Conductors & Dielectrics In An Electric Field
(Part - 1)

Q. 54. A small ball is suspended over an infinite horizontal conducting plane by
means of an insulating elastic thread of stiffness k. As soon as the ball was
charged, it descended by x cm and its separation Horn the plane became equal to I.
Find the charge of the ball.

Solution. 54. When the ball is charged, for the equilibrium of ball, electric force on it
must counter balance the excess spring force, exerted, on the ball due to the extension
in the spring.

Thus F, = 1"':.1“1r

N

3= KX,
4, (20)

or (The force on the charge q might be considered as arised from

attraction by the electrical image)

org= dlVregKx,

Sought charge on the sphere.

Q. 55. A point charge g is located at a distance | from the infinite conducting plane.
What amount of work has to be performed in order to slowly remove this charge

very far from the plane.

Solution. 55. By definition, the work of this force done upon an elementary
displacement dx (Fig.) is given by
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Where the expression for the force is obtained with the help of the image method.
Integrating this equation over x between | and oo, we find
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Q. 56. Two point charges, g and —q, are separated by a distance 1, both being
located at a distance 1/2 from the infinite conducting plane. Find:

(a) the modulus of the vector of the electric force acting on each charge;

(b) the magnitude of the electric field strength vector at the midpoint between
these charges.

Solution. 56. (a) Using the concept of electrical image, it is clear that the magnitude of
the force acting on each charge,
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(b) Also, from the figure, magnitude of electrical field strength at P
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Q. 57. A point charge q is located between two mutually perpendicular conducting
half-planes. Its distance from each half-plane is equal to I. Find the modulus of the
vector of the force acting on the charge.

Solution. 57. 7 Using the concept of electrical image, it is easily seen that the force on
the charge q is,
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Q. 58. A point dipole with an electric moment p is located at a distance | from an
infinite conducting plane. Find the modulus of the vector of the force acting on the
dipole if the vector p is perpendicular to the plane.

-

Solution. 58. Using the concept of electrical image, force on the dipole " *
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Q. 59. A point charge q is located at a distance | from an infinite conducting plane.
Determine the surface density of charges induced on the plane as a function of
separation r from the base of the perpendicular drawn to the plane from the
charge.

Solution. 59. To find the surface charge density, we must know the electric field at the
point P (Fig.) which is at a distance r from the point O.

Using the image mirror method, the field at P,
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Now from Gauss’ theorem the surface charge density on conductor is connected with

the electric field near its surface (in vacuum) through the relation @ = &£~ where Ej, is

the projection of £ont the outward normal nwith respect to the conductor).

As our field strength E 1} 1’ so
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Q. 60. A thin infinitely long thread carrying a charge A per unit length is oriented
parallel to the infinite conducting plane. The distance between the thread and the
plane is equal to I. Find:

(a) the modulus of the vector of the force acting on a unit length of the thread;
(b) the distribution of surface charge density ¢ (x) over the plane, where x is the
distance from the plane perpendicular to the conducting surface and passing
through the thread.



Solution. 60. (a) The force F1 on unit length of the thread is given by
Fi=AE:
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Thus
Minus sign means that the force is one of attraction.

(b) There is an image thread with charge density- A behind the conducting plane. We
calculate the electric field on the conductor. It is
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On considering the thread and its image.
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Q. 61. A very long straight thread is oriented at right angles to an infinite
conducting plane; its end is separated from the plane by a distance I. The thread
carries a uniform charge of linear density A. Suppose the point 0 is the trace of the
thread on the plane. Find the surface density of the induced charge on the plane
(a) at the point 0;

(b) as a function of a distance r from the point 0.

Solution. 61.
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Q. 62. A thin wire ring of radius R carries a charge g. The ring is oriented parallel
to an infinite conducting plane and is separated by a distance | from it. Find:

(a) the surface charge density at the point of the plane symmetrical with respect to
the ring;

(b) the strength and the potential of the electric field at the centre of the ring.

Solution. 62. It can be easily seen that in accordance with the image method, a charge -
g must be located on a similar ring but on the other side of the conducting plane. (Fig.)
at the same perpendicular distance. From the solution of 3.9 net electric field at O,
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Where minus sign indicates that the induced charge is opposite in sign to that of chaige
g>0.

Q. 63. Find the potential ¢ of an uncharged conducting sphere outside of which a
point charge g is located at a distance | from the sphere’s centre.

Solution. 63. Potential ¢ is the same for all the points of the sphere. Thus we calculate
its value at the centre O of the sphere. Thus we can calculate its value at the centre O of
the sphere, because only for this point, it can be calculated in the most simple way.
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where the first term is the potential of the charge g, while the second is the potential due
to the charges induced on the surface of the sphere. But since all induced charges are at
the same distance equal to the radius of the circle from the point C and the total induced
charge is equal to zero, @' = 0, as well. Thus equation (1) is reduced to the

1 g
v= dme, |

form,

Q. 64. A point charge q is located at a distance r from the centre O of an
uncharged conducting spherical layer whose inside and outside radii are equal to
R1 and Rarespectively. Find the potential at the point O if r < R1.

Solution. 64. As the sphere has conducting layers, charge -q is induced on the inner
surface of the sphere q and consequently chaige + g is induced on the outer layer as the
sphere as a whole is uncharged.

Hence, the potential at O is given by,
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dmeyr dne Ry dne R,

Ty =

It should be noticed that the potential can be found in such a sim ple way only at O,
since all the induced charges are at the same distance from this point, and their
distribution, (which is unknown to us), does not play any role.

Q. 65. A system consists of two concentric conducting spheres, with the inside
sphere of radius a carrying a positive charge q:. What charge g2 has to be
deposited on the outside sphere of radius b to reduce the potential of the inside
sphere to zero? How does the potential ¢ depend in this case on a distance r from
the centre of the system? Draw the approximate plot of this dependence.

Solution. 65. Potential at the inside sphere,
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Q. 66. Four large metal plates are located at a small distance d from one another
as shown in Fig. 3.8. The extreme plates are inter-connected by means of a
conductor while a potential difference Ag is applied to internal plates. Find:

(a) the values of the electric field strength between neighbouring plates;

(b) the total charge per unit area of each plate.

Solution. 66. (a) As the metallic plates 1 and 4 are isolated and connected by means of
a conductor, @1 = @4. Plates 2 and 3 have the same amount of positive and negative
charges and due to induction, plates 1 and 4 are respectively negatively and positively

charged and in addition to it all the four plates are located a small but at equal distance
d relative to each other, the magnitude of electric field strength between 1 -2and 3-4

are both equal in magnitude and direction 2y E)- LetE' e the field strength between

the plates 2 and 3 which is directed form 2 to 3. Hence £ 14 £ (Fig).
According to the problem
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In addition to
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(b) Since E a o, we can state that according to equation (2) for part (a) the charge on the
p4te 2 is divided into two parts; such that 1/3 rd of it lies on the upper side and 2/3 rd
on its lower face.

Thus charge density of upper face of plate 2 or of plate 1 or plate 4 and lower face of

and charge density of lower face of 2 or upper face of 3

o' = gy E' = E“—‘}

, b
Hence the net charge density of plate 2 or 3 becomes are 24" which is
obvious from the argument.

Q. 67. Two infinite conducting plates 1 and 2 are separated by a distance |. A point
charge q is located between the plates at a distance x from plate 1. Find the
charges induced on each plate.

Solution. 67. The problem of point charge between two conducting planes is more
easily tackled (if we want only the total charge induced on the planes) if we replace the
point charge by a uniformly charged plane sheet.

Let o be the charge density on this sheet and E1, E> outward electric field on the two
sides of this sheet.
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E,+E,= EE
Then 0

The conducting planes will be assumed to be grounded. Then £;x= E; (I -x).

[n} (4}
E = -2 (l-x) E,= 2x
Hence ' % 2oIe,

This means that the induced charge density on the plane conductors are

Oy = -%I{I-x}, Oy = -%x

g

Hence g, = —%[I—x}, T= =7 %

Q. 68. Find the electric force experienced by a charge reduced to a unit area of an
arbitrary conductor if the surface density of the charge equals o.

EmE =2

Solution. 68. Near the conductor ‘o

This field can be written as the sum of two parts E1 and E> E; is the electric field due to
an infinitesimal area dS.
o
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The remaining part contributes both sides. In calculating the force on the

element dS we drop E: (because it is a self-force.) Thus

Q. 69. A metal ball of radius R = 1.5 cm has a charge q = 10 pC. Find the modulus
of the vector of the resultant force acting on a charge located on one half of the



ball.

Solution. 69. The total force on the hemisphere is
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Q. 70. When an uncharged conducting ball of radius R is placed in an external
uniform electric field, a surface charge density ¢ = 6o cos 0 is induced on the ball's
surface (here ao is a constant, is a polar angle). Find the magnitude of the resultant
electric force acting on an induced charge of the same sign.

Solution. 70. We know that the force acting on the area element dS of a conductor is,
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It follows from symmetry considerations that Fis directed along the z-axis, and hence it
can be represented as the sum (integral) of the projection of elementary forces (1) onto
the z-axis :

dF,= dF cos B (2)
For simplicity let us consider an element area 45 = 27 Rsin 0 Rd6(Fig) gy
considering that £= % Equation (2) takes the from
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Integrating this expression over the half sphere (i.e. with respect to cos 0 between 1 and
0), we obtain
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Conductors & Dielectrics In An Electric Field
(Part - 2)

Q. 71. An electric field of strength E = 1.0 kV/cm produces polarization in water
equivalent to the correct orientation of only one out of N molecules. Find N. The
electric moment of a water molecule equals p = 0.62-10%° Cem.

"l:l.P
Solution. 71. The total polarization is £= (-1 E. This must equals ¥ here ng is the
concertation of water molecules. Thus
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= 2:93 x 10° on putting the values

Q. 72. A non-polar molecule with polarizability p is located at a great distance 1
from a polar molecule with electric moment p. Find the magnitude of the
interaction force between the molecules if the vector p is oriented along a straight
line passing through both molecules.

Solution. 72. From the general formula
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This will cause the induction of a dipole moment.
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Q. 73. A non-polar molecule is located at the axis of a thin uniformly charged ring
of radius R. At what distance x from the ring's centre is the magnitude of the force
F acting on the given molecule (a) equal to zero; (b) maximum?

Draw the approximate plot Fx (X).

Solution. 73. The electric field E at distance x from the centre of the ring is,



E(x) = 4x

dney (R +2) 2

P- ﬂ-EQE- t]'*ﬁ-l’
The induced dipole moment is 4 (R +x7)
The force on this molecule is
gbx g @ __x __ qp x(R-2)

d
Fmp—E= L
dx qn{Rﬂf}m“”DM{Rﬂf}& lﬁﬂgtu {Rz_'_le-t

+ R
. . x = —— (apart from x = 0, x= =)
This vanishes for V2

It is maximum when

x(RP=-¥x2)

2 0
e {-R?. " IZF

or RE-2 R+ -4 (R 4+ -8 8 (RE -2 =0

2
R -13°R*+10x*= 0 or, 2= %(13: 1.#129)

or, 2

orx = % 13 1,,.“1;'29

(On either side), Plot of Fx (x) is as shown in the answer sheet.

Q. 74. A point charge q is located at the centre of a ball made of uniform isotropic
dielectric with permittivity . Find the polarization P as a function of the radius
vector r relative to the centre of the system, as well as the charge q' inside a sphere

whose radius is less than the radius of the ball.

Solution. 74. inside the ball
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Q. 75. Demonstrate that at a dielectric-conductor interface the surface density of
the dielectric's bound charge ¢' = -6 (¢ — 1)/g, where a is the permittivity, a is the
surface density of the charge on the conductor.

Solution. 75.
[}
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This is the surface density of bound charges.

Q. 76. A conductor of arbitrary shape, carrying a charge q, is surrounded with
uniform dielectric of permittivity 8 (Fig. 3.9). Find the total bound charges at the
inner and outer surfaces of the dielectric.

Solution. 76. From the solution of the previous problem g'in = charge on the interior
surface of the conductor

- —(e-1)/e fodSs= - ==

q
Since the dielectric as a whole is neutral there must be a total charge equal to

On the outer surface of the dielectric.

Q. 77. A uniform isotropic dielectric is shaped as a spherical layer with radii a and
b. Draw the approximate plots of the electric field strength E and the potential ¢
vs the distance r from the centre of the layer if the dielectric has a certain positive



extraneous charge distributed uniformly:
(a) over the internal surface of the layer;
(b) over the volume of the layer.

Solution. 77. (a) Positive extraneous charge is distributed uniformly over the internal
surface layer. Let oo be the surface density of the charge.

Clearly, E=0,forr<a

Fora=r

g, Exdn r* = 414’ o, by Gauss theorem.
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By continuity, ¢ = 27D

(b) Positive extraneous charge is distributed uniformly over the internal volume of the
dielectric

Let po = Volume density of the charge in the dielectric, fora <r <b.
E=0, r=a
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On the basis of obtained expressions E (r) and () (1) can be plotted as shown in the
answer-sheet.

Q. 78. Near the point A (Fig. 3.10) lying on the boundary between glass and
vacuum the electric field strength in vacuum is equal to Eo = 10.0 V/m, the angle
between the vector Eo and the normal n of the boundary line being equal to oo =
30°. Find the field strength E in glass near the point A, the angle o between the
vector E and n, as well as the surface density of the bound charges at the point A.

Solution. 78. Let the field in the dielectric be E making an angle o with i’ Then we have the
boundary conditions,

E cosay=eEcosa and E,sincy,= Esina

So E=E, sinzctu-i-—l-z-mszu“ and tan o = €tan oy
E

In the dielectric the normal component of the induction vector is

D =g, eE =g e Ecosa= gy E,cosay
o' = Pn- DH-EDEI- [l—é)snfﬂmsﬂﬂ

, -1
o, a' = : g, E, cos at




Q. 79. Near the plane surface of a uniform isotropic dielectric with permittivity &
the electric field strength in vacuum is equal to Eo, the vector Eo forming an angle
0 with the normal of the dielectric's surface (Fig. 3.11). Assuming the field to be
uniform both inside and outside the dielectric, find:

(a) the flux of the vector E through a sphere of radius R with centre located at the
surface of the dielectric;

(b) the circulation of the vector D around the closed path ' of length I (see Fig.
3.11) whose plane is perpendicular to the surface of the dielectric and parallel to
the vector Eo.
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Fig. 3.11.

o' = g

Solution. 79. From the previous problem,
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(a) Th:n§ E-dS= S;Q- nRIEﬂms'EIE—;-L

(b) f D-di= (Dy,-Dy,) = (ggEqsin0—eeyEqsin0) = - (&~ 1), E, Isin 0

Q. 80. An infinite plane of uniform dielectric with permittivity € is uniformly
charged with extraneous charge of space density p. The thickness of the plate is
equal to 2d. Find:

(a) the magnitude of the electric field strength and the potential as functions of
distance | from the middle point of the plane (where the potential is assumed to be
equal to zero); having chosen the x coordinate axis perpendicular to the plate,



draw the approximate plots of the projection Ex(x) of the vector E and the
potential @(x);
(b) the surface and space densities of the bound charge.

aD,
) divD = =" dD=pl
Solution. 80. (a) div pan g

E--L l<d and E_= %.-—mnqlaut for I>d
£Ep

I? Id d d
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by continuity.
On the basis of obtained expressions Ex (x) and qp (x) can be plotted as shown in the
figure of answer sheet.

() p'= —div P= ~div (e -1) e, E = -p—{-“Til

a'= P, - P,  where n is the normal from 1 to 2,

-
=P, (Py= 0 as 2 is vacuum.)

- (pd-pd/e)= pd ==

Q. 81. Extraneous charges are uniformly distributed with space density p > 0 over
a ball of radius R made of uniform isotropic dielectric with permittivity a. Find:
(a) the magnitude of the electric field strength as a function of distance r from the
centre of the ball; draw the approximate plots E (r) and ¢ (r);

(b) the space and surface densities of the bound charges.

Solution. 81.
d
dn-'D- rza—r D P
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rD, = 3+ADI3PF+2 r<R

A=0as D = = at r=0 Thus, E, = —0
r Jeg,
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By continuity of D, at r= R ; B= -3&
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See answer sheet for graphs of E (r) and o (r)
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o'= P ~Py= Py~ %px[l -%]
Q. 82. A round dielectric disc of radius R and thickness d is statically polarized so
that it gains the uniform polarization P, with the vector P lying in the plane of the
disc. Find the strength E of the electric field at the centre of the disc if d « R.

Solution. 82. Because there is a discontinuity in polarization at the boundary of the
dielectric disc, a bound surface charge appears, which is the source of the electric Held
inside and outside the disc.

We have for the electric field at the origin.
== odS —
E= -

flimt:urar'

where 7= radjus vector to the origin from the element dS.




' = P, = Pcos 0 on the curved surface

(P, = 0 on the flat surface.)

Here 6 = angle between 7 and F
By symmetry, E will be parallel to P. Thus

Fa - Pcmﬂﬂdﬂéﬂusﬂld
dme, R

o

where, r= R if d<<R.
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Q. 83. Under certain conditions the polarization of an infinite uncharged dielectric
plate takes the form P = Po (1 — x?/d?), where Pyg is a vector perpendicular to the
plate, x is the distance from the middle of the plate, d is its half-thickness. Find the
strength E of the electric field inside the plate and the potential difference between
its surfaces.

Solution. 83. Since there are no free extraneous charges anywhere

- D,
divD = e 0 or, D,= Constant

D =0 at =, s0, D, = 0, every where,

But
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Thus, ¢ ’
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Hence,
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Q. 84. Initially the space between the plates of the capacitor is filled with air, and



the field strength in the gap is equal to Eo. Then half the gap is filled with uniform
isotropic dielectric with permittivity a as shown in Fig. 3.12. Find the moduli of the
vectors E and D in both parts of the gap (1 and 2) if the introduction of the
dielectric

(a) does not change the voltage across the plates;

(b) leaves the charges at the plates constant.

T
Ll e

Fig. 3.12.

Solution. 84.

(a) We have D= D,, or, e E,= E|

Also,

2E, 2eE 2ee, E
9 and Elu—olnd Di=D,= e}
e+1

E+1 e+1

Hence,

(b) D, = D,, or, EEE'E:'EE'E:]
0

E
E = Ey, Ey= — and D= Dy~ & K,
Thus,

Q. 85. Solve the foregoing problem for the case when half the gap is filled with the
dielectric in the way shown in Fig. 3.13.

777
! ?/f//
Fig. 3.43.

Solution. 85. (a) Constant voltage across the plates;
Ei=E =E;, D =¢E, D;=z,eE,

(b) Constant charge across the plates;
EmE, Di=eE, DymeeyEy= eD

2E,

e+1

E,(1+e)=2E; or E/= E,=



Conductors & Dielectrics In An Electric Field
(Part - 3)
Q. 86. Half the space between two concentric electrodes of a spherical capacitor is
filled, as shown in Fig. 3.14, with uniform isotropic dielectric with permittivity &.
The charge of the capacitor is q. Find the magnitude of the electric field strength

between the electrodes as a function of distance r from the curvature centre of the
electrodes.

O

Fig. 3.14.

Solution. 86. At the interface of the dielectric and vacuum,

E,=Ey

The electric field must be radial and

E/mwE, = _.-1._1? a<r<h
£ EF

A A
Now, q= F{Zn}?’h TG nR%)

-A(l+l]2rt
E

. E,m E,= -9
o ! 2 Zzwﬂrz[l+£,'l

Q. 87. Two small identical balls carrying the charges of the same sign are
suspended from the same point by insulating threads of equal length. When the



surrounding space was filled with kerosene the divergence angle between the
threads remained constant. What is the density of the material of which the balls
are made?

Solution. 87. In air the forces are as shown. In K-oil,

F—=F= F/e and mg—rmg(lv?].

T3 ™3

Since the inclinations do not change

1,
£ P
Po_ 1 -1
or, ° £
- —
Or, P puE'—l

Where po is the density of K-oil and p that of the material of which the balls are made.

Q. 88. A uniform electric field of strength E = 100 VV/m is generated inside a ball
made of uniform isotropic dielectric with permittivity € = 5.00. The radius of the
ball is R = 3.0 cm. Find the maximum surface density of the bound charges and the
total bound charge of one sign.

Solution. 88. Within the ball the electric field can be resolved into normal and
tangential components.

E = EcosD,E, = Esinf



. 3%

Then, D,= eeyEcos@
and P, =(e-1) egEcosB
or, o'=(e-1)e; Ecos D

50, O,= (e-1)¢gE,

and tolal charge of one sign,

f]f"f&—uﬁnﬁmﬂzrtﬁzd[mﬂ}_ ﬂﬂzgﬂ{ﬁ_le
o

(Since we are interested in the total charge of one sign we must integrate cos 6 from 0
to 1 only).

Q. 89. A point charge q is located in vacuum at a distance | from the plane surface
of a uniform isotropic dielectric filling up all the half-space. The permittivity of the
dielectric equals a. Find:

(a) the surface density of the bound charges as a function of distance r from the
point charge q; analyse the obtained result at 1—0;

(b) the total bound charge on the surface of the dielectric.

Solution. 89. The chaige is at A in the medium 1 and has an image point at A’ in the
medium 2. The electric field in the medium 1 is due to the actual charge g at A and the
Image charge ' at A'. The electric field in 2 is due to a corrected charge c [at A. Thus
on the boundary between 1 and 2,



E o —L—sin0+—2—sin0
dregr dmeyr

Ey- —L—sin0
x 4rrtnr':sm

The boundary conditions are

D, = D,, and E, = E,
eq"=q-q
q'=q+q

1
17

o 2 E -
So, 7= e.+l"f- TE+

(a) The surface density of the bound charge on the surface of the dielectric

0" = Py, = Dy =g Eyy = (e -1) gy By,

e-1 g e-1 gl
- —2 _cosBe= -
E+1;:_;”?tm £+l 2

. E=1 ! g=1
ls,...E*ltj'f znﬂz_'_x:)mlnxdx- _—E_”q
(b) Total bound charge 0




Q. 90. Making use of the formulation and the solution of the foregoing problem,
find the magnitude of the force exerted by the charges bound on the surface of the
dielectric on the point charge q.

Solution. 90. The force on the point chaige g is due to the bound charges. This can be
calculated from the field at this chaige after extracting out the self-field. This image
field is

-1 q
mEe e+ 1 4me,y (2N

-1 :f

Fu
e+l 16meyl’

Thus,
Q. 91. A point charge q is located on the plane dividing vacuum and infinite
uniform isotropic dielectric with permittivity €. Find the moduli of the vectors D

and E as well as the potential q as functions of distance r from the charge q.

Solution. 91.

3 3 o Pinl
dmeyr; dmry g

'
q L, Pin2
dmeyry

where ¢"= -, = ¢"-q

e+1

—
In the limit { — 0

Thus,



q

E =
£ Exan{1+t1?

= eyl +e)r

D= x 1 in vacuum
Iney(1+g)? | & in dielectic

Q. 92. A small conducting ball carrying a charge q is located in a uniform isotropic
dielectric with permittivity € at a distance 1 from an infinite boundary plane
between the dielectric and vacuum. Find the surface density of the bound charges
on the boundary plane as a function of distance r from the ball. Analyse the

obtained result for 1— 0.

Solution. 92.
—- —s
r r
E- —2 4 N pin2
dmesery, dmegr,;
g ==
F.
= 4N Pinl
Fodmeyr,

Using the boundary conditions,

E,=<E,, E, = E,

"

This implies



g=tg =g" and g+eqg = eg”
29 o t-lg

e+1' T " e+ie

SD. q.lr_

Then, as earlier,

an__ii_,(ﬁ 1
1 e+l &

Q. 93. A half-space filled with uniform isotropic dielectric with permittivity a has
the conducting boundary plane. Inside the dielectric, at a distance | from this
plane, there is a small metal ball possessing a charge g. Find the surface density of
the bound charges at the boundary plane as a function of distance r from the ball.

Solution. 93. To calculate the electric field, first we note that an image charge will be
needed to ensure that the electric field on the metal boundary is normal to the surface.

_4
The image chaige must have magnitude ¢

! (g9 g
" 41!&,;(5;2)2.1063 :_-'.:rl;anlar3

Then P = D - E = -{'Z-:—U:sq{- o'
mE

This is the density of bound charge on the surface.

Q. 94. A plate of thickness h made of uniform statically polarized dielectric is
placed inside a capacitor whose parallel plates are interconnected by a conductor.
The polarization of the dielectric is equal to P (Fig. 3.15). The separation between
the capacitor plates is d. Find the strength and induction vectors for the electric
field both inside and outside the plates.



(22 |

Fig. 3.15.

Solution. 94. Since the condenser plates are connected,
E h+E,(d-h)=0

and PregE = e E,

or, E|+£-u=E3
g

AE2
ZirzzzZZ}

h

Thus, Ezd—zi- 0, o, E;=
o

P h
E = -a[lvd—]

P
g, d

Q. 95. A long round dielectric cylinder is polarized so that the vector P = ar, where
a is a positive constant and r is the distance from the axis. Find the space density
p' of bound charges as a function of distance r from the axis.

Solution. 95. Given P= a where 7= distance from the axis. The space density of
charges is given by, p' = - div P=-2a
On using.

R — 1 ﬂ —
div r= IE1LJI_II:r F'j-z

-

Q. 96. A dielectric ball is polarized uniformly and statically. Its polarization equals
P. Taking into account that a ball polarized in this way may be represented as a
result of a small shift of all positive charges of the dielectric relative to all negative
charges,

(a) find the electric field strength E inside the ball;



(b) demonstrate that the field outside the ball is that of a dipole located at the
centre of the ball, the potential of that field being equal to ¢ = por/4m €0, where Pq is
the electric moment of the ball, and r is the distance from its centre.

Solution. 96. In a uniformly charged sphere,

= Pp —
E=— of, E=—-7
f 3ey

The total electric field is

F= L p i (7207 p

Where pd7= -F (dipole moment is defined with its direction being from the -vc
chaige to +ve charge.)

The potential outside is

*F
P = 1 Q_t% = Py ahr}ﬁ
dmeg|r |r=5r dxe,r

— 41! 3
where p, = = — R* py ar ]
’ 3 Is the total dipole moment.

Q. 97. Utilizing the solution of the foregoing problem, find the electric field
strength Eo in a spherical cavity in an infinite statically polarized uniform
dielectric if the dielectric’s polarization is P, and far from the cavity the field
strength is E.

Solution. 97. The electric field Zo in a spherical cavity hi a uniform dielectric of



permittivity e is related to the far away field E, in the following mannenjmagine the
cavity to be filled wp with the dielectric. Then there will be a

field E.

uniform everywhere and a polarization £ gven py

P=(e-1)gE

Now take out the sphere making the cavity, the electric field inside the sphere will be

_E
3e,

=
—

By superposition. E'; - E}E}“ = E
1]

ur,E;- .E:—%{E-I]E- %{E-I—Z}E

Q. 98. A uniform dielectric ball is placed in a uniform electric field of strength Eo.
Under these conditions the dielectric becomes polarized uniformly. Find the
electric field strength E inside the ball and the polarization P of the dielectric
whose permittivity equals e. Make use of the result obtained in Problem Q.96.

Solution. 98. By superposition the field E inside the bll is given by

—

E- G-E

On the other hand, if the sphere is not too small, the macroscopic

equation P = (& - 1) gy E must hold. Thus,

Fliele-n)e B o . B0
[45&'_ }]- {,,-m'_., T ee2




Q. 99. An infinitely long round dielectric cylinder is polarized uniformly and
statically, the polarization P being perpendicular to the axis of the cylinder. Find
the electric field strength E inside the dielectric.

Solution. 99. This is to be handled by the same trick as in Q.96. We have effectively a
two dimensional situation. For a uniform cylinder full of charge with chaige density
po (charge per unit volume), the electric field E at an inside point is along the

(cylindrical) radius vector " and equal to,

= 1
E==—pr
28y

WEe L2 Ey e B -
[dwE JI_ﬂ-._{r.'ﬁj_:l e bence, £, 2 r]

Therefore the polarized cylinder can be thought of as two equal and opposite charge
distributions displaced with respect to each other

E'.- —l-pF'-r-l—p{ -brj= —pbr= -—

2e, 2e, 2

Since P=-pd7 (direction of electric dipole moment vector being from the
negative charge to positive charge.)

Q. 100. A long round cylinder made of uniform dielectric is placed in a uniform
electric field of strength Eo. The axis of the cylinder is perpendicular to vector Eo.
Under these conditions the dielectric becomes polarized uniformly. Making use of
the result obtained in the foregoing problem, find the electric field strength E in
the cylinder and the polarization P of the dielectric whose permittivity is equal to
.

—
—- == P
=

Solution. 100. As in Q.98, we write °" 2,
using here the result of the foregoing problem.

P E
Also P=(e-De
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