
Sybjeet - Electro*magnetics (FX 5il3)

/ Camllilirtes are required ro givc tireir ansrvers in tireir own
{ Atrernpt 4il questians.
'/ The.figure,r in tIrc margin lndi<:cte F$-!! Marks.{ Ngeesgryy furllwlo;heqt is {tttuchg4 hertwith.
/-

1"

2.

J.

4.

nI7

V=0V

5. Justify the max,rell's equaticn: $uB.fr=o with necessary remarks. Derive an
expression of magnetic field intensity for an infinite filament carrying a direct current

NCH
LIBRARYI

The Magnetic field Intensity in a certain region is given *ii=204p-1040+3irAlrn.
Transform this field vector into Cartesian co-ordinate at P(x:5, yl,z:-l). t5]
A point charge of 6pc located at origin, unifarrn line charge density of 180nclm lies along

x-axis and unifonn sheet charge of 25clm2lies on z:0 piane. pind iat point (1,2,4). 16]

Differentiate between divergence aad gradient. Let V : c!{$. 
in ftee space.(i) Find the

p
vgiume charge deasity at point A {0.5,60o,1). (iii Find the surface charge density on a
conductor surface passing through the point 8(2,30.,1). 12+3+3]

lefine curvilinear square method for calculatiag capacitance. A square grid shown in
figure below within a given potential. F'ind the potential at point a, b, c, d, *, f, g, h and i
using iteration method, Complete it using single iteration orrly. 

L4+_41

V = l-00V

S infrnitesimal gap

V=0V v-.
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6" Define Biot savart's law. Let the permittivity be 5pHrm in region A where
20pll/m in regicn B where x>0. if there is a surface current

.-)

x<0, and
density ,

'-) .--).

K =1505y -2005,rA/m at x=0 andif H =3006x -4004y +.500i"Alm,find
l-r I l-+ I l.-> I I.+ i

li-ital, lumal. F"l ana lur,rnl p+61til ttt t l

7. I)efine poynting vector. LJsing this deduce the time average power density for a
dissipative medium. [Z+5]

8' A conductor with cross-sectional area of l0cm2 carries conduction current
-'

-+
J = 0.2sin109 tdr*L Given that o : 2.5x106S/m, and €.

" of the displacemeat current density.

9. A uniforrn plane wave in ftee space is given by Magnetic field intensir, il i1 phasor
*+

form as: I{, = 469 430" e'j25o"arA/m Find:

a) Angular frequency (rn).

b) Wavelength (I) and intrinsic impedance {.q).

c) Eiectric field iniensity E(x,y,z,r)at z:50mm and t:4pS.
l0- The parameters of a ceriain transmission line operating at 6x108 radls are L : g.4pfVm,

C :4OpF/m, G - 80mS/m, and R:20CUm. Find 1, 1, and ft (characteristic impedance). [3+3+2]
11. A standard air-fined rectangular waveguide with dimensious 8-636cn1x4.318cm is fed by

a4Gllzcarrier ftom a coaxial cable. Determine if a TE16 mode will be propagating o, noi. t6l
12" what are the parameters of antenna? List out the types of Antenna. tIJ

***

: 6. Calculate the magnitude

tsl

L2-+2+4)
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Candidates are required to gi-",e their answers in their orvn u,ords as f-ar as
Attempt Al!questions.
Thefigures in the margin indicate Fullltfarks"
Necessarv f_orrryula fheet is attachel herewith.
Assume suitable data if necessary.

i. Express a scaler potential field V=x2+2y'r3r' in sphericai coor<linates. Find the value of
P at a point (2,60o,90o). [4+ ll

2. Derive the expression for an eiectric field intensity due to an inirnite line charge using
Gauss's Law. Find electric flux density a1 point P(6, 5, 4) due to a uniform line charge of
6uC/m at x.= 4. 1':2, point charge 1OnC at Q(3, 2,4) and unifornt surface charge density
of 0.4nCim'at x: 3. [3+5]

3. Two uniform oharges 8 nC/m are located at x : 1, 2 = 2and x : -1, y : 2 in li.ee spac,e
respectively. If the potential at origin is 10C V. Find V at P (4. 1,3). 16l

4. Derive Poisson Eqr.ration. Find the capacitance of parailel plate capacitor b,,v solving
I-aplace equalion u'ith potential diffbrence betrveen the plates as \'.. tl+41

5. Evaluaterboth sides of Stokes's theorem for the lleld E - 12 sin0arj ancl the surfacc
r:4,0 <h s 90",0sQ s 90". Letthe surlacc har,etire a] direction L6l

6" Differentiate Scalar Magnetic Potential and Veclor N{aguetic Potcntiai. Given rnagnetic

vector potential A = -Pja, U'b/*" Calculate the total magnetic flux crossing the surfhce

6-l;,1 SpS 2,A<z{5. [2+6]

7. List out point form of Maxweli's equations in phasor form for time var,ving case. Using
these equalions, derive the electric field component of a uniform plane wave travclling in
the perfect dielectric medium. [2+6]

8. A 9.375 GIIz uniform plane wave is propagating in poll,thenc (e,:2.26, p,:1). If the
amplitude of tire electric fieid intensily is 500 V/m and the material is assumed to be
iossless: Find the phase constant, wavelength, velocity of propagation and intrinsic
impedance. L2+2i2 r2l

9. Explain the term Skin Depth. Using Po,vnting Vector deduce the 1ime, average power
density for a perfect dielectric. 

14+41

10. A lossless 60 fJ line is I .8), long and is terminated rvith pure resistance of B0 e. The load
voltage is 151300 V.(i) Average polyer delivered to load (ii) Ivlagnitude of minimum
voltage on the line. 

L4+41

i 1. What are the advantages of rvaveguides over transmission line? Considel a rectangular
u'aveguide of dimension a:1.07 crn, b:0.43 cm. Find the cutoff frequencS, for
TMlr mode. (8,:2, p:Fo) 

LZ+41

12. Write short notes about antenna and its paranleters. 
12]

$S€,CH
TIBRARY

i.*{.

Exam.

!rvr!
Programme

Year fFa*

:r,: i...ftgqplar, 1:,;.,11. ,

BE FullMarks

Pass Marks

=;Itme

80

i trs,

BEI-,BEX.

PEI PCT
fi/!



i)I\-LI1(;ENCIi

r^.,\RtEsr{N \.0 =:}1",:l).'el,Ax d1, 0z

c\.,LrNDR.rcAL v.D _ i 1 ( nD 
.\+ !_l& r gD,.

f At)" tr 
f, A{ 0z

spilERrc.r,L ,., = i sr(,,n )-;l;, 
t-:riorn 

, ;;i,,aTf

GRADIENT

cARTESTAN vv =Y a- r?.Y-a r9La0x'Ar'02
cYLINDRIC AL vv - 9.Y a r ]-{- a. r lY a0p " pAA r 0z 2

spHERrcAL rn :Q!_ u,.:g# u,. 
;;!;ap{6 

u,

CURL

cyLrNDRicAr. v*H=( L9!,-9{ela r(un, dH,). , t(atpno)-g%l^-l; a[ u;)"" [-t - uo )"-;[-;, -6 
)u,

spHERrcAL vxH = L-[1({r:J:9
rsind( A0

a (,,ri, )) ^

or )"
-\(9(,,yi _?!_t.\,,[ ar ao)"r

4..\trTESiAI{

I,APLACIAN

oH. \.
Ar)'

/ ^--
.to!--U.-\u
\or oy.)

y y n -( q,r, -?!-\a r( :il,(ai' ;,. )' ta,

as.)" r( | aH-_: la +_l .__. r

a0 ) r[sind 0/

cARTESIAN v,v =o'Y *{Y= r ?:Y
6r' 0y' 0z'

cYLr\,D*c N, v,v = 
t- 9-{,9u-\ * -'-u."-, {Y
r. ap\'' a; )- V ait " a?

splrLRrcAi v'i'=l -9(,,9' l, . I -a*[r,nre(), -t -tYr' dr 1 Cr ) t- sn1 A0 y ?0 ) r'sut' 0 6{,



TRIBHUVAN UNIVERSITY

INSTITUTE OF ENGINEERING

Examination Control Division
2080 Baishakh

BE

BEL,I]EX,BEI,BCI'
ri lr

Full Marks

Pass Marks

Time

80

)L

3 hrs.: ttll

,Subject: - Illectro-Magnetics (EX 503)

Candidates are required to give their answers in their orvn rvords as far as practicable .

#rucr
F-IMffiARY

1" Transform the vectori = r;i- (x + i') ^lu 
ri at point p (-3,4,5) in c,vlindrical

coordinate system"

Attempt AII tlueslions.
The figttres in tlrc rnargin intlicate Ful! Mg!*s
N e c e s s a rL fo r ry u lg s L e e I a r g qlllgg ltgtl fipt1g! L
Assume suitable data if nec'essary.

r<l
lJl

2. l)eline electric flux densiry. Givcn rire fietd il = -29i, sin2g6, + sin2{64,) , evaluare
p*

both sides of the divergence ti'ieorem for the regiou bounded bi' 1. p . 2, 0 < o .- 90.. 0 <
z<1.

3. State Divergence's Theorem. A current density in certain region
)

.> 400 sin 0. ar )
J = ___ r___-.\/ t.ij_

r-

Find the totai currenl i'lon'ing through that portion of the
bounded by 0.1n < 0 < 0.3n.0 . dp. 2n.

Find the equation {br Energy Densitl, in the elcclrostatic field.

Define curl" E'aiuate botir side of stoke's Theorem ro. i = Br;l 4{;:A/m and
recranguiar path P(2,3,4) to Q(a"l.a) to R (2.3,1) to S(2.3.1) to p.

6. State Biot-Savatl's lar.v. A filamentary curent o1 10A is directed in from infinityto tire
orgin on the positive x-axis and then block out to infinity along the posilive z-axis. Use

the Biol-Savart's larv to dctcrmine ii at P(0,1,0).

L State Faraday's larv of eleclromagnetic induction" Explain motional
transformer induction with necessary expressions.

[1+7]

is given as

spherical surfacc r : 0.8

4.

5.

[2+6]

{11

[1 +7]

[2+6]

induction and

Ii+3+3]
plane rvave

l7)

8. Derive an expression for electric field and magnetic field for a uniform
propagating in a free space.

9. Determine skin depth. propagation co,nstant and vclocity of rvavc at 1 I\.{Hz in good
conductor rvith corrductivity of 1.9x 10r mho per meter. [2+2+21

10.A 200() transmission line is loss1ess,0.25 i long and is terminatedinzt. =.400fJ. Tlic
line has the generator n'ith B0 <. 0o V in series rvith 100Q connected 1o the input. (a) Find
the load voltage (b) Find the voltage at the rnidpoinr of the line. [4+4]

ll.llxplain the diff.erent modes of propagation supporled by ."vaveguides. A rectangular
waveguide has a cross-sectiott o{ 2.5 cm x 1 .2 cm.I)ctermine if the sisnal of 5 G}Iz
propagates in the dominant mode. [2r 1]

12. \\4rat are tire parameters of antenna? List out the types of Antenna. .21



Divergence

Carresian :v. D = fl): *. 
ga 

* -Q.t.ar( ay Az

c),tindrical rv. D = I 9iPd - I :% * 9?.
p 0p poQ dz

Sphecri;al : \ E = L {I',D-./ o-L- fl&-'-q qln---l*Pr
r' A rsin 0 A0 rsin 0 0$

Gradient

Cartesian :vv = 
af-a tr ^ 6v ^

a, '* * wu, 
n 

,=o.

Cllindricai:vv=9Y1 I aV^ 6v"
ap 

to*oaO'o*An'

sphericai:w =9f a. - 
i ffu,, ;;*o.u#r-

Curl

cartcsian : v x H = [.u+ - *'lu^ - l'g1," - 
qL,\, 

- f9y, _ !Llu,
I ay o, )"^ 

-t ;- u )., -[' a_ 
.--av 

) "

clrindrica, : v x rr = 
[i 

u# _ * J,, 
., 

[ :+ 
_ 
+]),, . * (rlp _ 

+),,
sphericar:vxrt= -l--[:tl'r-:9]-g!.)^ t( 1 r;n. ?(ll{s)); *lfgtrl, 6H,l^

,sme[-*ee-- ;[ f' * 
;[;i,E"r+=- 

*6,*Ju' - ;{'f -HJl-

Laplacian:

Carresian: vzV=ff+ #-#
cyrindricar: vzv = i*(, #) r *#+ff
spherical:vzv = i*(,,#) *Ak*(sinoffi +*iA#
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Subject. Electro-magnetics (EX 503)
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Attempt 4U question.s.
The.figures in the margin indicqte Full lWarks.

A represent a vector afrd dsubscript denotes a unit t,ector a
subscript.y' Assume suitable data if necessary.

Transform the vector F into the cyiindrical co-ordinate system.
r = l(rax - Uay + 6a, atpoint P(x: 10,y:-g.z=6)
nefine eiectric dipole monrent. 'r-wo uniform Iine charges. g nc/m. each, are rocated atx= 1, z -- 2 and ar x: -r, y :2 in free space. If the poter,?iar'"i,rr" 

".Li, is I00 v, find y arP(4, 1, i)
state Gauss's La*'. i-he region y < 0 contains a dierectric material for which e,1 = 2 5, rvhile rhe

region y > 0 is characterized by t^,2=4.l.et Ui= ,lOl.*SOlr+ .71,irv tm, find thc etecrr:i
field intensities, flux densities in region 2 and the angle 01, rvhich is the angle made by ni,rrnrai-) -, --) -,

l.

3.

tsI

[2+6]

4"

component of E or D with total E or D . 
[Z+3+Z+1]

Derive Poisson's equation- Assuming that the potential v in the cylindrical coordinate system isthe firnction of p only, solve the Laplacian equation by integration method and derive theexpression for the capacitance of co-axiar capacitor using thl samJ sorution of v. [2+s)
state stoke's theorem. Evaruate both sides of stroke's theorem for the fierdii = 8xy?* - SyzarA/mand the rectangurar path around the region 2<xS5, -l <y<1, z:0. tet
the positive direction of dSbe ar.

[1+7]
Define Ampere's circuital law. Determine H at p2(0"4, 0.3, 0) in the field of an g A filamentarvcurrent directed inward from infinity to the origin on tie-positive * *ir,-r,t;";;,#I.f[infiniry along the y axis. 'a *o' 

[2+6)

Explain motiona[ induction with necessary derivations. correct the equation v * 1J = i *.i*necessary arguments and derivation for time varying fields. 
t3+4J

Derive the expression for electric and magnetic fields for a uniform plane wave propagating in adissipative medium 
[4+3]

A unifomi plane wave in free space is given ly ds =(2il0z31\e-fisazl* Vl*. Determine

7"

phase constant, freouency of the wave, intrinsic impedance, d, u, , = 25 rnm and t = 4ps lr .:- 1+2]
10' Define the secondary parameters of a transmission line. A lossless transmission line *rtrZo: 50 ohm has a length of 0 4i The operating trequency is 100 MHz and it is ternrinated rrith aloadZy= 40 + jlO Fintj: ) -'-) --

a) Reflection 
"Coelficient 

'- ' I 'l=l]
b) Standing wave ratio ou the line (SWR)
c) Input impedance (Zin)

11' Differentiate between l'E and TN{ modes, Consider a rectangular waveguide rvith r, = 4, *= wwith dimensions a:2.0g cm, b = 0.54 cm. Find the.utoiirr'.qu.,,.y'i"i 3rr,, mode and thedominant mode

8.

9.

[] f3l

121

12. Write sho( note on antenna and its types.

.8ir

Jl

I :trs
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Subject: - Elecro-magnetics (EX 503)

Candidates are required to give their answers in their orra ltords as frrr as practicable.
ltte ntpt A I I q it( itions.
'{he figures in ihe margin indicate {S$ Wt'Ls_.
Necessary dfitij a_re a{tached hgls-t+,itk.

,d represent a vector and d*6rrr1rs denotes a unit vector aiong the .lirection given by the

subscript.
Assume suitablc dota dnecess*ry.

i. Givenapoint P (-2, 6, 3) and vector field E= yd+ (xy+z){, express p and E in
spherical co-ordinatb system. t5]

2. A point charge of 6pc located at origiu, iiniforro iinr charge density of 180ne/m lies along

x-axis and uniform sheet charge of 25 clmz lies ol z:0 plane. Fhd d at point (1,2,4j. tI
3. Derive the expression for an eiectoic field intensity due to an infinitely long iine charge

with charge density p1 by using Gauss's law. Find the volume charge riensity that is
associated with the field D = Eyzdz + x"yd, + zAz C /rnz. [4+j]

4" State ccntinuity equation. Given the vector cr.urent de;isit1,

i = 1Ap2frp-,lpsrnz$d6 mA/mz. tretermine the current f<.rllovriirg outrvard the circular
band P=5, 0< $<2n,2<z<2"8. 12+41

5. Differentiate between scalar magnelic poiential and'.'ector magnetic potential. If s vector

uragnetic potential is E= -(5ziqdrwb/m, c*lculate totai magnetic flr:-x crossiag the
surtrse $=n12,1 Sp57- rn andO <z<5m. [1+4]

6" Tlieregiony<0 (region ii is airandy> il iregion2) has pr,= 10. if there is auniicrm
rrragnetic field H = 56x * 6ey + TezA/m in region 1, find d and }j in region 2. t8l

7. Conect the equatioa V x E = 0 for time varying fiel<i with necessary derivation. Aiso
modify the equation V x H = oE *itl, necessar-v arguments an<i deiivation for tine
varying field. [3+4]

8. A unifnun plane wave in lree space is gir,"en by rts=(ZSAz.30o)c-i3s0zd.*V/m.
Determine phase constant, iiequerrcy of the *'ave, intrirsic impcdance, .E-. and the

magnitude Eofat z:25mrnandt:4ps. [i+1-2+-:'-i]
9. Derive the expression fsr eleciric arrd magnetic fieids for a uniiorm plane rvave

propagating in a free space. iS]

10. A lossless transmission line i-s 80 cm ic;ng aird operates at a iiequenci l GFIz. The line
pararneters are L: 0.5 pi{im and C : 2ilii pFlri}. Find the chr.ri".jiriisiiits impedance. iLre

phase cons'"ant, the velocity r:n the line, and the input impedance fo,. Z1 = 100Q. l:r)-;: { 2

ii. Writc short notes on TE and 'IM rnock;s of rectangular r,,,avegtrirle. An air fiii,:r-L
rectangular rvitr',.riluidc has crirss-sectioii .of 2.3 cnr v. 1.t-: ril;1. Ualculate th? ctli-,it
frequency af the daminant mode (TEto)"

12. Write short notes about antenna and its parameters.

[3+3]

121
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Divergence

cartesian:v D=$*p-*{.AxryAz

cylindnca I : v. D = I 
a(dD') 

* 1+ * +p op poq sz

. . .- .: 1 f(r2D,) I d(D"sins) I &+
Snhecncal:\.lJ= +-_ '--+_--

r' Ar rsin 0 eS rsin 0 d$

Gradient

carresian, vv = s 6, * *a. * *a"dx6y'az

cvtindrical: vv=9l4, * 1 9Ia. * {a-
0p o p0{l * Az

av^ Iav. l av^
Sphericai:Vv"* =?6, +:iia. +--: - =i-ir6 r 6J rsrnu dO

Curl

c-artesidn:vx fr =fgrr.- 
aHi L -l.g.-fl.]a .,.[5r.- tr ],(0Y Az)'taz ax)'\Ax AY)"

cvrindrica r : v. fi = f1 9!. - 3L'lu *( Ht - au "L. * lf 'ot'o - 4"..|u' \ea$ 0z)'(az 0P)' P\ 0P Ai)'

spher'rcar : V x s = I 
=[LEtrr 

e) 
- +]. . 1f+=+ - 

g'H, +. * lf q('9, 
- 9, ).,r*e[--aol-- a+ J"'";L*'*s aS - n, f' *;[ a' - n )".'

Laplacian:

Cartesian:VzV= *+*+*oNL dy. oz"

cyiindricar: vzv = i*(rffi + i#-#
Spherical: vz\r = i* i" ffi + #*fd (',ru iii . ##
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CJ-""'r rt ia ilre qiacbqq|!rylstt'ilh'

fr:ffifffitesirunitveatora1ongt1ierJirectiongii'el1-.i.the
sut'scriPr.

/ Ass;urxi suitsble tfata i"{ner:essary"

1. Translonn a Yector field I -4a;*2a;*4d into c'vlirrcirical r:ccrCinate s)'stelrl a'r a

Lsl

point P (2, 3, 5)'

"). A plane x:2 carrv a surfar:e charge densitv 
:o. 

t]:-:-1"^1i:1;:."*;-S' 
l;Ti i. ';

chargedensityl0nClmarrdapointclrargeoflCnCisatongrn'L-alcuiatELq'\L',-Ul

i. Evaluate ihe both sides of di'r'el$ence theorem i'r tlie freld d = Zx)'d* + x2E'Ci rnz and

therectangularparallelopipedformsaUytf"pianesx=Cand 
1'-v:0 and2'andz: O 

i:"
ancl -1'

4. Lf potential field in free space is y.= { sinCIcos$ v anrl point P is located a't (2' 9C"' 0")'

lrind: (a) E $; direction of E at P (c) energy rtrensitv at P' 
.,:,..-,-^ ^+ D t1i i\ r 

i2i+21

5.Findtlrevectcrmagneticfieldintensitytilncarl'3sl11.3crdinatesdP(2.i"3)caused
filame*t of 1Z amiere(A) in a f, oirection ou ihe z-axis anti extending tioiii z = 0 to 

L8l

z= 4'

6.Considerubo'-'ndu'vatz=0whichcarriescurrentR=(iil*,o*-,':tuttt*
1(z<0)isfiliedLwithrnaterialwhose.rr,;*i|andnrecliunr2{z>{}}isfiiledrvithrnaterial
whose p,: 4. if E = 54 + sA mT' finrl {' , ;^-.i,.. 

[B]

?. Dehne poynting vector. Using this deduce the tirne average po\{er riensitl' fot u 
1Z*51

dissiPative medium'

8. A unifonn Pl*ne wave

E = 15cos (2 x lost+ Px){A/m

has a magnetic

in a metlium cktarecterized

field comPonent

byo:C,6=4t0,
[5+1+2]

P: P3' Find

a) ,Sirection of Prr:Pagation'

imPedance t1 
_* 

-

b) Magnitude of H

phase cr:nstant ['r, lvavelengih ]" velilciii' v" intrinsic

C)E

9. r\ unifont pl.ate wi,vo. i,r a,.r' partia'ily refl:,i:l-: i:cn the suriace irj. a irlateri.ai lvho::el

properties are unki:il.,i,r:" l.ri:,:isurein-i1-t- ;i;;' ;l-.trro fiekl- in the regiou in l'r*rrt ol t1t":

interface yielcl a 1.5 m spacing t"to*J* ;;;;, rvith the. {irst nraxim':ni *ccurring

0.?5 m fiom the ;.t*f*-. a stalding ,";;1"1';;isU''nl 'f 5 is mea:;';r'"<l' Detentriire the

intrinsic in p"O*** oithe unkno'o''i materiai" i8]
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i0. A 50 f) lossless iransmission line is 0.4 l" long. The line is terminated with a load
Zt:4A + j30 A. If the operating frequency is 30il MHz, find [2+2+4)
a) reflection coeflicient (f)
b) standing u'ave ratio (s) and
c) input i:npedance {Z*)

ltr.Explain why TEM-wave doesn't exist in a rectangular waveguide? A rectangular
waveguide has dimensions a : 1 er& b :2 crn. The medium within the waveguides has

€, : 1, lrr: 1, o = 1 . Find whether or not tlle signal with the frequency of 500 MHz will
be transmitted in the TE1,6 mode" [2+4]

12. $lhat are the parameters of anterura? List out the different types of antenna you have

studied. [1+l j

+**

Divergence

- 6D AD' AD-
Cartesian : V. D =-3 + =t + *-0x AY Oz

I

- r6(pDo).1dD0,0D,
CYlindrica I : V' D = : -=-- T --=- T -;-' p dp poq oz

.,-i l8(r'?D") I a(Dssin0) I 6Dr
spnecncal: r" u=-T-*6.- " r.rB- A0 

**irin gE-

Grailient

av^ av^ av^
Cartesian:VV =--O* *-a* *---^d,AxaY'02'

cylindrical : vu = $ a, * !*a, * *a,o? poq %

sohericat:vv*9Ye. lav^ I av^- & ' *;H uu *iiln;6:",

Curl

t^'{, oH, )" . (au- oH"f. , (au, oH- l"c-artesian'vxfr=l 
al' *' !a- "ir 

-***o 
lu, +l i-r-gi" la,ur!L)I4rr'"^"-l 

a), - a, j"' '[a, -a* 
f' -l * - a" f'

cyrindricar:v,r=[; 
r+ - E )"r.[.a,. 

-?#f r.' ;LTp - 6 )n,

sphericar : v x fr = -r* [ 
aG.:in ol 

- +], -.1 {'-l gL 
- 

a(:ur )lu" * l[ u(t, 
- tL lu,

'si"e[ ae - a[f' ' i\rsirie a,[ 0r J-u 
' tl. ar & )

Laplaeian:

carresian: v2v = #, * #, -#
cyiindrieah v21I =;*(-#) **,#*ii
spherieal: vzY = i*(.'11.) - ala*('*r#) - ##
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/ candiiiates-are required to give their zurswers in their or+:r rvords as far es practicable.t Atrcmltf Att qttestions.
{. The figures in the mnrgin inrlicate Full.ltf arks.,.

" -lsstintc ,tltit,iblc ,in;o iJiiiliSl--Unecessary. $I'','i;,*ii1. , , -;tffi

_) ?Hm;**l s
1' Transform the vectar A = 46x -2ey *-4ez into spherical co-orclinates ai a point p(x = -2.

Y 
: -3' z': 4')'

lsl2' An intinite uniforrn line charge pL - 2nCrm lies alcng the x-axis in fr.ee space, rr4rile
pointcharges of8'Ceacharelocatedat(0. 0, 1)and(G, 0, -1). (a) Find il at(2,3, -41. t6l3" Dbfine uniqueness theorem" Find the energy st.red in free space 1br rhe region2mm< r< 3iir*r, 0<0<90", 0<0<90", given thc potential field \r : , =-*-' '-' 1MrL

' 200' ' 300 

r! r;'v 
'vrwrtrroi 

ltsru \ - : l'2*61

a) --\r erd b) alcosOy

4' using the continuitv equation elaboi:ie tire coirceiri cf Rela:taiion Tirue constant 1RTC)

with nccessary derivaiions. Ler ;=+- ;,p Atm2bc rhe cunent censity in a givenr,Y
region' Ai t: trOms, carcurate tire arnouni of current passing through surface p:2m,0<z<3n.0{daZn.
stare and pror'e the stoke's Tireorem. calcuiate the vaiue of the vector currenr clensity: in

f
J. [4+4]

[s+3J
cl,lindrical coordinates a*t ps(1.5,90.,0.5) if fr = 3

l2
11 = -(cos0.2 $) ip.

t"

Defirie scalar magnetic poteritial. The region r.Jlrr*run l) is air and y>0 (region 2) has

Fr = J g' Ifthere is a unifonn magneric fierd d= 5i* +66., t.75,rNmin region 2. rrnd d
and H in region 2. 

12+6)?- List out the Maxwelr-eqrrations phasor forrn for tim-e varying case in &ee space. Aconducting bar ean slide fieeiy over two conducting rails placed at x = 0 and x : lgcm.
calculate the induced voitage in the bar if the bar srides ai a velocity 3=16agm/s and

B,=3izmW-h/m2
[2+3]<:



8' A uniform plane rvave in free space is giverr uy 4 -{250/3a,}*-j3l0ze*vl*"
Determirre phase constant, frequency of the wave, intrinsic iarpedan"., ia and the
n:.agniturie H of at z:25mm and r:4ps.

9' 
Yr1hi, a certain regicn, s=i0-1lF/m and l.i=10-sFVrn. If B*=lx1ga cos 1gst sin l0-3v Tfinrl: 

LL L'x ' .

-'
a) Find E
b) Find ihe totai nragnetic flux

0<z<2matt-l ils

{1+2+i +Z+21

[3+3+2j

passing through the surface * = 0, 0 < y < 40rn,

[3+3+2]

' li$*" 
valuc of the ciosed line integrai of i orou,rd the perimeter of the given

,o 
t:.illJi:!l. ,,," on..uting at 120turHz has R:20etin. L : 0.3pFVm, c : 63pFtm and

a) Propagation coefficienr (y)
b) Velocity gf 

-rvave 
prcpagition on rhe line (v)c) Characteristic impecian ie (Zr)

11'A rectanguiar 
"vaveguide 

has climensi'n a:4cm anci b:2 cm. Determine the cut-cfffreque*cy and range of fiequencies over with the grio. *ili iour. singre moce. 
16]i2. 'vtrIrite short notes on antema ancl its types. 
12]

*+*



DIVERGENCE

.ARTESTAN v.D = *-Y:-*

.YLTNDRT*AL o., =|fio q"l#+*

spHEBrcAL v-o=jflrrr,l*$$(Dpsino).##

GRADIENT

cARrEstAN on =#^**#r*#'=
ay .Jav^ ,dY

CYL|NDRICAL vV =?ap+|*"0**^"ap'u' pW 0z

sPHEBTcAL on =ff,,*l#***#",

CURL

.ARTESTA,N v x r{ = (* -Y)",. W-*)r. (* \
)"=

a.rr,.

3y

cyLrNDRrcAL v x H = G# -'#)",. (* - #)"
FIBP=I/') -!!e)"'pL eip da )

spHERrcAL v x II =# [,(ffl9 -W)".itL,*W-ry]"

*ilvy-#7^r

LAPLACIAN

cARrEsrAN v,v =ff+#"#
cvLrNDHrcAr- *tr =i*Affi -*#.#
SPHERICAI. *n:i*?#).h*(*,#) .##
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"nt Rurrre suitable dataifnecessary'

I. civen pointsA(p = 5, q= 7a',-z=-3)and B (p 1 2'Q=;s^0" z= l)'find: (a)

a unit vecro, m .lrt.iiun coordinares at A directeil toward'B; (b) a unit vector 
tsl

in .vtinari.ut .ooiainu"t at A directed toward B'

z. Two uniform line charges, each z0 nc/m, are located at y = 1, z = t1 m' Find

the rotar .ru.oi.hio-i;;;ffi&. surface of a sphere having a radius

of 2 m, if it ir.uitt'oJi'nir' 1' 0)' 
e' u e'"r'- - - 

t6l

3. ';*;Energy Density in electrostatic field' t7l

4. The conducting planes 2x + 3Y = 12- and 2x + 3Y = 18 a-re:t notentials of 100

v and 0, respectivery. Let r = ro rno ii,rlill v i, p (5, 2, E);i) E at P(5,2,6)' I7l

S.LetafilamentalycurrentofsmAbedirectedfrominfiniwtotheoriginon
thti positive r.iil;;;:;b'.k;;;;";;;G ;;ih' positive x axis' Find H 

tsl
at P (0, 1,0).

6. stare Anrpere,s circuirat iaw. t et the perrnittivity be 5 uH/m in regiott A

whetex<'O,.and 20 pHAn in 
"gion 

Ei*f"tu i ' o' If there is a surface

culTentdensi.ryK=150av-ZOOa'n'rmatx=0'andifHl=300a'-400a'+
500a,tum, find:. (a) lHuh o) lH"J(";li*r' to HNel' [10]

7. srate and explain tJre Maxwell'S equation in differential and inteBral form'

Also define the dispracement currenit*JnJ;dih ;f penetration. . [10]

s. Establish the relation for Helmholtz's equation for electromagnetic wave 
tsl

propagation. _ .. r- ^L--_^- tol
9. State and prove Poynting's theorem'

10. AloadZr =80 + jl000islocatedatz= 0onalsssless 50-0 line'The

operating frequency.is 208 MHz,ai ii.*uu.t.t gth on the line is ? rn" (a) If

the line is 1.ti m in length, ur* ttr.'i*1i1, char tJ find the input impedance'

(b) whar i, 
"'i;t'dhui 

ii rr,. distance from the }oad to the nearest voltage 
t?I

maximuri?

11un.o-'o*orectangularwaveguidehasdimensionsa=.2cmandb=1cm.
Determine the rangE.of frequenci.;;;;;i;i.tt tf'* guide will operate single 

t3l
mode ftEro) 

[3x2]
12. Write short notes on:'

a) TE rnode and TM rnode

b) Antenna ProPerties



DIVERGENCE

cAfiTEslAN v.D = 
ED,+g**g*
0x Oy'Az

cyuNDRrcAL o . n = 1fi r, ,; "iW +#
spHERrcAL v.o=$fr*al*;}$rrr*,"a*##

GRADIENT

cARrEstAN ov=ffr.*#r*#^,

cygNDBrcAL vi/ =#,u..i#"*#"
sPHEBTcAL vv =ff,,*l#***#^,

CURL

cARrEsrAN v x rr - W_y)*. ff-#)u,* (*_#)."
cyLtNDRrcAL v x H : G# 

_W)",. (# _W)"

.ilw-#;l"
spHERrcAL v x H : -} i!%-q_#],,.*[*#_#8,,, 11ff_#l,r

LAPLACIAN

cARrEsrAN v,v =ff+#-#
.YLTNDRT.AL vy :i*An -*#.#

,

sPHERTcAL,,r :i*(r#) "'##(,-r#) "##,
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Candidates are required to give their answers in their own words as far

AttentPt All questions' ,, t,-..r"ii*is,r;; 
in the ruargin indicar.e F$tMs'rk*

Tsun* tuitable duta if necessary r ^'iirirr*, 
tkat the Bortt Faced letter represents a vector d/?cz a5pr561ip1

t7l

L1l

/.

3.

vector.

l.Findthevectorthatextendsfrom4(-3'-4'6)to8(-5'2'-8)andexpressitincylindrical li+41
cocrdinate 5115{1:6' 

rr :- t ''--+^'t '+ +t1a ^ri( cliarges are locate<l in
A point charge of 1ZnCl is located at tlie origin' Forr uniion'n line

the x:0 plane as lollo*,: gg*c/m at y:-i oni -:nr, -50 irc/rir ary=-2 and -4 m' Find thc

e!ec',ric flux Ccnsi",1' D at P(0'-3,2)'

Lei thc region z<0 tre composecl of a uniform rlieiectric matcrial for rvhich ent=i'2' whilc

the iegiou z>0 is characterized by zvz:2'LerD1:-30a*+J0a'+70a 'nClnf 
and find:-

-^ a) Dg(Tangential cornponent of D in Region 1);
t b) Polarization (P1);

"j 
p,, O"""al component of E^': Region 2)

il grti*gential component of E in Region 2)

4. Derive the Possion's and Laplace's equations' Assuming, that the potential v in the

cylindricai 
"ooraii.ui. 

;rr.*;r rh* #;;; of 'r' only. solve the Laplace's equation by

Integration Vf"tiroJ uo derive ,ir" "rpt.ttion 
for ihe capacitance of the Spherical

capacitor uri,g d;; solution of v.'"^"""'" [2+5]

5. Derive the equation for magnetic field intensity in different regions due to a co-xial

cabte carryins ,;;if;if'iirt iurr.d;;;;;, I in the inner conductor and -I in the

t6l
outer conductor'

6. Finc the vectcr magnetio field intensity H in catesian coordinate at P(-1'5' -4' 3) caused

by a cunent frru*."nt of 12A in the a, ai'""ti* on the z-axis and extending fi'om z=-3 ta

I6l
z=3.

7 . Define curl and giYe the physical interpretation of the curl with a suitable example' [1+3]

B.Auniformplanervaveinfreespaceispropagating'".n:-,1,.u'rectionatafrequencyof5
MFIz. If E=200 cos (tot+By) a,\/lm','t'rite the expressions for electric and magnetic

" fields, i.e., E, (x,y,z) and H. (x' y' 'l '"'pt"ii;"il 
ir:.;il*or forms' ' 

[3+5]

g.DeriveanexpressionforStandingWaveRatio(SWR)indicatingwhereonthez-axis
you,ll get the n ax"i-mu* *a *irri*o*iui'"-oi "f""toit 

held intensity E' Assurne that the

boundary i, at ;;th" ,*gi"n z<0 is 
" 
p-rr* ai.lectricand the region z>a may be of any 

tgl
material.

!



10. Find the ampiitude of thc displacement current density in an air space within a large-- 
;;;;";.f;**r*rr"r*H=trj6cos(3?7t+i.2566x 10-62) *rNm. t6l

1i" A lossless 50-f! line is 1.5l,long and is terminated with a pufe resistance of 100fi' The- 
load voitage is +olr8"v. Find: (a) the average polver delivered to the ioad; (b) the

magniturie of the min'-rmum voltage on the iine' [4+4]

12. W,hat are the advantages and disaclvantages of *'aveguides-when you compare- it-r'vith

transmission lines? Eipiain the transverse electric (TE) and transverse magnetic (TM)

[3+3]modes used in rectangular waveguides'

1-:. Give the definition of an antenna and explain the properties of any onff type of antenna

rhat you have stu<ilerl dudng your electrornagnetics iourse. [i+i]
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Candidates are required to give their answem in their own words as far as practicable.
Auempt All questions.
TheJiguaes in the margin indieate FullMarks.
f&e n*;; denotes a unit vector along the direction of suhscript.

Neeessarv,formutas Wttached herewith.
Assume suiitable data if necessary.

,--il. Expres in cartesian conponents: (a) the vector at A(p:4, @ = 40o, z: -2)that extends to
B(p = 5, @ : -110o, 

"= 
2): (b) a unit vector at B dirccted toward A. [3+Zl

2' Derive an Electric Field Intensity (E*) in betrveen the two co-axial cylindrical conductors,

. the inner of radius 'a' and outer of radius 'b', each infiniie in extent and assrmring a
sutface charge density p, on the outer surface of the inner conductor. An infinite unifonn
line charge Pt= 2 nC/m lies along the x-axis in free space, while the point charge of 8€
each arg located at (0, 0, 1). Find i, ut1Z,S,-+y 

14+41

3. Derive the integral and point forms of continuity

l=:rtcor0{-r'sine{, A/m2 . Find the current

0=30",0<0<2n,0<r<2.

equation. In a certain region,

crossing the surface defined by

[5+31

4. Given the fierd, fi - 
ssin(Qcos(0) 

a,rcrmz, find: (a) the vorume charge density; (b) ther
total charge contained in the region r <2 m;(c) the value ofD atthe surfacer=2. I2+Z+21

'1. Differentiate between scalar and vecior magnetic potential. Derive the expression for
'-' magnetic boundary conditions.

6. State Stroke's theorem. Evaluate both sides of Stroke's theorem for the field
-)n
G = 10sin0a6 and the surface r = 3, 0 S A < 2n,0 < 0 < 90". Let the surface have the l,
direction. 

[l+ZJ
7. Find the capacitance of a spherical capacitor using Laplace's equation. t6l
8. Write point form of all the Maxt'ell's Equations in phasor domaino for perfect dielectric

material. Use these equations to derive the magnetic field component of a uniform plan
wave travelling in the perfect dielectric medium. p+61

-) -+ _) _+9. Let E(z,t)= t800pos(tO?rr -Bz) a* V/m and H(z,t)= 3.gcos(107 xt-gz)i, Nm
represents a uniform plane wave propagating at a velocity of 1.4 xl08 m/s in perfect
dielectic. Find a) P b) f.c) n d) |rr e) €r . IZ+t+Z+Z+u



t*
10. The velocity of propagation in a lossless transmission line 2.5 *108 m/s. Ifthe capacitance

ofthe line is 30 pflm, find: [Z+Z+2+ZJ

a) Inductance of the line
b) Characteristic impedance
c) Phase constant at 100 MHZ
d) Reflection coefficient if the line is terminated with a resistive load of 50Q

- I l. What are the advantages of waveguides over tansmission lines? A rectangular waveguide' has a moss-section of 2.5 cm x 1.2 cm- Find the cut-off frequencies d dominant mode
and TE (1,1)

12. Write short notes on: Antenna properties
[1+4J

l2l

{:



DIVERGENCE

Oartesian: v.il = * + 93 aLkdx 0y 0z

Cylindrical: v.D = ]{P + 1g* +*p op poq oz

sphericai: v.d = 3* * #9I9fi,9. ##

GRADIENT

cartesian: vv =xd + #q *#4
cyrindrical: vv - Hq+ 

l"#eo, *#4
Spherical: Vv : ffa; * i#a; * ##a;

LAPLACIAN

cartesian: v2v azv ozv ozv: ffi- ayr- fu
cyrindricar: Yzv =;*(t#) . ##+fi
Spherical : vzv = i*,V H* #*('i" efr) * ##

CURL

Cartesian:

Cylindrical: V x H

+
Spherical: V x H

vxr :(*-T)ai+ (#-*)E+ffi -T)a
=GW-Hq+W-Har+;eP -#)e
== ;fo (es# _ 

fi') e? + i ffiiff _ #)ad +

' i(ry-*)q
*d< *
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t.

2.

[4+4]

held due to dipole at a

4.

ll+61

ll+51

t8l

7.

8.

{:'_rt:S!_--_Sgllggggg'etigi€{5i11

Candidates are required to give their answers in their own words as far as practicable.

AtIemp
Thefigures in the margin indicate FuA Marks-
Necessaru, formula is attaehed herewith.

t AU questions.

+ -.>
A represents d vector and d{n",,, denotes a unil vector along the direction given by the subscript'

Assume suitable data if necessary.

+--++
Convert the vector F:\ a*+F, ay+F, a, to both spherical coordinate system. t5]

Find the electric field intensity in all three regions due to an infinite sheet parallel plate

capacitor having swface charge density p, c/mt and -p, clmz andplaced at y: 0 and y = b

reipectively. Let a uniform line charge density, 3 nC/m, at y: 3; uniform surface charge

density, A.2nClrnz atx=2. Find Eat the origin.

3. What is dipole? Derive the equation for potential and electric

distant point P.

Derive Poisson's equation. By solving Laplace's equation, find the capacitance of a
parallel plate capacitor with potential difference befween the plates equals Vo.

+ / t"2 \- )
Verify sroke's theorem for rhe field H =l frG Jae+ 

54rcos0ao Ai m in free space for the

conical surface defined by 0 = 20o, 0 a S = 
rn, 0 < r 3 5. Let the positive direction of

ds be ar.

6. Consider a boundary atz= 0 for which Br=2a^-3ay+&. filT, lLt = 4 pHlm (z > 0),

p2=7 pH/m(z<$)unO i=80i. A./matz=0.Find iz tSl

Explain how Ampere's lara, conflict with continuity equation and how it is corrected?

Derive conduction and dispiacement current in a capacitor. [4+3]

Derive the expression for elecffic and magnetic fields for a uniform plane wave

propagating in a perfect dielectric medium. [5+3]

9, A9.4 GHzuniform plane wave is propagating in a medium with e,=2.254tr lrr: 1. If the

magnetic field intensity is 7 mAlm and the material is loss less, find [+l+l+2+2]
i) Velocity of propagation
ii) The wave length
iii) Phaseconstant
iv) Intrinsic impedance
v) Magnitude of electric field intensity



',.*
10. A lossless line having an air dielectrie has a characteristics impedance of 400 O. The line

is operating at 200 MHz and zi, =200 - j200 O . Find (a) SWR (b) Zu if the line is I m
long; (c) the distance from the load to the nearest voltage maximwn. 12+4+21

I l. Differentiate between transmission line and waveguide. A rectangular waveguide having

cross-seclion of 2 cmx 1 cm is filled with a lossless medium char4cterized by e = 4eo and

F, = I . Calculate the cut-off frequency of the dominant mode. t4+21

12. Write short notes on antenna and its properties- t?l

DIVERGENCE

CARTESIAN

CYLINDRICAL

SPHERICAL

GRADIENT

g.5=oD' *aD' *oD'AxfuAz
o.D=L uobr).;#"#
v.o=\.!(,,o-\n- I a('illD').-: -y- 12ar\ -rt rsin9 Ag rsin90$

CARTESIAN

CYI,INDRICAT-

r;Pt iliRtcAL

CURL

0v" av^
+ 
-a r+ -a_oy oz

tav^ aY-+-a_pod' oz

raY^ | av^
L--^ .L--n' r O0"o rsin? 0,1"c

At/
vv =+a,

ox

all ^vy --d
cp
av"vy:-a,
or

cARrEsrAN "" 
o =(+-+),,.(+ T)r,"(*-+)^,

cylrNDRrcn L vzH =(1an' -a!t\u .{9!--gg-.)a..rf a('?H') 
-9!r)u.

\p ad oz )"" 
'\ a" ap )"' pl op a0 ) '

cARTESTAN s'e, =g'{ot{ *Ef,
&2 avz 022

cYLTNDRTcAL ,', -Lg( o{)-+*.*Pop\ op) p- o9- oz-

spHERrcAL v, a =--L-lu(u::"') -l?'iu. .:{ Lary--g('l)la"
rsingl a0 A6 ) ' ' rlsind d/ dr )
r{a(,n,1 afl. ).
r[ 0r A0)'

LAPLACIAN

spFrERrcAL o,o =Ig(,'91)*-f -1[.*r9] * .]-- !,' 0r\ dr ) ,' sin9 dd\ A0 ) r'sin" 0 0Q'



S Yli gS| : Y""tt |rylre*1tig-(W o:)

{ Candidates are required to give their answers in their ouryt words as far as practicable'

/ Auempt 4ll questions"
{ Thefigures in the margin indicate Full Matr*s'
t

TreOresent a vectorard i.uu..rp, anci i,,r,"aprdenotes a unit vector along the direction

gru"i ty the subsript.
Assume suitable data if necessary.

.*-: pelirr. a vector field. A field vector is given by an expression

i=#(""-vi,*'i.),transformthisvectorincylindricalcoordinate

system at point (2, 30', 6)

Given the flux density fr =12ccs0lr';a.+(sin0/13)au Clm2,evaluate both sides of the

- 1r^ , It
divergence theorem forthe region defrned by I < r <2.0 <0 <-,0 <S <1'

Define electric dipole and polarization. The region 
" 
. O ,ontulns u Oietl"t ic material for

which s.r = 2.5 while ttr" region z ) 0 is characterized by E,z = 4.Let

+ ,  A A + +

E,:-30a.+ 50'ar+7A'a,V1m.Find: (a) Ez (b) Dz (c) polarization in

/-\
region t |.t'J.

2.

{

[2+3]

L2+2+2+l+lJ

t8l

4.

5.

State the uniqueness theorem and prove this theorem for Laplace's equation.

A current density in certain region is given *r i = 20 sin B 
"o, 4 u',* !{ Al m2, Find:

f*

i) The average valueof Jroverthe surface r=1,0 <0<x12,0<$<n/2 '
En

ii) "l'v'At
+

Show that VxE=Ofor static electric field. The region y<0 (Region 1) is air and y>0

(Region 2) has lrr = i0. if there is a uniform magnetic freid i=S{+e{+ 7i,Al^in

region l,find Band Hinregion2. [2+3+3]

7. Find the amplitude bf the displacement current density in a metallic conductor at 60 Hz, if
)+

€=€qrp=p0,6=5.8x107S/m, and j =sin(37?t -117.12\a*MA/m2- t5]

ll+sl

Is+3]

6.



g. Explain the phenomena when a plane wave is inciadent normally on the interface between

b tu,o aifer# Medias. Derive the expression for reflection and transmission coefficient. t8l

9. A uniformplane wavein non-magneticmediumhas i=50cos(lOtt+ Z")irV t* ' Find:

i) The direction of ProPagation
ii) Phase constant 

-B,-wavelength 
1,, velocity vr, relative permittivity er' inftinsic

impedance q

iiil * t1+5+21

10. Determine the primary constants (R" L, C and G) on &e transmission line when the

measurement on the line at I KHz gave the following results: zo =7101-16", c' : 0'01

neper/m and S :0.035 radlm' t8l

ll.Explain tbe modes supported by a rectangular waveguide. Calculate the cut off

fiequencies of the first ncur propagating modes for an air filled copper waveguide with

dimension a=Z.5cm,b= 1.2cm. [2+41

12. Write short notes on antenna and its types. tz|
**{.

b

\j



? - t dD1-, dDy , dD7
V.U=--a=:t;Cartesian:

Cylindrical:

Spherical:

Cylindrical:

Spherical:

0x 0Y 0z

vfi-1a(PDpr+1999+ryY'v-p aP Pa0 oz

-R td(rzD11 , t altT-9De)- 1 dDO

V. D = A a, -;trs- ao- - *i"o aO

w= T,q*;#4 *T"4

w= fr**i#6*##ao

Laplacian

Gradient

Cartesian:

Curl

v,v=#+#+#
cyrindricar: vzv =;*(r#) .if"+#
Spherical: YzY = i*V#) . #*(sino#) . ##

Cartesian: v xE - W -T)a * (* - *)d * (* -*)a
v x n = 1;ffi - #)4 * (# -?) { + ;(ry - #)a
v x n == ;k(ry - H)d + iffiH - @)a +

i(ry-*')';
s 

**<t

Cylindrical:
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1. Express the uniform vector

components.

Examinatio n Control Division i.t:g**ry j-.P*E]:-!!x:IJf i :*' M"'k' j*
2072 chaitr" 'if:lgr!--ini{-- ir'g'---._j 3 }. iflf1-_ili{-- ir'1r'---._.i 3 hrs'-

---:--- : ------_j:ryr;t 
r"--*;eps"cle1telp"$ 

----':-r' carrdidates are required to give their answers in their own rn'ords as iar as practicable'

{ Anempt Att questions'
/ Th" iTur"s in the margin indicate Full-Mstk'
/ Neieisary tables are attached herewith'

{ /r"prurent a rectorarid l*o*,0, ond io,o.*p, denotes a unit vector along the direction

given by the subscriPt.
/ Assume suitable data if necessary'

freld i=sa. in (a) cylindrical components (b) spherical

[2+3]

2.

A.+-

Derive the expression for the electric freld intensity due to an infrnitely long line charge

with uniform 
"t -g" density p, by using Gauss's law. A uniform line charge density of

20 nClmis located at y =3 and z=5 ' Find E at P(5'6'1) [4+4]

Derive an expression to calculate the potential due to a dipole in terms of the dipole

/-r\++++
moment f ol o dipole for which p=3a*-5a'+10a"nC'm is located at the point

\/
+ 

[4+4](1,2,-4). Find E at P.

Assuming that the potential v in the cylindrical coordinate system is function of p only,

solve the Lapplace's equution and derive the expression for the capacitance of coaxial

capacitor of iengtn f. using the same solution of V. Assume the inner conductor of radiUs

;;;;t"ttt"i iir *trt t"ip* to the conductor of radius b' t6l

5. State and derive expression for stoke's theorem. Evaluate the closed line integral of H

from \(5,4,i)to Pr(5,6'1)to Pr(0,6,1)to Po(0,4,1)to P, using straight line segments' if
+

H = 0.1y3 a,+0-4xa.Alm '

6. Define scalar magnetic potential and show that it satisfies the Laplace's

[1+3+4]

equation. Given

the vector magnetic potential i=-(Ot t+)i,WAtm, calculate the total magrretic flux

crossingtle surface 4:n/Z'1 <pS2 m and0 <z<5 m' U+2+51

7" How does Vxfr = 
j con{lict with continuity equation in time varying fieids- How is this

conflict rectifred in such fields? [2+3]

8. Derive the expression for electric and magnetic fields for a uniform plane wave

propagating in aperfect dielectric space. - [5+3]

9. A lossless dielectric material has o=O,P, =l'l-,=4. An electromagnetic wave has

magrietic field express"d u, fr = -0.lcos(cot -z)i^+ O.ssincos(rot - z){ nt * ' nina' 12+2+41

a) Angular frequencY (o)
b) Wave imPedance (q)

c)i

i Exam



l
10. Consider a fwo-wire 40 Q line (Zo = 40Q)connecting the sowce of 80 V, 400 kHz with

series resistance 10 fl to the Ioad of Z, =699. The line is 75 m long and the velocity on
the lineis2.5x108m/s.Findthevoltage \n..atinputendand vr." atoutputendofthe
transmission line. t8l

ll.Why does a hollow rectangular waveguide not support fEM mode? A rectangular air-
filled waveguide has a cross-section of 45x90 mm. Find the cut-offfrequencies of the
first four propagating modes. [Z+4]

12. Write shod notes on antenna and its types. lTj

DTVERGENCE
{.**

CARTESIAN v.g=dD' aEDy*9D,Ax Ay 3z

cYLTNDRTcAL v.n = ! !( pn; * !99_ *6D,pdp' F' pAd Az

v.O=4?ft,o,1* !-6(snoD,)+ 1 aD{
,- dr' / r{tn9 0e ' rsn? 06

SPI{ERICAL

GRADIENT

CARTESIAN vv =ov ^ ' 
ov '' ' av 

^a-o'n6o'*Eo'
CYLINDRICAT vv =ov ; ,1 9v , , av ." - 6P"'-iil"'*EL
sPHERTcAL yy =L6_*!{-a^* 1 t .' 

Or ", ' , Og-u- ,"nE ai",

CURL

CARTESIAN

CYLINDRICAL

SPHERICAL

LAPLACIAN

' " 
u = (# - *),. .(* - *),,.(* - T)',

" " 
n = (;# - *)" .(* - T)u . i(Y - #)' "

v,. F = -1; (** #),,. :(*# - Yi,,
.i[P-#)"

CARTESIAN ,,n=ffiuff.#
cYLTNDRTcAL v,r = !!( o{\* !u'!.u',

p ap{ ap ) p, ad' ' Au,

spHERrcAL 
", =)*(n#).#*ft*r#\##
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Level BE f,'ull Marks 80

Programme BEL, BEX, BCT Pass Marks 32

Year / Part I[ll Time 3 hrs.

Subject: - Electromasnetics (EX5 03 )

r' Candidates are required to give their answers in their own words as far as practicable.
r' Attempt All'questions.
/ Thefigures in the margin indtcate Futl,Marksy' Necessarv formula are ofrached herewith.
y' Assume s.uitable data if necessary.

l. Transforrr the Vector
p(2,45",5)

,'f =yi'+xir*ri, into cylindrical co-ordinates at a point

tsl

2. Along the z-o<is there is a uniform line of charge with pr, = 4n Cm-t and in the x : I
plane there is a surface charge with p, = 20 Cm'2. Find the Electric Flux Density at
(0.5,0,0) t6l

3.. Define Uniqueness theorem. Assuming that the potential V in the cylindrical coordinate

system is the function of 'p' only, solve the Laplacian Equation by integration method
and derive the expression for the Capacitance of the co-axial capacitor using the same

solution of V. [2+5]

4. Define Electric Dipole and Polarization. Consider tho region y < 0 be composed of a
uniform dielectric material for which the relative permittivity (e) is 3.2 while the region
y > 0 is characterized by q -Z.Letthe flux density in region I be [2+3+3]

-) -+ -) -)
Dr = -30u r+50 a y+70a z nC/m'.

Find: '

a) Magnitude of Flux density and Electric fields intensity at region 2.
-)

b) Polarization (P) in region I and region 2

5. State Ampere's circuital law and stoke's theorem. Dcrive an expression for magnetic field
-)

intensity (H) due to infinite cunent corrying filament using Biot Savart's Law. [+2+5]

6, Differentiate between scalar and vector magnetic potential. The magnetic field intensity

in a certain region of space is given * fr = Qp + z)i o+?i, N^. Find the total current
z

passing tluough the sudace p = 2, nl4 < g < n12,3 < z <5, in tle io direction. [3+5]

7. State Faraday's law and correct the equation Vx d = 0 for time varying field with

necessary derivation. Also modifu the equation V* il = ? with necessary derivations for
time varying field. [l+3+4]

8. Derive an expression for input intrinsic impendence using the concept of reflection of
wriform plane waves. , t6]



,li

9. Find the amplitude of displacement current density inside a typical metallic conductor
where f = lKHz, o = 5x10? mho/m, 6r = I and the conduction current density is
+-n
J = l0'sin(6283t-4442)ay Alm'

10. Write all the Manwell equations for the time varying field point form as well as integral
form.

ll. A lossless hansmission line with & = 50 Q with length 1.5 m sonneots a voltrge
Vs - 60tV sotrrce to a terminal load of Zy= (50+j50) O. If the operating frequency
f = 100 MHz, generator impedence 4= 50 Q and speed of wave equal to the speed of the
light. Find the distance of the frst voltage maximum from the load. What is the power
delivered to the load?

12. What are the techniques that can be taken to match the transmission line with
mismatched load? Explain any one.

13. Write short notes on:

a) Modes in rectangular wave guidc
b) Antenna and its types

*t*

14l

t4l

141-4)

12)

[2x3]

I

I
1

i

I

i
i

i

I

1

ir

I
I

L

i!

i

I

I
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Level BE FulI Marks 80

Programme
BEL, BEX,
BCT Pass Marks 32

Year / Part $lt Time 3 hrs.

Subiect: - Electromagnetics (EXS 0 3)

{ Candidates are required to give their answers in their own words as far as practicable.
'/ Aaempt All questions.

'/ TheJigures inthe margin indicate Full Marl*s.

{ Assume suitable data if necessary.

/-Ctu"n a point P(-3,4,5), express the vector that extends from P to Q(2, 0, -1) in (a)

J / Rectangular coordinates (b) Cylindrical coordinates (c) Spherical coordinates.

2. Veriff the divergence theorem (evaluate both sides of the divergence theorem) for the
-t ^+ -)

frrnction !=r'-=u'+J-giogqoq{ao , over the surface of quarter of a hemisphere defined

by: 0 < r (3, 0 < 0 < nlZ, 0 < 0 <n/2.

3. Given the potential field V : 100x2{x2+4) volts in free space:

Find D at the surface, z=0
Show that the z=0 surface is an equipotential surface
Assume that the r0 surface i-s a conductor and find the total charge on that portion of
the conductor defined by 0 <'*.2,-3 < y < 0

4. State the uniqueness theorem and prove this theorem using Poisson's equation.

5. State Amperes circuital law with relevant examples. The magnetic field intensity is given

in a certain region of space * fr = 
**?' J,*?i, w^. Find the total current passing
z"z

through the surface z:4,1 < x < 2,3 < y < 5, in the a, direction.

6,prDefine scalar and vector magnetic potential. Derive the expression for the magnetic field
\-/ - intensity at a point due to an infinite filament carrying a dc current I, placed on the z-axis,

using the concept of vector magnetic potential.

7. Define displacement current. Assume thatdry.soil.has conductivity equal to 104 S/m,
r g : 3r0 and p = p6. Determine the frequency at which the ratio of the magnitudes of the

conduetion current density and displacement current density is unity.

Derive the expression for electric field for a uniform plane wave propagating in a free
space.

._Wr"" 
Poynting's *T*i An EM wave travels in free space with the electric field

component E = (lOar+5ar) cos (uot+2y -42) [Ylm]. Find (a) or and I (b) the magnetic

field cornponent (c) the time average power in the wave. @*Z*z*Zl
ffXossless tansmission line withlq: 50q is 30m long and operates atlMftz.The line

is tenninated with a loadZr= (60+j40) Q.1f velocity (v): 3*i0sm/s on the line. Find (a)
the reflection coefficient, (b) the standing wave ratio and the input impedance. t2:+Y.31

fi{.Explan the modes supported by Rectangular waveguide. Define cutoff frequency and
V / dominant mode for rectangular waveguide. [2+2+27

12+21_ ,y Write short notes on: 
.r_v- a) Antenna types and properties

b) Quarter wave transformer

tsI

t6l

171

na)
b)
c)

12+61

[3+5]

[3+s]

[2+sl

t7t "
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Subject: - Electromagnetics (H( 503)

/ Candidates are required to give their answers in their own words as far as practicable.
,/ Attempt Allquestions./ Thefigures in the margin indicate Full Marks.
r' Necessaru formulas are attachid herafithy' Assume suitable data if necessary.

1. Transform vector f = psin$a, at point (1, 45o, 2) in cylindrical co-ordinate systern to a

vector in spherical co-ordinate system.

2. The region X<0 is composed of a uniform dielectric material for which E1y= 3.2,while the

regon X>0 is ctraracterized by er2 = 2. The electric flux density at region X<0 is
.+r-)-+^--+

Dr = -30 ar + 50 ar + 70 a" n(}nt' then find polarization ( P ; and electric field intensity

+
(E ) in both regions.

3. Define an electric dipole. Derive expressioa for electric field because of elecfric dipole at
a distance ftat is large compared to ttre separation between charges in the dipole.

4. Define Rela:ration Tirne Constant and derive an expression for the continuity equation.

5. -Derive the equations for magnetic freld intensity for infinite long coa:rial transmission
line carrying direct current t and retum current -t in positive and negative Z-direction
respectively

6. A current carrying square loop with vertices A(0,J,2),8(0,2,2), C$,2;-2)D(01,-2) is
carrying a dc current of 20A in the direction along. A-B'C-D-A. Find magnetic field

intensity H at centre of the current carrying loop.

7 . Elaborate the significance of a curl of a vector field.

-+

8. Derive the expressions for the electric field E and magnetic field H for. the wave
propagation infree space. t8]

g. The phasor component of elpctric field intensity in free space is given by
-t+-+
E-, =(100<45o;s-j5e u] ,l*. Deterrnine frequency of the wave, wave impedance, H,,

+
and magnitude of E at z = l0mm, t = 20ps. [2+2+2+21

I0. Write short notes on: (a) Loss tangent O) Skin depth and (c) Displacement current
density. [2+2+21

ll.Explain impedance matching using both qdarter wave transformer and single stub
rnethods. [3+3]

12. Explain in brief the modes supported by rectangular waveguides. Co4sider a rectangular
waveguide with e, :2rlL: p0 with dimensions a= 1.0'1cm, b: 0.43cm. Find the cut off
frequency for TMrr mode and the dominant mode. [4+2+21

13. Define antenna and list different types of antenna. l2l
***

tsl

[3+3]

[2+61

[3+4]

17l

t6I

t3I
-t

9r



Diyergence

Cartesian:

Cylindrical:

Spherical:

Gradient

Cartesian:

Cylindrical:

Spherical:

s+
Cartesian:

Cylindrical:

Spherical:

ry
Cartesian:

Cylindrical:

Spherical:
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(# # - *r*,,)r, . i ( 

r+ 
r ne,> - #) a,

^ azA azA aza
Y'-4= 

-*--:-+-fuz ay', fu2'

,'1=L 6 tr%-r*!4*
r Ar' fu' r' 0O'

y2A=Ll.tn'-.t*
R, AR' AR'

^aA. I A2A(S[r6r-)+--=---- :--''"'- ae' ' R2 sinz o a62

a2AE
aI

R2 sin? O0

€

L

I



27 TRIBHWANTINIVERSITY

INSTITUTE OF ENGINEERING

Examination Control Division
206A Baishakh

Exam. / Back
Level BE FulI Marks 80

Programme
BEL, BEX,
BCT

Pass Marks 32

Year / Part 7r /l Time 3 hrs.

i]

/ Candidates are required to give their answers iri their own words 4s far as practicable.
'/ Attempt 4Aquestions.
',/ Thefigures in the margin indicate Futt Markl
/ Necessary Smith Chart is attached herewith.
/ Assume that the bold faced letter represents a vector and aro15r"r;r6represents a unit vector.
/ Assume suitable.data if necessary.

1. Express the vector field W : (x-y) a, in cylindrical and spherical co - ordinates.

2. Find the equations for energy density in elecfrostatic field.

3. A uniform sheet of charge ps = 40eo C/m2 is located in the plane x:0 in free space. A
uniform line charge pr :0.6 nC/m lies along the line X: 9, y:4 in free space. find the
potential at point P ( 6, 8, -3) if V : 10V at A(2,9,3).

,$. What is physical significance of div D? Explain the importance of potential in the electro
static field. :

5. What are the differences between curl and divergence?

6. The condition triangle loop (strown in figure below) carries a current of 10A. Find H at
(0, 0, 5) due to side 1 of the loop.

(0, 1,0)
10A

Side 1 (2,0,0)

7. State Maxrvell's fourth equation.

8. State and prove the Stokes theorem.
'9. For a non-qragnetic materials having F4: 2.25 and o : 104 mho/m, find the numeric

values at 5MHz for :

a) The loss tangent b) The attenuation constant
c) The phase constant d) The intrinsic impedance i

l0.Aloadof 100+j l50OhmisconnectedloaTS ohmlosslessline.FindusingSmithChart:

a) Reflection coefficient b) VSWR
c) The load admittance d) Z,i"al}. )" from the load
e) Z" at generator if line is 0.61,long

1i. Distinguish between conduction and displacement currents.

12. Explain the terrn skin depth. Using pointing vector, deduce the time average power
densrty for a dissipative medium.

13. Write short notes on:

a) Antenna and its type b) TEM
c) Waveguides

t5l

IB]

t8l

t
I

:

i

:

t4l

t4l

t8l

:
I

!

-i

i

,

.:
t2)

t3l

t4l

t8l

[10]

0

171

[3x3]
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Subiect

/ Candidates are required to'give their answers in their own words as far as practicable.
{ Auempt Allquestions../ Thefigures in the margin indicate Fitl Mark!.

Necessarv data are attaehed heraryith. -1

4.

1. Transform Ac =xi* +xfi, at point (1,2,3) in Cartesian co-ordinate systern to A"y in
cylindrical co ordinate system. t6l

2, Use Gauss's law to determine electric field intensity because of infinite line charge with .t u.rifor* charge density g. ' t6]

3. Find potenti al at apoint P(2,3,3) due to a lnC'charge located at Q(3,4,4), 1nC/m unifoim 
".:

line charge located dtx:2, Y = I if potential at (3,4,5) is 0V . ,' t6l

':' '

6.

7. For a given co - a:<ial cable with inner conductor of radius 'a', outer conductor with inner
radius 'b' and outer radius 'c' with current in the inner conductor 'I' and current in the

outer conductor -'I', determine V x H for 0 SrS a, aSrSb, b SrS c.
a

8. Consider a wave propagating in lossy dielechic with propagation eonsultant, T : cr +jp.
Derive expressions for a and p ifrnedium is characterizedby perrrittivity e, permeability
p and conductivity o.

g. A uniform plane wave propagating in free spa'ce has E = 2 css(lO77rt -Bz) 6*, detemrine p

and H.
:

i0. A z-polarized uniform pla:re wave with frequency 100MHz profiigat6s in air irf thc
positive x-direction and impinges normally on a perfectly conducting plane at x : 0.

Assuming the aniplitude of the-eleckic field vector to be 3mV/m,'determine phasor and

instantaneous expressions for

a) Incident electric and magnetic field vectors
b) Reflected electric and magnetic field vectors

ll.Derive the expression for input. impedance of a transmission line with characteristic
impedanci:, Zolxgited by sourle, V with source impedance Z"xrdterminated in load Zr.

,12. Define hansverse magnetic mode. ,{ rectangular waveguide has dimensions, d = 5cm and

b : 3cm, The medium within the waveguide lias s, :1, pr:1; o :*0'dnd conducjing walls
of wave guide are perfect ebnductors. Determihe the cutoff frequency for TMi;rmode.

t** i

i

t10l

t8l

t6l

t6l

t8l

t6l
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1. a) Trausform a point (x, y, z) in rectangular co-ordinates to a point (r, 0, $) in spherical
co-ordinate and vice-versa.

r*bF Transform the vector i = yi. - xi, + zi, intocylindrical co-ordinates

2. I State Coulomb's law with an example. Derive an expression for elechic field intensity
+

(E) at a point due to an infinite line charge having uniform charge density.

,9 tl infinitely long uniform line charge is located at y: 3, z:5. If p, : 30 nC)/m, find

E at (i) Pe(O,0,0) (ii) PB(O,6, l) (iii) Ps(5, 6, l).
3. ..$-^State and explain Gauss's law. Define divergence and write down its physical

significance as it applies to electric fields.

b) Consider a co-axial cable of length 50cm having inner radius of lmm and an outer
radius of 4mm with the spare between the conductors filled with air. Total charge on
the irurer conductor is 30 nC. Find (i) the charge density on the inner conductor and

outerconductor(ii) B tiiil B.

4.rd) Deduce how potential gradient can be used to determine the electric field intensity.
What do you understand by electric dipole moment?

b) Given the potential field V :2xzy- 5z and a point P(-4, 3, 6), find at P (i) V (ii) E
+

(iii) aE (iv) D (v) p'.

/ Explain how the conductivity of metals and semi-conductor changes with increase in
temperature. Derive the point form of continuity equation.

6,2 a) State Bio-Savart's law. Derive the equation for magnetic field intensity due to a co-
axial cable carrying a uniformly distributed dc current I in the inner conductor and -I
in the outer conductor.

b) Given 11 = (3r2 / sin e)i, + 54r cos 06, A"/m in free space. Find the total current in the

i, directionthroughtheconical surface0:20o,0< 0 <2n,0 <r< 5.
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l. . a/Uxptain how displacement current differs from conduction current. What do you\/ 
understand by the term magnetization? What does the relative permeability of a
substance indicate? [2+l+l]
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A9.4 Gllz uniform plane wave is propagating in polyethylene (e, = 2-25, p,: l). If
the magnitude of the magnetic field intensity is 7 mA/m and the material is lossless,
find (i) velocity of propagation (v) (ii) the wavelength (t) (iii) the phase constant (B)
(iv) theintrhsic irnpedance (rl) (v) the magnitude of electric field intensity. t6l

8. a) What is a distortionless transmission line? Why are telephone lines required to be
distortionless? [2+l]

b) A radr dish mterma is nded to be covered with a transpaent piastic (e, = 2-25,
p, :l) to protect it from weather without any reflection of the signal back to the
antenna. What should be the minimum thickness of the plastic cover if the operating
frequency of anterma is 10 GHz? t6J
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