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Attempt any FIVE questions

Ql: (A) [6 marksf A field is given as

25

@TA(xd*+Yay)
Find:

i) A unit vector in the direction of d at p (3,4, _2).

ii) The angle between G and A., atp.
iii)The value of the following double integrar on the prane ! : T:

(B) t6 marksl Given the points M (0. r, -0.2, -0.r), N (-0.2, 0. r, 0.3) and p
(0.4,0,0.1), find the vectorRr*, and the dot produ d frMtN.R*

Q2: (A) [6 marks] A 100 nJ point charge is located at A (- l, r,3) in fiee space.
Find: i) The locus of all points p (x,y,z) at which E* : 500 V /m. ir) y, if p
(-2, yr 3) Iies on that locus.

-G_

(B) t6 marksJ Uniform line charges
inthe x:0 plane aty--O.6,and
find:

of 0.4pC/m and -0.4pC/m are located
! = 0.5 mtr respecti.rely. Let e = 60,

42r r-
J Jr.aydzdx
00

(I/22)[I0xyz A., * Sx2z A., + (223
(522 d, * 70oz A ) atp (3, -45o. 5).
(2r stn7 shtf a, * r cos 0 si.nO d

1) The electric field vector E atp (x, 0, z).
2)Tbe electric field vector E ate (2, 3,4).

Q3: [12 marksf calculate the divergence of D- at thc point spccificd if:

DD-
4D-
,D-

- 5x2y)d ,l at p (-2,3, S).

s) atP (3,45o



Qa: (A) [5marksl LetE -4000'r-300av+5004 "inthe 
neighborhoodof

pointP(6,2,-3).Findtheincrementalworkdoneinmovinga4-Cchargea
distance I mm in the direction specified by d * * d y * d r'

(B) t7 marksl Given a surface charge density of 8 nc/m2 on the plane x -
2,a|inechargedensityof30nC/monthelinex:!,!=1,anda1pC
pointchargeutp(-r,-|,2),ftndVagforpointsA(3,4,0)andB(4'0,1).

')

Q5: [12 marksl Two perfectly-conducting cylindrical surface are located at p -

3andP=Scm.Thetoiaicurrentpassiiigradiailyoutrvardthroughthe
mediumbetweencylindersis3Adc.Assumethecylindersarebothof
length 1. Find:

a) The voltage and resistance between the cylinders, and E in the region

betweeni'he cylinders, if a conducting material having o = 0'005 S/m is

Presentfor3(P(5cm'
b)Showthatintegratingthepowerdissipatedperunitvolumeoverthe

volume gives the total dissipated power'

Q6:[12marks|UsingthesolutionofLaplace,sequationandreferringtothe
figuregivenbelow,findthecapacitanceofaparallel-platecapacitor.
Considering.n.potentialisfunctionofonlyx-direction.

i,.,,,,..,;'l'',:',, ..;,.."
Cloncftutti surtltc

I-rrilbnr; surftree

ch:rrgc CcnsttY

,rir,;;, lr:.rj;i!' i iri"r;:i-Ps 
j

rtitI ft IIItttt

Ittllf*Ps
c(]nrltu:toi surlilie !

Permittiviyt dfree spqce €o:8'854x10-t2 F/m'

P arnte ahitlitl' oJ' Ji e e s I' (1 c e ps : 4 7T I 0'7 H i nt'

Electroncharge e: l'602x10-te C'

Good luck



Q1: (A)

A &eld is given as

G: -j5 = {ra" * ya.o)
("r' + y')

Firrd:
ai aunit!€ctoriathedirectionofGat P{3,4,-2}: HaveGp:25/(g+ 16} x {3,4,0}:3a, *4t0.

and lG"l * 5. Tbu &c : (0.6,0,8,0).

b) the angle betrveen G and a* at f: The angle is found through &6 , ff" a coss. so coss -(0.6,0.8,0) . {1. 0,0} - 0.6. Thus 0 : 53,=.

c) the value of tlie following double iutegal on the plane 3, : T:

frr !r' 
G.ao,drrlr

fr' fr'*ftu'* * yn')' a.,ded.r : 
fooJ' #* x 7 rrzdx : {ruftr.,

: 350 . i [,*-' {;) - o] : za

Ql: (B)

Giventhe points id(0.1, -0.2, *0.1). rv(-0.1.0.1,0"3). aud p{0.4,0, s.l}. ft}il:
a) tln vecfor Ru,v: Rir,v - t-0.2, 0.1,0.3) - (0.1, -0.?, -0.1) = (-0.3. 0.3, 0.4).

b) the rtot pruduct R,u* -Rsr: R,lrr = {s.4,0,0,1} * (0.1, -0.:, *0.1} * (0.3,0,2, 0.3}. Rs,s
R*lr = (*0.1, S.3, 0,4) " (0.3, 0.2, 0,1) : *0.09 + 0.0d + 0.0S - 0.05,

e) the rcalarprcjectio$ of Rdd$ 0r Rilrp :

Rlrs' *nup - (*0.3, 0.i, 0.4) I - 0'05 
- 0,12'-.-'-"' ffi*/o-,r:

d)$e angle betweenRsB *ndRp6p:



lt 9] r -- I ^,, .-^.r+.rc. n1". r, 00 \iinr,: The total fleld at P will tre :

a) Find iln locro of all poults P (r ' )', i) at wluclt E * = 5i

*.^*l00xlO-e Ruu-
LP: 47t€o [R'rPl3

where Rap: (x * 1)n* + (I --r)nr1.ti ..:?*r,aildwhere lR"'rrl = ltx + l)? + (y- 1]! +

;;:;Itii?t. Titt "r: ctlurpollent of the frekl rvill be

] = t*v/m100 x i0-e f
f'-l&'r - 4neg L

(,r + 1)

fuid so otu' coudition becorues:

(.r+l)-0.56 ("r * 1)r + (l - 1)': + (i - 3)211'5

b) Fiffl vr if P(*2* '}r, 3) lies on that lQctts: At point P' the conclitiol of pafi c beccures

i.le=[r+tr,-t,t]

frotlrsbith (.vr - l)2 = 0'4?' or v1 : 1'69 or 0'31

Q2: (B)

a) Find E at P(x, 0, ;): Itt ge$eid' rve have

Er=ht# ffil
where R+r ard R_p *fe. respectively. trre vycmrS direcred ftoru the p*sitive and *egative lim

charges t0 the point p. and t*r. *. n*n*al to tlre i nxis. we t'us have fup = (x,0' e) *

{0* *.6, {) = tx, .6, 0)- and R-r = ('r' 0' e} t t0' '6' i) = (xt -'6' 0)' So

F et [xa, *0.6t _ 
ra.. -0.6n,.| 

= ry 10-6 [ l'24, I = llTl, kv/m
r.p = *r*ffi - frffi := 6 L*-4o,6J 

- r: +0.36 
--'



-: a".6pf :.{ i | .'r *,fri,Fr' ,

b) Find E af S{2, 3, 4}: Thisfirldwill in genei'nl be:

Es= +f:ts- R-oI
- ?nee Lt&a1 1n_slJ

where R+0 = 12. "1, 41 - {0, *.6, 4} = (1, 3.6, 0). tlndR-g = (?, 3, 4} - {$, .d, 4) = {?, ?.4. 0).

Thus

Eo = .fi f '?1'|1$' 
?n' *2'44'l

' znrrl}*,'.up -?-mryJ = -625.84.* -24l.6a.uVlr*

Q3:

a) D = {Ue?) llnry*& t 5x2sa, + Gi3 - 5x2y]arJ ar P(*?, 3, 5): trvefiud

l-rsr +o+r*91 =r.lov'D = Lt. rr 
Jr-2.r.5r

b) B = 5r2*p * t0p; n. *t P{3, -45o. 5): [r cflinclrical coordinates. we have

v $ = i**ilp] +;? - q# 
= lf *,00J,,,_0,",,, =71.67

c) Il=2rsin$singa.*rms#sindas*rcosgn4a{p(3'45o,*4jo): Insphericalcoordinates.
wehave 

F id.l-. l av' D = i#Uto,) + 
rsind * {s'iono, - #H

= foso,osind * 
cos?9sird 

- 
tt'dl 

- -2L sut # snfl l(j,4r,._45,,r



Qa: (A)

Irt E * 4ffir* - 3s., + 500a, in se ffilsb&od 0f prst p (6, z, -3). Find fte iffiffiffitsl w0*

done in moving a 4{ *trryt t iitnor* of 1 ro is tk direction specifred by:

e) t* * ey t r.: We wdte

dw - -qF. . dL ,-4t4004* - 300a, * 500rr) ry tlr3)

14 x 10-3),
= -?€s-300+5os) - -1.39I

Qa: (B)

know to be O
ye(r) =#0,

potrotial functistrs for fte sheet rud lise charges.cm b€ foud by taking indefinite integrals of the

ct6th ffis far'fierfuih*im- Fs S*'l*'bqp' we bmp

f
yr$) = - J ffiao* ct = -.f*lnk) + cr

Fu &e sbeet charge,we have

Y,(x) =- f fi**cz--h'+cz

va *-#tno) -*.+c



. rftjr(.i r, .,it, irt,,.."

The terms in this expression are not reftrenced fo a conullon arigin. since the charges are at differeirt
positiotts. TIn paratneters r. p. and r nr"e s{trfsr djsrsrrces il'cm tlie clmrges. aud will be neated

as such here" For point A we have r,1 * : *fr5. Fd :
@*o€,arrditsdistance&nrltheslreerchargeis.u6_3t2=}'Thepoterrtia1
at A isthen

tt 10-6 3o x lo-9 r-, la B x lo-9,,.!"4:4*un;*- 2"r, futv'8- 2., (ii+c

Atpoint B,rE- -fi,
FB :ffi * n/13- andthe distance from the sheet charge is xs - 4 * ? = 3.
The porential *r A is ttreu

lo-s ioxlo-e Bxlo-e
vs - iCfr - -1"_ lttr/13 - -l_ t2,r + c

Ther

Q5:

a) Fittd the voltage and resistance between the cylinders, asd E in the regiot between the cylfurders,
ifacouductingrnate.d*lhavingo:0.05S/misprcserrtfor3 < p < 5crn: Giventhecrulert.
and knowing that it is :'adially-directed. we find rhe crureirt densiry by dividing it by the arca of a
cyliader of radirm p and leugth /:

J:;3;aoAlrn2
t7f pt

Then tlre electric field is tbrurd by dividing this resulr by cr:

E - *u, - 155no \r/rntE6pI pl

The voltage between ryliuders is now;

v - - {r' r.dL : /'T., .apdp: Tr,, (;) : T ,,

Now. the resistatrce will be

F:v 4'88 1'63

7: 3I : , CI



b) shorvtlratintegratingthepowerdissipatedperunitvolurue 
overthe volume givesthe tstaldisripated

p$vel: We calcul*te

r f t pn f ,05 i2 32 ,..l5\ _ 14.64

,= 
J,E.rdu 

= lr' Jo"' Jo"o'Eiltfu 
pdpd|dz=ffit*t;J =?\v

we also find ths pawer by taking tlre pruduct of voltage and cmlent:

p=vt=T,r,=T*

which is in agrcanel}t rvith the powei density iltegation'

S:tt
,**a
{Ji[*

{:a
dx

Q5:

I'r:'dx*B
Totpv$ry gsneral,let V:Ytatxg-1:1 &nd V = Vzat "tgsr. lf"hesevaluesare

then substituted into 112), grving

Fr:.d-vr*S Vz*l-rr+B

. Vr - Yz }text - I/t'tz
'r:ffi o:1;;;

and
frts *xe) - Irr(:r * xr)

lf*
.sg * -{3



A uimpler &n$wer would have bren obtairwd by ehoosing simpler boundary

canditious. If we had fixsd Y =0 &t x = 0 and I = fo &t.r = 4 then

Ynn=i 8=0

l. Given lr, lr$s E : -VI/ to find s'.
2. tlse Il - eS to find D.
3. Evaluate D at sither capacitor plate, D : Ds * Drver.
4. Recognire that p*s : l?r.
$. Find O by a ,snrface integration ovff the mpacitor plate, O : l" p"aS.

Here we have
-rV_Va=
il

VoE--js*
ft
vo

D: -G'

-- ^,o* YsD$ - ol*=., : *€ i**
*nt x 5*

D,r' : -.+: ps

a*[#ds:-.#
and the capacitance is

Iuox

d
Y-

n lgl e^s(-.:q:T




