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 BPHE-101/PHE-01  

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

June, 2021 
 

BPHE-101/PHE-01 : ELEMENTARY MECHANICS 

Time : 1
2

1
 hours Maximum Marks : 25 

Note :  Attempt all questions. The marks for each question 

are indicated against it. Symbols have their usuall 

meaning. You may use a  calculator. 

 

1. Attempt any two parts :  26=12 

(a) A crate of mass 60 kg is dragged across a  

floor by a rope which makes an angle of  

30 with the floor. The coefficient of static 

friction between the floor and the crate is 

0·40. What should the minimum force in the 

rope be to set the crate moving ? Draw the 

free-body diagram. Take g = 10 ms–2. 5+1 

(b) State the Work-Energy theorem. A block is 

moving up an inclined plane which makes an 

angle of 30 with the horizontal. The mass of 

the block is 5·0 kg and its initial speed is  

6·0 ms–1. How far will it slide up the incline 

till it comes to rest ? The coefficient of 

kinetic friction between the block and the 

plane is 0·2. Draw the free-body diagram. 

Take g = 10 ms–2.  1+4+1 
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(c) State the law of conservation of energy.  

A block of mass 2·0 kg compresses a 

horizontal spring kept on a table by 0·1 m. 

Then the block is released and it slides a 

distance of 1·0 m on the table before it stops. 

If the spring constant is 250  Nm–1,  

calculate the coefficient of kinetic friction 

between the block and the table. What is the 

increase in the thermal energy of the table ? 

Take g = 10 ms–2.  1+4+1 

(d) A disc having a rotational inertia of  

1·5  10–3 kg m2 is attached to an electric 

motor which exerts a torque of 45 Nm on it. 

If the disc starts rotating from rest, calculate 

its angular speed and angular momentum 

after 20 s. Is the disc’s angular momentum 

conserved ? Explain.  4+1+1 

2. Attempt any one part : 15=5 

(a) (i) Prove the law of equal areas for a 

central force.  4 

(ii) The orbit of a satellite about the Earth 

is given by the following equation :  

  r = km
cos4·01

5000


 

 Determine the shape of the orbit.  1 
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(b) Derive the equations of motion for a  

two-particle system in the centre of mass 

and relative coordinates for zero net external 

force.  5 

3. Answer any one part :  15=5 

(a) Two balls of mass m and 2m collide head on 

in an elastic collision with equal and 

opposite velocities. Calculate the velocity of 

the centre of mass of the system and the 

final velocities of the two balls.  5 

(b) A solid sphere and a hollow sphere have the 

same mass M and radius R. Both start from 

rest from the same height and roll without 

slipping down an inclined plane. Calculate 

the velocity of each object at the bottom of 

the plane. Determine which object reaches 

the bottom of the incline first.  2+2+1 

4. Answer any one part :  13=3 

(a) A centrifuge rotates at an angular speed of  

3·0   103 rad s–1. A tiny virus particle of 

mass 3·0  10–19 kg is situated at a distance 

of 4·0 cm from the vertical axis of rotation. 

What is the magnitude of the force on the 

virus particle relative to the frame attached 

to the centrifuge ?  3 
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(b) A child of mass 20 kg is at rest in a lift 

moving upwards with an acceleration of  

3·0 ms–2. Determine the apparent weight of 

the child. Draw the free-body diagram.  

Take g = 10 ms–2.  2+1 

 



BPHE-101/PHE-01 6 

 ~r.nr.EM.B©.-101/nr.EM.B©.-01  

{dkmZ ñZmVH$ (~r.Eg gr.) 
gÌm§V narjm 
OyZ,  2021 

~r.nr.EM.B©.-101/nr.EM.B©.-01 : àma§{^H$ `m§{ÌH$s 

g_` : 1
2

1
 KÊQ>o  A{YH$V_ A§H$ : 25 

ZmoQ> :   g^r àíZ H$s{OE & àË òH$ àíZ Ho$ A§H$ CgHo$ gm_Zo {XE JE 
h¢ & àVrH$m| Ho$ AnZo gm_mÝ` AW© h¢ & Amn H¡$ëHw$boQ>a H$m 
à`moJ H$a gH$Vo h¢ & 

 

1. H$moB© Xmo  ^mJ H$s{OE : 26=12 

(H$) Ðì`_mZ 60 kg dmbo EH$ H«o$Q> H$mo \$e© na EH$ añgr 
Ûmam, Omo \$e© go 30 H$m H$moU ~ZmVr h¡, ItMm OmVm 
h¡ & \$e© Am¡a H«o$Q> Ho$ ~rM ñW¡{VH$ Kf©U JwUm§H$ 
0·40 h¡ & añgr na bJm`m OmZo dmbm Ý`yZV_ ~b 
Š`m hmoZm Mm{hE Vm{H$ H«o$Q> J{V_mZ hmo OmE ?  

~b-{ZX}eH$ AmaoI It{ME & g = 10 ms–2 br{OE & 5+1 

(I) H$m`©-D$Om© à_o` H$m H$WZ Xr{OE & j¡{VO go 30 H$m 
H$moU ~ZmZo dmbo ZV g_Vb na EH$ ãbm°H$ D$na H$s 
Amoa J{V_mZ h¡ & ãbm°H$ H$m Ðì`_mZ 5·0 kg h¡ Am¡a 
CgH$s Ama§{^H$ Mmb 6·0 ms–1 h¡ & {dam_mdñWm 
VH$ nhþ±MZo _| ãbm°H$ ZV g_Vb na {H$VZr Xÿar V` 
H$aoJm ? ZV g_Vb Am¡a ãbm°H$ Ho$ ~rM J{VO Kf©U 
JwUm§H$ 0·2 h¡ & ~b-{ZX}eH$ AmaoI It{ME &  
g = 10 ms–2 br{OE &  1+4+1 
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(J) D$Om© g§ajU {Z`_ H$m H$WZ Xr{OE & _oµO na aIr 

EH$ j¡{VO H$_mZr H$mo Ðì`_mZ 2·0 kg H$m EH$ 

ãbm°H$ 0·1 m go X~mVm h¡ & {\$a Cg ãbm°H$ H$mo N>mo‹S> 

{X`m OmVm h¡ Am¡a dh éH$Zo go nhbo _oµO na 1·0 m 

H$s Xÿar V` H$aVm h¡ & `{X H$_mZr {Z`Vm§H$  

250 Nm–1 hmo, Vmo ãbm°H$ Am¡a _oµO Ho$  

~rM J{VO Kf©U JwUm§H$ n[aH${bV H$s{OE &  

_oµO H$s D$î_r` D$Om© _| {H$VZr d¥{Õ hmoVr h¡ ?  

g = 10 ms–2 br{OE &  1+4+1 

(K) O‹S>Ëd AmKyU© 1·5  10–3 kg m2 dmbr EH$ MH$Vr 

H$mo {dÚwV² _moQ>a go Omo‹S>m OmVm h¡, Omo Cg na  

45 Nm H$m EH$ ~b-AmKyU© Amamo{nV H$aVr h¡ & `{X 

MH$Vr {dam_mdñWm go KyU©Z ewê$ H$aVr h¡, Vmo 20 s 

~mX CgH$s H$moUr` Mmb Am¡a H$moUr` g§doJ 

n[aH${bV H$s{OE & Š`m MH$Vr H$m H$moUr` g§doJ 

g§a{jV ahVm h¡ ? g_PmBE &   4+1+1 

2. H$moB© EH$  ^mJ H$s{OE : 15=5 

(H$) (i) H|$Ðr` ~b Ho$ {bE g_mZ joÌ\$b {Z`_ {gÕ 

H$s{OE &  4 

(ii) n¥Ïdr H$s n[aH«$_m H$a aho CnJ«h H$s H$jm H$m 

g_rH$aU {ZåZ{b{IV h¡ :  

  r = km
cos4·01

5000


 

 H$jm {H$g AmH$ma H$s h¡ ?  1 
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(I) eyÝ` ZoQ> ~mø ~b Ho$ {bE {Û-H$U {ZH$m` Ho$ {bE 

g§h{V H|$Ð Am¡a Amno{jH$ {ZX}em§H$m| _| J{V Ho$ 

g_rH$aU ì`wËnÞ H$s{OE & 5 

3. H$moB© EH$  ^mJ H$s{OE : 15=5 

(H$) Ðì`_mZ m Am¡a 2m H$s Xmo J|Xm| H$m, Omo g_mZ 

n[a_mU dmbo doJ go EH$-Xÿgao H$s {dnarV {XemAm| _| 

J{V_mZ h¢, grYm àË`mñW g§KÅ>Z hmoVm h¡ & {ZH$m` 

Ho$ g§h{V H|$Ð H$m doJ Am¡a XmoZm| J|Xm| Ho$ A§{V_ doJ 

n[aH${bV H$s{OE &  5 

(I) EH$ R>mog Jmobo Am¡a EH$ ImoIbo Jmobo Ho$  

Ðì`_mZ M Am¡a {ÌÁ`m R g_mZ h¢ & XmoZm| 

{dam_mdñWm go ewê$ H$aHo$ EH$ ZV g_Vb go g_mZ 

D±$MmB© go {~Zm {\$gbo bw‹T>H$Vo h¢ & Vb Ho$ {ZMbo 

{gao na àË òH$ qnS> H$m doJ kmV H$s{OE & {ZYm©[aV 

H$s{OE {H$ XmoZm| qnS>m| _| go H$m¡Z-gm Vb Ho$ {ZMbo 

{gao na nhbo nhþ±MVm h¡ & 2+2+1 

4. H$moB© EH$  ^mJ H$s{OE : 13=3 

(H$) EH$ AnH|$ÐU `§Ì 3·0   103 rad s–1 H$s H$moUr` 

Mmb go KyU©Z H$aVm h¡ & D$Üdm©Ya KyU©Z Aj go  

4·0 cm H$s Xÿar na Ðì`_mZ 3·0  10–19 kg H$m EH$ 

gyú_ dm`ag H$U pñWV h¡ & AnH|$ÐU `§Ì go Ow‹S>o 

{ZX}e V§Ì _| dm`ag H$U na bJ aho ~b H$m n[a_mU 

Š`m h¡ ?  3 
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(I) Ðì`_mZ 20 kg H$s EH$ ~ƒr D$na H$s Amoa  

3·0 ms–2 Ho$ ËdaU go J{V_mZ {bâQ> _| {dam_mdñWm 

_| h¡ & ~ƒr H$m Am^mgr ^ma kmV H$s{OE &  

~b-{ZX}eH$ AmaoI It{ME &  g = 10 ms–2  

br{OE &  2+1 
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 BPHE-102/PHE-02  

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

June, 2021 
 

BPHE-102/PHE-02 : OSCILLATIONS AND WAVES 

Time : 1
2

1
 hours Maximum Marks : 25 

Note :  Attempt All questions. Internal choices are given. 

The marks for each question are indicated against 

it. Symbols have their usual meaning. You may use 

a calculator.  

 

1. Attempt any three parts : 35=15 

(a) A person is standing on a railway platform. 

He hears the whistle of a train moving away 

from him with a speed of 72 km hr–1 as  

990 Hz. Calculate the actual frequency 

emitted by the train. What frequency will he 

hear if the train approaches him ? Take 

speed of sound as 330 ms–1.  

(b) The frequency of a tuning fork is 300 Hz. Its 

quality factor Q = 5  104. Calculate the time 

in which its energy will be reduced to half of 

its initial value, if it is weakly damped.  

BPHE-102/PHE-02 



BPHE-101/PHE-01 11   P.T.O. 

(c) A stretched string having mass per unit 

length 10–3  kg  m–1 vibrates in its 

fundamental mode between two wedges  

40 cm apart at a frequency of 30 Hz. 

Calculate the velocity at which the wave 

propagates in the string. Also calculate the 

tension in the string.  

(d) A point is subjected simultaneously to two 

mutually perpendicular oscillations of equal 

frequency and phase difference . The 

expression for the trajectory of its motion is 

given by  2

21
2
2

2

2
1

2

sincos
aa

xy2

a

y

a

x
. 

Using this expression, determine the 

trajectories for the following two cases :  

(i) x = 2 sin t,  y = 2 cos t 

(ii) x = sin t,  y = 4 sin (t + ) 

(e) A stationary wave is produced due to 

superposition of  

 y1 (x, t) = A sin 


2
 (x – vt) 

and  

 y2 (x, t) = A sin 


2
 (x + vt). 

(i) Obtain the expression for the 

stationary wave.  

BPHE-102/PHE-02 
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(ii) In a given situation, the equation of a 

stationary wave is  

  y (x, t) = 2 sin 






 

3

x
 cos (50 t) m. 

 Obtain the equations of the component 

waves.  

2. Attempt any two parts : 25=10 

(a) Show that only odd integral multiples of 

fundamental frequency are excited in a 

closed pipe.  

(b) The equation of motion of a weakly damped 

forced oscillator is  

 
2

2

dt

xd
 + 2b 

dt

dx
 + 2

0
 x = f0 cos t.  

 Show that the amplitude of this oscillator in 

steady state is given by  

 a() = 
2/122222

0

0

]b4)[(

f


. 

(c) A child swings on a swing of length 3·5 m 

with amplitude 0·05 rad. Calculate its  

(i) period and the frequency of oscillation, 

and (ii) maximum linear speed of the child 

for this motion.  
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 ~r.nr.EM.B©.-102/nr.EM.B©.-02  

{dkmZ ñZmVH$ (~r.Eg gr.) 
gÌm§V narjm 
OyZ,  2021 

 
~r.nr.EM.B©.-102/nr.EM.B©.-02 : XmobZ Am¡a Va§J| 

g_` : 1
2

1
 KÊQ>o  A{YH$V_ A§H$ : 25 

ZmoQ> :   g^r àíZ H$s{OE & Am§V[aH$ {dH$ën {XE JE h¢ & àË`oH$ 

àíZ Ho$ A§H$ CgHo$ gm_Zo {XE JE h¢ & àVrH$m| Ho$ AnZo 

gm_mÝ` AW© h¢ & Amn H¡$ëHw$boQ>a H$m à`moJ H$a gH$Vo h¢ &   

 

1. H$moB© VrZ  ^mJ hb H$s{OE : 35=15 

(H$) EH$ ì`{º$ aobdo ßboQ>\$m°_© na I‹S>m h¡ & dh AnZo go 
Xÿa 72 km hr–1 H$s Mmb go OmVr hþB© Q´>oZ H$s grQ>r 
gwZVm h¡ {OgH$s Am^mgr Amd¥{Îm 990 Hz h¡ &  
Q´>oZ H$s grQ>r H$s dmñV{dH$ Amd¥{Îm n[aH${bV  
H$s{OE & `{X Q>́oZ CgH$s Amoa AmVr, Vmo Cgo {H$VZr 
Amd¥{Îm gwZmB© XoVr ? Üd{Z H$s Mmb 330 ms–1 

br{OE &  

(I) EH$ ñd[aÌ {Û^wO H$s Amd¥{Îm 300 Hz h¡ & BgH$m 
JwUVm H$maH$ Q = 5  104 h¡ & Bgo Ý`yZ Ad_§{XV 
_mZ H$a n[aH${bV H$s{OE {H$ {H$VZo g_` Ho$ ~mX 
CgH$s D$Om© àma§{^H$ _mZ H$s AmYr ah OmEJr &  

BPHE-102/PHE-02 



BPHE-101/PHE-01 14 

(J) 40 cm Xÿar na pñWV Xmo doOm| Ho$ ~rM 10–3 kg m–1 

à{V BH$mB© b§~mB© Ðì`_mZ H$m EH$ V{ZV Vma AnZr 

_yb {dYm _| 30 Hz H$s Amd¥{Îm go H§$nZ H$aVm h¡ & 

Vma _| g§M[aV Va§J H$m doJ n[aH${bV H$s{OE & Vma 

_| VZmd ^r n[aH${bV H$s{OE &  

(K) {H$gr {~ÝXþ na nañna bå~dV², g_mZ Amd¥{Îm VWm 

H$bm§Va  Ho$ Xmo XmobZ EH$ gmW hmo aho h¢ &  

Bg {~ÝXþ Ho$ J{V Ho$ nW H$m ì`§OH$ h¡ : 

.sincos
aa

xy2

a

y

a

x 2

21
2
2

2

2
1

2

  Bg ì`§OH$ H$m 

Cn`moJ H$a, {ZåZ{b{IV Xmo pñW{V`m| Ho$ {bE J{V 

nW {ZYm©[aV H$s{OE :  

(i) x = 2 sin t,  y = 2 cos t 

(ii) x = sin t,  y = 4 sin (t + ) 

(L>) EH$ AàJm_r Va§J {ZåZ Va§Jm| Ho$ AÜ`mamonU go O{ZV 

hmoVr h¡ :  

 y1 (x, t) = A sin 


2
 (x – vt) 

VWm  

 y2 (x, t) = A sin 


2
 (x + vt) 

(i) AàJm_r Va§J Ho$ {bE ì`§OH$ àmßV H$s{OE &  

BPHE-102/PHE-02 
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(ii) {H$gr Xr JB© pñW{V _|, AàJm_r Va§J H$m 

g_rH$aU {ZåZ{b{IV h¡ :  

  y (x, t) = 2 sin 






 

3

x
 cos (50 t) m 

 KQ>H$ Va§Jm| Ho$ g_rH$aU àmßV H$s{OE &  

2. H$moB© Xmo  ^mJ hb H$s{OE : 25=10 

(H$) {gÕ H$s{OE {H$ ~ÝX nmBn _| Ho$db _yb Amd¥{Îm H$s 

{df_ gånyU© JwUO Amd¥{Îm`m± hr O{ZV hmo gH$Vr h¢ &  

(I) EH$ Xþ~©bV… Ad_§{XV àUmo{XV XmobH$ H$m J{V 

g_rH$aU {ZåZ{b{IV h¡ :  

 
2

2

dt

xd
 + 2b 

dt

dx
 + 2

0
 x = f0 cos t 

 {gÕ H$s{OE {H$ ñWm`r AdñWm _| Bg XmobH$ Ho$ 

Am`m_ H$m ì`§OH$ {ZåZ{b{IV h¡ :  

 a() = 
2/122222

0

0

]b4)[(

f


 

(J) EH$ ~ƒm 3·5 m bå~mB© Ho$ Pybo na 0·05 rad 

Am`m_ Ho$ gmW Pyb ahm h¡ & CgHo$ XmobZm| H$m  

(i) AmdV©H$mb VWm Amd¥{Îm, VWm (ii) A{YH$V_ 

aoIr` Mmb n[aH${bV H$s{OE &  

BPHE-102/PHE-02   


