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Your Comments 

05 

WOWWWWWWWWWWWWW PLS EXPLAIN OMGGGGGGGGGGGGGGG 

Could we go over finding the electric potential in multiple dimensions in more detail? I 
am not entirely sure I understand what the del means. 

The relationship between V, U, and E is a bit confusing. 

Can you help me visualize what voltage really means, explaining the equipotential 
lines better? How is the sign of charge related to work done when using those lines? 

Electric potential energy and electric potential?? what?! For the most part I 
understood everything, some topics were a little difficult to grasp at first. 

Please do a quick review on Coulombs, then getting E, then getting U, and then getting V. 

The charged spherical insulator example had me completely lost, particularly with 
working out the integral. 



F à E à U à V 
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Charged Spherical Insulator 
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Physics 212 
Lecture 6 

Today’s	
  Concept:	
  
	
  Electric	
  Poten:al	
  
	
  (Defined	
  in	
  terms	
  of	
  Path	
  Integral	
  of	
  Electric	
  Field)	
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Big Idea 

	
  Last	
  :me	
  we	
  defined	
  the	
  electric	
  poten:al	
  energy	
  of	
  charge	
  q	
  in	
  an	
  electric	
  field:	
  
	
  
	
  
	
   ∫ ∫ ⋅−=⋅−=Δ →

b

a

b

a
ba ldEqldFU

!!!!

The	
  only	
  men:on	
  of	
  the	
  par:cle	
  was	
  through	
  its	
  charge	
  q.	
  	
  	
  
	
  
	
  We	
  can	
  obtain	
  a	
  new	
  quan:ty,	
  the	
  electric	
  poten:al,	
  which	
  is	
  a	
  PROPERTY	
  OF	
  
THE	
  SPACE,	
  as	
  the	
  poten:al	
  energy	
  per	
  unit	
  charge.	
  	
  
	
  

Note	
  the	
  similarity	
  to	
  the	
  defini:on	
  of	
  another	
  quan:ty	
  which	
  is	
  also	
  a	
  PROPERTY	
  
OF	
  THE	
  SPACE,	
  the	
  electric	
  field.	
  	
  	
  
	
  

∫ ⋅−=
Δ

≡Δ →
→

b

a

ba
ba ldE

q
UV

!!

q
FE
!

"
≡
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Electric Potential is like Height 
(E points down hill for positive charge) 
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The	
  electric	
  poten:al,	
  however,	
  is	
  difficult	
  to	
  picture	
  because	
  it's	
  
hard	
  to	
  imagine	
  the	
  quan:ty	
  of	
  energy	
  a	
  par:cle	
  will	
  have	
  at	
  any	
  
given	
  posi:on. 



Electric Potential from E field 

Consider	
  the	
  three	
  points	
  A,	
  B,	
  and	
  C	
  located	
  in	
  a	
  region	
  of	
  constant	
  electric	
  
field	
  as	
  shown.	
  
	
  
	
  
	
  

	
  What	
  is	
  the	
  sign	
  of	
  ΔVAC = VC	
  -	
  VA	
  ?	
  
	
  
	
  

	
  	
  A)	
  	
  ΔVAC < 0	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  B)	
  	
  ΔVAC = 0	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  C)	
  	
  ΔVAC > 0  
	
  
	
  	
  Remember	
  the	
  defini:on:	
  
	
  
	
  

∫ ⋅−=Δ →

C

A
CA ldEV

!!

	
  Choose	
  a	
  path	
  (any	
  will	
  do!)	
  
	
  
	
  

D 

Δx 

∫∫ ⋅−⋅−=Δ →

C

D

D

A
CA ldEldEV

!!!!
00 <Δ−=⋅−=Δ ∫→ xEldEV

C

D
CA

!!
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E points down hill 



CheckPoint 2 

∫ ⋅−=Δ →

B

A
BA ldEV

!!

A)
	
  B)	
  
C)	
  
D)	
  

	
  Remember	
  the	
  defini:on	
  

0=E
!

0=Δ →BAV V	
  	
  is	
  constant!	
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If the electric field is zero in a region of space, what does that tell you about the electric 
potential in that region? 
 
A)   The electric potential is zero everywhere in this region.  
B)   The electric potential is zero at at least one point in this region.  
C)   The electric potential is constant everywhere in this region.  
D)   There is not enough information given to distingush which of the above answers is 

correct.  



E from V 
	
  If	
  we	
  can	
  get	
  the	
  poten:al	
  by	
  integra:ng	
  the	
  electric	
  field:	
  
	
  
	
  
	
  

We	
  should	
  be	
  able	
  to	
  get	
  the	
  electric	
  field	
  by	
  differen:a:ng	
  the	
  poten:al?	
  	
  	
  

∫ ⋅−=Δ →

b

a
ba ldEV

!!

VE ∇−=
!"

	
  In	
  Cartesian	
  coordinates:	
  	
  	
  	
  
	
  

dx
VEx
∂

−=

dy
VEy
∂

−=

dz
VEz
∂

−=
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How	
  do	
  we	
  get	
  E	
  from V ?	
  

VE ∇−=
!"

“A)	
  higher electric potential indicates higher magnitude electric field” 
	
  
“B)	
  B has the steepest slope so the electrical potential is decreasing the fastest.” 
 	
  
“C)	
  Since voltage is the result of integrating the electric field, E will be the greatest when the 
slope has the largest positive slope, which is point c”	
  

CheckPoint 1a 

dx
VEx
∂

−= Look	
  at	
  slopes!	
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At which point is the magnitude of the electric field greatest? 



A 
B 
C 
D 

“B)	
  negative slope“	
  
	
  
“C)	
  The graph has a positive slope”	
  

CheckPoint 1b 

How	
  do	
  we	
  get	
  E	
  from V ?	
  

VE ∇−=
!"

dx
VEx
∂

−= Look	
  at	
  slopes!	
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At which point is the electric field pointing in the 
negative x direction? 



Equipotentials 
Equipoten:als	
  are	
  the	
  locus	
  of	
  points	
  having	
  the	
  same	
  poten:al.	
  
	
  
	
  
	
  

Equipotentials produced 
by a point charge 

Equipoten:als	
  are	
  	
  
ALWAYS	
  	
  

perpendicular	
  to	
  the	
  electric	
  field	
  lines.	
  

The	
  SPACING	
  of	
  the	
  equipoten:als	
  indicates	
  	
  
The	
  STRENGTH	
  of	
  the	
  electric	
  field.	
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A 
B 
C 
D 

“This is where the density of the lines is the smallest.“	
  

CheckPoint 3a 
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At which point is the magnitude of the electric field 
the smallest? 



A 
B 
C 
D 

A)	
  
B)	
  
C)	
  
D)	
  

CheckPoint 3b 
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Compare the work needed to move a NEGATIVE charge from A to B, with that required 
to move it from C to D 
A)  More work from A to B 
B)  More work from C to D 
C)  Same 
D)  Can not determine w/o performing calculation 

Less than ½ got this correct! 



A 
B 
C 
D 

What	
  are	
  these?	
  

ELECTRIC	
  FIELD	
  LINES!	
  

What	
  are	
  these?	
  

EQUIPOTENTIALS!	
  

What	
  is	
  the	
  sign	
  of	
  WAC = work	
  done	
  by	
  E	
  field	
  to	
  move	
  nega:ve	
  charge	
  from	
  A	
  to	
  C	
  ?	
  
	
  
	
  	
  	
  	
  	
  	
  	
  A)	
  	
  WAC	
  <	
  0	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  B)	
  	
  WAC	
  =	
  0	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  C)	
  	
  WAC	
  >	
  0	
  	
  
	
  
	
   	
  	
  A	
  and	
  C	
  are	
  on	
  the	
  same	
  equipoten:al	
  

	
  	
  Equipoten:als	
  are	
  perpendicular	
  to	
  the	
  E	
  field:	
  	
  No	
  work	
  is	
  done	
  along	
  an	
  equipoten:al	
  

Hint 

  WAC = 0 
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A 
B 
C 
D 

A)	
  
B)	
  
C)	
  
D)	
  

Ø 	
  A	
  and	
  C	
  are	
  on	
  the	
  same	
  equipoten:al	
  	
  
Ø 	
  B	
  and	
  D	
  are	
  on	
  the	
  same	
  equipoten:al	
  
Ø 	
  Therefore	
  the	
  poten:al	
  difference	
  between	
  A	
  and	
  B	
  is	
  the	
  SAME	
  as	
  the	
  poten:al	
  between	
  C	
  
and	
  D	
  

CheckPoint 3b Again? 
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Compare the work needed to move a NEGATIVE charge from A to B, with that required 
to move it from C to D 
A)  More work from A to B 
B)  More work from C to D 
C)  Same 
D)  Can not determine w/o performing calculation 



A 
B 
C 
D 

CheckPoint 3c 

A)	
  
B)	
  
C)	
  
D)	
  

Electricity	
  &	
  Magne:sm	
  	
  Lecture	
  6,	
  Slide	
  17	
  

Compare the work needed to move a NEGATIVE charge from A to B, with that required 
to move it from A to D 
A)  More work from A to B 
B)  More work from A to D 
C)  Same 
D)  Can not determine w/o performing calculation 



Calculation for Potential 

Point	
  charge	
  q	
  at	
  center	
  of	
  concentric	
  
conduc:ng	
  spherical	
  shells	
  of	
  radii	
  a1,	
  a2,	
  a3,	
  and	
  
a4.	
  	
  The	
  inner	
  shell	
  is	
  uncharged,	
  but	
  the	
  outer	
  
shell	
  carries	
  charge	
  Q.	
  
	
  
What	
  is	
  V	
  as	
  a	
  func:on	
  of r?	
  
	
  

Strategic	
  Analysis:	
  	
  
Ø  Spherical	
  symmetry:	
  Use	
  Gauss’	
  Law	
  to	
  calculate	
  E	
  everywhere	
  	
  
Ø  Integrate E to	
  get	
  V 

	
  
	
  

metal	
  

metal	
  

+Q 

a1 
a2 

a3 
a4 

+q 

cross-­‐sec:on	
  

Conceptual	
  Analysis:	
  	
  
Ø  Charges	
  q	
  and	
  Q	
  will	
  create	
  an	
  E	
  field	
  throughout	
  space	
  	
  

Ø     
 
 

ℓ
""
dErV

r

r

⋅−= ∫
0

)(
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Calculation: Quantitative Analysis 

r  > a4 :  What	
  is	
  E(r) outside	
  spheres?	
  
	
  
A)	
  	
  	
  0	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  B)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  C)	
  	
  

metal	
  

metal	
  

+Q 

a1 
a2 

a3 
a4 

 
	
  D)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  E)	
  	
  

Why?	
  

Gauss’	
  law:	
  

r 

0ε
enclosedQAdE =⋅∫

!!

2
04

1
r
qQE +

=
πε

+q 

cross-­‐sec:on	
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2
04

1
r
Q

πε r
qQ +

02
1
πε

2
04

1
r
qQ −

πε2
04

1
r
qQ +

πε

0

24
ε

π
qQrE +

=



metal	
  

metal	
  

+Q 

a1 
a2 

a3 
a4 

+q 

cross-­‐sec:on	
  
Calculation: Quantitative Analysis 

a3	
  < r	
  <	
  a4	
  :	
  	
  What	
  is	
  E(r)	
  Inside	
  outer	
  metal	
  sphere?	
  

	
  

	
  A)	
  	
  	
  0	
  	
  	
  	
  	
  	
  	
  	
  	
  B)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  C)	
  	
  
 
D)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  E)	
  	
  

How	
  is	
  this	
  possible?	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  -q	
  must	
  be	
  induced	
  at	
  r	
  =	
  a3	
  surface	
  

r 

Applying	
  Gauss’	
  law,	
  what	
  is	
  Qenclosed	
  for	
  red	
  sphere	
  shown?	
  

A)	
  	
  	
  q	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  B)	
  -q	
  	
  	
  	
  	
  	
  	
  	
  C)	
  	
  	
  0 

charge	
  at	
  r	
  =	
  a4	
  surface	
  =	
  Q	
  +	
  q 
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2
04

1
r
q

πε r
q

02
1
πε

2
04

1
r
qQ −

πε2
04

1
r
q−

πε

2
3

3 4 a
q

π
σ

−
= 2

4
4 4 a

qQ
π

σ
+

=



metal	
  

metal	
  

+Q 

a1 
a2 

a3 
a4 

+q 

cross-­‐sec:on	
  
Calculation: Quantitative Analysis 

Con:nue	
  on	
  in…	
  
	
  

         a2 < r < a3 : 
	
  

To	
  find	
  V:	
  
1) 	
  Choose	
  r0	
  such	
  that	
  V(r0)	
  =	
  0	
  	
  	
  	
  (usual:	
  r0	
  =	
  infinity)	
  
2) 	
  Integrate!	
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2
04

1
r
qE

πε
=

r r < a1 :	
   2
04

1
r
qE

πε
=

       a1 < r < a2 : 0=E

r  > a4 : r
qQV +

=
04

1
επ

a3 < r < a4 : A)	
  

B)	
  

C)	
  

404
1

a
qQV +

=
επ

304
1

a
qQV +

=
επ

0=V



r  > a4 : 

a3 < r < a4 : 

Calculation: Quantitative Analysis 

metal	
  

metal	
  

+Q 

a1 
a2 

a3 
a4 

+q 

cross-­‐sec:on	
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r
qQV +

=
04

1
επ

404
1

a
qQV +

=
επ

a2 < r < a3 : )(0)()( 34 raVaVrV →Δ++→∞Δ=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−++

+
=

3040

11
4

0
4

)(
ar

q
a
qQrV

πεπε ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−+

+
=

3404
1)(

a
q

r
q

a
qQrV

πε

a1 < r < a2 : ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−+

+
=

32404
1)(

a
q

a
q

a
qQrV

πε

0 < r < a1 : ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−+−+

+
=

132404
1)(

a
q

r
q

a
q

a
q

a
qQrV

πε


