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   �ផ�កទ��                	គ��
ន� 
    �ម���នទ��                      បន��ក	គ��
ន�  ន�ង ��ន	គ��
ន� 

I. 
�ង�ប�ទ�
�� 

1. បន��ក	គ��
ន� 

បន��ក�គ�	
ន��នព���ប�ភទ គ�បន��ក�គ�	
ន�� 	ជ��ន (+)  ន	ងបន��ក�គ�	
ន��� 	ជ��ន (-)�  

�គ
ន���� បន��ក�គ�	
ន��� �ក!��"!ង� !ចង$%&�ក� �� '��(ម*យ
,ព��
-�� (បន��ក
� 	ជ��ន ច,�.ក/បន��ក�គ�	
ន��� �ក!��"!ង� !ចង$%&��ប-ន�� ន	ងចង$%&ជ0� �� '��(ម*យ
�1ម
�2(បន��ក�� 	ជ��ន�  

�ន3�កម��4ងបន��ក�គ�	
ន� : បន��ក�គ�	
ន��� �ន
56 �-ច78 �9ន78 �ចញ  ច,�នក/ 

បន��ក�គ�	
ន��� �ន
56 ផ��យ78  (�ប�ភទខ�
78 ) =ញ78 ច- � 

2. �ទ�
���	��ច���ង 

�គប��ង�>��=,ង�
���?�@នផ�� ,�"!ងព�មA-� គ�  �B!យមA-� គ� ន�ម*យC��?�@នផD,�"!ង
ព�E�-ម� E�-មន�ម*យC�*ម�នF.2 យA-ម*យផ��កបន��ក� 	ជ��ន ន	ង��"	ច��Gងម*យច,ន*នផ��កបន��ក
�� 	ជ��ន �� � 	 ជ�,� 	ញF.2 យA-�H&I�ឈប�ឈ�� 

(ទ-�K �ប!ផ ប-ក�FមLព�ជគ.	 �Fនបន��ក�គ�	
ន�=,ង�
��Mក8�ងE�-មម*យ�
�!
-នN �គ
ន	Oយ� E�-ម�H& (E�-ម.� �(�-ច�-ប P-ក) 

�ប
	ន�ប!E�-ម�H&@��បង���"	ច��Gងម*យច,ន-ន (�QយR��បS�Tម*យ) �ធ2!VNផ 
ប-ក�FមLព�ជគ.	 �Fនបន��ក�គ�	
ន�ក8�ងE�-ម�ន�FមL� 	ជ��ន �H&E�-ម�H&SL យ(���យA�ង
� 	ជ��ន� ផ��យមក� 	ញ �ប!E�-មទទ* @ន��"	ច��Gងម*យច,ន-ន� 	ញ�H&E�-មSL យ(���យA�ង 
�� 	ជ��ន (�-ច�-ប P-ខ ន	ង P-គ)� 
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��"	ច��Gង(បន��ក�គ%& (បន��កម- QW ន)ផ��កបន��ក�� 	ជ��ន  Xង�Qយ  
-19- -1.6 10 Ce ×=  

ន	ង�ន�A 
  
-31

e=9.1×10m Kg � បន��ក�គ�	
ន� q  Fន�ង�>��ម*យ �
�!ផ គ�.Fនច,ន*ន
គ��� 	ជ��ន ន%ងបន��ក�គ%& :  |q|=n.e � 

ច,.� ចបន��ក�គ�	
ន�  គ�(បន��ក�គ�	
ន�Fន�ង�>��ម*យ �� �ន� 	����-ចT
��ធYប
ន%ងច�Z យ�� �យ!ងក,ព�ង
	ក[ � 

 

 

3. 	គ��
ន�កម� ( �នប��ប�ភទ) 

- �គ�	
ន�កម��Qយកក	� �4ង�ង�>��ព���ធ2!VN�ង�>��=,ងព���ក!��នបន��ក�គ�	
ន�ផ��យ78 � 

- �គ�	
ន�កម��QយបA&: ក�.� �ន&បន��ក�គ�	
ន�Fន�ង�>��ព���� បA&78  �ន�ប�ភទ�-ច78 � 

- �គ�	
ន�កម��QយIទ\	ព : ]ប���គQក��ង�>��ចមLង B ម*យ�� ម	ន=ន�ផ��ក�គ�	
ន� 

�M�ក^��ង�>�� A  �� ផ��ក�គ�	
ន�� �H&�គ�ឃ!ញ� �ផ8ក�̀ងFន�ង�>�� B  �� 
	a��M
ជ	� A  �នបន��ក�គ�	
ន�
56 ផ��យព� A  ច,�នក�ផ8ក�̀ង�ទY� �នបន��ក�គ�	
ន�
56 �-ច A  

(�ម! �-ប P-ឃ)� 

 

 

 

 

4. �បព"ន#បន��ក	គ��
ន����$ច 

 

�បព0ន\បន��ក�គ�	
ន�����ច គ�(�បពន0\Fនបន��ក�គ�	
ន��� ម	ន�ន�ន3�កម��គ�	
ន�
(ម*យន%ង�បពន0\បន��ក�គ�	
ន� bបន��ក�គ�	
ន�'ង��c� 

ច,�d&�បព0ន\បន��ក�គ�	
ន�����ច  ផ ប-ក�FមLព�ជគ.	 �បន��ក�គ�	
ន��កGង�បព0ន\�ន
�FមL�ថ� គ��នន0យ� បន��ក�គ�	
ន���?�@ន�ក[: 1 2q q+ + =⋯  �ថ� (ចfប��ក[បន��ក�គ�	
ន�) 
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5. ច%ប&គ'��( 

ក�L ,ង�ន3�កម��4ងបន��ក�គ�	
ន�ន%ងព�� �នE,ង�ង�
����
����ន%ងផ គ�.FនមA-g�  
បន��ក�គ�	
ន�=,ងព�� ន	ង�9

����ន%ងS��Fនច�Z យ�4ងបន��ក=,ងព�� ន	ងE�
0យន%ង 

 ក`.hFនមជiQW ន�� បន��ក=,ងព��
a	��Mផង����   

ក�L ,ង�ន3�កម��គ�	
ន� F
�

  �នh 

- ទ	
h 
a	�� !ទ,�Fនច�Z យ�4ងបន��ក=,ងព�� 
- ទ	
�jh 9កផk	� �ប!បន��ក=,ងព���-ច78   ន	ង ច- ផ�	� �ព បន��កព��ផ��យ78  

- E,ង�ង�
����h 1 2
2

| . |
(1)

q q

r
F k

ε
=   

�� h ε   (�ថ�g���"	ច�ទ	ចFនមជiQW ន ( ច,�d&
�l6S
គ� 1ε =  ) 

 - r   ច�Z យ�4ងបន��ក=,ងព�� ( )m   

 - F   ក�L ,ង  ( )N   

 -
 1 2,q q   បន��ក�គ�	
ន� ( )C   

- 

2
9

2

1 .
9.10

4 o

N m
k

Cπε
 

=  
 

=   �ថ��គ�	
ន�  

-
 

12 2 28.86 10 / .o C N mε −= ×    

�-ច�ន&  H,VN        9 1 2
2

|
0 ( )1 29.

|q q

r
F

ε
=   

�-បមន3 ( )1  ន	ង ( )2  'ង� ! កmEចយកមក�ន���3នn@នច,�d&ក�.� �
2o�ព�� (�-ចC) ផ��ក
�គ�	
ន�  �B!យក8�ងក�.� �ន& r  គ�(ច�Z យ�4ងផ�	�Fន�
2o�=,ងព���  គ*�ចង9,���� �-បមន3
=,ងព��'ង� !Eចយកមន�ន���3នn@នS T មជiQW ន(មជiQW នជ�,� 	ញបន��ក�គ�	
ន�=,ង
ព��(មជiQW ន�
�!Rច�� 

ក8�ងS�គ.H ន	ងជ,ន*
� ខច- �-បមន3'ង� !��?�h 

- យក�FមLQច�'�Fនបន��ក=,ងព�� 
- ប,�បក'8 �Xម�បព0ន\ SI   

 +  + 

 +  + 

 +  + 

�� �� 

�	 �	 

�	 �	 

�	 �	 
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ក8�ងក�.� បន��ក�គ�	
ន�ម*យ(�ង�>��ផ��ក�គ�	
ន�) �ង�,�ព!Fនក�L ,ង�គ�	
ន���ច!ន 1 2,F F …
����

  

�� ប�ង$!��"!ង�Qយបន��ក�គ�	
ន��ផDងC�ទY�  ⇒   ក�L ,ងផ�*ប�� �ន�,�ព!� !បន��ក�H&
��?�@ន គ.HXម� 	>នផ�*បក�L ,ង (ប-ក�� 	ចទ0�): 1 2F F F= + +…

� � �
  

��cព�ក�L ,ង�ន3�កម��គ�	
ន� ន	ងទមZន� P
�

 �ង�>��ផ��ក�គ�	
ន� (b�
2�ផ��ក�គ�	
ន�) កmEច
�ង�Mក�L ,ង�ផDង�ទY��-ច(h 

- ក�L ,ង�,.% ង�ខDពN-��ង�>��h  T
�

  

- ក�L ,ង�,�T E
���មA��h AF V gρ=   ��  V  (�gFន�ង�>��1��� �BY��ចញ
ព�ធ�ង�ព Qក��ង�>��ច- , ρ  �A 
�gFន�ង�>��1�, g  (
,ទ�&ទ,Hញ�� ន	ងក�L ,ង AF

�
 

�នទ	
ឈ� ន	ងទ	
�j�"!ង� ! � 

�ង�>��ផ��ក�គ�	
ន�ម*យ
a	��M�ន ,ន%ងS T ផ ប-កក�L ,ង�ន3�កម��គ�	
ន��� 
�ន�,�ព!� !�ង�>���H&�
�!
-នNh  0iF =∑

��
   �  

 

6. ��ន	គ��
ន� 

��ន�គ�	
ន� គ�(មជiQW នព	�

ម*យ
a	��Mជ�,� 	ញបន��ក�គ�	
ន�  �B!យមជiQW ន�ន&
ប�ង$!�VN�នក�L ,ង�ន3�កម��គ�	
ន�� !បន��ក�គ�	
ន��� Qក�ក8�ង4 (បន��កRក)� 

��ន�គ�	
ន� E
�

 �� ប�ង$!��"!ង�Qយបន��ក�គ�	
ន� Q �M��ង�ច,.� ច M  �� 
a	��M
ច�Z យ r  ព�បន��កQ  ក8�ងមជiQW នម*យ�� �ន�ថ�g���"	ច�ទ	ច ε  គ�(ទ,B,�� 	ចទ0��� �ន r 

-  ច,.� ច9ប���ង�ច,.� ច M   

-  ទ	
h 
a	�� !បH� ��s� ប�ព�ច,.� ចបន��ក Q   �Kច,.� ច M   

-  �នទ	
�j9កផk	�បន��ក Q   �ប! 0Q >   ន	ង�នទ	
�jច- ផk	� �ប! 0Q <  (�-ប P-ច) 

-  E,ង�ង�
����h  ( )9
2

| |
[ / ] 39.10

Q
V m

r
E

ε
=   

 

 

 

 

 

 

 + 

�	 � 


 

 + 


�	 � 

 

� 

P-ច 



�������ប	 
ទ�ព�������ប�����	 
ទ�� �យ                                                                          �គ� 

 

 

5                                                 េរៀបេរៀងេ�យៈ  ពុំ សីុមន 

��ន�គ�	
ន�ផ�*ប E
�

  �� ប�ង$!��"!ង�M��ង�ច,.� ច M ម*យ �Qយច,.� ចបន��ក�គ�	
ន� 

1 2, ,Q Q …  �
�!ន%ងផ ប-ក�� 	ចទ0���ន�គ�	
ន� �� ប�ង$!��"!ង�Qយបន��កន�ម*យC�M��ង�  
ច,.� ច M  �H& (�-ប P-ឆ) : 

1 2E E E= + +
� � �

⋯  

ក�L ,ង�� �ន�,�ព!� !បន��កRក q  Qក�ក8�ង��ន�គ�	
ន� E
�

 :   .F q E=
� �

  

- �ប! 0q >   �H& F
� ន	ង E

�
  �នទ	
�j�-ច78  ( )F E

� �
րր     

- �ប! 0q <   �H& F
�

  ន	ង E
�

  �នទ	
�jផ��យ78  ( )F E
� �
րւ   

 

�ខD��ន�គ�	
ន� គ�(�ខD�Sង�នទ	
�j F OA ងTVN�� 	ចទ0���ន�គ�	
ន���ង�ច,.� ច
Tម*យ� ! �ខD��ន បA&ន%ង�ខD��ន �B!យ�នទ	
�j�-ច�ខD��ន� (�-ប P-ជ) 

 

 

 

 

 

 

 ក`.h�ខD��ន�គ��
ន�h ក8�ង��ន�គ�	
ន�ម*យC �ន�ខD��ន��ម*យគ��S��Xម�គប�
ច,.� ចក8�ង��ន �B!យ�ខD��ន�គ�	
ន�(�ខD�Sង�ប!ក� ច,ន*ន�ខD��ន�គ�	
ន�S��Xមច,.� ច
បន��ក�គ�	
ន�Qក���ង�ច,.� ចម*យ 
����ន%ងE,ង�ង�
�����ន�គ�	
ន���ង�ច,.� ច�H&� 

 

��ន�គ�	
ន�/ក
TW នh គ�(��ន�គ�	
ន��� �� 	ចទ0� E
�

 �នមA-g�  ន	ងទ	
�j�-ច78
=,ង�
��M�គប�ច,.� ចក8�ង��ន� ]=B�.n ��ន�គ�	
ន��Mច�HL &បន�&�uBhព��Qក��
ប
78 ផ��កបន��ក�គ�	
ន��
�!78 ��
56 ផ��យ78 ⇒ �ខD��ន�គ�	
ន�/ក
TW ន(បH� ���
បC78  
ន	ង�នគ,u��
�!C78  (�-ប P-ឈ)� 
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7. កម�ន�)នក$* (ង	គ��
ន� 

កម�ន3Fនក�L ,ង�គ�	
ន� គ�(កម�ន39,@ច���!ម^�vL 
�ទ�បន��កRក q ព�ច,.� ច B � � C  


a	��Mក8�ង��ន�គ�	
ន� : ( )) 4.( B C BCV qA q V U− ==   

��  B CV ,V :  (បA-�ង��
N ��ង�ច,.� ច B   ន	ង C  ក8�ង��ន�គ�	
ន� គ	�(� A�  [V]   

  BCU :   ផ 
ងបA-�ង��
N �4ងព��ច,.� ច B   ន	ង C  គ	�( � A�  [V]   

  A:  កម�ន3 �ន'8 �គ	�( 
o-  [J]   

�ប
	ន�ប!បន��ក q   vL 
�ទ�ក8�ង��ន�គ�	
ន�/ក
TW ន �H&�យ!ង@នកម�ន3 A=qEd  

�� ក8�ង�H& E   (E,ង�ង�
������ន�គ�	
ន�/ក
TW ន, d   (ច,�H �កងFនប,u
�ទ�
� !�ខD��ន�គ�	
ន�� 

ទ,Hក�ទ,នង�4ង E   ន	ង U  �4ងព��ច,.� ច B   ន	ង C  : 

  
( )5E

U

d
=   

��  d  គ�(ច,�H �កងFន BC  � !ទ	
Fន�ខD��ន�គ�	
ន�/ក
TW ន� 

 

 

8. ប+'�ង&�
,-	គ��
ន� 

បA-�ង��
N Fន��ន�គ�	
ន��� ប�ង$!��"!ង�Qយបន��ក Q   �M��ង�ច,.� ច M  ក8�ង��ន
�គ�	
ន��
�!h 

   ( )99.10 6V
Q

rε
=   

��  r   ច�Z យព�ច,.� ច M  � �បន��ក Q   �B!យ�គ
ន���� 0V∞ =   � 

បA-�ង��
N  V  Eច�ន�FមL� 	ជ��ន b �� 	ជ��នE�
0យ� !
56 �ប
� Q  � ក8�ងក�.�
�នបន��ក��ច!ន 1 2, ,Q Q … ប�ង$!�បA-�ង��
N  1 2, ,V V … �M��ង�ច,.� ច M  ��ម*យ �H&�គ
@ន@នបA-�ង��
N ផ�*ប�� ប�ង$!��"!ង�Qយ�បព0ន\បន���គ�	
ន�'ង� ! �
�!ន%ងផ ប-ក�FមL
ព�ជគ.	 �FនបA-�ង��
N ន�ម*យC r 

( )1 2
1

7
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=
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9. .មព-ប+'�ង&�
,-	គ��
ន� ( ប+'�ង&�
,-�	��ច��/0� ទ�ច)  

�មព បA-�ង��
N Fនបន��ក�គ�	
ន�Rក q  Qក���ង�ច,.� ច M  ម*យ�Mក8�ង��ន�គ�	
ន�
�� �នបA-�ង��
N  V  ��?�@នគ.H�Qយ�-បមន3 :   

   ( )8PW qV=   

�មព បA-�ង��
N Fនបន��កRក q  Qក���ង�ច,.� ច M  
a	�ក8�ង��ន�គ�	
ន��� 
ប�ង$!��"!ង�Qយ បន��ក Q   ��?�@នគ.HXម�-បមន3h  

( )9M

Q
kW

q

rε
=   

 �-បមន3 ( )9  (�-បមន3
,1ប�គ.H�ក�មព បA-�ង��
N �ន3�កម� (បA-�ង��
N ��"	ច
��?R3 ទ	ច) �4ងបន��ក�គ�	
ន�ព�� q   ន	ង Q  � 

 

10. ��ន	គ��
ន�ក��ងមជ234 ន (5��	��ច�ទ�ច) 

�ផwកXម�ទ%
3�E�-ម@នVN�%ង� �Mក8�ង�ង�>��ចមLងន�ម*យC�នបន��ក�គ�	
ន� �� 
EចvL 
�ទ��Qយ�
� � �� �គ�x� បន��ក�គ�	
ន��
� � (bបន��ក�
� �)� �Mក8�ង�ង�>��ចមLង
�uBh បន��ក�
� �គ�(បT3 ��"	ច��Gង�
� ��� vL 
�ទ� ក8�ង�uBh�H&�  �Mក8�ង�ង�>��
���
-"ង� 7� នបន��ក�
� ��ទ� 

 ក`.hFន�ង�>��ចមLង�M ក`ខ.y  ,ន%ង�គ�	
ន� (��"	ច��?R3 ទ	ច)r  

-  E,ង�ង�
������ន�គ�	
ន�ក8�ង�ង�>���
�!
-នN 
-  �� 	ចទ0���ន�គ�	
ន�
a	��M� !Fផ��ង�>�� �B!យ�កងន%ងFផ��ង�>��ចមLង�H& 

-  �ង�>��ចមLង(Fផ���គ�បA-�ង��
N  ( �គប�ច,.� ច�M� !�ង�>���នបA-�ង��
N �ថ�) 
- បន��កFន�ង�>��ចមLង 1យ� !Fផ�'ង��c�ប
�4 �B!យបន��ក�បម- ផ3� ,��ច!ន�M��ង�Fផ�

�@A ង (�
zច) ច,�នក��ង�Fផ�ផ� (ខ-ង) គ��នបន��ក�	ច� 

�ព �គQក��ង�>��g���"	ច�ទ	ចច- ក8�ង��ន�គ�	
ន��� �នE,ង�ង�
���� oE   �H&
�គ��ង�>��g���"	ច�ទ	ច�ងប- កម� គ��នន0យ��M� !Fផ�=,ងព��Fន�ង�>��g���"	ច�ទ	ច 

�ន�ខD��ន�គ�	
ន�ច-  ន	ង�ចញ �ធ2!VN�ក!��នបន��ក�គ�	
ន�ផ��យ
56 78  �� �គ�x� 

បន��ក�គ�	
ន�បA- កម� b បន��កបA- កម� � បន��ក� 	ជ��ន�ក!��"!ង�M� !Fផ� �� �ខD��ន�ន
ទ	
�j�ចញ��c ច,�នក�M� !Fផ��� �ខD��ន�នទ	
�jច-  គ��ក!��នបន��ក�� 	ជ��ន� 
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�B���ន& Fផ��ង�>��g���"	ច�ទ	ច�ង�គ�	
ន�កម� ន	ងប�ង$!�VN�ន��ន�គ�	
ន��ង E  ម*យ�ទY� 

�� �នទ	
�jផ��យព� oE  (��ន��c) �� (ម- �B���ធ2!VN��ន�គ�	
ន�ក8�ងg���"	ច�ទ	ច
ថយច�& (�-ច(ង��ន�គ�	
ន���c)� 

�គ@ន E,ង�ង�
������ន�គ�	
ន� E   ��ង�ច,.� ច M  ម*យក8�ងg���"	ច�ទ	ច �-ច(ង��ន
�គ�	
ន� oE   ��ង�ច,.� ច M  �� 7� នg���"	ច�ទ	ច (
�l6S
) ច,ន*ន ε   �ង : 

  ( )10oE
E

ε
=   

11. ក�ង�ង&0ទ"6ប*ង& 

ក�ង�ង�Rទ0� គ�(�បព0ន\Fន�ង�>��ចមLងព�� (E�A �*) Qក��
ប78   ម	នបA&78  (�-ប P-ញ)� 

� �ព ក�ង�ង�Rទ0�ផ��ក�គ��
ន�h ផ 
ងបA-�ង��
N �4ងE�A �*=,ងព��Xង�Qយ U   

�B!យបន��កFនE�A �*=,ងព��គ� Q+   ន	ង Q−   ��  Q  (បន��កFនក�ង�ង�R�ទ0� � 

� S@A 
����ក�ង�ង�Rទ0�h     ( )11
Q

Q UC C
U

⇒ ==   

��  C  គ	�( {2 1A ��  [F]  ន	ង'8 ��
|យម*យច,ន*ន�ប
�4�-ច(h 

- ម��ក?{2 1A �� ( )Fµ  ��  
611 0F Fµ −=   

- ព�ក-{2 1A ��  ( )pF   ��  
121 10 FpF −=   

 

 

 

� S@A 
����ក�ង�ង�Rទ0�បLង�h  (�-ប P-�) 
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12

9.10 4
C

S
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ε
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 ��   S  (Fផ�E�A �*ន�ម*យC  
2[ ]m   

  d   ច�Z យ�4ងE�A �*=,ងព��  [ ]m   
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� ��ន�គ�	
ន�ក8�ងក�ង�ង�Rទ0�បLង� 
��ន�គ�	
ន�ក8�ងក�ង�ង�Rទ0�បLង� ផ��ក�គ�	
ន� (��ន�គ�	
ន�/ក
TW ន �ខD��ន�កង

ន%ងE�A �* =,ងព�� �នទ	
�jព�E�A �*� 	ជ��ន �KE�A �*�� 	ជ��ន ន	ង�នE,ង�ង�
���� : 
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U

d
=   

� បង�� ,ក�ង�ង�Rទ0�: 

��!ម^�ផ�� ,ក�ង�ង�R�ទ0�9ប�ព�ព���"!ង�K ��!ម^�@នក�ង�ង�Rទ0�
មម- ម*យ  �យ!ងផ�� ,�-ច
'ង��Sមh 

- បង�� ,(�ខ8ង 

�ព ផ�� ,ក�ង�ង�Rទ0� 1 2, ,C C … (�ខ8ងន%ង78  �គ@នក�ង�ង�Rទ0�
មម- (ផ�*ប) 

ម*យ�� �នS@A 
����ផ�*ប ធ,(ងS@A 
����ផ�� , � 

Xង  oQ   (បន��ក
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����
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ម-  
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o� �ន%ង78  �គ@នក�ង�ង�Rទ0�
មម- (ផ�-ប) 
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ក8�ងក�.� បង�� ,ក�ង�ង�Rទ0�ព��(�ខ8ងន%ង78 �យ!ង@ន S@A 
����
មម-  r 

 1 2

1 2
o

C C

C C
C =
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- បង�� ,ក�ង�ង�Rទ0�R} នh 

�គ@ន  31
5
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0
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Q
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� �មព ក�ង�ង�Rទ0�h  
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3
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II. -(7�&ទ(6ង&ប�ទ ( )QCM  

1. �M� !�-បsព'ង��Sម�ន& r �ន�
2o�ផ��កបន��ក�គ�	
ន�� 	ជ��នម*យ ន	ង�ង�>��ព�� K  

ន	ង L  ម	ន=ន�ផ��ក�គ�	
ន� �B!យ��?�@ន�គQក�VNបA&78  
ន	ងQក�ជ	��
2o���ប! �គv3 ច��ង�>��  �ចញព�   �B!យ
បH� ប�មក�គ=ញ�
2o��H&VNvL 
�ទ��ចញ~Z យព��ង�>��
=,ងព�� �H&�គ@នបន��ក�គ�	
ន��M� !�ង�>��  ន	ង 

 ��?�@ន
�ម3ង�Qយ�-បsព Tម*យ'ង��Sម�ន&? 
ច-���ជ!
�� !
ច�មL!យ�� ��%ម��?�h 
 

 

 

 

 

2. �ង�>��ម*យ��,ផ��កបន��ក�គ�	
ន�ម	នR�  �
56  (� 	ជ��ន b�� 	ជ��ន) @ន�
?ប=ញក-ន

@ ��-ចម*យ �ធ2!ព�vL 
�	ច � ��!ច�មL!យTម*យ'ង��Sម�� ព.� H��%ម��?�ព�@��ភ-�
'ង� ! ? 

a. �ង�>���H&ផ��កបន��ក� 	ជ��ន�
?ប=ញក-ន@ �ផ��កបន��ក�� 	ជ��ន � 

b. �ង�>���H&ផ��កបន��ក�� 	ជ��ន�
?ប=ញក-ន@ �ផ��កបន��ក� 	ជ��ន� 

c. �ង�>���H&ផ��កបន��ក� 	ជ��ន�
?ប=ញក-ន@ ��� ម	នផ��ក�គ�	
ន�� 

d. �ង�>���H&ផ��កបន��ក�� 	ជ��ន�
?ប=ញក-ន@ ��� ម	នផ��ក�គ�	
ន�� 

3. �
2o��uBhប�/ក ក.̀n , ,A B C  Qក�� !ទ,����
-"ង� ន	ងបA&78 �-ច�-ប� �គ@ន��ញ�@
ម*យផ��ក�គ�	
ន�� 	ជ��នមកQក�ជ	��
2o� A  ន	ង��ញ�@ផ��ក�គ�	
ន�
�� 	ជ��នម*យ�ទY�មកQក�ជ	��
2o� C � �គ�ក[ទ�X,ងFន�@
=,ងព��VN�Mន%ង បH� ប�មក�គ=ញ�
2o� B  VN�L ��ចញព��
2o
�ព���ទY� (Xម�យh S�=ញទ,����
-"ង� )� ��Sយមក�គ�ក
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− 

− 
− 
− 

+ 
+ 
+ 

+ 
+ 
+ 

� � 

− 
− 
− 

− 
− 
− 

+ 
+ 
+ 

+ 
+ 
+ 

� � � � 
+ + 
+ + 
+ + 

− 
− 
− 

− 
− 
− 

− 
− 
− 
− 
− 
− 

+ + 
+ 

+ + 
+ 

� � 
+ + 

+ + + + 
− 

− 

− 

− 
− 

− 

� � 
+ + 
+ + 
+ + 

− − − 
− 

− − 

− 
− − 

− − − 

+ 
+ 
+ 

+ 
+ 
+ 

� ! " � 

� � � 
+ 

− 
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�@=,ងព���H&�ចញ �B!យQក�VN�
2o� B  បA&ន%ង�
2o� A  �*ច �ទ!បយក�KបA&ន%ង�
2o� C  

�ទY�� ច-���ជ!
�� !
ច�មL!យ��%ម��?� �,ព�បន��ក�គ�	
ន���
ចFន�
2o� B  ? 

a. 
56 �-ច ន	ង�នE,ង�ង�
�����
�! 1/ 2 បន��ក��!ម�ប
��
2o� A  � 

b. ផ��យ
56  ន	ង�នE,ង�ង�
�����
�! 1/ 2 បន��ក��!ម�ប
��
2o� A  � 

c. ផ��យ
56  ន	ង�នE,ង�ង�
�����
�! 1/ 4 បន��ក��!ម�ប
��
2o� A  � 

d. �
2o� B  .� � � 

4. �គ�នបន�&�uBhបLង�ព���នFផ��
�!78  ផ��កបន��ក�គ�	
ន��នE,ង�ង�
�����
�!78  ��ផ��យ

56 78 � ច�Z យ�4ងបH� &=,ងព���
�! d  � �យ!ង
	ក[បT3 ក�.� �-ច'ង��Sម r 

.A  �,�"!ង Q    .B   �,�"!ង d    .C  �,�"!ង�កuFផ� S   

 ��!ក8�ងច,�Hម� 	ធ�'ង� ! (� 	ធ�T�� ��%ម��?���!ម^�បនaយផ 
ងបA-�ង��
N �4ងបន�&
=,ងព�� ? 

a. � 	ធ� A   

b. � 	ធ� B    

c. � 	ធ� C   

d. � 	ធ B  ន	ង C  � 

5. ��"	ច��Gងច,ន*ន 10000000 @ន�បម- ផ3� ,�Mក8�ង�
2o��@ក�ម*យ � �H&�គ���"	ច��Gង
=,ង�H&r (ច-���ជ!
�� !
ច�មL!យ�� ��%ម��%�) 
a. �ន�@យ�
�!Rច��M� !Fផ�'ងFន�
2o��@ក�� 

b. �ន�@យ�
�!Rច��M� !�g�
2o��@ក�=,ងម- � 

c. �បម- ផ3� ,�M��ង�ផk	�Fន�
2o��@ក�� 

d. �បម- ផ3� ,�M��ង�@�Fន�
2o��@ក�� 

6. �ប
	ន�ប!��"	ច��Gងច,ន*ន 100000 @នQច��ចញព��
2o�vL 
�	ចម*យ �H&�គ@នបន��ក�គ�	

ន��ប
� �
2o��
�!ន%ងr 

a. 1411.6 0 C−×+   

b. 24101.6 C−×   

c. 1411.6 0 C−×−   

d. 2411.6 0 C−×−   

(ច-���ជ!
�� !
ច,� !យ�� ��%ម��?�) 



�������ប	 
ទ�ព�������ប�����	 
ទ�� �យ                                                                          �គ� 
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7. បន��ក�គ�	
ន�ព���-ច78  Q+   
a	��M�L �ព�78 �ប��ង 2cm � �ប
	នបន��កម*យក8�ងច,�Hម
បន��ក=,ងព��'ង� !��?�@នជ,ន*
�Qយបន��ក Q−  � 	ញ�H&  ��!E,ង�ង�
����Fនក�L ,ង
�ន3�កម��គ��
�ន�ក�.� ទ�ព���ន& �ធYបន%ងក�L ,ង�ន3�កម� ក�.� ��!មOA ង�-ច�ម3ច���? 

a. �
�!
-នN  
b. �-ច(ង 

c. �
�!78  
d. ធ,(ង  

8. �
2o��uBh�-ចព���ន�A 
 1m  ន	ង 2m  ��?�@ន�គពN*��Qយ�ខD�,�@&���
-"ង�ព���ន
�ប��ង 1ℓ  ន	ង 2ℓ  � បន��ក�គ�	
ន�Fន�
2o��uBhន�ម*យCគ� 1q  ន	ង 2q � �
2o�=,ងព����?�
@ន�គពN*��-ច�-ប F OA ងTVN�
2o�=,ងព���នកម}
��
�!78  �B!យម�,គ,u�ព�ទ	
ឈ�
��Yង78  1α   ន	ង 2α  �ព 4�ន�ន3�កម�ន%ង78 �   ក`ខ.y �� �ធ2!VN 1 2α α=  គ�h 
a. 1 2m m=   

b. 1 2=ℓ ℓ   

c. 1 2| || |q q=   

d.  ក`ខ.y �ផDង�ទY� � 

 

9. ក�L ,ង�ន3�កម��4ងបន��ក�គ�	
ន�ព�� 93.10 C−−  �� 
a	��Mច�Z យ50cm  ព�78   �
�!ន%ងh 
a. 16101.8 N−×   

b. 15103.6 N−×   

c. 611.6 0 N−×   

d. 513.2 0 N−×   

10. បន��ក�គ�	
ន�ព���
�!78  ���ន
56 ផ��យ78   =ញ78 �Qយក�L ,ង 
510 N−

 � �ព �� 
4�L �ព�78 �ប��ង 4mm  �ថម�ទY��H&ក�L ,ង�ន3�កម��4ងបន��ក=,ងព���
�! 612.5 0 N−× � 

�Mខ.h��!ម បន��ក=,ងព��
a	��Mច�Z យព�78 �ប��ង r 

a. 1mm   

b. 2mm   

c. 4mm   

d. 8mm   

(ច-���ជ!
�� !
ច,� !យ�� ��%ម
��?�) 

(ច-���ជ!
�� !
ច,� !យ�� ��%ម��?�) 

(ច-���ជ!
�� !
ច,� !យ�� ��%ម��?�) 

�� �� 

#� #� 

ℓ� 
ℓ� %� 

%� 

ℎ 
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11. �FមLQច�'�Fនបន��ក�គ�	
ន�ន�ម*យCក8�ង ,{��ទ� 10  �
�!ន%ង r 

a. 11106.7 C−×   

b. 10101.3 C−×   

c. 911.1 0 C−×   

d. 912.1 0 C−×   

12. ��!ម�	'ង��SមTម*យ �� ��%ម��?� r 

a. �គប�ច,.� ច=,ង�
��M� !�ង�>��ចមLង�ន ,ន%ង�គ�	
ន� �នបA-�ង��
N �ថ� � 

b. �ប
	ន�ប!�
2o��uBhXន�ម*យផ��ក�គ�	
ន� �H&បន��ក�ប
�4�ន�@យ�
�!Rច��Mក8�ង
�g�
2o�=,ងម-  � 

c. ��ន�គ�	
ន��M� !Fផ�Fន�ង�>��ចមLង ម	ន��ម?�VN
�ទ����នទ	
�j�កងន%ងFផ�'ង
��c�ប
��ង�>��ចមLង�H&�ទ� 

d. �ង�>��ចមLងម*យ��?�@ន�គ�s� ប�ន%ង���Qយ�ខDចមLងEច�នបA-�ង��
N Tម*យ� 

 

13. �ប?��ងម*យ��?�@ន�គប�ង$!ន� ^�នព�
-នN �B-�� �� ^�ន v  �Qយ�ផwក� !ផ 
ងបA--
�ង��
N  1 500U V= � �ប
	ន�ប!�គ��ប!�@
�ផ 
ងបA-�ង��
N  2 2000U V=  � 	ញ
�H& ��!�ប?��ងន%ង�ក!ន� ^�នព�
-នN�K� �បA�H� ន ? 

a. 2v   

b. 4v   

c. 6v  

d. 16v   

14. �ប!��ប�ប�ធYបក�L ,ងទ,HញRក �4ង�ប?��ងព�� ន%ងក�L ,ង�ន3�កម��គ�	
ន��4ង�ប?��ងព�� 
�គ@នh 
a. ក�L ,ងទ,Hញ���-ច(ងក�L ,ង�គ�	
ន� 
b. �
�!78  
c. ក�L ,ងទ,Hញ��ធ,(ងក�L ,ង�គ�	
ន� 
d. Eច�-ច(ង b ធ,(ងE�
0យ� !ច�Z យ�4ង�ប?��ង=,ងព�� ជ	� b~Z យ � 

(ច-���ជ!
�� !
ច,� !យ��%ម��?�) 

(ច-���ជ!
�� !
ច,� !យ�� ��%ម��?�) 

(ច-���ជ!
�� !
ច,� !យ�� ��%ម��?�) 



�������ប	 
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ទ�� �យ                                                                          �គ� 
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15. �
2o��uhព��បA�ន78 �ន�ង$��ផk	� 5d cm=   
a	��Mក8�ង��បង�� �ន�ថ�g���"	ច�ទ	ច 

2.2ε =  � ច�Z យ�4ងផk	�Fន�
2o�=,ងព�� 50r cm=  � �គ�%ង� �
2o�=,ងព���នបន��ក  
�គ�	
ន�� 	ជ��ន�-ច78  �B!យក�L ,ង�ន3�កម��4ង�
2o�=,ងព�� 32.2 10 NF −×=  �H&�គ@ន 

�ង�
����បន��ក�គ�	
ន�� !Fផ��
2o�ន�ម*យC�
�!ន%ង r 

a. 5 23.8 10 C/m−≈ ×   

b. 5 24.2 10 /C m−≈ ×   

c. 5 24.7 10 /C m−≈ ×   

d. 5 2105.1 C/m−×   

 

16. �
2o��uBhម*យ�ន�A 
 2m g=   ន	ងបន��ក�គ�	
ន� 8
1 2.10q C−=  ��?�@ន�គពN*�

�Qយ�ខD���
-"ង�~� �� �M�ផ8ក'ង��Sម�
2o�ច�Z យ 5r cm=  �គQក�ច,.� ចបន��កម*យ
�ទY� 7

2 1.210q C−= � បន��ក=,ងព���ន
56 �-ច78 � ��!ក�L ,ង�,.% ង�ខDT �
�!បA�H� ន? 

a. 210.9 0 N−×   

b. 211.5 0 N−×   

c. 211.1 0 N−×   

d. 212.5 0 N−×   

 

17. ច,.� ចបន��ក�គ�	
ន� Q  
a	��M� !Fផ�បLង�S��FនកនL&�
2o��ប�{ងម*យ �� @នផ��ក  
�គ�	
ន��
�!Rច�(�-ច�-ប)� ក�L ,ង��"	ច��?R3 ទ	ច��  Q  �ន�,�ព!� !Fផ�ម�ខS��'ង

� !FនកនL&�
2o��នទ	
�j�KT? 

a. 
a	�ក8�ងបLង���ក�
បFផ�បLង�S��កនL&�
2o�� 

b. �កងន%ងFផ�បLង�S��កនL&�
2o�� 

c. ផ�� ,@នម�,�
zចម*យ(ម*យបLង�S��កនL&�
2o�� 

d. �កង b �
បន%ងFផ�បLង�S��កនL&�
2o� E�
0យ� !
56 Fនបន��ក Q  ន	ងបន��ក�M� !Fផ�
�
2o��ប�{ង� 

(ច-���ជ!
�� !
ច,� !យ�� ��%ម��?�) 

(ច-���ជ!
�� !
ច,� !យ�� ��%ម��?�) 

+ 
+ +  + + + + 

+      + + 
+ + 

+ 
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18. �គ�នច,.� ចបន��ក�គ�	
ន�ព�� 2q+  ន	ង q−  
a	��M�L �ព�78 ច�Z យ 12cm  � sព
E�
0យ78 �4ងបA-�ង��
N ��ង�ច,.� ច x   គ	�9ប�ព� 2q+  � � q−  ��?�@ន
�ម3ង
�Qយ�Sប'ង��Sម� ��!�Sបម*យT��%ម��?� ?  

 

 

 

 
19. �ប
	ន�ប!E,ង�ង�
������ន��"	ច��?R3 ទ	ច�Mជ	�Fផ����
�! 130 /V m  �H&�គ@ន

ប� 	�.�គ�	
ន� 
��បFន�ផន���
�!h 
a. 56.10 C−≈   

b. 5C5.10≈   

c. 54.10C≈   

d. 57.10 C≈   

 

20. �គ�ន�ង�>��ចមLងព��1ង�
2o�� �ង�>��ចមLងទ�ព���ន�ង$��ផk	�ធ,(ង�ង���ផk	�Fន�ង�
>��ទ�ម*យច,ន*ន 2  �ង(�-ច�-ប)� �ង�>��ទ�ម*យ��?�@ន�គផ��កប� 	�.�គ�	
ន�VN4�
!�ន%ង  

q+  � �ប
	ន�ប!�គ �s� ប��ង�>��ចមLង=,ងព���Qយ�ខDចមLង�-ចម*យ  ��!�នក�.� T
ម*យ�ក!��"!ង (ក8�ងច,�Hមក�.�  'ង��Sម) ? 

 

 

 

a. �ង�>��=,ងព���នផ 
ងបA-�ង��
N �
�!78 � 

b. បA-�ង��
N �ប
��ង�>��ទ�ព� ធ,(ងបA-�ង��
N �ង�>��ទ�ម*យ�ទ2��ង� 

c. �ង�>��ទ�ព���នបA-�ង��
N �
�!ន%ង 1/ 2 FនបA-�ង��
N �ង�>��ទ�ម*យ� 

d. �ង�>��=,ងព���នបន��ក�
�!78  � 

 

(ច-���ជ!
�� !
ច,� !យ�� ��%ម��?�) 

' 

( ("#) 

+ 4 12 

' 

( ("#) 

+ 4 12 

' 

( ("#) 

+ 4 12 

' 

( ("#) 

+ 4 12 

1 

� 

2� 

2 
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21. �
2o�ព���នS, 1r cm=  �-ច78  ��?�@ន�គQក�ក8�ងមជiQW ន��បង �ន�ថ�g���"	ច�ទ	ច 

2.1ε =  �B!យQក��L �78 ច�Z យ 1 10r cm= � ក�L ,ង�ន3�កម�គ-"�,�4ង�
2o�=,ងព�� 
43.2 10 NF −×=  � បA-�ង��
N Fន�
2o�=,ងព���
�!ន%ងr 

a. 41.5 10V≈ ×   

b. 41.2 10V≈ ×   

c. 41.1 10V≈ ×   

d. 40.9 10V≈ ×   

 

22. គនLង�ប
���"	ច��Gងក8�ង>�������?�
ន�នS, 95.10r cm−=  � បA-�ង��
N  V  Fន
��ន�គ�	
ន��� ប�ង$!��QយF.2 យA-�����?�
ន �M��ង�បT3 ច,.� ច� !គនLង��"	ច��Gង
�
�!ន%ងh 
a. 32V   

b. 30V   

c. 28V   

d. 29V   

 

23. �គVN�
2o��uBhព���ន� 	���ខ�
78 � �
2o�ម*យ��?�@ន�គផ��ក�គ�	
ន� /�
2o�ម*យ�ទY�
ម	ន@នផ��ក  
*����!�គ��?�ផ��ក�គ�	
ន�VN�
2o�Tម*យ (�-ច bធ,) ��!ម^�VN��Sយ�ព 

�� �គVN�
2o�=,ងព��បA&78  �គទទ* @នបA-�ង��
N ធ,(ងបA-�ង��
N ��!ម?  

a. ��?�ផ��កVN�
2o��ន� 	����-ច ��d&4Eចទទ* ប� 	�.�គ�	
ន�ព��បភព@ន��ច!ន(ង� 

b. ��?�ផ��កVN�
2o��ន� 	���ធ, ��d&4Eចទទ* ប� 	�.�គ�	
ន�ព��បភព@ន��ច!ន(ង� 

c. �FមLFនបA-�ង��
N E�
0យ��� !�ប�ភទបន��ក គ�ម	នE�
0យន%ង� 	���Fន�
2o��ទ� 

d. �FមLFនបA-�ង��
N E�
0យ� !�ង�>�� >��បង$��� �គយកមក�ធ2!�
2o�� 

 

24. ��"	ច��Gងម*យvL 
�ទ��Qយ� ^�ន 7
1 3.10 /v m s=  �{&�ចញព���ន��"	ច��?R3 ទ	ច

�� �នបA-�ង��
N  1 6000V V=  �B!យ���Xមប�T3 យ�ខD��ន�គ�	
ន� �K� �
ច,.� ចម*យ�� ��ង�ច,.� ច�H&� ^�ន�ប
���"	���Gងថយច�&� �
-នN� បA-�ង��
N  

2V  �M��ង�ច,.� ច�H&�
�!ន%ងr 

(ច-���ជ!
�� !
ច,� !យ�� ��%ម��?�) 

(ច-���ជ!
�� !
ច,� !យ�� ��%ម��?�) 
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a. 3440V   

b. 3260V   

c. 3004V  

d. 2820V   

25. ��"	ច��Gងម*យvL 
�ទ�មកជ	����យA�ង�� 	ជ��ន �� �នបន��កធ,(ង��"	ច��Gង 3 �ង� 

ខ.h��!ម�ព   ��"	ច��Gង
a	�~Z យ ( )∞ ព����យA�ង ន	ង�ន� ^�ន 
510 /v m s=  � ��!

��"	ច��GងEចvL 
�ទ�ច- �Kជ	����យA�ង�� 	ជ��ន�H&ជ	�ប,ផ���ប��ងបA�H� ន?  

a. 711 5 m0. −×   

b. 711 2 m0. −×  

c. 72 m10−×   

d. 712 4 m0. −×   

 

26. �
2o��uBhម*យ�នS, 10r cm=  �ន�ង�
����បន��កFផ� 5 23.10 /C mσ −=  Qក�ក8�ង

�l6S
� �M��ង�ច,.� ចម*យ�L �ព�ផk	��
2o��ប��ង 1 1r m=  �នច,.� ចបន��ក�គ�	
ន� 
ម*យ�ទY� 

97.10q C−=  � ��!�គ��?�ច,Tយកម�ន3�
�!បA�H� ន ��!ម^�vL 
�ទ�បន��ក q  �H&VN
�K� �ទ�X,ងម*យច�Z យ 2 50r cm=  ព�ផk	��
2o�? ��ជ!
�� !
ច,� !យ�� ��%ម��?� r 

a. 412.4 0 J−×   

b. 412.8 0 J−×   

c. 412.4 0 J−×−   

d. 412.1 0 J−×−   � 

 

27. ច,.� ចបន��ក�គ�	
ន� 6
1 2.10q C−=  @នvL 
�ទ�ព�ច,.� ចម*យ�� �Mច�Z យ 1 20r cm=

ព� 6
2 3.10q C−= �K� �ច,.� ចម*យ�ទY��L �ព� 2q  �ប��ង 2 50r cm= � �គ�%ង�

មជiQW នជ�,� 	ញបន��ក(
�l6S
 ( )1ε =  � កម�ន3�� @នប,�ពញ�
�!ន%ង r 

a. 0.162J   

b. 0.185J   

c. 1.620J   

d. 0.815J   

 

(ច-���ជ!
�� !
ច,� !យ�� ��%ម��?�) 

(ច-���ជ!
�� !
ច,� !យ�� ��%ម��?�) 
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28. �
2o�ចមLង 1 �នS, 1 4r cm=  ��?�@នផ��ក�គ�	
ន��នបន��ក 
76.3 10 Cq −×=  � �
2o� 

1 ��?�@ន�s� ប�ន%ង�
2o� 2  �� �នS, 2 2r mm=  �Qយ�ខDចមLង�-ចម*យ (S@A 
����

Fន�ខDចមLងE�9 @ន)� ប� 	�ន�គ�	
ន� 2q  ���ច- �
2o� 2  �
�!ន%ង r 

a. 82.10 C−
  

b. 83.10 C−
  

c. 84.10 C−
  

d. 85.10 C−
  

29. �គផ��ក�គ�	
ន�VN�
2o��uBhម*យ�នS, 2.4r cm= �B-�� ��នបA-�ង��
N �� 	ជ��ន 

3V V= − � ច,ន*ន��"	ច��Gង�M� !Fផ��
2o��uBh�H&�
�!ន%ងr 

a. 73.10 e−
  

b. 74.10 e−
  

c. 75.10 e−
  

d. 76.10 e−
  

  

(ច-���ជ!
�� !
ច,� !យ�� ��%ម��?�) 

(ច-���ជ!
�� !
ច,� !យ�� ��%ម��?�) 
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III. -(7�&	ន�8��ន9 

1. �គ�នបន��ក�គ�	
ន�ប*ន  o
1 o 2 3 o 4

q
=q ; q =q =-q ; q =q

2
 �  �គយកបន��ក�គ�	
ន�ច,ន*នប� 

1 2 3, ,q q q   �KQក���ង�ក,ព- =,ងប�Fន����S.
ម0ងD ABC  �� �ជGងន�ម*យC�ន
�ប��ង a   
a	��Mក8�ង
�56 S
� ច,�នកបន��ក 4q  �គQក��M��ង�ផk	� O  Fន����S.� 

ច-�ក,.��ក�L ,ង�ន3�កម��គ�	
ន��ន�,�ព!� !បន��ក 1q   ន	ង 4q  � គ.H�FមL� ខច,�d& 

84.10oq C−=   ន	ង 4a cm= � 

 

ច�ម*:យ  

a. ក�L ,ង�គ�	
ន�ផ�*ប�ន�,�ព!� ! 4q  Qក���ង� O  (�-ច�-ប1.1 ) 

Xង 1 2 3, ,F F F
� � �

 (ក�L ,ង�� បន��ក 1 2 3, ,q q q  �ន�,�ព!� ! 4q   

 

�Qយ O  (ផk	�Fន����S.
ម0ងD ABC  �យ!ង@នr 

 
2 3 3

3 2 3
AO OB OC r

a a= = = = =   

H,VN 
2

4
1 2 3 2 2

| | 3

2
i oq q kq

F F
r a

F k= = = =  ( )1ε =   

ក�L ,ងផ�*ប�ន�,�ព!� ! 4q  r 

1 2 3F F F F= + +
� � � �

  

�យ!ង�ន  23 2 3F F F= +
� � �

  

 

�Qយ 2 3F F=  ន	ង 2 3,F F
� �

 ផ�� ,78 @នម�, 120o
 �H&�គ@ន 23F

�
 
a	�� !កនL&បH� ��ព�&

ម�, �BOC  (�នន0យ� �នទ	
 ន	ងទ	
�j��z

��78  1F
�

 ) �B!យ����S.ប�ង$!�

�Qយ 2F
�

 ន	ង 23F
�

 (����S.
មង0D 23 2F F⇒ =   

H,VN  1 23F F F= +
� � � 2

1 23 1 2
2 3 oq

F F F
a

F k⇒ = + ==  

(��d& 1 23;F F
� �

 �នទ	
 ន	ងទ	
�j�-ច78 ) 

�-ន�ន& ក�L ,ងផ�*ប�� �ន�,�ព!� !បន��ក 4q  �នh 

⊝ 

⊕ 

⊝ 

� 

�� 

� 

�� 

� 

�� 

�� + 

�	� 

�	�� 

�	� �	� 

�	 

�	�
1 �	�

1 

�	��
1  

(�-ប ) 

�	� 
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- ច,.� ច9ប���ង� O  , ទ	
�កងន%ង BC  , ទ	
�j�~} &�K�ក BC   

- E,ង�ង�
����  

2

2
3 oq

F k
a

=  

 (ច,�d& ( )9 8 24.19.10 , , a=4cm=4.100o C mk SI q − −==  ) 

0.027F N=⇒   

b. ក�L ,ង�ន�,�ព!� !បន��ក�គ�	
ន� 1q  Qក���ង� A  r 

Xង 2 3 0, ,F F F′ ′
� � �

 (ក�L ,ង�� 2 3 4, ,q q q  �ន�,�ព!� ! 1q  H,VN�យ!ង@នក�L ,ងផ�*បr 

2 3 23' o oF F F F F F′ ′ ′= + + +=
� � � � � �

  

��   23 2 3F F F′ ′ ′= +
� � �

   

�យ!ង@ន 1 2
2 3 2

| |
'

q q
F kF

a
′= =    

Xម�-ប 

2

23 2 2 2
2 . 30 . 3' 3o oF

q
F cos F k

a
′ ′= = =   

�Qយ oF
�

 ន	ង 23F ′
�

 �នទ	
�-ច78  ��ទ	
�jផ��យ78  H,VN 23' || oF F F ′−=   

�យ!ង�ន  

2 2
1 4

2 2 2

3| |

( ) 2 2
o o

o

q kqq q
k k

O r
F

A a
= = =   

�Qយ 23oF F ′<  �B���ន&�យ!ង@នក�L ,ងផ�*ប�នទ	

a	�� !បH� �� OA  �នទ	
�j 

A O→  ន	ង�នE,ង�ង�
����  

2

23 2

3
3

2 2
o

oF k
q

F F
a

 =  


−


′′ = −   

ជ*
�FមL� ខ ( )( )9 8 24.19.10 , , a = 4cm = 4.100o C mk SI q − −==   

H,VN 32.088' 0 N1F −≈ ×   

គ<6ចង=(>  �ន&គ�(�ប�ភទ ,{�� ក,.��ក�L ,ង�គ�	
ន�ផ�*ប�ន�,�ព!� !បន��កម*យ� �ប!
�ង�>��ម*យផ��កបន��ក�គ�	
ន� q  �ង�,�ព!Fនក�L ,ង��ច!ន 1 2, ,F F …

� �
 �� ប�ង$!��"!ង�Qយ 

1 2, ,q q …  �H&�គ@ន ក�L ,ងផ�*ប�� �ន�,�ព!� !បន�� q  ក,.���Qយh 1 2F F F= + +
� � �

⋯  � 

�� ក8�ង�H& 1 2, ,F F …
� �

 Eច ក,.��@នXមចfប�គ-"�,� 

� ជ,{នទ�P:ក,.��VN@ន��%ម��?�ព�ទ	
 ទ	
�j ន	ងE,ង�ង�
���� ក�L ,ង 1 1, ,F F …
� �

   

��  1 2
2

| |q q
F k

rε
=   (��?�យកច	�3ទ�កQក�ព�ទ	
�jFនក�L ,ងន�ម*យC) 
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� ជ,{នទ��: ក,.��ក�L ,ងផ�*ប F
�

 �យ!ង��ប!� 	>នប-ក�� 	ចទ0� ន	ងប-ក�� 	ចទ0�ក�L ,ងព��ម3ងC 

�នន0យ� �ក 12 1 2F F F= +
� � �

 �*ច�ក 123 12 3F F F= +
� � �

  b �ក 12 1 2F F F= +
� � �

 ន	ង 

34 3 4F F F= +
� � �

 �*ច�ទ!ប�កក�L ,ង 1234 12 34F F F= +
� � �

 � 

ក�.� ទ-�Kh  �ប!
	ន( 1 2,F F
� �

 ផ�� ,78 @នម�, α  ន%ង78  �H&�យ!ង@នក�L ,ងផ�*បគ.H
Xម�-បមន3����S.���r 

 
2 2 2 2 2

12 1 2 1 1 1 2 1 22 ( ) 2F F F F Fcos F F F F cosπ α α= + − − = + +   

� ក�.� ព	�

h  
� �ប! 1 2 12 1 2F F F F F⇒ = +

� �
րր   

� �ប! 1 2 12 1 2| |F F F F F⇒ = −
� �
րւ   

� �ប! 2 2
1 2 12 1 2F F F F F⊥ ⇒ = +
� �

  

�B!យក�L ,ងផ�-ប�នទ	

a	�� !បH� ����  ផ�� ,@នម�, α   (ម*យន%ង 1F
�

  

��  2

1

tan
F

F
α =   

� �ប! ( )1 2 1 2, ;F F F Fα= =
� �

  

�H&�យ!ង@ន 12. 2 cos
2

F OH F
α= =   

�B!យ  F
�

 �នទ	
 
a	��M� !កនL&បH� ��ព�&ម�, α   

 

 

2. �គVNច,.� ចបន��កព�� 1 oq q= ន	ង 2 4 oq q= −  Qក���ង�ច,.� ចព�� A  ន	ង B ក8�ង
�l6S
� 

�គ�%ង� AB a=  �  

a. ]ប�� 1q  ន	ង 2q  Qក��M��ង�ទ�X,ង�-ច
ម��	កម�'ង� !� 
*����!�គ��?�Qក�
បន��ក 3q   �M��ង�ច,.� ចT ��!ម^�VN4�ន ,ន%ង? 

b. ក�.� �ន& �គម	ន�ក[ទ�X,ង 1q  ន	ង 2q  �M(ន%ង)��ង�ទ�X,ង��� �ទ� ច-��កទ�X,ង  


56  ន	ងE,ង�ង�
����Fនបន��ក 3q ��!ម^�VN�បព0ន\Fនបន��ក�គ�	
ន�=,ងប� 1 2 3, ,q q q �ន
 ,ន%ង? ជ*
�FមL� ខច,�d& 710oq C−=   ន	ង 16a cm=  � 

 

+ 
% 

�	� 

�	� �	 

+ 
% 

�	� 

�	� 

�	 
2 
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ច�ម*:យ 

a. Xង 13 23,F F
� �

 (ក�L ,ង��  1 2,q q  �ន�,�ព!� ! 3q   

 ក`ខ.y �� �ធ2!VNបន��ក 3q  �ន ,ន%ងh  

( )13 23 0 1F F+ =
�� �

  

�នន0យ� 13F
�

 , 23F
�

 (ក�L ,ងព��ឈម78 ន	ង�នមA-g� �
�!78  �  

��!ម^�ប,�ពញ ក`ខ.y 'ង� ! �H&បន��ក 3q  ��?�
a	�� !បH� ប�S��Xម A   ន	ង B  

��ង� C  �� 
a	�� !បHL យ AB  ��!ម^�VNក�L ,ង�
?ប �
�!ន%ងក�L ,ង�9ន� �Qយ 

1 2q q>   �B���ន& ��!ម^�VN 13 23F F=   �&�X�� 3q  �Mជ	�ច,.� ច A  (ង (�ម! �-ប

'ង� !) �B!យទ�X,ងFនច,.� ច C   ��?�@នក,.���ចញព� ក`ខ.y r 

13 23 (2)FF =   

Xង CA x=  H,VN�យ!ង@នr 

1 3 1 3
13 2 2

| | | |q q q q
k k

x x
F = =     ន	ង  2 3 2 3

23 2 2

| | | || |

( ) ( )

q q q q
k k

a x
F

a x
= =

+ +
   ជ*
ក8�ង ( )2   

(�យ!ង
	ក[ 3| |q  ��d& 3q  Eច� 	ជ��ន b�� 	ជ��ន) 

�យ!ង@ន  ( )1 3 2 3
2 2

| | | || |

( )
3

q q q
kk

q

x a x
=

+
  

H,VN ( )3  ��?�@ន�ផ��ងv� ��ច,�d&�គប� 
56 Fនបន��ក 3q  

ជ*
�FមL� ខ 1 2; 4o oq qq q= = −  ច- ក8�ង ( )3   

⇒   
2 24 ( ) 16a x xx a cm= + ⇒ = =   

�-ច�ន&��!ម^�VN 3q �ន ,ន%ង �គ��?�Qក�4��ង�ច,.� ច C  � !បHL យ AB  ច�Z យ 

16CA x cm= =  ព�ច,.� ច A  (មA-g�  ន	ង
56 �ប
� 3q  ម*យTកm@ន)� 

������ ]ប���យ!ងQក�ច,.� ច C  �M�ក^�ច,.� ច B  ច�Z យព�ច,.� ច B  �ប��ង 

x  �H&�យ!ងន%ង គ.H@ន�FមL 0x <  គ��ន0យ� ច,.� ច C  �M��ង�ទ�X,ង�� 
�យ!ងគ.H'ង� !� 

b. ក8�ងក�.� �ន& ��!ម^�VN�បព0ន\បន��ក=,ងប��ន ,ន%ង �យ!ង
	ក[ ក`ខ.y �-ច'ង� !គ�  
( )13 23 10F F+ =

�� �

  

− + 

� 

�� �� �� ( � 

� � 
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គ*បផD,(ម*យន%ង កខ̀.y  ,ន%ងFន 1q  ន	ង 2q :   ( )21 31 40F F+ =
�� �

  

( )12 32 50F F= =
�� �

  

Xមចfប�ទ�  III  ញ- ��ន�យ!ង@នh 13 31 23 32 21 12, ,F F F F F F= − = − = −
� � � � � �

  

Xម ( )1  ន	ង ( )4 �យ!ង=ញ@ន ( )5  គ��នន0យ�h ��!ម^�VN�បពន0\បន��ក=,ងប��ន
 ,ន%ង �យ!ង�7ន���
	ក[�ថមន-� ក`ខ.y  ,ន%ង�ប
�បន��ក 1q  (b 2q  ) ម*យ�ទY�(

S���
ច� Xម ( )5  �H& 12F   ន	ង 31F  (ក�L ,ងព��ឈម78  ន	ង�នមA-g� �
�!គ8 
�នន0យ� 3q  (បន��ក�� 	ជ��ន �B!យ�នr    

 ( )21 31 6F F=
� �

  

Xមចfប�គ-"�,h  1 2 1 2
21 2 2

| | | |q q q q
k k

a a
F = =   

1 3 1 3
31 2 2

| | | |q q q q
k k

x x
F = =  ជ*
ក8�ង ( )6   �យ!ង@ន 

1 31 2
2 2

| || | q qq q
k

x
k

a
⇒ =   

H,VN 
2

3 2 2
| | ||

x
qq

a
=   Xម
,1យ'ង� ! (
,ន*� a  ) �យ!ង�ន x a=   

H,VN 3 2 3 2| || | 4 oq q q qq = ⇒ = = −   

ជ*
� ខ�យ!ង@ន 
7

3 4.10 Cq −= −   

�-ច�ន& ��!ម^�VN�បពន0\បន��ក=,ងប��ន ,ន%ង  �&�X���ន 7
3 4.10 Cq −= −  �B!យ 

3q  ��?�
a	� �Mច�Z យ 16a cm=  ព�ច,.� ច A  � 

គ<6ចង=(>  �ន&(�ប�ភទ ,{���,ព� ,ន%ងFនច,.� ចបន��ក�គ�	
ន� b�បព0ន\បន��ក�គ�	
ន� 
�� �ង�,�ព!Fនក�L ,ង�គ�	
ន�ម*យម�ខគ���  

� ��!ម^��Q&�Rយ ,{���ប�ភទ�ន&  �,ប-ងគ��យ!ង��?�ក,.��ក�L ,ងផ�*ប�� �ន�,�ព!
� !បន��ក�គ�	
ន��� �យ!ងក,ព�ង
	ក[ �B!យVN4�
�!
-នN  1 2 0F F F= + + =

� � �
⋯  � 

(ទ-�Kគ��គ
	ក[Xម�យhS�ប,� ង�� 	ចទ0�ក�L ,ង=,ង�
�VNមក�M��%ម���� 	ចទ0�ក�L ,ង
ព�� (Xម� 	>នប-ក�� 	ចទ0�) បH� ប�មក
	ក[ ក`ខ.y ��!ម^�VNក�L ,ង=,ងព���H& (ក�L ,ង
ព��ឈម78  ន	ង�នមA-g� �
�!78 � �Qយ�ផwក� !� 	ធ�'ង� !�ន& �យ!ងEច1ញ�ក@ន
�,�T&�Rយ ,{���ប�ភទ�ន&� 
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� ��!ម^�VN�បព0ន\បន��ក�គ�	
ន�=,ង�
��ន ,ន%ង �H&�យ!ង��?�S��ថម ក`ខ.y �� �ធ2!
VNបន��ក=,ង�
��Mក8�ង�បព0ន\�ន ,ន%ង� (ទ-�Kច,�d& �បព0ន\�� �នបន��ក N   

�H&�យ!ង
	ក[�� ក`ខ.y  ,ន%ងFន 1N − បន��ក�គ�	
ន��Mក8�ង�បព0ន\បA��T� &��d&�
 ក`ខ.y  ,ន%ងFនបន��កទ� N ��?�@ន=ញ�ចញព� ក`ខ.y  ,ន%ងFនបន��កទ� 1N − � 

 

 

3. �
2o��-ចព��/ក ក.̀n  �ន�A 
 m  ន	ងបន��ក q  �-ច78  ��?�@ន�គយកមកពN-�ក8�ង ,B

�l6S
�Qយ��ប!�ខD�-ចព��(ម	នយ�� ន	ងម	នគ	��A 
) �ន�ប��ង ℓ  �
�!78  �B!យពN-�

��ង�ច,.� ច O  �-ច78 � �QយR�ក�L ,ង�9ន��"	ច��?R3 ទ	ច  �ធ2!VN�
2o�=,ងព���L �ព�
78 �ប��ង r  (��  r << ℓ  ) � 

a. គ.Hបន��កFន�
2o�ន�ម*យC� 

b. �ប!�គយក�បព0ន\'ង� !�KQក�ក8�ង�R (�ន�ថ�g���"	ច�ទ	ច 27ε =  ) ច-�គ.H   

ច�Z យ r �4ង�
2o�=,ងព��� ម	នគ	�កក	� ន	ងក�L ,ង�,�T E
���មA��� 

c. ជ*
�FមL� ខច,�d& 
21 , 6 , 10 /1.2 , m rm cm g mg s= = == ℓ  ន	ង
	ក[ក8�ងក�.� ម�, 

α  (ម�,�-ច �H&�គ@ន ( )sin tan radα α α≈ ≈  � 

 
ច�ម*:យ 

a. គ.Hបន��ក�
2o�ន�ម*យC 

�
2o�ន�ម*យC�ងក�L ,ងប�គ�h  
- ទ,នង� ( )P P mg=

�
  

- ក�L ,ង��"	ច��?R3 ទ	ច eF
�

  

- �,.% ង�ខD T
�

  

 

�
2o��ន ,ន%ងS Th 

0eP F T+ + =
� � �

 b eP F T+ = −
� � �

   

  

+ 

% 

� � � 

3�	 �	 

�	4 

� 

ℓ 
5�	 

(�-ប )  
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�នន0យ� ក�L ,ងផ�*បFន P
�

  ន	ង eF
�

 (ក�L ,ងឆL�&78 ន%ង T
�

 �B!យ�នមA-g� �
�! T  � 

�B���ន&ក�L ,ង eF P F= +
� � �

  ��?��នទ	
 ន	ងទ	
�j�-ច�-ប'ង� !� 

Xម�-បh  tan eF

P
α =            ន	ង   Xមចfប�គ-"�,h  

2

2eF
q

k
r

=   

H,VN   ( )

2

22

2
tan 1

q
k kqr
mg mgr

α = =   

ម�Aង�ទY�h r ≪ ℓ  H,VN α  (ម�,�-ច ( )/ 2
tan sin 2

2

r rα α⇒ ≈ = =
ℓ ℓ

  

Xម ( )1  ន	ង ( )2   ( )
2

2
3

2

r kq

mgr
⇒ =
ℓ

  

=ញ@នមA-g� Fនបន��ក�
2o�ន�ម*យCគ� ( )
2

| 4
2

|
mgr

k
q =

ℓ
  

គ*�ក��ច,H,����h 
56 �ប
�បន��ក q  Eច� 	ជ��នកm@ន �� 	ជ��នកm@ន (គ��
2o�=,ងព�� 
Eចផ��ក បន��ក� 	ជ��ន b�� 	ជ��ន�-ច78 )� 

ជ*យ �FមL� ខ 
3 2 210 , , 6 6.10 , 11.2 1.2 10 / mm g g mk r cm msg− −==× == == ℓ  

ក8�ង ( )4  
8| | 1.2 10 Cq −⇒ = ×   

 

 

b. គ.Hច�Z យ�4ង�
2o�=,ងព�� 
�M�ព Qក��បព0ន\�
2o�ច- ក8�ង�R  ក�L ,ង��"	ច��?R3 ទ	ចថ���នE,ង�ង�
����h 

2

2'e

q
F k

rε
′ =   �B!យម�,ផ�� ,�4ង�ខDពN-��
2o� ន	ងទ	
ឈ�គ� ( )α α α′ ′ ≠   

�Q&�Rយ�-ច'ង� !����យ!ង@នh 
2

2
tan eF kq

P mgr
α

ε
′′ = =

′
  

ក�.� ម�,�-ចh tan sin
2

rα α ′′ ≈ ′ =
ℓ

  

H,VN�យ!ង@ន  
2

22

r kq

mgrε
′ =

′ℓ
 b  ( )

2
3 2

5r
k q

mgε
′ = ℓ

  

Xម ( )3   =ញ@ន   ( )
2

3 2
6

k

g
r

q

m
′ = ℓ
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Xម ( )5  ន	ង ( )6  H,VN  ( )
3

3 3

1
*

r r
r

r ε ε
′ = ⇒ ′ =
′

  

ជ*
�FមL� ខ 6 , 27r cm ε= =  
6

2
3

r cm⇒ ′ = =   

(យក�FមL q  ក8�ង ( )4  មកជ*
ក8�ង ( )5  កmEច�ក�ឃ!ញ ( )*   �-ច78 ���) 

គ<6ចង=(> �ន&(�ប�ភទ ,{��ព� ,ន%ងFន�ង�>��ផ��ក�គ�	
ន��ព 4�ងក�L ,ង��c    
�ផDងC�ទY���cព�ក�L ,ង�គ�	
ន�� ក�L ,ង��c=,ង�H&Eច( ទមZន� �,.% ង�ខD ក�L ,ង
�,�T E
���មA���  ក`ខ.y  ,ន%ងFន�ង�>��ផ��ក�គ�	
ន�Fនគ��M����� គ� ក�L ,ងផ�*បFន
ក�L ,ង=,ង�
��� �ន�,�ព!� !�ង�>��(ក�L ,ង��"	ច��?R3 ទ	ច + ក�L ,ង�ផDងC)�
�!
-នN� 

� � 	ធ���  w(ង�គបងw
�គ��Q&�Rយ�Qយ�ផwក� !�-បsព�� ប�� ញព�ក�L ,ង=,ង�
� 
�� �ន�,�ព!� !�ង�>��ផ��ក�គ�	
ន� �Qយ�ផwក� !�-ប�យ!ង=ញ�ក ក`ខ.y  ,ន%ងFន
�ង�>�� ន	ងប,�បក ន	ងផ�*បក�L ,ង�� �ន�,�ព!� !�ង�>�� បH� ប�មកក,.��@ន�-បមន3
ទ,Hក�ទ,នង�4ងក�L ,ងន�ម*យC ⇒  Eច�Q&�Rយ ,{���ប�ភទ�ន&@ន� 

� (ទ-�K  ,{��sគ��ច!ន�� �គជ*ប�បទ&គ�  ក�.� �ង�>��ផ��ក�គ�	
ន�ព����?�@ន�គ
យក�KពN*�ន%ង�ខD (�-ច ,{��'ង� !)�  �Qយ�ផwក� !
ម��	កម� �H&�យ!ងEច
គ.H�ក@ន (3)   b q   b ℓ  b m  bម�, α  � 

� �ប
	ន�ប!បន��ក b�ង�>��ផ��ក�គ�	
ន�Qក�ក8�ង��ន�គ�	
ន��� �ន�� 	ចទ0���ន E
�

  �H&
�យ!ង��?�គ.H�ក�L ,ង��ន��"	ច��?R3 ទ	ច F qE=

� � �� �ន�,�ព! បន��ក b�ង�>��
ផ��ក�គ�	
ន��H&� 

 

 

4. �M��ង�ក,ព-  , ,A B C  FនS�� ABCD   ម*យ�� �ន�ជGង 1.5a cm=  ��Yង78 �គQក�
បន��កប� 1 2 3q, ,q q   (�-ច�-ប)� 

a. ច-�គ.Hបន��ក 1q ន	ង 3q  ��!ម^�VNE,ង�ង�
����ន�គ�	
ន�ផ�*ប��ង� D  �
�!
-នN  
�B!យ�គ�%ង� 6

2 1 34.10 ,q C q q−= =  � 

b. ច-�គ.HE,ង�ង�
������ន�គ�	
ន���ង�ផk	� O   FនS�� � 
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c. �ប!�គយកបន��ក 
93.10 Cq −= +  �KQក���ង� O � ច-�គ.Hក�L ,ង�ន3�កម��គ�	
ន�

�� �ន�,�ព!� ! q  �  �ប
	ន�ប!Qក�បន��ក q  ��ង�ក,ព-  D  � 	ញ ��!ក�L ,ង�ន3�កម�  
�គ�	
ន��� �ន�,�ព!� !បន��ក q  �
�!បA�H� ន ? 

 

 

ច�ម*:យ 

a. គ.Hបន��ក 1q   ន	ង 3q   

Xង 1 2 3, ,E E E
� � �

 (�� 	ចទ0��� ��ង� D   

�� ប�ង$!��Qយ 1 2 3, ,q q q   

Xម
ម��	កម�h 

1 1 2 3 0DE E E E E= + + + =
� � � � �

  

�នន0យ� 1 3 2E E E+ = −
� � �

  

�Qយ 2 0q >  2E⇒
�

 �នទ	
Xម BD   ទ	
�j�ចញ��c (�-ច�-ប) 

H,VN ( )13 1 3E E E= +
� � �

 (�� 	ចទ0�ឆL�&ន%ង�� 	ចទ0� 2E
�

 �នន0យ�ផ ប-ក�� 	ចទ0� 1E
�

 ន	ង 3E
�

��?��នទ	
�jXម BD  ន	ង�នទ	
�jផ��យ(ម*យ 2E
�

 �B!យ 13 2E E= (�-ច�-ប 1.4)  

�H&�យ!ង=ញ@ន 1E
�

 ន	ង 3E
�

 �នទ	
�j��Yង78 �~} &�K�ក A   ន	ង C  ន%ង�ន
E,ង�ង�
����h 

( )13 2
1 3 1

3 2
E

E E
E= = =   

 ក`ខ.y 'ង� !ប5� ក�VN�ឃ!ញ� បន��ក 1q  ន	ង 3q  (បន��ក�� 	(� �ន ន	ង�នមA-g� 
�
�!78  (��d& DA DC a= =  )� 

�B���ន&�យ!ង@ន   1 3q q=  � 

ម�Aង�ទY��យ!ង�នh ( )2 2 2
2 2 22

2
( ) 2( 2)

q q q
k k k

aa
E

DB
= = =   

ន	ង    ( )1
1 3 2

3
q

E kE
a

= =   

Xម ( ) ( )1 , 2  ន	ង ( )3  1 2
2 2

| | 1

2 2

q q
k k

a a
⇒ =   

(�-ប )  

+ 

− 

− 

� � 

�� 

� �� 
� 

�� 

� 
+ 


�	�
1  


�	�
1  


�	� 


�	� 


�	� 
�	�� 


�	� 
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6
8 62

1

4.10
2.10 1.4 10

2 2

q
q C

−
− −⇒ = = ≈ ×

=
  

�-ច�ន& 
6

1 3 1.4 10qq C−= = − ×   

 

b. ក,ន����ន�គ�	
ន���ង�ផk	� O   

�យ!ង@នh 1 2 3oE E E E′ ′ ′= + +
� � � �

     

�� 1 2 3, ,E E E′ ′ ′
� � �

 (�� 	ចទ0���ន�គ�	
ន��� ប�ង$!��Qយ 1 2 3, ,q q q  ប�ង$!��M��ង� O  � 

�Qយ 1 3q q=  ន	ង OC OA=   �H&�យ!ង@ន 1 3 1 3 0E E E E′ ′ ′ ′= − ⇔ + =
� � � �

  

�Qយ 2oE E′=   �H&�នន0យ� �� 	ចទ0���នផ�*ប��ង� O  �នទ	
Xម OD , ទ	
�j 

B D→ ន	ង �នE,ង�ង�
����h  
6

92 2 2
2 22 2 2 2

4.10
2 2 9.10

( ) (1.5 10 )2
2

o

q q q
E k k k

OB aa
E

−

−
′= = = = = ×

× 
 
 

  

83.2 10 V/mE⇒ = ×   

c. ក,.��ក�L ,ង�ន�,�ព!� !បន��ក q   

ក�L ,ង�ន�,�ព!� ! q  គ�h F qE=
� �

  �នទ	
Xម� ! OD ,ទ	
�jព� O D→  ន	ង

�នE,ង�ង�
���� 

9 83.10 3.2 10 0.96oF qE N−= × × ==   

�ប
	ន�ប!Qក�បន��ក q  ��ង� D  �H&ក�L ,ង�ន�,�ព!� ! q  �
�!ន%ងr  

  .0 0D qF qE = ==
� �

   

�-ច�ន& បន��ក q  
a	��M�ន ,ន%ង��ង�ច,.� ច D  � 

(កmEច�Q&�Rយ�ក F
�

 �QយS�ក,.��ក�L ,ងផ�*ប �� បន��ក 1 2 3, ,q q q  �ន�,�ព!
� !បន��ក q  Qក��M��ង�ច,.� ច D  Xមចfប�គ-"�,h ក8�ងក�.�  q  Qក���ង�ច,.� ច D  

�H&�យ!ង@នក�L ,ងផ�*ប�
�!
-នN � ) 

គ<6ចង=(>  �ន&(�ប�ភទ ,{���,ព���ន�គ�	
ន� ប�ង$!��"!ង�Qយច,.� ចបន��ក�គ�	
ន� 
ន	ង ក�L ,ង�គ�	
ន��� �ន�,�ព!� !បន��កRកQក�ក8�ង��ន�គ�	
ន�� 
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� �ប
	ន�ប!�នបន��ក�គ�	
ន���ច!ន@នប�ង$!���ង�ច,.� ចម*យ ន-���ន�គ�	
ន� 1 2, ,E E …
� �

�H&�យ!ង@ន��នផ�*ប��ង�ច,.� ច�H&គ� 1 2E E E= + +
� � �

⋯  ច,�នក�ប�.� 	ធ�ប-ក�� 	ចទ0� 
�-ច78 ន%ង�ប�.� 	ធ�ប-ក�� 	ចទ0�ក�L ,ង�� �យ!ង@ន
	ក[ព�'ង� !� ក�L ,ង�� �ន
�,�ព!� !បន��ក�គ�	
ន��� Qក�ក8�ង�� �គ�	
ន��,ន��Xម�-បមន3 F qE=

� �
 (��?�ក��
,

7��ព�
56 Fនបន��ក q  ��!ម^�ក,ន��VN@ន��%ម��?�ន-�ទ	
�jFន F
�

)�  �ប
	ន�ប!��ន
�គ�	
ន�(��នផ�*ប �H&ក�L ,ង�គ�	
ន� F

�
 �� �ន�,�ព!� !បន��ក q  កm(ក�L ,ងផ�*ប��� 

(កmEចក,ន�� F
�

 Xមចfប�គ-"�,@នផង���)� 

� បន��ក�គ�	
ន�
a	��M�ន ,ន%ងក8�ង��ន�គ�	
ន�S TE,ង�ង�
������ន�គ�	
ន���ង� 
ច,.� ចQក�បន��ក�គ�	
ន��
�!
-នN(�ប! 0E =

�
 �H& 0F qE= =

� �
)�  �ប
	ន�ប!�ង�>��

ផ��ក�គ�	
ន� (9��ទ�ក(ច,.� ចបន��ក�គ�	
ន�) �ង�,�ព!Fនក�L ,ង�ផDងC(ទមZន� �,.% ង�ខD 
ក�L ,ង�,�T E
���មA��...)��cព�ក�L ,ង�គ�	
ន� �H&�យ!ង@ន ក`ខ.y  ,ន%ងFន�ង�
>��គ� ក�L ,ងផ�*បFនក�L ,ង=,ង�
��
�!
-នN� 

� ��?�យកច	�3ទ�កQក�ច,�d&'8 �Fនទ,B,�-ប� 	ទ�ន�ម*យC �M�ព គ.H�FមL� ខ� 

 

5. �
2o��uBh����ចម*យ�នS, 8R cm=   ផ��កបន��ក�គ�	
ន�� 	ជ��ន� ��!ម^�vL 
�ទ�បន��ក 

910q C−=  ព��នន3មក� �ច,.� ច M  �� �នច�Z យ 10d cm=  ព�Fផ��
2o� �H&�គ@ន 
ប,�ពញកម�ន3 610A J−′ = � ច-�គ.Hបន��កFន�
2o� ន	ងបA-�ង��
N �M� !Fផ��
2o� ? 

 

ច�ម*:យ 

�ព បន��ក�គ�	
ន� q  vL 
�ទ�ព� ∞  មកច,.� ច M  �H&បន��ក q  �ង�,�ព!Fនក�L ,ង��c ន	ង
ក�L ,ង( ក�L ,ងទប� ក�L ,ង�9ន ) Fន��ន��"	ច��?R3 ទ	ច�ប
��
2o�� 

Xង A  (កម�ន3Fនក�L ,ង��"	ច��?R3 ទ	ច�ក!��"!ង�ព បន��ក q  vL 
�ទ�, �យ!ង@នr 

6' 10A A J−= − = −   

ម�Aង�ទY�r 

( )M MVA q V qV∞= = −−    (��d& 0V∞ =  ) 

�� ក8�ង�H& MV  (បA-�ង��
N �� �
2o�ប�ង$!��"!ង�M��ង�ច,.� ច M  �H&�យ!ង@ន 
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6

9

( 10 )
1000

10M

A
VV

q

−

−

−= − = − =   

+ Xង Q   (បន��ក�គ�	
ន�Fន�
2o� , �គ@នបA-�ង��
N Fនច,.� ច M  ក,ន���Qយ�-បមន3  

M
M

V
Q

k
r

=     ��  218 18.10Mr R d cm m−= + = =   

 
2

8
9

1000 18.10
2.10

9.10

.M MrV
Q C

k

−
−×

⇒ = = =   

+ បA-�ង�
N �M� !Fផ��
2o�h 

 
8

9
2

2.10
9.10 2250

8.10

Q
VV

R
k

−

−= ==   

 

គ<6ចង=(>  �ន&(�ប�ភទ ,{���,ព�កម�ន3Fនក�L ,ង�គ�	
ន� ន	ងបA-�ង��
N Fន�
2o�ផ��ក  
�គ�	
ន�� �យ!ង��?��បង�ចកVN@នចf
�u
�ព�កម�ន3 A Fនក�L ,ង��"	ច��?R3 ទ	ច�ក!��"!ង
�ព បន��ក�គ�	
ន�vL 
�ទ�  (ម*យន%ងកម�ន3Fនក�L ,ង��c A′  �� �ធ2!VNបន��កvL 
�ទ�ក8�ង��ន
��"	ច��?R3 ទ	ច  (ក��
3ងគ� A A′ = −  � ក8�ង ,{��'ង� ! �QយR��
2o�ផ��កបន��ក� 	ជ��ន 

�B���ន&ក�L ,ង�គ�	
ន��� �ន�,�ព!� !បន��ក q  �� ក,ព�ងvL 
�ទ�(ក�L ,ងទប� �B���ន& 

0A <  ន	ង 0A′ <  ; �ប!
	ន�
2o�ផ��កបន��ក �� 	ជ��ន �H&ក�L ,ង�គ�	
ន��� �ន�,�ព!� !បន��ក 

q  (ក�L ,ងច ក� �B���ន& 0A <  ន	ង 0A′ >  (ក�L ,ង��c(ក�L ,ងទប�)�  

 

6. �
2o��uBhព���នS, 1 25 , 15cm R mR c= = ន	ង�នបន��ក�គ�	
ន���Yង78  8
1 6.19q C−= ,

8
2 2.10q C−=  Qក��M~Z យ78 (9��ទ�ក�-ច����ច)� បH� ប�មក�គs� ប��
2o�=,ងព���Qយ

�ខDចមLង~� �ម*យ � 

a. ��!��"	ច��GងvL 
�ទ�ព��
2o�T�K�
2o�T? 

b. គ.Hបន��ក ន	ងបA-�ង��
N Fន�
2o�ន�ម*យC ន	ងច,ន*ន��"	ច��Gង�� @នvL 
�ទ�ឆLង
S��Xម�ខDចមLង� 

ច�ម*:យ 

a. ក,.��ទ	
�jvL 
�ទ��ប
���"	ច��Gង 
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�
2o�ផ��ក�គ�	
ន�����ច SL យ(�ង�>����គ�បA-�ង��
N   បន��ក�គ�	
ន��ប
�41យ� !
Fផ��
2o� �B!យបA-�ង��
N �ប
��
o2�ក,.��@នXម�-បមន3h 

V
R

k
q=    ��   ,q R  ��Yង78 (បន��ក ន	ងS,�
2o� 

H,VN�
2o��uBh=,ងព���នបA-�ង��
N h 1
1

1

V
q

k
R

=    ន	ង 2
2

2

V
q

k
R

=   

Xម
ម��	កម�  1 2

1 2

q q

R R
>   1 2V V⇒ >   

�QយបA-�ង��
N �
2o�=,ងព��ខ�
78  �B���ន&�ព �s� ប��
2o�=,ងព���Qយ�ខDចមLង 

�H&បន��ក�គ�	
ន�ន%ងvL 
�ទ�ព��
2o�ម*យ�K�
2o�ម*យ�ទY� (ក��
3ង�H&គ�បន��ក�គ�	
ន�
� 	ជ��នន%ងvL 
�ទ�ព��
2o��� �នបA-�ង��
N ខ}
� (�
2o�ទ�P) �K�
2o��� �នបA-�ង�-

�
N =ប (�
2o�ទ��)�  

�Qយ��"	ច��Gង�នបន��ក�� 	ជ��ន �B���ន&�ព �s� ប��
2o�=,ងព���Qយ�ខDចមLង 

�H&��"	ច��Gងន%ងvL 
�ទ�ព��
2o�ទ�� �K�
2o�ទ�P�B-�� ��ព �� បA-�ង��
N �
2o�
=,ងព���
�!78 � 

b. + គ.Hបន��ក�
2o�ន�ម*យC ន	ងច,ន*ន��"	ច��Gង�� vL 
�ទ�Xម�ខDចមLង 

Xង បន��ក ន	ងបA-�ង��
N Fន�
2o�=,ងព����Sយ�ព ��"	ច��Gងឈប�vL 
�ទ��Qយ 

1 2,q q′ ′  ន	ង 1 2,V V′ ′  � 

�យ!ង@នh 1 2V V′ = ′  1 2

1 2

q q
k k

R R

′ ′⇔ =   

H,VN    ( )1 1

2 2

5 1

15 3
1

q R

q R

′ = = =
′

  

ម�Aង�ទY�h Xមចfប��ក[បន��ក�គ�	
ន�  ផ ប-កបន��ក�គ�	
ន�Fន�
2o�=,ងព��ម�ន�ព 
s� ប��ខDចមLង �
�!ន%ងផ ប-កបន��ក�គ�	
ន��ប
��
2o�=,ងព���H&��Sយ�ព s� ប��ខD
ចមLង �នន0យ�h 

( ) ( )8
1 2 1 2 6 2 .10 2q q q Cq −′ + ′ = + = +   

Xម ( )1  ន	ង ( )2  r 

�យ!ង@ន 8 8
1 22.10 , q 6.10q C C− −⇒ ′ = ′ =   
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+ H,VNប� 	�.�គ�	
ន��� vL 
�ទ�Xម�ខDច, ងh  
8

1 1 2 2| | | | 4.10q q q q q C−∆ = ′ − = ′ − =   

+ ច,ន*ន��"	ច��GងvL 
�ទ�Xម�ខDច, ងh 
8

11
19

4.10
2.5 10

1.6 10

q
N

e

−

−

∆ = = ×
×

=  ��"	ច��Gង � 

គ<6ចង=(>  �ន&(�ប�ភទ ,{���,ព�បA-�ង��
N Fន�ង�>��ចមLង (ផ��ក�គ�	
ន�) ន	ង�,ព�  
ប,u
�ទ�Fនបន��ក�គ�	
ន��4ង�ង�>��ចមLងព���� �នបA-�ង��
N ខ�
78 � ��!ម^��Q&�Rយ
 ,{���ប�ភទ�ន& �យ!ង��?�យកច	�3ទ�កQក�� � ក.̀hFន�ង�>��ចមLងផ��កបន��ក�គ�	
ន� 
ន	ង ក`ខ.y  (FនបA-�ង��
N ) �� Eច�ធ2!VNបន��ក�គ�	
ន�vL 
�ទ�ព��ង�>��ម*យ�K�ង�>��
ម*យ�ទY� ( )1 2V V≠  ន	ងvL 
�ទ�Xមទ	
�jTម*យ�  ��!ម^�ក,.��បន��កFន�ង�>�� ន	ង
បន��ក�គ�	
ន��� @នvL 
�ទ� �យ!ងយកចfប��ក[បន��ក�គ�	
ន�មក�ន���3នn� 

 

7. ប�ច,.� ច ,,A B C  ប�ង$!�@ន(����S.�កងម*យ�កង��ង� A  �� �ន�ជGង 4AC cm=  

ន	ង�ជGង 3AB cm=  ��?�@ន�គQក�ក8�ង��ន/ក

TW ន �ន�� 	ចទ0���ន�គ�	
ន� E

�  �
បន%ង�ជGង
CA  ន	ង�នទ	
�jព�C  �K A  (�-ច�-ប 1.7) 
a. គ.HE,ង�ង�
������ន�គ�	
ន� E   ABU  

ន	ង BCU  �ប!�គ�%ង� 100CDU V=  �B!យ 
D  (ច,.� ចកT3   AC  � 

b. គ.Hកម�ន3Fនក�L ,ង�គ�	
ន� �ប!��"	ច��Gងម*យvL 
�ទ�ព� C  �K� � D  � 

ច�ម*:យ  

a. + គ.H  ,, AB BCE U U   

Xម�-បមន3ទ,Hក�ទ,នង�4ង E  ន	ង U  �យ!ង@នh 

;
U

C
d

E d D= =  

H,VN 100
5000

0.02
V/mCDE

U

CD
= ==    

+ ��!ម^�ក,.�� ABU  �យ!ង]ប���នបន��ក q  ម*យvL 
�ទ�ព� A  �K� � B  

� � 

� 


�	 

� 

(�-ប )  
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Xមន	យមន0យFនផ 
ងបA-�ង��
N h  AB
ABU

A

q
=   

�យ!ង�ឃ!ញ��M� ! AB  ក�L ,ង�គ�	
ន� F qE=
� �

 �កងន%ង AB  (ន	ចk �B���ន&�ធ2!VN
កម�ន3Fន ក�L ,ង��"	ច��?R3 ទ	ច 0ABA = �  

⇒   0ABU =   (Fផ�បLង��កងន%ង�ខD��ន�គ�	
ន�(Fផ���គ�បA-�ង���
N ) 

+ �យ!ង@នh  BC B C B A A C AB AC ACV V V V V V U UU U= − = − + − = − + =   

ម�Aង�ទY�h . 5000 0.04 200AC CAU E CA VU = − = − = − × = −   

200BCU V⇒ = −   

b. គ.Hកម�ន3��ន��"	ច��?R3 ទ	ច�ព ��"	ច��GងvL 
�ទ�ព� A   �K D :  

Xម�-បមន3h . ADA eU= −   

��   . 5000 0.02 100AD DAU E DA VU = − = − = − × = −   

H,VN  ( )19 171.6 100 1.610 10A J− −× ×= − − =   

 

គ<6ចង=(>  �ន&(�ប�ភទ ,{���,ព�ទ,Hក�ទ,នង�4ងE,ង�ង�
������ន�គ�	
ន�/ក

TW ន ន	ងផ 
ងបA-��ង��
N � �ប!�គR�  � U  �H&�គEចក,.��@ន E   ន	ង�9


មក� 	ញ� �ព �ន���3នn�-បមន3 E
U

d
=   ��?�យកច	�3ទ�កQក�ច,�d& A BU VV= −   ន	ង d AB=  

�ន�FមL� 	ជ��ន�ព គ	�ព� A B→  �
បន%ងទ	
�j�ខD��ន ( )E
�

 � b�គEចន	Oយម�Aង
�ទY�@ន��� 	ចទ0� E

� �នទ	
�jព�ច,.� ច�� �នបA-��ង��
N ខ}
��Kច,.� ចបA-�ង��
N  
=ប  �Qយ�ផwក� ! ក`.h�ន&�B!យ �� �យ!ងEចក,.��@នចf
�u
�ន-�
56 �ប
�
ផ 
ងបA-�ង��
N U � ព	�

គ*�ក��ច,T,ផង���� ផ 
ងបA-�ង��
N �4ងព��ច,.� ច

a	�� !បH� ���� �កងន%ង�ខD��ន �ន�FមL�
�!
-នN(ន	ចk� 
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8. E�A �*=,ងព��Fនក�ង�ង�R�ទ0�បLង�ម*យ�ន1ង(�ង2ង�S, 15R cm=  Qក��L �ព�78 ច�Z យ 

5d mm=  �B!យក�ង�ង�Rទ0���?�@នប,�ពញ�Qយg���"	ច�ទ	ច�� �ន 4ε =  � 

a. គ.HS@A 
����Fនក�ង�ង�Rទ0�� 

b. �ប!�គs� ប��ង�
N�ង 100U V=  � !E�A �*=,ងព��Fនក�ង�ង�Rទ0� គ.H��ន�គ�	
ន�
�Mច�HL &E�A �*=,ងព��  បន��កក�ង�ង�Rទ0� ន	ង�មព ក�ង�ង�Rទ0��  ��!ក�ង�ង�
Rទ0��ន&Eច��ប!�@
��ធ2!(�បភព�គ�	
ន�@ន���b�ទ? 

 

ច�ម*:យ 

a. គ.HS@A 
����ក�ង�ង�Rទ0� 

Xម�-បមន3h 
4 . .

S

k d
C

ε
π

=      

9 3 2 2( 9.10 , 5 5.10 15 15.10, , , 4)m Sk SI d mm R mR cmπ ε− −== = = == =   

H,VN�យ!ង@ន 1C Fµ=   

b. គ.H , , CE Q W   

+ �� �គ�	
ន�ច�HL &E�A �*=,ងព��h  4
3

100
2.10

5.10
V/m

U

d
E −= = =   

+ បន��ក�គ�	
ន�Fនក�ង�ង�Rទ0�h 6 410 10100Q CCU − −× == =   

+ �មព ក�ង�ង�Rទ0�h  
6 2

3
2

1 10 (100)
5.10

2 2CW JCU
−

−= = =   

+ �ព �� ក�ង�ង�Rទ0��ផ���គ�	
ន� �H&�នច�ន3ឆLងS��Xម�ខDចមLង�� �s� ប�

E�A �*=,ងព��Fនក�ង�ង�Rទ0�� បA��ន3�យh�ព �ផ���គ�	
ន�Fនក�ង�ង�Rទ0�ខL�T
� 
�B���ន&ក�ង�ង�Rទ0�ម	នEចយក�K��ប!�@
��ធ2!(�បភព@ន�ទ (��d& ច�ន3�គ�	
ន�
�� ផL ��Qយ�បភព��?��ន�FមL�ថ�ក8�ង�យh�ព ��ងក,.��Tម*យចf
�u
� )� 

គ<6ចង=(>  �ន&(�ប�ភទ ,{���,ព�ក�ង�ង�Rទ0�បLង�  �យ!ង�7ន����ន���3នn�-បមន3��!ម^�
គ.Hទ,B,ម*យច,ន*ន�-ច( S@A 
���� បន��កក�ង�ង� �មព ក�ង�ង� (គ*�ក��
,7 �ផង� 

�មព ក�ង�ង�Rទ0�កm(�មព ��ន��"	ច��?R3 ទ	ច�4ងE�A �*=,ងព��Fនក�ង�ង����)�  
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9. ក�ង�ង�Rទ0�បLង�
�l6S
ម*យ �នE�A �*=,ងព��1ង(�ង2ង�S, 24R cm=  Qក��L �ព�78
2d cm= ន	ង��?�@នs� ប�ន%ង�បភព�គ�	
ន�ម*យ �នផ 
ងបA-�ង��
N 200U V=  � 

a. ច-�គ.HS@A 
���� ន	ងបន��ក�គ�	
ន�Fនក�ង�ង�Rទ0�  E,ង�ង�
������ន�គ�	
ន� ន	ង
�មព ក�ង�ង�Rទ0� � 

b. v3 ច�ក�ង�ង�Rទ0��ចញព��បភព បH� ប�មកយកបន�&�uBhម*យ��,ក��
� 1cm=ℓ   មក
Qក��Mច�HL &E�A �*=,ងព��Fនក�ង��ងRទ0�� គ.HS@A 
���� ន	ងផ 
ងបA-�ង�
�
N Fនក�ង�ង�� �ប!បន�&�uBh�H&�
3!ង ( 0)≈ℓ ��! ទ\ផ �K(OA ងT� 	ញ? 

c. �ប!�គជ,ន*
បន�&�uBh'ង� !�Qយបន�&�ក�ក��
� 1cm=ℓ , 6ε =  � 	ញ ច-�

គ.H S@A 
���� ន	ងផ 
ងបA-�ង��
N Fនក�ង�ង�Rទ0�� 

 

ច�ម*:យ 

a. + S@A 
����Fនក�ង�ង�Rទ0�បLង�
�l6S
   

( )
2 21

4 4 4
1

.oC
S R R

k d k d kd

π
π π

= = =   

�ន 
2 224 24.1 , .10 2 2 0mm mR cmc d− −= == =   

H,VN 103.2 0 F1oC −= ×   

+ បន��កក�ង�ង�Rទ0�h  10 8. 3.2 10 200 6.4 10o U CQ C − −= × × = ×=   

+ ��ន�គ�	
ន�ច�HL &E�A �*h  4200
10

0. 2
/

0

U

d
E V m= ==   

+ �មព ក�ង�ង�Rទ0�h 

 
2 10 2 61 1

3.2 10 (200) 6.4 10
2 2C o JUW C − −= = × × × = ×   

(�យ!ងកmEចគ.H�មព ក�ង�ង�Rទ0�@នXម�-បមន3h .CW wV=  �� ក8�ង�H& 

2

99.10 .8

E
w

π
=  (�ង�
�����មព ក�ង�ង�Rទ0�បLង� ន	ង .V S d=  (�gFន ,B

ច�HL &E�A �*=,ងព��Fនក�ង�ង� ��  S  Fផ�FនE�A �*ន�ម*យC�) 
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b. + �ព v3 ច�ក�ង�ង�Rទ0��ចញព��បភព �H&បន��ក�ប
�4�M

�ក[���  oQ UC=   

�ព �គ
oកបន�&�uBhច- �M��ង�ច,.� ចកT3  ច�HL &
E�A �*=,ងព�� (�-ច�-ប 1.9 ) �H&Fផ�ឈមន�ម*យCFនបន�&

�uBh ន	ងE�A �*Fនក�ង�ង�ប�ង$!�@ន(ក�ង�ង�Rទ0�ម*យ 

H,VN�យ!ង@នក�ង�ង�Rទ0�ព���(�
o� �ន%ង78  �� ច�Z យ
�4ងE�A �*Fនក�ង�ង�ន�ម*យC��Yង78 �
�!ន%ង 1d  ន	ង 2d  

( )1 2d dd + = − ℓ � Xង 1C  ន	ង 2C  (S@A 
����Fន    

ក�ង�ង�=,ងព��h 1 2
1 2

,
4 . 4 .

S S
C

k d k
C

dπ π
= =   

H,VNS@A 
����
មម- h   

( )
1 2

1 1 1
4 2

d l
k

C C C S
π −= + =   

Xម ( )1  ន	ង ( )2 : 
106.4 10o

o

C d l d
C C C

C d d l
−−

⇒ = ⇒ = = ×
−

  

+ Xង U ′  (ផ 
ងបA-�ង��
N Fនក�ង�ង�Rទ0� 

H,VN Q CU′ = ′   �Qយបន��ក�គ�	
ន�FនE�A �*ន�ម*យCម	ន��ប�បz   

Q Q CU⇒ ′ = = ′   

100o

o

Q Q d l
U U U V

dC dC
d l

−
⇒ ′ = = = ⇒ ′ =

−

  

+ក�.� បន�&�uBh�
3!ងT
� 0≈ℓ  �H&�គ@ន o oUC UC ⇒ ′ ==  គ��នន0យ�

S@A 
���� ន	ងផ 
ងបA-�ង��
N Fនក�ង�ង�Rទ0���?�@ន�ក[���  �M�ព �� 
�យ!ង
oកបន�&�uBh�
3!ង ( )0≈ℓ  ច- ច�HL &កT3  FនE�A �*=,ងព��� 

c. ក8�ងក�.� �ន&�យ!ង�ឃ!ញ� ក�ង�ង�Rទ0�SL យ(បង�� ,Fនក�ង�ង�Rទ0�ប�គ�h S@A 
����

�l6S
 1C  �� �ន 1d  (ច�Z យ�4ងE�A �*=,ងព��, S@A 
�����ក� 3C  �� 
�ន ℓ  (ច�Z យ�4ងE�A �*=,ងព�� ន	ងក�ង�ង�Rទ0�
�l6S
 2C  �ន 2d  (
ច�Z យ�4ងE�A �*=,ងព��� 

ℓ 

� 

�� �� 

(�-ប )  
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�យ!ង@ន  1 2 3
1 2

, ,
4 4

C
4

S S S

kd kd k
C C

ε
π π π

= = =
ℓ

  

Xង C′  (S@A 
����
មម- h 

 1 2
1 2 3

1 1 1 1 4 4k k
d d d

C C C C S S

π π
ε ε

   = + + = + + = − +   ′    

ℓ ℓ
ℓ  

4 1
1

1

C

k
d

S

π
ε

  = − −  ′   
ℓ   

( )1
3

14 1
C

S

k
d

π
ε

⇒ ′ =
 − − 
 
ℓ

  

Xម ( )1  ន	ង ( )3 : 

105.49 10
1

(1
F

)
o

d
C

d
C

ε

−′ = ≈ ×
− −ℓ

  

+ ផ 
ងបA-�ង��
N �4ងE�A �*=,ងព��Fនក�ង�ង�h 

1
V

1

. 117o
o

d
C UQ

U
C C

U
d

ε
  − −  ′   ′ = = = ≈

′ ′  
  

ℓ

  

គ<6ចង=(>  �ន&(�ប�ភទ ,{���,ព�បង�� ,ក�ង�ង�Rទ0�បLង�Rមl6  �យ!ង�7ន���� 	sគព�
ទ,�ង�Fនបង�� ,ក�ង�ង�Rទ0�បLង� �ផ�� ,(�
o� � b(�ខ8ងន%ង78 ��!ម^��ន���3នn ក`.h ន	ង�-បមន3Fនបង�� ,
ក�ង�ង�Rទ0� ((ម*យន%ង ក`ខ.y ��!មh ក�ង�ង�ម	ន=ន�ផ��ក�គ�	
ន� )�  ម*យ� 	ញ�ទY� គ���?�
យកច	�3ទ�កQច�ច,�d&ក�.� ��  ក�ង�ង�s� ប�ន%ង�បភព  (�ព �H& U  �ថ�  �B���ន&�ប!
	ន
S@A 
����ក�ង�ង���ប�បz  ⇒  បន��ក Q  ��ប�បz ) ន	ងក�.� �� ក�ង�ង�v3 ច��ចញព��បភព   
�គ�	
ន� (�ព �H&បន��ក Q  �ថ� �B���ន& �ប!S@A 
������ប�បz  �H&ផ 
ងបA-�ង��
N កm
��ប�បz ���)� 
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10. �គVN�
Yគ2��គ�	
ន��*ម�នក�ង�ង�Rទ0�ច,ន*នប*ន 1 2C Fµ= 2, 6C Fµ= 3, 12C Fµ=
 

4, 8C Fµ=
 
��?�@នផ�� ,�-ច�-ប 1.10 � �គs� ,ប��ង�
N�ង 40ABU V=  ��ង�ព��ច,.� ច A  

ន	ង B  Fន�
Yគ2�� ច-�គ.H      
S@A 
����
មម-  ABC  Fន�
Yគ2�  
គ.Hបន��ក�គ�	
ន� ន	ងផ 
ង
បA-�ង��
N Fនក�ង�ង�ន�ម*យCក8�ង
ក�.� h 
a. ក�.� ក�ងXក� K  �ប!ក (ច,B)� 

b. ក�.� ក�ងX�� K  ប	ទ� 

 

ច�ម*:យ 

a. ក�.� ក�ងXក� K  ច,Bh  
+ �H&�យ!ង@ន { 1C  ផ�� ,(�
o� �ន	ង 2C }  ផ�� ,(�ខ8ងន%ង 3{C  ផ�� ,(�
o� �ន%ង 4}C   

�យ!ង@នh  1 2
12

1 2

2 6
1.5

2 6

C C
F

C C
C µ×= = =

+ +
  

ន	ង     3 4
34

3 4

12 8
4.8

12 8

C
C

C
F

C C
µ×= = =

+ +
  

�Qយ 12C  ផ�� ,(�ខ8ងន%ង 34C  ⇒   12 34 6.3AB C C FC µ= + =   

+ បន��កក�ង�ង�Rទ0�ន�ម*យC 

6 6
1 2 12 12. 1.5 10 40 60.10ABQ C CQ Q U − −= = = = × × =   

6 6
3 4 34 34. 4.8 10 40 192.10ABQQ Q CC U − −= = = = × × =   

+ ផ 
ងបA-�ង��
N Fនក�ង�ង�Rទ0�ន�ម*យC : 

1 2
1 2

1 2

30 ; 10
Q Q

V U V
C C

U = = = =   

3 4
3 4

3 4

; U16 24
Q Q

U V V
C C

= = = =   

(�យ!ងកmEចគ.Hផ 
ងបA-�ង��
N ក�ង�ង�ន�ម*យXម�យh�-បមន3h  
 1 2 3 4AB U UU U U= + = +  ) 

� 
�� �� 

�� �� 

� 
� 

(�-ប )  
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b. ក�.� ក�ងXក� K  ប	ទh 
+ �H&�យ!ង@ន   [ ]1 3C C	  ផ�� ,(�
o� �ន%ង [ ]3 4C C	   

�យ!ង@នh 13 1 3 14C CC Fµ= + =   

ន	ង  24 2 4 14C CC Fµ= + =   

H,VN   13 24

13 24

14
7

2AB

C C
C F

C C
µ= = =

+
  

+ បន��ក�គ��
ន�h 13 24 . 7 40 280AB ABQ CQ U Fµ= = = × =   

+ ផ 
ងបA-�ង��
N h 13
1 3 13

13

280
20

17

Q
U U V

C
U = = = = =   

24
2 4 34

24

280
20

14

Q
U U V

C
U = = = = =   

+ បន��កFនក�ង�ង�Rទ0�ន�ម*យC: 

1 1 1 2 2 240 ; 120C U F Q C U FQ µ µ= = = =   

33 43 4 4240 ; 160CQ U F Q C U Fµ µ= = = =   

(ប,�ពញ ក`ខ.y   1 3 13 2 4 24; QQQ Q QQ + = + =  ) 

គ<6ចង=(>  �ន&(�ប�ភទ ,{���,ព��
Yគ2�Fនបង�� ,ក�ង�ង�Rទ0� �� ក8�ង�H&�យ!ង��?�
ក,.���កបន��ក�គ�	
ន� ផ 
ងបA-�ង��
N Fនក�ង�ង�Rទ0�ន�ម*យC �ព �គs� ប��
Yគ2��K
ន%ង�បភព�ង�
N�ង�� �នផ 
ងបA-�ង��
N Tម*យ� ��!ម^��Q&�Rយ ,{���ប�ភទ
�ន& �,ប-ង�យ!ង��?�ប,�បក�
Yគ2� �ម! ���!ក�ង�ង�ផ�� ,78 �-ច�ម3ច (�
o� � b�ខ8ង) បH� ប�មក�ន���3នn
�-បមន3 Q CU=  ន	ង�-បមន3Fនបង�� ,ក�ង�ង��ផDងC�� @ន
	ក[� ន	Oយ(�&មគ���?�គ���ប!

�@
��-បមន3 Q CU=  b U
Q

C
=   b C

Q

U
=  � 

 

11. �គVN�
Yគ2�Fនបង�� ,ក�ង�ង�Rទ0�ច,ន*នប� 1 2 6CC Fµ= =

ន	ង 3 12C Fµ= ផ�� ,�-ច�-ប 1.11�    �,ប-ងក�ង�ង�Rទ0�=,ង
�
�ម	ន=ន�ផ��យ�គ�	
ន� ��Sយមក�ទ!ប�គយក�
Yគ2��K
s� ប�ន%ង�ង�
N�ងម*យ�� �ន ផ 
ងបA-�ង��
N  

36ABU V=  � 

a. គ.Hផ 
ងបA-�ង��
N  ន	ងបន��ក�គ�	
ន�Fនក�ង�ង�
ន�ម*យC�M�ព ក�ងXក� K  �Mទ�X,ង 1 ន	ង �ព �� ក�ងXក� K  �M�KX,ង 2� 

�� �� 

�� 
1 

+ − 

� � 

2 � 

� 

(�-ប )  
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b. គ.Hប� 	�.�គ�	
ន��� ឆLងS��Xមច,.� ច M   ន	ងទ	
�jvL 
�ទ��ប
�4 �ព 
ក�ងXក� K   ប3-�ព�ទ�X,ង 1  �Kទ�X,ង 2� 

ច�ម*:យ 

a. ក�.� ក�ងXក� K  �Mទ�X,ង 1 : 

�H&�គ@ន�
Yគ2��-ច�-ប (1.11a ) 

�យ!ង@នh  1 3
13

1 3

6 12
4

6 12

C C
F

C C
C µ×= = =

+ +
  

H,VNh  1 3 13 13. AQ Q C BQ U= = =   

  6 6
1 4.10 .36 144.10Q C− −⇒ = =   

  31
1 3

1 3

U = ;24 1U 2
QQ

V V
C C

= = =   

�B!យ  6 6
2 2 236 6.10 36 216.10AB ABU U V Q C U C− −= = ⇒ = = × =   

 

b. ក�.� ក�ងXក� K  �Mទ�X,ង 2 : 

�H&�គ@ន�
Yគ2��-ច�-ប (1.11b ) 


ន����
56 បន��ក�គ�	
ន��ប
�ក�ង�ង�Rទ0�ន�ម*យCម	ន��ប�បz ព�ក�.� 'ង� !� 

Xង ផ 
ងបA-�ង��
N  ន	ងបន��កក�ង�ង�ន�ម*យC��Yង78 h 

1 2 3, ,UU U′ ′ ′ ន	ង 1 2 3, ,QQ Q′ ′ ′   � 

Xម�-ប�យ!ង@នh ( )1 2 1U U′ = ′   

ន	ង  ( )1 3 36 2ABU UU V′ + ′ = =   

 

ម�Aង�ទY�h Xមចfប��ក[បន��ក�គ�	
ន���ង�ច,.� ច M  ម�ន ន	ង 

��Sយ�ព ក�ងXក� K  ប	ទ�Kទ�X,ង 2  �យ!ង@នh 

( )1 2 3 1 2 3 3Q Q Q Q Q Q′ − ′ + ′ = − − +−  

��   1 1 1 2 2 2 3 3 3, ,C U Q C U Q C UQ′ = ′ ′ = ′ = ′   

ជ*
�FមL� ខច- ក8�ង ( ) ( ) ( )1 , 2 , 3  �យ!ង@នh 

�� �� 

�� 
6 

+ − 

� � 

� 

� 

− + − + 

+ − 

(�-ប )  

�� �� 

�� 

+ − 

� � 

7 

� 

− + − + 

+ − 

(�-ប )  
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1 2

1 3

1 2 3

36

66 12 216

U

U

U

U V

U UU

′ = ′
′ + ′ =

′ − ′



+ ′ =− −






   

�Q&�Rយ�បព0ន\'ង� !�យ!ង@នr 1 2 3,27 U2U 7, 9U V V′ = ′ = ′ =   

H,VN    1 1 1 2 2 2,162 162C U Q UQ C C Cµ µ′ = ′ ′ = =′=   

3 3 3 108Q C U Cµ== ′   

�យ!ង�ឃ!ញ� 1 2 3, ,QQ Q′ ′ ′  
�ទ\��(ទ,B,� 	ជ��ន �B���ន&H,VNS�
ម����ប
��យ!ង
��%ម��?��,ព�
56 Fនបន��ក=,ងប�� 

+បន��ក�គ�	
ន�vL 
�ទ�S��Xម M  �
�!ន%ងប��មប�មz បន��ក� !E�A �*ក�ង�ង� 3C  s� ប�

ន%ង M � �គ�ឃ!ញ�បន��ក�ប
�4ថយច�&ច,ន*នh  

3 3 144 108 36Q Q Q Fµ= − =∆ = − ′  

�នន0យ� �ព �� ក��S�� K  ប3-�ព�ទ�X,ង 1 មកទ�X,ង 2  �H&ប� 	�.បន��ក�គ�	

ន�ឆLងS�� Xម M  ក8�ងទ	
�j9ក�ចញព� 3C  �នច,ន*ន 36 Cµ  � 

 

គ<6ចង=(>  �ន&(�ប�ភទ ,{���,ព��
Yគ2��គ�	
ន� �� ក8�ង�H&ក�ង�ង�Rទ0���?�@ន
ផ��ក�គ�	
ន� �*ច�ទ!បយកមកផ�� ,(ម*យ78  �ព �H&�ន�@យបន��ក�គ�	
ន�� !E�A �*ន�ម*យC
Fនក�ង�ង�Rទ0� ន	ង�នប,u
�ទ�Fនបន��ក�គ�	
ន�ក8�ង�
Yគ2�� ច,�d& ,{���ប�ភទ�ន& គ�
�យ!ងម	នEចយក�-បមន3Fនបង�� ,ក�ង�ង�(�
o� � bបង�� ,(�ខ8ងមក�ន���3នn@ន�ទ� 

� ��!ម^��Q&�Rយ ,{���ប�ភទ�ន& �យ!ង�ផwក� !
ម�S�ព���ប�ភទh 
� 
ម�S�ផ 
ងបA-�ង��
N h 

1 2UU U += +⋯   (ក�.� ផ�� ,(�
o� �) 

1 2UU U == =⋯  (ក�.� ផ�� ,(�ខ8ង) 

� 
ម�S�ចfប��ក[បន��ក�គ�	
ន�Fន�បព0ន\បន��ក����ចh 1 2q q const+ + =⋯   

�B���ន&�យ!ង��?�ក,ន���ក ច,ន*ន
ម�S�VN@ន�
�!ន%ងច,ន*ន�l6�	�� ��?�គ.H�ក� 

� ��!ម^�ក,.���កប� 	�.�គ�	
ន� q∆  �� ឆLងS��ក,T���
Yគ2�Tម*យ (bS��Xម
ច,.� ចTម*យFន�
Yគ2�) �យ!ង�ន���3នn�-បមន3h 2 1| |q q q∆ = −∑ ∑  �� ក8�ង�H& 
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2q∑ (ផ បន��ក=,ង�
�FនE�A �*ក�ង�ង��� s� ប��8 ,ងម*យFន�
Yគ2� (bច,.� ចម*យ
Fន�
Yគ2�)�Mខ.h�ព ��
ច ន	ង 1q∑  (ផ ប-កFនបន��ក�គ�	
ន�FនE�A �*ក�ង�ង�
�Mខ.h��!ម� ��!ម^�គ.H@ន q∆  �យ!ងច,@ច���?�ក,.��VN@នចf
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�ន-�

56 �ប
�បន��ក�M� !E�A �*ក�ង�ង�ខ.h��!ម ន	���
ច� ទ	
�jvL 
�ទ�Fនបន��ក 
�គ�	
ន�(បន��ក� 	ជ��ន) ��?�@នក,.���Qយ
56 Fន q∆  (ច,�នកទ	
�jvL 
�ទ��ប
�
��"	ច��Gងគ�ប�5k 
(ម*យទ	
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12. �គ�នក�ង�ង�Rទ0�បLង�ម*យ�ប��ងប�T3 យ 20cm=ℓ   ន	ងទទ%ង 10a cm=  � �គយក
បន�&�ក�ច�F.ម*យ��,�នក��
� 0.1cm  �KQក�ច- ��ង�
ច,.� ចកT3  Fនក�ង�ង�Rទ0�'ង� ! ( )5ε =  �-ច�-ប 1.12� 
បH� ប�មក�គ@ន=ញបន�&�ក��H&យ��C�ចញ�K'ង� !Xម
ប�T3 យក�ង�ង�Rទ0�បLង��Qយ� ^�ន�ថ�� ច-�គ.Hប��ម    
ប�មz �មព Fនក�ង�ង�Rទ0� ន	ងកម�ន3�មSន	ច9,@ច���!ម^�
=ញបន�&�ក��H&VN�ចញផ��ព�ក�ង�ង�ក8�ងក�.� �-ច'ង��Sមh 
a. ក�.� ក�ង�ង�s� ប�(ម*យ�បភព�ង�
N�ង�� �នផ 
ង-

បA-�ង��
N  600U V=  ន	ង គ.HE,ង�ង�
����ច�ន3�គ�	
ន�ក8�ង�
Yគ2�? 

b. ��Sយ�ព ផ��កVNក�ង�ង�Rទ0��Qយ�ង�
N�ង 600U V= �គv3 ច�ក�ង�ង��ចញព���បភព 

បH� ប�មក�ទ!ប�គ=ញបន�&�ក��ចញព�ក�ង�ង�?  ( ម	នគ	�កក	�=,ងព��ក�.� ) 

ច�ម*:យ 

a. Xង 1C  (S@A 
����ក�ង�ង�Rទ0�ម�ន�ព =ញបន�&�ក��ចញ 

 ន	ង 2C   (S@A 
����ក�ង�ង�Rទ0��ព =ញបន�&�ក��ចញផ��  
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4 4
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ប��មប�មz �មព ក�ង�ង�h ( )2 2
2 1 2 1 2 2 1

1 1 1

2 2 2
W W W C U C U C C U∆ = − = − = −   

( ) ( )
2

2
21 1

1 . .

2 8 .

a U
W U

k
C

d
ε ε

π
− −⇒ ∆ = = ℓ

  

��  
35, 20 0.2 ,a=10cm=0.1m, U=600V, 0.1 10d cmcm m mε −= == = =ℓ   

41.27 10W J−⇒ ∆ = − ×  �នន0យ� �មព ក�ង�ង�Rទ0�ថយច�& 

+ ��!ម^�គ.Hច�ន3�គ�	
ន�ក8�ង�
Yគ2� �យ!ង�ន���3នn�-បមន3h  I
Q

t
= ∆

∆
  

�B!យ Q∆  ��?�@នគ.Hព� Q CU=  �Qយ U  �ថ� �B���ន& S TS@A 
���� 

C  ��ប�បz  �H& Q  កm��ប�បz ��� .Q U C⇒ ∆ = ∆  � �B!យ��!ម^�គ.H C∆  

�យ!ងគ.HS@A 
����Fនក�ង�ង���Sយ�ព =ញ9ប��ផ3!ម=ញបន�&�ក��ប�. t∆  

(�ម! �-ប 1.12 ) �M�ព �ន&ក�ង�ង�Rទ0�9��ទ�ក��*ម�ន ក�ង�ង�Rទ0�ព��ផ�� ,(�ខ8ង

ន%ង78 h C′  (ក�ង�ង�Rទ0��ក��ន�ប��ង ( ).v t− ∆ℓ  ន	ង C′′  (ក�ង�ង�Rទ0�
�l6
S
�ន�ប��ង ( ).v t∆  (��d&ក8�ង�យh�ព  t∆  បន�&�ក�vL 
�ទ�@ន�ប��ង .v t∆ )� 

ច,�នក�ប��ងទទ%ងFនក�ង�ង��ក[�M��� គ��ន�FមL a  �-ច78  ន	ងច�Z យ�4ងE�A �*
=,ងព��Fនក��ង�ន�ម*យC�ន�ប��ង�
�! d  �-ច78 � �-�ន& ក8�ង�យh�ព  t∆  S@A 
����
Fនក�ង�ង�Rទ0��
�!h  C CC= ′ + ′′   
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;
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a v t a v t
C

k d
C

k d

ε
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1
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4 . 4 . 4 .
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C C
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− ∆ − ∆
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H,VN 1
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4 .

a v t
C C C

k d

ε
π
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7. ( 1) . .
1.27 10
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Q U C a vU
I A

t t k d

ε
π

−∆ ∆ −
⇒ = = = = ×

∆ ∆
  

+ កម�ន3�មSន	ច9,@ច� A  ��!ម^�=ញបន�&�ក��នព���ផ8កh ទ�P W∆  គ��ផ8ក�� �ធ2!
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�យ!ង@នh 2 4
2

1
1.27 10

2
W A C U W JA

ε −−∆ + ′ = = −∆ = − ×=   

b. �ព �� v� ច�ក�ង�ង��ចញព���បភព�*ច=ញបន�&�ក��ចញ �H&�យ!ង@នបន��ក�គ�	
ន�
�ប
�ក�ង�ង� ម	ន��ប�បz  1 1Q Q C U= =  � ��!ម^�គ.Hប��មប�មz �មព  �យ!ង
�ន���3នn�-បមន3h 

2

2
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Q

C
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22 2 2
1 2 2

2 1 1 2

( 1)

2 2 2 2

C C C UQ Q Q
W

C C C C

ε ε− −
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ជ*
�FមL� ខ�យ!ង@នh 46.36 10W J−∆ = ×   

ក�L ,ង�មSន	ច A  �
�!ន%ងប��មប�មz �មព ក�ង�ង�Rទ0�h 
46.36 10WA J−∆ = ×=   
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a. ��!��"	ច��GងvL 
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r
W

r

+= =  �� ក8�ង�H& r  

(ច�Z យព��ង�>���K� � q+  � 

+ ��ង� A  : 

 

2
21

2A A o o
o o

kq kq
mv

h
E m q

h
gh mgh

 
+ − = −

 
= +      (��d& 0Av =  ) 

+ ��ង� B : 
2

2 21 1

2 2 cotB B B B
o

kq kq
mv mgh mv

BH
E q

h α
 − = 


−


= + + (��d& 0Bh = ) 

Xមចfប��ក[�មព ក8�ង�បព0ន\ប	ទ(�ង�>�� + បន��ក q  + �ផន��) ��ង� A  ន	ង B : 

�យ!ង@ន 
2 2

21

2 cotA B o B
o o

kq kq
E mgh mv

h
E

h α
= ⇔ − = −   

( )
2

2 2 t1 anB o
o

kq
v

mh
gh α
 

− 


⇒ =


−   

( ) ( )
2

2 1 tan 1B o
o

kq
v gh

mh
α

 
⇒ = − − 

 
  


ម�S� ( )1   �នន0យS T 2 0Bv >  �នន0យ�ទ,B,ក8�ង1A g�S �(ទ,B,� 	ជ��ន  

( )
2

(1 tan ) 0 2o
o

gh
kq

mh
α⇒ − − >   

a. ក8�ងក�.� ម�, 45oα =  : 

H,VN  tan 1α =  ន	ង 2B ov gh=  �យ!ង�ឃ!ញ�� ^�ន Bv  �-ចក8�ងក�.� 7� នបន��ក
�គ$�
ន� q+  �M��ង�ច,.� ច H  គ��នន0យ��ង�>��ម	ន�ង�,�ព!Fនក�L ,ង�� ប�ង$!�
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�"!ង�Qយបន��ក q+  � បA��ន3គ*�ក��
,7 �ផង���� ក8�ងប,u
�ទ�ព� A  �K B  �ង�>��
�ង�,�ព!Fនក�L ,ង�គ�	
ន�(ន	ចk� (�,ប-ង�ង�>���ក!ន� ^�ន បH� ប�មក4កm�ង�,�ព!Fនក�L ,ង
ទប���"	ច��?R3 ទ	ច ⇐  
	ក[
ម�S�ចuH) 

b. ក8�ងក�.� ម�, 45oα >  : 

H,VN  1 tan 0α− <  �នន0យ� 
2

(1 tan )o o
o

g
kq

gh
m

h
h

α− − >   

�យ!ង@ន Bv  � ^�ន�ង�>����ង�ច,.� ច B  ធ,(ង� ^�នក8�ងក�.�  a  'ង� !� 

c. ក8�ងក�.� ម�, 45oα <  : 

H,VN   1 tan 0α− >  �នន0យ�  
2

(1 tan )o o
o

g
kq

gh
m

h
h

α− − <   

�យ!ង@នh Bv  � ^�ន�ង�>����ង�ច,.� ច B �-ច(ង� ^�នក8�ងក�.� 
,ន*� a  � 

��cព��ន& �ប
	ន�ប! oα α=  Tម*យ�� �ធ2!VN 
2

(1 tan ) 0o
o

kq

mh
gh α− − =  

 �H&H,VN 0Bv =   

�ប
	ន�ប! oα α<  Tម*យ �H&�ង�>��ម	នEចvL 
�ទ��K� �ច,.� ច B  �H&�ទ គ�
4��%ម��EចvL 
�ទ��K� �ច,.� ច C  Tម*យ� !បLង��ទ� �B!យ��SយមកEចvL 
�ទ�
��"ប��Kច,.� ច A  � 	ញ ន	ងvL 
�ទ��K� 	ញ�Kមកប�ង$!�@ន( ,�O  A C→  ន	ង
�9
មក� 	ញ� 

 

គ<6ចង=(> �ន&(�ប�ភទ ,{���,ព�S�
	ក[ច HFនបន��ក�គ�	
ន� (�ង�>��ផ��ក�គ�	
ន�) 
�Qយ�ផwក� !ចfប��ក[�មព  (ម	ន�មន
	ក[Xមg�Tម	ច�ទ)� ��!ម^��Q&�Rយ�យ!ង
��?�ក,.��VN@នន-��មព បA-�ង��
N �ប
��ង�>��ផ��ក�គ�	
ន� �មព បA-�ង��
N 

ទ,Hញ�� ន	ង�មព បA-�ង��
N យ�� 21

2
W kx=  (��  k  (�ថ�ក,1ញ�� �
�, x  (ក,B-ច

�ទង��=យ bRច� -�) កmបA��ន3(ទ-�Kគ��យ!ង
	ក[ប�នaម��%ម���មព បA-�ង��
N ទ,Hញ
��បA��T� &� �ន���3នnចfប��ក[�មព ��ង�ព��ច,.� ចខ�
78 Fន�ង�>��ផ��ក�គ�	
ន� �H&�យ!ង
Eច=ញ�ក�,�T&�Rយ@ន�  
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15. �គVN�
2o��uBh�-ចព��/ក ក`.n  Qក��L �ព�78 ច�Z យ 0.1r m=   ក8�ង
�l6S
� 

�,ប-ង�ព �� �គផ��កបន��ក�គ�	
ន��ន
56 ផ��យ78 VN�
2o��uBh=,ងព�� �H&4=ញ78
�Qយក�L ,ង 2

1 6.4 10F N−= ×  � ��Sយមក�គVN�
2o�=,ងព��បA&78   �B!យយក4�KQក�
��ង�ទ�X,ង��!ម� 	ញ �គ�ឃ!ញ��
2o�=,ងព���9ន78 �ចញ�Qយក�L ,ង 2

2 3.6 N10F −= ×  � 

ច-�គ.Hបន��ក�គ�	
ន�Fន�
2o�ន�ម*យC ម�ន�ព �� 4បA&78 ? 

 

ច�ម*:យ 

+ Xង 1 2,q q  ��Yង78 (បន��កFន�
2o�ទ�P ន	ង�
2o�ទ�� ម�ន�ព 4បA&78  

H,VN�គ@នក�L ,ង�ន3�កម��គ�	
ន��4ង�
2o�=,ងព�� ក,.��Xមចfបគ-"�,h 
2

1 2 1
1 1 22

.| |q q F r
q q

r
F k

k
⇒ = −=   

(
56  ( )−  គ��QយR�បន��ក=,ងព���ន
56 ផ��យ78  ) 

�យ!ង�ន 2 9
1 0.1 k=9.10 S6.4 10 , , IF rN m− == ×   

( )14
1 2 7.11 0   11q q −⇒ = − ×   

+ ��Sយ�ព បA&78   �
2o�=,ងព���នបន��ក�
�!78  �B!យ�នមA-g� �
�!  1 2| |

2

q q+
  

�B!យក�L ,ង�គ�	
ន��4ង�
2o�=,ងព��  ( )
2 2

21 2 2
2 1 22

( ) 4

4.

q q F r
k q qF

r k

+= ⇒ + =   

�យ!ង�ន ( )22 14
2 1 23.6 10 16.10N q qF − −= × ⇒ + =   

( )7
1 2 4.10 2q q −⇒ + = ±   

�Q&�Rយ
ម�S� ( )1   ន	ង ( )2  Xម�ទ%
3�បទ��N�� �យ!ង@នh 
7 7

1 21.33 10 , 5.33 10q C q C− −≈ − × ≈ ×   

b   7 7
1 21.33 10 , 5.33 10C qq C− −≈ × ≈ − ×   

 

16. �នបន��ក�គ�	
ន�ព�� 7
1 4.10q C−=  ន	ង 7

2 4.10q C−= −  ��?�@ន�គQក�ក8�ង
�l6S
 

�M��ង�ច,.� ចន%ងព�� A  ន	ង B  �� 3AB a cm= = � ច-�គ.Hក�L ,ង�ន3�កម��គ�	
ន�
ផ�*ប�� �ន�,�ព!� !បន��ក 3

3 4.1 C0q −=   Qក��M��ង�ច,.� ច C  ក8�ងក�.� h 
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a. ក�.�  ,2 1CBCA cm cm==   

b. ក�.�  2 , 5CBC m cc mA = =   

c. ក�.�  2.5CA CB cm= =   � 

 

ច�ម*:យ 

Xង 1 2,F F
� �

 ��Yង78 (ក�L ,ង�គ�	
ន��� ប�ង$!��"!ង�Qយ 1 2,q q  �ន�,�ព!� ! 3q   

�យ!ង@ន ក�L ,ងផ�*ប�ន�,�ព!� ! 3q  គ�h   

1 2F F F= +
� � �

  

a. ក�.�  2 , 1CA cm CB cm= =   

�Qយ CA CB AB+ =  H,VN�គ@ន ច,.� ច C  
a	��M� !ច�HL & AB   

�Qយ 1 3,q q  � 	ជ��ន ន	ង 2q  �� 	ជ��ន�H&�យ!ង@ន 1 2 3, ,F F F
� � �

 �នទ	
�j�-ច�-ប 

1.16a  �  

( ) ( )
1 3 1 2

1 2 2 2

| | | |q q q q
F F F k k

AC BC
⇒ = + = +   

�យ!ង�ន  

7 7 2 2
1 24.10 , 4.1 BC=1cm=100 , 2 2.10 ,C C ACq cm m mq − − − −= = − = =   

18F N⇒ =   

 

b. ក�.�  2 , 5CA cm CB cm= =   

�Qយ CB CA AB− =  H,VN�យ!ង@នច,.� ច C   


a	��M� !បHL យFនបH� �� AB  �Mជ	�ច,.� ច A  (�-ច�-ប 1.16b  ) 

�យ!ង@ន 1 2,,F F F
� � �

 �នទ	
�jផ��យ78  (�-ច�-ប) ន	ង�នE,ង�ង�
���� 

( )
1 3

1 2

| |
3.6

q q
k N

AC
F = =  ន	ង 

( )
2 3

2 2

| |
0.576

q q
k N

B
F

C
= =   

H,VN 1 2 | 3| .024F F F N− ==   

+ − + 

� � �	� �	 

�	� 

� 

�� �� �� 

(�-ប )  

(�-ប )  

+ + − 

�	� �	 � 

�� 

�	� � 

�� �� 

� 
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c. ក�.�  2.5CA CB cm= =   

�Qយ CA CB AB= >   �H&�គ@នច,.� ច C   


a	��M� !�ម��ទ0�Fន  �B!យក�L ,ង  

�នទ	
 ន	ងទ	
�j�-ច�-ប 1.16c   ន	ង�ន  

E,ង�ង�
����h 

( )
1 3

1 2

| |
2.304

q q
k N

A
F

C
= =   

ន	ង 

( )
2 3

2 2

| |
2.304

q q
k N

B
F

C
= =   

�Qយ 1 2F F=  �H&�យ!ង@នក�L ,ងផ�*ប F
�

 �នh ទ	

a	�� !ទ,�FនកនL&បH� ��ព�&ម�, 
�

1 2( ; )F F
� �

 �
បន%ង AB  , �នទ	
�j ព� A B→  (�-ច�-ប) ន	ង�នE,ង�ង�
����h 

1

1.5
cos , cos 0.6

2.5
2

A
F

H

AC
F α α = = ==   

H,VN  2.765F N=   

 

 

17. �គVNបន��ក�គ�	
ន�ព�� 7 6
1 23.10 , 1.2 10C qq C− −= = ×  ម	ន
a	��Mន%ង� �,ប-ង�គQក�

បន��ក=,ងព���L �78 �ប��ង 6a cm=  ក8�ង
�l6S
�  ��Sយមក�គQក��ថមបន��កទ�ប�
ម*យ�ទY� 3q   ��!ម^�VN�បព0ន\បន��ក�គ�	
ន�=,ងប��ន ,ន%ង� ច-��កទ�X,ង ន	ងគ.H�ក
E,ង�ង�
����Fនបន��ក 3q   ? 

 

ច�ម*:យ 

��!ម^�VNបន��ក�គ�	
ន�=,ងប��ន ,ន%ង  �&�X��ក�L ,ងផ�*ប�ន�,�ព!� !បន��កន�ម*យC �� 
ប�ង$!��"!ង�Qយបន��កព���ផDង�ទY��
�!ន%ង
-នN  គ��នន0យ�ក�L ,ង�ន3�កម��គ�	
ន�=,ង
ព���� �ន�,�ព!� !បន��កន�ម*យC (ក�L ,ងព��ឆL�&78  (ច,.� ច9ប��*ម ទ	
�jផ��យ E,ង�ង�-


�����
�!78 )�  ក`ខ.y 'ង� !�ផ���v� ��S T បន��ក=,ងប�
a	�� !បH� ����ម*យ� b

AB 1 2,F F
� �

+ 

+ 

− 

� � 2 

�� �� % 

�� 
% 

�	� 

�	 

�	� 

(�-ប )  
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�គEចន	Oយម�Aង�ទY�� �គ��?�Qក�បន��កទ�ប� 3q  ��ង�ច,.� ច C  ច�HL & AB  (��d& 

1 2,q q  �ន
56 �-ច78 )  �-ច�-ប 1.17 � 

Xង  13F
�

 (ក�L ,ង 1q  �ន�,�ព!� ! 3q  

23F
�

  (ក�L ,ង 2q  �ន�,�ព!� ! 3q   

CA x=  CB a x⇒ = −   

�គ@ន ក`ខ.y h ( )13 23 1F F=    

1 3 2 3
2 2

| | | |

( )

q q q q
k k

x a x
⇒ =

−
  

2 2
1 2( )q a x q x⇔ − =   

�យ!ង�នh 7 6 7
1 23.10 , 1.2 10 12.10 , 6q C q C C a cm− − −= = × = =   

2 23(6 ) 12x x⇒ − =    2x cm⇒ =   

 ទ\ផ �ន&�ផ��ងv� ��ច,�d& ∀  �FមL ន	ង
56 �ប
� 3q  ក�.� �� បន��ក 1 2,q q  ��?�
@ន�ក[VN�Mន%ង��ង�ច,.� ច ,A B � បA��ន3�ប! 1 2,q q  ម	ន��?�@ន�គ�ក[VN�Mន%ងម*យ
ក�នLង�ទ�H&  ��!ម^�VNបន��ក 1q  (b 2q ) �ន ,ន%ង  �&�X�� 3q  �� 	ជ��ន(��!ម^�VN 21F

�
 

ន	ង 31F
�

 (ក�L ,ងព��ឆL�&78 )� ម�Aង�ទY� 3q  ��?��នE,ង�ង�
����OA ងTVN  21 31F F=   

2
3 12 1

3 22 2 2

| |
| |

q qq q x
k k q q

a x a
⇒ = ⇒ =      

�Qយ 7
22 , 6 , 2.10x cm a cm q C−== =   

7
3

4
| | .10

3
q C−⇒ =  

7
3

4
.10

3
q C−⇒ = −   

�យ!ង�ឃ!ញ� ច,�d& 3q  'ង� !�ន& កmប,�ពញ ក`ខ.y  12 32F F=  ��� គ��នន0យ�
បន��ក 2q  �ន ,ន%ង���� 

�-ច�ន& ��!ម^�VN�បពន0\បន��ក�គ�	
ន�=,ងប��ន ,ន%ង �&�X��Qក�បន��ក 3q  ��ង�

ច,.� ច C  (��  2CA x cm= =  ) ន	ង�នមA-g�  
7

3

4
.10

3
Cq −= −  � 

 

 

+ + 

�� �� 

� � � 

(��) ( 

(�-ប )  
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18. �គVNបន��ក�គ�	
ន�ប�/ក ក.̀n  7
1 2 3 2.10 Cq q q −= = =  Qក��M��ង�ក,ព- =,ងប�Fន

����S.
ម0ងDម*យ�� �ន�ជGង 3a cm=   �  

a. គ.Hក�L ,ង�ន3�កម��គ�	
ន�ផ�*ប�ន�,�ព!� !បន��កន�ម*យC� 

b. �ប
	ន�ប!បន��ក=,ងប�ម	ន��?�@ន�គ�ក[VN�Mន%ងម*យក�នLង�ទ ��!�គ��?�Qក�បន��ក 4q  

ម*យ�ទY��M��ង�ក�នLងT? �ន
56 �-ច�ម3ច? ន	ង�នE,ង�ង�
����បA�H� ន? ��!ម^�
VN�បព0ន\បន��ក�គ�	
ន�=,ងប*ន'ង� !�ន ,ន%ង� 

 

ច�ម*:យ 

a. �Qយ 1 2 3, ,q q q  �នE,ង�ង�
�����
�!78  ន	ង
�L �ព�78 �ប��ង�
�!78  �B���ន&�យ!ងក,.��
ក�L ,ងផ�*ប�� �ន�,�ព!� ! 3q �� Qក���ង�
ច,.� ច C  បH� ប�មក=ញ
ន8	QW នVNបន��ក
ព���ផDង�ទY�� Xមចfប�គ-"�, ន	ង� 	>ន
�ប� "-�Sម �យ!ង�ឃ!ញ�ក�L ,ង CF

�
 �ន

�,�ព!� ! 3q �នh ទ	
�កងន%ង AB  ទ	
�j
�-ច�-ប 1.18 ន	ង�នE,ង�ង�
����r 

 1 cos302 oF F=   

��  
2

1 2
F

q
k

a
=   b 

2

2
3F k

q

a
=   

( )
( )

272
9

22 2

2.10 3
2 cos30 9.10 0.69

2.
2

3 10

o
C

q
F k N

a

−

−
⇒ = × ==   

ច,�d&បន��ក 1q  ន	ង 2q  �យ!ងកmទទ* @នច,� !យ�-ច78 ���r 

- ក�L ,ងផ�*ប�ន�,�ព!� ! 1q  គ� AF
�

 �នទ	
�កង BC    

ទ	
�j�-ច�-ប ន	ងE,ង�ង�
���� 0.69AF N=  � 

- ក�L ,ងផ�*ប�ន�,�ព!� ! 2q  គ� BF
�

 �នទ	
�កង AC  

ទ	
�j�-ច�-ប ន	ងE,ង�ង�
���� 0.69BF N=  �  

�	� 

− 

+ 

+ + 

�� 

� 

�	� 
�	C 

�	� � 

�� � 

2 

�� 

�	� 

+ 

�� 

(�-ប )  
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b. (ប�ម�យ!ង]ប�� បន��ក�គ�	
ន� 3  �M��ង�ក,ព- , ,A B C  �ប!ចង�Qច�បន��ក 4q  

VN�ន ,ន%ង �H& ក`ខ.y គ� ក�L ,ងផ�*ប�ន�,�ព!� ! 4q  �� ប�ង$!��"!ង�Qយបន��ក
ប��ទY��
�!
-នN� �Qយបន��ក=,ងប�Qក���ង�ក,ព- �នមA-g� �
�!78  �H&��!ម^�VN
ក�L ,ងផ�*ប�
�!
-នN �H& 4q   ��?�Qក��M��ង�ផk	� O  Fន����S. (ទ��បជ�,ទមZន�Fន���
�S.) �-ច�-ប 1.18 � �ព �H& ក�L ,ង=,ងប� �� ប�ង$!��"!ង�Qយ 1 2 3, ,q q q  �ន

ទ	
�jផ�� ,78 @នម�, 120o
 ន	ង�នE,ង�ង�
�����
�!78  �-ច�ន&ក�L ,ងផ�*បFនក�L ,ង=,ងប�

�
�!
-នN(ន	ចkច,�d& ∀  �FមL ន	ង
56 Fន 4q  � បA��ន3�ប!ចង�VNបន��ក 1 2 3, ,q q q  Qក�
��ង�ក,ព-  , ,A B C  �ន ,ន%ង��� (គ��បព0ន\បន��ក=,ង 4  �ន ,ន%ង) �H&បន��ក 4q  

��?��នមA-g�  ន	ង
56 OA ងTVN ក�L ,ង�� ប�ង$!��"!ង�Qយ 4q  ន	ងក�L ,ង��  

ប�ង$!��Qយបន��កព���ផDង�ទY� (]=B�.n r បន��ក��ង� A  ន	ង )B  �ន�,�ព!� !បន��ក

ម*យ (]=B�.n h បន��ក��ង� C  )  ផ�*ប78 �
�!
-នN � ��!ម^�@ន�-ច�ន&  4q  ��?�ប,�ពញ

 ក`ខ.y h 4q  (បន��ក�� 	ជ��ន ន	ងE,ង�ង�
����Fនក�L ,ង��  4q  �ន�,�ព!� ! 

1 2 3, ,q q q  ��?���(ក�L ,ងឆL�&ន%ងក�L ,ង ; ;A B CF F F
� � �

 �� @ន
	ក[�M
,ន*� a  'ង
� !h 43 CF F=  43 0CF F⇒ + =

� �
 � 

�យ!ង@នh  
2

4 3
2 2

| |
3

( )

q q q
k

OC a
k =     ��  .

2 3 2 3

3 2 3 3

a
aOC CH = ==   

74
42 2

| | 3 3
| | 1.15 10

23
2

q q
q q C

aa

−⇒ = ⇒ = = ×
 
 
 

 

�-ច�ន& ��!ម^�VN�បព0ន\បន��ក�គ�	
ន�=,ង 4  �ន ,ន%ង �H&បន��ក 4q  ��?�Qក��M��ង�
ទ��បជ�,ទមZន�Fន����S.
ម0ងD ABC  ន	ង�នE,ង�ង�
���� 7

4 1.15 10q C−= − ×  � 

 

19. �
2o��uBh�-ចព��/ក ក.̀n  �ន�A 
 0.1m g= ន	ង�នបន��ក 
710q C−=  �-ច78  

��?�@ន�គយកមកពN-���ង�ច,.� ច��ម*យ�Qយ��ប!�ខD~� ព���ន�ប��ង�
�!78 � �QយR�
�,�ព!ក�L ,ង�9ន��"	ច��?R3 ទ	ច �ធ2!VN�
2o��uBh=,ងព���L �ព�78 �ប��ង 30a cm= � 

ច-�គ.Hម�,គ,u��4ង�ខDពN-��
2o��uBh �ធYបន%ងទ	
ឈ�  (យក 
210 /g m s=  )� 
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ច�ម*:យ 

- គ.Hម�, α  (ម�,គ,u��4ង�ខDពN-��
2o� �ធYបទ	
ឈ�) 

�
2o�ន�ម*យC�ងក�L ,ងប�គ�h  
- ទ,នង� ( )P P mg=

�
  

- ក�L ,ង��"	ច��?R3 ទ	ច eF
�

  

- �,.% ង�ខD T
�

  

�
2o��ន ,ន%ងS Th 

0eP F T+ + =
� � �

 b eP F T+ = −
� � �

   

Xម�-បh  tan eF

P
α =       ន	ងXមចfប�គ-"�,h 

2

2eF
q

k
a

=   

H,VN   
( )

2
29 722

2 4 2

9.10 10
tan 1

10 10 (0.3)

q
k kqa
mg mga

α
−

−

×
= = = =

× ×
  

�-ច�ន& 45oα =   

 

20. �គ�ន�
2o��uBh�-ចព�� �ន�A 
�-ច78  1.8m g=   ��?�@ន�គពN*���ង�ច,.� ចម*យ 

�Qយ�ខD~� ព���ប��ង 1.5m=ℓ   �-ច78 � 

a. �ប!�គផ��កVN�
2o�=,ងព�� ន-�បន��ក 
81.2 10 Cq −×= �H&�គ�ឃ!ញ��
2o�=,ងព���L �ព�78

�ប��ង a� គ.H ?a  
	ក[ក8�ងក�.� ម�,គ,u��4ង�ខDពN*��ធYបន%ងទ	
ឈ�(ម�,�-ច
ន	ងយក 210 /g m s=  � 

b. ]ប���ន]ប^�	3�B��Tម*យ�ធ2!VN�
2o�Tម*យ��?�@��បង�បន��ក=,ង�
Gង� �ព 
�H&��!�ន@��ភ-��2��ក!��"!ង? គ.Hគ,u�ថ���4ង�
2o�=,ងព�� ? 

 

ច�ម*:យ 

a. គ.Hច�Z យ�4ង�
2o�=,ងព�� 
- �Q&�Rយ�-ច ,{��ទ� 19 : 

ក8�ងក�.� �ន& បន��ក�ប
��
2o�ន�ម*យCគ� 
2

q
  (��d&�
2o�=,ងព��/ក ក.̀n ) 

  

+ 

% 

� � � 

3�	 �	 

�	4 

� 

ℓ 
5�	 
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�យ!ង@ន�-បមន3គ.Hម�,គ,u�h   

( )
2

2

( )
2tan 1e

q
kF

P mga
α = =   

ក�.� ម�,�-ច�យ!ង@នh   

( )2tan sin 2
2

a
aα α≈ ≈ =

ℓ ℓ
  

Xម ( )1  ន	ង ( )2   

2

2

.

2 4

a k q

mga
⇒ =
ℓ

   

( )29 82
2 2

3

9.10 1.2
3.78

2 2

10 1.5
10 3.78

1.8 10 10
a m c

k

mg
m

q
−

−
−

× ×
⇒ = × =

× × ×
= =ℓ

  

�-ច�ន& 3.78a cm=   

b. ក�.� �� �
2o�Tម*យ@��បង�បន��ក�
� �H&H,VN7� នក�L ,ង�ន3�កម��គ�	
ន��4ង
�
2o�=,ងព�� �B���ន&�ធ2!VN�
2�=,ងព�����មក�កទ�=,ង ,ន%ង ( 0α =  ) �B!យ�
2o�=,ង

ព��កmបA&78  � ��Sយ�ព បA&78  �
2o�ម*យ�នបន��ក 
2

q 
 
 

 ��?�@នផ��កVN�
2o�ម*យ�ទY�  

H,VN�
2o�ន�ម*យC�នបន��ក 
4

q 
 
 

 បH� ប�មក�
2o�=,ងព��កm�9ន78 �ចញ �QយR��,�ព!

Fនក�L ,ង��"	ច��?R3 ទ	ច ន	ង�ធ2!VN�
2o�=,ងព���L �ព�78 ច�Z យ  b  �  

- Xម
,1យ'ង� ! H,VNh  
2 3

3

8 4

kq a

mg
b = =ℓ  

3 3

3.78
2.38

4 4

a
b cm⇒ = = ≈   

�-ច�ន&    2.38b cm=   

 

 

21.    បន��ក�គ�	
ន�ប� 1 2 3, ,q q q ��?�@ន�គQក���ង�ក,ព- =,ងប�Fន����S.
ម0ងD ABC

ម*យ �� �ន�ជGង 3a cm=  � ច-�គ.HE,ង�ង�
������ន�គ�	
ន�ផ�*ប��ង���ង�ក,ព- 
=,ងប�Fន����S.? ក8�ងក�.� h 
a. 7

1 2 3 2.10q q q Cq −= = = =   

b. 7 7
1 2 32.10 ; 2.10q q C q qq C− −= = = = − = −  � 
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ច�ម*:យ 

a. �Qយបន��ក=,ងប�Qក���ង� , ,A B C  �ន�FមL�
�!78  ន	ង�នច�Z យ�
�!78  �H&�យ!ង

	ក[��E,ង�ង�
������ន�គ�	
ន�
ផ�*ប�� ប�ង$!��"!ង�Qយបន��ក�គ�	

ន�ព���M��ង�ច,.� ចម*យ បH� ប�មក 

�យ!ង=ញ
ន8	QW នច,�d&��នផ�*ប
��ង�ព��ច,.� ច�ផDង�ទY�� 

-�យ!ង
	ក[��ង�ច,.� ច C  

(Xម�-ប1.21a ): 

1 2CE E E= +
� � �

  

-Xមន	យមន0យ��ន�គ��
ន�h 

1 2 2
E

a
E

q
k= =   

H,VN�យ!ង@នh CE
�

 �នទ	
�កងន%ង AB ទ	
�j�-ច�-ប ន	ង�នE,ង�ង�
����h 

1 12 cos30 3o
CE E E= =   

7
9 6

2 2

2.10 3
3 9.10 3.46 10 /

(3.10 2)C

q
E k V m

a

− ×
⇒ = = = ×

−
  

�-ច78 ����យ!ង@នh 
- AE
�

�នទ	
�កងន%ង BC   ទ	
�j�-ច�-ប 1.21a ន	ងE,ង�ង�
���� 

 63.46 V/m10AE = ×   

- BE
�

 �នទ	
�កងន%ង AC  , ទ	
�j�-ច�-ប 1.21a ន	ងE,ង�ង�
���� 

 63.46 V/m10BE = ×   

 

b. �Qយបន��ក 1 2,q q  Qក���ង� A  ន	ង B  �ន�FមL��� �-ច
,ន*� ( )a   

⇒  CE
�

 ម	នទ	
�កងន%ង AB  ,ទ	
�j�-ច�-ប 1.21b ន	ង 

�នE,ង�ង�
���� 63.4610 V/mCE =   

 


�	� 

+ 

+ + 

�� 

� 


�	�   
�	C 

    
�	� 
� 

�� � 

2 

�� 


�	� 

(�-ប )  

� 



�������ប	 
ទ�ព�������ប�����	 
ទ�� �យ                                                                          �គ� 

 

 

59                                                 េរៀបេរៀងេ�យៈ  ពុំ សីុមន 

+ គ.H BE
�

 : 

Xង  1E
�

 (�� 	ចទ0���នប�ង$!��Qយ 1q  �M��ង� B   

 3E
�

 (�� 	ចទ0���នប�ង$!��Qយ 3q  �M��ង� B   

�យ!ង@នh  1 3BE E E= +
� � �

  

ម�Aង�ទY�h 1 3 2
E

a
E

q
k= =   

Xម�-ប 1.21b �យ!ង@នh BE
�

 �នច,.� ច 

9ប���ង� B ,ទ	
�
បន%ង AC   

(ផ�� ,@នម�, 60o
 ន	ង BC  ) ន	ង�ន 

E,ង�ង�
����h   
7

9 6
1 2 2 2 2

2.10
2 cos60 9.10 2.10 V/m

(3.10 )
o

B

q q
EE

a
k k

a

−

−= = = ==   

+ គ.H CE
�

 :  

�-ច78 ន%ង
,ន*� ( )b  ��� �យ!ង@ន AE
�

 �នទ	
�
បន%ង BC   ទ	
�j�-ច�-ប 1.21b 

ន	ង�ន E,ង�ង�
����  
62.1 /m0 VAE =   

 

22. �គVNច,.� ចបន��ក�គ�	
ន�ព�� 8
1 4.1 C0q −=  ន	ង 8

2 10 Cq −= −  Qក���ង�ព��ច,.� ច A   

ន	ង B  ��  5AB cm= =ℓ �  ច-�ក,.���កទ�X,ង�� ��ង�ច,.� ច�H&E,ង�ង�
����
��ន�គ�	
ន�ផ�*ប�
�!
-នN ? 

 

ច�ម*:យ 

Xង  1 2,E E
� �

 (�� 	ចទ0���ន�គ�	
ន��� ប�ង$!��Qយ 1q  ន	ង 3q   

��ង�ច,.� ច M   H,VN ��ន�គ�	
ន�ផ�*ប��ង� M  :  

1 2ME E E= +
� � �

  

��!ម^�VN��ន��ង�ច,.� ច M  �
�!
-នN ( )0ME =
�

 

 �&�X���� 	ចទ0���ន=,ងព�� 1 2,E E
� �

  (�� 	ចទ0�ព��ឆL�&78  �នន0យ��� 	ចទ0�=,ងព��h 


�	� 

+ 

+ 
�� 

� 


�	�   
�	C 

    
�	� 
� 

�� � 

2 

�� 
�	� 

− 


�	� 


�	� 

(�-ប )  

� 

+ − 

�� �� � 

( ℓ � � 

(�-ប )  
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-  ទ	
�-ច78  ⇒  ច,.� ច M  ��?�
a	�� !បH� ��S��Xម A   ន	ង B   

-  ទ	
�jផ��យ⇒ ច,.� ច M 
a	��M� !បHL យ AB  (��d& 1q ន	ង 2q  �ន
56 ផ��យ78 ) 

- E,ង�ង�
�����
�!78 h 1 2E E= ⇒ ច,.� ច M ��?�
a	��Mជ	�ច,.� ច B  ��d& 1 2| || |q q>   

Xម�-ប 1.22 : Xង MB x=  �H&�យ!ង@នh  

2 1
2 2

| |

( )

q q
kk

x x
=

+ℓ
 

)2 2( 4 5x x x cm⇔ + = ⇒ = =ℓ ℓ   

�-ច�ន& ច,.� ច M �� ��នផ�*ប�
�!
-នN 
a	��M� !បHL យ AB  �ផ8ក'ងR3 , B  �ន
ច�Z យ5cm  ព� B  � 

 

23. �គQក�បន��ក�គ�	
ន�ព�� 9
1 5.10q C−=  ន	ង 

9
2 5.10 Cq −= −  ��Yង78 �M��ង�ក,ព- A   ន	ង 

B Fន����S.�កង ABC  �� 4AB cm=  

ន	ង 3AC cm=  �-ច�-ប1.23 � 

a. ច-�គ.HបA-�ង��
N ��ង�ច,.� ច C  ន	ង
ច,.� ចO  (O  (ច,.� ចកT3   AB  )� 

b. គ.Hកម�ន3Fនក�L ,ង�គ�	
ន���!ម^�vL 
�ទ�
បន��ក 9

3 10 Cq −= −  ព�ច,.� ចO �K� � C  �
បXមកនL&�ង2ង��ង$��ផk	� OC � 

 

ច�ម*:យ 

a. គ.HបA-�ង��
N ��ង�ច,.� ច C   ន	ង O   

បA-�ង��
N ��ង�ច,.� ច (C  bO  ) (ផ ប-កFនបA-�ង��
N ប�ង$!��Qយ 1q  ន	ង 2q   

+ ��ង�ច,.� ច C  :  1 2
1 2C C C

q q
V V k kV

AC BC
= + = +   

�យ!ង�នh 2 2 25 5.10AB AC cmBC m−= == +   

ន	ង 9 9 9 2
1 25.19.10 , 3 3.10 , 5.10 , 0k SI q qC AC cC mm− − −= = = =−=   

600CV V⇒ =   

− + 

� 

� �� 

� �� + 

(�-ប  ) 
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+ ��ង�ច,.� ច O  :  1 2
1 2O O O

q q
V V k kV

AO BO
= + = +   

�Qយ  AO BO=  �B!យ 1 2q q= −    0OV⇒ =   

b. គ.Hកម�ន3 OCA   

កម�ន3Fនក�L ,ង�គ�	
ន� �ព បន��ក 3q  vL 
�ទ�ព� O C→  ម	នE�
0យន%ង1ងFនប,
u
�ទ� 4E�
0យ��ន%ងទ�X,ង��!ម ន	ងទ�X,ង��
ចr 

( ) ( )9 7
3 10 0 600 6.10OC O CA V Jq V − −= − − == −   

 

24. �គ�ន�
2o��uBhព�� គ��
2� 1 ន	ង 2  �នS, 1r  ន	ង 2r  ផ��កបន��ក�គ�	
ន� 1q  ន	ង 2q  

��?�@ន�គQក�VN
a	��M~Z យព�78 ក8�ង
�l6S
� បH� ប�មក�គយក�ខDចមLងម*យមក�
s� ប��
2o��uBh=,ងព��� ��!��"	ច��Gងន%ងvL 
�ទ�ព��
2o�Tម*យ �K�
2o�Tម*យ? 


	ក[ក8�ងក�.� r 

a. 1 2 1 2 0;r qr q> = >   

b. 1 2 1 1;r Vr V> =   ច-���ប�ប�ធYប 1q   ន	ង 2q  ? 

c. 1 20 ; 0q q> <   

 

ច�ម*:យ 

- �
2o��uBh����ចផ��ក�គ�	
ន� គ�(�ង�>����គ�បA-�ង��
N   

⇒  បន��ក1យ� !Fផ��
2o�'ង��c��បA��T� & 

- បA-�ង��
N �
2o�h  V
r

k
q=   

- �ព s� ប��
2o�=,ងព���Qយ�ខDចមLង �H&បន��ក�គ�	
ន�ន%ងvL 
�ទ�ព��
2o��� �នបA-�ង�

�
N ខ}
� �K�
2o��� �នបA-�ង��
N =ប� �Qយ��"	ច��Gង ផ��កបន��ក�� 	ជ��ន 

�H&4ន%ងvL 
�ទ�ព��
2o���  �នបA-�ង��
N =ប �K�
2o��� �នបA-�ង��
N ខ}
�� 

�យ!ង@នh  1 2
1 2

1 2

;
q q

k V k
r r

V = =   

a. �Qយ 1 2 1 2r Vr V> ⇒ <  �H&ក�.� �ន&��"	ច��GងvL 
�ទ�ព��
2o�ទ� 1 �K�
2o�ទ� 2 � 
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b. �Qយ 1 2V V=  H,VN��"	ច��Gងម	នvL 
�ទ�, �B!យ 1q  ន	ង 2q  �ន
56 �-ច78  

1 2 1 1

1 2 2 2

q q q r
k k

r r q r
⇒ = ⇒ =    �� 1 2r r>   

1 2| | | |q q⇒ >   

c. �Qយ 1 20, 0q q> <  �B���ន& 1 2,0 0V V> <  �នន0យ� 1 2V V>  H,VN��"	ច��Gង
vL 
�ទ�ព��
2o� 2  �K�
2o� 1 � 

 

 

25. បន�&�uBhប� ,,A B C  Qក��
ប78 ផ��កបន��ក�គ�	
ន��
�!Rច�
�-ច78  Qក��L �ព�78  1 2.5d cm= 2, 4d cm=  �-ច�-ប 1.25� �គ
�%ង���ន�គ�	
ន�ច�HL &បន�&�uBh=,ងប�(��ន/ក
TW ន 
�នE,ង�ង�
���� 4

1 8.10 /E V m=  5
2 10 /, mE V=  ន	ង�ន

ទ	
�j�-ច�-ប� បH� ប�មក�គ�s� ប�បន�&�uBh A  �Kន%ង�� 
( )0AV = � ច-�គ.HបA-�ង��
N  ,B CV V Fនបន�& ;B C � 

 

ច�ម*:យ 

�Qយ 1E
�  �នទ	
�jព� A B→  �យ!ង@នh 

1 1AB A BV VU E d= − =      

4 2
1 1 0 8.10 2.5 1 20 000B AV V E d V−⇒ = − = − × = −   

�Qយ  2E
�

 �នទ	
�jព� C B→  �យ!ង@នh 

2 2CB C BV VU E d= − =   

5 2
2 2 20 4.10 20000 10 0C BV V E d V−= − +⇒ = + × =   

�-ច�ន&  2000 , 2000B CV VV V= − =   

 

 

(�-ប    ) 
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� � � 
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26. �គយក����S.�កង ABC   �កង��ង� A   �( )6 ; 60o BCBAC cmα == =   �KQក�

ក8�ង��ន�គ�	
ន�/ក
TW ន oE
�

 F OA ងTVN�ជGង 

AC  �
បន%ង oE
�

 �  �គ�%ង� 120CBU V=   � 

a. គ.H ;AB CAU U    

b. គ.HE,ង�ង�
������ន�គ�	
ន�   oE   

c. �គQក��ថមបន��ក 
109.10 Cq −=  �M��ង� B  � 

 គ.HE,ង�ង�
������នផ�*ប��ង� A?(�-ច�-ប 1.26 ) 

 

ច�ម*:យ 

a. គ.H U , UAB BC   

+ ]ប�� �នបន��កម*យvL 
�ទ�ព� A B→   

 Xមន	យមន0យផ 
ងបA-�ង��
N h AB
ABU

A

q
=   

�យ!ង�ឃ!ញ��M� ! AB  ក�L ,ង F qE=
� �

 �នទ	
�កងន%ង AB  (ន	ចk �B���ន&H,VN 
កម�ន3Fនក�L ,ង��"	ច��?R3 ទ	ច 0ABA =  0ABU⇒ =   

+  �យ!ង�នh  

BC B B A A C AB ACV V C V V V U UU V= − − = − + − = − −   

     120AC CAUU VO= = =−   

�-ច�ន& 120BCU V=   

b. គ.H oE   

CA
oE

UU

d CA
= =   

�� 
2cos 6cos60 3. 3.10o cBC m mCA α −= = = =   

2

120
4000

3.10
V/moE −⇒ = =   

c. គ.H AE   

��ន�គ�	
ន���ង� A  �*ម�នh oE
�

 ន	ង E
�

 �� ប�ង$!��"!ង�Qយបន��ក q  �M��ង� B   

� � 

� 


�	� 

% 

(�-ប  ) 
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A oE E E= +
� � �

  

( )
( )

2

10
22 2 9

22
2

9.10
( ) 4000 9.10

3 2 1
5000 /

0
A o V m

q
E E k

AB

−

−

 
 ⇒ = + = +  
 ×


=



  

27. �គVNក�ង�ង�Rទ0�បLង�
�l6S
ម*យ E�A �*=,ងព���ប
�4�ន1ង(�ង2ង�S, 10R cm=   

Qក��L �ព�78 �ប��ង 1d cm= � បH� ប�មក�គs� ប�ក�ង�ង��Kន%ង�ង�
N�ង 108U V= � 

គ.H��ន�គ�	
ន�ច�HL &E�A �*=,ងព��Fនក�ង�ង�Rទ0�បLង�   បន��ក�គ�	
ន� ន	ង�មព 
ក�ង�ង�Rទ0�� 

ច�ម*:យ 

+ គ.H E,ង�ង�
������ន�គ�	
ន� E   

 Xម�-បមន3h 
2

108
10800

1
m

0
V/E

U

d −= ==   

+ គ.Hបន��កក�ង�ង�Rទ0� 

Xម�*បមន3h  
2 2

4 . 4 . 4 .
Q

S R R U
U U

k d k d k
CU

d

π
π π

= = = =   

�Qយ 
2 910 0.1 , 1 10 108 , 9.10,R cm m d cm Um V k SI−= = = = = =   

2
9

9 2

(0.1) 108
3.10

4 9.10 10
Q C−

−

×
⇒ = =

× ×
  

+ គ.H�មព ក�ង��ងh 2 71 1
1.62 10

2 2
CU QUW J−= = ×=   

 

28. ក�ង�ង�Rទ0��ង2	 ម*យ �នE�A �*ច,ន*ន 11 

�-ចC78 1ង(កនL&�ង2ង� �� ក8�ង�H& E�A �*  
�ច0�ច,ន*ន 5  ន	ងE�A �*ច 0�ច,ន*ន 6  ��?�@ន 
�s� ប�78 �-ច�-ប1.28� �គ�%ង�E�A �*ន�ម*យC
�ន�កuFផ� 23.14S cm=  ច�Z យ�4ងE�A �*
ព��(ប�78 (ជ	�78 ) 2d mm=  ន	ង�កuFផ�ឈម

(�-ប )  
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4ងE�A �*=,ង�
��ន�FមL��	ប���
�! S �  
a. គ.HS@A 
����Fនក�ង�ង�Rទ0��ង2	 'ង� !  
b. �គយកក�ង�ង�'ង� !�Ks� ប�ន%ង�ង�
N�ង�� �នផ 
ងបA-�ង��
N  36U V= , 

ច-�គ.Hបន��កFនក�ង�ង�Rទ0��ង2	 'ង� !? 

c. �ប!�គចង�VNS@A 
����Fនក�ង�ង��
�!ន%ង 25 pF  ��!�គ��?�S�បន�&E�A �*�-ចC78 ច,ន*ន
បA�H� ន ��!ម^�ផ�� ,78 �-ច'ង� ! ? 

 

ច�ម*:យ 

a. គ.HS@A 
����Fនក�ង�ង�Rទ0� 
�យ!ង�ឃ!ញ� ក�ង�ង�Rទ0�'ង� ! �*ម�នS@A 
���� 10 ផ�� ,(�ខ8ងន%ង78   
(ច,ន*នក�ង�ង�Rទ0� = ច,ន*នE�A �* - P) 

ក�ង�ង�Rទ0�ន�ម*យC�នS@A 
����h  
4

12
1 9 3

10
1.4 10

4 . 4 9.10 2.10

3.14
C F

S

k d

ε
π π

−
−

−

×= = ≈ ×
×

  

S@A 
���� (��	ប��)Fនក�ង�ង�Rទ0�ង2	 h 
12

1 10 1.410 10 14C C pF− == = ×   

 

b. គ.Hបន��កFនក�ង�ង�Rទ0��ង2	 h 
12 10 936 5.04 10 0.5 1014.10Q CCU C− − −× ≈ ×= == ×   

 

c. �កច,ន*នE�A �*  ��!ម^�VNក�ង�ង��នS@A 
���� 25pF   

Xង 25C pF′ =  (S@A 
����ក�ង�ង�Rទ0��ង2	 ថ�� 

�H&�យ!ង@នច,ន*នក�ង�ង�ផ�� ,(�ខ8ងន%ង78   
12

12
1

25 10
17.85 18

1.4 10

C

C
N

−

−

′ ×= = ≈
×

=  

ច,ន*នE�A �*h  1 18 1 19AN N= + = + =  E�A �* 
�-ច�ន&�គ��?�S�ផ�� ,�ថម(ម*យក�ង�ង�9
�ច,ន*នh  19 11 8− =  E�A �*�ទY�� 
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29. �នក�ង�ង�Rទ0�បLង�ម*យ E�A �*=,ងព���ប
�4�L �ព�78 ច�Z យ 3d cm=   � បH� ប�
មក�គកm@នយកបន�&�uBh�
3!ងព���
ប78 មក
oកច- 
ក8�ងក�ង�ង�Rទ0�បLង�'ង� ! F OA ងTVNច�HL &ព�E�A
�*ម*យ�KE�A �*ម*យ�ទY��ន�ប��ង�
�!78  �-ច�-ប 1.29� 
E�A �* 1 ន	ង 4  ��?�@នs� ប�ន%ង�បភព�ង�
N�ង 36U V=   
�� E�A �* 1 s� ប�ន%ងបA- �� 	ជ��ន� 

a. គ.HបA-�ង��
N FនE�A �*ន�ម*យC� ��ជ!
�� !
E�A
�* 1 (គ ��,��យបA-�ង��
N  1 0V =  � 

b. �ប!�គយក�ខDចមLងមកs� ប�E�A �*ទ� 2  ន	ងទ� 3 � ច-�គ.HបA-�ង��
N FនE�A �*
ន�ម*យC ន	ងE,ង�ង�
������ន�គ�	
ន��Mច�HL &E�A �*ក�ង�ង�Rទ0�� បន��ក�គ�	
ន�
�M� !E�A �*ន�ម*យC ��ប�បz OA ង�-ច�ម3ច? 

 

ច�ម*:យ 

a. គ.HបA-�ង��
N E�A �*ន�ម*យC 

- E�A �*=,ង�
�ផ�� ,78 ប�ង$!�@ន( បង�� ,ម*យ�� �ន�ង�ង�Rទ0�ប�ផ�� ,(�
o� �ន%ង78   

�-ច�-ប 1.29′   

�Qយច�Z យ�4ងE�A �*Fនក�ង�ង�ន�ម*យ�
�!78  1 1
3

d
d cm= =  

H,VN4�នS@A 
�����
�!78 h 
14 .o

S

d
C

kπ
=   

S@A 
����
មម- Fនបង�� ,h 3
oC

C=   

បន��កFនបង�� ,h ( )1 2 3 *
3
oC U

Q U QC Q Q= = == =   

��ជ!
�� !
 1 0V =  H,VNh 

( )3
4 3

36
12 1

3 3o

Q U
VV V

C
− = = = =   

( )2
3 2 12 2

3o

Q
V

U
V V

C
− = = =   

+ − 

�� 

1 2 2 3 

� 

4 3 

�� �� 

(�-ប )  

+ − 

� 

1 2 3 4 

� 

(�-ប   ) 
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( )1
2 1 12 3

3o

Q
V

U
V V

C
− = = =   

Xម ( ) ( ) ( )1 , 2 , 3  �យ!ង@នh 2 3 412 , 24 , 36V V VV V V= = =   

b. �ព �គs� ប� E�A �* 2  ន	ង 3  �Qយ�ខDចមLង �H&�យ!ង@នបង�� ,ក�ង�ង�Rទ0��*ម�ន
ក�ង�ង�Rទ0� ព��ផ�� ,(�
o� �ន%ង78 � �Q&�Rយ�-ច'ង� !����យ!ង@នh 

- S@A 
����Fនបង�� ,h 2
oC

C′ =   

ន	ង 1 2 3 4V0, 1 V8 , 36V VV V′ = ′ = ′ = ′ =   

+ E,ង�ង�
������ន�គ�	
ន�ច�HL &E�A �*ន�ម*យCFនក�ង�ង�=,ងព���
�!78   

3412
12 34

1 1

V1 /0 m80
UU

E
d d

E = = = =   

+ បន��កFនបង�� ,ក�ង�ង��ព �ន&  ( )**
2

oQ
C

U′ =   

Xម ( )*  ន	ង ( )** :  2 1,5

3

o

o

C U
Q

C UQ

′ = =    

�-ច�ន&បន��ក�គ�	
ន��ក!ន�"!ង  1.5 �ង� 

 

 

 

30. �គVN�
Yគ2�Fនបង�� ,ក�ង�ង�Rទ0��-ច�-ប 1.30 � 

�គ�%ង� 1 2C Fµ= 2 3 6, 6C FC C µ= = =

3, 4C Fµ= ន	ង 5 8C Fµ=  � ក�ង�ង� 1C  �ន
បន��ក 52.4 10 Cq −×= � ច-�គ.Hបន��ក�គ�	
ន� 
ន	ងផ 
ងបA-�ង��
N Fនក�ង�ង�Rទ0�ន�ម*យC 
ន	ងគ.Hផ 
ងបA-�ង��
N U  Fន�បភព�   
 

�� 

�� 

�� �E 

�� 

�� 
− + 

� 
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ច�ម*:យ 

�យ!ង@នh  
5

1
1 6

1

2.4 10
12

2.10DCU
q

U V
C

−

−

×= = = =   

H,VNh  1 2 3 12U UU V= = =   

ន	ង  2 2 2 3 3 372 , 48C U C q C U Cq µ µ= = = =   

�Qយ 4C  �(�
o� �ន%ង ( )1 2 3|| ||CC C   

H,VN 4 1 2 3 144q q qq Cµ= + + =   

4
4

4

24AD

q
U U V

C
⇒ = = =   

�យ!ង@នh  36AC AD DCUU U V= + =   

5 5 5 536 288, qU V C U Cµ⇒ = = =   

�Qយ 5 ||C  [ 4C  �(�
o� �ន	ង ( 1 2 3|| ||CC C  )]  

4 5 432AEq q q Fµ⇒ = + =   

H,VN  6 432AEq q Fµ= =   

ន	ង  6
6

6

72
q

V
C

U ==   

 

 

 

31. �គVN�
Yគ2��-ច�-ប1.31 � �� ក8�ង�H&  

1 2 3 4 5 6 4C C C C C C FC µ= = = = = = = , 220U V= � 
គ.Hបន��ក�គ�	
ន� ន	ងផ 
ងបA-�ង��
N Fនក�ង�ង� 
Rទ0�ន�ម*យC ន	ងគ.HS@A 
����
មម- Fន�
Yគ2�� 
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ច�ម*:យ 

�យ!ង@ន�
Yគ2�
មម- ន%ង�
Yគ2� 1.31 �-ច'ង��Sម ( �-ប 1.31′  ) 

�Qយ ក�ង�ង�ន�ម*យC�នS@A 
�����
�!78   
⇒  ក,T���
Yគ2��*ម�នh 1 2 5 6, , ,CC C C  ន	ង 3C   

�ន ក`.hឆL�&78  
�យ!ង@ន 2 5 1 6,U UU U= =  ន	ង 3 0U =   

�នន0យ� 3 0Q =   

(បA-�ង��
N ��ង�ច,.� ច D  ន	ង F  �
�!78  �B!យ

ក,T���
Yគ2��*ម�ន 1 2 5 6, , ,CC C C  ន	ង 3C  (
�
Yគ2�R} នក�ង�ង��ន ,ន%ង) 

ក�ង�ង� 3C  ម	នផ��ក�គ�	
ន�  Eច9��ទ�ក(ក�ងXក�ប	ទ�ប!កម*យ� 

Xម�-ប 1.31′  �យ!ង@នh 
 

2 5
25

2 5 2

C C C

C C
C = =

+
  ន	ង  1 6

16
1 6 2

C C C

C C
C = =

+
  

H,VNS@A 
����
មម- Fន�
Yគ2�h 4 16 25C C C C= + +   

2 8
2 2

C C
C C

C Fµ=+ + ==   

Xម�-ប�យ!ង�នh 
6 4

4 4 4 4220 220 4.10 8.8 10U V q C U CU − −= = ⇒ = = × = ×   

4
2 5 25 4.4 10

2

C
Q CQ U U C−= = = = ×   

2
2 5

2

110
2

Q U
U

C
U V= = = =   

4
2 6 16 4.4 10

2

C
Q CQ U U C−= = = = ×   

1
1 6

1

110
Q

U V
C

U = = =   

 

�E 
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�� �� 

+ − 
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) � 
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(?-&>  �
Yគ2�Fនបង�� ,ក�ង�ង�Rទ0��-ច�-ប 1.31′′  �គ�x��
Yគ2� R} នក�ង�ង�Rទ0�� 

�ប
	ន�ប!s� ប�ន%ង�បភព�គ�	
ន� �� �ធ2!VN  

5 0Q =  b ( )0 0C D CDV UV =− =  ( )1   

H,VN�យ!ង@ន�
Yគ2�R} នក�ង�ង�Rទ0��ន ,ន%ង� �H&�យ!ង@ន�-បមន3h 
31

2 4

CC

C C
=    ( )2   

ន	ង�9
មក� 	ញ��ប!
	ន�ប!�យ!ង�នh  
31

5
2 4

0
CC

Q
C C

= ⇒ =  b 5 0 C DVU V= ⇔ =   

 

 

32. �គVN�
Yគ2��-ច�-ប1.32� �គVN 1 3 3CC Fµ= =  2 4, 1.5C FC µ= =  � �,ប-ងក�ង�ង�
Rទ0�ម	ន=ន�ផ��ក�គ�	
ន��B!យក�ងXក� K  
�ប!ក (ច,B)� បH� ប�មក�គs� ,ប��
Yគ2��K
ន%ង�បភព�ង�
N�ង 24ABU V=   
a. គ.Hបន��ក�គ�	
ន� ន	ងផ 
ងបA-�ង�

�
N Fនក�ង�ង�Rទ0�ន�ម*យC � 

b. �ព ក�ងXក� K  ប	ទh ច-�គ.Hបន��ក
�គ�	
ន� ន	ងផ 
ងបA-�ង��
N Fនក�ង�ង�Rទ0�ន�ម*យC�  ��Sយ�ព ប	ទក�ងXក� 
K  sL ម ��!�នប� 	�.�គ�	
ន�ច,ន*នបA�H� នឆLងS��Xម K   ន	ងXមទ	
�jT ? 

ច�ម*:យ 

a. ក�.� ក�ងXក� K  ច,B �យ!ង@ន�
Yគ2�
មម- �-ច�-ប 1.32′   

�យ!ង@នh 1 2
12

1 2

3 1.5
1

3 1.5

C C
F

C
C

C
µ×= = =

+ +
  

3 4
34

3 4

3 1.5
1

3 1.5

C C
F

C
C

C
µ×= = =

+ +
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� � 
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� 

(�-ប )  
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�� �� 
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�� �� 


� 
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� 
� 
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� 

(+) (−) 

+ − + − 

+ − + − 

(�-ប )  
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�� �� 

− − 
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ខ.h��!ម ក�ង�ង�ម	ន=ន�ផ��ក�គ�	
ន��យ!ង@នr 

6 5
12 1 2 12 1.10 24 2.4 10Q Q C UQ C− −= = = = × = ×   

5
34 2 4 34 2.4 10Q Q C U CQ −= = = = ×   

H,VNh 1
1

1

8
Q

V
C

U = =         2
2

2

16
Q

V
C

U = =   

3
3

3

16
Q

V
C

U = =   4
4

4

8
Q

V
C

U = =   

b. ក�.� ក�ងXក� K  ប	ទ �យ!ង@ន�
Yគ2�
មម- �-ច�-ប 1.32′′   

+ Xម�-ប�យ!ង@នh  

13 1 3 3 1.5 4.5C CC Fµ= + = + =
  

` 
224 4 3 1.5 4.5C CC Fµ= + = + =

  

�Qយ 13 24C C=  13 24 12
2
ABU

U VU⇒ = = =   

H,VN  1 3 2 4 12U U U U V′ = ′ = ′ = ′ =   

H,VN  6 5
1 1 1 3.10 12 3.6 10Q C U C− −′ = ′ = × = ×   

6 5
2 2 2 10 12 1..5 101 8Q C U C− −′ ′ × = ×= ×=   

6 5
3 3 3 10 11.5 2 1.8 10CQ U C− −′ = ′ × × = ×=   

6 5
4 4 4 3.10 12 3.6 10Q C U C− −′ = ′ = × = ×   

+ 
56 Fនបន��កE�A �*ក�ង�ង�Rទ0�ន�ម*យC ��?�@ន
�ម3ង� !�-ប 1.32′′   

��!ម^�គ.Hប� 	�.�គ�	
ន�ឆLងS��Xម K  �យ!ង
	ក[ផ ប-កបន��ក Q  ន	ង Q′  �M
� !បT3 E�A �*�� s� ប�ន%ងច,.� ច E  �Mខ.hម�ន ន	ង��Sយ�ព ប	ទក�ងXក� K � 

-  ខ.hម�នh   5 5
1 2 2.4 10 2.4 10 0QQ Q − −+ = × ×= − =   

-  ខ.h��Sយh 5 5 5
1 2 3.6 10 1.8 10 1.8 10Q CQ Q − − −′ = ′ + ′ = − × + × = − ×   

�-ច�ន& ��Sយប	�ក�ងXក� K  ប� 	�.�គ�	
ន� 51.8 10Q Q Q C−∆ = ′ − = − ×  @ន 
vL 
�ទ�ព�ច,.� ច D E→ �ធ2!VNបន��ក�គ�	
ន�Fនក�ង�ង�ន�ម*យC��ប�បz (បន��ក� 	ជ��ន

vL 
�ទ�ក8�ងទ	
�jផ��យគ� E D→  � 	ញ ��ក8�ងក�.� Fន(ទ	
�jvL 
�ទ�Fន��"	ច��Gង)� 
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33. �គVN�
Yគ2��-ច�-ប 1.33  �� ក8�ង�H& 

1 2 1 2;0.5 1 5 40; ;C C F U UF V Vµ µ= = = =  �    

�,ប-ងក�ងXក� K  ច,B�-ច�M� !�-ប �B!យក�ង�ង�Rទ0� 
=,ងព��ម	ន=ន�ផ��ក�គ�	
ន� �  

a. �ព ប	ទក�ងS�� K  �Kទ�X,ង ( )1 គ.Hបន��ក�គ�	
ន�
Fនក�ង�ង�Rទ0�ន�ម*យC � 

b. ប	ទក�ងS�� K  �Kទ�X,ង ( )2 គ.Hផ 
ងបA-�ង��
N  ន	ងបន��ក�គ�	
ន�Fនក�ង�ង�
ន�ម*យC� ��Sយ�ព ប	ទក�ងXក� K  �Kទ�X,ង ( )2  sL ម ��!ប� 	�.�គ�	
ន�ឆLងS��
Xម K  �នច,ន*នបA�H� ន? �B!យ�នទ	
�j�-ច�ម3ច? 

ច�ម*:យ 

a. �ព  K  �Mទ�X,ង (1)   

�យ!ង@ន�
Yគ2��-ច�-ប 1.33′   

H,VN   1 1 1 0.5 5 2.5Q C U F V Cµ µ= = × =   

ន	ង  2 0Q =   

b. �ព  K  �Mទ�X,ង (2)   

�យ!ង@ន�
Yគ2��-ច�-ប 1.33′′  គ�ក�ង�ង� 1C  �� @នផ��កបន��ក�គ�	
ន� 1Q  ��?�@នផ�� ,
(�
o� �ន%ងក�ង�ង� 2C  � 

- ]ប�� បន���គ�	
ន�� !E�A �*ន�ម*យC �-ច�-ប 1.33′′   

H,VN  1 2 2 40U U U V′ + ′ = =    ( )1   

Xមចfប��ក[បន��ក�គ��
ន�h 

1 2 1Q QQ +− ′ ′ =   

1 2 2 2 1 2.5C U C U Q Fµ⇔ − ′ + ′ = =   ( )2   

1 20.5 2.5U U⇔ ′ + =′−    ( )3   

Xម ( )1  ន	ង ( )3 :   1 25U V′ =  ន	ង   2 15U V′ =   

5
1 1 1 0 25 1.25 10.5Q C U F V Cµ −⇒ ′ = ′ × = ×=   

ន	ង  ( ) 5
2 2 2 1 15 1.5 10C U F V CQ µ −′ = ′ × = ×=   

�� 

�� 

(1) 
(2) 

�� �� 
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�

1   


�
1  
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+ − 

(�-ប )  

F� 

�� 

(1) 
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�� �� 
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- ��!ម^�គ.Hប� 	�.�គ�	
ន�ឆLងS�� K  �យ!ង
	ក[បន��ក�គ�	
ន�FនបT3 E�A �*

Fនក�ង�ង��� s� ប�ន%ង K �Mខ.hម�ន ន	ង��Sយ�ព ប	ទក�ងXក� K  �Kទ�X,ង ( )2  

+ ម�នh  6
1 2.5 10 CQ Q −= ×= +   

+��Sយh    1
5 5 6

2 10 11. .5 10 125 5 0Q Q Q C− − −′ = − ′ + × + × = ×= −′   

H,VN    5 2.5 2.5Q Q Q F F Fµ µ µ∆ = ′ − = − =   

�-ច�ន& �M�ព ប3-� K ព�ទ�X,ង ( ) ( )1 2→ H,VNប� 	�.បន��ក�គ�	
ន��� 	ជ��ន 

62.5 10Q C−∆ = ×  @នvL 
�ទ�ឆLងS��  ក8�ងទ	
�j 1 2C C→  � 

 

34. ក�ង�ង�Rទ0� 1 1C Fµ=  ម*យ��?�@ន�គយកមកផ��ក�គ�	
ន��B-�� ��នផ 
ងបA-�ង�
�
N  180U V=  �*ច�ទ!បv3 ច��ចញព��បភព� បH� ប�មក�គយកក�ង�ង� 2 0.8C Fµ=  

ម*យ�ទY�មក�(�ខ8ង(ម*យក�ង�ង� 1C  (�� ខ.h�,ប-ង 2C  ម	ន=ន�ផ��ក�គ�	
ន�)� ច-�

គ.H�មព FនS,�
���គ�	
ន� (v$ �ភL!ង�គ�	
ន�)�� ប�lkញ�M�ព �s� ប�ក�ង�ង� 
Rទ0�=,ងព��(ម*យ78  � 

ច�ម*:យ 

�មព FនS,�
���គ�	
ន��� ប�lkញ �
�!ន%ង�,Bយ�មព Fនបង�� ,ក�ង�ង�=,ងព��  ផ�� ,
(�ខ8ងន%ង78 �  
+ �មព ��!ម  Fនបង�� ,(�មព Fនក�ង�ង�   ��d&  ម	ន=ន�ផ��ក�គ�	
ន� 

  

Xង   (ផ 
ងបA-�ង��
N Fនបង�� ,��Sយ�ព ផ�� ,  ន	ង  (�ខ8ងន%ង78 h 
Xមចfប��ក[បន��ក�គ��
ន�h   

   
H,VN  

   

H,VN�មព FនS,�
���គ��
ន�h    

K

1 2,C C

W 1C 2C

( )22 6 2
1 1

1
80 1.6

2
210 10C U JW − −= == × ×

U ′
1C 2C

1 2 1Q QQ′ + ′ =

1 2 1C U C U C U⇔ ′ + ′ = 0.8U 180 100U U V⇔ ′ + ′ = ⇒ ′ =

( ) ( )22 2 6 6 3
1 2 1

1 1 1 1
10 0.8 10 100

2 2 2 2
00 9.10C U C UW J− − −′ = ′ + ′ = × × ×+ =

2 3 31.62 10 9.10 7.2 10W W J− − −′ = × − = ×−
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35. ក�ង�ង�Rទ0�បLង�ម*យ ��?�@ន�គយកមកផ��ក�គ�	
ន��Qយ�បភព�ង�
N�ងម*យ �� �ន
ផ 
ងបA-�ង��
N U � ��!�មព ក�ង�ង�Rទ0�បLង�'ង� !ន%ង��ប�បz OA ង�-ច�ម3ច 

�ប!�គបនaយច�Z យ d  �4ងE�A �*=,ងព��VNមក�M��%ម 
3

d
d′ = � 
	ក[ក8�ងក�.� h 

a. ក�ង�ង�Rទ0�s� ប�(ម*យ�បភព�ង�
N�ង � 

b. ក�ង�ង�@នv3 ច��ចញព��បភព �M�ព �� �គ9ប��ផ3!មបនaយច�Z យ d  � 

ច�ម*:យ 

a. ក�.� ក�ង�ង�sk ប�ន%ង�បភព�ង�
N�ង (  �ថ�) 

�មព ��!មFនក�ង�ង�Rទ0�h   

�ព ច,�យ�4ងE�A �*=,ងព����ប�បz  �យ!ង@នS@A 
����h 

  

H,VN �មព ថ��h     

�-ច�ន& �មព �ប
�ក�ង�ង�Rទ0� �ក!ន�"!ងច,ន*ន  �ងFន�មព ��!ម � 
b. ក�.� ក�ង�ង�v3 ច��ចញព��បភព (  �ថ�) 

�មព ��!មFនក�ង�ង�Rទ0�h   

�មព ថ��Fនក�ង�ង�Rទ0�h   

�-ច�ន&�មព ក�ង�ង�Rទ0� ថយច�& �M
 ���%ម��  Fន�មព ��!ម� 
 

36. ��"	ច��Gងម*យ�{&ច- ក8�ង ,Bក�ង�ង�Rទ0�បLង�ក8�ងទ	
�jផ�� ,@នម�, 30oα =  (ម*យ
E�A �*� 	ជ��ន ន	ង�ចញផ��ព�ក�ង�ង�Xមទ	
�jXមទ	
�
បន%ងE�A �*=,ងព���ប
�ក�ង
�ង�Rទ0�� គ.H ផ 
ងបA-�ង��
N �4ងE�A �*=,ងព��Fនក�ង�ង�Rទ0�� E�A �*Fន
ក�ង�ង�Rទ0��ន�ប��ង 10cm=ℓ  ច�Z យ�4ងE�A �*=,ងព�� 2d cm=  �B!យម�ន�ព 
�{&ច- ក8�ងក�ង�ង�Rទ0� ��"	ច��Gង�ន�មព 
���នទ	ច��!ម 3000o VW e=  �  

(ម	នគ	��,�ព!Fនក�L ,ងទ,Hញ��) 

U =

21

2
W CU=

3
3

4 . 4 .

S S
C

d
C

k d kπ π
′ = = =

′

21
3

2
C WW U′ = ′ =

3

Q =
21

2
W

Q

C
=

21

2 3
W

Q W

C
′ = =

′
1/ 3
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ច�ម*:យ 
ច H�ប
���"	ច��Gង�ចក�ចញ(ព��h 
+ ច HXមទ	
��ក  (ច H��ង��
�! �ន
ម�S�h 

  
+ ច HXមទ	
ឈ�   (ច Hយ���
�! �
ម�S�h 

  

  
 ក`ខ.y ��!ម^�VN��"	ច��Gង�ចញផ��ព�ក�ង�ង� ន	ង�{&Xមទ	
�j�
បន%ងE�A �*h 

  �ព    
Xម  ន	ង  �យ!ង@នh 

  

  

      

  

  ��   (�មព 
���នទ	ច��!ម�ប
���"	ច��Gង 

�នh ( )19 21 1.63000 1 ; 2 2.100 ; 0.1o eV JW c meV d m m− −= × == = = ℓ    
H,VN  520U V≈     

 
37. E�A �*�uBhព���
ប78 ��?�@ន�គQក�ក8�ងបLង���ក �L �ព�78 �ប��ង 1d cm=  ន	ងs� ប�

(ម*យ�ពភព�ង�
N�ង�នផ 
ងបA-�ង��
N  1U KV=  � �គ�%ង� �M��ង�ច,.� ច 
កT3  FនE�A �*=,ងព���ន�,.ក�@� A�ផ��ក�គ�	
ន�ក,ព�ង��.3 � (4�Mន%ងម*យក�នLង)  

�Rប����ព �H&ផ 
ងបA-�ង��
N �4ងE�A �*=,ងព��@នថយច�&មក�M
 ���%ម�� 

995U V′ = � ��!ក8�ង�យh�ព បA�H� ន�ទ!ប�,.ក�@� A�>L ក�ច�&�K� �E�A �*'ង��Sម? 

យក 
210 /g m s=  � 

( )Ox

( ) ( )cos . 1ox v tα=

( )Oy

( ) ( )
2

sin ; 2
2o

at eU
t av

md
y α − ==

( ) ( )sin 3y ov v atα −=

0yv = x = ℓ

( ) ( )1 , 2 ( )3

coso

t
v α

= ℓ

sin 0
cosy o

o

eU
v

md v
v α

α
= − =ℓ

2

.2sin .cos
2

omv eU

d
α α⇒ = ℓ ( )sin cos si; n 22 α α α=

2

sin 2 sin 2
2

o
o

mv eU
W

d
α α⇒ = =ℓ

sin 2 .

.
oW d

U
e

α
⇒ =

ℓ oW
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ច�ម*:យ 

- �,ប-ង�,.ក�@� A���.3 ��ន ,ន%ង , �នបន��ក   
�H&ទ,នង�  �ន ,ន%ង(ម*យក�L ,ង��ន��"	ច��?R3 ទ	ច    

H,VN     

- �ព �� ផ 
ងបA-�ង��
N ថយច�&� � , �H&ក�L ,ង��ន��"	ច��?R3 ទ	ចម	ន
�ន ,ន%ង(ម*យន%ងទ,ងន�Fន�,.ក�@� A�, �ព �H&�,.��@� A��ង�,�ព!Fនក�L ,ងផ�*បម*យ

�� �នE,ង�ង�
����  �នទ	
�jច�&��SមXមទ	
ឈ�� 

ក�L ,ង�ន&@ន�ធ2!VN�,.��@� A� >L ក�ច�&�Qយ
,ទ�& 

     

Xម   ជ*
ក8�ង   

H,VN    


ម�S��ព Fនច H�ប
��,.ក�@� A�គ�h    ��   

  

 
 

 
38. ក,�ទចធ- �ម*យ�7ប�
a	��Mន%ង��ង�ច,.� ច O  ន	ង� !
��"	ច��Gងច,ន*ន 1000e− � 

បH� ប�មក �ន��"	ច��Gងម*យ@ន�{&មកព�ច�Z យ
,�jមក�កក,�ទចធ- ��H&�Qយ
� ^�ន��!ម 5 2/10oV m s= � គ.H�ប��ង�-ចប,ផ���� ��"	ច��Gង�H& Eចច- មក
ជ	�ក,�ទចធ- �(ម	នគ	��,�ព!Fនទ,Hញ�� )� 

ច�ម*:យ 

�យ!ង@ន បន��កFនក,�ទចផង�    

q

P mg= F qE=

( )1mg qE
d

q
U= =

U ′

F mg qE
U

mg q
d

′′ = −= −

( )2
F q U

g
d

a
m m

′= −=

( )1
q gd

m U
⇒ = ( )2

1
U

U
a g

 ′ = − 
 

2

2
s

at=
2

s
d=

21.10
0.45

995
1 10 1

1000

d d
t s

Ua
g

U

−

⇒ = = = ≈
′   − −   

   

19 161.6 101000 1000 101.6Q Ce− − −== × ×= − −
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- Xមចfប��ក[�មព  ( ,{��ទ�  ) �យ!ង@នh ច,�យ�-ចប,ផ��  �� ��"	ច
��GងEចច- ជ	�ក,�ទចផង� គ���?�ន%ងទ�X,ង  Tម*យ �� �M��ង�ទ�X,ង�H& � ^�ន
�ប
���"	ច��Gង �
�!ន%ង
-នN�  

- �មព �ប
���"	ច��Gង�ព 4�MEនន3h    

- �មព �ប
���"	ច��Gង��ង�  �
�!ន%ង�មព បA-�ង��
N ��ន��"	ច��?R3 ទ	ចh 

 ��    

Xមចfប��ក[�មព ��ង�ច,.� ច  ន	ង  �យ!ង@នh 
 

   

�យ!ង�នh    

  

 
39. �
2o��uBh�-ចប�/ក ក.̀n �ន�A 
 0.1m g=  ន	ងបន��ក 710q C−=  �-ច78  ��?�@ន

�គ�ក[VN
a	��M�ន ,ន%ង��ង�ក,ព- =,ងប�Fន����S.
ម0ងD �ន�ជGង 1.5a cm= � 

បH� ប�មក�គកm@ន� ង�
2o�=,ងប��H&�Mខ.h�ព ��ម*យ �គ�ឃ!ញ��
2o��uBh
ន�ម*យC vL 
�ទ�Xមទ	
�jFនបHL យកនL&បH� ��
ព�&ម�,=,ងប�Fន����Sន (
ន����ឆL�&78 ) �QយR�

�,�ព!Fនក�L ,ង�9ន��"	ច��?R3 ទ	ច (ម	នគ	� �,�ព!
Fនទ,Hញ�� ) ច-�គ.Hh 

a. � ^�ន�ប
��
2o��uBhន�ម*យC �ព 4�L �
ព�78 �ប��ង 4.5r cm=  � 

b. កម�ន3Fនក�L ,ង�គ�	
ន��� �ធ2!VN�
2o�ម*យvL 
�
ទ��K~Z យ�ធYបន%ង�
2o�ព���ផDង�ទY�� 

ច�ម*:យ 

a. គ.H� ^�ន�ប
��
2o�ន�ម*យC 

14 OM

M

21

2 oE mv∞ =

M

ME
eQ

k
r

= r OM=

O M

ME E∞ =
2

2
omv eQ

k
r

⇔ = 2

2 . .

o

k e Q
r

mv
⇒ =

19 16 31 5, 1.6 10 , 9.1 101.6 1 , 1 /0 0oC Q C m kg me v s− − −== = =
9 19 16

5
31 5 2

2 9.10 1.6 10 1.6 10
5.06 10 0.051 mm

9.1 10 (10 )
r

− −
−

−

× × × × ×
⇒ = × ≈

×
=

×

� 

� 

� 

� 

'	 

(�-ប )  
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�Qយ�បព0ន\�
2o�=,ងប��ន ក`.hឆL�&78  H,VNក8�ង  ប,u
�ទ��ប
�4 �
2o�=,ងប��M��
a	�
�M� !ក,ព- =,ងប�Fន����S.
ម0ងDម*យ��� (�ន�ជGង=,ងប��
បន%ង����S.��!ម)�  
�យ!ង�ឃ!ញ� �
2o�ន�ម*យCvL 
�ទ�ក8�ង��ន��"	ច- ��?R3 ទ	ច�� ប�ង$!��"!ង�Qយ�
2o�
ព���ផDង�ទY��  H,VN�យ!ង
	ក[ច H�ប
��
2o�ម*យក8�ងច,�Hម�
2o� =,ងប�'ង� !h 

 

- �,ប-ង �មព Fន�
2o� គ�(�មព បA-�ង��
N Fន��ន��"	ច��?R3 ទ	ចh 

  ��  (បA-�ង��
N ��ង�ច,.� ច�� �យ!ង
	ក[ 

- �ព �
2o�=,ងប��L �ព�78 ច,�យ  �H&�យ!ង@ន�មព �ប
�4�*ម�នh �មព 
��-
�នទ	ច ន	ង�មព បA-�ង��
N ��"	ច��?R3 ទ	ចh 

  

Xមចfប��ក[�មព h    

  

�យ!ង�នh    

   

 
b. គ.Hកម�ន3Fនក�L ,ង�គ�	
ន� 
�M�ព �� �
2o�ម*យvL 
�ទ��K~Z យ ( )∞  ព��
2o�ព���ទY� �H&�
2o�=,ងប��L �~Z យព�78
�ប��ង�នន3�  �យ!ង@នកម�ន3Fនក�L ,ង��"	ច��?R3 ទ	ច �� �ធ2!VN�
2o�=,ងប�vL 
�ទ��L �
~Z យព�78 h 

( )13 3 . oVA q V qV∞ =−=   (��d& 0
q

r
kV∞

∞

= = ) 

( )29 72

2

9.16 1006
3

1
0.036

1 5 0.o

kq
A qV J

a

−

−

× ×
=

×
===    

 
 
 

2

1 2 2 . 2o

kq q
qV q

a a
E k= = = oV

r

2
2

2 2

1 1
2 2

2 2

q
mv qV mvE k

r
= + = +

1 2E E=
2 2

21
2 2

2

q q
k mv k

a r
⇔ = +

74.5 , 1.5 , 10 0 1, .r cm a m q gCc m−= = = =

9 2 2
7

4 2 2

( ) 9.10 (4.5 10 1.5 10 )
2 2 10 12.65 /

. . 10 4.5 10 1.5 10

k r a
v q m s

m r a

− −
−

− − −

− × − ×
⇒ = = × ≈

× × × ×
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40. �
2o��uBh�-ចប�ផ��កបន��ក�គ�	
ន�
56 �-ច78  1 2 3, ,q q q  ��  2 3q q=  EចvL 
�ទ�
�Qយ�
� �ក8�ងកង�ង2ង����
-"ង�ម*យQក�ក8�ងបLង���ក� �ព �� �
2o��uBh=,ងប��ន
 ,ន%ង �គ�ឃ!ញ� 4ប�ង$!�@ន(1ង����S.ម*យ�� ក,ព- ម*យ�នម�, 30o

 � គ.H
ផ �ធYប 1 2/q q  � 

ច�ម*:យ 

- �Qយ�
2o� 2q  ន	ង 3q  ផ��ក�គ�	
ន��
�!78  �H&H,VN�យ!ង@ន����S.�� ប�ង$!��Qយ
បន��ក=,ងប� (����S.
ម@� ABC (�-ច�-ប1.40)�  ក�L ,ង�ន3�កម��4ង�
2o�=,ងប�(
ក�L ,ង��"	ច��?R3 ទ	ច� �
2o� 1q  �ង�,�ព!Fនក�L ,ងព���� ប�ង$!��Qយ 2q  ន	ង 3q  �B!យ
ក�L ,ង=,ងព���នE,ង�ង�
�����
�!78  (��d& 2 3q q=  ) ⇒  ក�L ,ងផ�*ប��ង� A  �នទ	

S��Xមផk	� O  Fនកង�ង2ង� ន	ង�ន ,ន%ង(ម*យ ក�L ,ង�ប�	កម�Fនកង�ង2ង�� �B���ន& 1q  
�ន ,ន%ង(ន	ចkច,�d&�គប��FមLFន 1 2,q q  ន	ង 3q � 
- �B���ន&�យ!ង�7ន���
	ក[ ក`ខ.y  ,ន%ងFន�
2o� 

2q  (b�
2o� 3q ) ម*យប�នaម�ទY� ��!ម^�
ន8	QW ន�ក
 ក`ខ.y  ,ន%ងFន�បព0ន\�
2o�=,ងប�� 
Xង  1 3,F F

� �
 (ក�L ,ង��  1 3;q q  �ន�,�ព!� ! 2q   

    N
�

  (ក�L ,ង�ប�	កម�Fនកង�ង2ង��ន�,�ព!� !�
2o� 2q   
 ក`ខ.y  ,ន%ងFន�
2o� 2q  គ�h 

1 3 0F F N+ + =
�� � �

 b 1 3F F N+ = −
� � �

   
�នន0យ� ក�L ,ងផ�*ប�4ង 1F

�
 ន	ង 3F

�
 (ក�L ,ងឆL�&ន%ងក�L ,ង�ប�	កម� N

�
 (�-ច�-ប 1.40) 

��  1 3F F F= +
� � �

  
Xម
ម��	កម�h � �,30 60 , 15o o oBAC OBC α= = ⇒ =   
Xម�-បមន3ទ,Hក�ទ,នង����S.���Fន����S. 1BFF

� �
  

�យ!ង@នh ( )3 31 *
sin 60 sin sin15o o

F FF

α
= =   

��   1 2 1 2
1 22

2
cos

q q q q
k kF

AB R

α

= =
 
 
 

 ន	ង 
2

2 3 2
3 2 2

q q q
k k

BC R
F = =  ជ*
ក8�ង ( )*   

�	 �	� 

�	� �� 
� � 

� 

+ 

G��	 

   60� �� 

�� 

% 

(�-ប )  
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H,VN�យ!ង@នh 1
2

2

4sin 60
14.35

sin15 cos 15

o

o o

q

q
= ≈

×
  

 
41. �M� !បLង�បន�&�ក���uងព�� 1P   ន	ង 2P  
a	�ក8�ង

បLង��ទ��� �នម�, 60oα =  �ធYបបLង���ក�-ច78  �គ
@នQក��
2o��uBh�*ចCច,ន*នប� , ,A B C  �ន
�A 
 1 2 2m m g= =  ន	ង 3m   ន	ង�នបន��ក�គ�	
ន� 

6
1 2 6.10q q C−= =  ន	ង 6

3 3.10q C−= � �
2o� A  

a	��M��ង�ច,.� ច�ប
ព2�4ងបLង� 1P  ន	ង 2P  � 
ច,�.ក/�
2o� ;B C Eច��	 �Qយ7� នកក	�� !បLង� 

1P  ន	ង 2P  � �ព �� �គQក��
2o� B  ន	ង C  VN�ន ,ន%ង�M�យhកម}
��-ច78 �H&�គ
@នផk	�Fន�បព0ន\បន��ក=,ងប�
a	�ក8�ងបLង�ឈ� (�-ប1.41 )�   គ.H�A 
 3m   ន	ងច�Z យ

�4ង�
2o��uBh=,ងប� �  ��! ,ន%ង'ង� !(�ប�ភទ ,ន%ង
oប����b�ទ? 

ច�ម*:យ 

- �
2o� B  �ង�,�ព!Fនក�L ,ងប*នគ�h ក�L ,ង�9ន    
��"	ច��?R3 ទ	ច 1 2,F F

� �
 (�� ប�ង$!��"!ង

�Qយ�
2o� A  ន	ង�
2o� C  ) ទ,ងន�  2P
�

 ន	ងក�L ,ង 
N
�

 (�ប�	កម�FនបLង�( )1P  �� h 
1 2

1 2
F

q q
k

r
=  ,  3 2

2 2
F

q q
k

r
=  ,  2 2P m g=   

- ��!ម^�VN�
2o� B  �ន ,ន%ង �&�X��h  
( )1 2 2 1F F P N O+ + + =

� � � �
  

�ធ2!ច,�H �កង ( )1 � !�កD0�
បន%ងបLង� ( )1P  �យ!ង@នh 

1 3 2cos sinF F m gα α+ =  3 21 2
22 2

cos sin
q qq q

k k m g
r r

α α⇔ + =   

�យ!ង�នh 1 2 3

1 3
2 , 60 cos , sin

2 2
oq qq α α α= = ⇒ = ==   

% % 

� � 

��  �� 
�	� 

� 
�� 

�	� 

3�	� 

G��	 

(�-ប )  

% % 

� � 

��  �� 3� 3� 

� 

�� 

(�-ប )  
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( )2 3
22

3 25
q

m g
r

q
k⇒ =   

- �-ច78 ���ច,�d& ក`ខ.y  ,ន%ងFន�
2o� C  : (�Q&�Rយ�-ច'ង� !) 
1 3 2 3

32 2
cos sin

q q q q
k m g

r r
k α α+ =   

( )2 3
32

3 3 3
q q

m g
r

k⇒ =   

យក ( ) ( )2 / 3  H,VN 2

3

5

3

m

m
=  3 2

3 3
2 1.2

5 5
m m g⇒ = = =   

Xម ( )2  2 3

3

5
2.41

3

kq q
r cm

m g
⇒ = ≈   

+ �ព ��  r  �ក!ន�"!ង �H&�គ�ឃ!ញ��
2o� B  (b �
2o� C  ) ន%ង�"!ងSន���ខ}
��ថម
�ទY� �H&H,VNក�L ,ង�9ន��"	ច��?R3 ទ	ច 1 3,F F

� �
 �ន�,�ព!� ! B  ថយច�& ច,�នកទ,ងន� 

2P
�

 ន%ង=ញ�
2o�VNមក�កទ�X,ង��!ម� 	ញ� ���ប! r  ថយច�&� 	ញ �យ!ង�ឃ!ញ� 1 3,F F
� �

 
�ក!ន�"!ង �B!យ4ន%ង��ញ�
2o�VN�"!ង� !� �-ច�ន& ,ន%ង'ង� ! ( ,ន%ង
oប� � 
 

42. �
2o��uBh�-ចព��/ក ក.̀n ផ��ក�គ�	
ន���?�@ន�គយក�KពN*���ង�ច,.� ច��ម*យ�Qយ
�ខD���
-"ង�~� ព���ប��ង�
�!78  �B!យយក�KQក�ក8�ងមជiQW ន�ង�>��1�g���"	ច�ទ	ចម*យ 

�� �ន�មគ�.�ថ�g���"	ច�ទ	ច ε  ន	ង�ន�A 
�g 1D  �  ��!�
2o��uBhន�ម*យC��?�
�ន�A 
�gបA�H� ន ��!ម^�VNម�,គ,u��4ង�ខDពN*��
2o�=,ងព���ព Qក�ក8�ងg���"	ច�ទ	ច 

�
�!ន%ងម�,គ,u��ព Qក�ក8�ង
�l6S
? 
	ក[ក8�ងក�.�  �ង�>��g���"	ច�ទ	ច(��បង  

2ε =   ន	ង�A 
�g 3
1 800 /D kg m=  � 

ច�ម*:យ 

�Q&�RយXម
,1យ ,{��ទ� 3  ន	ងXម�-ប 1.42 �យ!ង@នh 
+ ក�.� Qក�ក8�ង
�l6S
h 

( )tan 1eF

P
α =   

�� h :eF  (ក�L ,ង�ន3�កម���"	ច��?R3 ទ	ច�4ង�
2o�=,ងព�� 
:P  (ទ,ងន��ប
��
2o�   P mg DVg= =  ( :D  �A 
�g�
2o� , :V  �g�
2o�) 
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:α  (ម�,គ,u��4ង�ខDពN*� �ធYបទ	
ឈ� (ក�.� Qក�ក8�ង
�l6S
) 
+ ក�.� Qក�ក8�ងមជiQW ន�ង�>��1�g���"	ច�ទ	ចh �
2o�ន�ម*យC�ងក�L ,ង 4  �*ម�នh  

- ទ,ងន� P   

- ក�L ,ង��"	ច��?R3 ទ	ច e
eF

F

ε
′ =   

- �,.% ង�ខD T ′   
- ក�L ,ង�,�T E
���មA��  1 .AF gDV=  ��  AF P

� �
րւ   

�
2o�=,ងព���ន ,ន%ងS Th 
0e AFP T F+ ′ + ′ + =

�� ���� �
  

�យ!ង@នh  ( )tan 2
A

F

P F
α ′′ =

−
  

��  :α′  (ម�,គ,u��ខDពN*��ធYបទ	
ឈ��ព Qក�ក8�ងg���"	ច�ទ	ច 
Xមប,1ប�h α α′ =   

/e e e

A A

F F

P P F P F

F ε′⇔ = =
− −

  

1A

P D

P F D D
ε⇒ = =

− −
  

3
1

2
800 1600 /

1 2 1
D D kg m

ε
ε

⇒ = = =
− −

  

 
 

43. �
2o��uBhប�/ក ក.̀n  �ន�A 
 10m g=  ��?�@ន�គយក�KពN*���ង�ច,.� ចម*យ 

�Qយ�ខD�,�@&~� ប��ន�ប��ង�
�!78  1 m=ℓ  � �ព �គផ��កបន��ក�គ�	
ន��-ច78 VN�
2o�
=,ងប� �គ�ឃ!ញ��
2o�=,ងប�ប�ង$!�@ន(����S.
ម0ងDម*យ �ន�ជGង 0.1a m= � 

គ.Hបន��ក�គ�	
ន�Fន�
2o�ន�ម*យC� 

ច�ម*:យ 

(�Q&�Rយ�-ច ,{��ទ� 3  ) �យ!ង
	ក[ ក`ខ.y  ,ន%ងFន�
2o�ម*យh 

  

+ 

% 

� � � 

3�	 �	 
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-  �Mក8�ងក�.� �ន& ក�L ,ង F
�  (
a	�� !បLង���ក) (ក�L ,ងផ�*បFន 1 2,F F

� �
 �� ប�ង$!��"!ង

�Qយ�
2o�ព���ផDង�ទY���Qយ�
2o�/ក ក`.n H,VN�យ!ង@នh 

1 2F F= ន	ង ( )�
1 2, 60oF Fα = =
� �   

H,VN ( )
2

1 1 2
co2 s30 3 3 1o FF

q
kF

a
= ==   

 ក`ខ.y  ,ន%ងFន�
2o�h 0P F T+ + =
� � �

  

Xម�-ប 1.3 �យ!ង@នh  ( )tan 2
F

P
α =    

(α  ម�,គ,u��4ង�ខDពN*��ធYបទ	
ឈ�) 

ម�Aង�ទY�h ក�.� ម�,�-ច  ( )
2 3

33 2tan sin 3
3

a
aα α⇒ ≈ = =

ℓ ℓ
  

Xម ( ) ( )1 , 2  ន	ង ( )3  �យ!ង@នh 
1

3 2
86.1 10

.3

a mg
C

k
q − 

≈ × 
 

=
ℓ

  

 
 
 
 
 

44. �ខDចមLង�-ចម*យ1ង(�ង2ង� �នS, R  ផ��កបន��ក�គ�	
ន� q  �  

a. ក.��E,ង�ង�
������ន�គ�	
ន� �� ប�ង$!��"!ង�Qយ�ង2ង��ខDចមLង��ង�ច,.� ច M  


a	��M� !�កD0�ង2	 Fន�ង2ង��ខDចមLង�L �ព�ផk	�O  �ប��ងOM h= �  
	ក[ក8�ងក�.�
ច,.� ច M  ��z�
��78 ន%ងច,.� ច O  ( )0h =  ន	ងក�.� ច,.� ច M  �M~Z យព� O   

( )h = ∞  � 

b. ក,.��បA-�ង��
N ��ង�ច,.� ច M   � 

ច�ម*:យ 

a. គ.H��ន�គ�	
ន���ង� M   
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- ]ប�� 0q >  H,VN�យ!ង@ន 1∆ℓ  �នបន��ក� 	ជ��ន  ( )1 1 1.q q λ∆ ∆ = ∆ℓ  @ន
ប�ង$!���ង�ច,.� ច M  ន-���ន�គ�	
ន� 1E∆

�
 �� �នទ	
 ន	ងទ	
�j�-ច�-ប 1.44 ន	ង

�នE,ង�ង�
����h ( ) ( )
1 1

1 2 2 2 2

.q
E k k

R h R h

λ∆ ∆∆ = =
+ +

ℓ   

      �Qយ�ផwក� ! ក`.hឆL�&78 Fន�ង2ង��ខDចមLង �H&�យ!ង@ន 2∆ℓ  ឆL�&78 ន%ង 1∆ℓ  
�ធYបន%ងផk	� O  ន	ង�ន ក.̀h�-ច78 =,ង�
Gង  2 1∆ = ∆ℓ ℓ  ន	ង 2 1q q∆ = ∆  កm@ន
ប�ង$!���ង�ច,.� ច M  ន-���ន�គ�	
ន� 2E∆

�
  ( )2 1E E∆ = ∆  �� �នទ	
 ន	ងទ	
�j

�-ច�-ប 1.44 �  
�យ!ង�ឃ!ញ� 1E∆

�
 ន	ង 2E∆

�
 ឆL�&78 �ធYបន%ង�កD0�ង2ង��ខDចមLង  

1 2E E E∆ = ∆ + ∆
� � �

  �នទ	
� !�កD0�ខDចមLង ន	ងទ	
�j9កផk	� O   

E,ង�ង�
����h 
( )

1 1
2 3/22 2 2 2 2 2

. . .(2 )
2. cos 2

( )

k hh
E E k

R h R h R h

λ λα ∆ ∆∆ = ∆ = =
+ + +

ℓ ℓ   

�� ក8�ង�H&  12∆ℓ  (ផ ប-ក�ប��ងFនក,T���ខDចមLង�� �យ!ង
	ក[� 
-   �ប!�យ!ង
	ក[ច,�d&�ង2ង��ខDចមLង=,ងម- �យ!ង@នh 

1 2 1 22 2 3/2 2 2 3/2

. . . . .
( )

( ) ( )

k h k h
E E

R h h
E

R

λ λ∆ + ∆ + = ∆ + ∆ +
+

= =
+
ℓ

⋯ ℓ ℓ ⋯   

��  2 Rπ=ℓ  (�ប��ង�ខDចមLង
��ប 

( ) ( )3/2 3/22 2 2 2

. . . . | |
2

k h k h q
R

R h
E

R h

λ π⇒ =
+ +

=   ��d& | | 2 .q Rπ λ=   

- �ចក�ង2ង��ខDចមLង(�ផ8ក�-ចC �� �ន�ប��ង 

∆ℓ  ( )R∆ <<ℓ   �� Eច9��ទ�ក(ច,.� ចបន��ក
�គ�	
ន�� ច,.� ចបន��ក=,ង�ន&ប�ង$!���ង�ច,.� ច
M ន-���ន�គ�	
ន� iE∆

�
 � H,VN��នផ�*ប��ង�

ច,.� ច M ��?�@នគ.HXម�-បមន3ផ ប-ក�� 	ចទ0� 
��ន=,ង�
� � 

-  Xង λ  (�ង�
����បន��កFន�ខDចមLង (បន��កក8�ង

ម*យ'8 ��ប��ង) �� h  
2

q

R
λ

π
=   

+ 
J Δℓ� Δℓ� 

ℎ 

Δ
�	� Δ
�	� 

� 

% 

Δ
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+ ក�.�  M O≡  H,VN 0h =   E = 0O⇒   

+ ក�.� M  �M ∞ ( )h R≫  
2

| |
E

k q

h∞⇒ ≈  �យ!ង�ឃ!ញ� �Mច,�យ ∞  ��ន�គ�	
ន�

�� ប�ង$!��Qយ�ង2ង��ខD �-ច78 ន%ង��នប�ង$!��Qយច,.� ចបន��ក�គ�	
ន� q  Qក���ង�ផk	�
�ង2ង��ខDចមLង� 
 
b. ក,.��បA-�ង��
N ��ង�ច,.� ច M   
�-ច
,1យ'ង� !��� H,VN�យ!ង=ញ@ន  �ផ8កន�ម*យCFន�ខDចមLង@នប�ង$!���ង�

ច,.� ច M  ន-�បA-�ង��
N h   
( )1/22 2

. .k
V

R h

λ ∆∆ =
+

ℓ   

�Qយ បA-�ង��
N (ទ,B,R$ �  H,VN�យ!ង@នបA-�ង��
N �� ប�ង$!��Qយ�ង2ង��ខD
=,ងម- h 

1 2 1 22 2 1/2
( )

( )
V V k

R h
V

λ∆ + ∆ + = ∆ + ∆ +
+

= ⋯ ℓ ℓ ⋯   

2 2 1/2 2 2 1/2
2

( ) ( )

q
R k

h
V

R h R
k

λ π =
+ +

=   

+ ក�.�  M O≡  H,VN 0h =  O

q
V k

R
⇒ =   

+ ក�.�  M  �M ∞  H,VN 2 2R h+ = ∞  0V∞⇒ =   
 
 
 

45. �
2o��uBh�-ចព���ន�A 
 m   ន	ង M   ផ��កបន��ក�គ�	
ន� q−   ន	ង Q+  ��?�@ន�គ
យក�KQក� � !ក8�ង�ខD��ន�គ�	
ន�/ក
TW ន ច�Z យព�78 �ប��ង d  � �ព �គ� ង
�
2o��uBh=,ងព���H& 4កm@នvL 
�ទ� ��ច�Z យ�4ង�
2o�=,ងព���M���ក[�
�! d  ���
 �  ច-�ក,.��ទ	
�jFន�ខD��ន�គ�	
ន�/ក
TW ន ន	ងE,ង�ង�
����Fន�� 	ចទ0���ន�គ�	

ន��H& � (ម	នគ	��,�ព!Fនទ,Hញ��) 
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ច�ម*:យ 

 
2 1eF F F> >  (vL 
�ទ�Xមប�T3 យ�ខD��ន �-ច�-ប 1.45  គ��នន0យ�ក�L ,ងផ�*ប�� 

�ន�,�ព!� !�
2o�ន�ម*យC��?��នទ	
�j�-ច78 ) �B���ន& �ខD��ន��?��នទ	
�jព��
2o�ទ�
P �K�
2o�ទ�� (�-ច�-ប)� ម�Aង�ទY�h �
2o�=,ងព����?��ន
,ទ�&�
�!78  (��!ម^�VN4vL 
�ទ�
@នច,�យ�
�!78  ក8�ង�យh �ព Tម*យ) គ��នន0យ�h 

 1 2
1 2

e eF F F F
a

m M
a

− −= ⇔ =   

2 2

1 1qQ Qq
qE

m d
QE

M d
k k
   = −   
  

−


⇒   

 
2

( )

( )

kqQ M m

d mQ q
E

M

+
⇒

+
=   

 
46. �ង2ង��ខDចមLង~� ម*យ �នS, 0.1r m=   ផ��កបន��ក

�គ�	
ន� oq  (�
�!Rច�� !�ង2ង��ខD=,ងម-  ) ��?�@ន

�គយក�KQក�ក8�ងបLង�ឈ�� �
2��uBh�-ចម*យ
�ន�A 
 1m g=  ផ��កបន��ក�គ�	
ន� oq q=  ��?�@ន
�គយកមកពN*���ង�ច,.� ច A  Fន�ង2ង��ខDចមLង �Qយ
��ប!�ខD�,�d&~� ��ប��ង 1.44m=ℓ  �-ច�-ប 1.46� 
�ព �ន ,ន%ង �
2o�
a	��M� !�កD0Fន�ង2ង��ខD� 
គ.Hបន��ក q   (យក 210 /g m s= )� 

ក�L ,ង=ញ��"	ច��?R3 ទ	ច eF
�

 �4ង�
2o�=,ង
ព���
�!78 (ន	ចk� ក�L ,ងFន��ន�គ�	
ន��� 
�ន�,�ព!� ! Q+  គ� 2F QE=

� �
  �នទ	
�j�-ច

�ខD��ន ន	ងក�L ,ងFន��ន�ន�,�ព!� ! q−  គ� 

1F qE= −
� �

�នទ	
�jផ��យព��ខD��ន�  

-�ប! Q q>  2 1F F⇒ >  �ប!ចង�VNច,�យ�4ង
�
2o�=,ងព���ក[�M��� ក8�ងប,u
�ទ� �&�X 
���យ!ង�នh 

− + 

+
 −� 

�	� �	4 �	4 �	� 
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(�-ប  )  
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ច�ម*:យ 

- �
2o��ង�,�ព!Fនក�L ,ងប�គ�h ក�L ,ង��"	ច��?R3 ទ	ច F qE=
� � , ទ,ងន� P

�
   ន	ង�,ន%ង�ខD T

�   
Xម
,1យ ,{��ទ� 44   �យ!ង@នh ��ន�គ�	
ន� E

�   �នទ	

a	��M� !�កD0Fន�ង2ង�
�ខDចមLង �នទ	
�j9កផk	��ខDចមLង ន	ង�នE,ង�ង�
����h 

 ( )
2 2

2 2 3/2 3
1

( )
o okhq kq r

E
r h

−==
+

ℓ

ℓ
  

��!ម^�VN�
2o��ន ,ន%ង �&�Xh 0 tan
F

F P T
P

α+ + = ⇒ =
� � �

    

Xម�-ប  �យ!ង@នh  tan sin
r

h
α α≈ =   

H,VN     ( )2
r qE

h mg
=   

Xម ( )1  ន	ង ( )2  �យ!ង@នh 
 3

7
2 292 2

10 10 1.44 0.1
1.44 4.10

.( ) 9.10 (1.44 0.1 )

mg r

k r
q C

−
−× × ×= ≈

− × −
= ℓ
ℓ

ℓ
  

 
47. �គយកបន��ក�គ�	
ន�ច,ន*ន 6 �� : 6

1 1.2 10q C−= − ×  6
2 1, 0q C−= − 7

3 8.10, Cq −= −

7
4 6.10 Cq −= − 7

5 4.10, Cq −= − 7
6 2.10, Cq −= −  ��Yង78 �KQក���ង�ក,ព- =,ង 6  Fន

ឆ�S.ន	យ0� ABCDEF  ម*យ�� �ន�ជGង�ប��ង 3a cm= � ក,.��E,ង�ង�
����
��ន�គ�	
ន��M��ង�ផk	� O   Fនឆ�S.ន	យ0�'ង� ! ? 

ច�ម*:យ 

- �យ!ងក,.����ន�គ�	
ន�ផ�*ប�� ប�ង$!��"!ង�Qយគ-បន��ក�គ�	
ន�� !�ង$���ទ?ង��ម*យ 
]ប��-ច 1q  ន	ង 4q  (��!ម (�-ច�-ប 1.47)  
+ �យ!ង@នh 14E

�  (��នផ�*ប��ង� O  �� ប�ង$!��Qយ 1 4,q q   
�នទ	

a	�� ! AD  ទ	
�j O D→  ន	ងE,ង�ង�
����h 
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q q
E E k

a
E

+
= + =  

+ �-ច78 ���ច,�d& 25E
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a	�� ! BE   
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( )2 5
25 2 5 2

q q
E E k

a
E

−
= − =   

+ ច,�d& 36E
�  �នទ	

a	�� ! CF  ទ	
�j O C→  ន	ង�នE,ង�ង�
����h 

( )3 6
36 3 6 2

q q
E E k

a
E

−
= − =    

�Qយ 1 4 2 5 3 6| | | | | | | | | | || q q q qq q− = − = −  14 25 36E E E⇒ = =   
H,VN�យ!ង@ន�� ផ�*ប��ង� O  គ�h 14 25 36 252OE E E E E= + + =

� � � � �  �នន0យ���នផ�*ប
�នទ	

a	�� ! BE   ទ	
�j O B→  ន	ង�នE,ង�ង�
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48. �
2o��uBhម*យ�នS, 1R  ��?�@នផ��ក�គ�	
ន��B-�� ��នបA-�ង��
N  V   បH� ប�មក

�គកm@នយក
,បក�
2o��uBhម*យ�� �នS, 2R  មកព0ទ\ព���c�
2��uBh'ង� !� 

a. ��!បA-�ង��
N �ប
��
2o��uBh��ប�បz OA ង�-ច�ម3ច �ប
	ន�ប!�គយក�ខDចមLងម*យ
មក�s� ប��
2o��uBh(ម*យន%ង
,បក�
2o��� ព0ទ\ព���c�H&? 

b. គ.HបA-�ង��
N �ប
��
2o� �ព �� 
,បក�
2o���?�@ន�s� ប�ន%ង��� 

c. គ.HS@A 
����Fនក�ង�ង�Rទ0� �� ផ�� ,�"!ងព��
2o��uBh ន	ង
,បក�
2o� � 

ច�ម*:យ 

a. ប��មប�មz បA-�ង��
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�!ន%ង  1Q
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k
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2o� ន	ង
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2o�
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N �
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b. គ.HបA-�ង��
N �
2o� �ព 
,បក�
2o��s� ប�ន%ង�� 
- �M�ព �� 
,បក�
2o�ម	ន@ន�s� ប�ន%ង�
2o� ���គ�s� ប�4ន%ង��� 	ញ ( �គ9��ទ�ក��(
�ង�>��ចមLងធ,ម*យ ន	ង
a	��Mច,�យ ∞ ព��បព0ន\�� �យ!ងក,ព�ង
	ក[) �H&H,VNបន��ក
�ប�	កម� �ន
56 �-ច ន	ង�នE,ង�ង�
�����
�!ន%ងបន��ក�
2o��� ��?�@ន�9ន�ចញ� 

�M�ព �H& Fផ�ក8�ងFន
,បក�
2o��នបន��ក Q′  ��  1VR
Q

k
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- បA-�ង��
N �
2o��Mខនh�ន& �
�!ន%ងបA-�ង��
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បA-�ង��
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,បក�
2o� (bផk	��
2o�) �
8!ន%ងh 
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� !Fផ��
2o� �នE,ង�ង�
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2o�ក8�ងក�.� �ន&គ�h 
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   
′ = + = − = −   

  
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c. គ.HS@A 
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,បក�
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Q

U
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49. �គ�%ង� �Mច�HL &E�A �*=,ងព��Fនក�ង�ង�Rទ0�បLង�ម*យ �ន n  �
=ប�g���"	ច�ទ	ច

�� �នក��
���Yង78  1 2; ;...; ndd d  ន	ង�ន�ម
គ�.�ថ�g���"	ច�ទ%ច 1 2; ;...; nε ε ε  � ច-�គ.H 
S@A 
����Fនក�ង�ង�Rទ0�'ង� !? (�-ប 1.49 ) 
យក�-បមន3�� =ញ@ន1ងទ-�K មក�ន���3ច,�d& 
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ន�ម*យC�នFផ� 2400S cm=  Qក��L �ព�78 ច�Z យ 3d mm=  �B!យច�HL &ក�ង�ង�Rទ0�
ប,�ពញ�Qយ@A 1A B2�នក��
� 1 1d mm=  , 2ε =  ច,�.ក�ផ8ក�� �M
 �ប,�ពញ
�Qយ
�l6S
� 

 
ច�ម*:យ 

-  ក8�ងក�.� �ន& �យ!ងEច9��ទ�កក�ង�ង�Rទ0� (បង�� ,(�
o� �Fន n  ក�ង�ង� �B!យE�A �*
Fនក�ង�ង�ន�ម*យC�ន�កuFផ� S  �B!យច,�យ�4ងE�A �*Fនក�ង�ង�ន�ម*យCគ� 1 2, ,d d …

មជiQW នg���"	ច�ទ	ចច�HL &E�A �*=,ងព��Fនក�ង�ង�ន�ម*យC�ន�ថ�g���"	ច�ទ	ច 1 2 ., . .ε ε  : 
H,VN�យ!ង@នS@A 
����
មម* Fនបង�� ,គ�h 
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 
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1

S
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50. ក�ង�ង�Rទ0�បLង�ម*យ�នច�Z យ�4ងE�A �*=,ងព���ប��ង 1.5d cm=  ��?�@ន�គយក
�K�s� ប�ន%ង�បភព�ង�
N�ងម*យ�� �នផ 
ងបA-�ង��
N  

43.9 10U V=  � 

a. ��!ក�ងQង�Rទ0�'ង� !ខ-ច���b�ទ? �ប!�គ�%ង� ក�ង�ង�Rទ0�SL យ(ចមLង�គ�	
ន�
�ព �� ��ន�គ�	
ន��ប
�4ធ,(ង 63.10 /breakE V m=  ( breakE  ��នក,� 	�)� 

b. �ប
	ន�ប!ខ.h�ព �H&�គយកបន�&�ក�ក��
� 3mm  ន	ង 7ε =  �KQក�ច- ក8�ង
ក�ង�ង�'ង� ! ��!ក�ង�ង�ខ-ច���b�ទ? �ប!�គ�%ង� ��ន�គ�	
ន�ក,� 	�ច,�d&�ក�គ��
�!ន%ង 

7 V/0 m1glassE =  � 
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ច�ម*:យ 

-  ��ន�គ�	
ន�ក,� 	�ច,�d&�ង�>�����
-"ង�ម*យ គ�(��ន�គ�	
ន��ប^ប���� �ធ2!VN�ក!�
�ន@��ភ-�ប�ន���គ�	
ន�ក8�ង�គ�>�����
-"ង��H&(�នន0យ��ប
	ន�ប!��ន�គ�	
ន�ធ,(ង 
��ន�គ�	
ន�ក,� 	��Mខ.h�ព �H&�ង�>�����
-"ង�SL យ�K(�ង�>��ចមLង�គ�	
ន�)� 
a. ក�.� ម	ន=ន��នបន�&�ក� 
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2
63.9 10

2.6 10
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�-ច�ន& ក�ង�ង�Rទ0�ម	នខ-ច (bផ��&�បក) �ទ� 
b. ក�.� �នបន�&�ក� (ក�ង�ង��ចក9ព���ផ8កh 
�l6S
 ន	ង �ក�) 
Xង 1 2,E E  ��Yង78 (��ន�គ�	
ន�Fនក�ង�ង�Rទ0�
�l6S
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U
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ℓ
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51. E�A �*=,ងព��Fនក�ង�ង�Rទ0�បLង�ម*យ �ន�ប��ងទទ%ង b  ន	ងកម}
� h  Qក�ក8�ងទ	
ឈ�
�L �ព�78 ច�Z យ d   ��  d   �-ចT
��ធYបន%ង b  ន	ង h   ( ),d b h≪  � �គម��Sម
FនE�A �*=,ងព����?�@ន�គQក�VNបA&ន%ង�ង�>��1�g���"	ច�ទ	ចម*យ�ន�ថ�g���"	ច�ទ	ច 

ε   ន	ង�ន�A 
�g D  � 

a. �ប
	ន�ប!�គs� ប�E�A �*=,ងព��Fនក�ង�ង�Rទ0�'ង� !ន%ង�បភព�ង�
N�ង U  �គ�ឃ!ញ
��ង�>��1�g���"	ច�ទ	ចន%ង�"!ង�Mក8�ងច�HL &E�A �*=,ងព��@នកម}
� H � ច-�បក
�Rយ@��ភ-� ន	ងគ.H�កម}
� H  �  

b. �ប
	ន�ប!�គផ��យ�គ�	
ន�VNក�ង�ង��B!យv3 ច�4�ចញព��បភព �*ច�ទ!បយក4�KQក�VN
បA&ន%ងFផ�� !Fន�ង�>��1�g���"	ច�ទ	ច  ��!�ន@��ភ-��2��ក!��"!ងខ�
ព�ម�ន���b�ទ? 

ច-�គ.Hកម}
�Fន
��
��ង�>��1�ច�HL &E�A �*=,ងព��? 
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a. ក�.� ក�ង�ង�Rទ0�s� ប�ន%ង�បភព�ង�
N�ង 
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�យ!ង@នh  1

.

4 . 4 .

S h

k d d
C

kπ π
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+ ��!ម^�គ.H 2C  �យ!ង]�� �ង�>��g���"	ច�ទ	ច�"!ង@នក,ព
� H  �-ច�-ប 1.51  
�យ!ង@ន ក�ង�ង�Eច9��ទ�ក(បង�� ,(�ខ8ងFនក�ង�ង�Rទ0�ព��h  ក�ង�ង�Rទ0�
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52. �គVN�
Yគ2�Fនបង�� ,ក�ង�ង�Rទ0��-ច�-ប� �,ប-ងក�ងXក� K   ប	ទមកទ�X,ងទ� 1 បH3 ប�មក
�ទ!បប3-� K  �Kទ�X,ង 2  � ក,.��បន��ក�គ�	
ន� ន	ង
ផ 
ងបA-�ង��
N Fនក�ង�ង�Rទ0�ន�ម*យC �ព 
��  K  �M�KX,ង 2� ក,.��មA-g�  ន	ងទ	
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vL 
�ទ�Fនបន��ក�គ�	
ន�ឆLងS��Xម K  ��Sយ�ព 
ប3-�ទ�X,ង K  មកទ�X,ង2  sL ម�(�-ប 1.52) 
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1 2 3

2
QQ Q

U U
C C C

U ξ ξ+ + = ⇔ + + =   

+ ម�ន�ព  K  ប3-��Kទ�X,ង ( )2  E�A �*1 Fនក�ង�ង� 2C  �នបន��ក ( )0Q Q > �  
Xមចfប��ក[បន��ក�គ�	
ន� �H&ផ ប-កបន��កE�A �*1 Fន 2C  ន	ងE�A �*2  Fន 1C  �M
�ព  K  @នប3-��Kទ�X,ង ( )2  �ន�FមL�
�! Q  ���� �យ!ង@នh 

( )2 1 3Q Q Q− =   

�� 

�� 
�� 

� 

(1) (2) 

+ 

+ 

− 
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� 

1 
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2 

(�-ប  )  

1 − 

2 + 
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+ �-ច78 ��� ផ ប-កបន��កFនE�A �*1 Fន 3C  ន	ងE�A �*2  Fន 2C  ម�ន�ព ប3-�ក�ងXក� K  
�Kទ�X,ង ( )2  �
�!
-នN  �យ!ង@នh 

( )3 2 0     4Q Q− =   
�Q&�Rយ�បព0ន\
ម�S�h ( ) ( ) ( )1 , 2 , 3  �*ចជ*
ច- ក8�ង ( )1  �យ!ង@នh 

1 1 2 1
1

1 2 1 3 2 3

C C C

C C C C C C
Q

ξ= −
+ +

  

2 2
2 3 12 2 2

2 3
1 2 2 3 1 2 1 3 2 3( )( )

C CC C
Q

C C C C C C C C
Q

C C

ξξ= = +
+ + + + +

  

H,VN�យ!ង@នh 31 2
1 2 2

1 2 3

, ,
QQ Q

C
U U U

C C
= = =    

+ �យ!ង�ឃ!ញ� 1 0Q <  �B���ន& 1 0V <  �នន0យ� E�A �* 1 Fនក�ង�ង� 1C  ផ��កបន��ក
�� 	ជ��ន�
�!ន%ង 1Q   ច,�នកE�A �* 1 Fនក�ង�ង� 2C  ន	ង 3C  ផ��កបន��ក�គ�	
ន�� 	ជ��ន� 
+ �QយR��Mខ.h�,ប-ង 1C  ម	ន=ន�@នផ��ក�គ�	
ន� �B���ន&បន��កvL 
�ទ�ឆLងS�� K  
គ�(បន��កFនE�A �* 2  �ប
� 1C  �� បន��ក�ន&(បន��ក� 	(� �ន�  �-ច�ច8& ��Sយ�ព 
ប	ទក�ងXក� K  �Kទ� X,ង ( )2  sL ម �នប� 	�.�គ�	
ន�� 	ជ��ន 1Q  @នvL 
�ទ�ឆLង
S�� K  �K�កE�A �* 2  Fន 1C  � 

 

 

53. �គ�នក�ង�ង�Rទ0�ព�� 1 22 ; 0.5F C FC µ µ= =  �� E�A �*�̀ងFនក�ង�ង�ន�ម*យC
��?�@ន�s� ប���Yង78 ន%ង�ង�
N�ង 1 100U V= 2, 50U V= −  
ន	ងE�A �*�̀ង�ទY�s� ប�ន%ង�� �-ច�-ប 1.53 � ច-�គ.H
ប� 	�.ក��3 �� ប�lkញ�M�ព �� �គ�s� បE�A �*'ង
� ! (E�A �*�� ម	ន(ប���)Fនក�ង�ង�=,ងព��(ម*យ78 �Qយ
��ប!�ខDចមLងម*យ� 
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ច�ម*:យ 

+ ម�ន�ព �គ�s� ប�ក�ង�ង�=,ងព���យ!ង�នh 

1 1 1 2 2 2,q qC U C U= =   

ន	ង�មព បង�� ,h  2 2
1 1 1 2 2

1 1

2 2
W C U C U= +   

+ ��Sយ�ព ក�ង�ង�=,ងព����?�@ន�s� ប�78 �Qយ�ខDចមLង �យ!ង@នបង�� ,(�ខ8ង�� 
�នផ 
ងបA-�ង��
N  U  � បន��កFនបង�� ,ក�ង�ង�គ�h 

1 2 1 1 2 2q C Uq U Cq + = +=    

1 1 1 2 1 2(C )U C U C C U⇔ + = +   
1 1 2 2

1 2

C U C U
U

C C

+
⇒ =

+
  

�មព Fនបង�� ,ក�ង�ង�ក8�ងក�.� �ន&គ�h 2
2 1 2

1
( )

2
CW C U= +   

�យ!ង@នhប� 	�.ក,�j�� sយ�ចញ�
�!ន%ងប��មប�មz �មព Fនបង�� ,ក�ង��ង�Mខ.h 
ម�ន ន	ង ��Sយ�ព �s� ប�ក�ង�ង�=,ងព���Qយ�ខDច, ងh 

( )21 2
1 2 1 2

1 2

1

2

C C
W W W U U

C C
Q ∆ = − = −

+
=   

( )
6 6

2 3
6 6

1 2.10 0.5 10
100 ( 50) 10

2 2.10 0.5 1
4.5

0
Q J

− −
−

− −

 × × − − × × 
=

+
=


  

 

54. ក�ង�ង�Rទ0�បLង�ព��/ក ក.̀n  �� Fផ��ក|FនE�A
�*ន�ម*យC 

2400S cm=  ច�Z យ�4ងE�A �*=,ងព�� 

1 0.6d mm= ��?�@ន�គយកមកផ��ក�គ�	
ន��Qយ�បភព
�ង�
N�ង�� �នផ 
ងបA-�ង��
N 500oU V= � 
បH� ប�មក�គv3 ច��ចញព��បភព �B!យយក�K�s� ប�ន%ង
��
��
3ង� 12.5R k= Ω  �-ច�-ប1.54� ��Sយមក�គ@ន
�ធ2!VNច�Z យ�4ងE�A �*=,ងព��Fនក�ង�ង�ន�ម*យC�ក!ន�"!ង@ 2 1.8d mm=  ក8�ង�យh�ព  

3t s=  Xម� 	ធ�ព��OA ងr ទ�P គ�=ញE�A �*Fនក�ង�ង�ន�ម*យC�ពម78  ន	ង� 	ធ�ទ�� គ��គ=ញ
ម3ងម*យC គ��នន0យ� =ញក�ង�ង�ទ�ម*យVN@ន 2d  �B!យ��Sយមក�ទ!ប=ញក�ង�ង�

J 

J 

� � 
(1) (2) 

(�-ប )  
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ម*យ�ផDង�ទY�VN@នច�Z យ 2d  ����  ��!� 	ធ�=,ងព��'ង� ! � 	ធ�ម*យTច,Tយកម�ន3
�
���ច!ន(ង? ��ច!ន(ច,ន*នបA�H� ន? 

ច�ម*:យ 

+ Xង oC  ន	ង C  ��Yង78 (S@A 
����Fនក�ង�ង�ន�ម*យC ម�ន ន	ង��Sយ�ព �គ=ញVN
�L �ប�នaម 

�យ!ង@នh 
2

10
9 3

1

4.10
5.9 10

4 . 4 9.10 0.6 10o

S
F

k d
C

π π

−
−

−= = ≈ ×
× × ×

  

      ន	ង   
2

10
9 3

2

4.10
1.96 10

4 . 4 9.10 1.8 10

S
C F

k dπ π

−
−

−= ≈ ×
× ×

=
×

  

បន��ក��!ម�ប
�ក�ង�ង�ន�ម*យCr 10 75.9 10 500 2.95 10o o oUQ C C− −= = × × ≈ ×   
a. ក�.� =ញក�ង�ង�=,ងព��ក8�ង�ព ��ម*យ 

- �ព =ញ �គ@នផ 
ងបA-�ង��
N Fនក8�ង�ង�ន�ម*យC�
�!78 (ន	ចk (�,ប-ង�
�! oU  ) 
�B���ន& បA-�ង��
N Fនកf =,ងព��Fន��
��
3ង�ន�ម*យC�
�!78  H,VN7� នបន��ក�គ�	
ន�
ឆLងS����
��
3ង�=,ងព���ទ� 
�-ច�ច8& ក8�ង ,H,FនS�=ញ�ន&បន��កFនក�ង�ង�ន�ម*យC�ក[�FមL��� �
�!ន%ង oQ � កម�ន3 
9,@ច���!ម^�=ញVNក�ង�ង�ន�ម*យCVN�L �78 @ន�ប��ង 2d  �
�!h 

( )
2 2

21 1
2. 2. 1

2 2
o o o

o
o o

Q Q C C
W Q

C C C C
A

 −∆ = − =  
 

=   

b. ក�.� =ញក�ង�ង�ម3ងម*យC 
+=ញក�ង�ង�Pម�នh Xង 1 2,Q Q  (បន��កFនក�ង�ង�ន�ម*យC��Sយ�ព =ញក�ង�ង�ទ�P 
ន	ងXង 1 2,U U  (ផ 
ងបA-�ង��
N Fនក�ង�ង�ន�ម*យC��Sយ�ព =ញក�ង�ង�ទ�P 

�យ!ង@នh 1 2
1 2

o

U
Q Q

U
C C

= ⇔ =   

    ន	ងបន��ក  1 2 2 oQQQ + =  (ចfប��ក[បន��ក�គ�	
ន�) 

H,VN�យ!ង@នh 1 22 , 2o o o

o o

Q C Q C
Q

C
Q

C C C
= =

+ +
  

2 1 2 o
o

o

C C
Q Q Q Q

C C

 −
⇒ ∆ = − =  + 
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�យ!ង@ន ប� 	�.�គ�	
ន� Q∆  ឆLងS����
��
3ង�ន�ម*យCក8�ង�យh�ព  t   �នន0យ�

�នច�ន3�គ�	
ន� I
Q

t
= ∆  ឆLងS����
��
3ង� H,VN�នប� 	�.ក,�j 2

RQ tRI=  sយ

�ចញព���
��
3ង� ន�ម*យC� 
-  H,VNកម�ន39,@ច���!ម^�=ញE�A �*=,ងព��Fនក�ង�ង�ទ�P VN�L �78 �ប��ង 2d  �
�!ន%ងh 

1 1 2RQ WA W= + ∆ + ∆   ( 1 2,W W∆ ∆  :ប��មប�មz �មព Fនក�ង�ង�ទ�P ន	ងទ��) 
2 22 2

2 1 2
1 2

2 2 2 2
o o

o o o

A
Q QQ Q

RI t
C C C C

   
+= +   

  
−


−   

2

2
1

( )
8

( ) ( )
o o o

o
o o o

Q C C C C
R Q

t C
A

C C C C

   
   
 

−+
+

−
+ 

=   

+ ��Sយ�ព =ញក�ង�ង�ទ��:  
   - ��Sយ�ព =ញក�ង�ង�ទ���*ច �គ�ឃ!ញ� បន��ក�គ�	
ន� ន	ងផ 
ងបA-�ង��
N Fន
ក�ង�ង�ន�ម*យC�
�!78 � 	ញh 1 2U U=   ន	ង 1 2Q Q=   �យ!ង@នr 

2 0 2
( )o o o

o o
o o

C Q C C
Q Q Q Q

C
Q

C C C

 
= = 



−∆ ′ = − −
+ +

  

-  H,VNកម�ន3ច,Tយ��!ម^�=ញE�A �*ក�ង�ង� ទ��VN�L �78 �ប��ង 2d  �
�!ន%ងh 
2 1 2RQ W WA = ′ + ∆ ′ + ∆ ′   

2 22 2
2 1 1

2 2
2 2 2 2

o o

o o

Q QQ Q
RI t

C C C C
A

   
= ′ + − + −   

   
  

2

2
2

( )
2

( ) ( )
o o o

o
o o

Q C C C C
R

t C
A

C C C
Q

C

   
+   

 

−
+

−
+ 

=    

-   H,VN�យ!ង@នកម�ន3
��ប�� ��?�ច,Tយក8�ងS�=ញE�A �*Fនក�ង�ង�=,ងព���
�!h 

( )
2

2
1 2

( )
10
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2o o o

o
o o

Q C C C C
A A R Q

t C C C C
A

   
   
  

− −′ = + =
+ 

+
+

  

Xម ( )1 ន	ង ( )2  �យ!ង�ឃ!ញ� A A′ >  �នន0យ� � 	ធ�ទ�ព����?�ច,Tយកម�ន3�
���ច!ន
(ង� 	ធ�ទ�P ន	ង��ច!ន(ងច,ន*នr 
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55. ផង�ផ��ក�គ�	
ន�ម*យ�ន�A 
 0.1m g= ន	ងបន��ក 
810q C−=  �{&ច- ក8�ង��ក�គ�	
ន�

/ក
TW ន (�� �ខD��ន�នទ	
ឈ� ន	ងទ	
�jព�� !ច�&
��Sម) ផ�� ,@នម�, 45oα =   �B!យ�{&�ចញ�K� 	ញ�M�,បន�
�ផ8ក'ង��Sមច,.� ច�� 4�{&ច-  ន	ងផ�� ,@នម�, 60oβ =  
�ធYបន%ងទ	
��ក �-ច�-ប1.55� ច-�គ.H� ^�ន��!មFនផង�
ផ��ក�គ�	
ន�'ង� !� �ប!�គ�%ង� 6 /10E V m= � 

�B!យ�នក��
� 10d cm=  (ម	នគ	��,�ព!Fនទ,Hញ��)� 

 

 

 

ច�ម*:យ 

-   ��ជ!
�� !
�,��យOxy  �នគ ��,��យO  ��z�ន%ងច,.� ច�{&ច- Fនផង� (�-ច�-ប 1.55′ ) 
+ Xមទ	
��ក ក�L ,ង��ន��"	ច��?R3 ទ	ចម	ន�ន�,�ព!� !ផង� �យ!ង@នh 
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cos cos 1

cos
o

A A

v
v vv

αα β
β

= ⇒ =   

+ �យh�ព  0t  �� ផង��{&ក8�ង��ន�គ��
ន�h 

0 cosv tx α=   

( )0 0 0
0

cos 2
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t
s

d
d v t

v
α

α
⇔ = ⇒ =   

+ � ^�នXម�កD0 Oy  �ប
�ផង���ង�ច,.� ច A : 

y oyv av t= −   

( )sin sin 3A o o

qE
v v t

m
β α⇔ = −   

Xម ( ) ( )1 , 2  ន	ង ( )3  �យ!ង=ញ@នh 

2
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56. �M��ង�ច,.� ច A ន	ង B ( )20AB a cm= =  �នបន��ក�គ�	
ន�ន%ងព�� 6
1 9.10 Cq −= +   

ន	ង 6
2 10 Cq −= − � ផង�ផ��កបន��ក�គ�	
ន� 

ម*យ�ទY��ន�A 
 0.1m g=  ន	ងបន��ក
6

3 10q C−=  vL 
�ទ�មកព�~Z យ ( )∞  Xម
ទ	
�jFនបH� �� ( )BA �-ច�-ប 1.56 � ��!
ផង�ផ��កបន��ក�គ�	
ន�ម*យ�ន&��?��ន� ^�ន��!ម�-ចប,ផ���
�!បA�H� ន ��!ម^�VN4EចvL 
�ទ�
មក� �ច,.� ច B  (ម	នគ	��,�ព!Fនទ,Hញ��)? 

 
ច�ម*:យ 

-  ផង��ងក�L ,ងព�� �� ប�ង$!��"!ងយ�Qយ 1q  ន	ង 2q  �� ក�L ,ង=,ងព���នទ	
�-ច 
ន	ងទ	
�jផ��យ78 � H,VN��ង�ច,.� ច C  Tម*យ�� �នច,�យ ox  ព�ច,.� ច B  �H&
ក�L ,ងផ�*ប�� �ន�,�ព!� !ផង��
�!
-នN �H&ផង�ន%ង�ន ,ន%ងh (�-ច�-ប 1.56′ ) 
+ �យ!ង@ន ក`ខ.y  ,ន%ងh 

1 3 2 3
2 2

| |

( )o o

q q q q
k

a x
k

x
=

+
  

 

ជ*
�FមL� ខ�យ!ង@នh 10
2o

a
mx c= =   

+ �យ!ងRក ^ងម3ង�ទY�ក�.�  ផង�
a	��Mច,�យ 
2

x
a>  ព�ច,.� ច B  �H&�យ!ង�ឃ!ញ
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IV. ច(�-:យ-(7�&ទ(6ង&ប�ទ ( )QCM   

 

1. ច�មL!យ a    
2. ច�មL!យ c    
3. ច�មL!យ c    
4. ច�មL!យ d    
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11. ច�មL!យ b   

��d&�FមLQច�'�Fនបន��ក�គ�	
ន�ន�ម*យC�
�! 
2 5 6

10
9

.16 10| | . 10
1.3

9.10
10

F r
Q C

k

− −
−= = ×=×    

⇒



�������ប	 
ទ�ព�������ប�����	 
ទ�� �យ                                                                          �គ� 

 

 

103                                                 េរៀបេរៀងេ�យៈ  ពុំ សីុមន 

12. ច�មL!យ a   
13. ច�មL!យ a   
14. ច�មL!យ a   
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24. ច�មL!យ a   
ក8�ងច H�ប
���"	ច��Gង �QយR���"	ច��Gង�ន�មព 
���នទ	ច �H&�គ���"	ច��Gង
@នប,�ពញកម�ន3��!ម^��ប~,ងន%ង�ន3�កម�Fន��ន��"	ច��?R3 ទ	ច � កម�ន3�H&�
�!ន%ងh 

 ( )
2 2
1 2

1 22 2

mv mv
e V V− −=  ��Xម
ម��	កម� 2 0v =   

H,VN  ( )
2
1

1 22

mv
e V V−=  

2 2
1 1 1

2 1

2
3440

2 2

eV mv mv
V V V

e e

 −
⇒ = = − = 

 
  � 

25. ច�មL!យ a    
Xមចfប��ក[�មព h  កម�ន3�� ប,�ព ញ�Qយ��"	ច��Gង ក8�ង�ព �� 4vL 
�ទ�
ច- �Kជ	����យA�ង�� 	ជ��ន �
�!ន%ងប��មប�មz �មព ព 
���នទ	ច�ប
�4� �B���ន&
ច�Z យ��      ��"	ច��GងEចច- �Kជ	����យA�ង�� 	ជ��ន��?�@នក,.��ព� កខ̀.y   
(� ^�ន��
ច�ប
� e−  �
�!
-នN)r 

  ( )
2

2 12

mv
A e V V= = −   

�� ក8�ង�H& 1V  ន	ង 2V  (បA-�ង��
N �� ប�ង$!��"!ង�Qយ���យA�ង�� 	ជ��ន�M��ង�ទ�
X,ង��!ម ន	ងទ�X,ង��
ច�ប
���"	ច��Gង�  
Xង 1 0V = (��d&ខ.h��!ម�ព e−  �M~Z យ ∞ )  

ន	ង 9
2 9.1

3
0

e
V

r
=  ( r  (ច,�យ�-ចប,ផ��) 

2 2
9 9.3 3

9.10 9.10
2

mv e e e

r r
= =⇒   

9 2
7

2

2 3
10

9.10
1.5 m

m

e
r

v
−× × ×

⇒ = ×=   

 
26. ច�មL!យ c    

កម�ន3�� ប,�ពញ�
�!ន%ង ( )1 2A Vq V= −   

��  9 9 22 1
1 2 2

1 2

9.10 9.1; 0 4;
q

SV q
r r

r
q

V σ π σ= = = =    

9 2

1 2

1 1
9.10 4 2.4 4

r
r q J

r
A π σ


⇒


− 

 
= × = × −   



�������ប	 
ទ�ព�������ប�	 
ទ�� �យ  �គ� 

                               106 េរៀបេរៀងេ�យៈ  ពុំ សីុមន 
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“Problem cannot be solved by the same level 

of thinking that created them.” 

Albert Einstein. 
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�ផ�កទ��             	គ��
ន� 
    �ម���នទ��                  ច�ន��ប� 

I. 
�ង�ប�ទ�
�� 

1. ច�ន�	គ��
ន� 

a. ច�ន��គ��	ន
 គ�
ច�ន��នបន��ក�គ��	ន
 (ផង�ផ��ក�គ��	ន
) ����� 	�ទ
�នទ�	� ច!	�
"	�# ទ�	� 	ន$%��នច�ន��គ��	ន
 គ�
ទ�	� �� 	�ទ
�នបន��ក�គ��	ន
& �
' �ន# 

b. ()ង%ង�	�
�%ច�ន��គ��	ន
*%+&,នក)-%��.យ ផ��ធ1ប�2ង q∆  �� 	�ទ
ឆ�ង4%��ផ�

ម�ខ4%��ន�ង�7%�ចម�ងក8�ង�យ9�ព� t∆     �គ	��	�9 I
q

t
= ∆

∆
 

c. ច�ន�
ប�
ច�ន�����នទ�	�  ន�ង()ង%ង�	�
�%ម�ន�*ប*ប;� (�ថ�) =ម�ព�#  

d. ()ង%ង�	�
�%�នច�ន�
ប�*%+&,នគ->=ម�?បមន�9 I
q

t
=  
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d. �?ប	IZ ន�Jម�នថ$ព��បN?�កម$ គ��នបN?�ព
�  �����B�ច*%+%�ន�ក[-9គ�ម
ខ�	R8  
*%+&,ន�គ.ក�*=)ច?�ក8�ង7%��គ��	ន
& �Eគ (	?��យ	H�ង(	�
% ,	 \ �)ប��)# 
�.យ]��)�ពA�ន*ប%�កម$គ
ម
 �ធLAMH��B�ច*%+%O)ងព
��នថ$ព��បN?�កម$ផ��កបន��ក�គ��	ន

ផ��យR8  ន�ងប�ង@A%MH�នផ�	ងបN?%ង��	H��2ង��B�ច*%+%O)ងព
� ����ន()ង%ង�
	�
�%�	$AនFងក�� )ង�គ��	ន
ច�ក��ន�នថ$ព��# �ព��>TYមព�គ
ម
 *%+&,នប�ម�ង

Yមព��គ��	ន
 ផ��កក8�ងជន�=# 

- ថ$ព��& N��=9 
ថ$ព������ន��B�ច*%+%ទង���ង
បN?�& �ជ'�ន ន�ង	ង@	

បN?�
�& �ជ'�ន  *%+&,ន�គ.ក�*=)ក8�ង	?��យ	H�ង(	�
%	̂��ភJ�� �ច# ,%�ភ?%បN?�កម$�ន 
ថ$ព��& N��= គ�
,%�ភ?%���ពព�T��
*�+�	ន�=ងជ�)& �ញ��B�ច*%+%ទង���ង �C�ព� 
ថ$ព���ផ���គ��	ន
 ���
ម?��S%�����ធLAMH��	�
	�ង�ក8�ង�នថ$ព���កAន�BAង# 

- ថ$ព��B�ក�ង��	9 �ន��B�ច*%+%ធH?ង
បN?�& �ជ'�ន ន�ង	ង@	

បN?��& �ជ'�ន ���
*%+&,ន�គ.ក�*=)ក8�ង	?��យ	H�ង(មN?ញN? មក��J# ��B�ច*%+%ធH?ង*%+&,នពន̀aជ�)& �ញ
�.យមNង�4�-	b
��ក	�
% ���
7%�*ប%�កម$��ក	�
%កម$c� )ង ��AមV
� )�.Tពព�T  
��
*�+�	ន����=ង
ប�នFង��B�ច*%+%ធH?ង�C�ព�ថ$ព���ផ���គ��	ន
  (�ថមO)ង
(ច�ជ1	2ង,%�ភ?%បN?�កម$,ន�ទ1%ផង)# 

e. (គ�យ គ�
ជន�=គ
ម
 �)�-A �4��.យ�ផdក��A*ប%�កម$គ
ម
*	ប ន�ង*ប%�កម$គ
ម
*e	f 
2�កgទ�កYមព��C�ព����2ផ��ក �SAយYមព��>TនFង*%+&,ន� )�.T�C�ព�
���2�ផ��# 

3. កម!ន� ន�ង"ន#$ព	គ��
ន� 

a. កម$ន��នច�ន��គ��	ន
ឆ�ង4%��	1គL
មJយ �	$AនFងផ�គ�-�2ងផ�	ងបN?%ង��	H��ន
ក)I%��	1គL
 ()ង%ង�	�
�%ច�ន��គ��	ន
 ន�ង�យ9�ព����ច�ន��គ��	ន
ឆ�ង4%�ក)I%�
�	1គL
�>T#  

A Uq UIt= =  

b. (ន�Eព�នច�ន��គ��	ន
ឆ�ង4%�ក)I%��	1គL
មJយ �	$AនFងផ�គ�-�2ងផ�	ងបN?%ង�
�	H�ក)I%��	1គL
  ន�ង()ង%ង�	�
�%ច�ន��គ��	ន
ឆ�ង4%�ក)I%��	1គL
�>T# 

P UI=  
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c. ច!ប�	̂?�-B�ន f  ប� ��-ក�h� Eយ�ចញព
�ង�7%�ចម�ងមJយ 	��*%នFង��	̂	�ង�
�ប	�2  ()ង%ង�	�
�%ច�ន��គ��	ន
 ន�ង�យ9�ព����ច�ន�ឆ�ង4%��ង�7%�ចម�ង�>T# 

2Q tRI=  

d. (ន�Eពក�h� �ន�ង�7%�ចម�ងមJយ����នច�ន�ឆ�ង4%� *%+&,ន�គក)-%��	$AនFង
ប� ��-ក�h� Eយ�ចញព
�ង�7%�ចម�ង�>Tក8�ង�យ9�ព� i & �>ទ
# 

2
2P RI

U

R
==  

e. កម$ន��នជន�=�គ��	ន
 �	$AនFងកម$ន��នច�ន��គ��	ន
���ឆ�ង4%��	1គL
O)ងម?�9 

e q ItA ξ ξ= =  

f. (ន�Eព�នជន�=�គ��	ន
 �	$AនFង(ន�Eព�នច�ន��គ��	ន
���ឆ�ង4%��	1គL
O)ងម?�9 

eP Iξ=  

4. �ទ�
��បទ	%ម 

a. *ទF	�
បទ�?មច)�jT�	1គL
 	�ម�ងព
ទ)>ក�ទ)នង�2ង()ង%ង�	�
�%ច�ន��គ��	ន
���ឆ�ង
4%��	1គL
ប�ទ]មkQមJយ (�Jម�ន ជន�=មJយ ����ន�	1គL
�*l
�� N	�
	�ង�) *%+&,ន
�j��?ចcង�*4ម9 

()ង%ង�	�
�%ច�ន��គ��	ន
ឆ�ង4%��	1គL
ប�ទមJយ 	��*%នFងក�� )ង�គ��	ន
ច�ក��ន
ជន�= ន�ង*e		��*%នFង��	�
	�ង�	មម?��ន�	1គL
�>T# 

I
R r

ξ=
+

 

b. ផ�គ�-�2ង()ង%ង�	�
�%ច�ន�ឆ�ង4%�ក)I%��	1គL
មJយ ន�ង��	�
	�ង��នក)I%��	1គL

�>T �XY ទ>� ក�%ង�	H�ង#  ក�� )ង�គ��	ន
ច�ក��នជន�=�គ��	ន
 �	$AនFងផ�ប?ក�ន
ទ>� ក�%ង�	H�ង�ន�	1គL
ក8�ង ន�ងទ>� ក��ន�	1គL
�*l# 

IR Irξ = +  

c. ,%�ភ?%ឆ�ង�ភ�Aង �កA%�BAង�C�ព�����គយក�ខmចម�ងមJយមក%E' ប�បN?�O)ងព
��ន  
ជន�=មJយ����ន��	�
	�ង�%?ចI	�#  �ព��កA%�ន,%�ភ?%ឆ�ង�ភ�Aង  ច�ន��គ��	ន

���ឆ�ង4%��	1គL
�ន()ង%ង�	�
�%�%�ប�� ន�ង�ន�*RTY8 ក�ច)�jT�8ក�*បA*,	�# 
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d. ច!ប��?មច)�jT�	1គL
�គ��	ន
 	ម*	បនFងច!ប��កg ន�ងប�ម�ងYមព�# 

e. ច)�jTជន�= (*បភព�ផ��)  ច�ន��គ��	ន
�នទ�	� ព
បN?�& �ជ'�ន�Dប?��& �ជ'�ន�ន   
ជន�=�>T# 

f. ផ�	ងបN?%ង��	H� ABU �2ងព
�ច)-� ច A ន�ង B �នក)I%��	1គL
មJយ ( A E' ប�នFង
បN?�& �ជ'�ន) �	$AនFងផ�	ង�2ងក�� )ង�គ��	ន
ច�ក��នជន�= ន�ងទ>� ក�%ង�	H�ង
	��ប�នក)I%��	1គL
�>T 

( )AB I rU Rξ= − +  

g. nបក�-o �គ��	ន
មJយ*%+&�គ�XY �*គpងទទJ� 4�I2ប)��ងYមព��គ��	ន
 
មJយ�ផ8ក�D
Yមព��ផmងq�ទ1%�*lព
Yមព�ក�h� # ក�� )ង�គ��	ន
ច�ក��ន
�*គpងទទJ� គ�
ទ)S)មJយ����ន()ង%ង�	�
�%�	$AនFងYមព��គ��	ន
����*គpង
ទទJ��>Tប�ម�ង�D
Yមព��ផmងq(���ម�ន�មនYមព�ក)� ) �C�ព�ប� ��-
�គ��	ន
 i គ?B�) �� 	�ទ
ឆ�ង4%��*គpងទទJ��>T# ច)�jT�*គpងទទJ� ច�ន��គ��	ន
�ន
ទ�	� ព
បN?��& �ជ'�នច?��DបN?�& �ជ'�ន�ន�*គpងទទJ��>T# ផ�	ងបN?%ង��	H� 

ABU  �2ងព
�ច)-� ច A  ន�ង B  �នក)-%��	1គL
មJយ (��� A  E' ប�នFងបN?�& �ជ'�ន�ន
�*គpងទទJ�) �	$AនFងផ�ប?ក�នក�� )ង�គ��	ន
ច�ក��ន�*គpងទទJ� ន�ងទ>� ក�%ង�	H�ង 
	��ប�នក)I%��	1គL
�>T: 

( )AB I rU Rξ= + +  

h.  ក�-
 ទ?�Dច)�jT�	1គL
មJយ (���ម�ន�ន�បក�ខ8ង) �យAង,នផ�	ងបN?%ង��	H� 

ABU �2ងព
�ច)-� ច A ន�ង B  (	ម$%�Yច�ន��នទ�	� ព
 A �D B ): 

AB AB
i

U IRξ= ± +∑  

ក8�ង�>T  ក�� )ង�គ��	ន
ច�ក�ជន�= \ក�� )ង�គ��	ន
ច�ក��ន�*គpងទទJ� �ន%�ម�
& �ជ'�ន4�I�យAង��A�ព
 A B→  ជJបបN?�& �ជ'�នម�ន  ន�ង�ន%�ម��& �ជ'�ន4�I
�យAង��A�ព
 A B→  ជJបបN?��& �ជ'�នម�ន# 

-*ប	ន��បA()ង	�
�%ច�ន�	ន$%� ���គ->,ន�ន%�ម�& �ជ'�ន �>TបP' ក�Yទ�	� 

����យAង	ន$%� 
ទ�	� ព�%�នច�ន�ក8�ង�	1គL
# បN��ន��បA�យAងគ->,ន%�ម�
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�& �ជ'�ន& �ញ�>T គFបP' ក�Y ទ�	� ព�%�នច�ន��>T ផ��យនFងទ�	� ����យAង,ន   
	ន$%�# 

 

5. បង�#&ជន�� 

a. ក�� )ង�គ��	ន
ច�ក��នបង�� )ជន�=���ផ�� )
�	̂� 
នFងR8  �	$AនFងផ�ប?ក�នក�� )ង�គ��	ន

ច�ក��នជន�=ន
មJយqក8�ងបង�� )9 

1 2 3ξ ξ ξ ξ= + + +⋯  

b. ��	�
	�ង�ក8�ង�នបង�� )ជន�=���ផ�� )
�	̂� 
នFងR8  �	$AនFងផ�ប?ក�ន��	�
	�ង�ក8�ង�នជន�=
ន
មJយqក8�ងបង�� ): 

1 2 3rr rr + += +⋯  

c. ជន�=ព
��នក�� )ង�គ��	ន
ច�ក� ន�ង��	�
	�ង�ក8�ង��1ងR8  1 1, rξ ន�ង 2 2,rξ *%+&,ន�គ
យកមកផ�� )ផ��យនFងR8  (បង�� ) ឆ��TR8 ) ��� 1 2ξ ξ>  ប�ង@A%,ន
បង�� )ជន�=����ន9 

- ក�� )ង�គ��	ន
ច�ក�9  1 2ξ ξ ξ= −  

- ��	�
	�ង�ក8�ង9  1 2r rr= +  

d. �បA�គផ�� )
�ខ8ង n  ជន�=Wក�ក[-o  �នក�� )ង�គ��	ន
ច�ក� iξ  ន�ង��	�
	�ង�ក8�ង ir   

�យAង,ន9 iξ ξ=  ន�ង ir
r

n
=  

6. ច'ប�(ង�
)#ង*� &ង(ច'ប�*� &ង) 

a. ច!ប�%ង�	H�ងY8 )ង (\ច!ប�Y8 )ង) គ�
& �ធ
]r	�មJយក8�ង����គន�យម�*បA*,	�ក8�ង4�
�.T*]យ�)s%��	1គL
 ព��		គ
ច)�jT�	1គL
����នY8 )ងព
ព
��BAង�D# Y8 )ង គ�

ច)-� ច*ប	ពL�2ង�ខ8ងeប�ព
ប
�BAង�D#  

b. ច!ប�%ង�	H�ងY8 )ង *%+&,ន�ន�&%�=មជ)sន�?ចcង�*4ម9 

- ជ)sនទ
i : =ង�t$ TY8 )ងន
មJយq   �*ជA	�� A	ទ�	�  ន�ង=ងច�ន��គ��	ន
ឆ�ង
4%��ខ8ងន
មJយq�Cច�>� TY8 )ងព
�# 

- ជ)sនទ
u : 	��	�	ម
4�Y8 )ង9 ផ�ប?ក()ង%ង�	�
�%ច�ន�ច?�Y8 )ងIមJយ �	$AនFង
ផ�ប?ក()ង%ង�	�
�%ច�ន� ����ចញព
Y8 )ង�����>T # 
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- ជ)sនទ
v : �*ជA	�� A	Y8 )ងIមJយMH2�នបN?%ង��	H��	$A	?នH9 �ន�&%�ច!ប��?ម
ទ?�Dច)�jT�ខ8ងន
មJយq ��AមV
គ->បN?%ង��	H��នY8 )ង�ផmងq����C	�� �SAយ
ប>� ប�មកគ->()ង%ង�	�
�%ច�ន�ឆ�ង4%��ខ8ងន
មJយq �.យ�ផdក��AបN?%ង��	H�
Y8 )ង# 

- ជ)sនទ
w : ជJ	ច?�ក8�ង	ម
4�Y8 )ង �>T�យAងនFងគ->,ន%�ម�%ង�	H�ង�នY8 )ង
ន
មJយq ន�ងបI� ទ)S)�ផmងq�ទ1%ក8�ង�	1គL
����គ	J��ក# 
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II. +&,(�ទ&�ង�ប�ទ (QCM)  
�*ជA	�� A	ច�ម�Aយ���*%Fម*%+&9 

1. �ងLង�មJយ�ធLAព
�ខmចម�ង����ន��	�
	�ង��	$A]ច�# c8 %��ងL�� CD  �ន��	�
	�ង�
%?ចI	�(ច�e�,ន %E' ប�*%ង�ព
�ច)-� ចឆ��TR8 �ធ1បនFងផx�%�ងLង�# ��	�
	�ង� 

ABR  �2ងព
�ច)-� ច A  ន�ង B  �ន()ង%ង�	�
�%
ធ)ប)ផ�%�ព���� α  �	$AនFង9 (�?ប i) 
a. 

4

π
 

b. 
2

π
 

c. 
3

2

π
 

d. π  

2. �%A*%ង�ទ
=)ងIមJយ�នក�ង=ក� P  (�?ប u) 
��� & N���មN*%ចង���ផ�	ងបN?%ង��	H�ធ)
ប)ផ�%? �បA�គ�FងY��	�
	�ង�ន
មJយ�ន()ង-
%ង�	�
�%�	$AqR8 # 

a. 1 

b. 2  

c. 3  

d. 4  

3. �គ%�)ព?��.យ�ច�នHប�ង@A%,ន
�	1គL
�?ច�?ប v# �%A�)ព?�I���ម�នភ�� 
ន�ងម�ន(*	̀យផ�	ងបN?%ង��	H��2ង
ច)-� ច A ន�ង B ? 

a. �)ព?���ខ 3   
b. �)ព?���ខ 6   
c. �)ព?���ខ 5   
d. �)ព?���ខ 4  

� � � 

� 

� 

(��ប �) 

V 

� 

1 

2 
3 4 

(��ប �) 

� � 

6 

4 

1 2 

3 

5 

7 

(��ប 	) 
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4. ��	�
	�ង�មJយម�ន]� ��%�ម� *%+&,ន�គយកមក%
�ខ8ងនFង��	�
	�ង� 12Ω  �Jច�គ
យក�D%នFង ជន�=មJយ����នក�� )ង�គ��	ន
ច�ក� 24V  ន�ង��	�
	�ង�ក8�ង(ច
�e�,ន# ច�ន��គ��	ន
�នជន�=�ន()ង%ង�	�
�%3A# >)MH�យAង,ន��	�
	�ង� 
�>T�ន()ង%ង�	�
�%9 

a. 8Ω  

b. 12Ω  

c. 24Ω  

d. 36Ω  

 

5. �គMH�	1គL
�?ច�?ប z#  ផ�	ងបN?%ង��	H� 
(ទ>� ក�%ង�	H�ង) �ន��	�
	�ង� 1Ω �	$AនFង9  
a. 1V  

b. 2V  

c. 1.4V  

d. 3V  

6. ក8�ង�	1គL
cង�*4ម (�?ប {)  �%Aក�-
 IមJយ
��� �)�ព�មN*%ចងd��%�ម�ធ)ប)ផ�%? 

a. 1 2 3, :,K K K  ប�ទO)ង�	� 
b. 1 3, :K K  ប�ទ ន�ង 2 :K  ច)S 

c. 1 2, :K K  ប�ទ ន�ង 3 :K  ច)S 

d. 1 2 3, , :KK K  ច)SO)ង�	� 
7. ក8�ង�ក[ខ-| ����គម�នគ�%��	�
	�ង�ក8�ង�ប	�ជន�= �បA�គប�ទក�ង=ក� K  ក8�ង�	1គL
 

(�?ប }) �>T2នFង�ធLAMH9 
a. ច�ន�ឆ�ង4%� 1R  ន�ង 2R  ថយច�T 

b. ផ�	ងបN?%ង��	H��នជន�=�កAន�BAង 

c. �កAន(ន�Eព�នជន�= 

d. ផ�	ងបN?%ង��	H��2ងY$ )ងន
មJយq �កAន�BAង 

3� 

2Ω 

2Ω 
1Ω 1Ω 

(��ប 
) 

A 

10Ω 

20Ω 

�2 

�3 
5Ω �1 

(��ប �) 

�1 

�2 

�3 � 

(��ប �) 
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8. ��AមV
MH�យAង(ច�*បA*,	�ម
�
�)�ព�មN*% (�?ប ~) ����ន��L 	�*ក�% 0 50mA−  
�ន��	�
	�ង�ក8�ង 5Ω  ��AមV
2	�()ង%ង�	�
�%ច�ន��គ��	ន
ព
 0 500mA−  ,ន��T
*=�%�យAង %
�ខ8ង
មJយម
�
�)�ព�មN*%ន?& ��	�
	�ង��ន()ង%ង�	�
�%9 

a. 
1

10
Ω  

b. 10Ω  

c. 
9

5
Ω  

d. 
5

9
Ω  

9. �យAង(ច�*បA�)�ព�មN*% ��AមV
2	�ផ�	ងបN?%ង��	H�,ន��T*=�%9 

a. 2*%+&,ន%
�ខ8ង
មJយ��	�
	�ង�មJយ ����យAង(ច2	�%ង�	H�ង,ន��A    
��	�
	�ង��>T 

b. 2*%+&,ន%
�ខ8ង
មJយក�ង�ង�មJយ 

c. 2*%+&,ន%
�	̂� 

មJយ��	�
	�ង�ធ)មJយ 

d. �)�ព�មN*%����ន��	�
	�ង�ក8�ង%?ច 

10. ក8�ង�	1គL
cង]� ) (�?ប i�) �%A& N���មN*%IមJយចងd��ផ�	ងបN?%ង��	H�ធ)
ប)ផ�% ន�ង មJយIចងd��ផ�	ងបN?%ង��	H�%?ចប)ផ�%? (	ន$%�Y��	�
	�ង��ន& N��
�មN%ធ)(នន�) 
a. 3V  ធ)ប)ផ�% ន�ង 2V  %?ចប)ផ�% 

b. 3V  ធ)ប)ផ�% ន�ង 1V  %?ចប)ផ�% 

c. 2V  ធ)ប)ផ�% ន�ង 1V  %?ចប)ផ�% 

d. ម�ន(ចក)ន%�,នច!	�"	��ទ �*jT
ផ�	ងបN?%ង��	H�ន
មJយq (*	̀យ
នFង��	�
	�ង� 1 2R , R  ន�ង 3R # 

 

mA 

(��ប 
) 

(��ប ��) 

�1 �3 

�2 

�3 

�1 

�2 
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11. ម
�
�)�ព�មN*%មJយ�ន��L 	�*ក�% 0 100mA−  *%+&,ន�គយក�D%
�	̂� 

មJយ
��	�
	�ង�1kΩ # *ប	�ន�បA�យAង�*បA2��AមV
�ធLA
& N���មN*% �>T2(ច2	�%ង�	H�ង 
ព
 0  �D9 

a. 100V  

b. 0.1V  

c. 10V  

d. 1V  

 

12. ��AមV
MH�យAង(ច�*បA& N���មN*%����ន��	�
	�ង�ក8�ង 30kΩ  �ន��L 	�*ក�% 
0 30V−  យក�D2	�%ង�	H�ង 0 90V− ,ន��T*=�%�យAង%
�	̂� 

មJយ& N��
�មN*%�>Tន?&��	�
	�ង�9 

a. 900kΩ  

b. 90kΩ  

c. 60kΩ  

d. 30kΩ  

13. �.យ�ផdក��A�	1គL
 (�?ប iv) �>T�យAង(ចOញ ,នY �%Anបក�-o 2	�I
មJយ����យ�ងក)S?ច 
ង�គ? 

a. 1V  

b. 1A  

c. 2A  

d. 3A  

 

14. �)ព?��គ��	ន
បJនWក�ក[-o  *%+&,ន
%�?ច�?ប iw# �)ព?�ព
����ភ���?ចR8 គ�9 

a. W  ន�ង X  

b. Y  ន�ង Z  

c. X  ន�ង Z   
d. W  ន�ង Y  

A� 

A� 

V� 

V� 

A� 

� � 

(��ប �	) 

� 

� 

� 

� 

(��ប ��) 
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15. �ព��នច�ន��គ��	ន
ឆ�ង4%��	1គL
 (�?ច�?ប iz) �>Tប� ��-ក�h� Eយ�ចញ
�*ចAនប)ផ�%ព
 ��	�
	�ង�9 

a. 1R  

b. 2R  

c. 3R  

d. 4R  

 

16. �គMH�	1គL
�?ច�?ប i{# �គ�FងY ជន�=ន
មJយq�នក�� )ង�គ��	ន
ច�ក� ξ  
�?ចR8  ន�ង�ន��	�
	�ង�ក8�ង r 0=  �?ចR8   �SAយ ��	�
	�ង��*l R  Wក�ក[-o # 
>)MH(ន�Eព	��បក8�ង�	1គL
�	$AនFង9 

a. 
2

2R

ξ
 

b. 
2

R

ξ
 

c. 
216

R

ξ
 

d. ច)��Aយcង��Aខ�	O)ងប
 
17. ច*�ន�គ��	ន
  ( )115V 1kW− *%+&,ន�គ�.%*ចB)នFង*បភព 230V  ឆ�ង4%�

ŜL�យ	�
បមJយ# �>Tចr�@ ននFង9 

a. ប�kx ញក�h� %?ច
ង 1kW  

b. ប�kx ញក�h� �	$AនFង1kW  

c. ប�kx ញក�h� ធ)
ង 1kW  

d. �ធLAMH.ច� SL^�យ	�
ប 

18. ចr�@ ន�គ��	ន
 ( )230V 1kW−  *%+&,ន�គ�.%*ចB)នFង*បភព 115V  ឆ�ង4%� 
ŜL�យ	�
បមJយ# �>Tចr�@ ននFង9 

a. ប�kx ញក�h� %?ច
ង 1kW  c. ប�kxញក�h� ធ)
ង1kW   

b. ប�kx ញក�h� �	$AនFង1kW  d. SL^�យ	�
ប*%+&.ច�# 

�1 = 2Ω �2 = 3Ω 

�3 = 4Ω �4 = 1Ω 

(��ប �
) 

(��ប ��) 

� � � � 
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III. +&,(�	ន#-(�ន. 
1. �គMHក)I%��	1គL
 AB  ����ន��	�
	�ង�ច)នJន*,)ប
 1 2 3 4, , ,RR R R 5 6 7 8, , ,RR R R �ន

%�ម��	$AR8  ន�ង�	$AនFង 21R = Ω  *%+&,ន�គយកផ�� )�?ច�?ប 2.1cង�*4ម9 

 

a. គ->��	�
	�ង�	មម?��នក)I%��	1គL

cង��Aក8�ងក�-
 9 
- 1K ន�ង 2K ច)SO)ងព
� 
- 1K ច)S ន�ង 2K ប�ទ 

- 1K ប�ទ ន�ង 2K ច)S 

- 1K  ន�ង 2K ប�ទO)ងព
� 
b. �*4យមក�គយក��	�
	�ង�O)ង*,)ប
cង��A

មកផ�� )ម�ង�ទ1% ប�ង@A%,ន
ក)I%��	1គL
 CD  ថ$
�?ច�?ប 2.1′ #  
ច?�គ->��	�
	�ង�	មម?��នក)I%��	1គL
 CD# ម�នគ�%��	�
	�ង��ខmចម�ង� 

 
 
ច�ម/0យ 

a. គ->��	�
	�ង�	មម?��ន�	1គL
 AB  

=ង ABR  
��	�
	�ង�	មម?��ន�	1គL
  
�យAង�ន9 1R R= , 23R 2R= , 456R 3R= , 78R 2R=  

★  �ព� 1 2K , K  ច)S9 �យAង,ន�	1គL
	ម?��?ច�?ប 2.1.1  

� � 

�8 �7 

�1  �2 �3 �4 �5 �6 

  

�1 

�2 

(�?ប  ) 

(��ប ) 

� � 

�78 
�1 �23 

! 
�6 

�7 
�2 

�3 

�4 �8 

�1 
�5 

� 

  � 

� 

(��ប ) 
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�1 

�23 

�78 

�456 

  

� � 

! 

(�?ប ) 

�យAង�ឃAញY 1R  ន�ង 23R %
�ខ8ងន�ង�ខmចម�ង AN  ����ន��	�
	�ង�%?ចI	� 
0≈ >)MH��	�
	�ង�	មម?��ន AN  ក� 0≈  ��� (=ម�?បមន�គ->��	�ង�	មម?��ន

��	�
	�ង�ព
�%
�ខ8ង)# AB 78R 42R 2R= = = Ω # *ប	�ន�បAMHច�ន�ឆ�ង4%��	1គL
 
�>Tច�ន�នFងឆ�ង4%�AN ន�ង 7R , 8R �%ម�នឆ�ង4%� 1 2 3R ,R ,R  �ទ# 

 

★  �ព� 1K  ច)S ន�ង 2K  ប�ទ9  
�យAង,ន�	1គL
	មម?��?ច�?ប 2.1.2  

78 456
AB 45678

456 78

R R 2R.3R
R 1.2R

R R 3R R
R

2
= = = =

+ +

ABR 25.2⇒ = Ω  

 

★  �ព� 1K  ប�ទ ន�ង 2K ច)S9 
�យAង,ន�	1គL
	មម?��?ច�?ប 2.1.3  

�.យ�ន�ខmចម�ង MB  >)MH 1 23R , R  
��ង%
 �	̂� 
នFងR8  ន�ង��ង%
�ខ8ង
នFង�ខm AN  �ទ1%# �	1គL
 2.1.3  	មម?�
�DនFង�	1គL
 2.1.4  ����ន��	�
	�ង� 

1 23 78,RR ,R  %
�ខ8ងនFងR8 #  

AB 1 23 78

1 1 1 1 2

R R R R R
= + + =  

AB

R
R 10.5

2
⇒ = = Ω  

 

★  �ព� 1 2K , K  ប�ទ9 �	1គL
	មម?��?ច�?ប 2.1.5 # 

AB 1 23 456 78

1 1 1 1 1 7

R R R R R 3R
= + + + =  

AB

3R
R 9

7
⇒ = = Ω  

(�?ប ) 

�78 

�456 � � 

�1 �23 

�78 

! 

  

� � 

(�?ប ) 

(�?ប ) 

� � 

  

! 

�1 

�23 

�78 
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b. គ->�		�
	�ង�	មម?��ន�	1គL
 CD  

�.យ]��	1គL
 CD  �ន�ក[-9ឆ��T�ធ1ប>� %�4%�=ម CD  (�*jT��	�
	�ង�O)ង 8  
Wក�ក[-o )# �ននយ̀Y �ព�បងL���	1គL
 CD ជ�)& �ញ�ក̀m CD  ច)នJន o180  �>T
�យAង�ឃAញY �?ប	IZ ន�ន�	1គL
ម�ន�*ប*ប;�# បI� ច)-� ចឆ��TR8 �ន�	1គL
នFង�ន
បN?%ង��	H��	$AR8  �S%��នT�យAង(ចE' ប�ច)-� ច�>T
មJយR8 ,ន# ក8�ង�	1គL
�នT 
�យAងE' ប�ច)-� ច M  ន�ង N  �យAង,ន�	1គL
	មម?��?ច�?ប 2.1.6 # �យAង,ន9 

67R
R

2
= , 678R

3R

2
=  

MPD 4 678 5

1 1 1 1 8

R R R R 3R
= + + =  

MPD

3R
R

8
⇒ =  

CMPCD

3R R 7R
R

8 2 8
= + =  

>)MH�យAង,ន9 
 

CD 1 CMPD

1 1 1 15

R R R 7R
= + =  

CD

7R
R 9.8

15
⇒ = = Ω  

 

 

2. �គMH��	�
	�ង�បJន 1 2 3 4, , ,RR R R ��� 1 2 3 43 3R R RR = = = = Ω  *%+&,ន�គផ�� )

ក)I%��	1គL
 AB  �?ច�?ប 2.2  ន�ងE' ប�ក)I%��	1គL
�DនFង*បភព%ង�	H�ង����ន
ផ�	ងបN?%ង��	H� 9ABU V= #  
a. �គE' ប�ច)-� ច D  ន�ងច)-� ច B  �.យ& N���មN*%

មJយ����ន��	�
	�ង�ធ)(នន�# ច?��8កគ->
()ង%ង�	�
�%ច�ន��គ��	ន
ឆ�ង4%���	�
	�ង�ន
មJយq 
ន�ងក)-%�ចងd���ប	�& N���មN*%# 

b. �បA�គជ)នJ	& N���មN*%�.យ�)�ព�មN*%មJយ�ន��
	�
	�ង�%?ចI	�(ច�e�,ន ច?�គ->ផ�	ងបN?%ង��	H��ន��	�
	�ង�ន
មJយq  
ក)-%�%�ម�ចងd���ន�)�ព�មN*% ន�ងទ�	� �នច�ន��គ��	ន
ឆ�ង4%��)�ព�មN*%# 

 

�1 

�4 

�2 �6 

�8 
�3 �7 

�5 

! 

  
� 

� 

� 

(�?ប ) 

�1 

�2 

�4 

�3 

� � � 

(��ប ) 
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ច�ម/0យ 

a. គ->ច�ន�ឆ�ង4%� R  ន
មJយq ន�ង�កក)-%�ចងd���ប	�& N���មN*% 

�.យ& N���ម*%�ន��	�
	�ង�ធ)(នន� �>Tច�ន�ឆ�ង4%�& N���មN*%(ច�e�,ន >)MH  
�យAង,ន��	�
	�ង�ក8�ង�	1គL
9 ( )1 3 1 4R RRR +  + �  

>)MH  AB 123 4R RR = +  

�% 23 2 3R 6R R= + = Ω  

ន�ង 1 23
123

1 23

R .R
2

R R
R = = Ω

+
 

ABR 2 1 3⇒ = + = Ω  

ច�ន��គ��	ន
ឆ�ង4%��	1គL
9 AB
4

AB

U 9
3A

R
I I

3
= = ==  

>)MH  AC 1 123U U I.R 3 2 6V= = = × =     ន�ង  BC 4 4U I.R 3U 3 1 V= = = × =  

1
1

1

U 6
I 2A

R 3
⇒ = = =  ន�ង AC

2 3
2 3

U 6
I 1A

R R 3 3
I = = = =

+ +
 

DC 3 3 3U I .R 1 3U 3 V= = = × =    ន�ង   DB DC CBU U 3 3 6VU = + = + =  

�?ច�នT  & N���មN*%ចងd�� 6V #  
b. គ->ផ�	ងបN?%ង��	H���	�
	�ង�ន
មJយq  %�ម�ចងd���ប	��)�ព�មN*% ន�ងទ�	� 

ច�ន�ឆ�ង4%��)�ព�មN*% 

�.យ�)�ព�មN*%�ន��	�
	�ង�%?ចI	� AR 0≈ �>T�យAង(ចe%�ទ�កYច)-� ច D  ន�ង 
B  *%+&,ន%E' ប�R8 �.យ�ខmចម�ងមJយ# >)MH�យAង,ន�	1គL
	មម?��?ច�?ប 2.2.2  #  

�យAង,ន9 3 4
34

3 4

R .R
0.75

R R
R = = Ω

+
 

ន�ង 134 1 34R R 3.75R = + = Ω  

�យAង,ន ទ�	� ច�ន�ឆ�ង�4%���	�
	�ង�
ន
មJយq�?ច�?ប 2.2.2  # 

�យAង,ន9 AB
1 34

134

U
I 2.4A

R
I = = =  

>)MH  1 1 1R .I 3 2.4 VU 7.2= = × =    

�1 

�2 

�4 

�3 

� � � 

(�?ប  

(−) (+) 

V 

& 

&2 

&1 & 

A 

� � � 

�2 

�3 
&2 

�1 �4 

(−) (+) 

(�?ប ) 
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3 4 34 34U .U I R 1 8V= = =  

3
2

3

6A
R

I
U

0.= =  

2 ABU 9U V= = 2
2

2

U 9
I 3A

R 3
⇒ = = =  

*%ង�Y8 )ង D  �យAង,ន9 A 2 3I I 3 0.6 .6I 3 A= + = + =   
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3. �គMH�	1គL
�?ច�?ប 2.3  �SAយ�គ�FងY 
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	�ង�ធ)& �ញ�>T f 
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ច�ម/0យ 

a. ក)-%�%�ម�ចងd���ប	��)�ព�មN*% ន�ងទ�	� ច�ន�ឆ�ង4%��)�ព�មN*% 

�គ,ន�	1គL
 �?ច�?ប 2.3.1  #  
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 D C→  (�?ច�?ប 2.3.1) �SAយ�)�ព�មN*%ចងd��9 
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1
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★  ចង�MH& N���មN*%ចងd�� 0  ��T*=9 CDU 0=   

>)MH  2 3 1 4RR R R=   \  ( )31

2 4

RR
1

R R
=   
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ច�ម/0យ 
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	�ង�ន
មJយq ន�ងគ-> ABR  
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5. �គផ�� )�)ព?��គ��	ន
ព
� ( )1 120 60L V W− ន�ង ( )2 120 45L V W− E' ប��DនFង*បភព%ង�
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6. �គMH�	1គL
�?ច�?ប 2.6  �គ�FងY 1 18 , 0.5V rξ = = Ω
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8. �គMH�	1គL
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�នទ�	� �?ច�?ប 2.8  

A � 

�5 )
1
 I5 

� 

&2 

&2 �2 � &1 �1 

& 

&1 

&4 �4 )
2
 

�3 

&3 
& 

(��ប ) 
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=មច!ប��គ1%ឆ�	9 
ច)�jTY8 )ង A, B, D, C �យAង,ន9 

( )1 5 3 4I II 1II + = +=  

( )1 2 3II 2I= +  

( )4 2 5II 3I= +  

�*ជA	�� A	ទ�	� & �ជ'�ន ច)�jT�	1គL
 ADB, A ,CB,ξ  ន�ង BCD  �យAង,ន	ម
4�9  
( )2 1 1 3 3 2 AR I IR I Rrξ = + + +

 ( )15I 2.5I I 8 43⇒ + + + =  

( ) ( )1 2 5 1 5 4 4 2 Ar R II IRR rξ + ξ = + + + +−

 ( )5 45I 2.5I I 0.5 52⇒ + + =  

2 2 4 4 3 3I R I0 R R I+ −=

 ( )2 4 35I 2.5I 0 62.5I⇒ + − =  

=ម ( )4  ន�ង ( )5  
( ) ( ) ( )1 5 3 4I 2.5 I2I 5 5I 28.I 7⇒ + + ++ =  

=ម ( )1  ន�ង ( )7 9.5I 28.5⇒ = I 20.5A⇒ =  

=ម ( ) ( )6 , 1  ន�ង ( )2 ⇒ ( ) ( )1 3 35I 2.5 I I 2.5I 0I − − − =−  

( )1 35I 10I 2.5I 1 85⇒ − − = −  

=ម ( )4  ន�ង ( )8 Oញ,ន9 3 1I I1A, 0.5A= =  

>)MH  5 1I I I 2.5A= − =  

2 1 3I I I 0.5A= − = −  

4 2 5I 2AI I= + =  

�យAង�ឃAញY 2I 0<  �ននយ̀Yច�ន� 2I ឆ�ង4%� CD  ក8�ងទ�	� ព
 C D→  
ច)�-កច�ន� �ផmងq�ទ1% គ��នទ�	� �?ចទ�	� ���,ន	ន$%�#  

�?ច�នT 1 2 3 4 50.5A, 0.5A, 1A, 2A, II I 2I 5AI .= = = = = �SAយ 

�)�ព�មN*%ចងd�� AI I 3A= = # 
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+ 

) �3 

! 
� � 

�1 �2   

�2 
,

1
 

�1 

,
2
 

− 

− 

+ 

(�?ប ) 

9. �គ�ន�	1គL
�?ច�?ប 2.9 # �គ�FងY 6 , 0.5 ,V rξ = = Ω

1 3 ,R = Ω 2 32 , 0.5R R= Ω = Ω 1 2 0.2C C Fµ= = # 
ច?�គ->បន��ក�គ��	ន
��A(�N %Jន
មJយq�ប	�ក�ង�ង�
]ទ�̀ ក8�ងក�-
 9 
a. �)ប?ងក�ង=ក� K ច)S# 

b. �*4យមកប�ទក�ង=ក� K # គ->ច)នJន��B�ច*%�ង
�� 	�ទ
ឆ�ង4%�ក�ង=ក� K  ន�ង ទ�	� �� 	�ទ
�ប	���B�ច*%�ង�*4យ�ព�ប�ទក�ង=ក� 
K E� មq# 

 

ច�ម/0យ 

គ->បន��ក�គ��	ន
��A(�N %J�នក�ង�ង�]ទ�̀9 

ច�ន�ឆ�ង4%��	1គL
9 
1 2 3

E
1A

R R
I

R r
=

+ + +
=  

 

a. ក�-
  K ច)S 

ក�ង�ង� 1 2C ,C *%+&,ន%
�	̂� 
នFងR8 �2ងច)-� ច A  ន�ង N # �.យ A  E' ប�នFង
បN?�& �ជ'�ន�នជន�= �S%��នT�យAង,នបន��ក�គ��	ន
��A(�N %J�នក�ង�ង�ន
មJយq�ន
	PQ �?ច�?ប 2.9.1#  

4,N 	�
�%	មម?��នបង�� )ក�ង�ង�9 1 2

1 2

C C
0.1 F

C C
C = µ

+
=  

បន��ក�គ��	ន
�នក�ង�ង� 1C  ន�ង 2C : 

1 2 ANq q C.U= =  ��� ANU 3V=  

6
1 2q q 0.3 10 C−⇒ = = ×  

b. ក�-
  K  ប�ទ 

�យAង,ន�	1គL
	មម?��?ច�?ប 2.9.2  �ព��នT�យAងE' ប�ច)-� ច M  ន�ងច)-� ច B �ធLA

ច)-� ច�%មJយ �SAយ�យAង,ន 1C  E' ប��2ងច)-� ច A, B  ន�ង 2C E' ប��2ង N, B # 
�SAយបន��ក�គ��	ន
��A(�N %Jន
មJយq�ន	PQ �?ច�?ប 2.9.2 # 

+ 

) �3 

! � 
� � 

�1 �2   

�2 
,

1
 

�1 

,
2
 

− 

− 

+ 

(�?ប ) 

+ 

) �3 

! � 
� � 

�1 �2   

�2 
,

1
 

�1 

,
2
 

− 

− 

+ 

(��ប ) 
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1 1 ABCq .U′ =  ��� ( )AB 1 2I RU R 5V= + =  
6

1q 10 C−⇒ ′ =  

2 2 NBCq .U′ =  ��� NB 2IRU 2V= =  

6
2q 0.4 10 C−⇒ ′ = ×  

��AមV
គ->ប� ��-បន��ក�គ��	ន
ឆ�ង4%� K  �*4យ�ព�ប�ទ K  �យAង�កផ�ប?ក
បន��ក��A(�N %J���E' ប�
មJយច)-� ច M #  
�ព� K  ច)S  ផ�ប?កបន��ក��A(�N %JE' ប�នFងច)-� ច M �	$AនFង(�?ប 2.9.1): 

( ) 2 0Q q q= − + =  

�ព� K  ប�ទ  ផ�ប?កបន��ក��A(�N %JE' ប�នFងច)-� ច M �	$AនFង(�?ប 2.9.2 ): 

( ) ( ) 6
1 2 1q 0 CQ q 1.4 −′ = ′ ′ ×− + − = −  

ប� ��-បន��ក�គ��	ន
ឆ�ង4%� K  (ព
 M B→ ) �	$AនFង9 
6Q Q Q 1.4 10 C−∆ = ′ − = − ×  

ច)នJន��B�ច*%�ង�� 	�ទ
ឆ�ង4%� K  �*4យ�ព�ប�ទក�=ក�E� មq �	$AនFង 

12Q
8. 1

e
n 75 0

∆
= ×=  ��B�ច*%�ង 

 

 

10. ជន�=មJយ�នក)")ង�គ��	ន
ច�ក� 30Vξ = ន�ង��	�
	�ង�ក8�ង r  *%+&,ន�គយកមក�*បA
*,	���AមV
�បAក�)ព?�ព
� 1 2,L L  MHភ��ក8�ង�ព�
មJយR8  ន�ង�)ព?� 3L មJយ�ទ1%# �គ	�ង@%
�ឃAញY ��AមV
MH�)ព?�O)ងប
ភ��ធម$= �គ(ចផ�� )=មព
���ប1ប9 

- ផ�� )�)ព?� 1 2,L L 
�ខ8ងនFងR8  �Jចយក�Dផ�� )
�	̂� 
នFង�)ព?� 3L �JចE' ប�នFង*បភព# 

- ផ�� )�)ព�� 1 2,L L 
�	̂� 
នFងR8  �Jចយក�Dផ�� )
�ខ8ងនFង�)ព?� 3L  �JចE' ប�នFង*បភព# 

a. ច?�គ->ផ�	ងបN?%ង��	H�ក)� �%�ន�)ព?�ន
មJយq# 

b. �បA�គ�FងY ក8�ងច)�Iម4�ផ�� )O)ងព
���ប1បcង��A�នT �នមJយ��ប1ប���(ន�Eព
O)ង*	�ង�នជន�=�	$A 60P W= # គ->()ង%ង�	�
�%ច�ន�ក)� �% ន�ង(ន�Eពក)� �%�ន 
�)ព?�ន
មJយq ន�ងគ->��	�
	�ង�ក8�ង r  �នជន�=# 

c. ច?�គ->ទ�ន8ផ��នជន�= �ន��ប1បផ�� )O)ងព
�cង��A ន�ង�*ប�ប�ធ1បទ�ន8ផ�O)ងព
�? 
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ច�ម/0យ 

a. គ->ផ�	ងបN?%ង��	H�ក*ម�%�ន�)ព?�ន
មJយq 

�យAង,ន�	1គL
�នបង�� )�)ព?��?ច�?ប 2.10.1  ន�ង 2.10.2   

�.យ�)ព?� 1L , 2L Wក�ក[-o  >)MH 1 2I I=  ន�ង 1 2U U=   

(��� 1 2 3 1 2 3, I , I , , UU , UI  
%�ម�ក*ម�%�ន�)ព?�O)ងប
) 
=ម�?ប 2.10.1 Oញ,ន9 3 1 2 1 2I I 2I 2I I== + =  

=ម�?ប 2.10.2  Oញ,ន9 3 1 2 1 2U U U 2U 2U= + = =  

=មច!ប��?មច)�jT�?ប 2.10.1: AB 1 3 3U UU rI= + = ξ −  

3 3

3
U rI

2
⇒ = ξ − ( )3 3 1

3
rI U

2
⇒ = ξ −  

=មច!ប��?មច)�jT�?ប 2.10.2 :  

( )CD 3 1 3 3

3
U rI r(I I ) I 2U r

2
= = ξ − = ξ − + = ξ −  

=ម ( )1  ន�ង ( )2  Oញ,ន9 3U 12V=  ន�ង 3
1 2

U
U 6U V

2
= = =  

�?ច�នT ផ�	ងបN?%ង��	H�ក*ម�%�ន�)ព?� 1 2 3U 6V 1U , U 2V= = = # 

b. គ->()ង%ង�	�
�%ច�ន�ក)� �% (ន�Eពក)� �%�ន�)ព?�ន
មJយq ន�ង ��	�
	�ង�ក8�ងជន�= 

★  =ម�?ប 2.10.1 �យAង,ន9 3P .I= ξ 3

P 60
I 2A

30
⇒ = = =

ξ
 

>)MH  2
3

1

I
I 1I A

2
= = =  

3 3 3P U I 12 2 24W⇒ = = × =  ន�ង 2 2 1 1P U .I 6P 6 1 W= = = × =  

=ម ( )1  r = 6⇒ Ω  

�?ច�នT 1 2 3 1 2 3I I , P P r = 6I 1A, 2A P 6W, 24W,= = = = = = Ω # 

'1 

'2 

'3 

&3 

& ) 

&1 

&2 

� � 

(�?ប ) 

'1 '2 

'3 &3 

& ) 

&1 

C � 

(�?ប ) 
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★  =ម�?ប 2.10.2  �យAង,ន9 3P
3I

I
2

 ξ = ξ 
 

= 3

2P 4
I

3 3
A⇒ = =

ξ
 

3
1 2

I 1
I I A

2 3
⇒ = = =  

>)MH  3 3 3

4
U I 12 16W

3
P = = × =  ន�ង 3

1 2 1

I
U 4P P . W

2
= = =  

=ម ( )1 r 9⇒ = Ω  

�?ច�នT 1 2 3 1 2 3

1 4
I A, A P 4W,I I , P P 16W,

3 3
r = 9= = = = = = Ω # 

c. គ->ទ�ន8ផ�ជន�= ន�ង�*ប�ប�ធ1បទ�ន8ផ�O)ងព
� 

★  =ម�?ប 2.10.1 �យAង,ន9 
3

AB
1

3U
U 2 0.6 60%H = = =

ξ ξ
=  

★  =ម�?ប 2.10.2  �យAង,ន9 CD 3
2

U U
.4 0H 0 4 %= = =

ξ ξ
=  

�?ច�នT ផ�� )�)ព?�O)ងប
=ម�?ប 2.10.1 �d
ង �*jT2�នទ�ន8ផ�ខ�	�
ង# 

 

 

11. �គ�ន��	�
	�ង�Wក�ក[-o មJយច)នJន 1R = Ω #  
a. �បA�គផ�� )��	�
	�ង�cង��Aច)នJន 5  MH,ន�	1គL


�?ច�?ប 2.11a # 

គ->��	�
	�ង�	មម?� ABR ? 

b. �ក��ប1បផ�� )��	�
	�ង�O)ង 5 cង��A��AមV
ប�ង@A%
�	1គL
 CD ���N ងIMH 
1.6CDR = Ω # 

c. �បA�គផ�� )��	�
	�ង�cង��AMH,ន

�	1គL
�?ច�?ប 2.11b & �ញ  �%A�គ
*%+&E' ប�*%ង�ច)-� ចC  ន�ង D  ន?& 
��	�
	�ង� oR �	$AបN�>$ ន  ��AមV
MH��	�
	�ង�	មម?� ABR  �ន�	1គL
ម�ន(*	̀យនFងច)នJន  
បង�� )?  គ-> ��	�
	�ង�	មម?� ABR  # 

� 

� 

� 
� � 

� 

� 
� 

� 

� 
� 

� � 

� 

( ��ប ) 

. 

/ 0 

1 

� 

� 

� � � � � 

� � 

� 

( ��ប ) 
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ច�ម/0យ 

a. គ->��	�
	�ង�	មម?� ABR  

�យAង,ន�	1គL
	មម?��?ច�?ប 2.11.1 #  
�.យ�ផdក��A�ក[-9ឆ��T�ន�	1គL
�ធ1បប>� %� AB  

 �យAង,ន ច)-� ចC  ន�ង D  �នបN?%ង��	H��	$AR8  
�S%��នT�យAង(ចE' ប�ច)-� ចO)ងព
��នT�ធLA

ច)-� ច�%មJយ#  
>)MH�យAង,ន��	�
	�ង�	មម?�9  

 AB

R R
R

2 2
R = + =  

b. �ក��ប1បផ�� )�	1គL
 
�យAង�FងY�ព�%
�	̂� 
 2�ធLAMH��	�
	�ង��កAន�BAង �SAយ%
�ខ8ង ��	�
	�ង�ថយច�T#   
�.យ CDR R>  �S%��នT�	1គL
 CD  *%+&�ន��	�
	�ង� R  %
�	̂� 

មJយ��	�
	�ង� 
4  �ផmង�ទ1% �SAយ��	�
	�ង�O)ងបJន *%+&�ន��	�
	�ង�	មម?� CD R .6R 0− = Ω  #  

*ប	�ន�បA��	�
	�ង�O)ងបJន%
�ខ8ងនFងR8  �យAង,ន��	�
	�ង�	មម?�
 

R
0.25

4
= Ω  

�SAយ�បA	�ន
�ខ8ងន
មJយq�ន��	�
	�ង�ព
�q%
�	̂� 
នFងR8 �យAង,ន 2R
1

2
= Ω #  

�S%��នT បង�� )�នT�ន�%��	�
	�ង� R  %

�ខ8ង
មJយ��	�
	�ង� R  ប
�ផmង�ទ1% �SAយ
��	�
	�ង�O)ងប
�នTម�ន(ច%
�	̂� 
នFងR8 �ទ
�*jT�បA��	�
	�ង�O)ងប
�នT%
�	̂� 
នFងR8  
�>T�គ,ន��	�
	�ង�	មម?��នបង�� )�ន()ង

%ង�	�
�% R.3R 3R
0.75

R 3R 4
= = Ω

+
 # �S%�

�នT បង�� )��	�
	�ង�O)ងប
�នT *%+&�% R  %
�	̂� 

មJយ��	�
	�ង�ព
��ផmង�ទ1%%
�ខ8ងនFង
R8   �ព��>T�យAង,ន��	�
	�ង�	មម?��នបង�� )�	$AនFងf 

  
R

R R
3R2

0.6
R 5R R
2

 + 
  = = Ω
+ +

  (ព�%) 

�?ច�នT�យAង,ន��ប1បផ�� )ថ$
គ�9 ( )( )R R R R R + + � �  �?ច�?ប 2.11.2  # 

 

(�?ប ) 

� 

� � 

� 

� � 

� � 
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� 
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� 

� 

� � 

(�?ប  
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c. �ក oR  ន�ង��	�
	�ង�	មម?�  
��	�
	�ង� oR  *%+&�ន()ង%ង�	�
�%�N ងIMH ��	�
	�ង�	មម?��នបង�� )ច�ង CEFD  
�ន()ង%ង�	�
�%�	$AនFង oR  �SAយ�?ចR8 ��� បង�� ) EFGH  ក�*%+&�ន��	�
	�ង�	ម
ម?��	$A oR ���# �S%��នT ��	�
	�ង�	��ប�ន�	1គL
នFងម�ន(*	̀យនFងច)នJនបង�� ) �SAយ

ន�ចx4��ន��	�
	�ង�	មម?��	$AនFង oR  #  

>)MH9 o
o

o

(2R R )
R

3R R

+ =
+ ( )oR 3 1 0.73⇒ − == Ω  

 

 

12. �គ�ន�	1គL
�?ច�?ប 2.12 # �គ�FងY 

1 21 ,R = Ω 2 24 ,R = Ω 3 4 20R R= = Ω

5 620 0 ,, 3RR = Ω = Ω 7 2 ,R = Ω ន�ង 
0AR ≈ , 33ABU V= # គ->()ង%ង�-

	�
�%ច�ន��គ��	ន
ឆ�ង4%� ន�ងផ�	ងបN?- 
%ង��	H��ន��	�
	�ង�ន
មJយq# ច?��ក%�ម�ចងd���ន�)�ព�មN*% ន�ងទ�	� ច�ន�ឆ�ង4%��)�ព
�មN*%? 

 

ច�ម/0យ 

គ->()ង%ង�	�
�%ច�ន�ឆ�ង4%� ន�ងផ�	ងបN?%ង��	H��ន��	�
	�ង�ន
មJយq 

 ន�ងក)-%�ចង��� �ប	� �)�ព�មN*%9 
�.យ AR 0≈  >)MH
�យAង(ចE' ប�ច)-� ច 
M ន�ង P  �ធLA
 
ច)-� ច�%មJយ �យAង
,ន�	1គL
	មម?�
�?ច�?ប 2.12.1#  

�យAង,ន9 4 6
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4 6

R .R
R46 12

R
R

R
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ANM 2 46R 54R R= + = Ω   1 AMN
AM

1 AMN

R .R
.

R
R 15 12

R
= = Ω

+

 3 5
MQ 35

3 5

R .R
R 10

R R
R = = = Ω

+
 

 AB AM MQ 7R R R 27.12R = + + = Ω  

()ង%ង�	�
�%ច�ន�ឆ�ង4%��	1គL
9 7
AB

U
1.22I A I

R
= ==   

�យAង,ន9 7 7 7R .I 2.44VU = =  

�.យ 3 5R R= 3 5

I
I I 0.61A

2
⇒ = = =  

>)MH 3 5 MQU I.R 1 .2VU 2= = =  

�យAង,ន9 AM 1 AMU R .I 1 45VU 8.= = =  

1
1

1

U
I 0.88A

R
⇒ = ≈    AM

2
ANM

U
I 0.34A

R
⇒ = =  

2 2 2U I .R 14.28V⇒ = =  
 NM 2 NM 4 6U I .R 4.08V U U⇒ = = = =  

4
4

4

U
I 0.204A

I
⇒ = = 6 2 4I I I 0.136A⇒ = − =  

�.យ 5 6I I>  >)MH*%ង�Y8 )ង P  �យAង,ន9 A 5 4I I 0.41AI = − =  

�S%��នTច�ន�ឆ�ង4%��)�ព�មN*%�នទ�	� M P→ �ន()ង%ង�	�
�% AI 0.41A= # 

�?ច�នT 
1 2 3 5 4

6 7 1 2

3 5 4 6 7

0.88A, 0.34A, I 0.61A, 0.204A

0.136A, I 1.22A,U 18.45V, U 14.28V,

U U 12.2V

I

, U U 4.08V, U 2.44

I ,

V

I I

I I

= = = = =
= = = = =
= = = = =

 

 
13. �គMH�	1គL
�?ច�?ប 2.13  ��� 1 23 , 6R R= Ω = Ω  

ន�ង 7ABU V=  �SAយ AB 
�ខmចម�ងមJយ�ន
*ប�&ង 1.5m  �ផ�ម�ខ4%��ថ� 20.1 mm ន�ង��	�
	�
& 
�%

74.10 .mρ −= Ω # ម�នគ�%��	�
	�ង��ប	��ខmចម�ង 
ន�ង ��	�
	�ង��)�ព�មN*%# 
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a. គ->��	�
	�ង��ខm AB # 

b. ច?�ក)-%�ទ
=)ង�នច)-� ច C  ��AមV
MHច�ន�ឆ�ង4%��)�ព�មN*%�	$AនFង 1

3
A (�)�ព)# 

c. � )ក�%ក?នប?% C �D�កទ
=)ង����ធLAMH 
2

AC
CB= # គ->ច�ន�ឆ�ង4%��)�ព�មN*%# 

 

ច�ម/0យ 

a. គ->��	�
	�ង��ខm AB  

AB . 6
S

R = ρ = Ωℓ
 

b. ក)-%�ទ
=)ង�នច)-� ច C  

=ង  ACR x=   
CBR 6 x⇒ = −   

=ម�?ប 2.13.1 �យAង,ន��	�
	�ង�	មម?��ន�	1គL
9  
3x 6(6 x)

x 3 1
R

2 x

−= +
+ −

254x 9x 108
R

(x 3)(12 x)

− +
⇒ =

+ −
 

ច�ន�ឆ�ង4%��	1គL
9 2

U 7(x 3)(12 x)

R 54 x 08
I

x 9 1

+ −=
− +

=  

>)MH9 AD 1 2

3x 21x(12 x)
U .I

x 3 54x
U

9x 108

−= = =
+ − +

 

DB 2 2

6(6 x) 42(6 x)(x 3)
U .I

12 x 54 9x 10
U

8

− − += = =
− − +

 

1
1 2

1

U 7x(12 x)
I

R 54x 9x 108

−
⇒ = =

− +
 ន�ង 2

2 2
2

U 7(6 x)(x 3)

R 54x 9x 108
I

− += =
− +

 

★  �បA�R�& �ជ'�ន�ប	��)�ព�មN*%E' ប�នFង D A 1 2

1
I I I A

3
⇒ = − =  

2

63x 126 1

54x 9x 108 3

−
⇒ =

− +
 2x 15x 54 0⇒ + − =  x 3⇒ = Ω  

(ម�នយកក�-
  x 18 0= − < ) �?ច�នT C  
ច)-� ចកI� � AB  # 

★  �បA�R�& �ជ'�ន�ប	��)�ព�មN*%E' ប�នFង C A 1 2I I I⇒ = −  

2x 27x 30 0⇒ − + =   x 1.2⇒ = Ω  

A 
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(ម�នយកក�-
  x 25.8 6= > )  
�S%��នT ACR 1.2= Ω   ន�ង CBR 4.8= Ω  �ននយ̀Y ទ
=)ង�នច)-� ច C  ក)-%�
�?ច%�D9 

AC

CB

R AC 1.2 1

R CB 4.8 4
= = =  ⇒  ច)-� ច C  �នច�� យ AB

0.3 m
5

AC == # 

c. គ->ច�ន�ឆ�ង4%��)�ព�មN*% 

�ន9  AC
CB

2
= AB

AC

R
R 2

3
⇒ = = Ω  ន�ង CBR 4= Ω  

�SAយ 1

AC

R 3

R 2
=  ន�ង 2

CB

R 6 3

R 4 2
= =  �ននយ̀Y 1 2

AC CB

R R

R R
=  

>)MH�យAង,ន�	1គL
]� ន�ន�)នFង �S%��នT C DV V= AI 0⇒ =  # 

 
 

 

14. �គ�ន�	1គL
 AB  �?ច�?ប 2.14 # �គ�FងY 

1 2 31 , 2 ,R R R= Ω = = Ω 4 51 , 1R R= Ω = Ω  # 

a. ច?�គ->��	�
	�ង�	មម?� ABR  �ន�	1គL
# 

b. �គយក�	1គL
cង��A�DE' ប�នFង*បភព%ង�-
	H�ង����នផ�	ងបN?%ង��	H� 7ABU V=  #  
ច?�គ->ច�ន��គ��	ន
ឆ�ង4%���	�
	�ង�ន
មJយq# 

    

ច�ម/0យ    

a. គ->��	�
	�ង�	មម?� ABR  

=មច!ប�Y8 )ង, nប�Y�យAងE' ប�ព
�

ច)-� ច A, B  ន?&ផ�	ងបN?%ង��	H� 

ABU U=  ន�ងច�ន�ឆ�ង4%� 5R  �ន
ទ�	� �?ច�?ប 2.14.1 #  
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�*ជA	�� A	 BV 0= AV U⇒ =  

�យAង,ន9 A C
1 C

1

V V
U V

R
I

−= = −   (�*jT 1R 1= Ω  ) 

C B C
2

2

V V V

R
I

2

−= =   A D D
3

3

V V U V

R 2
I

− −= =  

D B
4 D

4

V V
I V

R

−= =   ( )C D
5 C D

5

V V
V V

R
I 1

−= = −  

	ម
4�ច�ន�*%ង�Y8 )ង C  ន�ង D  �យAង,ន9  

1 2 5I I I= +    ន�ង  ( )4 3 5II 2I= +  

យក ( )1  ជJ	ក8�ង ( )2  �យAង,ន9  

( )C
C C D

V
V

2
U V V= + −−   ន�ង ( ) ( )D

C D D

U
V V

V
V

2
3

− + − =  

�.T*]យ*បពន̀a ( )3  �យAង,ន9 CV
4U

7
=  ន�ង   DV

3U

7
=  

>)MH  1I
3U

7
=   3I

2U

7
=  ន�ង    1 2

5U
II I

7
+ ==  

��	�
	�ង�	មម?��ន�	1គL
 ABគ�9   AB

U 7
.4

I
R 1

5
= = = Ω  

b. គ->ច�ន��គ��	ន
ឆ�ង4%���	�
	�ង�ន
មJយq 

ជJ	 ABU U 7V= =  �យAង,ន9  

1 2 3 4 5I 3A, 2A, 2A, 3A, 1AI I I I= = = = =  

�?ច�នT ទ�	� �ប	� 5I  �?ចទ�	� ���,ន	ន$%�# 

 

 

15. �គយក�)ព?�ច)នJនប
 ( )1 110 40L V W− , ( )2 110 50L V W− ន�ង ( )3 110 80L V W− �D

E' ប�នFង*បភព�គ��	ន
 220V  ���N ងIMH�)ព?�O)ងប
ភ��ធម$= �SAយ��AមV
MH�)ព?�
O)ងប
ភ��ធម$=�?ចR8 �>T �គ*%+&%�ថម��	�
	�ង� oR #  
a. ច?��ក��ប1បផ�� ) ន�ង%�ម� oR ���*%+&នFង��ប1បផ�� )�>T# 
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b. �%A��ប1បផ�� )IមJយ����d
ង�គ (�ននយ̀Y (ន�Eព 	�
�.យ oR �ន%�ម�%?ចប)ផ�%) 
ន�ងគ-> (ន�Eព	�
�.យ oR �នបង�� )�>T# 

ច�ម/0យ 

a. �ក��ប1បផ�� )�	1គL
 ន�ង�ក oR  

��	�
	�ង��ន�)ព?�ន
មJយq: 

2 2
L1

1
L1

U 11

0
R

0

P 4
= = Ω ,  

2

2

110
R

50
= Ω  ន�ង 

2

3

110
R

80
= Ω  

 

 
 

 

 

 

 

 

�.យ *បភព�គ��	ន
�នផ�	ងបN?%ង��	H�ធ)
ងព
��ង�ធ1បនFងផ�	ងបN?%ង��	H� 
ក*ម�%�ន�)ព?�O)ង�	�  �S%��នT*%+&ផ�� )�)ព?�ន
មJយq
ព
�*ក�ម%
�ខ8ងនFងR8  �SAយ
*ក�មន
មJយq�ន�)ព?�%
�ខ8ងនFងR8  ន�ង�នផ�� )�ថម��	�
	�ង� oR  ����ធLAMH��	�
	�ង�
	មម?��ន*ក�មO)ងព
��	$AR8  (ច�ន��គ��	ន
ឆ�ង4%�*ក�មO)ងព
��	$AR8 )# >)MH�យAង
,ន��ប1បផ�� )ច)នJន 4  �?ច�?បcង��A # 

- �?ប 2.15.1 �យAង,ន9 
1 2 3 o

1 1 1 1

R R R R
+ = +

2

o

110
R 1210

10
⇒ = = Ω  

- �?ប 2.15.2  �យAង,ន9 
2 3 1 o

1 1 1 1

R R R R
+ = +

2

o

110
R 134.4

90
⇒ = = Ω  

- �?ប 2.15.3 �យAង,ន9 
2 3 2 o

1 1 1 1

R R R R
+ = +

2

o

110
R 172.8

70
⇒ = = Ω  

- �?ប 2.15.4  �យAង,ន9 
o 1 2 3

1 1 1 1

R R R R
= + +

2

o

110
R 71.17
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⇒ = = Ω  

b. គ->(ន�Eព	�
�.យ oR  

=ម�?បមន�9 
2

o

P
U

R
=  
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3 �3 
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1 3 

2 �3 
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�.យ U 110= = �ថ�  �S%��នT min omaxP 1 10R 2⇒ = Ω  

>)MHផ�� )�?ច�?ប 2.15.1 �d
ង�គ �*jT�ព��នT minP 10W=  

16. �គ�ន�	1គL
�?ច�?ប 2.16 # បង�� )ជន�=�Jម�ន
ថ$ព��ច)នJន 8  ���ថ$ព��ន
មJយq�ន 2e V=   

1r = Ω  *%+&,ន�គផ�� )
�ខ8ង�?ច�?ប2.16   �SAយ
�ខ8ងន
មJយq�នថ$ព��ច)នJន 4 *Rប�# �គ�FងY 

1 24 ,R = Ω 2 12 ,R = Ω 3 48 , 2R R= Ω = Ω # 
ម�នគ�%��	�
	�ង��ប	��)�ព�មN*% ន�ង��	�
	�ង��ខm
ចម�ង ន�ង& N���មN*%�ន��	�
	�ង�ធ) ( )∞  #  
a. �កក)-%�ចងd���ប	��)�ព�មN*%# 

b. �កក)-%�ចងd���ប	�& N���មN*%#  �%A�គ*%+&E' ប�បN?�& �
' �ន�ប	�& N���មN*%�C*%ង�ច)-� ច
IមJយ? 

 

ច�ម/0យ 

a. �កក)-%�ចងd���ប	��)�ព�មN*% 

�.យ�)�ព�មN*%�ន��	�
	�ង�%?ចI	�(ច�e�
,ន ន�ង& N���មN*%�ន��	�
	�ង�ធ)(នន� �>T�យAង
,ន�	1គL
 	មម?��?ច�?ប 2.16.1   �SAយច�ន�   
�គ��	ន
�នទ�	�  �?ច�?ប#  
�យAង,នបង�� )ជន�=�នក�� )ង�គ��	ន
ច�ក� ន�ង
��	�
	�ង�ក8�ង9  

ABE 4e 8V= =  ន�ង AB

4r
2r

2
= = Ω  

��	�
	�ង�	មម?��ន�	1គL
�*l9 4 123R R R= +  

123 1 2 3

1 1 1 1 1

R R R R 4
= + + =  123R 4⇒ = Ω  

R 6⇒ = Ω  
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>)MH  AB

AB

E
1A

R r
I =

+
=  

�យAង,ន9 AB 1 2 3 123U U U I 4U .R V− = = = =  

>)MH9   1
1

1

U 1
A

R 6
I = =      2

2
2

U 1
A

R 3
I = =  ន�ង 3

3
3

U 1
A

R 2
I = =  

=ម�?ប 2.16  �យAង,ន9  

A1 1II 1A= =    ,   A2 1

5
I II A

6
= − =   ន�ង  A3 1 2I I 5I 0. A= + =  

b. �កក)-%�ចងd���ប	�& N���មN*% 

�.យ�ខ8ងO)ងប
��នបង�� )ជន�= �?ចR8  >)MH I
I I 0.5A

2
′ = ′′ = =  

>)MH  ( ) ( )ACU 2e 2 3Vr I−= ′ =   
�យAង,ន9 AD 4IRU 2V= =  

>)MH9  DC DA AC AC ADU U UU U 1V= + = − =  

�?ច�នT & N���មN*%ចងd�� 1V  �SAយ�R�& �ជ'�ន�ប	�2E' ប�នFងច)-� ច D  # 

 

 

17. �គMH�	1គL
�?ច�?ប 2.17 # �គ�FងY 1 10 ,Vξ = 1 2 ,r = Ω

2 16 ,Vξ = 2 1r = Ω , 4R = Ω # ច?�គ-> ABU ន�ង
គ-> ()ង%ង�	�
�%ច�ន�ឆ�ង4%��ខ8ងន
មJយq#  �%A�ន  
ជន�=I4� យ
�*គpងទទJ����\�ទ? 

 

ច�ម/0យ 

គ-> ABU  ន�ងច�ន�ឆ�ង4%��ខ8ងន
មJយq 

nប�Y ច�ន��គ��	ន
�នទ�	� �?ច�?ប 2.17   
=មច!ប��?ម9 
- ច)�jT 1A B:ξ  BA 1 1 1rU I= − ξ ( )AB 1 1 1U r 1I⇒ = ξ −  

- ច)�jT 2A B:ξ  BA 2 2 2rU I= − ξ ( )AB 2 2 2U r 2I⇒ = ξ −  
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)
1
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)
2
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- ច)�jT ARB:  ( )ABU 3IR=  

- *%ង�Y8 )ង A :    ( )1 2I I 4I= +  

=ម ( ) ( ) ( ) ( )1 , 2 , 3 , 4   
1 2

1 2
AB

1 2

r r
U

1 1 1
R r r

ξ ξ+
⇒ =

+ +
 ABU 12V⇒ =  

>)MH9 1 AB
1

1

U
1A

r
I

ξ −= = −      

2 AB
2

2

I
U

4A
r

ξ −= =    ន�ង ABU
3I A

R
= =  

�យAង�ឃAញY 2I  ន�ង I  �នទ�	� �?ចទ�	� ���,ន	ន$%� # ច)�-ក 1I  �ន
ទ�	� ព
 A B→  # �?ច�នT 2ξ  4� យ
�*គpងទទJ� # 

 

 

18. �គMH�	1គL
�?ច�?ប 2.18 # �គ�Fង 1 8 ,Vξ =  1 0.5r = Ω   

2 35 , 1 ,V rξ = = Ω  1 21.5 , 3 ,R R= Ω = Ω 3 3R = Ω # �គ
E' ប��2ងច)-� ច A  ន�ង B ន?&ជន�= 2ξ ����ន��	�
	�ង�
%?ចI	�(ច�e�,ន# ច�ន� 2I ឆ�ង4%� 2ξ �នទ�	� 
�?ច�?ប ន�ង�ន()ង%ង�	�
�% 2 1I A= # គ-> 2ξ # �%A
បN?�& �ជ'�ន�ន 2ξ  *%+&E' ប�នFងច)-� ចI? 

 

ច�ម/0យ 

គ-> 2ξ   ន�ង�កទ
=)ងE' ប�បN?�& �ជ'�ន�ប	� 2ξ  

nប�Y�R�& �ជ'�ន�ប	� 2ξ E' ប�ច)-� ច A   �SAយ
ទ�	� ច�ន��គ��	ន
 1 3I , I  �?ច�?ប 2.18.1 # =មច!ប�
�ក1ឆ�SL ច)�jTY8 )ង3  ន�ង 6 # ច)�jTY8 )ង3  �យAង,ន9   

( )2 1 3I 0 1I I− − =  

ច)�jT�	1គL
 12361 ន�ង 34563 �យAង,ន9 

�1 �2 �3 

)
1
 )

3
 )

2
 

2 4 

1 

&2 

3 

� 

� 

6 5 

(��ប ) 

�1 �2 �3 

� 

� )
1
 )

3
 )

2
 

2 3 4 

1 5 6 

&2 

(�?ប ) 
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( ) ( )1 2 1 1 1 2 2R I 2I r Rξ − ξ −= +− −

 ( ) ( )2 3 2 3 3 3 3I R I rR 3ξ + ξ = + +  

ជ)នJ	��ខ ន�ង�.T*]យ	ម
4� ( ) ( )1 , 2  ន�ង ( )3  �យAង,ន9 

2 1.6V,ξ = −    1 3I I1.2A, 0.2A= = −  

�.យ 3I 0<  �S%��នT 3I  *%+&�នទ�	� ព
 5 4→  

ន�ង 2 0ξ <   �S%��នT �R��& �ជ'�ន�ប	� 2ξ  *%+&E' ប�នFងច)-� ច A # 

 

 

19. �គMH�	1គL
�?ច�?ប 2.19 # �គ�FងY 1 16 , 1V rξ = = Ω

2 3 ,Vξ = 2 2r = Ω 1 24 ,, 2R R= Ω = Ω 1 0.6 ,C Fµ=

ន�ង 2 0.3C Fµ= # �)ប?ងក�ង=ក� K ច)S �*4យមក
�ទAបក�ង=%� K ប�ទ# 
a. គ-> DFU �ព�ក�ង=ក� K ច)S ន�ង�ព�ក�ង=ក� 

K ប�ទ # 

b. គ->ច)នJន��B�ច*%�ង ន�ងទ�	� �� 	�ទ
�ប	���B�ច*%�ងឆ�ង4%� K �*4យ�ព� K

ប�ទE� មq# 

 

ច�ម/0យ 

a. គ-> DFU  

ច�ន�ឆ�ង4%��	1គL
9 1 2

1 2 1 2

1A
R R

I
r r

ξ + ξ =
+ + +

=   >)MH ( )AB 1 2RU R .I 6V= + =  

★  �ព� K  ច)S9 បន��ក�នក�ង�ង�ន
មJយq: 

61 1
1 2 AB

1 2

C C
q .U 1.2 10 C

C
q

C
−= = = ×

+
  1

AB
1

q
U 2V

C
⇒ = =  

>)MH9 AF 1R 4U .I V= =  

�យAង,ន9 DF DA AF AF ADU U UU U 2V= + = − =  

ផ�ប?កបន��ក�គ��	ន
�ន(�N %JO)ងព
����E' ប�នFងច)-� ច D  គ�  2 1 0Q q q− ==   

)
1
 *1 )

2
 *2 

� 

�1 �2 

� 

� 
� � 

�1 �2 

(�?ប ) 

0 
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★  �ព� K  ប�ទ9 AC 1 1 1U r IU 5V= = ξ − =  ន�ង CB 2 2 2U r IU 1V= = ξ − =  

បន��ក�នក�ង�ង�ន
មJយq: 

6
1 1 1C U 3 Cq .10−′ = =  ន�ង 6

2 2 2C U 0 10q .3 C−′ = = ×  

ផ�ប?កបន��ក�ន(�N %JO)ងព
����E' ប�នFងច)-� ច D  �ព� K  ប�%គ�9 
6

2 1Q q q 2.7 10 C−′ = ′ − ′ = − ×  

b. គ->ច)នJន��B�ច*%�ង ន�ងទ�	� �� 	�ទ
ឆ�ង4%� K  
=ម	)�យcង��A�យAង�ឃAញY ច)នJន��B�ច*%�ង�� 	�ទ
4%�ក�ង=ក� K �នទ�	� 

ព
 C D→  �	$AនFង9 13| Q |
1.6875n 10

e

′ = ×  ��B�ច*%�ង # 

 

 
20. �គMH�	1គL
�?ច�?ប 2.20 # �គ�ន�)ព?�ព
� 1L ន�ង 2L ���

�ន��	�
	�ង�  LR �	$AR8  (�?ចR8 ) ន�ង 1 2 6R R= = Ω #  �គ
�FងY �ព�����គE' ប�*%ង�ច)ន�ច A  ន�ង B  ន?&ជន�= 1ξ  

( )1 130 , 2V rξ = = Ω \ជន�= 2ξ ( )2 236 , 4V rξ = = Ω  �>T
�គ�ឃAញY(ន�Eព�ន�	1គL
�*l�	$AនFង 72P W= �?ចR8   
�SAយ�)ព?�O)ងព
�ភ��ធម$=�?ចR8 # 

a. គ->(ន�Eព ន�ង ផ�	ងបN?%ង��	H��%�ប���ន�)ព?�ន
មJយq#  �%A�*បA*,	�
*បភពIមJយ�d
ង? 

b. �ព��នT�គជ)នJ	ជន�= 1ξ \ 2ξ �.យជន�= 3ξ ���N ងIMHទ�ន8ផ��	$AនFង 50%  
�SAយ�)ព?� O)ងព
��C�%ភ��ធម$=���# គ-> 3 3, rξ # 

 

ច�ម/0យ 

a. គ->(ន�Eព ន�ងផ�	ងបN?%ង��	H��%�ប���ន�)ព?� 

(ន�Eព�នជន�= �	$AនFងផ�ប?ក(ន�Eព�	1គL
�*l ន�ង�	1គL
ក8�ង �យAង,ន9 
2EI P rI= +  ( )2rI EI P 0 1⇒ − + =  

) *  

'1 

�1 �2 
'2 

� � 

(�?ប ) 
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���ក8�ង�>T I  
ច�ន�ឆ�ង4%��	1គL
O)ងម?� 

★  �ព� 1 130V, r 2ξ = = Ω  =ម ( )1  1 2I 3A, 1I 2A⇒ = =  

��	�
	�ង��	1គL
�*l9 2
R

P

I
=  *%+&នFង 1R 8= Ω  ន�ង 2R 0.5= Ω  

★  �ព� 2 236V, 4rξ = = Ω  =ម ( )1 1 2I 3A, I 6A⇒ ′ = ′ =  

��	�
	�ង��ន�	1គL
�*l9 1R 8′ = Ω  ន�ង 2R 2′ = Ω   
�.យ��	�
	�ង��ន�	1គL
�*l*%+&�ន()ង%ង�	�
�%�ថ� �S%��នT��	�
	�ង��ន�	1គL
�*l
*%+&�	$AនFង 1 1RR 8R == ′ = Ω  >)MH I 3A= # 

ម�Nង�ទ1% ��	�
	�ង�	មម?��ន�	1គL
9 L L 1 1

L 1 2

R (R R R )

2R R R
R

+ +
+ +

=  

�យAង�ន9 1 2R 6R= = Ω  ន�ង R 8= Ω   

LR 12⇒ = Ω  (ម�នយក� �	�& �ជ'�ន) 
ផ�	ងបN?%ង��	H��ន�	1គL
�*l �	$AនFងផ�	ងបN?%ង��	H�ក*ម�%�ន�)ព?� 1L : 

AB L1U 24U RI V= = =  

>)MH9 
2
L1

L1
L

P
U

48W
R

= =  ន�ង L1
L1

L1

P
2A

U
I = =  

ច�ន��គ��	ន
ក*ម�%ឆ�ង4%��)ព?� 2L :  
2

AB
L

1 2 L

U
1A

R R
I

R
= =

+ +
 

ផ�	ងបN?%ង��	H� ន�ង(ន�Eពក*ម�%�ន�)ព?� 2L : 

L2 L2 LI .U R 12V= =   ន�ង 2
L2 L L2R .IP 12W= =  

ទ�ន8ផ��នជន�=ន
មJយq: 

1
1

R
80%

R r
H = =

+
 ន�ង 2

2

R
67%

R r
H = =

+
 

�.យ 1 2H H>  �S%��នT �*បA*,	�ជន�= 1ξ  �d
ង# 

b. គ-> 3 3, rξ   

�យAង,ន9 3
3

R
50%

R r
H = =

+
  

>)MH  3r R 8= = Ω  

�.យ�)ព?�O)ងព
��Cភ��ធម$= �S%��នTច�ន��គ��	ន
�ន�	1គL
O)ងម?��ន()ង%ង�	�
�% 
�	$AនFង L1 L2I AI I 3+= =  ����#  >)MH�យAង,ន ក�� )ង�គ��	ន
ច�ក� 3ξ  �	$A9 

( )3 3R r . VI 48+ξ = =  
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�?ច�នT 3 348V, 8rξ = = Ω # 

21. �គMH�	1គL
�?ច�?ប 2.22 # ��	�
	�ង�ន
មJយq
�ន%�ម��	$AR8 5R = Ω  ន�ង�)�ព�មN*%ច)នJនប

�ន��	�
	�ង�Wក�ក[-o # �ព��គE' ប��R�
O)ងព
� A ន�ង B �ន�	1គL
�DនFង*បភព%ង�	H�ង
មJយ����នផ�	ងបN?%ង��	H� ABU �>T
�គ�ឃAញY �)�ព�មN*% 3A ចងd�� 0.2A  ន�ង
�)�ព�មN*% 2A ចងd�� 0.8A #  ក)-%�%�ម�
ចងd���ប	��)�ព�មN*% 1A  ក)ន%� ABU ន�ង ABR # 

ច�ម/0យ 
�កក)-%�ចងd���ប	��)�ព�មN*% 1A  ន�ងគ-> AB ABU , R  

=ង 1 2I, I , I  ��1ងR8 
ច�ន�ឆ�ង4%��)�ព�មN*% 1 2 3A , A , A  

�យAង,ន9 1 2 ERFII I= +   ERF 1 2I I I 0.6A⇒ = − =  

ន�ង  ( )EF ERF 2 AI .R 0 R.6R RIU 2= = +=   ��� AR  
��	�
	�ង��)�ព�មN*% 

>)MH AR R 5= = Ω  

ម�Nង�ទ1%9 CD CF EF FDU U U 2.2R 1U 1V= + + = =  

CD
CD

U
I 2.2A

R
⇒ = =  

1 CDI I I 3A⇒ = + =   �?ច�នT �)�ព�មN*% 1A  ចងd�� 3A # 

�យAង,ន9 ( )AB A CDU R R .I 4U 1V+ += =  AB
AB

U
R 13.67

I
⇒ = ≈ Ω  

�?ច�នT AB ABU 41V, 13.67R= ≈ Ω # 

 

 

22. �គMH�	1គL
�?ច�?ប 2.23  ���ក8�ង�>T 1 ,r = Ω

1 4 2 ,R R= = Ω 2 3 6R R= = Ω 5, 5R = Ω  ន�ង& N��
�មN*% �ន��	�
	�ង�ធ)I	� ( )∞ # �គ�FងY�C�ព� 
K ច)S & N���មN*%ចងd�� 2.4V  ន�ង�C�ព� K ប�ទ 

A� A� A� 

� � � � 1 

� 0 
� 

� 

(+) 

(−) 

� � � 

& &1 &2 

(��ប ) 

V 

) * �5 

�3 

�4 

�1 

�2 

�6 

� 

� 

� 

� � 
&1 

&2 

(��ប ) 
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& N���មN*%ចងd�� 1.5V # ច?�គ->ក�� )ង�គ��	ន
ច�ក� ξ  �ន*បភព ន�ងគ->��	�
	�ង� 

6R # 

ច�ម/0យ 

គ->ក�� )ង�គ��	ន
ច�ក��នជន�= ξ  ន�ង គ-> 6R  

★�ព�ក�ង=ក� K  ច)S �យAង,ន��	�
	�ង�ផ�� )R8 �?ចcង�*4ម9 
( ) ( )5 1 3 2 4R R RR R+ + +  �   

(	PQ  " "+  �ននយ̀Y%
�	̂� 
 ន�ង " "�  %
�ខ8ង) 
�.យ  1 3 2 4R R 8R R+ = + = Ω  

>)MH9 1 2I
I

I
2

= =  (��� I  
ច�ន�ឆ�ង4%��	1គL
O)ងម?�) 

ក)-%�ចងd���ប	�& N���មN*%9 

CD CA AD AD AC 2 2 1 1 2U U U U R I R I IU 4 2I= + = − = − = =  

=ម	ម$%�កម$9 CDU 2.4V=   I 1.2A⇒ =  

=មច!ប��?ម9 ( )R r Iξ = +   

ក8�ង�>T 1 3 2 4
5

1 2 3 4

(R R )(R R )
9

R R
R R

R R

+ ++ = Ω
+ +

=
+

 

>)MH9 10.I 12Vξ = =  

★  �ព� K  ប�ទ9 �យAង,នបង�� )��	�
	�ង��?ចcង�*4ម9  
( ) ( )5 1 3 2 4 6R RR R R R+ + + � �  

 (	PQ  " "+  �ននយ̀Y%
�	̂� 
 ន�ង " "�  %
�ខ8ង) 
�.យ 1 3 2 4R R 8R R+ = + = Ω  >)MH 1 2I I=  

ក)-%�ចងd���ប	�& N���មN*%9 CDU 1.5V=   

1 2I I 0.375A⇒ = =  

( )AB 1 2 1U RR .I 3V⇒ = + =  

=មច!ប��?ម9 ( )AB 5U R r .I= ξ − +   AB

5

U
I 1.5A

r R

ξ −
⇒ = =

+
 

>)MH9 ( )6 1 2I II I 0.75A== − +    AB
6

6

U
R 4

I
⇒ = = Ω  
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�?ច�នT 612V, 4Rξ = = Ω # 

 

23. �គ�ន�	1គL
�?ច�?ប 2.24  ��� 3 ,Vξ =
0.4 ,r = Ω 1 1 ,R = Ω 3 42 , 4R R= Ω = Ω

, 0AR ≈ # �គ�FងY�ព�ក�%=ក� K ច)S �)�ព
�មN*%ចងd�� 0.2A  ន�ង�ព�ក�ង=ក� K ប�ទ �)�ព
�មN*%ចងd�� 0 ( )A # ច?�គ-> 2 5,R R ន�ង
(ន�Eព�គ��	ន
�នជន�=ក8�ងក�-
  K ច)S ន�ង 
K ប�ទ# 
 

ច�ម/0យ 
គ-> 2 5R , R  ន�ង(ន�Eព�គ��	ន
�នជន�=9 
★  �ព� K ប�ទ9 �យAងគ?	�	1គL
]�
ថ$
 �យAង�ឃAញYបង�� )��	�
	�ង�
�	1គL
]� ន# 
�.យ�)�ព�មN*%ចងd�� 0   ( )5I 0=  >)MH�យAង,ន�	1គL
]� ន�ន�)នFង >)MH9 

31

2 4

RR

R R
=  1 2

2
3

R .R
R 2

R
⇒ = = Ω  

�យAងE' ប�ច)-� ច C ន�ង D �ធLA
ច)-� ច�%មJយ�យAង,ន ��	�
	�ង�	មម?��ន�	1គL

�*l9 

1 3 2 4

1 2 3 4

(R R )(R R )

R
R 2

R R R

+ +
+ +

= = Ω
+

    I 1.25A
R r

ξ
⇒ = =

+
 

(ន�Eព�នជន�=9 1 .I 75WP 3.= ξ =  

★�ព� K ច)S9 គ?	�	1គL
ម�ង�ទ1% �យAង�ឃAញYច�ន�ឆ�ង4%� 4R  ន�ង 5R  �	$AនFង 
AI 0.2A=  �?ចR8 # >)MHច�ន�ឆ�ង4%� 3R :  

3 AI I I I 0.2= ′ − = ′ −    ន�ង ( ) ( )CB 3 3R I 2 .U 0I 12= = ′ −  

ម�Nង�ទ1%9 ( ) ( )CB 1U r R .I 3 1.4I 2= ξ − ′ = − ′+  

=ម ( )1  ន�ង ( )2  �យAង,ន9 CBI A, .U1 1 6A′ = =  

>)MH9  DB 4 AR .IU 0.8V= =   CD CD DBU U U 0.8V⇒ = = =  

CD
5

A

U
R 4

I
⇒ = = Ω  

(ន�Eព�នជន�=9 2 .I 3WP = ξ ′ =  

(�?ប ) 

A 

� 
�2 � 

�4 

� 

�3 �5 

�1 

) 

� 

� 
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�?ច�នT 2 5 1 2R 2 , 4 , 3.75R P W P, 3W= Ω = Ω = = # 
 

24. �ន�	1គL
�?ច�?ប 2.25  ���ក8�ង�>T�ន 1 3 ,Vξ =

1 1 ,r = Ω 2 1.5 ,Vξ = 2 1.5r = Ω  �)ព?��គ��	ន
 

( )3 3L V W−  ន�ង varR 
���?]�  ន�ង& N���មN*%�ន  
��	�
	�ង�ធ)(នន�# 
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�?ច�នT & N���មN*%ចងd��	?នH4�I���?]� �ន()ង%ង�	�
�%�	$A R 6= Ω # 
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ABR  
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26. �គMH�	1គL
�?ច�?ប 2.27  ���ក8�ង�>T 7.2 ,Vξ =   

1 2 32.2 , 2 , 0.4r R R R C Fµ= Ω = = = Ω = # 
��	�
	�ង��ប	��)�ព�មN*%  ��	�
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�ព� K ប�ទ �យAងE' ប�ច)-� ច A ន�ង F  �ធLA
ច)-� ច�%មJយ  �>T�យAង,ន�	1គL
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b. �%A�គ*%+&� )ក��ក?នប?% C �D���ទ
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28. �គMH�	1គL
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29. �គ�ន�	1គL
�?ច�?ប 2.30 ���ក8�ង�>T 

1 3.6 ,Vξ = 1 0,r = 2 22.4 , 0V rξ = =

1, 12 ,R = Ω 2 6R = Ω 3 10 ,R = Ω
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ច�ម/0យ 

a. គ?	�	1គL
 (�យAង,ន�	1គL
�?ច�?ប 2.31.1) 
�.យ ξ  �*បA��AមV
]ក(គ�យ �>TបN?�& �ជ'�ន�ប	�
2*%+&E' ប�
មJយបN?�& �ជ'�ន�នបង�� )(គ�យ ន�ងបN?�
�& �ជ'�ន�ប	�2E' ប�នFងបN?��& �ជ'�ន�ប	�បង�� )(គ�យ
ផង���#  

b. គ->ច�ន�ជន�=  ច�ន�ឆ�ង4%�(គ�យ ន�ង(ន�Eព	�

�.យបង�� )(គ�យ 

�យAង,នក�� )ង�គ��	ន
ច�ក� ន�ង��	�
	�ង�ក8�ង�នបង�� )(គ�យ9 
2 2e 6Vξ = =  ន�ង 2 3 0. 0 6r 2 .= × = Ω  

nប�Y ទ�	� ច�ន��?ច�?ប 2.31.1 , =មច!ប��?ម�យAង,ន9 
( )AB 1 1r .I 9 0.75U 1I= ξ − = −  

( )AB 2 2r .I 6 0U .6I 2= ξ + = +  

( )AB var 2 2R .IU 318I= =  

*%ង�Y8 )ង A :   ( )1 2I I 4I= +  

=ម ( ) ( ) ( )1 , 2 , 3  ន�ង ( )4  1 2I 2A, 0.4A,I I 2.4A=⇒ = =  

(ន�Eព	�
�.យបង�� )(គ�យ9 2
2 2 2 1.I r IP 14.4W= ξ + =  

c. �ក()ង%ង�	�
�%ច�ន�]ក�%�ប�� 

�បAចង�ប�ង@Aនច�ន�]ក(គ�យ 1I  �>T=ម	ម
4� ( )2  ��T*=�%ប�ង@Aន ABU  �%ចង�
ប�ង@Aន ABU  =ម	ម
4� ( )1 ��T*=�% I  *%+&ថយច�T >)MH 2 1I I I= −  *%+&ថយច�T��� 
�SAយចង� ,ន�បប�នT =ម	ម
4� ( )3  ��T*=�% varR *%+&�កAន�BAង (��AមV
MH

AB var 2RU .I=  �កAន)# �?ច�នT �យAង*%+&ប�ង@Aន varR  ��AមV
ប�ង@Aន()ង%ង�	�
�%ច�ន�
]កបង�� )(គ�យ#  
()ង%ង�	�
�% 2I  ធ)ប)ផ�%���(ច]កMHបង�� )(គ�យ *%+&នFង()ង%ង�	�
�% varR  ធ)
ប)ផ�%��� �ននយ̀Y�ព� varR  ធ)(នន� (Eព
ក��	�ងគ��ព� �ក���?]� �ចញព
 
AB ) �ព��>T គ�R$ នច�ន�ឆ�ង4%� varR 2I 0⇒ =  >)MH�	1គL
	���% ជន�= ន�ងបង�� )
(គ�យ ផ�� )
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31. �គMH�	1គL
�?ច�?ប 2.32  ���ក8�ង�>T 1 6 ,Vξ =

2 9 ,Vξ = 1 2 0,r r= = 1 2 8 ,RR = = Ω 4 0.5R = Ω

1 0.5 ,C Fµ= 2 0.2C Fµ= �)ព?� ( )12 18L V W−

# ម�ន�ព��គE' ប�ច?��	1គL
 ក�ង�ង�ន
មJយqម�នOន�
,នផ��ក�គ��	ន
�ទ# 

a. �)ប?ង K ច)S   ច?�គ->បន��ក�គ��	ន
�នក�ង�ង�ន

មJយq# 

b. �ព� K ប�ទ �គ�ឃAញY�)ព?� L ភ��ធម$=# ច?�
គ-> 2R ? ប� ��-�គ��	ន
ឆ�ង4%� 1R ន�ង 3R  ន�ងព-� >MH,នច!	�"	��)ព

ទ�	� �� 	�ទ
�ប	�បន��ក& �ជ'�ន# 

 

ច�ម/0យ 

a. គ->បន��ក�នក�ង�ង�ន
មJយq �ព� K ច)S9 
�ព� K  ច)S9 �>T>)MH�យAង,ន�	1គL
ច)S �>TR$ នច�ន��គ��	ន
ឆ�ង4%��	1គL
  
�យAង,ន9 A E FV V V= =  

>)MH9 1 ED AD 1UU U= = = ξ  ន�ង 2 FB AB 1 2U UU = = = ξ + ξ  

1 1 1 1 1Q C U C C3⇒ = = ξ = µ  �SAយ(�N %J& �ជ'�នE' ប�នFងច)-� ច E  

( )2 2 2 2 1 2Q C U C 3 C⇒ = = ξ + ξ µ=  �SAយ(�N %J& �ជ'�នE' ប�នFងច)-� ច F # 

b. គ-> 2R  ន�ងប� ��-�គ��	ន
ឆ�ង4%� 2 3R ,R  

�ព�ក�ង=ក�K ប�ទ �យAង,នបង�� )�ន�	1គL
9 ( )2 3 4L R RR +  +� (R$ នច�ន�4%� 1R ) 

�.យ�)ព?�ភ��ធម$=9 AE LU U 12V⇒ = =  

>)MH9 ( )AE 1 2 1 2 4U r R .Ir= ξ + ξ − + +  

2 3 LI 2A, I I I 0.5AI⇒ = = = − =  
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R
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R 24
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+ = =   2 3R 24 R 16⇒ = − = Ω  

★  �យAង	�កgបន��កក�ង�ង�ន
មJយq:   ( )1 DE 2 2 4U r I 7VU R′ = = ξ − =+  
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1 1 1Q C U 3.5 C⇒ ′ = ′ = µ  ន�ង(�N %J& �ជ'�នE' ប�នFងច)-� ច D �  
ប� ��-បន��ក�គ��	ន
ឆ�ង4%� 1R  �នទ)>ក�ទ)នង���បន��ក�ន(�N %J 1C  ���E' ប�
នFងច)-� ច E # �)ប?ង (�N %J�នT�នបន��ក 1Q 3 C= µ  �*4យ�ព�ប�ទក�ង=ក� K

�>Tបន��ក�ប	�2�	$AនFង 1 3.5 CQ ′ = − µ   >)MH�យAង,ន9 

1 1 1Q Q Q 6.5 C∆ = ′ − = − µ  

�?ច�នT �នប� ��-បន��ក�គ��	ន
& �ជ'�ន6.5 Cµ  ឆ�ង4%� 1R =មទ�	� 1C E→ #  
ប� ��-បន��ក�គ��	ន
ឆ�ង4%� 3R  �នទ)>ក�ទ)នង���បន��ក(�N %J�ន 2C  ���E' ប�
នFងច)-� ច F #  �)ប?ង (�N %J�នT�នបន��ក 2Q 3 C= µ  �*4យ�ព�ប�ទក�ង=ក� K  
�>Tបន��ក�ប	�2�	$AនFង 2 2 2CQ U′ = ′  ���f 

 2 FB FE EB 3 2 4U U U R R I VU I 5′ = = + = + =   

2Q 1 C⇒ ′ = µ  2 2 2Q Q Q 2 C⇒ ∆ = ′ − = − µ  

�?ច�នT �នប� ��-បន��ក�គ��	ន
& �ជ'�ន�	$A 2 Cµ ឆ�ង4%� 3R =មទ�	� F E→ #  
 

 

32. �គMH�	1គL
�?ច�?ប 2.33  ���ក8�ង�>T 15 ,Vξ =  
4 ,2.r = Ω  ( ) ( )1 26 3 , 3 6L V W L V W− − # 

a. �គ�FងY�)ព?�O)ងព
�ភ��ធម$=  ច?�គ-> 1 2,R R ន�ង
(ន�Eព	�
�.យ 1R ន�ង 2R # 

b. 
មJយនFង*បភព ន�ង%�ម���	�
	�ង�����គMHcង��A 
ច?��ក��ប1បផ�� )�	1គL
�ផmង�ទ1%����ធLAMH�)ព?�O)ងព
�
�Cភ��ធម$=����? 

 

ច�ម/0យ 

a. គ-> 1 2R ,R  ន�ង(ន�Eព	�
�.យ 1R  ន�ង 2R  

�.យ�)ព?�O)ងព
�ភ��ធម$= �យAង,ន9  
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1

1
L

1

P
0

U
I .5A ,= =  

2

2
L

2

P
2A,

U
I = =   

1AC LUU 6V= =  

2CB LUU 3V= =    
1 2AB L LU U U 9V⇒ = + =  

=មច!ប��?ម9 AB r.U I= ξ −   I 2.5A⇒ =  

>)MH9 
11 LI II 2A= − =    ន�ង 

21 LI .5I I 0 A= − =    

(��� 1 2I , I  
ច�ន�ឆ�ង4%� 1 2R ,R  ) 

�យAង,ន9  AC
1

1

U
3

I
R = = Ω   ន�ង  CB

2
2

U
6

I
R = = Ω  

(ន�Eព	�
�.យ 1 2R ,R :  1 AC 1U .P I 12W= =  ន�ង 2 CB 2U .IP 1.5W= =  

b. �ក��ប1បផ�� )�	1គL
�ផmង�ទ1%��AមV
MH�)ព?�ភ��ធម$=���� 
�យAង�ឃAញY 

2L 1I I=  ន�ង 
1L 2I I=  �S%��នT�យAង(ចផ�� )�	1គL
�?ចcង�*4ម9 

( ) ( )1 2 2 1L R L R+ +�   �ននយ̀Y �ខ8ងទ
iគ��ន�)ព?� 1L  %
�	̂� 
នFង 2R   ន�ង
�ខ8ងទ
u  �ន�)ព?� 2L  %
�	̂� 
នFង 1R # 

 

 

33. �គMH�	1គL
�?ច�?ប 2.34  ���ក8�ង�>T �)ព?�
ន
មJយq�ន��	�
	�ង� oR  ន�ង��	�
	�ង�ក8�ង�ប	�

ជន�=�	$AនFង 4

15
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R=  # �គ�FងY (ន�Eព	�


�.យ�)ព?�ទ
{ �	$AនFង 6W # ច?�គ-> 
(ន�Eព	�
�.យ�	1គL
�*l    ន�ងគ->(ន�Eព ន�ង ទ�ន8ផ��ប	�ជន�=? 

 
ច�ម/0យ 

គ->(ន�Eព	�
�.យ�	1គL
�*l , (ន�Eព ន�ងទ�ន8ផ��ប	�ជន�= 

�យAង,នបង�� )�	1គL
�*l9 ( ){ }2 1 3 4 5 6 7|| R || RR R R R R+ + + +    

�	1គL
	មម?��ន�	1គL
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�យA,ន9 5 6 7I I I= =   

5 6 7 o 6U UU R I= = =   

4 5 6 7 o 6U U UU 3R I= + + =  4 6I 3I⇒ =  

>)MH9 3 1 4 6 6I I I II 4= = + =  

2 1 4 3 o 6 o 6 o 6 o 6U U U U 3R U 3R I 4R I 11R I⇒ = + + = + + =  

2
2 6

o

U
I 11.I

R
⇒ = =  

ច�ន�ឆ�ង4%��	1គL
O)ងម?�9 2 3 6 6 6I 11.II I 4I 15I+ = + ==  

(ន�Eព	�
�.យ�)ព?�ទ
 6 :  2
6 o 6R .IP 3W= =  

(ន�Eព	�
�.យ�	1គL
�*l9 2 2 2
o 6

11
R .15 .I 990W

15
P RI= = =  

(ន�Eពក8�ង ន�ង�*lជន�=9 2
in r.IP 360W= =  ន�ង out inP 50P P 13 W= + =  

ទ�ន8ផ��នជន�=9 
out

P
7 3H 3. %

P
= =  

 

 

34. ចr�@ ន�គ�
	ន
)មJយ*%+&,ន�គយក�DE' ប�នFង*បភព%ង�	H�ង 120V ឆ�ង4%���	�
	�ង� 

oR មJយ���%
�	̂� 
នFងចr�@ ន�>T# �C�ព����ច�ន�ឆ�ង4%�ចr�@ ន�ន�)នFង �គ
�ឃAញY 1.5oR = Ω (ន�Eពចr�@ ន 666P W= ន�ង	
%�-� Eព�ន�ខmក�h� �	$A 700 oC # 

a. គ->��	�
	�ង� R �ប	�ចr�@ ន ន�ងផ�	ងបN?%ង��	H��នចr�@ ន# 

b. �ខmក)� �ធLAព
ម
*ក+ម�នម�ខ4%� 20.25mm  ��	�
	�
& 
�% 61.1 10 mρ −= × Ω    �មគ�-
�ទម
	�� (�មគ�-� 
កក�h� ) 4 12.10 Kα − −= # គ->*ប�&ង�ខmក�h� �C	
%�-� Eព 
20 oC # 

c. *ប	�ន�បA�គ�ក��	�
	�ង� oR �ចញ �SAយ%E' ប�ចr�@ ន�� ���DនFង*បភព%ង�	H�ងcង
��A �គ�ឃAញY	
%�-� Eព�ន�ខmក�h� �កAន�BAង�ថម 100 oC �ទ1%# គ->�ន�Eព
ចr�@ ន�Cខ-9�នT? 

 



�������ប	 
ទ�ព�������ប�����	 
ទ�� �យ                                                                         �គ� 

 

 

163                                                 េរៀបេរៀងេ�យៈ  ពុំ សីុមន 

ច�ម/0យ 

a. គ->��	�
	�ង� ន�ងផ�	ងបN?%ង��	H�ចr�@ ន 

(ន�Eពជន�= =  (ន�Eពចr�@ ន +  (ន�Eព oR  

2UI P rI⇒ = +  \   2 102.I1.5I 666 0− + =  I 6A⇒ =  

(ម�នយក I 74A= �*jT�ធLAMH 2

P
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I
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P 666
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I
R 18 5
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= == Ω       

ន�ងផ�	ងបN?%ង��	H�ចr�@ ន9 U RI 111V≈=  

b. គ->*ប�&ង�ខmក�h� �C	
%�-� Eព o20 C  

�C  o
1t 700 C=  ន�ង o

2t 20 C=  �យAង,ន9 
( )1 o 1R 1R .t+= α  ន�ង ( )2 o 2R 1R .t+= α  

>)MH9 2 1

1 .20
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1 .700
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+ α= = Ω
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�C o
3 700 100 8t 00 C= + = 3 1
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35. មN?ទ�̀�គ��	ន
មJយ�ន��	�
	�ង�ក8�ង 2Mr = Ω # �ព�2�ន�)�នA�4�ធម$= 2*%+&4�*បភព
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a. គ->(ន�Eព	�
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ផ�%�ផ�ង��គ��	ន
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ច�ម/0យ 

a. គ->�ន�Eព ន�ងទ�ន8ផ�មN?ទ�̀ 
(ន�EពO)ង*	�ង�នមN?ទ�̀9 P UI 6.75W= =  
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�	̂� 
នFងR8  
★  ផ�� )
ប
�ខ8ង ����ខ8ងន
មJយq�ន 6  (គ�យ%
�	̂� 
នFងR8  

��ប1បផ�� )ទ
i �នទ�ន8ផ�9 M
1

M o

r
25%

r r
H = =

+
  ន�ង ��ប1បទ
u�ន9 2H 75%=  

�?ច�នT *%+&ផ�� )(គ�យ=ម��ប1បទ
u គ�ផ�� )
ប
�ខ8ង ����ខ8ងន
មJយq�ន(គ�យច)នJន 6  
%
�	̂� 
នFងR8  # 
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36. �គMH�	1គL
�?ច�?ប 2.37 ���ក8�ង�>T 
12ABU V= 1 2R R5 , 25 ,= Ω = Ω

3 20R = Ω  ន�ង 1 2r r r= =  �SAយ& N��
�មN*%�ន��	�
	�ង�ធ)(នន�# �C�ព�
�����	�
	�ង� 1 2,r r %
�	̂� 
នFងR8  
& N���មN*%ចងd��%�ម� 1U  ច)�-ក�ព�
��� 1 2,r r  %
�ខ8ងនFងR8 ន�ងE' ប� *%ង�ច)ន�ច D ន�ង B  & N���មN*%ចងd��%�ម� 2 13U U= #  
a. គ-> r  ន�ងក)-%�ចងd���ប	�& N���មN*% �C�ព�����ខ8ង BD  �ន�%��	�
	�ង�មJយ

ក8�ងច)�>ម��	�
	�ង�ព
� 1 2,r r # 

b. & N���មN*%ក)ព�ងចងd��%�ម� 1U (�ននយ̀Y 1r ន�ង 2r %
�	̂� 
នFងR8 )# ��AមV
MH& N���មN*%
ចងd�� 0 �យAង*Rន��%9 
- ប�?�ទ
=)ង�ប	���	�
	�ង�មJយ �%A�គ*%+&ប�?�ទ
=)ង�ប	���	�
	�ង�IមJយ ន�ងប�?��DI? 

- ប�?�ទ
=)ង�2ង��	�
	�ង�O)ងព
�  �%A��	�
	�ង�O)ង�>T
��	�
	�ង�Iខ�T? 

 

ច�ម/0យ 

a. គ-> r  ន�ងក)-%�ចងd���ប	��)�ព�មN*% 

★  �ព� 1 2r , r  %
�	̂� 
នFងR8 9 DC 1 AC AD 1 1 3 3U U U I R I RU = = − = −  

��� AB
1

1 2

U
0.4A

R R
I = =

+
  ន�ង AB

2
3

U 12

R 2r 20 2r
I = =

+ +
 

>)MH9  ( )1

4r 200

20
U  1

2r

−=
+

 

★  �ព� 1 2r , r %
�ខ8ងនFងR8 9 12r
r

2
=  ( )2

2r 400
U

4
2

0 r

−
⇒ =

+
 

	ម$%�កម$9 2 1U 3U=  

r 20⇒ = Ω   (ម�នយក� �	 r 10 00= − Ω < ) 
+  �ព��ខ8ង AD  �ន�% 1r r=  �យAង,ន9 AC 1 1I .U R 2V= =  

AB
AD 3 3

3

U
V

r
U I R 6

R
′ = = =

+
 

V 

�1 � �2 

�3 *1 *2 

�(+) �(−) 

� 

(��ប ) 
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>)MH& N���មN*%ចងd��9 DC AC ADU U U 4V′ = − ′ = −   
(�ននយ̀Y �R�& �ជ'�ន�ន& N���មN*%*%+&E' ប�*%ង�ច)-� ច C ) 

b. �ក& �ធ
��AមV
�ធLAMH& N���មN*%ចងd��	?នH 
�ព�& N���មN*%ចងd�� 0  �>T�យAង,ន�	1គL
]� ន�ន�)នFង9  

( )AC CB

AD DB

R R
3

R R
=  

★  �បAប�?�ទ
=)ង��	�
	�ង�មJយ ��AមV
�ផ��ង�� %�( )3  �>T�យAង*%+&ប�?� 1r  (\ 2r ) �D�ខ8ង 
AC  គ�យក2�D%
�	̂� 
នFង 1R  �ព��>T: AC 1 1r 25R R= + = Ω  ,  CBR 25 ,= Ω   

 AD 3R 2R 0= = Ω  ន�ង DB 2r 2R 0= = Ω # 

★  �យAងក�(ចប�?�ទ
=)ង�2ង 1R  ន�ង 1r  (\ 2r ) �*jT�ព��នT AC 1r 0R 2 ,= = Ω   
 CB 2R 5R 2 ,= = Ω  AD 3R 2R 0= = Ω , DB 1 2R 25R r= + = Ω  # 
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IV. ច&�+0យ+&,(�ទ&�ង�ប�ទ (QCM)  

1. ច�ម�Aយ b  
2. ច�ម�Aយ d  

3. ច�ម�Aយ  c  

4. ច�ម�Aយ  c   

=ម	ម$%�កម$9 R.12 24
R 24

R 12 3
= ⇒ = Ω

+
 

5. ច�ម�Aយ a  

6. ច�ម�Aយ a  

7. ច�ម�Aយ c  

�*ប�ប�ធ1ប(ន�Eព�ប	�ជន�=9 ក�-
 ម�ន ន�ង�*4យ�ព�ប�%ក�ង=ក� K �យAង�ឃAញY9 
22

1 2 1 3 2 31 2

1 2 1 2 3

(R R R R R R )(R R )

R R R R R

ξ + + +ξ + <   �*jT 2 2
1 20 R R<  

8. ច�ម�Aយ d  

�.យផ�	ងបN?%ង��	H��*l�ថ�  ��AមV
2	�()ង%ង�	�
�%ច�ន�����ន()ង%ង�	�
�%ធ)

ង10�ង �>T��	�
	�ង��ប	�*បពន̀a (ម
�
�)�ព�មN*% ន�ង��	�
	�ង�%
�ខ8ង) *%+&�%ថយច�T 
10 �ង �ធ1បនFង��	�
	�ង��ប	�ម
�
�)�ព�មN*%# �យAង=ង ��	�
	�ង����ចង��ក�.យ R′  
>)MH�យAង,ន	ម
4�9  

1 1 10 1 9

R R R R R
+ = ⇒ =

′ ′
R 5

R
9 9

⇒ ′ = = Ω  

9. ច�ម�Aយ c  

�.យ & N���មN*%�ន��	�
	�ង�ធ)(នន� ន�ង�)�ព�មN*%�ន��	�
	�ង�%?ចI	�(ច�e�,ន 
�S%��នT ��AមV
MH�)�ព�មN*%(ច��A�%J
& N���មN*%	)�ប�2	�ផ�	ងបN?%ង��	H� �>T�គ
*%+& %
�	̂� 

មJយ�)�ព�មN*%ន?&��	�
	�ង�����ន()ង%ង�	�
�%ធ)IមJយ# 

10. ច�ម�Aយ b  

11. ច�ម�Aយ b  

ផ�	ងបN?%ង��	H��%�ប���កA%�BAង�C�R�O)ងព
��នម
�
�)�ព�មN*%គ�9  
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4 3
maxI .R 10 10 0.1V−= × =  

12. ច�ម�Aយ c  

=ង R′  
��	�
	�ង����*%+&%
�	̂� 

មJយ& N���មN*% �យAង,នf 

max .30I k 30VΩ =  ន�ង ( )maxI 30k 9. VR 0Ω =+ ′  

�ចក�ង��ន	ម
4�O)ងព
�cង��A9  
30k R

3
30k

Ω + ′ =
Ω

R 60k⇒ ′ = Ω  

13. ច�ម�Aយ d  

�.យ ច�ន�ឆ�ង4%� 3A 
ច�ន��គ��	ន
ធ)ប)ផ�% *%+&នFងក�-
 �*គpងទទJ�cង�*l�	�A�	$A
	?នH (��	�
	�ង��ន�)�ព�មN*%%?ចI	�)# 

14. ច�ម�Aយ b  

15. ច�ម�Aយ c  

�.យច�ន�ឆ�ង4%��ខ8ងcង��A ន�ង�ខ8ងcង�*4ម�ន�	1គL
�ន()ង%ង�	�
�%�	$AR8  �S%�
�នT ប� ��-ក�h� Eយ�ចញ	��*%នFង R # �.យ 3R  �ន()ង%ង�	�
�%ធ)
ង�គ   
បង�	� �S%��នTប� ��-ក�h� Eយ�ចញព
 R  គ��*ចAនប)ផ�%# 

16. ច�ម�Aយ  d   
17. ច�ម�Aយ  d  

18. ច�ម�Aយ  a  

  

 

 

 

 

 

 

 

Happy to see u smile…!!! 
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�ផ�កទ��                         	គ��
ន� 
    �ម���នទ��           ច�ន�	គ��
ន�ក��ងមជ��� ន�ផ�ង� 

I. 
�ង�ប�ទ�
�� 

1. ច�ន�	គ��
ន�ក��ង� !" 

���� ��ង	
��ចម�ង�គ	��ន���ប�ផ��� �� ក�� ចម�ង�គ	��ន�ក��ង����គ! ��"�ច#�$ង� 
� �%����&' �ព�ថ  ច ន*�គ	��ន�ក��ង����+�ង���#�ប,មច-ប� 	#ម � � ����*ង� 

ន�ង� ����.�/ ���0ន���� 1#�2យន4ង����&' �ព,មទ�6ក�ទ�នង�ន�គមន78!�#កទ�9 : 
( )R=R 1o ot tα+ −     ន�ង ( )1o ot tρ ρ α= + −     

;8� :oR  �� ����*ង��%����&' �ព ( )o
ot C   

 :oρ  �� ����.�/ ����%����&' �ព ( )o
ot C   (�ទ=�> 20o

ot C= ) 

 :α   ��មគ�& �កក�@*  A�មគ�&;ទម��*  ប��� ����*ង�  
� �កB&��គ	��ន�0ន����#�C/Dនបក#Eយ,ម#ទ4�*�បទ��"�ច#�$ង�� �� 

� ������ង	
��Fនគ� =ម=��គ��;8�Fន�មG2នH 4ង� �%ក��ងគ� =មI=��គ������ 
��&0ន�មG2នH គ!�បJ* ���យI�ង/ �ជLFន ��Mយ�%ជ��/ �ញ���យI�ង/ �ជLFន+�ង�6O Fន  
បJ* ��"�ច#�$ង�� �� �%����&' �ពធមQ, ���យI�ងក��ងគ� =មI=�គ�� ប������ 
�ធRM���S�(ញ2 ) ជ��/ �ញទ�,�ង��ន4ង ប��T ច�;&ក��"�ច#�$ង�� �/ �ញ 1ចU� ��ទ�
�Vយ�� �ក��ង���ច�6� O���យI�ងក��ងគ� =មI=��គ������� 

� ច ន*�គ	��ន�ក��ង����   គ!�ច ន*0នបF� ��ទ�Fនទ���W ប����"�ច#�$ង�� �� 
ប;#មប#មX�ក�@* ក��ងគ� =មI=��គ������ គ!�ម=�����;8��ធRMYZFន[ \�ង�.O 
8��&M  U� ��ទ� ប����"�ច#�$ង�� � �ធRMYZ�កM�Fន� ����*ង�ក��ង���� ន�ង�ធRMYZ   
� ����*ង�0ន����1#�2យន4ង����&' �ព� 

2. $��ទម%#	គ��
ន�((((ThermoCouple) 

� ]�;ទមI=�គ	��ន� គ!�;ខ_����ព� ;8�Fន
�កB&�គ!ម�ខ�� �̀  ��Mយច�ង+�ងព�  ប��T
#�C/Dន�គផa �L ប�̀ � �  
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� កF� �ង�គ	��ន�ច�ក ;ទមI=�គ	��ន� គ!�កF� �ង�គ	��ន�ច�ក ;8�#�C/Dនក �កM�
�"Mង�%ក��ង��bគR�ប�ទមcយ ;8� cមFន�ង	
��ចម�ង�គ	��ន�ព� ខ�� �̀  ��Mយ#�C/
Dន�គ កaច�ង�ងdង+�ងព� ;8�ផa �L ប�̀ � YZFន����&' �ពខ�� �̀ � កF� �ង
�គ	�ន�ច�ក ;ទមI=�គ	�ន�Fន1�ង�ង������#បeក�#ប;��ន4ងផ��ង 1 2T T−  
0ន����&' �ព ប��ក-�ផa +�ងព� (+�ង�ងdង)� 

� D��ភ=�ចម�ង�គ	��ន���g��dh O គ!�D��ភ=ទ;8�����&' �ពថយច�O8��ក� �� cT  
Jមcយ �ធRMYZ� ����*ង� ប������(������)ថយច�O  �=�8���0ម��=នZ�Vយ
0ច8នZ� 

3. ច�ន�	គ��
ន�ក��ង'(�	គ��
ន�)�*គ 

� �#[យ�ព� 1���� D� A��ប�� �យក��ងទ4ក T#�C/Dនប�;បក����យI�ង/ �ជLFន ន�ង 
���យI�ង�/ �ជLFន�  �%����&' �ពក�&��មcយ  ក�eប���យI�ង�%ក��ង�=��យ�Z�ងន4ង
1ចក�&��Dន+�ង#�$ង�   [ ប�;បក���យI�ង (A ���យI�ងកមQ) គ!�ប�ពR����;8��ធRMYZ 
�=��យ�Z�ង1����  D�  A ��ប��ចម�ង�គ	��ន�Dន� 

� ច ន*�គ	��ន�ក��ង
���គ	��ន�/ ��គ គ!�ច ន*0នបF� ��ទ�Fនទ���W ប�����យI�ង/ �ជLFន 
#�បន4ងទ���W;8ន�គ	��ន� ន�ងទ���W ប�����យI�ង�/ �ជLFនផ.�យព�;8ន�គ	��ន��  

� �ព����យI�ងU� ��ទ��>8����"�ច#�C�ន�មcយi Tន4ងU� ��ប*= ��"�ច#�$ង�មcយ��"�ច
#�C�ន�មcយi�8Mមj�[� យ�>�1�=ម AមI=��គ��&! �� បJ* 1�=ម AមI=��គ��&! �
+�ង�នO1ច�,ង�ប�ន4ង��"�ច#�C� A�eO�ចញព��=��យ�Z�ង�គ	��ន�/ ��គ AFន
#ប��កមQ�មcយ��"�ច#�C� A�=��យ�Z�ង ប�ងkM�Dន�#ប��កមQគ�ម��ផ_ងi�ទb�� ក��ង
ច��Jម#ប��កមQគ�ម�+�ង�6O Fន#ប��កមQមcយ;8���dន��ង�គគ! #ប��កមQ1&= � 
 �យ ;8��កM��"Mង�%�ព���"�ច#�C�1&= ��ធRMព����� 0ន�=��យ�Z�ង��ប��
����;8�យកមក�ធRM�=��យ�Z�ង/ ��គ�6O� l+� &7 � �ធRM�គ	��ន�/ ��គ�=��យ
�Z�ងទង�;8ង�m��U� ( )4CuSO  ;8�Fន ទង�;8ង ( )Cu  �1&= �   A�ធRM�គ	��ន� 
/ ��គ�=��យ�Z�ង #Dក�ន�#,� ( )3AgNO  ;8�Fន #Dក� ( )Ag  �1&= �� 

� ច ន*�គ	��ន�ក��ង
���គ	��ន�/ ��គ �` ព,មច-ប��=ម U
I

R
=  [�JFន D��ភ=� 

1&= � �យ�  ច��nO�ផMង/ ��គ;8�Fន��"�ច#�C�/ �ជLFនម�ន �យ ក��ង8��&M   
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�គ	�ន�/ ��គ ��"�ច#�C�+�ងព� 1ចFន�កB&�ខ�� �̀  ;8��ធRMYZ�កM�FនកF� �ង   
�គ	��ន�ច�ក  ξ  ��Mយ�ព��នO #ទ4�*�បទ �=ម Fនទ#មង�� 

I
U

R

ξ= −   

� ច-ប� U\I �8 ន�ងD��ភ=��គ	��ន�/ ��គ�   

FI � m  0ន
��;8�#�C/Dន ��VO�%��"�ច#�C� �FF#��>ន4ងFI �មI=� A

n
 0ន


���6O �%�ព�;8�Fនប �F&�គ	��ន� q  ឆ�ង[���=��យ�Z�ង�គ	��ន�/ ��គ� 

�គ� �� � .
A A

m k q k I t
n n

   = =   
   

  

;8� :A  �FI �មI=��គ�� 
 :n  �TI "ង�0ន
��គ!ម� 

 :k  ��មគ�&�FF#� 710
1

, 9.65 / molk F
F

C = ×= 
 

  

ក &� FI � m  គ���#[ម ( ) :g   1
.

96500

A
m I t

n
=   

4. ច�ន�	គ��
ន�ក��ង
�+,-
 

� ��pq[� គ!�មជrVs នមcយ;8� Q̀ ន�� ក�� ចម�ង�គ	��ន� �����នO��pq[�ម�ន
ចម�ង�គ	��ន�� 

� ច ន*�គ	��ន�ក��ង��pq[� គ!�ច ន*0នបF� ��ទ�Fនទ���W0នពពcក��"�ច#�$ង;8�
Vច��ចញព�[�=�����;8�#�C/Dន�គ8��ក�@* � �ព��គ8��ក�@* ����YZ�"Mង
#ក�ម �6OTន4ង�ផ. ��"�ច#�$ង�>មជrVs នជ��/ �ញ D��ភ=��នO�tu [ បpq= នក�@*
��"�ច#�$ង� 

� ច ន*�គ	��ន�ក��ង��pq[� Fនទ���W;�មcយគ��គ! ព�1&= ��>[�=�� ច ន*�គ	��ន�
ក��ង��pq[�#�ប,មច-ប��=ម ;�ក��ងក &� ផ��ងបI=�ង�;�Z�Fន�0ម��បjប F
;�បI��Jv O� 

� Dច���"�ច#�$ង;8��eO�� �ក��ង��pq[��tu [� �Q�[�=�� 
� [� �Q�[�=� V�#�ង� ;�T#�C/�ក�ចញព�គន�ង�#[ម��ព�0ន;8ន��"�ច#�CFI �ញIទ�ច� 
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� ប�#មMប#F����dន�ប�ផ�� ប��[� �Q�[�=�គ! �ធRM���ព=� =ប([&� ង =ប�ព) ន�ងប�ពង�
[�=�� 

5. ច�ន�	គ��
ន�ក��ង.
/0ន 

� �ព� ង[ 8��ក�@*  A�#បM#D��[� �Q��ផ_ងi(8=ច� [� �Q�1�ង#D [� �Q� � !;�	ន... 
;8���� ក�� ���យI�ងកមQ)  Fន���ពM��MមជrVs នl�Q2ន �6O�ធRMYZក��ងl�Q2ន�កM�Fន
ន=/ ���យI�ង/ �ជLFន  ���យI�ង�/ �ជLFន ន�ង��"�ច#�$ង (l�Q2ន ង���យI�ងកមQ)� 

� ច ន*�គ	��ន�ក��ងl�Q2ន គ!�ច ន*0នបF� ��ទ�Fនទ���W ប�����យI�ង/ �ជLFន#�ប,ម
ទ���W0ន;8ន�គ	��ន� ន�ងទ���WU� ��ទ� ប�����យI�ង�/ �ជLFន ន�ង��"�ច#�$ងផ.�យព�
ទ���W0ន;8ន�គ	��ន�� 

� ��6�0នប�ន. �គ	��ន�ក��ងl�Q2នម�ន;មន�កM��"Mង�Vយxកxង�6O�ទ T�កM��"Mង��O
#,J;��យMង�#បM#D���� ក�� ���យI�ងកមQ(បpL= នផង�ផ.�ក�គ	��ន�ច=�ក��ងl�Q2ន)� 

� ច ន*�គ	��ន�ក��ងl�Q2ន �` ព,មច-ប��=ម ;�ក��ងក &� ផ��ងបI=�ង�;�Z�+ប
បI��Jv O� ច�;&កក��ងក &� ផ��ងបI=�ង�;�Z�ខG��/ �ញ ច ន*�គ	��ន��កMន�"Mង
�Vយ0ច8នZ�VយE D��ភ=����យI�ងកមQ0ន[ ទង	�ច(��"�ច#�$ងFនuមព�����ន
ទ�ចធ� ទង	�ច�មcយមI=��គ��l�Q2ន) ;8��ធRMYZប�ន. �គ	��ន��%ក��ងl�Q2ន�%;��កM�
Fន�ន�ចh �+O�បprប��� ក�� ���យI�ងកមQកy�Vយ� 

6. ច�ន�	គ��
ន�ក��ង'(�
1ម�ក�ង$�ចទ0� 

� �!ម�ក�ង]�ចទ2  ��ង	
��មcយ#ប�ភទ;8�Fន�កB&�nក�កJ* �ចម�ង�គ	��ន��  
�!ម�ក�ង]�ចទ2  ��ង	
��;8�#�C/Dន�គz��ទ�ក�%ច�6� O�ង	
��ច�ម�Mង ន�ង����="ង� 
�����នO ច ន*�គ	��ន�ម�ន1ចឆ�ង[���!ម�ក�ង]�ចទ2 Dន�Vយ�យi�6O�ទ� ក��ង
ក &� ����&' �ពខG�� �ទMបច ន*�គ	��ន�1ចឆ�ង[���!ម�ក�ង]�ចទ2 Dន� �%ក��ង�!ម�
ក�ង]�ចទ2  Fនផង�ចម�ង�គ	��ន�ព� គ!� ��"�ច#�$ង ន�ង នH (ផ.�កបន.�ក/ �ជLFន)� 

� ច ន*�គ	��ន�ក��ង�!ម�ក�ង]�ចទ2  គ!�ច ន*0នបF� ��ទ�Fនទ���W ប����"�ច#�$ង�� � 
ន�ង នH �#[ម���ពM ប��;8ន�គ	��ន�� 

(1នប;ន{ម��ព��!ម�ក�ង]�ចទ2  �%ក��ង��b/�| =ប/ �ទ} u� ក�ទ�9~  =ប/ �ទ}ទ��នMប ) 
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II. 234(5ទ3�ង5ប�ទ (QCM)  

�#ជM�� M�ច�ម�Mយ;8� “#�4ម#�C/”: 
1. � ����*ង� ប��;ខ_ចម�ង������ន�គមន70ន����&' �ព Fន =បមន*� 
a. 1 .t tR α= − ∆   
b. ( )1 .t oR tR α+= ∆   
c. . .t oRR tα= ∆   
d. ( ). 1t oR tR α= ∆ −   

2. �មគ�&;ទម��*  ប������Fន�0ម�/ �ជLFន A�/ �ជLFន1#�2យន4ងក,* Jមcយ? 
a. Fន�0ម�/ �ជLFន ន�ង1#�2យ;�ន4ង����&' �ព0ន����� 
b. Fន�0ម�/ �ជLFន ន�ង1#�2យ;�ន4ងក� ����ទH(ម�ន�យ
���ផ_ង)0ន�����6O� 
c. Fន�0ម�/ �ជLFន ន�ង1#�2យ;�ន4ង/ �ធ�E��*(ប�ចhក�ទ�)ផ��������6O� 
d. Fន�0ម�/ �ជLFន ន�ង1#�2យន4ងក,* +�ងប�dង��M�នO� 

 
3. ច= ផ	= ផ	ង;ផ�ក A  ន�ង B ន=/ច�ម�Mយ;8�#�4ម#�C/ : 

A  B  
9. បJ* �ង	
��;8�ចម�ង�គ	��ន�Dន�� ន�ងFន� ����.�/ ���
�{���%ច�6� Oព� 7 810 01 m− −÷ Ω � 

ក. �មគ�&;ទម��*  

~. ��"�ច#�$ងTI "ង� ;8��#[យ�ព�Vច��ចញព�1�=ម ន�ងប
�ធRMច�6 Q̀ ន�J* ប�
� ប�ក��ង =ប�Js នមI=��គ������� 

ខ. ក�ង]�ច�ង� 

�. ផង�ផ.�ក�គ	��ន�;8�ច=� cមក��ង8��&M  ចម�ង�គ	��ន��#[ម
���ពM0ន;8ន�គ	��ន�� 

គ. #ទ4�*���"�ច#�$ង 

�. ទ���មcយ ;8�Fន1�ង�ង��������QMន4ងក��&M ន�ធbប0ន  
� ����.�/ ��������ព�;8�����&' �ព�����6O�កMន
�"Mង1o C  � 

ឃ. ���� 

�. ទ���មcយ;8�Fន1�ង�ង��������QMន4ងច#F��0ន� ����*ង� 
ន�ងFនd� �គ��� ���;មIន ( )S  � 

ង. ��"�ច#�$ង�� � 

�.#ទ4�*�បទ;8��#បM#D���8Mមj�ពនZ��ព��កB&� �គ	��ន�
 ប�������Vយ;ផ�ក��MបF� ��ទ�0ន��"�ច#�$ង�� �� 

ច. ផង�ចម�ង�គ	��ន� 
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4. ច��nO#គប�����+�ង��� [�J����&' �ព ប��T�កM��"Mង �ធRMYZ� ����*ង� ប��T
កy�កMន�"Mង;8 � 6�YZ�យMង+ញDន ក��&M ន����&' �ព6�YZ�> ក� 
a. ក��&M ន��j�ន0នច�6ក�@*  ប����"�ច#�$ង ន�ង���យI�ង� 
b. ក��&M ន8ង������l�Q2ន��"�ច#�$ង� 
c. [ U� ��ប*= �មG2នH ព��មG2នH�����>��មG2នHក=TI "ង�� 
d. [ បន{យ[ បIOទង	�ច�>/ �ញ�>មក Tងគ� =មI=��គ���=ចi� 

 
5. ��M� ����.�/ ��� ប������;#ប#បX�8=ច�ម*ច �ព�;8�����&' �ព�កMន? 
a. �កMន�"Mង��QM ,ម�ន�គមន78!�#កទ�9 
b. ថយច�O��QM ,ម�ន�គមន78!�#កទ�9 
c. �កMន�"Mង���ន ,ម�ន�គមន78!�#កទ�~ 
d. ថ�យច�O���ម ,ម�ន�គមន78!�#កទ�~ 

 
6. ��M�%ក��ង�កBខ&� J  ;8�ច ន*�គ	��ន�ឆ�ង[��;ខ_ចម�ង���� �` ព,មច-ប��=ម? 
a. ;ខ_ចម�ង����Fន����&' �ព�កMន�"Mងបន*�ចម*ងi 
b. ;ខ_ចម�ង����Fន����&' �ព�ថ  
c. ;ខ_ចម�ង����Fន����&' �ព+ប #បeក�#ប;��ន4ង �=នZVច�d� ( )0 oK  

d. ច ន*�គ	��ន�ឆ�ង[��;ខ_ចម�ង����Fន1�ង�ង������ធ�� 
 

7. បJ* ម��dង�#[ម ��Mម��Jខ�O;8� “ម�ន#�4ម#�C/”   ��ព��កB&��គ	��ន�0ន����? 
a. ច ន*�គ	��ន�ក��ង�����` ព,មច-ប��=ម �ព�����&' �ព0ន����ម�ន;#ប#បX�� 
b. ���� ��ង	
��ចម�ង�គ	��ន�Dន��� 
c. � ����.�/ ���0ន����ធ�J�� �{���%ច�6� O 7 8110 0 m÷ Ω  � 
d. �ព�����&' �ព�កMន  �6O� ����*ង� ប�������កMន�"Mង,ម�ន�គមន78!�#កទ�9� 
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8. ;ខ_U� ទ�ន�% 20o C  Fន� ����.�/ ��� 810.6 10o mρ −= × Ω  � ច= គ&6� ����.�/ ��� ρ  
 ប��T�%����&' �ព500o C  � �នQ��u ក��ងច�6� O����&' �ពdង��M�នO � ����.�/ ���
 ប��U� ទ�ន�កMន�"Mង,ម�ន�គមន78!�#កទ�9 Fន�មគ�&;ទម��*  3 13.19 10 Kα − −= ×  � 
a. 834.28 10 mρ −= × Ω   
b. 831.27 10 mρ −= × Ω   
c. 820.67 10 mρ −= × Ω   
d. 830.44 10 mρ −= × Ω   

 
9. ��ព=��គ	��ន� 220 40V W−  Fន� 0��Q  �ធRM��ព� / I�����Rម ( )W � � ����*ង�0ន� 0�

��ព=��%����&' �ព 20o C  គ! 122oR = Ω �  �យMង�នQ��u ក��ងច�6� O����&' �ព�នO 
� ����*ង�0ន� 0���ព=��កMន�"Mង,ម�ន�គមន78!�#កទ�9 ��MយFន�មគ�&;ទម��*  

3 13.19 10 Kα − −= ×  � ����&' �ព t  0ន� 0���ព=��%�ព���ព=�ភ�!ធមQ,��QMន4ង: 
a. 2450ot C=   
b. 1670ot C=   
c. 2000ot C=   
d. 2500ot C=   

 
10. ម��dង�#[ម�នO ម��J;8� “ម�ន#�4ម#�C/”  ��ព� ផង�ចម�ង�គ	��ន�? 
a. ក��ងl�Q2ន  ផង�ចម�ង��គ	��ន�Fន ���យI�ង/ �ជLFន ន�ង��"�ច#�$ង�� �� 
b. ក��ង�ង	
��\/ ផង�ចម�ង�គ	��ន�Fន ���យI�ង/ �ជLFន ន�ង���យI�ង�/ �ជLFន� 
c. ក��ង���� ផង�ចម�ង�គ	��ន�គ!���"�ច#�$ង�� �� 
d. ក��ងមជrVs នចម�ង�គ	��ន� ផង�ចម�ង�គ	��ន�Fន =ប�Js ន�បJ* ផងផ.�ក�គ	��ន�

/ �ជLFន A�/ �ជLFន (��"�ច#�$ង   ���យI�ង/ �ជLFន   ���យI�ង�/ �ជLFន...)� 
 

11. ច= ផ	= ផ	ង;ផ�ក A  ន�ង B  YZDន#�4ម#�C/� 

A   B   
9. បន.�ក�គ	��ន��� �;8�ច=� cម8��&M  ចម�ង�គ	��ន� ក. មជrVs នចម�ង�គ	��ន�����=�=ប 
~. ច ន*0នបF� ��ទ�Fនទ���W ប��ផង�ចម�ង�គ	��ន� ខ. ទ���Wច ន*�គ	��ន� 
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�. ទ���WU� ��ទ�0នផង�ចម�ង;8�ផ.�ក�គ	��ន�/ �ជLFន 
Aផ.�យន4ងទ���WU� ��ទ�0នផង�ចម�ង;8�ផ.�ក�គ	��ន� 
�/ �ជLFន� 

គ. ផង�ចម�ង�គ	��ន� 

�. បន.�ក�គ	��ន�ម�ន1ចU� ��ទ��%ក��ងមជrVs នចម�ង 
�គ	��ន�Dន�ទ� 

ឃ. ]�;ទមI=�គ	��ន� 

�. មជrVs នចម�ង�គ	��ន�;8�ក��ង�6Oផ�ប=ក�0ម�
ព�ជគ&� �0នបន.�ក ប��ផង�ចម�ង ន�ងបន.�ក�មG2នH��QM 0  

ង. កF� �ង�គ	��ន�ច�ក ;ទមI=     
�គ	��ន� (A;ទមI=�គ	��ន�ច�ក ) 

�. មជrVs នចម�ង�គ	��ន�;8�ក��ង�6Oទ��� =ប/ �ទ}0ន 
មជrVs ន(8ង������ផង�ចម�ង  ����&' �ព...) 8=ចi �̀
#គប�ច�&� ច+�ង���� 

ច. ច ន*�គ	��ន� 

�. ��bគR�ប�ទមcយ;8��កM��"Mងព�;ខ_ចម�ងព� ;8�Fន
�កB&�គ�ម�ខ�� �̀ ��Mយច�ង+�ងព� 0ន;ខ_ចម�ងន�មcយi
#�C/Dន�គផa �L ប�̀ �  ន�ង កaច�ង;ខ_+�ងព� YZ�{���%
����&' �ពខ�� �̀ � 

ឆ. មជrVs ន&! � 

�. កF� �ង�គ	��ន�;8��កM��"Mងក��ង]�;ទមI=�គ	��ន�� ជ. បន.�ក�មG2នH 
 

12. ��Mម��J;8� “ម�ន#�4ម#�C/”  ��ព�D��ភ=�;ទមI=�គ	��ន�? 
a. ប�ពR����;8�ប�ងkM�YZFនកF� �ង�គ	��ន�ច�ក ;ទមI=�គ	��ន� គ!ចF� ��ទ�ក�@* 0នផង�

ចម�ង;8�U� ��ទ��%ក��ង��bគR��គ	��ន�;8�Fន����&' �ព�ថ � 
b. កF� �ង�គ	��ន�ច�ក ;ទមI=�គ	��ន� ξ #z��FF#�ន4ងផ��ង����&' �ព ( )1 2T T−   

 Tងច�ង+�ងព� 0ន]�;ទមI=�គ	��ន�� 
c. កF� �ង�គ	��ន�ច�ក ;ទមI=�គ	��ន ξ #បeក�#ប;����4ងផ��ង����&' �ព ( )1 2T T−  

 Tងច�ង+�ងព� 0ន]�;ទមI=�គ	��ន�� 
d. ]�;ទមI=�គ	��ន� Fន;ខ_ចម�ងព� ;8�Fន�កB&�គ�ម�ខ�� �̀  #�C/Dន�គផa �L ប�̀ � �ធRM�

��bគR�ប�ទមcយ ��Mយច�ង+�ងព�  ប��T#�C/Dន�គ កaYZ�%����&' �ពខ�� �̀ � 
13. �8Mមj�ក�&��FI � ប��
��មcយ;8�ក�កM��"Mង�%��"�ច#�C�Jមcយក��ងច��Jម��

"�ច#�C�+�ងព� 0ន�ផMង/ ��គ ក��ង យ��ព�;8�Fនច ន*ឆ�ង[��
���គ	��ន�/ ��គ �6O
+ម+ YZ�យMង#`ន�;�84ង��ព�:  (ច= �#ជM�� M�ច�ម�Mយ;8�#�4ម#�C/) 
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a. 1�ង�ង������ច ន*�គ	��ន�   យ��ព�;8�ច ន*ឆ�ង[���ផMង/ ��គ  ន�ងFI �មI=�  ប��
1�=ម0ន
���6O� 

b. 1�ង�ង������ច ន*�គ	��ន�  ន�ង យ��ព��ធRM�គ	��ន�/ ��គ� 
c. 1�ង�ង������បន.�ក�គ	��ន�;8����យI�ងDនបpL= ន  FI �មI=�1�=ម ន�ង TI "ង� ប��
��

;8�Dនក�កM��"Mង� 
d. 1�ង�ង������បន.�ក�គ	��ន�;8�DនបpL= នក��ង
���គ	��ន�/ ��គ� 

 
14. ម��J;8� “#�4ម#�C/”  ��ព�D��ភ=��គ	��ន�/ ��គ�  �ព�YZច ន*�គ	��ន�ឆ�ង[���=��យ

�Z�ង 2 4H SO  ផ.�កក��ង�ផMង/ ��គ;8�Fន��"�ច#�C��ធRMព�ទង�;8ង �6O�គuក��ង យ��ព�
�ធRM�គ	��ន�/ ��គSI ងយ= �ធRMYZ: 
a. Fន���8Z=;�ន�យ�ចញ ន�ងFនក�&ទង�;8ង�,ងdង[�=� ច�;&កdង1&= �#�C/

�4ក �ច ��( �យ) ��Mយ�=��យ�Z�ង[� យ�>�ព&� �ខb/0ន 4CuSO � 
b. Fន���#8C;�ន�យ�ចញdង[�=� ន�ង��ក���;�ន�យ�ចញdង1&= �  ច�;&កx

�=��យ�Z�ង 2 4H SO  / �ញគ! Q̀ ន�R�;#ប#បX��6O�ទ� 
c. Fន���#8C;�ន�យ ន�ងFនក�&ទង�;8ង�,ងdង[�=ច  ច�;&ក1&= �/ �ញ#�C/�4ក 

 �ច ��( �យ) ��Mយ�=��យ�Z�ង 2 4H SO  Q̀ ន�R�;#ប#បX��ទ� 
d. Fន���#8C;�ន�យ�ចញ�%[�=� ន�ងFនក�&ទង�;8ង�,ង�ប�1&= � ច�;&កx 

�=��យ�Z�ង;#ប�>�ព&� �ខb/ ប�� 4CuSO  � 
 

15. ម��J;8� “#�4ម#�C/”  ��ព�ច�6 ប��ផង�ចម�ង�គ	��ន�ក��ង
���គ	��ន�/ ��គ ?  �%
�ព�Fនច ន*�គ	��ន�ឆ�ង[���ផMង/ ��គ: 
a. ពពcក���យI�ង�/ �ជLFនន4ង ���> ក1&= � ច�;&ក���យI�ង/ �ជLFន ���> ក[�=�� 
b. Fន;���"�ច#�$ងU� ��ទ�ព�[�=��>1&= �;�បI��Jv O� 
c. ���យI�ង�/ �ជLFន ន�ង��"�ច#�$ង ���> ក1&= � ន�ង���យI�ង/ �ជLFន ���> ក[�=�� 
d. Fន;���"�ច#�$ង ���> ក1&= � ច�;&ក���យI�ង/ �ជLFន ���> ក[�=�� 
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16. �8Mមj�ក�&��ច�នcនU\I �8  �យMង#�C/[ 84ង��ព�ច�នcនFI �មI=�0ន
��;8�ក�ព�ង��កa 
#�ប�ព��មcយ �̀  �យMង#�C/ កFI � ប��
��;8� : 
a. ក�កM��"Mង�%��M��"�ច#�C�Jមcយ ន�ង1�ង�ង������ច ន*�គ	��ន�� 
b. ក�កM��"Mង�%��M1&= � ន�ង យ��ព�;8� 1ញI� ង ឆ�ង[��
���គ	��ន�/ ��គ� 
c. ក�កM��"Mង�%��M[�=� ន�ង យ��ព�;8� [ច�ង ឆ�ង[��
���គ	��ន�/ ��គ� 
d. ក�កM��"Mង�%��M��"�ច#�C�Jមcយ ន�ងប �F&�គ	��ន�ឆ�ង[��
���គ	��ន�/ ��គ� 

 
17. ច= ផ	= ផ	ង;ផ�ក A  ន�ង B  YZDន#�4ម#�C/� 

A   B  
9. D��ភ=�;8�
��គ�ម��F�#�C/Dនប�;បក� 
�
��ផ_�ព�  �%�ព�Fនច ន*�គ	��ន�ឆ�ង[��T� 

ក. ���យI�ង/ �ជLFន([ច�ង) 

~. �F
��#�C/Dនប�;បក� 
��ផ_�ព� �%�ព�
;8�Fនច ន*�គ	��ន�ឆ�ង[��T� 

ខ. #ទ4�*�បទ U\I �8 

�. lបក &7 �#បM#D����\ប��ធRMព��Eធន7�គ	��ន�
/ ��គ� 

គ. #ទ4�*�;ញក�គ	��ន� 

�. ផង�ចម�ងU� ��ទ��> ក1&= �(�`�/ �ជLFន)0ន
�ផMង/ ��គ� 

ឃ. �ផMង/ ��គ 

�. ផង�ចម�ងU� ��ទ��> ក[�=�(�`��/ �ជLFន)0ន
ផង/ ��គ� 

ង. ច-ប�ទ�~ U\I �8 

�. D��ភ=��គ	��ន�/ ��គ�កM��"Mង�%�ព�
���គ	�
�ន�/ ��គ��=��យ�Z�ង��ប��0ន����;8��#បM
#D���ធRM��&= �: 1&= ��4កបន*�ចម*ងi  ន�ង
ក�eប�0ន
���គ	��ន�/ ��កម�ន;#ប#បX�� 

ច. D��ភ=��គ	��ន�/ ��គ 

�. #ទ4�*�;8��គ�#បM#D���8Mមj�បក#Eយព�[     
ក�កM��"Mង0នច ន*�គ	��ន�(�កB&�ច ន*�គ	��ន�) 
ក��ង
���គ	��ន�/ ��គ� 

ឆ. ���យI�ង�/ �ជLFន (1ញI� ង) 

�. #ទ4�*�;8��#បM#D���8Mមj� កFI � ប��
��;8�
#�C/Dន ��VO�%��"�ច#�C�0ន�ផMង/ ��គ ;8�Fន

ជ. 
���គ	��ន�/ ��គ 



�������ប	 
ទ�ព�������ប�����	 
ទ�� �យ                                                                         �គ� 

 

 

179                                                 េរៀបេរៀងេ�យៈ ពុំ សីុមន 

1�ង�ង�������FF#�ន4ងប �F&�គ	��ន�ឆ�ង
[���ផMង/ ��គ�6O� 
�. #ទ4�*��8Mមj�ក�&��FI �មI=�0ន1�=ម;8�Dន
 ��VO�%��"�ច#�C��FF#�ន�ងFI ��#[ម
 ប��1�=ម�6O� 

ឈ. ច�នcនU\I �8 

9�. ប �F& 996494 6500 /F C g= ≈   ញ. D��ភ=�1&= � �យ 
 

18. ក��ងក�"�ង�ព�ក�&��Jមcយ0ន8��&M  �គ	��ន�/ ��គ FI �l�Q2នក� ;8�ក �កM��"Mង
��M��"�ច#�C�1&= � ប���ផMង/ ��គ+�ងប� , ,K L M  (8=ច =ប 3.18 ) Fន�0ម�: 
 
 
 
 
 
a. ��QM �̀ ច��nO�ផMង/ ��គ+�ង���� 
b. �#ចMនប�ផ��ក��ង�ផMង K  ន�ង��ចប�ផ��ក��ង�ផMង M  � 
c. �#ចMនប�ផ��ក��ង�ផMង L  ន�ង��ចប�ផ��ក��ង�ផMង M  � 
d. �#ចMនប�ផ��ក��ង�ផMង M  ន�ង��ចប�ផ��ក��ង�ផMង K  � 

 

19. ប �F&�គ	��ន�កមQគ�ម��មម=�0នន�;ក� ( )31
. 0. 13 /0
A

k g C
F n

−= = × � �ព�Fន

ប �F&�គ	��ន� 10C  ឆ�ង[��
���គ	��ន�/ ��គ �6O�យMងDន
��;8�ក�កM��"Mង�%
��M[�=�� 
a. 4100.3 gNi−×   
b. 31010.3 gNi−×   
c. 3100.3 gNi−×   
d. 33 10 gNi−×   

 

� 

��� ����� ����� 

(	. ��) 

� � 
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20. ��Mម��Jមcយ;8� ”#�4ម#�C/”   ��ព��កBខ&�0នច ន*�គ	��ន�ក��ង
���គ	��ន�/ ��គ? 
�កB&���`��0នច ន*ក��ង
���គ	��ន�/ ��គ គ!�ច ន*0នបF� ��ទ�Fនទ���W ប��: 
a. ���យI�ង/ �ជLFន U� ��ទ�,មទ���W0ន;8ន�គ	��ន� ន�ង��"�ច#�$ងU� ��ទ�ផ.�យព�ទ���W

0ន;8ន�គ	��ន�� 
b. ���យI�ង/ �ជLFន U� ��ទ�,មទ���W0ន;8ន�គ	��ន� ន�ង���យI�ង�/ �ជLFន;8�U� ��ទ�ផ.�យព�

ទ���W0ន;8ន�គ	��ន�� 
c. ���យI�ង/ �ជLFន U� ��ទ�,មទ���W0ន;8ន�គ	��ន� ន�ង ���យI�ង�/ �ជLFន ន�ង��"�ច#�$ង

U� ��ទ�ផ.�យព�ទ���W0ន;8ន�គ	��ន�� 
d. ��"�ច#�$ង;8�U� ��ទ�ផ.�យព�;8ន�គ	��ន�� 

21. ��Mម��Jមcយ;8� #�4ម#�C/”   ��ព�D��ភ=� 1&= � �យ ? 
D��ភ=�1&= � �យ �កM��"Mង�%�ព�;8�
���គ	��ន�/ ��គ��=��យ�Z�ង��ប��0ន: 
a. ����;8��គយក�ធRM�[�=�� ក��ងក &� �នO �����នO#�C/DនបpL= នបន�*ចម*ងi

ព�[�=��>1&= � ������ធRMYZ1&= �#�C/��ក �ច �� ;�ក�eប��=��យ�Z�ងក��ង
�ផMង/ ��គម�ន;#ប#បX�� 

b. ����;8��គយក�ធRM�1&= �� ក��ងក &� �នO ����#�C/DនបpL= នបន�*ចម*ងiព�
1&= ��>[�=� ������ធRMYZ1&= �#�C/��ក �ច �� ន�ង�ធRMYZក�eប��=��យ�Z�ង
ក��ង�ផMង/ ��គ;#ប#បX�បន*�ចម*ងi� 

c. ����;8��គយក�ធRM�[�=�� ក��ងក &� �នO ����#�C/DនបpL= នបន�*ចម*ងiព�  
1&= ��>[�=� ������ធRMYZ1&= �#�C/��ក �ច �� ;�ក�eប��=��យ�Z�ងក��ង�ផMង
/ ��គម�ន;#ប#បX�� 

d. ����;8��គយក�ធRM�1&= �� ក��ងក &� �នO ����#�C/DនបpL= នបន�*ចម*ងiព�
1&= ��>[�=� ������ធRMYZ1&= �#�C/��ក �ច �� ;�ក�eប��=��យ�Z�ងក��ង�ផMង
/ ��គម�ន;#ប#បX�� 

22. �គDនយក�=��យ�Z�ង0ន
��ន�;ក��>�ធRM�គ	��ន�/ ��គ ��Mយ�គ84ងu
��ន�;ក�
FនFI �1�=ម ច�នcន 57.71g  ន�ងFនTI "ង� 2 � ��MFនFI �ន�;ក�;8�ក�កM��"Mង
ក��ង�ផMង/ ��គ��QMបI�6Q ន �បM�គYZច ន*�គ	��ន�10A ឆ�ង[���ផMង/ ��កក��ង យ��ព�1�FI ង? 
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a. 38.10 kg−   
b. 31012.35 kg−×   
c. 10.95kg   
d. 15.27 kg   

 

23. ,ង m  �FI �0ន
��គ�ម�;8�Dន ��VO�%1"�ច#�C�   A

n
 �FI �មI=� 0ន1�=ម


���6O ( A �FI �1�=ម ន�ង n �TI "ង�) I �1�ង�ង������ច ន*ឆ�ង[���ផMង/ ��គក��ង 
យ��ព� t ន�ង F �ច�នcនU\I �8� ��M =បមន*Jdង�#[ម � =បមន*U\I �8? 

a. . . .
A

m F I t
n

=   ក��ង�6O m គ���គ�"=#[ម ន�ង 96500 / lF C mo≈  

b. 
1

. . .
n

m I t
F A

=  ក��ង�6O m  គ���#[ម ន�ង 96500 / lF C mo≈  

c. 
1

. . .
A

m I t
F n

=  ក��ង�6O m  គ���#[ម ន�ង 96500 / lF C mo≈  

d. 
1

. . .
A

m I t
F n

=  ក��ង�6O m  គ���#[ម ន�ង 96500 / lF C mo≈  

 
24. ម��Jមcយ;8� “#�4ម#�C/” ��ព�[� �Q�[�=�� 
a. ;8ន�គ	��ន�1ច�ធRMYZ[� �Q�[�=� �កព�គន�ង,មទ���Wផ.�យ;ខ_;8ន� 
b. ;8នFI �ញទ�ច1ច�ធRMYZ[� �Q�[�=�1កព�គន�ង,មទ���W;កង;ខ_;8ន� 
c. [� �Q�[�=� គ!�ច ន*0នបJ* ��"�ច#�$ង;8��eOព�[�=��>1&= �� Tម�នFន

uមព� ន�ងមI=មIង��ទ� 
d. ក��ង��បន�;8� Q̀ ន;8នFI �ញទ�ច ន�ង;8ន�គ	��ន� [� �Q�[�=�V��,មទ��#�ង�� 

 
25. ម��Jមcយ;8� “#�4ម#�C/” ��ព�[� �Q�[�=�� 
a. [� �Q�[�=� គ!�Dច���"�ច#�$ង;8�ប�phញព�[�=�;8�8���"Mង#ក�ម� 
b. [� �Q�[�=� គ!�Dច�[� �Q�;8�ប�phញព�[�=��ព�T#�C/8���"Mង#ក�ម� 
c. [� �Q�[�=� គ!�Dច����យI�ង�/ �ជLFនប�phញព�[�=��ព�T#�C/8���"Mង#ក�ម� 
d. [� �Q�[�=� គ!�Dច����យI�ង/ �ជLFន;8�ប�phញព�1&= �� 
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26. ]�;ទមI=�គ	��ន� Thermocouple )មcយFន� ����*ង�ក��ង 6r = Ω ន�ងFន�មគ�&;ទម��* 
65 /V Kα µ=  #�C/Dន�គយក�>��L ប�ន4ងម���;មI#���;ព Fន� ����*ង�ក��ង 10AR = Ω � 

Vក�ច�ងFB ង0ន]�;ទមI=�គ	��ន��%ក��ង��pq[�����&' �ព 20o ន�ងច�ងFB ង�ទb�Vក�ម�ជ
ច=�ក��ង;ក/Vក���នDI e�ង;8�ក�ព�ង �យ� �%�ព��6O�គ�ឃMញu ម���;មI#���;ព 
ចង���1�ង�ង������ច ន* 1.3I mA= � ច=  កកF� �ង�គ	��ន�ច�ក 0ន]��ទមI=�គ	��ន� ន�ង ក
����&' �ព �យ0ន��&DI e�ង� 
a. 13.78 ; 230oE mV Ct= =   
b. 13.78 ; 212oE mV Ct= =   
c. 13 ; 200oE mV t C= =   
d. 13 ; 220oE mV t C= =   

 
27. �%����&' �ព 20o C ;ខ_ / I�����Rម 0ន��ព=��គ	��ន�មcយFន� ����*ង� 1 35.7R = Ω � 

�%����&' �ព 2t 0ន;ខ_/ I�����Rម0ន��ព=�;8��L ប�ន4ងផ��ងបI=�ង�;�Z� 125U V=  
�គ�ឃMញuFនច ន*ឆ�ង[�� 0.35I A= � �នQ��u ក��ងច�6� O យ��ព� 1t  8�� 2t  ;ខ_0ន
��ព=�Fន� ����*ង��កMន�"Mង,ម�ន�គមន78!�#កទ�90ន����&' �ព� �គ84ងu�មគ�&;ទម�
�* 0ន;ខ_/ I�����Rម 3 14.5 10 Kα − −= × � ��M 2t  ��QMបI�6Q ន? 
a. 2 2400o Ct =   
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III. ច�ម67យ234(5ទ3�ង5ប�ទ (QCM)  

1. ច�ម�Mយ b   
2. ច�ម�Mយ c   
3. ច�ម�Mយ 

9-ឃ ~-ង  �-ច   �-ក   �-ខ  �-គ  
4. ច�ម�Mយ a   

5. ច�ម�Mយ a   

6. ច�ម�Mយ b   

7. ច�ម�Mយ c   

8. ច�ម�Mយ d   
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10. ច�ម�Mយ a   
11. ច�ម�Mយ 

9-គ ~-ច �-ខ �-ជ  
�-ឆ �-ក �-ឃ �-ង 

12. ច�ម�Mយ b   
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15. ច�ម�Mយ a   
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17. ច�ម�Mយ 
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18. ច�ម�Mយ a   
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21. ច�ម�Mយ d   

22. ច�ម�Mយ c   

23. ច�ម�Mយ d   

24. ច�ម�Mយ c   

25. ច�ម�Mយ a   

26. ច�ម�Mយ a   

27. ច�ម�Mយ b   
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19. 
�Z
ច���ងមPយI2 �>
Fច5)ក7&ង��ន�� 
ញទ
ច`ក�N% ន 
b1យI2 �>ទ�
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�
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ញទ
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ញទ
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�
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ញទ
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ញទ
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ញទ
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23. 
ម��កធម�!�
 ម
ន�ន�ន��កម�ក�2 'ង�� 
ញទ
ច
)1, 
a. ����ក��)ម
នjន>បនL& ��� 
ញទ
ច� 
b. ����ក��)�នបនL& ��� 
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ច�Pច
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24. �ខLចម2ងមPយ$ក>ក7&ង��ន�� 
ញទ
ច��)�ន9'ង:&ច�;&ង�� 
ញទ
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�
Cច�ន��គ�
�ន� ន
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�
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ញទ
ច
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ញទ
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�
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ចញ� 
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ព1
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SR
ទ� 
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ញទ
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គ
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F�ក
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ញទ
ច� 
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ញទ
ច� 
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ញទ
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III. "�3��0ន�%��ន4 

1. 
គO;�ខLចម2ង��ង>ព����ប_7 �ប��ង�នន� ច�m យព�_7 2 20a cm= ឆ2ង?�>
$យច�ន�
1 2 10II I A= = = ក7&ងទ
�
C��ប_7 �    

ក.   ក'+�>�& 
ចទ8�9'ង:&ច�;&ង�� 
ញទ
ចផ�Pប��ង>O  
ខ. ក'+�>�& 
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ញទ
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�
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ញទ
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���
ប�� 
ន
ង�បEប��� 
គ. 
ប1
គយក�ខLចម2ងមPយ
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$យច�ន� 3I មក$ក>��ង>O ��បន@ង�ខLចម2ងj'ង
ព��cង
)1� ក'+�>ទ
�
C ន
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�ច�ន� 3I 
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កម� 1 2 10 ; 2 20I I I A a cm= = = =  
ក. ក'+�>ក. ក'+�>ក. ក'+�>ក. ក'+�> B

�
��ង>��ង>��ង>��ង>O     

 ��ង>O�ន��ន�� 
ញទ
ចព��គ  
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�
ប
ង01�
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  2B
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ប
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ញទ
ចផ�Pប 0 1 2B B B= +
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គ�នg 1 2 2 1 2; ;B B B AB B B⊥ ⊥
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  7

2 2
2 10

I

a x
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+

×  
យ1ង�ន
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�
� ន
ង�នទ
�
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2. 
គO;�\&ម�ខLចម2ងVង!?
� ABCD �ន�ជ�ង 4a cm= ឆ2ង?�>
$យ
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គយក�ខLចម2ង��ង>��ង�នន�មPយ
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3. 
គ�ញ>
�Z
ចមPយច5)ក7&ង��ន�� 
ញទ
ច`ក�N% ន B
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− ក7&ង�យ, 
ព) t 
�Z
ច���ងI2 �>ទ��ន�ប��ង h<មទ
���ប B
�

 


គ�ន :  02
02

2 2 . . cos
.

R v m v
t

vsi
h

n q B
v

π π α
α

== =    ( h!ជ'zន�ខL
ef ) 

    ខ. ក'+�>កម�ន�.នក�2 'ង�� 
ញទ
ច ��)�ន�'
ព1
)1
�Z
ច���ងខ. ក'+�>កម�ន�.នក�2 'ង�� 
ញទ
ច ��)�ន�'
ព1
)1
�Z
ច���ងខ. ក'+�>កម�ន�.នក�2 'ង�� 
ញទ
ច ��)�ន�'
ព1
)1
�Z
ច���ងខ. ក'+�>កម�ន�.នក�2 'ង�� 
ញទ
ច ��)�ន�'
ព1
)1
�Z
ច���ង    

    ក7&ងច)S�ប�>
�Z
ច���ង ក�2 'ងZ5� 
ន�នទ
��កងន@ង
)Ewន!ន
ចf �5ច
នRក�2 'ងZ5� 
ន
ម
នប'
ពញកម�ន�
ទ ��_ន>��ប�5�ទ
�
C.នច)S(ប�5�ទ
�
C
)Ewន) ��ម
ន
ធW1O;��ប�បu)
9'ង�ង>�&�
�
)Ewន
SR
ទ� 
�5ច
នR កម�ន� . .cos 0mF dA α= =  � 
 
4. �ខLចម2ង��ង>ព��ប��ង�នន� $ក>��ប_7 ក7&ង�&op?��នច�m យព�_7 12d cm=

ឆ2ង?�>
$យច�ន��គ�
�ន� 1 2I A= ន
ង 2 4I A= ក7&ងទ
�
CផJ&យ_7 � ច5�ក'+�>បN�  
ទ�<'ង��)�ន��ន�� 
ញទ
ចផ�Pប
��1�5ន;�    
ច�ម-5យ            
�ម��
កម� 2

1 212 1 ; ;2 210 4m I Ad m Ac I−= = =× =     
ក'+�>បN� ទ�<'ង��)�ន��ន�� 
ញទ
ចផ�Pប
��1�5ន;ក'+�>បN� ទ�<'ង��)�ន��ន�� 
ញទ
ចផ�Pប
��1�5ន;ក'+�>បN� ទ�<'ង��)�ន��ន�� 
ញទ
ចផ�Pប
��1�5ន;ក'+�>បN� ទ�<'ង��)�ន��ន�� 
ញទ
ចផ�Pប
��1�5ន;    
        
    
    
    
<ង M !ច'ន&ច��)�ន��)ផ�Pប
��1�5ន; 
  1B

�
 !�& 
ចទ8�9'ង:&ច�;&ង�� 
ញទ
ចប
ង01�
$យ 1I  

  2B
�

!�& 
ចទ8�9'ង:&ច�;&ង�� 
ញទ
ចប
ង01�
$យ 2I  

គ�ន g  1 2MB B B= +

� � �

 
  7 71 2

1 22 10 ; 2 10
I I

B
A

B
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− −= × = ×  


ប1��នផ�Pប
��1�5ន; 
SR 1 2 1 2B B B B⇒= −
� � � �

րւ  

1 2B B= 
b�&
នR M �����X
�
)1បS2 យ AB �កE� A  

A
⊕ ⊙

B
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�
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 <ង AM x=  
b1យ BM d x= +  


គ�ន g  1 2
1 2

I I
B

x
B

d x
=⇔=

+
 

  2x d x⇒ = +  
  12x d cm⇒ = =  
�5ច
នR�5ច
នR�5ច
នR�5ច
នR ច'ន&ច M ��)�ន��នផ�Pប
��1�5ន; �X
�
)1បSJ �>��បន@ង�ខLចម2ងj'ងព�� �ន
ច�m យ 12AM cm= ព��ខLចម2ងឆ2ង?�>
$យច�ន� 2I � 
 

5. �ខLចម2ង��ង>ប��ប��ង�នន�ឆ2ង?�>
$យច�ន� 1 2I I I= =

ន
ង 3 2I I=  ����
គ$ក>��ប_7 ក7&ងប2ង>��មPយ��)ច�m យ��ង
�ខLព��!ប>_7 �ន�ប��ង 12a cm= �    

     ក'+�>ទ�<'ង.នច'ន&ច M ��)��ង>
SR�ន��នផ�Pប
��1�5ន;�    
ច�ម-5យ             
�ម��
កម� 1 2 3; 2I II I I= = =  
ក'+�>ទ�<'ងក'+�>ទ�<'ងក'+�>ទ�<'ងក'+�>ទ�<'ង M ��)��ន�� 
ញទ
ចផ�Pប
��1�5ន;��)��ន�� 
ញទ
ចផ�Pប
��1�5ន;��)��ន�� 
ញទ
ចផ�Pប
��1�5ន;��)��ន�� 
ញទ
ចផ�Pប
��1�5ន;    
  1 2 3 0MB B B B =+= +

�� � � �
 


$យ 1 2;I I �នទ
�
C�5ច_7   �5ច
នR
�1មE�O;��នផ�Pប��ង> M 
��1�5ន;)&R�< M �X
�

)1ច
S2 R 1I ន
ង 2I � 
<ម� 
3នខ7Pងឆ7&ក 1 2 3; ;B B B BC⊥

� � �
 
b1យ 1 2B B

� �
րր  

��នផ�Pប��ង> M 
��1�5ន;
SR 1 3 2B B B+ =  

 31 2II I

a x a x x
⇔ + =

− +
 

 1 2 1

a x a x x
⇒ + =

− +
 

 2 2(3 4
3

)
a

xx a x a x cm− = ⇒ =− =  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR M �X
�
)1បSJ �>��ប�ខLចម2ងj'ងប� 
b1យ
Qច
S2 R 1I ន
ង 2I ច�m យ 4cm � 
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�

⊕
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⊙
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⊙
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6. 
គO;�ខLចម2ង��ង>បPន�ប��ង�នន�$ក>��ប_7 � .ផJម&ខ?�>.នប2ង>�ខL
ចម2ងj'ងបPន�នVង?
���)�ជ�ង 10a cm= � �ខLចម2ងj'ងបPនឆ2ង?�>

$យច�ន� 10I A= �5ច_7  ន
ង�នទ
�
C�5ច�5ប� គ+S��នផ�Pប��ង>
ផf
�?
�O�    

ច�ម-5យ             
�ម��
កម� 210 10 10 ; 10Aa Im mc −= == ×  
គ+S��នផ�Pប��ង>ផf
�?
�គ+S��នផ�Pប��ង>ផf
�?
�គ+S��នផ�Pប��ង>ផf
�?
�គ+S��នផ�Pប��ង>ផf
�?
�    
 0 1 2 3 4B B B B B= + + +
� � � � �

 
 0 24 13 0 24 13BB B B B B+= =⇒ +
� � �

 
 �� 0 0

13 1 24 2;2 45 2 45B cos B coB sB= =  


$យ 7 7
1 2 3 4 2 10 4 10

3 3
2

I I
B B

a
B B

a
− −= × = ×= = =  

S'O; 
0

0 13 24 12 2 4 45B B BB cos= = =  


គ�នg 7 7 5
0 2

2 10 2
4 10 16 10 4 64 10

23 12 10 2 3
B T

I

a
− −

−
× × ⋅ = × = ×

× ×
=  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR ��នផ�Pប��ង>ច'+& ច M �នទ
� ន
ងទ
�
C�5ច�5ប 
b1យ�ន9'ង�ង>�&�
�
5

0 14 6 0 TB ×= � 
 

7. �ខLចម2ងVង!�ងWង>មPយ�ន?' 10R cm= ឆ2ង?�>
$យច�ន�
10I A= �����ន
គយក
F$ក>��បន@ង�ខL��ន�� 
ញទ
ច`ក

�N% ន��)�ន9'ង�ង>�&�
� 5
0 8.10B T−= �     

     ក'+�>��ន�� 
ញទ
ចផ�Pប��ង>ផf
�O .ន�ងWង>�ខLចម2ង�    
ច�ម-5យ         
�ម��
កម� 5

010 0.1 ; 1 80 ; 10R cm m I A B T−== = = ×  
ក'+�>��ន�� 
ញទ
ចផ�Pប��ង>ផf
�ក'+�>��ន�� 
ញទ
ចផ�Pប��ង>ផf
�ក'+�>��ន�� 
ញទ
ចផ�Pប��ង>ផf
�ក'+�>��ន�� 
ញទ
ចផ�Pប��ង>ផf
�    
− 1B
�

!9'ង:&ច�;&ង�� 
ញទ
ច ��)ប
ង01�
$យ�ងWង>�ខLចម2ង�នទ
�
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3នក
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I
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− B !��នផ�Pប��ង>O     

គ�នg 1 2B B B= +

� � �
 �� 1 0B B⊥
� �

 

 2 2 4
1 0 1.02 10B B B T−≈ ×⇒ = +  

    
$យ 1

0

0.62tan
B

B
α = ≅  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR ��នផ�Pប��ង>ផf
��ខLចម2ង�នទ
�ផ�& '�នម&' 031.7α = !មPយ 0B
�

ន
ង�ន9'ង�ង>-
�&�
� 56.3 10B T−= × � 
 

8. �ខLចម2ងVង!�ងWង>ច'នPនព���ន?' 5R cm=  ន
ង�នផf
� O ��u��&�_7  �����ន$ក>O;

�កង_7 ឆ2ង?�>
$យច�ន� 1 2

2

2
II A= = � ក'+�>��ន�� 
ញទ
ចផ�Pប��ង>O�    

ច�ម-5យ  

�ម��
កម� 2
1 2

2
; 5 5 10

2
I I R cm mA −= = ×= =  

ក'+�>��ន�� 
ញទ
ចផ�Pប��ង>ក'+�>��ន�� 
ញទ
ចផ�Pប��ង>ក'+�>��ន�� 
ញទ
ចផ�Pប��ង>ក'+�>��ន�� 
ញទ
ចផ�Pប��ង>O     
 ��ង>ច'ន&ចO �ង9'ង:&ច�;&ង�� 
ញទ
ចg  

− 1B
�

��)ប
ង01�
$យ�ងWង>�ខLទ�� 7 1
1 2 10

R
B

Iπ −= ×  

− 2B
�

��)ប
ង01�
$យ�ងWង>�ខLទ�� 7 2
2 12 10

R
B

I
Bπ −= × = 
�TR 1 2I I=  

��ន�� 
ញទ
ចផ�Pប��ង>Oគ  1 2B B B= +
� � �

 
$យ 1 2B B⊥
� �

 


គ�នg 2 2
1 2 2 2B B B B= + =  

  7 5
2

2
2 2 10

5 1
0

5

2
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0

B T
ππ − −

−⇒ = × = ×
×

×  

 �5ច
នR�5ច
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នR�5ច
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9. 
Q��ង>ក'ព5)j'ងប�.ន���
?+�ម8ងL ABC មPយ 

គ$ក>�ខLចម2ង��ង>�ប��ង�នន�ច'នPនប�ឆ2ង?�>
$យច�ន�

1 2 3 10I I I I A= = = = ��)�នទ
�
C�5ច_7 � 
�1
គ
����$ក>�ខLចម2ង
នR�5ច
ម�ច?��ង>N? 
�1មE�O;�បព8ន�
.នច�ន� �គ�
�ន�j'ងបPន�ន)'ន@ង� ក'+�>ទ
� ទ
�
C 
ន
ង9'�ង>�&�
� 4I ?    
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�ម��
កម� 1 2 3 10I I I I A= = = =  
ក'+�>ទ
� ទ
�
Cក'+�>ទ
� ទ
�
Cក'+�>ទ
� ទ
�
Cក'+�>ទ
� ទ
�
C    ន
ងន
ងន
ងន
ង9'ង�ង>�&�
� 9'ង�ង>�&�
� 9'ង�ង>�&�
� 9'ង�ង>�&�
� 4I     
 <ម�5ប
យ1ង
ឃ1ញ�ច�ន�ន�មPយ 1 2 3; ;I I I

�&ទ��� �ង�'
ព1.នក�2 'ងប���)ប
ង01�
$យ

4I ន
ងប
ង01�
$យច�ន�ព��
ផLង
ទt� 
 + �
កiច'
TR 3I g  

យ1ង
ឃ1ញ� 3I �ង�'
ព1.នក�2 'ង 1F

�
ន
ង 2F
�

��)ប
ង01�
$យ 1I ន
ង 2I ��) 1F
�

�នទ
�
�X
�
)1 AC  ន
ង 2F

�

Q
)1 BC �ន9'ង�ង>�&�
� 

 
 

2
7

1 2 2 10
I l

FF
a

−== ×  

 
$យ 12 1 2F F F= +
� � �

 �នទ
�
Q
)1 CH  ទ
�
C�'
C
F�កផf
� O .ន���
?+ 


b1យ�ន9'ង�ង>�&�
� 
2

0 7
12 1 13 3 0 302 2 1F F F

I l
cos

a
−= = = ×  

 �5ច_7 ���ច'
TR 1I  ន
ង 2I  

យ1ង
ឃ1ញ� ច'
TR 3I (ន
ង 1 2;I I )�ន)'ន@ង)&R�<��
យ1ង$ក>ច�ន� 4I .)M� ងNO;

3I  (ន
ង 1 2;I I )�ងក�2 'ង�&ញ 4F
�

��)�នទ
��X
�
)1 HC 4 12( )F F
� �
րւ  

  �ន9'ង�ង>�&�
� 4 12F F=  (( 12 23F F= = ) 

b�&
នR 4I �����នទ
�ផJ&យព� 3I (ន
ង 1 2;I I ) 
b1យ�ន9'ង�ង>�&�
� ក'+�>�5ច�
Fg 
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7 74
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F
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យ1ង�នg
 

2 3 3

3 2 3 3

a a a
OC = ⋅ = =  

<ម�ម�?� ( )∗ 
គ�ន 4 10I I A= =  
�5ច
នR�5ច
នR�5ច
នR�5ច
នR 
�1មE�O;�បព8ន��ខLចម2ងj'ងបPន�ន)'ន@ង)&R�<
គ$ក> 4I ��ង>ផf
�O .ន���
?+
��បន@ង 1 2 3; ;I I I ន
ង�នទ
�
CផJ&យព� 1 2 3; ;I I I �ន9'ង�ង>�&�
� 4 10I I A= = �  
 
 

10. �ខLចម2ងមPយVង!�ងWង>?' 5R cm= ឆ2ង?�>
$យច�ន� 1.6I A= �����ន$ក>បo#���ប
ន@ង��ន�� 
ញទ
ច�ផន�� 0B

�
��) 5

0 2 10B T−= × � ក'+�>ម&'�ងW
)�ប�>មA&)
ម��ក��)$ក>
��ង>ផf
�.ន�ងWង>�ខL
Qខ+,��)
គI� ច>ច�ន� I �    

 
ច�ម-5យ         
�ម��
កម� 2 5

05 5 10 ; 1.6 ; 102R cm Im TA B− −= = × = ×=  
    
ក'+�>ម&'�ងW
)�ប�>មA&)
ម��ក
ព)I� ច>ច�ន�ក'+�>ម&'�ងW
)�ប�>មA&)
ម��ក
ព)I� ច>ច�ន�ក'+�>ម&'�ងW
)�ប�>មA&)
ម��ក
ព)I� ច>ច�ន�ក'+�>ម&'�ងW
)�ប�>មA&)
ម��ក
ព)I� ច>ច�ន�    
− 
ព)�នច�ន�ឆ2ង?�> �ប
ង01�O;��ន�� 
ញទ
ច 1B

�
��)�ន  

ច'ន&ចnប>��ង>ផf
��ខL �នទ
�
C<ម� 
3នកN� ប>.�H� '  


គ�ន g   7 7 5
1 2

1.6
2 10 2 10 2 10

5 10

I
B T

R
π π− − −

−= × = × ≈ ×
×

 

− ��នផ�Pប��ង>Oគ  1 2B B B= +
� � �

 ��)α !ម&'ផ�& '��ង B
�

ន
ង 0B
�

 


គ�នg  01 1 5ta 4n
B

B
α α= ≈ ⇒ =  

− 
ព)�មច�ន� I ឆ2ង?�>�ខLចម2ង 
SRមA&)
ម��កចងB&)<មទ
� B
�

 
b�&
នRមA&)

ម��កផ�& '�នម&' 045α = 
ធtប!មPយ 0B

�
 

− 
ព)I� ច>ច�ន� 1 0B =  S'O;��ង>ផf
��ខLចម2ង�ន�� 0B  !
b�&
ធW1O;មA&)
ម��កចងB&)
<មទ
� 0B

�
 

�5ច
នR�5ច
នR�5ច
នR�5ច
នR មA&)
ម��ក� 
)�នម&' 045α = � 
 
 

I

1B
�

B
�

0B
�

α
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11. ក'N�>�ខLចម2ង MN មPយ�ប��ង l  �ន�� �ក7&ងមPយc7 ��ប��ង
(�ង>�&�
��� �) 0.05 /D kg m= �����ន
គ
Mង
$យ�ខLចម2ង�5ច
l� �ព�� �Pចយក
F$ក>ក7&ង��ន�� 
ញទ
ច��)�ន�& 
ចទ8�9'ង:&ច�;&ង
�� 
ញទ
ច B

�
�កងន@ងប2ង>�ខLចម2ង MN ន
ង�ខLព;P�� (�5ច�5បcងH� ')    

ក. ក'+�>ទ
�
C ន
ង9'ង�ង>�&�
�.នច�ន� I ឆ2ង?�>ក'N�>�ខL
ចម2ង
�1មE�O;�'+@ ង�ខLj'ងព��
��1�5ន;� 
ខ. 
$យ�@ង� MN �នទ
�
Cព� M 
F N ��)�ប��ង 20MN cm= ន
ង 6I A′ = � 
គ+S�'+@ ង�ខLន�មPយ^� (
គ�@ង� 20.05 ; 10 /B T g m s= = )    

 

ច�ម-5យ     
        �ម��
កម� 26 ;0.05 ; 20 20 10 ; 0.05 /B T I MN cmA m D kg m−×′ = = == =  
ក. ក. ក. ក.  ក'+�>ទ
�
C ន
ង9'ង�ង>ក'+�>ទ
�
C ន
ង9'ង�ង>ក'+�>ទ
�
C ន
ង9'ង�ង>ក'+�>ទ
�
C ន
ង9'ង�ង>�&�
�.នច�ន��&�
�.នច�ន��&�
�.នច�ន��&�
�.នច�ន� I  

�1មE�O;�'+@ ង�ខLព;P�
��1�5ន; )&R�<��ក�2 'ង��)�ន�'
ព1
)1�ខLចម2ង MN �ន)'ន@ង
!មPយទមmន>�ខLចម2ង MN  S'O; F p=  

គ�នg . .F p B I l mg= ⇔ =  
   
$យ .m D l=  

   . . . .B I l Dl g⇒ =  

   . 0.05 10
10

0.05

g
A

B
I

D
⇒ == ×=  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR 10I A=  �នទ
�
Cព� M N→ � 
ខ. គ+S�'+@ ង�ខL
ព)ខ. គ+S�'+@ ង�ខL
ព)ខ. គ+S�'+@ ង�ខL
ព)ខ. គ+S�'+@ ង�ខL
ព) 6I A′ =     
 
ព) I ឆ2ង?�>ព� M N→ 
គ�នg 

   2 . .T F p B I l mg= = ′+ +  
  2 ( . . )DT l B I g′ +⇒ =  
  . . 0.2(0.05 6 0.05 10)

0.064
2 2

T
B I D g

N
′ + × + ×= ==

 
�5ច
នR�5ច
នR�5ច
នR�5ច
នR                                0.064T N=  
 

B⊗
�

M N
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12. ក'N�>�ខLចម2ង AB �ន�� � 10m g=  ន
ង�ប��ង 20ABl cm=  �����ន
គយក
F$ក>
ព;P�ក7&ង��ន�� 
ញទ
ច`ក�N% ន
$យ�ខLl� ��ប��ង 40l cm= 
b1យ
9'ង:&ច�;&ង�� 
ញទ
ច�នទ
�
Cព�
�?ម
Z1ង
)1� 
ព)
គO;ច�ន�
�គ�
�ន� I ឆ2ង?�> AB  
គ�
ង0�
ឃ1ញ��ខL AB �ន�ក
F�* ង 
បSJ ប>មក�ន)'ន@ង
Qទ�<'ងមPយ��)�ខLផ�& '�នម&' 030α = 
ធtបន@ងទ
�
ឈ�� (យក 210 /g m s= )    
គ+S9'ង�ង>�&�
� B  ន
ង
)EwនI2 �>ទ��ប�> AB 
Q��ង>ទ�<'ង)'ន@ង 
ខ+,_� នច�ន�(I� ច>ច�ន�) ឆ2ង?�> AB  (ម
នគ
�ក�2 'ងកក
� ន
ងក�2 'ងទប>.នមជ#$% ន)�    

 

 

ច�ម-5យ  
�ម��
កម� 

2 040 40.10 ; 10 0.01; 30 20 0.2; ABl cm m g km cm mg lα−= = = == = =  
គ+S9'ង�ង>�&�
�គ+S9'ង�ង>�&�
�គ+S9'ង�ង>�&�
�គ+S9'ង�ង>�&�
� B     ន
ង
)EwនI2 �>ទ��ប�>ន
ង
)EwនI2 �>ទ��ប�>ន
ង
)EwនI2 �>ទ��ប�>ន
ង
)EwនI2 �>ទ��ប�> AB     
− �
កiក7&ងប2ង>�កងន@ង�ខLចម2ង AB  
− ���ន)'ន@ង?)N ក�2 'ង�ន�'
ព1
)1 AB  �នទ
�


C�5ច�5បcងH� '  �5ច
នRច�ន��គ�
�ន������នទ
�
Cទម2&R
ជ�A 'ង(ក'+�><ម� 
3ន��.�H� ')� 

− )ក*ខ+y )'ន@ង�ប�>�� AB  

0p T F+ + =
� ��  �� t

.
an

.F B I l

p mg
α = =  

S'O; 
 

.tan
0.14

.

mg
T

I
B

l

α ==  

<មច�ប>�កi�មព)
ម?ន
ច��ង> A ន
ងO  

គ�ន g A OW W=  

  0 2(1 cos3
1

)
2

0mg mvl =⇔ −  

  02 (1 cos30 ) 1.1 /v gl m s⇒ = − =  
�5ច
នR�5ច
នR�5ច
នR�5ច
នR 0.14 , 1.1 /B T v m s= =   

 

α

α

B
�

A
⊕

O

H

p
�

F
�T

�

l

B
�

BA
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13. ��
vb, CD �ន�ប��ង 20CD l cm= = �ន�� �
100m g= �����ន
គ$ក>�កងន@ង����កព����ប_7 �A ប>
Fន@ង

�បភព�ង>�;&ង��)�នផ)�ងប�5ង�ង>��;) U (�5ច�5ប)� 
�បព8ន�.ន�������ន$ក>�កងន@ង��ន�� 
ញទ
ច��)�នទ
�
C
ព�
)1ច&R
�?ម�ន9'ង�ង>�&�
� 0.2B T= � 
មគ&+កក
���ង
��ន@ង��ក
��1 0.1�(ម
នគ
�
��&���ង>.ន��j'ងប� ន
ងច�ន�9'ង:W��ប�>
�tគW�)�    
ក. �ប���� CD ��
)
F
ឆWង(
Fcង AB )
$យ�'ទ&R 23 /a m s= � ក'+�>ទ
�
C 
ន
ង9'ង�ង>�&�
�ច�ន�ឆ2ង?�>��CD � 
ខ. 
ប1
គ
)1ក����ក A ន
ង B O;ផ�& '�នម&' 030α = 
ធtបន
ងទ
�
�ក� ក'+�>ទ
�
C ន
ង
�'ទ&RI2 �>ទ�.ន��CD 
ប1
គ�@ង�CD nប>
ផ�1មI2 �>ទ�
$យ_� ន
)Ewន
�1ម�    

ច�ម-5យ 

�ម��
កម� 100 0.1 ; 0.2 ; 20 0.2 ; 0.1m g kg B T l cm m µ= = = = = =  
ក. ក. ក. ក. ក'+�>ទ
�
C ន
ង9'ង�ង>�&�
�ច�ន�ឆ2ង?�>��ក'+�>ទ
�
C ន
ង9'ង�ង>�&�
�ច�ន�ឆ2ង?�>��ក'+�>ទ
�
C ន
ង9'ង�ង>�&�
�ច�ន�ឆ2ង?�>��ក'+�>ទ
�
C ន
ង9'ង�ង>�&�
�ច�ន�ឆ2ង?�>��CD     
���CD �ងក�2 'ងg  

− ទមmន> p�  
− ក�2 'ង�ប�
កម� N�  
− ក�2 'ងកក
� f

�
 

− ក�2 'ង�� 
ញទ
ច F
�

 
<មទ'Sក>ទ'នង�គ@R:�Nម
ចg  0F f p N+ + + =

�� ��   
ច'
S)
)1�8កL ( )ox  
គ�នg (1)F f ma− =  

��  ;F BIl f N p mgµ µ µ= = = =  
S'O;  IBl mg maµ− =  

 
 

( )
10

m a g
A

Bl
I

µ+ =⇒ =  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR 10I A=  �នទ
�
Cព� D C→ � 
ខ.ខ.ខ.ខ.    ក'+�>ទ
�
C ន
ងក'+�>ទ
�
C ន
ងក'+�>ទ
�
C ន
ងក'+�>ទ
�
C ន
ង�'ទ&RI2 �>ទ��ប�>���'ទ&RI2 �>ទ��ប�>���'ទ&RI2 �>ទ��ប�>���'ទ&RI2 �>ទ��ប�>��CD     

<មច�ប>ទ��ញ5 �&ន g (2)p N f F ma+ + + =
�� �� �  


ធW1ច'
S)�កង (2) 
)1 ( )ox ន
ង ( )oy  


យ1ង�នg cos (3)

cos si

s

n 4

in

0 ( )

F f ma

N p F

p α α
α α

− − =
− − =





 

•
I⊕

p
�

F
�

N
�

B
�

f
�

( )+

,A B

⊕

f
�

p
�

N
�

F
�

x

y

o

α

A

B

•
• U B⊗

�

D

C
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<ម�ម�?� (4) 
គ�ន ខ cos sinN mg Fα α+=  
ជ'នP� (3)
គ�នg cossi ( cos sinn )F mgp F maα α µ α α− − + =  

cos ( cosin s sin )p
a

m

F mg Fα α µ α α+
⇒

− −=  

cos ) ( sin co( s )sin Fmg
a

m

α µ α µ α α− + −=  

2cos ) ( s(sin
0.4

in
7 / 0

cos )BIlmg
a m s

m

α µ α µ α α =+ −= >−  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR ��CD I2 �>ទ�
$យ�'ទ&R 20.47 /a m s= <មទ
�
Cច&Rច'
N�ប2ង>
ទ�� 
 

14. �\&ម�ខLចម2ងVងច�&
?+�កង�ន 10n = 
�hs ន
ង�ន� 
��� 15a cm= ន
ង 10b cm=

��)�ជ�ង 10AB b cm= =  �����ន
គ�កiO;
Q!ប>ន@ងមPយក�ន2ង� �\&ម�ខL�����ន
គ$ក>
ក7&ង��ន�� 
ញទ
ច`ក�N% ន 0.5B T= ��) B

�
ផ�& '�នម&'

030α = 
ធtបន@ងប2ង>�\&ម�ខLចម2ង� (�5ច�5ប)    

គO;ច�ន� 0.5I A= ឆ2ង?�>�\&ម�ខLចម2ង�នទ
�
C�5ច�5ប�  
ក'+�>9ង�ង>�&�
� ន
ងម�5ម�ង>.នក�2 'ង��)��ន�� 
ញទ
ច
�ន�'
ព1
)1�\&ម�ខLចម2ង�    

ច�ម-5យ            
�ម��
កម� 015 0.15 ; 10 0.1 ; 0.5 ; ; 0.30 5 ; 10a cm m b cm m B T I A nα == = = = = = =  
ក'+�>ក'+�>ក'+�>ក'+�>9'ង�ង>�&�
� ន
ងម�5ម�ង>.នក�2 '9'ង�ង>�&�
� ន
ងម�5ម�ង>.នក�2 '9'ង�ង>�&�
� ន
ងម�5ម�ង>.នក�2 '9'ង�ង>�&�
� ន
ងម�5ម�ង>.នក�2 'ង�ន�'
ព1
)1�\&មង�ន�'
ព1
)1�\&មង�ន�'
ព1
)1�\&មង�ន�'
ព1
)1�\&ម    
- ក�2 'ង�� 
ញទ
ច��)�ន�'
ព1
)1 BC ន
ង AD  .ន�\&ម�ខLចម2ង�នទ
��5ច_7  ន
ងទ
�

CផJ&យ_7  
b1យ�ន9'ង�ង>�&�
�
��1_7  �5ច
នRម
នប
ង01�O;�នម�5ម�ង>.នក�2 'ង�ងW
)
ទ�   
-  ក�2 'ង�� 
ញទ
ច��)�ន�'
ព1
)1 AB ន
ង DC �ន9'ង�ង>�&�
�
��1_7  

   . . .F n l B b=   1F N⇒ =  

$យ�ជ�ង AB �����ន
គ�កiO;
Qន@ងថ0)> 
b�&
នRក�2 'ង��)�ន�'
ព1
)1�ជ�ង CD

ប
ង01�O;�នម�5ម�ង>បងW
)�\&ម M ��) 38.6cos 10 .M Fa N mα −= ×=  
�5ច
នR�5ច
នR�5ច
នR�5ច
នR   ម�5ម�ង>បងW
) M �ន�'
ព1
)1�\&ម
ធW1O;�\&ម�ខLចម2ង� 
)ជ&'� 
ញ�8កL�ងW
) AB <ម
ទ
�
C.នក�2 'ង F

�
�5ច�5បcង
)1�        

a

b

αA

B

D

C

F
�x

B
�
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15. ប5ប\�នក7&ង.ន
�Z
ច���ទ�LនrមPយ
ធW1ព��ខLទង>��ង�នVង!�\&មច�&
?+�កង��)�& '! 
100N =  
�hs ��)
�hsន�មPយ^�ន.ផJ ( ) 240 30S mm= ×  
b1យ�ខLចម2ង�ន�ង0�>ផf
�
0.1d mm= � 
គ�@ង�ប\5ប\�ន�ខLចម2ង
SRព;P�
$យ�ខL h � 
ព)�ខL h  �Pញ (�ក) �នម&'
1o

oα =  �
ក1��នម�5ម�ង>�ង�Pញ(�Pញ) 710 .ox mM N−= � �\&ម�ខLចម2ងcង
)1�����ន$ក>
ក7&ង��ន�� 
ញទ
ច�ប�>
ម��កធម�!�
.)M� ងNO; B

�
�កងន@ង�8កL�ងW
).ន�\&ម�ខL  ន
ង

�ន9'ង�ង>�&�
� 0.1B T= � 
គO; 0.1I mA= ឆ2ង?�>�\&ម�ខLចម2ង� គ+Sម&'�ងW
) α

�ប�>�\&ម�ខLចម2ង ន
ង9ន&�ព�&�
$យ
�Z
ច���ទ�Lនr 
ប1 81.7 10 mρ −= × Ω �    
ច�ម-5យ  
�ម��
កម�  ( ) 2100; 40 0.1 ; 0.1 ; 0. 1;30 ; 1 o

oN S mm d mm B T I mA α= = =× == =   
ក'+�>ក'+�>ក'+�>ក'+�>α         ន
ងន
ងន
ងន
ង9ន&�ព�&�
$យ
�9ន&�ព�&�
$យ
�9ន&�ព�&�
$យ
�9ន&�ព�&�
$យ
�Z
ច���ទ�LនrZ
ច���ទ�LនrZ
ច���ទ�LនrZ
ច���ទ�Lនr    
�\&ម�ង�'
ព1.នម�5ម�ង>.នក�2 'ង tM  ន
ងម�5ម�ង>�ង�Pញ xM (ម�5ម�ង>ទប>) 

ព)O;ច�ន� I  ឆ2ង?�>�\&ម  ម�5ម�ង>.នក�2 'ង�� 
ញទ
ច
ធW1O;�\&ម� 
)�នម&'α  
�1មE�O;g 

. . . .t x oxMM M N B I Sα= = =   
( ) 6 3

7

100 40.1 300 .1 0.1 100. . .

10ox

N B S I

M
α

− −

−

× × × × ×
⇒ = =   

12oα⇒ =   

9ន&�ព�&�
$យ
�Z
ច���ទ�Lនrg9ន&�ព�&�
$យ
�Z
ច���ទ�Lនrg9ន&�ព�&�
$យ
�Z
ច���ទ�Lនrg9ន&�ព�&�
$យ
�Z
ច���ទ�Lនrg    
2P RI=   ��) l

R
S

ρ=   

�� 
2

.
4

d
S π=    ��) 40.1 10d mm m−= =  , ( ) 3. 40 30 102 0.14l N N−×= + =   

2

2

. .

.

4 l

d
P

Iρ
π

=⇒   

( )
( )

28 3

24

1.7 10 0.14 100 14 0. 01

10
P

π

− −

−

× × × × ×

×
=⇒   

73.03 10P W−=⇒ ×   
 �5ច
នR�5ច
នR�5ច
នR�5ច
នR   12oα =   ន
ង9ន&�ព�&�
$យ
�Z
ច���ទ�Lនr 73.03 10 WP −×=  � 
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16. 
�Z
ច���ង��)
Qក7&ង?+& ង.ន�� �&�នប�f 'ង�5ប�ពមPយ�ន�មព) 12W KeV= � 
?+& ង�5ប�ព�����ន$ក>O;
�Z
ច���ងI2 �>ទ�ព�
ជ1ង
F�E5ង.នទ�<'ងភ5ម
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19. 
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4. 2.8 10 /E v B V m−⇒ = = ×  
− ផ)�ងប�5�ង>��;)��)�����A ប>ន@ង�ជ�ង�ខLចម2ង ����.)M� ងNO;�ជ�ងcង
)1  

�នប�5�ង>��;)ខh�>!ងcង
�?ម� 

$យ E

�
!��ន`ក�N% ន 

�5ច
នR�5ច
នR�5ច
នR�5ច
នR 6. 5.6 10U E h V−= = ×  
គ. គ+Sគ. គ+Sគ. គ+Sគ. គ+S 1E 
�1មE�O;
�1មE�O;
�1មE�O;
�1មE�O;e− ����ន)'ន@ងន)'ន@ងន)'ន@ងន)'ន@ង    
− ក7&ងក�+� _� ន��)�គ��ន�
�� 
�?ម�'
ព1.នក�2 'ងZ5� 
ន e− �ន�កច&R
�?ម!
b�&


ធW1O;�ជ�ងcង
�?ម.ន�ខLចម2ង
)1� e−  S'O;
ក1��ន��ន�គ��ន� 1E
�

�7&ង�ខLចម2ង
��)�នទ
�
Cព�
)1ច&R
�?ម� ��ន�គ��ន� 1E �ន�'
ព1�បl'ងន@ងក�2 'ងZ5� 
ន 

b1យ�ន9'�ង>�&�
�
)1ន
Z1�បន�
ចម�ង^ (
�TRច'នPនe− I2 �>ទ�
F�ជ�ង�ខLចម2ងcង

�?ម
ក1ន
Z1ង)� មPយ�យ,
ព)ខ2�
�?យមក 
ធW1O;��ន)'ន@ង �នន8យ�ក�2 'ងZ5� 

ន
��1ន@ងក�2 'ង.ន�'
ព1�ប�> 1E

�
�ន�'
ព1
)1 e− � 


គ�នg  
4

1 . 2.8 10 /VE mv B −= = ×   (�5ច�'នP�(ខ)) 
− ��ង�ជ�ងcង
)1 ន
ងcង
�?ម.ន�ខLចម2ងន@ង
ក1��នផ)�ងប�5�ង>��;) 

6
1 1. 5.6 10U E h V−= = ×  

− 1E
�

�នទ
� ទ
�
C ន
ង9'ង�ង>�&�
��5ច E
�

 (�'នP�(ខ))� 
 

20. ��ទង>��ងមPយVងច�&
?+�កង�ន�ជ�ង 0.5a mm=  ន
ង 1b cm= ឆ2ង?�>
$យច�ន�
20I A= �����នយក
F$ក>ក7&ង��ន�� 
ញទ
ច`ក�N% ន�ន9'ង:&ច�;&ង B

�
�កងន@ងទ
�


Cច�ន��គ�
�ន�ឆ2ង?�>�� ( 1 )B T= � ���នផ)�ងប�5�ង>��;)U ��ង.ផJcង
)1ន
ង.ផJ
cង
�?ម��) 63.1 10U V−= × � ច5�បក�Hយ��&ភ5�cង
)1�    
គ+S
)EwនS'ប�2 �>ទ��នទ
�
C�ប�> e−  ន
ង�ង>�&�
� e−  ក7&ង��ទង>��ង�    

 

ច�ម-5យ     
�ម��
កម� 4 6; 1 0.01 ; 20 ; 3.10.5 105 10 m b cm ma I A U vmm − −= = = ×× == =  
� បក�Hយ��&ភ5� (�5ច)'z�>ទ���) 
គ+S
)Ewន.នគ+S
)Ewន.នគ+S
)Ewន.នគ+S
)Ewន.នប�2 �>ទ��នទ
�
C�ប�>ប�2 �>ទ��នទ
�
C�ប�>ប�2 �>ទ��នទ
�
C�ប�>ប�2 �>ទ��នទ
�
C�ប�>e−         



�������ប	 
ទ�ព�������ប�����	 
ទ�� �យ                                                                         �គ� 

 

 

219                                                 េរៀបេរៀងេ�យៈ ពុំ សីុមន 


គ�នg .
E

B
E v B v= ⇒ =  �� E

b

U=  

S'O; 43.1 10
.

/m
U

v s
b B

−== ×  

�ង>�&�
��ង>�&�
��ង>�&�
��ង>�&�
�e−     ក7&ង��ទង>��ងក7&ង��ទង>��ងក7&ង��ទង>��ងក7&ង��ទង>��ង    


គ�ន g    
.

I I

S a b
i n q v == =  

S'O; 28 38.1 10
.

I
m

a bv q
n −≅ ×=  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR 4 28 3/ ; 8.3.1 10 1 10m s n mv − −=× ×=  

 
21. ក&ង�ង>Hទ8�ប2ង>មPយ �ន9�� �Pព����)�ន.ផJ S ច�m យ��ង9�� �Pj'ងព��
��1 d ����
�ន
គ$ក>ក7&ងច�ន�.នផង>ផJ&ក�គ�
�ន�ក'ព&ងI2 �>ទ�
$យ
)Ewន
ថ� v <ម
ទ
�
C��បន@ង9�� �Pj'ងព��� �បព8ន�cង
)1�����ន
គយក
F$ក>
ក7&ង��ន�� 
ញទ
ច�ន�& 
ចទ8�9'ង:&ច�;&ង 1B

���
�កងន@ង9�� �Pj'ងព�� ន
ង

B v⊥
� �� 
��&���ង> R �����ន
គយកមក�A ប>ន@ង9�� �Pj'ងព���    

ក. 
b�&�W��ន!ក&ង�ង>�នម&ខ���5ច�បភព�គ�
�ន�(ជន
<)ផ��>ផ�ង>ច�ន�
O;
��&���ង> ? ច5�បក�Hយ � 
ខ. គ+S9ន&�ព�&�
$យ R � 
�19ន&�ព�ន�.ម2��
ប��
ព) R 
��1ប�&S� ន? គ+S
9ន&�ព��
ប��
SR �    

ច�ម-5យ          
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ខ. ច�ន�ឆ2ង?�>ខ. ច�ន�ឆ2ង?�>ខ. ច�ន�ឆ2ង?�>ខ. ច�ន�ឆ2ង?�> R 
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22. �ខLចម2ង��ង>ព���ប��ង�នន� �X
�
Qក7&ងប2ង>ព���កង_7 ឆ2ង?�>
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C
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S'O; ��នផ�Pប��ង> 2M (�5ច�5ប 22.3) 
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24. �ខLចម2ង��ង>�ប��ង�នន� ន
ង�\&ម�ខLVង?
��ន�ជ�ង 40a cm= �����ន
គ$ក>ក7&ងប2ង>
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គ�@ង�
ព)�ងក�2 'ង�\&ម�ខLចម2ងខ5ច�ទង>�jយ 
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ញទ
ច��)ប
ង01�

$យច�ន��ន�'
ព1
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�5ច
នR�5ច
នR�5ច
នR�5ច
នR                        595 10 NF −= ×     
25. គ+S9'ង�ង>�&�
���ន�� 
ញទ
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26. �ខLចម2ង��ង>�ប��ង�នន�ព�� �ន9'ង�ង>�&�
�ច�ន�ឆ2ង?�> 1 2 5I I A= = �����ន
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ក'ក'ក'ក'+�>�& 
ចទ8�9'ង�ង>�&�
���ន�� 
ញទ
ច+�>�& 
ចទ8�9'ង�ង>�&�
���ន�� 
ញទ
ច+�>�& 
ចទ8�9'ង�ង>�&�
���ន�� 
ញទ
ច+�>�& 
ចទ8�9'ង�ង>�&�
���ន�� 
ញទ
ច    
+ ��ង> M �ន��ន�� 
ញទ
ចព�� 1H

�
 ន
ង 2H
�

��)ប
ង01�
$យ 1I ន
ង 2I  
− 1H
�

�នទ
� ន
ងទ
�
C�5ច�5ប 
1

1 2

5
79.6 /

2 2 10
H

I
A m

MAπ π − ≈
×

⇒ ==  

− 2H
�

�នទ
� ន
ងទ
�
C�5ច�5ប 
2

2 2

5
26.5 /

2 2 3 10

I
A mH

MBπ π −= = ≈
× ×

⇒       


�TR 2( 3 10 )MB MA AB m−= + = ×  

$យ 1 2H H⊥

� �
 

S'O; 2 2
1 2 84 /A mH H H ≈= +  


b1យ H
�

�នទ
�
Cnក>ទម2&Rប2ង>.ន�5បcង
)1 
b1យផ�& '�នម&'α !មPយ 1H
�

 

 
 

02

1

1
18.43

2
tan

H

H
α α= = ⇒ ≈  

 
 

27. 
គ$ក>�ខLចម2ង��ង>ព����ប_7  �នទ
�
CផJ&យ_7 �X
�
Qច�m យ 10AB cm= ព�_7 � 
�ខLចម2ងj'ងព��ឆ2ង?�>
$យច�ន� 1 20I A=  ន
ង

2 30I A= �     
ក'+�>9'ង�ង>�&�
��& 
ចទ8���នម�
ញទ
ចផ�Pប��ង> 1 2 3; ;M M M 
ប1
គ�@ង� 1 2 ;M A cm=

2 4AM cm=  ន
ង 3 3BM cm= �    
    

B
⊗

1I

2I

A
M
•

B
⊗

1I

2I

AM
⊙1H
�

2H
�

A
⊙ i

B
•

1M
⊗

2I1I
•

2M

3M
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ច�ម-5យ  
�ម��
កម� 1 2 130 ; 10 0.1 ; 2 0. 22 ; 00 A AB cm m M A cmI A I m= = = = ==  
        2 34 0.04 ; 3 0.03AM cm m BM cm m= = = =  

ក'+�>9'ង�ង>�&�
��& 
ចទ8���ន�� 
ញទ
ចផ�Pប��ង>ក'+�>9'ង�ង>�&�
��& 
ចទ8���ន�� 
ញទ
ចផ�Pប��ង>ក'+�>9'ង�ង>�&�
��& 
ចទ8���ន�� 
ញទ
ចផ�Pប��ង>ក'+�>9'ង�ង>�&�
��& 
ចទ8���ន�� 
ញទ
ចផ�Pប��ង> 1 2 3; ;M M M     

 

 

 

 
<ម� 
3ន.�H� '
យ1ង�ន 1 2;I I �នប
ង01���ង>ច'+& ច 1 2 3; ;M M M ន5���ន�� 
ញទ
ច

1 2 1 2; ; ;H H H H′ ′
� � � �

ន
ង 1 2;H H′′ ′′
� �

��)�នទ
� ទ
�
C�5ច�5បcង
)1� 
+ ��ង> 1M (<ម�5ប)
យ1ង�នg  

 
1

1 2
1 2

1 12
120 /

2M H A m
AM BM

I I
H H

π π
= = ≈−−  (

1MH
�

�នទ
�
C�5ច�5ប) 

+ ��ង> 2M 
យ1ង�នg  

2

1 2

2 2
1 2 160

2
/

2M A m
AM BM

I I
H H H

π π
′ ′= + = ≈+  (

2MH
�

�នទ
�
C�5ច�5ប) 

+ ��ង> 3M 
យ1ង�ន g 

 
3

'' ''
1 2

2 1

3 3

135 /
2 2M A m

A

I I

M
H H

BM
H

π π
≈= − = −   (

3MH
�

�នទ
�
C�5ច�5ប) 

 
 

28. 
គ$ក>�ខLចម2ង��ង>ប���ប_7  ឆ2ង?�>
$យច�ន�
1 2I I I= = ន
ង 3 2I I= � 
$យ�@ង� 5AB BC cm= = � 

ច5��កទ�<'ង
Qច
S2 R AC  ��)��ង>
SR9'ង�ង>�&�
���ន
�� 
ញទ
ចផ�Pប
��1�5ន;�    
    

⊙ i
B

•1M ⊗
2I1I

•
2M 3M

2H
�

1MH
�

1H
�

1H ′
�

2H′
�

2MH
�

3MH
�

2H′′
�

1H ′′
�

⨂ ⨂ ⨀ 

� � 6 

��  �
  �7  
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ច�ម-5យ     
�ម��
កម� 1 2 3; 2 ; 5I I I I AB BC cmI = = = = =  

�កទ�<'ង��)��ន�� 
ញទ
ចផ�Pប
��1�5ន;�កទ�<'ង��)��ន�� 
ញទ
ចផ�Pប
��1�5ន;�កទ�<'ង��)��ន�� 
ញទ
ចផ�Pប
��1�5ន;�កទ�<'ង��)��ន�� 
ញទ
ចផ�Pប
��1�5ន;    
− <ង M !ច'ន&ច
)1 AC ��)��ន 0MH =

�
 

− <ង 1 2 3; ;H H H
� � �

!��នប
ង01���ង>ច'ន&ច M 
$យ 1 2 3; ;I I I  

យ1ង
ឃ1ញ�
Q
)1 BC S'O; 1 2 3; ;H H H

� � �
�នទ
� ន
ងទ
�
C�5ច_7   

�5ច
នR��នផ�Pបខ&�ព��5ន;  S'O;ច'ន&ច��)�ន��នផ�Pប
��1�5ន;
Qច
S2 R AB     
(
�TR
យ1ង�
កi��@ម�� M 
Q
)1 AC ) 

<ង AM x= S'O; 1

2

BM AB x l x

CM AC x l x

= − = −
 = − = −

 

<ម�5ប
យ1ង�ន g 2 1 2; )(H H H
� � �
րւ  

S'O;  1 3 2 0H HH H + −= =  

1 2( )

2
0

2 2 ( )2x x l

I

x

I I

lπ π π−
−

−
⇔ + =  

1 2

2
0

I

l lx x

I I

x
⇒ − +

−
=

−
 

1 1 2
0

5 10x x x
⇒ − + =

− −
 

2 215 50) (10 ) 2( (5 )
0

( )( 10)

x

x

x

x s x

x x x x− + − − + −
⇒ =

− −
 

15 50 0x⇒ − + =  
50

15
3.3x cm⇒ ≅=  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR M �X
�
)1 AB ច�m យ3.3cmព� A � 
 

29. 
គ$ក>�ខLចម2ងព���កង_7 ក7&ងប2ង>��មPយ�5ច�5ប� 
ប1
គ�@ង�
1 2;2 I 3AI A= = ន
ង 1 2 1AMA cmM = =      


b1យ 1 2 2BMB cmM = = �    
ក'+�>9'ង�ង>�&�
���ន�� 
ញទ
ចផ�Pប��ង> 1M ន
ង 2M �    

    

�
  ��  
��  

�
   

� 6 

� 
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ច�ម-5យ  
�ម��
កម� 1 2 1 2 1 22 ; 3 ; 1 ; 2I A I A AM AM cm BM BM cm= = = = = =  

ក'+�>9'ង�ង>�&�
���ន
ម�
ញទ
ចផ�Pប��ង>ក'+�>9'ង�ង>�&�
���ន
ម�
ញទ
ចផ�Pប��ង>ក'+�>9'ង�ង>�&�
���ន
ម�
ញទ
ចផ�Pប��ង>ក'+�>9'ង�ង>�&�
���ន
ម�
ញទ
ចផ�Pប��ង> 1M ន
ងន
ងន
ងន
ង 2M     
ច�ន� 1I ន
ង 2I ប
ង01���ង> 1M ន
ង 2M ន5���ន�� 
ញទ
ច 1H

�
ន
ង 2H
�

��)�នទ
��កងន@ងប2ង>
.ន�5បcង
)1 
b1យ�នទ
�
C�5ច�5ប 
� ��ង> 1M    
 S'O; 1 2( )H H

� �
րւ  

  
1

1 2

1 12 2M AM

I

M

I

B
H

π π
= −  

  
1

1 2 3

2 0.01 0. 2
8 /

0M A mH
π
 = − 


≈


 


$យ 1 2H H> S'O; 
1MH
�

�នទ
�
C�5ច 1H
�

 
���ង> 2M  
 S'O; 1 2H H

� �
րր  

 
 

2

1 2
1 2

2 22 2M

I I
H H H

AM CMπ π
= + = +  

  
2

1 2 3

2 0.01 0.0
56 /

2MH A m
π
 = + ≈
 

 


b1យ
2MH

�
�នទ
��កងប2ង>.ន�5បcង
)1 ន
ង�នទ
�
Cទ')&R�ភ7ក�7ក�
ង0�� 

 
 
 

30. �ខLចម2ង AB ឆ2ង?�>
$យច�ន� 20I A=  
b1យច'+& ច M

�X
�
Q
)1!
ម��នទ8�.ន [ ]AB 
Qច�m យ 5cm ព��ង0�> AB


b1យ�ន 
 
 060MAB MBA= = (�5ច�5ប)�     
ក'+�>9'ង�ង>�&�
���ន�� 
ញទ
ច ��)ប
ង01�
$យក'N�>�ខL
ចម2ង AB 
Q��ង>ច'ន&ច M �    

    

M

A B
060 060

H

�
  ��  

��  

�
   

� 6 

� 


 

⨀>����  

>���
 ⨀ 

⨂>����  

⨀>���
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ច�ម-5យ  
�ម��
កម� 
 
 0620 0;MABI MBAA = ==  
ក'+�>9'ង�ង>�&�
���ន�� 
ញទ
ចក'+�>9'ង�ង>�&�
���ន�� 
ញទ
ចក'+�>9'ង�ង>�&�
���ន�� 
ញទ
ចក'+�>9'ង�ង>�&�
���ន�� 
ញទ
ច    
    

យ1ង�ន     0( ; ) ( ; ) 60AB AM BA BMα = = =

���� ����� ���� �����
    

<ម�5បមន� គ+S9'ង�ង>�&�
���ន�� 
ញទ
ចប
ង01�
$យក'N�>�ខLច')ង�ប��ងក'+�>g    

�5បមន� g 1 2(cos s )
2

co
I

r
H θ

π
θ= −      
�TR 0 0 0

1 2;60 120180θ θα α= = =−=  

  0 0
2

20
(cos60 cos120 31.8 /

5
)

104
H A m

π −⇒ ≈
× ×

= −
 

�5ច
នR�5ច
នR�5ច
នR�5ច
នR   31.8 /H A m=  

 

31. �ខLចម2ងមPយ�����ន
គយកមក?�>!Vង���
?+�ម8ងL��)�ន� 
��� 50a cm=

ឆ2ង?�>
$យច�ន� 3.14I A= � ក'+�>9'ង�ង>�&�
���ន�� 
ញទ
ច��ង>ផf
�O .ន���
?+�    
ច�ម-5យ     
�ម��
កម� 

250 50 10 ; 3.14a cm m I A−= = × =  
ក'+�>9'ង�ង>�&�
���ន�� 
ញទ
ច��ង>ផf
�ក'+�>9'ង�ង>�&�
���ន�� 
ញទ
ច��ង>ផf
�ក'+�>9'ង�ង>�&�
���ន�� 
ញទ
ច��ង>ផf
�ក'+�>9'ង�ង>�&�
���ន�� 
ញទ
ច��ង>ផf
�O .ន���
?+.ន���
?+.ន���
?+.ន���
?+    

យ1ង
ឃ1ញ��ជ�ងន�មPយ^ប
ង01���ង>ផf
� O ន5���ន�� 
ញទ
ច
��)�នទ
� ទ
�
C ន
ង9'ង�ង>�&�
�
��1^_7 �  
<ង x!ច�m យព�ផf
�
F�ជ�ងន�មPយ^  


យ1ង�ន g  1 3 3

3 2 6

a a
x = ⋅ =  

 ន
ង
 1 2cos cos

2

a

r
θ θ= − =  

S'O; 1 2 2
2

3
cos cos

2
2

4

a

x
a

θ θ= = =
+

 

 S'O; 1 2 3 13H H H H H+ + ==
� � � � �

 

M

A B
060 060

H

2θ

I

a

c
B

A

r
x

x

x o

1θ

2θ
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 13H H=  �� 1 1 2

3.14

0.

3 3
(c

5 3
2

os cos ) ( )
4 2 2

4

I
H

x
θ

π π
θ

 
= − = − −  

 
   

S'O; 1 3 /H A m≅  

  3 3 9 /H A m= × =  
�5ច
នR�5ច
នR�5ច
នR�5ច
នR       9 /H A m=  
 

32. �ខLចម2ងមPយ �����ន
គយកមក?�>!Vងច�&
?+
T7 យ�ម�� ឆ2ង?�>
$យច�ន� 6.28I A= � 
គO;ផ)

ធtប��j'ងព��(���5ច ន
ង��ធ') �ប�>ច�&
?+
��1 2


b1យ 20l cm= ន
ង 5b cm= �    
�ក9'ង:&ច�;&ង�� 
ញទ
ច��ង>ច'ន&ច A �    

ច�ម-5យ     
�ម��
កម� 2 26.28 ; 20 20 10 ; 5 5 10I A l cm m b mcm− −= = = × = = ×  
គ+S9'ង:&ច�;&ង�� 
ញទ
ច��ង>ច'ន&ចគ+S9'ង:&ច�;&ង�� 
ញទ
ច��ង>ច'ន&ចគ+S9'ង:&ច�;&ង�� 
ញទ
ច��ង>ច'ន&ចគ+S9'ង:&ច�;&ង�� 
ញទ
ច��ង>ច'ន&ច A     
<ម Bioxava Laplace g   

0
34

dl r
d

I

r
B

µ
π
µ ⋅ ∧=

��� ����
 


យ1ង
ឃ1ញ�ច�ន��គ��ន�ម
នប
ង01���ន�� 
ញទ
ច
��ង>ច'ន&ច��)
Q
)1�8កL�ប�>� 
( 0dB = 
�TR 0dl r∧ =

��� � ) 
S'O; �ជ�ង CD ន
ង ED ម
នប
ង01���ន
ម�
ញទ
ច��)�នទ
��កងប2ង>�5បន
ង�នទ
�
C
ផJ&យ_7 �5ច�5បcង
)1� 
 A ED BCB B B⇒ = +

� � �
 

 A BC EDB BB⇒ = −  

S'O; 0 0
1 2 1 2(cos cos ) (cos cos )

4 24A

I I
B

b bπ π
µµ µµθ θ θ θ= − − −  

bc

E

D

B

Al

b
c

E

D

B

Al α BCB⊙
�

EDB⊗
�
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  60 0

2
2

2.24 10
2 cos 2

4 4

4

2A

lI I
B T

l
b

b b

αµµ
π π

µµ −⋅ ≅ ×= =
+

 

�5ច
នR�5ច
នR�5ច
នR�5ច
នR  62.24 10AB T−= ×  

 
 

33. �ខLចម2ងមPយឆ2ង?�>
$យច�ន� 20I A= �����ន
គយក
មក?�>!ម&'�កង �5ច�5បcងH� '�    
ក. �ក9'ង�ង>�&�
���ន�� 
ញទ
ច��ង> A  �X
�
)1បS2 យ�ជ�ង
មPយ.នម&'�កង ន
ង�នច�m យ 2OA cm= ព�ក'ព5)ម&'�កង�  
ខ. �ក9'ង�ង>�&�
���ន�� 
ញទ
ច��ង> B �X
�
)1កន2RបSJ �>ព&R
ម&'�កង ន
ង�នច�m យ 10OB cm= ព�ក'ព5)ម&'�កង� 

ច�ម-5យ  
�ម��
កម� 220 ; 2 2 10 ; 10 0.1I A OA cm m OB cm m−= = = × = =  
ក. �ក9'ង�ង>�&�
���ន�� 
ញទ
ច��ង>ក. �ក9'ង�ង>�&�
���ន�� 
ញទ
ច��ង>ក. �ក9'ង�ង>�&�
���ន�� 
ញទ
ច��ង>ក. �ក9'ង�ង>�&�
���ន�� 
ញទ
ច��ង>    


$យច�ន��គ��ន�ម
នប
ង01���ន��ង>�8កL�ប�>�
(�ទ@���បទ Bioxava Laplace) 

�5ច
នR ��ន��)oy ប
ង01���ង> A  
��1�5ន; 
 ��ង> A �ន����នប
ង01�
$យក'N�>�ខLox  

  2

20
(cos0 cos ) (1 0) 79.8 /

4 2 4 2 10A A m
R

H
I π
π π −= − = − ≈

× ×
 

 �5ច
នR�5ច
នR�5ច
នR�5ច
នR AH
�

�នទ
�
C�5ច�5ប ន
ង�ន9'ង�ង>�&�
� 79.8 /AH A m= � 
 
        ខ. ក'+�>��ន�� 
ញទ
ច��ង>ខ. ក'+�>��ន�� 
ញទ
ច��ង>ខ. ក'+�>��ន�� 
ញទ
ច��ង>ខ. ក'+�>��ន�� 
ញទ
ច��ង> B     
    ��ន��)ប
ង01�
$យ�ខLចម2ងj'ងព���ផ7ក��ង> B �នទ
� ន
ងទ
�
C�5ច_7 �5ច�5ប 

  
1 2

3
(cos0 cos ) (cos cos )

4 4 4 4B R R

I I
H

π π
π π π= − + −  

•

•A

B

o

•

•A

B

oy I

R

AH⊙
�

1RH⊗
�

H⊗
�

2R

I
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35. 
គO;ច�ន��គ�
�ន��ន9'ង�ង>�&�
� I ឆ2ង?�>
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36. �ខLចម2ងមPយVង!�ងWង>?' 10R cm= ឆ2ង?�>
$យច�ន� 1I A= � ក'+�>9'ង:&ច�;&ង
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37. 
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− 1 2;R R 
��&���ង>�ខL AMB ន
ង ANB  
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��&��J�� �
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39. �ខLចម2ងVង!�ងWង>ព���នផf
��Pម �����ន
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

≈
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×
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
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�5ច
នR�5ច
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ញទ
ច 51.35 10MB T−= × � 
 
ខ. ក�+�ខ. ក�+�ខ. ក�+�ខ. ក�+� 1 2I I= �នទ
�
CផJ&យ_7�នទ
�
CផJ&យ_7�នទ
�
CផJ&យ_7�នទ
�
CផJ&យ_7     
    
<ម�5បមន�
យ1ង�នg  1 2B BB= −  
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� 1 1 2( 0; )aO h h= = ��ង>ផf
� 2 1 2( ; 0)O h a h= =  
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យ1ង�នg  
2 2

0 0
3 3

2 22 2
2 2

4 4

0

2 2

M

IR IR
B

a a
R R

µµ µµ= −
   

+ +   
  

=



 

�5ច
នR�5ច
នR�5ច
នR�5ច
នR  0MB =  

 

41. �ខLចម2ង
�Hប�&��5Zង>មPយ ឆ2ង?�>
$យច�ន� 10I A= �ន�ង0�>ផf
� 0.3d mm= (គ
�
j'ង�'បក)�����ន
គយកមក?ច>!Vង�ខL
ef ច'នPន 100N = 
�hs �ន?' 30R mm= � 
គ+Sg     
ក. ម�5ម�ង>�� 
ញទ
ច.ន�ងWង>�ខL
ef  (ប&'�ខL
ef ) 
ខ. 9'ង�ង>�&�
���ន�� 
ញទ
ច���ង>ផf
�.ន�ប&'�ខL
ef � 

ច�ម-5យ  
�ម��
កម� 

3 3; 30 30 1010 ; 0.3 0.3 10 ; 100mI A d mm R mm m N− −= = = ×× ===  
  ន
ង 210 10I mA A−= =  
ក. ម�5ម�ង>�� 
ញទ
ច.ន�ងWង>�ខL
efក. ម�5ម�ង>�� 
ញទ
ច.ន�ងWង>�ខL
efក. ម�5ម�ង>�� 
ញទ
ច.ន�ងWង>�ខL
efក. ម�5ម�ង>�� 
ញទ
ច.ន�ងWង>�ខL
ef     
�ចក�ងWង>
ef ន�មPយ^!�ផ7ក�5ច^�ន�ប��ង dl �នច�m យ r ព�ផf
��ងWង>�ខL
ef  
b1យច&ង
j'ងព��.ន dl �����ន�A ប>ន@ងផf
�
$យ�ខLចម2ង��ង>ព�� 
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r d
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
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$យ�& 
ចទ8� ,mp H
�� .ន�ងWង>ន�មPយ^�នទ
� ន
ងទ
�
C�5ច_7  


យ1ង�នg 
2
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2 3

3

R
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d

R

m

NI r
dp d

NIr

R
r

R
p

π π  
= ⋅ =  

 
= ∫∫  

 S'O; 
 

2
3 210

3
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NIR
P A m

π −= =  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR    3 210 .M mp A−=  

ខ. 9'ង�ង>�&�
���ន�� 
ញទ
ច���ង>ផf
�ខ. 9'ង�ង>�&�
���ន�� 
ញទ
ច���ង>ផf
�ខ. 9'ង�ង>�&�
���ន�� 
ញទ
ច���ង>ផf
�ខ. 9'ង�ង>�&�
���ន�� 
ញទ
ច���ង>ផf
�    


គ�នg  ( )
2

2
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R
R
d

d

NI NI
H dH dr
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= = ⋅ =∫ ∫  

  2ln 90 .
2

2

NI R
H A m
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 
 = =
 
 

 

�5�5�5�5ច
នRច
នRច
នRច
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42. ��\W
��1Hច>មPយ�ន�� � m ?' R ផJ&កបនJ&ក�គ�
�ន� q ( q 
��1Hច>
)1��\Wj'ងម5))� 

គO;��\W� 
)ជ&'� 
ញ�8កL�ប�>�
$យ
)Ewនម&'ω �    

ក'+�>ម�5ម�ង>�&�
នទ
ច L  ន
ងម�5ម�ង>�� 
ញទ
ច mP �ប�>��\W �Pចjញ�ក mP

L
?    
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�កម�5ម�ង>�&�
នទ
ច�កម�5ម�ង>�&�
នទ
ច�កម�5ម�ង>�&�
នទ
ច�កម�5ម�ង>�&�
នទ
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ញទ
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ញទ
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ញទ
ចន
ងម�5ម�ង>�� 
ញទ
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 <ម�5បមន�g  .L I ω=   

 ��
 

22

5
I mR=    

( I  ម�5ម�ង>ន
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+ ម�5ម�ង>�� 
ញទ
ច�ប�>��\W� 
3�&.នបនJ&ក�គ�
�ន� dq � 
)ជ&'� 
ញ�8កL
$យ
�បកង>n ��)����ន@ងច�ន� . .I dq p  
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43. �\&ម�ខLចម2ងVង!?
� abcd មPយ�ន�ជ�ង�ប��ង 2l cm= ����
�ន
គយក
F$ក>ជ
�ច�ន���ង> AB �ប��ង�នន��ន9'ង�ង>�&�
�

30I A= � 
គ�@ង��\&ម abcd ន
ង�ខL AB �X
�ក7&ងប2ង>��មPយ��)
�ជ�ង ad �នច�m យ 1r cm= ព� AB (�5ច�5ប)�  
គ+Sភ2&ច�� 
ញទ
ច mΦ ឆ2ង?�>�\&ម� 

 

ច�ម-5យ  
�ម��
កម� 2 22 2 1 ; 0 ; 00 3 1 1ml cm I A r cm m− −= = == = ×  
�ចក�\&ម!�ផ7ក�5ច^ ��បន@ងច�ន���ង>�5ច�5ប 

យ1ង�
កi�ផ7ក�5ចមPយ�នច�m យ xព�ច�ន� I ��)�ន.ផJ 

ds ldx=  
S'O; ភ2&ចឆ2ង?�>�\&ម . .m

abcd abcd

B ds B dsΦ = =∫ ∫
� �  

 0 0 1

2 2

r l r l

m

r r

ldx dx
x x

Ilµµ µµ
π π

+ +
 = ⋅ =Φ  
 

∫ ∫ �� 1µ =  
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(ln) ln 1.32 10

2 2 2

r l
r l

r
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Il
W

Il Il r l
dx

x r
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µ µ µ
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−
+

+ +   = = = = ×  
  

∫  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR                21.32 10m Wb−= ×Φ  

44. �\&ម�ខLចម2ងមPយ�ន.ផJ 216cm � 
)ជ&'� 
ញ�8កL�ប�>�ក7&ង��ន
�� 
ញទ
ច`ក�N% ន
$យ
)Ewន 2 ជ&' /1 � 
Sទ�� �8កL�ងW
)�ប�>
�\&ម�X
�ក7&ងប2ង>�\&ម�កងន@ង�ខL��ន�� 
ញទ
ច ��)�ន9'ង�ង>-
�&�
� 40 /7.96 1H A m= × � 
ក. �កភ2&ចឆ2ង?�>�\&ម!�ន&គមនrន
ង�យ,
ព) ( ( ))m tΦ � 
ខ. ក'+�>�.ម2��
ប��.នភ2&ច�� 
ញទ
ច� 

ច�ម-5យ             
�ម��
កម� 4 2 47.96 10 / ; 16 16 10H A m S cm m−= × = = ×  
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S'O;  0 0 0 0. cos( ) cos( )H S t tαφ ω αµ φ ω= + = +  

$យ  2 4 /n rad sω π π= =   
�TR 2n = ជ&'/� 
Sទ� 
�5ច
នR�5ច
នR�5ច
នR�5ច
នR  0 0( ) cos(4 )t tφ φ π α= +  

ខ. �ក�.ម2��
ប���ប�>ភ2&ចខ. �ក�.ម2��
ប���ប�>ភ2&ចខ. �ក�.ម2��
ប���ប�>ភ2&ចខ. �ក�.ម2��
ប���ប�>ភ2&ច    

យ1ង�នg 7 4 4

0 0 . 4 10 7.96 10 16 10H Sφ µ π − −= = × × × × ×  
  S'O; 4

0 1.6 10 Wbφ −= ×  
�5ច
នR�5ច
នR�5ច
នR�5ច
នR            4

0( ) 1.6 10 cos(4 ) ( )t t Wbφ π α−= × +     

    
    

45. ��
vb,មPយ�ន�ប��ង 1l m= � 
)ក7&ង��ន�� 
ញទ
ច`ក�N% ន
0.05B T= � �8កL�ងW
)?�><មច&ង�* ង.ន�� 
b1យ��បន@ង�ខL��ន

�� 
ញទ
ច� 
�កភ2&ច�� 
ញទ
ច
គt�
$យ��
�?យ
ព)� 
)�នមPយជ&'� 

ច�ម-5យ         
�ម��
កម� 1 ; 0.05l m B T= =  

�កភ2&ច�� 
ញទ
ច
គt�
$យ��
�?យ
ព)� 
)�នមPយជ&'�កភ2&ច�� 
ញទ
ច
គt�
$យ��
�?យ
ព)� 
)�នមPយជ&'�កភ2&ច�� 
ញទ
ច
គt�
$យ��
�?យ
ព)� 
)�នមPយជ&'�កភ2&ច�� 
ញទ
ច
គt�
$យ��
�?យ
ព)� 
)�នមPយជ&'    

ភ2&ច�� 
ញទ
ច
កt�
$យ��
�?យ
ព)� 
)�នមPយជ&'
��1នឆងភ2&ចឆ2ង?�>.ផJ�ងWង>?' l

�នផf
���ង>�8កL�ងWង>.ន�� 
<ងθ !ម&'ផ�& '��ង�& 
ចទ8�+��� )> n

�ន
ង B
�  

S'O; 0θ = 
�TR n B
��

րւ  

គ�នg 0. cos . cos0S B SB θφ ==  
      S'O;  2 0.16B l Wbφ π= =  
�5ច
នR�5ច
នR�5ច
នR�5ច
នR  0.16Wbφ =  
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46. 
គO;ច�ន� 5I A= ឆ2ង?�>�ខLចម2ងVង�&��'ង<ន>(
��1Hច>)��).ផJម&ខ?�>�ប�>��ន
?' 2R cm= � គ+S9'ង�ង>�&�
���ន�� 
ញទ
ច��ង>ព��ច'ន&ច 1M ន
ង 2M �នច�m យព��8កL
�&��'ង
�tង_7 �ប��ង 1 1r cm=  ន
ង 2 5r cm= � 

ច�ម-5យ  
�ម��
កម� 2 2 2

1 21 10 ;5 ; ; 5 5 10 102 2I A r r cmcm m m R cm m− − −= = == ×= ×= =  
គ+S9'ង�ង>�&�
�គ+S9'ង�ង>�&�
�គ+S9'ង�ង>�&�
�គ+S9'ង�ង>�&�
���ន�� 
ញទ
ច��ន�� 
ញទ
ច��ន�� 
ញទ
ច��ន�� 
ញទ
ច    
− 
�ជ1�
� 1��ខL
?ងប
ទ ( )c !�ងWង>�នផf
���ង>�8កL�ខLចម2ង�&��'ង �ន?'r  

− <ម�ទ@���បទ�'�ព
1( )

.
n

i
ic

H dl I
=

=∑∫
��

�  

− 
$យ�ផBក
)1)ក*+,ឆ2&R.ន�ខLចម2ងVង�&��'ង S'O;9'ង�ង>�&�
���ន�� 
ញទ
ច
��1
_7 ច'
TR�គប>ច'ន&ច
)1�ខL
?ងប
ទ ( )c  ន
ង�X
�
)1បSJ �>ប�R.ន ( )c � 

S'O; 
 1

.2
n

i
iH r Iπ

=

=∑  

�ប��ច�ន��ន��យ
��1Hច>
)1�ខLចម2ង�&��'ង 


គ�នg 
2

2
2 2

.2
I Ir

H r r
R R

π π
π

= =
 22

Ir
H

Rπ
⇒ =  

+ ច'
TRច'ន&ច
Q
���ខLចម2ងg .2
2

I
H r I H

r
π

π
= ⇒ =  

+ ��ង>ច'ន&ច 1 1 1M r cm R⇒ = <  

  1
1 2

20 /
2

Ir
H A m

Rπ
= =  

S'O;   7 7
1 0 1 4 10 20 251.2 10B H Tµ π − −= × × = ×=  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR 7
1 251.2 10B T−= ×  

+ ��ង> 2 2 5M r cm R⇒ = >  

  2
2

16 /
2

H
I

A m
rπ

= =  

S'O;  
4 7

2 0 2 4 10 16 200.96 10H TB µ π − −= = × × = ×  
�5ច
នR�5ច
នR�5ច
នR�5ច
នR            7

2 200.96 10B T−= ×     
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47. ច�ន��គ�
�ន� 10I A=  ឆ2ង?�><មប'ពង>
vb,Vង�&��'ង�ប
zង�ន?' 2 5R cm=

បSJ ប>មក�ឆ2ង?�>�ខLចម2ង
��1Hច>Vង
�&��'ង�ន?' 1 1R mm= ក7&ងទ
�
C
ផJ&យ_7 � 
គ�@ង��ខLចម2ង�����ន$ក>
��u��&�_7 
)1�8កL�&��'ង� 
ក. �ក9'ង:&ច�;&ង�� 
ញទ
ច��ង>ច'ន&ច �នច�m យ 1 6r cm=  ន
ង 2 2r cm= ព��8កL�&��'ង� 
ខ. 
គn�>ទ&ក�បព8ន��ន�ប��ង�នន� ន
ងម
នគ
���ន�� 
ញទ
ចក7&ងប'ពង>
vb,� �កភ2&ចក7&ង
មPយc7 ��ប��ង�ប�>�បព8ន�(�ង>�&�
�ភ2&ច�ប��ង)�  

ច�ម-5យ  
�ម��
កម� 3 2 2

1 2 110 ; 1 10 ; 5 5 10 ; 6 6 10I A R mm cm m r cmm R m− − −= = = = = × = = ×  
  ន
ង 2

2 2 2 10cr m m−= = ×  
ក. �ក9'ង:&ច�;&ង�� 
ញទ
ចក. �ក9'ង:&ច�;&ង�� 
ញទ
ចក. �ក9'ង:&ច�;&ង�� 
ញទ
ចក. �ក9'ង:&ច�;&ង�� 
ញទ
ច    

$R�Hយ�5ច)'z�> 46 �'នP� កកកក    

0
0

12

n

i
i

B H I
r

µµ
π =

⇒ ×== ∑     

+��ង>��ង>��ង>��ង>ច'+& ច ច'+& ច ច'+& ច ច'+& ច 2r R>     
0

1( ) 00
2

B I I
r

µ φ
π

⇒ = − ⇒ ==     

+��ង>+��ង>+��ង>+��ង>ច'+& ច ច'+& ច ច'+& ច ច'+& ច 2 1R r R> >     

1

0

2

R

R

I
Bds l dr

r

µφ
π

⇒ = = ⋅ ⋅∫ ∫     

0 2

1

ln
2

RIl

R

µ
π


=


 
 

    

ច'
TR 1R r> : !ក>���ងច�ន�ឆ2ង?�>�ខLចម2ងគ ���>��
)1.ផJ
��.ន�ខLច')ង� 
b�&
នR
��ន�� 
ញទ
ចក7&ង�ខLចម2ង
��1��5ន; � 
�5ច
នR ភ2&ចក7&ងមPយc7 ��ប��ង.ន�បព8ន�g 

7

2

4 10 50
l

0 1
n

2 1

1φ
π

φ π − × ⋅××= =  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR  
6

2 7.8 10 ( )Wbφ φ −= ≈ ×  

I

I
2R

@� 
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48. �5
)+5 �&��មPយ
ធW1ព��ខLចម2ង�ប��ង 30cm  �& '! 1000
�hs� ក'+�>9'ង�ង>�&�
���ន 
�� 
ញទ
ចក7&ង�5
)+5 �&��
SR 
ប1
គO;ច�ន�ឆ2ង?�> 2A � �ន��>��ង0�>ផf
��5
)+5 �&��
�5ចN�>
ធtបន@ង�ប��ង�5
)+5 �&��� 

 

ច�ម-5យ     
�ម��
កម� 30 , 1000 ; 2l cm N I A= = =   
គ+S��ន�� 
ញទ
ចក7&ងប5ប\�នគ+S��ន�� 
ញទ
ចក7&ងប5ប\�នគ+S��ន�� 
ញទ
ចក7&ងប5ប\�នគ+S��ន�� 
ញទ
ចក7&ងប5ប\�ន    

- 
$យ d l≪ S'O;
យ1ង9ចn�>ទ&ក� ប5ប\�ន!ប5ប\�ន��ង�នន�g 
1000 2

0.3
.

N I
H

l
n I

⋅ ×== =  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR  36.7 1 /0H A m≈ ×  
 
 

49. �5
)+5 �&��មPយ 
ធW1ព��ខLចម2ង��)�ន�ង0�>ផf
� 0.8mm � ក'+�>9'ង�ង>�&�
���ន 
�� 
ញទ
ចក7&ង�5
)+5 �&��
SR 
ប1
គO;ច�ន�ឆ2ង?�> 1I A= � 

 

ច�ម-5យ             
�ម��
កម� 31 ; 0.8 0.8 10I A d mm m−= = = ×  
ក'+�>9'ង�ង>�&�
���ន�� 
ញទ
ចក'+�>9'ង�ង>�&�
���ន�� 
ញទ
ចក'+�>9'ង�ង>�&�
���ន�� 
ញទ
ចក'+�>9'ង�ង>�&�
���ន�� 
ញទ
ច    

�ប��ងប5ប\�ន .
.

l N d n
N

N d
= ⇒ =  

S'O; 
 

.
.

.

N I
H n I

I

N d d
= = =  


គ�នg 4

1
1250 /

8 10
H A m= =

×
 

�5ច
នR�5ច
នR�5ច
នR�5ច
នR 1250 /H A m=  
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50. 
�1ផ)
ធtប��ង�ប��ង l ន
ង�ង0�>ផf
� D �ប�>ប5ប\�ន មPយ�����ន�.ម2
��1ប�&S� ន? 
�1មE�O;

យ1ង9ចគ+S�ក9'ង�ង>�&�
���ន�� 
ញទ
ច ��ង>ផf
�ប5ប\�ន<ម�5បមន���ន�� 
ញទ
ច�ប�> 
�5
)+5 �&���ប��ង�នន� ��))ទ�ផ)
)Bsងម
ន
)1�ព�1%� 

ច�ម-5យ        

�កផ)
ធtប�កផ)
ធtប�កផ)
ធtប�កផ)
ធtប l

D
    


យ1ងគ+S9'ង:&ច�;&ង�� 
ញទ
ច
)1�8កL
ប5ប\�ន��ង>ច'ន&ច O  �ងWង>�ខLចម2ង�នច�m យ
x ព� O  S'O;ប
ង01���ង> O ន5�9'ង:&ច�;&ង 
�� 
ញទ
ចg 

0
3

2 2 22 ( )

I
B

R x

Sµµ

π +
=  

9'ង:&ច�;&ងប
ង01�
$យ .n dx  
�hs�នច�m យ x  
��1ន@ងg 

 0
3

2 2 22 ( )

ISn
B dx

R x

µµ

π
= ⋅

+
 

��) n!ច'នPន
�hsក7&ងមPយc7 ��ប��ង S'O;9'ង:&ច�;&ង�� 
ញទ
ច��&ប��ង> O  

 
1

1

2 2

0 0
3 2 2 2

2 2 2 22 ( )

dd

d d

ISn IS

xx

nx
B dx

R RR

µµ µµ
ππ− −

 
= ⋅ =  

 ++
∫  

        
 

0 1 2
2 2 2 2 2

1 1
2

ISn d d
B

R R R dd

µµ
π

 
 = +

 + + 

 


$យ 2 1
12 2

1

. ; cos
d

S R
R d

π θ= =
+

,  2
22 2

2

cos
d

R d
θ=

+
 


គ�នg 0 1 2

1
(cos cos )

2
B nIµµ θ θ= +  

��ង>ផf
�ប5ប\�ន 1 2 2

l
d d= =  

 S'O; 

 

0 2

2

1

1

B nI
D

l

µµ=
+

 

@ 

<�  <
  

�
  

B 

��  
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2

0 2
1

2

D
B nI

l
µµ  

= − 
 


�TR
2

2
1

D

l
<<  

+ ច'
TRប5ប\�ន��ង�នន�  
 
យ1ង�នg 0B nIµµ=  

+ ក�ម
�
)Bsង  
2

22

B B D
B

B l
δ ∞

∞

−= =  

+ 
�1មE�O;
)Bsងម
ន
)1�ព�1%S'O;  

  
2

2

1
7.

0
1% 1

.022

D l

l D
≥ ≈⇔≤  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR 7.1
l

D
≈ �នន8យ��ប��ង�ប�>ប5ប\�ន��ង!ង�ង0�>ផf
�M� ង�
ច7.1�ង� 

 
51. �ខLចម2ង��ង>�ប��ង 70cm �����ន$ក>ក7&ង��ន�� 
ញទ
ច`ក�N% ន 0.1B T= � �ខL
ចម2ងឆ2ង?�>
$យច�ន� 70I A=  
b1យផ�& '�នម&' 030α = !មPយន@ង�ខL��ន�  
ក'+�>ក�2 'ង�� 
ញទ
ច�ន�'
ព1>
)1�ខLចម2ង� 

ច�ម-5យ 
�ម��
កម� 070 0.7 ; 70 ; 0. ; 301l cm m I A B T α= = = = =  
ក'+�>ក�2 'ង�� 
ញទ
ច�ន�'
ព1>
)1�ខLចម2ងក'+�>ក�2 'ង�� 
ញទ
ច�ន�'
ព1>
)1�ខLចម2ងក'+�>ក�2 'ង�� 
ញទ
ច�ន�'
ព1>
)1�ខLចម2ងក'+�>ក�2 'ង�� 
ញទ
ច�ន�'
ព1>
)1�ខLចម2ង    
<ម�5បមន� g  .F I l B= ∧

�� �  
S'O; sin 2.45F NBIl α ==  
�5ច
នR�5ច
នR�5ច
នR�5ច
នR 2.45F N=  
 
 

52. �ខLចម2ងមPយ�ន�ប��ង 63s cm=  ឆ2ង?�>
$យ
ច�ន� 20I A= �����ន
គព�>!Vងកន2R�ងWង> បSJ ប>មក

គយក�
F$ក>ក7&ង��ន�� 
ញទ
ច`ក�N% នO;.ផJ
�ខLចម2ង�កងន@ង��ន (�5ច�5ប)�  
ច5�ក'+�>ក�2 'ង�� 
ញទ
ច ��)��ន�� 
ញទ
ច`ក
�N% ន�ន�'
ព1
)1�ខL��ន� 

��� 

30)
 

⊗ �� 

� 
# 

⊗  ��� 
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ច�ម-5យ         
�ម��
កម� 263 63.10 2;s cm I Am−= = =   
ក'+�>ក�2 'ង�� 
ញទ
ចក'+�>ក�2 'ង�� 
ញទ
ចក'+�>ក�2 'ង�� 
ញទ
ចក'+�>ក�2 'ង�� 
ញទ
ច    
�ចក�ខLចម2ង!�ផ7ក�5ច^ �ន�ប��ង dl  
S'O; F Idl Bd = ∧

�� �  

គ�នក�2 'ងផ�Pប�ន�'
ព1
)1�ខLចម2ង 
 ( )F dF I dl B= = ∧∫ ∫

�� � �  

     ( ) ( )l Bd BI I l== ∧∧∫
� �� �

 


$យ l
�

!�& 
ចទ8��A ប>ព�
�1ម�)>ច&ង�ខLចម2ង(<មទ
�
C.នច�ន�) S'O;ក�2 'ងផ�Pប�ន�'
ព1

)1�ខLចម2ងម
ន9��8យន@ងVង�ខLចម2ង  គ �9��8យន@ង�ង0�>ផf
�.នកន2R�ងWង>��ប�&
N� R

 
2s

l
π

=  

 
 

sin
2

sinF BI BIl
sα α

π
==  

     
 

00.63
0 0.1 20 2 sin90 .8F N

π
≈= × × ×  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR                    0.8F N=     
    

53. ប5ប\�ន��ង>មPយឆ2ង?�>
$យច�ន� 10I mA= �����ន$ក>ក7&ង��ន�� 
ញទ
ច`ក�N% ន
.)M� ងNO;�8កL�ប�>ប5ប\�ន��u�ន@ងទ
�.ន�ខL��ន�� 
ញទ
ច� ប5ប\�ន�����ន�& '
$យ�ខL
ទង>��ង��)�ន�ង0�>ផf
� 0.1d mm= 
ធW1!ប5ប\�ន��)�ន�ង0�>ផf
� 20D mm= � 
�19'ង- 
:&ច�;&ង�� 
ញទ
ច B .ន��ន�� 
ញទ
ច
�������ន�.ម2
��1ប�&S� ន ��)9ច
ធW1O;�ខLចម2ង
$ច>? 
គO; 8 22.3 10 /p N mσ = × (�ព)�ខL$ច>)� 

ច�ម-5យ  
�ម��
កម� 2 4 210 10 ; 0.1 10 ; 20 2 10I mA A d m m D mmm m− − −= = = = = = ×  

ន
ង 8 22.3 10 /p N mσ = ×  
�ក��ន�� 
ញទ
ច
����)
ធW1O;�ខL$ច>�ក��ន�� 
ញទ
ច
����)
ធW1O;�ខL$ច>�ក��ន�� 
ញទ
ច
����)
ធW1O;�ខL$ច>�ក��ន�� 
ញទ
ច
����)
ធW1O;�ខL$ច>    

 
 

2
2

BIS
F BIR

π
= =  
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 <ង R !?'�ងWង>�ខLចម2ង 
         ;p pF B 
�tង_7 !ក�2 'ង ន
ង9'ង:&ច�;&ង�� 
ញទ
ចjញ
ធW1O;�ខL$ច> 
  2F T=  (�ផ7កj'ងព��.ន.ផJម&ខ?�>�ខLចម2ង) 


គ�នg 
2

22
4

p
p

d
IRB

σ π
=  

    
2

41.8 10
4

p
p

d
B T

σ π
= = ×  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR                41.8 10pB T= ×     

    
54. ប5ប\�ន��ងមPយ �ន 5000
�hsក7&ង 1m � 
Q��ង>ផf
�
គ$ក>ប5ប\�ន�5ចមPយ�ន 200N =


�hs ន
ង�ន�ង0�>ផf
� 10d mm= � 
គ$ក>ប5ប\�នj'ងព���A ប>ន@ងជoA �ង
$យO;�8កL�ប�>ប5ប\�ន 
�5ច�កងន@ង�8កLប5ប\�នធ'� 
ព)�នច�ន�

20I mA= ឆ2ង?�>ប5ប\�នj'ងព�� 
ធW1O;
�បព8ន��)ង�ន)'ន@ង� 
�1
គ����$ក>
ក5នទងmន>�ន�� �ប�&S� ន
)1��ជoA �ង 

�1មE�O;�បព8ន��ន)'ន@ង
Z1ង� 
ញ? 
ប1
គ
�@ង��ងជoA �ង�ន�ប��ង 300l mm= � 

ច�ម-5យ  
�ម��
កម� 200; 10 0.01 ; 20 0.02 ; 300 0.3N d mm m I mA A l mm m= = = = = = =  
    
�ក�� �ក5នទមmន>��)����$ក>��ជoA �ង�ក�� �ក5នទមmន>��)����$ក>��ជoA �ង�ក�� �ក5នទមmន>��)����$ក>��ជoA �ង�ក�� �ក5នទមmន>��)����$ក>��ជoA �ង    
− 
ព)�នច�ន�ឆ2ង?�>ប5ប\�ន�5ច ប5ប\�ន
�បsប�នន@ង
ម��ក��)�នម�5ម�ង>�� 
ញទ
ច 

21

4Mp NIS NIdπ= =  

− 
ព)
SRប5ប\�ន�5ច�ង�'
ព1.ន��ន
ម�
ញទ
ច��)ប
ង01�
Z1ង
$យប5ប\�នធ' 
S'O;ម�5ម�ង>.នក�2 'ង�ន�'
ព1
)1ប5ប\�ន�5ច 

( )2
0

1
.

4m B NIdM p nIπ µµ 
 


= =


 

      2 2
0

1

4
M NnI dπµµ=  

< 

ℓ   
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− 
�1មE�O;�ន)'ន@ង
SR
យ1ង����?�$ក>ក5នទមmន> p .)M� ងNO; 
2 2

0

1
.

4
. .pM l dIp N nM µ πµ= = =  

2 2
70 . .

1.3 10
4

N n I d
p N

l

πµµ −⇒ = = ×  


គ�នg  81.3 10p mg m
g

kg
p −= ⇒ ×= =  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR                81.3 10 gm k−= ×  

 
55. 
គយកnនទង>��ងមPយVង!�ងWង>�ន
?' 5R cm= 
F$ក>ក7&ង��ន�� 
ញទ
ច`ក
�N% ន�ន9'ង:&ច�;&ង 0.2B T= .)M� ង
NO;ប2ង>.នnន�កងន@ង�ខL��ន� បSJ ប>មក

គO;ច�ន� 5I A= ឆ2ង?�>nន<ម?' ab  
(�5ច�5ប)�  

ក. ក'+�>ទ
�
C�ងW
)�ប�>nន 
ប1��ន�� 
ញទ
ច�នទ
�
C�កងន@ង.ផJnន�5ច�5ប� 
ខ. ក'+�>ម�5ម�ង>.នក�2 'ង�ន�'
ព1
)1nន� 
ច�ម-5យ            
�ម��
កម� 2 ; 0.2 ;5 5 10 5mR cm B T I A− == == ×  
ក. ក'+�>ទ
�
C�ងW
)�ប�>nនក. ក'+�>ទ
�
C�ងW
)�ប�>nនក. ក'+�>ទ
�
C�ងW
)�ប�>nនក. ក'+�>ទ
�
C�ងW
)�ប�>nន    

ព)�នច�ន��គ�
�ន�ឆ2ង?�>nន 
SRnន�ង�'
ព1.នក�2 'ង�� 
ញទ
ច 
ធW1O;nន� 
)� 
<ម� 
3ន.�H� '
យ1ង�នទ
�
C�ងW
)�ប�>nន �នទ
�
C�5ច�ទន
ចSZ
?� 
ខ. ក'+�>ម�5ម�ង>.នក�2 'ខ. ក'+�>ម�5ម�ង>.នក�2 'ខ. ក'+�>ម�5ម�ង>.នក�2 'ខ. ក'+�>ម�5ម�ង>.នក�2 'ង�ន�'
ព1
)1nនង�ន�'
ព1
)1nនង�ន�'
ព1
)1nនង�ន�'
ព1
)1nន    
<ម�5បមន� g  . .dM dF r BIl dl= =  

S'O; 
 

2

0 2

R BIR
M dM BI ldl= = =∫ ∫  

  412.5 10 .M N m−= ×  
�5ច
នR�5ច
នR�5ច
នR�5ច
នR                412.5 10 .M N m−= ×  
 

= @ 
��� 

# 

G 

−       + 
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56. ប5ប\�ន�ខLចម2ង�5ចព��`ក)ក*+r  �����ន$ក>O;�8កL
j'ងព���ប�>��X
�
)1បSJ �>��មPយ �នច�m យ200mm  ព�
_7 ( lធ'N�>
ធtបន@ង� 
���.នប5ប\�ន)� 
គ�@ង�ប5ប\�នj'ង
ព���& 'ច'នPន 200N = 
�hs 
�hsន�មPយ^�ន?' 10R mm= �  
ក'+�>ក�2 'ង�ន��កម���ងប5ប\�នj'ងព�� 
ប1
គO;ច�ន�ឆ2ង?�> 0.1I A= �  

ច�ម-5យ  
�ម��
កម� 200 0.2 ; 10 0.01 ; 200; 0.1l mm m R mm m N I A= = = = = =  
    
ក'+�>ក�2 'ង�ន��កម���ងប5ប\�ក'+�>ក�2 'ង�ន��កម���ងប5ប\�ក'+�>ក�2 'ង�ន��កម���ងប5ប\�ក'+�>ក�2 'ង�ន��កម���ងប5ប\�នj'ងព��នj'ងព��នj'ងព��នj'ងព��    

ព)�នច�ន�ឆ2ង?�>ប5ប\�ន S'O;ប5ប\�នj'ងព���ន�ន��កម�ន@ង_7 �5ច!
ម��ក� �មព)
ប�5�ង>��;).នប5ប\�នទ���ន�5បមន�g .p mI IBNSn p BW φ= − = − = −

� �� �  
��) 2

mp NIS RNIπ= =  
        n

� �& 
ចទ8�+��� )>�ប�>.ផJម&ខ?�>ប5ប\�ន 


គ�នg  
2 2

0 0
3 3

2 2 2)2(
2

INR IN
B

R

R

l
l

π µ πµ ≅=
+

 

(
�TR
3

2 2 32( )R l R l l<< ⇒ + ∼ ) 

S'O;
 

2
0

32

INR
B

l

πµ=  

  
2 2 4

0
32p

N R
W

I

l

πµ= −  


$យ�ផ7ក
)1)ក*+,ឆ2&R S'O;ក�2 'ង�ន��កម���ងប5ប\�នj'ងព���នទ
�
C��ប<ម
ប
N� យ�8កLប5ប\�ន ន
ង�ន9'ង�ង>�&�
�
��1
�� �
� �.ន�មព)ប�5ង�ង>��;) 

  
2 2 4

80
4

3
1.5 10

2
pW I RN

F N
l l

µ π −∂
= = = ×

∂
 

�5ច
នR�5ច
នR�5ច
នR�5ច
នR                        81.5 10F N−= ×  
 
 
 

1 2 ℓ  
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57. 
គយក�\&ម�ខLចម2ងមPយVង!?
��ន�ជ�ង 20a mm=  ឆ2ង
?�>
$យច�ន� 2 2I A= 
F$ក>�កE��ខLចម2ង��ង>�ប��ង�នន�
��)ឆ2ង?�>
$យច�ន� 1 30I A= � �\&ម�ខLចម2ង� 
)
)1�8កL     
�ងW
)�ប�>� �នទ
���ប�ខLចម2ង��ង> 
b1យ�X
�
Qច�m យ

30b cm= ព��ខLចម2ង� ក'+�>g  
ក. ក�2 'ង��)�ន�'
ព1
)1�\&ម� 
ខ. កម�ន�n'�ច>���ប>បងW
)�\&ម 0180  ជ&'� 
ញ�8កL�ងW
)�ប�>�� 

ច�ម-5យ     
�ម��
កម� 1 220 0.02 ; 2 ; 3; 0 0.30 3Aa mm m I A b cmI m= = = = ==  
ក. ក�2 'ង��)�ន�'
ព1
)1�\&មក. ក�2 'ង��)�ន�'
ព1
)1�\&មក. ក�2 'ង��)�ន�'
ព1
)1�\&មក. ក�2 'ង��)�ន�'
ព1
)1�\&ម    
<ម� 
3ន.�H� ' ក�2 'ង��)�ន�'
ព1
)1�ជ�ងព���ប�>�\&ម�នទ
��កង�ខLចម2ង��ង>�ន
9'ង�ង>�&�
�
��1_7  ន
ង�នទ
�
CផJ&យ_7 � 
គ�នក�2 'ង�ន�'
ព1
)1�ជ��ព��
ទt���)
�នទ
���ប�ខLចម2ង��ង>   �ន9'ង�ង>�&�
�ខ&�_7 .ន��ន�� 
ញទ
ច��ង>ច'ន&ច.ន�ជ�ង
�\&មj'ងព�� 
b1យក�2 'ងផ�Pប 
�នទ'
S�jញ�\&ម
F�ក�ខLចម2ង��ង> 

 

 

0 1 0 1
1 2 2 23

2

( )
2 2

2

I I
F B

a
b b

B I a I a
µ µ

π π
−

   − +   

 
 
 = = −
 
     

 

    

 

2
60 1 2

2
2

6 10
2

2

I I a
F

a
b

N
µ

π
−= ⋅ = ×

 −  
 

 

ខ. គ+Sកម�ន�n'�ច>
�1មE�បងW
)�\&មខ. គ+Sកម�ន�n'�ច>
�1មE�បងW
)�\&មខ. គ+Sកម�ន�n'�ច>
�1មE�បងW
)�\&មខ. គ+Sកម�ន�n'�ច>
�1មE�បងW
)�\&ម 0180     

        0 1
0 ln

2
2

2

b
a

a
I

b
a

µ
π

φ

 +
=




 
 

− 
 

    


ព)�\&ម� 
)�ន 0180 S'O;ប��មប�មu)ភ2&ច 
  0 0 0( ) 2φ φ φ φ∆ = − − =  
 

- 

= 

�� 

�
 

G 
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កម�ន�n'�ច> 2.A I φ= ∆  


គ�នg 70 1 2 2
ln 3.3 10

2

I a b a
A J

b a

Iµ
π

−+ = = × − 
 

�5ច
នR�5ច
នR�5ច
នR�5ច
នR                73.3 10A J−= ×     
    
    
    

58. 
គ$ក>�ខLចម2ង��ង>��ង�នន�ព����ប_7  ន
ង�នច�m យព�_7 �ប��ង rNមPយ� �ខLចម2ង
j'ងព��ឆ2ង?�>
$យច�ន��គ�
�ន��ន9'ង�ង>�&�
�
��1_7  ន
ង�នទ
�
C�5ច_7 � ក'+�>
9'ង�ង>�&�
�ច�ន��គ�
�ន�ឆ2ង?�>�ខLចម2ងj'ងព��? 
ប1
គ�@ង�
�1មE�I2 �>ទ��ខLចម2ងO;�ន
ច�m យព�_7 
��1ព���ង.នច�m យ
�1ម ( )r 
SR
គ����ច'Nយកម�ន� 55.5 10 /J m−× (កម�ន�I2 �>
ទ�ក7&ង�ខLចម2ង�ប��ង1m)� 

 

ច�ម-5យ     
�ម��
កម� 5 /5.5 110 ;W J m l m−= =×  
ក'+�>9'ង�ង>�&�
�ច�ន�ឆ2ង?�>�ខLចម2ងក'+�>9'ង�ង>�&�
�ច�ន�ឆ2ង?�>�ខLចម2ងក'+�>9'ង�ង>�&�
�ច�ន�ឆ2ង?�>�ខLចម2ងក'+�>9'ង�ង>�&�
�ច�ន�ឆ2ង?�>�ខLចម2ង    

យ1ង�
កiកម�ន�.នក�2 'ង
�1មE�I2 �>ទ��ខLចម2ងj'ងព��ព�ទ�<'ង��)�k2 �ព�_7 ច�m យ r ព�
ទ�<'ងមPយ
ទt��ន�ប��ង dr (<មទ
��កងន@ង�ខLចម2ង) 

 
 

2
0

2

I l
dA Fdr BIldr

r
dr

µ
π

= = =  

S'O;  
0

0

2
0

2

2

r

r

I l
A d

r
A dr

µ
π

= =∫ ∫  

    
 

2 2
0 0 0

0

2
ln ln 2

2 2

I l r I l
A

r

µ µ
π π

 
= = 

 
 


គ�នg  
0

2
20

ln 2
I A

l

Aπ
µ

= =  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR                20I A=     
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59. �ខLចម2ង��ង>�ប��ង 10l cm= ឆ2ង?�>
$យច�ន� 2I A= I2 �>ទ�
$យ
)Ewន

20 /v cm s= ក7&ង��ន�� 
ញទ
ច`ក�N% ន 0.5B T=  �នទ
�
C�កងន@ង�ខL��ន
ធW1O;
ក1�
�នកម�ន�ទប>� 
គ+Sកម�ន�ទប>
SR 
�?យ
ព)I2 �>ទ��ន10s �  

ច�ម-5យ  
�ម��
កម� 10 0.1 ; 2 ; 0.5 ; 20 / 0.2 / ; 10l cm m I A B T v cm s m s t s= = = = = = =  
គ+Sកម�ន�ទប>
SR 
�?យ
ព)I2 �>ទ��នគ+Sកម�ន�ទប>
SR 
�?យ
ព)I2 �>ទ��នគ+Sកម�ន�ទប>
SR 
�?យ
ព)I2 �>ទ��នគ+Sកម�ន�ទប>
SR 
�?យ
ព)I2 �>ទ��ន10s     

$យ��ន�� 
ញទ

ចក�N% ន �5ច
នR9'ង�ង>�&�
�ច�ន� ន
ង
)EwនI2 �>ទ��ន�.ម2
ថ� 
ក�2 'ង�ន�'
ព1
)1�ខLចម2ង
ថ� 

គ�នg . . 0.2A F S BIl vt J= − = − = −  
�5ច
នR�5ច
នR�5ច
នR�5ច
នR                0.2A J= −      
    
    

60. ប5ប\�នក7&ង .ន
�Z
ច���ទ�LនrមPយ�ន 400 
�hs�នVង!�\&មច�&
?+�កង��)�ន
� 
��� 3 2cm cm× �����ន
គ$ក>ក7&ង��ន�� 
ញទ
ច`ក�N% ន 0.1B T= � 
ប1
គO;ច�ន�ឆ2ង
?�> 710I A−=  ច5�ក'+�>g  
ក. �មព)ប�5�ង>��;)�ប�>�\&ម ក7&ង��ន�� 
ញទ
ច��ង>ទ�<'ងg  

• ទ�<'ងទ��g ប2ង>�\&ម�ខL��បន@ង�ខL��ន�� 
ញទ
ច� 
• ទ�<'ងទ��g ប2ង>�\&ម�ខLផ�& '�នម&' 030α = !មPយ�ខL��ន� 

ខ. កម�ន�.នក�2 'ង�� 
ញទ
ច 
�1មE�បងW
)�\&មព�ទ�<'ងទ��
Fទ�<'ងទ���  
ច�ម-5យ    
�ម��
កម� 70.1 ; 10B T I A−= =  
ក. គ+S�មព)ប�5�ង>��;).ន�\&ម�ខLក. គ+S�មព)ប�5�ង>��;).ន�\&ម�ខLក. គ+S�មព)ប�5�ង>��;).ន�\&ម�ខLក. គ+S�មព)ប�5�ង>��;).ន�\&ម�ខL    
<ម�5បមន�g  .p mp BW = −

��  
      cos( , ) cosp mNISB pW B NISB ϕ= − = −

��  
      cospW NIabB ϕ= −  



�������ប	 
ទ�ព�������ប�����	 
ទ�� �យ                                                                         �គ� 

 

 

257                                                 េរៀបេរៀងេ�យៈ ពុំ សីុមន 

+ ��ង>ទ�<'ង�g 
12

0pWϕ π
⇒= =  

+ ��ង>ទ�<'ង�g 
2

91
1.2 1

23
0p NIaW bB Jϕ π −⇒= = − = − ×  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR            
1 2

90; 1.2 10p pW W J−= = − ×     

ខ. គ+SខPប�ងW
)�ប�>ខ. គ+SខPប�ងW
)�ប�>ខ. គ+SខPប�ងW
)�ប�>ខ. គ+SខPប�ងW
)�ប�> e−     

        82 2
3 10T

v e

R m

B
s

π π −= = = ×     

�5ច
នR�5ច
នR�5ច
នR�5ច
នR    83 10 sT −= ×     
គ. គ+Sម�5ម�ង>�&�
នទ
ច�ប�>គ. គ+Sម�5ម�ង>�&�
នទ
ច�ប�>គ. គ+Sម�5ម�ង>�&�
នទ
ច�ប�>គ. គ+Sម�5ម�ង>�&�
នទ
ច�ប�> e− 
ធtបផf
�គន2ង
ធtបផf
�គន2ង
ធtបផf
�គន2ង
ធtបផf
�គន2ង    

<ម�5បមន�g  2 v
L I mR mvR

R
ω= = =  

  
2 2 2

.

m v mU
L

B e B
= =  

S'O;  
24 21.53 10 /L skgm−= ×  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR                        24 21.53 10 /L kgm s−= ×     

    
61. �ខLចម2ងVង!�ងWង>�ន?' 2R cm=  ឆ2ង?�>
$យច�ន� 2I A= �����ន
គ$ក>ក7&ង��ន
�� 
ញទ
ច 0.2B T= 
$យ$ក>��កង!មPយន@ង�ខL��ន�  
គ+Sកម�ន�ច'Nយ 
�1មE�បងW
)�ងWង>�ខLចម2ង
Fទ�<'ងមPយO;��ប!មPយ�ខL��ន� 

ច�ម-5យ 
�ម��
កម� 22 2 ; 2 ; .210 0cmc I B Tm AR −= = =× =  
គ+Sកម�ន�ច'Nយ 
�1មE�បងW
)�ងWង>�ខLចម2ងគ+Sកម�ន�ច'Nយ 
�1មE�បងW
)�ងWង>�ខLចម2ងគ+Sកម�ន�ច'Nយ 
�1មE�បងW
)�ងWង>�ខLចម2ងគ+Sកម�ន�ច'Nយ 
�1មE�បងW
)�ងWង>�ខLចម2ង    

យ1ង����ច'Sយកម�ន� A 
�1មE�ឈ7Rកម�ន�ទប>.ន��ន�� 
ញទ
ច 
  2 1p pA W W= −  
S'O; 

2
1 2(cos cos )A I BR ϕπ ϕ= −  

    2 42 0.2(cos0 cos 5 1(0.02) ) 0
2

A J
ππ −== × − ×  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR            45 10 JA −= ×     
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62. 
�Z
ច���ងមPយ
�?យព��នផ�)>�'ទ&R
$យផ)�ងប�5�ង>��;) 1000U V= �Pចមក�
ក[
zRច5)ក7&ង��ន�� 
ញទ
ច`ក�N% ន�ន9'ង:&ច�;&ង 31.19 10B T−= × � 
គ�@ង�  

�Z
ច���ងI2 �>ទ�ច5)ក7&ង��ន�� 
ញទ
ចក7&ងទ
�
C�កង!មPយ�ខL��ន� ក'+�>g  
ក. ?'គន2ងច)S�ប�>
�Z
ច���ង� 
ខ. ខPប�ងW
)�ប�>
�Z
ច���ង
)1គន2ង� 
គ. ម�5ម�ង>�&�
នទ
ច�ប�>
�Z
ច���ង��ង>ផf
�.នគន2ង� 

ច�ម-5យ         
�ម��
កម� 31000 ; 1.19 10U v TB −= = ×  
ក. ?'គន2ងច)S�ប�>
�Z
ច���ងក. ?'គន2ងច)S�ប�>
�Z
ច���ងក. ?'គន2ងច)S�ប�>
�Z
ច���ងក. ?'គន2ងច)S�ប�>
�Z
ច���ង    
− �មព)�&�
នទ
ច��)e− ទទP)�ន 

21

2k mW v q U= =  

S'O; 
 

2
v

q U

m
=  

− 
ព)
zRច5)��ន�� 
ញទ
ច`ក�N% ន e− I2 �>ទ�
)1គន2ង�ង> ( )v B⊥
�� ��)ក7&ង
SR

ក�2 'ង�� 
ញទ
ច�នម&ខ��!ក�2 'ងច5)ផf
� 
2

m cF F q v
v

B
m

R
= = =  S'O; 

 
2

2

2
9 10

mv mU
R m

q B q B
= = = ×  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR                29 10 mR −= ×     
ខ. គ+SខPប�ងW
)�ប�>ខ. គ+SខPប�ងW
)�ប�>ខ. គ+SខPប�ងW
)�ប�>ខ. គ+SខPប�ងW
)�ប�> e−     

        82 2
3 10

R m

v q
T

B
s

π π −= ×= =     

�5ច
នR �5ច
នR �5ច
នR �5ច
នR 83 10 sT −= ×     
គ. ម�5ម�ង>�&�
នទ
ច�បគ. ម�5ម�ង>�&�
នទ
ច�បគ. ម�5ម�ង>�&�
នទ
ច�បគ. ម�5ម�ង>�&�
នទ
ច�ប�>�>�>�> e− 
ធtបផf
�គន2ង
ធtបផf
�គន2ង
ធtបផf
�គន2ង
ធtបផf
�គន2ង    

    
 

2L
v

I mvR
R

mRω = ==  

S'O; 
 

2 2
24 22

1.53 10 /
m v mU

kgm s
q B B

−= = ×  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR            24 21.53 10 /L skgm−= ×     



�������ប	 
ទ�ព�������ប�����	 
ទ�� �យ                                                                         �គ� 

 

 

259                                                 េរៀបេរៀងេ�យៈ ពុំ សីុមន 

    
63. 
�Z
ច���ងមPយ
�?យព��នផ�)>�'ទ&R
$យផ)�ងប�5�ង>��;) 300U V= �Pចមក�ក[

zRក7&ងទ
���ប!មPយ�ខLចម2ង��ង>�ប��ង�នន� ច�m យ 4a cm= ព��ខLចម2ង
SR� ច5� 
គ+Sក�2 'ង�ន�'
ព1
)1
�Z
ច���ង 
ប1�ខLចម2ងឆ2ង?�>
$យច�ន� 5I A= � 

ច�ម-5យ     
�ម��
កម� 3300 ; 54 1 ;4 0U v a mm m I A−= = = =×  
គ+Sក�2 'ង�ន�'
ព1
)1គ+Sក�2 'ង�ន�'
ព1
)1គ+Sក�2 'ង�ន�'
ព1
)1គ+Sក�2 'ង�ន�'
ព1
)1 e−     
<មZ5� 
ន sinF q vB α=  

��) 0
2

; ; ( , )
2 2

I
v B

r

q v
v B

m

µ πα
π

= = = =
��  


គ�នg 
 

0 162
4.1 10

2

I q q U
F N

mr

µ
π

−= = ×  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR            164.1 10F N−= ×     
    
    

64. 
គ�ញ>
�Z
ច���ងមPយច5)ក7&ង��ន�� 
ញទ
ច`ក�N% ន �ន9'ង:&ច�;&ង�� 
ញទ
ច
310B T−= <មទ
��កង!មPយ�ខL��ន 
$យ
)Ewន 74 10 /v m s= × � ក'+�>�'ទ&Rផ�& 'ប�R 

ន
ង�'ទ&Rផ�& '�កង�ប�>
�Z
ច���ង� 
ច�ម-5យ         
�ម��
កម� 3 7;0 01 1 /4B v mT s− = ×=  
ក'+�>�'ទ&Rផ�& 'ប�R ន
ង�'ទ&Rផ�& '�កង�ប�>
�Z
ច���ងក'+�>�'ទ&Rផ�& 'ប�R ន
ង�'ទ&Rផ�& '�កង�ប�>
�Z
ច���ងក'+�>�'ទ&Rផ�& 'ប�R ន
ង�'ទ&Rផ�& '�កង�ប�>
�Z
ច���ងក'+�>�'ទ&Rផ�& 'ប�R ន
ង�'ទ&Rផ�& '�កង�ប�>
�Z
ច���ង    
− 
$យក�2 'ងZ5� 
ន�នទ
�
C�កង!មPយន@ងទ
�
C.នច)S�ប�> e−  S'O;�'ទ&Rផ�& '

ប�R�ប�> e− ក7&ង��ន�� 
ញទ
ច
��1�5ន; 0ta =  �    

�'ទ&Rផ�& '�កង n

BF

m m
a

q v
==  

S'O;  157 10 /na m s= ×  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR            157 10 /na m s= ×     
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65. ផង> α មPយ�ន�មព)�&�
នទ
ច 500kW eV=  
zRក7&ងទ
�
C�កង�ខL��ន�� 
ញទ
ច
`ក�N% ន 0.1B T= � ក'+�>g  
ក. ក�2 'ង�ន�'
ព1
)1ផង> 
ខ. ?'គន2ង.នច)S�ប�>ផង> 
គ. ខPប�ងW
).នច)S�ប�>ផង>α 
)1គន2ង�ប�>��  
(ផង>α �នបនJ&ក
��1 2e+  ន
ង�ន�� �4 em ) 

 

ច�ម-5យ 
�ម��
កម� 19 16500 500 1.6 10 8 10 ; 0.1kW eV J B TJ− −×== = × × =  
ក. គ+Sក�2 'ង�ន�'
ព1
)1ផង>ក. គ+Sក�2 'ង�ន�'
ព1
)1ផង>ក. គ+Sក�2 'ង�ន�'
ព1
)1ផង>ក. គ+Sក�2 'ង�ន�'
ព1
)1ផង>    

<ម�5បមន�g    21

2kW mv=  

S'O; 
 

52
1.55 10 /kW

v m s
m

= = ×  


គ�នg  55 10F q vB N−= = ×  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR        55 10 NF −= ×     
    
ខ. គ+S?'គន2ង�ប�>ផង>ខ. គ+S?'គន2ង�ប�>ផង>ខ. គ+S?'គន2ង�ប�>ផង>ខ. គ+S?'គន2ង�ប�>ផង>    

<ម�5បមន�g   mv
R

q B
=  

S'O;  63.2 10R M−= ×  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR        63.2 10R m−= ×     
គ. គ+SខPប.នច)Sគ. គ+SខPប.នច)Sគ. គ+SខPប.នច)Sគ. គ+SខPប.នច)S    

<ម�5បមន�g  2
R

q B

mπ=  

S'O;  61.3 10T s−= ×  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR    61.3 10T s−= ×     
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66. 
�Z
ច���ងមPយ I2 �>ទ
ក7&ង��ន�� 
ញទ
ច`ក�N% ន�ន9'ង:&ច�;&ង 32 10 TB −= × � 
�I2 �>ទ�
)1គន2ងVងគ5ទ
ef ��)�ន?' 2R cm=  �នច�m យ 5h cm= �  
គ+S
)Ewន�ប�>
�Z
ច���ង�  

ច�ម-5យ 
�ម��
កម� 3 2 22.3 10 ; 2 2 10 ; 5 5 10B T R cm m h cm m− − −= × = = × = = ×  
គ+S
)Ewន�ប�>
�Z
ច���គ+S
)Ewន�ប�>
�Z
ច���គ+S
)Ewន�ប�>
�Z
ច���គ+S
)Ewន�ប�>
�Z
ច���ងងងង    

�ចក�& 
ចទ8�
)Ewន!ព�� 1

2

v B

v B





⊥
��

��
�

 

+ ?'គន2ង�ប�> e− 9��8យន@ង 1v  

S'O;  1mv
R

q B
=  


គ�នg   

+ ជ'zន�ខL
ef 9��8យ  


គ�នg   

S'O;  


គ�នg   

�5ច
នR�5ច
នR�5ច
នR�5ច
នR             
 

67. 
�Z
ច���ងមPយ
�?យព��នផ�)>�'ទ&R 
$យផ)�ងប�5�ង>��;) �Pចមក�
ក[
zRច5)ក7&ង��ន�� 
ញទ
ច`ក�N% ន�ន9'ង:&ច�;&ង ក7&ងទ
�
Cផ�& '
�នម&' !មPយ�ខL��ន� 
គ�@ង�
�Z
ច���ងI2 �>ទ�
)1គន2ងVងគ5ទ
ef � ក'+�>g  

ក. ?'គន2ង�ប�>
�Z
ច���ង 
ខ. ជ'zន�ខL
ef � 
    

1

q BR
v

m
=

2v

2 2

2 m
h v T v

q B

π= =

2 2

q Bh
v

mπ
=

2
2 6

1 2 7.6 10 /
2

q B h
v v R m s

m
v

π
 + 


= ×


= + =

67.6 10 /v m s= ×

6000U v=
21.3 10B T−= ×

030α =
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ច�ម-5យ 
�ម��
កម�  
ក. គ+S?'គន2ក. គ+S?'គន2ក. គ+S?'គន2ក. គ+S?'គន2ងងងង    

�?យព��នផ�)>�'ទ&R
�Z
ច���ង�ន
)Ewន 

 

?'គន2ង�ប�>
�Z
ច���ង 

  

�5ច
នR�5ច
នR�5ច
នR�5ច
នR                
    
ខ. គ+Sជ'zន�ខL
efខ. គ+Sជ'zន�ខL
efខ. គ+Sជ'zន�ខL
efខ. គ+Sជ'zន�ខL
ef     

<ម�5បមន�g   

�5ច
នR�5ច
នR�5ច
នR�5ច
នR                        
    
    
    

68. 
គO;ច�ន��គ�
�ន� ឆ2ង?�>.ផJ .នបនJRទង>��ងមPយ��)�នក'V�>
 ន
ងក'ព�> � បSJ ប>មក
គយកបនJR
SR
F$ក>ក7&ង��ន�� 
ញទ
ច��)

�ន�ខL��ន�កងន@ង�ជ�ងcង  
b1យ�កងន@ងទ
�
Cច�ន�� 
ព)
SR�ប
ង01�O;�នផ)
�ងប�5�ង>��;)(<មទ
�
�ក) 613.1 0 V−×  � 
គ�@ង�9'ង:&ច�;&ង�� 
ញទ
ច�ន9'ង�ង>
�&�
� � ក'+�>g 
ក. �ង>�&�
�
�Z
ច���ងចម2ងក7&ងបនJRទង>��ង 
ខ. 
)Ewនមធ;ម�ប�>
�Z
ច���ងក7&ង)ក*ខ+y cង
)1� 

ច�ម-5យ    
        �ម��
កម� 620 ; 0.5 ; 1 ; 1 ; 3 1 10.I A a mm b mm U VB T −×= = = = =   
 

2 06000 ; 1.3 ; 00 31U v B T α−= == ×

72
4.6 10 /

q U
v m s

m
= = ×

1 sin
0.01 1

mv mv
R m cm

q B q B

α= = = =

1R cm=

cos2 2
0.11 11h m cm

q B q

m

B

v mvπ π α= = = =�

11h cm=

20I A= S ab=

0.5a mm= 1b mm=

b

1B T=
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ក. ក'+�>�ង>�&�
�
�Z
ច���ងក. ក'+�>�ង>�&�
�
�Z
ច���ងក. ក'+�>�ង>�&�
�
�Z
ច���ងក. ក'+�>�ង>�&�
�
�Z
ច���ង    

ព)
�Z
ច���ងI2 �>ទ�ក7&ង�ខLចម2ង��)$ក>ក7&ង��ន�� 
ញទ
ច 
�?ម�'
ព1.នក�2 'ង�� 
ញ
ទ
ច 
�Z
ច���ង�ក
F�ក.ផJ�* ង.នបនJRទង>��ង 
b1យប
ង01�O;�នផ)�ងប�5�ង>��;)
��ង.ផJj'ងព��.នបនJRទង>��ង� ផ)�ងប�5�ង>��;)
នR�នទ
�
C�នទ
�
Cទប>
��)I2 �>ទ�មក.ផJcង� 
ព)ផ)�ងប�5�ង>��;)
នR�ន�បប�ច
.�ន�យr S'O; ឈប>
I2 �>ទ� 
b1យក�2 'ង�� 
ញទ
ច�ន)'ន@ង!មPយ�គ�
�ន��  

គ�នg  
�មម5)  

   

 S'O;  

�ង>�&�
�
�Z
ច���ង !ច'នPនបនJ&ក�គ�
�ន�ក7&ងមPយc7 ��: 

   

   

�5ច
នR�5ច
នR�5ច
នR�5ច
នR                    
    
ខ. គ+S
)Ewនមធ;ម�ប�>ខ. គ+S
)Ewនមធ;ម�ប�>ខ. គ+S
)Ewនមធ;ម�ប�>ខ. គ+S
)Ewនមធ;ម�ប�>     


គ�នg  

   

   
�5ច
នR�5ច
នR�5ច
នR�5ច
នR                    
    
    
    

e−

e−

e mF F=

q E q vB=

U
q q vB

b
⇔ =

33.1 10 /
U

v m s
B b

−= = ×
⋅

'' ''n

q
I t Ien

V e ab vt e ab v

⋅= = =
⋅ ⋅ ⋅ ⋅

28 38.1 10
IB

n m
eUa

−⇒ = = ×

28 38.1 10n m−= ×

e−

I
j nev

ab
= =

I
v

a b n e
⇒ =

⋅ ⋅ ⋅
33.1 10 /v m s−≅⇒ ×

33.1 10 / sv m−= ×
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69. 
�Z
ច���ងមPយ�ន�មព)  
zRច5)ក7&ង��ន�គ��ន�`ក�N% ន��)
�ន9'ង�ង>�&�
� <មទ
�
C�កងន@ង�ខL��ន� 
�1
គ����$ក>��ន�� 
ញទ
ច
`ក�N% ន�ន9'ង:&ច�;&ងប�&S� ន ន
ង�នទ
�
C�5ច
ម�ច? 
�1មE�O;
�Z
ច���ងI2 �>ទ�
)1
គន2ង��ង>� 

ច�ម-5យ 
�ម��
កម�  

ក'+�>ទ
�
C ន
ង9'ង�ង>�&�
���ន�� 
ញទ
ចក'+�>ទ
�
C ន
ង9'ង�ង>�&�
���ន�� 
ញទ
ចក'+�>ទ
�
C ន
ង9'ង�ង>�&�
���ន�� 
ញទ
ចក'+�>ទ
�
C ន
ង9'ង�ង>�&�
���ន�� 
ញទ
ច    


�Z
ច���ងI2 �>ទ�
)1គន2ង��ង> ?)Nក�2 'ងZ5� 
ន�ន)'ន@ង!មPយក�2 'ង�គ�
�ន�� 
�នន8យ� �នទ
��5ច_7  ទ
�
CផJ&យ_7 (�5ច�5ប) ន
ង�ន9'ង�ង>�&�
�
��1_7  
 
គ�នg  
   

 S'O;  

��
 

21 2

2

W
W mv v

m
⇒= =   

S'O;  ( �នទ
�
C�5ច�5បcង
)1) 

�5ច
នR�5ច
នR�5ច
នR�5ច
នR        
    
    

70. 
�Z
ច���ងមPយ I2 �>ទ�ច5)ក7&ង��ន�� 
ញទ
ច`ក�N% ន 
$យ
)Ewន � 
�ខL��ន�� 
ញទ
ច`ក�N% ន ន
ង�ខL��ន�គ�
�ន��នទ
� ន
ងទ
�
C�5ច_7  
b1យ�ន9'ង
�ង>�&�
�
�tង_7 ន
ង � ក'+�>�'ទ&R ន
ង�'ទ&Rផ�& '�កង ន
ង�'ទ&R
��&ប�ប�>
�Z
ច���ង ក7&ងក�+� g 

ក. 
�Z
ច���ង�នទ
� ន
ងទ
�
C��ប�ខL��នj'ងព�� 
ខ. 
�Z
ច���ងI2 �>ទ��កងន@ង�ខL��នj'ងព���  
 

 

310W eV=

800 /E v cm=

3 16 410 1.6 10 ; 1 /800 / 8 0W eV J E v vm mc−= = × = = ×

,m eF F
� �

m eF F=

q vB q E⇒ =

E
B

v
=

34.2 10
2

m
B E T

W
= = × B

�

34.2 10B T−= ×

5 /10v m s=

10 /E v cm= 38 10H T= ×

⨂ 

J�� 

⨂ 

⨂ ⨂ 

��" ��K 

!� 

��� 
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ច�ម-5យ            
�ម��
កម�  

    ក'+�>ក'+�>ក'+�>ក'+�>  

ក. ក�+�ក. ក�+�ក. ក�+�ក. ក�+� I2 �>ទ�<មទ
�
C��ប�ខL��នI2 �>ទ�<មទ
�
C��ប�ខL��នI2 �>ទ�<មទ
�
C��ប�ខL��នI2 �>ទ�<មទ
�
C��ប�ខL��ន    
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� '(ង)�ច�ង�#,�&�, ?�B� � &�ន3ប�5ង ℓ  ន
ង-� (1 N  �#\]8 

2.
o

N S
L

I
µ=Φ=
ℓ

   Y  
2

7 7 24 0 .4.1 10 .
N

L
S

n Vπ π− −= =
ℓ

  

� & 7.104o SIµ π −=  �ពមB'ប=B&B�#�s[�# 
  :S  �ផ�ម�ខ���#,�&�, ?�B� 2m     

  :V  �)#,�&�, ?�B� 3m     

  :n  ច(ន�ន�#\]ក��ងម�យ<� �3ប�5ង (ច(ន�ន�#\]ក��ង1m  ) 
�បAប,ប=Bន�ន#�,&� ក� &�ន �ពមB'ប=B&B�� µ  �យAង6ន_ 

2

o

SN
L µ µ=

ℓ
  Y 

2
7.104

N
L

Sπ µ−=
ℓ

   

 
c. Vមព&�� �ញទ
ច�នប,ប=Bន� &�ន'(ង)�ច�ង� L  ឆ�ង�����យច-ន7 I  �ន-,បមន78  

21

2
W LI=   Y 7 21

.10 .
8

VW B
π

−=   <� �គ
ច1 #=,& [ ]J   

� &  :B  1'(ង)�ច#*�ង�� �ញទ
ច�ន� ន�� �ញទ
ចក��ងប,ប=Bន(#,�&�, ?�B�) 
 

�  ង�#�B��Vមព&�� �ញទ
ច8 7 21
.10

8
w B

π
−=   
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II. #�$�%ទ�&ង%ប
ទ (QCM)  

1. ភ��ច�� �ញទ
ចឆ�ង����ផ��ខ�ចម�ងtង-ងCង� �ក�ក��ង� ន�� �ញទ
ច B
�

 ម
ន'3#;យ_ 
a. ទ3មង�(-,ប#$% ន) �ន-ងCង��ខ�> 
b. �ផ��ន-ងCង��ខ�> 
c. ម�(ផ9� (-:ង �ផ�-ងCង��ខ� ន
ងទ
# B

�
 > 

d. '(ង�ង�#�B���ន'(ង)�ច#*�ង�� �ញទ
ច B  > 
2. ក��ង3បព;នe?ន7-1�
 SI   <� �-ប#�ភ��ច�� �ញទ
ចគ
�18 
a. T  (��c� ) 
b. .T m   
c. Wb  (�5�ប=-) 
d. /T m   

3. <� �-ប#�ភ��ច�� �ញទ
ចគ
�1 Wb   � & 1Wb  �#PAនKង_ 
a. 21 /T m   
b. 1 .A m   
c. 1 /A m   
d. 21 .T m   

4. �3ជA#�- A#ច�ម�Aយ “3�45” ន
ង “ខ�#” _ 

   ���' ខ�� 

w. ភ��ច�� �ញទ
ច 1ទ(2(ម�យ� &�ន��ម�5 
ជa�ន1ន
ចq �3nL:#��3�
នKងច(ន�ន�ខ�� ន�� �ញទ
ចឆ�ង����ផ�ម�យ> 

   

y. ភ��ច�� �ញទ
ច1ទ(2(5� 
ចទ;- (�នទ
#�Q)>   
z. ភ��ច�� �ញទ
ច1ទ(2(cH �&- >   
{. ភ��ច�� �ញទ
ចឆ�ង����ផ�ម�យ '3#;យ��នKង��ម��ផ� ��ម
ន'3#;យនKង 

�-�ក��ផ�3�ង� Y �ទ-�@Aយ> 
  

|. ភ��ច�� �ញទ
ច'ច5 
ជa�ន   ?5 
ជa�ន Y�#PA#,ន*>   
}. ភ��ច�� �ញទ
ចឆ�ង����ផ�ប
ទម�យ �ន��ម��#PA#,ន*>   
~. <� �-ប#�ភ��ច�� �ញទ
ចគ0 2.T m Wb=  >   
 



�������ប	 
ទ�ព�������ប�	 
ទ�� �យ                                                                                   �គ� 

 

 

                               274 េរៀបេរៀងេ�យៈ ពុំ សីុមន 

5. ក�� (ង?គ9
#នBច&ក-� &�កA��@A�ក��ង�ខ�ចម�ង �ព&�ខ�ចម�ង �̂ #�ទBក��ង� ន�� �ញទ
ច 
'3#;យនKង8 
a. 3ប�5ង�ន�ខ�ចម�ង 
b. ទ
#�Q �̂ #�ទB�ន�ខ�ចម�ង 
c. ?ងH��ផq
��ខ�ចម�ង 
d. ភ��ច�� �ញទ
ច> 

6. �គI*-6�ម� កម�យឆ�ង���ប,ប=Bន�ខ�ចម�ង �ML�គ�ឃAញVច-ន7?គ9
#នB'(ង)CB�ន'(ង�ង�
#�B��ធ(ប(ផ���D�ព&8 
a. -6�ម� ក �̂ #�ទB��យច&M#��L�#PAឆ�ង���ប,ប=Bន> 
b. -6�ម� ក �̂ #�ទB��យច&Mយ0��#PAឆ�ង���ប,ប=Bន> 
c. -�ញប�,&�ជAង�ន-6�ម� កច,&ក��ងប,ប=Bនម�ន> 
d. -�ញប�,&�W,ង�ន-6�ម� កច,&ក��ងប,ប=Bនម�ន> 

7. ��Aក��ងក-�B $ម�យ<ង�3�ម � &�ធCAI*3បព;នe ( ,ច-,ប 5.2.7 ) ម
ន�កA��នន,5ក�� (ង   
?គ9
#នBច&ក-'(ង)CB? 
a. ក-�B -�ញ-6�ម� កNមទ
#�Q�T\ L�dច(�� ច K   
b. ក-�B -�ញ-6�ម� កNមទ
#�Q�T\ L�dច(�� ច L   
c. ក-�B បងC
&-6�ម� កជ�(5 
ញ?;ក�-ងC
& KL   
d. ក-�B -�ញ-6�ម� កI*�ក�d-កច(�� ច M   

8. ចJប� @
ន គ015 
6ន�នចJប�-ក�8 
a. ចJប�-ក�ច-ន7?គ9
#នB 
b. ចJប�-ក�Vមព& 
c. ចJប�-ក�ប- 
��ច&M 
d. ចJប�-ក��ខ�� ន�� �ញទ
ច> 

9. �ខ�ចម�ងtង1-ងCង�ម�យ �̂ #�ទB3#បនKង� ន�� �ញទ
ច"ក#$% ន M(I*ក�� (ង?គ9
#នB   
ច&ក-'(ង)CB-ប#��ខ�ចម�ង8 
a. '3#;យនKងបន��ក-ប#�-ងCង��ខ�ចម�ង 
b. '3#;យនKង-,ប#$% ន�ន-ងCង��ខ�ចម�ង 
c. �ន'(ង�ង�#�B���#PA#,ន* 
d. '3#;យនKង'(ង�ង�#�B��5� 
ចទ;-'(ង)�ច#*�ង�ន� ន�� �ញទ
ច> 

� 


 

� 

� 

� 

� 

� 

(
. �. �) 
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10. �គ�ក�ក($���ខ�ចម�ងទង�� ងច,&ក��ង� ន�� �ញទ
ច�ន�ម� ក U  ( ,ច-,ប 5.2.10 )> 
�ព&�ខ�ចម�ង �̂ #�ទB�@Aង�&Aច�L�3�មNមទ
#�Q#Z[ 3ពGញ �យAង�ឃAញVក��ង�#EគCB
� &�oa ប�នKង�ខ�ចម�ងនKង_ 
a. �ធCAI*�នច-ន71ប��កA��@Aង 
b. ម
ន�នច-ន7?គ9
#នB�កA��@Aង�ទ 
c. �ធCAI*�នច-ន7T� #��កA��@Aង 
d. �ធCAI*�កA��នច-ន7tង�ធPញ-$-�កA��@Aង> 

11. ក�� (ង?គ9
#នBច&ក-'(ង)CBខ�8 ក(���Nម-,បមន78 
a. .E I R=   
b. 

d
E

dt
= − Φ   

c. . .E I B= ℓ   
d. E

t
= Φ   

12. ច,-គ,##Z[ ធBក � ច(�nLច�ម�Aយ� & ““““3�453�453�453�45””””   ន
ងច�ម�Aយ� & ““““ខ�#ខ�#ខ�#ខ�#”””” _ 

   ���' ខ�� 

w. 6��ភ,�'(ង)�ច#*�ង�?@
ច3�4�� �ញទ
ចនKង�កA��ន�@Aង�D�ព&�គ
I*�#EគCBប
ទម�យ �̂ #�ទB> 

   

y. 6��ភ,�'(ង)�ច#*�ង�?@
ច3�4�� �ញទ
ចនKង�កA��ន�@Aង�D�ព&�គ 
I*�ម� កម�យ �̂ #�ទBពBម�ខ�#EគCBប
ទម�យ > 

  

z. 6��ភ,�'(ង)�ច#*�ង�?@
ច3�4�� �ញទ
ចនKងក��A�ន�@Aង�D�ព&ភ��ច
�� �ញទ
ចឆ�ង����#EគCBម�យ�3ប3បG&Nម�ព&> 

  

{. 6��ភ,�'(ង)�ច#*�ង�?@
ច3�4�� �ញទ
ចនKង�កA��ន�@Aង �D�ព&
� &ក($���ខ�ចម�ង3�ង�̂ � #�ទB3#បនKង�ខ�� ន�� �ញ> 

  

|. 6��ភ,�'(ង)�ច#*�ង�?@
ច3�4�� �ញទ
ចនKង�កA��ន�@Aង �D�ព&
ក($���ខ�ចម�ង3�ង�̂ � #�ទBNមទ
#�កងនKង�ខ�� ន�� �ញទ
ច ប���ន7�ខ�
ចម�ង#�
��D3#បនKង�ខ�� ន1ន
ចq> 

  

}. 6��ភ,�'(ង)�ច#*�ង�?@
ច3�4�� �ញទ
ចនKង�កA��ន�@Aង �D�ព&
� &ក($���ខ�ចម�ង3�ង�̂ � #�ទB�&R� ង$I*ម�(ផ9� (-:ង�ខ�ចម�ង ន
ង
�ខ�� ន�� �ញទ
ចខ�#ពB#,ន*> 

  

� 

(
. �. ��) 
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13. Nម-យ8�-#�ងH�-ងCង��ខ�ចម�ង'&�យមBញ�, មព*�-��យ�ខ�?(�6L?�B#,@ង� ន
ង (��A -
�ន�-ប
ទ(oa ប�) ន
ង �̂ ច�ច-ន7�ន�#EគCB ,ច-,ប5.2.13> ��Aម
�$ម�យ� & “3�Kម3�45” _ 
a. -ងCង��ខ�'&�យមBញ�, ម3�456ន#�,&� ក3Uន�ចញ

�ព&ប
ទ�#EគCB ន
ងgញច,&�ព& 7̂ ច��#EគCB> 
b. -ងCង��ខ�'&�យមBញ�, ម3�456ន#�,&� កgញច,&

�ព&ប
ទ�#EគCB ន
ង3Uន�ចញ�ព& 7̂ ច��#EគCB> 
c. -ងCង��ខ�'&�យមBញ�, ម3�456ន#�,&� ក3Uន�ចញ

ក��ងក(@�ង�ព&�នច-ន7ឆ�ង����#EគCB> 
d. #�,&� កម
ន�ន?(�ពA�&A-ងCង��ខ�'&�យមBញ�, មច(�nL3គប�ក-�B g(ង?#�> 

14. '(ង�ង�#�B���នក�� (ង?គ9
#នBច&ក-ម
ន'3#;យនKង_ 
a. '(ង)�ច#*�ង�� �ញទ
ច 
b. ទ
#�Qច-ន7?គ9
#នBឆ�ង����ខ�ចម�ង 
c. ម�(ផ9� (-:ងទ
#�ន�ខ�ចម�ង ន
ង5� 
ចទ;-'(ង)�ច#*�ង�ន� ន�� �ញទ
ច 
d. '(ង�ង�#�B��ច-ន7?គ9
#នBឆ�ង����ខ�ចម�ង> 

15. �បAភ��ច'(ង)�ច#*�ង�3ប3បG&�ថ-( od

dt

Φ =  �ថ-) �2Aយក��ង-ងCង��ខ�ចម�ង�-#�B#7ង� R  M(I*

ច-ន7?គ9
#នB'(ង)CBក��ង-ងCង��ខ�ចម�ង8 
a. ម
ន�3ប3បG& ន
ង�ន'(ង�ង�#�B��ម
ន'3#;យនKង R   
b. ម
ន�3ប3បG& ���ន'(ង�ង�#�B��ច-ន7#��3�នKង R   
c. �3ប3បG&Nមខ�បចJ#�l#� 
d. ម
ន�3ប3បG& ��'(ង�ង�#�B��ច-ន73U##��3�នKង R  > 

16. ចJប�@
ន �n&V ច-ន7'(ង)CBក��ង�#EគCBប
ទម�យ _ 
a. �នទ
#�Q�&R� ង$I*ផ& (� ន�� �ញទ
ចប�ងHA���យច-ន7'(ង)CB) -ប#�:3បT(ង

នKងប�3មប3មG&ភ��ច�� �ញទ
ចឆ�ង����#EគCB> 
b. �កA��ន�@Aង�D�ព&� &�#EគCB �̂ #�ទB�ន5� 
ចទ;-ផ9� ( �កងនKង�ខ�� ន> 
c. �នទ
#�Q�&R� ង$I*� ន�� �ញទ
ច� &:ប�ងHA��@Aង �នទ(�M-�ធCAI*�ន     

ប�3មប3មG&�ន���<� (ង�@Aង> 
d. នKង�កA��ន�@Aង�D�ព&�#EគCB �̂ #�ទB�ន5� 
ចទ;-ផ9� ( 3#បនKង�ខ�� ន�� �ញទ
ច> 

(
. �. ��) 
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17. Nម-,ប 5.2.17a  �ន#=�ម�ខ�ចម�ងtង��-ម�យ
�̂ #�ទB��យច&M�#PAពB�(បន�OP ន� នច,&�d

�(បន��ន� ន�� �ញទ
ច"ក#$% ន បM� ប�មក�ចញ
ផ��ពB�(បន��ML�d�(បន�OP ន� ន�� �ញទ
ច>  
��A3�ប$ម�យក��ងច(�$ម3�ប ; ; ;A B C D  
 ,ច-,ប 5.2.17b  � &#�ម7ង?(ពBច-ន7?គ9
#នB'(ង)CB I  1?ន�គមនkនKង�ព& t  �នប�� #�ទB
-ប#�#=�ម�ខ�ចម�ង?  

 
 
 
 

18. �គ'ច�ធCAI*'(ង)�ច�ង��ន#,�&�, ?�B�ម�យ�កA��@AងNម-យ8�-�ក�ក��ង#,�&�, ?�B�
ន,5#�,&� &�នធមP1�
18 
a. 6� t� �� �ញទ
ច 
b.  ��� �ញទ
ច 
c. � ក�� �ញទ
ច 
d. )B�?@
ច3ទ
ច 

19. <� �-ប#�'(ង)�ច�ង�គ
�1 2ង�- B  � & 1H  �#PAនKង8 
a. 21 .J A   
b. 1 .V A   
c. 21 /J A   
d. 1 /V A   

20. ចJប�@
នគ015 
6ន�នចJប�-ក�_ 
a. ចJប�-ក�បន��ក?គ9
#នB 
b. ចJប�-ក�Vមព& 
c. ចJប�-ក��ខ�� ន�� �ញទ
ច 
d. ចJប�-ក�ប- 
��ច&M 

� 

� 

� 

� 

� 

� 

� 

� 

� 

(
. �. ���) 

� 

� 

� 

× × × × 

× × × × 

× × × × 

× × × × 

�� 
��� 

(
. �. ���) 
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21. ប,ប=Bនម�យ�ន?ងH��ផq
�10cm  -� (1 200  �#\] 3�456ន�គ�1�#EគCBប
ទម�យ ន
ង�ក�ក��ង
� ន�� �ញទ
ច> '(ង)�ច#*�ង�ន� ន�� �ញទ
ច�កAន�@AងពB 2T �d6T  ក��ង-យ8�ព&0.1s > 
�បA�ផ��ន-ងCង��ខ��#\]នBម�យp�កងនKង'(ង)�ច#*�ង�� �ញទ
ច ��Aក�� (ង?គ9
#នBច&ក-'(ង)CB
�កA��@Aងក��ងប,ប=Bន�#PAប��MP ន? 
a. 56.5V   
b. 62.8V   
c. 60.2V   
d. 65.7V   

22. �ខ�ចម�ង3�ង�3ប�5ង 40cm  �̂ #�ទBក��ង� ន�� �ញទ
ច"ក#$% ន��យ�&WXន 5 /m s  
Nមទ
#�កងនKង'(ង)�ច#*�ង�� �ញទ
ច> �គ KងV ក�� (ង?គ9
#នBច&ក-�ន�ខ�ចម�ង�#PA
នKង0.6V > '(ង)�ច#*�ង�ន� ន�� �ញទ
ច�ន'(ង�ង�#�B��8 
a. 0.1T   
b. 0.3T   
c. 0.2T   
d. 0.4T   

23. #=�ម�ខ�ចម�ងម�យ5 
&ក��ង� ន�� �ញទ
ច �គ#�ងH��ឃAញVទ
#�Q�នក�� (ង?គ9
#នB      
ច&ក-'(ង)CB នKង�3ប3បG&ម7ងន,5t&��ព&� &#=�ម5 
&6ន_ 

a. 
1

4
 ជ�(  

b. 2  ជ�( 
c. 1 ជ�( 

d. 
1

2
ជ�( 

24. �គ�ឃAញV �D�ព&� &ច-ន7?គ9
#នB�3ប3បG&�ថ-ពB 0  �d 5A  ក��ង-យ8�ព&1s  �ធCAI*
I*�កA��នក�� (ង?គ9
#នBច&ក- 1V �Dក��ងប,ប=Bន> '(ង)�ច�ង��នប,ប=Bន�#PAនKង_ 
a. 2.5 H   
b. 5 H   
c. 

1

5
H   

d. 4 H   
 

25. ច-ន7?គ9
#នBម�យ�ន'(ង�ង�#�B���3ប3បG&ពB 0 �d 1A  ក��ង-យ8�ព& 5s  ឆ�ង���ប,ប=Bន
ម�យ� &�ន'(ង)�ច�ង�1H > ក�� (ង?គ9
#នBច&ក-?,�,'(ង)CBក��ងប,ប=Bន�#PAនKង_ 
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a. 1V   
b. 2V   

c. 
1

2
V   

d. 
1

5
V   

26. #=�ម�ខ�ចម�ងtង��-�ន3ជ�ង5cm  �ក��កងនKង� ន�� �ញទ
ច� &�ន'(ង)�ច#*�ង��
�ញទ
ច�#PAនKង 0.08T > �បA#
ន1'(ង)�ច#*�ង�� �ញទ
ចថយច�L�ថ--2,� &��#PA 0  ក��ង-
យ8�ព& 0.2s   �MLក�� (ង?គ9
#នBច&ក-'(ង)CB�កA��@Aង�ន'(ង�ង�#�B���#PAនKង8 
a. 0.04mV   
b. 1mV   
c. 0.5mV   
d. 8mV   

27. ប,ប=Bនម�យ�ន'(ង)�ច�ង��#PAនKង 0.1H > ច-ន7ឆ�ង���ប,ប=Bន�3ប3បG&��យ�&WXន
200 /A s  M(I*ក�� (ង?គ9
#នBច&ក-?,�,'(ង)CB�កA��@Aងក��ងប,ប=Bន�#PAនKង8 
a. 10V   
b. 0.1kV   
c. 20V   
d. 2 kV   

28. �ខ�ចម�ងម�យ�ន3ប�5ង 15cm  #�
�ក��ង� ន�� �ញទ
ច�ន'(ង)�ច#*�ង�� �ញទ
ច 2T > 
ច�ងg(ងពB-�ន�ខ�ចម�ង3�456ន�គoa ប�នKង�ខ�ចម�ងយ0��ធCA1�#EគCBប
ទ �2Aយ�ក�ក��ង� ន
�� �ញទ
ច> �-#�B#7ង�#-�ប�ន�#EគCB�#PAនKង 0.5Ω >  � AមWBI*�ខ�ចម�ង �̂ #�ទBNមទ
#�កង
នKង5� 
ចទ;-'(ង)�ច#*�ង�� �ញទ
ច��យ�&WXន 10 /m s   �ML�យAង3�45ច($យ'ន�oព Ρ  
?#�ច(ន�ន8 
a. 25W   
b. 18W   
c. 20W   
d. 22W   

29. ក��ងប,ប=Bនម�យ�កA��នក�� (ង?គ9
#នBច&ក-?,�,'(ង)CB�#PAនKង10V  �D�ព&� &ច-ន7ឆ�ង
���ប,ប=Bន�3ប3បG&ពB5A  �d10A  ក��ង-យ8�ព& 0.1s  > ��A'(ង)�ច�ង�-ប#�ប,ប=Bន<ង�&A
�ន'(ង�ង�#�B���#PAប��MP ន? 
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a. 0.4 H   
b. 0.3 H   
c. 0.2 H   
d. 0.6 H   

30. ច-ន7?គ9
#នBក��ងប,ប=Bន?,�,'(ង)�ច#*�ងម�យ�3ប3បG&ពB 16A  �d 0  ក��ង-យ8�ព& 0.01s  
ន
ងក�� (ង?គ9
#នBច&ក-?,�,'(ង)CB�ន'(ង�ង�#�B��មធ*ម�#PA 64V > ��A'(ង)�ច�ង�-ប#�
ប,ប=Bន�ន'(ង�ង�#�B���#PAប��MP ន? 
a. 0.032 H   
b. 0.25 H   
c. 0.04 H   
d. 4 H   

31. ប,ប=Bន�5ងម�យឆ�ង�����យច-ន7?គ9
#នB I > �គVVមព&� ន�� �ញទ
ច�Dក��ងប,ប=Bន 
ម
ន'3#;យនKង8 
a. '(ង�ង�#�B��ច-ន7 I   
b. ច(ន�ន�#\]�នប,ប=Bន 
c. ប,ប=Bន�ន#�,&� ក YOP ន#�,&� ក�ML�ទ 
d. �-#�B#7ង�-ប#�ប,ប=Bន> 

32. #,�&�, ?�B�ម�យ�ន'(ង)�ច�ង� 2L mH= ឆ�ង�����យច-ន7�ន'(ង�ង�#�B��10A > 
Vមព&�� �ញទ
ចផ��កក��ង#,�&�, ?�B��#PAនKង_ 
a. 0.05 J   
b. 1J   
c. 0.1J   
d. 0.1kJ   

33. ច-ន7ភ,ក,& �កA��ន�@A��Dក��ង8 
a. ?ង9b��� ក�� �ញទ
ច 
b. ?ង9b��ចម�ង?គ9
#នB 
c. ?ង9b��)B�?@
ច3ទ
ច 
d. ប,ប=Bន> 
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III. #�$�%�ន�'�!ន* 

1. #=�ម�ខ�ចម�ងtង1��- �ន3ជ�ង 0.5a m=   � &3ជ�ង AB  
ន
ងCD  �ន�-#�B#7ង�#-�ប 4R = Ω > �គ6នoa ប�#=�ម�d
នKងជន
NពB- 1 2 1 210 ; 8 ; 0E rV VE r= = = ≈  ( ,ច-,ប)> �គ
6នយក�#EគCB�នL�d�ក�ក��ង� ន�� �ញទ
ច"ក#$% ន� &
�ន'(ង)�ច#*�ង�� �ញទ
ច B

�
 � &�នទ
# ទ
#�Q ,ច-,ប 

ន
ង�ន'(ង�ង�#�B���3ប3បG&1?ន�គមនkនKង�ព& .B k t=  � & 16 /k T s= > 
គ�Mច-ន7?គ9
#នBឆ�ង����#EគCB> 
ច�ម",យ 

គ�Mច-ន7គ�Mច-ន7គ�Mច-ន7គ�Mច-ន7?គ9
#នB?គ9
#នB?គ9
#នB?គ9
#នBឆ�ង����#EគCBឆ�ង����#EគCBឆ�ង����#EគCBឆ�ង����#EគCB    
-  ��យ'(ង)�ច#*�ង�� �ញទ
ច B  1?ន�គមនk�កAន M(I*ភ��ច�� �ញទ
ចឆ�ង����#EគCB<ង
�&A . . .B S k t SΦ = =  �កAន�@Aង� - � &1ម,&�2��M(I*�កA��នក�� (ង?គ9
#នBច&ក- 
'(ង)CB cE  ក��ង�#EគCB> �2Aយច-ន7'(ង)CB� &ប�ងHA��@Aង��យ cE  �នទ
#�Q�&R� ង
$I*ផ&-ប#�: (� ន�� �ញទ
ចថPB� &ប�ងHA��@Aង��យច-ន7'(ង)CB) 3បT(ងនKងប�ពC
�2��� &ប�ងHA�: (�នន;យV �នទ
#�Qផ��យ1ម�យ B

�
)> 

-  ក�� (ង?គ9
#នBច&ក-'(ង)CB�ន'(ង�ង�#�B��8 
( ).

| .|
.

c

k S

t
E k S

t

t∆∆Φ= =
∆ ∆

=     

�� 2 2 20.5 0.25S a m= ==   ន
ង 16 /k T s=   
2.| | 4c k a VE⇒ = =   

-   ��យ 2 1cE E E+ >  M(I*ច-ន7?គ9
#នBក��ង�#EគCB�នទ
#�Qផ��យពB3ទន
ចM@
� ន
ង
�ន'(ង�ង�#�B�� (NមចJប�?,មច(�nL�#EគCBប
ទ)_ 

( )1 2 4 10 8
0.5

4
cE E

I A
R

E − + −= = =
+ +   

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ច-ន7?គ9
#នBឆ�ង����#EគCB�នទ
#�Q ADCBA  ន
ង'(ង�ង�#�B�� 0.5I V= > 
 

� � 

� 
�  

�! 

⊗ ��� 

� 
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2. �គ�ន�#EគCB ,ច-,ប � &-�ម�ន-6�l283#បពB-�ន
�-#�B#7ង�'ច�U&6ន oa ប�នKង�-#�B#7ង� 0.5R = Ω > 
�គយក�ខ�ចម�ង AB  3ប�5ង 14cm=ℓ  �ន�� # 2g  ន
ង
�ន�-#�B#7ង� 0.5R′ = Ω  �d�ក��&A-6�l28g(ងពB-
<ង�&A�&R� ង$I*�ខ� AB  -?
&�&A-6�l28
��យOP នកក
�> បM� ប�មក�គយក3បព;ន�<ង�&A�d�ក�
ក��ង� ន�� �ញទ
ច"ក#$% នI*5� 
ចទ;- B

�
 �នទ
#�កងនKង

ប�ង��ន-6�l28g(ងពB-( )20.2 ; 9.8 /B T g m s= =  >  
a. ក(���ទ
#�Qច-ន7?គ9
#នBឆ�ង��� R >   
b. ច,-ប�� ញV �Dខ�8 (ប,ង AB  -?
&ច�L��យច&M#��L�#PA  ��ក��ងម�យ-យ8�ព&

�3�យមក:�ធCAច&M�#PA5 
ញ? គ�M�&WXន ov  �នច&M�#PA ន
ង ABU  > 
c. �បA�គ�ក�-6�l28ក��ងប�ង��ទ-ផ9� (6នម�( 60oα = 1ម�យប�ង�� ក ��ទ
# ន
ងទ
#�Q

-ប#� B
�

 -ក��D � & ច,-គ�M�&WXន ov′  �នច&M�#PA-ប#� AB  ន
ង ABU ′  > 
 ច�ម",យ 
a. ក(���ទ
#�Qច-ន7ឆ�ង���ក(���ទ
#�Qច-ន7ឆ�ង���ក(���ទ
#�Qច-ន7ឆ�ង���ក(���ទ
#�Qច-ន7ឆ�ង��� R         

-  ��យ�&WXន�នច&M-?
&-ប#�-6 AB  �នទ
#�Qច�L�3�ម( ,ច-,ប5.2 ) Nម
5 
bន� c7 (8 M(I*ក��ង-6�l28 AB  �កA��នច-ន7'(ង)CB� &�នទ
#�Q A B→   
 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ច-ន7ឆ�ង����-#�B#7ង� R  �នទ
#�QពB A  �d B > 

b. 3cយបZa ក�6��ភ,� ន
ងគ�M 3cយបZa ក�6��ភ,� ន
ងគ�M 3cយបZa ក�6��ភ,� ន
ងគ�M 3cយបZa ក�6��ភ,� ន
ងគ�M ;o ABv U             
-  �Dខ�8 (ប,ង  -6 AB  -?
&b� ក�ច�L�3�ម�3�ម?(�ពA�នទម�ន� P

�
 �ធCAI*�ផ� ARBA  

�កAន�@Aង⇒  ភ��ច�� �ញទ
ចឆ�ង����ផ� ARBA �កAន�@Aង  � &1ម,&�2��ប�ងHA�I*
�នក�� (ង?គ9
#នBច&ក-'(ង)CBក��ង-6 . .cE B v= ℓ  (Nម5 
bន6�� c7 ( �យAង6ន
ច-ន7'(ង)CBឆ�ង��� AB  �នទ
#�QពB A B→ ) ន
ង�ន'(ង�ង�#�B��_ 

( ).
1

.cE B
I

R

v

R R R
= =

+ ′ + ′
ℓ   

-  �ព&�នច-ន7ឆ�ង���-6 AB  � &�ក�ក��ង� ន�� �ញទ
ច M(I*-6 AB  -ង?(�ពA�ន
ក�� (ង�� �ញទ
ច F

�
> Nម5 
bន� c7 ( M(I* F

�
 �នទ
#�QពB�3�ម �@Aង�&A ន
ង�ន

'(ង�ង�#�B��8 ( )
2 2

2
.

. .
B

F B
v

I
R R′

= =
+
ℓ

ℓ   

� 

� � ℓ 

⊗ ��� 

(
. �)

�� 
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-  �ព&-6 AB  -?
&ច�L�3�ម :-ង?(�ពA�នក�� (ងផ9�ប ( )F P+
� �

 Y ( )P F−  (�3ជA#�- A#

ទ
#�Qច�L�3�ម 1ទ
#�Q5 
ជa�ន)> �យAង6ន#(ទ�L-ប#�-6 AB  �#PAនKង_ 

( ) ( )
2 2. .

3
P F B

R

v
a g

m m R

−= = −
+ ′
ℓ    

⇒ -6 AB  �̂ #�ទB��យច&M#��L�#PA � &�ធCAI*�&WXន-ប#�:�កA��@Aង> �2Aយ
ម�យ-យ8�ព&�3�យមក -6 AB  នKង-?
&b� ក�ច�L��យ�&WXន�#PA ov  $ម�យ� &

3�45នKង#(ទ�L 0a =  Y 
( )

2 2. . oB
g

m

v

R R
−

′+
ℓ  ( ) ( )2 2

4
.o

mg R R
v

B

′
⇒

+
=

ℓ
  

Nម#មP�
កមP8 3 2; 0.5 ;2.10 R=R B=0.2T; 14.10 ;kg mm − −′ = Ω == ℓ   

( )
3

22 2

2.10 9.8 1
25 /

0.2 14.10
ov m s

− × ×
⇒ = =

×
  

Nម ( )1  ន
ង ( )4  M(I*�យAង6នច-ន7ឆ�ង��� AB  �#PAនKង8 
. .

.
o

o

B mg
I

R

v

R B′
=

+
= ℓ

ℓ
  

M(I* 
3

2

2.10
. 0.5

9.8
.

14.10
0.35

. 0.2AB oI
mg

U R V
B

R
−

−

×= ′ = ′ ×
×

= =
ℓ

  

c. គ�M គ�M គ�M គ�M ov′  ន
ង ABU ′   
-  �ព&�ក�-6�l28ក��ងប�ង��ទ-ផ9� (6នម�( 60oα =  1ម�យប�ង�� ក⇒  6��ភ,�-,ប5 
ទ� 
�D-ក� � & ( ,ច6នបក3cយ�D#(�� -b  <ង�&A)> ប���ន7ក��ងក-�B �នL �យAង
6ន-,បមន7ក�� (ង?គ9
#នBច&ក-'(ង)CBថPB8  

1. .c B vE′ = ℓ   � & 1.sinvv α′ =   ន
ងv′  1�&WXន �̂ #�ទB-ប#� AB   

( )1.
1

.cE B
I

R R R

v

R

′
⇒ ′ = ′=

+′ ′+
ℓ   

( )
2 2

1. .
. . 2

B
F

v
B I

R R
⇒ ′ ′ = ′

+
=

′
ℓ

ℓ   

-  �ព& AB -?
&ច�L�3�មNមប�ង��ទ- :-ង?(�ពA�នក�� (ង ( )P F N+ +
� � �

 Y1ម�,)�&

( )P F N− −  � &ក��ង�ML N
�

 1ក�� (ង3ប�
កមP-ប#�-6�l28> 
-  �3ជA#�- A#ទ
#�Q5 
ជa�ន1ទ
#�Q�នច&M3#បនKងប�ង��ទ-8 
NមចJប�ទB II  ញ, ��ន8 ( ) sin .. mF aP α′ =− ′   
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( )
( ) ( )

2 2
1

sin .
3

P F B
a g

m m R R

vα′
⇒


′ = ′

−
= − + ′

ℓ   

-   �ព& AB  �̂ #�ទB��យច&M�#PA  3�45នKងខ�8�ព&� & 0a′ =  �យAង6ន8 
( ) ( )01 2 2

4
sin

o
mg R R v

v
B α

′ ′= = ′
+
ℓ

  

( ) ( )
( )

3

22 2 2 2

.sin 9.82.10 0.5 0.5

0.2

sin 6

1 1

0

4. 0

o

o

mg R R
v

B

α −

−

+ +′ × × ×
⇒ ′ = =

×ℓ
  

14.43 /ov m s⇒ ′ ≈   

Nម ( )1′ ន
ង ( )4′   01..

.o

B mg
I

R

v

R B
= =⇒ ′

′+
ℓ

ℓ
  

M(I* 0.35
.AB o

mg
R RU I

B
V′ ′ ′ = × ′= =

ℓ
  ( ,ចក-�B <ង�&A) 

 
 

3. ប,ប=BនពB-�ន'(ង)�ច�ង� 1L  ន
ង 2L  3�456នoa ប�នKង    
�-#�B#7ង� R ន
ងជន
Nប�ងHA�6ន1�#EគCB ,ច-,ប 5.3 > 
�3�យ�ព&�គប
ទក�ងNក� K  ច,-ក(���'(ង�ង�#�B�� 
ច-ន7?ច
��ន7យkក��ងប,ប=Bន ន
ងច-ន7ឆ�ង����#EគCB�3�>  

ច�ម",យ 

ក(���'(ង�ង�#�B�� ច-ន7?ច
��ន7យkក��ងប,ប=Bន ន
ងច-ន7ឆ�ង����#EគCB�3�ក(���'(ង�ង�#�B�� ច-ន7?ច
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2

2 2 2

2 1 10 10 sin 60
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o
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−+ × × ×
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− × ≈
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=⇒ ×   

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL 4.16 / ; 0.35maxv Im As ==  > 

 
b. ប�� ញVក�� (ង#��3�នKង#(ទ�L  ន
ងគ�M#(ទ�L a   

-   3ប#
ន�បAជ(ន�# R  ��យក�ង ង�cទ;-C  �MLក��ង�#EគCB�D���នច-ន7'(ង)CB 
�2Aយច-ន7�នLនKងផ��កI*ក�ង ង�cទ;-> 
-  បន��កក�ង ង�cទ;-8 ( )1.. 5cq CU vCE C B= = = ℓ   

-  ច-ន7ឆ�ង����#EគCB8 1. ..I C B
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t t
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∆
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∆
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⇒
∆
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∆
∆
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( ). .cos 6aI CB α⇒ = ℓ   
-  ក�� (ង� &�ន?(�ពA�&A�ខ�ចម�ង AB  គ08 

( )2 2. . .cos 7F I C B aB α== ℓ ℓ   

 ,ចO� � - �យAង#
ក�Nមទ
#�Q�នច&M-ប#��ខ�ចម�ង AB , NមចJប�ទByញ, ��ន8 
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 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ក�� (ង�ន?(�ពA�&A AB  #��3�នKង#(ទ�LNម-,បមន7 ( )7  ន
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12. ប,ប=Bន#�,&� កម�យ �ន3ប�5ង 1m=ℓ  -� (1 1000N =  �#\] �2Aយ�#\]នBម�យp�នtង

1-ងCង�� &�ន�ផ�ម�ខ��� 20.01S m=  ឆ�ង�����យច-ន7 5

12
I A=  > ច,-គ�M'(ង 

�ង�#�B��'(ង)�ច#*�ង�� �ញទ
ច B
�

ជ(tប�� �ញទ
ច µ ន
ង'(ង)�ច�ង� L �នប,ប=Bន<ង�&A> 
#នP��V� ន�� �ញទ
ចក��ងប,ប=Bន#�,&� ក1� ន"ក#$% ន �2AយNមព
�cធនk6នI*
 KងV �ព&� &'(ង)�ច#*�ង�� �ញទ
ច�ន#�s[�# 30.5 10o TB −= × M(I*�យAង6ន
'(ង)�ច#*�ង�� �ញទ
ចក��ង#�,&� ក 1.2. oB TBµ= =  > 
ច�ម",យ 

គ�M គ�M គ�M គ�M ; ; LB µ     �នប,ប=Bន#�,&� ក�នប,ប=Bន#�,&� ក�នប,ប=Bន#�,&� ក�នប,ប=Bន#�,&� ក    
- ក-�B OP ន#�,&� ក �យAង6ន8 

7 3.4 10 100.5o

N
B I Tπ − −×== ×

ℓ
  

- NមពB�cធនk �ព& 30.5 10o TB −= ×  M(I* 1.2B T=   
 ,ច�នL ,ច�នL ,ច�នL ,ច�នL '(ង)�ច#*�ង�� �ញទ
ចក��ង#�,&� ក�ន'(ង�ង�#�B�� 1.2B T=  > 
- -កជ(tប�� �ញទ
ច�ន#�,&� ក (Y�ពមB'ប=B&B��) 
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×
  

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL  #�,&� ក�នជ(tប�� �ញទ
ច 2400µ =  > 
- '(ង)�ច�ង��នប,ប=Bន#�,&� ក8 
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N
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ℓ
  

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ប,ប=Bន#�,&� ក�ន'(ង)�ច�ង� 30.16L H=  > 
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13. �ខ�ចម�ងtង1-ងCង�?ងH��ផq
� d  3�456ន�គយក�d�ក�ក��ង� ន�� �ញទ
ច"ក#$% ន I*
B
�

 3#បនKង?;ក�-ងC
&�ន-ងCង��ខ�ចម�ង> -6�l28ពB-
3�456ន�គយក���oa ប�3�ង�ផq
�-ងCង��ខ���យ?;ក�
(-6�l28�,ចម�យ�ន�-#�B#7ង�'ច�U&6ន)���
Nមផq
�O  �កងនKងប�ង�-ងCង��ខ�>  
a. �Dខ�8 (ប,ង-6g(ងពB-ប�LO�   ន
ងបM� ប�មក�ទE� 

-6ម�យ�D�#�]ម ច(��ក-6ម�យ�ទE�5 
&ជ�(5 
ញ O  ��យ�&WXនម�( ω > ច,-ក(���-ក
'(ង�ង�#�B��ច-ន7ឆ�ង���-6g(ងពB- ន
ងច-ន7ឆ�ង���-ងCង��ខ�ចម�ងក��ង-យ8�ព& t  > 
�គI*�-#�B#7ង�ក��ងម�យ<� �3ប�5ង�ន-ងCង��ខ� ន
ង-6�l28�ន'(ង�ង�#�B���#PAO� �#PA
នKង or  >  

b. �បA-6�l28g(ងពB-5 
&��យ�&WXន 1ω ន
ង 2ω ( )1 2ω ω> > -កផ&#ងប�,�ង��#*&
-:ងច�ងg(ងពB-�ន-6នBម�យp ក��ងក-�B 8 
- -6g(ងពB-5 
&ក��ងទ
#�Q ,ចO� > 
- -6g(ងពB-5 
&ក��ងទ
#�Qផ��យO� > 

ច�ម",យ 
a. គ�Mច-ន7ឆ�ង���-6g(ងពB- ន
ងច-ន7ឆ�ង���-ងCង��ខ�ចម�ង8 

-  ក�� (ង?គ9
#នBច&ក-'(ង)CB�កA��@Aង�&A-6�l28ម�យ8 
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b. គ�Mផ&#ងប�,�ង��#*&-:ងច�ងg(ងពB-�ន-6ននBម�យ8 
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M(I*�យAង6ន8 ផ&#ងប�,ងង��#*&-:ងច�ងg(ងពB-�ន-6នBម�យp: 

( )1 1 . 9
2c o

d
U rE I

 



− 

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( )2 2 . 10
2c oE I
d

U r
 
 
 
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★  ក-�B -6g(ងពB-5 
&ក��ងទ
#�Qផ��យO�  �យAង��L3cយ ,ច<ង�&A� - ��ក-�B
�នL�យAងជ(ន�# 1 2oω ω ω= +  ច,&ក��ង#មB�- ( ) ( ) ( ) ( )* ; 8 ; 9 ; 10 � AមWB6នច�ម�Aយ> 
 
 

14. -6�l283#បពB-3�456ន�គoa ប�នKងក�ង ង�cទ;-�ន�6� #�B��C > ក($���ខ�ចម�ង
AB  3ប�5ង l  �ន�� # m  3�456ន�គយកមក�ក�I*ច�ងg(ងពB--ប#� AB  ទ&�នKង-:ង
�l28g(ងពB-<ង�&A �&R� ង$I* AB  'ច-?
&
b� ក���យOP នកក
��&A-6g(ងពB-> 3បព;នe<ង�&A3�45
6នយក�d�ក�ក��ង� ន�� �ញទ
ច"ក#$% ន �ន5� 
ចទ;-
'(ង)�ច#*�ង�� �ញទ
ច B

�
�កងនKងប�ង��ន-6 ,ច-,ប 5.14 > 

(�-#�B#7ង��ន�#EគCB'ច�U&6ន) 
a. គ�M#(ទ�L a  �ន�ខ�ចម�ង AB ន
ងព�� MពBប�3ម 

ប3មG&Vមព&ក��ង�#EគCB> 
b. ក-�B �ក�-6g(ងពB-ក��ងប�ង��ទ-ផ9� (6នម�(α  1ម�យប�ង�� ក> ទ
#�Q ន
ង'(ង�ង�#�B��

B
�

 -ក� � &> -�ច�គកi�&ង AB ពBទBN(ងម�យ� &�នច�� យ d  ពBច�ង<ង�3�ម�ន
-6�l28g(ងពB-> -ក-យ8�ព&� & AB b� ក�ផ��ច�ង-6�l28 ន
ង�&WXន-ប#�:
�Dខ�8�ML> 

ច�ម",យ 

a. គ�M#(ទ�L �̂ #�ទB�ន�ខ�ចម�ងគ�M#(ទ�L �̂ #�ទB�ន�ខ�ចម�ងគ�M#(ទ�L �̂ #�ទB�ន�ខ�ចម�ងគ�M#(ទ�L �̂ #�ទB�ន�ខ�ចម�ង AB     ន
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#មB�-ច&M-ប#� AB : 
F P ma+ =
� � �   Y .P F m a− =   

2
2 2

a = /
l

mg
m s

m CB+
⇒      

★  ព�� M6��ភ,�8 �ព& AB  �̂ #�ទBច�L�3�ម �MLVមព&ប�,�ង��#*&6នប�ម�ង
�d1Vមព&#�B�នទ
ច�ន AB   ន
ងVមព&?គ9
#នBផ��កក��ងក�ង ង�cទ;-> 
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15. �ខ�ចម�ង3ប�5ង 10l cm=  �̂ #�ទB��យ�&WXន 15 /v m s= ក��ង
� ន�� �ញទ
ច"ក#$% ន �ន'(ង)�ច#*�ង�� �ញទ
ច 0.1B T= > 
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#នBច&ក-'(ង)CBច&ក-'(ង)CBច&ក-'(ង)CBច&ក-'(ង)CB    
�ព&�ខ�ចម�ង �̂ #�ទB6ន3ប�5ង dx  :�កE&6នភ��ច�� �ញទ
ច dΦ  � &8 

. .cosB dSd αΦ =    
��យ 0α =  �3nL ||B n

� �  cos 1α⇒ =   ន
ង .dS l dx=   

⇒  . .B dxd lΦ =   
M(I*ក�� (ង?គ9
#នBច&ក-'(ង)CB8 

. . . .c

d dx
E B l B l v

dt dt
− = =Φ=    (�3nL dx

v
dt

=  ) 

. . 0.1 0.1 15 0.15c B l vE⇒ = = × × =   
 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ក�� (ង?គ9
#នB'(ង)CB 0.15cE V=  >  
 

16. �គI*ប,ប=Bន�5ងម�យ�ន 800N =  �#\]> គ�M8 
a. '(ង)�ច�ង�ប,ប=Bន �បA�គ KងVច-ន7?គ9
#នBឆ�ង���ប,ប=Bន�ន?3Nប�3មប3មG& 50 /A s   

�ML�ធCAI*ក�� (ង?គ9
#នBច&ក-?,�,'(ង)CB�នប,ប=Bន�ន'(ង�ង�#�B���#PAនKង 0.16V > 
b. ភ��ច�� �ញទ
ចឆ�ង����ផ�ម�ខ���ប,ប=Bន �ព&� &ប,ប=Bនឆ�ង�����យច-ន7 2I A=  >  
c. Vមព&� ន�� �ញទ
ចក��ងប,ប=Bន> 
ច�ម",យ 

#មP�
កមP8 50 / ; 0.16 ; 800 ; 2
dI

A s e V N I A
dt

= = = =   

a. គ�M'(ង)�ច�ង�ប,ប=Bនគ�M'(ង)�ច�ង�ប,ប=Bនគ�M'(ង)�ច�ង�ប,ប=Bនគ�M'(ង)�ច�ង�ប,ប=Bន    

Nម-,បមន78 dI
e L

dt
= −  0.16

| / | 50

e
L

dI dt
=⇒ =  

33.2 10 HL −⇒ ×=   
 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ប,ប=Bន�ន'(ង)�ច�ង��#PAនKង3.2 mH >  

�� ℓ  

(
. �
) 

��� 
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b. គ�Mភ��ច�� �ញទ
ចឆ�ង���មម�ខ���ប,ប=Bនគ�Mភ��ច�� �ញទ
ចឆ�ង���មម�ខ���ប,ប=Bនគ�Mភ��ច�� �ញទ
ចឆ�ង���មម�ខ���ប,ប=Bនគ�Mភ��ច�� �ញទ
ចឆ�ង���មម�ខ���ប,ប=Bន    
Nម-,បមន78 .L IΦ =   

3
6103.2

8.10
800

2
o

LI
Wb

N N

−
−= = =Φ × ×

⇒ Φ =   

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ភ��ច�� �ញទ
ចឆ�ង����ផ�ម�ខ���ប,ប=Bន�#PAនKង 68.10 Wb− > 
c. គ�MVមព&� ន�� �ញទ
ចក��ងប,ប=Bនគ�MVមព&� ន�� �ញទ
ចក��ងប,ប=Bនគ�MVមព&� ន�� �ញទ
ចក��ងប,ប=Bនគ�MVមព&� ន�� �ញទ
ចក��ងប,ប=Bន    

2 2 2 33.2 10 2
1

0.5 6.4 10
2

W LI J− −× × × ×= = =   

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL Vមព&�� �ញទ
ចក��ងប,ប=Bន�#PAនKង 316.4 0 J−×  > 
 
 

17. #=�ម�ខ�ចម�ងទង�� ង�នtង��- � &�ខ��នម�ខ��� 21oS mm=  3�456ន�គយក�d
�ក�ក��ង� ន�� �ញទ
ច �ន'(ង)�ច#*�ង�� �ញទ
ច�3ប3បG&Nម?ន�គមនk ( ).sinoB tB ω=   

ក��ង�ML 1 ;
2

0.0o TB
T

πω= = ; 0.02T s= > #=�ម�ន�ផ� 225S cm=  3�456ន�គ�ក�

R� ង$I*ប�ង��ន#=�ម�កងនKង�ខ�� ន�� �ញទ
ច> ច,--ក1?ន�គមនk�ន�ព& t   ន
ងក(���
��ម�?�
ប-��នប$7 ទ(2(<ង�3�ម8 
a. ភ��ច�� �ញទ
ចឆ�ង���#=�ម 
b. ក�� (ង?គ9
#នBច&ក-'(ង)CB�កA��@Aងក��ង#=�ម 
c. ច-ន7?គ9
#នBឆ�ង���#=�ម> 
ច�ម",យ 

#មP�
កមP8 ( )20.01 ;
2 2

; 0.02 ; 25 100 /
0.02oB T s S cm ra s

T
T d

π πω π= == = = =   

a. -កភ��ច�� �ញទ
ចឆ�ង���#=�ម1?ន�គមនk�ន�ព& ន
ង-កភ��ច?�
ប-�-កភ��ច�� �ញទ
ចឆ�ង���#=�ម1?ន�គមនk�ន�ព& ន
ង-កភ��ច?�
ប-�-កភ��ច�� �ញទ
ចឆ�ង���#=�ម1?ន�គមនk�ន�ព& ន
ង-កភ��ច?�
ប-�-កភ��ច�� �ញទ
ចឆ�ង���#=�ម1?ន�គមនk�ន�ព& ន
ង-កភ��ច?�
ប-�    
Nម-,បមន78 ( ) ( ). sin. .ot B S tS B ω= =Φ   

( )40.01 25 sin 100 tπ−⇒ Φ = × × ×   

( ) [ ]52.5 10 sin 100 t Wbπ−⇒ Φ = ×   

M(I* [ ]4 5. 0.01 25 10 2.5 10max o WbB S − −Φ = = × × = ×   
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b. -កក�� (ង-កក�� (ង-កក�� (ង-កក�� (ង?គ9
#នB?គ9
#នB?គ9
#នB?គ9
#នBច&ក-'(ង)CB1?ន�គមនk�ន�ព& ន
ង��ម�?�
ប-�-ប#�:ច&ក-'(ង)CB1?ន�គមនk�ន�ព& ន
ង��ម�?�
ប-�-ប#�:ច&ក-'(ង)CB1?ន�គមនk�ន�ព& ន
ង��ម�?�
ប-�-ប#�:ច&ក-'(ង)CB1?ន�គមនk�ន�ព& ន
ង��ម�?�
ប-�-ប#�:    
ក�� (ង?គ9
#នBច&ក-'(ង)CBក��ង#=�ម �#PAនKងប�3មប3មG&ភ��ចក��ង#=�មក��ង-យ8�ព& t   
�យAង6ន8 ( ) ( ). .sinc t oE B S tω= Φ ′ = ′   

( )5. . .cos 100 2.5 10 cos 100c oB S t tE ω ω π π−⇒ = = × ×   

( ) [ ]37.85 10 c 00o 1. scE Vtπ−⇒ = ×   

�យAង6ន8 [ ]3. . 7.85 10cmax oB SE Vω −= ×=   

c. -កច-ន7-កច-ន7-កច-ន7-កច-ន7?គ9
#នB?គ9
#នB?គ9
#នB?គ9
#នB1?ន�គមនk�ន�ព& ន
ង-ក��ម�?�
ប-�-ប#�:1?ន�គមនk�ន�ព& ន
ង-ក��ម�?�
ប-�-ប#�:1?ន�គមនk�ន�ព& ន
ង-ក��ម�?�
ប-�-ប#�:1?ន�គមនk�ន�ព& ន
ង-ក��ម�?�
ប-�-ប#�:    
��យ 225S cm=  5a cm⇒ =  (3ជ�ង��-) ន
ងប- 
�3� 20cm=ℓ   

M(I*#=�ម�ន�-#�B#7ង�8 33.44. 10
o

l
R

s
ρ −×= = Ω   

�3nL 2 820 ;1 ; 1.72 10 .o mm mS l cm ρ −== = × Ω   

ច-ន7?គ9
#នBឆ�ង���#=�ម8 ( ) [ ]c2 os.3 100cE
I t A

R
π= =   

M(I*  [ ]2.3cmax
max

E
I

R
A= ≈   

 
 

18. ប,ប=Bន�5ងម�យ�ន 500N =  �#\] �ន?ងH��ផq
� 10d cm=  3�456ន�គយក�d�ក�ក��ង
� ន�� �ញទ
ច� &�ន�ខ�� ន3#បនKង?;ក�ប,ប=Bន > ក(���ក�� (ង?គ9
#នBច&ក-'(ង)CB
មធ*ម�កA��@Aងក��ងប,ប=Bន �បA�គ KងV'(ង)�ច#*�ង�� �ញទ
ចក��ងប,ប=Bន�3ប3បG&ពB0  �d 2T

(��c� ) ក��ង-យ8�ព& 0.1t s∆ = >  
ច�ម",យ 

គ�Mក�� (ងគ�Mក�� (ងគ�Mក�� (ងគ�Mក�� (ង?គ9
#នB?គ9
#នB?គ9
#នB?គ9
#នBច&ក-មធ*មក��ងប,ប=Bន8ច&ក-មធ*មក��ងប,ប=Bន8ច&ក-មធ*មក��ងប,ប=Bន8ច&ក-មធ*មក��ងប,ប=Bន8    

Nម-,បមន78 
2. .

. .
4c

B d B
E

t t

N S

t
N

π∆Φ ∆ ∆
∆ ∆

= =
∆

=   

( ) ( )2 2
2 1 2 00.1

. 50. 70
4 4

8 5
0 1

.
.c

Bd
E N

t

Bπ π
−

⇒ = × ≈
−

= ×
∆

  

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ក�� (ង?គ9
#នBច&ក-'(ង)CBមធ*មក��ងប,ប=Bន�#PAនKង8 78.5V  > 
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19. យកប,ប=Bន�,ចtង��-�ន 2 500N =  �#\] � &�#\]នBម�យp�ន�ផ� 2
2 1S cm=  �d�ក�

3�ង�ផq
�ប,ប=Bនធ(tង-ងCង��( 20R cm=  �ន 1 50N =  �#\] �&R� ង$I*?;ក�-ប#�ប,ប=Bន
�,ច3�G�នKង?ងH��ផq
�ប,ប=Bនធ(> បM� ប�មក�គI*ប,ប=Bន�,ច5 
&��យ�&WXន�ថ- 300 /n tr s=

(ជ�(/5 
MទB)> ក(���'(ង�ង�#�B��?�
ប-��នក�� (ង?គ9
#នBច&ក-�កA��@Aងក��ងប,ប=Bន�,ច 
3ប#
ន�បA�គI*ច-ន7 10I A=  ឆ�ង���ប,ប=Bនធ(> 
 

ច�ម",យ 

ក(���'(ង�ង�#�B��ក�� (ងក(���'(ង�ង�#�B��ក�� (ងក(���'(ង�ង�#�B��ក�� (ងក(���'(ង�ង�#�B��ក�� (ង?គ9
#នB?គ9
#នB?គ9
#នB?គ9
#នBច&ក-?�
ប-��នប,ប=Bន�,ច8ច&ក-?�
ប-��នប,ប=Bន�,ច8ច&ក-?�
ប-��នប,ប=Bន�,ច8ច&ក-?�
ប-��នប,ប=Bន�,ច8    
⇒  ភ��ច�� �ញទ
ច� &ប,ប=Bន�,ច�កE#6ន�ព&:5 
&ក��ង� ន  
�� �ញទ
ចប�ងHA���យប,ប=Bនធ(� &ឆ�ង�����យច-ន7?គ9
#នB
I �ន'(ង�ង�#�B���#PAនKង8 

2 1. . .cosN B S αΦ =    

�� 1 2o

I
B N

R
µ=   ន
ង �( , ) .n B tα ω= =

�� , 2 nω π=   

( )1
1 2

.

2
cos.o

I S
N N

R
tµ ω⇒ Φ =   

��យក�� (ង?គ9
#នBច&ក-�#PAប�3មប3មG&ភ��ចឆ�ង���ប,ប=Bនក��ង-យ8�ព& t  �យAង6ន8 

( ) ( )1
1 2

.
. . .sin

2o

I S
N NE t

R
µ ω ωΦ ′ == −   

maxE E⇒ =  �ព& ( )sin 1tω =   
1 1

1 2 1 2

.

2
. .

2
2max o o

I S IS
E N N N N n

R R
µ ω µ π⇒ = =   

6
7 410

10 50 100 2 300 2.9
10

6 10
0.2

4
2

U π π
−

− −= ×
⇒ × × × × × × ≈ ×

×
=   

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ក�� (ង?គ9
#នBច&ក-?�
ប-�ក��ងប,ប=Bន�,ច�#PAនKង8 42.96 0 V−× > 
 
 
 
 

��� 

6  

� 



�������ប	 
ទ�ព�������ប�	 
ទ�� �យ                                                                                   �គ� 

 

 

                               306 េរៀបេរៀងេ�យៈ ពុំ សីុមន 

20. �Dក��ងប�ង��ន�ខ�ចម�ង3�ង�3ប�5ង'នន7ឆ�ង�����យច-ន7 20I A=  �គ�ក�-6ពB-3#ប
O� 3#បនKង�ខ�ចម�ង3�ង� ន
ង�� �ពB�ខ�ចម�ង3ប�5ង 1ox cm=  �2Aយ-6g(ងពB-�� �ពBO�
3ប�5ង 0.5l m= > បM� ប�មក�គ6នយក
ក($���ខ�ចម�ង3ប�5ង l  �ក��&A-6g(ងពB- 
 ,ច-,ប 5.20 > ក(���ផ&#ងប�,�ង��#*&
�កA��@Aង-:ងច�ងg(ងពB-�នក($���ខ�ចម�ង 
�បA�គI*ក($���ខ�ចម�ង �̂ #�ទB��យ
ច&M3�ង��#PA��យ�&WXន 3 /v m s= > 
 

ច�ម",យ 

ក(���ផ&#ងប�,�ង��#*&-:ងច�ងg(ងពB-�នក($���ខ�ចម�ង8ក(���ផ&#ងប�,�ង��#*&-:ងច�ងg(ងពB-�នក($���ខ�ចម�ង8ក(���ផ&#ងប�,�ង��#*&-:ងច�ងg(ងពB-�នក($���ខ�ចម�ង8ក(���ផ&#ងប�,�ង��#*&-:ងច�ងg(ងពB-�នក($���ខ�ចម�ង8    
-  �ព&ក($���ខ�ចម�ង �̂ #�ទBក��ង� ន�� �ញទ
ច� &ប�ងHA���យច-ន73�ង� M(I*�កA�
�នក�� (ង?គ9
#នBច&ក-'(ង)CB cE  �D�&Aក($���ខ�ចម�ង> ��យក($���ខ�ចម�ង1
�#EគCB�បAក M(I*�យAង6នក�� (ង?គ9
#នBច&ក-�នLកi1ផ&#ងប�,�ង��#*&-:ងច�ងg(ង
ពB-�នក($���ខ�ចម�ង�នL��ម7ង> ក��ង-យ8�ព& t  $ម�យ 
ក($���ខ�ចម�ង �̂ #�ទB6ន3ប�5ង .v t  ន
ង�កE#6ន�ផ� dS   
M(I*�យAង6នភ��ច�� �ញទ
ចឆ�ង����ផ��នL :  

.d B dSΦ =   
ក��ង�ML  

2oB
x

Iµ
π

=    ន
ង .dS vt dx=   
.

.
2o

I vt dx
d

x
µ

π
⇒ Φ =   

M(I* ភ��យ�� �ញទ
ច� &�កE#6ន��យ�ខ� l  g(ង3#�ងគ08 

2
ln.

2

o

o

x

o

x

l

o o

o

x
d dx

x

Ivt Ivt l

x

µ µ
π π

+
 

= +Φ = Φ =  
 

∫ ∫   

|| | |U E ′= = Φ−⇒   (� - B�5 �Nម t  ) 

7 5
.

. 51
. 2.10ln 20 3 ln 4.5 10

2 1
o

o

xI v l

x
U Vµ

π
− −+

⇒ = × ×
   = × ≈ ×   

  
  

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ផ&#ងប�,�ង��#*&--:ងច�ង�ខ�ចម�ងg(ងពB- 54.7 10 VU −×= > 
 

� 

�� ℓ  

4 

(
. ��) 

� 

ℓ  

(
. ��. �) 

0, 0 

70 

�. � 

⊗ ��� 
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21. យន7��Lម�យ�3គXង��L��យ�&WXន 1500 /v km h= > ច�� យ-:ងច�ងc� បg(ងពB-
-ប#�:�ន3ប�5ង 12l m= > ក(���ក�� (ង?គ9
#នBច&ក-'(ង)CB�កA��@Aង-:ងច�ងg(ងពB-
�នc� បយន7��L �បA�គ KងV'(ង)�ច#*�ង�� �ញទ
ចផ9� (�កង-ប#��ផន B�Dក(ព#�� &យន7
��L�MLក(ព�ង��L�ន'(ង�ង�#�B���#PAនKង 40.5 10 TB −×=  > 
ច�ម",យ 

ក(���ក�� (ងក(���ក�� (ងក(���ក�� (ងក(���ក�� (ង?គ9
#នB?គ9
#នB?គ9
#នB?គ9
#នBច&ក-'(ង)CB-:ងច�ងg(ងពB-�នc� បយន7��Lច&ក-'(ង)CB-:ងច�ងg(ងពB-�នc� បយន7��Lច&ក-'(ង)CB-:ងច�ងg(ងពB-�នc� បយន7��Lច&ក-'(ង)CB-:ងច�ងg(ងពB-�នc� បយន7��L    
-  U��ទ�កc� ប�យន7��L  ,ច1�ខ�ចម�ង� & �̂ #�ទBក��ង� ន�� �ញទ
ច Nមទ
#�កងនKង
�ខ�� ន�� �ញទ
ច (� ន�� �ញទ
ចផ9� (�កង-ប#��ផន B)> 

Nម-,បមន78 
5

4 10
. . 0.5 10 1

15
0.25

360
2

0c B l vE − ×= = × × =×   

(�3nL [ ]
3 51500 15

1500 / /
3600 3600

10 10
v km h m s

× ×= = =  ) 

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ក�� (ង?គ9
#នBច&ក--:ងច�ងc� បg(ងពB--ប#�យន7��L�#PA 0.25V  > 
 

22. -6�l28ម�យ3ប�5ង 1l m=  5 
&ក��ង� ន�� �ញទ
ច"ក#$% ន� &�ន'(ង)�ច#*�ង
�� �ញទ
ច 215 0 TB −×=  ��យ�&WXន 0 /2 rad sω = > 
?;ក�-ងC
&�ន-6���Nមច�ង�� ង�ន-6 �2Aយ�នទ
#3#ប
នKង5� 
ចទ;- B

�
 ,ច-,ប 5.22 > ក(���ផ&#ងប�,�ង��#*&�កA�

�@Aង-:ងច�ងg(ងពB-�ន-6�l28> 

 

ច�ម",យ 

ក(���ផ&#ងប�,�ង��#*&-:ងច�ងg(ងពB-�ន-6�l28ក(���ផ&#ងប�,�ង��#*&-:ងច�ងg(ងពB-�ន-6�l28ក(���ផ&#ងប�,�ង��#*&-:ងច�ងg(ងពB-�ន-6�l28ក(���ផ&#ងប�,�ង��#*&-:ងច�ងg(ងពB-�ន-6�l28    
- ក��ង-យ8�ព& dt  -6�កE#6ន�ផ�8  

( )21
. 1

2
.dS dt lω=     

(-,បមន73���ផ�ច(�-EកV# �មA&#(tយក��ង&(���ទByz <ង�3�ម) 
- ភ��ច�� �ញទ
ច� &-6�កE#6នក��ង-យ8�ព& :dt   

( )21

2
. . . 2d S tBB d l dωΦ = =   

��� 6  

(
. ��) 
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-  M(I* ផ&#ងប�,�ង��#*&-:ងច�ងg(ងពB-�ន-6�#PAនKងក�� (ង?គ9
#នBច&ក-'(ង)CB8 
2| | |

1
|

2
B lU E ωΦ′ == = −   

2 25.100.5 01 .520U − × × =⇒ ×=   
 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ផ&#ងប�,�ង��#*&-:ងច�ងg(ងពB-�ន-6�#PAនKង 0.5V  > 
 

23. -6�l28ម�យ�ន3ប�5ង 1.2l m=  5 
&ក��ង� ន�� �ញទ
ច"ក#$% ន�ន'(ង)�ច#*�ង
�� �ញទ
ច 310B T−=  ��យ�&WXន 0 /12 tn r mn= (ជ�(/MទB)> ?;ក�-ងC
&�ន-6���Nម
ច(�� ចម�យ� &�នច�� យ 1 25l cm=  ពBច�ង�� ង�ន-6 �2Aយ?;ក�-ងC
&�នទ
#3#បនKង
�ខ�� ន�� �ញទ
ច> គ�Mផ&#ងប�,�ង��#*&-:ងច�ងg(ងពB-�ន-6> 
ច�ម",យ 

គ�Mផ&#ងប�,�ង��#*&-:ងច�ងg(ងពB-�ន-6�l28គ�Mផ&#ងប�,�ង��#*&-:ងច�ងg(ងពB-�ន-6�l28គ�Mផ&#ងប�,�ង��#*&-:ងច�ងg(ងពB-�ន-6�l28គ�Mផ&#ងប�,�ង��#*&-:ងច�ងg(ងពB-�ន-6�l28    
�យAង�ចក-61ពB-�ផ�ក ,ច-,ប 5.23   

- ក��ង-យ8�ព& dt   �ផ�កនBម�យp�កE&6ន�ផ�8 
2

1

1

2
. .OBdS dt lω=   

( )2

1.
1

2OA dd ltS lω −=   

- ភ��ច�� �ញទ
ច� &�ផ�កនBម�យp�កE#6ន�#PAនKង8 
2

1 1

1

2
. . .OBd BB dS dt lωΦ = =   

( )2

2 1

1

2
. .OAd BB dS dt l lω= −Φ =   

M(I*�យAង6ន ផ&#ងប�,�ង��#*&�ន�ផ�កនBម�យp _ 

( )2

2 1

1

2OAU B l lω= − = −Φ′   

2
1 .

1

2OB lU Bω= − =Φ ′   

��យ OAU  ន
ង OBU  �នទ
#�Q ,ចO�  M(I*�យAង6ន8 

( )2 2
1 1

1

2OA OB lU U U B l lω  = − = −


−


  

��� 6  

(
. ��) 

( 

ℓ!  ℓ − ℓ!  

� � 
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( ) ( )2
1 1

1
.

1
2

2 2
2 .l ll l llU B Bω ω= = −−   

( ) ( )1 12 2
2

.
2

.
2

U B l l B
n

l l l l
ω π= − = −   

( )3 310 1.2 0.2

120
2

60 1.2 .3
2

5 02 5 1U
π

− −= −
×

× × × ≈ ×   

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ផ&#ងប�,�ង��#*&-:ងច�ងg(ងពB-�ន-6�#PAនKង 310 33 5.5.U V mV−× == > 
 

★★  ��.#% ★★   
-,បមន7គ�M3កl�ផ�ច(�-EកV#-,បមន7គ�M3កl�ផ�ច(�-EកV#-,បមន7គ�M3កl�ផ�ច(�-EកV#-,បមន7គ�M3កl�ផ�ច(�-EកV#    
Nម-,ប 5.23b  �យAង6ន8 ក-�B ម�(�,ច M(I*ច(�-EកV#�នL #មម,&�dនKង3�B��� 
� &�នក(ព#� r  ន
ង 6� l    

⇒  3ក��ផ�3�B��� =  1

2
(6� ×  ក(ព#�) 

1
.

2
S l r=   

Nម-,ប8 .l r α=   ន
ង .tα ω=   
21

S= .
2

rα⇒    Y  21
t.r

2
S ω=   

  

ℓ  � 

& 

& 


. ��� 
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24. Uនទង�� ងtង1-ងCង��ន�( 5R cm=  3�456ន�គយកមក�ក�I*ប�ង��នUន�កងនKង
� ន�� �ញទ
ច"ក#$% ន�ន'(ង)�ច#*�ង�� �ញទ
ច 0.2B T= > Uន5 
&��យ�&WXន 

3 /n tr s= (ជ�(/5 
MទB)> ច(�� ច a  ន
ង b  
1ច(�� ចប�L� AមWBI*ច-ន7?គ9
#នB'ចឆ�ង
���UនNម�( ab  6ន> 3បព;នeប�ងHA�
6ន�#EគCB ,ច-,ប5.24>  
a. ក(���'(ង�ង�#�B��ក�� (ង?គ9
#នB   

ច&ក-�កA��@Aងក��ង�#EគCB> 
b. ក(���ទ
#�Qច-ន7?គ9
#នBក��ង�#EគCB 

�បA�ខ�� ន�� �ញទ
ច�នទ
#�Q ,ច-,ប �2AយUន5 
&ជ�(5 
ញ?;ក�-ងC
&Nមទ
#�Qផ��យ
ពBទ
#�Q3ទន
ចM@
�> 

 

ច�ម",យ 

a. ក(���ក�� (ង?គ9
#នBច&ក-�កA��នក��ង�#EគCB 
(��L3cយ ,ច&(���ទB yy ន
ងyz � -) 
�យAង6ន ភ��ច�� �ញទ
ច�កE#��យ�(ab  ក��ង-យ8�ព& dt  �#PAនKង8 

21
.

2
. .d BB S dtRd ωΦ = =   

M(I* ក�� (ង?គ9
#នBច&ក-'(ង)CB�កA��@Aងក��ង�#EគCB8 
2 21

.2
2

1

2c

d
E BR BR n

dt
ω πΦ−= ==   

( )22 31
5.10.2 2 3 4.710 10

2c VE π− −⇒ = × × × × = ×   

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ក�� (ង?គ9
#នBច&ក-ក��ង�#EគCB�#PAនKង 3101 17 4 74. .V mV−× = >  
b. ក(ន��ទ
#�Qច-ន7ក��ង�#EគCB 

Nម5 
bន� c7 (  �យAងក(���6នទ
#�Qច-ន7 ពB b a→   
(Y NមចJប�@
ន8 ច-ន7?គ9
#នB'(ង)CB�នទ
#�QR� ង$I*ផ&-ប#�: 3បT(ងនKង
ប�ពC�2��� &ប�ងHA�:)  

 

9 � 
��� 

4 

: 

� 

� 

(
. �5) 
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25. Uន�l28ម�យ�ន�( 25R cm= 5 
&ជ�(5 
ញ?ក;�-ងC
&
-ប#�:��យ�&WXន 1000 /n tr mn=  (ជ�(/MទB)> ក(���
ផ&#ងប�,�ង��#*&-:ងពB-ច(�� ច#�
��D3�ង�ផq
�Uន ន
ង
�គមUន ក��ងក-�B 8  
a. OP ន� ន�� �ញទ
ច 
b. �ក�ប�ង�UនI*�កងនKង�ខ�� ន�� �ញទ
ច"ក#$% ន 

� &�ន'(ង)�ច#*�ង�� �ញទ
ច 210B T−=  > 
ច�ម",យ 
គ�Mផ&#ងប�,�ង��#*&-:ងពB-ច(�� ចគ�Mផ&#ងប�,�ង��#*&-:ងពB-ច(�� ចគ�Mផ&#ងប�,�ង��#*&-:ងពB-ច(�� ចគ�Mផ&#ងប�,�ង��#*&-:ងពB-ច(�� ចO     ន
ងន
ងន
ងន
ង A ____    
- �3ជA#�- A#�(-�យ1ប�នKង B � AមWB#
ក�ច&M 
a. ក-�B OP ន� ន�� �ញទ
ច 

- ��យ�ផfក�&Aន
ច&oព  �ធCA�?@
ច3��ងក��ងUន�l286ន �̂ #�ទBមក3បម,&ផ7� (
�D�គមUន � &1�2���ធCAI*�ផ�ក�គមUន�&A#�?@
ច3��ង ន
ងផ��កបន��ក?5 
ជa�ន> 
ច(��កផq
�UនខCL�?@
ច3��ង ន
ងផ��កបន��ក5 
ជa�ន> �2���នL -:ងផq
�Uន ន
ង�គមUន 
�កA��នផ&#ងប�,�ង��#*& U > �?@
ច3�4ង�D�គមUន �̂ #�ទB��យច&M5ង��#PA
��យ�&WXនម�( 2 nω π=   �3�ម?(�ពA�នក�� (ង?គ9
#នB � &�នម�ខ�-1ក�� (ងច,&ផq
�8 

�យAង6ន8 e nF F=  
 2. .. r me rU ω⇔ =   

(�3nL ក�� (ងច,&ផq
� 
2

nF
R

m
v=  �� .v Rω=  ) 

2.
r

m
U

e

rω
⇒ =   

0

2

..
R

r dr
m

U U rdr
e

ω==⇒ ∫ ∫   

( )
2

231
2 2

9
19

1000
10

.
2.10

1.

2
9.1 0.25

60
7 12 62 0

eU V
m R

e

π
ω

−

−
−

 ×× × ×
⇒ ≈


 
 
× ×

= =   

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ក-�B OP ន� ន�� �ញទ
ច �យAង6នផ&#ងប�,�ង��#*& 92.10U V−=  > 
 

( 

6  

(
. �
) 

� 
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b. ក-�B �ន� ន�� �ញទ
ច 
-  ក-�B �ន� ន�� �ញទ
ច �ព&Uន5 
&ក��ង� ន�� �ញទ
ច �ធCAI*�កA��នក�� (ង?គ9
#
នBច&ក-'(ង)CB -:ងផq
�Uន ន
ង�គមUន8  

2.
1

. .
2cE B Rω=   (Nម#(tយ&(���ទByz ន
ង y{) 

( )22 21 2000
0.25

2 60
10 3.3 10c VE

π− −= × × × ≈ ×   

��យ '(ង�ង�#�B��ក�� (ង?គ9
#នBច&ក- >>  ផ&#ងប�,�ង��#*&� &ប�ងHA��@Aង
��យក�� (ងន
ច&oពUកផq
� �2���នLM(I*�យAងម
នគ
�?(�ពA�នក�� (ងន
ច&oពUក
ផq
�� &�ន?(�ពA�&A�?@
ច3��ងUន>  

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ផ&#ងប�,ង�ង��#*&-:ងពB-ច(�� ច<ង�&A�#PAនKង 23.3 10cU E V−== × > 
 
��.#%/ �យ,ង�ច�01�2យ3ម'
ធ�5ង��6ម/ 

- �ព&Uន5 
&ក��ង� ន�� �ញទ
ច M(I*Uន-ងក�� (ង@,- 
ន (�3nL�?@
ច3��ង�&AUនកi
5 
& ,ចO� � -) M(I*�យAង6នក�� (ង?គ9
#នBក-�B �នLគ08 

2.eF evB m rω= ±   ('3#;យនKងទ
#�Q-ប#� B
�

) 
2. . . e. .eF e r B m r r Bω ω ω⇒ = ± ≈   

(�3nL 2. . .m r e r Bω ω<< ) M(I*�យAង6ន8 

. . .eU e r Bω′ ≈   
2

0

1
. .

2

R

U B rdr B Rω ω⇒ ′ = =∫   

( )22 21 2000
10 0.25 3.3 10

2 60
U V

π− − 
⇒ = × × × ≈ × 

 
  

  ,ច�នL �យAង6នច�ម�Aយ ,ច5 
ធB��L3cយ<ង�&A� ->  
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26. ប,ប=Bន�ខ�ចម�ងម�យ�ន 100N =  �#\] 5 
&ក��ង� ន�� �ញទ
ច"ក#$% ន 0.1B T=  
��យ�&WXន�ថ- 5 /n tr s= (ជ�(/5 
MទB)> �គ KងV ប,ប=Bន�នម�ខ��� 2100S cm=   �2Aយ
?;ក�-ងC
&�កងនKង?;ក�ប,ប=Bន ន
ង�កងនKង�ខ�� ន�� �ញទ
ច> ក(���ក�� (ង?គ9
#នBច&ក-
�កA��@Aងក��ងប,ប=Bន ន
ង'(ង�ង�#�B��?�
ប-�-ប#�:> 
ច�ម",យ 
ក(���ក�� (ងក(���ក�� (ងក(���ក�� (ងក(���ក�� (ង?គ9
#នB?គ9
#នB?គ9
#នB?គ9
#នBច&ក-�កA��@Aងក��ងប,ប=Bន ន
ង��ម�?�
ប-�-ប#�:8ច&ក-�កA��@Aងក��ងប,ប=Bន ន
ង��ម�?�
ប-�-ប#�:8ច&ក-�កA��@Aងក��ងប,ប=Bន ន
ង��ម�?�
ប-�-ប#�:8ច&ក-�កA��@Aងក��ងប,ប=Bន ន
ង��ម�?�
ប-�-ប#�:8    
Nម-,បមន7ភ��ច�� �ញទ
ច8  

� ( ).cos ( , ) .cosNBS n B NBS tω ϕΦ = = +
��   

� & :ϕ  1ម�(ផ9� (-:ង5� 
ចទ;-�-�� &��ន�ផ�ម�ខ���ប,ប=Bន n
�   ន
ង B

�
 �Dខ�8� Aម�ព& 

( ).sin.tE NBS tω ω ϕ= −⇒ Φ′ +=   
�យAង�ន8 2 10 /n rad sω π π= = , 2 2100; 0.1 0 0 1; .010N B T S cm m= = = =   

( ) ( )10 0.1 0.01 sin si100 10 3.14. 10nt tE π π ϕ π ϕ⇒ × × × ×= =+ +   
( ).sinmaxE E tω ϕ= +  3.14max VE⇒ =   

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ( ) [ ]sin3.14 10E Vtπ ϕ= +  ន
ង 3.14maxE V=  > 
 
 

27. ច,-ព�� M?(ពB�O&�- (��A -�-�ន�� #�Bន
:#�ប- 
��?ង9b��t5ចម�ង?គ9
#នBក��ងប(ពង� 
(ទ��R)ម�យ ��យ�ផfក�&A6��ភ,�'(ង)�ច#*�ង
�?@
ច3�4�� �ញទ
ច  ,ច-,ប 5.27 > ច,-ក(���
�&WXន2,-�ន?ង9b��t5ចម�ង?គ9
#នBក��ងទ��R 
ក-�B 210B T−=   �2Aយច�� យ-:ង�?@
ច3�4�
g(ងពB-�#PAនKង 50d mm= (�#PA?ងH��ផq
�ទ��R)> 
ក�� (ង?គ9
#នBច&ក-'(ង)CB� &�កA��ន�D�&A
�?@
ច3�4� AB �Dក��ង (��A -ព
�cធនk�#PAនKង

0.25c VE m=  > 
 

  

�� #�Bន
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ច�ម",យ 

ក(����&WXន2,-�ន?ង9b��t5ក��ងទ��R8ក(����&WXន2,-�ន?ង9b��t5ក��ងទ��R8ក(����&WXន2,-�ន?ង9b��t5ក��ងទ��R8ក(����&WXន2,-�ន?ង9b��t5ក��ងទ��R8    
    
-  ប�� #�ទB�ន?ង9b��t5ក��ងទ��R ច�M� L�?@
ច3�4�g(ងពB- �3ប]ប6ន�dនKងប�� #�ទB
-ប#��ខ�ចម�ង3�ង�ឆ�ង�����យច-ន7?គ9
#នBក(ព�ង# �̂ #�ទB��យ�&WXន v > �2���នL:
នKង�ធCAI*�កA��នក�� (ង?គ9
#នBច&ក-'(ង)CB-:ង�?@
ច3�4�g(ងពB-> ម��ង�ទE� ��យ 
'(ង�ង�#�B��� ន�� �ញទ
ច ន
ង5 
�3�ទ��R�ន��ម��ថ- �ML�យAង6នក�� (ង?គ9
#នB     
ច&ក-�នL#��3�នKង�&WXន&(2,-�ន?ង9b��t5ចម�ង?គ9
#នBក��ងទ��R>  ,ច�នL� AមWB
:#��&WXន?ង9b��t5ក��ងទ��R �យAង3Oន����3បA5 ��&�ម�3�� AមWB:#�ក�� (ង?គ9
#នBច&ក-
-:ង�?@
ច3�4�g(ងពB- បM� ប�មក�យAង'ចgញ-ក�&WXន&(2,-�ន?ង9b���ML6ន> 
Nម-,បមន78  

. .cE B l v=   
3

2 3

10

50 10

0.25
0.5

. 10
cE

v
B l

−

− −

×
⇒

×
=

×
= =  

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ?ង9b��-:ចម�ង?គ9
#នBក��ងទ��R2,-��យ�&WXន 0.5 /v m s=  > 
 
 
 

28. � AមWB:#�'(ង)�ច#*�ង�� �ញទ
ច-:ងប�,&g(ងពB-�ន�ម� ក?គ9
#នBម�យ �គ6នយក:�d
�ក�ក��ងប,ប=Bនម�យ�ន 50N = �#\], �#\]នBម�យp�ន�ផ�ម�ខ��� 22S cm= > ?;ក��នប,ប=Bន
3#ប1ម�យ�ខ�� ន�� �ញទ
ច> ប,ប=Bន3�456ន�គ�oa ប�1ម�យ�?@
ច3�4ទ#�នk(� AមWB:#�
ប- 
��?គ9
#នBឆ�ង������#=�ម�ខ�ចម�ង-ប#��?@
ច3�4ទ#�នk) �2Aយ�?@ច
3�4ទ#�នk
�ន�-#�B#7ង� 32.10R = Ω  ច(��ក�-#�B#7ង�ប,ប=Bន r R<<  >  ក(���'(ង)�ច#*�ង� ន
�� �ញទ
#-:ងប�,&g(ងពB-�ន�ម� ក �បA�គ KងV�ព&�គgញប,ប=BនR� ង�&�ន�ចញពB
�ម� ក �ML#=�ម�ខ�ចម�ង-ប#��?@
ច3�4ទ#�នk�ក6នម�(α  3�45នKង50 3ក
��D�&AបM� ��
3ក
��នកsqក��?@
ច3�4ទ#�នk> �គ KងV3ប��L3ក
�នBម�យp3�45នKងប- 
��?គ9
#នB

82.10 C−  ឆ�ង����?@
ច3�4ទ#�នk> 
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ច�ម",យ 
ក(���'(ង)�ច#*�ង�� �ញទ
ច�ន�ម� ក?គ9B#នB8ក(���'(ង)�ច#*�ង�� �ញទ
ច�ន�ម� ក?គ9B#នB8ក(���'(ង)�ច#*�ង�� �ញទ
ច�ន�ម� ក?គ9B#នB8ក(���'(ង)�ច#*�ង�� �ញទ
ច�ន�ម� ក?គ9B#នB8    
-  �យAង�ឃAញV ក��ង-យ8�ព& dt  �យAង6នភ��ម�� �ញទ
ចឆ�ង����ផ�ប,ប=Bន�#PA dΦ   

M(I*�យAង6នក�� (ង?គ9
#នBច&ក-'(ង)CBក��ងប,ប=Bន8 c

d
E

dt

Φ=   

-  ប- 
��?គ9
#នBឆ�ង���#=�ម�ខ�ចម�ង�?@
ច3�4ទ#�នk8 

. .cE d
dq I dt dt

R R
= = = Φ   

q= .
N

R
⇒ ∆Φ   

-  �ព& កប,ប=Bន�ចញផ��ពB�ម� ក M(I*OP នភ��ច�� �ញទ
ចឆ�ង���ប,ប=Bន�ទE��ទ8 

( ) ( )1 2 2 0. ;
N N

q B S
R R

Φ − Φ Φ= ==   
8 3

4

2.10 2. 50
0.2

.

.10

2 10 . 05

q R
B

N S

− −

−

× ×
×

=⇒ = =   

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL �ម� ក?គ9
#នB�ន'(ង)�ច#*�ង�� �ញទ
ច�#PAនKង 0.2B T=  (��c� )> 
 

29. �គI*�#EគCB ,ច-,ប 5.29 ក��ង�MLប,ប=Bន�ន'(ង)�ច�ង�
6 ; 200L H R= = Ω  3�456ន�គយក�d�1�ខ�ង1 

ម�យ#�B#7ង� 1 1000R = Ω > ផ&#ងប�,�ង��#*&
120U V=  ន
ងក�ងNក� K  #(tប�̂ 7 ច��#EគCB�ចញពB

3បភព�ង�#*�ង> ក(���ផ&#ងប�,�ង��#*& ABU

�3�យ�ព&�ព&�បAក�ងNក� K (ច(2) 0.001sτ =  > 
ច�ម",យ 
គ�M គ�M គ�M គ�M ABU     �3�យ�ព&�បAក(ច(2)ក�ងNក��3�យ�ព&�បAក(ច(2)ក�ងNក��3�យ�ព&�បAក(ច(2)ក�ងNក��3�យ�ព&�បAក(ច(2)ក�ងNក� K     -យ8�ព& -យ8�ព& -យ8�ព& -យ8�ព& 0.001s     ____    
-  �ព&ក�ងNក� K  ប
ទ8 NមចJប�?,មច(�nL�#EគCB 2.29  �យAង6ន8 

( )1 1AB LU IU R IR= − =   

�2Aយ  ( ) ( )1 2
dI

L I R R
dt

− = +   

( )1 . 3
R RdI

dt
I L

+
⇒ = −   (ប(nក�'(ង��3�យ?ង9g(ងពB-�ន#មB�-) 

; 
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1R RdI
dt

I L

+
⇒ = −∫ ∫   

1ln n .l oI I
R R

t
L

⇒ − = +−   

1ln n .l o

R R
t

L
I I⇒ − +=   

( )
1 .

. *
R R

t
L

oI I e
+−

=⇒   

�D�ព&  0 o

U
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R
= =⇒ =  
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.

R R
t

L
U

I e
R

+−
⇒ =   

M(I*  
1 1000 200

0.001.
1 6

1
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. .

2
. 120. 0

00
49

R R
t

L
AB

R
U U e e

R
I R V

+ +− ×−
= × ≈==   

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ផ&#ងប�,�ង��#*& 490ABU V=  > 
 

30. �គI*�#EគCB ,ច-,ប 5.30  � &ប,ប=Bន�ន'(ង)�ច�ង�
62.10L H−=  ន
ង�-#�B#7ង� 3R V=  > �3�យ�ព&ច-ន7

?គ9
#នBក��ងប,ប=Bន�ន-បប?ច
��ន7យk �គកi6នប7,-ទBN(ង�ន
ក�ងNក� K  ពB ( )1  �d ( )2  R� ង�&�ន> ច,--កប- 
��   
ក�m7 oយ�ចញពB 1 2R = Ω > #នP���-#�B#7ង�ក��ងជន
N 
ន
ង�-#�B#7ង��ខ�ចម�ង�,ច$#�'ច�U&6ន> 
ច�ម",យ 
គ�Mប- 
��ក�m7 oយ�ចញពB�-#�B#7ង�គ�Mប- 
��ក�m7 oយ�ចញពB�-#�B#7ង�គ�Mប- 
��ក�m7 oយ�ចញពB�-#�B#7ង�គ�Mប- 
��ក�m7 oយ�ចញពB�-#�B#7ង� 1R     ::::    
-  'ន�oពក�m7 �ន�-#�B�ង�នBម�យp#��3�នKង'(ង�ង�#�B���-#�B#7ង��ML  

2
1 1 1
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P I R
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⇒ =  1 1

1 1R
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⇔ =

+ +
  

( )1
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1R
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Q Q

R
⇒ =   

M(I*�យAង6ន ប- 
��ក�m7 #-�ប �#PAនKងVមព&� ន�� �ញទ
ច-ប#�ប,ប=Bន8 
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យក ( )1  ជ�# ( )2  �យAង6ន8 
2

1 1 2
1 2

R LU
Q

R R
Q+ =   

2

1 2
1

1
2

R LU
Q

R R

 
+ = 


⇔


    

2 6 2
61

1 2 2
1

2 2.10
6.10

2 2 1 2

3

1

R LU
Q

R R R
J

−
−×

⇒ = × × =
×

=
+ +

  

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL �-#�B#7ង� 1R  ប�sqញប- 
��ក�m7  6
1 6.10Q J−=  > 

 
 

31. គ�M'(ង)�ច�ង� L  �នប,ប=Bន�5ង3ប�5ង 20l cm=  �ន 400N = �#\] ន
ង�#\]នBម�យp
�ន�ផ�ម�ខ��� 29S cm=  ក��ងក-�B 8 
a. ប,ប=BនOP ន#�,&� ក> 
b. ប,ប=Bន�ន#�,&� ក � &�ន�ពមB'ប=B&B�� (ជ(tប��� �ញទ
ច) 400µ =  > 
ច�ម",យ 
គ�M'(ង)�ច�ង��នប,ប=Bន�5ង8គ�M'(ង)�ច�ង��នប,ប=Bន�5ង8គ�M'(ង)�ច�ង��នប,ប=Bន�5ង8គ�M'(ង)�ច�ង��នប,ប=Bន�5ង8    

ភ��ច�� �ញទ
ចឆ�ង����ផ�ម�ខ���ប,ប=Bន8  

. .o

N
I N S

l
BNS µµΦ = =   

2

oL
l

SN

I
µµ⇒ =Φ=   

 
a. ក-�B ប,ប=BនOP ន#�,&� ក 1µ = :  

( )2 42
7 440 9.10

.10 9
0

. 04
0.2

1o o

N S
L

l
µ π

−
− −×

⇒ = ≈=   

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ប,ប=BនOP ន#�,&� ក�ន'(ង)�ច�ង� 49.10o HL −=  > 
b. ក-�B ប,ប=Bន�ន#�,&� ក 400 :µ =   

2
4. 40 0.30 9 10 6.o o

S
L

N
L

l
µµ µ −⇒ = =×= =   

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ប,ប=Bន�ន#�,&� ក�ន'(ង)�ច�ង� 0.36L H=  > 
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32. ប,ប=Bន�5ងម�យ�ន3ប�5ង l  ?ងH��ផq
� 12D cm=  �ន'(ង)�ច�ង� 0.01L H=  3�456ន-� (
��យ�ខ�ចម�ង� &�ន?ងH��ផq
� 0.6d mm= > �#\]នBម�យp3�456ន-� (�កEកpO�  ន
ង-� (��
ម�យ1ន�ប���$� L> គ�Mច(ន�ន�#\]-ប#�ប,ប=Bន ( )?N = > 
ច�ម",យ 
គ�Mច(ន�ន�#\]-ប#�ប,ប=Bន គ�Mច(ន�ន�#\]-ប#�ប,ប=Bន គ�Mច(ន�ន�#\]-ប#�ប,ប=Bន គ�Mច(ន�ន�#\]-ប#�ប,ប=Bន ( )N ____    

-,បមន7'(ង)�ច�ង�8 
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L n N S
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Sµµ µ= =   

�3nL 1;µ = ន
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l
=   Y 1

n
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=  1ច(ន�ន�#\]ក��ងម�យ<� �3ប�5ង 
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−

−

× × ×
⇒

×
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× ×
= =  380N⇒ ≈ �#\] 

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ប,ប=Bន�នច(ន�ន 380  �#\]> 
 

33. #�,&ម�យ�នtង#�B�(ង?ងH��ផq
��ផ�6� 12d cm=  3�456ន�គយកមក-� (�ខ�ចម�ងច(ន�ន
100N =  �#\] �ធCA1ប,ប=Bនម�យ3ប�5ង 6l cm=  (-� (ច(ន�នw1ន�)> ក(���'(ង)�ច�ង�ប,ប=Bន 

<ង�&A �បA�គ KងV'(ង)�ច�ង��នប,ប=Bន3�456ន�គគ�MNម-,បមន7 .L Lα ∞=  > ក��ង
�ML L∞  1'(ង)�ច�ង��ន#,�&�, ?�B�3ប�5ង'នន7 ន
ងα  1�មគ��#��3�ក(���

��យ-,បមន7 ( )
1

0.451 d
l

α
+

=  > 

ច�ម",យ 

Nម-,មន78 ( )
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N dSN
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d l l d
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L
µµ πα µµ∞= =

+
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+
  

�3nL 
2

4

d
S π= , 7 ; 0.061 ;; 4 0.12 ; 10010o l m d m Nµ µ π − == = == ×   

( ) ( )
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2 22 7
34 100 0.12

L= H
4 0.

10
1.3 10

0.1206 0.45

π −
−× ×

⇒ ≈ ×
+ ×

  

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ប,ប=Bន<ង�&A�ន'(ង)�ច�ង� 31.3 10 HL −×=  > 
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34. #=�ម�ខ�ចម�ង�នtងច������កង�ធCAពB�ខ�ចម�ង� &�ន?ងH��ផq
� 2d mm= > �គ Kង
V #=�ម�នL�ន3ប�5ងប�$7 យ ( )10a m=  ធ($#��បA�ធEបនKង3ប�5ងទទKង ( )10b cm=  
-ប#�:> ក(���'(ង)�ច�ង� L  �ន#=�ម�ខ�ចម�ង> #នP��V ជ(tប�� �ញទ
ច�នមជ��% ន

1µ =  > � ន�� �ញទ
ចក��ង�ខ�ចម�ង�,ច$#�'ច�U&6ន> 
ច�ម",យ 
គ�M'(ង)�ច�ង��ន#=�ម�ខ�ចម�ង<ង�&A8គ�M'(ង)�ច�ង��ន#=�ម�ខ�ចម�ង<ង�&A8គ�M'(ង)�ច�ង��ន#=�ម�ខ�ចម�ង<ង�&A8គ�M'(ង)�ច�ង��ន#=�ម�ខ�ចម�ង<ង�&A8    
-  ភ��ច#-�បឆ�ង���#=�ម�#PAនKងផ&ប,កភ��ច�កE#6ន��យ3ជ�ងg(ង{ >  
����យ a b>>  M(I* ភ��ច� &�កE#��យ3ជ�ងb  <<  �ធEបនKងភ��ច�កE#��យ a   
- M(I*ភ��ច� &�កE#6ន��យ3ជ�ង�5ង a g(ងពB-�នg(ង�ង�#�B���#PAO�  ន
ងប�ងHA�I*
�ន� ន�� �ញទ
ច  ,ច�ខ�ចម�ង3�ង�3ប�5ង'នន7(ច-ន73�ង�)> 
-  #
ក�ច(�-Eក�,ចម�យ tងច������កង � &�នប�$7 យ a  ន
ងទទKង dx  � &�ន
ច�� យ x  ពB3ជ�ង�� ង ( )1  ន
ងច�� យb x−  ពB3ជ�ង ( )2   ,ច-,ប5.34  >  
�យAង6នភ��ច�� �ញទ
ច�កE&6ន��យ�ផ� .dS a dx=  �#PAនKង8 

( )1 2d B dSBΦ = +   

( ) . .
2 2.

o oI I

x
d a dx

b x

µµ µµ
π π

 
+  − 

Φ =   

M(I* ភ��ច�� �ញទ
ចឆ�ង���#=�មg(ង3#�ង8 

( ) . .
2 2.

o o
b r

r

d a dx
b

I I

x x

µµ µµ
π π

−  
+  − 

Φ = Φ =∫ ∫   

. 1 1 .

2
lno

b r

r

o bI a I r
dx

x b

a

x r

µµ µµ
π π

− −   − =   −
=

  
Φ


∫   

�� .
lno b r

L
I r

aµµ
π

− = =  
 

Φ   

7
510 10

ln
4 100 1

.84
1

1 10L
π

π

−
−− =  

 

× ×
⇒ ≈ ×   

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL #=�ម�ខ�ចម�ងtងច�����<ង�&A�ន'(ង)�ច�ង� 51.84 10 HL −×=  > 
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35. ប,ប=BនពB-�ន?(�ពA�d5 
ញ�dមក�#PAនKង 0.005M H= > ប,ប=BនទBw ឆ�ង�����យច-ន7
sino tI I ω=  � & 2 ; 0.0210 ;oI T sTA πω == = > គ�Mក�� (ង?គ9
#នBច&ក-

�ន?(�ពA�d5 
ញ�dមកក��ងប,ប=BនទBy ន
ង'(ង�ង�#�B��?�
ប-�-ប#�:> 
 

ច�ម",យ 
គ�Mក�� (ងគ�Mក�� (ងគ�Mក�� (ងគ�Mក�� (ង?គ9
#នB?គ9
#នB?គ9
#នB?គ9
#នBច&ក-�ន?(�ពA�d5 
ញ�dមកក��ងប,ប=BនទBច&ក-�ន?(�ពA�d5 
ញ�dមកក��ងប,ប=BនទBច&ក-�ន?(�ពA�d5 
ញ�dមកក��ងប,ប=BនទBច&ក-�ន?(�ពA�d5 
ញ�dមកក��ងប,ប=BនទBy y y y ន
ង��ម�?�
ប-�-ប#�:8ន
ង��ម�?�
ប-�-ប#�:8ន
ង��ម�?�
ប-�-ប#�:8ន
ង��ម�?�
ប-�-ប#�:8    

Nម-,បមន78 ( )s n. io

d dI d
E M M I

dt dt dt
tω= = =Φ   

. .co. soE M I tω ω⇒ =   

�� [ ]2 2
100 /

0.02
rad s

T

π πω π== =   

10 100 .cos100 15.57.cos10. 0005 0t tE π π π⇒ × × ≈=   
15.7max VE⇒ =    

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ( ) [ ]cos 115 00.7E Vtπ=  ន
ង 15.7maxE V=  >  
 
 

36. ប,ប=BនពB-�ន'(ង)�ច�ង��-EងO� 3
1 3.10L H−=  ន
ង 3

1 5.10L H−=  3�456ន�គយក�1
�#=- BនKងO�  �&R� ង$I*� ន�� �ញទ
ច� &ប�ងHA���យប,ប=Bនg(ងពB-�នទ
#�Q ,ចO�   
�ព&�ML�យAង6ន'(ង)�ច�ង��នបង9� (�#PAនKង 311.10L H−= > ច,-គ�M'(ង)�ច�ង��ន  
បង9� (ប,ប=Bនក��ងក-�B � &� ន�� �ញទ
ច� &ប�ងHA���យប,ប=Bនg(ងពB-�នទ
#�Qផ��យO�
(ឈមO� ) ��-ក�ទBN(ងប,ប=Bនg(ងពB- ,ចក-�B <ង�&A � &> 
 
ច�ម",យ 
គ�M'(ង)�ច�ង��នបង9� (ប,ប=Bន �ព&� ន�� �ញទ
ចផ��យO� 8គ�M'(ង)�ច�ង��នបង9� (ប,ប=Bន �ព&� ន�� �ញទ
ចផ��យO� 8គ�M'(ង)�ច�ង��នបង9� (ប,ប=Bន �ព&� ន�� �ញទ
ចផ��យO� 8គ�M'(ង)�ច�ង��នបង9� (ប,ប=Bន �ព&� ន�� �ញទ
ចផ��យO� 8    
-  ក-�B ប,ប=Bនg(ងពB-3�456ន�oa ប�O� I*� ន�� �ញទ
ច�នទ
#�Q ,ចO�  M(I*ភ��ចឆ�ង
���3បព;នe�ន?(�ពA�&AO� �d5 
ញ�dមក 1�2���ធCAI*ភ��ច�កAន�@Aង8 

1 2 12 21Φ = Φ + Φ + Φ + Φ   

( )
1 2

1 2

. .

2 1

I L I MI MI

L L L

I

M

L L⇔ + + +
⇔ = + +

=
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-  ,ចO� � -ច(�nLក-�B  � ន�� �ញទ
ច�នប,ប=Bនg(ងពB-�នទ
#�Qផ��យO�  M(I*8 

1 2 12 21−Φ′ = Φ Φ −+ Φ Φ   
( )1 2 2 2L ML L⇔ ′ = + −   

� & M  1?(�ពA�d5 
ញ�dមក�នប,ប=Bនg(ងពB- 
Nម ( ) ( )1 2+  ( )1 12 LL L L⇒ = + −′   

( )3 3 32 5.L 3.10 11.1010− − −−⇒ ′ = +   
35.1L 0 H−⇒ ′ =   

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL  �ព&�I*� ន�� �ញទ
ច�នទ
#�Qផ��យO�  បង9� (ប,ប=Bន�ន 35.10 HL −′ =  > 
 

37. �ខ�ចម�ង�5ងម�យ�ន?ងH��ផq
� 2d mm=  3�456ន�គ
យកមកព��1tង?ក�- U  ,ច-,ប 5.37  �&R� ង$I*
ច(�យ-:ងផq
��ខ�g(ងពB-<ង�#PAនKង 3a cm=  �2Aយ 
� ន�� �ញទ
ចក��ង�ខ�ចម�ង'ច�U&6ន> �ខ�ចម�ង
3�456នឆ�ង�����យច-ន7 3I A= > ច,-?�កគ�M
'(ង)�ច�ង� ន
ងVមព& ក��ងម�យ<� �3ប�5ង�ន�ខ�ចម�ង
tង?ក�-U �នL> 

ច�ម",យ 
គ�M'(ង)�ច�ង�គ�M'(ង)�ច�ង�គ�M'(ង)�ច�ង�គ�M'(ង)�ច�ង� L     ន
ងVមព& ក��ងម�យ<� ��3ប�5ង8ន
ងVមព& ក��ងម�យ<� ��3ប�5ង8ន
ងVមព& ក��ងម�យ<� ��3ប�5ង8ន
ងVមព& ក��ងម�យ<� ��3ប�5ង8    
(Nម#(tយ&(���ទB(Nម#(tយ&(���ទB(Nម#(tយ&(���ទB(Nម#(tយ&(���ទBz{)z{)z{)z{)    
★  '(ង)�ច�ង�ក��ងម�យ<� �3ប�5ង8  

.
lno a d

L
d

lµµ
π

− =  
 

  
7

64 30 2.10 1
ln 1.0 10

2
L H

π
π

−
−− =  


≈ ×



×
⇒   

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL '(ង)�ច�ង�ក��ងម�យ<� �3ប�5ង�ន�ខ�ចម�ង?ក�-U  �#PAនKង 610L H−=  > 
★  Vមព&ក��ងម�យ<� �3ប�5ង8 

2 6 2 60.5 10
1

. .3 04 7
2

1W JL I − −== × × ×=   

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ក��ងម�យ<� �3ប�5ង�ខ�ចម�ង?ក�-U  �នVមព& 64.7 10 JW −×=  > 

7 

9 

� 
� 

(
. ��) 
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38. ប,ប=Bន�5ងម�យ�ន3ប�5ង 50l cm=  �ន�ផ�ម�ខ��� 22S cm=  ន
ង'(ង)�ច�ង�
72.10L H−= > ក(���'(ង�ង�#�B��ច-ន7?គ9
#នBឆ�ង���ប,ប=Bន � AមWBI* ង�#�B��Vមព&

-ប#�ប,ប=Bន�#PAនKង 3 3/10w J m−=  >  
ច�ម",យ 

គ�M'(ង�ង�#�B��ច-ន7ឆ�ង���ប,ប=Bន8គ�M'(ង�ង�#�B��ច-ន7ឆ�ង���ប,ប=Bន8គ�M'(ង�ង�#�B��ច-ន7ឆ�ង���ប,ប=Bន8គ�M'(ង�ង�#�B��ច-ន7ឆ�ង���ប,ប=Bន8    
-  ង�#�B��Vមព&� ន�� �ញទ
ច គ01Vមព&�� �ញទ
ចក��ងម�យ<� ��) 3�456ន

ក(�����យ-,បមន78  
21

2
.

LIW
w

V S l
= =   

4 3

7

2.10 0.5 10

1
1

0

2 2

2

Slw
I A

L

− −

−

× × ×
⇒

×
= = =   

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ច-ន7ឆ�ង���ប,ប=Bន�ន'(ង�ង�#�B�� 1I A=  > 
 
 

39. �គយក�ខ�ចម�ងទង�� ង�ន?ងH��ផq
� 1d mm=  មក-� (�&A-6ជ;-tង#�B�(ងម�យ� &�ន
3ប�5ង 50l cm=  ន
ង?ង9��ផq
� 3D cm=  -� (ច(ន�នម�យ3#gប�� AមWB�ធCA1ប,ប=Bន> បM� ប�មក
យកប,ប=Bន�នL�doa ប�នKងជន
N� &�នក�� (ង?គ9
#នBច&ក- 1.4E V=  ,ច-,ប5.39  >  
a. -ក-យ8�ព& t  � AមWBI*ច-ន7ថយច�L1000   ង�3�យ�ព&ប7,- K  ពBទBN(ង ( )1  �d ( )2  ? 
b. -កប- 
��ក�m7 #=,&� &oយ�ចញពBប,ប=Bន �3�យ�ព&ប7,-ទBN(ង K > 
c. -កVមព&�� �ញទ
ចក��ងប,ប=Bនម�ន�ព&ប7,-ទBN(ង K  �បA�គI* 81.7 10 .Cu mρ −= × Ω  > 
ច�ម",យ 
a. -ក-យ8�ព& t  � AមWBI*ច-ន7ថយច�L1000   ង 

Nម-,បមន7'(ង)�ច�ង�8  
2 2

2. .
4o o

N D
lL n

l

Sµµ µµ π= =   
2 2 2

2
. .

1 .

4
.

4o o

D l D
lL

d d
µµ π π µµ = = 

 
⇒   (�3nL 1

n
d

=  ) 

( )
( )

2

7 5
2

0.03
L=

4 0.001
4 .10 0.5 1.78 10 Hπ π − −⇒ × × × ≈ ×

×
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�-#�B#7ង��ខ�ចម�ង8  

2 3

. . 4 . .
.

.
4

.
o

l
R

dS

D N l D l

d

π ρρ ρ
π

= =′=   

( )
8

3

4 1.7 10 0.003
R= 0.204

0.

0.5

001

−

=× × × ×
⇒ Ω   

Nម#(tយ&(���ទBy� �យAង6ន ច-ន7ឆ�ង���ប,ប=Bន�ព&ប7,-ទBN(ង K  o� មp: 

.
R

t
L

o eI I
−

=   
510

ln ln
1.78 1

0.204 1000o

L I
t

R I

−×   = − = − 


⇒  
 

  

46.03 10t s−⇒ ≈ ×   
 ,ច�នL ,ច�នL ,ច�នL ,ច�នL ច-ន7ក��ង�#EគCBថយច�L1000   ងក��ង-យ8�ព& 0.603t ms=  > 

b. -កVមព&ក�m7 oយ�ចញពBប,ប=Bន 
Vមព&ក�m� oយ�ចញពBប,ប=Bន គ01Vមព&ក�m7 oយ�ចញពB�ខ�ចម�ង �#PAនKង
Vមព&�� �ញទ
ចក��ងប,ប=Bន8 

0 0

22
2 2 21

2
.

1

2
.

R
t

L
o o

E
Q RI I LI Ldt R e dt W

R

∞ ∞
 = = = 


=


=∫ ∫   

2
5 61 1.4

Q=W= 1.78 10 4.4 10
2 2

J− −
⇒ × × × ≈ ×

 
 

  

 ,ច�នL ,ច�នL ,ច�នL ,ច�នL Vមព&ក�m7 � &ប,ប=Bនoយ�ចញ�#PAនKង 414.4 0 J−×  > 
c. Vមព&�� �ញទ
ចក��ងប,ប=Bន 

Vមព&�� �ញទ
ចក��ងប,ប=Bន8 64.4 10W Q J−×= =   
 ,ច�នL ,ច�នL ,ច�នL ,ច�នL Vមព&�� �ញទ
ចក��ងប,ប=Bន�#PAនKង 614.4 0 J−×  > 
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IV. ច�ម",យ#�$�%ទ�&ង%ប
ទ 

1. ច�ម�Aយ a   
2. ច�ម�Aយ c   
3. ច�ម�Aយ d   

4. ច�ម�Aយ8 z,|,},~ “3�45” ន
ង w,y.{ “ខ�#” 
5. ច�ម�Aយ c   
6. ច�ម�Aយ a   

7. ច�ម�Aយ c   
8. ច�ម�Aយ b   
9. ច�ម�Aយ c   

10. ច�ម�Aយ b   
11. ច�ម�Aយ c   
12. ច�ម�Aយ8 z, } “3�45”  ន
ង w,y,{,| “ខ�#” 
13. ច�ម�Aយ a   
14. ច�ម�Aយ b   
15. ច�ម�Aយ d   

16. ច�ម�Aយ a   
17. ច�ម�Aយ b   
18. ច�ម�Aយ c   

19. ច�ម�Aយ c   
20. ច�ម�Aយ b  
21. ច�ម�Aយ b   

22. ច�ម�Aយ b   
23. ច�ម�Aយ d   
24. ច�ម�Aយ c   

25. ច�ម�Aយ b   
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26. ច�ម�Aយ b   
27. ច�ម�Aយ c   

28. ច�ម�Aយ b   
29. ច�ម�Aយ c   
30. ច�ម�Aយ c   

31. ច�ម�Aយ d   
32. ច�ម�Aយ c   
33. ច�ម�Aយ b   
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