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� 7@�A )� ( [!��� �� ���Yc�"<�
� 7@�A )* (  
 *=  (�(?�Y c�"<�
� 7@�A)� ( [!���Y c�"<�
� 7@�A)*(  

 _& =  (�(?�Yc�"<�
� 7@�A )� ( 6!"��Y 7@�A)* (� ����  
 (=  [!��Yc�"<�
� 7@�A )� ( (�(?��Y c�"<�
� 7@�A)*(  

  

� �8��&�
�             ����	 :   

�=  7(��
 ��8��
� ��'�',
� ��%
� :  � (,�� ��'&���� 7'�', �&'( B1'
 ��?�
� ��'�',
� �-�#
�    
       7(,�� ��?���% �&'( �%&
� 7(��                  .(,�� �3� :   ( J/kg .C )  

  > =   �����
� :�=     �%&
� ���� Q α    m  
                 >='( �1 '�V�
�    7'�',
� �&Q  α       (T2-T1)  
                 D=   �%&
� 7(�� K�� Q   α  C  

   D = ��'C� ^ @��
� �"- ('"�  �'%��&
�  �'%��&�
 9�� '"�� @���
 ��8��
� ��'�',
� ��%
�  � .  
I –  * �,�#<�� �.�"'3�
� '���
�  :�1 *
�%
� *#!
� 6
Y *&��
� *#!
�  � $��,4
� J',�  7'.�(
� 

 ��&'��
�R   
          * �.�"'3�
� '���
� 7(4  :7(,� �1 �<�� B#!� ��� $'� ��
� ��.�"'3�
� $��,4
� '�(!�   �?
�R      
        * �.�"'3�
� (3&
� 2'1   : ��#!�
�  �" �!��� ��(�8 ��.�"'3�
� $��,4
� 7(,� 9
:"� �:
� �V4
�R    
        *
 ��8��
� ����!�
�  �<��
� 7(�� :       �,�%� � (,�� '�� 9
�# �<��
� 7(��  � J�% ����!�  

 (,�� B"'� '�� 9�#!�                                            R   
       * ��.�"'3�
� 7'(!
�  :  �?
� 7(,� �1 �
�:"�
� �-�#
�R  
       * ��
��
�  :#!� ��� '�� ��
� ��.�"'3�
� ��,4
� �����'��� +(,�
 7(,��
� ����	
� �1 J�% B  

Ω 6

Ω 8

Ω 7

أ

ب

حج



(     ) ��

 (,�� '�"�� 9�(4                   R   
P –  ���- [� � �� : �.�"'3�
� '���
� 7(4 B� ��('# �<�� �1'#  �" �.�"'3�
� (3&
� 2'1 *%����  

 9" '��
�                       R   
 �����
�    :   ����!�
�=   '���
� 7(4   =  �?
�  R   

  
O = *           �
���
� 6�8                                                 * �?���
� 6�8 R     

                                                                     
   
  

                                                                                       R1             R2         R3        
                          

                                                           
S =  * ���  ���-   :V = I R      

      * �
���
� 6�8 ��<�� $����!� �8��&�
 �.1���
� ����!�
�  :R eq = R1 + R2 +R3  

      *.�"'3�
� �-�#
�  �� :E = I V t   
      * ��.�"'3�
� 7'(!
�  :P = I V   

L –   
   � (���%� (,�� B"'� '�� 9�#!� �,�%� � (,�� '�� 9
�# �<��
� 7(��  � J�% ����!�) 10 

– 8
 Ω ×5(  

 * ( ���%� 7(,��
� ����	
� �1 �
�:"�
� �-�#
�( 100 J ) R   
 M (!� ��� $'� ��
� ��.�"'3�
� $��,4
� '�(!� ���%� 7(,��
� ����	
� �1 �<�� B#(4 C )   
 ( ( ���%�  ��#!�
�  �" �!��� ��(�8 ��.�"'3�
� $��,4
� 7(,� 9
:"� �:
� �V4
�( 3 J )   
N – �  ( $��watt   

 *     (   ���Ω     
 M     ( $
�1volt    
 (     ( ��
��C                    

�R = �    ( 7?3&�� (,� �1 ��� +(, �:�, �3��!"  8 B#!�� � '���
�  \1 R   

�	
�	
� �8��&�
� :   

1 =  C =   )32F(
9

5
−     

              C = )32104(
9

5
− =   40 

o
 C  

 T�'�  �%�� 7'�', �&'( �� �    

1
R

3
R

2
R
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2 – Q = m C ∆T  = 0.4 ( 85 – 35 ) 460  = 9 200  J     [ m = 400 g ]     

 

3 - Q = m C ∆T            

2500 = 0.1 × C ( 28 – 20 )      

C = 
C kg

J
  3125  

81.0

2500
o⋅

=
×

 

 

  4 -           Q = m C ∆T 

13500 = 0.3 × 900 × ∆T                         

∆T = 
9003.0

13500

×
 = 50 

o 
C  

          �
 �   ∆T = T2  - T1      

50 = 80 - T1    

                        T1 = 30 
o 
C  

 

  ��
QB  � ?�'"
� ��(!0� ��
� �-�#
� �� Qw-�#
� �� @��
� �3"%��� ��
� �     5 -           
    QB = mB CB ( 90 – 32 ) = 2 CB ( 58 ) = 116 CB      

    Qw  = mw   Cw   (32 –20 ) = 1 × 4186 × 12 = 50232 J    

     QB   =  Qw   

    116 CB    = 50232           

    CB  = 
116

50232
= 433   

Ckg

J
o

   

 

  ��
 Q1 = :                                           @��
� �3"%��� ��
� �-�#
�6 -                                
 Q2         = : �%�,�
� @���� �3"%��� ��
� �-�#
�  

    Q3:   =  ��%�,�
� ����
� ��(!0� ��
� �-�#
�  
  Q1  = mw Cw  ( 32 – 20 ) = 0.5 × 4186 × 12 = 25116 J     

  Q2  = mcal   Ccal    ( 32 – 20 )     (  cal      '�%�
�  )    = 0.3 Ccal  ( 12 ) = 3.6 Ccal    

  Q3 = mcu       C cu  ( 100 – 32 )  = 1 Ccal  ( 68 ) = 68 Ccal      ( Ccal =  C cu )     

    Q3   =  Q1   +  Q2       

    68 Ccal  = 3.6 Ccal   + 25116      

   Ccal  =   25116 / 64.4 = 390 J / kg 
o 
C  

7 – q = ? , t = 1 min = 60 s , I = 5 amp  

       q = I t = 5 × 60 = 300 C  

8 – I = 0.008 amp , q = ? , t = 40 s , n = ? , e = 1.6 ×10 
–19

 C  

      q = I t = 0.008 × 40 = 0.32 C   

       n = q / e = 0.32 / 1.6 
–19 

 = 2 × 10 
18 
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9 – V = 240 volt  , I = 5 amp , R = ?           

       R =
5

240
  

I

V
=  = 48 Ω     

 

10 – I = ? , R = 220 Ω , V = 110 volt     

      I = 
220

110
  

R

V
=  = 0.5 amp  

 

11 -  V = ?   , R = 40 Ω ,  Ι = 6 amp    

       V = I R = 6 × 40 = 240 volt       

  

12 -  R1 = 6  Ω , R2 = 9 Ω  , R3 = 15 Ω  .  

       @   : 

                 
321eq

R

1

R

1

R

1

R

1
++=  

                  
90

31

15

1

9

1

6

1

R

1

eq

=++=    

                    Req  = 
31
90   = 2.9 Ω    

        #   R1, 2 =  R1  + R2  = 6 + 9 = 15 Ω  

                
32,1eq

R

1

R

1

R

1
+= = 

15

1
+ 

15

1
 = 

15

2
 

                Req  = 
2

15
= 7.5 Ω        

  13 – R = ?   , L  = 2 m  , A = 0.05 cm
2
  = 0.05 × 10 

– 4  
m , ρ  = 1.6 × 10 − 8 Ω m   

      R = 
A

Lρ
  = 

4

8

1005.0

2106.1
−

−

×
××

 = 6.4 × 10 
–3 

 Ω              

  14 − L = 5000 cm = 50 m , r = 
2

05.0
 cm = 0.025 x 10 

-2 m    

           A = π r 2  
= 3.14 × ( 0.025 × 10 

–2  
 )

 2
 = 1.9625 × 10 

–7  
m

 2    

        R = 0.35 Ω  , ρ = ?    

        ρ =  
L

RA
 =  

50

109625.135.0 7−××
 = 1.37375 × 10

 -9 
  Ω . m  
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o
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  15 −  I = 2 amp   , V = 12 volt   , ρ = ?  , L = 2 m   , A = 0.2 cm
 2 

= 0.2 × 10 
– 4    

m 
2
      

            * R = 
I

V
= 

2

12
  = 6 Ω      

               ρ = 
L

RA
 = 

2

102.06 4−××  
     = 6 × 10 

–5 
 Ω     m 

 

   16 -  L = 4 m   , A = 0.2 cm 
2
  = 0.2 × 10 

– 4  
m 

2 
       

 ( V ) volt 1 2 3 4 5 6 7 

( I )   amp 0.5 1 1.5 2 2.5 3 3.5 

   R = 
I

V
= 

1

2
 = 2 Ω 
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−
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� ��  : � $��� ^ ���(- ��&�
��& '�<8 �1 $4�8 $���"� � $�����, '�	d � ���!"

�!"# �1 �����"# ��C0, $C0, 9�	�� � �,
�  .��
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� '��<
� $R  
  > – �3�� K�� ��
 ���	� #8� � ] '�1�,G� C0, 2'#  � ��%�%� K���� �	�	 '�:� R  

 �       –  �,
�  .���
 ���<G� ���!"
� C0,– ����
�" C0,
�  ) ^ �'"
� +����
�  ��'3�
� �1 $�'4, (  
                                           = ��<G� ���3
� C0,   ) ^ 5�(<G� ^ ��'�!0
� $�����,
� ��C8  

                                                                       B-��!
� ^  (  
 *     –   ��<G� *��'�
� '�V�" C0,
�= �,0�
�  ) $��!��%�
� *%��'  (  

                                         =  (���
�  ) ��(���� ��C8(  
                                         = ��("�%��  ) '�&4G� �1 �����%
�    (  

 _&     =   ��,
� $��.��
� '�	d= M:���
� � *
��!
�  ) 5�(<G�  (  
                                  = $��"#
�  )� 5,? ^ ��(-G� $��"#  �(�(
  (  
                                  = '0,
� '�	d  )  �(�(
� '0, (  

 D – ] '�1�,�� 7��'
� $��.��
� @�?&� $C0, 5��  
        � B�'%
�  1(
� 2�'#  8 '0,
� '�	d C0,�1 '&,�� �	 ����#
� *%��'
� �1 ��'0, 2�'#  8R  

 I ="�%�� �  (���
�" *'4�
�  �" 2'0
� �� ] ��(  
  (���
�" *'4�
�       : ��<G� *��'�
� @�!" B� 5�(<G� �� ��C�
� 5���&� �� ��%� ���(  (���
� *%'��R  

 ��("�%��      : ��<G� *��'�
� '�V�" C0,
� ���R  
  P – ] �:��
 � ] '�1�,G� (&�� '��<
�  � K�� �� �1  

 ��"�%'
� '��<
� $�!"# �1       R��� �3�G  ����# ����? 7'�1 �1 �3���'� ���  �R  
  O – ] ��',"
� � ��'"
� $��.��
� ���!" C0,
 �"%���
�  ���G� �A1� ��  

       B�'%
�  1(
� � '�!
� J'" � (��&
�R  
  S – ] M:���
� � *
�!
�  �" 2'0
� ��  

 *
�!
�        : ��,��
� �%&�
 �&'��
� ��4
� :���R  
:���
�       M :
� ��4
� :�������( ��,��
� �%&�
 R  

  L – ����
� C0,
� 6�8  �
�	� '�:� R                                  
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� �1 $�'4, ^ �'"
� +����
�(  
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� *%'�
  
 _&  = 7��'
� $��.��
� '�1�,� 7'(� R  

 9��� (�" �,�� 7��'
� (���
�  G       R  
 ED ��
��
� $�'�"�
� 9��8 �(� �:
� ����
� ;�#<�
� '�:�  :  
�    – $��!��%�
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