Your Comments

WOWWWWWWWWWWWWW PLS EXPLAIN OMGGGGGGGGGGGGGGEEG

Could we go over finding the electric potential in multiple dimensions in more detail? |
am not entirely sure | 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 |
understood everything, some topics were a little difficult to grasp at first.

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

Please do a quick review on Coulombs, then getting E, then getting U, and then getting V.
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F>E>U>V
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Charged Spherical Insulator
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Physics 212

Lecture 6

Today’s Concept:

Electric Potential

(Defined in terms of Path Integral of Electric Field)
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Big Idea

Last time we defined the electric potential energy of charge g in an electric field:
b b
AU, =~[F-dl =[qE-dl
a a
The only mention of the particle was through its charge g.

We can obtain a new quantity, the electric potential, which is a PROPERTY OF
THE SPACE, as the potential energy per unit charge.

b
AV,., = AYus __ [E-dl
q a
Note the similarity to the definition of another quantity which is also a PROPERTY
OF THE SPACE, the electric field. -
F
q

E
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Electric Potentl 3l is like Height
(3 pomts down /h / ___r pos:tlve charge)

The electric potential, however, is difficult to. picture because it's
hard to imagine the quantity of energy a particle will have at any
given position. -




Electric Potential from E field g

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

’ i i
A > ) l
Dl > '
B X » C >
B Ax g
> M
What is the sign of AV, .= V.=V ,? AEGONNA HAVE'A'BAD TIME!
A) AV, <0 B) AV,c=0 C) AV4e>0 E points down hill
C
Remember the definition: AV,.c=-[E-dl
A
Choose a path (any will do')
C
AV, .= fE -dl —fE ] — AVAQC=0—fE dl =-EAx<0
D
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CheckPoint 2

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 reqion.

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.
Zero Electric Field: Question 1 (N = 1080)

Remember the definition 50

B
AV, ., = -fE-dz
A

40

30

8 15.6

% of Students

10

0

E =0 =>» AV, ,=0 = 1 isconstant!
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If we can get the potential by integrating the electric field:

We should be able to get the electric field by differentiating the potential?

E=-VV
In Cartesian coordinates: ——
E=-VV

oV
E =-—"

dx

Stronger Field
I oV
y - dy E oc Change in Potential

a V Weaker Field
E =-——

dz & X
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CheckPoint 1a

2) The electric potential in a certain region is plotted in the following graph

Vv
A Spatial Dependence of Potential: Question 1 (N
A = 1084)
= 80
60.7
D " 60
=
<
B 2 40
wv
C - 236
20 12.8
29
0 | ——— |
) A B C D

X

At which point is the magnitude of the electric field greatest?
“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”
How do we get £ from V'? Oy

E=_§V ) Ex=—g ===l |00k at slopes!
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CheckPoint 1b

2) The electiic potential in a certain region is plotted in the following graph

Spatial Dependence of Potential: Question 3 (N

\')
A = 1080)
A 60 55.3
—
£ 40
D E 30.6
=2
2
B 2 20
6 7.8
0 | |
A B c D
> X

At which point is the electric field pointing in the
negative x direction?

“B) negative slope”

“C) The graph has a positive slope”

How do we get £ from V'?

E=-Vy —» E-=-

a4

===l |00k at slopes!
dx
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Equipotentials

Equipotentials are the locus of points having the same potential.

3

Equipotentials are
ALWAYS
perpendicular to the electric field lines.

S
7

Ui
\

3
o
+
v

The SPACING of the equipotentials indicates
The STRENGTH of the electric field.
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CheckPoint 3a

The field-line representation of the E-field in a certain region in space is shown below. The dashed lines represent
equipotential lines.

Electric Field Lines: Question 1 (N = 1077)

100

87.7
80
2
S 60
-
=
&
‘s 40
2
20
34 4.5 44
0 e o
A B C D

At which point is the magnitude of the electric field
the smallest?

“This is where the density of the lines is the smallest.”
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CheckPoint 3b

The field-line representation of the E-field in a certain region in space is shown below. The dashed lines represent
equipotential lines.

Compare the work needed to move a NEGATIVE charge from A to B, with that required
to move itfrom Cto D

A) More work from Ato B

B) More work from C to D

C) Same

D) Can not determine w/o performing calculation

Less than 72 got this correct!
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The field-line representation of the E-field in a certain region in space is shown below. The dashed lines represent

equipotential lines. » \What are these?

ELECTRIC FIELD LINES!

What are these?

EQUIPOTENTIALS!

What is the sign of 17/, = work done by E field to move negative charge from Ato C?

A and C are on the same equipotential — W, =0

Equipotentials are perpendicular to the £ field: No work is done along an equipotential
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CheckPoint 3b A

The field-line representation of the E-field in a certain region in space is shown below. The dashed lines represent
equipotential lines.

Electric Field Lines: Question 3 (N = 1078)

50
42.9

40

w
o

~
L=

% of Students

-
o

4.6

(=]

\ |
Vi
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 Ato B
B)_More work from C to D

C) Same
D) Can not determine w/o performing calculation

» A and C are on the same equipotential
» B and D are on the same equipotential

» Therefore the potential difference between A and B is the SAME as the potential between C
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CheckPoint 3c

The field-line representation of the E-field in a certain region in space is shown below. The dashed lines represent
equipotential lines.

Electric Field Lines: Question 5 (N = 1076)
50

424

40

30

20
14.5

% of Students

10
4.6

Compare the work needed to move a NEGATIVE charge from A to B, with that required
to move it from Ato D

A) More work from Ato B

B) More work from Ato D

IC) Same I
determine w/o performing calculation
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Calculation for Potential

cross-section

Point charge ¢ at center of concentric
conducting spherical shells of radii ¢,, a,, a,, and
a,. The inner shell is uncharged, but the outer

shell carries charge O.

What is J as a function of »?

Conceptual Analysis:
» Charges g and QO will create an E field throughout space

> V(r)= -fE-d‘é
Strategic Analysis:

> Spherical symmetry: Use Gauss  Law to calculate £ everywhere
> Integrate Ftoget I/
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Calculation: Quantitative Analysis

cross-section 7

r >a,: Whatis £(r) outside spheres?

1 0 1 QO+g¢g
A) 0 B) pr— C) P
L Otq 1 0-q
5 de, r° E) dre, 1’
Why? o Q
Gauss’ law: fE'd _ =Zenclosed
80
Edmr® = O+q
€9
1 O+
— E-— 2 g
dre, r
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ay<r<a,: Whatis £(r) Inside outer metal sphere?

e +(

a3
dy- - - 1 9 1 q
a--- A) 0| B) 4w, r’ C) 27, r
I -q I 9-4
D) 4z, r’ E) 4me, 1’

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

A) g B)J—g | C) O

How is this possible?
—g must be induced at » = a, surface ™ charge at =a, surface=0 + ¢

’
_QO+g¢q

- 2
4ra,

__~49
dra;

O, 0,

Electricity & Magnetism Lecture 6, Slide 20



Continue on in...

. 1 ¢
a,<r<das: |E-= S

0 >

1 q 0 ai C:‘z as a4

2

r<a: E =
e, r

To find V-
1)  Choose r, such that V(r,) =0 (usual: r, = infinity)
2) Integrate!

- 1 O+gq

r >a,. =
4 dre, r

ay<r<a,: A) V=0

1 QO+gq
B) V=7
TE, a,
I O+¢q
V =
C) dre, a,

Electricity & Magnetism Lecture 6, Slide 21



Calculation: Quantitative Analysis

cross-section

LD

0 a; az as a4
r

a, <r<daj. V(I”)=AV(°°%CZ4)+O+AV(CZ3%I")
O+q g (1 1
V(r)= +0+ ——— >
) 4reqa, dre, \1r a,
1
a, <r<a,: V()= (Q+q+q_q)
dre,\ a, a, a,
I (O+q9 49 g9 _49_4
. V()= +—— -+
O<r<a: ") 4.71’80( a, a, a, [r q

_ 1 QO+gq
dre, r

r>a v

1 QO+gq

a, <r<da,.
3 4
dre, a,

V=

Vir)=

1 (Q+q+q q)

drne,\ a, r a
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