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PHYSICS
Paper : PHY0100104
( Mathematical Physics and Mechanics)
- Full Marks : 45
Time : Two 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
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(A Coriolis force on a particle movmg ina
rotating frame of reference is

(i)  Parallel to the direction of angular
- velocity of the frame

(ii) Parallel to the direction of velomty
of the particle

(iii) .Perpendicular to the direction of
velocity of the particle but parallel

to the direction of angular velocity
of the frame
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| (iv) Pfrpend.icular to both the direction
of velocity of the particle and the

. directi .
by anffqn of angular velocity of the
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(i) dA/dt = L/m
) aajdt = o1/m
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() dAjdt=Lim
() dajdt=2L/m
(i) dAjdt = L/2m.
(i) dA/dt=L/4m

() If A is a vector field which one of the

following is the correct expression for
it to be an irrotational vector field ?

| - ) Vv2A=0

i) VxA=0

(iii) v.A:b

(iv) VA=0

o A <l (ST CFT T COTT TFW (I
AR IR (3 (FE @2

i) Vv2A=0

(i) VxA=0

(i) V.A=0

(i) VA=0
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_ (E) 1f Aisthe amplitude of simple harmonic
@) If A is a vector . oscillation which of the following is the
~ elementary ar, and dS is an true relation between total energy E and
of 60° With the e making an angle  amplitude A?. |
of the foll ©-glven vector, which one .
I'AePresentatiogw(;? g is the correct ) E«A?
v .
through the area ? ector flux passing - (i) E«<A
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| | 2. Answer any five questions from the
following : ‘ 2x5=10
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(A) If ¢=3x2y—y422 is a scalar field find
Vo at the point (1,2,1) .
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oMoy SR (divergence) Totsist Bl

(C) From the gradien

" Spherica] polar ¢ t operator Vv in

divergen oordinates obtain
poi ©€ Operator y2 in spherical
. ar COOrdinateS

(D) Show

' that & ]

' is ap g tI’T=(2xy+z3)z’+x2]'+3xzzk
Irrotationg] field.

et @ &
F:(g 3): R -
XY +z 23 2
| L‘l?l?\'\ﬂ'zlcﬁqm ; I)l+x j+3xz°k

Is Earth .
an inertial frame Justify.
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(F‘) G’iVe the e
acceleration )I?DreSSion for Coriolis
OWnwarg in Ea pa,rticle falls vertically
What wil] be tharﬂ_l S gravitational field
due to Qg it direction of deflection
Oriolis forcep . 1+1=2

®
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State ,
' _ﬂfe Gauss’s divergence theorem.

FREfR T=iS aTﬁth' Bt | sfRAT MR
s TR @Bt Tere T et AR IRl
SRR I TR CARCS! 1S oifS R ?

" (G) Show that angular momentum is
" conserved for a central force.

edl (@ R R (RS G S0
A |

(H) Calculate the reduced mass of a system
constituted by a star of mass 2x10%0 kg
and a planet of mass 1024 kg.

%1030 Rizalfs ©IF Ol <Ol W% 1024 el
©Tq 217 GBI A BN 3R & (reduced

. mass) 5o T . '
(I)‘ Semimajor axis of Mars is 228x106 km
and that of Jupiter is 778x 106 km.

Obtain the ratio of their orbital periods
while they move around the Sun.

weA o TS 7R AL S O T
T 228x106 km W% 778x106 km| T«
Gifiee 242 YO Wi PR TS Sireal |
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() The displacement of a simple harmonic
oscillator as a function of time js gwen
by .

: 1
Y\t)=—=cos(400 10t +50
0 sl 0
Obtain jtg amplitude and time period
of oscillation, 0.5+1.5=2

() The acceleratio

. n of a particle at any -
tme ¢ is given

by
= (12cos2t)f - (8sin2t); +(16t)k
If the velocity of the

zero, obtain the v
anytime t.

particle at t=0 is
elocity vector at
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If gravitationa A : e
“ written as V(r)-; ~k /7, where k is

1’ 2 42 +2% show
constant and r=4x“+y°+2

force, F=kF/r>- |

% e B W€ v(r)=-k/r @ﬁ’@
knﬂﬁ@m r=’\]x2+y2+z2 ST
W'aﬁf F;kf/r" o -V v(r) T
.5[1% et
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(C) The line elemenf. in (‘Ioartesm
inates is given by |
coordlna2 dy2 e ain the line
di? =dx* +dy” +d
element in spherical polar
coordinates.

| Contd.
9
1 (Sem-1) PHY/G




coordinates) W@:ﬁgpherica] polar

. Sfereat |
(D) Ang.u]ar Veloci
v radian/sec an

dty of Earth is 2x1077
Its radius. is 6378 km.

Obtain th

1 ‘ e c i
Particle Jog entrifugal acceleration of a
the ated at latityd
ang.ula (o] Q= 60°. If

r .
€Xpresseq velocity of Earth is
and velOCit; v G=ocspj+asingk
. downwarg of a particle falling
magnityde 0;8(2 5.=—vI€ obtain the
3 0 i
ﬂje latituge 0= nglls acceleration at
. 2+3=5.
T Q@?m 2x1077 & fam / cre oI
3 g .
7 6378 Resg| oo wwIc

-
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(E) State work-energy theorem. A
conservative force is expressed as
F=-VU, Where U is the potential
energy. What is the total work done by
the force in moving a particle from point
A to point B? Use work-energy theorem

to prove that total mechanical energy

in movi-n_g'rfrom A to B is conserved.
: 14+2+2=5
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(F) Assume that two particles of mass m,
and m, are undergoing - inelastic
collision. 1f the velocities of
the particles before collision are u; =u '
and u,=0 and the two particles stick.
together after collision, obtain an.
expression for the velocity of the

after the collision. Show that

composite COLL
there is a loss of kinetic energy of the
system. 2+3=5
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W& 1w, =0 #gwﬁt\ﬁ@ﬂ'ﬂﬁul=u | 4. Answer any one question from the
R 9@‘ foe sl W oW | following : 10
a%vﬁw%ﬁﬁmw%ﬁm | o Figat i o e A
e ol ? Ored (3 % - o
: HIEBR TR ~rw e aifewifer =y | : @A) @ 1 (wv) are two curvilinear
' ¥ AN coordinates and (%, Y, z) are the

Cartessian coordinates expressed
as x= x(u, V), y=1y(u, v and
- z= z(u, V) show that the squared

I8 U @ ‘ |
R TS e : differential arc length

. "(G') | '.Obtain. he momen (0] nertia of a
' ci'rcular t(;l t ; l ti
) 1sc of radius R and mas
s M.
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(H) State’ . 2, 4.2 +dz? can be written as
State Kepler’s laws of 1 dx” +dy” + dz t

Show that ol planetary motion. ' ‘
i . an elliptic.gumea.1 velocity of a planet in Edu® + Fav’ +2Gdudy: tdently
o wh orbit remains con the functions E, F, G S
b en angylar Mmomentuy ; stant only : ’
o 1S conserved. FIEET B (%, Y 2) FITCRS GRS
ir,| » ‘ 3+2=5 . . ) » .
Iy R M ot (curvilinear coordinates) (1, V)%
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S
o ’ Edu? + Fdv? +2Gdudy e o™
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e E=_ PN .
£ theVV, Obt?.ln the electric field
given by V= —k nction
Constant, 2540505
5+25=

M
r 3N cosy e ——

v(1
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mody;j € relation between Young’s-

by S Y, mod .. .
k modyjyg Kulus of tigidity n and
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(i) If ris the maen;
. r1§ the magnitude of the position

lVeCtOI‘ = obtaj 1
' - T Obtain V(;) If electric

field i '
Gradi :jl texpressed ~as negative
of potential energy

xy, where kis a

(C) Obtain gravitational potential outside, on
and inside of a spherical shell of mass M
and radius R. What is the value of the

Gravitational constant ?
MO S R TR (TR (A (spherical.

- shell) BRI, mﬂaemmmﬁ@ :
o Rees T Bfrel| T &

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. 3+7=10:
R T GO NEA RIS T 2] I
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(D)
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