Got it. Below are exam-ready 10-mark long-answer questions with

derivations for your EMTL Unit-1, using the content from your notes and
syllabus.

UNIT-1 EMTL — 10 MARK
QUESTIONS WITH ANSWERS

Q1. Explain electromagnetic field and write the
basic introduction to electromagnetic fields.

Answer:

Electromagnetic field theory deals with the study of electric and magnetic
fields produced by electric charges, either at rest or in motion.

1. Electric field

If charges are at rest, they produce an electric field.

The electric field intensity is defined as force per unit charge:

E=—
Q

The unit of electric field intensity is:
V/m or N/C

For a point charge Q , the electric field intensity is:

Q .

E=—2_4
4dmegR?

R



where,

107°
36m

F/m

€0 =

is the permittivity of free space.

2. Magnetic field
If charges are in motion, they produce a magnetic field.
The magnetic field intensity is represented by H .

Magnetic flux density B is related to magnetic field intensity by:
B=uH

where (L is the permeability of the medium.

For free space:

po =4m x 1077 H/m

3. Time-varying fields

If electric and magnetic fields vary with time, then they are called time-varying
electromagnetic fields.

A time-varying electric field produces magnetic field and a time-varying
magnetic field produces electric field.

This concept is explained by Maxwell’s equations.

4. Applications of electromagnetic fields

Electromagnetic fields are used in:

1. Antennas



2. Microwaves

3. Satellite communication
4. Remote sensing

5. Transmission lines

6. Electrical machines

7. Communication systems

5. Difference between circuit theory and electromagnetic
theory

Circuit theory mainly deals with:
V,I,R,L,C
whereas electromagnetic theory mainly deals with:
E,D,H,B

Thus, EMTL gives field-level explanation of electrical and magnetic
phenomena.

Q2. State and derive Maxwell’s equations in
electrostatic field.

Answer:

In electrostatics, charges are at rest and fields do not vary with time.

The two important Maxwell equations for electrostatic field are:
V-D=p,
and

VXxE=0



1. Gauss law

Gauss law states that the total electric flux through a closed surface is equal to

the total charge enclosed by that surface.

¢ = Qenc

¢:]{9D-ds

%D'dszQenc
S

Electric flux is:
Therefore,

But enclosed charge is:

Qenc — / pvd'v
|4

]{D-ds:/pvdv
S |4

Using divergence theorem:

fD-ds:/V-de
S |4
/V-dezfpvdv
14 14

Since the volume is arbitrary,

Hence,

Therefore,

V-D=p,




This is Maxwell’s first equation in point form.

2. Curl of electrostatic field

In electrostatic field, potential difference is independent of path.

7{ E-dl=0
C
Using Stokes theorem:

]aE-dl:/S(VxE)-ds

/S(VXE)-dszo

For a closed path:

Therefore,

Hence,

VXE=0

This shows that electrostatic field is conservative or irrotational.

Final electrostatic Maxwell equations

V.-D=p,

VXE=0

Q3. State and derive Maxwell’s equations for
magnetostatic field.



Answer:

In magnetostatic field, charges are moving with constant velocity and current is
steady.

The field does not vary with time.

The two important Maxwell equations are:

VxH=J

and

V-B=0

1. Ampere’s circuit law

Ampere’s circuit law states that the line integral of magnetic field intensity
around a closed path is equal to the current enclosed by the path.

fH-dl:Ienc
c

Current enclosed can be written as surface integral of current density:

Tepe = / J-ds
S
j{ H.dl = / J-ds
C S
Using Stokes theorem:

]{CH-dlzfs(VxH)ods

Therefore,

Hence,



/S(VXH)-ds:/SJ-ds

Since the surface is arbitrary,

VxH=J

This is Maxwell’s equation for magnetostatic field.

2. Gauss law for magnetic field

Magnetic monopoles do not exist.

Therefore, total magnetic flux through a closed surface is zero:

?{ B-ds=0
S
Using divergence theorem:
fB-ds=/V-de
S | %4

/V-de:O
v

Therefore,

Since volume is arbitrary,

V.-B=0

This is Maxwell’s equation which states that magnetic flux lines are continuous
closed loops.

Final magnetostatic Maxwell equations

VxH=J




V-B

I
o

Q4. State Maxwell’s equations in time domain
and integral form.

Answer:

Maxwell’s equations completely describe electromagnetic fields.

They are written in differential and integral forms.

1. Gauss law for electric field

Differential form:

V-D =p,

?{D-d.s:/pvdv:Qenc
S |%4

This equation states that electric flux leaving a closed surface is equal to

Integral form:

charge enclosed.

2. Gauss law for magnetic field

Differential form:

V-B=20

Integral form:



fB-dszO
S

This states that net magnetic flux through a closed surface is zero.

3. Faraday’s law

A time-varying magnetic field produces an induced emf.

?{E-dl:—i/B-ds
c dt Jg

Using Stokes theorem:

]aE-dl:/S(VxE)-ds

Integral form:

Therefore,
0B
E ] —_— -— — O
/S (VX E)-ds . Bt ds
Hence,
OB
E=——
VX Bt

4. Ampere-Maxwell law

A magnetic field is produced by conduction current and displacement current.

Integral form:



6D
H-dl:/(J—l——)-ds
AV AGA

Using Stokes theorem:

?{OH-dl:/S(VxH)-ds

Thus,
/(VxI—I)-ds=/ (J—i—a—D)ods
g g ot
Hence,
0D
H = —
V X% J + 5

Final Maxwell equations in time domain

V-D=p,
V-B=0
0B
E=——1
Vo ot
oD
H = —_—
V x J+8t

Q5. Write Maxwell’s equations in phasor domain.

Answer:

For time-harmonic fields, the fields vary sinusoidally with time.



If the time variation is assumed as:
eIt

then differentiation with respect to time becomes:

2—>w
o 7

Therefore, Maxwell’s equations in phasor form are obtained from time-domain
equations.

1. Gauss law for electric field
Time domain:
V-D=p,

Phasor domain:

V-Dg = pys

]{Ds-ds:/pvsdfv
S |4

2. Gauss law for magnetic field

Integral form:

Time domain:

Phasor domain:




Integral form:

7{B3-ds=0
S

3. Faraday’s law

Time domain:

In phasor domain:

Therefore,

Integral form:

0B
E=-——
V x

V X E; = —jwB;

fEs-dl:—jw/Bs-
C S

ds

4. Ampere-Maxwell law

Time domain:

In phasor domain:

VxH=J+ —




Therefore,

VXxH; =Js+ jwDy

Integral form:

]{Hs-dlzf(J3+ij3)-ds
C S

Final Maxwell equations in phasor domain

V'Ds:va

V-B;,=0

V X E; = —jwB;

V x H, = J, + jwD,

Q6. Derive the relation between electric field
intensity and electric scalar potential.

Answer:

Electric potential is defined as work done per unit charge in moving a charge
from one point to another.

If a charge Q is moved from point Ato point B, then:

W
Vap = —

Q

Work done is:

dW =F-dl



Since,

F
E=—
Q
we get:
dW = QFE -dl
For movement against the electric field:
dW = —QE - dl
Integrating from At B:
B
W=-Q /| E-d
A
Dividing by @ :
1%.%4 B
— =— E-dl
Q A
Therefore,
B
Vap = — FE -dl
A
Also,
Vap =V — V4
For differential displacement:
dV =—-F.dl

In Cartesian coordinates:

dl = dza, + dya, + dza,



and

E = E,a, + E,a, + E.a,

Therefore,
dV = —(E,dz + E,dy+ E.dz)
But,
ov ov ov
dV = —d —d —d
B + Oy y+ 8z~
Comparing both equations:
oV
E,=———
ox
ov
E = -
Yy ay
oV
E,=———
0z
Therefore,
=—-VV

This is the relation between electric field intensity and electric scalar potential.

Q7. Derive the electric potential due to a point
charge and due to system of point charges.

Answer:

Consider a point charge Q placed at origin.

Electric field intensity due to point charge is:



e Q .

- T
4dregr?

Potential difference is:
B
Vip = — / FE-dl
A

For radial path:

dl = dra,

Therefore,

A 4megr?
Q [Bdr
Vap = — —
Ameg J4 T
Q 1]
TEQ r A
Q [1 1
Vap = —
Amey | TB TA
If reference is at infinity:
rA — X
then,
1
ra
Hence potential at distance 7 is:
V= ¢
Aegr




Potential due to point charge not at origin

If point charge Q is located at position vector 7! , then potential at point 7 is:

Q

4reg|r — 7|

V(r) =

Potential due to [V point charges

For IN charges Ql, Q2, ceey QN located at "1, T2, ..., TN, potential at

T is obtained by superposition:

N
v
(r) = 47'('60 Z | — 'rk|

Q8. Derive Poisson’s equation and Laplace
equation.

Answer:

From Gauss law:

V-.D=p,
For a linear isotropic medium:
D=¢cFE
Therefore,
V - (eE)

If € is constant:



eV-E=p,

We know that:

E=-VV
Substituting:
eV - (=VV) =p,
—eV2V = p,
Therefore,
viy =2
€

This is called Poisson’s equation.

Laplace equation

If there is no charge in the region, then:

pv =10
So Poisson’s equation becomes:
ViV =0
Therefore,
ViV =0

This is called Laplace equation.

Physical meaning

Poisson’s equation is used when charge density exists in the region.



Laplace equation is used in charge-free regions.

Q9. Derive the continuity equation of current.

Answer:

The continuity equation is based on the principle of conservation of charge.

It states that the rate of decrease of charge inside a volume is equal to the net
outward current flowing through the closed surface.

Let current density be J .

The total current leaving a closed surface is:

Iout:%J'ds
S

The total charge inside volume Vis:

Qin:/pvdv
1%4

According to conservation of charge:

Therefore,

d
J-ds=—— [ pydv
fs* at Jy

Using divergence theorem:

7{J-d3=/V-Jdv
S |%4

So,



Therefore,

Since the volume is arbitrary:

dpy
V-J=— Y
or
Opu
VTt =0
This is the continuity equation.
For steady current
For steady current:
90 _
ot
Therefore,
V-J=0

This means current entering a volume is equal to current leaving it.

Q10. Derive relaxation time in a conducting
medium.

Answer:



Relaxation time is the time taken by charge placed inside a material to decay

1

to e ~ or 36.8% of its initial value.

From Ohm’s law:

J=0oF
From Gauss law:
V-D =p,
For a medium:
D =¢eFE
Therefore,
V- (eE) = py
For constant € :
eV -E=p,
Thus,
v.B=P
€
Now,
V-J=V-(oFE)
For constant o :
V.-J=0V-FE
v.J= P
€

From continuity equation:



V-J=-—
ot
Therefore,
0Py dpy
€ ot
Opy O
ot € P
Separating variables:
d
Po — _Z g
Pv €
Integrating:
d
/ o 2 / dt
Pv ¢
In p, = _Z +C
€
Att =0,
Pv = Pv0
Therefore,
C =1Inpy
So,
In ( Pu ) S
Pv0 €
Taking antilog:
_oy
Pv = Pwo€ ©

Let,



T = —
o
Therefore,
—t/T
Pv = Pv0€ /
where,
€
T=—
o

is called relaxation time.

Meaning
For a good conductor, o is large, so T is very small.
Thus charge disappears very quickly from inside conductor.

For a good dielectric, 0 is very small, so T is large.

Thus charge remains for long time.

Q11. Derive Joule’s law in field form.

Answer:

Joule’s law gives power dissipated in a conducting medium due to current

flow.

From Ohm’s law:

Also,



and electric field is:

V
E=—
[
Therefore,
I
oFE = —
A
I
O— = —
[ A
Vv
I oA
But,
V
R=—
I
Therefore,
[
R=—
oA
This is resistance in terms of conductivity.
Power dissipated
Power is work done per unit time.
|14
P=—
t
Force on charge is:
F=QE

If charge moves through displacement [, then work done:



W=F.-1=QFE-I

Current is rate of flow of charge:

So,

For volume distribution:
I =p,vds
and current density is:
J = pyv

Hence power dissipated in volume is:

P:/E-Jd'v
14

This is Joule’s law in field form.

Q12. Explain displacement current density and
derive modified Ampere’s law.

Answer:

Ampere’s law for steady fields is:

VxH=J



Taking divergence on both sides:
V- (VxH)=V-J
But divergence of curl is always zero:
V- (VxH)=0
Therefore,
V-J=0
This is valid only for steady current.

But for time-varying fields, continuity equation gives:

0py
V-J=—
ot
So, Ampere’s law must be modified.
From Gauss law:
V-D=p,
Differentiating with respect to time:
0 0py
—(V - D) =
ot ( ) ot
oD  Op,
V- _
ot ot
From continuity equation:
0py
V-J=-—
ot
Therefore,
oD
V-J=-V.—



8D
V-(J+E) =0

Hence Maxwell introduced displacement current density:

P
Therefore total current density is:
J+ Jg
Modified Ampere’s law becomes:
0D

VxH=J+ B
or

VxH=J+J;

Integral form

6D
H-dl:/(J—l——)-ds
AV AR

This is one of Maxwell’s equations for time-varying fields.

Q13. Derive expression for displacement current
in a parallel plate capacitor.

Answer:

Given a parallel plate capacitor with plate area A , separation d , dielectric

permittivity € , and applied voltage:



V =V, sinwt

Electric field between plates is:

V
E=—
d
Electric flux density:
D=¢F
|4
D=e—
“d
Displacement current density is:
0D
Jyj= —
"
o(V
Ji= — [ e—
1= 9t \“d )
Since € and d are constants:
ov
g = £V
d ot
For:
V =V, sinwt
ov
E = V,,w cos wt
Therefore,
V.
Jqg = c ;w cos wt

Total displacement current is:



Hence,

For your note example
If:

A=5cm? d=3mm, V =50sin10%, e=2¢
then:

260

J, = — 20
4§ 10-°

(50 x 102 cos 10°t)

and
I;=J;A

The answer in notes is:

I; =147.4cos10%t nA

Q14. State and derive Coulomb’s law and electric
field due to system of point charges.

Answer:
Coulomb’s law gives the force between two point charges.
Let two point charges Ql and Qz be located at position vectors "1 and 79 .

The force on ()9 due to Q1 is:



Fi2 = 4meq R2 R
where,
R = ro — 1T
and
A r2 —T1
ap — ————
P2 — 74
Therefore,
Q1Q> Ty —T1

Fip =
Ameg|re — 1|2 |ro — 71|

_ Q1Q2(r2 —71)

Fio =
12 47T€0|7’2 — 7‘1|3

Electric field intensity

Electric field intensity is force per unit test charge.

F
E=—
Q
For a point charge Q :
E = ¢ a
4AmegR?
or,
L _Qr—1)




Electric field due to [NV point charges

Using superposition principle:

B 1 iQk(r—rk)

 4meg et |r — g3

This expression gives electric field at point 7" due to NN point charges.

Q15. Derive electric flux density due to point
charge, line charge and sheet charge using
Gauss law.

Answer:

Gauss law is:

%D°d3:Qenc
S

1. Point charge

For point charge Q , choose spherical Gaussian surface of radius T .

Due to symmetry:
D = D,a,
Surface element:
ds = r? sin 0d0da.,

Then:



?{D-d.s:Q

S
iy 2m

D, / / 2 sin 0dodd = Q
0 0

D.r*(27)(2) = Q

D, 47r? = Q
Therefore,
D= ¢ a
42
Since D = €y F :
E = ) 5 ar
Amegr

2. Infinite line charge

Let line charge density be pj .
Choose cylindrical Gaussian surface of radius p and length [ .

D = D,a,
Surface element on curved surface:

ds = pdgdza,

j{D-ds=pll
S

Gauss law:



2 pl
D, / / pdodz = pl
0o Jo

D,p(2m)l = pil

Therefore,
Pl .
D= —
2mp @
and
P .
FE = a
2mep ¥

3. Infinite sheet charge

Let surface charge density be O .
Choose a pillbox Gaussian surface.

Flux leaves through top and bottom surfaces.

?{D-ds:psA
S

DA+ DA =p,A
2D = p,

Therefore,

and



E="24

Q16. Derive electric flux density due to uniformly
charged sphere.

Answer:

Let a sphere of radius @ have uniform volume charge density 0y, .

Using Gauss law:

fD'dszQenc
S

Due to spherical symmetry:

D = D.a,

Case 1: Inside the sphere ('r < a)

Gaussian surface radiusis 7.

Surface area:

Charge enclosed:

Gauss law:



Therefore,

Case 2: Outside the sphere ('r > a)

Gaussian surface radius is 7" .

Charge enclosed is total charge of sphere:

4
Qenc — Pv§7m3
Gauss law:
4
D, (47r?) = pvgﬂ'a?’
3
_ P
Dr = 3r2
Therefore,
pva3 A
D 3,2 0 (r>a)

Q17. State and derive Biot-Savart law and
Ampere’s circuit law.

Answer:



1. Biot-Savart law

Biot-Savart law gives the magnetic field intensity produced by a differential

current element.

A current element Idl produces differential magnetic field intensity dH at

point P .

According to Biot-Savart law:

JH o Idlsin o
R2
Therefore,
JH — Idlsin o
4w R?
In vector form:
dH — Idl x apr
AT R?
where:
o I =current

dl = differential length element

R = distance from current element to observation point

« = angle between dl and R

2. Ampere’s circuit law

Ampere’s circuit law states that the line integral of magnetic field intensity
around a closed path is equal to total current enclosed.

fH-dl:Ienc
C




For current density oJ :

Ienc:/J-ds
S
fH-dl:/J-ds
C S
Using Stokes theorem:
?{H.dlzf(vXH).ds
C S
/(VxH)~ds:/J-ds
S S

VxH=J

Thus,

Therefore,

Hence,

This is Maxwell’s equation for magnetostatic field.

Q18. Derive magnetic field intensity due to an
infinite line current using Ampere’s law.

Answer:

Consider an infinite line current along 2 -axis.
Due to symmetry, magnetic field intensity is circular around the conductor.

Thus,

H = Hya,



Choose circular Amperian path of radius p .

Ampere’s circuit law:

7{ H-dl = 1.,
C
For circular path:
dl = pdeiiy
Therefore,
2T
H¢a¢ : pd¢&¢ =1
0
2T
Hgyp / do =1
0
Hyp(2m) =1
Therefore,
I
Hy = —
2mp
Hence,
I
H=_—"—ay
2Tp
Magnetic flux density is:
pl
B=uH=—
. 2mp ¢




Q19. Derive magnetic field intensity due to
infinite sheet current.

Answer:

Consider an infinite current sheet carrying surface current density Ky :
The magnetic field exists on both sides of the sheet.

Using Ampere’s circuit law:

?{H-dlzIenc
c

Choose rectangular Amperian loop crossing the sheet.
From symmetry, magnetic field on both sides is equal and opposite.

For the rectangular path:

H(b) + H(b) = Kb

2Hb = Kb
Therefore,
g X
2
Thus,
K

Direction is obtained using right-hand rule.

For the note case:

K, .
H: Tay




Magnetic flux density is:

B=uH

Q20. Explain magnetic vector potential and
magnetic scalar potential.

Answer:
From Maxwell’s equation for magnetic field:
V-B=0
Also, from vector identity:
V-(VxA)=0

Since divergence of curl is always zero, magnetic flux density B can be

expressed as curl of a vector A.

Therefore,

B=VxA

where A is called magnetic vector potential.

Magnetic scalar potential

In current-free region:

From Ampere’s law:

VxH=J



Thus,
VxH=0

If curl of a vector is zero, it can be expressed as negative gradient of scalar
potential.

Therefore,

H=-VV,

where V,,, is magnetic scalar potential.

Relation between B and A

Since:

and
B=VxA

Magnetic flux through surface S is:

¢=/SBods

¢=quAy@

Substituting:

Using Stokes theorem:

¢=£Adl




Thus magnetic flux can be obtained from magnetic vector potential.

Q21. Derive electric boundary conditions at
dielectric-dielectric interface.

Answer:
Consider two dielectric media separated by an interface.

Let medium 1 have permittivity €1 and medium 2 have permittivity €9 .

Electric field in medium 1:
E, = FEyu+ Eip,
Electric field in medium 2:

Ey = Ey + Eyy,

1. Tangential component of electric
field

Using Maxwell’s equation:

fE-dle
c

Take a small rectangular loop across the boundary.
As height tends to zero, contribution from normal sides becomes zero.

Thus,

EltA'w — E2tA’w =0



E1t = By

Therefore,

Ei: = By

Tangential electric field intensity is continuous across dielectric boundary.

Since:
D =¢F
D
E==
€
Thus,
Dyt Dy
€1 €2

Tangential electric flux density is generally discontinuous.

2. Normal component of electric flux
density

Using Gauss law:

fD'd's:Qenc
S

Take a small pillbox across boundary.
Flux through side surface is zero.

Thus,

DznAS — DlnAS = psAS



Ds, — Dy, = Ps

Therefore,

-D2n - -Dln = Ps

If no free surface charge exists:

ps =0
then,
-Dln - -D2n
Since:
D =¢cFE
€1E1, = €2E9,
or,
Eln o 2
Ey €

Q22. Derive law of refraction of electric field at

dielectric interface.

Answer:

At dielectric-dielectric boundary, electric field changes direction due to change

in permittivity.

Let By and E'9 make angles 071 and @2 with normal to interface.

From boundary condition:

E1: = Ey



Therefore,
El sin 01 = E2 sin 02
Also, if no free surface charge:
Dln — D2n
€1E1n, = €2E2,
€1E1 COS 01 = €2E2 COS 92

Divide first equation by second:

E1 sin 91 E2 sin 02
61E1 COS 01 €2E2 COS 02
1 1
—tanf; = —tan6,
€1 €2
Therefore,
tan 91 €1
tan 02 €92
Since:

€ = €p€y

tan 01 €r1

tan 02 €r9

This is law of refraction of electric field.

Q23. Derive electric boundary conditions at
conductor-dielectric interface.



Answer:

Consider a conductor and dielectric interface.

Inside a perfect conductor:

and

1. Tangential component

Using:

j{E-dl:O
c

Taking a small rectangular loop at boundary:

E:Aw=0
Therefore,
E,=0
Since:
D =¢eFE
D,=0

Thus tangential electric field at conductor surface is zero.

2. Normal component



Using Gauss law:

fD'dszQenc
S

Take pillbox at conductor-dielectric boundary.

Inside conductor:

D=0
Thus,
D,AS = p,AS
Dy, = ps
Since:
D =¢e¢FE
B,=f
€

Important notes

1. No electric field exists inside a perfect conductor:

E=0
2. Since:
E=-VV
inside conductor:
VV =20

So conductor is an equipotential body.



3. Electric field at conductor surface is normal to the surface.

4. At conductor surface:

Dn:ps

and

Et:O

Q24. Derive magnetic boundary conditions at
interface between two magnetic media.

Answer:
Consider two magnetic media separated by an interface.

Let permeability of medium 1 be 41 , and medium 2 be U2 .

Magnetic field intensity:
H=H,+H,
Magnetic flux density:

B =B;+ B,

1. Tangential component of magnetic
field intensity

Using Ampere’s circuit law:

%H-dlzIenc
C



For small rectangular loop at boundary:
HoyAw — HijAw = KAw

where K is surface current density.

Thus,
Hy —Hyy =K

In vector form:

&nX(Hg—Hl)ZK

If no surface current exists:

K=0
then,
Hyt = Hy
Since:
B=uH
B _ Bx
K1 k2

Thus tangential Bis generally discontinuous.

2. Normal component of magnetic
flux density

Using Maxwell’s equation:



j{B-dSZO
S

anAS - BlnAS = O

For small pillbox:

Therefore,

Bln — B2n

Since:
B=uH

pi1Hi, = paHay,

Thus normal component of His generally discontinuous.

Final magnetic boundary conditions

Hy — Hyy = K
fK =0:
Hy = Hyy
B1n, = Boy,

Q25. Derive law of refraction of magnetic field.
Answer:

Let magnetic field in medium 1 and medium 2 make angles 91 and 92 with the

normal to interface.



At boundary, if no surface current exists:

Hyt = Hy
Thus,
H{sin0; = H,sin 6,
Also,
Bin = Boy,
Since:
B=uH

u1Hq cos 01 = peaHy cos B,

Dividing the tangential equation by normal equation:

Hl SiIl91 o H2 sin92
wiHicos@;  paH,cosbs
1 1
—tanf; = —tan6y
M1 M2
Therefore,
tanf;
tan 0, a U2
Since:
K= Hofbr
tanf;  pe
tanfy  pe

This is the law of refraction of magnetic field.



Q26. Write a complete note on scalar and vector
potentials.

Answer:

Potentials are used to simplify field calculations.
There are mainly two types:

1. Electric scalar potential
2. Magnetic scalar and vector potential

1. Electric scalar potential
In electrostatic field:
VXE=0
Since curl of gradient is always zero:
Vx(VV)=0

Therefore, electric field can be written as:

E=-VV

where V is electric scalar potential.

The potential difference between two points is:

B
VAB:—/ E-dl
A

Potential due to point charge is:

,__Q

Aegr




Potential due to /N point charges is:

N
v
(r) = 47'('60 Z |r — 'rk|

2. Magnetic scalar potential

In current-free region:

J=0
From Ampere’s law:
VxH=J
So,
VxH=0
Hence,
H=-VV,

where V., is magnetic scalar potential.

3. Magnetic vector potential
From Gauss law for magnetic field:
V-B=0
Also:
V- (VxA)=0

Therefore, magnetic flux density can be written as:



B=VxA

where A is magnetic vector potential.

Magnetic flux through surface is:

¢=/SB-ds

¢=LW&A}®

¢=£Adl

Thus vector potential is useful for finding magnetic flux.

Substituting B=V X A:

Using Stokes theorem:

Q27. Explain Ampere’s force law.

Answer:

Ampere’s force law gives the force between current-carrying conductors or on
a current element placed in magnetic field.

A current element placed in magnetic flux density B experiences force:

dF = Idl x B

For a straight conductor of length [ :

F=IIxB

Magnitude:



F =1IlBsin6

where @ is angle between current direction and magnetic flux density.

Force between two long parallel currents

Let two long parallel conductors carry currents I 1 and I 9 , separated by

distance d .

Magnetic field produced by conductor 1 at conductor 2:

I
Hy = —
7 ond
pl
Bi = puH; = —
1 = MKiiy omd
Force on conductor 2 per unit length:
F
— =I12B;
[
F ,uIl
— — I,
[ *ord
Therefore,
F . ,U,I1I2
| 2nd

If currents are in same direction, force is attractive.

If currents are in opposite direction, force is repulsive.

Q28. Write short note on differential operators
used in EMTL.



Answer:

In EMTL, vector operators are used to represent field variation.

1. Gradient

Gradient of scalar V' gives a vector.

Cartesian:
ov . ov . ov .
VV— %aw—i—a—yay—l—gaz
Cylindrical:
ov . 10V, ov .
VV— a—pap+;6—¢a¢—l—gaz
Spherical:
ov . 10V, 1 o0V,
V= o bt 90 % T g 96 ¢

2. Divergence
Divergence converts vector into scalar.

Cartesian:

Cylindrical:



V-A %a%(pA,,) %aéf -+ Bgiz
Spherical:
voa= r_lzg(rzAr) i rsilnH %(Agsine) + rsian aé?;
3. Curl
Curl gives circulation of vector field.
Cartesian:
a; a, a,
Vxd=|Z 2 L
A, A, A,
Cylindrical:
a, pag a,
Vx A= % 2 2 2
A, pA, A,
Important identities
Vx(VV)=0
V- (VxA)=0




Q29. State and explain divergence theorem and
Stokes theorem.

Answer:

1. Divergence theorem

Divergence theorem states that the total outward flux of a vector field through
a closed surface is equal to the volume integral of divergence of that vector

field.
fA-ds=/(V-A)dv
S |4

e S'is closed surface

where:

o V is volume enclosed by S
This theorem converts surface integral into volume integral.

It is used in deriving Gauss law point form:

fD°d3:Qenc
S

/Vodezfpvdv
14 14

V-D=p,

Therefore,

2. Stokes theorem



Stokes theorem states that circulation of a vector field around a closed path is
equal to surface integral of curl of the vector over the open surface bounded

by the path.
]{A.dlzf(vXA).ds
C S

It converts line integral into surface integral.

It is used in deriving Maxwell’s equations such as:

fE-dle
c

/S(VXE)ods=O

Using Stokes theorem:

Therefore,
VXxE=0
Similarly,
7{ H-dl =1,
C
gives:
VxH=J

Q30. Write coordinate transformation relations
between Cartesian, cylindrical and spherical
systems.

Answer:



1. Cylindrical coordinate system

Cylindrical coordinates are:

(P, 9, 2)

where:

* p =radial distance from 2 -axis
. (]5 = azimuthal angle

e 2z =same as Cartesian 2

Relations:
T = pcos ¢
y=psing
p=vzity’
¢ = tan™* (ﬂ)
T
Vector transformation
From Cartesian to cylindrical:
A, cos¢ sing A,
Ay| = [—sing cos¢ A,
A, 0 0 A,
From cylindrical to Cartesian:
A, cos¢ —sing A,
Ay| = |singp cos¢ Ay

A, 0 0




2. Spherical coordinate system

Spherical coordinates are:

(r,0,9)
where:

e T = radius of sphere
. 0= angle with 2 -axis

. ¢ = azimuthal angle

Relations:
x =rsinfcos ¢
y = rsinfsin ¢
z=1rcosf
Also:

r=+/22+1y2 + 22

0 = tan! /2ty
z
¢ = tan™? (ﬂ)
T

Vector transformation

Cartesian to spherical:



A, sinfcos¢ sinfsing cosf A,
Ag| = |cosfcos¢p cosfOsing —sinf
Ag —sing cos ¢ 0 A,

&

SUPER IMPORTANT FINAL
REVISION LIST

For tomorrow’s exam, revise these derivations first:

. Maxwell equations in time domain

. Maxwell equations in phasor domain

. Derivation of displacement current density
. Continuity equation

. Relaxation time

. Joule’s law

. Poisson and Laplace equations

. Electric scalar potential and E=-VV
9. Magnetic vector potential B = V X A

10. Electric boundary conditions

0 N O O b~ WODN =

11. Magnetic boundary conditions

12. Law of refraction for electric field
13. Law of refraction for magnetic field
14. Gauss law applications

15. Ampere’s circuit law applications
16. Biot-Savart law

17. Coulomb’s law

18. Coordinate transformations

19. Divergence theorem

20. Stokes theorem
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