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⇒ Es = −
dV
ds

ds" along  Eof projection" ,cosθEEs ≡
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Ex = −
∂V
∂x
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Ey = −
∂V
∂y
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Ez = −
∂V
∂z

Given V find E 
Consider a test charge moving from  
one equipotential surface to another. Then 
the work done by the electric field on the 
charge is:  
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W = (q0)(−dV )

But work done is also:  
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W =
! 
F ∫ ⋅ d! s 

Hence, 
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W = q0
! 
E ⋅ d! s = q0E cosθds = q0Esds

If V depends on more than one directions: 
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dq =σ(2π $ R d $ R )

€ 

dV =
dq
4πε0r

Electric field due to a charged disk 

  

We start with the computation of the potential, which 
we worked out last class.  

We consider a differential element of radius R’ 
 and width dR’, enclosing a surface area  

€ 

2π # R d # R 

Enclosed charge: 

This enclosed charge leads to the potential: 

We can then integrate this potential from 0 to R to get the  
net potential due to the disk:  
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V =
dq
4πε0r

=
σ
2ε0

z2 + R2( )
1/ 2
− z( )

0

R

∫





Electric potential energy of a system of charges 

The electric potential energy of a system of charges is equal to the  
work done in assembling that system by an external observer by  
bringing each of those charges from infinity. 

The external work done has opposite sign as the work done by the 
field.  

For example, the work done to bring a positive charge q in the 
field of a positive charge Q (at a distance r) is: 

€ 

W = qV =
qQ
4πε0r



What is the work required to set up this 
 configuration? 

Strategy: bring in charges one at a time! 

2 

4 

Charge #1: ΔW=0 
Why? Until we bring it in there is no field! Charges do not 
interact with their own field. 
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Example: charged conducting sphere 
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Conductor: 
zero field inside. 

Conductor: 
constant 
potential inside. 





In	  non-‐spherical	  conductors,	  charges	  do	  not	  distribute	  themselves	  on	  the	  surface	  	  
uniformly.	  At	  sharp	  points	  or	  edges,	  one	  can	  get	  large	  concentraDons	  of	  charge,	  
meaning	  that	  the	  electric	  fields	  can	  be	  large.	  SomeDmes	  the	  fields	  are	  so	  large	  
that	  air	  stops	  being	  an	  insulator	  and	  one	  gets	  an	  electric	  arc.	  	  
	  
This	  is	  why	  lightning	  rods,	  have	  the	  shape	  of	  a	  rod.	  The	  field	  is	  maximum	  at	  the	  Dp.	  
	  

Electrons	  in	  a	  conductor	  placed	  in	  an	  external	  field	  arrange	  
themselves	  so	  that	  the	  field	  is	  perpendicular	  to	  the	  surface	  
of	  the	  conductor,	  since	  it	  is	  an	  equipotenDal.	  



24	  	  Summary	  

Electric	  Poten.al	  
•  The	  electric	  potenDal	  V	  at	  point	  P	  in	  
the	  electric	  field	  of	  a	  charged	  object:	  

	  

Electric	  Poten.al	  Energy	  
•  Electric	  potenDal	  energy	  U	  of	  the	  
parDcle-‐object	  system:	  

•  If	  the	  parDcle	  moves	  through	  potenDal	  
ΔV:	  

Mechanical	  Energy	  
•  Applying	  the	  conservaDon	  of	  
mechanical	  energy	  gives	  the	  change	  in	  
kineDc	  energy:	  

•  In	  case	  of	  an	  applied	  force	  in	  a	  parDcle	  

•  In	  a	  special	  case	  when	  ΔK=0:	  

	  Finding	  V	  from	  E	  
•  The	  electric	  potenDal	  difference	  
between	  two	  point	  I	  and	  f	  is:	  

	  

Summary:	  



24	  	  Summary	  

Poten.al	  due	  to	  a	  Charged	  Par.cle	  
•  due	  to	  a	  single	  charged	  parDcle	  at	  a	  
distance	  r	  from	  that	  parDcle	  :	  

•  due	  to	  a	  collecDon	  of	  charged	  parDcles	  	  

	  

Poten.al	  due	  to	  a	  Con.nuous	  
Charge	  Distribu.on	  
•  For	  a	  conDnuous	  distribuDon	  of	  
charge:	  

Calcula.ng	  E	  from	  V	  
•  The	  component	  of	  E	  in	  any	  direcDon	  is:	  

	  

Poten.al	  due	  to	  an	  Electric	  Dipole	  
•  The	  electric	  potenDal	  of	  the	  dipole	  is	  
	  

Electric	  Poten.al	  Energy	  of	  a	  System	  
of	  Charged	  Par.cle	  	  
•  For	  two	  parDcles	  at	  separaDon	  r:	  

Summary:	  


