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TdT ON SPHERES | Types of materials
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Electric field inside the conducting
sphere is zero.
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AT ON SPHERES | Points to be remember for every sphere

»» E,=Electric field at A »» V4= Potential at A
»» Eg=Electric field at B »»  Vg=Potential at B
E(m)] V()
»» Graph of »» Graph of
E(ryusr V(r)yvsr

»»» Ur=Potential energy

Electric field, potential, potential energy depends upon charge distribution.




AT ON SPHERES

SpTeres
/Hollowconducting Solid conducting Hollow non-conducting )
Sphere (HC) Sphere (5C) Sphere (HNC) ;
+ + +>:7+ LT oy e + + n i
Y Ry % FO-sgl
* + + . ‘ + - -+ E
< + " e + + i
+ :
++\++ —- +¥+ |

________________________________________________________________________________________________

If Q charge is put on these three spheres, the charge distribution on each of
these spheres will be same.

A
Answer of all seven quantities mentioned in
previous page will also be same.
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E & V due to Hollow conducting, Solid conducting, Hollow non conducting Sphere B
|E&Vatr >R

»>»> For any point outside the sphere, it acts as a point
charge placed at its centre.

»>» Therefore, the electric field at a point outside the
sphere located r distance away from the centre of
the sphere will be,

kQ
= T-_Z
»>» The electric potential at the same point will be, ¥ ¥ ” 5
kO + +
V=—
r

5 ke ,_ ke

re r g




E & V due to Hollow conducting, Solid conducting, Hollow non conducting Sphere B
|E&Vatr <R

»»»> Because of this symmetry (spherical symmetry), consider a sphere
(Gaussian surface) of radius r inside the sphere to find the electric field
at a distance r from the centre of the sphere, as shown in the figure.

»>>> Since all the charges are on the surface of the sphere, total charge
enclosed by the gaussian surface s, ¢;, = 0

»» The electric field E and any small area element d4 are along same
direction. Hence, the angle between them is, 8 = 0° 4 %

Applying Gauss's law, we get,
jgl_?).dff=qﬁ IZ> E(4nr?) =0 |:> B =

> Since the electric field inside the sphere is zero, the electric potential inside the sphere will be
constant and the constant potential will be same as the potential at centre of the sphere. Thus, the
potential will be:

_y = k
eRTE el v<r)=vc=fQJ




E & V due to Hollow conducting, Solid conducting, Hollow non conducting Sphere
| E(r) vs r Graph
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E & V due to Hollow conducting, Solid conducting, Hollow non conducting Sphere
| V(r) vs r Graph
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E &V due to Solid non conducting Sphere
| E&Vatr >R

»>»> For any point outside the sphere, it acts as a ?-L++
point charge placed at its centre. “*;1+
»>» Therefore, the electric field at a point 4
outside the sphere located r distance away =
from the centre of the sphere will be, e+
2 i
Tz oF
»>» The electric potential at the same point will be,
v = k@
r
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E & V due to Solid non conducting Sphere

I Eatr <R
>>»> Since charge Q is distributed on a SNC sphere of radius R, the
volume charge density of the sphere will be: p = (‘*Q;Rs’)
—-TT
3

>>»> Consider a sphere (Gaussian surface) of radius r inside the
sphere to find the electric field at a distance r from the centre
of the sphere, as shown in the figure.

>»»> Since the charges are uniformly distributed throughout the whole

sphere, total charge enclosed by the Gaussian surface is, qgi, = p (—nr
Applying Gauss's law, we get,

GE dh= B
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E & V due to Solid non conducting Sphere ﬁr

|vatr <R 0 AU
478 ek 4t
»»»> The potential on the surface of the conductor: Vg = I%Q wra TR
o Suppo;e we vyant _to find the potential at point A and fF Ji f : éer-f- + V(R)
potential at this pointis assumed to be: V, = V(r) ot — =+ +9
>»» We know that the electric field inside a SNC sphere of | T # o+
radius R and total charge Q is: E = % +ff T T JV _/\(/9'
>3 If we go from point A to point B, then the potential A Corem—— P TD TR
difference between these two points will be : ~ ;* -
— ' : x@r* +k&
ViV =J o7’ : V)= K& - RET ADs
B S R - R R>__R
: 2
VA’VB:ﬁE—B-f-O‘Y ' V(@) =3KG —k07% - Kb [3R ¥ ])
7 o IR Zrz Ar? _
1 N
V&) — K6 = KG'GZ']-{ : " T *olhal t ﬁ;;q.'[
— —= i —pr* Zﬂwxbo»la an Qe
R 2R3 ] L)z @
2 2| +KB kQ
()= K& [R=77) == _ 2l
v ) R V(r) = TE (3R* —r?)




E & V due to Solid non conducting Sphere
| E(r) vs r Graph

__%
g g0 — RQT (v
e — R>
i EQ > Q7 (v=p)
: 97—
ka4 (vsR)

X7/




E &V due to Solid non conducting Sphere ﬁ ﬁ'
I V(r) vs r Graph




U due to Hollow conducting, Solid conducting, Hollow non conducting Sphere

»» Suppose, initially, we have an uncharged sphere. To charge the
sphere, charges have to be brought externally from infinity to the
given thin spherical conducting shell. At first, an external agent
brings a charge +q from infinity to the surface of the sphere. Since
no charge is there on the surface of the sphere initially, it can be
brought without doing work against the electric field.

»» After this, to bring an elemental charge +dq from infinity to the
surface of the sphere, some external work has to be done against

the electrostatic force and that work will be stored in the form of + +
potential energy in the system. + 5.
>»» Initially, the sphere was uncharged, the potential of the sphere: V; = 0 +

»?> When the sphere has charge +q, the potential of the sphere: V; = %q

>»» Therefore, work done by the external agent to bring an elemental charge +dq from infinity to
the surface of the sphereiis:

AWext = dCI(Vf - Vi)

o7 4 e = K




U due to Hollow conducting, Solid conducting, Hollow non conducting Sphere

P24 Therefore the total work required to assemble the +Q charge on the sphere

%kq  _ kQ?
W = deext_f . Q

+
>>»> Since the work done by the external agent is stored as the potential
energy of the system, the potential energy of the sphere will be: R
k 2
+ +
»»» If the total charge on the sphere Q is negative, then also the potential + g +
Q2

energy of the sphere will be —=

>»» This potential energy is stored in the electric field generated by the sphere and in this case, the
electric field extend from R to oo.



U due to Solid non conducting Sphere # dq 6

>»»> Consider a uniformly charged SNC sphere of radius R having "ﬁ
total charge +Q. The charge gets distributed throughout the +TE F
volume of the sphere as the sphere is non-conducting. ‘i’r:+++i1+++i ¥
Therefore, the volume charge density of the sphereis, p = € QRS) Q

=i
3

>>»> Assume that initially we have an uncharged SNC sphere. To L7
charge the sphere, charges have to be brought from infinity ;
to the given configuration. Thus, consider an external agent
brings a charge +dq from infinity to the surface of an
imaginary sphere (have charge +q) of radius r inside the
original sphere, as shown in the figure.

Therefore, the total charge of the sphere of radiusr (r < R) s,

{= g "‘(gnm) gl tSae

>»> If thickness of the sphere having charge g and radius r gets increased by dr because of the
implementation of the charge +dq on the sphere, then the charge of the spherical layer will be,

5
dqg = p(4nr?dr) = dq = % e dr
(57#°)

(4nr?dr) =dg= =5



U due to Solid non conducting Sphere

> The electric potential at the surface of the sphere of radius r having
. . kq
total chargeqis, V = — A

>>» Therefore, the total work required to assemble the charges throughout
the volume of the sphere is,

k .
W = deext = Jqu = J7qdq (Here, g and r both are variable)

Substituting the value of g and dq, we get,

e [HL) 2

3k2 R
=W = < Jr‘*dr = W=
R6
0
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3kQ2 [r5]" 3k(>2
R6 5] VS
0

>»»> Since the work done by the external agent is stored as the potential energy of the system, the
potential energy of the sphere will be:

_ 3kQ?
~ 5R




