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

December, 2024 

PHYSICS 

BPHE-101 : ELEMENTARY MECHANICS 
AND 

BPHE-102/PHE-02 : OSCILLATIONS AND WAVES 

Time : 3 Hours    Maximum Marks : 50 

Instructions : 

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

foKku Lukrd (ch- ,l&lh-) 

l=kkar ijh{kk 

fnlEcj] 2024 
HkkSfrd foKku 

ch-ih-,p-bZ-&101 % 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 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 ;k 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 

BACHELOR OF SCIENCE (B. Sc.) 

Term-End Examination 

December, 2024 

BPHE-101 : ELEMENTARY MECHANICS 

Time : 11
2
 Hours    Maximum Marks : 25 

Note : (i) Attempt any five questions. 

 (ii) The marks for each question are 

indicated against it.  

 (iii) Symbols have their usual meaning. 

 (iv) You may use a calculator.  

1. A box of mass 30 kg is pulled on the floor by a 

rope, the rope makes an angle of 30° with the 

horizontal. If the tension in the rope is 300 N, 

determine the coefficient of kinetic friction 

given that the object moves at a constant 

velocity.   4+1 

Take g = 9.8 ms–2. Draw the free body diagram. 
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2. (a) State the Impulse-Momentum theorem. 

(b) Obtain the recoil velocity when a bullet is 

fired from a gun with a speed of 550 ms–1, 

assuming the bullet and the gun as an 

isolated and closed system. It is given that 

the mass of the gun is 2.5 kg and the mass 

of the bullet is 0.004 kg. 1+4 

3. (a) State the Work-Energy theorem. 

(b) Calculate the work done by the force 

ˆ ˆF 3 2xi yj
→
= +  in moving a particle from a 

point (1,2)  to the point (3,5) . 1+4 

4. (a) A planet rotates about its axis once in  

15 hours and orbits the star in 700 days in 

a circular orbit. What is the average 

angular speed of a particle on the surface 

of the planet as it (i) rotates on its axis, 

and (ii) orbits the star ? 

(b) Define centripetal force and write its 

mathematical expression. 2+2+1 
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5. (a) If F
→

 is the net force acting on a particle 

and r→  is its position vector with respect to 
the origin O, what is the magnitude of 
torque ? 

(b) Obtain the equation of motion for a particle 
in non-uniform circular motion. 1+4 

6. Write down the expression for the centre of 

mass of an N-particle system. The position 

vectors of three particles of masses 1 3.0kg,m =  

2 7.0kgm =  and 3 4.0kgm =  are given by : 

2 2
1 ˆ ˆ(4 3 ) 5r t t i t j= + + , 

            
2

2 ˆ ˆ3 4r t i t j= +    

and             3 ˆ ˆ5 (3 2)r t i t j= + −   

where 1 2 3, ,r r r  are in metres. Calculate the 

velocity and the acceleration of the centre of 
mass of the system. 1+4 

7. Derive the expression for total kinetic energy of 
a rolling rigid body. 5 
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8. Derive the law of equal areas for a central 
conservative force. The orbit of a satellite about 
the earth is given by : 

7000 km
1 0.7cos

r =
+ θ

  

Determine the eccentricity and type of orbit.  

3+2 
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      BPHE–101 

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

l=kkar ijh{kk 

fnlEcj] 2024 

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

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

uk sV % (i) fdUgha ik ¡p iz'uksa ds mÙkj nhft,A 

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

 (iii) izrhdksa ds vius lkekU; vFkZ gSaA  

 (iv) vki dSYdqysVj dk iz;ksx dj ldrs gSaA 

1- nzO;eku 30 kg okys ,d cDls dks iQ'kZ ij ,d jLlh 

ls [khapk tkrk gSA jLlh vkSj {kSfrt ds chp dk dks.k 

30° gSA ;fn jLlh esa ruko cy 300 N gks vkSj cDlk 

vpj osx ls xfreku gks] rks xfrd ?k"kZ.k xq.kkad dh 

x.kuk dhft,A g = 9.8 ms–2 ysaA cy funsZ'kd vkjs[k 

Hkh [khafp,A  4+1 
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2- (d) vkosx&laosx izes; dk dFku nhft,A 

([k) 550 ms–1 dh pky ls cUnwd ls ,d xksyh nkxh 

tkrh gSA ;fn canwd vkSj xksyh dk fudk; 

foyfxr vkSj can fudk; gks] rks canwd dk 

izfr{ksi osx D;k gksxk \ fn;k gS fd xksyh dk 

nzO;eku 0.004 kg vkSj canwd dk nzO;eku  

2.5 kg gSA 1+4 

3- (d) dk;Z&ÅtkZ izes; dk dFku nhft,A 

([k) cy ˆ ˆF 3 2xi yj
→
= +  }kjk ,d d.k dks fcUnq 

(1,2) ls fcUnq (3,5) rd] ys tkus esa fd;k x;k 

dk;Z ifjdfyr dhft,A 1+4 

4- (d) ,d xzg vius v{k ij 15 ?k.Vs esa ,d ckj 

?kw.kZu djrk gS vkSj vius rkjs ds pkjksa vksj  

700 fnu esa ,d ifjØek djrk gSA xzg dh lrg 

ij fLFkr d.k dh vkSlr dks.kh; pky D;k gksxh 

(i) tc og vius v{k ij ?kw.kZu djrk gS] vkSj 

(ii) tc og rkjs dh ifjØek djrk gS \ 

([k) vfHkdsanz cy dh ifjHkk"kk nhft, vkSj mldk 

xf.krh; O;atd fyf[k;sA 2+2+1 
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5- (d) ;fn fdlh d.k ij vkjksfir 'kq¼ cy F
→
 gks 

vkSj ewyfcUnq O ds lkis{k d.k dk fLFkfr lfn'k 

r→ gks] rks cy vk?kw.kZ dk ifjek.k D;k gksxk \ 

([k) vleku orqZy xfr dj jgs ,d d.k ds fy, 

xfr dk lehdj.k izkIr dhft,A 1+4 

6- N-d.k ds fudk; ds fy, lagfr dsanz dk O;atd 

fyf[k;sA nzO;eku  1 3.0 kg,m =  2 7.0 kgm =  vkSj 

3 4.0 kgm =  okys rhu d.kksa ds fLFkfr lfn'k 

fuEufyf[kr gSa % 

2 2
1 ˆ ˆ(4 3 ) 5r t t i t j= + + , 

           
2

2 ˆ ˆ3 4r t i t j= +   

rFkk       3 ˆ ˆ5 (3 2)r t i t j= + −   

tgk¡ 1 2 3, ,r r r  ehVj esa gSaA fudk; ds lagfr dsanz dk 

osx vkSj Roj.k ifjdfyr dhft,A 1+4 

7- ,d yq<+dus okys n`<+ fiaM dh dqy xfrt ÅtkZ dk 

O;atd O;qRiUu dhft,A 5 
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8- dsanzh; laj{kh cy ds fy, leku {ks=kiQy fu;e 

O;qRiUu dhft,A ,d mixzg dk i`Foh ds pkjksa vksj 

d{kk dk lehdj.k gS % 

7000 km
1 0.7cos

r =
+ θ

 

d{kk dh mRdsUnzrk vkSj izdkj fu/kZfjr dhft,A 3+2 
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BPHE–102/PHE–02 

BACHELOR OF SCIENCE (B. Sc.) 

Term-End Examination 

December, 2024 

BPHE-102/PHE-02 : OSCILLATIONS AND WAVES 

Time : 11
2
 Hours    Maximum Marks : 25 

Note : (i) Answer all questions.  

 (ii) The marks for each question are 

indicated against it. 

 (iii) Symbols have their usual meanings.  

 (iv) You can use a calculator. 

1. Attempt any three parts : 3×5=15 

(a) A 20 mH inductor is connected to a 1 Fµ  

capacitor. Calculate the frequency of 

electrical oscillations in it. If the maximum 

potential difference across the capacitor is 

10 V, calculate the energy of oscillations. 
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(b) Two identical pendulums, each of mass  
0.2 kg and length 0.75 m are coupled to 

each other through a spring connected to 
their bobs. The force constant of the spring 
is 5 Nm–1. Calculate the normal mode 

frequencies of the coupled pendulum. Take 
g = 9.8 ms–2. 

(c) The wave on a string fixed at both ends are 
represented by the equation : 

( , ) 2sin cos(50 )m
3
xy x t tπ = π 

 
  

This stationary wave is produced due to 
supposition of : 

1
2( , ) A sin ( )y x t x vtπ

= −
λ

  

and   2
2( , ) A sin ( )y x t x vtπ

= +
λ

. 

(i) Obtain the equations of component 
waves. 

(ii) Calculate the distance between two 

consecutive nodes of the stationary 
wave on the string. 



 [ 13 ] BPHE–101/..../PHE–02 

D–3255/BPHE–102  P. T. O. 

(d) A train generates sound of frequency  
480 Hz.  

(i) If you are standing on the platform 
and the train is approaching the 
platform with a speed of 30 ms–1, 
calculate the frequency of sound heard 
by you. 

(ii) What frequency will you hear if the 
train is standing on the platform  
and you approach it with a speed of  
30 ms–1 ?  

Take speed of sound as 340 ms–1. 

2. Attempt any two parts : 2×5=10 

(a) Calculate the speed of sound in water and 

steel. Take 1.4γ = , 3 3
water 10 kg-m−ρ = , 

3
steel 7800kgm−ρ = , 10 2B 0.20 10 Nm−= ×  

and 11 2Y 2 10 Nm−= × . 

Explain the significance of your result. 

(b) Derive an expression for the impedance 
offered to transverse waves by a stretched 
string. 
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(c) Distinguish between phase velocity and 
group velocity. The phase velocity of a 

transverse wave in a crystal of atomic 
separation d is given by : 

sin( /2)C
( /2)p

kdv
kd

=   

where C is a constant. Determine the 
group velocity of the wave. 
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      BPHE–102/PHE–02 

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

l=kkar ijh{kk 

fnlEcj] 2024 

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

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

uk sV % (i) lHkh iz'uksa ds mÙkj fyf[k,A  

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

 (iii) izrhdksa ds vius lkekU; vFkZ gSaA  

 (vi) dSYdqysVj dk iz;ksx dj ldrs gSaA 

1- fdUgha rhu Hkkxksa ds mÙkj nhft, % 3×5=15 

(d) 20 mH dk izsjd 1 Fµ  la/kfj=k ls tqM+k gSA 

fo|qr nksyuksa dh vko`fÙk ifjdfyr dhft,A ;fn 

la/kfj=k ds fljksa ds chp vf/dre foHkokUrj 

10 V gks] rks nksyuksa dh ÅtkZ ifjdfyr dhft,A 
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([k) 0.2 kg nzO;eku rFkk 0.75 m yEckbZ okys nks 

loZle yksyd ,d dekuh }kjk ;qfXer gSaA 

dekuh dk cy fu;rkad 5 Nm–1 gSA ;qfXer 

yksydksa dh izlkekU; fo/k vko`fÙk;k¡ ifjdfyr 

dhft,A g dk eku 9.8 ms–2 ysaA 

(x) nksuksa fljksa ij dldj c¡/h Mksjh esa mRiUu rjax 

dks fuEufyf[kr lehdj.k }kjk fu:fir fd;k 

tkrk gS % 

( , ) 2sin cos(50 )
3
xy x t tπ = π 

 
 eh- 

;g vizxkeh rjax fuEufyf[kr rjaxksa ds 

vè;kjksi.k ls mRiUu gksrh gS % 

1
2( , ) A sin ( )y x t x vtπ

= −
λ

 

rFkk  2
2( , ) A sin ( )y x t x vtπ

= +
λ

 

(i) ?kVd rjaxksa ds lehdj.k izkIr dhft,A  

(ii) vizxkeh rjax ds nks Øekxr fuLinksa ds chp 

dh nwjh Kkr dhft,A 
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(?k) ,d jsyxkM+h 480 Hz dh èofu mRlftZr djrh 

gSA  

 (i) ;fn vki IysViQkWeZ ij [kM+s gSa rFkk jsyxkM+h 

IysViQkWeZ dh vksj 30 ms–1 dh xfr ls vk 

jgh gS rks vki fdl vko`fÙk dh èofu 

vuqHkwr djsaxs \  

 (ii) ;fn jsyxkM+h IysViQkWeZ ij [kM+h gS vkSj vki 

bldh vksj 30 ms–1 dh pky ls c<+ jgs 

gSa] rks vkids }kjk vuqHkwr vko`fÙk dk eku 

D;k gksxk \  

 èofu dh pky dk eku 340 ms–1 ysaA 

2- fdUgha nks Hkkxksa ds mÙkj nhft, % 2×5=10 

(d) ty rFkk bLikr esa èofu dh pky 1.4γ = ] 

3 3
water 10 kg-m−ρ = ] 3

steel 7800kg-m−ρ = ] 
10 2B 0.20 10 Nm−= ×  rFkk 11 2Y 2 10 Nm−= ×  

ysdj ifjdfyr dhft, rFkk vius ifj.kke dk 

HkkSfrd egÙo crkb;sA 
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([k) rfur Mksjh }kjk vuqizLFk rjaxksa dks izLrqr dh tkus 

okyh izfrck/k dk O;atd O;qRiUu dhft,A 

(x) dyk osx vkSj lewg osx esa vUrj crkb,A fdlh 

fØLVy ftlesa ijek.kq ,d&nwljs ls d  nwjh ls 

i`FkDd`r gSa] esa vuqizLFk rjax ds dyk osx dk 

O;atd gS % 

sin( /2)C
( /2)p

kdv
kd

=  

tgk¡ C  ,d fu;rkad gSA rjax ds lewg osx dk 

eku fu/kZfjr dhft,A 

 

 

 

 

 

 

 

× × × × × × × 


