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 ً�'��M :(و���$ D��  ا����ل ا����2ط��) �

 The Magnetic Field of a Solenoid 


Q ,�.  *�ر  �D إ%/�ا�) Bإ���د Gوا �/�� (�:  

��ف 	��ً ������ً ��ل إ���ا�� ��	�
�ر ا	���و��، �� �#" ! ا	�
�ر ا	 �ر �� ��
7 � �� ا	456، ��/ض أن ا	 �P  / # 0و-#,�د *
 � ا	�( ا	 )$�ط
"� &$% ا	$��� 

8 9
�ر :89% �i  8	وط�Ɩ  89��ھ�  n%د ا	���ت 	��%ة ا	��ل ���5ن & Nو&%د 	

� � �
  .وا	$�B� 8,9 *" � &%د ا	���ت &�! ا	��ل �


/ �B ا-���ا�8 ��%اره (� E��� FGا B&وdx  اFھ �J#��# ��	ت ا���Kن &%د ا	�
�ا	��ل ھ�   � ���   

 و��	��	� ا	%اO/ي ��	"�� ا:8M #�5ن ا	��	� ھFه �� ا-���ا�� �B ا	 "���E ا	,�ء ان
9
�ر �
8 #"/ي a*�/ه  دا0P� �#/O ��5� 	%#$� ��ن �O��/J7  89%:i ب��� 	ا#,�د وا 

، و��	�Tدة  xا	�� B& %TM9 �/�7 ا	"�� �"���  P�� ����  Bا	 )$�ط
"�  ا	 ,�ل
  :ھ� P&$% ا	$���  dxا	$�:B& U ا	,�ء  dB	� T�د	8 ا	"���� �Kن *
 � ا	�( 

  

  

  

  

  

  

  

��
  �B ا	456 �,% أن 



  


/ ا	,�ء M59 %$&dx ،456	ا ��و7 �  W
X���	  

  

  

  

  

  

  

  


�س ا	$0P *�/ي أي ان �θ,% أن ا	�او8# �	�� �����:  

  !�& [�� B
�
 

�	و&$% �"�واة ا	� � �����
  �� � 
��
���� 				←						 

  

∴

����B ا	/�\ �,% أن      � �


      

∴

FG]� !�& 4P�� B ا	�5��4�/��	  



�

    B� 47 � 
���و# B5 إ#,�د * ∝� 			,					��� ∝���G Bل *�ا�
B ا	 ^�^�ت    
��
"M	ا.  

���G �	�� : ���$	و�� ط�#4 `%اً و7��_ ا���	0 ا� 	إذا 7�ن اP  B& ة%
T� B� أي
�∝ا	�/�
 B�Kن  � 0								,								 ∝�� �  :9"�وي  FٍO%$&B�Kن   

  

�� و# /  ]�#1200	80cm  B� 0وط�	0��10cm  8 إ���ا�� �0P *�/ه : �^�ل	
8 9
�ر :89% 
�5amp. 456	ا ��7 �  . %`B  B
   P1  ،P2�� B� 47 ا	$���

  

  

  

  

  

  

  

  / ا	�4

   P1&$% ا	$���  B: أو-ً 



 ���$�	 8M"$	�� \�/	4 ا
��9 B�P1   

  

  

  

  

  

  

  

  

���

��� ∝

� � 4� ∗ 10"

�
  

 ً�
��l :B  ���$	ا %$&P2   

  

  

  

  



��� ∝

  

���

� � 4� ∗ 10"

� 0
  

�#	*�  ��!��	"# �2*R� (�2ط����  :ا�*S ا�

   �"

� ا	 ��/�7 �59ن �,�ل �)$�ط
"�، وا	�( ا	 )$�طO��/J5	�6$� ا	ا
ا	$�:�ء &B :�$� ���/87 �� ���� �� #��*0 &�! ��ع ا	��m، ��%ار ا	�$�6 

�J$� �JT*�6$� و��	ا B� ���$	ا %T�6$�، و�	ا �&/� ،�
O��/J5	ا .  

 ,�لا	  ا#,�د وا	 ���ب �V"/&�  ��9/ك ��q%ارھ�  :�$� 	%#$� 7�ن ��ذا
�"
  .&B ا	�6$� 7 � �� ا	R 456ا	�� �"� %TM9��  �P^4  ���� �� ا	 )$�ط

  

  

  

  

  

  

  

  :�"t *���ن ��#�ت ــ ���/ت �Kن ا	�( ا	 )$�ط
"� #"�وي



θ  B
  )إ9,�ه �/�7 ا	V )�$�6وا	"/&�  9R ^4 ا	�او#� ا	 ��Pرة �

  :و&$% �� 8{#�T9	 T�د	� ا&�ه ��i = nevA 4Pو`%�� ����� أن ا	�
�ر #"�وي   

�� �

� ا	�6$� ا	 8��5 	��
�ر �� ا	,�ء  (neAdƖ)# ^4 ا	 �%ار  7dƖ أي أن  

!�& 4P�� B
  :��5��4 ا	�/�

�$
�T9 ا&�ه �	د�T 	,�ل ا 	ا U:�$	ا �"
 ��9/ك ��Q%ارھ�  :�$� &B ا	 )$�ط
 �&/"�V �� ����  P  ���"� %TM9 ��	اR �$�6	ا B&.  


� :�$� Pا	$���  �� وTX$� 	� ا-ن��l  �ارھ%��Q2 ��9/ك  �&/"�V2 WM�- 
�$#%	 �$�: �#��/J7 �� �7/��� ل�,�  �"
���	% �B ا	�6$� ا-و	!  �B1)$�ط


J� �� ا	�4P  *�ة ا	^��
� ا	�6$� &�! ����	% و��	��	��& �$�P� � 7 �
"
�)$�ط
\�/	�� B
M� � 7^��� ��%ارھ� و	ا:  

  

  

  

  

  

  


( أن  �γ او#� ھ��	رة ا�P� 	ا  B
�B1  B
  إ9,�ه �/�7 ا	�6$� ا	^��
� V2و�



�"

�T� �Jض &B ا	 ,�ل ا	 )$�ط�& �$�P� ��	ا �
"
ا	 T�د	� (��	��ة ا	 )$�ط
  :��4P &�!) أ&�ه


( أن �θ  B
  .ا9,�ه �/�7 ا	�6$� ا-و	! V1و�
R  Bا	�او#� ا	 ��Pرة �


( أن  �γ او#� ھ��	رة ا�P� 	ا  B
�B1  B
  .إ9,�ه �/�7 ا	�6$� ا	^��
� V2و�

   Q2و  Q1�� ^4 ا	 "��� �
B ا	�$�6
R  Bأ�� 

8"�
�  �,�- ھ$�ك �� ا	�*_ �"
 &�! #~Q2 /lا	^��
�  ا	�B2 U:�� B& �$�6)$�ط

�   Q1 ا-و	! ا	�$�6"

 � ا	��ة ا	^��
� ���F1ة �)$�ط* ��� �J	و  �J"7�T9و
  .��-9,�ه

 m/sec 105*��2%ارھ�  �"/&� ��9/ك coul 12-10*��8%ارھ�  ���
� :�$�: �^�ل
  :�� ا	��-ت ا	��	
� B`% ��%ار . ا	6/ق ���

  .  �" �2m��  J$&� وTM9% ا	�6$� :/ق : �ل E�9300  ���� ��: أو-ً 

 ً�
��l :�� ���� E�9 ق/: %TM9�6$� و	ا �J$&  ���" �30cm .  

 ً�^	�l :�� ���� E�9 �6$� `$�ب	ا %TM9و �J$&  ���" �40cm .  

  :�����%ام ا	 T�د	� ا	��	
��,% ا	 ,�ل ا	 )$�ط
"� / ا	�4

   θ = 300&$%�� �59ن : او-ً 

∴ � � (4� ∗ 10

  

 ً�
��l : �59نθ = 00   

   B = 0أذن    �θ = 00 � أن 

  



 ً�^	�l :θ = 900  

∴ � � (4� ∗ 10

  

 Q1  ،Q2، :�$��ن   �50cm^�( ��"�وي ا-�Xع ط�ل abc  8T�X: �^�ل
 ���� B� �ا�����a  8$�6	ت ا/� ��%$& ،Q1  ���$	ا B�b  �J�&/� _��7

2*105m/sec   ������K� 8J,�6$�   '&&&&%$و��	/ت ا� ����	ا ��9 ���Q2  Bو�$
`% ��%ار ا	��ة .   '&&&&�$و��,105m/sec   ������K� 8J*3و�"/&8 ��%ارھ�  cا	$��� 

�9� ا	���� إذا 7��_  �� B

B ا	�$�6�  

Q1 = 4 * 10-8 coul          ‘          Q2 = -6 * 10-8 coul 

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  �"��%م ا	 T�د	8 ا	��	
8/ ا	�4


( أن �θ  B
ا9,�ه �/�7 ا	�6$� ا-و	!، و# V1  B5و�
R  Bا	�او#� ا	 ��Pرة �
 � 
، و�B ا	 ��Tم أن 47 زاو#� �B  �91800%#%ھ� ��G Bل إ7 �ل ا	�او#� ا	 "��

و��	��	� ��	�او#� ا	 ����� 	�او#� ��	/أس  600زوا#� ا	 ^�( ا	 �"�وي ا-�Xع ھ� 
   θ = 180 – 60 = 120أ#}�ً أي أن    600ھ� 

   γ = 900ان   وھFا #V2 �$T#�5ن & �دي  Bا	�( 

(�
� (4� ∗ 10")

∗ ���120���90
  

  :#"	��!) ��Vر  2"�� #U �) ��	ي ط����+  ��از��+  ������+ %���+ ��+ ا���ة

� J$
� �
"
9
�ر �J$�ك *�ة �)$�ط � J	�G أو أ7^/ #"/ي B
  .أي ����

  

  

  

  

  

  

  

  

  



 %T� !�& ���� �� 4#ط� \
��"� ��"	 �"
   rا	�( ا	 )$�ط

 ��وا*E �� �,�ل �)$�ط
"� �$��\ ��%اره   ⸌bbا	"� � ,°�.
#~�P� /lره   0/�

�  .& �د#� &�! ا	"�

   ⸌B�bb ا	"��  Ɩا	��ة ا	 ~l/ة &�! ط�ل ��%اره 

(

  :ا	��ة &�! و�%ة ا	��ل ھ�

��� أ#}�ً و�P� /l~9رة & �د#� &�! ا	"�� و8,�9 ��� P	ى ا��"� �� �T*ة وا��	ا
 �  . ⸌bbا	"�


i2   Bو    i1إذا 7�ن ا	�
�ران  "7�T�� B
�9K,�ه وا�% #�,�ذ��ن وإذا 9K� ���7,�ھ
  .#�$��/ان


/ وا�% وا	 "��� �
$ /�� � J	� �T`$� :%ة ا	�
�ر �Mأ� B& رة�M& B
� B� 47 ا	"�5
  وا�% و7��� �� ا	�Jاء أو ا	�/اغ

( �
/
M�-إذن ا : B
5
B ���از#
B ط�#��� B� 47 �� /ى� �	6%ة 	ا _��l ر�
ھ� ذ	� ا	�

� *�ة ��%ارھ� 	F	 8,
 7-10*2ا	 "��� �
$J � ��/ وا�% ��`�د#B �� ا	�Jاء �9	% ��
B
  .&�! B� /�� 47 ا	"�5

��� # /  a , b , c: �^�لP	ا W�� !�& �#ط�#�� & �د � 
�l 4^ 9ث ا��ك �"��
�94
�ر :a  89% �� ا	"�amp.  �#5 / 9
�ر :b  89%و�� ا	"�amp.  إ9,�ه ��$�

 �92
�ر :c  89%و# / �Gل ا	"��  aا	�
�ر �� ا	"�amp.  �� ر�
.  �5T�a إ9,�ه ا	�
  B
  .B�b ا	"��  c , a  !�& ً�T�2.5m`% ��%ار ا	��ة ا	 "��4M* B� 8 ا	"�5



  

  

  

  

  

  

  

  

  ا	��ة &�! و�%ة ا	��ل/ ا	�4

 4M* B� ���" 	ة ا��	اc  B� %وا� /�� !�&b ھ�:  

 �  :ھ� b&�! ��/ وا�% �a  Bا	��ة ا	 "��� �4M* B ا	"�

  	�"�ب ����P ا	��ى ا	 ~l/ة �"��%م *���ن ا	,
t 9 �م

( � 1(2

  :9"�وي bون ا	"��  2.5mو&�
 8�Kن ا	��ة &�! 

  


