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描述已自动生成]Lecture-19  Dielectrics – I
1. Consider a capacitor  
If we insert insulating material, we will find  is weakened and thus  increases. The difference can be summarized by a constant -  relative dielectric constant in materials. For vacuum   . 
   
Relative dielectric constant for common materials
	H2O
	NaCl
	S
	NH3
	Rubber
	Wax
	SrTiO3
	metal

	80
	6.12
	4.0
	22
	4
	2.1-2.5
	300
	


We need to construct a theory to describe the effect of -field in the medium. In the dielectric material, there’s non free charge, thus the external field cannot be perfectly screened as in metal. Nevertheless, electric polarization will be induced which partially cancelled the external field. 
2. Dipole of atom and molecular
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· [image: 绿色的钟表

中度可信度描述已自动生成]Assume the atom radius , and charge uniformly distributed, ( Bohr radius).
While under external , the center of  and  is departed with a distance 
 Consider the force on the nucleus: from the electrons. This should be equal to external force.   (balance)
                        
  Electric dipole        
Define:     Polarizability (极化率) :
 with .
 carriers the unit of volume. If we express : 
 (H), 0.2 (He), 24.3 (Li), 59.6 (Cs), 1.76 (C), 24.1 (Na), 0.396 (Ne), 1.64 (Ar).
[image: 72 Methane Emissions — HEAL THE PLANET]How about a molecule?
· Molecule has a concrete shape (no-longer spherical): for molecules with high symmetries, e.f.  (Methane), the induced dipole is parallel to external field.                         
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描述已自动生成]However, this is not always the case, e.g. . Their response to the field along the bond or perpendicular to the bond is quite different! 
                        , thus 
Generally            
Polarizability tensor
Later on, we will prove that  is symmetric, i.e. . We can always find 3-principle axes along which . In other words, an coordinate  in which  is diagonal .
· Permanent electric dipole moment 
Many molecules CO2, CH4 has no intrinsic dipole moment (non-polor molecule), we need external electric field to induce a dipole moment. But for HCl, H2O, their positive charge and negative charge centers do not coincide  polar-molecule.
	Other polar molecules
	

	HCl
	0.56

	NH3 (ammonia)
	0.78

	CH3OH (Methanol)
	0.92
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中度可信度描述已自动生成]     Water molecule




*** However, actually even for a H atom, at any instant time, it has a dipole moment. But electrons move so fast that for usual purpose, we observe an average effect so that dipole moment averages to zero. Rigorously speaking, if we wait for long enough time, the dipole moment of HCl, H2O etc. should also average to zero. However, this is the time scale related to the relative motion of atoms inside molecule (THz, meV), which is much slower than electron motion. For the interaction between molecules, its characteristic time scale is not long enough to allow to average out all the molecules configuration, thus we can think polar-molecules with a “permanent” dipole moment.  

For a polar-molecule under external  , if , it feels a 
torque: 
 
Total force:                                                   

3. Field of a polarized object
Define:    Electric polarization      (dipole moment/volume) 极化强度
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描述已自动生成]Suppose that we know the distribution of , how is the electric field/potential generated by 
For a single dipole: 
Then we apply to a distribution of , by replacing  with .  
   


We can interpret it as  is generated by a body charge density and surface charge density.
Define:  ∇  bound charge density 
            surface bound charge density
            
Interpretation of bound charges
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中度可信度描述已自动生成]If for 
                              




Ex. Total ，
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Exercise: Electric field distribution of a uniformly polarized sphere centered with radius .
Consider a positive/negative charged ball offset from the center by 
Inside the ball: 
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描述已自动生成]              
The field inside the ball is uniform.
Outside the ball, 
the potential outside is a dipole-like  with 
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描述已自动生成]*** Justification of   


Discussion:  can only be defined as an average over a microscopically large but macroscopically small area. 
   is large so that  is smooth by averaging the microscopic  which fluctuates strongly and is also small so that  doesn’t vary very much.
For points outside the material, naturally it is fine to use the smooth   to represent the effect of media. However, for points inside the media, microscopically  can be very large if  is close to electrons, but it fluctuates strongly. We are not interested in its detailed distribution. Instead, we use a coarse average definition . This macroscopic field is what we are interested in. This smoothed field   are what really described by  and .
Below, we will introduce a new quantity to describe electricity in the media. 
Electric displacement (电位移场)
  --  SI
  -- CGS
  free charge density
Thus,  is determined purely from .
The Gauss’s Law for :                  
                      -- SI          --CGS
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描述已自动生成]However, even for electro-statics,  in general. Theirs is no potential for . 
Boundary conditions for   
The  component  does not vanish in general. 

   this is not useful.
We use  as the boundary condition for static field.
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描述已自动生成]Example: Prob. 4.15 a thick spherical shell with inner radius  and outer radius  is made of dielectric material with a “frozen-in ” polarization
 with  a constant. We can check the charge distribution and electric field distribution in 3 regimes. 
We compute the bound charge density directly. 



Check the total bound charge 
We can apply Gauss’s theorem, draw a sphere around the center and calculate the electric flux
a. For , 
b. For ,      
c. For ,     
· We can get the same electric field distribution by using . Since there are no free charges.  Due to the spherical symmetry,  is along the radial direction   everywhere. 
At  or , it’s vacuum   everywhere.
At ,    














Note 多元Taylor expansion
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Fig. 11-7. The electric field of a uniformly polarized sphere.
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