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- PHYSICS
Paper : PHY0100104
( Matheniatical Physics and Mechanics )
Full Marks v: 45
Time : Two hour_s'

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
were fral epirdT ed fual 3
(A) Coriolis force on a particle-moving in a
rotating frame of reference is ’
()  Parallel to the direction of angular
velocity of the frame
() Parallel to the direction of velocn:y ¥
of the particle . :
(iii) Perpendicular to the direction of
velocity of the particle but parallel
to the direction of angular velocity
of the frame

Contd.

@ Scanned with OKEN Scanner



(iv) Perpendicular to both the direction

of velocity of the particle and the

direction of angular velocity of the
frame
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(B) If L is the angular momentum of a
particle of mass m moving under a
central force which one of the following

1s the true expression of areal velocity
of the particle ?

() dA/dt=L/m
(i) dA/dt=2L/m
(i) dA/dt = L/2m
(w) dA/dt= L/4m
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() dA/dt=2L/m
(i) dA/dt = L/2m
(iv) dA/dt= L/4m

(C) If A is a vector field which one of the
following is the correct expression for
it to be an 1rrotat10nal vector field ?

) V2A=0

() VxA=0

(i) V.A=0

(v) vA=0

W A < (S (FE T (o o
TR w—gcﬁﬂmw?a (%G G2

) Vv2A=0

(i) VxA=0

(i) V.A=0

(W) vA=0
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(D)

If A is a vector and dS is an
elementary area vector making an angle
of 60° with the given vector, which one
of the following is the correct
representation of vectorAﬂUX passing
through the area?

—

i |A l_dél

—

i |A |d§|i;‘°i

sl

(i) |Al|4S[5

(i) O |

dS E TEH CFOTE (STWIR A (95T
e 60° (@9 IR AR | OoTq (T AR

 (flux) gER?
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(i) ‘A\\dﬁ%
(iv) O |
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(E) If Ais the amplitude of simple harmonic

Srslfl la?OI‘l Which of the following 1s the
¢ relation between total energy E and
amplitude A ? it

() E«p2

(i1) E o A3

(i) Eo a2

(V) ExA

M 4T 1S e el A 2 cors oo
(IO A1 R A @i 5 *Ife= (E) wiem
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(1) ' E o« A2

() Eo Al

() £oa?

(iv) ExA

2. Answer any five questions from the
following : | 2x5=10

©eR [zl 2liht e Tt fral g

/ﬂ}f If p=3x?y-y*z? is a scalar field find
V¢ at the point (1, 2,1)
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Rl ¢ =3x’y - y*z? GO} (TR CFa T (S0
(1,2,1) R¥® vy 3 5 fFefa ==t

State the Gauss’s divergence theorem.

/ | ST SRl (divérgence) ToARAWI! fora |

(C) From the gradient operator V in
| ~ spherical polar coordinates obtain
/ divergence operator y? in spherical

poiar coordinates.

(B

GIIFIFIE (TR ZIE 2afes v SATE6IE 2
V2 SRR Sieed |

(D) Show that F = (2xy +2%)7 + x2] + 3x22k
/,,r 1s an irrotational field.

el (3 F'=(2xy+z3)f+x j+3x2%k
G YN (TFF CFq | |

(E) Is Earth an inertial frame ? Jﬁstify.

RIA T FFKS sime z@w e e wefd
(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+1=2
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(G) Show that angular momentum is
/ conserved for a central force.

MYeA @ FET @ IS @I S
MISIE AT BN

(H) Calculate the reduced mass of a system
constituted by a star of mass 2x1030 kg

and a planet of mass 1024 kg.

2x1030 N O Ol @51 oS 1024 B
©<F 4% GBIT 515 TG «19a 9 (reduced
mass) A1 Fq | SR |

() Semimajor axis of Mars is 228x10° km
and that of Jupiter is 778x10° km. |
Obtain the ratio of their orbital periods ;;
while they move around the Sun. |

eaT R JTAS 2% TSI Ty O T
T 228x106 km SR 778x106 km | 3«
G 9% qOR 2WHF FieR Sgoife Siied |
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1
] (t) = Nl cos (400\[1“0t + SO)

Obtain its amplitude and time periog

of oscillation. 0.5+1.5=9

W'Wﬁ—’ @maﬁamqmﬁmym

1
y(t)= J=cos _(409»/1_0 t+50)

N R o= sl fef )
3. Answer any four questions from the
following : 5x4=20
SR Rt B1eb! e e i o
(A) The accelei"ation of a particle at any
time t is given by
a =(12cos2t)i - (8sin2t)j +(16t)k
If the velocity of the particle at t=0 is
zero, obtain the velocity vector at
anytime t. '
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)i ~(83m2t)1+(16t)k
W =0 TS TG T 77
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(B) If gravitational potential energy ig ;
written as V(r)=-k/r, where k is a 4
constant and r=,/x24+y? 1,2 show ;

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

force, F=r7r/r3.

I e S W v(r) = -k /r = e
ke @1 &3 O p = 324 %4 7 e
T T F = ki /r3 R~V (r)
I oryea

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

dl?* = dx? + dy? + dz?. Obtain the line

element in spherical polar
coordinates.

% “ droed * e ) T LS FRa w598 - S S i -
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dl* = dx® + dy? 4 452 1= =4t =)
OIS (% =G fes (spherical polar
Coordinates) ST TEEA |

(D) Angular velocity of Earth is 2x10-7

radian/sec and its radius is 6378 km,
Obtain the centrifugal acceleration of g

particle located at latitude ¢ =60°. If
the angular velocity of Earth is

-~
.

expressed as @ =wcosgj+wsingk
and velocity of a particle falling

downward is ;- _pk obtain the
magnitude of Coriolis acceleration at
the latitude ¢ =60°. 2+3=5

sjf1R (&4 @51 2x 1077 @fam / e o
2R I T 6378 Fefis| 60° ot
(latitude) © SR%S AT GBI e feml
T SRS wS T TREed | I oReR
FoT @O &=wcosgj+wsingk &
TR ST IR DR @ - i
31 o 1 T, (90T 60° TFFRAS FREATZ

TR W T =
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(E) State work-energy theorem. A [
conservative force jg expressed as /
F=-VU, Where U is the potential !

energy. What is the total work done b :
the force in moving a particle from poin};
A to point B? Use work-energy theorem
Fo prove that total mechanical energy
In moving from A to B is conserved.

e 1+2+2=5
G- TotaAms! | 2 U e =
(o0 FFFNA T B f = _yy FEems
1 201 A R 51 B R ol b Bt [
% I R A o AR R
- ToAeling TR I (RS (@ A T 5411 B Rt B
S IS FAFTR P fEs e A |
28| A ~

(F) Assume that two particles of mass m, .
and m, are undergoing inelastic #
collision. If 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
composite after the collision. Show that
there is a loss of kinetic energy of the

system. 2+3=5
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Obtain the moment of inertia of g
circular disc of radius R and mass M.

(H) 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
% MR (AR T (@1 | et @
U2 DR (FEFAR @5 THFER FFAY BT
4T W I ATOR FNF ©9@e weahEe
7
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Answer any one question from the [
following : 10

T R @ 2R e o

(A) () If (u,v) are two curvilinear
coordinates and (x, y, z) are the
Cartessian coordinates expressed
as x= x(u, v), y=y(u,v) and
z= z(u, v) show that the squared
differential =~ arc =~ length

\
AT o

e 15 A W T e o 04, O S e

L2 8 FUCHCINPe LI SIS S TR ot WL TR M A A TCE TudY W - R e N

dx? + dy? + dz® can be written as

R

Edu? + Fdv® + 2Gdudy - ldentify |
- the functions E, F, G. ) S [

IR B (x, y, 2) T ISERT ZAIF
(curvilinear coordinates) (u,v)3

IO x= x(u, v), y=yu,v) A

z= z(u, v) IF I [ eI (RS

@ FIERE TG TG dx2 + dy? + dz?,

Edu? + Fdv?® + 2Gdudv  Jfe1 2™

fa Afiql E, F9=R G Fda =11
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(W) If ris the magnitude of the position

1 .
vector 7 obtain V sk If electric

field is expressed as negative
gradlent of potential energy

" F-_vy, obtain the electric field

if the potential energy function ‘
is given by V= -kxy, where k is a |
constant. ’ 2.5_+ 2.9=5

- AT (O TN W (ST

OEEEUENTE R

e e = cows Rye cva &3
E=-vv 3@ ol =1 3 V= —kxy
T, T kGO 43 A, cors Ry
el e <=1

(B) Derive the relation between Young’s

modulus Y, modulus of rigidity n and
bulk modulus K.

W llT Y, Ravldl @i, n ISR
BT K I MG A=5HCH! Broiw 41 |
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c . . o
(C) Obtain gr avitational potential outside, on

and ine
ang 1;:;@ of a spherical shell of mass M

radius R. What is the value of the
Grav1tat10nal constant ?

M3 9% R M14R (SRR cares (spherical
shell) 4O 2ifezs, sl ST T TS [5Ts i
Wmﬁwm@%emumaﬁﬁas@w E‘;
EICREEE |

(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. 3+7=10

I T O AR 21 T e[ 2 h
Cfredre ~Rfavars & & spum ke
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