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PHYSICS

I (Sem- 1) PHy

Paper : pHyO100104

( Mathematical physics and Mechanics )
Full Marks : 45

Time : Two hours

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

Answer either in Engtish or in Assamese.

1. Answer the following questions :

EE\5 fi$ qqr{r<< B-w fi:n a

(A) Coriolis force on a particle moving in a
rotating frame of reference is
(t) Parallel to the direction of angular

velocity of the frame

Parallel to the direction of velocity
of the particle

. Perpendicular to the direction of
velocity of the particle but parallel
to the direction of angular velocit5r
of the frame

1 x5:5

(ii)

fta



(B)

{iu) Perpendicular to both the direction
of velocity of the particle and the
direction of angular velocit5r of the
frame

Tfu q{frc tn-G.{fu aB oR qmr

$t+si qDr< s"r<s frtt o<t +ffi^q<-q
(t) Etrrrc qh&< drfts F t{ frfi

TTISRIET

(it) sfr-s[bK c<ffi 6qrf{ qrfs<f{

(iit) sffiK F f{fr{<6mfr.'qEmrc
qq-G< ffifr-s (<rR frt< q{rsrFr

(iu) o,ft-qffiiq c<rx frt gfi" qffiio
qq&< cfrft-$ Ffl< ftt ncnbnn q,q

frqs
If t is the angular momentum of a
particle of mass m moving under a
central force which one of the following
is- the true expression of areal velocity
of the particle ?

0 de/dt = Llm
(it dA/ dt = 2L/m
(tu) dA/ dt ': L/2m
(iu) dA/ dF Ll4m

{fr cs-Sr <6Fr avRtg rtG $R crsf m v<<

sn-q1 qB1-q ffit+.s v{6rrt l, q{ 6srssqrs fitt
cordrtt rrFm +it-otrtt< ffiq:Ffi{ 6<rt {q]r?

0 dAldt : Llm
(iil dAl dt : 2Llm
(iit) dAldt = Ll2m
(iu) dA/ dt : Ll4m

(C) If I is a vector field which one of the
following is the correct expression for
it to be an irrotational vector field ?

(t) Y2A=o

(it) Vx,4=O

(iiil v.A = o

(iu) VA = O

{fr A ,qBt cgh csq E-{ NCs uE< co.rdrBt

{frfi(.t v-qftqlq 6s& 6q'q {q.K?

0 Y2A=o

(u) Vxi:O
(iit) V.,4 = 0

(iu) V,4 = O

1 (Sem- 1) PHY/GI (Sem- 1) PHY/G 32



(D) If A is a vector and dS is an
elementar5r area vector making an angle
of 60" with the given vector, which oneof the following is the correct
representation of vector flux passing
through the area ?

aS mq-< W ffiETe cvffin< n cvB<<
E IE 60" m"t sR ql6qt roq{ csFlbf <rft(I
(rFET-{?r{< TICW< "fi< tq mm re?< ercrq
(flux) Ta.K ?

(i) l; llas I

(ii) l;lldslf

6ia l; llds l;
(iu) o

(E) If A is the amplitude of simple harmonic
oscillation which of the following is the
true relation between total ener$/ E and
amplitude A?

0 EqA2

@ Eq.A3

(iiil E q A-2

(iu) EqA
qfr q-{{ qfi1ls= cqFFK R-sK A en curs uq<
mrd-&t {-r@ fist< A qFF 

X'a 
qm /E/ qtq<

erfe q-,r6 ffi1 5-52

(t) EqA2
(iil EqA3
(iit) E q A-2

(iu) Eq A

2. Answer ang fiae questions from thefollowing: 2x5=1O

sE< &rofA qfFA srm Uw fixn a

(A) If rp=3*rA _Aor2 is a scalar fie1d find
Yg at the point (1,2,1)
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(t) l; I las I

(,) lalldsl*

(iit) l; llds l;
(iu) 0
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\

{fr e = 3x2a - ao r' eBt ffiEK csq q{ Frg
(t,2,tt frW yq 4 m frft mtr

State the Gauss's divergence theorem.

{EK q"FF{6t (divergencel G"t"ttrrcbt frrtt r

From the gradient operator V in
spherical polar coordinates obtain
divergence operator V2 in spherical
poiar coordinates.

[rflGiFFK 6Sg, EHlrc "lhBE v q"fr6{E-fi 
"r{t

yz q"p636q(tl Bfi'e<f I

Show that F =Q* * rr)i + x2j + 3xz2i
is an irrotational field.

Cqt\e<l C{. F =b* * rt)i'* *, j +3x22fr.
.{"F qqdT${ cs?< csq r

(E) Is Earth an inertial frame ? Justi$r.

"lfAI+{F srs Erflrc thfr ETrc{ ? 1& qrfi<t 
,

(F) Give the expression for Coriolis
acceleration. If a particle falls vertically
downward in Earth's gravitational field
what will be the direction of deflection
due to Coriolis force ? 1+l=2

1(Sem-1)PHY/G

(G)

(B)

(c)

$ffiqRy{fi <rfi1t1 frwr {Arft< qr<il<n{"r

csEl\o sft-st qBt U-{'{ frrls sEh qR qrcr

sRBIfr^q<rE stffir mndt fr{E rt& s{K ?

Show that angular momentum is
conserved for a central force.

c?-{s<t c{ mfr rcF{ csEn$ cfift$ v{6rrt

{i<ITFE qT I

Calculate the reduced mass of a system
constituted by a star of mass 2xlQ3o Vn

and a planet of mass lO24 kg.

)xtg3o frsdts vsr s<t eBt\sK" to21 frsdls

v+< Sq..$'lc< fl0s wBttl<t EIR<I w (reduced

mass) flfi Gf I

Semimajor axis of Mars is 228xlo6 lcm

and that of Jupiter is 778x7O6 km.
Obtain the ratio of their orbital periods
while they move around the Sun.

(D)

(H)

(r)

46n 223x 195

dftfi sqntr<

1 (Sem- l) PHY/G

{w qFF T{{e ers <lFrtqK q(TqI qs qh

krn 9ls 778x7O6 kml If,<
Aq-&q sfE< w{fF5 tsfreclt
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(J) The displacement of a simple harmonic
oscillator as a function of time is given
by

aQ)=+"r.(4ooJro t + so)
J10 \

Obtain its amplitude and time period
of oscillation. 0.5+1.5=2

{-{-q 4fi'W- 6ql6rs ,qBK q-{"t oqo fut {q r

-1t- \

a k) = 
r-= 

cos (+ooJl o t + so)

fu R-sK qK n{m<FH fr.fg wtr

Answer ang four questions from the
following: 5x4=2O

sam frcozar aqA €mr< Ew frsr a

(A) The acceleration of a particle at any
time f is given by

6 = (r2cosztlii -(asn zt)j +(rot)[

If the velocity of the 'particle at t: O is
zero, obtain the velocity vector at
anytime f.

1 (Sem- 1) PHY/G

, I:ITIE $ft-St qb]<t Y{q {E
6 = (t2cos2t)i -(asln zt)j + (tot)[
qfr 1= o q:clg $ffit< 6{rt W q{

frcolrTt )Trfiil r s $[Mt< (<a 6s*rtt
Bfrs<t r

If gravitational potential energy

written as V(r)=-k/r, where k is

constant and ,=J*'+g2+22 show

that the negative gradient of V(r)
becomes equal to Newton's gravitational

force, F=ki/r3.

{fr 11q1-6'{ms QB "rB v(r) = _k / r q{ {b
k qBt g<lr qF& , = J *' + 92 + z2 ffiFd<

wqt+{q <3I F =ki/r3 qK' -Vv(r) mn

1R m'pn r

(C) The line element in Cartessian
coordinates is given by

dl2 = d.x2 + dA' * dz2 . Obtain the line

element in spherical polar
coordinates.
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o.rdQr qrrrc qq-&E wKrq6.r

dl2 = dx2 + da' * dr, nA frq qt 
r

cefq-fit cT-+ qqfrE (spherical polar
coordinates) vgffi Efrs<l r

(D) Angular velocity of Earth is 2xLO-Z
radian/sec and its radius is 63Tg km.
Obtain the centrifugal acceleration of a
particle located at latitude g = 60" . If
the angular velocity of Earth is
expressed as dt = atcos rp j + a;sinqk
and velocity of a particle falling
downward is i = _ufr. obtain the
magnitude of Coriolis acceleration at
the latitude e=60o. 2+3=5

tftfi< dfr-s Gai 2x 1s-z 6afua6/cqrc\s qK,
tsrc 3rqt{ ql{ 6378 frafrg I 60o qE iil
(latitude) s \n<Qg $A61 qbf< e"f<E fr;$t
3q1 qa65fu-6 v<cr< Wq Uhertt {fr {Am<
6frfts c<trs dt = ro cos rp j + a sin rp i ql+
W-lo qrqTfr sfr-fl qEK 6<rrs D = _ufr
$ a-tT.l €f qn', cscg 60" gq.tirl-s sffiq-q
g{6f< TF frfr m r
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(E) State work-energy theorem. A
conservative force is expressed as

F = -yU, where U is the Potential
ener$i. What is the total work done by
the force in moving a particle from point
A to point B? Use work-ener$/ theorem
to prove that total mechanical energr
in moving from A to B is conserved.

l+2+2:5

p1{_.ifu tq"nqrfi frqn r <fr u R&.rfu q{

,srs {ss"i$tETf,qBrc F = _yLr {a ef$T"i

Gt qr I A fin-< "Kt B R-t?E $t'fqt qA fr-frE
q?<eft< frflq sr{, sR< E.tfr<? +r6-{fu<
ts4"ttqI <r<qr{ oR cn'1scl c{ A < "Kt BME
a1ft a66s $fMt< $ qrfts rrB qsfrs
q{l

Assume that two particles of mass m,
and m2 are undergoing inelastic
collisioh. If the velocitie s of
the particles before collision are ut = u
and ur: O and the two Particles stick
together after collision, obtain an
expression for the velocitY of the
composite after the collision. Show that
there is a loss of kinetic ener5/ of the
system. 2+3=5

(F)
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(G)

(H)

mr eK. m2'v-sr stfst EbR qQeq1"ts qffi6
fre t<qr{G{< tFsl.rot Fr< mutRtf, u, = u
vl+ r,q = 61 qiffi FEs $ftfl 1bt oaffi
..qA sn-fl\o qRqu qfi I qiffi Freu 1p R;$
qQ sf6f$ttbR c<E ftqr{ ? 6q.t€il c< qQ
afrnd'm qrB qq.futrc afu.fe< cFn qt 

r

Obtain the moment
circular disc of radius

4. Answer ang one question from the
following: 10

v-d-< fr@tgl qA grr< BB fut z

(A) 0 If (u,ul are two curvilinear
coordinates and (x, A, zl are the
Cartessian coordinates expressed
as x- x(u, ul, U=a(u,u) and
z= Z(t-t, u) show that the squared
differential arc length

dx2 + dA' * dz2 can be written as

Edu2 + Fd.u2 +2Gdudu. Identify
the functions E, F, G. 5

olcfQaqFtrc (x, y, z)o<ot<RoqFrtw

(curvilinear coordinates) (u, u){

z= z(u, 4 nfr esH S't to r cnrls{
(<sl6Ar wwfE ffi a*z + da2 + d_22 ,

Edu2 + Fdu2 + 2Gdud.u 1fr et-sl'.t

sR< {[<t E, Fqr+ cfrfrmtr
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of inertia of a
R and mass M.

Mv{ qF$, R <lHt{< lax cllE qqT{ c?v q]Ts
fr"fu wtr

State Kepler,s laws of planetary motion.
Show that areal velocity of a planet in
an elliptical orbit remains constant only
when angular momentum is conserved.

3+2=5

dq tG< csefEr+< Tq mtr Raf r cnle$ cq
el-q ebK cs-qrFfiT *o ga1€< s.s"fct .qbls
$,+s qn {firq OEZtt< cfifr-$ \e-{<rt {K&tr
{{t
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(iL) If r is the magnitude of the position

-(r\vector 7 obtain t[.;.J. If electric

field is expressed as negative
gradient of potential energy

E = -yV, obtain the electric field
if the potential energ/ function
is given by V= -k*A, where k is a
constant. 2.5+2.5=5

<fr . EFIrc cvk 7 < Tl4 q-{ CsCs

< Tl{ frfr mtr <fr rz Rps

Obtain gravitational potential outside' on

and inside of a spherical shell of mass M
and radius R. What is the value of the

(c)

"(:)

Mq{ qK. R <il':Tt6 Cfl16il-$r< c<l'l-f, (spherical

shell) ,{bt< <tRs, "ltvtef< €"FlE qt+ q6tqs
{'{<rfts Rs<< xR Bfr'sclr qqo{t-o $<<<

n1-{ fiwr{?

(D) What are the assumptions made by

Poiseuille in deriving rate of flow of a
liquid through a narrow tube ? Derive
Poiseuille's equation for rate of flow of
a liquid. $+/=10

fiq q_ft ,.{s6r< nI6gI.6< e$fu \r<6Fr eKR< q.<

tsfr*g<to "ReVfim fr fr q-{flq sR<-{fiTt

ffi? g-<6t 
"Pild< a-{f< qt{< <16( "Eet_fi<

rifrfrqt0t q'r{ s-<t I

Gravitational constant ? 9+ 1= 1O

5000

(B)

15T4 1 (Sem-1)PHY/G

fi-s< tfu q{ cs(s Rps c+e rm+

E = -NV nR fr"il q{ r {fr v= -kxa
q{, .{b k qbt $<Np <'lli, csrs FEre,

6S-q-'rP--E frfr mtr

Derive the relation between Young's
modulus Y, modulus of rigidity r7 and
bulk modulus K.

?-qw s6ft(s y kqqq s6ft($, 4 \ryr+ qErc;r

e6[(s K 3 qfsrr q-"r6&f q"r{ Gt I
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