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( Mathematical Physics & Electricity
and Magnetism)

Full Marks : 45
'Tim : 2 hours

The ﬁgures in the margin indicate
full marks for the questions

Answer either in English or in Assamese.

1.. Answer the following questions :  1x5=5
Ool AROTRS Teq a3

(@) What are the order and degree of the
followmg d1fferent1a1 equat10n ? :

Contd.



oY ﬁ?ﬂ R ﬂﬁ’lﬁﬁ‘ﬂ?ﬁ et (order) e
: "511_ (degree) ﬁﬁlﬂ ? -

dy dy

a? ax Y

(b) Give an example of an anti-Hermitian
matrix. _
<51 eﬂ%mﬁmﬂ mﬁr« Wﬂﬁmn

(c) ?What is the dlmensmn of capamtance m '

terms of the fundamental quantltles
- (M, L T,1)?

csﬂﬁawﬁ(M LT, I)awnena— © 4RYS Tl
et

(d) What is the SI unit of magnetlc dlpole

moment ?
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| (e) What is meant by dielectric polansatlon ?
ﬂaﬁa&zrf“w Rl S ﬁs {m?

2. Answer any ﬁve of the followmg questlons '

2><5 10
(@) The equation for radioactive deéay ofan

~element is gchn by, K

(O

wherve. N(t) is the number 'the’ element

at time t and-A is a constant. Given

N(0)=N,. Find N(2).
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aﬁrmmwvﬁmmi’a

- dN(t)
.' 4dt

=-AN(t)
T N(i)tzcatw— <! GBI R W
A @ﬁmaﬁl cofoat N(t) ﬁcﬁW|m
@ N(O) | |
(b) What is' the differcnce.betwee‘n an
ordinary differential equation and a
partial differential equation ? ‘

'. a‘mm«quﬁwqwaﬁw%w
| ﬁmﬁam stiefy e

. (c')' I’f A is an nxn matnx, ~sl'iowithat
 det(-A)= (-1)" det(4)
IMTR.A <1 nxn am =, (el a
| det(-A) = (-1)" det(A) 3
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(d) Stairting from the equation.
IxB=uJ
show that

um—

$B.di=pl

‘where the symbols have their usual
meanmg

76 BRI RIS Tl o<l 72l T |

(e) A voltage of sinusoidal waveform is
: appliéd 'acro's"s a resistance. Show that -
the voltagc and current in the resmtance

are in the same phase :

-«ﬂw @W"f‘i‘f{@m_?‘(ﬂﬁﬂﬁﬁ—aﬁmﬂ
1 (TR I (Y mﬁﬁmh@%m,
| TB! THICS ACE |
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(f) An electric dipole of moment 5x10-8
coulomb meter has been placed in a
uniform electric field of 2x 105 Newton /

- coulomb. Calculate the maximum torque
that the field exerts on the dipole.

© 2x108 3 EGA/geT MR I G -

{& i) 5x10-8§§a=aﬁma—lmsﬂ%‘thzﬁ‘w

. ~w@mwmnz@mmm
o eWﬁNﬁWWWﬁﬁWI

(9) -Show that

’ ‘VZV =P
L %o

- where Vis potentlal pis charge den81ty ‘
~and &, is permltt1v1ty of free space. ’

‘ cwﬂw @

V V2V '=‘._£
. &

T® VpW £. Wﬁm vsnznaww
WWWWI
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(h) ‘Two parallel long stralght 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,

y;47ixi0'7H/mj

atqwr 1ﬁ:mmrwzw cvnaﬁ‘ﬁaw
| Wmawﬁ% 10 aﬁ»mﬁﬁ@@ _
a1 o T R | 2 (1S A,
m= 47zx107Q-‘»'ﬁ/ﬁ?|

(i) ; Shovv that the capac1tance of an 1solated‘ ‘

metalhc sphere of radius R is 4regR,
-where g, is permitti{rity. of free space.
| (TR (@ SJRENTS (ST (AT oI 4R
- &R 4R, T £, (RIPI I @Pfes
. | o
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() What is wattless current in an L-C-R
circuit ? | |
&Y L-C-R T A6 21 e R qert
3. Answer ariy .ﬁ)ur of the following quéstioné :
| 5x4=20 .
@ Show that the following fnatrix is
. or-thogdnal; - '
(s % %
% K%
oo U =i I (et |
(BB K

%j%; %)
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"(b) Find the eigenvalues and:eigenvectors
of the following inatrix.

(53

(53

() . Obtain the Gauss’s law in a dielectric
medium. -
ST TS B Ao Tt |
(d) A spherical shell of radius R has been
- kept at a constant potential Vo Find an
o expression for the potential outside the
shell at a distance r from the centre of

the spherical shell usmg Laplace’s -
equation.

RW«CWCW«Q?T v aﬁaaﬁmwm
QR | AR ﬂﬁﬁm‘mwzﬁﬁ*cw
WWWWrWW@ﬁW
Roge g AR Slet |

1 (Sem=2) PHY/G 9 ~ Contd.



‘(e}_ A lmﬁlcng wire of cross-sectional area
5x 10‘?01712 carries a current of 10A. Find .
- the voltage drop in the wire. |
' Given : conductivity of the
w1re - 5-8x 107ohm’1 mcl,

17%2723@13:&104 @ﬁ*’?mszﬁaawﬁa ‘
—RWNMWMWQWI
S ot mﬁsﬂwm'ﬁcﬁw:m“
NWWWWWSSHN
oyl fst

1A A c'apacitof is formed using two ‘metallic -
} ‘ plates each of surface area 100mm?2
Aseparated by a dlstance of 2mm.
" ‘Suppose ‘the space between the plates
is filled with a materlal of dielectric
- constant 2. If avolta'ge'of IOVis applied:~
o across the capac1tor calculate: the
.+ energy stored in the capac1tor ‘
 Given : perm1tt1v1ty of free space is
8-85x10712Fm-1. '

| 1(Sem-2) PHY/G 10



SCORECE 100 efis2 o i Rg oI 2 Mefis
JRYTS T QAT T IR IR a4 4T
IR e R e S 2 o[l 22@1%45
SRS <1 Amd o T TR ) GRS
10V R e FRe Zars s e ww
Reviv 2 247G @ I S Wi a@*ﬂ@ﬁ

W 8-85x10-12 mm/ﬁ%‘m

(g)‘ '.G1ve a br1ef discussion on the effect of

an external magnetlc field on a.
ferromagnetlc material.

ﬁ%t (ﬁTiE‘iﬁ?lﬂ el eoTS uﬂﬂﬂﬁlﬁ'ﬁ‘ cﬁﬁ?ﬁ
-~ (h) Obteiin the exp;-‘ession for the electric
field due to a uniformly charged solid
sphere of radius Rata point outside the
‘sphere . using' Gauss’s theorem of
electrostatics.: o ‘
B enw ! W TR R amzfa :mm
TS Qﬁ“ﬁf cma%mifmmﬁwﬁtﬂﬁ
R AR PRI St
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4. Answer any one of the follovvmg questions :
‘ ' : ~10x1=10

Tﬁ%mﬁmﬁa ﬁmmamwm

(a) The equation of motion of a simple.
harmonic oscﬂlator of mass' m and

natural frequency g 1s given by, .

dzx(t) | ,
T +a)ox()=fcos_wt‘

) Where x(t) is its position at time tand f
is a constant. Given : at t=0, x=0 and
ax ‘

=0,
a. Find x(t).

mWW @y Wm\asﬁﬁmﬁw,
oS Wﬂﬁﬁﬁ?ﬁm—ﬂ@ﬁmﬂ?‘ﬁl

- dx(1)

2 +wox(t) fcoswt'

TS x(t) thm%%f@ﬁm
'@IAWAW.St=O$X=OW'%=OI
cofeat x(t) Refa =zt
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_ (b) * A sinusoidal e.m.f. of a-mplitlLllde Vb and |
Aangu.‘glar ffequency wis a'pplied to a series
\indgctor—capééitor—fesistar ’ZL—C—R).
circuit. Find ém exp'l_"e'ssion for the .
imp_eidance of tiqe circuit...Af what
condition does the 01rcu1t becon;le pgfely
'res@stiv,e > - 8+2=10.
| v0 Ww o m@ﬁﬁ'@ |

, We m.f. (J’:Ttﬂﬁ CEI%WQE‘@ﬁ-
Q- (L-C-R) TSR zmsf L2 ZQ'CQI
Tﬁﬁﬁ ﬁﬁwaﬁ zi?ﬂ*i i S| s 5%

- _mwagqmﬁw; e T g e
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(c) State ‘the Blot-Savart’s law Denve an
- expressmn for magnetic field at a point
~ on the axis of a circular current loop.

2+8=10

W4mmﬁsmwmsﬁ@q@m
@ﬁcﬂ%ﬁwmﬁw@mmﬁﬂrcﬁﬁ? |
E Wwaﬁ@ﬁ@ml | |

(d) For an electrlc dlpole estabhsh the

" -following relatlon '
.1 3(p-f)f N
-E = - 3 [ : rz’. ¥ ""p

where E is the electric field, f’ris the

aipOIe moment, &, is the pei-mittivity of

- free space and jris- the distance from the
centre of the line joining the two charges
of the dipole to the eléctric field.
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aﬁhg%&ﬁm«mwwmm
Salll |

.1 [3ERF_ ]
E= 3[ 2 —p]-

4reyr r

"’WEWW PWW sozmmm
- w@@%mw rmﬁm@ﬁwﬂ
'Wﬂwmﬂﬁ%ﬂm -
mﬂﬂiﬁml
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