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BACHELOR OF SCIENCE (B. Sc.)
(BSCG)

Term-End Examination

December, 2022
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 a calculator.

1. Answer any five parts : 2 each
_)
2 da e .
(a) Show that a o =0, if a is a constant

vector.

P.T.O.



(b)

(c)

(d)

(e)

®

(g
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Obtain the general solution of the following

first order ODE :

dG (t)
dt

= Ft,

where F 1s a constant.

What are inertial and non-inertial frames

of reference ?

Calculate the work done by a variable force
F=—-ax —bx?, where a and b are
constants, in moving a particle of mass m
from point x =x to x =x, along a

straight line.

A  merry-go-round makes 3 complete
revolutions every 9 minutes. What is its

angular speed in rad s1 ?

State Kepler's law of equal areas for

planetary motion.

Write the differential equation describing
the SHM of mass m attached to a spring of

force constant k.
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(h) Depict graphically the time-variation of
displacement of a critically damped

system.

2. Answer any two parts :

- -
(a) (1) Determine the projection of a+25b

e d N A N
on a, where a=1i-2j+3k and

-

b=—1-j+2k 3

(1) Obtain a unit vector perpendicular

- . .
to both A =50 +3j and
> A oa .
B=-1-j+2k. 2
(b) Obtain the general solution of ODE : 5
xy'+2y= x5

(c) Solve the following boundary value

problem : 5
Y "+y=0y0)=4y(m=-1
3. Answer any two parts :

(a) A train of mass 9.00 x 10® kg is moving in
a straight line at a constant speed of

80.0 km h™!. The brakes, which produce a

P.T.O.
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net backward force of 2.70 x10% N, are
applied for 25.0 s. What is the new speed of

the train ? How far has the train travelled

in this time ? 3+2

(b) A stone of mass 0.6 kg is swinging in a
vertical circle of radius 1.0 m. The speed of

the stone 1s constant and equal to
5.0ms™!. Calculate the tensions in the

string at the top and bottom of the circle.
Draw the free-body diagrams. Take

g =10ms2. 2+2+1

(c) State work-energy theorem. From what
height would an object need to be dropped
from rest so that it acquires kinetic energy

equal to that it has when travelling at a

speed of 24.0 ms ? Takeg = 10 ms™2. 1+4

4. Answer any two parts :

(a) (1) A bicycle wheel of radius 3.0 m starts
from rest and a particle on its rim
moves a distance of 30 m in 20 s.
Calculate angular displacement of the
particle and its average angular speed

in the time interval of 20 s. 2



(b)

(c)
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(1) By what factor will the angular speed
of an object change if its rotational
inertia is reduced by half, when the

net torque on it is zero ? 3

What is the total mechanical energy of a
satellite of mass 1000 kg moving about the
Earth in an orbit with @ = 6000 km ? Here
a 1s length of semi-major axis. Also
determine the eccentricity and shape of the
orbit when the apogee distance is 10000
km. 3+1+1

Take : G =6.67x10711 Nm?2 kg2
and Mg = 6.0 x 1024 kg.

(1) Determine the reduced mass of a
system of two particles having masses

4.0 kg and 2.0 kg, respectively. 2

(11) In a car accident, a car A (mass
1200 kg) is initially at rest. It is hit at
the back by a car B of mass 1800 kg.
From the markings of the tyres on the
road, determined that after their

collision, the speeds of car A and B

P.T.O.
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were 12.0ms™! and 8.0ms™ 1,

respectively in the same direction.
Assuming that the collision is head-on
and elastic, determine the speed of car

B before collision. 3

5. Answer any fwo parts :

(a)

(b)

@)

(i)

For what value of displacement do the
K. E. and P. E. of a simple harmonic
oscillator become equal ? 2

In a spring-mass system, a 0.3 kg

mass 1s attached to a spring of force
constant 20Nm~!. The mass is

released from rest at x = 20 mm.
Calculate the P. E. and K. E. of the

system at x =10 mm. 3

Calculate the amplitude and the period of

resultant oscillation obtained on

superposing  following two  collinear

oscillations : 5

and

x() = 2sin(20 nt + %j cm

X9(¢) = Hsin (20 nt + g] cm.
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(c) The equation of motion of an oscillating

body of mass 0.6 kg 1s :

2
x + 6d—x +4x =0
dt? dt
Calculate :

(1) force constant k

(1) angular frequency o,
(11) damping constant y
(iv) damping factor b.

Also determine the nature of damping. 5

P.T.O.
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(@) fAfafea QuRo ofaehd THHOT &

A% TA & hifed

dG (1)

= I,
dt

& F T 3R 2|

() Sged 3R STelged o5 901 8id ¢ 7

() SHH m % Uk KU Bl fog x = H
fag x=x, T @l W@ § & S H A

9 F = —ax — bx2, W&l g 3R b 3T T,

g fohan T i ufiewferd wifs

(¥) Tk "AO-M-WRre &/ 9 fide § 3 @yl
GREFHTT LT 21 rads! H SHHT HIVIT

= F e ?

(F) e T % fau ser & THH-8F %A
EREACIIC R ERAISIY

P.T.O.
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() 9a fodis k acl HAM ¥ B SHHH

m H A 3Ed Tfd HT G0 H{A el

AIhe GHR fafaq)

() whifdehd: oTadfcad e & fawemga <

T % G UiEad STfEd sifsm|
2. f&=l g7 9 & S SifSw .

(F) @) a W a+2b & THT T FI,

& - A A A
EM] a=i-2j+3k AR
- A A A .

b=—i—-j+2k 3

—> A N —> N N ~
() A=5+3] 3 B=-i—j+2k
I afeel & claaq e |k ura
i) 2

(@) fefafga TuRer Taed THIGRI ol

9eh B U hifeld : 5

xy' + 2y = x5
() fafafga o™ A @@= w1 &d
ST : 5

9"+y=0;y0)=4ym) =-1
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3. fo=sl g7 9 & S gfew

() Th el fSEat g0 9.00 x 106 kg

(@)

(M)

2, 3T 9 80.0kmh~! ¥ Ut W@ o
Mo ®1 el W 25.0 s % Qs
am e € S fawda g o
270 x 106N 1 2 9 ARGd Fd T
WSl # T W 2 3 SNH
e fhat g0 a1 et 7 2 3+2

TIAM 0.6 kg 1 Th TRk 55T 1.0 m
ae TR | W TfaAE €1 TeeR Wi
I I T AR IHH WA 5.0ms ! B

g9 & Swuad R Wed free fog ™
W H e d6 HitSe o e
@l &1 fafa wifTl g = 10 ms2 &

2+2+1
FE-H THT w1 weYd fewl fEE fue
i foRmmaEen 9 fradt = 9 firen g

f& gt fas 91, SHR! It B A

P.T.O.
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Sl & SUel Bl ST S 24.0ms™! I

el § o WE 8 2 g =10ms2 ol

4. o=l g7 9 & S| dfse .
(%) () B 3.0 m 1 GEfea 1 dfgd

(i)

fommeen @ werl JE w2 SR
39+ frl W feod @& %0 205 H

30 m 9ol ©| HU BT RN foerad

3R 20 s B THIAUA H ITHT 3

0T =T UReh{ed shifelg| 2

Ifg freht fis W 2 o meel 3= =,

T SR BV = fhad R ®
TCA S TR IFh] SIgcd AT

3 Y T e ? 3

(@) geal 1 9RRAT ® ® TH 1000 kg

SHAM ol IUUT I R ANk Sl

T SEF ¢ = 6000 km ? T o Ad-<
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31 H AR B TH N R B Iohedl
R emr fruifia wifse wofer gfa s

T 10000 km 2| 3+1+1
G =6.67x10711 Nm? kg2
IR My =6.0x10% kg

() () HEM: 4.0 kg 3 2.0 kg TAFAE 9

T F & ™ w1 GuHK TEEE
i swifsq) 2
(ii) T HR el H R A (FF9H 1200
kg) W § fomreren § 21 3@
THAE 1800 kg act R B W® W
ZHUA Bl e W IR & Fem @
fruif@ ffan S @ fo6 @9 9 & &
FX A R B & = @A fewm ¥
FAM: 12.0ms™! 3R 8.0ms! ol T

e T g9 9 Gt (head-on) AR
YA 8, 999 9§ T FR

B & 91 9w hifq| 3

P.T.O.



[14] BPHCT-131

5. Tl §7 wmil & SW e
(&) () foemmm & fog a9 = fau = @«
3ed Seleh i Tfast we feerfas Seid
T B 7 ? 2

(i) T HHAF-5FEE a3 ° 0.3 kg SHHMA
9a e 20Nm™! &1 wHA 9
ST Sl 81§ 1 x = 20 mm W
ferrrereen @ el WM @1 x = 10 mm
w frem # fefes ik nfast Seid

o o [aWa

qich[cdd <h(ISTT] 3

(@) feafafed ¢ W@ 7Edt oAl &
ANYU & HEed S gRomH

A B AUH SR SAaddd  YRehford

HIfST 5

x,(@) = 2sin[20 nt + %j cm

qadqr x,() = 5sin(20 nt + g] cm
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() SHHE 0.6 kg & Qh H1 TG A

e T
2
d—x+6d—x+4x=0
dt? dt

o o (al

qfishfera SifSq :
G) & fIde k
(i) i SEA o,

(iii) 3TaHEA I

(iv) STHeT UM b

Y &, FAFEIA H1 Ypiaq FuiRa wifem)
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