No. of Printed Pages : 20 BPHCT-131

BACHELOR OF SCIENCE (GENERAL)
(MULTIDISCIPLINARY)
(BSCG/BSCM)

Term-End Examination

December, 2025

BPHCT-131 : MECHANICS

Time : 2 Hours Maximum Marks : 50

Note : (1) Attempt all questions.

(it) The marks for each question are

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

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

(a) Determine the angle between any two

- -
vectors p and ¢ of non-zero magnitude

given that :

> o > o
lp+ql=Ip—ql
(b) State the order and degree of the

following differential equation :

y = x+\/g

(c) Astronauts are put In a rotating
circular chamber to be trained in how to
withstand high accelerations. What is
the acceleration experienced by an
astronaut in a chamber in terms of g if

it rotates with a constant angular speed
of 2.0 rad s! ? Given that in the

chamber astronauts travel in a circle of

radius of 10 m.
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(d) A lift of mass 3000 kg moves 200 m
upward at a constant speed in 25.0 s. At
what average rate does the force due to

the cable do work on the lift ? Take

g=10ms—2.

(e) The rotational Kkinetic energy of a
particle in circular motion is 100 J. It
moves once in the circle in 22 s. What is
the rotational inertia of the particle ?

(f) Using the law of equal areas, explain
why an object would move slower when
it 1s farther away from the centre of

force.

(2) The displacement of an object executing

simple harmonic motion is given by :

x =0.05cos (4t +0.0625)m

A-433/BPHCT-131 P.T.O.



[4] BPHCT-131

Determine :
(1) maximum velocity

(11) maximum acceleration
(h) What is relaxation time for a damped
oscillation ?
2. Answer any two parts : 2X5=10

(a) The position vector of a particle as a

function of time is given by :

- ~ A A
r(t)=5cos(4t)i +5sin(4t)j + k

Determine its velocity and acceleration.
Show that both its speed and the
magnitude of 1its acceleration are

constant.

(b) Show that the following ODE is exact
and solve it :

xy'+2x+y=0
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(¢) In an LCR circuit, an inductance L, a
resistance R and a capacitance C are
connected in series. The variation of
charge ‘¢’ flowing through with time ‘¢’

in the circuit is given by the differential

equation :

2
Lﬂ+R@+g:0
dt? dt c

Solve this equation to determine ‘¢’ as a

function of time ‘t’.

3. Answer any two parts : 2X5=10

(a) The mass of an aircraft is 50000 kg. It
1s flying in a straight line at a constant

speed of 1000 km h~1. The weight of the

aircraft equals the lift force. The pilot
increases the thrust of the engine to

90000 N. Suppose the air resistance
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force equals the engine thrust in 25 s.
What is the increased constant speed of
the aircraft at that instant ? What is

the increase in its speed ?

(b) Calculate the height of a
geosynchronous satellite above the

surface of the Earth. Given that
G = 6.67x10°11Nm2kg-2 , Mass of
Earth Mg = 6.0 X 1024 kg and Radius of

Earth = 6.4x106m .

(0 The mass of a two-stage rocket
launched in free space is 1000 kg at
some instant of time. When 600 kg of
fuel of the first stage burns in it, the

rocket ejects a stream of gas at a
relative velocity of 1500 ms~1. What is

the rocket’s velocity after the first stage

1s ejected ?

A-433/BPHCT-131



[7] BPHCT-131

4. Answer any two parts : 2x5=10

(a) (1) A bicycle travels 150 m along a
circular track of radius 15 m. What
i1s the angular displacement in
radians of the bicycle from its
starting position ? 2

(11) The Earth orbits the sun in 365.25
days in a nearly circular orbit.
What is the average angular speed
of a particle on Earth’s surface as it
orbits the sun ? Take the direction
of Earth’s rotation to be +ve
direction of the angular
displacement. 3

(b) State the law of conservation of angular

momentum. A merry-go-round
possessing rotational inertia 5000 kgm?
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is mounted on a frictionless vertical
axle and 1s initially rotating at an
angular speed of 1 revolution per
minute. A girl jumps on to the platform
in the radial direction. If the rotational
speed of the merry-go-round reduces to
0.8 r.p.m., calculate the girl’s rotational

inertia. 1+4

(¢ A billiard ball of mass ‘m’ hits
another billiard ball of equal mass at
rest in an elastic collision and moves
along a straight line at an angle of 0
from 1ts original direction of motion. At
what angle with each other do the
target ball and the projectile move after

collision ? 5
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5. Answer any two parts : 2x5=10

(a) The amplitude of vibration of a damped
spring mass system decreases from
10 cm to 2.5 cm in 200 s. If this
oscillator completes 50 oscillations in
this time, compare the periods with and

without damping. 5

(b) Two collinear harmonic oscillations are

represented by : 5

x (@) =4 sin(ZO it + gjcm

x9(¢) =3 sin (20 it + gjcm

Calculate  the amplitude, phase
constant and period of vresultant
oscillation obtained on superposing
these two collinear oscillations.
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(¢ (1) How does a pulse differ from a

wave ? 2
(i1) A progressive transverse wave is
described by :

y(x,t) =0.01 sin(1256¢ —63x) m

Determine  the  direction  of
propagation of the wave and
calculate the amplitude,

wavelength, frequency and velocity.

3

A-433/BPHCT-131



[11] BPHCT-131

BPHCT-131
T TATaes (A=) (Sigferseren)
(Sit, Ta,-dt, i, /&, |, -6, )
LEIGRCIEI
fegwT, 2025

o0 UL L2~ 131 ; ATt

gHg ;2 gU2 HfeFaH 37%F : 50

FiT: (i) T FIT FHSCI
(ii) FAF J97 & 3% 3GF G 7T T &

(iii) FdiP! & 3197 G 37ef &1

(iv) 379 BB HT SYFNT F GHd &
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1. =gl ufar 9l & IR ST 5%2=10

(%) forgl & YA 9fAT =Tt wfewi p ¥ g

& o 1 SO [ Siee, afe fezn = o

- - - -
lp+ql=Ip—ql

(@) frefafed sesha Tt &1 Fife iR =@

TR :
y=x+y

(1) sTafier A 1 So9 RO W 1 TS <N
% fou 3% T addt Tfd R W wE A @
STl ¥ 1 AfE w& 2.0 rad s 1 TR HOAA
o Y U T S, A STH SIS AT A
H g UG H U N § ? e T © o wa
H sraRe ael 10 m B =t o9 | o
F G
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() 3=ME 3000 kg & Th fawe =R =

¥ 25sH 200 m H T T FA T HaA

T foRe M o W 99 &g 3fma

g fae W w& &1 & 72 g=10 ms2
e |

(%) et Tfd T W@ Teh 107 1 SOff TSt ol
100 J B1 98 99 H 22.0 s H T URGHAT
A1 § | U1 Rl STSed SOl 1 2 2

() FHF-&5he oW o1 YA e gHemEe fh
9 % s 9 3w g 31 W I &1 o e
=i B 2|

(B) A e T X foreft fre =1 forara f=
THTERTOT G oI |

x =0.05cos (4t + 0.0625)m
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1 HIfST
() Afereham o

(i) etferehan @

(F) sebfed qem & fau fasnfa =@ =0
B ?
2. T&=l & il & s I 2x5=10
(F) 9T & ®eHd & ®9 § fRdt wor w1 feafa
gfeer fr=fafed &

7(::) = 5cos(4t)i +5sin(4t)] +Fk
THHT A7 3R R A1 hifee | g swifee fo
THH! =Tel 991 o0l & GRAT 3= T

(@) fag =iviw fo& fafafed e
AIh THIHIO JIaY € 3R THR B U<
I

xy'+2x+y=0

A-433/BPHCT-131



[15] BPHCT-131

(71) Tk LCR 9f9e & w&h W L, Fanfes C 2R
yfeg R sl 9of § Sirer S § 1 9fge o
YaTfed a9 ‘¢’ w1 9 ‘¢ & @Y giadd

o o

ffafed STaehal THeI WWW% :

2
Lﬂ+R@+g:0
dt? dt c

TH GHiRI0 I 8A Fh ¢ I EA ‘¢’ &
el o ®9 H 9T SHifeg |

3. hIE ar YN & HIfST ¢ 9%5=10

(%) T gOE SN 1 TEEE 50000 kg ¥

BATE SEN Ueh T3 3@ H 1000 km h-1 i
TR =T ¥ Tfaq™ § 1 BTSSR W kT
I 3T YR & IR ¢ | I 351 & YOG

! SR 90000 N &R a1 ® | A ofifere f
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Y IR 9 25 s H §91 o YUIG o e

T S B SH &0 W TAE SRS hi e g8

STeR =T 1 Bl 7 39eh! 91 H gig foha

g2

(@) T Jqedehiel STUE i Y2l i Ta8 § .
qfehferd shifsre |
fem T ® ¢ G=6.67x10"11Nm2kg-2,
gedl &1 oA My = 6.0 x 1024kg 3R
geeft %1 B 6.4 x106 m AT |

(1) S/ T fERm Yehe w1 g AE™ H Bre
ST ¥, T S Ui S 1000 kg ¥
5o Uehe & T8 =0 H 600 kg THAM H
W W@, 9@ e 1500 ms B
e A & T F uw I F ¥
Tehe & Ugel =0 & TR & o Uhe &1 A
18R ?
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4. I3 AN BA HIT ¢ 2x5=10
(%) (1) U HEfFa 5 15 m & JAER 99 W
150 m &1 T T9 Il § | SHeh! SN

feafa & ot feam § wmia fowemm

T ? 2

(i) geat @ & =9 AR 365.25 fA |
ST A & H Teh o) GRHAT HLd!

T gedt i Tae W feod wur ) siEd

HIUT A N ¥, & 98 YA h1 IR
FA T 2 Y & YUN &l feem W

I feo@era= shi eHTeHe foem Arfw) 3

(@) ®E Gam Weu fm w1 s fafawd
T H-M-Rve fae Sea s

5000 kg m? ¥, TH THUEH HeateR W W

@ geT T a8 U H ufq fiee 1 uReem
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F1 T =t ol F W@ | ThH ASehI,

s foem # 98-TM-T—0e | HIH =g Sl
g1 AR AO-TM-TSTS HT HIVF A1 TR

0.8 r.p.m. & W &, @ ASH I NS

STTE[01 YT ShifIC | 1+4
() 5=AA ‘m' =tell Tk fafedm &1 g
formreRen # fod ¥9M SoWH arel gEd
faferdm # ik ¥ Yoy guga & ¥
IHeh WG 7 AT SRk 7l K1 fasm & 0 &
HU R A @ H T et T 1 T &
QA AR Y TH-TW & @y fwmE
IO R T B § 2 5

5. “hIE & 9T &l i : 2x5=10
(F) fFdt sadfed waMt-somE ™ &1 F94

™M 200 s H 10 cm 9 SR 2.5 cm @
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S 1 oafe a8 <o 3@ 9Eaade |

50 e R HIAT T, A T 3T HIed T 3
Q feafedi # gorm FINT 59 97 oremfea ¥
3R 519 I STeHed ¢ | 5
(@) W@ e do e e e T

g 5

x1() =4 sin 20nt+g cm

X9(¢) =3 sin 20nt+g cm

T OQ W@ Qe H AERUT &

heia®d Icd— TRUMHT Sled & 3T, el

fader iR oRomt e w1 STEded

qRehfeld ehifoId |
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() (1) e AR T H I TRy | 2
(i) TH TH TR W & FAfated

iTeh g1 e foha S ¥ 3
y(x,t) =0.01 sin(1256¢ —63x) m
T 1 e e fAuif sifse iR 9
W, TR, g Ta o dRehfod
RIS |

X X X X X
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