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Paper : PHY—HG-1016/RC-]016
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Full Marks — 60
Time - Thrée hours

The figures in the margin indicate full marks
for the "questions.

Answer. either in English or in Assamese.

. XAE w@ e Bew IR
1. Answer any seven questios: - ° - [x7=7
@) If R=3=342k and B=2i43}f,
whiat is AxB9?~ o
‘ﬁ A= 31—J+2k ¥ B= 21.|_3J -k
(TS AxBQ RiC| ﬁs?
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@ -Si+Ti+10k - G) S+7i+11k
Gy 5i-7j-11k . Gv) -si-7j+11k

(b) Radius vector as a function of time in circular
motion with angular velocity o is

Ii= (coscot)1+(s1n cot) j
.What is the value of 7.5 2

. 7m0 2 TP (SR

F=(cosot)i +(sinot)] T o T A
T.vIMWB®e
o1 S G~
(o = (v)e?
(c) A differential equation is given by
a(x)d?y/dx*+ b(x) (dy/dx)2 =

"It is an example of :

aﬁwﬁhﬁmqwﬁm ] WW
CLoTE
| a(x):d"y/ dx24+ b(x) (dy/dx)2 =0
Q'cmm T ARy 2
(1) First order differential equatlon

| o TR R ﬁw
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(ii) First order linear dlfferentlal equatlon _
&4 sna-ra RT SR T
(iii) Second order linear differential equation

f%@zrwtaﬂaswﬁwq

(iv) Second order non-lmear dlfferentlal
equatlon

ﬁ@ﬂmﬁw?aﬂaswwﬁﬁm

- (d) Which one of the followmg relatlons
signifies conservation of angular momentum ?

e il @Gl TR e et
L AEIeTel JEN ? o
() F.9= c‘onétan_t (ii) ¥= constant

T :(iii) TXV= constant (iv)

L HI

XV =

(€)' A particle moves in a force field F(f)=f (r)r .
Which of the followmg statements is
correet ? ‘ '

F(r)= f(r)r Wtﬂ‘ﬁ_wmﬁ
.asﬁmwmmmwi‘a?

i) Acceleratlon 1s Zero.
T A
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’ ‘(n) 'Angular momentum is Zero.

®

c@ﬂ@wﬂiﬂ*ﬁn

(iii) Angular momentum is ' conserved.

T SRR HTH |

(iv) The particle moves in straight line.

mwm—ﬂ%ml

Escape veloc1ty ﬁ'om a planet whose radxus ‘

is same as that of the Earth but whose

acceleration due to gravity-is 10 times that

of the Earth is

aﬁmmﬁﬂaﬁmﬁw e T

mwﬁ«iaswammmwﬁm—
T QA T

(@) 10 times of Earth '

© AR@7 10 v
(i) 1/10th of Earth
4RI 1/10 Wy

(iii) Jﬁ times of Earth

sfRfia I ea
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1
(V) Jgth of Earth

(8)

1
TN g

Equation of ‘motion of a simple harmonic

. oscillator is given by d’x/dt2+8x = 0.

)

What is the frequency of oscillation ?

A @x/de+8x = 0. TN RIS Bwie

T
BNOR s (i) 27 Hz
@2y @B
Young’s modulus of a wire is Yi= 2x10'°N/m2,
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| 1 o
If it is reduced to EXIOION/ m?, what will

be the 1ongitudinal strain produced if the wire
is under same stress ?

O SR TR ST T4 Y, = 2x10'ON/m?2.
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‘ﬂﬁ'nﬂ?ﬂﬂ?ﬁ xlOwN/m [ (O@ G

mﬂammmmﬁwwﬁw

1, .
ﬁ(i) Stress x ZY, (ii) Stress x 4Y,

'EMX%Y; i x 4y,

‘(iii) Stress x EYi - (iv) Stress x 2Y,

- Bief ><'%Yi st x2y,

‘An observer. is moving with velocity v

parallel to a light ray. With respect to the

- observer the velocity of the light ray will
 be

| Wvaﬂm'cﬂmﬁﬂraﬁa

o TACE e ARG @ 7]

M C~v ) C + v

@yc .. )0
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2. ‘Answer any four qqéstionsé o 2x4=8

R 5if¥6t ey Tew fan e
(a) The angular momentum of a bicycie ‘rim
decreases from 3.00 to 0.800 kg.m¥sec in
1.50 sec. What is the torque acting on the
rim ? o ‘ 2
| 5IRCTER SR gR 29 REOR G S9@et 1.50
. (T fows® 3.003 #41 0.800 kg.m?/ (e

mﬁauﬁmemmmww
mﬁmm? '

(b) A force acts on a 3.0 kg. particle in such a

~ way that its position (x) is given by x = (3.0)
t.— (4.0)t2+ (1:0)# (x in meters and t is. in
seconds). Find the work done on'the object
by the force from t=0 to t=4.0 sec. 2 .
@1 <t AT FIT FoTS I GO YW TR
wore wete ft wwed R = x = (3.0)t —
(4.0 + (.08 Zae x- bR W t (e
@I (TR t=0 F [l t=4.0 (xIe Y

- ORI NI IR MOUIS IR
ﬂﬁsnct 61°i=n .
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() How far is the center of mass of the Earth-

@)

‘Moon system from the center of Earth?

Given mass of Earth m,=5.98x10% kg, mass
of Moon m2=7.36><1022 kg, and- their
separation is d=3.82x10*m. . =~ 2

SRR o TER RO RIS SfRER

¢ m =5.98x10% kg, 5% ©I m ,=7.36x10%

kg A% AT [ bE Y -d=3.82x10°'m.

An astronaut puts-a 7. 20 kg ball into a
circular -orbit around the Earth at a height
h =350 km. Calculate the total energy of the
ball. Given radius of the Earth. = 6370 km,
mass of Earth = 5.98x10%* kg. 2

a:m*mﬁ’t qa AfRA PR ol 350 km
BT 7.20 kg S TE OIT @I FHALS
ol 3R | GO T2 & otetm 731 | et =i,
AT &I = 5.98x10%kg. ARE ﬁfaaaama
=.6370 km.

Or /9%

A partlcle of mass m- is movmg around 2
- planet of mass M in a circular orbit of radius
r due to gravitational force. Show that total

_ energy of the mass is g=_SmM
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(¢)

v

~w«mmwmmemm'

retica -1 -IPISE I8 TS ok IR

"'wl mmmwm{b*lﬁ?

GmM

E =._ 2r

Position of a damped oscillator is given i)y

x(t)=ae??m cos(otta). Where a is the

* amplitude; b is the damping constant. What

is the energy of the oscillator ? At what time
the amplitude becomes half of its intial

- value? 2

Tfe. (E @B xS LA

. x(t)=ae2 cos(wtta) TS a T e R

WbﬁWWIm*ﬁ%ﬁWﬁ?

'WWWWWW

ﬁ@ﬁﬁ‘ﬂﬁii’a"

3. Answer any three questions : ' 5x3=15

(a) - What couple must be applied toalm long wire

11/3 (Sem-1) PHY-HGRC1 = (9)

of diameter 1 mm in order to twist it through
90° and the other end remaining fixed ? The

rigidity modulus is 1 =2.8x10" Nm™. 5
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 1m AR 91 1 mm R S et 90% AR
ﬂﬁlwmﬂﬁﬂﬁﬁ?m{%ﬂﬂ@
(50 RO =11 R I s
OCIE 7% G4l T n=2.8x10'"Nm2|

. (b) A particle is moving with velocity 1.5x107
m/sec along + X axis. Another particle is

| moving along ~ X axis with same velocity.

. What will be the relative speed of the second

. particle with respect to the first particle as per

law of relativistic addition of ve‘lécity- ? How

- much different your answer is from Galilean
Law of velocity addition ? .

A 1m long rod is' moving with a velocity
v =0.8C m/sec. How much will be the length
. contraption ? 2+142=5

it o1 1.5><107m/se§ @zsr@ +X or%g e
W @I @} @ - X o= fre o
o IR S FRE! SRR @R
Qt %S W AU I FCoTE RS

QR T3 @3 SeaioR WW
CIFRR ot QI ST (oifat Baverss i
QR 1m o e qBf v =0.8C.m/sec

R IS ey '
e | CHTORR 071G sAecaetm Ry

(10)

(c) ‘Show that energy of a damped oscillator
decays eXponéntially. If b <km , what kind
of oscillation do you expect ? The mass of
a “damped oscillator is m=200g, spring
constant is k=90Nm™ and dampend constant
is b=40 gs!. Calculate the time t,,, at which
‘energy of the oscillator becomes half of its
initial energy. | 2+1+2=5

. oute (e @B ©F m=200g. PR =T
k=90Nm™! ®If% SR &< b=40gs™ | BT
™IS (e e AR T e T
(e @ SRS (R W IPHIOIR
(exponentially) Z™ W1 ‘ |
:Iﬁﬁbk\/_an— oW, CFTIEA (e Sl
. ? . :

(d) A rocket of mass m is moving along x-axis
with velocity v. Fuel of mass dn is ejected
with constant velocity u in the backward
direction. Use conservation' of linear

" momentum to show that change in velocity of
the rocket is dv=u dm’/m. If dm=—dm’ is the
charge in mass of the rocket, show that final

~ velocity of the rocket is
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V=v,+uln (m/m), where v, is the initial
velocity and m, is the initial mass of the
rocket. What measure is taken by engineers
to maximize the rocket’s final velocity ?

-~

. 242415

m SR T @B x-S v @i oS
IR®I d' sHfReR Tam oY P

(O MR @R o7 (T aifer Refde

fot0) | WRe wemR et g e oR
- 8T @ IFBT @R TR AR dy = u

 do/m. 3R dm=—dny' TRT O ST iRl
[ (YEA @ TROOR R @

v=v,+u In(m /m).

IS v, T TS0 ARRT @ W m, 2o

TR ARRE S I SR =t i
R AT e B gy o

(e) Show that for a central force F@®=f@)T, -
. angular momentum is conserved. Show that

~areal velocity of a particle moving in a

central force field is constant. Give the

statement of Kepler’s third law,
: o 242+1=5
11/3 (Sem-1) PHY-HGRC 1 13 |

A el el FE) =) T 37 aem =
o W @ T SRR T =
(YET @ TR ICHG 93T S IR
- 3l GBIR cFa @91 T areal velocity 43 M |
(IR PO FECE! A | ‘

4. Answer any three questions; 10x3=30

R it e B fimn s

(@ A copper wire of 2m length and
6.25x10-m? cross-section is found to stretch
by an amount 3x10°m under a tension of
1x10* N. Calculate the YOung’s modulus of

the wire. . R

_Establish the relation between = Young’s
modulus (Y), bulk modulus (k) and rigidity
modulus (n). | 3+7=10

. 2m T 1 6.25%107°m? EFPR TR S
‘gt 1x10°N 1 el K e 3x10°m
T DA | SRTEN 2061 wdis Rfa =1
| RAET @A (Y), TS S (k) S Fpe!
BARE ()3 T AR AAE oA
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(b)

Write down the equatlon of motion of a
torsional pendulum and show that its time

period is T = 211:\/7 , where 1 is the momcnt

. of inertia and C is couple per unit twist.

(©)

-

~ done by the force in bringing the partlcle g

Describe how forsional pendulum can be.

used to determine rigidity modulus.
B ' 242+6=10

{WWWWW@WW
(ST A WX (e At T =2}

T | & (IR &G AN uiE C 2o A% -
m@ﬁﬂaswﬁmamaa-mlqﬁm'

mewwﬁcﬁwm
=

The position vector of a particle is xy plane
is given by T =acoswti+bsinot ] j where a,

~ band o are constants. Show that the particle

fo;lpws the equation of motion,
d’F | 5.

7 toT= 0.

dt

In xy plane the force actmg ona parncle is

F=(2.0x)i +(3.5x%)j. If the displacement .'

 vector is dF =dxi +dy j, calculate the work

from the point (0, 0) to the point (2, 4) along

" 113 (Sem-1) PHY-HGRC 1* (14)

the curve y=x2. If the velocity of the

a particle of mass 1.0 kg at the point (2, 4)

is 40m/sec, what was the velocity at the
initial point ? 2+5+3=1Q

r= écéémtf+bsii1cot3 TS a, b, AT 0 I

mﬁumﬁemma?ﬁmww

'as‘ﬂaammﬁm j—+mr 0,

F=20x)i+@3.5x%)). W 7 oo

df=dxi+dy] T y=x? IEEAA (0,0) R

]l (2, 4)ﬁn@amm$ﬁmaew

QeI 31 R AR e LA (2, 4)

RS 1.0 kg o3 T BR @9 40m/sec =

- Cors FieneR anfeE @t B <

@ ¢

Consfn_;ct ‘the differential equation of a .
simple harmonic oscillator. Deduce that

~ acceleration -of the oscillator is-proportional

- 1173 (Sem-’I) PHY-HGRC 1~ (15) .

to square of its angular frequency. Neatly
draw the dispiacement x(t) of -a ‘simple
harmonic oscillator, underdamped oscillator -
and overdamped oscillator. Neatly draw a |
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compound pendulum showing the centre of

~ .mass, point of suspension, moment of the - '(ﬂ Descnbe the method °f solvmg a differential
force and the angular displacement. Express equation of the type
it time period. C241434242=10 | '
| ) T 2,
. wmmmwwmﬁw : - . 1d—+az:i+a3Y=0. |
M (el @ @R CIEROR W (I dx?
) FoRIEE I AT | @Bt ARER s L where a,, a,, a, are constants, Use’itto obtain
T AT (I, SRS (IeTe TiE LS -
. : the solution of the equation for a damped
SRS O TR x(t) CTHEN| (TPT (T oscillator ~
(compound pendulum) <5 eFmwiE 74t &Y, |
- oY, TN OF FE w_d ol lee &y . d |
| y :
1 T GO o . dz+2bd+wy =0 - T3=10

- (e) What are the postulates of special relativity ? L oo R M e
~ Express Lorentz transformation equations for | o Wﬂﬁ - a‘fm

" two reference frames moving relative to each i
other along X-axis. Deduce length contraction. iy 2' d
Obtain the formula for addition of velocities " a Y y Y. a 0
from Lorentz transformation equations. T i 3y T 8;, 3, WI® a, §TF
2+4+2+2=10 ﬂﬁl@vﬁﬁmﬁwwm |
 Fowm WWWMIW - w v & +2bd .
S FIRRY AR 2, PR | - "“"*"‘ dt wly=0.
29T B4 P AT X-ord e o

TR R R sRee SEe

'm%mﬁwqu caﬂa mﬁwwfm-
et
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