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BPHCT-131 : MECHANICS

Time : 2 Hours Maximum Marks : 50

Note : (i) Attempt all questions.

(it) The marks for each question are

indicated against it.
(iti) Symbols have their usual meanings.

(iv) You may use calculator.
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1. Answer any five parts : 5x2=10

- -
(a) The magnitude of vectors P and ( are

2 units and 3 units respectively and the

- >
value of P-q=6. Calculate the angle

between the two vectors.

(b) State the order and degree of the

following differential equation :

() =1+ (y)’

(¢) A bicycle travels 180 m along a circular
track of radius 15 m. What is the
angular displacement in radians
of the bicycle from its starting

position ?
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(d) The one-dimensional restoring force
exerted by a spring is given by
=—ax — bx?

where ‘@ and ‘b’ are constants.
Calculate the work done by the spring
force in moving a mass ‘m’ from the

point x =0 to x = 1.

(e) What is the torque on the Earth due to
the force of gravitation exerted by the
Sun on it as it goes around the Sun in a

nearly circular orbit ?

() Halley’s comet moves in an elliptical
orbit of eccentricity 0.967 about Sun.
The length of orbit’s semi-major axis is
2.7 x 1012 m. Determine the distance of
Halley’s comet from the Sun at

perihelion.
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(g) An object of mass 0.5 kg is executing
simple harmonic motion. Its amplitude
1Is 20 cm and period 1s 0.1 s.
Calculate the potential energy of the
object when it is 5 ecm from equilibrium

position.

(h) A particle 1s simultaneously subjected
to two  mutually perpendicular

oscillations given by :

x= 4 sin otcm

y = 4 cos ot cm

Determine the trajectory of 1its

motion.
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2. Answer any two parts : 2x5=10

(a)

(b)

(c)

For the uniform circular motion of a

particle show that : 5

(1) the velocity of the particle is
perpendicular to the position vector

at each instant of time.

(1) the acceleration of the particle is

perpendicular to its velocity.

Write the first order ODE for the
current I in a series LR circuit with a
voltage source E sin ot and solve it to

determine I as a function of time. 5

Solve the following boundary value

problem : 5

y"—6y +9y=0;y(0)=0,y(1) =2
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3. Answer any fwo parts : 2x5=10

(a) When a child pushes a carrom board
striker of mass 20 g, it moves on the
board in a straight line with initial
speed of 1.5 msl. A constant force of
friction F = 0.04 N is exerted opposite to
the motion of the striker. How far will
the striker move before it comes to

rest ? 5

(b) A bucket of water of mass 3.0 kg is tied
to a mass-less rope and whirled in a
vertical circle with radius of 1.0 m. At
the top of the circular loop, the speed of
the bucket is 4.5 ms-l. Determine

the tension in the string when bucket is
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at the top of the circular loop. Take

g=10 ms L 5

(¢) A car of mass 2000 kg is travelling due
west at a speed of 72 km h-1. It comes to
a stop in 10 s when the driver applies

brakes. Determine the average force. 5

4. Answer any fwo parts : 2x5=10

(a) (1) The average angular acceleration of
a stone lodged in rotating car wheel
is 50 rad. s2. What will be stone’s
final angular speed after 3.0 s if it

starts from rest ? 2

(1) A ball has angular velocity of
8.0 rad. s! clockwise. After the ball

rotates by an angle of 4.0 rad, it
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has angular velocity of 2.0 rad s!
clockwise. Determine the angular
acceleration of the ball and time it
takes to attain this angular

velocity. 3

(b) A star having rotational inertia of
8.6 X 1048 kg m?2 is rotating at an
angular speed of 1 revolution per month
about its axis. The only force on it is the
force of gravitation. When its nuclear
fuel 1s exhausted, it shrinks to a
neutron star having rotational inertia of
4.5 X 1037 kg m2. Determine the angular
speed of the neutron star in revolution

per month. 5
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(¢) For a two-particle system with zero net
external force, derive the equations of
motion in terms of the relative and
centre of mass coordinates. What is the

reduced mass ? 4+1

5. Answer any two parts : 2x5=10

(a) The period of a simple pendulum i1s 4 s
and its amplitude 1s 6°. After
20 oscillations, its amplitude decreases
to 3° Calculate the logarithmic
decrement and damping factor. Also
calculate the number of oscillations in

which its amplitude reduces by 25%. 5

(b) The equation of motion of an oscillating

body of mass 0.5 kg is:

2
d—§+6%+9x:o,
d?  dt

Calculate the force constant ‘k’, the

angular velocity o, the damping

constant %y’ and the damping factor. 5
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(¢c) (1) Sound propagates in air with a
speed of 332 ms-!. The audible

range lies between 20Hz to 20 kHz.
Calculate the corresponding

wavelengths. 2

(1) A tidal wave having a maximum
height of 5.0 m propagating in the
—ve X-—direction with a speed of
90 ms! can be approximated by a
sine function. The distance between
two successive crests is 5 m. Write

the expression for the wave. 3
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1. IS UTa Y & iU : 5%2=10
.- -
(%) |feelt p ¥R q & qRETT e 2 THE AR

3 THE § IR B-aaﬂnﬂé%w:wrﬁsﬁ@
ST T 11 ATd HITIT |

(@) fr=fafed stera gieto &1 Fife iR =m

AT
(y)2 =1+ (y)’

(77) TH OEfRa B 15 m & FUR 99 W
180 m ! T T HIA TI ITH! ARFEH
feafa 9 g1 Weed § wrofta foama =
e 2

(%) Th KA G AT Th o1 Feamerm el

F =— qx — bx2, W& @ 3R b 3= T THh
g mA gy =0TV x=1dFk o A
H AR o g fohan T % aReferd
e |
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() 99 gealt & & IR SR AT JAhR hell |

Ifehm wE ¥, @ S R g g TRt

TGCTRY U S s RO o @1 o S 1
B ?

(9 Telt goodt W g & = SR Sehsdl 0.967
el SEEE wE H IGhAT T B | HE &
- a1 H TR 2.7 x 1012 m ¥
o R g ¥ 7= R 1 T J Fi

(®TH 0.5 kg TEM ol fUvg A ad T

T T €| SHH AEH 20 cm 3R STedHhTA
0.1s g1 = fearfd § 5 cm & g W favs

=1 frafas it uferfaa sifsw)

o o o

(F) foedt o1 | & 9y fFEfafed 8 7R

eI Qe STRIfad 8 ¥

x= 4 sin otcm

y = 4 cos ot cm

TH U7 i Td k1 99 FifRa sifsw
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2. IS T YT BA HIST 2x5=10
() Tl ®u1 &1 THEaHE ada Ta & o fag
aﬂﬁnzﬁ: 5

() 0w 9 R gHa Teafq wfqer & e
T

(i) O I @O IR IR AT TH W &
A B 2
(@) dieedl 9 E sin ot 9 T S0 LR R

T a8 W 9 [ & fau gegm wife o1 e

TRl GHITHI fAfET TR 3T 8 Hleh 1

! T & held ®9 H YT hifed | 5

(M) fefafes wREm-um @@= =1 '
T 5
y" =6y +9y=0;y(0)=0,y@)=2
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3. IS @& 9N B hITST ; 2x5=10

(%) 56 Teh o=a1 20 g GHAM Tl hiH de &

WEH & ARA € @ 98 1.5 msl Hl

IRFEF e ¥ A 3 | Fordl 81 LR

H & faa flm A A W F = 0.04 N

1 TR THU 61 T § | T F T8t REHT

ot 0t 7 R 2 5

(@) T=EM 3.0 kg dcft Ot &I SIee! i Th

TS W ¥ et 599 1.0 m 9

TR g9 H AR STl § 1 AR 9" &

Sega fog W Aet &t A6 4.5 msL 1 59

At Y & ey forg W A, O &t o

q1a A1d it | g = 10 ms2 ST | 5
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(1) MM 2000 kg HT T SR fyem foom §
72 km h-! & =1t | TfHE ¥ | 59 RN 39

TR S A Al R 10 s H Tk S § 1 R

R T T ST F i 0T RIS | 5

4. 1S 9N B T : 2x5=10

(%) () TSl & FUF Fd 9fed T 37eh Th hohe
T 3Ed S0 ©0 50 rad s2 B

3.0 s % WIS IHeh! IV =1 1 B,
Ifc a8 faummEed 9 oH FE I
FAAE ? 2
(i) TH g 1 aHER foem H HOiE S
8.0 rad s-! §1 4.0 rad & I F TAA
& oI5 g 1 HIo 3 Sfeqomerd faem #
2.0 rad s-! ¥ S B g H HOAA
@R SR HIVF AT % T HH qoh Ggo

T W o THT URehfad wifsu | 3
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(@) 8.6 x 1048 kg m?2 SIS U ol Tk aR

4 A&7 & Yfd 1 IRHH 9fa A€ i SIvig

Il § YO TR | IH W e [ohu
I SR BT B 1 ST IHHT AMTDIT T8
TE Y @ T, A TE fame TE =R
R # uRafda 2 s § e Sea s
4.5 x 1037 kg m? §| =g R I, IRRAT
gfa Are §, i = feifa st 5
() A 2 9@ 9 & o ek fg-u e &
T & weHiw W eTafa ofR Hefa @
el & W& § Foae HINT| FEEG
SN I A S ? 4+1

5. hig @& YN B HITT ; 9%5=10

(%) fordt X it o1 SATedeRTd 4 s U9 AEH
6° ¥ 1 20 SIoH! o SIE SEhT STTEM ST 3° B
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ST ¥ | CTFIUh I SUEE Ud STameH U

o~

qRehfeld ShiTol | I8 o URehfoald shiteid Tk

TR Sl o o1 ST AW 25 FfavTd A
RSl 5

(@) g9 0.5 kg o TH Qo id ge fuve
T <1 TR frefafed ¥

2
d—;(+6%+9x:0
dt dt

9 e k, R0 AT @, STAHEH
frodis ¢ SR sEwed U aRefod
IS | 5
(1) (i) g H @ 332 ms! &I T § THA
FAA 71 o @ aRER 20 Hz § 20
kHz & < 21 8 | 7 |0 q0Teed o

M YRR {ed hifsTd | 2
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o (aV

() TH SOR-wA foudt fuman =

5.0 m , Solceh X-feem & 90 ms-1 &t
I F NfaHE § 3R SHeRT HieTehed =

(91E) T & ®Y § fohan S T 81
T HANE TSl & = R gd 5 m I

T & foru =i fafem 3

X X X X X
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