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Answer 4 the questions in OMR shect, : 3, The angle between the body diagonals of @ unit cube 15 —
Choosc the cotrect answer.
{A) 45°
Fach question carrics 14 maxks.
. . P (B} 90°
1. Toro vectors A und B satisfy the relution |4+ 5| =|d- 8|, Neither of them
\
15 & mull vector. The angle between them is — () cos"(.z. = 4877
. 3
» 0 '
N
(B} 90° | ' cos! | 1] 70,530
. {3 3
(C) 135°
(D) 180° 4, Cis a closed curve ¢nclosing an area § in the x-y plane. A is & veclor oven
2. If the }inear momentum of a paricle moving in a farce field at tite f is by 4 =—jp+ ja. The line integral i A.dr vill have a value —
=20 +{¢* +1}j+ 4%, the force acting on the particle ar £ =0 is — (A) 28
(A) zm ' : : (B) §
® j o . i3
R {D) axra
(©) 2

(D) ?.f+2}+4f’

Turn Over
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S. A solid sphere of radius ‘&’ rolls down an inclined planc from rest. [f the
vertical height of the incling be *47, the velocity of the sphere al the bonom of
the incline will be —-

@A) J2gk

4 VB
(B} (EZ’?]

(C) [’—.}qgh]%

o (307

6. Three particles of masses 4 gm, 3 g0 and 2 gm are at the paints (2,0,-1),
(.1, B and 3,-1, 0 respectively, The co-ordinates of their ceatre of mass

(c.on.) are—

Turn Over
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7. The diameter of the orbit of the planet Neptune round the sun is 30 times
that of the earth’s orbit, both orbits being assumed to be eircular, The time
period of revolution of Neptute round the sun is -—

(A) 164.3 carth years {approx.)
(B) 52 eanth years (approx.)
{C) 90 carth ycars (approx.)
{13) 150 carth ycars {approx.)

8. The excess pressure inside 3 soap hubble of radius 8.0 nun balances 2.0 mm
calwrn of ail of specific gravity 0.8. The surface tension of soap solution i5—

{A) 12.54x1072 Nm™!
B) ¢2.72x10™ Nm™’
{€) 12.54%107 Nm™'

@} 31.36x10°° Nm™

9. A flat plate of area 2%x10~ m? is scparated by a laver of glycerine 2.0 mm
thivk from a urge stutionary plate. [ the coefficient of wiscosity of glyeerine
be 2.0 decapoise, the foree required to pull the first plite with a uniform

velocity of 1.5x107 ms™" on the oth surface is —
(A) D3N
(B) 3.0N
(C) GOSN
(L) 30.0N

1130 - 100 { 6)
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I
10. A cube of a metal of side 10.0 em is subjected to a shearing siress of

10° Nm™. The: top swiace of the cube is displaced by 0.01 cm with respect
to the bowonL The mdulus of rgidity of the metal is —

(A) 107 Nm™2
B) 10% A2
(C) 10° w2

D) 10 A2

Turn (ver
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Full Marks : 35 Time : Three Flours Thicty Minotes
The fipwres in the margin indicate fill marks.

Answer five questions taking at Jeast one from each group.
Group - & '
[Mathematical Methods]

i.(a) The scalar tople product of three vectors s a psendoscalae. Justify. 2

y dd .~ 43
(b) If A has a constant mdpmitude and |I|#=0, show thet 4 and -
are mutually perpencdicular 3

{€) A vector ¥ satisfies the equations :

" BB ogxd and F5=0, bat G50,
. (ng xd
Prove that 7 =——= 1
ah

{d} Evaluate the intcgral 4C[(1}'—x2)¢£r+x? » a’}'] aver the trinmgle

bounded by the lines y =0, x=1 axl y=x and hence verify Green's theocem in
the plane, B

11130 . %oy : {8)

2. (a) Find 444}1 over 1 circular path of radius &, centred st the onigin in

the xy-planc, whert £ = gy ¢4 4 5 (@ and & being constants). 3

(b) A periodic function f (x)is given by

0, for —-m<x<0
F(x}=
x, for O<ren

It is also given that f(x+2x}=f{x). Expand f{x) in a Fourier

senes. Elence, show that 1+ L:+—*‘-~-= X 4+1
3 8

52
(¢} Two cards are selected at random from 10 cards, numbered | to 10
if the tvo cards are drawn topether, find the probability that the sum is ok, 3

3. (@} The folloving reeomence relation for a Lependre polynomial P, (x) is
frue ;
nh, (x] = (2!: - I] xP [x] -{n- l) ) A {1} Using the shove celation, prove that

F—xb =nf,. 4

(b Prove that the cigenvalues of a Elemilian matrix are real. 3

{c) If 4 is a oon-singular mateix, show that the eigeavalues of A~'arc

neviprocals of thase of 4 and every eigenvestor of 4 is wlso an cigenvestor of 4™
4

Turn Over
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Group - B
[Mechanics)
4. {3) For a planar motion of a particle in the xp-plane, x=recos8 and
y=rsind, where the terms bear wsual significance. Prove that

MY aod e XX 4
r ¥

(B) A frame §' is moving with a velogity 5 +7) ms™' relative to an

(nectiad Game S. A puticle is moving with a velocity (f+5)7 + 97 ms " with eospoct
to S. Find the magnitude and direction of the acceleration of the particle in the
frame 57 . 3

{(c) Define a central force:
The path of a particle of mass ‘m’, moving undee the influence of a
central force, in plane polar co-ordinates, is given by r=ry &', where r, and X

are positive constants of appropriate dinsensions. The anpnlar momentum of the-

particle is £ and its to] coecgy (E) is zero, Prove that the potealial encrgy V{r)

' (¢ +1) I
of the particle is given by ¥(r)=- ] i+3

2mr®
5. (a} Definc rdius of gyration of a rotating by about the axis of rtation

Using spherical polar co-ordinates, find the moment of inertia of a solid
sphere about a diamcter, 144

{b) A uniform chain of lergth “a’ tests on a frictionless table so that a length
‘b" dangles over the table. Prove that the tirae taken by the chain to slide off the

PN Y '
mblcisrﬂ=\Elntu—. 6

b

{ 10 )

6. (a) The tots} force on a system of partivles is zoro while the net torque is
ron-zero, Show that the net torque has the same value in any eo-ordinale system.

4
(h) For 1 peneral vecior ¢, show that
- rd -
arw G =

[7 L;] o5 Clisgon roms being vl

. /Ry feacion

Hence, ohtain exprestions for céntnfugal and conobs acceleranons.

5+2

Group -C
[Gencral Propertics of Matter]

7. {a) Define torsional rigidity of a cylinder. Deduce an expression for the
torsinnal rigididy of a bullow cylinder of length ** and intzmal and extermal radii
R, and R, respectively. The modules of sigidity of the macaal is “a'. 1+5

(1) A sessile drop of thickness & rests on a horizonta! sur{ace. Show hut

the surface ension of the ligwd s pivens by § = . where ‘g7 is the angle

of contact and other terms ane usual, 5
§. (a} Durive an expuession for (be excess prossuwe acting inside A curved liquid
membrane. 4
) [f the rate of change of surface energy £ of a liguid with lemperuure

dE avy
is proportiona) to the absolute (coperalure T show that [E+ E] is & conslant
and S is a quadaatic {unciion of tempersture, where & is the swriace wension of the
- N o
Bquid.

Turer Over
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(¢} Water flows stcadily through a composite system consisting of
twa narrow tubes 4 and ‘3" joint end o end. 42’ lias a leogth 25 om and radius
0.03 cm, while *8" tube has a length 10 om and radius 0.04 am. If the total presswge
difference betwicen the extreme ¢nds be |6 an of walter, calculate the pressure
difference Lerween ends of tube 4" 3

1130 - 700 {( 12)
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Answer aif the questions in OMR sheet.

Choose the correct ansyeer.

Each question canies 14 marks.

.

C
1. For an ideal gas, ‘r[——‘o] has a value 1.40, The number of degrecs of

C
feadom of each molecule ::f thes gas |5 —
{A} Three
(B) Fowr
{C} Fivc
D) s

2. The temperature at which oxygen molecules will have the sarme rmes. speed
as that of hydrogen molccules a8 —100°C s —

(A) 2495 °C
(B) 2768 °C
(C) - 6.25°C
(D) - 106°C

Turnt Over
14030 - 700 {3

3. Given : Boltanann's constant ¢ = 1 318xi0% sk . The number of mrolecules

per 1 of u gas st a tempecature of 27°C and pressure () Nim? s —
(&) 242x30'®
By 242x104

{Cr 2.42x10%

(D) None of the above

4. Twa closed pipes of lengths 1.1m and 1.175m are sounded 1ogether at the

fundameatal modes, If the speed of sound in aic is 340 ms !, the number of
beats prinduced per second is nearly —

(4) 8
B) 7
(C) &
WIE
5. A tension of 245 N is applied to a vnifon cope having mass 0,05 kgm™, lts

icngth is 30m. A transverse pulse is created et the free end, The time it will
take (o reach the wher end is nearly —

(A) 043 second
{B) 0.85 second
(C) 0.60 sexond
(1) 1.28 second

LA43) - 00 (4)
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6. The ehcetric ficld in a centain region of spece is piven by F =y j, where 4

is 3 constant and £ and » have been expressed in S units, & cube of side
‘a’ m is placed in the fickd with one comer al the origin. Then the charge {g)
inside the cube is —

(&) €, ab* covlomb
(B} €,a°b* conlomb
{C) g, 6" coulomb
D) €, ba® coulomb

7. Why is a resistance coil {as used i a resistance box) doubled on itseif belore
winding 7
' (4) To eliminate any eoor due to non-uniformity in dizneter
(B) To mzke it norrinductive

pnours _Part-I_Examination_2018
9. The clectric potential at a point is given by ¢ = x2y+22. The magnitude of
the eleclric field intensity at the point (2, 1, 2} is—
{A) 4 wuts
{B) € umty
(C) 8 wuls
(M) 10 units

10. Along thin wire carrics a cument of 15 amp. Taking py=4nx1077 Hm ',
the magnttude of the magnetic ficld at a distance of 1.6 cm would be —

(A) 3% 107 tesla
() 3= 10-% (gsla
{C) 6 x10r* tesla

() To meke Joule heating A minimuan
(D) To make it an equivalerd capacitor

- \
8. In the region r>1, the dielectric displacement D=(EJF in spheriwcal

?‘2

co~ordinates. The comesponding volume density {p) of free charge is —
(A} p<10coulombim®

(B} p »10coulomb/m?

(C) p=0
(D} p <0 coulombim?

Turn Cver
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D) 3x11 7 tesla
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Answer five questions taking ot least ane ram cach grp,
Group - A
[Hcat)

1. (a) Derive an expression for the pressure of 2n ideal gas in terms of its
density and mean squared speed of its moleswes. From the shove expeession vbiain
Daiton's taw of pustinl preseure. . 442

(b) Define mean free path of gas molecules. Doduve the survival equation :
N, =Ne™ | where the terms are usyal., 142

(€} A shower of 1000 gas molecules, each onginally moving with the same
velocity, traverses a distance equal w the nsean free path. Calculate U number of
molecules which will nemain undeflected. 2

2. (a) What is Brownian motion ? From Finstein’s theory of the translational
Brownian motion, find an expression for the coefficient of diffusion for the irepular
motion of the suspended particles, 113

(&) From the standpoint of kinetic theory of gascs, deduce the relalion ;

1 _
n= 3 Pei, terms being usual.  Discuss the e0cct of temperanure of the gus on 'y’
342

Turn Over
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3. (2} State and deduce Dulong- Petit's law. i+2

(b) Deduce expressions for the critical constants of a gas abeying van der
Waals" equation of stare. 5

{c) Calewlate the van der Waals® constants for dry air, given To =132k,

fo =572am, R=8207cm’ atm mole™ X7, 3

Group -1
[Sound)

4. {2) Show that the function f{vf—x) represents a plane progressive wave
propagating in the positive x-dinsction, 3
. ()} Show that the fractional change in the nataral frequency of & dauped
simple harmonic oseillatar is é . where ( is the quality facton 3

{¢) The second hirmanic of the note etailted from a bar, free st both ends,
coincides with the third hamioiie of the note emitied from anotwer b, clantped at

-one éad und free at the other. Find the watio of the lengths of the two hery, ssunming

that both the hars execute longitudinaf vibrtions, p.

-

{d} What arc the requirements of a good suditarium 7 Define optimitm
reverberation time in a ‘live’ yoom. 2+1

5. (@) A string of leagth ‘7 is strerched along £-axis, It is seruck at & point
al a distence ‘g’ fiom one end with a light hasmer of width Ax. Deduce an

expression for the penecal displcement p{x,t) of the stting by Fourier method,

Why is the pote emitted from a stmck-string, instrument more melodiows
than that emitted from a plucked-stding instruraent 7 5+1

{b} Dcfine phose velocity and group velocity of a group of waves travelling,
in & disperive medium and cbtain & telalion between those two velucities, 243

1evdn - 760 (8
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Croup -C
(Electricity - []

6. {2) State Gauss's theorem in eleclrostetics and obtain ils diffecential form.
L+2

(b} Sheww that the force experienced by an 2lectric dipole of moment p

kept in 4 non-uniform electric field £ is given by F =[ ﬁ-f’}ﬁ. 4

(¢} A long charped cylinder of radius ‘2’ has a valume charge density
¢=%r, where ¥ 15 a constant and » is the distance ftom the exis of the cylinder.
Show that the clectric field s given hy

E(r)= — F forr <a, and
e,

v

Jepr

7 forr<ea

7. (@) A pomt chacge ‘g" is placed al a distance ‘f” from the centre of a
grounded conducling sphere of radivs ‘e (4 < ). Caleulate the magnitude and
Jocaion of the image charge. Find also the potential and ticld at an extemal point,
Hence caleolate the surface density of induced charge on the sphae. 34243

{t) At the plane interface between two dictertrics with X, =3 and K, = 2,
electric field E; » 1200 ¥m™! in the upper medium makes an angle §, = 457 with

the normal te the interface {scc Ggurc). Find £, and 6, . 3
:.91 =457
K' =3 1 E'
Ky,=2 '
2 i 0,
Turn Over
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8. {a) Using Biot-Savart law, find an cxpression for the magnetic field al an
axial point of 3 circular coil camying a steady current, “

(h) Deduee the equation of continuity : V- J = _6% » terms being usaal. 3

(¢) Stute Ampere’s citcuital theorem and obtain tts ditfcrential torm, 1+

(d} A copper wire is canying a cumeat of 2.0 amp and has a auws-sectional
arca of (078 m2. If the nwnber of free electrons per rr' be 8x10%, caleulate the

current density and the average drift velocity, Take e =1.6x10"" coulomb. 2

131 -390 {9}
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