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VII. Magnetic Fields due to Currents (電流) 
 
1. Magnetic field (B) due to currents vs. electric field due to charges 
 
 
 

 

                                      

  (Coulomb law)          

The permeability constant  
 
2. B due to a current in a long straight line 

 

 
 
 

 
Right-Hand Rules 

So   
 
3. B due to a current in a circular arc 
 

 

  
 

So 
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4. Force between two parallel currents 

 

  

 

So      
 
Note:    

 
5. Ampere’s law 
 
 
 
 
Example 1:    B outside of a current in a straight line 
 

 

So     
 

 
6. Solenoids and Toroids 
 

   
 
 
 
 
 
 

 
Solenoid 

 

    0             0              0 

So     
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And thus   
 
 
                                                                                                                                    
                                                                                                                                                                                        
 

where n is the number of turns per unit length. 
 
 

 
 

 
Toroid 

 
where N is the total number of turns. 
 
 
7. A current-carrying coil as a magnetic dipole 
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VIII. Magnetic Inductions (磁感) 
 
1. Faraday’s law of induction 

 
 
 
 
An emf  is induced in the loop when the number of magnetic  
field lines that pass through the loop is changing. 
 
 
 
 
 

 
 
 
 

 
Magnetic flux:    
 
  

Unit:   
 

 
 

             
                                                 
2. Lenz’s law 
 
Soon after Faraday proposed his law of induction, Lenz devised a rule for determining the direction of an 
induced current in a loop. 
 

 
 
 
3. Induced electric field – a restatement of Faraday’s law 
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If there is a current in the Cu ring, an electric field must be present along the ring; an electric field is 
needed to do the work of moving the conduction 

electrons. 
So   
 
Exercise: Based on the 2nd figure above, show that 
 

 
 
 
~1/r 

 
 

 
 

R 
  

4. Inductors and Inductance 
 

A capactor (symbol ) can be used to produce a desired electric field. 
 
While an inductor  can be used to produce a desired magnetic field. 
 
Define “Inductance L”:    

 
 
,  where ΦB is the magnetic flux, i is the current, and N is the number of turns. 

Unit of L:  1 henry = 1H  =1 T m2/A 
 
Exercise: Inductance of a solenoid is   

 
 

 
 
where l is the total length of the solenoid. 
 
 
 

 
 
5. Self induction (自感) 
 

 
 
However, 

 
This process is called “self-induction”,  
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From  
 
 
 
 
 
So 
 

 
6. RL and RC Circuits 
 
First, consider an RC circuit for charging process (switch to point a) 
 

Loop rule clockwise (starting from point a): 
 

    
(note ) 
 

Because     and thus  
 

So    and  
 

   Also   
 
If, then switch to point b for a discharging process: 
 

    

Thus   

and  
 

          
We next consider an RL circuit (switch to point a) 

 

Since                  Eq. (A) 

Then   (rise of current). 
 
 

When switch to point b: 
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And then     Here  
 

 
7. Energy stored in a magnetic field 
 

From Eq. (A) in previous page, we obtain 
 
 
 

The l.h.s. can be written as  and it corresponds to the rate of energy gained when the charge is 
passing through the battery (that is, work done by the battery on the charge). This gained energy is 
“consumed” by two processes described in the r.h.s. The first term Li di/dt  represents the rate of 
magnetic energy (UB)stored in the solenoid, and the second term i R represents the rate of thermal 
energy produced by the resister. 

B
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Thus,   and , which results   
 

 
 
 
 

 
 


