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

Term-End Examination

June, 2022

BPHCT-131 : MECHANICS

Time : 2 hours Maximum Marks : 50

Note : Answer all questions. The marks for each question
are indicated against it. You may use a calculator.
Symbols have their usual meanings.

1. Answer any five parts : 5x2=10

(a) For any two vectors E)and E), show that

> —
|p.q |2 q |2

%
+| P x = p?q>.

(b) Classify the following ODE on the basis of
order, degree, linearity/non-linearity and
homogeneity/non-homogeneity :

di

L—+Ri=E
dt+ 1
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(c)

(d)

(e)

®

(g

(h)

In the following cases identify the inertial
and non-inertial frames, giving reasons :

(i) A ball being swung in a circle

(i1) A car moving in a straight line at

constant speed

Calculate the impulse for a ball of mass 20 g
which strikes a wall straight with a speed of

10 ms~! and rebounds at the same speed.

The average angular acceleration of a stone
lodged in a rotating car wheel is 100 rad s2.
What will be its final angular speed after

3-0 s if it starts from rest ?

Determine the reduced mass of a two body
system consisting of a star of mass M and a

black hole of mass 150 M.

Write the differential equation for the
motion of a one-dimensional spring-mass
system. What is its frequency of oscillation
in terms of the force constant of the spring

and the mass ?

Are water waves transverse or longitudinal ?

Explain your answer.
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2. Answer any two parts : 2x5=10

(a) Determine the torque about the point
g A
(0, 1, —1) due to a force F = /1\ +3§ -2k

acting at the point (2, — 1, — 4). 5
(b) Solve the following boundary value problem : 5
16y” +y=0, y(0) =2, y2r)=-3

(c) A curve is represented by the following

parametric equations :
x=4, y=t2+6, z=3-2t

Determine the unit tangent vector to the

curve att = 1. 5

3. Answer any two parts : 2x5=10

(a) A crate is moved across the floor by pulling a
rope tied to it. The force on the crate is of
magnitude 400 N and is directed at an angle
of 60° to the horizontal. The force of kinetic
friction on the crate is 100 N and the mass of
the crate is 200 kg. Draw the free body
diagram and calculate the acceleration of the
crate. Also calculate the work done by each
force in displacing the crate by 3:0 m. Take
g =10 ms2. 1+2+2
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(b) State the law of conservation of energy. A
block of mass 15 kg is pushed against a
spring kept on a table and compresses it by
20 cm. Then the block is released and it
slides along the table. If the coefficient of
kinetic friction between the block and the
table is 02 and the spring constant is
150 Nm™!, how far will the block move

before it comes to rest ? Take g = 10 ms™2.  1+4

(¢c) Two particles of mass 2m and 5m,
respectively, are separated by a distance 2r.
A mass m is kept at the mid-point of the line
joining  them. Determine the net
gravitational force on the mass m. At what
point on the line should the mass m be kept
so that the net gravitational force on it is

zero ? 2+3

4. Answer any two parts : 2x5=10

(@) A disc having rotational inertia
1-5x 1073 kgm? is attached to an electric
motor which delivers a torque of 30 Nm on
the disc. Calculate the disc’s angular speed,
angular momentum and work done by the
torque in 20s given that it starts from
rest. 1+1+1+2
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(b) What are the constants of motion for motion
under central conservative forces ? Derive
the Law of Equal Areas for central force

motion. 2+3

(c) Derive the expression for the total kinetic
energy of a two-particle system in terms of
the velocity of its c.m. and the velocities of

the particles with respect to the c.m. 5

5. Answer any two parts : 2x5=10

(a) The velocities of an object executing SHM

1 1 when its

are 10 cms— and 20 cm s~
displacements are 8cm and 4 cm,
respectively. Calculate the amplitude of the

SHM and its time period. 3+2

(b) Consider two collinear harmonic oscillations

each having frequency w,, amplitudes a and

b, and phases ¢, and ¢,. Determine the

amplitude of the motion resulting from the

superposition of these two oscillations for
(i) ¢, — ¢, = 2mm, and (ii) ¢, — ¢, =Cm + D) =

where m is an integer. 5
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(c) The differential equation of an oscillator of
mass 0-2 kg is :
d%x dx

—+10 — +15x =0
dt? dt

Calculate the force constant, angular
frequency, damping constant and damping

factor. What is the nature of damping ? Ix5=5
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1. ol ier WA o I T 5%x2=10
() Torgil g1 wfewi p° 3§ = forg, firg =hifse
9. T2+ | P x T |2=p%
(@) frafafed wume esa arfier &t Sife,
H1d, Rgeshar/eniasar R THETdd)/TEHETdd
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di

L—+Ri=E
dt
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() wru dfed Tmemse fe fafafed o= & @
TScd 1T dF HH-HT § 3 S df hid-HT
2
(i) g9 H TaHE g ¥ IS8T
(i) Hefi geh W =R T § lgHE ME |

SEE

(9) Z=EE 20 g I Th g H1 AL IR
HITT 9 98 TH ¢k W 10 ms~! T =1t A
Y Thudt 7 IR I T I A9 Al AT
2|

(2) e 3 o AR A o T S A
3TEd v @O 100 rad s28 | 3:0 s % 91§
sahl sifqm @i = wn wef, A T@w
formTaEen @ FoiH T IRY HLT 7 2

(F) g™ M % Tsh dr 3R geamH 150 M & T
A% B ¥ o4 fg-fig freem o1 wara g
A1 IR |

(3) Twh-fom FuHlgemm e f 1fd & fou

g TRl fafau | geamm 3 STt 5
frerares o g # Fepr i giem STgia 9 | 2

(W) o qU SRS Bl § A IFeRA ? T I
%l THSTET |
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2. Tl @ 9 & I AT : 2x5=10

@) fog (2, -1, 4 W @ w®W =d

F=14+3] 2k Fammfag01,-D%
gfd S-S0l i TUMET T | 5

(@) F=fafad afEfim-am aw= + ga Hie . 5
16y” +y =0, y(0) =2, y(2n) =-3

(1) wk T H FEfaRgd gEfas @iemn ga

forsfua foram SiraT 2 -
x=4, y=t2+6, z=3-2t

fog t = 1 W 39 9% W Thh il alew A
SHIRTT | 5

3. Tl @ v & S| v 2x5=10

(%) TH he Bl B T 3IW W A€l g3 Th & G

i STaT B | She W W a1l Sicd T JHATT

400 N g 3R 51 ! feun 3R &fas o &=

I 60° B | he W M aTeA TMiaeh TN oA

100 N 8 3 he T §eaWE 200 kg 8 | 30

e & foru sa-fes em@ difum it she

I @ YN T | she I 30 m

foreenfua s ® ycs ot g fokam T @Rt oft
giehfetd I | g = 10 ms=2 &fifST | 1+2+2
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(@) St T frm & wem v | geme
1'5 kg % T scieh gT O W Tl HAFT i
WW%,WW20cm@ﬁ%ﬂ€[
STt B | fR soAies Bl ©ig feun S @ 3 T
T R fhaear 3 | Afg st 3 O & o=
Tfqeh =YUT TN 0-2 B SR HAMl s
150 Nm~1 8, a1 forrmreeen # ug=H d% sl
ﬁ?‘?’(ﬁﬁﬁ@ﬁ'ﬁaﬁ"ﬂ?g=10ms_2
SilE L 144

(7) ZEAWH 2m 3R 5m AT Q1 HOI %k = h
2r’3 | $1 U I Sl ATl W@ % Heg-fag
TS m % Teh U hl @I T 8 | GoIHH
m I U W A TECATRY I 1A I |
Wl % fopE f9g W 5w m a1 0 @l
ST =MfEQ qifeh 39 W T T@T A4 TocaTehy vl
I 7 AT 2 2+3

4. Tl @ W & I &N 2x5=10

(%) Th Thdl HI, EH  TS@ AT
15 x 1073 kg m? 8, Teh foga WX | SISl Arar
? 91 38 W 30 Nm 1 FA-3TT0] STRITUA et
? | Ife Tehdl IRY T fowmresen ¥ &1, a1 20 s
Sg Thdl Sl RV =TS, DT FAT IR
Sa-Ame g fRr M @R feRfod
HIfT | 1+1+1+42
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(@) Fga weft gt & ot nfd & forw wfq =
I FT F 2 hol 9 & A fd & forw
TOH-E%e g sgcqd I | 2+3

(M) wH fg-ur Gy i o Tfas St H1 =T,
3Tk TEfd g & o R Ul g & AN
3k HUT o AT % UG § Ycdd HITT | 5

5. forgl @ v & 3| S 2x5=10

(%) WA FEd T R W@ TH TS % o A
10 cm s~! 3 20 cm s~! 8 99 39 fomamm
A 8 cm AW 4 cm & | TS 3G qreAd

SR AT ITEdehld Tiehfeld <hIfoT | 3+2

(@) & @ Ed dem i, 6l g 6
R 0, ¥, FEW a 3 b §, 3 TR
FATE ¢, A ¢ & | 3 3N Qe  FSRIIV 5
HoreaEd giomH a1 s it it
RIEE 5
@ ¢, — ¢p=2mn & AR
(i) ¢,— ¢p=@m+ 1) e |
(m T qU(eh &)
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(1) M 0-2 kg o Ueh Qo U8 i Fahal
grfferter fead ® -
d%x dx

—+10—+15x=0
dt2 dt

¥a fare, iy g, sEde e iR
3adeT U URehferd IS | stade i
TR hEl B 2 1x5=5
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