
SUMMARY / OVERVIEW OF ... 



HEADLINE TOPIC OF HANDOUT 6 
         Key Features 
 

● Relationship between 
(flux of) curl F and  
“circulation” / rotation 
 

● Relates open surface 
integral to closed line 
integral (bounding curve) 
 

● Can transform between 
integral and differential 
forms of physical laws 
 

                                  ● Applies to any 
              surface S with 
              the same bounding  
              curve C  

𝒏   and C directions 
 
 
 
 
 

convention 

C 

H6 p157 to p168 



Differential   Form                 Integral  Form 
 

𝜵. 𝑬 =  
𝜌

𝜖0
                             𝑬. 𝒅𝑺 =

𝑄

𝜀0𝑆

                

𝜵.𝑩 = 0                               𝑩. 𝒅𝑺 = 0
𝑆

 

Now … 
 
      𝜵 × 𝑬 = ?                              ?           
      𝜵 × 𝑩 = ?                              ? 

Maxwell’s Equations (simple form) 

where  E  and  B  are electric and magnetic fields, respectively, 
 
             ρ  is charge (volume) density,  and  Q  is total charge. 



ф is total flux of B-field 
through surface S with 
bounding curve C 
 
 

(using Stokes Theorem) 

Integral Form 

Differential Form 

Maxwell-Faraday equation 

H6 p167 



Differential   Form                 Integral  Form 

𝜵. 𝑬 =  
𝜌

𝜖0
                             𝑬. 𝒅𝑺 =

𝑄

𝜀0𝑆

                

𝜵.𝑩 = 0                               𝑩. 𝒅𝑺 = 0
𝑆

 

      𝜵 × 𝑬 = −
𝜕𝑩

𝜕𝑡
                        𝑬. 𝒅𝒍 = −

𝜕∅

𝜕𝑡𝐶

           

 
Now … 
 
      𝜵 × 𝑩 = ?                                       ? 

Maxwell’s Equations (simple form) 

where  E / B  are electric / magnetic fields,  ρ  is charge (volume)  
density,  Q  is total charge,  t is time,  and  ф  is B-flux in curve C . 



Differential Form J is electric current 
density (see page 92), 
whereby total current  I 
is 

Ampère’s Law 

Calculate flux through surface S of both  
sides of the above equation.  Recall total 
current  I  in terms of J (for RHS),  and use 
Stokes Theorem (for LHS): 

Integral Form 

H6 p168 



Differential   Form                 Integral  Form 

𝜵. 𝑬 =  
𝜌

𝜖0
                             𝑬. 𝒅𝑺 =

𝑄

𝜀0𝑆

                

𝜵.𝑩 = 0                               𝑩. 𝒅𝑺 = 0
𝑆

 

      𝜵 × 𝑬 = −
𝜕𝑩

𝜕𝑡
                        𝑬. 𝒅𝒓 = −

𝜕∅

𝜕𝑡𝐶

         

      𝜵 × 𝑩 =  𝜇0 𝑱                         𝑩. 𝒅𝒓 = 𝜇0
𝐶

𝐼 

Maxwell’s Equations (simple form) 

where  E / B  are electric / magnetic fields,  ρ  is charge (volume)  
density,  Q  is total charge,  t is time,  ф  is B-flux within curve C , 
J  is electric current density, and  I  is total current passing through C . 
 

        [ More details are in the full presentations and handouts! ] 



H6  
p172 



H6  
p173 

   If the following is true 
(the reciprocity relations):                    then we simply have that: 
 
 
 
                                                                i.e. a concise test for whether 
                                                                vector field  V  is conservative      

Two more 
conditions 



H6 
p174 

to 
p176 

i.e.                                        but condition           is: 
 
so ...                                     
 
                                                                                   That gives us FIVE 
                                                                                   conditions in total.  

Last 
 condition 



Note  
that ... 

H6 
p181 

to 
p183 



And  
that ... 

H6 
p181 

to 
p183 



H6 
p184 

to 
p189 



H6 
p184 

to 
p189 



H6 
p184 
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H6 
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H6 
p184 

to 
p189 


