e

LARY

G.L. CHOUDHURY COLLE

J

e
N

? et S

MLL.C.

@al number of printed pages—15

1.

1 (Sem-2) PHY
2024
PHYSICS
Paper : PHY0200104

( Mathematical Physics & Electricity
and Magnetism)

Full Marks : 45
Time : 2 hours

The figures in the margin indicate
full marks for the questions.

Answer either in English or in Assamese.

Answer the following questions : 1x5=5
O SRS ©ed Al 3

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

d’y dy
—=4+ =4 xy=0
A e T

(4] X

Contd.



(b)

(c)

(@)

weTe T Se ANIFICIE Wl (order) ik

91 (degree) & 2

2
, ¢y y+%+xy=0

dx2

Give an example of an anti-Hermitian

matrix.

5! efo-ziufam ffET Sreae |

What is the dimension of capacitance in

terms of the fundamental quantities

(M, L, T, I) ?

cnfers i (M, L, T, I) S SIS 4999 @l

foefa =4 |

What is the SI unit of magnetic dipole

moment ?

Gif%s ke aises SI 5 62
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(e)

What is meant by dielectric polarisation ?

Ao R i 5 g e

Answer any five of the following questions :

2x5=10

(a)

The equation for radioactive decay of an

element is given by,

dN (t)
dt

=-AN(t)

where N (t) is the number the element

at time t and 1 is a constant. Given

N(0) =Ny. Find N(t).
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(b)

(c)

GO (ST GTETT SEFIS I BB T4,
dN (t
dg )=_,uv(t) |

TS N(t) 20 t TS 93 GIEADR TR

A <51 5 Fif4 | cofort N (t) ﬁcﬁWIW
@ N(0)=N, |

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

B ] TIPS T 9 SN B! SIS Se
AT ere 2A1e F ¢

If A is an nxn matrix, show that
det(-A)=(-1)" det(A)
TMCZ A 961 nxn GG 27, YS! (@

det(-A)=(-1)" det(A)
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(d)

(e)

Starting from the equation

6XB :« ‘LloJ
show that
#B.a—i = l[.lo I

where the symbols have their usual

meaning.
Vx B = gy J TSGR [ (red (@

T'e BZEIE AARICS Tl o1 329 T |

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

AU @ig fEEEaree wakel Feid e el
Tl (2rzl (14Edl @ et 9% [yfes 2R
QUFG! IS ACE |
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()

An electric dipole of moment 5x10-8
coulomb meter has been placed in a
uniform electric field of 2x10° Newton/
coulomb. Calculate the maximum torque
that the field exerts on the dipole.

2x105 93« 86 /Fe19 TF TN @Afes
(FqS 5x10-8 To77 [GR TR 961 [@pfes
FACTE 1o a1 (20 | Ty Coraei TRCaeCoIa
TS TS| 91 AT 56 e w11

Show that

e
€0

where Vis poténtial, p is charge density

and g, is permittivity of free space.

(e

VI el
€0

TS V, p OF £, FAECE {9, 4 TG O
AP ZI (APIo rirst |
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(h) Two parallel long straight wires at a

()

distance 1m 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,

u=4rx10" H/m)

AY TGS 1 e IRAITS I O (211 WTe] O

| P WEE 9@ fee 10 «fiwe e

BifeT® 0 WITE |6 oK 2AfS G5 (s el
(2RI o) I [efa 3941 | ewe (@ Y A,

u=4rx107" 2/ 12|
Show that the capacitance of an isolated
metallic sphere of radius R is 47 &R,

where &, is permittivity of free space.

(YAl (@ HAFIFS YOI (AT O AT
am4ne,R, TS 5, (RRIIA FN (Igfes
ATl |
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() What is wattless current in an L-C-R

circuit ?

&bl L-C-R I9T® MBI &[Z Wi & @i 2
3. Answer any four of the following questions :
| 5x4=20
weTe [l eI Rigpiea bifesra e frdl ¢

(a) Show that the followihg matrix is

orthogbnal.

= 4
4.t
A ko

oo (RTGIs! A 3 orgeal
(% % %

L% Vi -7
%-% )
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() Find the eigenvalues and eigenvectors
of the following matrix.

120

o (GBI SRS Sl SRS (I

Tlenedt |
G R
2

(c) Obtain the Gauss’s law in a dielectric
medium.

SRNAGOF AT SSZA FACH! Tleredl |

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

RFIES (oI (AT 961V, A% feqs a4
et | SRR TG0 TR IR AR

Qi B (T Sl RS SR ES b RS
foge 2/ i Sfened |
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(e) A 1m long wire of cross-sectional area

5x10~4cm? carries a current of 10A. Find
the voltage drop in the wire.
Given : conductivity of the

wire = 5:8x107ohm~m1.

1 fas ory =1l 5x 104 (2ef322 &gz 1Y e

I GORTS 10 aﬁﬂmﬁg@mﬁfﬁwﬁwl-,

S TleTe (@RI et sfeag S Fefa a4t | 2ve
@S9 TR @gfes oAf@ifEel 25 5:8x107
oy fae-1

A capacitor is formed using two metallic
plates each of surface area 100mm?
separated by a distance of 2mm.
Suppose the space between the plates
is filled with a material of dielectric
‘constant 2. If a voltage of 10V is applied
across the capacitor,' calculate the

energy stored in the capacitor.

Given : permittivity of free space is

885x10-12Fpm-1.-
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(9)

()

AT 100 fsfaie2 s ifer R i 2 Msfie
JREITS U T Fol G TN G 47T
QA1 (ZCR| Fel YA qErell 2 2| ([@gfes
FAFRME GOl oM o 31 (20= | 4FFATS
10V e orisl sRea 2are [iRe =ifes =
2 2e (X I NS [@PieT A e
i 8:85x10-12 (zrarw/REH |
Give a brief discussion on the effect of

an external magnetic field on a
ferromagnetic material.

451 FTIRL AT 1T 2ieR 8olTe U2 AT GI%F
(FEH AORE [RIQ 5 SEAIGH] 1 |

Obtain the expression for the electric
field due to a uniformly charged solid
sphere of radius R at a point outside the

sphere using Gauss’s theorem of
electrostatics. ' ‘

SRR FACH! IR FE R JPNGI TSI
SRS (A1 (e o1 A2 <1 s Ry
CFT ARER SR SEedl |
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4. Answer any one of the following questions :

10x1=10

wore Al 2R e R AL

(@)

The equation of motion of a simple
harmonic oscillator of mass m and

natural frequency @, is given by,

2 ,
é—dic—g—tl+ wg x(t) = fcoswt
t

where x(t) is its position at time tand f
is a constant. Given : at t=0, x=0 and
& _o. Find x(t).

dt

meHR N 0, AFET Tl RS « ) e
AG© T 5{feR ATCACH! were fral 41eT |

2 .
. xgt) +ag x(t) = fcosot
dt

TS x(t) Wtwwﬂmmﬁm

=S iG] _CE_J.C_-Ol
F(f |l Stz 8 t=0 9 x= 0 W= =

cofeat x(t) 4|
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(b) A sinusoidal e.m.f. of amplitude V,, and

angular frequency w is applied to a series
inductor—capacitor—resis-tor (L-C-R)
circuit. Find an expression for-the
impedance of the circuit. At whé.t
condition does the circuit become purely

resistive 7 © . 8+9=10

V,, TR % o (FIS SRR

foe=a0Ts e.m.f. (51 GBI (HTT ST PEeT -
qa-(Q4F (L-C—R) TS 2ra0isl T (2| |
TEIGH efoaie eem i Sferedr i 56

ACACE 2 G5t Rz [T T T84 0 AE?
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(c) State the Biot-Savart’s law. Derive an
expressmn for magnet1c field at a point

the axis of a circular current loop.

2+8=10

e O TS TRIED I <5t e GBI
s o U Sleedl|

(d) For an electric dipole, establish the

following relation :

z 1 Attt .
.

4regr T

where E is the electric field, P is the
dipole moment, & 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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51 o fac, A e D el
341 '

e 1 3([9?)? .
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TS E @gfes wa, P RSN, g AP

BT Ao TS| S r T2 RGO S
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