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 BPHE-101/PHE-01  

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

December, 2022 

 

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 usual 

meaning. You may use a  calculator. 

 

Answer any five questions from the following : 55=25 

1. An object of mass 20 kg has to be pushed up an 

inclined plane with a constant velocity. The 

plane makes an angle of  45 with the horizontal. 

What is the force needed to push it given that 

the coefficient of kinetic friction between the 

plane and the object is 0·2 ? Draw the free-body 

diagram. Take g = 10 ms–2. 4+1 
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2. A girl of mass 50 kg rides a bicycle of mass 30 kg 

at a steady speed of 3·0 ms–1. What power does 

she have to supply to maintain this speed if she 

is travelling : 

(a) on level ground ? 

(b) going up an incline of 30 ? 

It is given that the force of friction is 25 N in each 

case. Take g = 10 ms–2. 2+3 

3. Write down the expression for the potential 

energy of a simple harmonic oscillator. 

Determine the equilibrium position of the 

system. Is the equilibrium stable ? Explain. 1+2+2 

4. A girl of mass 30 kg stands at the edge of a 

merry-go-round at rest. The moment of inertia  

of the merry-go-round is 400  kg m2 and  

its radius is 5·0 m. The girl then starts  

walking anti-clockwise around the edge of the 

merry-go-round at a constant speed of 2·0 ms–1. 

In what direction and with what angular speed 

will the  merry-go-round rotate ? 5 

5. A satellite of mass 1500 kg is orbiting the  

earth in an orbit with the semi-major axis  

a = 7000 km. Given that the apogee distance is 

8400 km, calculate the total mechanical energy 

of the planet and the eccentricity and shape of 

its orbit. Take G = 6·67  10–11 Nm2 kg–2 and 

ME = 6·00  1024 kg. 2+2+1 
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6. Particles of mass 2·0 kg, 1·0 kg, 3·0 kg and  

5·0 kg are placed at the four corners A, B, C   

and D, respectively, of a rectangle having sides 

AB = 10·0 cm and AD = 6·0 cm. Locate the centre 

of mass of the system. 5 

7. Two objects of mass m and 3m undergo an 

elastic collision. Before the collision, the velocity 

of the mass m is v1
^
j  and the velocity of the 

mass 3m is 
15

4
v0

^
i  – 

5

1
v0

^
j . After the collision, 

the mass 3m comes to rest and the velocity of the 

mass m is 1v
^
i . Determine v1, 1v  and the 

velocity of the centre of mass. 3+2 

8. (a) What are non-inertial frames of reference ? 

A girl of mass M stands in a lift which is 

moving up with an acceleration of 6·0 ms2. 

What is the inertial force acting on the  

girl ? What is the apparent weight of the 

girl ? Take g = 10 ms–2.   1+1+1 

(b) Two forces 


1F  and 


2F  produce the same 

impulse. If 


1F  is exerted for 5 ms, for how 

long is 


2F  exerted, given that the magnitude 

of 


2F  is three times that of 


1F  ? 2 
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~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¢ & 

 

{ZåZ{b{IV _| go {H$Ýht nm±M àíZm| H$m CÎma Xr{OE : 55=25 

1. Ðì`_mZ 20 kg Ho$ EH$ qnS> H$mo EH$ ZV Vb na AMa 

Mmb go D$na H$s Amoa T>Ho$bm OmZm h¡ & ZV Vb Am¡a 

j¡{VO Ho$ ~rM H$m H$moU 45 h¡ & `{X {X`m J`m hmo  

{H$ Vb Am¡a qnS> Ho$ ~rM H$m J{VH$ Kf©U JwUm§H$  

0·2 h¡, n[aH${bV H$s{OE {H$ T>Ho$bZo _| {H$VZo ~b  

H$s Amdí`H$Vm hmoJr ? ~b {ZX©oeH$ AmaoI ^r IrqME & 

g = 10 ms–2 br{OE & 4+1 
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2. Ðì`_mZ 50 kg H$s EH$ ~ƒr EH$ gmB{H$b H$s gdmar H$a 
ahr h¡, {OgH$m Ðì`_mZ 30 kg h¡ & 3·0 ms–1 H$s AMa 
Mmb ~ZmE aIZo Ho$ {bE Cgo {H$VZr e{º$ bJmZr hmoJr 
O~ dh :  

(H$) g_Vb ^y{_ na Mb ahr hmo ? 

(I) 30 T>bmZ dmbo ZV Vb na D$na H$s Amoa Mb ahr 
hmo ? 

{X`m h¡ {H$ XmoZm| pñW{V`m| _| Kf©U ~b 25 N h¡ &  
g = 10 ms–2 br{OE & 2+3 

3. EH$ gab AmdVu XmobH$ Ho$ {bE pñW{VO D$Om© H$m ì`§OH$ 

{b{IE & Bg {ZH$m` H$s gmå` pñW{V kmV H$s{OE & Š`m 

`h gmå`mdñWm ñWm`r h¡ ? g_PmBE & 1+2+2 

4. Ðì`_mZ 30 kg dmbr EH$ b‹S>H$s, 5·0 m {ÌÁ`m Am¡a 

400 kg m2 O‹S>Ëd AmKyU© dmbo EH$ _oar-Jmo-amC§S> Ho$ 

{H$Zmao na I‹S>r h¡ & {\$a b‹S>H$s _oar-Jmo-amC§S> Ho$ {H$Zmao 

na, dm_mdV© {Xem _| 2·0 ms–1 H$s AMa Mmb go MbZo 

bJVr h¡ & _oar-Jmo-amC§S> {H$g {Xem _| Am¡a {H$g H$moUr` 

Mmb go KyU©Z H$aVm h¡ ? 5 

5. Ðì`_mZ 1500 kg H$m EH$ CnJ«h n¥Ïdr Ho$ Mmam| Amoa 

n[aH«$_m H$a ahm h¡ & BgH$s H$jm H$s AY©-XrK© Aj H$s 

b§~mB© 7000 km Am¡a ^y{_-Cƒ Xÿar 8400 km h¡ & CnJ«h 

H$s Hw$b `m§{ÌH$ D$Om© Am¡a CgH$s H$jm H$s CËHo$ÝÐVm Am¡a 

àH$ma (eon) àmá H$s{OE & G = 6·67  10–11 Nm2 kg–2 

Am¡a ME = 6·00  1024 kg br{OE & 2+2+1 
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6. Ðì`_mZ 2·0 kg, 1·0 kg, 3·0 kg Am¡a 5·0 kg dmbo Mma 

H$Um| H$m H«$_e: EH$ Am`V Ho$ Mma H$moZm| A, B, C Am¡a D 

na aIm OmVm h¡ & Am`V H$s ^wOmE± AB = 10·0 cm Am¡a 

AD = 6·0 cm h¢ & {ZH$m` H$m g§h{V Ho$ÝÐ kmV H$s{OE & 5 

7. Ðì`_mZ m Am¡a 3m dmbo Xmo H$Um| H$m àË`mñW g§KÅ>Z 

hmoVm h¡ & g§KÅ>Z go nhbo Ðì`_mZ m H$m doJ v1
^
j  h¡ Am¡a 

Ðì`_mZ 3m H$m doJ 
15

4
v0

^
i  – 

5

1
v0

^
j  h¡ & g§KÅ>Z Ho$ 

~mX Ðì`_mZ 3m {dam_ñW hmo OmVm h¡ Am¡a Ðì`_mZ m H$m 

doJ 1v
^
i  h¡ & v1, 1v  Am¡a g§h{V Ho$ÝÐ H$m doJ {ZYm©aU 

H$s{OE & 3+2 

8. (H$) AO‹S>Ëdr` {ZX©oe V§Ì Š`m hmoVo h¢ ? Ðì`_mZ  

M dmbr EH$ b‹S>H$s EH$ {bâQ> _| I‹S>r h¡ Omo ËdaU 

6·0 ms2 go D$na H$s Amoa J{V_mZ h¡ & ~ƒr na 

bJ ahm O‹S>Ëdr` ~b Š`m hmoJm ? ~ƒr H$m 

Am^mgr ^ma Š`m hmoJm ? g = 10 ms–2 1+1+1 

(I) Xmo ~b 


1F  Am¡a 


2F  g_mZ AmdoJ CËnÞ H$aVo h¢ & 


2F  H$m n[a_mU 


1F  Ho$ n[a_mU H$m VrZ JwZm h¡ & 

`{X 


1F  5 ms Ho$ {bE bJVm h¡, Vmo n[aH${bV 

H$s{OE {H$ 


2F  {H$VZr Xoa Ho$ {bE bJVm h¡ ? 2 
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 BPHE-102/PHE-02  

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

December, 2022 

 

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 : 35=15 

(a) Explain the phenomenon of beats. An 

ambulance blowing a siren of frequency  

700 Hz is travelling towards a vertical 

reflecting wall with a speed of 7·2 km h–1. 

Calculate the number of beats heard per 

second by the driver of the ambulance. Take 

the speed of sound as 340 ms–1. 

(b) How is a compound pendulum different from 

a simple pendulum ? Obtain an expression 

for the time period of a compound pendulum.  

BPHE-102/PHE-02 
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(c) Consider two identical spring-mass systems 

connected by a spring of spring constant k. 

(i) Depict their equilibrium and 

instantaneous configurations. 

(ii) Write down the equations of motion of 

these masses when they execute 

longitudinal oscillations. 

(d) An open pipe is closed at one end and it is 

found that the frequency of the third 

harmonic of the closed pipe exceeds the 

fundamental frequency of the open pipe  

by 100 Hz. Calculate the fundamental 

frequency of the open pipe. 

(e) The average intensity of light reaching the 

surface of Earth from the Sun is 1300 Wm–2. 

It is produced by fusion of hydrogen nuclei. 

It is given that the total power generated in 

the Sun by fusion is equal to the power 

received per unit area of the Earth’s surface 

multiplied by the surface area of a sphere of 

radius equal to the distance of the Earth and 

the Sun. Calculate the mass of hydrogen 

consumed per unit time into radiant energy. 

Take the distance between the Sun and the 

Earth as 1·5  108 km. 

BPHE-102/PHE-02 
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2. Attempt any two parts : 25=10 

(a) Write the equation of damped oscillations. If 

its solution is of the form 

 x = a0e–bt cos(dt + ) 

 and f = 1 Hz, its amplitude of vibration is 

halved in 5 s. Obtain the equation in terms 

of the values of b and 0. 

(b) Define phase velocity and group velocity. 

The phase velocity of a wave propagating in 

a medium is given by 

 2

P
v  = a + 



b
 

 Where  is wavelength and a and b are 

constants. For what value of  will group 

velocity be equal to phase velocity ? 

(c) A transverse wave travelling in the +ve  

x-direction is represented as 

 y(x, t) = 0·02 sin(2t – 3x) m. 

 Calculate the velocity of the wave. Also 

obtain the maximum values of particle 

velocity and acceleration. 

BPHE-102/PHE-02 
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~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 : 35=15 

(H$) {Zñn§X n[aKQ>Zm H$s ì`m»`m H$s{OE & EH$ Eoå~wb§og, 

{OgHo$ gm`aZ H$s Amd¥{Îm 700 Hz h¡, EH$ CÜdm©Ya 

namdVu Xrdma H$s Amoa 7·2 km h–1 H$s Mmb go 

AJ«ga hmo ahr h¡ & Eoå~wb|g Ho$ MmbH$ Ûmam gwZo OmZo 

dmbo à{V goH$ÊS> {dñn§Xm| H$s g§»`m n[aH${bV 

H$s{OE & Üd{Z H$m doJ 340 ms–1 br{OE & 

(I) qnS> bmobH$ go gab bmobH$ {H$g àH$ma {^Þ h¡ ? 

qnS> bmobH$ Ho$ AmdV© H$mb H$m ì`§OH$ àmá H$s{OE & 

BPHE-102/PHE-02 
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(J) Xmo EH$g_mZ H$_mZr-g§h{V {ZH$m`m| H$s H$ënZm 

H$s{OE & `o EH$ AÝ` H$_mZr, {OgH$m H$_mZr 

pñWam§H$ k h¡, go Ow‹S>o h¢ & 

(i) Bg {ZH$m` Ho$ gmå`mdñWm VWm VmËj{UH$ 

{dÝ`mg Ambo{IV H$s{OE & 

(ii) BZ g§h{V`m| Ho$ {bE J{V g_rH$aÊm {b{IE 

O~ ò AZwX¡Ü`© XmobZ H$aVo h¢ & 

(K) EH$ Iwbr Z{bH$m Ho$ EH$ {gao H$mo ~§X H$aZo na nm`m 

OmVm h¡ {H$ ~§X Z{bH$m Ho$ V¥Vr` g§ZmXr H$s Amd¥{Îm 

Iwbr Z{bH$m H$s _yb Amd¥{Îm go 100 Hz A{YH$ h¡ & 

Iwbr Z{bH$m H$s _yb Amd¥{Îm n[aH${bV H$s{OE & 

(L>) gy`© go n¥Ïdr H$s gVh na nhþ±MZo dmbr D$Om© H$s 

Am¡gV Vrd«Vm 1330 Wm–2 h¡ & `h hmBŚ>moOZ 

Zm{^H$m| Ho$ g§JbZ go O{ZV hmoVr h¡ & {X`m h¡ {H$ 

g§JbZ Ûmam gy ©̀ H$s H«$moS>> _| O{ZV Hw$b e{º$ n¥Ïdr 

Ho$ à{V BH$mB© joÌ\$b na àmá D$Om© VWm gy ©̀ Am¡a 

n¥Ïdr Ho$ ~rM Xÿar dmbo Jmobo H$s {ÌÁ`m Ho$ n¥îR> 

joÌ\$b Ho$ JwUZ\$mb Ho$ ~am~a h¡ & JUZm H$s{OE 

{H$ {H$VZm hmBS´>moOZ à{V BH$mB© g_` _| Ob OmVm  

h¡ & gy`© Am¡a n¥Ïdr Ho$ ~rM H$s Xÿar 1·5  108 km 

br{OE & 

BPHE-102/PHE-02 
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2. H$moB© Xmo  ^mJ hb H$s{OE : 25=10 

(H$) Ad_§{XV XmobZm| H$m g_rH$aU {b{IE & `{X BgH$m 

hb x = a0e–bt cos(dt + ) Ho$ ê$n _| hmo VWm  

f = 1 Hz Vmo 5 s _| BgH$m H$ånZ Am`m_ AmYm ah 

OmVm h¡ & Bg XmobZ H$m g_rH$aU b VWmm 0 Ho$ 

_mZm| Ho$ nXm| _| {b{IE  & 

(I) H$bm doJ Ed§ g_yh doJ n[a^m{fV H$s{OE & EH$ Va§J 

Ho$ H$bm H$m doJ {H$gr _mÜ`_ _| {ZåZ ì`§OH$ Ûmam 

{Zê${nV {H$`m OmVm h¡ :  

 2

P
v  = a + 



b
 

 Ohm±  Va§JX¡Ü`© VWm a Am¡a b pñWam§H$ h¢ &  Ho$ 

{H$g _mZ Ho$ {bE H$bm doJ Ed§ g_yh doJ H$m _mZ 

g_mZ hmoJm ? 

(J) YZmË_H$ x-{Xem _| J{V_mZ AZwàñW Va§J H$mo 

{ZåZdV² {Zê${nV {H$`m OmVm h¡ : 

 y(x, t) = 0·02 sin(2t – 3x) m 

 Va§J H$m doJ n[aH${bV H$s{OE & gmW hr, H$U Ho$ 

doJ VWm ËdaU Ho$ A{YH$V_ _mZ kmV H$s{OE &  

BPHE-102/PHE-02   


