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Fourth Semester B.E. Begv” Examination, July/August 2004
| ECEGTEMLAT us
Field Theory

Time: 3 hrs.] R ' 'T;Max.Mafks: 100

Note: Answer any FIVE full questions. .

1. () Bx 1ain Coulomb’s law. Justify that the fbrce field in the region of an jsolated

charge Q 18 spherically symmetric. o o (4 Maxks)

(b) Develop an expression for the electric field intensity when charge is distributed

uni_for_mly_ over a surface. _ o S , (8 Marks)

A line charge of 2 ne/m lies along y-axis while surface charge densities of 0.1

and 0.1 nefm? exist on the plane Z=3 and Z=-4m respectively. Find the
clectric field intensity at a point (1, -7,2). . :

(¢) State and éﬁplain Gauss’ law and verify it for a point chargé.

A point charge Q=30nc is }ocated- at the origin in. Cartesian coordinates. Find
the electric flux density D at (1,3,~4)m- .. .. _ _ (8 Marks)

9. (a) Find an expression establishing the relationship between eleetric field intensity
" and gradient .of .potentia1.~ - R T

Tind the electric field strength F at the point '(1,2,«—1) given the potential
V =3z*y + Zy.zz + 3zyz. L (10 Marks)

(b) Derive _an_expres_sion for the energy stored in & region of continuous charge

distribution. e o . :
A parallel plate capacitor for which C =¢ A/ dhasa constant voltage V applied
across the plates. Find the stored energy in the electric field. (10 Marks)

3. (a) Discuss the three basic principles that apply to conductors in electrostatic
fields. Indicate how these principles with a given knowledge of potential field
help to calculate certain field quantities. T

If the potential field V is V = 100(z% - yz)ﬁndﬁ,v at a poiht (2,-1,3) and
the equation representing the locus of all points ha ing a potential of 300V.
sl ‘ (

& Marks)

(b) Discuss the behaviour of fields at the interface between a perfect dielectric and
a conductor. (8 Marks)

(¢) State and discuss uniqueness theorem. (6 Marks)

4. (a) State and discuss Ampere’s circuital law and apply it to the case of an infinitely
long co-axial transmission lne carrying & upiformly distributed current, to
calculate the magnetic field intensity. _

(b) If the magnetic field intensity in a region i8 H == 2y + 2yzdy -+ (-2%)dz, find

the current density at the origin. {4 Marks)

{¢) Discuss the concept of vector magnetic potential and arrive at an eXpression

for it.
Given the vector magnetic potential A = w?de + 2y% Gy -+ (—z*)é@z, find the

magnetic flux density. (8 Marks)
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5. (a) Explain the nature of :the fo_r_cé_ when a charged pérticle 18 moving through
steady electric and magnetic fields, _
Find an expression for force on differential current element moving in a steady
magnetic field. . : '
Deduce the result to a straight conductor in a uniform magnetic field.(s Marks)

(b) A conductor 4m long lies along the y-axis with a current of 10.0A in the
dy dil:ectiqn. Find the force on the conductor if the field in the region is

B = 0.05 & Tesla. . - {10 Marks)
(¢} Discuss the magnetic boundary conditions to apply to E,I; and M at thé
interface between two different magnetic materials, (8 Marks)

6. (a) Discuss the physical significance of displacement current and Jjustify that for
the case of a parallel plate capacitor the displacement current is equivalent to
conduction current. T
Comment on the ratio of magnitudes of conduction current density to displace-

- ment current density. - - '

A circular cross-section conductor of radius 1.5mm_carries a current
-t =15.5 sin(4x 101%)p4. Find the amplitude of the displacement current

- density if o =35 mho/m and cr = 10. © - . (10 Marks)
(b) Derive Maxwell’s equations in point form Gauss law for electric and magnetic
fields. S : : - :

Given F = Ep sin{wt - 51 )iy in free space, calculate 5,‘ Band H. o Marks)
7. (a) Discuss the propagation of uniform plane waves in a lossless medium.,

A uniform plane wave Ey = 10sin(27 x 108 ¢ — fz) is traveling in z-direction in
free Space. Fi:pd i) Phase constant , ii) Phase velocity 'dnd 1ii) the expression )
for H,. Assume E,=0= Hy. ' : {10 Marks) ;

(b) Define Poynting vector and explain the power flow associated with it.

The electric field intensity at a distance of 10 km in free space from a radio
station was found to be 2.2 mv/m. Calculate ‘
1) the power density and i) The total power radiated from the station.

Assume the radiation to be spherically symmetric. (10 Marks)

8. Writenoteson: " _
a) Gauss’ divergence theorem o ' _ (5 Marks)
b) Equation of continuity. ) (5 Marks) a
¢) - Solution of Lapldce’s equation ', ' ' (5 Marks)

d) Magnetic circuits. (5 Marks)
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NEW SCHEME

S Reg. No. [ [ L L T T 1 [1]
Fourth Semester B.E. Degree Examination, January/February 2006
B BM/EC/EE/TE/ML/IT. o |
s " Field Theory A
Time:lS_hrs.] _ | L . [qu.Marks: 100

" Note: - 1. Ahswar any FIVE full questions.
e 2. Assume the missing dafa, if any.

1. (o) Explain electric field intensity. af a '.poin’r- in an: elechic field produced by o -point
charge. Show that the electric field intensity at-any point.due fo aninfinite sheet
of charge is independent of the distance to the point from the sheet., (8 Marks)

‘ (b)f_‘Explcin the concepf of work and potential as applied to an electric field and hence
obtain an expression for the potential difference between two points in an electric
field produced by a point charge. : - Tt {6 Marks)

(e} Find the electric field at the origin due to @ point charge of 6,44 x 1072C located
“at (—4,2,-3)m in the Cartesian coordinate system. | ) (6 Marks)

2 () State-and prove Gauss law and determine the field due to an’infinite line charge
waste s ysing the same. - o - S St s (10 Marks)

(o) With usual notations establish the relationship between electric field intensity and
ihe electric potential. (4 Marks)

{c) Given the potential field V = 50 x X?Y Z + 20Y 2Voits in free Spcce, find the

voltage at a point P(1,2,-3) and the field stfrength atP. Y (6 Marks)

3. (@) Using Laplace’s equation, prove that the electric potential at any point distant

vooo oo irithe space between 2 charged concentric spheres of radii Ry and Hy as

1. 1

V=V, {jr_ﬂz;_} . ' (8 Marks)
Ry By

(b) With usual notations derive boundary conditions at the boundary betwaen a

dielectric and a conductor in an electric fisld. (8 Marks)

(c) Prove that the potential field given by V = 222 — 3y -+ 2% safisfies Laplace equation.
. (4 Marks)

4. (o) Using the concept of volume energy density in an electric field, find the total energy
stored in :

D A paralel plate systermn

i Two concentric spherical conductors, Hence find their capacitances,

(8 Marks)

(b) Show that the magnefic field intensity at the end of & long solencid is one half of
that at the center. (6 Marks)

(¢) Derive an expression for the eauation of confinuity, (6 Marks)
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5.

{q)
(b)
(c)

{a)

(b)

{c)

(a)
(b)

State and prove Ampere's circuital Eow and Gpply it to a straight solid cylindrical
conductor o calcuiate the magnetic field intensity, (8 Marks)

Discuss the concep’r of vector magnetic poieniiadl and hence show that
A= 4 f “dv: where A is the vector magnetic po’renhol and J is the
current densn“y L o (6 Marks)

Find the magnetic field intensity at the center of a square of sides equal to dm and
carrying current of 10A. ' ' (6 Marks)

Derive an expression for the force on @ differential current element placed in @
magnetic field. Also obtain an expression for the emf induced between the two
ends of a conductor due to its motion in a steady magnetic field. (8 Marks)

Find the frequency at which the conduction current density ond The dlsplacemem
current density are equal in o medium with

o = 2x 10~* mho/m and ep= 81 - (6 Marks)
Starting from Forodc:y s law of eieca‘romognehc induction derive ?he Moxweli ]
equation ¢ x E= 38? : {6 Marks)
State and prove Poynting's theorem., : o {10 Marks)

A radio station transmits power radially around the spherical region. The desired
electrical field intensity at a distance of 10 km frem the stadion is Tmy/m. Calculate
the corresponding H, P and the station power. . {10 Marks)

Write explanatory note on :

()

(b)

)

(d)

Divergence theorem
Blot-Savart’s law
Wave propagation in ¢ good conducting medium

Inductance of a co-axial cable. (5x 4=20 Marks)
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Time: 3 hrs.]

1 a

b.
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2 a
b
c

3 a

EC 44
USN f J

NEW SCHEME

Fourth Semester B.E Degree Examination, July 2006
EE/EC/TE/IT/ML/BM '

Field Theory

_ ' ‘ [Max. Marks: 100
Note: 1. Answer any FIVE full questions.
2. Assume any missing data.

State and explain coulomb’s law in the vector form. Mention the units of each term
involved. _ (06 Marks)
Explain the terms i) Electric field intensity and i) Electric potential. Also bring out
‘the relation between them. _ (06 Marks)
Peint charges of 50nc each are located at A(L, 0, 0), B(-1, 0, 0), C(0, 1, 0) and
D(@, -1, 0)m. Find the total force on the charge at A. Also find the electric field
intensity at A. : (08 Marks)

. Explain the concept of work and potential as applied to an electric field and hence

obtain an expression for the potential difference between two points in an electric field
produced by a point charge. {06 Marks)

_Find clectric field intensity at P(0, -h, O)m due to a line charge of finite length along Z

axis between A(0, 0, Z1)m and B0, 0, Z>)m. (06 Marks)

. A line charge of total charge lpc is placed between A(0, 0, 1) and B(0, 0, 2)m. Find

electric field intensity at (1) P1(0, 0, O)m and (ii) P2(0, 1, D)m. (08 Marks)

. Starting from Gauss’s law, arrive at Poisson’s equation and Laplace equation. Write

Laplace equation in explicit form in
i} Cartesian co-ordinate system and
ii) Cylindrical co-ordinate system. (06 Marks)

_ Obtain an expression for the electric fieid intensity due to an infinite line charge along

7 axis having a uniform charge of P, ¢/m. using Gauss’s law. (06 Marks)

. Using Laplace equation, find an expression for the electric potential at any point in an

infinitely long co-axial cable with inner radius ap, and outer radius bm. (08 Marks)

Discuss the boundary conditions at the interface between two dielectrics of different

permitivies. ' (06 Marks)

_Find the stored energy in a system of four identical charges of 4nc at the corners ofa

square of side lm. What is the stored energy if only two charges are placed at the
comners of the square. : (06 Marks)

. Find the potential and voiume charge density at P(0.5, 1.5, I)m in free space given the

potential field as under _
pv=20-y -7 volt i) V=6pdz volt. (08 Marks)

. State and explain Biot Savart’s law. Using this, find the magnetic field intensity in the

vicinity of an infinitely long, straight, filamentary current | Ampere along Z-axis.
(10 Marks}

N
_State and discuss Ampere’s circuital law. Write also in point form. Determine H for a

solid cylindrical conductor of radius a where current 1 is uniformly distributed over the

cross section. {10 Marks)
Contd...2
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a.

C.

Discuss the boundary conditions at the interface between two media of different
permeabilities. : {06 Marks)

. State and explain Faraday’s law of electromagnetic induction. Write also in point

form. (06 Marks)

. Calculate thefinductance of & solenoid of 200 turhs"{vound tightly on a cylindrical tube

of length 60cm and of diameter 6cm, given that medium is air. Derive the expression
used. : L : : (08 Marks)

- Starting from Maxwell’s equations derive the wave equation for sinusoidal waves in a

good dielectric medium. (08 Marks)

. Derive the wave equation for a wave in conducting medium and hence explain the

terms ‘Skin depth’. _ (06 Marks)
State and prove Poynting’s theorem. - (06 Marks)

8 Write short notes on:

a) Energy density in an electrostatic field

b) Continuity equation .

¢) Force between two differential current elements,

d) Vector magnetic potential, ' (20 Marks)
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USN

I NEW SCHEME i

Fourth Semester B.E. Degree Examination, Dec. 06 / Jan. 07
EC/EE/BM/TE/ML/IT

Field Theory

Time: 3 hrs.] [Max. Marks:100

Note: 1. Answer any FIVE full questions.
2. Assume the missing data, if any.

1 a Charge is uniformly distributed on a circular ring of radius a. Find the vector E at a

height h (h < a), along the axis normal to the plane of the ring charge. (05 Marks)
b. Charges of 20 nC and -20 nC are located at (3,0,0) and (-3,0,0) respectively. Let
€ = gg. Determine |E| at P(O,y,O) ' (05 Marks)
c. Find the electric field E at origin, if the following charge dlstnbutlons are present in
free space:

¢ Point charge 12 nC at P(2,0,6)
e Uniform line charge of linear charge density 3 nC/matx=2,y=3
¢ Uniform surface charge of density 0 2nC/m? atx =2. _ (10 Marks)

2 a Derivean express;on for ﬁeld due to a uniformly charged infinite plane sheet, usmg'-

Gauss’s law. (05 Marks)
b A charge Q is unzformly distributed in a square ring of s1de I3 Find E and V at the
centre of the ring. (65 Marks)

¢. There exists a poteniial of V = -2.5 volts on a conductor at 0.02 m and V = 15 volts
“at r = 0.35 m. Determine E and D by solving the Laplace’s equation in spherical
coordinates representing the potential system. (10 Marks)

3 a letD= (2y z— Sxy)a (4xyz 45 }1 (ny ——42-)5,’.Dei;errﬁine the total charge

within a volume of 10" m® located at P(1,-2,3). - (05 Marks)

b. Derive the boundary conditions on E and D at the interface of perfect dielectrics.
(05 Marks)

¢. State and prove Maxwell’s Divergence theorem applied to eiectrostatlc fields.

(10 Marks)
4 a State and prove Umqueness theorem. (05 Marks)
b. Given vector E = (12yx>-62°X)a, + (4x°+18zy%)a, + (6y° — 6zx%)a,, check whether it
represents a possible electric field. (05 Marks)

¢. Conducting spherical shells with radii a = 10 ¢m and b = 30 cm are maintained at a
potential difference of 100 V such that V(r =b) = 0 and V(r = a) = 100 V. Determine
V and E in the region between the shells, If & = 2.5 in the region, determine the total
charge induced on the shells and the capacitance there on. {10 Marks)

Conid.... 2
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a.
(0,0,5) due to side 1 of the loop : (05 Marks)
¥
A
Flg 5(a)

b. A current element 4 cm long is along y-axis with a current of 10 mA flowmg iny-
direction. Determine the force on the current element due to the magnetic field, if the
magnetic field H = {5 ax/ p] A/m, o : - (05 Marks)

¢. State Biot-Savart’s law. Determine the flux density at a given point due to a current
carrying element of finite length and extend it for the case of infinitely long straight
conductor. : (10 Marks)

a. Derive the boundary conditions on H and B. (05 Marks) -

b. Explain the concept of scalar and vector magnetlc potentials. . (05 Marks)

¢. A parallel plate capacltor with plate area of 5 cm? and plate separation of 3 mm has a

: voltage of 50sin10°t Volts applied to. its plates. Calculate the displacement current
assuming € = 2g. : - (10 Marks) .

a. With suitable assumptlons workout the solutzon of wave equation for uniform plane -
wave propagating in free space. (10 Marks)

b. Derive the wave equation for vector E and H fields in a conducting medium.

(10 Marks)

Write explanatory notes on:

a. FEnergy density in electic field.

b. Force between two current elements.

¢. Mazxwell’s equations in point and integral forms for tlme varying fields.

d. Wave propagation in lossy dielectric. (20 Marks)

The conducting triangular loop in fig. S(a) cames a current of 10 A. Find vector H at

ik krw
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NEW SCHEME !

Fourfh'Semester B.E. Degree Examination, July 2007

EC/TE/EE/IT/ML /BM
Field Theory
Time: 3 hrs.] [Max. Marks:100
Note : Answer any FIVE full questions.
1 a. State Coulomb’s law in complete form. (05 Marks)
b. State Guass theorem. Mention nature of Guassian surface. (05 Marks)
c. Determine electric flux density D in Cartesian co-ordinates caused at P(6, 8, -10) by
i) A point charge of 30 mC at origin
if) An infinite line charge with p; = 40uC/m onx= 0;y=0
iii) A surface charge with pg =57.2uC/ m? on the plane z=9 m. (10 Marks)
2 a. Showthat E=-VV. (06 Marks)

b. A total charge of 40 nC is uniformly distributed around a ring of radius 2m, with it’s
center located at origin (0, 0, 0) and lying in the plane z = 0. Determine electric
potential at (0, 0, 5) m. Also determine the potential at (0, 0, 5), if all charge of 40 nC
were to be concentrated at origin. (07 Marks)

c. Determine work done in carrying a charge of =2 C from (2,1, —1) to (8, 2,-1) inthe
clectric field E =y a, + x ay v/m, (in Cartesian co-ordinates) considering the path
along the parabola x-= 2y2. _ (07 Marks)

3 a. Using Laplace equation derive an expression for capacitance for concentric spherical
capacitor. (08 Marks)

b. Find stored energy in a system of four identical charges of 4 nC, at the corners of a
square of side Im. Also determine energy density at the center of the square.

{06 Marks)
: . . . 3}
c. With usual notation derive the expression V.J =— gt" . (06 Marks)
4 a Discuss the boundary conditions at the interface between two dielectrics of different
permittivities. (08 Marks)
b. State and prove uniqueness theorem. (06 Marks)

¢c. The region z < 0 is composed of a uniform dielectric material with &, = 3.2 and the

region z > 0 is characterized by &, =2. If Dy =(_—30ax +50a, +70az)nC/mz,

determine 1) Dy i) 0y 1) 8 ' (06 Marks)
5 a Using Biot Savert’s law, determine magnetic flux density at ‘P’, for the current loop
shown in Fig.5(a)

1=10 Amps

Cireular are
~ ~ P centre &f

x.k cireular
Ay
\\

(08 Marks)
Contd.... 2
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b. Clearly differentiate between scalar magnetic potential and vector magnetic potential.
{05 Marks)

¢. Given H= 201’2;:1[1J A/m 1) Determine the current density J ii) Also determine the

total current that crosses the surface r = 1m, 0 < ¢ < 27 and z = 0 (in cylindrical
coordinates). (07 Marks)

6 a. Explain Faraday’s laws applied to
i) Stationary path, changing field and
ii) Steady field moving circuit,
Derive necessary relationships. (10 Marks)
b. For the Faraday disc generator shown in Fig.6(b), determine open circuit voltage.
The circular disc is of radius ‘a’, rotates at a constant angular velocity ‘o’ rad/sec in a

magnetic field of B,, ob 5 - Two brushes are put, at the axis and rim of the disc.

Ui

Fig.6(b) (05 Marks)
¢. Determine inductance of a solenoid carrying N turns on a magnetic core of axial
length ‘I” meters and cross sectional area of ‘A’ m’, (05 Marks)

7 a. List Maxwell’s equations in differential form for both steady fields and time varying

fields. (08 Marks)

b. State and prove Poynting theorem. {06 Marks)

c. Derive electromagnetic wave equation for a homogeneous medium. (06 Marks)

8 a Whai do you mean by depth of penetration? (05 Marks)
b. Explain electromagnetic waves propagation in perfect dielectric, {07 Marks)

c. Wet marshy soil is characterized by c=10"2s/m, g, =15 and p,=1. At
frequencies 60 Hz, 1 MHz, 100 MHz and 10 GHz, indicate whether soil be
considered a conductor, or a dielectric. (08 Marks)

dkdAad
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Fourth Semester B.E. Degree Examination, Dec. 07 / Jamn. @8
- o - Field Theory | |
Time: 3 hrs. - _ VMax. Marks:lOO
' Note : Answer any FIVE full questions. ' '

1 a State and explain Gauss’ law. How are Gaussian surfaces chosen? (06 Marks)
b. Find the force on a 100 uC charge at (0, 0, 3) m if four like charges of 20 pC are located on
the x and y axes at =4 m. _ 08 Marks)

¢. A uniform line charge, infinite in extent, with p-l = 2_0nC' /m, lies along the z a_xis. Find E

at (6,8,3)m. . : (06 Marks)

2 a Given the electric flux density D 581n8a9+551n¢a¢, ﬁnd the charge dens1ty at.
_ (0 Sm, / ) / )} (Spherical coordinates). ' {06 Marks)'

b. Find the work done in moving a point charge g= SpC from ongm to (2m, / , / yin |

spherical co-ordinates in the field
E= Se—A1 a + 10 a .
ropsin® ¢
c. leen that the energy Wg in an electrlc ﬁeld due to distributed charge densrcy
' Py ’Ehroughoutavolume\hs given by -

(06 Marks)

WE = jp;}Vdv

Show that an equivalent expression for the stored energy is

W= jaE v | (08 Marks)
%

'3 a State and explain dwergepce theorem when apphed to the electric flux density D -
(05 Marks) '

b. There exists a- sphencal volume charge of radius a ‘with umform charge density P,

Obtain electric field intensity E, and sketch it as a function of radius r. Venfy the
divergence theorem forr <gand ¥ > a. (15 Marks)

4 a. Dertve the Poisson’s equation. | 05 Marks)
b. Find the maximum torque on an orb1t1ng charged particle if the charge is 1.602x 10 C
the circular path has a radius of 0.5x 107 m the angular velocity is 4.0x10 1 rad/s and

the magnetic flux density B=0. 4x1(}03 7. : : ' (95 Marks)
c¢. Find the potentia! function and the electric ficld mtensr”y for the region between two
concentric right circular cylinders, where V=0atr= 1 mmand V=150 V at r = 20 mm,

if e =3.6 (neglect fringing). Find the surface charge density on each cylinder. Determine

the capacitance between the conducting cylinders per meter length. (10 Marks)

1. of 2
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. State and prove the uniqueness theorem. - (08 Marks)
. An infinitely long coaxial cable carrying current / in the inner conductor with internal

radius a and current — I'in the outer conductor, with radii extending from 3a to 4a. Sketch

the variation of the magnetic field H as a function of radius 7. (12 Marks)

. State and explain the Lorentz force equation. : ' (06 Marks)
. A condutor of length 2.5 m located at z = 0, x = 4 m carries a current of 12 A in the

.~ aydirection. Find the uniform B ini the region if the force on the conductor is 1.2x 102N

[—ax-i-az) . . 7 o
—e——— (08 Marks)

V2

in the direction

. A solenoid with N _1000 r =1 cm and l =50 cm is concentric within second coil of

N_=2000, r, —2 cim and l =50 cm. Fmd the mutual mductance assummg free-space

condltlons, (06 Marks)
Derive the wave-equation for free space. i (16 Marks)
. Current / flows through a conductor of length L. Obtain the magnetlc ﬁeld H at the center
of the loop when the conductor is made to form a circular loop. (05 Marks)
o 2239x10% - »
A radial magnetlc ﬁeld H = ————CcOsSPar A/m eXIStS in free space. Find the
F
magnetic flux ¢ crossing the surface defined by ——4— <9< —Z ,0<z<Im. (05 Marks)
State and explain the Poyntihg’s theorem. o ' (05 Miarks) -

. T free space E(Z,I)'—'-‘ SOSin(cot—Bz); y (V/m). Find electric flux density D, the magnetic

— -
flux density B, the magnetic field direction of propagation, speed of propagation, the
average power crossing a circular area of radius 2.5 m in the plane Z = constant. (15 Marks)

EX 2
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USN 06EE44
Fourth Semester B.E. Degree Examination, Dec 08 / Jan 09
' Field Theory

Time: 3 hrs. Max. Marks:100
Note : Answer FIVE full questions, selecting atleast TWO questions
Jrom each part.
PART - A
"1 a Stateand explain Gauss’s law. (06 Marks)

b. The electric flux density in free space is given by D=y?z°% + 2xyz3)“f+3xy2222 pe/m?,
Find the total charge contained in an incremental sphere of radius 2 um centered at A3, 2,
Dm. (06 Marks)

c. Three point charges Q1= -1 uC, Q, = -2uC and Q; = -3uC are placed at the corners of an
equilateral triangle of side 1 m. Find the magnitude of the electric field intensity at the

point bisecting the line joining Q; and Q;. (08 Marks)

2 a. State and explain divergence theorem for electric flux density. (06 Marks)
b. Derive an expression for the energy expended in moving a point charge in an electric field.

: (06 Marks)

c. The potential field V is given by V = 2x%y ~ 5z. Calculate the clectric field intensity at
point P(-4, 3, 6)m. Also calculate the volume charge density that establishes the given
potential field. : (08 Marks)

3 a Derive an expression relating convection current density, volume charge density and
velocity of the charge element. (06 Marks)

b. Obtain the boundary conditions at the interface of two dielectrics. (06 Marks)

c. Using Laplace’s equation, determine the distribution of potential and electric field intensity
between two spherical conductors separated by a dielectric. The inmer conductor is at
potential Vo while the outer conductor is grounded. (08 Marks)

4 a Use Biot - Savart’s law and obtain expression for the field intensity at any point on the

axis of a plane circular current loop. (08 Marks)

b. State and explain Ampere’s circuital law. Also write Ampere’s circuital law in point forms.

(06 Marks)

c¢. A conductor in the form of a regular polygon of ‘n’ sides is inscribed in a circle of radius

‘r’. Find an expression for the field intensity at the centre of the circle. (06 Marks)
PART -B

5 a A current element 107 az Am. is located at (2,0, 0) and another current element

1070 (X =29 +32) Am. is located at (-2, 0, 0) both in free space. Find the force exerted on
each current element by the other current element. (08 Marks)
b. ‘An air cored toroid has a c-s area of 6cm?, a mean radius of 15¢m and is wound with 500

turns and carries a current of 4A. Find the magnetic ficld intensity at the mean radius.
(06 Marks)

¢. Derive differential form of continuity equation from Maxwell’s equation. (06 Marks)

1of2

AT




06 EE44

. Write Maxwell’s equation in point form and in integral form for time varying fields.
(06 Marks)

. Starting with Maxwell’s equation from Faraday’s law, show that the line integral of

~  OA . . . .
[E + %t—] around a closed path is zero, where A is magnetic vector potential. (06 Marks)

. What is meant by displacement current? Show that for harmonically varying electric field,
the conduction and displacement currents are in time phase quadrature. (08 Marks)

. If the electric field intensity in free space is given by E=Eg,sin o x sin (wt-Bz) § V/m,

find an expression for the magnetic field intensity a. (10 Marks)
. In a homogeneous, non conducting region where w, = 1, find €;, ® and V if E and [

fields are given by E= 301tej(wt —%l)i V/m and H= I.Oej(wtﬂgy)i A/m respectively.
(10 Marks)

. Obtain the relation between electric field intensity E and magnetic field intensity Hina

perfect dielectric medium. (06 Marks)

. State and prove Poynting theorem. (08 Marks)

. Define ‘depth of penetration’. Show that depth of penetration of a wave in a conductor

decreases with an increase in frequency. (06 Marks)
Kikwk
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‘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 expérimental law of Coulomb. _ (05 Marks)

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)

Obtain an expression for the energy expanded in moving a point charge in an electric field.

(05 Marks)
Potential is given by V = 2(x+1)4(y+2)%(z+3)* volts in free space. At a point P(2, -1, 4)
calculate 1) Potential ii) Electric field intensity iii) Flux density and iv) Volume charge

density. (08 Marks)
Obtain boundary conditions for dielectric-dielectric boundary. (67 Marks)
Explain Poisson’s equation & Laplace equation. (05 Marks)
Given the potential field V = [Ar* + Bt ™ ] sin4¢ volts. Show that V?v = 0, select A & B so
that v=100 volis and | E |= 500 v/m at P(r= 1, ¢ = 22.5°, z=2). (08 Marks)
State and prove Uniqueness theorem, o (07 Marks)

Using Biot Savart’s law, obtain magnetic field intensity expression due to an infinite length

conductor carrying current I. (05 Marks)
Derive the general expression for the field B at any point along the axis of a solenoid. _
(08 Marks)
Define vector magnetlc potential. Prove that A - J’ Holdv (07 Marks)
4R :
PART-B
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)

Derive differential form of continuity equation. (07 Marks)

What is the inconsistency of Ampere’s law with the equation of continuity? Derive the

modified form of Ampere’s law of Maxwell. (05 Marks)
Given E = E sin{wt — Bz)ay v/m in free space. Find 1) D it) B iii) H. Sketch E& Hat
t=0. (08 Marks)
Write Maxwell’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 in a general medium. {05 Marks)

For an electromagnetic wave propagating in free space, prove that

1Bl _ ii) E& H are mutually perpendicular (08 Marks)

1) =

H|

State and prove Poynting theorem. (07 Marks)

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 of permittivity. (07 Marks)

s ok ok ok %
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USN 06K 44
Fourth Semester B.E. Degree Examination, Dec. 09-Jan.10
Fleld Theory
Time: 3 hrs. ' o S Max. Marks:100
‘ Note: Answer any FIVE full questions, selecting
at least TWO questions from each part.
PART - A
. - 2 315 ¢ : 3 :
1 Given D=[10r"+5¢" } a Kn , . Find the following

1} p,asa function of r

ii) The total charge enclosed by a sphere of radius a, centered at the origin. (08 Marks)
Derive an expression for electric field intensity due to circular disc of charge density
o %’nz . 7 | } | (05 Marks)

Derive an expression for electric field intensity due to an infinite line charge of linear charge

density p , using Gauss law. (07 Marks)
Prove thatE= -V V. | (04 Marks)
Determine the work done in carrying a -2c charge from Pi(2,1,-1) to P2(8 2,-1) in the field
E Ya +X ay / anng the parabola x ‘2y2 _ (68 Marks)
With usual notations, derive boundary conditions at the boundary between a dielectric and a
" conductor in an electric field. (08 Marks)

Using Laplace equation, derive an expression for the capacitance of a concentric spherical

capacitor. (08 Marks)

- State and prove unigueness theorem : (07 Marks)

It the field of a region of space is given by E a_(5cos z) 1s the region free of charge?
(05 Marks)

Given the field H =20 r2a, Azn;

i) Determine the current density J .

ily Integrate J over the cn'cular surface r = 1, 0 < $<2m z= 0, to determme the total

. current passing through that surface in the a, dlrection (08 Marks)
Derive the expressions for scalar and vector magnetic potential. - (08 Marks)
Prove that vector magnetic potential satisfies Poisson’s equation. {04 Marks)

PART -B
Define self inductance and mutual inductance with suitable formulae. (04 Marks)
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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¢. 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.
%

Free CPoate

Fig.Q5(c) (08 Marks)

6 a. Starting from the concept of Faraday’s law of electromagnetic induction, derive the
oB -

Maxwell’s equation, VxE = = ' . (06 Marks)
b.  Find the frequency at which conduction current density and displacement current density are
equal in a medium with ¢ =2x10" 3, and ¢, =81. (04 Marks)

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

o

7 a 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)
TR
c. For an electromagnetic wave, prove that o= m\/% IJ{EG;] -1 and
-
B= m.\/%g I+ (fé] +1| where a = attenuation constant and P = phase constant.

(08 Marks)

8 a. Define the terms:

i)  Reflection coefficient and

ii)  Transmission coefficient.

Also bring out the relation between them. (08 Marks)

Worite short note on SWR. (05 Marks)

¢. 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)

o
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