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Review of Last Lecture

 Electric Potential Energy and Energy conversation
« Point charge in uniform field
 Dipole in uniform field
e Potential energy of point charges

 The Electric Potential
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Rank in order, from largest to smallest, the
potential energies U, to U, of these four pairs of
charges. Each + symbol represents the same
amount of charge.

e @ @:;eo 6:®
' (b) C

(a)

A. U,=U,>U_ =U,
B. U,=U,>U,=U,
C. U,=U,>U,=U,
D. U,>U,>U,>U,
E. U,>U,=U,>U,
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Rank in order, from largest to smallest, the
potential energies U, to U, of these four pairs of
charges. Each + symbol represents the same
amount of charge.

e @ @:;eo 6:®
' (b) C

(a)

A U =U>U=U,
VB. U,=U,>U,=U,
C. U =U.>U, =U,
D. U,>U.>U, >U,
E. U,>U,=U,>U,
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A proton Is —100V 0V +100 V
released from

rest at point B,
where the Ae Be Ce
potential Is0 V.
Afterward, the
proton

A. moves toward A with a steady speed.

B. moves toward A with an increasing speed.
C. moves toward C with a steady speed.

D. moves toward C with an increasing speed.
E. remains at rest at B.
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A proton Is —100V 0V +100 V
released from

rest at point B,
where the Ae Be Ce
potential Is0 V.
Afterward, the
proton
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A. moves toward A with a steady speed.

t/ B. moves toward A with an increasing speed.
C. moves toward C with a steady speed.
D. moves toward C with an increasing speed.
E. remains at rest at B.
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Rank In order,
from largest to
smallest, the
potentials V_ to V,
at the points a to e.

A V=V, >V >V, =V,
B.V,=V,=V,>V, =V,
C.V,=V, =V, =V,=V,
D.V,=V, >V, >V, =V,
E.V,=V,=V,=V,>V,

+++++++++++++++

Ao

| 1T
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v

Rank In order,
from largest to
smallest, the
potentials V_ to V,
at the points a to e.

A V=V, >V >V, =V,
B. V, =V, :V SV, .=V,
C.V,=V, :VC:V =V,
D. V :Vb>V >V, =

EVVVV>V

+++++++++++++++

Ao

| 1T
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The Electric Potential

We define the electric potential V (or, for brevity, just the
otential) as
¥ ) Uc/ +sources
V = _
q
Charge ( Is used as a probe (test charge) to determine the
electric potential, but the value of V Is independent of g.

The electric potential, like the electric field, is a

property of the source charges.
The unit of electric potential is the joule per coulomb,

which is called the volt V:

lvolt =1V =11J/C
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The Electric Potential of a Point Charge

et g be the source charge, and let a second charge ¢', a
distance r away, probe the electric potential of q. The
potential energy of the two point charges is

1 qq’
diey, T

U & 77 —

q
By definition, the electric potential of charge q Is

Uq'+q | q A 5 :
= - (electric potential of a point charge)

V = — =
q dire, 1

The potential extends through all of space, showing the
Influence of charge g, but it weakens with distance as 1/r.

This expression for V assumes that we have chosen V =0 to
beatr = co.
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FIGURE 29.27 Four graphical representations of the electric potential of a point charge.
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Rank in order, from

largest to smallest, the .

potential differences £
Vigp Vigand Vy; 0

between points 1and ' '

2,pointsland 3,and | -

points 2 and 3. N

AV, > AV, > AV,
AVy3 = AVy3 > AV,
AVy3 > AVy3 > AV,
AVy, > AVy3 = AV
AVy3 > AV, > AV
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Rank in order, from

largest to smallest, the .

potential differences £
Vigp Vigand Vy; 0

between points 1and ' '

2,pointsland 3,and | -

points 2 and 3. N

A. AV3;> AV, > AV,
v'B. Vig= V> Vy,
C. AV,3> AV, > AV,,
D. AV, > AV,, = AV,,
E. AV,,>AV,,>AV,,
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The Electric Potential of Many Charges

The electric potential V at a point in space Is the sum of the
potentials due to each charge:

=2

where r; Is the distance from charge q; to the point in space
where the potential Is being calculated.

In other words, the electric potential, like the electric
field, obeys the principle of linear superposition.

47760 ,'
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(b) Elevation graph
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(a) Contour map
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The Electric Potential of a Charged Sphere

In practice, you are more likely to work with a charged
sphere, of radius R and total charge Q, than with a point
charge. Outside a uniformly charged sphere, the electric

potential Is identical to that of a point charge Q at the
center. That is,

1
V = Q (sphere of charge, r = R)
die 1
Or, in a more useful form, the potential outside a sphere

that Is charged to potential V, Is

R
V = 7\/0 (sphere charged to potential V)
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Problem-Solving Strategy: The electric potential
of a continuous distribution of charge

Draw the charge distribution and the point P.
Set up a coordinate system, such that the calculation is as simple as possible
Divide the charge distrbution into small pieces, each carrying charge AQ.

Write down the field dV, due to dQ at P.

L S A

Express all distances and angles in terms of coordinates X, y, z; also express
dQ interms of X, y, z, (or (r, 6) ) as well as dx, dy, etc. Now you have dQ as
function of coordinates and dx, dy, etc.

6. Summing up dV due to all pieces, you get the total field created by the whole
charge distribution.

7. Tranform the sum into integral.

8. Calculate the integral.
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Relation between potential and field

Consider a test charge q in an electric field, its potential energy
Is q V(r). If we move q slowly from r; to r¢, the work done by
the field is negative the change of potential energy:

W = fz.f F.ds= fz.f qF - ds = qV (ri) — qV (ry)
Therefore we have V' (ry) — V(r;) = — fz.f E - d§

Thus we can find the potential difference between two points if
we know the electric field.

We can think of an integral as an area under a curve. Thus a
graphical interpretation of the equation above is

Vi = V. — (area under the E.-versus-s curve between s; and s;)
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Electrostatic force/field 1s conservative

Consider two different paths connecting points r; and ry:

The work done by the electric field is the same whether the test charge follows
path 1 or path 2.

If the charge q follows a close loop and come back to the initial position, the total
work done by the electrostatic force is zero.

The electrostatic force/field is conservative, just like the gravitational force/field.
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