Lecture-20  Dielectrics – II
1. For many materials, at small fields, the polarization is proportional to  described as 
 --- SI
 --- CGS
Define:   electric susceptibility of the medium. This is called linear dielectrics.  is total field, not external field .  
So the entire process is a self-consistent process.           
                

We have             --- SI
       relative permittivity (dielectric constant)
     permittivity of medium

   ---CGS


In a homogenous medium, the electric field generated by a free charge:

· Example 1: a metal sphere with radius  carries a total charge , it’s surrounded out to radius  by linear dielectric material of dielectric constant . 
[image: 图示, 圆圈

描述已自动生成]Solution: the only free charge is on the sphere 
                     
The dielectric constant is 
    
The electric potential 
   
The polarization        for 
                              
(Divergence in spherical coordinates: )

The total bound charge at :      inner
[image: 图示

描述已自动生成]at :        outer
Clearly in the region  the charge of the metal is partially screened to  .
As , the charge  zero, we recover metal. 
2. Boundary value problem with linear dielectrics
[image: student submitted image, transcription available below]Example 1: A sphere of homogeneous linear dielectric material with  placed in a uniform external electric field . Find the electric field distribution.
There’s no free charge , we know 
   at the place of . We can still use  everywhere except at .
Due to the axial symmetry, we have  for ,  for , 
Then, we have three boundary conditions: 
i)  at .
ii) The norm component of displacement is continuous:   at   
iii) At ,             
According to the general solution of Laplace function in spherical coordinate


Check boundary conditions:
i) 
     
ii) 
      
Combining i) and ii),  for  and  and 
                         

Since    dipole: 
                       
 The potential ouside is a superposition of the background field + a dipole field with the polarization .
The induced surface charge 
-----------------------
Note: Legendre polynomials：     also see Lec. 10 magnetic field
Definition:                 
, , 

[image: 图示, 折线图

中度可信度描述已自动生成]------------------------

· Example 2: Suppose that the region at  is filled by a material with dielectric constant , there is a charge  at a distance of  above the  plane, what is ? 
Surface bound charges  must appear on the plane of . There should be no induced body charge  at , because  at . ()
 just below .
 is a superposition of the field generated by  and by the surface bound charge 
[image: 图表, 箱线图

描述已自动生成]Contribution from : 
Contribution from :  
                  
                   
The total induced charge: 
As  (metal), , full screening.  
The total electric field generated by  towards  is 

   
             ()
     is along the z-axis   .
If we set , ,   same as the case of metallic plane. 
3. Energy in dielectric systems 
The energy is not only stored in the field, but also in material. Suppose we do a little work to increase the free charge, certainly the polarization and the bound charge also change. So during this process not only work is done by us to free charge, but also work is done to the bound charge in the medium. The second part will be added into the field energy as the par tof the total energy stored in the medium. We can only control the free charge. Let’s move small amount of charge to , the work we do: 
Work            potential
         
Set the surface to infinity:        
This work transformed to internal energy . 
For a linear media           
                    
   Energy density in medium            ---SI
  ---CGS
Example: energy change during polarization
1  We know that in order to charge capacitor  to voltage , the energy stored:
                     
If the medium between the plates is just vacuum, we know the energy density is simple:

The volume is   Total energy 
If we use the medium of dielectric constant , then  increase to . If the voltage is the same  and so does the , the energy density stored in the medium increase to  
[image: 图片包含 正方形

描述已自动生成]                      
· But how does the extra amount of energy is stored?
Let us just consider a polarizable molecule, two charges  connected by a spring. Its dipole . Suppose that at the field strength , the spring is elongated at , the -field does work to the molecule: 
      this work is stored as energy 
Which contains two parts: 1. The elongated strain, 2. The field of dipoles. 
In practice, we do not make this distinction, because both belong to energy of molecule structure. The point is that the battery does the amount of work on molecules to change their structure.
This amount of work density is just:  

                   
                                     Energy change from field.
[image: 图片包含 图形用户界面

描述已自动生成]
4. Forces:  dielectric is attracted by the field. 
Let us calculate the energy of the system as a function of 
If I pull out the dielectric a little , the energy changes to  
Thus             ,
The force acting on the dielectric due to the changes on the plates:


                          open circuit with constant 
                
Here,  is fixed, rather than , since the capacitor is open. The voltage is varied during the process. 
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