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BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

June, 2012 

PHYSICS 

PHE-1 : ELEMENTARY MECHANICS 
AND 

PHE-2 : OSCILLATIONS AND 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 
enrolment number, course code and course title 
clearly on both the answer books. 

(ii) Students who have registered for PHE-1 or PHE-2 
should answer the relevant question paper after 
entering their enrolment number, course code and 
course title on the answer book. 
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PHYSICS 

PHE-1 : ELEMENTARY MECHANICS 

Time : 11/2 hours 	 Maximum Marks : 25 

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

indicated against each question. You may use log table 

or simple calculator. Symbols have their usual meaning 

unless indicated. 

1. 	Attempt any five parts : 	 3x5=15 

(a) The position vector of a particle is given by 

A  r(- t)= Rcosbt 
A 
 +Rsinbt j -- 1  ct2 

 k 
2 

where b and c are constants. Determine 

v  - (t) and 
	

(t) 

(b) A particle of mass 3 kg is suspended from 

the ceiling by two light strings, each making 

an angle of 30° with the ceiling. Determine 

the tension in the strings. 

(c) In a ballistic pendulum, the masses of the 

bullet and the block are 5 g and 10 kg, 

respectively. The block and the bullet are 

raised by a height of 0.5 cm, after the bullet 
strikes the block. Calculate the velocity of 
the bullet. 
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(d) Determine the total cross-section in the 
centre-of-mass frame of reference, given that 

d Q 	r2  

d I/ 	4 

(e) Show that the velocity of the centre-of-mass 

of a two-particle system remains constant 

if no external force acts on it. 

(f) An automobile engine rotates with an 

angular speed of 2000 r.p.m. and develops 

80 kW of power. Calculate the torque it 

delivers. 

(g) The weight of a body on earth is 1000 N. 

Determine its weight on a planet whose 

	

1 	 1 
mass is —

10 
and radius —

2 
that of the earth. 

(h) A train of mass 50,000 kg runs south at a 
speed of 30 ms-1  at a latitude 60°N. 

Calculate the Coriolis force on the tracks. 

Take the angular velocity of the earth to be 

27rx 10-5  rad s-1. 

2. 	Attempt any two parts : 	 5x2=10 

(a) A single stage rocket of mass 100 kg carrying 

900 kg of fuel is fired from rest. Calculate 

its final velocity if the exhaust velocity of 
the gas relative to the rocket is 2.0 kms -1. 
Neglect the effect of gravity. 
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(b) Two isolated particles of mass 1 kg each are 

connected by a light rod of length 2.0 m. 
They orbit their centre - of - mass at a speed 
of 3.0 ms -1. Calculate the angular 
momentum and kinetic energy of the 
system. •If the length of the rod is reduced 

to 1 rn, which of these two quantities will 
remain the same, and why ? 

(c) A spherical ball rolls without slipping down 

a slope of vertical height 35 cm and reaches 

the bottom moving at 2.2 ms Is the ball 

hollow or solid ? Give the relevant 
calculations. 
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PHYSICS 

PHE-2 : OSCILLATIONS AND WAVES 

Time : 11/2 hours 	 Maximum Marks : 25 

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

1. 	Answer any FIVE parts : 	 5x3=15 

(a) A simple harmonic motion is given by 
x = 3 sin 4irt + 4 cos 4irt where x is in metre 
and t in second. Calculate 

(i) amplitude of oscillator, 

(ii) frequency of oscillation and 

(iii) displacement at time t =0 

(b) A body of mass 200 g executing simple 
harmonic motion has _a velocity of 3 cms -1  
when its displacement is 4 cm and a velocity 
of 4 cms-1when the displacement is 3 cm. 
Calculate 

(i) amplitude of oscillation, and 

(ii) period of oscillation. 
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(c) Two oscillations along the same line are 

described by the equations 

= 0.03 cos (10 7 t) 

and x2  = 0.03 cos (12 TT t) 

Obtain the equation describing the resultant 

motion due to superposition of these two 

oscillations. 

(d) Stationary waves are produced in a medium 

by the superposition of two waves 

= 0.05 sin (3 IT t - 2 x) 

and y2 = 0.05 sin (3 IT t + 2 x) 

where x and y are in metre and t in second. 
Calculate the amplitude of the particle at 

x= 0.5 m. Given cos (57.3°) = 0.54 

(e) A pipe of length 20 cm is closed at one end. 

Which harmonic mode of the pipe is in 

resonance with a source of frequency 

425 Hz ? Speed of sound = 340 ms -1. 

(f) The quality factor of a weakly damped 

oscillator of frequency 200 Hz is 1000. 

Calculate the time in which its energy 

becomes 20% of the initial value. 
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(g) At what speed is a car approaching a 
stationary observer if he hears the music of 
the car radio with a frequency 10% higher 
than the actual frequency ? Speed of 
sound =340 ms -1. 

(h) The phase velocity v of wave in a certain 
medium is given by v=a+b X where X is 

the wavelength and a and b are constants. 
What is its group velocity ? 

2. Answer any TWO parts : 

(a) What is a torsional pendulum ? Derive the 
expression for the time period of a torsional 
pendulum. State one use of such a 

pendulum. 	 1, 3, 1 

(b) (i) 	Set up the differential equation of a 	2 

damped oscillator. 

(ii) The general solution of the differential 
equation of the damped oscillator is 
given by x (t)= exp (—bt) [ a l  exp 

(b2 —cop) t + a2  exp (b2 +coP) t 

show that for weak damping, it 
reduces to x (t) = a exp (—bt) cos 

(wdt+ (131) 

where cod  is frequency of damped 
oscillations. 
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(c) 	(i) 	Set up the differential equation for 	3 

transverse waves in a string. 

(ii) Use dimensional analysis to express 	2 

the wave velocity in terms of the 

tension in the string and mass per unit 

length of the string. 
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if 	rci011 

7.7.4.-1: f 1I1Ic* 

R77 27 :11/2 1ETGQ- 	 alfg1Wffq 	: 25 

779#5/.?-i ch 	SR/ 3/W TR-4-  F/771/ 
377 	,vid&NT 277 argiT17777-61 	 Med 41 W.?" 

tychri ff/ 	34T/4 	apf 

1. 	-Al ITT 1 cI : 
	 3x5=15 

(a) -) chuf 	ft-P-eff Trkqr f-i4-ir rtqcf 	: 

---> 

r (t) = R cos bt i d-R sin b t j — 
2 
—1  c t 2  Ac 

■516batcaTT{t1 	(t) 3 	a (t) 7110 ctA I 

(b) '0411-i1-1 3 kg atc; 	f.) cnui 

Fait 7--)•1 cidchigi Aicif t I 3A-W ti-#11 E4c1 	1721 

30° 	ch)ui 	il tl Tr-R:17ff 4 olict 	TEN 7114 

ci," 

(c) 	7R-Ircrw 

9t, 	5 g 4710 kg t I 	 0,14 t cmiq, 

Tr[2.171-9--  0.5 cm 3)4( 33 ,ItIdIt I 41101 Wf 

47 71m wrA7 
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(d) Tfed 	.a'-q Tri 3-4747 

31-7 	Trzrr tfw 

d Q 	r2 

di/ 4 

(e) f-R-4 	 r.) fg--148 fiwrzr ITT cr;) 

0,1d1 	dichf 171.74 AfiNW 	 31-97 

t 

2000 r.p.m. 	A Trfi ctA -ER wrT I-f 

11 80 kW 	7ff- f 304-1 i1n1 t I -4-dT 

Gio3-TrEpffwT9T 	 

1, Lis 710 IR 947 1000 N t I TR Ns 

1)T ITT iTTT :EiT 611 f- 1:1-W1 c.e.1 4-111 1:12M 

1 
qoe-P-11-1 	

io t 	f 	-N 71-*I — r 

ti 

(h) 	50,000 kg 	°1 11-1 	-) tff 60°N •k 3ikTi7T 

ITT t'Wf 	3117 30 ms-1 	- T-"" A.  7T 

qrM 	 Irr-twr—Tic ci.> 

-72M 	 21T x 10-5  rad s 

(f)  

(g)  

PHE-1/PHE-2 	 11 	 P.T.O. 



2. chi 4TFF .W. : 
	 5x2=10 

(a) fi=b 	)--ci(u1 tWE fq11-W1 0444-11-1 100 kg t atl-{ 

f7q4 900 kg Itti 91-TE 	t, f-qurrp-p-IT 

\511c11 t I tkE T alfic14 krf LIRehRld 	q 

tr-%7 	 's-rf 2.0 kms -1  t I 

ca 	3111-rd 7-1771 4-114 

(b) Rio,-.14-11-{ 1 kg oilc4 	rciriPid chui 2.0 in 	-c1-47 

	

05 It 	3.0 ms 1  

3174 pfd 	 .1;1 Lif4Hr 	 

#4TI 3ft-{,1651 	ficf ci.) I eik 	 

m 	ken. \AR, 

Trftr-z4 	Tft Trrw 	arE4 ? 

(c) 35 cm 	3 f 	;)-cii girl Gc111   11)0 

fcb-ZzO.  -114 	t AT 2.2 ms 1  

cicl Tr& t I 	fw 	(41(gzi1 t 

	 ? 34T-q-vzrw 	 c4 I 
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x=3 sin 4Trt + 4 cos 4Trt 

-aqr 	t : 

c1-1 -WE 3T1471, 

(ii) q)(1-1 	aTrqf,  aQTr 

(iii) Tfil4 t=o TR fa-T2Trcri i-irkcniod ask  

(b) 	200 g ,:)44111-1 	T 1 	s filet 	chtc-11 t I 

74 TR 14S -Wf f4T-2717 4 cm t 	-47 

3 cms-1  t 21T 	71-*1 fdlziltri 3 cm t 

71-*1 .-11 4 cms-1  t I 

(i) 	 3TRIR 

(ii) 37441-F Lificbrod 
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(c) Tftu 	ii4-1 '1101 F11-16rt_lci 	: 

x1= 0.03 cos (10 -rr 

x2 =0.03 cos (12 Tr t) 

3Tarratiff cht4 	4-)cia(c4 4 0114-1 

1 cr "WF 	TIRT c 	I 

(d) f Trrum 1:14-irriPgd diJif 3Tezi-r-41Tur 

3-1-574-  da.  dram 	: 

yi  =0.05 sin (3 7 t-  2 x) 

47 y2 =0.05 sin (3 m t+2 x) 

elx -d2ry 4-ndt .14.-ff2TIt# 	ti x= 0.5m 

-ER fr cbui 	3-Trzrm4 	Rcbrod .1-) 	rqir Trzir 

4) cos (57.3°) = 0.54 

(e) 20 cm 	91--o-wr t, 	1T .1.-qt I 31-9-F7 

425 Hz .4T . 	t.I)cf 't VT24.  TR 	ch 

Tit 	7:rT-q1 	 ? 

-q1c4 = 340 ms-1. 

(f)  a-TrIfff 200 Hz it lkcf-) 	3-1-414f0 	(11 

11jurdT *Itch 1000t1 T1117f Tc4lTri 	fichRld 

	 f7Til4 

TEN 

 

T20 Tri-d717 t AR-11 t I 
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(g) .) f-kg-{F, i i 31-1-{ 	f.) 	311 	 ti ire 
giki 71-4 TrR chi( tr-g-0:4 t *17 ch1 

zuk aik-drach 3 	-4 10 Tfi-dViff 31-NW t 
,4-)R f-*-:r -am 4 	*1 31)731r -tt t? wfa 

-ciio =340 ms -1. 

(h) f"*-Tft ITPATT 	 t 	411, v f 01 ch 

1:14-1FOR.1 	d t : 
v=a+b X 

\lir X 	.9-TT a AT b ft-2171t t I c10 

1:17 471 LI Ft ch R1 ci ctl.  I 

2. 	7'7 1.1-0* 371 ( -r34 : 

(a) TR)* 	t? -p:rk 	Frir 

0‘31 ch 	c 	I TT4 	 3-1-1-9701 
	I 	 1, 3, 1 

(b) (i) 

	

	3-741:f iqcr 	 t Fri 	 3T 	2 
cr)kui TeTritru 

	

arditka.  q.) kl 1 	31-4W1 ti 	441 ct) tuf —f 	3 

oei ch 	 t : 

x (t)=exp (-bt) [ al  exp (b2-- ct)P) t 

+a2  exp (b2 +0)P t I Riag 	fT fr  

31-41=k9.  t rr1 -T=R-1-wr 6ci 	cr 

Lifiarcid t A1c11 t : 

x (t) = a exp (-bt) cos (wdt+4) 

	

31-411tU c)(1-1-1 	31T-IfU t I 
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(c) 	(i) 	fa) 	.ffi{ 'TT #-4F-TU 3T-19T-2Tair 	f 	ii 	3 

14111.01 T.-P*1U ci-) 

(ii) 	faitzlr fci uf 	t 3-1-197)T1 c4-) 	q 	2 

q.4 	c1-114 	Yrd 
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