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Instructions : 

1. Students registered for both BPHE-101/PHE-01 
and BPHE-102/PHE-02 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. 

2. Students who have registered for BPHE-101/ 
PHE-01 or BPHE-102/PHE-02 should answer 
the relevant question paper after entering their 
enrolment number, course code and course title 
on the answer book. 
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      BPHE-101/PHE-01/ 
BPHE-102/PHE-02 

foKku Lukrd (ch- ,l-&lh-) 

l=kkar ijh{kk] fnlEcj] 2020 
HkkSfrd foKku 

ch-ih-,p-bZ-&101@ih-,p-bZ--01 % izkjafHkd ;kaf=kdh 

,oa 

ch-ih-,p-bZ-&102@ih-,p-bZ--02 % nksyu ,oa rjaxsa 

le; % 3 ?k.Vs     vf/dre vad % 50 

funsZ'k %  

1- tks Nk=k ch-ih-,p-bZ-&101@ih-,p-bZ--01 vkSj ch-ih-,p-

bZ-&102@ih-,p-bZ-02 nksuksa ikB~;Øeksa ds fy, iathd`r 

gSa] nksuksa iz'u&i=kksa ds mÙkj vyx&vyx mÙkj 

iqfLrdkvksa esa viuk vuqØekad] ikB~;Øe dksM rFkk 

ikB~;Øe uke lkiQ&lkiQ fy[kdj nsaA 

2- tks Nk=k ch-ih-,p-bZ-&101@ih-,p-bZ--01 vkSj ch-ih-,p-

bZ-&102@ih-,p-bZ-02 fdlh ,d ds fy, iathd`r gSa] 

vius mlh iz'u&i=k ds mÙkj mÙkj iqfLrdkvksa esa viuk 

vuqØekad] ikB~;Øe dksM rFkk ikB~;Øe uke 

lkiQ&lkiQ fy[kdj nsaA 
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 BPHE-101/PHE-01 

BACHELOR OF SCIENCE (B. Sc.) 
Term-End Examination 

December, 2020 

BPHE-101/PHE-01 : ELEMENTARY MECHANICS 

Time : 11
2
 Hours    Maximum Marks : 25 

Note : Attempt all questions. The marks for each 

question are indicated against it. You may 

use a calculator. Symbols have their usual 

meaning. 

1. Answer any two parts :  

(a) (i) A girl pulls a box of mass 80 kg along 
a floor at constant velocity, with the 
help of a rope which makes an angle of 

45° with the floor. If the coefficient of 
kinetic friction between the box and 
the floor is 0.20, calculate the tension 

in the rope. Draw the free body 
diagram. Take g = 10 ms–2. 3+1 
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(ii) A swimmer moves through water at 

an average speed of 0.35 ms–1. The 

resistive force on the swimmer due to 

water is 200 N. What is the average 

power required by the swimmer to 

overcome this force and maintain her 

speed ? 2 

(b) (i) At the surface of a satellite of Jupiter, 

the acceleration due to gravity is 

1.8 ms–2. An object weighs 50 N on the 

Earth. Calculate its weight on 

Jupiter’s satellite. Take g = 10 ms–2. 2 

(ii) A spring with a spring constant  

k = 2000 N-m–1 is placed vertically and 

compressed by 0.1 m. A ball of mass 

0.2 kg is placed on it and then the ball 

and spring are released. Determine 

the maximum height to which the ball 
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rises from its starting position and  

its maximum speed. Take g = 10 ms–2. 

2+2  

(c) (i) A box of mass 5.0 kg is sliding up an 

inclined plane which makes an angle 

of 30° with the horizontal. The initial 

kinetic energy of the box is 150 J.  How 

far will it slide up the incline if the 

coefficient of kinetic friction between 

the box and the plane is 0.20 ?  

Take g = 10 ms–2. Draw the free-body 

diagram. 4+1 

(ii) State the conditions for stable and 

unstable equilibria for a given 

potential energy function.  1 

(d) A merry-go-round having moment of 

inertia 600 kg-m2 and radius 6.0 m is 

initially at rest. A girl of mass 30 kg 
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standing at its edge starts walking 

counter-clockwise on the merry-go-round at 

a constant speed for 2.0 ms–1. Determine : 

(i) The angular speed and direction of 

rotation of the merry-go-round. 

(ii) The work done by the girl to set 

herself and the merry-go-round in 

motion. 

Use the work-energy theorem. 4+2 

2. Answer any one part :  

(a) (i) State the law of equal areas for central 

forces. Use it to explain why an object 

would move faster when it is closer to 

the centre of force. 2 

(ii) Titan and Hyperion are two moons of 

Saturn. The orbital period of Titan is 
16 days and the mean radius of its 
orbit is 1.2 × 109 m. If the mean radius 
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of the orbit of Hyperion is 1.5 × 109 m, 

calculate its orbital period in days. 3  

(b) Write down the expression for the centre of 

mass of an N-particle system. The position 
vectors of three particles of masses  
m1 = 3.0 kg, m2 = 4.0 kg and m3 = 1.0 kg 
are given by : 

2 2
1 ˆ ˆ( 3 ) 6r t t mi t mj→= + +   

2
ˆ ˆ(4 3) 3r t mi t mj→ = − +   

3
ˆ ˆ(6 ) (5 3)r m i t mj→ = + −   

Calculate the velocity of the centre of mass 
of the system. 1+4 

3. Answer any one part :  

(a) What is the centre of mass frame of 
reference ? 

A 100 kg cart moving to the right at  

5.0 ms–1 collides head-on with an 80 kg 
cart moving to the left at 4.0 ms–1. If the 

collision is elastic, calculate the speeds of 
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the two carts before and after the collision 
in the centre of mass frame of reference. 

1+4 

(b) A solid cylinder of mass 5.0 kg and radius 
2.0 m is rotating about its axis with an 

angular speed of 30 rad/s–1. Calculate the 
torque required to bring the cylinder to 
rest in 10 s. What is the angle through 
which the cylinder turns in this time ? 3+2 

4. Answer any one part :  

(a) A small ball of mass 100 g hangs from a 
string in a car which is moving with an 

acceleration of 2.0 ms–2. Using a non-
inertial frame of reference, calculate the 
tension in the string. Take g = 10 ms–2. 3 

(b) What should the minimum angular speed 

of the Earth be for objects to fly off  
its surface ? Take g = 10 ms–2 and  
RE = 6400 km. 3 
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      BPHE-101/PHE-01 

foKku Lukrd (ch- ,l-&lh-) 

l=kkar ijh{kk 

fnlEcj] 2020 

ch-ih-,p-bZ-&101@ih-,p-bZ--01 % izkjafHkd ;kaf=kdh 

le; % 11
2
 ?k.Vs     vf/dre vad % 25 

uk sV % lHkh iz'u dhft,A izR;sd iz'u ds vad mlds 

lkeus fn, x, gSaA vki dSYdqysVj dk iz;ksx dj 

ldrs gSaA izrhdksa ds vius lkekU; vFkZ gSaA 

1- dksbZ nks Hkkx dhft, % 

(d)  (i) ,d yM+dh jLlh dh enn ls nzO;eku 

80 kg ds ,d cDls dks vpj pky ls 

iQ'kZ ij [khaprh gSA jLlh vkSj iQ'kZ ds chp 

dk dks.k 45° gSA ;fn cDls vkSj iQ'kZ ds 

chp dk xfrd ?k"kZ.k xq.kkad 0-20 gks] rks 
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jLlh esa ruko cy dh x.kuk dhft,A cy 

funsZ'kd vkjs[k [khafp,A g = 10 ms–2 ysaA 3$1 

(ii) ,d rSjkd ikuh esa 0-35 ms–1 dh vkSlr 

pky ls xfreku gSA rSjkd ij ikuh ds 

dkj.k yxus okyk izfrjks/h cy 200 N gSA 

bl cy ij ikj ikdj vpj pky ls rSjus 

ds fy, rSjkd dks fdruh vkSlr 'kfDr dh 

vko';drk gksxh \ 2 

([k)  (i) c`gLifr ds fdlh mixzg dh lrg ij 

xq#Roh; Roj.k 1.8 ms–2 gSA i`Foh ij fdlh 

fiaM dk nzO;eku 50 N gSA c`gLifr ds bl 

mixzg ij bldk nzO;eku ifjdfyr dhft,A 

g = 10 ms–2 ysaA 2 

(ii) dekuh fu;rkad 2000 N-m–1 dh ,d 

dekuh dks ÅèokZ/jr% j[kdj 0-1 m 

laihfMr fd;k tkrk gSA fiQj ml ij 

nzO;eku 0-2 kg dh ,d xsan dks j[kk tkrk 
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gS vkSj mlds ckn dekuh vkSj xsan dks ,d 

lkFk NksM+k tkrk gSA fu/kZfjr dhft, fd xsan 

viuh izkjafHkd fLFkfr ls fdruh vf/dre 

Å¡pkbZ rd igq¡prh gSA mldh vf/dre 

pky D;k gksxh \ g = 10 ms–2 ysaA 2$2 

(x) (i) nzO;eku 5-0 kg dk ,d cDlk ur lery 

ij Åij dh vksj f[kld jgk gSA ur 

lery {kSfrt ds lkFk 30° dk dks.k cukrk 

gSA cDls dh vkjafHkd xfrt ÅtkZ 150 J 

gSA ;fn ur ry vkSj cDls ds chp dk 

xfrd ?k"kZ.k xq.kkad 0-20 gks] rks cDlk ur 

ry ij fdruh nwj rd f[kld ik;sxk \  

g = 10 ms–2 ysa vkSj cy funsZ'kd vkjs[k Hkh 

[khafp,A 4$1 

(ii) fdlh fLFkfrt ÅtkZ iQyu ds fy, LFkk;h 

vkSj vLFkk;h lkE;koLFkk ds izfrca/  

crkb,A 1 
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(?k) ,d esjh&xks&jkmaM ftldh f=kT;k 6-0 m gS vkSj 

tM+Ro vk?kw.kZ 600 kg/ms–2 gS] vkjEHk esa 

fojkekoLFkk esa gSA esjh&xks&jkmaM ds fdukjs ij 

[kM+h nzO;eku 30 kg dh ,d yM+dh] okekorZ 

fn'kk esa 2-0 ms–1 dh vpj pky ls pyus yxrh 

gSA fu/kZfjr dhft, fd % 

(i) esjh&xks&jkmaM fdl fn'kk esa vkSj fdl 

dks.kh; pky ls ?kw.kZu djrk gS \ 

(ii) esjh&xks&jkmaM vkSj vius dks ?kw.khZ xfr nsus 

ds fy, yM+dh dks fdruk dk;Z djuk 

iM+rk gS \ 

 dk;Z&ÅtkZ izes; dk mi;ksx dhft,A 4$2 

2- dksbZ ,d Hkkx dhft, % 

(d) (i) leku&{ks=kiQy fu;e dk dFku nhft,A 

bldk iz;ksx djds le>kb, fd tc fiaM 

cy ds dsUnz ds ikl gksxk rc og vf/d 

osx ls xfr D;ksa djsxkA 2 
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(ii) VkbVu vkSj gkbijvk;kWu 'kfu ds nks mixzg 

gSaA VkbVu dk d{kh; vkorZdky 16 fnu gS 

vkSj mldh d{kk dh vkSlr f=kT;k 

1.2 × 109 m gSA ;fn gkbijvk;kWu dh d{kk 

dh vkSlr f=kT;k 1.5 × 109 m gks] rks mldk 

d{kh; vkorZdky (fnuksa esa) fu/kZfjr 

dhft,A 3 

([k) N d.kksa ds ,d fudk; ds lagfr dsUnz dk 

O;atd fyf[k,A nzO;eku m1 = 3.0 kg, m2 = 4.0 kg 

vkSj m3 = 1.0 kg okys rhu d.kksa ds fLFkfr lfn'k 

gSa % 

2 2
1 ˆ ˆ( 3 ) 6r t t mi t mj→= + +   

2
ˆ ˆ(4 3) 3r t mi t mj→ = − +   

3
ˆ ˆ(6 ) (5 3)r m i t mj→ = + −  

lagfr dsUnz dk osx fu/kZfjr dhft,A 1$4 
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3- dksbZ ,d Hkkx dhft, % 

(d) lagfr dsUnz funsZ'k ra=k D;k gksrk gS \ nzO;eku 

100 kg dk ,d Bsyk nkfguh vksj 5-0 ms–1 dh 

pky ls xfr djrk gqvk] ck;ha vksj 4-0 ms–1 

dh pky ls xfreku nzO;eku 80 kg ds ,d 

nwljs Bsys ls lh/k Vdjkrk gSA ;fn la?kV~Vu 

izR;kLFk gks] rks la?kV~Vu ds igys vkSj ckn nksuksa  

Bsyksa ds osx lagfr dsUnz funsZ'k ra=k esa izkIr 

dhft,A  1$4 

([k) nzO;eku 5-0 kg vkSj f=kT;k 2-0 m dk ,d Bksl 

csyu vius v{k ds vuqfn'k 30 rad/s–1 dh 

dks.kh; pky ls xfr dj jgk gSA csyu dks 10 s 

esa fojkekoLFkk esa ykus ds fy, fdrus cy vk?kw.kZ 

dh vko';drk gksxh \ bl le;karjky esa csyu 

fdl dks.k ls ?kw.kZu djsxk \ 3$2 
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4- dksbZ ,d Hkkx dhft, % 

(d) nzO;eku 100 g dh ,d NksVh xsan ,d dkj esa 

/kxs ls yVdh gqbZ gSA dkj 2-0 ms–2 ds Roj.k 

ls xfreku gSA vtM+Roh; funsZ'k ra=k dk iz;ksx 

djrs gq, /kxs esa ruko dk eku ifjdfyr 

dhft,A g = 10 ms–2 ysaA 3 

([k) i`Foh dh U;wure dks.kh; pky D;k gksuh pkfg, 

ftlls fd mldh lrg ls oLrq,¡ mM+ tk,¡ \  

g = 10 ms–2 vkSj RE = 6400 km ysaA 3 
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 BPHE-102/PHE-02 

BACHELOR OF SCIENCE (B. Sc.) 

Term-End Examination 

December, 2020 

BPHE-102/PHE-02 : OSCILLATIONS AND WAVES 

Time : 11
2
 Hours    Maximum Marks : 25 

Note : Answer all questions. Internal choices are 

given. The marks for each question are 

indicated against it. Symbols have their 

usual meanings. You can use a calculator. 

1. Answer any three parts : 3×5=15 

(i) A factory siren has a frequency of 660 Hz. 

Calculate the difference in frequencies 

heard by a person sitting is a car which is 
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moving at 20 ms–1 in the following  

situations : 

(a) away from the siren. 

(b) towards the siren. 

Take the speed of sound in air as 330 ms–1. 

(ii) A transverse wave travelling in the 

+ x-direction is represented as : 

( , ) 2 sin (4.0 0.02 ) cmy x t t x= −   

Calculate the magnitudes of maximum 

velocity and maximum acceleration of the 

particles of the medium.  

(iii) Superposition of two sinusoidal waves 

travelling in opposite directions on a string 

fixed at both ends gives rise to a stationary 

wave, which can be represented as : 

        ( , ) (1.2 ) sin (0.40 ) cos (200 )y x t m x t= −   

where x is measured in metres and t is 
measured in seconds.  
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Calculate : 

(a) the wavelength and frequency of 
stationary wave  

(b) the position of nodes 

(iv) The damping factor for oscillations of a 
simple pendulum is 0.01 s–1. Calculate the 
time in which its amplitude will reduce to 
10% of its initial value. 

(v) Consider two identical spring-mass 
systems connected by a spring of spring 
constant k'. 

(a) Depict their equilibrium configuration. 

(b) Obtain the equations of motion of 
these masses when they execute 
longitudinal oscillations. 

2. Answer any two parts : 2×5=10 

(a) The group velocity and phase velocity are 
connected through the relation : 

p
g p

dv
v g k

dk
= +   

Obtain an expression for gv  in terms of 

wavelength λ .  
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(b) The wave velocity of a transverse wave in a 

string depends on applied force F and mass 

per unit length of the string µ . Using 

dimensional analysis, obtain an expression 

for velocity of wave, v. 

(c) Write down the equation of motion of a 

weakly damped forced harmonic oscillator 

and obtain an expression for its amplitude 

in steady state. 
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      BPHE-102/PHE-02 

foKku Lukrd (ch- ,l-&lh-) 

l=kkar ijh{kk 

fnlEcj] 2020 

ch-ih-,p-bZ-&102@ih-,p-bZ--02 % nksyu ,oa rjaxsa 

le; % 11
2
 ?k.Vs     vf/dre vad % 25 

uk sV % lHkh iz'uksa ds mÙkj fyf[k,A vkarfjd fodYi fn, 

x, gSaA izR;sd iz'u ds vad mlds lkeus fn, x, 

gSaA izrhdksa ds vius lkekU; vFkZ gSaA dSYdqysVj dk 

iz;ksx dj ldrs gSaA 

 

1- fdUgha rhu Hkkxksa ds mÙkj fyf[k, % 3×5=15 

(i) fdlh iQSDVjh ds lk;ju dh vko`fÙk 660 Hz gSA 

20 ms–1 dh pky ls xfreku dkj esa cSBs O;fDr 



 [ 21 ] BPHE-101/PHE-01/BPHE-102/PHE-02 

  P. T. O. 

}kjk fuEufyf[kr fLFkfr;ksa esa lquh tkus okyh 

vko`fÙk;ksa dk varj Kkr dhft, % 

(d) tc dkj lk;ju ls nwj tk jgh gSA 

([k) tc dkj lk;ju dh vksj vk jgh gSA 

ok;q esa èofu dh pky dk eku 330 ms–1 ysaA 

(ii) /ukRed x&fn'kk ds vuqfn'k xfreku vuqizLFk 

rjax dks fuEufyf[kr O;atd }kjk O;Dr fd;k 

tkrk gS % 

( , ) 2 sin (4.0 0.02 ) cmy x t t x= −   

ekè;e ds d.kksa ds vf/dre osx rFkk 

vf/dre Roj.k dk ifjek.k Kkr dhft,A 

(iii) nksuksa fljksa ij c¡/h ,d Mksjh ij foijhr fn'kkvksa 

esa xfreku nks T;k oØh; rjaxksa ds vè;kjksi.k ds 

iQyLo:i mRiUu vizxkeh rjax dks fuEuor~ 

fu:fir fd;k tkrk gS % 

         ( , ) (1.2 ) sin (0.40 ) cos (200 )y x t m x t= −   
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tgk¡ x dks ehVj rFkk t dks lsd.M esa ekik tkrk 

gSA fu/kZfjr dhft, % 

(d) vizxkeh rjax dh rjaxnS?;Z ,oa vko`fÙk  

([k) fuLianksa ds LFkkuA 

(iv) ,d ljy yksyd ds nksyuksa dk voeanu dkjd 

0.01 s–1 gSA og le; ifjdfyr dhft, ftlesa 

bldk vk;ke izkjafHkd eku dk 10% jg tk;sxkA 

(v) nks ,sls ,dleku dekuh&nzO;eku fudk;ksa dh 

dYiuk dhft, ftUgsa dekuh fu;rkad k' dh ,d 

vU; dekuh ls tksM+k x;k gSA 

(d) bl fudk; dk lkE;koLFkk foU;kl vkysf[kr 

dhft,A 

([k) bl fudk; esa yxs nzO;ekuksa ds fy, xfr 

lehdj.k izkIr dhft, tc ;s vuqnS?;Z 

nksyu djrs gSaA 
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2- fdUgha nks Hkkxksa ds mÙkj fyf[k, % 

(d)  lewg osx ,oa dyk osx esa fuEufyf[kr lEcU/ 

gS % 

p
g p

dv
v g k

dk
= +   

 rjaxnS?;Z λ ds inksa esa gv  ds fy, O;atd izkIr 

dhft,A 

([k)  ,d rfur rkj esa lapfjr vuqizLFk rjax dk osx 

yxk, x, cy F rFkk rkj ds izfr bdkbZ yEckbZ 

nzO;eku µ ij fuHkZj djrk gSA foeh; fo'ys"k.k 

}kjk rjax ds osx v dk O;atd izkIr dhft,A 

(x)  fdlh nqcZyr% voeafnr iz.kksfnr nksyd dk xfr 

lehdj.k fyf[k, rFkk LFkk;h voLFkk esa blds 

vk;ke dk O;atd Kkr dhft,A 
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