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PHYSICS

Paper: PHYO2OO104

( Matlrcmaticq.l Phgsics & Electricitg
q.nd. IEagnetism)

Fult Marlcs : 45
. Time:2hours

1 The fi.gures ln the margln indicate
I nfi mo;rks for tlrre quesdons.
I
I

Answer elther in English or in Assamese.

1. Answer the following questions : : 1xS=5

E?l-< eHq{E3 ftK nrr 3

(a) What are the order and degree of the
following differential equation ?

*.+* w=odx" dx

Contd.



EEtr fr$ q<rs-{ Tfi-s<q6K {Idl (orclcr) qi+

Rjtr (degree) frqH I

4'a , d-u

d?*;+ xa =o

(b) Give an example of an anti_Hermitian
matrix.

eil dG-a<fr&ilq cxEq< €qrq<q fir.f r

What is the dimension of capacitance in
terms of the fundamental quantities
(M, L, T, I) ?

ffifr-s <rFr fu, L, T, I)< ql{Ks {.tir$-g{ TIi$r

frfr o-<rr

(d) What is the SI unit of magnetic dipole
moment ?

dR.-s ficls qms-{ sr ,qs-$ fr?
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dN (t) 
= -).N (t\dt \'/

where f (t) is the number the element

at time t and /. is a constant. Given

n(o) - no. Find n(r).

(c)
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(e) What is meant by dielectric polarisation ?

"lrft<Klfrs o.ss-{6i {rcE fr lqt ?

2. Answer ang fiae of the following questions :

2x5:10

r-qsfiatq{r<rc{ fute t "ffiBft<fixt:

(a) The equation for radioactive decay of an

element is given by,



det(_A)= (_1)" det(A)
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(d) Starting from the equation

V"B = thJ

show that

{EA=pol
where the symbols have their usual
meaning.

V, B = poJ {fi=+<qrbl< q-<t 6qt€<t c<

{rA=ltoI
{b GQc<rm {l{Fr6tcs qql \TcfTqq s-6< r

(e) A voltage of sinusoidal waveform is
'applied across a resistance. Show that
the voltage and current in the resistance
are in the same phase.

,4urE mt<-+s Rq-TCuq E{(rf {"f< Rs< erRl?i

o-<t ?qzel cqt€<1 c{ fis< wfre @ ercrq

.qrofi q.frcs qlm 
I
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qBr cv-.q&T ffifi\mrq,rmqftqr{ot6f qH,

dN (t\_at = _,2,N (t)

{b n(r)?Ezq rqrrs crsl ffiK q($r wt$

2 qtst s(s {rFrt cufr$ N G) fi{l +_{rl s4-E

C{ il(O)=ff0 
|

(b) What is the difference between an
ordinary differential equation and a
partial differential equation ?

ebt qf{Kq q<<E-{ qfi-$<q q$..{Er qf (fr$ q-as_q

q'fts<ffi slqe- "ffcls, fre

(c) If A is an nxnmatrix, show that

det(_A) = (_1)" det(A)

{fr6qA qBI a*a 6qftg q-{, 6q.ts<t c{

---_.F



An electric dipole of moment 5x 10-s
'coulomb meter has been placed in a
uniform electric field of 2x 10s Newton/
coulomb. Calculate the maximum torque
that the field exerts on the dipole.

2x 1os q?F fi€B{/Tqq rti-< {qT ?<k-]te$

csqE 5x 10-8 $qq ffiK qtTs-{ qDt ?<EI&s -

firx-+ e"H o-<t ?<q r ?<ErFes c+-qq6 fin<;etrc
ser<E qrrFt${t qr<{DE tr5 frfr a<t r

Show that

v2v = -L
ao

where Vis potential, p is charge densit5r
g.nd e6 is permittivity of free space.

cqls<r fi

Y'u =

{b 7, p qrs e,, ,.s--{E"es RE<, w$q.R{q q|$
Ti{WErd< ?<EIG$ erc$qlst I
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(h)' Two parallel long straight wires at a
distance lm apart placed in air carry

equal currents 10A in the same
' direction. Find the force per unit length

of the wires. (Given permeability of air,

F = 4rxto'7 Hlml

<lqrt<pu r E;<i<{Fds r<[ [sH cenq ftq-{ 6<<

erNFF< TrCq-F qIS fiIE 10 ,4fl-"HI{ Rrl"

uGs ?qq'ne tGt<Euro< a& qss Ar{s $BH

cqRil <6F{ ffi fifr'$.Ttl sqE' C{ <l{{ ercsrltst,

rt = 4nx 10-7 ffi1P' l

(t) Show that the capacitance of an isolated.

metallic'sphere of radius R is 4n 6oR ,

where eo is permittivity of free space.

(fl

'(g)

_2_
€o
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64ts<l F Icrfi-f\5 flEar canq-+ qbi< <]-{-sq

!q6q 4zenR,{b eo ?<eectq'5qra<ffirgs

ef61l_$l
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0) What is wattless current

circuit ?
Find the eigenvalues and eigenveitors
of the following matrix.

(o 1')

[-z -sJ

sq< c{Mr< qRra-qil{ \fls qR[ordreE{ c<l<

Efrsctr

(o 1)

[-z -sl
(c) Obtain the Gauss's law in a dielectric

medium.

qEfr<ECs rtvlas t[EF Tq.ctr Gfrs<t t

(d.) A spherical shell of radius R has been
kept at a constant potential Vo. Fiird an
expression for the potential outside the
shell at a distance. r from the centre of
the spherical shell using Laplace's
equation.

R<IFrytft (r1Eilqf< (qt-{ qBt yo m< fu<s <"tt

?qcer Et"rEIK )rfr+.Eqtfi <r<qf< ffi 6xffi13

<rR<sbm cs-q< eFrt r['tru q-<fu .qBtR-W

fugqqqriffiBfrsnt
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in an I--C-R (b)

qil ;c-n s6fls <FAr a-{R ltrq fr lgta

3. Answer ang fourof the following questions :

Sx4=2O

ws frs{ eHr<rfi fuftqt6lffAq6-€< fiu, :

(a) Show that the following matrix is
orthogonal.

s-am cqMf e.ffrs 1fr cnlrsct r

(%%%\
lx % -%l
l% -% y,)

(%%%\
iy, % -%i
l% -% %)
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(e) A lm long wire of cross-sectional area
5x lOa,cm2 carries a current of 10A. Find
the voltage drop in the wire.
Given : conductivity of the
wire = 5.8x 197ob*-t*-r.

r fi;?q{'q$ 5x 1O-4 C?sfrszelEmfrl o.rB<

6l< euq-s 1 0 .qf-"ifl]-{ &rs er<rqun r- tqqkq r

.c*t< v-rEo etct ?fs;K Tlq s-{ r qq-E'

gcorsm tos frtfrs? $otfrRFrEqFF2 frsfrs

<t<{tdE <{t {ffir +B <l-QK oR eq{ {Ks

Ttr'K ?<qr vfr f"n< Trc?v.i1 2 'f{t ffi1,T
s<-sRnE ,{bt 4qlcft< t{q{r t<qr {r+s{d\o

lov Rs< ermfl sRcq t+ltr frfu "tB< $q

frat+r aqv c{ <t{tdl EFs @$ elc{{rsrc

ffi $'$$x lO-12 Cu<fu7ffit< t

(g) Give a brief discussion on the effect of
an external magnetic field on a

ferromagnetic' material.

eBf ffiq5fia "F?rcf< 
seFru q"F qfus dR-s

csrFr ersK< fiTc{ Es$ qrFilD-{l s{t r

@ Obtain the expression for the electric
fiel.d due to a uniformly charged solid

sphere of radius R at a point outside the
sphere using Gauss's theorem of
electrostatics.

R-s< fr.fr

eitBe< {qrrt <r-<qr< oR n il:ryl(< W:rsfrc
\Tf iflqTs carH canar+ qbK <lR<<,qbt kw fikrv

r$Ei dKEr{ a-s'rRFi Efre<t r
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c< GFr q-q< ?<TiGs "rmsr qh s.B" 107

w?-r fr:-t r

(f) A capacitor is formed using two metallic
plates each of surface area lOOmm2
separated by a distance of 2mm.
Suppose the space between the plates
is filled with a material of dielectric
constant 2. lf a voltage of 10 Vis applied
across the capacitor, calculate the
energ/ stored in the capacitor.
Given : permittivity of free space is
8.85x 1g-L2p7n-r
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4. Answer qng one of the following questions :

10x 1:1O

Eq\o fi$ S{rrF< fulrqtqFFBg< frsf :

(a) The equation of motion of .a simple

atural frequency a.ro is given by,

#+a$x(t)=fcosatt
where x(t) is its position at time t and, f
is a constant. Given : at t= O, x= O and
dx
dt= 

0. Find *(t).

m gsr gf$ ab SffGs g'nel-+Ii6 frffi .qbt +<q
{TIEE 641-E-s te<qfi-$<ffitsqgfr{f <<"K r

*9 * r,S *1r1= f cosat
d.t2

<b x(r) E-qt< r q:ffir q-sqt{ qt+ /eBf s<-s

<rRr fipr qrcqs r:o E x=o* #=0,
*tr x(r) fifre+r

t2

(b) A sinusoidal e.m.f. of amplitude 7o and

angular frequency ar is applied to a series

inductor-capacitor-re sistor (L-C-R)

circuit. Find an expression for the

impedance of the circuit. At what

condition does the circuit become purely

resistive ? 8+2:10

vo frfu{ e[$ o dfro q'emiqfrffi

Contd.
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Eq-rruE e.m. f. 6t qbr cqfr{a qrs"rs Wfr-

{r{s-c{frFF (r--c-R) 
"1ft< 

ermfl s,rf tq(q

<r6ffdl< afufr1< eFFI.l <tft Efrs<l I fr DG

Trc"rsQ eBt Rsq c<l<rfis $r'fr ?q "f[r< ?
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(c) State the Biot-Savart's law. Derive an I qU ?.<TrB-s kcn-s< <rc< w< {-q6ctt qi'cqt

expression for magnetic field at a point I *,
on the axis of a circular current loop. 

I2+8=1o I E=-l"ls1B'r1r -l
{s-Dr\,tr<Tq6iftr@er<rqur6s{€r-sr< I 

"-n;Fl-z--o,

TefiqBRqssq<@ cs'rcmeBrR"gu dfr's I "b 
E 1<g6s cwq, p firq-sq{-s, e6 {egr

rsE?I er+t"t<rft Efrsct I I 
=*@ar<lnotqre 

r?<qffiKqiqn
I

(d) For an electric dipole, estabtish the I n"qic{Gsc$fisldr{a<KqfiT<"Fr?<Er&s
following relation ' I cm-q?rfrn E<g r

E= 1 lr(f,rY =l":671--7--n1

rn here ,D is the electric field, p is the

dipole moment, es is the permittivity of

free space and ris the distance from the

centre of the line joining the two charges

of the dipole to the electric field.
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