Electrostatics

1.1

Q1. Discuss the term “Electric field due to a
static charge configuration”.
Feb.-08, Set-3, Q1(a) M[6]

Electrostatic Fields

Answer :

The space or region around an electric charge in
which the effect of charge is felt is termed as Electric
field or Electrostatic field. A static electric field may be
due to a positive charge or a negative charge. The pres-
ence of electric field or the absence of electric field in a
region is confirmed by bringing the test charge into are-
gion. If atest charge experiences a force, then it means
that thefieldispresent. If asmall positive chargeisbrought
into the field of a positive charge, it experiences a repul-
siveforceand if thefield is of negative charge and thetest
charge is positive, it experiences the force of attraction.

Electric Field Due to a Static Charge Configuration
“Electricfield isdefined astheforce per unit charge
provided the charge being as small as possible”.

If ‘“F' is the force acting on the charge ‘q’ then
electric field intensity is given by,

E= Lt %EEN/C
a-00q

Thetest charge ‘q’ must be so small that it should
not disturb the properties of the field, i.e., it should exert
negligible force on the other charges. So, ‘g’ is too van-
ishingly small.

Consider apoint chargewhichispositivei.e, +Q as
shown in figure. The test charge or the static charge (+q)
islocated & ‘S at adistance ‘r’ from point charge +Q.

/

Figure: Electric Field at a Point Charge +0
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Solutions

According to Coulomb’s law, the test charge expe-
riences aforce and an electric field is produced around a
charge +Q, where the force acts and if any charge is
brought in this region, it also experiences a force. The
forceisrepulsive asfield and test charge both are positive
and this force is directed radially outwards.

The force experienced by the test charge is given as,

- .0 Qg O
P 0,75
Where,
& = A unit vector directed away from point
charge.

AsElectricfield,

0 |E=—2 5 N

Q2 Define and explain the following terms,
(i) Electrostatic fields
(ii) Electric field intensity
(iii) Electric potential
(iv) Potential gradient.
Answer :
(i)  Electrostatic Fields

The electric field produced by a static charge
distribution is said to be electrostatic field. Basicaly, this
field is conservative in nature i.e., it obeys conservative
property. It means that, the work done in carrying a unit
charge around any closed path within the field is zero.
These fields are governed by two basic laws namely,
Coulomb’s law and Gauss's law.

(ii) Electric Fidd Intensity (E)
Electric Field Intensity or strength (EFI) is defined

astheforce exerted per unit charge at apoint inthevicinity
of field.

ie, E =

F
5
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1.2 Electrostatics
Where,
F = Force exerted between the charges.

Q = Charge present at the point of consideration.

QQ
2 ag
_ 4, R Q _
O E = - = > ag
Q 4nty R
Where,

R = Distance between the charges Q and Q

As E isinversely proportional to the square of the
distance, the field due to a point is non-uniform in nature.
EFl due to a point charge distribution is given by,

n

. 1 —
E = Q_I;aK
anlly g5 Re

Electric Potential (V)

Electric potential is defined as the work done per
unit charge in bringing a point charge from infinity or a
zero reference point into the vicinity of an electric field.

(iii)

ie, W :_QIE.dF .. (D)
W
We know that, V = 6 . (2
Substituting equation (2) in equation (1), we get,
-Q J’E.d"
V= —2—
Q

r

0 V= _J' Ed

O aq.adr

)
Q
\Y; :_I—z
J 4, R

E=——-13 dd =a.d
E= an =agar
C} I DO Rz rUM

Integrating above equation, we get,

B -Q OR-24 0]
v 4n, —2+1)50

. Q md
Hoov= anty RHE,
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Q M 10O Q

5 V= 4nDOB'__;H: 4y r

Hence, itisascalar quantity with units of JC or V.
Potential Gradient

In general sense, the term gradient is a measure of
rise in elevation between two point on a slope of the hill.
Similarly, in electric fields, the gradient of potential or
potential gradient is a measure of potential rise between
two points.

So, the potential gradient is defined as the gradient
of potential function and it isgiven by negative of electric
fieldintensity.

(iv)

ie, vV =—E

or E=-0v
On applying curl on both sides of above equation,
the Maxwell’s curl equation is obtained as,

Ox E =0x (-0V)
Ox E=—0x0OV

OO0 xE=0
1.2 Coulomb’s Law
Q3 State and explain Coulomb’s law for the
vector force between two point charger
in free space.
Feb.-08, Set-2, Q1(a) M[6]
Nov.-07, Set-2, Q1(a) M[6]
Nov.-07, Set-4, Q1(a) M[6]
Feb.-07, Set-2, Q1(a) M[4]
Nov.-06, Set-2, Q1(a) M[4]
Nov.-06, Set-3, Q1(a) M[4]
OR
State and explain Coulomb’s Law.
May-05, Set-3, Q1(a)
Answer :

Coulomb'’s law states that, “the force between two
charged bodies is directly proportional to the product of
their charges and inversely proportional to the square of
distance between them”. Provided that, the sizes of the
charged bodies are quite negligible when compared with
the distance between them, due to which those charged
bodies are usually termed as point charges.

Consider two point charges Q, and Q, separated
by a distance R. Then from Coulomb’s law, the force
between Q, and Q, can be determined as,
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F 0Q,Q,ad
1
s
O F=K —Qa?b
R
Where,
K = Constant of proportionality
1
= p— [For free space]
0
0 E = 1 anQb - QaQb
and, R°  4nl, R?

The above expression gives the magnitude of force
exerted on Q, by Q, or on Q, by Q,. If the magnitude of
force is a negative value then, it indicates that the force
acting between the charges is an attracting force and if it
is positive value then, it indicates that the force acting
between the chargesis a repulsive force. This is because
of the fact that the like charges repels and unlike one
attracts, each other. Either kind of force will act along the
straight line joining the charges.

Hence, Coulomb’s law can be defined in its vector
form as,

Fo Q4
4n, R
Where, a is the unit vector which specifies the
direction of force between the charges.
So, theforce exerted on Q, by Q, can be expressed

as1
C QaQb =
F_ = —<ax<b
2 7 an0, R? %a
Where,
~ _ Ra_Ra
8 == -
Ral R
ad  R,=R,-R,

The vectors R, and R, indicates the location of
the charges Q, and Q,, respectively.

Coulomb’s law obeys linearity and also the
superposition principle due to which, the force exerted on
a point charge by ‘n’ number of different point charges
can be given by the vector summation of all ‘n’ individual
forces acting on that point charge i.e.,

n —
Ftotd = Z Fi
1=
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UNIT - I (Solutions) 1.3

Q4. Two small identical conducting spheres
have charge of 2 nC and - 0.5 nC
respectively. When they are placed 4 cm
apart, what is the force between them? If
they are brought into contact and then
separated by 4 cms, what is the force
between them?

May-05, Set-3, Q1(b)

Answer :
Given data,
Charges of conducting spheres,
Q,=2nC
=2x10°C
Q,=-05nC
=-05x10°C
Distance of separation, R=4 cm

=4x102m
Force between charges, F = ?
According to Coulomb’s law, force between two
charges Q, and Q, displaced by ‘R'm is,

— QaQb
an0, R?

2x1079 x(-0.5%x107%)
411x8.854%1072 x (4x1072)?

=-562x10°%N
= —5.62 uN
The negative vaue of force indicates that it is an
attractiveforcewhich isquite obviousfor opposite polarity
charges.
Now, when both the charges are brought into
contact, the charge of both the spheres equals to their
average value of charge before.

ie, Q=Q =Q*Q
2
_ 2x107°-0.5x10"°
N 2
=0.75%x10°C
=0.75nC
0 Force between the charges after separated by 4 cm,

. Q9

~4ny R
0.75x107° x0.75x107°

411x8.854%1072 x (4x1072)?

=316 x 106N
=3.16 pN
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1.4 Electrostatics

The positive value of force indicates that, it is arepulsive force which is quite obvious for same polarity charges.

Hence, by thisit can be said that, “if an attracting force exists between two charges and if they are brought into
contact and then separated, then the force between the chargers changes into a repulsive force due to neutralization of
charges’.

Q5. Explain the superposition principle governing the forces between charges at rest.
Feb.-07, Set-3, Q1(a) M[4]
Answer :
Consider two point charges Q, and Q, be located at points P, and P, respectively.
According to Coulomb’s law, the force exerted on charge Q, due to charge Q, is,

IE QlQZ —
2T I R-RE

Where, the vectors R1 and R2 indicates the location of the charges Q, and Q, respectively, a,, is the unit
vector which indicates the direction force (i.e., from Q,to Q, ).

Let us consider another charge Q, at point P,.

Now, the force exerted on charge Q, due to charge Q, is,
= QQs =
F = Tagl
% anb|R-R [
According to superposition principle governing i.e., the forces between charges at rest.

We have, the total force exerted on charge Q, due to the charges Q, and Q, is the vectoria sum of the force
exerted on Q, due to individual point charge in the absence of other chargesi.e.,

I:1:|321"'|331
. Q9 . Qo
I R-RE 2 4y R-RE ™
| |
- g % 7 %]

m, HR-RF 2 1R-R|

In general according to superposition principle, the force exerted on charge Q, dueto ‘'n—1' point charges Q,,

Qy - Q, IS,

QY Q Q

- Qn—l = Q D
i, HR-RF > R-R|

R-Ra P TR-R D

8y ot

i 4nD Z IR- Rk|2a”

Above formula can be generalized to calculate the force exerted on charge Q, due to all the other charges as,

Q¢ _q
i, & R-RE

k#i
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UNIT - I (Solutions) 1.5

Q6 Show that the force on a point charge anywhere with in a circular ring of uniform charge
density is zero provided the point charge remains in the plane of the ring.

Nov.-04, Set-2, Q1(a)
Answer :

Consider aring in the y-z plane as shown in figure (1).
Let, A —Linecharge density in C/m.

F — Force on a point charge in Newtons.

A —Point in the plane of the ring

dQ — Differential charge element on the ring.
D — Distance between the point A and the differential charge element dQ
r —Radius of the ring.

y — Distance of the point on the axis of thering.

Y,

QR A(0Y.0)
y
D
X
0
r
daQ
daQ
z
Figure (1) Figure (2)
The force acting on Q due to the differential charge dQ is given by,
QdQ
- [———a
F= .r n{, D? b .. (D
From figure (2),
D2 =r2+y2 )
_ ra +ya,

and ap = W .. (3

Substituting equations (2) and (3), in equation (1), we get,

QA tyap
F= ety @ ) ey |

_QdQ(-r3, +va,)
"= Ly o
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1.6 Electrostatics

The radia component is absent due to the symmetry of the figure. Therefore equation (4) can now be written as,

2T QArdQya,
F = Q_[O Am, (r2 + y2)¥2 .. (5

Integrating equation (5) w.r.t dQ, we get,

- QArya,
antl, (r? +y?)¥?

Q"

Qhrya,

= 2nm-0
ant, (r® + y?)¥? ( )

QR
20, (r*+ yz)s/z

Since, it is given that A is a point on the ring then the distance of the point from origin will be zeroi.e.,, y = 0.

_ QAr x0xa,
20, (r® + y*)¥?
0 F =0
Q7. Charges are located in free space as shown in figure. Find the force experienced by the
1 pC charge.
z
4uC -8/2pC
1KC y
10cmsquare —4pC
Figure
Feb.-07, Set-3, Q1(c) M[6]
Answer :
Given data,
z
A
(0,0,0.)m Q,=-8/2uC
Q,=4pC e T (0,0.1,0.)m
10cm
0,00 J{ (0,0.1, O)m
Q =1uC D d y
' <«— 10cm —> Q. =4IC
Figure
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UNIT - I (Solutions) 1.7

Let the charges 1 pC, — 4 UC, —84/2 pC and 4 pC be denoted by Q,, Q,, Q, and Q, respectively.
According to the superposition principle governing the forces between charges at rest we have,
The force experienced by, Q, = 1 uC

— Q< Q& -

Q0 Q .. Q
T A, HR-RF 2 R-R|
(0-0)a, +(0-0.1)a, +(0-0)a,

syt —=—=—>8,[
O

Pyl
2
11
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1.8 Electrostatics

0
az) + x(_ﬁz)l:|
E

0 E- 1x107° EL4><10‘6 N 2x10°  (-1) @ +
17 4mx8.854x1072 § (0.1)° o022 Y2
1x107°x4x107°

P hooa, +1003, +100a, ~1003]

a
8.854m 200 8y

= 7.1902 @, N.

Q8. 4-point charges of 500 UC each are placed at the corners of a square of 3./2 m side. The
3 3
square is located in the z = 0 plane between x = +— mandy = +— m in free space. Find
q P \/E v \/E P
the force on a point charge of 30 uC at (0, 0, 4) m.
Feb.-08, Set-3, Q1(c) M[4]
Answer :

Given that 4-point charges are placed in a square of side 3,/2 m between xand y.

O It can be shown as,

d P(0, 0, 4)
o bt
A B
o) X
D C
Figure

To find force ‘F’ on a point charge ‘P’ of 30 uC at (0, 0, 4) m.
AP = /(3/V2)% + (3/v/2)? + (4)?

= /(9/2) +(9/2) + (16)

_ [18+32
V2
= V2
BP = |(3/v2)? + (32)* +(4)* = V25 =DP =CP
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UNIT - I (Solutions) 1.9
Force due to point charge at ‘A’ is,

1 30x10°°

F.= .
woodng, 25

iAP

1 _30x10'6ig(3/ﬁ)x—(3/ﬁ)y+4z -

4T[|:|0 25 B\/(S/\/E)Z +(3/\/§)2 +(4)ZH

9x10° xi—gxlo‘ﬁ 5(3/\/E)i>(—(3/\/§)iy+4iz%
B

J25 &
Similarly,
o (-3/V2)ix - (3/2) iy + 4iz
| = \/2—5
op - (-3/V2)ix + (3/4/2) iy + 4iz
B J25
pe (3/V2)ix +(3/2) iy + 4iz
B J25
0 F :FAP+FBP+FCP+FDP
F2ox100x X107 ab s igp+icP+ iDP]
25
o 10° 30x107° 33/x/§)ix-(3/\/§)iy+4iz—(3/\/§)ix—(3/\/§)iy+44'z—E
- 2525 H3/V2)ix+ (3/v2) iy + diz+(3/v2) ix+ (3/V2)iy+4iz B
_ 9x10°x30x107° .
(2572 x16iz
9x10°x 30 .
= W x 161z
0 | F=229% 061z
125

1.3 Electric Field Intensity Due to a Line Charge

Q9 Find the E at any point due to a line charge of density A C/m and length L meter.

Nov.-04, Set-1, Q1(a)
Answer :

Consider auniformly charged wire of length L meter. Let A be the linear charge density in Coulombs/meter. Let
A be any point at adistance ‘d’ from the wire.

Consider a differential element dy at a distance x m from one end of the wire as shown in figure (1).
The electric field intensity due to differential charge element A dx is given by,

gE = & ' )

B.Tech [JNTU] ELECTROMAGNETIC FIELDS



1.10 Electrostatics

The elemental field dE can be resolved into two
components i.e., the horizontal component along X-axis
and the vertical component along Y-axisis given as,

O dE, = dE cosp - (2
dE, = dE sing - (3
Substituting equation (1) in equation (2), we get,

4E = A dx

= cos@
" and, y?

_ Acos@
An, P

dx .. (4)

Y -axis

X-axis

Figure (1)
Consider A'®* ABC as shown in figure (2),

A

)
C M —x B

Figure (2)
From figure (2),

M —-x
d

cotp =

M —x =d cot@ .. (5

Differentiating equation (5), we get,
0 — dx = —d cosec?p d

dx = d cosec?p do ... (6)

From figure (2),

cosecQ = %

y = d coseco .. (7

ELECTROMAGNETIC FIELDS

Substituting equations (6) and (7) in equation (4),
we get,

c - A cos@ d cosec’ dg
" 4, d? cosec’@

A cos@d
dE = ——— .. (8
" 4n,d ®
In order to get the electric field over the whole
length of the wire, integrating equation (8),

£ - Tz)\coscpd(p
h o, 4, d
-6,
E = cos@d
" 4n,d J el
A : -0
= Sn 2
5, 4ty d [sndf;
A . .
= sinB, -sin®
5 4, d [sne 1
Considering equations (3) i.e.,
dE, = dE sing
Adxsing
Ev: 2
anlly y
Asin@d
dE = SO0 e
Yo4nlyy

Substituting equations (6) and (7) in equation (9),
we get,

_ Asingd cosec” @dg

" 4, d®cosec® @

_ Asingdg
dE,= 4nd, d

In order to get the vertical component of E along
the length of the wire, integrating equation (10),

-0,

J’si n@dge

dE =
Y 4nl, d

A
oo [cos8, +cosB,]
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Q 10. A straight line of length I m in free space
has a uniform charge density of A C/m. P
is a point on the perpendicular bisector
of the line charge, at a distance y m from
the line. Find the electric field at P.

Feb.-08, Set-2, Q1(b) M[10]
Nov.-07, Set-4, Q1(b) M[10]
Answer:

Consider auniformly charged wire of length| m as
shown in figure. The point P is on the perpendicular
bisector of theline charge, at adistancey m from theline.

Let A betheunit vector at the point P, perpendicul ar
to the line. Let dx be the elemental length at a distance x
fromthewire. Let dE betheelectric field dueto the charge
Adx [A isthe linear charge density].

112 >

We know that any vector can be resolved into
two components i.e., the horizontal component and the
vertical component. Similarly the vector dE can be
resolved in to the horizontal component dE,_and the
vertical component dE,. Since the point P is along the
perpendicular bisector of the line, the horizontal
component dE_will be absent or zero.

O dE = dEy
dEy =dE sinb
A .
dE = dx >Sino .. (1)
T N
From figure,
| —
TX =y cotB .. (2

Differentiating equation (2), we get,
—dx = —y cosec?0 de.
dx =y cosec? de. - (3
Also, r =y cosec .. (4
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UNIT - I (Solutions) 1.11

Substituting equation (3) and equation (4) in
equation (1) we get,

)\ 2
o, = 2yoosc8dO g
Y 4nl, (ycosec)

Lycosec®0do .
= 5 snd
4, y? cosec?d

AsnBdo
ant, y

dE
y

Qll Find the electric field at P if the line
charge length I extends to infinity.
Nov.-07, Set-4, Q1(c) M[2]
Answer :
The electric field at point ‘P’ is given by,
_ Acosa
T o,y
When thelength ‘" extendsto infinity i.e., for infi-

nitely long conductors,
o =0and hencecosa O cos0° =1

0E=f—2"
2nl, y

Where,
A = Unit normal vector at point ‘P’.

Q12. A uniform line charge AL = 25 nC/m lies
on the line x = -3 and z = 4 m in free

space. Find the electric field intensity at
a point (2, 5, 3) m.
Nov.-04, Set-4, Q1(b)
Answer :
Derivation

For anwser refer Unit-1, Q40.
In general E can be written as,

— P =
E= 2nDORa'

ELECTROMAGNETIC FIELDS



1.12 Electrostatics

Where,

R — Distance between the line and point charges.
a — Unit vector directed from line charge to point charge.

Problem

Given data,

Uniform line charge, p, =A =25nC/m

=25x 10° C/m

p, liesonthelinex=-3mand z=4 min free space

AtpointP=(2,5 3 m

Electric field, E=?

The line charge liesin x-z plane and extends towards infinity without intersecting y-axis, it is paralel to y-axis
and hence y-component does not exists in the field.

0 R=@2-(9)a +(B-947,

0 o R 5a-3a,
"TIRI T Y26
O Electricfield intensity at point P,
— P
= a
E 2n, R %

~ 25x107° 58-3,
© 21x8.854x10 2 x4/26 /26

= 17.284 (53,— a,)

O E =86.42 a,—17.284 &,

Q 13. Figure shows two charges at points A and B in free space. Find the electric field at point P
due to these charges. Is the result consistent with what may be expected if d>>s?

Nov.-07, Set-2, Q1(b) M[6]
Feb.-07, Set-2, Q1(b) M[6]
Nov.-06, Set-2, Q1(b) M[6]
Nov.-06, Set-3, Q1(b) M[6]
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Answer :

y

A
§ ?P(s.d)
E Edm
lac |

A@ece a

(0,00 sm sm

Electric field at point ‘P’ due to charges at points A and B.

.G ~ q

———— A, + ——§,
AR, R P ™ 4ny|Rs —Rg |

Let point ‘A’ belocated at origin.

UNIT - I (Solutions) 1.13

O R, -R,=(s-0) @ +(d-0)3,
=sa, +da,
D IR, —R,| = ys? +d?
|:| = ﬁP_ﬁA S§X+day
a — — =
IR -R Js2+d?
Similarly,
R.-R;=(s—29a +(d-0)a
=-sa+da,
0 |R—Rs|= /s? +d2
o BB
® IR Rl
—-sa, +da,
- 2 +d2
0 E q Hsa, +da, H gx(-sa, +da,)
& +d? ﬁ HJS v ant, /s’ +d2§§/s +d)fd
= g -3 (&, +da, -s, +da,)
4nf, (s +d?%)72
q _
= x 2da
4n, (2 +d?) 2 ’
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1.14 Electrostatics

g _
= 57 day

2
2n, d3§+ Bﬁg

dOH

O0E= 9 a

2n, d2%+ BEEZE% y

d

If d >> s, then ratio s/d can be neglected.
E=- o 9
2nCl, d* 1+0)¥?

g

— q _
0E-= a
2n, d* 7

Yes, the result is consistent with what may be ex-
pected if d >> s.

Q 14. Two point charge —q and ¢/2 are situated
at the origin and at the point (a, 0, 0)
respectively. At what point does the
electric field vanish?

Nov.-04, Set-3, Q1(a)

Answer :

Given data,

Point charge at (0, 0, 0), Q, =—q

Point charge at (a, 0, 0), Q, = ¢/2

point, P="7?

Where, E=0

As both the point charges lie on X-axis only, the
point where electric field vanishes will also lie on X-axis.

So, let the point P be (x, 0, 0)

0 The magnitudes of electric field intensities at

‘P’ dueto Q, and Q, will be equal.

ie., ‘E‘ = ‘Ez‘
z
\
cog| TR P €E=0
(& 0,00 (x,0,0)
y

ELECTROMAGNETIC FIELDS

. Lo | | o |
|anD, R?| ~ [4nt, RZ|
q _ g2
= x>  (x-a)?
1 1
U 7z

x> 2(x?-2ax+a?)
O 2% —4ax +2a2=x2
O x—4ax+2a2=0

(A J(4a)% - (4x1x 2a%)
- 2x1

4a++/16a% -8a2

2

O

4a++/8a°
2

—Za(2-2_+ 2 = a(2++/2)

= 0.586 a (or) 3.414 a.

Thepointx= a(2- \/E) =0.568aliesintheregion
between the charges nearer to the midpoint.

As |Q,| = 2|Q,|, the point cannot lie near the
midpoint, hence the point ‘P’ must lie away from the
midpoint of the charges.

O X = 3.414 ais the required point.

Hence, P = (3.414 a, 0, 0) is the required point
where the electric field vanishes.

Q15.Potential distributions are given by
V=4/(x2+y+2z2). Find the expression
for E.

Nov.-05, Set-1, Q2(b) M[8]
Answer :
Given potentia distributions,

4

V="
X*+y+27°

B.Tech [JNTU]



UNIT - I (Solutions) 1.15
Magnitude of electric field intensity, E = ?

We know that,
E=-0V
__ Hh9,59,59
- HYox ayay ? 0z
= _ a_v+§ya_v+aza_v (l)
0X oy 0z
Now,

v _op 4
OX  Ox X%+ y+ 22

:4><i (x2+y+22)‘1

0x
=4x (1) (@ +y+DTD x (2x+0+0)
=—4(C+y+2) 2 x 2

_ -8x
T (P+y+7d)?

. (2

oV 0, . 2y-1
— =4x —(X"+y+tz
oy ay( y+27%)
=4x(-1) (+y+22)?x(0+1+0)
-4

. (3

T (C+y+7D)

\Y
?9_2 =4 x %(x2 +y+2z4)7
=4x (<) (C+y+2)2x(0+0+22
-8z

T (Cry+2))?

. (4

Substituting the above three equations in equation (1), we get,

0 E =_ X —8X +ayx _ +a, % —8z
(x* +y+2°)? (x* +y+2°)? (X* +y+2°)?

Crys )y BETE 2R

0 Magnitude of E,

= 4 2 2 2
|[E| = mx\/(zx) +()*+(22)
L ANAX +477+1

(x2 iy + 22)2 V/m
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1.16 Electrostatics

14

Electric Field Intensity Due to
Surface Charge

Q16. E is the electric field due to a point
charge Q C at the origin in free space.

Find lﬁa where Sis a spherical surface

of radius R m and center at origin.
Feb.-08, Set-4, Q1(a) M[6]
Answer :
The Gauss's law is used to find the electric field
due to apoint charge ‘Q’ at the origin in free space.

Consider a uniformly charged sphere of radius
R m and of total charge ‘Q’ C as shown in figure.

&

Figure
A spherical surface of radius ‘r’ is drawn such that
(r > R) and this surface is known as ‘ Gaussian surface’.
“According to Gauss's law, the flux through any surface

Q.

enclosing the chargeis —~

Gaussian
surface

Then, for closed surface ‘S’

1
Eda = _Qenc - (1
fFe=g, 0

Where ‘da’ is the infinitesimal area and it is per-
pendicular to field ‘E’.

‘E’ is present inside the surface integral and its
direction is radially outwards, some as ‘da’ which also
points radially outwards, so we can cancel the dot prod-
uct of ‘E’ and ‘da’.

Eda = [|E|da
[ree=]

As the magnitude of ‘E’ is constant over the
Gaussian surface, so it comes outside the integral.

|[E|da = |E|[da
| |

As the area of circleis Tr? so the area of the sur-
face Sis 4mr.

ie., J'da = 412
S

ELECTROMAGNETIC FIELDS

O |E|J’da = | E J4mr2 .. (2)
S
Substituting equation (2) in equation (1),
Thus,
1
|Ej4mr?= —Q
Lo
=1 Qp
4nilly r

Where, 1 isavector which pointsradially outward.
As the medium is free space so, [J, = 1 and 0 =

Uo-

Q 17. A charge of Q is uniformly distributed in

¢ b

a half-circular ring of radius ‘a’.
Determine ‘E’ at the centre.

Answer :
Given data,
Uniformly distributed charge=Q
Radius of the half-circular ring = a
Magnitude of dectric fieldintensity at thecentre, E="?

As, the charge is distributed uniformly, the line
charge density along the length of half-circular ring is,

Q
p| = |_
Where,
| = Length of haf-circular ring
1 . i 1
= P x Perimeter of circle = 5 X 21r =710

Q
op,=—

'S
Consider the EFI at centre due to a differential
charge element of length dl lying on the half-circular ring
as shown in the figure.
By definition of EFI, we have,

_ A
dE = 4T[|]0R2 ag
Where,
R _-aa = _
R e R
=_ (pdl) = =
0 dE v R=a
d 4nDOa2( : [ ]
- TRPXAdP L = ade(from figure)]
an, a° L Y ’
B.Tech [JNTU ]



Differential

(i)

Figure: Half Circular Ring
From the figure, it is clear that by integrating dE
intheinterval @ = 0to Ttradius, we get E .
I dE
¢=0

_n —pP 4o 3
B I4nDOa ? &
¢=0

O E

T

UNIT - I (Solutions) 1.17
To calculate,
(i) Electricfieldintensity insidethe sphere E; = ?
(i) Electricfieldintensity outsidethe sphere E =7
Forr<a
Asthe given charge distribution has spherical sym-

metry, consider a Guassian sphere of radius ‘r’ the given
sphere as shown in figure (1).

According to Gauss law, the total volume charge

enclosed by the surface is equal to the net flux coming
out of the closed surface.

Gaussian surface

_ P& rge- P& [ar
4nll, a -[ ? 4n, a [(dq:o Figure (1)
¢=0
-p 4 -pa = Sﬁds =
- k& [m—0] = b3 g f Net charge enclosed
4nlly a 400, a S
-Q 1 The net volume charge enclosed
= — X 3
™ 400, a % Q= fpvdv
—_ _ Q \'
= Q_2 a - Pi =21 ‘dv’ in the spherical coordinate system can be
4l a . s written as,
. O Themagnitudeof electricfield intensity at the centre dv = r2sind dr dodg
_—,_ Q 0 Q= fpvdv
E=|El= ;=0 J
nl, a
. . r T 21
Q18. A- sp-her.lca! V(?lume charge density Q:J. Ipo(l—rz/az)rz snodr dode . (1
distribution is given by b Lo

p, =P, (1 1%a?) forr<a
=0forr > a

Find E,

(i) Inside the charge distribution

(ii) Outside the charge distribution.

March-06, Set-2, Q2(b) M[8]
Answer :

Given data,
Volume charge density inside the sphere (r < a)

r2
o5
py =0

B.Tech [JNTU ]

= Or(l— /a2 d (s 9do (d
p! re/as)r relosm (p!ocp

2n

= pOJ'(l—rz/az)rz dr J'[sinede] 21
0 6=0

= pOI(l— r?/a®)r? dr [-cos6]; 2m
0

= an,j[l— re /az] r 2dr[-(cosTt— cos0)]
0
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1.18 Electrostatics

2mp, J'[l— r?/a?]r? dr [-(-2)]
0

4np0J'[ r?-r*/a® dr
0

3 rsd
= 4Anp, G ———0
0 sa’
3 rSD
Q=d4np,E--—5 -2
PE s E
As charge enclosed, ‘Q' = fﬁﬁd§
S
Dfds = gpo & _ " O
—4T[ -
‘i p°§€ 5a25
, 4U3 (5 0
= P AT ——
O D x4mr<= P gg 5a25
0 5= Lpoi -0
D=2 OD3 5aZD
. =_p 0 rsg
D= P sar
a D= rEiL .
DO% 5a2%lar
As, D= E[,
S |
E_Do
E_porm_i%r
a DO% 5aZD

(i) Forr>a

Now consider a Guassian sphere of radiusr > a
outside the glven sphere as shown in figure (2).

AN «— Guassian surface

Figure (2)
ELECTROMAGNETIC FIELDS

For this case equation (1) can be written as,

a T 2n
Q= J'Po(l—rz/az)r sin@dr do dg
0 8=0¢=0

Then according to equation (2), we get,

e 5 [
Q_ 4T[po|3___2|]
03 0
3 .30
= 41 -—
Q pﬁ? 55
[ba®-3a%0
Q= 4”poE—D
15 g
4 2a’ 0
T
Q= %E’ED

Q = 8mp, a¥15

As charge enclosed, Q = f D.nds
S

Ol

ds = 8mp, a%/15
S

0 D x4m?= 8mp, a¥/15

Dr2=2p,a%15
O D =2p, a¥15r2
0 D =2p,a¥15r? g,
As, D=EL,
-_D
|:lo
3
0 [Ermrg?

Q19. What is the value of the E field at the

surface of a flat conducting sheet which
has placed on it a surface charge density
of p, = 102 C/m??

May-05, Set-2, Q1

Answer :

Derivation

For answer refer Unit-1, Q32.
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From above equation it is evident that, the electric
field at any point is independent of the distance between
the conducting sheet and the observation point ‘P’.

O E atthesurface of flat conducting sheet which has
placed on it a surface charge density of p_= 1072 C/m? is,

— pS _
E = a
20, "

1072

=—a
2x8.854x10°2 "

= 564.716 x 10° 3, V/m
0 The magnitude of electric field at the surface of

given flat conducting sheet is | E | = 564.716 MV/m and

its direction is normal to the plane in which the flat
conducting sheet is present.

QZO. The charge density inside a sphere of
radius ‘a’ is given by p = kr2. Find E inside
and outside the sphere.

May-05, Set-4, Q1(a)

Answer :

Given data,

Radius of sphere, r = a

Volume charge density inside the sphere, p, =
Electricfieldintensity,

Inside the sphere, E, = ?

Outside the sphere, E, = ?

According to Gauss law we have,

Que = fD.05= [y )

p=k?

We know that,

D =, E and

Idv

O fﬁ.d§: fmo E.ds

r T 2m

3sn6ded
,[Og[o Ir sn r

=0 =0

=0, E.fd§
=, E.(4r?q)

B.Tech [JNTU ]

UNIT - I (Solutions) 1.19
= 4 0, r’E.3,
= 4nlb, r?(E, @ +E,a, + Ey3,) 3,
4ntl, r?[E, () + E, (0) + B4 (0)]

antd, r°E, )

r m o2n

pdv pr?sin@dpdodr
J‘ rJ:O e‘!’o (pJ——’O

O
I

r [
-[E) Oé!ane dcp@ie%lr

(p—

r

n O
o[ ] derd
I an cp ar

r:O

r D L

I [pr Zg[sinex (2m- O)degblr
J .

=0

2nIpr2[—cose]g:0 dr
r=0

=2n Iprz[—(—l) +1]dr

=4m [pr2dr .. (3
r'[O
Case 1

E inside the sphere (i.e., forr < a)
For r < a, equation (3) can be written as,

Que = 4nIpr Zdr

r=0

r r

=4n Ikrz.rzdr :4nkIr4dr

- (4)

ELECTROMAGNETIC FIELDS



1.20 Electrostatics
Substituting equations (2) and (4) in equation (1),

4T, s
O A, r? E= ?kr

g E =—

.. (5)

Figure (1):r < a

Case 2
E outside the sphere (i.e., for r > a)
For r > a, equation (3) can be written as,
r
Q= 4nJ'pr Zdr

r=0

= 411@]’ pr2dr + J'przer
B

Aschargedensity isdefined only within the sphere,
so outside the sphere it will be zero.

r r

0 J'przdv _ J'O.rzdv
r=a r=a
=0
N
/// N
/ \
/ \
/ \\
’ |
|
‘ /
\
\ /
N s
N -
\\\~—//
Figure (2):r > a

(2 g
0 Q= 4n§J’pr 2dr + OE

ELECTROMAGNETIC FIELDS

a
4t (kr2.r2dr
r=0

5[
4Trkg—m
0° D=

4n
= ka°
= (6)

Substituting equations (2) and (6) in equation (1),

4m
0 4n0,r2E, = ?ka5

- E - ka®
" 50,r?
O The electric field intensity outside the sphere,
_ ka®
°_5D0r2 .. (1)

The electric field intensity on the surface of the
sphere(i.e., at r = a) can be obtained from either equation
(5) or from equation (7). The result obtained in either of
the cases will be same as,

E = ka® r<a
(r=2a) 5D0 =
_ ka®
“sgre 8
0

Q21 . Find the electric field at any point
between two concentric spherical shells,
inner spherical shell has Q1 charge and
outer spherical shell has Q2 charge.

Nov.-04, Set-1, Q2(a)

Answer :

Consider the two concentric shells having radii R;
and R, respectively. The charges Q, and Q, are uniformly
distributed over the shells of radii R; and R, respectively.
Here, R,> R, as shown in the figure.

Figure: Concentric Spherical Shells
L et the medium be air and the thickness of shellsis
negligibly small compared to radii R, and R,. The electric
field intensity is assumed to be constant and normal to the
surfaces.
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UNIT - I (Solutions) 1.21
Now, from Gauss's law, we have,

o HE-d§ = Charge enclosed by the surface.
S

The point ‘P’ between the two concentric shell may lie on the surface of inner radius (i.e., on R)) or in between

R, and R, or on the surface of R, If r is considered as the distance of point ‘P’ from the centre *0". Let us analyze all
the three cases.

Case 1l

The point *P’ lies on the surface of inner shell. i.e., r = R, then,
According to Gauss's law,

Ho H E-dS = Total charge enclosed
S

O, E (4nRP8, ) = Q

=___Q
- Ef'af_4nDORf

O E

Ql = V
r_4nDO|:efa' %n
=__ Q& v
- E_4T[D0Rfar%n
Case 2

If the point ‘P’ liesin between the radii R, and R,
R <r<R,

Then, according to the Gauss's law, we have,

Ho H E-dS = Total charge enclosed
S

0 LE@nE)=Q

_ Q
=—< 3 V/m
- E 4nDOr2a' /
_ Q
= %
- E 4T[Dor2ar /m

Case 3

If the point ‘P’ lies on the circumference of shell having radii R, i.e., r = R,. Then,
According to the Gauss's law, we have,

o H E-ds = Total charge enclosed
S

O [, E.(41R%3,) = Q, + Q, [ OThe radii R, encloses both the charges]

_Q+Q)
- &= 4nd, R
= _(Q+Q)
=27V
1 E 411D0r2ar fm
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1.22 Electrostatics

Q22. A circular disc of 10 cm radius is charged uniformly with a total charge of 100 uC. Find E
at a point 20 cm on its axis.

Nov.-04, Set-2, Q1(b)
Answer :
Given data,
Radius, r = 10 cm
Charge, Q = 100 pC
Distance of point from origin, y = 20 cm

Consider acircular disc of radius 10 cm in the coordinate axes as shown in figure (1). Let y cm be the distance
of the paint A from origin. Let dA be adifferential areaof the disc 10. Let A be the distance between the point A and the
differential element ds.

The equation of dE is given by,
dQ

dE = —<5 3 - (D)
0

Thetotal electric field over the surface area‘S'’ is given by,

E= .[4T[D0A2 . - (2

In cylindrical coordinate system, dsis given by,
dA=rdr do

a,=—a +ya,

__Ta+ya,

a.A -
[rZ +y2

e

Figure (1) Figure (2)
From figure (2), A2 =r2 + y?
Substituting the above equation in equations (2), we get,

2m 0.1

E_II4T[|] (r +y?) /r +y? .. (3

Let p be the surface charge density in Coulomb/m?

_ Charge _ Q @)
Area A
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Area of the disc =112
=314 x (0.1 x 0.1)
=0.0314 m?

_ 100x107°
~0.0314
=3.184 x 10 C/m?
0  From equation (4),
Q=pA
dQ = pdA .. (5
Substituting equation (5) in equation (3), we get,

_ 2m 0.1 p[rdr d(d yay
¢[0rL 4nd, (r® +y?) \/r2 +y?
2m 0.1

rdr do 3
4T[D II(r 2+ y?)te !

Let, r2+y2=P?and rdr = PdP
The limits of equation (6) changes as,

r=0,P =y, r=01P?= /012 +y?

Substituting the above vauesin equation (6), we get,

2n P,

E:4T[D I,[

Pdecp_

PdP
E= ano, 4T[D I (p,[ 8

_ Py

E= 4nf, i !pz y
py><2T[D ldj_

E =
4, P%

0 D

g= Pyt 1 . (7

20, % PzD

We know that, p =3.184 x 105, y=20cm=0.2m

J(0.27 +(0.2)* = J0.05 =0.2236

Substituting the above vauesin equation (7), we get,

P,=02m,P,=

_3184x107°x02 01 1 0O
= ox885ax102 D2 02236H

0 E=1897x10°V/m

B.Tech [JNTU ]

UNIT - I (Solutions) 1.23

Q23. Point charges are located at each corner

of an equilateral triangle. If the charges
are 3Q, -2Q and 1Q, find electric field
at midpoint of 3Q and 1Q side.

Answer :

Given that,

The three point charges of charge 3Q, —2Q and 1Q
are at corners of an equilateral triangle.

Electric field at midpoint of 3Q and 1Q side, E =?

Let the given point charges 3Q, —2Q and 1Q be Q,,
Q, and Q; at points A, B and C respectively, in xy plane
with side CA lying parallel to x-axis as shown in thefigure.

z

Also, let the midpoint of side CA be ‘p’ and the
length of each side be ‘a’.

We know that, the electric field intensity at a point
‘p’ dueto a point charge distribution is,

= _ 1 Q .

- 4T[DO 1= (Rp)2 aip
Where, n = Number of charges = 3
_ 1 3 Qi a
P 4T[DO 1= (Rp)2 P
- _ 1 Ho Q. , Q.
E — l a:l_ 2 <2 7 <3 a3
2 P 52 2p 2 p
P 4an, o o &

From the figure, we have,

a
2

5
1
%
1
|

i
T
Il
!
o

x sin 60°

e

2
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1.24 Electrostatics

a8, =-4a,
_  __ AC a
"= CP =73
ﬁsp = éx
0 0
o O 0 1
_ 1 R _, .0 8209 HO1Q _ .
O E,= 2 X (&) O+ O—— 5 *x(-a) 0F ——=*x(&)
Tl Ean] 0 O/3a 0 O N
%]ZD H Hi2 H B %
1 Q 2 _
= x — [-3a + —a, +a
mh, C @ gy Al
4
Q _ 2 _
= -2 + —a
e e A
. e L Q o 2 _
The magnitude of electric field intensity |Sm and the direction isindicated by (- 2@, + 3 a ).

0

Q24. Find the flux of the electric field through a spherical surface of radius 5 m and center
origin, in free space if there is a charge of 10 UC at the point (0, 0, 3)m. What are its units?
Nov.-07, Set-2, Q1(c) M[4]
Feb.-07, Set-2, Q1(c) M[6]
Nov.-06, Set-2, Q1(c) M[6]
Nov.-06, Set-3, Q1(c) M[6]
Answer :
Given data,

5m

X

We know that according to Gauss law the total flux of electric field through the closed surface is equal to the
total charge enclosed by the closed surface.

i.e., Flux, ¢ = Charge (q)
=10 pc
Units for electric flux are Coulombs.
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UNIT - I (Solutions) 1.25

1.5 Work done in Moving a Point Charge in an Electrostatic Field

Q25 Show that the work done in moving a charge from one point to another in an electrostatic
field is independent of the path between the points.
Feb.-07, Set-1, Q1(a) M[6]
Answer :

Consider a point charge of ‘Q’ coulombs be placed in a uniform electric field or electrostatic field, located at a
point ‘m’. Let, the point charge to be moved to another point ‘n’ in the same field along the path shown in figure.
Consider the path to be in five different sectionsmtoa (L), atob (L), btoc (L), ctod (L), dton (L ). Let, the
components of the electric field intensity (E) along these sectionsbe E, E,, E_and E .

m E "
E o /&L
E, b c MLy
Ly E L,
Figure

The total work done in moving the point charge from point ‘m’ to point ‘n’ is,
W=-QEL -QEL -QEL —QEL, —QEL
=-QEL, +EL +EL +EL,+EL ) - (D)
Equation (1) can be rewritten in vector representation as,

W = -Q(E,.L, +E,.L, +E,.L +E, Ly +E,.L,)

Asthefield is uniform, we have,

0 w=-QE.L,+EL +EL +EL,+EL,)
= _QE(Ea +Eb +Ec +Ed +En)
= -QEL,, [By parallelogram law]

Where, L, = Vector L directed from point ‘m’ to point ‘n’.

Hence, the work donein moving acharge from one point to another in an electrostatic field isindependent of the
path between the points.
So, the work done can be obtained simply by using the line integration as,

W = —QIE.dL

[+ Uniform field]

11
|
Q
m|
el
o
[l

I
[
Q
m
E

3
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1.26 Electrostatics

Q26 Define the term “potential difference
V(A) - V(B), between points A and B in a
static electric field”. Explain the concept
of reference point and comment on its

location.
Nov.-07, Set-1, Q1(a) M[6]
Feb.-07, Set-4, Q1(a) M[4]
Nov.-06, Set-1, Q1(a) M[4]
Answer :

Potential Difference

Potential difference V(A) — V(B), between points
A and B in a static electric field is defined as the work
done by an external forcein moving a unit positive charge
from point A to point B in an electric field.

We know that, work done in moving acharge from
point Ato point B,

w=-Q| EdL

> @

w
o V,,=VA -VB)=—
AB () () Q

w

-Qf EdL

>

Q

B J—
—{EdL

A

!E.d[ JCor V.

Concept of Reference Point and its L ocation

A reference point or zero reference is a common
point which is considered to have zero potential. In most of
the cases earth is taken as reference. In some applications
likeinter planetary mission wherethe earthistoo far, infin-
ity is taken as a reference point. In case of under ground
cables, the outer conductor which surrounds the inner con-
ductor is taken as zero reference from this it can be seen
that the reference point is not always far away from the
point of consideration and the selection of itslocation purely
depends up on the convenience point of view.

Q27. Calculate the work done in moving a point
charge of 10 puC from point (4, 90°, 60°)

to (3, 30°, 120°) if V = lTO cosB sin@.

ELECTROMAGNETIC FIELDS

Answer :
Given data,
Point charge, Q =10 uC
=10x10°C
Point charge is moved from point P, = (4, 90°, 60°)
to point P, = (3, 30° 120°)

10
Potential, V = r cos sing

Work done, W="?

We know that, the work done in moving a point
charge from point A to point B is,

B B
W:—{E.dL :—JA'QE.dL

= -Q[E.dL
|
= QBIB _VA]
0 B_ d_D
['V,ag =Vg V4 =- [E.dLO
g [
= Q[VP2 _VPl] - (1)
[-- Here Aand B are P, and P, respectively]
Potential at point P,
Vg = Ecose sinq{
r (4.90° 60°)
10 .
= i €0s90° sin60° =0 V
Potential at point P,,
Vp, = Ecose sinq{
r (3,30°,120°)
1 :
= EOCOS3O° snl120° =25
0  Work done, W = Q [V — V,]
=10 x 10°[2.5 -0
=25x10%J=25 W
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1.6

Q28 (i) Find the potential at a point external
to a spherical surface of uniform
surface charge density and radius
R m in free space. Use the principle
of superposition potentials.

Electric Potential

(ii) Repeat (i) If the point is internal to
the spherical surface.
(iii) Comment on the results.
Feb.-07, Set-1, Q1(b) M[6+2+2]
Answer :
Given data,
Spherical surface has uniform surface charge
density,
Radius of the sphere= R m
Sphereisin free space
Use principle of superposition potentials,
(i)  Potential at apoint external to the spherical surface,
vV, =7?

ext
(i)  Potential at apoint internal to the spherical surface,
V. =72

int

We know that the potential at a point ‘p’ dueto a
point charge ‘Q’ Cis,

__Q
4nl, r

Where, ‘r’
and point ‘p’.

According to the principle of superposition potential
we have, potential at point ‘p’ dueto ‘n’ point chargesis,

Ql + Qz + + Qn

is the distance between point charge

C 4n,r, 4nD,, an, 1,
1 Qk
4T[D

For continuous charge distributionsthe point charge
Q, has to be replaced with the corresponding charge
elements (i.e., p dL or p_dsor p,, dv) and the summation
has to be replaced with corresponding integration (i.e.,
line or surface or volume).

0 For surface charge distribution,

1 pgds

“a e - @
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UNIT - I (Solutions) 1.27

(i)  Let, the surface charge density be p, C/m?, the
distance from the center of the spherical surface
to the point external to it ber .

O Potentia at apoint external to the spherical surface,

Vea = 4m, .U
4nD I, H

throughout the spherical surface]

psds

[+ pgisuniform

- _Ps x 4TIR?
4nt, ry,

2
0ov, =%y

= . (2
= ot )

(ii)  The potentia on the spherical surfaceis,

V. = . @
4T[D e | 3
4TR?
v, = P
"~ 4md, R
R
v, =Py . (4
o

If ‘r’ is distance from center of spherical surface
to the point ‘p’ internal to it, i.e., r < R then potential at
any point r < Ris, given by,

V = Potential on the surface + Work involved in
moving atest charge from Rto r inside

= ds- [EdF
H 4T[D RI {

r

_PsR_ =
V="=0-(EdrT
0 o l

(iii)  The above results show that V_
than V.

int”

is always greater

Q29 Find the value of electric potential at the

point at which E = 0 when point charge
of 3 pC and 5 pC are located at (0.0, 0)
and (0.6, 0) m in XY plane.

March-06, Set-2, Q1(b) M[8]
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1.28 Electrostatics

Answer :
Given data,
Point charge at (0, 0), Q; =3 uC
Point charge at (0.6, 0), Q, =5 uC
Point, P = ?where E=0
At P, electric potential, V = ?

>

Q,q3uC =] Q,=5puC
(0,0 @0 (06,0

Figure
Since both the charges Q, and Q, lie on X-axis only the point ‘P* where the electric field intensity becomes zero
will aso lie on X-axisin between Q; and Q,,.

So, let P = (a, 0)
Electric field intensity at ‘P’ dueto Q,(E,) = Electric field intensity at ‘P’ due to Q,(E,).
i.e., E,=E,

Q . 9
O 2~ 2

dnl,r”  4nl)r,
1 2

- 3x10°  5x10°°

a’ (a—-0.6)?

3(a® — 1.2a + 0.36) = 5a°
5a’ —3a’+36a-108=0
2a’ +36a—-108=0
a = 0.2619 or —2.0619
sthe point ‘P’ must lie in between the charges,
a =0.2619
ie, P =(0.2619, 0)
O Potential at point P,

O>»00 OO0

Q Q

= +
an0yr?  4nd,r)

= 1 14 %
and, 0o rf

_ 1 (g 3x10° 5x10°°

© 4mx8.854x1072  H0.2619)? (0.6-0.2619)°
= 786206.015 V

= 786.206 kV.
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Q30. An infinitely large cylinder has a radius
and a uniform charge of one micro
coulomb per meter. Calculate the
potential at a point 10 m away from the
cylinder if zero potential point is taken
to be at a radial distance of 1 m.

Nov.-05, Set-2, Q1 M[16]
Nov.-05, Set-3, Q1 M[16]
Answer :
Given data,
Charge, Q = 1 p Coulomb=1x 10%C
Potential at radial distanceof 1m=0V
Potential at apoint 10 m="?
Derivation

Assume that the zero potential occursat point B and
the potential at point Aisto be caculated suchthat Ais10m
away from B, as shown in the figure.

Z
\
| - | -1 —~1 Gaussian surface
Cylinder
“Y< g™ Ay
/E 10m :
X
-Zvy
Figure

Assume a Gaussian surface around the cylinder as
showninthefigure. Since, the charge uniformly distributed
throughout the cylinder, the cylinder can be assumed as
aninfinitelinecharge.

According to the Gauss's law, total flux emanating
(coming out) from a closed surface areais equal to the
charge enclosed by that surface area.

i.e.,

Q:fﬁ.d§ .. (1)

Here, theimaginary cylinder hasthree areas namely
top, bottom and curved surface area. Consequently, the
total flux emanating is equal to the sum of the fluxes
emanating (coming out) from these three areas. Hence,
equation (1) can be written as,

B.Tech [JNTU ]
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Q= §Dds + §Dds + {D.ds
cui-ed ti:) bo'i)m
surface
0 o= fmo Eds . fDO EG + TDO E.ds
curved fop bottom
surface
[ - D =U,E for free space]
0 0
_ 0 O
O Q=0,E Dfd§+ ds+ {§dsg
%:Wed top bottom 0
rface E

0 Q-=0yEl2mla +2ma, -2ma,]
0  Q=2mwll,E. 5 .. (2
Incylindrical coordinates, E can be expressed as,
E=Ea +E(pa_<P+EZg

As electric field intensity (E) acts radial to the
Gaussian surface, only ‘r’ components exists.
O E=Ea&a .. (3
Substituting equation (3) in equation (2), we get,
Q=2mwl ,E, 3 .3

Q =2ml0,E, .1
Q =2ml [, E, .. (4
But, the total chargeis given by,
Q= py I
Op x| =2l 0yE,
P
=—1 .. (5
ro2nyr ®
Substituting equation (5) in equation (3), we get,
_ [
=——a V/m
E ot r a

Calculations
Potential difference between the points A and B is
given by,

A_
Vg =— !E.dr
A

_ p = =
Vp = — .a(dr.a
AB !ZTIDO : a (dra)
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1.30 Electrostatics

__(_P ==
Vi = 2n, r [ a8 =1
2T[D
P A
logr
Vag - 2n, T 09k

Vg = 2T[|I5 [log B —log A]

Vas = 2erO 'OQEKQ

Vg = 2T[Eb IOgEfOH

Vg = 2;:%5 log10
-1x107

x 1

V.. =
AB 21x8.854x107%2
VAB =—-17.975kV

The negative sign signifies that the energy is
expended by the electricfield of infinitely large cylinder in
moving the positive charge from point A to point B.

0 Thepotential at apoint 10 maway fromthe cylinder
is—17.975 kV, when a zero potential point is taken at a
radial distance of 1 m.

Q3 1. What are the equipotential for an infinite
straight line of uniform charge density?

Explain.
Feb.-08, Set-1, Q1(b) M[6]
Nov.-07, Set-1, Q1(b) M[6]
Nov.-07, Set-3, Q1(b) M[6]
Feb.-07, Set-4, Q1(b) M[6]
Nov.-06, Set-1, Q1(b) M[6]
Answer :

The electric field intensity at apoint ‘P’ dueto an
infinite straight line of uniform charge density (p, ) is,

PL
2nl, r

E = a. V/m

ELECTROMAGNETIC FIELDS

Where, r = Radial distance from point P to infinite
straight line.

Derivation
For answer refer Unit-1, Q30, Topic: Derivation.

Consider points A and B located at adistance of r
and r, respectively from infinite straight line.

Potential between points A and B is,

vV, = J’E.df :—J%DLM dra a
— S [ ldr
ntly 9 r
= 2_n—pDL0 [Inr]:
= Z_H—F)DLO [lor, —Inr ]
= ZELDO [Inr, —1Inr ]

2n(, b

Hence, for all the pointswhich are at adistance of r,

P nH2v with
2nl, I,

that of the points at a distance of r_. So, the entire cylin-
drical structure formed around the infinite straight line
charge will form an equipotential structurei.e., the equi-
potential for an infinite line of uniform charge density
are the cylinder structures of infinite length as shown in
the figure.

will have apotential difference of

Figure

Q32. What are the equipotential surfaces for

an infinite plane of uniform surface
charge density? Explain.

Feb.-07, Set-3, Q1(b) M[6]
B.Tech [JNTU]



UNIT - I (Solutions) 1.31

Answer :
The electric field intensity at any point due to infinite plane of uniform charge density (p) is given by,

= Ps
E=Lsa v
20, o VM

Electric Field at any Point Due to Infinite Charge Surface using Gauss Law
Consider an infinite charged surface of charge density 'p_" as shown in thefigure (1) and placed in the YZ plane.

Infinite surface charge
Gaussian surface

Figure (1): Infinite Disc
Consider asmall cylindrical Gaussian surface placed on infinite charge surface such that it encloses asmall area
of the surface, denoted by ‘ ds .
Let the flux coming out of the cylindrical Gaussian surface be ‘dg and ‘dQ’ denotes the charge enclosed by the
cylinder. Applying Gauss law to the cylinder, we get,
dQ = do
dQ = Edg |curvedsurface +5d§ |top +5d§ |bott0m
But, the flux coming out of the curved surface is zero. Therefore,
dQ = 0+D.ds+D.ds

pds = 2D.ds [ Q=p,xsO dQ=pdd

[--D isnormal to the infinite charge surface D = Da, ] o (D

S  J
= —a
D 5 &
But, we know that,
D = [, E .. (2
Using equation (2) in equation (1), we get,

=_ Ps~
= —a
LE=4
—  Ps -
O = a, Vim
E 20, °

In general, the electric field intensity at any point due to infinite charge surface is given by,

= Ps
E =20,

B.Tech [JNTU] ELECTROMAGNETIC FIELDS
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1.32 Electrostatics

@ Infinite plane of uniform surface charge density.
@ Irfinite plane formed by the equipotential
surface at a distance d, from (1)

@® Infinite plane formed by the equipotential
surface at a distance d, from (1)

Figure (2)

Potential at any point ‘p’ which islocated at adis-
tance ‘d’ from the infinite plane,

Ps
V = —Xd
200,

So, the entire infinite plane which is at a distance
of d mts (normally) from the infinite plane of uniform
charge density (1) will have the same potential of,

= de
20,

\Y

Thisentire planeis said to be an equipotential sur-
face for the infinite plane of uniform surface charge den-
sity, asthe potential at all the pointsinthisplaneareequal.
Two such equipotential surfaces (2) and (3) are shown in
the figure, which are at a distance of d, and d, from (1)
respectively.

Q33 . A uniformly charged spherical surface of
radius 0.5 m is in free space. If the
potential at the surface is 100 V
(reference at infinity) what is the surface
charge density?

Nov.-07, Set-1, Q1(c) M[4]
Feb.-07, Set-4, Q1(c) M[6]
Answer :
Given data,
If Q is the uniformly distributed charge over the
spherical surface then electric field intensity,

Q .

E=——2& (r=R
4nDOr2a’( )

ELECTROMAGNETIC FIELDS

O Absolutepotentia at the surface of the spherical shell,

R
Vo:_J- Ed[
F . Q
0 Vo] g7 & @a)
o 0
R
_ Q
SO | mo,
« 0
R
Q 1
0 Vv =- = d
° 4nl, J: 2
0 v Q Dr—2+1|j?
=- G—=—0O
0 4T[D0 Er2+1go
Q i
O V. =-—
° 4n0, Hr H,
Q M 0O
0 V. =——g=-0
°" 4n0, R H
0ov=—2
°7 4n0, R

0 Q=4ndRxV,
0O Q=4mx8.854x101x0.5x 100
0O Q=5563x%x10°C
0O Q=5563nC
O Surface charge density,

_ Q
~ Surface area of spherical shell

Ps

Q _ 5563x107°
4TR* 41 (05)2

|0ps=1771nC/m? |

1.7

Q34 What is a potential function? List out the
properties of a potential function.
Answer :
Potential Function (V)
Potential function ‘V' isnot uniquely defined. Any

guantity which is independent of the co-ordinates can be
added to it without effecting the electric field in any way.

Properties of Potential Function

B.Tech [JNTU]



“The electrostatic field ‘E’ can be described
completely by means of a potential function ‘V'(x, y, 2),
which is known as €electric potential”. Thus,

E=-AV
Where, V' is ascalar point function.
Electric field intensity isthe derivative of potential

L dv
functioni.e, — = - Eax
dx

It means that if the two points have non-zero
potential difference, then only the electric lines of forces
should be present. Theselines of forcestravel from higher
potential conductor to lower potential conductor.

Properties of Potential Function

Potential function has different properties as
follows,

1. Potential function hasasingle value at any pointin
any electrostatic field.

2. Potential function is a continuous function.

3. Thedifferencein potential between any two points
does not depends on the path of integration.

4, Anelectrostatic field isconservativein naturesince
A x AV = 0 that isthe work done in moving a point
charge around any closed path in the field is zero.

Q35.4V = xa, + ya, + za,. If (1, 1, 1) m is at
zero volts, find the potential V(x,y,z).
Nov.-06, Set-4, Q1(c) M[4]

Answer :
Given data,
AV =xa, + ya, +za,
The point (1, 1, 1) mis at zero volts.
Potentia, V(x, y, 2 = ?

AV =xa, +ya, + za, .. (D
We have,
AV = a—Vax+a—va +a—VaZ .. (2

ax X .3
v _
3y =y .. (4
v
9 =z ... (5

B.Tech [JNTU ]
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Integrating equations (3), (4) and (5) we have,

2

V:X?”“k .. (6)

V:y72+k (D

V:Z—;““k .. (®
V(X,y,2) = X_22+y72+z_22+k

Where, k = Constant.
Thepoint (1,1, 1) misat O V.

Now,
V(X Y, 2)= X—22+y72+z—22+k
0= £+£+£+k
2
0=15+k
O k=-15

O Thepotentia V(x, Y, 2) isthepoint (1, 1, 1) mis
aoVvis,

2 2 2

X V4
V(X Yy, 2)= 7+y7+7—1.5

1.8

Q36 Potential for a certain region is given by

Potential Gradient

Vx, v, z) = ¥ volts, where x is in

meters. Find the electric field at the point

P:(x =1 m).
Feb.-08, Set-1, Q1(c) M[4]
Nov.-07, Set-3, Q1(c) M[4]
Answer :
Given data,

300
Potential V(x, Y, 2) = ~

Point, P=1m

Electric field, E = ?
Theelectricfield intensity ‘E’ at any point is nega-
tive gradient of potential,

E=-0V

ELECTROMAGNETIC FIELDS



1.34 Electrostatics

0V can be expanded in ‘X' coordinate system as,

6V
LV =
ax
0 Electricfieldintensity,
— oV _ 0O
=_ . (1
E Ea—xaxg (1)

Solving the differential term,

ov 0 [BOOO

ox  ox B H
ov -300
& = N . (2

Substituting equation (2) in equation (1),

— oV _ 0

E =- Ba_anH

[+3000L

“THe B

0 E atpointP(x=1m) O P(1) m.

f,
s
O

X

0 E,=-0 5 &
“ g’ Qg

E,, =300 3, V/m

| E=300a, V/m |

Q37 Potential for a certain region is given by

300
V(x,v,z) = T + sin 0.1y + loge xy volts,

where x and y are in meters. Find the
electric field at the point P : (x = 1 m,

v=0.6m,z=0).
Nov.-06, Set-1, Q1(c) M[6]
Answer :
Given data,

300
Potential, V(x, Y, 2) = ~ +sin0.1y + log, xy V
Point, P = (1, 0.6, 0) m

Electric field, E = ?

ELECTROMAGNETIC FIELDS

Theelectricfield intensity ‘E’ at any point is nega-
tive gradient of potential,

E=-0V

0.V can be expanded in xyz coordinate system as,

ayv = +—a+-—a
ax gy Y 0z *

O Electricfieldintensity,

E =-— V§X+a—va +a—Va .. (1)
0X ay ' oz

Solving for differential terms,

ov 0
X ox 587+sn01y+logexya

= 9 BB—+smOly+23O3logloxyH
ax OxX

—300 2.303
= +0+ Yy

—-300 N 2.303
X X

a—V: 9 BB—+S|nOly+IogexyH
dy dy Ox

y

2.
=0+01cos0.1ly+ 303

. X

2.303

=01cos01ly+

ov
—-—= 9 B@+sn01y+logexyH
0z~ 9z O x

=0
Substituting the above valuesin equation (1),we get,

E=- a+—a +—a

V ov ov
ox * oy ¥ o0z °
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UNIT - I (Solutions) 1.35

O
_ g [:3200 + 2.303 Eﬁx + E).lcoso.ly+ 2.:?/03 %y +0a0
O

i x X

O

_ %:3200 . 2303 %X . %).10030.1y+ 2.303 %/ g
M x X 0 y 0

O E at point P(1, 0.6, 0) mis,

= 300 , 2.303 2.3030_ O
E oo =— %;+— +10.1c050.1(0.6) + =g
(1080 ® 1 % 0 0906 & g

= —[(-300 + 2.303)@, + (0.059 + 3.83)3,

=297.69a, —3.928, V/m

1.9 Gauss’s Law

Q38. State and explain Gauss’s law.
March-06, Set-3, Q2(a) M[8]
March-06, Set-4, Q2(a) M[8]
Nov.-05, Set-2, Q2(a) M[8]
Nov.-05, Set-3, Q2(a) M[8]
Answer :
Statement
It states that the net flux coming out of any closed surface is equal to the total charge enclosed by that surface.
Mathematicaly,

Where,

¥ = Net flux coming out of the surface.
Q = Charge enclosed by the surface.
Explanation

Consider a charge ‘Q’ enclosed at the centre of a sphere of radius ‘r’ as shown in the figure. The charge
‘Q’ causes the ‘Q’ coulombs of flux and hence electric flux density exists on the surface of the sphere. Here,

instead of sphere, any closed surface can be assumed. Consider a differential surface area ds on the sphere as
shown in the figure.

Figure: Charge ‘Q" Enclosed by a Sphere
B.Tech [JNTU] ELECTROMAGNETIC FIELDS



1.36 Electrostatics

Let a, be the unit vector passing through the

differentia surface area ds and whose directionisnormal
to the surface of the sphere.

0O a&.a =1
We know that, electric field density (D ) isgiven by,
D =0,E .. (D)
By the definition for a sphere, we have,
_ Q .
= . (2
E 4ncl, (2 a @)
Substituting equation (2) in equation (1),
_ Q _
= X
O an,r? %
_ Q _
D= ... (3
e ©)

Applying dot product with ds on both sides of the
equation (3), we get,

- Q-
D.ds:4m2-a,.dsa,\,

D.ds= 4§2d§ . (4

Applying surface integral on both sides, we get,

fous - frme o

fos = 422 fos

But, .f dS = Surface area of the sphere = 42
S

fDos - Qa2
J 4rr

fﬁ.dgzq ... (5

Where,

f D.ds = Totd flux passing through the surface = (s

Hence, it can be inferred that the total flux ()
passing through the surface is equal to the charge (Q)

enclosed by that surface.

ELECTROMAGNETIC FIELDS

Q39. State and prove Gauss’s law in integral
form, considering static charges in free
space.

Nov.-06, Set-4, Q1(a) M[6]
Answer :
For answer refer Unit-1, Q38.

1.10 Applications of Gauss’s Law

Q40. Using Gauss law, find E at any point due
to long infinite charge wire.
March-06, Set-3, Q2(b) M[8]
March-06, Set-4, Q2(b) M[8]
Nov.-05, Set-2, Q2(b) M[8]
Nov.-05, Set-3, Q2(b) M[8]
Answer :
Electric Field Due to Long Infinite Charge Wire

Consider a conducting wire, carrying a uniformly
distributed charge' Q" of linear chargedensity ' p,’ isplaced
along the Z-axis as shown in the figure. Consider a
cylindrical Gaussian surface around theinfinitelinecharge
so that it is symmetrical about the infinite line charge as
depicted inthefigure. Let ‘r’ be the radius of the cylinder
and ‘I’ beitslength.

ds Infinite line charge of
charge density ‘p,” C/m

- H BN
3 \—/<—Ei X
Imaginary Gaussian

cylindrical surface

«€ >

-Y Y

e
\|Y_
ds

v

-z

Figure: Imaginary Cylindrical Gaussian
Surface Around the Line Charge
For answer refer Unit-1, Q30, Topic: Derivation.
O Aboveequationgivesthefieldintensity at any point
dueto infinite length line charge.

Q41. A charge of Q is distributed uniformly

throughout the volume of a sphere of
radius R mts. Find electric field at any
point using Gauss law.

Nov.-05, Set-4, Q2(a) M[10]
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Answer :

Electric Field at any Point on a Uniformly Charged
Sphere of Radius ‘R’ Using Gauss's Law

Consider a sphere of radius ‘R mts with a charge
‘Q’ uniformly distributed throughout the volume of the
sphere asshowninfigure (). Let‘p,’ denotesthevolume
charge density of the sphere.

Figure (a): Sphere of radius ‘R

Electric field intensity (E) at any point on the
surface of the sphere is normal to the tangent drawn at
that point. Let the medium is assumed to be isotropic in

nature, therefore, the direction of electric flux density (D)
and electric field intensity (E) is same.

The electric field intensity (E) at any point can be

found by considering the following two cases.
Case (i)

Construct an imaginary Gaussian surface of radius
‘a’ such that a < R, as shown in figure (b).

Figure (b): Imaginary Gaussian Surface of Radius ‘a’
For a < R, the volume of the sphere is the same.
However, in the figure a < R is considered.

According to the Gauss's law, total flux coming
out of any closed surface is equal to the charge enclosed
by that surface.

Mathematically,
fﬁ.d§ =Q
S

Gaussian Surface
Q

. (D)

0o O fE.dg =Q [-D =0, E]

S
Total charge enclosed by the sphere of radius‘r’ is
given by,

Q= Ipv.dv

vol
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O Q:pvjdv

vol

[Pt m a 0
0 Q= pv@g[ Irzsinedrded(pD
06=0r=0 H

[-+ Using spherical coordinates]

[Pt m
0 #JB—D smeded(pg

0 # dox snedG%%
Il 3
S gm—oxﬂ)g%%

a1 _,
0 Q= pv?a )

Total flux coming out of the Gaussian sphereis,

0 O
5= D,[fa’sin6deder]

O D.d

f :

On [Jen 0

O D.ds = D.a dp-sin6.del]

foe= ool
O fB .05 = D@ (2n - 0) (2)]
0 fﬁ@—mﬁq
O f D.ds = 4ma?D, .. (3

Substituting equations (2) and (3) in equation (1),
we get,

4m
4Te’D = Py a°

p, e
03 O
- Ds= ™ 4
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U D, = Py

S

0 D= P&

wly wlo

[ -.- Flux density isnormal to the surface of the sphere]

O E = VimforO<r<R .. (4
3D af (4)
Case (ii)
Construct an imaginary Gaussian surface of radius
‘a’ such that a > R as shown in the figure (c).

D,E

Figure (c): Imaginary Gaussain Sphere of Radiusa > R
Here, the charge enclosed by the Gaussian surface
of radius ‘@’ isthe total charge enclosed by the sphere of
radius ‘R’.

i.e., = v'd

i.e Q \;[IP \

_ p, (¢

0 Q pVJ;V
[Pt m R

a %" eJ’OrJ'r sneded(pdrg

0 R3
O Q = p, [{2rt—0)[-cosTt+ cosO]E—%
B 3
|:| 3
0 o= mmw%%
B 3

0 Q= 4nR3xpv

Total flux coming out of the Gaussian surface of
radius‘a’ isgiven by,

D.ds = §D.a .ds.a
fre=y

D.fds

ELECTROMAGNETIC FIELDS

[t =

0
DSSI;!’ eJ’azsine.de.d(pD
06=0 E

a % e sin %
D, miod(pDDbJ'o Gde%

Da*(2rt—0) (— cos 1 + cos 0)]
=Da?[2mx 2]

O fﬁd = 4ma2D, .. (5

0 The results can be summarized as,

Evaar V/m ;0<as<R

EBD

Q42. Find electric field at any point due to
infinite charge surface using Gauss law.
Nov.-05, Set-4, Q2(b) M[6]

E =
LY paV/m;azR

OR
Show that the electric field intensity due
to an infinite sheet of charge is independent
of the distance of the point from sheet.

Nov.-04, Set-4, Q1(a)
Answer :
For answer refer Unit-1, Q32.

Q4 3. Find the electric field at a point outside
a sphere of radius R m in free space which
carries a uniform charge density p C/mé.
Use Gauss’s law.

Feb.-08, Set-3, Q1(b) M[6]

Answer :

For answer refer Unit-1, Q41, Topic: Case (ii).

B.Tech [JNTU]



Q44. Using Gauss’s law, show that the elec-
tric field due to an infinite straight
line of uniform charge density A C/m
along the z-axis in free space is (7\/2T|D0r)
a N/C.

Feb.-08, Set-4, Q1(b) M[6]
Answer :
Electric Field Due to Infinite Line

Consider aconductor of infinitelength. Let ‘A’ C/m
be the line charge density. Assuming that the conductor is
lying along the z-axis as shown in figure.

4

\~<— Gaussian surface

L S
Cylinder
<« y
—> Infinitely long line of charge
X —Z a = Unit vector at any point P

on the cylindrical surface
0 to the axis

Figure

The conductor carries a uniformly distributed
charge, the charge density being ‘A’ C/m. Assume a
Gaussian surface around an infinite line charge, which is
imagined co-axial cylinder. Let ‘r’ be the radius of the
cylinder and ‘L’ be the length of the cylinder.

Thedirections of electric flux density ‘D’ and elec-
tric field intensity ‘E’ areradia everywhere.

0 Total charge, Q = Length x Charge density
=LxA
According to Gauss's law, total flux coming out

from a closed surface is equal to the charge enclosed by
the surface area.

i.e.,

Q= iﬁ.dg

Here, the imaginary cylinder comprises of three
aress, i.e., top, bottom and curved surface area. So, the
total flux is the sum of the fluxes coming out from these
three areas.
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Dd§

Bottom

= Dds+j'Dds+
Curved

=D [ds+ [ds+ (d
CuledS TIp ) Bo‘tt[)mS

Componentsfor thetop and bottom surfacesare zero.

L

0 Q=D Ids—DIZT[rdL

Curved
Q
=D(2rrL 0 D=——
Q =D(2mrL) Py
AsS, Q=LxA
LA .
C 2wl 2mr (D
We know that,
D:DOE
D A
H E_DO_ZTIDOI’

Atadistance ‘r’ fieldintensity is,

E= A a NC
2nl, r

1.11 Maxwell’s First Law div(D) = p,

Q45. State and prove Maxwell’s first law for

electrostatic fields in its point and
integral forms.

Answer :
Maxwell’sFirst Law
Statement

Maxwell’sfirst law statesthat thetotal electric flux
passing through any closed surface is equal to the total
volume charge enclosed by that surface.

In point form it is expressed as,
0D =P,
Where,

D = Electric flux density
p, = Volume charge density.
Inintegral form it is expressed as,

D.ds = [p,d
foos -
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1.40 Electrostatics
Pr oof
Maxwell’s first law is derived from Gauss's law.

According to Gauss's law, the electric flux coming
out of any closed surface is equal to the total charge
enclosed by that surface.

Mathematically,
w=fD.ds =Q ()

Where,
Y = Electric flux
D = Electric flux density

Q = Total charge enclosed.

By definition we have, total charge enclosed by a
volume,

Q = J'pv av - (2

\"

From equations (1) and (2) we have,
fﬁ.d§ = J'pv dv .. (3)

Applying divergencetheoremto L.H.Sterm, we get,

fﬁ.d§ = J'(D.B) dv

O J'(D.B)dv = J'pvdv
O 0D =p, e (4)

0 Equations (4) and (3) are the Maxwell’s first
equation in point and integral forms respectively.

Q46. Derive 0 .D = p, from fundamentals.
March-06, Set-3, Q1(a) M[8]
Answer :

Consider apoint chargeof ‘Q’'Cat point ‘p’ in XYZ
plane. In order to find the flux coming out of this point
charge using Gauss's law, there is no symmetry available
either inrectangular or cylindrical or spherical coordinate
system. But still, we can consider any closed surface with
point ‘p’ asits centre and with its volume striking to zero.

So, consider a cube with sides Ax, Ay and Az
O Volume of the cube, Av = Ax Ay Az

ELECTROMAGNETIC FIELDS

0 Theflux leaving the cubical volumeis,

Z\ h

/. g
d/ l

1)
o

2 <—Ay—>b

<

Figure
The integral of electric flux density over the entire

closed region can be obtained by adding the flux leaving
from all the six sides of the cube.

Let, the flux leaving from the front (abcd), back
(efgh), left (aehd), right (bfgc), top (dcgh) and bottom
(abfe) sides of the cube be Yy, W,, W, W,, Ws and Yy
respectively.

.

ﬂ5d§

Wy + Wy + Wa + y + Wg + Yg

. (D
Flux leaving the front (abcd) side,

W, = J'Bl'd S

51-J'd§1

D, Ay Az &,

=AyAz D,. 3,
=AyAzD,,
As, D, isthenormal component of theflux density

at the front side ( 51), it can be represented by an infinite

series, expressed in terms of D, using Taylor’s theorem
as,

D, d 9%D, (d)?
=D —Xx 4 X +
X% %1 T 2
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Where, d = Distance between point p and front side (centre).

AX
d= —
2
2 2
~ D,  Ax/2 Dy , (&X72)
O DlX_DX+ gaa—xx m §+ aXZ ol + ...,

AX
Neglecting al the second and higher order terms, as > istoo small.
oD, AXx

0 D, 0D+
x BT 50 5

angH
ox 2

0 Y, =Ay Az EDX+

=D AvAz+ 0D, AxAyAz
Bt ox 2

oD, Av

ox 2
Flux leaving the back (efgh) side,

Iﬁz.d§2

=D, Ay Az +

¥z

|
O

N
—
o
NZ

I
O
N
E
>
N
T
Z

=-AyAz D,a,
=-AyAzD,,

UNIT - I (Solutions) 1.41

e

. @

As, the normal component of the flux density at the back side (D.,) is accelerating towards negative x-axis, the

ab

term 3 X of the Taylor’s series will be negative.
X

oD, g
ox 2

0 D, OD,+

angH
ox 2

0 ¢ ,=-dyAz be+

—_D AvAzZ+ 0D, AxAyAz
B x 2

oD, g
ox 2

=-D, Ay Az +
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1.42 Electrostatics

The sum of equations (3) and (4) i.e., the sum of
flux leaving the front and back sides of the cube will give
the net flux leaving the cube along x-direction.

0 Wy =W+,

oD, Av 0D, Av

=D Ay Az X + S—

XY OZF T TR
oD

= XA ... (5

0x v ®)

Similarly, the net flux leaving the cube along y-
direction,

o,
UJy:llJ3+llJ4_a—y Av ... (6)

The net flux leaving the cube along z-direction,

W, =g+ Pg = - (7)

Substituting equations (5), (6) and (7) in equation
(1), we get,

D, 0D
0w =y e+ 2y, s .. (8
R GZE ®)

But, from Gauss's law, we have the total flux
coming out of thiscubical volume equalsthetotal charge
enclosed by it.

i.e., U=Q ... (9

From equations (8) and (9) we have,

|:pD Dy_|_6DZ _
Av Ha dy 0z =Q

oD
ox ay 0z Av
5-9
o 0ODb = A
Q
When Ay - 0O, AV will be the volume charge
density ‘ p, " (associated with the point charge at point ‘p’).
Q _
. LtAYOAV =Py
O 0D = Py

The above equation is called asthe Maxwell’ s first
law or the point form of Gauss's law.

ELECTROMAGNETIC FIELDS

Q47 Define the term: “Potential difference
V(A) - V(B) between points A and B in a
static electric field”. Give an energy
interpretation to potential difference.

Feb.-08, Set-1, Q1(a) M[6]
Answer :

For answer refer Unit-1, Q26, Topic: Potential
Difference.

Energy Interpretation of Potential Difference

The potential difference between two pointsisgiven

by,
A_
Vg = 1[E dL
= Q
E 4n, R?

__Q 1
_4T[DOJ;R2
. Q oadk
" 40, H RE,
10
V= 4T[D %?: R.D (1)

‘Energy’ isthe total power consumed or delivered
over atimeinterval ‘t’ i.e, electrical energy developed as
work or dissipated as heat over atimeinterval ‘t’ isgiven

The unit of energy is Joule or Watt sec.
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