   hexagonal close pack    (  3  

    ). 



  3.    (  )    

     . Body-centered cubic   

   ,       . Face-centered cubic  

       ,       .  

      2   (  ) 

      (metallic crytal structures) –  

 body-centered, face-centered, hexagonal close packed –  .  

  ,    .    

  (valence electrons)   “ ”   , 

 ,  “   ” (electron lake)   .   

 (isolated)         – ,   

     .       (electric field)  

 ,      .  “   

  ” .       

   . ( ,  “  ” 

   !)        

   .  ( ,       

  ,         



 !)          

      . 

         .   

          

  .          

      .    

        . 

       . (     

   ,      ,     

   !)          

     .       

   .      “ ” 

        ,    .   

 face-centered cubic structure    .    ( , 

 malleability, ductility)   ,  ,  face-centered cubic structure 

   .  body-centered cubic structure     

     . ,  hexagonal close-packed  

          (coordinate direction)  . 

        2  . 

  2.       

 Face-Centered Cubic 

    

 Body-Centered Cubic 

    

 Hexagonal Close-pack 

    

 ,  (Au) 

 ,  (Ag) 

 ,  (Cu) 

  (Al) 

 ,  (Ca) 

  (Na) 

  (K) 

  (Li) 

 ,  (Fe) 

  (Cr) 

 ,  (Zn) 

 ,  (Mg) 

  (Co) 

  (Be) 

  (Cd) 



 ,  (Pb) 

  (Ni) 

  (In) 

  (Pd) 

  (Pt) 

  (Rh) 

  (Sc) 

  (Sr) 

  (Th) 

  (Ba) 

  (Nb) 

  (Mo) 

  (Rb) 

  (Ta) 

  (W) 

  (V) 

  (Hf) 

  (La) 

  (Os) 

  (Re) 

  (Ru) 

  (Tl) 

  (Ti) 

  (Y) 

  (Zr) 

 10.   

          

 !       .  

 ,    .       

      .       

 ,     .       

  .          ;  

          

          . 

          

  . 

  

 1. J. Crowther, "What is a metal?," Science News, 28, Penguin Books, 1953 

 2. https://en.wikipedia.org/wiki/Properties_of_metals,_metalloids_and_nonmetals 

 3. https://www.angelo.edu/faculty/kboudrea/periodic/physical_metals.htm 

 ,  2021,https://eemaata.com/em/category/issues/202107 



 17.     ? 

 1.    ? 

     .        

      (conduction) .     

    (convection);      .    

       ,     (radiation) 

   .    ,     . 

    , “   ,   , 

   ,           

   .” 

      (  )  ,   

   ,     .   

           .  

    “ ”  ‘ ”  .       

  “  ” (heat radiation),  “  .”     

  “  ” (light radiation)    (visible radiation).    

 “ ”   “  ” (microwave radiation). 

            .  . 

         ? 

 2.    

    “ ” (radial)     “ ” . 

         “ ” (radius) .  

     “ .”         

  “ .” 



  “ ”   .         

  .   (diameter)    .   

  ,            

 “ ” (  + ) .    “ ”   “ ”  

  :   ,    .   , 

    .   ,     

  – .        – .   

      .      ( , 

 ) . 

 3.     ? 

  “  ”     .     

 “ ”     “  ”      

   ,     . ,    

  . 

   (atoms),       , (  

     ),  ,    , 

   .        

 ,  ,      ,  

   .    “    ”  

 . “     ”     ?     

 ,  ,     !    “  

 ”  ?    ,     

  ,          

 .      “ ” (radioactive)     

  . . .   . , “     

   (  )  ”  .    

 “   .”    “  ”  . 



  "  "      , ,    

   .  “  ”  “   ”   

     . 

 “ ,”  “ ”      ,   

  ,  ,     

 .            

          .  

  ,   .      .  

      ? 

 4.   ,     

 ,         ,   

        ? 

 ,           

  ,   ,  , ,  , .   

    (Helium)        

 .    ;     .   

      ( )      

   .        .  

 ,        . 

    .       (  

 ) . ,  ionize .      

    .    .    (ionizing 

 radiation).          

     . 

 5.     

               



 ?       (radioactivity)  ? 

           

       “ -14”  .  

 -14 (C-14)    .   “  ”   

 .  “  ”   “  ”   .  

  (C-12) ,   (C-14)      ,   

 .        (Periodic Table)    

     (isotopes) .     (radio 

 isotope) . 

     (   )   .   

    (molecule)     -14  

    .   (1,000,000,000,000)     

       -14    .  

            ? 

            

        .     

    .    !     

    !   ,      

     .     (background 

 radiation) . 

 , ,   ,    ,   

      ,    . 

   5,700        . (  

   -14 .)  5,700    -14   

 (half-life) .    ,      

 -14            /  

       (  ).   -14  

      50   . , 



        50 x 5,700 = 2,85,000  

  ( , 3   )    . 

 :       12%     

  17,000        . 

     (‘ ”)      “ ” 

    !         

  ! (      .)   

  ( )             

  .       (smoke detectors)     

    (Americium)     ! (   

     .)       

   -         .     

    ! 

    “   ?      ?   

 ?”           , 

    .     . 



 6.       

      1945      . 

   75,000      .    

        . ,  75 

  ,      ! 

  26, 1986            

   .           . 

  11, 2011          

        . 

      ?      ?   

           . 

       -238    4.5 

  .       ? 

 -238            13.5  

      . (If we have a ton of Uranium 238, in 2.25 

 billion years about 750 Kg would remain undecayed, at 4.5 billion years 500 Kg will 

 remain, at 9 billion years 250 Kg will remain, at 13.7 billion years 125 Kg, and so on. 

 The age of the universe is estimated at 13.7 billion years.)  -238 

         !  -238   

  , ,     ;   

               

  .      -238   

 ;     -235 .  -235 

    700  .   -238   

 -235      .  ?  6.5 

  . ( , U-235    6.5     !) 



      U-235        

  ;       ! 

  ? U-238     ,    

 . U-235       ,  

     . 

  U-235  ? U-235      

  .  "  "     ,  !  

     .          . 

   U-235   ,  ,     

  "    "        

            .  

          ,   

  ,  .  ?   

  ! 

 7.    

     64  (141 )  -235 

  .   ,          

   1.5% (  0.96   2.1 )    

   70,000   .  63.04  (138.9 ) 

 ?    ,  (vapor) ,  

    ,      . 

         . 

 "   !  ,     !"  

 ? 

 .     .  ?  



    !      (  )  

     !  20     

     .    ?  1.3  

   .         

    67,000,000   !!   . 

        ?    

 !! 

    1.5%  ?      

    . (Much of it transmuted into a cocktail of highly 

 radioactive scary isotopes!)    .    

  (isotopes)       ( )  

      .        

         .  

 -95, -145, -140,  -131  

 .          !! 

 ,         ; -235 

    .  ,       

 .  -131   .      

  (  thyroid gland)        .   

 –89   .      – , 

  ;     , .    

  ;      .   

    – . – 90,  –137   (  

  30  )        . 

       . 

         ?  

   ?  ? ?    

  ? 



            

  .          

     .        

             

   ! 

 8.    

    ,     .  

   .      . 

      .      

 .           

   .  .    . 

      .     . 

     .         . 

      .      

         .    ? 

         . 

        .    (  “ ”)  

     ( )      

 .      .       

    .       

   .     ,  ,     

      .     (   

 )  .     12      

  .    . 

     .       

 .               

    .         



  ! 

 9.    

             

 1986    .       

         .   , 

    ,       

     , , .    

     ,   . 

 ,      !      

 ,           , 

    ,     .    

 ,  ,   .     ,   

          400     

     .     40     

  . 

 10.    

       (radioactive wastes)    .  

          . 

      .     

  (hydrocarbons)       . 

          (radioactive Radon) 

   .    96     

     .          

   .    .    

          

    . 



       .    

 :  ,  .    (low-level)     

    ,     , 

    .        . 

   (high-level)          

 (fuel-rods)         . 

       ?   .  

          

  . (  Spent fuel rods are thermally  hot as well as highly 

 radioactive and require remote handling and shielding.) 

            -235 

           .   

   – 90,  –137     

 .     ;    

   .       

   . 

         .  

 -235         

   . , “   ,”   

      1000       

  .    .  – 90,  

 –137     30   -239  24,000 

 . 

 11.   

           

     .      ,  



    .      .   

   .    .   

    . 

    .  “  ”     

 .     ,     

    .      

    “ ”    .      

     99  .        

 50   .        

  ?         

 . 

            

 . 

 1.        .     

  .         . 

 2.          .  

      ! 

 3.          ,   

 .  , , ,      

 ,      ,   

 . 

 4.    ,    - ,  

   -        . 

 5.  ,      “  ”  .  

       .     

     . 

 6.        (high-level radioactive wastes)  

        . 



 7.    “ ”  .        

    1000  .    

            

         ! 

 8.           

          “ ” : 

 https://www.youtube.com/watch?v=yx_XoqXNtRM 

 9.      ?  ,  ,  2022 
 https://eemaata.com/em/category/issues/202201 

https://www.youtube.com/watch?v=yx_XoqXNtRM
https://eemaata.com/em/issues/202201/27722.html
https://eemaata.com/em/category/issues/202201


 18.   :   

       .      

          .  

      (cognitive cataclysms) .   

 ^    :     (Special Theory of 

 Relativity),     (General Theory of Relativity).    

        (Quantum Theory)   

 !           

            

     .    

 -  -     ,  

         . 

 1.   (Theory of  Relativity) 

            

          ,  

        ,   

          .   

 (Isaac Newton, 1642-1727)   ,   (space),  

 (time),  (matter),  (mass)      

   . ,    ,   , 

     (observer)   ,    

     .    ,    

             𝐸    =     𝑚     𝑐  2 

 .    (Henri Becquerel, 1852-1908),   (Marie Curie, 

 1867-1934),   (Pierre Curie, 1859-1906)     “  ” 

  ( , , , )  (radiation)   

          



             

    (Newtonian mechanics) . 

      ,    ,    

   -   (four-dimensional space-time continuum)  

            

    (         

      ),         

    .         

        “ ” ( ,   )  

 ;      .    ,  

            “   ” 

 (action at a distance)    .    

            ,  

    ;        . 

     “ ”  “ ” .   

       .     

     ( , perihelion)     

       .  

  .        , 

    1917      (cosmology)    

  .       ( .     

     )   ,   

          . 

 ^  (Einstein, 1875-1955)    .    

          (insight) 

  .            

         

 .   (Alexander Friedman, 1888-1925),   

 (Howard Robertson, 1903-1961),   (Arthur Walker, 1909 - 2001)  



             

 !    ,      (Georges 

 Lemaitre, 1894-1966)         

  .     . 

   , , ,       ?  , 

         ?    

         (Edwin Hubble, 1889-1953)  

   .        

 . ,           

 . ,        (cepheid)   

        (  Henrietta Leavitt, 

 1868 –1921)   .           (Milky 

 Way galaxy)          ,   

       , . 

 ,       ,  ; 

    ! 

     . ,  ^     

     ,           

           .  

          !    

    .       

 .      “  ” -   

   (cosmological constant)   -     

 .          

    . 

 “   ”       “    ,  

 ?”     .      . 

  13.8  (  = 1,000  = 1,000,000,000)   



     ,  ,    

   ?     ?    

   ,     .   , 

   , “”  ”    (matter particles),   

 (radiation particles)  .       

 (matter),  (antimatter)    . ,  

   “   ”    . ,  

           

 .         (density),   , 

  (temperature),      .   

    ,  (thermodynamics)    

    ,     , ,  

    .          

    “ ” (curvature)       

  .          , 

    ,    .  

     ,  (spacetime)  

 . 

            

 .         ,  “ ” 

 , ,      .   

   ,  ,  ,   

  .     “ ” (singularity) .  

     , t = 0  .    

          ! 

 ^           

  t = 0           - ,  

  -  .   .     

 " "     “  ”  . 



         “  ”  

   ! 

          (The Big Bang Theory) 

 . ,     (Standard Cosmological Model)  

  .         

           

 .   !  .      

 , .      . 

 2.     (Quantum Theory) 

 “   ,   ?”     

   . “      ?”  

  . . 1900    .     -  

  (thermodynamics)  -     (ultraviolet catastrophe)  

   .       1900    

  .         - 

  - ,      (    

 )  .   ,  ,    

 (   quanta,  quantum) .     

 ?   ,      E  ,  E = 

 hf    .  f         

 , h  “  ”  . ( .    ℎ    =     6 .  6260701     𝑥     10 − 34 

 ,  6.62607015      1  34   

  !       .  )     

  . ,    ,     

           ,  

   . 



              

          .  

        ^ .  “       

 ” ( ,      )     

  (photoelectric effect)      .      

   -    -   .  

     (photons) .      E 

 = hf   .  f      ( ,   

     , frequency).     , 

      . 

            

     .       

      .    

            

 (Werner Heisenberg, 1901-1976),   ,   (Erwin 

 Schroedinger, 1887-1961)    . 

            

   .       .  

   “  ” (wave function)   . 

         “ ” (state)     

   “  .” , “     ( . 

 )  ?”       “   

   ”     .   

      ,  “  ”  

       . 

    (Uncertainty Principle)     . 

        ,  .    

    (inequality)       



 .      !       

    .         

     ,     .  

      !  ; !    

     . ,    ,  

      .     

         “   ” 

   .     ? .   

   .  “ ”    

  ,         

      . . 

             

 . 

        . 

 3.    

 3.1     (Cosmic Microwave Background 
 Radiation) 

            

  . ,   (Fred Hoyle, 1915-2001),   

 (Hermann Bondi, 1919-2005),   (Thomas Gold, 1920-2004) 1948  

      (Steady State  Theory)   “    

  .”  ,          

    “Big Bang”       . 

   .           

          . 

       ;    (theories)  

    (experiments).   ,    



         .     

 .  ,        

 .    -      -  

    .    (Karl Jansky, 1905-1950)   

       .    

         .    

  (antenna)      ,        

   ,     ,   

     . 

           “  

 ”      .      

       “  ”    “  

 ”   .     (Martin Ryle, 1918-1984)  

       ,       

 (sources)       “  ”    

  .         50  .  

   .      (Cygnus constellation) ,  

  500    (light years) ,     “  

 ”  .   ;     

   !          

           . 

             

    (Arno Penzias, 1933 - ),   (Robert Wilson, 1936 - )  

            

 (horn shaped antenna)   .    7.4  

      3.3 K   7.5 K  

  . (  K     .   0.03 

   30      ,  microwaves 

 .)           .     



          .     

        ,       

 ,    ,      ” , ” 

  ,          

            1965  

 .         (Cosmic Microwave 

 Background Radiation  CMB radiation) . 

  , ^  ,     (James Peebles, 1935 -) 

        .  13.8  

              

 “  ” (echo)     .    

   “  ”         .  

    .   ,      

  2.7 K     . (  K    

 .)     (Robert Dicke, 1916-1997)   

    .   -     

       . 

     -       

  .        

      . 

 3.2 ,  ( ) 

  , 1963 ,   (Cyril Hazard, ? )    “  ” 

    3C273       . 

 ,          

 (Maarten Schmidt, 1929 -) 3C273    .    

 (spectrum)              

 .     “ ”   “   ;  ”  (Doppler shift) .   



          .  

 ?        !       

            

        .     

      (luminosity)    .   ? 

         100     

 .       (quasar  or quasi stellar object)  

   . ,       (  

  ).           

             

    .          

          . 

      .      

 .  TON 618    .   66  

    !  140  ( , 1000 )  

    .        

 10.8    .    13.8   

       3       

        !    

            

  .    ,      

 ,       (black hole)   . 

      (Antony Hewish, 1924 -)     

   (Jocelyn Bell, 1943 - )        

        :       

     .   

       “   ”     

          

 .        (astrophysical)  



      “ ” (Pulsar)   .   

 “ ” .          

  ;        .    

              

     .    (white dwarfs) ; 

          (vibration)  

  (rotation)  .    “  ” (neutron stars) 

 ;       60  ,  

   .            , 

       .   “ ”    

     .    (supernova)  

      -   -   

     .      “ ” ( , 

  ).       - ,  

 ,          .   

        . 

      (matter)       

        .     

          

    (gravitational waves)     . (  

         

   !) 

 3.3   (Gravitational waves) 

       1974-78     

 .   PSR B1913+16      (binary pulsar)   - 

    -   ,   

 ,          

 ,        .    

                 



 .           . 

   ,         

      .     

 LIGO (Laser Interferometric Gravitational wave Observatories)     

    .        

 LIGO     . 

 3.4   (gravitational lenses),   (dark matter) 

    .         

            . (  

             

  .)          

  .          

   .    .       

 (dark matter)   .          

     ,        

 . 

       (Big Bang),   

   (CMB radiation),   (quasars),  (pulsars),  

  (gravitational waves),   (gravitational lenses),   

  (General Relativity)    .    

  (dark matter),   (dark energy),   (black holes)    , 

  ,     .    . 

 3.5   (Black holes) 

     1915      

    “ ”   .  ,  

       ,       



        . ,     

           

 .     ,       

 .           ; 

    .         

         .     

 ; ,   .    1960    .   

     GPS (Global Positioning System)   

      .     (black holes) 

         . 

    ?          

 “ ” (singularity) .  “ ”       

    .      . ,  

      .       

   ,    .       

     ;     , 

    black hole   .  . ( ,  

       black hole  .       

    .     !)  black 

 body    , black hole      . 

            

  (S. Chandrasekhar, 1910-1995),      (Lev Landau, 

 1908-1968).         

         .      

      1.5          

  . ,         

            

       .     

  ?     ^  (R. Oppenheimer, 1904-1967) 



   .          1.5 

      ,     “ ” . 

 ,     ,    

 .  ,    ,  ^      

    - ,   ! 

 . . 1963       ^  (  Evgenii M. Lifshitz, 

 1915-1985),   (  Isaak M. Khalatnikov,  1919 - 2021)     

 “ ”      .      

     (Roger Penrose, 1931 - ),   (Stephen Hawking, 1942- 2018) 

        “ ”     

  .  “   ”    “  ” 

 (black holes)     . 

        ,    . 

    ?        

 .     ,    

         , , 

 .     “ ”       

               

  .           

 .      . 

      ?    “ ” . 

     .     

   ,        

  .        

    .         

 .     .     

   .         

   .          



     .    .    

   (evaporate ) 1  67    

 !!      . 

       ?  ?     

  ?       1970    

 “ ”    .      

 -     .     

 -         X-1 (Cygnus X-1)  

  .        (Super Blue Giant) ,   

   30  ,     ,    

   7  ,      (white dwarf)   

             .  

   .        3  

  ,         . 

  X-1         

         . 

      .  ,  ,   

       .       

 .     - -    

    .        

  (acceleration)  -      

 .         

 ? ,  ?  ?   

 ?       -     . 

   -      ,     

        .       

 .        “     

 ? ,    ?”    

  . 



          . 

        .      

  .    ,  , 

  ,       .  “  

   ”  ?      

     “  ”    .   “  ” 

  300,000,000         

   .     “ ” 

 (homogeneous)   .     

  . (  ,   (Inflation and 

 Wrinkle in Time)       .     

    .     . [Saul 

 Perlmutter, 1959 -, George Smoot, 1945 -). 

 3.6   (Dark Matter),   (Dark Energy) 

          -   

  .    -        

     .      

  ,    .    

 ,    .   

 ?          

    ?      

  ! ,           

  !  ,       

      -  .    

 .         (dark matter),   (dark energy) 

    . 



 4.    

 4. 1    (High-energy Physics),    (Elementary 
 Particles),    (Particle accelerators) 

       ,      

    (fundamental particles)    

 .    1897   (J J Thomson, 1856-1940)    

   .   1898       

 .  1932    (James Chadwick, 1891-1974)   

  ( ,   )   .     

   (atom)     (subatomic particles) 

  .         

 ,     ,    (antimatter)  

        .  

        (High-energy Physics)   

         . 

        (Big Science) .    

      ,     

     ,        

  ,      (1 GeV)      

      . 

      .   eV    . GeV  

  (1,000,000,000)  .    =  1.602 × 10  -19  = 1.602 × 

 10^(-19) .      (1 GeV)    1.602 × 10^(-7)  . 

     (1 TeV)   1.602 ×  10^(-4)  .  100    

    360,000     .        (1 

 TeV)        .          

         !      



             . 

      0.1   ,      1.65 × 

 10  -24   ! 

           (particle 

 accelerator).      (Ernest Lawrence, 1901-1958).  

          ,  

   ,    . ,   

         .   

  .         

  .         

       .     

             

    . 

    ,       

 .    ,    ,    

    ,    ,   

     -  -   : 

 ,  2.8 GeV, , ^ ,   (1952) 

 ,  3.5 GeV,  , ^  ,  (1954) 

 ,  4.5 GeV,  , ,    (1957) 

 -  , 7 GeV, ,  (CERN), ,   (1959) 

  (SLAC), 20 GeV, , ^ ,   (1961) 

 , 40 GeV,  & ,   (CERN), ,   (1981) 

 , 2000 GeV,  & ,   , ,   (1986) 

  (SLAC), 100 GeV,  & ,  ^ ,   (1986) 

 LHC, 14,000 GeV, ,  (CERN), ,   (2008) 



             

  .         

         

 .       (quark);   

   -  (Murray Gell-Mann, 1929-2020),   (George Zweig, 1937 -) 

  .           

         .  

 , ,       

    .    ,    

  (charge)   .   ,      

      .     “ ” (up, 

 u), “ ” (down, d), “ ” (strange, s)     . “ ” (u)    ⅔, 

 “ ” (d)    -⅓,   “ ” (s)    -⅓  .   

 “ ” (u)  ,  “ ” (d)       ⅔ + ⅔ - ⅓ = 1  

 .  +1 ,   +1     “ ” (u)  

 ,  “ ” (d)   .      “ ” 

 (d)  ,   “ ” (u)    .    -⅓ -⅓ 

 +⅔ = 0 .          

 .  : charm (c), bottom (b), top (t).      

 (flavors) .        : , , 

 .       , ,     

  .      .   

  !          

 .  “ , , ”     

     Quantum Chromodynamics (QCD)   

 .  QCD       “ ”  ,  

 QCD   . 

 4.2 “ ”   



           

 .  -      ,  

   “  ”  –       . 

          (Theory of 

 Everything)   . 

  (unification)  ?       

  .       . 

 “    ?    ?”     

 . , 

       ,    

   .  ?      

 ,       .   

           

 ,         .  

 ?      ,     

 .         .   

         .    

    ;   !  .   

   .  ,     , 

   .        ,   

 .      ,     

     .        

         .  ,      

 . 

     (motion),  (heat),  (light),  (sound), 

    (magnetism),   (electricity),  (gravity), 

    .    (molecules)  

    .        



 .            

  .   . 

           ,  

 (   , , , )     

  .     ,    

          . ,  

   ,          

 ,    . 

         (James Clerk Maxwell , 

 1831-1879)    ,         

         (electromagnetism)   

  ,    ,       

  .           

  (electrodynamics) . 

           (Paul Dirac, 1902-1984) 

         

 .            

    ,      

 ( )      .      

 .    (magnetic moment)   

 .      1 .       

 1.00118 .        “   

  ”  , QED. 

         .     

        (electrodynamics)   

  ;       

 .           



   .      , 

           

  -   (Shin-ichiro Tomonaga, 1906-1979),   

 (Julian Schwinger, 1918-1984),   (Richard Feynman, 1918-1988).  

        (Quantum Electrodynamics 

  QED) .  “    ”  ,    

             . 

    “ ”        - , 

   (electromagnetic force),   (gravitational force), 

   (strong  force),   (weak force)     - 

         .     

       Quantum Chromodynamics (QCD).  

          (strong force)   

 . (  ,         

  “ ” (hadrons)       

  hadron collider .) 

   (QED )       

  (QCD)    .  QED  

       .  QCD  

        .     

     ?      “ ”  

      (Enrico Fermi, 1901-1954)    

   (weak interaction)   1932   . “  ”  

    ,  ,   ,    

 ,  ,  -  (anti-neutrino)  .  

       :   (  Robert 

 Marshak, 1916-1992),   (E. C. George Sudarshan, 1931- 2018),  

  (Richard Feynman),   -  (Murray Gell-Mann).    

     (Steven Weinberg, 1933 - 2021),   



 (Abdus Salam, 1929-1996),   (Sheldon Glashow, 1932 -) .  

  “  ”  (electroweak theory)  ,   

      .     

  "    " (Standard Model of Fundamental 

 Particles)  ,   " (Standard Model)   .   

         . 

          

 .    .  .   

    Grand Unified Theory (GUT) !! 

        .   ,   

     ( , , , )  

  .        

  (antimatter)   (matter)      

  (  Motohiko Yoshimura) 1978    . 

          

  .       .  

  .    (parameters)   ;  

  .    “ ?”   

  .      ?   

   ?     ?   

 ?    ?     . 

 4.3   (String Theories) 

           

  –         .   

       .     

  “  ” (String Theories)      

  .    “ ” (strings)   (concept). 



   ,    , .      

 (quantum)   .   –   -  

   .   “ ”     . 

     . 

         “ .”   .  

        .    

            (electron)  

 .     (neutrons)   .    

  . 

        , ,   

    ,          . 

        (   

 ,  ),   (   , 

  )      (building block)  .   

   .           “ ”, 

        . 

      . “ ”     . ,  

        ,    “  

  .”         

 .    .     .   

 ,  ,  .   

    .   . 

      .    

  .         

 .             

      .     

 .        .    



          . 

          

  .  ,  ,     

         . 

          ,    

 10    (dimensions)   .  ,   

     (parallel universes)   . 

 , ,          

   10    ?    

 ,        

         . 

             .   

   M-theory .         , M  

  membrane       .   

  membrane .    .  membrane  

    !     .      

     ? 

    “ ”     “ ” .   

 10      11    .   

        “ ” (3-dimensional “brane”).  “ ” 

 ( )         .  

   .  ,        

  . 

    ?    !     

 .  “   11  .    , 

 , , .      7 ”    

     .    , .  



  , , ,    . ,    

      ,    

  .   ,        ( , 90 

 ).        (  

 ),  (  )  ;      

  . ,      .    

          .    

     .       

 .      ,     . 

   .        .    

      ! 

             

  .    , ,     

    .        

    ?          

   . 

         .     

    , , ,    .   

     . ?     .  

      .         

   .       

         ,      

   . 

         .    

        ,    

  .        .  

  .          

   .    , ,   



   .       (parallel universes)  

 . 

  ,      .     

      . “    

           ?” 

   .      .    

      .      

   ,         

    (Field Medal)    (  Edward Witten, 1951 -) 

        . 

 5.      

        ,  

     “ ”  .    

      ?     

       .    , 

 , , ,     ?   

   ,   ?     , 

    ?         

  ?   ,       

  ?        

 ?          ,   

        . 

          “  ” 

  (differentiate)      . (   

              

 .)  0.11       30,000 

    .   “ ”      



 ,     .     

    .       

  ( ,   ,  )   

 .   3,000     14   . 

  ,      “  ” 

    .    

   ,      “  ”   

   .  (helium)    ,  

 ,         , 

        .  

  ,     .  

     73  , 25   .   

      ? 

         (  Carl Friedrich von 

 Weizsäcker, 1912-2007),   (Hans Bethe, 1906-2005).   

     (George Gamow, 1904-1968),    (Ralph Alpher, 

 1921-2007),   (Robert Herman, 1914-1997).     

  (Robert Wagoner, 1938 -),   (William Fowler, 1911-1995),   

 .             ,   

    ,  10^(-8);  100    

 !      ; ,   10^(-11) 

 . 

                 .   

     (   =1)  ,    (   =2),      (  

 =3)                 

       .        ,     

                  

       ,      ,    ,         

   ,        (nuclear  reaction)  ,     



   .                 

             .  ,     

 (The  Periodic  Table)              (nucleus)      , 

     .      (   =2,    =4)   

           (   =4,    =8,9)   

   .      8      ;         

             .         

                      

       (   =6,    =12)    .   

 .                      , 

   (   =  12),    (    =  11),    (    =  10), 

   (    =  8)      .      .  ,     

             (     =  14)  .  !   

     “      ”    .       

     ,    .            (   

 =  26 )       . 

       “ ”         “   ”   

 (supernovae)    ,            .   

           .           

           ,    ,       

           ( .  ,  ,  ,  ,  ) 

 .              .       

   . 

         ,  ,  ,           

       .            (   )   

 ;          !!      ! 

                      

                      

   ? 



 6.     

 6.1 -    (Bose-Einstein Condensate) 

       (Satyendranath  Bose,  1894-1974)     

     ,          (black  body)       

   ,                       

 .            ,         

                        

 (Bose, 1924; Einstein 1924, 1925). 

               .     

         .        ( ,    ). 

       (   ).        “ ”  (spin)   

   .        .         

     ,          ,         

 .          ;          . 

     ,    ( )    .         

           .        A,  B     

   a,  b    .    (A    a),  (B    b)    ;  (A    b), 

 (B    a)    .  .        A,  B        a,  a   

 .    (A    aa),  (B  )    ,  (A    a),  (B    a)   

 ,  (A  ),  (B    aa)    .         

          . 

 -                .     

 . 

   .          :    ,    ,    , 

   .                .           



     .                   

       “   ”   .      .     

      ;   “  -   .” 

   .      -        -  ?    0     

   (0      =  -273.15    )  ?     

       .               

     .      “ ”           

         .        “ ”     

       .            (  

     )      “ ”    .    -     

 ! 

 -          .      ,    , 

   ,    .        .           

 (viscosity)  ;      “ ”  (superfluid)  .       

       2              ;   

     .                 

 (  Piotr  Kapitza,  1894-1984),      (Jack  Allen,  1908-2001),      (Don 

 Misener,  1911-1996)    .          2.18       

      . 

 6.2  (Superconductivity) 

       1911        (Heike  Kamerlingh  Onnes, 

 1852-1926).    4                   

       .           

             !       

               .       

   ,                    (  John 



 Bardeen,  1908-1991),      (Leon  Cooper,  1930  -),      (John  Schrieffer, 

 1931-2019)  .        . 

                    

 .        “     ”,  “     ”  (spin  )   

     ,    ,            .   

             (      

 )      . 

           .  ,  1986  ,   

   (  Georg  Bednorz,  1950  -  ),      (  Alexander  Müller  (1927  -)     

   (ceramic,  ,  ,          )  35     

       .  ,  1987 ,      (Paul 

 Chu,  1941  -)  93                ( , 

 ,          )    .       

 93                   

         .             

   . 

 6.3   (Lasers) 

               .       

 ,    ,      ,    ,     

           .      ?  A  laser  is  a 

 device  that  emits  a  beam  of  electromagnetic  radiation  that  is  always  monochromatic, 

 collimated  and  coherent  in  nature.  ,           

 ( .  )        (monochromatic)    .  ,     

         (frequency)    .           

           ,            (coherent)    . 

 ,              (phase)    .       

 (beam  of  light)        ,        (collimated)   



         .           

   ;      ,        .       

   . 

             .           

   !               

         (higher  energy  level)    .       

             .         

                         DE 

           .    DE  =  hf         

     ( )    .        (microwaves) 

       maser  (microwave  amplification  by  stimulated  emission  of 

 radiation)  .              laser  (light  amplification  by 

 stimulated  emission  of  radiation)  .          .   

                  

                      

 ,          .           

       .               

                        

     .                (  

   )    .                   

       (coherent light) . 

             1916         

 .                     

 ,  (Aleksandr  M.  Prokhorov,  1916-2002),      (Nikolay  G.  Basov, 

 1922-2001),          (Charles  Townes,  1915-2015)    . 

   1952              .  .           

       .    1954          .     

         ,        (James  P. 

 Gordon,  1928-2013)    ,      (Herbert  J.  Ziegler)      .  .     



         “ ”            .     

         (power)             

  (frequency) ,   (phase)     . 

               .         

     (Theodore  Maiman,  1927-2007;  Arthur  Schawlow,1921-1999).   

          . 

 6.4 ,  (Semiconductors, Transistors) 

             (semiconductors)   

       !      ,    (chips),  , 

   ,  ,            !     

 ,            ,         

   .   ? 

         110        94    (metals), 

 16    (non-metals)            9       

 ,            .     

         -             

 .      “ ”  (conductors)      .   

 ,  ,  ,      .        , 

     .           

   .      “ ”  (insulators)      .   

             ;    ,  ,       

   .                ,   

   .    32       ,  14       

 ,          ,       

       .         

 (semiconductors)  .               

                      



     .            (John  Bardeen, 

 1908-1991),      (William  Shockley,  1910-1989),      (Walter  Brattain, 

 1902-1987)        (transistor)          “ ” 

           .        (signals)  

   (amplify)        (vacuum  tubes)  .   

         .             

               .         

 ,      .    .         

     .               

     .                   

 . 

     (vacuum  tubes)          ,   

               .        ,   

   .      .      .    1960       

         .         

 “ ”    (technology)                   

             ,      . 

         -          -         

   (chip)            .       

               !       

     (integrated  circuit)    1957              (Jean 

 Hoerni,  1924-1997)  ,  1958            (Robert  Noyce, 

 1927-1990).                  (Gordon  Moore,  1929  -)   

     (Intel)        .        (Ted  Hoff,  1937  -) 

                          

 .    “ ”                 

 !! 

  



         .         

           .           

 ,            .         

     .             

 (engineering),    (technology)               

   .                 

 .                   

 “ ”             

         .           

         . 
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 19.   

  = antimony 

   = antimony sulphide 

  = intuition 

   = malleability 

  = atom 

   = atomic energy. 

  = ultraviolet 
   = ultraviolet catastrophe 

  = Superconductivity 

    = spin-down 

  = infinity 

    = uncertainty principle 

    = clockwise direction 

    = constant of proportionality 

   = direct proportion 

   = cognitive cataclysms 

   = magnetic field 

    = magnetism 

   = semiconductors 

   = half-life 

  = aluminum 

  = non-metals 

   = differential equation 

  = inequality 

  ” = horse power 

  = oxidation 

  = Oxygen 

   = oxides 



   = The Periodic Table 

  = generator 

   = radioactive wastes 

  = hydrocarbons 

  = hydrogen 

   = hydrogen sulfide 

  =msuperposition of states 

   = metalloids 

  = size = volume 

   = heat conductivity 

   = spin-up 

  =  isotope 

  = alternate 

  = unification 

  = vibration 

  = nucleus 

  = motion 

   = smelters 

  = shells 

  = carbonates 

  = melt; dissolve 

   = black boday 

   = black hole 

   = calculus 

  = phase 

    = light years 

  = thyroid gland 

   = vapor 



   = beam of light rays 

   = verdigris 

  = Milky Way galaxy 

   = dark matter 

    = dark energy 

  = nucleus 

  = reduction 

  = field 

  = measurement 

  = ores 

  = sulpfates 

  = sulfides 

  = orbit 

   = kinetic energy 

  = trough 

  = mass 

  = glass; bangle 

  = windmill 

   = gravitational lenses 

   = gravitational waves 

  = gravity 

   = gravitational force 

   = Quantum Theory 

    = quantum physics 

    = quantum mechanics 

    = Quantum Field Theory 

  = graphite 

   = exponential notation 



   -   = four-dimensional space-time continuum 

  = tetrahedron 

   = kinetic energy 

  = consciousness 

 -   = double-slit experiment 

   = simultaneous equations 

  = source 

    = High-energy Physics 

   = amplitude 

  = tin 
   = wave 

  = wavelength 

   = wave function 
    = wavelength 

   = wave number 

   = frequency 

  = luster 

  = acceleration 

  - ductility 

  =thermodynamics 

  = temperature 

   = copper carbonate 

   = strong  force 

  = intensity 

   = discontinuity 

  = photon 

    = photoelectric effect 



   = impenetrable barriers 

  = distance 

    = action at a distance 

  = luminosity 

   = visible radiation 

  = positive charge 

  = nitrogen 

  = pulsars 

   = real numbers 

   = weak force 

   = weak interaction 

   = coordinate bond 

  = coordinates 

   = standing waves 

    = Newton’s Laws of Motion 

    = Newtonian mechanics 

   = background radiation 

  = detectors 

  = terms 

  = matter 

   = matter particles 

  = work 

  = sub-atomic particle 

  = infrared 

  = observers 

  = antenna 

  =  consciousness 

   = antimatter 

    = Special Theory of Relativity 



  = revolution 

  = divergence 

  = projection 

  = experiments 

  = power 

   = Elementary Particles 

  = pressure 

  = coherence 

   = smoke detectors 

    = String Theories 

   = ionizing radiation 

  = molecule 

  = force 

   = lines of force 

   = outer shell 

  = valency 

  = loudness 

     = The Big Bang Theory 

  = supernova 

 ^   = Boltzmann constant 

   = oxide 

  = rotation; spin 

  = momentum 

  = phosphorous 

  = magnesium 

  = sinks 

  = hadrons 



  = entropy 

   = Steady State Theory 

    = silver sulfide 

  = helium 

  = perihelion 

  = particle 

   = Particle accelerators 

  - metal 

  = curvature 

  = spectrum 

  = system 

  = theories 

  = slope 

  = conductivity 

  = diameter 

  = radiation 

   = radiation particles 

  = radiation 

  = orbital 

  = distributeion 

   = electric charge 

   = electric current 

   = electrical conductivity 

    = electromagnetic waves 

    = electrodynamics 

   = electromagnetic force. 

    = electromagnetism 

   = electromagnetic radiation 

  = isolated 

   = abstract concept 



   = specific gravity 

   = singularity 

   = cosmology 

  = light 

  = velocity 

  = heat 

  = energy 

    = law of conservation of energy 

   = energy levels 

  = sound 

   = scientific notation 

  = crest 

   = white dwarfs 

    = complex variable 

   = complex compoundss 

   = probability theory 

  = alloy 

  = conduction 

   = closed enclosure 

  = strength 

  =  equipartition 

   = parallel universes 

   = homogeneous 

  = spiral shape 

   = crystal lattice 

   = space 

   = spacetime 

  = technology 

  = density 



     = General Theory of Relativity 

   = Theory of Relativity 

    = Relativistic Quantum Theory 

    = collective property 

   = vector 

  = position 

  = displacement 

  = engineering 

  = state 

   = potential energy 

  - lead 

  = curl 

  = malleable 

  = antimony 

   = microwave radiation 

   = macro state 

   = thought experiment 

   = micro states 

   = symmetry 

    = Cygnus constellation 

   = emergent property 

    = Hamiltonian operator 
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