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Example

Consider a uniformly charged ring of radius R and charge density A. What is
the electric potential at a distance z from the central axis?

zZ

P

Solution:
a small differential element dI=Rd¢’ on the ring.
The element carries a charge dg=4Adl = AR do’

the electric potential at P is

1 dg 1 ARd¢'
dmg, ¥ 4mg, JRE + 22

dVv =

The electric potential at P due to the entire ring is

1 A 1 27AR 1 0

R .
bde' = _
4rey R + 27 ? ’ drey R+ 27 47 m

for the total charge on the ring (Q = 2nRA).

V=IdF=

In the limit z >R , the potential approaches its “point-charge” limit:

1 0

4?1'5[, 7

V=

the z-component of the electric field may be obtained as
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E = ov__o 1 o 1 Q:z
z oz oz 4?TED . ||IR3 +23 41"1'6'{', {RE +22)3.-'2
Example

Consider a uniformly charged disk of radius R and charge density ¢ lying in
the xy-plane. What is the electric potential at a distance z from the central
axis?

Solution:

a circular ring of radius r’ and width dr’.
The charge on the ring is

dg=o dA'= ¢ (2nr'dr')

the distance from a point on the ring to P is
r=(#2+z%)'"2

the electric potential at P is

qV = 1 dg_ 1 o2ar'dr’)

- - - i 72
dwey, r dmey fp'? 422

y_ O rR 2ar'dr’ _C |: r'1+’1]
- . 2
dre, -0 Jr"‘+z‘ e

.........

In the limit |z| > R,

Fa

2 R2
VR + 77 =|z|[1+—2] =|z|[1+2 1+---]
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the potential simplifies to the point-charge limit:

7

o R 1 oxR)_ 1 0

2z, 2|z|_4?.rf:ﬂ | z] _4;".rf:ﬂ|z|

V ~

The corresponding electric field at P can be obtained as:

E_:_E:‘V:cr z z
* ez 25|1z| JR+22

e

In the limit R > Z, electric field at P becomes
E =o/2¢,
which is the electric field for an infinitely large non-conducting sheet.

Example

Consider an annulus of uniform charge density o, as shown in Figure. Find
the electric potential at a point P along the symmetric axis.

Pe

b

4 -t

Solution:
A small differential element dA at a distance r away from point P is
dA = (rd@)dr

The amount of charge contained in dA is given by
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dg=cdA=oc(r'd8)dr’

the electric potential at P is

dV - 1 ﬁ_ 1l or'dr'dé

= ~= -
drme, v 4dmg, -Jr"+zl

Integrating over the entire annulus, we obtain

V:

o rhe2er'dr'dd  lmo
4fr£ﬂ'[ﬂj

rardd J«b r'odr :i|:'ojt52+"2_\/a2+F2:|
] |||r|2+:2 4?1’-51] a |||r|2+:2 2:'5-',:, = 2~

where we have made used of the integral

Jr =2
5 +=

in the limit a — 0 and b— R, the potential becomes

V=2i[\fﬂz+:1—|:|}

£y

Example

A thin rod extends along the z-axis from z=—d to z=d. The rod carries a
positive charge Q uniformly distributed along its length 2d with charge
density A= Q /2d.

(a) Calculate the electric potential at a point ( z >d ) along the z-axis.

(b) What is the change in potential energy if an electron moves from z=4d to
z=3d?

(c) If the electron started out at rest at the point z=4d, what is its velocity at
z=3d?
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Solution

Zﬁ P (z>d)
Z-F d

z [ ydz

an infinitesimal charge element dg=4 dz' located at a distance Z along the z-axis.

the electric potential at a pointz >d is

A dz'

4?&5‘,:, 7F—Z

dV =

Integrating over the entire length of the rod, we obtain

V() = A f+d az A ln(z+d)

T Amey'-d z—z  Ame, z—d

(b) Using the result derived in (a), the electrical potential at z = 4d is

V(z=4d)=—2 m[“”]: 4 m[f]
dme, \4d-d) 4ms, \3

Similarly, the electrical potential at z=3d is

V(z=3d)=—2—m[38+9 | __A 5
3d—d ) 4nrg,

The electric potential difference between the two points is

AV =V(z=3d)-V(z=4d) = A lll[E) >0
mEy \ 5
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the electric potential difference AV is equal to the change in potential energy
per unit charge, we have

AU =qAV =& ‘H’mg]{o

(c) If the electron starts out at rest at z =4d then the change in kinetic energy
IS

1.

By conservation of energy, the change in kinetic energy is

&K=—.&U=|€|ih1[E]:>G
dme, \5

Thus, the magnitude of the velocity at z=3dis

\/z|e|,1 ['ﬁ]
Vo= |——Inj -
dme,m 5

Example:

Suppose the electric potential due to a certain charge distribution can be
written in Cartesian Coordinates as

V(x,y.z)=Ax’y’ + Bxyz
Where A,B and C are constants. What is the associated electric field?

Solution:

The electric field can be found by using the following equation:
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Ex=—ﬁ. £ =_6‘V =_0V
ox oy oz
al 2

E =——=-2A4xy  —Byz

x =24y By
oV >

E =——=-2A4Ax"y—Bxz
cy
oV

E =—=-B

2 & L

Therefore, the electric field is

E = (—24x)" —Byz}i —(24x"y +sz)j - B‘xylﬁi

NOTE:

Lecture #10

‘;h dada CM o :SALAS\ SLEL )

the electric potential at the center of the disk (z=0) is finite( by substituting

z=0 into eq.1), and its value is

.
y_OoR__O R _ 1 ’Q=2VD

° g, 7R? . 2g, B 47e, R

This is the amount of work that needs to be done to bring a unit charge from

infinity and place it at the center of the disk.
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