Electric Charges and Fields

Electric Charges
and Fields

Basic Properties of Charges

ELECTRIC CHARGE (Q) _ g

It is a scalar quantity. It is of two kinds. Benjamin (i) Charge is a scalar : represents excess or

Franklin suggested the names positive and deficiency of electron -

negative in place of the old names vitreous and  (ii) Charge is transferable : If a charged body is

resinous, respectively.

Positive charges develop on a body due to removal
of electrons. Negative charges develop due to
addition of electrons.

Unitof Q : coulomb  Dimensions of Q : A'T!

Think Think

Itis possible

to measure the

charge by electroscope

1. State coulomb
2. Franklin
3. Faraday

Electroscope

It is a simple apparatus with which the presence
of electric charge on a body is detected (see fig.)
When metal knob is touched with a charged body,
some charge is transferred to the gold leaves,
which then diverges due to repulsion. The
separation gives a rough idea of the amount of
charge on the body.

put in contact with an uncharged body, charge
gained by the uncharged body is always lesser than
initial charge present on charged body. The process
of charge transfer is called ‘conduction’ .

(iii) Charge is always associated with mass : i.e.

charge can not exist without mass though mass
can exist without charge. So the presence of
charge itselfis a convincing proof of existence of
mass.

In charging, the mass of a body changes i.e. (+ve)
Charged => Ms { : (-ve) charged => M 7T

(iv) Quantization of charge : Charge on any body

is always an integral multiple of a fundamental unit
of electric charge. This unit is equal to the
magnitude of charge on an electron (|—e |=1.6
x 107" C)

where n is an integer £1, +2, £3, ...... and
e=1.60x 10" C

Robert A. Millikan performed the ‘oil-drop
experiment’ which led of the discovery of

quantization of charge.
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(v) Conservation of charge : In an isolated system
the total charge (sum of positive and negative)
remains constant.

(1) 92U238 N gOTH234 + 2He4
[Q = 92¢] - [Q, = 90e] + [Q, = 2¢]
i)y -» e + e

[Q =0] > [Q, = +e] + [Q, = —¢]

Think

1.Mass without charge
2. Charge without mass
which is possible ?

Think

During radioactive reaction
Mass is cons. or not

(vi) Charge is invariant : Charge is independent of
F.O.R (Frame of ref.) i.e. charge on a body does
not charges what ever be its speed.

(vii) Similar charges repel each other while
dissimilar attract : True test of electrification is
repulsion and not attraction as attraction may also
take place between a charged and an uncharged
body and also between two similarly charged
bodies.

(viii) Methods of charging : Friction, Induction &
Conduction.

(ix) Charge differs from mass in following sense:
(2) In STunits, charge is a derived physical quantity

while mass is fundamental
(b) Charge is always conserved but mass is not
(c) Though both charge and mass are quantised,
the quanta of charge is e” while that of mass it
is yet not clear.
(d) If vt => M 7T while charge is invariant.

My
m=
Introduce v?
-
Cc
Solved Examples

Ex.1 A copper sphere of mass 2.0 g contains about
2 x 10* atoms. The charge on the nucleus of each
atom is 29e.

(i) How many electorns must be removed form
the sphere to give it a charge of +2uC?
(i) Determine the fraction of electrons removed.

(ii)) Is there any change in mass of sphere when
it is given positive charge?

Sol. (i) Number of electrons to be removed

-6
e 1.6x107"®

(i1) Total number of electrons in the sphere =29
x 2 x 102 =58 x 105

Fraction of electrons removed

125103 Think
eI X —216x10" " |1.WhatisQuark
= 58x1 023 2. Why in Macroscopic studies

quantization is neglected

Thus 2.16 x 10°% of electrons are to be removed
to give the sphere a charge of 2uC.

(ii1) Yes mass decreases, when body is given a
positive charge.

decrease of mass

AM=9x10"3"x1.25x10" =1.125x10""" kg -

ELECTROSTATIC FORCE "
Coulomb’s law

The electrostatic force of interaction (repulsion
or attraction) between two electric charges q, and
q, separated by a distance r, is directly
proportional to the product of the charges,
inversely proportional to the square of distance
between them and acts along the straight line
joining two charges.

ka4 Think
F= 2 1. Point charge
r2 2. Stationary charge

If charges are placed in vacuum
K= 1
4re,
Permittivity : Permittiveity is a measure of the
ability of the medium surrounding electric charges
to allow electric lines of force to pass through it.
It determines the forces between the charges.

=9 x 10° Nm*C*

g, = permittivity of free space (vacuum) = 8.85

1
x 10712 C2/Nm? = ————5 C?)/N-m?
nx10

36
[Q]2 ~ T2A2
Dimensions [ ] = [F] [length]> MLT 2.2

[e,] = M'LT*A?




Electric Charges and Fields

Relative Permittivity : The relative permittiveity Comparative study of fundamental forces :
or the dielectric constant (¢, or K) of a mecdium Relative
is defined as the ratio of the permittivity e of the  |S.No. |Force Nature Range strength
medium to the permittivity of Air/FS/vacuum. 1 Graviational . 1
force Attractive Long range
€ Electromagne |Attractive or 1036
e, or K =0 2 tic force repulsive Long range 3
] _ ) o 3 |Nuclear force [Attractive Short range 1039
If charges are placed in a medium with permittivity 4 |Weak force  |Unknown Short range | 1014

e, then the forces caused by induced charges in

the medium reduce the force between point charges. Principle of superposition (Forces)

The new force is, When many charges are present say q,, q,, q,
..... then net force on any charge, say q, will be
Feg i Thek fthe forces due to other cha
dnege, 12 PR i == O vector sum of the torces due to other charges q,,
water i5 5o much high as q on q
F _ Fvacuum compared to mica 2 3
medium — N N N
ér F3 =F34+Fs
Medium € - >
The resultant of two forces F, and F, (see fig.)
Vaccum 1 i< determined by usi
Ao 100059 is determined by using.
Water 80 F = JF2 +F2 + 2FF, cos 0
Mica 6
Teflon 2 The resultant makes an angle p with the F .
Glass 5-10 tanp = F, sin@
PVC 4.5 F, +F, cos0
Metal/Alloy 0
Solved Examples
Note: Coulomb’s law is not valid for distances less Ex.2 Atomic number of copper is 29, its atomic weight
than 10> m. Further if charges are moving then is 63.5 gm/mole. If two pieces of copper having
magnetic forces also act. weight 10 gm are taken and on one of the pieces
Vector Form 1 electron per 1000 atom is transferred to the

o h due to ch other piece and there after this these pieces are
Fip — TOTCC OT1 CHATEE d, U 10 ChATse 4, placed 10 cm apart, then what will be the coulomb

S force between them.
F,, = force on charge g, due to charge q,

= .09 - = 9% S -
__kayqs » kgsqp -
=——3 T =3

r r
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Sol. In 1 mole copper (63.5 gm) there are 6 x 10
atoms (N, = Avagedro number = 6 x 10> atoms)

6x10% x10
63.5

For every 1000 atoms, 1 electron is transferred

therefore total number of transferred electron is

Number of atoms = =90.45 x 10??

 9.45x10%
1000

=9.45x10"°

Therefore charge on one piece is 9.45 x 10" e and
on the other will be (9.45 x 10"e)

Force when they are kept 10 cm apart

Fo_ 1 G
dne, r?

1 (9.45x10'°%)%e?
(10x1072)?

4 e,

9x10° x(9.45x10'%)? x(1.6x1071%)?
(10x1072)?

=2 x 10"N
Ex.3 Two similar small balls having mass m and charge
q are suspended by silk strings having length ¢
, according to the figure. If in the figure 0 is an
acute angle then for equilibrium what will the
distance between the centre of the two balls.
Sol. The force & acting on the system are as follows.
T is tension in string, F is coulomb force and mg
is weight.
For equilibrium,

Tcoso=mgand T sin 6 =F

2
. tan@:i:;zq_
' mg 4ney x° Mg

If 6 is small

s tan® ~ sin 0 ~ —

X 1 q°

. 25_41160 sz_g

Q!

1/3
X=q—t—
{211 = mg}

Ex.4 On an insulated rod haring length L, Q charge
is evenly distributed and a point charge q is placed
at a distance d from are of its ends as shown.
What will be the total electric force on q.

Sol. Considering a small element dx of the rod at a
distance x from q, force on q due to this small

element
—————— X —]
P A B
dF = qdQ .C-I -------- [ || ]
2 : d :
4n ey X ——>ie _é_,x

where dQ is charge in small element dx and dQ

{2

qQdx 1 @Td_x
~ F=dF = dneygLx® 4dne L oo xP
__ 1 q@ [
4dney L X |y
__1 aQj1_ 1
C4ney L |d d+L
qQ

T 4ne, dd+L)

Ex.5 Two similar negative charges —q are situated at
point (0, a) & (0, —a) along Y-axis. A positive
charge Q is left from point (2a, 0) Analyse the
motion of Q.

Sol. Due to symmetry the y components of forces
acting on Q due to charges —q at A and B will
balance each other and the x components will add
up along direction O.

If at any instant Q is at a distance x from O

F=F cos6+F cos6=2F cose [~ F =
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5 1 -gQ X
47 € (a2+X2) (a2+x2)1/2

1 2qQx )
)3/2 1.e. F o —x

F=—
4n &) (a2 + x2

-+ F o« —x, the motion is oscillatory having

amplitude 2a but it will not be S.H.M.

Ifx<<a

1 @x:—kx

F=r
4ne, al

and the motion is S.H.M. with time period T,
where

3
T-= 2n\/E _ o |47 o Ma”
k 2Qq

Ex.6 Three equal charges (Q, each) are placed on
the vertices of an equilateral triangle of side a.
What is the resultant force on any one charge due
to the other two?

Sol. The charges are shown in fig. The resultant force

F = F2 +F2 + 2FF, cos 60°

with F, = F, = kQ/a’

J3kQ?

aZ

F=

From symmetry the direction is as shown along
y-axis.

Ex.7 Consider four equal charges (q, each) placed
on the corners of a square with side a. Determine
the magnitude and direction of the resultant force
on the charge on lower right corner.

qw
~
Q

Sol. The forces on the charge on lower right corner due

to charges 1, 2, 3 are F, =kq%/a’, F, =kq*/a*, F, =
kq?/2a?
The resultant of F, and F, is

= J2kq? / a2

This is in the direction parallel to F,. Therefore
the total force on the said chargeis F=F , +F,

Fi, =+F2 +FZ + 2FF, cos 90°

_1ka?

2 (1+242) The direction of F is 45°

F

below the horizontal line

Ex.8 Three identical spheres each having a charge q

and radis R, are kept in such a way that each
touches the other two. Find the magnitude of the
electric force on any sphere due to other two.

Sol. For external points a charged sphere behaves as

if the whole of its charge was concentrated at its

centre.

Force on A dueto Bis F,

2 —
= 1 9xq _ L alongBA
dney (2R)?  4mey 4R2

Force on A due to C. F..

2 -
= 1 9xq_ 1.9 alongCA
dney (2R 4meg 4R?

Now, angle between BA and CAis 60°and F, |
- F,. =F.

Fa=yF2+F2+2FF cosB0 = /3F =

=

4re, 4
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Ex.9 Five point charges, each of value tqarepalced gy g CTRIC FIELD ‘

on five vertices of a regular hexagon of side L
m. What is the magnitude of the force on a point
charge of value -q coloumb placed at the centre
of the hexagon?

Sol. If there had been a sixth charge +q at the
remaining vertex of hexagon force due to all the
six charges on -q at O will be zero (as the forces
due to individual charges will balance each other),

ie., Fr=0.

Now If f is the force due to sixth charge and

due to remaining five charges, F+f=0 i.e.F=—f [1]

2
1 gxq 1 |9
’ 4ne, L2 4dmgy | L

Ex.10 Two charged spheres of radius ‘R’ are kept
at a distance ‘d’ (d > 2R). One has a charge +q
and the other -q. The force between them will
be-

q2 2

[1] 4ne, d_2 [2] > 4rne, d_2 [2]

2
[3] < q—2 [4] None of these
4ne, d

+ =
+
+
+

o -

& >
< »

Sol. [2] Redistribution of charge will take place due
to mutual attraction and hence effective distance
will be less than d.

The electric field E at any point is equal in
magnitude to the force experienced per unit (test)
charge placed at that point, and is directed along
the direction of the force experienced

Electric field (intensity) g is a vector quantity.

Electric field due to a positive charge is always
away from the charge and that due to a negative
charge is always towards the charges.

Unit of [E] : newton/coulomb = volt/metre

[Fl mLT?

=——— =MLT3 A"
[a] TA

Dimensions of [E] :

Electric lines of force

Electric lines of force usually start or diverge out
form positive charge and end or converge on
negative charge.

The number of lines originating or terminating on
a charge is proportinal to the megnitude of charge.
In STunits 1% shows electric lines associated with
unit (i.e., 1 coulomb) charge. So if a bodty
encloses a charge q, total lines of force or flux
associated with itis g/s,. If the body is cubical
and charge is situated at its center the lines of froce
through each frace will be g/e,.

— M d S

|
!

Total lines of force (a/e,)
while through each face (a/6e,)

Charge A is positive
B is negative and q, > q,
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[3]

[4]

[5]

[6]

Lines of force never cross each other because if
they cross then intensity at that point will have
two directions which is not possible.

The electric lines of force can nerver be closed
loops, as line can never start and end on the same
charge. If a line of force is a closed curve, work
done round a closed path will not be zero and
electric field will not remain conservative.

Lines of force have tendency to contract
longitudinally like a stretched elastic string
producing attraction between opposite charges
and repel each other laterally resulting in, repulsion
between similar charges and ‘edge-effect’ (curving
of lines of froce near the edges of a charged
conductor)

tor Ik

<+——Repulsion——>
Electric lines of force for a system
of two positve charge

— Attraction «———

Electric lines of force for a dipole

Electric lines of force end or start normally on the
surface of a conductor. If a line of force is not
normal to the surface of a conductor, electric
intensity will have a component along the surface
of the conductor and hence conductor will not
remain equipotential which is not possible as in
electrostatics conductor is an equipotential
surface.

+C -G

m
I
fy/fe]

uniform ™
field _

m
n
o
+ [+ +[+ + [+

| e——d —> _\>,/

Fixed point charge near Parallel metal plates
infinite metal plate havin dissimilar charges

[7]

[&]

[9]

_ e
+tc +o +
— 4 S
Ll @ + (o]
=g =+ +E=€)
++ E=0 >
+
+
[=— +—>—
+
+
+1 Ll
e NS

Parallel metal plates
havin similar charges

If in aregion of space, there is no electric field
will be no lines of force. This is why inside a
conductor or at a neutral point where resultant
intensity is zero there is no line of force.

The number of lines of force per unit normal area
at a point represents magnitude of electric filed
intensity. The crowded lines represent strong field
while distant lines shows a weak field.

If the lines of force are equidistant straight lines
the field is uniform and if lines of force are not
equidistant or straight lines or both, the field will
be non-uniform. The first three represent
nonuniform field while last shows uniform field.

- - />\
—> /’9\
—> /‘9—\
-~ />_\
Magnitude is Direction not constant
not constant
/ﬂ _—
— _—
—\ _ >
_\ _—

Both magnitude and
direction not constant

Both magnitude and
direction constant

Think
_—
_—
R
Is this kind of
electric field is possible
if not so then why?
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Solved Examples

Ex.11 A Solid metallic sphere is placed in a uniform

Sol.

electric field. Which of the lines A, B, C and D
shows the correct path and why ?

Path (A) is wrong as lines of force do not start
or end normally on the surface of a conductor.
Path (B) and (C) are wrong as lines of force should
not exist inside a conductor. Also lines of froce
are not normal to the surface of conductor. Path
(D) represents the correct situation as here line
of force does not exist inside the conductor and
starts and ends normally on its surface.

_E,

w >

0O

Ex.12 A metallic slab is introduced between the two

Sol.

[1]

[2]

3]

plates of a charged parallel plate capacitor. Sketch
the electric lines of force between the plates.

Keeping in mind the following properties :

Lines of force start from positive charge and end
on negative charge.

Lines of force start and end normally on the surface
of a conductor.

Lines of force do not exist inside a conductor (as field
inside a conductor is zero)

The field between the plates is shown as

+Q -Q +Q -Q

y

T

Y v vrtytyty

R /2.0 2 ViV o P i
1
m
I
o

Metal
Electric field due to a point charge

E-_—1 9

1 a?
47580 I'2

R -
r = E =
47[80 r3

Y %
?." el —
,'Q' T E
9@ x Ol X
A) (B)

If the position vector of the charge is rZ , then

1 q(r-rp)

IR
electric field at position Tis E= 4ne, |7 r_> ;
-0

Superposition of electric fields

The resultant electric field at any point is equal
to the vector sum of electric fields at that point
due to various charges.

e

E = E1+ E2+ E3+ ......

The magnitude of the

resultant of two electric fields is given by

E = JE2 +E2 + 2EE, cos 0
E, sin®

. fon 1 ol tano = ———
The direction is given by tana E, +E,cos0

Solved Examples
Ex.13 Charges with magnitude q are placed at 4

corners of a regular pentagon. These charges are
at distance ‘a’ from the centre of the pentagon.
Find electric field intensity at the centre of the
pentagon.

Sol. Charges are placed at corners A, B, C and D of

the pentagon. If charge q is placed at the fifth corner

also then by symmetry the intensity g at centre

O is zero.
Electric field at O due

to new charge placed at

q
4Tl: S} a
-. Electric field due to charges at A, B, C and D.

E= along EO

2

__ G >
E= dne, a? along o
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Ex.14 Along x-axis at positions x =1, x =2, x =4
and x = 8 charges q is placed. What will be electric
field at x =0 due to these charges. What will be
the value of electric field if the charges are
alternately positive and negative.

Sol. By superposition theory

. q 1 1 1 1
E—4T[€0 |:1—2+?+4—2+8—2+ ..... :|

q {‘I 1 1 1 }
= —t—t—t— ...
4dneg|1 4 16 64
Terms in the braket are G.P. with first terma =1

) 1
and common ratio r = )

dn ey, [1-1/4 4r ey |3

If the charges are alternately positive and negative

Its sum s=_2
1-r

E-= 9 1—1+i—i+...1
4dneg| 4 16 64
wherea =1,r=-1/4

E-—J L
4rneq | 1-(-1/4)

_ |9 |49
dney | 5

Ex.15 Three charges +q, +q, +2q are arranged as
shown in figure. What is the field at point P (center
of'side AC)

The sum of fields at P due to charges at Aand C
add up to zero (because of equal magnitude and
opposite direction) . Thus the net field at P is that
due to +2q charge. Its direction is along the line BP
and its magnitude is
e 12

4ney (BP)?

Sol.

AR

BP = VBC? - PC? a P
= Va2-a?/2 = al42

E-—
ngoa

+2q g S +q

Thus

Ex.16 Fig. shows field lines of an electric field, the line
spacing perpendicular to the page is the same
every where. If the magnitude of the field at A is
40 N/C, then the magnitude of the field at B is

approximately.
T, N
< +——"A

Sol. From the diagram we notice that density of lines at
B is approximately half of that at A. Since the
density of field lines is proportional to the strengths
of field, we expect B =20 N/C.

Ex.17 An infinite plane of positive charge has a surface
charge density c. A metal ball B of mass m and
charge q is attached to a thread and tied to a point
A on the sheet PQ. Find the angle 6 which AB
makes with the plane PQ.

Sol. Due to positive charge the ball will experience
electrical force F_ = qE horizontally away from
the sheet while the weight of the ball will act
vertically downwards and hence if T is the tension
in the string, for equilibrium of ball :

Along horizontal, Tsiné = qE

qE

And along vertical, Tcosé=mg So tan6 “mg

and T = [(mg)’ + (qE)’]"
The field E produced by the sheet of charge PQ
having charge density

. o A
E--2
S is 2e
4
So, tang =—1° T
2gomg 0 +
B q N
Le., G:tan{ 9° } N
2gomg mg Q
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|
GAUSS’S LAW AND APPLICATIONS‘
Electric flux

[1]

[2]

[3]

[4]

It is areal scalar physical quantity with units volt
x m and dimensions

2
_Eds=Fds=MET 712 _ppep-3p
E q T
ds B i £ «t
%t g=00
%/ l
P P

doe = Eds cosd (de)er= Eds (dde)nn =0

It will be maximum when cos 6 is max =1, i.e.,
0=0°, i.e., electric field is normal to the area with
(d¢p) . = E ds

It will be minimum when cos 6 is min =0, i.e.,
0=90°, i.e.field is parallel to the area with (d¢,)
=0

Fora closed body outward flux is taken as positive
while inward flux is taken as negative.

min

\ A
0=-RE =0 ¢ =+RE
Cylinder in a uniform field

Positive-flux Negative-flux

Gauss’s law

The total (net outward) electric flux through a
closed surface is equal to the total charge enclosed
by the surface divided by ¢, the permittivity of

free space ¢=£f E.dS=2
€0

(for area element both symbols dA or dS are used)

Gaussian

field line surface

Gaussian surface in an arbitary, surface around
a charge or charge distribution, imagined for
calculation of electric flux through it.

The shape of the Gaussian surface could by any,
spherical, cylindrical, cubical, any arbitary shape.
Electric field at Gaussian surface is the resultant

- . . *) .

E atthe point. This E may arise from charges
inside as will as outside the closed Gaussian
surface.

Even if total net flux through a closed surface is
zero, the electric field E, may be non-zero at the
gaussian surface.

In fig. A, the total charge enclosed = 0. Thus the
net outward flux should be zero, even though E
at gaussian surface is not zero.

Gauss’s law and Coulomb’s law are equivalent.
One can derive Coulomb’s law by using Gauss’s
law and vice-versa.

Flux is a measure of number of lines of electric
field from a charge.

Gauss law can be used for determining E only if
charge distribution has some symmetry, so that

ifE.dK:E(cose) §dA and flux can be

calculated. For example, Gauss’s law cannot be
used to find electric field due to a dipole.
Electric field due to line charge (infinite
length)

The electric field at a distance r from a line charge
(density 1) is

E-_* _. 2
27‘[80"‘
| E
A+

ny —
T E
%_ r -_’ \_
+
+
| r
! (@ Fig1 (b)

The direction is outward perpendicular to the line
charge. The E « (1/r) dependence is shown in fig.
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(ii) Electric field due to cylinder (b) Charged metal plate
If the line charge is a cylinder of radius R, then
(a) Electric field outside I .
E ~ 7z
A +
= < E=0 7
2TE80r . ¢ n S
1 1 >
(b) Electric field INE= +
on the surface e o
0
-
E__ ™ Fig. 2 () Inside charged metal plate E=0
2megR
: E_O
(¢) Electric field inside (at a distance r from Outside charged metal plate €o
the axis) The field is normally outwards for positively
E__ M charged plate and inwards for negatively charged
2ng,R? plates.

The direction of the field is outwards (normal to (iv) Electric field due to a charged spherical shell

the axis)

The dependence of the field is shown in figure.2
(b) Inside the charged cylinder,

Eoxr
. 1
outside E o "
(iii) Electric field due to a plane sheet (infinite The charge Q resides on the surface of the
dimensions) spherical shell (radius R).
(a) Single sheet of charge (a) Field at outside point A
. - 3¢
_ T I £ 47580 r
=y 10
+ I 4ngg r?
+ . (b) Field at surface point B
+ T
E— 1 EF AE
For the surface charge density o (coulomb/ 4ney R? £-kQ
metre?) the field at a distance r from the sheet . R ]
1.Q _INET
. c . E= — PR E=0
is E=—— directed towards outward normal 4rey R? ; :
280 r R (0] R r
(from a positively charged sheet) (¢) Field at inside point C
The electric field does not depend on distance.
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)

The variation of field with distance r from the
centre O of the shell in shown in fig. The field
at the surface is maximum. And outside the shell
field variesas E « 1/r%.

Electric field due to charged conducting
sphere

The entire charge Q resides on the surface of a
charged conductor. Any charge given to the
interior, flows to the surface in less than a
nanosecond. So a charged

conducting sphere behaves like spherical shell.
Thus,

. 1. Q

(a) Field outside " Ane, 12
1 Q

(b) Field on surface |=~ 4ney RZ

(¢) Field inside E=0

Special note : The surface charge density in the
above case is o = Q/4nR2. In terms of & the fields
are

o (R? o
outside E= _(_2 J on surface E=—
o\ T €9

inside E=0

(vi) Electric field due to a charged sphere (non

conducting)

In case of a charged non conducting (plastic etc.)
sphere, charges do not flow. As a result, charges
exist inside the sphere as well as on the surface.

Assuming uniform charge distribution, the electric
field, outside (point A), on the surfac (point B)
and inside (point C) are as follows.

(a) Field outside

1. Q .

E:4 — directed radially outwards
7580 r

(for positive Q)

(b) Field on surface

__rQ
4ney R?

(¢) Field inside

1 Q

=———r

4ng R

directed radially outwards for positive Q.

A

r é ‘O lR r
The variation of the electric field with distance r
from the centre of the charged nonconducting
sphere is as shown in fig. The field outside varies

inversely as square of the distance. The field at
the surface is maximum.

The field inside is directly proportional to the
distance.

Special note : The volume charge density in above

case,is p=Q /(% 7R®) . In terms of p, the field are

3
E-_P R
380 r2

outside
E-PR
on surface 3
€o
e e P
inside E= 3"
€9




Electric Charges and Fields

Solved Examples

Ex.18 If a point charge Q is located at the centre of a
cube then find (i) flux through the total surface, (ii)
flux through one surface.

Sol. (i) According to Gauss’s law for closed surface ¢
=Q/e,, (i1) Since cube is a symmetrical figure thus
by symmetry the flux through each surface is ¢‘ =
Q/6¢,

Ex.19 A point charge q is placed at a corner of a cube
with side L. Find flux through entire surface and
flux through each face.

Sol. A corner of a cube can be supposed to be the
centre of a big cube made up of 8 such cubes,
therefore flux through it is q/8 < . The direction
of E is parallel to the three faces that pass through
this face, thus flux through these is zero.

1
Flux through the other three faces =3

a ) g
860 2460

Ex.20 A point charge +q is located L/2 above the
centre of a square having side L. Find the flux
through this square.

Sol. The charge q can be supposed to be situated at
the centre of a cube having side L with outward
flux ¢. In this core the square is one of its face
having flux ¢/6

9
- flux through the square = 6e

Ex.21 According to the figure, a hemi-spherical object
is located in an electric field. Find the outward
flux through its curved surface.

Sol. Total outward flux ¢ = ¢cg = ¢,
where ¢qg = flux through curved surface and

¢, = flux through circular base

-+ No charge is associated with this surface
S bes =—0n
-+ curved surface perpendicular electric field
o, = ExnR?cos180°
= -E nR?
" bes =~ =EnR?
Ex.22 What is the value of electric flux in SI unit

in Y-Z plane of area 2m?, if intensity of electric

field is E = (514 2j) N/C.

=(5i+2j).2i
=10
Ex.23 2uC charge is in some Gaussion surface, given
outwar flux ¢, what addition charge is needed if

we want that 6¢ flux enters into the Gaussian
surface.

Sol. According to question

(2+Q)uC

€o

=64




