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Important Note : 1. On completing your answers, comp’

< treated as malpractice.

=50, wi.

20 evaluator and /or equations written eg, 42+8

2. Any revealing of identification, app

USN 10EE44
Fourth Semester B.E. Degree Examination, June/July 2016
Field Theory
Time: 3 hrs. o Max. Marks: 100
Note: Answer any FIVE full questions, selecting
atleast TWO questions from each part.
PART - A
1 a. State Gauss theorem of electrostatics. List characteristics of Gaussian surface. (05 Marks)
b. Determine electric flux density ‘D’ in Cartesian coordinates caused at p(6, 8, —10) by
1) a point charge of 30 mc at origin ii) infinite line charge w1th pr =40 pc/m i) A surface
charge with pg = 57.2 pc/m” on a plane z = — 9m. ‘ (08 Marks)
c. Evaluate both side of divergence theorem for the region r < a (spherical coordinates) having
flux density D = —S;ar ¢/m? S KN (07 Marks)
2 a. Provethat: E=-VV Gy (05 Marks)
b.  Determine work done in carrying a charge of —2C from (2, 1, —1) to (8, 2, —1) in an electric
field E = ya, + xa, v/m along the path x = 2y’. (07 Marks)
€. Three point charges 3 coul, 4 couland 5 coul are to be situated at corner of an equilateral
triangle of side 5 m. Find energy density at the centre of triangle. (08 Marks)
3 a. Derive Poisson’s and Laplace equation (06 Marks)
b. A potential field is given by v = x’yz + Ay’z volts determine of ‘A’ such that v satisfies
Laplace equation and hence find electric field E at p(2, 1, —1). (06 Marks)
c. A spherical capacitor has a capacitance of 54 pF. It consists of two concentric spheres with
inner and outer radii differing by 4 cm. Dielectric in between is air. Determine inner and
outer radii. (08 Marks)
4 a. Stateand explain Ampere’s circuital law. (05 Marks)
b. Q etermine magnetic flux density ‘B’ at ‘P’ for a current loop shown in Fig.Q4(b). (09 Marks)
QO
“ {;} A’. r\; \
A S
D)
E e gm —_—>
Fig. Q4(b)
C.

Clearly distinguish between scalzr magnetic potential and vector magnetic potential.
(06 Marks)
1 of2
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PART -8

Derive Lorentz force equation for a moving change placed in a combined electric and

magnetic field. (06 Marks)

A point charge Q = 18 nc moves with a velocity of 5 x 10° m/sec in the direction”of
0.06ax + 0.75a, + 0.32, Determine magnitude of force experienced by the charge when
placed in i) electric field E = —3ay + 4ay + 6a, kv/m i) magnetic field E = -3a, + 4a, + 6a,
mT iii) combined E and B. (08 Marks)
An air cored toroid has a cross sectional area of 6 cm?, a mean radius of 15 cm and is wound
with 500 turns and carries a current of 4A. Find the magnetic field intensity at the mean
radius. (06 Marks)

Explain Faraday’s laws applied to : i) stationary path, changing field and 1i) steady field,

moving circuit. (06 Marks)
List Maxwell’s equations for both : i) steady and ii) Time varying fields in differential and
integral form, also mention the relevant laws they demonstrate. (08 Marks)

A straight conductor of length 0.2m, lies on x-axis with one end at origin. The conductor is
subjected to a magnetic flux density B=0. 04ay Teslaand the velocity v=2.5 sin 10° ta, m/sec.

Determine motional emf induced in the conductor. (06 Marks)
Derive wave equation for E in a general medium. (06 Marks)
State and explain Poynting theorem. (06 Marks)

A lossless dielectric medium-has ¢ =0, p, = 1 & = 1. A electromagnetic wave has field as
H=-0.1 cos (ot — z)ay + 0.5 sin (ot — z)ay A/m. Find : i) phase constant, ii) angular velocity
iii) the wave impedance iv) components of electric field intensity of the wave. (08 Marks)

Derive an expression for transmission coefficient and reflection coefficient and relate them.

(08 Marks).
Define standing wave ratio. Write an expression for it. (04 Marks)

Determine the amplitude of reflected and transmitted ‘E” and ‘H’ at the interface between
two_regions. Characteristics of region 1 are &, =8, py =0; oy = 0 and region 2 is free

space. The incident Efin region 1 is of 1.5 V/m. Assume normal incidence. Also find
' average power in two regions. (08 Marks)

k ok ok ok ok
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Fourth Semester B.E. Degree Examination. Dec.2016/Jan.201
Field Theory

N 10EE44
i

I
|
|

: 3 hrs. Max. Marks:100
Note: Answer any FIVE full questions, selecting
atleast TWO questions from each part.
PART - A
State and explain Coulomb’s law in vector form. (05 Marks)

Two point charges Q; = -0.3nC at [25, -30, —15], and Q; = 0.5nC at [-10, 8,

12] present in

_._)
free space determine E at P(15, 20, 50). (05 Marks)
Given D =4y?8.+3x7y8,+153, C/m’ verify both sides of Divergence theorem and
evaluate charge enclosed within region 0 < x, y,z<2. (10 Marks)

Find out the work done in moving a charge p =ato p = b along with radial direction due to
infinite line charge. o (06 Marks)
Given a potential V = 3x* + 4y*(V), find the energy stored in volume described by

0<x<ImO0O<y<Imand0<z<Im. (06 Marks)
Obtain the boundary condition between conductor and free space. (08 Marks)
State and prove uniqueness theorem. (08 Marks)

In spherical co-ordinates V.=0atr=0.1 mand V = 100 V at r = 2m. Assuming free space

Y —
between the concentric spherical shell find E and D . (06 Marks)
Use Laplace equation to find the capacitance between two plate of a parallel plate capacitor,
separated by distance ‘d” and maintained at potential “0” and “Vy” respectively. (06 Marks)
Find the magnetic field intensity and flux density at the centre, of a circular wire carrying a
current ‘I" and of radius *a’ by using Biot — Savart’s law. (06 Marks)

= :
In cylindrical co-ordinates a magnetic field is givenas H =[4p— sz]ﬁq) A/m0<p<l1
1) Find the current density as a function of p within the cylinder 4
1) Find the total current that passes through the surface z=0and 0 < p < Im in

A . .
ay direction. (06 Marks)

Define vector magnetic potential and prove that A = :—0 f i.dv . (08 Marks)
: T
PART - B
Derive an expression for the force between two differential current elements. (06 Marks)

The 2 = § marks the boundary between two magnetc materais. For region 1, (z>0), u, =4
HH and region 2. (z < 0), 11, = 6 HH. The surface current density at the boundary is given as

5 o : :

K=124,A/m ,find H2 if H, =404+ 504,+124, kA /m . (06 Marks)

Calculate the inductance of a solenaid of 200 fyrms woynd tightly on 2 cylindrical type ~F

length 60 cm1 and of diameter 6 cm. Given that the medium is air. Derive the expression

used. (08 Marks)
Tof2
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10EE44

. T.ict Mavwre]l’s equations for time varying fieid in point and integral form. (06 Marks)

Startmg from Ampere’s circuital law derive an expression for dlsplacement current density

for time vai ying fields. (06 Marks)
What is retarded potentiai? Obtain an expression for retarded potential V and A. (08 Marks)

State and prove Poynting’s theorem. (10 Marks)
With respect to wave propagation in good conductors, describe what is skin effect. derive an

expression for the depth of penetration. 1f ¢ = 58 x 10° U/m at frequency 10 MHz determine
depih of penetration. (10 Marks)

The plane x = 0 is the boundary between two perfect dielectric. For x < 0, 1 = Uo, & = 3.61
pf/mand o; = 0 ; for x> 0, py = po. &2 = 14.4n pf/m and o, = 0.

If Ef =60cos(10”t—B;x)V/m find :

i) Incident magnetic field H;

ii) Reflected electric and magnetic field E; and H;,

iii) Transmitted electric and magnetic field E; and Hy (10 Marks)
What is a standing wave? Derive an expression for standing wave ratio. (10 Marks)
dok ok ok X
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- Max. M‘arks‘IOO

S

Note: Answer any FIVE fuli questions, selectmg
atloast TWO questtons Jfrom eaclw part.

o

o
8
g , PART — A , =
= 1 a. State anx "explam the Coulomb’s law of clectrostatic force between t“_’ pomt charges.
= & ‘G ¥
= - £ (05 Marks)
< Y .
B b. A point Lharg’e Q; =25nC is located at 'i(4, 27) and a charge 60nC is at Py(-3, 4, -2)
1
' in free space. Fma electric field I at Pi(1, 2, 3). o 4 (05 Marks)
= C. Evaluate both sxdes{,of the divergence thcorem: for thegfeld D =2xya, +x a c/m’, the
; surface is a rectangular. parallc]cpxpcd formed by phncs x=0andx=1,y=0 and y =2 and
T z=0andz=3. . . (10 Marks)
(o) . \
° . ;
N /%5, ¢/m, bent in the form of a circular ring of
b 2 a. Fmd the potentxal V due to a !me- hargC dUNW P! ¢/m, bent n the 1o g
2 o , (05 Marks)
Eé : b. ‘, rmmc the expression for electric field intensity E |,
3 _ =tk
@ the flux density D and volume oharge dcmlly M mnd the numerical values of V, E, D, py -
2 at a given poini I'(-4, 3, 6). Given €p = 5. B340 ",’ . o (10 Marks)
5 c. Deﬁne capautanCP and eva uate capacmncc of 'Wq concentric spherical conducting shells
3 e {05 Marks)
o
o
«
S 3 a (06 Marks)
= b. State and prove m1Queness theorem. (08 Marks).
' c. ~ Find the Capac{fancc of a co-axial cable with inner radius a andN O,Eter radius b where b >ku,
o using Lapﬁ{f@ggﬁ:quatxon. "J (06 Marks)
= - A '
5 4 a e,ad xp]l in Biot-Savart law. ™ { (05 Marks)
2 aQ
K b. lecuiate vector current density at a given point P(2, 3, 4) if H=x’z3, =Y % (05 Ma rks)
© N, i
= . {“State Ampere’s circuital law. Apply it to a co- axial cable with inner conductor ef radius ‘a
k] <”5’Ca1~rymo Cun"nt [. The outer conductor carries return current —I. The inner radxus;of outer
E) Conductor 1s.°b” and 1ts outer radius is ‘¢’ EV&IUMC macrnetxc field infensity. : '
SRR PART B
5
% Derive the equatlon for force between two differential current carrymg elements (06 Marks)
< b. Explain the terms magnetization and permeability. : (06 Marks)
- c. Derive the boundary condition between twg  isotropic homogeneous materials with
o perm@ability oy and 1. : (03 Marks)
6 ‘:at_ﬂ State and explam Faraday s law. (06 Marks)-j‘-_: _
L ‘Write Maxwell’s equation in-integral and pomt for”l for txme varymg ﬁ Id _ (08 Marks)_:, -

o 'Denw the concﬁpt ofdnSpIa emem current dex lt}’



7 a D—éri\‘/’e”the 'w}avé"-‘equm’ibn foi”-'u"riifb‘_rm' pl_ane wave propagatlon in perfect dlelectrxc and

. _explﬂm the concept of loss tangent. o o : (10 Marks) -
~ b. Derive the wave equation for uniform plane wave propagatlon n perfect conductor and
: ‘ ) '(10'1‘»’!3'(!‘(5) o

‘explain the concept of skin effect.

Derive reflection coefficient and transmission coefﬁc1ent equatlons for a unuogm, p’_l_ane
: (10 Marks)

wave incident normally at the boundary.
Two media are characterlzed by intrinsic. 1mpedances m = 100Q ands,-mz
a incident electric field of magnitude 100 v/m calculate, rchected and

Calculate the value of standing wave ratio. (10 Marks)

s{i‘r‘%spectlvply For

&
transmltted wave magnitudc.

o
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ra Fourtb Semester B. E ‘Degree Examination, June/Jul 2013
p Yy

| F:e!& Theer‘y’

Q
,g-' Note Answer FIVE full questions, setectmg
E ' at least TWO questions from each part.
g A : PART—A xﬁ; N
4% 1 a. State and exp @%;1 Coulomb s law of force between the two poiht Scharges. Also 1nd1cate the
& ;:; . units of quantitfes the force equation. ’ PN (05 Marks)
v z b. State and apply Gar ss Jaw to obtain an expression for th&;aeetmc field mten31ty due to-an
% o infinite sheet of charge”?wth a surface charge densﬂy( pg,zC/m and area A m’. (10 Marks)
g z c.. Find : 1) Electrlc ﬁeld‘mmtensny and i) Electrlc flux density at the origin due to
%’ ;} : Q, =0.35pC at (0, 4, O) m amd Q2 =—0.55 @ 6...(3 0, 0) m. _ (05 Marks)
o 5 & # W 2 :
g’é 2 a  Explain with mathematical expres ions; 1) Potential difference i) Absolute potential
g 2 iii) Potential gradient. C (06 WLzrks)
=5 'b.  Derive an expression for the equatlon ofgoritinuity of current. (06 Marks)
g & . At the boundary between glass, (e = 4) andair,_the lines of eleetrxc field make an angle of
§ 5 40° with normal to the boundgry’ If electric flux‘density in air is’ O 25 pC/m determine the
E orientation and magmtuoc di; i) Electric flux degwgty and i) Electric field intensity, in
2 g glaSo Wk o ' (08 Marks)
=) 2 3 a. Derive Poisson’s: "Qd Laplace equanom starting from pomtd‘form ofGauss law. (06 Marks)
25 b. Using Laplace, equatlon derive an expression for the capacnance of a concentric spherical
- éé capacitor. *TFhe inner. spherical conductor is of radius ‘a’ and Cp@tentxal V, while outer
8= ’conductor«;?s fradius ‘b’ and potential zero. v‘"‘“’; (08 M arks)
Toog % c. Determm“e whether or not the followmg potentlal fields satlsfy Laplace’ i o
2 = i)ﬁ-}*}\z:jz"”.’lxz ~ %yt +z’ 11) V=r’+z’ (06 M arks)
g = Oy T
o) 4 A " ;=Write an explanatory note on Biot Savarts law. ‘ ff’ 04 Marks)
g_%ﬂ : %b. . Discuss the cgneept of scalar and vector magnetic potent1a1 and arrive at the expres 1o
. Poissons equdtlon in magnetostatics. ‘ : (08 M=
3 & State and prove ampere’s circuital law and apply ittoa strulght solid conductor to ealculate :
5 4 the magnetic neld 1nter151ty : : ' (08 Marks
— N .
8 v PART-B
< 5 a Find fhe expression for the force on differential current carrying elements. (06 Marks) -
g b. Define Lorentz force equation and mention the application of its solution. (06 Marks)
é- .c.. Calculate the inductance of a Solenoid of 200 turns wound tightly on-a cylmdrlcal tube of
- length 60 cm and of dlameter 6.cm, w1th air as medla DCI‘lVC the. expressxon used (08 Ma rks)

O et
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6 a. With necessary relationships, explain Faradays luw of electigimgnetle fndast
- static and time varying coanditions. {10 Marks)

~b. Starting from Faradays law of electromagnetic induction derive V' I}

c. Find the frequéncy at which Ponducuon current density and dlsplnccmeni

% /

. ;ii 4;3 By F*qual ina medmm w1th o =2x10" s/m. and e, =81.
& N

,f:a ~ What is uniform plane wave? Explam its propagatlon in free space will necesgs) “Lz yalion.
¢ , - (”5 Maris)
b. ?ﬁne skin depth and depth of penetration. - . (08 Magls)
o bg . Forg@;{er the conductivit yi is-58 mega-s/m. Find the skm depth at a ﬁ%qu&wy of 10 MHz,
s : : : (04 Marics)

‘ | @‘ | | ' | A z"
8 a With necessary equatlons explain standmg wave ratio. . % § (10 Magks)

b.  Find weather {fx:'b fwet marshy soil characterized by o =107, sj{n;? e, =15 and p, =1 may be

consxdered asa coxl di tor, a dielectric or neither for the i‘eq?}encms 1) 60Hz i) | Mlly
iii) 100 MHz _ iv)+, 061 -_THZ o . : | @ | s (10 Marks)

Dof2
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. compulsorily draw diagonal cross lines on the remaining
2. Any revealing of identification, appeal to evaluator and /or equations written eg, 42+8 = 50, will be treated as malpractice.

1. On completing your ans
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Fourth Semester B.E. Degree Examination, June 2012

Field Theory

3 hrs. Max. Marks: 100

Note: Answer FIVE full questions, selecting
at ieast TW'O qiiestions from each part.

PART - A
State and explain Coulomb’s law in vector form. Derive an expression for the electric fieid
intensity at a point due to ‘x” number of charges. (06 Marks)
A charge of 1 C is at (2, 0, 0). What charge must be placed at (-2, 0, 0) which will make
Y-component of total electric field intensity zero at the point (1, 2, 2). (05 Marks)

Calculate the divergence of D at the point specified if

D) D= [l0xyza. +5x223, + (228 + 5x’y)ax | at P[-2, 3. 5]
Z

ii) D=35z%a, +10pza, at P(3, —45°, 45)
iii) D = 2rsin Osin ¢ +rcosOsin ge +rcosda, at P(3,45°,-45°) (09 Marks)
Derive an expression for energy expended in moving a point charge in an electric field.

, ) ‘ (06 Marks)
Calculate the potential difference between A and B for a line charge density p. = 0.25 nc onr
the z-axis when point A(12m, %, 0) and point B(4m, %, 3m). (04 Marks)
Potential is given by V =2(x +1)*(y +2)*(z+3)*V in free space. Calculate:
i)  Electric potential
ii)  Flux density at a point A(1, 2, 3) (04 Marks)
Obtain the boundary cendition between conductor and free space. (06 Mariks)
State and prove uniqueness theorem. (06 Marks)

Use Laplace’s equation to find the capacitor per unit length of a co-axial cabie of inner
radius ‘a’ m and outer radius ‘b’ m. Assume V=V atr=aand V=0atr=>o. (08 Marks)

Determine whether or not potential equations: i) V =2x*> —4y* +z* and ii) V=r’cos¢+0
Satisfy the Laplace’s equations. (06 Marks)

Using Biot-Savart’s law, obtain magnetic field intensity expression due to an infinite length
conducter carrying current L. (6 Marks)
State and prove Ampere’s circuital law. {66 Marks)
Given the magnetic field H = 2r>(z-+1)sin ¢ ay. Verify Stoke’s theorem for the portion of a

cylindrical surface defined by r = 2, T ¢ < i , 1 <z <1.5 and for its perimeter. (08 Marks)
4 2
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Obtain expression for the force between differential current elements. (06 Marks)

A rectangular loop in z = 0 plane has corners at (0, 0, 0), (1, 0, 0), (1, 2, 0) and (0, 2, 0). The
loop carries a current of 5A in ax direction. Find total force and torque on the loop produced
by the magnetic field B = 2ax + 2z, —4a,wb/m’. (08 Marks)
Calculate the inductance of a solenoid of 200 turns wound tightly on a cylindrical tube of
length 60 cm and of diameter 6 cm. Given that medium is air. Derive the expression used.

(06 Marks)

State and explain Faraday’s law of electromagnetic induction. (06 Marks)
List Maxwell’s equations in differential form for both steady fields and time varying field.

(06 Marks)

What is displacement current? Find the displacement current density within a parallel-plate
capacitor having a dielectric with e, = 10, area of plates = 0.01 m? distance of
separation = 0.05 mm and the capacitor voltage is 200 sin 200t. (08 Marks)

Obtain the solution of wave equations for uniform plane wave propagating in free space.
(10 Marks)
State and prove Poynting’s theorem. (06 Marks)

The magnetic field intensity of uniform plane wave in air is 20 A/m in a, direction. The
wave is pronagating in the a, direction at an angular frequency of2 x 10° r/s. Find:

i)  Phase shift constant

ii)  Wavelength

iii) Frequency

iv) Amplitude of field intensity {04 Marks)

Derive the expression for transmission coefficient and reflection coefficient. (10 Marks)

With necessary expression, explain standing wave ratio. (10 Marks)
* %k sk k ¥
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USN’ | 06EE44
i .
Fourth Semester B.E. Degree Examination, June/July 2611
/ Field Theory '
Time: 3 hrs. | - Max. Marks:100
Note: 1. Answer FIVE full guestions selecting
at least TWO questions from each part.
2. Assume missing data, if any.
PART - A

1 a State and explain Coulomb’s law for electrostatic force between two point charges. Workout
- the vectorial expression for electric field intensity due to a point charge. (05 Marks)
b. Define electronic flux density and explain the mathematical interpretation of vectorial
evaluation of electric flux density on the basis of Gauss’s law. ' (05 Marks)

¢. Two very small conducting spheres, each of mass 1 x 10 kg are suspended at a common
point by very thin filaments of length 0.2m. A charge Q coulomb is placed on each sphere.
The electric force of repulsion separates the spheres and an equilibrium is reached when the

~ suspending filaments make an angle of 10°. Assuming € =1,g=9.8 Nw/kg and negligible

‘mass for the filaments, find Q. - _ " (10 Marks)

2 a. Show that vector electric field, E is the negative gradient of scalar electric potential, V.
: (05 Marks)

b. The electric potential at an arbitrary point in free space is given by the expression
V = (=2xy +3) volts. Show that 4 E.dl=0 for the closed contour shown in Fig. Q2 (b). -
. g |

’ D))
(o]
G
(o,0,0 L. : >
1Yy ) c, ( 1o, 0) K
&
: (05 Marks)
¢. Derive the expression for energy stored and energy density in an electrostatic field.
, (10 Marks)
3 a Mention the properties of ‘Conductor’. Distinguish conduction current density and
displacement current density through the expressions derived for each. - (05 Marks)
b. Derive the equation of continuity and show that for steady current case, divergence of J is
7Z€r10. (05 Marks)
¢. Derive the boundary conditions at the interface between the conductor and the free space.
_ , _ (10 Marks)
4 =2 State and prove ‘Uniqueness theorem’. _ (05 Marks)
' b. Mention the statements of ‘Biot-Savart’s law”, ‘Ampere’s circuit law’ and ‘stoke’s theorm’.
(65 Marks)

¢. Two perfectly conducting planes of infinite extent in z-direction are arransed at an angle of
~ 30° and are bounded by cylindrical surfaces at p =1.1m and p = 0.2m. One plate is held at
a potential of 1kV and the other is grounded. Find the potential distribution, vector E and the
~ capacitance per unit length of the systems, with e =1. - (10 Marks)

: 1of2
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_ PART-B
Derive the expression for the magnetic torque due to a rectangular current loop. (05 Marks)
Work out the expression for the self-inductance per unit length of an infinitely long
solenoid. (05 Marks)

- The z= 0 plane marks the boundary between two magnetic media. Medium 1 is the region

z > 0 and medium 2 is the region z < 0. The magnetic flux density in the medium 1is,
B,=1.54x+0.84y+0.6az mT. Find the magnetic flux density of medium 2. Assume

medium 1 as free space and p, of medium 2 as 100. (10 Marks)

Explain the interpretation of Faraday’s law applicable to time-varying magnetic field and

derive the expressions for ‘Transformer e.m.£ and ‘Motional e.m.f. (05 Marks)
State the integral forms of Maxweil’s equations applicapable to time-varying magnetic
fields. Give the wordly description of each statement also. (05 Marks)
A certain material has conductivity ¢ = 0 and relative permeability p, = 1. Make use of
maxwell’s equations to find i) H (z,t) and ii)e, . (10Ma )

Obtain the relation between Eand H in a perfect dielectric medium and comment on the

values on intrinsic impedance in a medium other than free space. (10 Marks)
If the electronic field vector in free space is E = 800CoS (10°t-By)az V/m, find )P i)A
And iii) H at the point P (1,1.5, 0.4) att = 8ns. (05 Marks)
Discuss the wave propagation in good conductions. In this context, define “skin depth, 5.
(05 Marks)
Discuss the reflection phenomenon of uniform plane wave at normal incidence at the
boundary between two lossless media. _ (10 Marks)
Explain the nature of standing waves in a good conductor and obtain the expression for
SWR. (10 Marks)

% ok ok K ¥



W ~ges.

~o" isorily draw diagonal cross lines on the remaining

Important Note : 1. On completing your answer

2. Any revealing of identificatiu., appeal to evaluator and /or equations written eg, 4248 = 50, v. .« be treated as malpractice,

C6eEE44

USN
Time
1 a
b.
c.
2 a
b.
c.
3 a
b.
C.
4 a
c‘.

Fourth Sempster B.E. Degree anmmatlon, May/Juge 2010
Field Theory

hrs. - ' Max. Marks:100
Note: Answer any FIVE full questions, selecting
st I
4 &

z

at least TWO questiors from each part.
PART — A
Define dlvergence of a vector. What do posmve andnegatlve dlvergenceb represent?
Vb= bm § 8. (04 Marks) -
Two uniform line bharges of den51ty Anc/m and 6 nc/m lie in x = 0 plane at y = +5m. and
— 6m respectively. Find E at (4,0, 5)m. = 15-34 ax + 366 OJ/ (06 Marks)
2.2 ’

pz

cosd a¢ , determme the flu /x crossing

2 dy 2
d,)=7t/4halfplanedeﬁnedby0_<_p33and2£zs4. Q- d” N2 ZC@Q&CP (10 Marls)

= 5‘7/6@,

Show that the energy required to assemble ‘n’ number of point charges is

State and explain Gauss’s law. Given that D=

Wy = —ZQme -and hence derive expression for epergy in electric field in terms of field

 quantities Dand E. =~ e ' (08 Marks)

< A9

For a line charge p', = c/m on the z-axis, find VABwhere A is 2m, n/2, 0) and B is
(4m, 7, Sm). | , N | : (06 Marks)

Find the workdone in assembling four qual point cbarges of 1 pceach on X and Y axis at

. +3m and +4m respectively. , (06 Marks)

Starting from Gauss’s law in integral form, derive Laplace’s and Poisson’s equations in
Cartesian coordinates. (07 Marks)

Determine the expression for E, in cylindrical coordinates, between two planes insulated
along Z-axis, assuming a potential of 100 V for ¢ = a and zero reference at ¢ = 0°. (06 Marks}

Calculate the capacitance/unit length of two co-axial cylindrical conductors in free space. If
the space between the cylinders were filled with dielectric, how would the dielectric constant
of the dielectric have to depend 0'1 the distance ‘r’ from the axis, in order that the electric

field intensity be independent of ‘r’. , (07 Marks)
State and explain Ampere’s circuital law. (64 Marks)
Derive the Gauss’s law for the magnetic field in point form. Hence show that scalar
magnetic potential follows Laplace’s equation. - (04 Marks)

Given the field ‘H=6rsing a_ +18r sinecosq) a— Evaluate each side of Stoke’s thebrém for

portion of a spherical -surface spemﬁed by r=4,0<06<0. 17t 0 < ¢ <037 anda closed
path forming 1ts perimeter. _ (learks)
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PART -B
Derive the boundary conditions to apply io B and H at the interface between two different
magnetic materials. , 4 (08 Marks)
The point - charge Q= 18 nc has a- velocity of" 5x10° m/s in the ‘difection'

ay =0.60a, +0.75a, +0.3a,. Calculate the magnitude of the force exerted on the charge by
the field , o
1) E =-3a, + 45), +6a, kV/m ii) B=-3a, +4a, +6a, mT iii) B and E acting together.
‘ (08 Marks)
Find the force/mtr length between two long parallel wires separated by 10 cm in air and
carrying a current of 100 A in opposite directions. State the nature of force between the
WIres. (04 Marks)
Derive the continuity equation from Maxwell’s equation. (04 Marks)

For time varying field, show that E = -VV — %é, where A is vector magnétic potential.

(08 Marks)
A rectangular loop is approaching a long straight current carrying conductor as shown in
Fig.Q6(c). For the position shown, find the total induced emf in the loop. (08 Marks)

!

_ o — b _
ool | [ 1.“*) o
3 c ® . A
! ok A oM
;9_9'"’“‘—?*<—3 m —
Fig.Q6(c)

Determine the relation between E and H of an EM Wav'_evtr'aveling in free space along x

direction. - (10 Marks)

A 160 MHz plane wave penétrates through aluminium of conductivity 10° mhos/mtr,
€; = pr = 1. Calculate the skin depth and also depth at which the wave amplitude decreases
to 13.5% of its initial value. : ' (06 Marks)

8 Watts/m? is the Poynting vector of a plane wave traveling in free 'space. What is the
average energy density? ‘ (04 Marks)

Discuss the reflection of uniform plane waves at normal incidence. Hence derive
expressions for transmission and reflection coefficient. (10 Marks)

A conductor of circular cross-sectional area of radius ‘a’ is cafrying a current of [ amps.
Show that the surface integral of the Poynting vector over the surface of the conductor gives
the total power dissipated in the conductor. Given the conductivity of the material ¢ = 1/p.

' ' - ‘ (10 Marks)

-

* %k k % K
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USN { 06EE44
Fourth Semester B.E. Degree Examination, Dec.09-Jan.10 .
Field Theory
fime: 3 hrs. viax. Marks:10¢
Note: Answer any FIVE full guestions, selecting
at least TWO questions from each part.
PART - A
1 a Given D=[10r"+5¢7] 4, %1 , . Find the following :
1) p, asa function of r '
1)  The total charge enclosed by a sphere of radius a,centered at the origin. (08 Marks)
b. Derive an expression for electric field intensity due to circular disc of charge density
P %nz. o E o B | {05 Marks)
c. Derive an expression for electric field intensity due to an infinite line charge of linear charge
density p_, using Gauss law. (07 Marks)
2 a ProvethatE=-VV. | (04 Marks)

b. Determine the work done in carrying a -2pc charge from P1(2,1,-1) to P»(8,2,-1) in the field

g A

E=Ya_ +x Qy %n , along the parabola x =2y*. : (08 Marks)
¢.  With usual notations, derive boundary conditions at the boundary between a dielectric and a

conductor in an electric field. (08 Marks)

3 a Using Laplace equation, derive an expression for the capacitance of a concentric spherical
(08 Marks)

capacitor.
(07 Marks)

b. State and prove uniqueness theorem.

. Ifthe field of a region of space is given by E = 32(5 cos4z) , is the region free of charge?

- ' (05 Marks)
4 a . it 2 A A
Given the field H=20r1r"a, %n ;
1)  Determine the current density J .
>
ii)  Integrate Jover the circular surface r = 1, 0 < ¢ < 2n z= 0, to determine the total
_current passing through that surface in the a, direction. (08 Marks)
b, Derive the expressions for scalar and vector magnetic potential. , (08 Marks)
€. Prove that vector magnetic potential satisfies Poisson’s equation. (04 M=rks)
PART — B
5 a. Define self inductance and mutual inductance with suitable formulae. - (04 Marks)

b. A solenoid with air core has 2000 turns and a length of 500mm. Core radius is 40mm. Find
its inductance. Derive the formula used. (08 Marks)
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c. For the square loop of wire in the z = 0 plane carrying 2mA in the field of an infinite
filament on the Y-axis, as shown in Fig.Q5(c), calculate the total force on the loop.

Fvee SPucCe
«— I5AR =
>>'
(Lvo)
(ve, A
——/'LrnA
Fig.Q5(c) (08 Marks)

a. Starting from the concept of Faraday’s law of electromagnetic induction, derive the
B |

Maxwell’s equation, V xE = ——5t— . (06 Marks)
b. Find the frequency at which conduction current density and displacement current density are
equal in a medium with ¢ =2x 10" % and €, = 81. (04 Marks)

c. Explain the concept of retarded potentials. Derive the expressions for the same. (10 Marks)

A radio station transmits power radially around the spherical region. The desired electric
field intensity at a distance of 10km from the station is 1 mv/m. Calculate the corresponding
H, P and station power. (06 Marks)
b. State and prove Poynting theorem. (06 Marks)

/S W
’ue\/ TR
h— —1

c. For an electromagnetic wave, prove that a=o [E=1 1+ and
V2 0E J

e

. i/
[ 2 /2
ne c _ . -
= =3 1+| —| +1| where a = attenuation constant and p = pbase constant.
[0}S
(08 Marks)
a. Define the terms :
i)  Reflection coefficient and
ii)  Transmission coefficient.
Also bring out the relation between them. (08 Marks)
b. Write short note on SWR. (05 Marks)

c. A uniform plane wave in air partially reflects from the surface of a material whose
properties are unknown. Measurements of the electric field in the region in front of the,.
interface yield 1.5m spacing between the maxima with the first maximum occurring 0.75m
from the interface. A standing wave ratio of 5 is measured. Determine the intrinsic
impedance of the unknown material. (07 Marks)

¥k ¥ k %
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USN 06EE44
'Fourth Semester B.E. Degree Examination, June-July 2009
Field Theory
Time: 3 hrs. Max. Marks:100
Note: Answer any FIVE full questions, selecting
at least TWO questions from each part.
PART — A
1 State and explain experimental law of Coulomb. (05 Marks)
b. Identical point charges of 3uC are located at the four corners of the square of 5cm side, find
the magnitude of force on any one charge. (08 Marks)
¢. Using Gauss law, determine electric field intensity every where due to a hollow sphere of
charge. (07 Marks)
2 a Obtain an expression for the energy expanded in moving a point charge in an electric field.
» ' (05 Marks)
b. Potential is given by V = 2(x+1)*(y+2)%(z+3)* volts in free space. At a point P(2, -1, 4)
calculate i) Potential ii) Electric field intensity iii) Flux density and iv) Volume charge
density. (08 Marks)
c. Obtain boundary conditions for dielectric-dielectric boundary. (07 Marks)
3 a. Explain Poisson’s eguation & Laplace equation. (05 Marks)
b: Given the potential field V = [Ar* + Br * ] sind¢ volts. Show that Vv = 0, select A & B so
that v =100 volts and | E|= 500 v/m at P(r=1, ¢ = 22.5°, z = 2). ~ (08 Marks)
€. State and prove Uniqueness thecrem. (07 Marks)
4 a. Using Biot Savart’s law, obtain magnetic field intensity expression due to an infinite length
conductor carrying current I. (05 Marks)
b. Derive the general expression for the field B at any point along the axis of a solenoid.
. (08 Marks)
c. Define vector magnetic potential. Prove that A — J’ Koldv (07 Marks)
4nR
PART -B
5 a. Derive Lorentz force equation and mention the application of the solution. (05 Marks)
Derive an expression for the force on a differential current element placed in a magnetic
field. Find the force per meter length between two long parallel wires separated by 10cm in
air and carrying a current of 10A in the same direction. (08 Marks)
c. Derive differential form of continuity equation. ' (07 Marks)
6 a. What is the ihconsistency of Ampere’s law with the equation of continuity? Derive. the
modified form of Ampere’s law of Maxwell. (05 Marks)
b. Given E =E, sin(wt—Bz)ay v/m in free space. Find 1) D -1i) B iii) H. Sketch E& Hat
t=0. (08 Marks)
¢.  Write Maxweil’s equation in point form and in integral form for time varying fields.

(07 Marks)
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Define wave equation. Derive the wave equation for E ina general medium. (05 Marks)

For an electromagnetic wave propagating in free space, prove that

iy l}%—l = it) E& H are mutually perpendicular _ (08 Marks)
State and prove Poynting theorem. - (07Marks)

Define ‘depth’ of penetration’. Show that depth of penetration of a wave in a conductor
decreases with an increase in frequency. (05 Marks)

Show that at any instant the magnetic and electric field in a reflected wave are out-of phase
by 90°. (08 Marks)

- Define Brewster’s angle. Derive the necessary expression in terms 6T permittivity. (07 Marks)

% % k k ok
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Fourth Semester B.E. Degree Examination, June / July 08

Field Theory

Time: 3 hrs. Max. Marks:100
Note : Answer any FIVE full questions,
selecting atleast two questions from each part.
PART-A

1 a. Derive the relation between vector E and scalar V. State Maxwell’s equations applicable to

electrostatic fields. ‘ " B (05 Marks)

b. Consider a uniform ring charge of radius a. Derive the general expression for electric field

vector E at a height h (h < a), along the axis of the ring charge and normal to its plane.

(05 Marks)

c. Point charges of 120 nano coulomb each are located at A(0, 0, 1) and B(0, 0, -1) in free

space. Find vector E at P(0, 0.5, 0). What single charge at the origin would provide the

identical field strength as calculated at P? (10 Marks)

2 a GState Gauss’s Law. Derive an expression for the électric field vector due to an infinite line
charge using Gauss’s law. Assume the linear charge densityof the charge distribution to-Ee

p1 C /m. {05 Marks)

b. Two 6 nano coulomb point charges are located at (1, 0, 0) and (-1, 0, 0) in free space. Find

electric potential V at P(0, 0, z) and what is its maximum value? » (05 Marks)

c. Ifa potential of V = x%yz + Ay*z Vols, i) Find A so that the Laplace’s equation is satisfied

if) With that value A, determine the electric field at a peint P whose coordinates are
2, 1,-1). (10 Marks) -

3 a LetG= 4xa, + 2zéy +2ya,, given an initial point P(2, 1, 1) and a final point M(4, 3, 1),
tind fé.aﬂ using the path along a straight line : y = x - 1, z=]. {05 Marks)

b. State and prove Uniqueness theorem. (05 Marks)

Perform the analysis for the divergence of electric flux density vector D, with respect to
differential cubical volume having a charge at its symmetric centre. Extend the analysis to

work out the Maxwell’s equation in the form V. D= Py. (16 Marks)

4 a. State Biot —Savart’s law. Derive the expression for magnetic flux density at 2 given point
due to a current carrying element of finite length. (05 Marks)

b. Explain the concept of vector magnetic potential. (05 Marks)

¢. Conducting spherical shells with radius a = 10 cm and b = 30 c¢m are maintained at a

potential difference of 100 V such that V=2 =0and Vi -y = 100 V. Determine V and
vector E in the region between the shells. If €, =2.5 in the region, determine the total
charge induced on the shells and tha capacitance thereon. (10 Marks)
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PART -B

. _ e
-5 v a. Derive the expression for the force between two current loops. (05 Marks)

b. Given the vector E = 10 sin (ot — B2) éy V /m, in free space, determine the vectors D, B

and H. (05 Marks)
c. Workout the Lorentz force equation for the case of moving charge in the presence of
¢ electric and magnetic fields. (10 Marks)

6 4. ¢ State Maxwell’s equations in point and integral forms for time varying fields. (05 Marks)

b. Two homogeneous, linear and isotropic media have an interface at x = 0. The region x <0
describes medium 1 and x > 0 describes medium 2. pr1 = 2 and pp=5. The magnetic field
in medium 1 is 1504, — 4004y + 2504, A /m. Determine i) Magnetic field in medium 2
ii) Magnetic flux density in medium 1. (05 Marks)

c. Derive the Maxweil’s equation (based on A}npere’s circuit law) V x H =]+ Jq for time —

e A /
varying field. The term Jq = aD /ét is known as displacement current density and J is the
conduction current density. ' (10 Marks)

State and prove Poynting’s theorem. (10 Marks)
p yntng

L alacteic - H ; - ‘e ol i
1 1o eloctric field strength of 2 redio wrondcast signal at @ TV _ceiver is given by vector

e

E = 5.0 cos (ot — By) &,, V /m, determine the displacement current ’density. If the same
" field exists in a medium whose conductivity is given by 2.0 x 10° (mho) /cm, find the

conduction current density. (10 Marks)
a. Explain he phenomenon of Skin effect and its significance. (95 Marks)
b. Discuss the phenomenon of wave propagation in lossy dielectrics. (05 Marks)
c. Derive the wave equation for vector E and H fields in a conducting medium. (10 Marks)

wmrel .
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(

L expression tor the electric field inte

(a) State and explain coulombs law in comple

te vector form and thereby obtain an
sian coordinate system.

nsity in Carfesia
(10 hlarky)

(b) Pind the total charge inside the volume indicate by py, = 102201z sinmy
Jwhere ~1<2<2, 0<y<1,3<2<36 '5 Marks)

«. of an equil

(cyju/;w charges Q) = —1pue

(2> and Qy

; @y = -2pe and Qy = -3uc are placed at the corners
ateral triangle. If the length of each side is 1m, find the magnitude
and direction of electric field at the point bisecting the liné between

the charges
(5 Marks)

(a) Define and explain the following terms

1)

i)

Flectric field intensity
Electric flux density

1) Gaussian surface,

(b)
. ofan cquilatera’ triangle of side 2m each. Find the !
&

A circular ring of inner radius 1m

density ps = 100/r pe/m?. Determin

ring 10 m away from the center of

(a)

the charge te be placed for the chureges to be in o ul
g I g ,

State and explain Divergence theor

(6 Marks)

Three point charges of capacity @ coulombs esch are located at the three corners

ocation and magnitude of
librium, (7 Marks)

and outer rudius 2m has a surface charge
12 the resulting F field on the axis of the

the ring. (7 Maris)

em. Derive an expression for the same.
(6 Marks)

(b) The plane Z=0 marks the boundary between free space and a dielectric medium
with a dielectric constant of 40. the /7 field next to the interface in free space

is 1= 13 dy -

40a 4 50y V/m!.
the interface. ‘

(c)

air us the dielectric medium.

() vart Law.

State and explain Biot-Se
(b) State and prove Stokes theorem.

(2) Using Biot-Savart law find mapret
a circular loop of radius ‘@ earrying:

the Z axis from the conter of the Too

The radii of two spheres differ by 2 ¢cms and the capacitance of the
capaeitoris 53.33 pe. H the outer sphere is earthed caleulate the radii .

Determine the /2 field en the otherside of
(G Marks)

spherical
coning
(8 Murks)

(4 Marks)

(6 Murks)

o field intensily ab any point on the nviy of
acurrent L'The pomt is ol o distanee h on

. i3, . S
0o Alse determiine <228 ab o point 1(0,0,7),
(10 hlarks)

-
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(c)

(a)

(b)

2 | 1403

Derive an expression {or Ji £ield due to an infinitely long co-axial transmission:

line and draw the variation of 1T field as & function of radius of the line.
(10 Marks

) The magnetic field H =12 Nz _+ 1) in 7;6 ap AT/m. Vemfy Qtokes theorem for
face d

the portion of a cylindric: Ll su efined by » = 2, <o 17 < 1.E
nd for its perimeater. , (10 Marks

Derive a gencral expression for the fleld intensity H at a point along the ayi:
of a solenoid. (10 Murbe

Two homogenous, linear, isotopic matericls have interface at x=0 in whick
there is a surface current. We have I =200 a; 4/m.

For ¢ <0, pun =2 and If] = 1508, — 400a7y + 250d, AT /m in region z, wher
z > 0. Iind :

1) Iy 1) Magnitudes of By and By i) Values of o and oy {0 Mk
The magnetic flux density in a finiiely conduutimz cylind(,r of radius 10 cnus
and with a relative permeability of 5 is found to vary as “ﬁ" ad) Tesla. If the

region surfoundmg the cylinder is charactuued by [ree space, determine the
magnetic flux density just outside the cylinder, {4 Murks

Derive an expression for the relation *~*ween F and H in a nonconducting
medium of lessy dielectrics. . . : (10 Marks

) Find the group velocity for a 100 MHz wave for a normally dispersive loss less

medium for which the phase velocity V = 2 x 107 22/3 m/sec. (5 Marks

A plane wave is travelling in the +ve x direction in a loss less unboundec
medium having permeabhi'ity which is same as frée space, and permitivity
‘nineé times that of free space.

Find the phase voltage of the wave

i) Tf the electric field mtc*mxty has only y component with an amplitude o

10V/m, find the magnitude ¢ and dircction of I, ficld. (5 Marky
Enumerate the Maxwell's equations for time varying electric and magnetic
fields. (10 Murks
State and prnve poynting theorem startmg fmm fundamentals. (10 Marks

ok ok ok
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Note /’ 1swez any FIVE wa q_uestions.

- (a) 7 Denvewan expressmn “for t;u. electnc field intensity due to a uniformiy
‘charged circular condu«,tor w1th a linear charge density of A\C/M al any
.l'pomi .cn the axds. v (8 Marks)

.-‘(_)/Thl ee equal charges of pC are‘p'lac':ed at the comelq of a square of of length
=" “10cm&. Find the dlrectlon and magnitude of electr ic field mtenmty of the
vacant comer e E {8 Marks)

/f De1 1v< 4 1r=1ﬁt10n between 'electric field intensity and eletric potﬁ-.nt-i,al.

(4 Marics)

x»'

2. ()’State .ahd p1 ove auss theorem.‘ : o (6 narks)

- (b) /U5m1 Gauss theorem obta‘n an e}\pxessxon for electric field intensity due
' to ir finite sheet of c“al ge with a sut face charge density of oC /A2

(8 Marks)
(c) @bh i GXPI eqsmﬂ ror volinue energy density in terms of electric ficlbreak
mio A3ty and flux de sity i a capak 1101 . {6 Marks]

R oA
IEERE LS ST REM Gt ()[ el

a. Loy Oblain e conditions on the iang 2l and normal €0
mtensxty and electuc flux denbm, al lie boundary between bwo dictectiis
ITlCC" : . . . : . (q e fn’.‘;;"i)

/ Derive an expr essmn 1\“ a c,apacnam,e of a co-axial cable using Laplace’s
equation.

(6 Miavks)

Jo) A parallel plate capacetor cons1sts of 3 dieleclyic layex

e e, = i,  dy = 0Odmm and area of cross.se”
' . e, = 2 d, =+ 0.6mm
e, = 3, d, = 08mm ' "

find capacitance C.

(6 Marks)

.

"y o . ' o
F4. " (a) State & explain Biot-Savart's Law. - - (5 wioris)

AD) Derive an ewcpf_éssion-‘for magnetic flux density at any poiit o the axis of
° « solenoid. . (8 Maskos)

Contgd .
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'./G; (: | State and explaln Gcnual Ampere’s law and de
O g )ve_“‘ equatlon. starting from Aﬁ\pcre circuital law,

TE403

e

(r’:) Fi or the (.1 cuit shown find the fAeid Intensity st quitmt P

{7 Marks) ,

T =1oy
.;m/{a) Explzun the concept of vector magmetic potendial. {B Marks)
b) A long conductox carries a curr ent of 1 amp. Calowlate the n saetic field
mten51ty at any point usmg the concept of veoim iCipotential,
: {1% Marks)

/(,c) ’I\vo long parallel wires separated by 2cem in sdr cme Steady currents of
100 amps. flowing in opposite directions. Fidn the force per mt length of
the conductor, (5 Mau:s)

nve the D-’[MNCHS first
{10 Marks)
) Expleun the following ) Motional emf. ii) transformer emnf (20 Maxks)

’7 44) Dcnve wave equations for £ and H for any conducting medium.

{7 Marks)

(@btam a relauon between the m zgnetic field intensite and . clectric field
ntensity for a wave travelling in free space, {7 Morks)

(c ),Dehne Skin depth and deriy Can expression for it {@ Marks)

8. (a) M and prove Poynbng s theory fom fundamessts 5,

{88 Warks)

(b) The Electric held of a uniforra 1 plase wave is given by
E = 40 s1n(30m X 10% - 9. 205 o cs{30ar > 165 — ez yan, Vv
Find R
i) Fre . 1
i} Thi- VS v
i) Do, propogation of the wave

Iv) As 1ated magnetic field

{80 Marlks)
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