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BACHELOR OF SCIENCE (B.Sc.)

Term-End Examination

June, 2011

PHYSICS

PHE-1 : ELEMENTARY MECHANICS
&
PHE-2 : OSCILLATIONS & WAVES

Instructions :

(i)  Students registered for both PHE-1 & PHE-2
courses should answer both the question papers in
two separate answer books entering their
enroliment number, course code and course fitle

clearly on both the answer books.

(i)  Students who have registered for PHE-1 or PHE-2
should answer the relevant question paper after
entering their enrolment nunber, course code and

course title on the answer book.
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PHYSICS
PHE-1 : ELEMENTARY MECHANICS

Time : 1V hours Maximum Marks @ 25

Note : Attempt all questions. The marks for each question are

ndicated against it. Symibols have their usual meanings.

Attempt any five parts : 3x5=15
1. (a) The position vectors of three points A, b and

C are given by

— A A N
ra=21+3j+5k

and

-
Find the angle between the vectors 4B

e
(M A particle is moving along a curve such that
O lel

position vector. Determine the velocity and
acceleration of the particle. Show that its
acceleration is directed opposite to its
position vector.

{«i 2\ bullet of mass 5 g leaves the barret of a
cun with a speed of 100 ms ~' Find the
average force exerted by the spring in the

srron the buliot assuming that the bullet is
i contact witis Jhe <pring for 107 7 s

io
[R¥]
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(d) Two identical balls moving with initial
velocitiesv; =2ms ™!} andv,= ~4ms™ '}
collide head-on in an elastic collision.

Calculate the final velocity of each ball.

(e) Derive an expression for the velocity of
escape of an object from the gravitational
field of the earth. '

(f) A mass i hangs from a string in a car which
. . . . -7
is moving with an acceleration of 2 ms™ -.
Draw the force diagram of the mass in the
car’s frame. Calculate the angle that the

string makes with the vertical.

() An arrow of mass 50 g moving with a
velocity of 100 ms ™! strikes a piece of wood
and gets embedded in it to a depth of
2.5 cm. Calculate the average force exerted

by the wood piece on the arrow.

(h) Draw a graph showing the variation of
gravitational potential due to a thin
spherical shell of radius R for points both
inside and outside the shell. Comment on
its nature at points inside and outside tiwe

shell.
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2. Attempt any two parts : 5x2=10

(a) The position vector of a particle of mass
m moving in a curve is given by

— 2/\ A Ay
r(t) = 3t%i+4tj+2k

Calculate the particle’s angular momentum,
torque on it and its kinetic energy of rotation
about the origin.

(b) Show that the kinetic energy of a system of
N particles is given by
MR? +

N 2
T = X m;v;

1
2
What does each term on the right hand side
of the equation represent ?

(c) Suppose that the earth condenses so that
its radius becomes one -~ fourth of its initial
value while its mass remains the same.
Determine the changed period of daily
rotation of the earth.
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PHYSICS

PHE-2 : OSCILLATIONS AND WAVES

Time : 1% hours

Note :

Attempt all questions. The marks for each question are
indicated against it. Log-tables or non-programmable
calculators may be used. Symbols have their usual
meanings.

Maximum Marks : 25

1.  Attempt any three parts :

(@)

(b)

(©
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A particle executes S.H.M. of amplitude
25 cm and time period 3 s. Calculate the
minimum time required for the particle to
move between two points 12.5 cm on either
side of the mean position.

A damped vibrating system starting from
rest reaches a first amplitude of 500 mm
which reduces to 50 mm after 100
oscillations each of period 2.3 s. Calculate
the damping constant, relaxation time, and
correction for the first displacement for
damping.

A man is standing near a railway track. A
train approaches him with a speed of
72 kmhr~!. The apparent frequency of the
whistle heard by the person is 680 Hz.
Calculate the actual frequency of the
whistle. Take the speed of sound in air as
340 ms~ L.

5x3=15



(d) A pipe of 20 cm length is closed at one end.
Which harmonic mode of the pipe is
resonantly excited by a 430 Hz. source ? Will
this same source be in resonance with the

pipe, if both ends are open ?

(speed of sound = 340 ms™ 1)

(e) A progressive harmonic wave travelling in

a string is given by
y=10sin(4.0t - 0.1x)

where y and x are in ¢m and time ¢
in seconds. Calculate the energy fiux
of the wave if the density of string is
1.25x10% kgm ~3,

2. Attempt any two parts : 5x2=10

(@)  Write down the equation of motion of a
forced damped oscillator and show that its
steady state solution is given by

Fycos(wt — 0)

~

m[(mj - wz) + 4172(02],1/

5]

where symbols have their usual meaning.
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(b)

Consider two rectangular harmonic
oscillations having frequencies in the ratio

2 : 1 and initial phase difference of %

Write down the expressions for their
instantaneous displacements and discuss
the shape obtained due to therr
superposition. Show all mathematical steps.

(¢)  Derive wave equation for transverse wave
on a stretched string,
PHE-1/PHE-2 i i
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() O BF WTEE-1 S DUEE-2 T T3THH
% o0 gSiEa & S F9ATEl & ST ST ST
ST GRAHIS H ST STEHE, UITHH FE
T WFHH AT GH-GTE [TEH G

(i) S ¥F WUEE -1 T H.UFE-2 fFE @ F fow
TSI & YT IH FeIUT % I IH-Grad o

T IHHIF, WSTHT FHIS a4 GIFHFH AT
GIF—GIF for@sh 2/
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oifqer fagm™
W.U=E.-1 : URYe FifAent

g 11 qUZ HIFTH HAF : 25

T T IV FL GHF JT & 3 3GF GIHA 70 75 E
T & ST W Y B

1. FHIF T W FL 3x5=15

(a) oM fagst A, B 2R C % Tresfa gfew frefafea

rd A AN A
ra=2i+3j+5k
- A

A s
/‘8:21 +7j+45k

-

N A A
re=6i+7j+5k

—> )
Hfagl 1, AR rye @ F S R0 HIT FL

(b)  UF FUF aF F A A & fren fou
1 =a sinof 3?\‘17\‘1/1/7 cosw!. R Trerfa wfam
famr 5 &1
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(c) ToHAN 5 g &I ek e, dgk &I Toil H
100 ms ™' &1 =@ | Feperdt &1 Fgs H feoa
FHAT GRI Meft R Aad i =1 99 HL)
A o fF el wEE | 1073 s 9% Huw o
@B

(d) TEH SH T AL F SHF IRigE a1 FEe:
v;=2ms™ '} AN v,=—4ms ! T He
(head-on) TR HHET 211 &1 THF Tig
Fifm 3 fefaa w11

(e) T % TeETRUY &F W fRH fig & oA
T T HTF T Fl |

(f) RO 2ms 2 F ITHE TF FR F TF 20 4
T 15 ASHT €| R F 99 § 49 F1 5
G i | FAR SR S S A F

(g 50 ¢ =9 & Tk X 100 ms ' & a7 |
m%@gﬁ*@méaﬂzz.sﬂnaﬁ
TEUE W IEH ¢F W@ 8 | AR W AHE! F THS
SR SITTa sira s/e7 uliford &1 |

(hy T R o161 T qaet Meld HI9 F [Eer
fgva &1 w & e oI T fge = emE
hfq R feoqor T
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2. W IR 5x2=10
(a) T 9% & TR RHH, FHH m F H &
feufa wfew frefafea @ -

-

r(t) = 3827 +4t]+2k
7@ fog & wfa w1 1 Hoig T, IW W AN
@ -3l iR IFHT goit Afes e g
H|

(b) Tag = f& N & & e & 7fas Fs H
v Frefafad €

N
T = %— MR?+ = 3 muv}

TR & ST 99 W Yoe 98 F Aeid
HIAT T ?

(c) ¥M S T geali Fufa 31 st § o) 3went frwan
3T IRIYF B 1 TFH-AE @ Sl § Selfh
IHF FHAM T8 Wl §1 geA A waar gel
e i e aftefera +i |
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sifasw fagm
'CI'T.EEI.?»Z : W 3 70
5T : 1% gU2 3fypag 3% : 25
Fz: ot g H TOF T % o 9% amn fiw e ¥
39 AT WO el Foperel H IUAN TR ¢
Taten! & A gy ot €

1. FF AT H 5x3=15

(a) TUF HV WA T e HL1 8 (! SFmH
25 cm AT 3T HIE 35 1 A TWH & A
3T 12.5 cm g0 R feem fagsti & g
FA A FHO g foan T <A w9 afwted
H |

(b) T sTaen @ 9T W T 911 T STFHIGT
%99 fTw™@ &1 999 ™™ 500 mm # |
100 <ol % WG STAH H TH FEHL 50 mm
B S & T Sl BT SR 2.3 5 ¥ | 3TawRA
frerier, fawrifa et aen yom fowemya o sameA
& HROT FINET IR B

(c) U =afad Yoram & 97 § @S ¥ 1 U @rne
FEHT AR 72 kmhr~ ! T § 30 @} =t
B 9o WISl 1 ST 379 680 Hz &1 39t
arefae g g 1 AR @ & ag o
(9 T | HHAE 340 ms™ ! ¥
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(d) 20 cm @&t TH Afaw TH fR W T7 2
430 Hz 1 Tk ©1d o §R Afciehl i T Gt
el fawn oA w1 ¥ wfem g2 afg
Jfeer o <A A ge @ 9 9 5 g1 @R
Afereht % o STHAR 20 2

(e =t = = 340 ms ™)
(e) W& IR H Hald wmHt stadt ol = fr=fafad
SR g1 TAeia fhar o @
y=10sin(4.0f-0.1x)

SE ydMyem A Eq  FFHS H 71 A AR H
T 1.25 % 103 kgm ~ % @ @71 H St AfYamg
gfteRfera &i|

2. R UM H 5x2=10

(a) & vonfeq stawicd difers & foaw wfa g
ford den fag = 5 s ot s &d
frafafea © -

Fycos(wt —0)

x(t) = - - . }/2
771[(«)(‘)' - w“) +4b°w ]

STei gdtenl & 3799 | 379 §

PHE-1/PHE-2 14



(b) & H9RIFE srad Sl w1 STgiaal 1 3
21 % AU I WA wEAAR V) T3 Lo
F fou areife favearm &1 =i fod den
THF ATV F BAFRT I ATHFR H1 A1
w31 TH TFEA A I A afofEg mon #
forg |

(c) TUF AT a7 T 3¢9 ATHES T F form a3
R ZeE F
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