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  2
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 5&��/ ,���
�6$��     $�&�"�!%��/ ,��%�7�"5&/�6$�� ,��8�/ ,���7�"�  %����9�� , 

 :���5*� ,�$�9�� ,��0"/.  

 

                �%� ���%���� .�%7�< =�/!%�&
/ >-&�$�& )*��� ?
@A B�( !�
 )C
             :�%60 D ����� B�( �& ��E8� �
��� �� �$�/ ,0/9*&�� �+�/0��"  F��%�

 �+����� �& ,�$��-$�� .������� :���0" �$&�� )� ,�*&�.  

 

  /            �!%9 !%3/ ,����G/ ,��( �+�/0
 H*��� :"�$ ,�*&��� F���"�� =(+  

               .�%7�< �%6"�$&I
 J!%�!G ,%��0" ,K��%@ L�< ��C9�
�� B�("M �&8� �(+  

       ,�*&��� F���"�� �& )G�"& 2/
�& ����� .        ,%��0"
 L&�%� ,%��0"�� =(%+  

 )$��Quantum theory.   
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  �EA           �+�/0��%
 ,%�*��&�� 2���%&�� ����� �� ,�$��-$�� .������� :�
 �&4�� �+/ ,����G��/ ,��(��:  

 ) � ( ����� ��	
� ��
��:  

     �%%��� J!�%%&�� /A )�%%G�� /%%+ !/%%�8� )�%%G�� �<� O�%%&  

      P�*� ,73���� ,���7�"5&/�6$�� ,��8� ��&G ./ ��%9A     �%
���� Q(/%&"   

o b e i k a n d l . c o m



�R

1%%�C /( '/�%%$ S/%%G& /%%+ !/%%�8� )�%%G*� ?&�%%� �T!%%G ��5%%@   


 ,��8� 2/E!.  

 

              ������
/ S/G&�� 2E�! �� �+�G9 )��� 1�C�� �(+ 2E!� ,��A ,�A �<
             !%"� !/%�8� )�%G�� �� �3�7�� ���/��� ?4/� ������ 2$���/ �6@�@�&�

 J���9 ,G�!1500K.   

  

  

  

  

 

 

 

 

 

 

 

 

 
 

  

 

 

 

             ,%�"�C B/*�%�� �(%+ 7�
"��# ,��0"�� :#/�9&�� �<   :%"�$  �%&  

3      )�%� ��%��A 2
1896      )�%� �%*���/ 1900 /  6���9� )%� %&    U�%G"�� � .  

  V�9�$&� ��3   �%&              2�/%78� !%"� F��%�"*� ,%&�-& ,%�!��& H���%��   

                ,%�!��& L%*� 2/@%9�� �%& �%*��� �%$&� ��9 �� J��@��� ,�G/&��  

 J��
$�� ,�G/&�� 2�/78� !"� ,
��"&.  

  

 ����� ���� �	
 ���
� ����� ���
 ������� �������4000 k 
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��

              ! 2�/%78� �%�&G )%�-� ,�%4��� ,3-� !/G/ )!� �</  :%��  

     )�� B�(/ B"-
 W$�&1900     L%�<          �A �%+!��& J!%�!G ,�%4�� U��%�3�  

 "$&� !/%%�8� )�%%G�� :�%%���G /A :��(%%6  O�@%%�&� /A V%%�
 �  

     !!�� :�( ,���7�"5&/�6$ ,3�7ν          ��!%�&��/ :�%�&$ /A ,%"��& ��!�%�&
   

 /+ �"+hν 7�� B"-
 :
�C
 �&� .  

 

         �$� /A !��� ,�$��-$�� .�����*� �>��/ ��9 ��     �& ��!�& ,�A )�0"�� 1�
 !�!9� �/! ,3�7��.  

 

   �%%"�&� �(</ΔE   !/%%�8� )�%%G�� J�( �%%� �3�%%7�� �%%�5��   

    !!�%%��� :�( ,��%%�7�"5&/�6$ ,�%%�A V�%%�
"# ,%%G��"ν (%%�!"�   

 �/$�ΔE = hν L&��/ ΔE    )%$�� ,%3�7
 �T4%�A energy of quantum   

 B%%"-
 :%%
�C �%%&Ah '/��%%�� 6.626 × 10
-
 34 J s . �!E�%%��
/ )  

 ,�4���� =(+�     B%"-
 ,�%4�� 'A �    X�7�%��        �%4��� �%�
�� �%4/  

 !/�8� )�G�� �� �3�7�� ���/�*�.  

 

1kT/hv

2

3

)1e(
c

h2
)(R

     … ( 1 ) 

 

   V�9R ( ν )  !/%�8� )�G�� ,��8 '!!���� ���/��� 2C&� ,��! �+ 
 �&A ,C�
"&��k / ��&���/
 :
�C /6� c ./4�� ,��� �+ .  

 

  %%� ,%%3-��� =(%%+  ,%%G��" �%%7�� �%%+/ B%%"-
 �/"�%%�
 L&�  

   ,�%%�8 0/%%9*&�� �%%��7�� �%%��/��� �%%& J!%%�G J�/@%%
 ,&G�%%"&  

 !/%%�8� )�%%G�� . ���%%��� 2$�%%��/�-& ��%%
. B%%"-
 ,%%�/�9& ,%%&  

 W%%$�
 H
��%%�� 2$�%%�� �%%� ,%%"�
&�� ,%%�*&��� ,%%G��"�� �%%& ,%%��0"��  

 �*��� ,�/�9&.  
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 ) � ( ��������
� �����
�:  

      OE� 2/A �<         /%+ B%"-
 J�%$� ,&�3 B�!AA    �����%"�A :�%
�  

  �3�%%7�� )&$�%%�� )/%%6�& )!E�%%�� '(%%��energy of quantization    

   J�+�%%0 �%%� ,%%�*&��� F��%%�"�� ���%%��� ,��%%�7�"5&/�6$�� ,�%%�Y�  

 ��/4/�6$�� ��C����.  

 

            ,��%�7�"5&/�6$ ,�%�A 7*�%� !"� V!9� ��/4/�6$�� ��C����/  

� ./4 'A�       %�!Z& �!%�& ?7%� L*�    V�%�
"� L%�< ,<   �%& :�%"/��$�  

 [�� �!�&��              ,%3�7 1�%�$� B�(%
/ ./4%�� �%& ,%3�7 O�&� :�"/��$�  

 �!�&�� J�!�5&� ,���$.  

 !��"�� F���" :"�
 !3/Lenard ��
 ,�*&��� :  

�����  [�            �/�%G�� 73��%�� ./4�� !!�� �/$� �&!"� 7�� V�
"� :�"/��$�  

  !!�%��� �& �"!A �T!9νo   ,%
���� !!�%�
 Threshold frequency   

����� ���� �	
 ���
 ���� ����� ��	���4000 k 
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��

   ,&�3 �</νo          ,�7"&�� �&4 ��� �+/ �E\ �!�& �& S*�E�    H/%�
�!��&�� )0�&� ,�G��"
��.  

������ �         [� !!� �& !���� 73���� ./4�� J!� J!���   �6"$�/ ,C�
"&�� :�"/��$�
]� ,�$�9�� ,3�7�� �� �CZ� # ,C�
"&�� :�"/��$�.  

���
�� �       73���� ./4�� !!�� J!���      ]� ,%�$�9�� ,%3�7�� !����  :�%"/��$�  

,C�
"&��D   �&$          # ��/%4/�6$�� ��C�%��� L%*� !��"�� :�09-& �A  

          L%*� =�
��� ���� ./4*� ,�$��-$�� J�/@�� )�!E���
 �6&6� �$&�
G/& P"A W��A, wave.   

 

    !G//A            �6�!%� �%& 1%��"�� ,%G/& �� ,3�7�� �intensity  #/   

   %%3/�" �(%%
/ �%%+!!�� L%%*� !%%&���  ,%%�$�9�� ,%%3�7�� !�%%�!�� �  

]�  L%%*� !%%&��� #/ ./4%%�� J!%%� :!�� �%%&*$ ,%%C�
"&�� :�%%"/��$�  

 ./4�� !!��.  

 

                V/!%9 �%3/�� ./4%*� ,%�G/&�� J�/@%��� B%�( L�< ,��4</  

                73��%�� ./4%�� �/%$� �A 7��%
 !!�%� 'A !"� ��/4/�6$�� ��C����  

             �/%$ 1%"�G L%�< �����%"�A U�%�3� !3/ J!��� �& ,���$ ,G�!
  ./4%��  

 @�/E B*�&��               �/%$�& P%"A W�%�A L%*� (EZ� �A �$&� �T4�A P"I� ,�G/&   

 :�&$ 'A ,�&��G :�"��$ �&quanta.   

 

         ,3�7 P� ./4�� �& )$ 2$/hν         :�%"/�/� L�!%� :�%"��$�� =(+ D 
photons            J!�%�"&�� :�"/�/��� :�3�7 X/&G& �+ ./4�� �� ,3�7�� �</ D 

 J�&$& �6� �(
/quantized.   

 

  9�/           �%� �/�%�$# �/%�/� )7��� �&!"� ��/4/�6$�� ��C���� V!
  �!�&�� .      P�3�7 �</ ���E�� �/�/��� �(+hν     �/��$�[� L�< 2��"��  . V�9
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��

< .�G ��     [� �6@�&� ,3�7�� =(+ �&        �%& O*E�%�� �� �6&�!E��# :�"/��$�
 �!�&��
 P7
�� ���� ^/���.  

 

        9 ,3�7 2$�
 �60� ,��
�&�� ,���4[� ,3�7��/   �/��$�[� �6*&9� ,�$�
 V�
"&�� . 1�$" (�!"� ,3�7�� 0�9 �/"�3 1�9/:  

2
mv

2

1
h        … ( 2 ) 

   V�9Ø 25��� ,��! �+ work function  �%6G��9� ,3�7 23A �+/ 

     �!�&�� �& O*E�*� �/��$�[�A  �&2
mv

2

1      �/�%�$�]� ,�$�9�� ,3�7�� �6� 

 H�*7��. (</ :"�$ �hν < Ø  U�&�%�� �� ,���$ ��K ,3�7 P� �/�/��� �A 'A 
 �!�&�� J�!�5& �� �/��$�]�)C �&/ ��/4/�6$�� ��C���� V!9� # .  

   !!�� 23A �<νo7�� J�+�0�� =(+ =!"� V!9� '(�� L ,3-���
 Ø = 

hνo    ,&�3 �</ Ø        �/%$�/ �E\ �!�& �& S*�E�  �%6*3A     �!�%�&*� ,
�%"��
   

 ,�/*���.  

 )� (  !��"#
 $�%�&
� &�&'
�:  

               2%E*E& 75%4 :%9� ,%
/
"A �� ��G/�!�6�� ��K �4" �&!"�
             2-%E =�/�%& !%"�/ ./4 V�
"� S/�� ,���/��� ���� _����� P�4E�/

&"             2/%7
 7
��& �6"& 2$ ,���7�� 7/7E�� �& ,*�*� L�< A�G�� S/�� �/�
 S*�E& !!�� /A �G/&.  

       �< �& ,�$��-$�� ,��0"�� �$&�� )�/      :�!!�%�� ,7/
4%& )�3 .�7
 �6"& ,
��3 )�3 L�9 /A ,���7�� 7/7E��.  

   J����� 2-E/ �&  1885   L�< 1910     �&��%
 2@/� Balmer   !%��/ 
��
Q Rydberg            :�!!�%��� �%7�� ,%�
��G� ,%3-� !�G�< L�< �/�EM/ 

 ��G/�!�6�� S�7 7/7E� ,7/
4&��.  

o b e i k a n d l . c o m



��

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛





2

a

2

b
n

1

n

1
R

1

c
     …  ( 3 ) 

 V�9< � :    nb = 1,2,3 …….. na = 2,3,4 ……. na > nb   

 �</R��
!�� :
�C /+ Q '/���/ 109.677 cm
-1.   

  

              )�� �+/
 .�G �A L�< ,�
��G��� ,3-��� =(6� ����� !G/� )�/1913 
             L%�< ���� ��G/�!�6�� :��( �& ./4�� �& ,"��& :�!!�� V��
"� �A ��
/

         ,�3�7 :#�9 �� 7�� J!/G/& ��G/�!�6�� J�( �A  ,"��& .    ��%��� !�� �(
/
�� �+/
� ,������ �/�:  

��                :�%3�7 (%E�� J�(%�� �A 'A D :�&$ 2$�
 !G/� ��G/�!�6�� ,3�7 �< 
 7�� ,"��& ,*@�"&… , E3 , E2 , E1&� !3/ L /%
 +   :#�%9�� =(%+ �

   J����%&�� :#�%9��
 ,�
�C�� ,3�7�� :�( ,9/&�&��stationary states 
  J�(*� )   ���� �(6
 !@�� #/         �%� �/$� !"� �/$� �/��$�[� �A L*� ��


 J����&�� ,��9��. (  

�� V�
"� #  �& ,���7�"5&/�6$ ,��A J����&�� �6���9 �� J�(��.  

��         J����& ,��9 �& �/��$�< 2���"� V!9 �(< Ea   A ^�EA L�< 23    �%T�3�7 Eb 
 V�
"&�� ./4�� !!�� �I�ν7�� L ,3�7�� 0�9 �/"�3 1�9 :  

Ea – Eb = hν      … ( 4 ) 
 

              L%�< ,%�7�/ ,�3�7 ,��9 �& �/��$�< 2���"� V!9� ,6
��& J�/@
/
7�& =!!�� ./4 O�@�&�
 B�(/ �T�3�7 L*�A ^�EAL  ,%�!��&��
 ( 4 – 5 ) 

 ���!��& 7
� !"� �\�/( 3 ) / ( 4 ) L*� 2@9" :  

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛


2

a

2

b

ba

n

1

n

1
RhcEE    … ( 5 ) 

       �9�� :�3�7 �A L�< J/�
 ���� ,�!��&�� =(+/     ��G/�!%�6�� J�(� J����&�� :#
 ���� %
 �7��:       
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��

E = - Rhc / n
2
          ( n = 1,2,3, ……… )  … ( 6 ) 

 

 

��             �4%E�/ 2/%9 '���! ��!& �� ��G/�!�6�� J�( �� �/��$�[� B�9�� 
           �%&G 2%@�9 '/��� �/��$�[� ,3�7 �</ �$��-$�� B�"�$�&�� ��"�/��

(�G��� !6G ,3�7/ ,�$�9�� P�3�7 �/��$�< ��
 �$�����/�6$�� 1–J�/" .  

  

              �%73 S@%" L%*� ,%3�7�� !%&��� �$�%�-$�� B�"�$�&*� �>��//  

        ,&&$& �+ ,3�7�� �A �&��7/ D ��!&�� )     %� :����4& 2$�
 J!/G/& 'A
   :
�C )$ (           /%
 )!E�%�� !%3/ ,9/&�& ,"��& :���!& 7�� !G/� �(�+ �

 ,9/&�&�� :���!&�� ����E# ^�EA ,�4��.  

�� �<             �%6� �/%$� �%��� B*� �+ ,9/&�&�� :���!&��  )�%�   �/�%�$�[�   

 '/��%%��mvr %%%� �T�/��%%& hn  ) V%%�9< �



2

h
h �</ v. m   

       �/�%�$�[� ,��%�/ ,*�$ �&+ .   �%&Ar         ��!%&�� �%73 S@%" /%6�   

 �</n = 1,2,3, ….. (   

      /
 �$&� :��4���� =(+ �&/+  ����� �& �    :��/��&� ������ ��
���� H
 ��G/�!�6�� J�( �� ,3�7��:  

22

42

hn

me2
E

      … ( 7 ) 

 V%%�9e �/%%�/�
�� ,"9%%�  . ���!�%%�& ,%%"���& !%%"�/( 6 ) / ( 7 )   

 �"� F�"�:  

ch

me2
R

3

42      … ( 8 ) 

  

   )�3 �� ��/���� !"�/c , h , e , m  :%
�C ,&�3 L*� 2@9"� �""I� 
��
!�/Q R      ,�
��G��� P�&�3 �& ,&G�"&  )  ,�*&��� (    /
 �A L*� 2��! /+/+ �

 ��G/�!�6�� J�(� ,7/
4& P�3�7 :��/��& L7�A !3.  
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��

 ���
��– �#	��* +� $���, – De – Broglie hypothesis:   
 

              9� :��( L%*� �+/%
 ,%��0" H%�
7�� :#/�%9& :�G %� '/  

  �& �C$A L*�            ,%9G�" �%�K :#/�%9&�� �%�&G :%"�$/ !9�/ �/��$�< D   

             A!%
 ,%���9��/ �+/%
 ,%��0" �%� �%T��+/G �7E B�"+ ��
 �/���� �!
/  

                ��G/�!%�6�� J�( �%& �+/%
 ,%��0" U�%G" ��%
 ��
�� !"� �/@���  

 ,�!�@& �9& ��$.  

  

                :�
/�@%�� =(%6� 2/%*9�� !�%G�< =�%G��
 ,��!
�� ,7�" :"�$ !3/  

  9�9@ J�/@ .�7�</        :����G��/ :��(�� �� �/��$�[� B/*� �� , .  )%C
 )�%%� �%%� �%%*G/�
 '! ��%%"���� ���%%������ 2%%
3 �%%& :.�%%G1923   

 )�� �� �G"!/��/ Q�
"���+ P�
�/1926.   

 

    V�9<            ,�%�A V%�
� ,"E�%&�� :����G�� /A :��(�� �/$ ,���9 �
             �</ D ,&&$& �+ :����G��/ :��(�� :�3�7 �A ��
� 7�� ,"��& :�!!��
 )�3

 ,9/&�& �/$�� ,"��& ,�3�7.  

  

        $�"�$�&�� �� !/G/& ��K �3�7�� )&$��� �<� �$��-$�� ,    )�%G�� �</ 
            �� �3�7�� )&$��� J�$� 2/E! �</ ,3�7�� �& ��!�& 'A (E�� �A P"$&�  ,��0"

              :���!%& !/%G/ �� 1
� 'A �+/
 7�� )�/ �T�7�
��� !�$����
 :.�G �+/

 7�� ,"��& :�3�7/.  

 

    �&$A�   )&$��� Quantization        ,%�G/&�� ,%$�9�� �� �T4�A V!9�   

wave motiom     B%*�&� P%���6" �%& :�%
C
 7/
�& B*� ,��9 �� >-C&�   

 �&$& �>��" B*��� �(+quantized modes     ��%
& /%+ �%&$ 1(%
(��� �&   

 ������ 2$��� ��:  
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�	

  
 

��������	 
��
� ��� ����� ���  

 

        60� V�9 ./4�� �& 2�9�� /+ �&$/      !%�� �&��G/ �G/& B/*� �
       J!�%&�� ��
 �*G/�
 '! U��3�matter         ,%G/!�& ,%��
7 �T4%�A B%*�&� 

              �>$/*%� �%60� �T4�A P"I� �&��G B/*� �& P$*&� �& L�< ,��4< �/��$�[��
  �T�G/& .  ,%�3�7�� :��/��&�� �� P��" W$�� �/��$�]� �G/&�� B/*��� �(+/

]� ,&&$&����G�� /A :��(�� �� :�"/��$� :��.  

 

      �/�/��� ,��9 ��/ :     P%�3�7 �I%�E    '/��%� hν     ,%��0"� �%>��//   

       '/��� �/�/��� ,3�7 �I� ,�
�"�� �����"�Amc
2 .   V�9c     ./4%�� ,��%�   

 /m �/�/�*� ,�
�"�� ,*�$�� �+ .  

 

  /        ,�/��%& �/$%� ,*�$ �/�/��� B*�&� %*�     :�%"/�/��� �%$�/ ��@  

    ,���
 �T&��! B�9��c       %� �/%$� ��/ b����� ��     �/$%� � .   �(%
/�  !%"�  

 ,��%%�c ,%%*�$ �/%%�/��� B%%*�&� m ,���%%@ �%%�K  .c J�/��%%& !%%"�/  

 L*� 2@9" =-�A ����
����:  

 

Hν = mc
2
       … ( 9 ) 

 

     �A �&
/


 c   V�9 λ         ?
@%� (�!"� D ./4*� �G/&�� 2/7�� /+ 

 ,�!��&(9) ������ 2$���
 :          2
mc

hc 


 

 /A :   

mc

h   ) �/�/�*�(      … ( 10 ) 
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�


  J�/@
/    &��%G �A �%*G/�
 '! U��3� ,6
��&� %�!�& �  P%�*�$ m 
 P����/v#/7 B*�&�� �G/& � λ7�& L ,������ ,3-���
 :  

p

h

mv

h         … (11) 

 ) V�9p D )��G�� 754 /+ p = mv. (   

    '! �G/%& 2/7 �/$�/         ,���%
 B�%9�� �/�%�$�[ �%*G/�
   

1.0 × 10
8
 cm / s /+ :  

O8

828

27

A7cm107
)s/cm100.1()g101.9(

s.erg106.6





 




 

 

  /             �%&8� /%+/ ,����G�� !��
8� !/!9 �� /+ �G/&�� 2/7�� �(+ �<  

               �%� ,%�"/��$�[� :�%$�9�� �%� ,%�&+A ,%�G/&�� :���C���� �7�� '(��  

 :����G��/ :��(��.  

 

     �%%��& )��%%G ,%%��9 �%%� �%%$�/macroscopic particle   

 ,*�$ '(1.0 g ,���/ 1.0cm s
-1    ,%�!��& )�!E�%�� !%�
 ^�" (11) �A   

  '/��%%� F��%%"�� �G/%%&�� 2/%%7��7 × 10
-27   �T!%%G ��5%%@ /%%+/  

                ,%$�9� ,
�%"��
 ,%0/9*& �%�K �/%$� )$�� :���C�� �A L�< ���� �(+/  

 J��
$�� )��G8�.  

 

               ��%���! 2%
3 �%& ,%�*&� :�!�$�� �*G/�
 '! ,�4�� :3# !3/ 
Davison   �&��G/ Germer          �/�%& !%"� !/%�9�� J�+�0 �09# ��(*�� 

 ,�"!�& ,��3� ,9��@ 2-E :�"/��$�[�.  

 

         )��G*� �G/&�� B/*��� !$Z� !/�9�� J�+�0 )  �/��$�[� . (  �(%$+/
           S/�0 !"�/ )��G
 �T6�
� �>$/*� �/��$�[� B*�� ,"��& ,�*&� S/�0 !"��

 �T6�
� �>$/*� B*�� ^�EA ,�*&� ,G/&
.  

 

o b e i k a n d l . c o m



�R

             ,G/& /+ #/ �T&��G W�� /+ �/��$�[�� ,��9 ,�A L*�/ .  ��
 P"<
 �6��Z� �$&� Q(/&" /A ,��+ ,�#!
 P�@/ �$&� # '(�� .����.  

  

 ��
*��– $-�.
� ��*/ – The Uncertainty Principle:   

 

              !%3 ,�%�8�/ J!�%&*� ,�G/&��/ ,�&��G�� 'A ,G/!�&�� ,��
7�� �<
 :�!�!9� :7*�           )�%0"�� �%� �6�*� 2/@9�� �$&&�� :�&/*�&�� L*� ,"��& 

 ��K /A '�6G&���� �
/$�/�$��&�� 'A ���&microscopic system.   

 

            =�%G�#�
 B�%9�� -C& �/��$�[�$ ��
/$�/�$��& �T�&�G (E�"�/Y 
       �/9&�� L*� �/$�� �"���3 �A ����"�/x       2-%E �&� P*�G"� '(�� )��G*� 

  H�Slit   ��� '( H�4  w            ,%4��� L%*� 7��%� P%�!" B%�( !�
/ 
 ������ 2$��� �� ��
& /+ �&$ ,�"��/�/*�:  

 

 

  

����� ���	 �
�����  

  

  

y  

x  

Px 

Slit 

��  Screan 

��
��  

o b e i k a n d l . c o m



��

             ,��� )��G�� B*�&� H�*� )��G�� 2/@/ 2
3 'A W�����
 .!
�� 2
3/
vx �T��@ '/���  . P754 �/$� ������
/Px V�9 ��@� �T�/��& Px = mvx 

   =�G�#� ��.   ��G�� �A �&
/        �(%� ,�G/&��
 ,6�
� O�/E P� �
/$�/�$��&�� )
 =!/�9 �3/�"Diffraction H��� !"� .  

 

  "9"&��/L       7�%�" J!%� !%"� ,%G/&�� J!� ?4/� H
���� 2$��� ��   

             L%&0� :�%��6" P%�� �%60� V%�9 ,4����� L*�maxima   ^�%EA/   

  ��"!minima     �"
 :-E�!� �& ,���" �+/ .J     :�G/&�� ��
 ,&�!+ :-E�!�/ 
����     .��GA J!� �& ,&!  ��  H��� .      ���*���& ���G/& 1$��� �& F�"� 2E�!���/

 b����� �& ,�7"&�� W�" 2-E.  

 

   �/7�� ,���/�& :�G/&�� :"�$ �(I�in phase  :�/�(%�� V/!9 'A 
crests                �%$�/ ,%�/3 ,%G/& �/%60/ .�%"
 2E�!%� V/!9 �3/�"� ,�/�   

    �/%7�� ,%�/���& :�%G/&�� �/$� �&!"�out of phase )   ,%G/& :�/�(  

    �/7
 �& H
�7��troughs    ,�"�C�� ,G/&��  (       �</ )�!%+ 2E�!%� V!9��%�  

 ��-�� ,G/&�� J!�.  

 

   !G//A L�/8� L&0��� :���6"�� �( Q , P ) %"9"& �� �60� ���� L 
              �%& ,�%��"�� :�%G/&�� V�9 ,4����� L*� H7�"& !"� ��� H
���� 2$���

      �C$A �G/& 2/7 S@"
 2��"� H��� ���7       �& ,���"�� :�G/&�� �& 23A /A 
 H��� �$�&.  

              7
4%��
 �/$�%� H��� S�7 �& ,���"�� :�G/&�� =(+ �I� B�(
/
            ��"!%�� ,��6"�� L*� �\� �$�"�/ ��
�� �64�
 �5*��/ �/7�� ,���/�& ��K

 !"�p ��\�$ �6� !/�9�� 7�� 1�$"/ H
���� 2$��� �� :  

 

CD
2

1
APDP   

o b e i k a n d l . c o m



��

 V�9C:�4/ !3  �/$� V�9
 APCD .   

 

                  �%& �%�C$
 �%
$A �%+ ,%4�����/ H�%�� ��
 ,���&�� �A �&
/  

      ,�/���� �I� �(� H��� ���APC           -%$ �</ ��%@ �%& ,%
��3 �/%$�    

  ����/��%�� �&ACP , PAC    �%& ,%
��3 �/$�%� 90
o   �I%� ���%���
/   

 ,�/����ACD �/$�� 90
o.   

 

  -$ �A !G"/ ����/���� �& DAC , PDE  '/��%� 90
o  �%T9/�7&   

   ,�/�� �6"&ADC             %%
 �%&6"& 2%$� ����/���& ����/���� ����+ �A 'A θ .   

 �&Asin θ '/���� :  

w
w

2

1

2

1

AD

DC
sin




     … (12) 

 

    V�9<   ,�/���� �θ             ��"!%�� ,%��6"�� !/%�9 V!%9� �+!%"� �%���   

   �7�� L�/8�  %

w

sin
      � L%�< �%G�" �\�/     �
/$%�/�$��&�� )��%G�  

 H��� 2-E ��&��.  

 

    !G"/A    � H��� !"� !/�9�� ��         D )��%G�� ,%$�9 =�G�� ���5� �� 1
�  

      ,%�/��
 !%�9� '(%�� )�G���θ     !%"� ,%4����� L%*� 7��%�/ P /A Q   

 ,%%
$�& �/$�%%�x ,754%%�� ( Px ) ,�/��%%& P sin θ H�%%�� !%%"�   

 )� H
���� 2$��� �0" (.  

 

    �&AP   )��G�� 754 �6�  G��/ L     �&��� �� �+���&� P   ,��6"�� ,7�" 
  "9"&�� �� ��"!��L   "9"& �& ?4��/ DL         �%C$8� !/%�9�� ��
 �T4�A 2$��� �(+ 

 ��
 ��� ,�/�� !"� /+ )��G*� >#�&�9�– θ , + θ.   

 

o b e i k a n d l . c o m



��

          754�� ,
$�& �A ,��!
�� �� �"�$( !��/Px=       2%
3 'A !/%�9�� 2
3 
     �T��@ '/��� H��� �6�/E! .  �9�� !�
 �$�/        2/%9 �T!%$Z& �T&*� B*�&" # !/

 �6�&�3 . �� ,3!-�� �</Px �6�� �&�" H��� !"� ΔPx '/��� :  

 

ΔPx = P sinθ – ( - P sinθ ) = 2P sinθ ,�!��&  … (13) 
 

 �� ��/���� !"�/sin θ ,�!��& �& (12) ,�!��& �� (13) L*� 2@9" :  

 

ΔPx = 2Pλ / w      … (14) 
 

G/�
 '! ,%%%3-� )�!E�%%%��
/ �%%%*(11) ,%%%
��$ �%%%""$&�   

 ,�!��&(14) ,������ ,5�@��
 :   

 

w

h2
P

X
        … (15) 

 

              �/%9&�� L*� )��G�� �3/& �� ,3!-�� /A �"��&/*�& ,�!9� ,
�"��
 �&A
x %
 �&�"/ Δx7��� L H��� ��� ,7��/
 w �A 'A :  

 

Δx = w       … (16) 
 

 L*� 2@9" (�!"�/:  

h2w.
w

h2
P

XX
      … (17) 

 

/ �3/&� ,3!-�� 1�4 2@�9 �A 'A�� J!!9& ,�&$ /+ )��G�� ).  

 

          J!9�/ ,
�G� 2�*9�
 �"&3 �""A �& )K���
 .     2%�*9� �A 09/%� P"A #<
             ,%3!-�� 1�4 2@�9 �A �+/ ,G��"�� W�" L�< '!Z� ^�EA J!�!� 1��G�

 ��Px , x$A /A B"-
 :
�C ��!�&� 1���& /+ )��G�  �A 'A D P"& �
:  

 

ΔPx Δx   ≥  h       … (18) 
 

 )�� Q�
"���+ P���$� '(�� ,3!-�� A!
& /+ �(+/1927.   

o b e i k a n d l . c o m



��

             ,%3!-�� A!
& )�!E��� 2�G� B"-
 :
�C� ��5@�� )G9�� �A 09-�/
 ,���& J��
$ )��GY�macroscopic particles P� L"�& # .  

 

������ �–�	�
 ����
� �� �:  

�/01� ) 2 (:   

     !!���� ���ν    �G/&�� 2/7��/ λ       P%G/&�� !!���/          �%& !!%��
 ��G/�!�6�� J�( �� ,�3�7�� :��/��&�� ��
 ,"$&&�� :#���"#�.  

3
�00 1:  

                �%� :%"/! !%3 ��G/�!%�6�� J�(%� ,%0/9*&�� ,%�3�7�� :��/��&�� �<  

 ������ 2$���:  

 

 

 

 .�&��
 :�&� !3 ,G��"�� ,���7�� 7/7E�� 2�-� �</ �6����$&.  

  



o b e i k a n d l . c o m



��

             J�(%� ,%���7�� 7/7E�� 2�-� �& ,�/&G&� ,"$&&�� :#���"#� �&A
 =�"!A 2/!G�� �� �6"/!"� ��G/�!�6��:  

 

Spectral region n k 
�	
�����  

�������	
 ��
 Ultraviolet 2, 3, 4, … 1 ( Lyman ) ����	  

�����	
  Visible 3, 4, 5, … 2 ( Balmer ) ��	��  

�
���	
 ���  Infrared 4, 5, 6, … 3 ( Paschen) ����  

�
���	
 ���  Infrared 5, 6, 7, … 4 ( Brackett) ���
��  

 

 ,�!��& )!E��" �\�/( 3 ):   

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛


 2

a

2

b
n

1

n

1
R

1
 

   V�9 �&��
 ,*�*� �"(EA /�/na = 1 �& ���&�3 ���E"/ nb �&+ ∞ , 

2 %� 2@9"� �""I� bb = 2 , na ,������ F���"�� :  

⎟
⎠

⎞
⎜
⎝

⎛ 



22

15

n

1

n

1
cm10097.1

1
 

 

λ = 1.22 × 10
-5

 cm = 1.22 × 10
-7

 m 
 

115

7

18

s1046.2
1022.1

ms10998.2c 











  

 

14

5
cm1023.8

cm1022.1

11 
 








 

 %� 2@9"/nb = ∞ , na �*� �& :  

 

15

2

15
cm10097.10

1

1
cm10097.1

1  ⎟
⎠

⎞
⎜
⎝

⎛ 


  

 

cm1012.9
cm10097.1

1
6

15


 


  
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��

116
s1029.3

c 


  

 V�9 �&��
 ,*�*�� ,
�"��
/na ���E"/ nb = 3 , ∞.   

 

⎥
⎦

⎤
⎢
⎣

⎡  
22

15

3

1

2

1
)cm10097.1(  

 

   = 1.52 × 10
4
 cm

-1
 = 1.52 × 10

6
 m 

 

λ = 6.56 × 10
-7

 m 
 

ν = 4.57 × 10
14

 s
-1 

 %�/nb = ∞ , na = 2 �/$� :  

14

2

15
cm1074.20

2

1
)cm10097.1(

 ⎥
⎦

⎤
⎢
⎣

⎡   

λ = 3.65 × 10
-7

 m   
 

ν = 8.22 × 10
14

 s
-1

 

$+/%% �(.......  

 

 1�0�/ )4: (   

      &�� �G/&�� 2/7�� /+ �&        2-%E 2%G�& �/��$�I%%
 7
��G  !%6  

 =��!�&400V �T&*� 
 �/��$�[� ,*�$ ��ma �+ 9.1 × 10
-31

 kg d  

  

 1003
�:  

   %%%� 2%%G�&�� �/�%%�$�[� �<400 V ,%%�$�9 ,%%3�7 B%%*�&�   

Ekin �+��!%%�& 400 eV )  V%%�9eV   �</ :%%�/� �/�%%�$�< �%%+   

( 1 eV = 1.602 × 10
-19

 J �(< :  

 

2

e

17

kin
vm

2

1
J1041.6eV400E    

 

/ ,����� L*� 2@9" �6"&v             ν = 1.2 × 10
7
 ms

-1  
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��

 �*G/�
 '! ,3-� )!E��" �\�/(11) ������$ :  

 

)ms102.1()kg101.9(

)sJ10626.6(

vm

h
1731

3

e








     

 

     =   6.1   ×   10
-11

 m 
 

  ,09-&   : J = kg m
2
 s
-2

  

  

 1�0�/ )5: (   

   �*� �&��        ���� J�+�0 P����! !"� ��$�*�& �6�*� 2@9 ���� F���"�� ��C
 ��/4/�6$��:  

 

ν ( s
-1

 ) × 10
-14������   ( J ) × 10

19����	�
� ��	�
�� ������   

9.58 3.41 

8.21 2.56 

7.40 1.95 

6.91 1.64 

5.49 0.74 
 

 B"-
 :
�C ,&�3 1�9� )C ,
���� ,3�7 ��!�& /+ �&d  

 

 1003
�:  
 

 ,�!��& �"+ 1�$"(2).                            

2
mv

2

1 øh  

 ������ 2$���
 /A:            hν = hν0 + Ekin  

 

   ) V�9Ekin �</ ,�$�9�� ,3�7�� �+ ø = hνo (   �"�%�
 )�� !"�/
 ��
Ekin 2
��& ν ������ 2$��� L*� 2@9"� �""I� :  

o b e i k a n d l . c o m



�	

             �7�� !!���� �/9&� F��"�� )����&�� 7E�� !�!�&� �7��� ,7�" �</νo 
  !!��         B"-
 :
�C �7��� )����&�� 7E�� 2�& �&A ,
����h .    ������ 2$��� �&/

 ,&�3 �60�          νo = 4.35 × 10
15

 s
-1  

  

  

 

 /6� 2�&�� �&A:                      

2�&�� sJ1065.6
s10)49.521.8(

J10)75.0056.2(
h

34

114

19










  

 '/���� ,
���� ,3�7 �&Ahνo.   

 

 1�00�/ )6: (   

   �6�*�$ ��
5�� �& ,��3! �3/& ��$ �(<1 μg �&4 �T&/*�& 10
-3

 mm 
 J�(�� )G9
 ,�7"&� !!9& �/��$�</( 1 × 10

-10
 m ) H�
7� ��G��" ��
 ���3 

��6� ,3!-�� A!
&��
"Q ��&��G�� ����+ L*� :  

 1003
�:  

�
"���6� ,3!-�� A!
& 1�$"Q (18).   

ΔxΔPx ≥ 

 �� ,3!-�� �/$� ��
5�� ,��3!� ,
�"��
/Px ��\�$ :  
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�


128

6

34

X
kgms10625.6

m10

sJ10625.6

x

h
P












  

  

 L�< !/�� =(+/��- ,����� �� ,3! ) �6� �&�"Δνx (  '/���:  

 

120

8

128

X
sm10625.6

kg101

smkg10625.6
v










  

 

           J�%6GA ,7��/
 W����� ,"$&& ��K/ �T!G J��5@ )/&��� L*� �+/
 �
�E&�� D �� ,3!-�� 1�$�� �/��$�]� ,
�"��
 �&APx ��\�$ P� :  

 

124

10

34

X
mskg10625.6

m101

sJ10625.6
P








  

 

   ,*�$ �A �&
/ '/��� �/��$�[�0.9 × 10
-30

 kg  �%� ,3!-�� �I� �(� 
7�� P����L ��\�$ :  

16

30

124

X
sm1036.7

kg109.0

smkg10625.6
v










  

 ��
5�� ,��3!� J!����� B*� �& ,"���&��
 �T!G ,���� �+/.  

o b e i k a n d l . c o m




