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Flipping Physics Lecture Notes:  
Vacuum Permittivity and Dielectric Constant 

http://www.flippingphysics.com/vacuum-permittivity-dielectric-contstant.html 
 

We have already discussed the capacitance of an ideal, parallel-plate capacitor with an 

insulating material – a dielectric – between the two plates:  

• κ is the dielectric constant of the dielectric. 

•  is the electric permittivity of free space or vacuum permittivity. 

o  

• A is the area of one of the plates and d is the distance between the two plates. 

However, we did not really discuss what  is. Fear not, we will; however, let’s start with 

a parallel-plate capacitor which does not have a dielectric placed between the plates. 

 

The dielectric of a vacuum is 1. So, the capacitance of this capacitor is:  

• The electric field between the plates is E0. 

• Let’s start by charging both plates to a charge of Q and disconnecting the 
capacitor so it is electrically isolated; no charges can flow to or from either plate. 

• The electric potential difference between the two plates is ΔV0. 
 
Now we add a dielectric between the two plates:  

 

http://www.flippingphysics.com/vacuum-permittivity-dielectric-contstant.html
http://www.flippingphysics.com/parallel-plate-capacitor-example.html
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A dielectric must be made from an insulating material. If a conducting material were 

placed between the two plates instead, charge would flow between the plates through 

the conductor, which would short circuit the capacitor. 

The charged particles in the dielectric are polarized and induce their own electric field 

(Einduced above in blue) which is opposite the direction of the original electric field of the 

capacitor E0 (above in black). The net electric field (below in black) is decreased. 

Because the electric field is decreased, the electric potential difference across the 

capacitor is decreased, the charge of the capacitor remains the same, and the 

capacitance of the capacitor is increased. 

  

  

 

The way we define the effect of a dielectric is with the dielectric constant. The symbol 
for the dielectric constant is the lowercase Greek letter kappa, κ. It looks basically like a 
lowercase k. The dielectric constant equals the ratio of the electric permittivity of the 
dielectric to the electric permittivity of free space.  

•  

• The dielectric constant has no units. 

• Electric permittivity,  , is the measurement of how much a material is polarized 

when it is placed in an electric field. 

o The easier it is for electrons to change configurations in a material, the 

larger the dielectric constant of that material. 

 

With a dielectric in an ideal, parallel-plate capacitor, the capacitance of the capacitor is: 
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Let’s talk a bit more about electric permittivity,  : 

•  ; the measurement of how much a material is polarized when it is placed in an 

electric field. 

o In an electrically isolated capacitor, the more the dielectric is polarized, the 

larger the induced electric field, and the smaller the net electric field in the 

capacitor. 

o The smaller the net electric field in the capacitor, the smaller the electric 

potential difference between the plates of the capacitor, and therefore the 

larger the capacitance of the capacitor. 

o In other words, the easier it is to polarize the molecules which make up 

the dielectric, the larger the dielectric constant, and the larger the 

capacitance of the capacitor. 

•  ; the electric permittivity of free space or vacuum permittivity. 

o I will call  , “epsilon naught”, so as not to confuse it with E0, the original 

electric field in capacitor before the dielectric is added, 

o  

▪ Yes, the vacuum of space has an electric permittivity. 

• Space is not merely a void; it is characterized by the 

permittivity of free space which defines the baseline for how 

electromagnetic fields propagate. Electromagnetic waves 

propagate through the vacuum of space. 

o Sorry, this is getting outside the scope of this class. 

• κ ; the dielectric constant. 

o  

o Every dielectric material has an electric permittivity and all of them are 

larger than  . 

▪ Every dielectric constant is greater than 1. 

• Except κvacuum = 1. 

o Giving every material a dielectric constant makes it easier to 

conceptualize and compare different materials. 

 

 

It’s a lot easier to compare a dielectric constant of a material to the dielectric of a 

vacuum, than it is to compare the electric permittivity of a material to vacuum 

permittivity. 
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The electric permittivity of free space or vacuum permittivity appears in a large number 
of physical relationships. 

• The Coulomb Constant can be given in terms of vacuum permittivity: 

o  

• Which means the electrostatic force can be in terms of vacuum permittivity: 

o  

• And many others we will not go over in this class: 

o Gauss’s Law:  

o Energy density of an electric field:  

o The speed of light:  

▪ Where μ0 is vacuum permeability. 

• No, I am not going to talk about it. 
o It’s time to stop this lecture. 

▪ We have done enough. 

• Happy learning y’all! 


