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BPHCT-131 : MECHANICS  

Time : 2 Hours  Maximum Marks : 50 

Note : (i) Attempt all questions. 

 (ii) The marks for each question are 

indicated against it. 

 (iii) Symbols have their usual meanings. 

 (iv) You can use a calculator.  
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1. Answer any five parts : 5×2=10 

(a) Determine the angle between any two 

vectors p


 and q


 of non-zero magnitude 

given that :  

| | | – |p q p q
   

   

(b) State the order and degree of the 

following differential equation : 

y x y    

(c) Astronauts are put in a rotating 

circular chamber to be trained in how to 

withstand high accelerations. What is 

the acceleration experienced by an 

astronaut in a chamber in terms of g if 

it rotates with a constant angular speed 

of 2.0 rad s–1 ? Given that in the 

chamber astronauts travel in a circle of 

radius of 10 m. 



 [ 3 ] BPHCT–131 

A–433/BPHCT–131 P. T. O. 

(d) A lift of mass 3000 kg moves 200 m 

upward at a constant speed in 25.0 s. At 

what average rate does the force due to 

the cable do work on the lift ? Take 

 – 210 msg . 

(e) The rotational kinetic energy of a 

particle in circular motion is 100 J. It 

moves once in the circle in 22 s. What is 

the rotational inertia of the particle ? 

(f) Using the law of equal areas, explain 

why an object would move slower when 

it is farther away from the centre of 

force. 

(g) The displacement of an object executing 

simple harmonic motion is given by : 

  0.05cos(4 0.0625)mx t   
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Determine : 

(i) maximum velocity  

(ii) maximum acceleration 

(h) What is relaxation time for a damped 

oscillation ? 

2. Answer any two parts : 2×5=10 

(a) The position vector of a particle as a 

function of time is given by :  

            
ˆ ˆ ˆ( ) 5cos(4 ) 5sin(4 )r t t i t j k



    

 Determine its velocity and acceleration. 

Show that both its speed and the 

magnitude of its acceleration are 

constant. 

(b) Show that the following ODE is exact 

and solve it :  

2 0xy x y     
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(c) In an LCR circuit, an inductance L, a 

resistance R and a capacitance C are 

connected in series. The variation of 

charge ‘q’ flowing through with time ‘t’ 

in the circuit is given by the differential 

equation :  

2

2
L R 0

d q dq q

dt dt c
    

Solve this equation to determine ‘q’ as a 

function of time ‘t’. 

3. Answer any two parts : 2×5=10 

(a) The mass of an aircraft is 50000 kg. It 

is flying in a straight line at a constant 

speed of 1000 km h–1. The weight of the 

aircraft equals the lift force. The pilot 

increases the thrust of the engine to 

90000 N. Suppose the air resistance 
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force equals the engine thrust in 25 s. 

What is the increased constant speed of 

the aircraft at that instant ? What is 

the increase in its speed ?  

(b) Calculate the height of a 

geosynchronous satellite above the 

surface of the Earth. Given that :  

G = 11 2 26.67 10 Nm kg   , Mass of 

Earth 24
EM  = 6.0 × 10 kg and Radius of 

Earth = 66.4 10 m .  

(c) The mass of a two-stage rocket 

launched in free space is 1000 kg at 

some instant of time. When 600 kg of 

fuel of the first stage burns in it, the 

rocket ejects a stream of gas at a 

relative velocity of 1500 ms–1. What is 

the rocket’s velocity after the first stage 

is ejected ? 
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4. Answer any two parts : 2×5=10 

(a) (i) A bicycle travels 150 m along a 

circular track of radius 15 m. What 

is the angular displacement in 

radians of the bicycle from its 

starting position ? 2 

(ii) The Earth orbits the sun in 365.25 

days in a nearly circular orbit. 

What is the average angular speed 

of a particle on Earth’s surface as it 

orbits the sun ? Take the direction 

of Earth’s rotation to be +ve 

direction of the angular 

displacement. 3 

(b) State the law of conservation of angular 

momentum. A merry-go-round 

possessing rotational inertia 5000 kgm2 
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is mounted on a frictionless vertical 

axle and is initially rotating at an 

angular speed of 1 revolution per 

minute. A girl jumps on to the platform 

in the radial direction. If the rotational 

speed of the merry-go-round reduces  to 

0.8 r.p.m., calculate the girl’s rotational 

inertia. 1+4 

(c) A billiard ball of mass ‘m’ hits  

another billiard ball of equal mass at 

rest in an elastic collision and moves 

along a straight line at an angle of  

from its original direction of motion. At 

what angle with each other do the 

target ball and the projectile move after 

collision ? 5 
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5. Answer any two parts : 2×5=10 

(a) The amplitude of vibration of a damped 

spring mass system decreases from  

10 cm to 2.5 cm in 200 s. If this 

oscillator completes 50 oscillations in 

this time, compare the periods with and 

without damping. 5 

(b) Two collinear harmonic oscillations are 

represented by : 5 

1( ) 4 sin 20 cm
6

x t t
 

   
 

 

2( ) 3 sin 20 cm
3

x t t
 

   
 

 

 Calculate the amplitude, phase 

constant and period of resultant 

oscillation obtained on superposing 

these two collinear oscillations. 
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(c) (i) How does a pulse differ from a 

wave ? 2 

(ii) A progressive transverse wave is 

described by :  

              ( , ) 0.01 sin(1256 63 )my x t t x   

    Determine the direction of 

propagation of the wave and 

calculate the amplitude, 

wavelength, frequency and velocity.

  3 
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 BPHCT–131 

foKku Lukrd (lkekU;) (cgqfo"k;d) 

(ch- ,l-&lh- th-@ch- ,l-&lh- ,e-) 

l=kar ijh{kk  

fnlEcj] 2025 

ch-ih-,p-lh-Vh-&131 % ;kaf=dh 

le; % 2 ?k.Vs   vf/kdre vad % 50  

uksV % (i) lHkh iz'u dhft,A  

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

 (iii) izrhdksa ds vius lkekU; vFkZ gSaA 

 (iv) vki dSYdqysVj dk mi;ksx dj ldrs gSaA 
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1- fdUgha ik¡p Hkkxksa ds mÙkj nhft, % 5×2=10 

(d) fdUgha nks 'kwU;srj ifjek.k okys lfn'kksa  p


 vkSj q


 

ds chp dk dks.k Kkr dhft,] ;fn fn;k gks fd 

            | | | – |p q p q
   

   

([k) fuEufyf[kr vody lehdj.k dh dksfV vkSj ?kkr 

crkb, % 

y x y    

(x) varfj{k ;kf=;ksa dks mPp Roj.k lgus dk izf'k{k.k nsus 

ds fy, mUgsa ,d orqZy xfr dj jgs d{k esa j[kk 

tkrk gSA ;fn d{k 2.0 rad s–1 dh vpj dks.kh; 

pky ls ?kw.kZu djrk gS] rks mlesa  cSBs vUrfj{k ;k=h 

dk g ds inksa esa Roj.k D;k gS \ fn;k x;k gS fd d{k 

esa varfj{k ;k=h 10 m f=T;k okys o`Ùk esa ?kw.kZu 

djrs gSaA 
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(?k) æO;eku 3000 kg dh ,d fy¶+V vpj pky  

ls 25 s esa 200 m dh nwjh r; djrh gSA dscy  

}kjk fy¶+V ij yx jgk cy fdl vkSlr nj  

ls fy¶+V ij dk;Z djrk gS \ – 210 msg   

yhft,A 

(³) orqZy xfr dj jgs ,d dks.k dh ?kw.khZ xfrt ÅtkZ 

100 J gSA og o`Ùk esa 22.0 s esa ,d ifjØe.k 

djrk gSA d.k dk tM+Ro vk?kw.kZ D;k gksxk \ 

(p) leku&{ks=Qy fu;e dk iz;ksx djds le>kb, fd 

cy ds dsUæ ls vf/kd nwjh gksus ij ¥iM dk osx de 

D;ksa gksrk gSA 

(N) ljy vkorZ xfr djrs fdlh ¥iM dk foLFkkiu fuEu 

lehdj.k }kjk O;Dr gS % 

  0.05cos(4 0.0625)mx t  
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Kkr dhft, % 

(i) vf/kdre osx  

(ii) vf/kdre Roj.k  

(t) voeafnr nksyu ds fy, foJkafr dky D;k  

gksrk gS \ 

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

(d) le; ds Qyu ds :i esa fdlh d.k dk fLFkfr 

lfn'k fuEufyf[kr gS % 

 
ˆ ˆ ˆ( ) 5cos(4 ) 5sin(4 )r t t i t j k



    

bldk osx vkSj Roj.k Kkr dhft,A fl¼ dhft, fd 

bldh pky rFkk Roj.k ds ifjek.k vpj gSaA  

([k) fl¼ dhft, fd fuEufyf[kr lk/kkj.k  

vody lehdj.k ;FkkrFk gS vkSj bldk gy izkIr 

dhft, %  

2 0xy x y     
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(x) ,d LCR ifjiFk esa ,d izsjd L, la/kkfj= C vkSj 

izfrjks/k R dks Js.kh esa tksM+k tkrk gSA ifjiFk esa 

izokfgr vkos'k ^q* dk le; ^t* ds lkFk ifjorZu 

fuEufyf[kr vody lehdj.k }kjk fn;k tkrk gS %  

2

2
L R 0

d q dq q

dt dt c
    

bl lehdj.k dks gy djds ^q* dks le; ^t* ds 

Qyu ds :i esa izkIr dhft,A 

3- dksbZ nks Hkkx gy dhft, % 2×5=10 

(d) ,d gokbZ tgkt dk æO;eku 50000 kg gSA  

gokbZ tgkt ,d ljy js[kk esa 1000 km h–1 

dh 

vpj pky ls xfreku gSA gokbZ tgkt ij mRFkkiu 

cy mlds Hkkj ds cjkcj gSA ik;yV batu ds iz.kksn 

dks c<+kdj 90000 N dj nsrk gSA eku yhft, fd 
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ok;q izfrjks/k cy 25 s esa batu ds iz.kksn ds cjkcj 

gks tkrk gSA ml {k.k ij gokbZ tgkt dh c<+h gqbZ 

vpj pky D;k gksxh \ mldh pky esa o`f¼ fdruh 

gS \  

([k) ,d HkwrqY;dkyh mixzg dh i`Foh dh lrg ls Å¡pkbZ 

ifjdfyr dhft,A  

fn;k x;k gS % 11 2 2G 6.67 10 Nm kg   ] 

i`Foh dk æO;eku 24
EM  = 6.0 × 10 kg  vkSj 

i`Foh dh f=T;k 66.4 10 m yhft,A  

(x) tc ,d f}pj.k jkWdsV dks eqDr vkdk'k esa NksM+k 

tkrk gS] rc mldk izkjafHkd æO;eku 1000 kg gSA 

tc jkWdsV ds igys pj.k esa 600 kg æO;eku dk 

b±/ku ty tkrk gS] rc jkWdsV 1500 ms–1 ds 

vkisf{kd osx ls xSl dh /kkjk mRl£tr djrk gSA 

jkWdsV ds igys pj.k ds fxjus ds ckn jkWdsV dk osx 

D;k gksxk \  
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4- dksbZ nks Hkkx gy dhft, % 2×5=10 

(d) (i) ,d lkbfdy f=T;k 15 m ds o`Ùkkdkj iFk ij 

150 m dh nwjh r; djrh gSA mldh vkjafHkd 

fLFkfr ls mldk jsfM;u esa dks.kh; foLFkkiu 

D;k gS \ 2 

(ii) i`Foh lw;Z ds pkjksa vksj 365.25 fnu esa 

yxHkx o`Ùkh; d{kk esa ,d ckj ifjØek djrh 

gSA i`Foh dh lrg ij fLFkr d.k dh vkSlr 

dks.kh; pky D;k gS] tc og lw;Z dh ifjØek 

djrh gS \ i`Foh ds ?kw.kZu dh fn'kk dks 

dks.kh; foLFkkiu dh /kukRed fn'kk ekfu,A 3 

([k) dks.kh; laosx laj{k.k fu;e dk dFku fyf[k,A  

,d esjh&xks&jkm.M ftldk tM+Ro vk?kw.kZ  

5000 kg m2 gS] ,d ?k"kZ.kghu Å/okZ/kj ,sDly ij 

j[kk gqvk gSA og izkjEHk esa izfr feuV 1 ifjØe.k 
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dh dks.kh; pky ls ?kw.kZu dj jgk gSA ,d yM+dh] 

f=T; fn'kk esa esjh&xks&jkm.M ij dwndj p<+ tkrh 

gSA ;fn esjh&xks&jkm.M dh dks.kh; pky ?kVdj  

0.8 r.p.m. jg tkrh gS] rks yM+dh dk tM+Ro 

vk?kw.kZ izkIr dhft,A 1$4 

(x) æO;eku ^m* okyh ,d fcfy;MZ~l dh xsan 

fojkekoLFkk esa fLFkr leku æO;eku okyh nwljh 

fcfy;MZ~l dh xsan ls izR;kLFk la?kêu djrh gSA 

mlds ckn og viuh vkjafHkd xfr dh fn'kk ls  ds 

dks.k ij ljy js[kk esa xfreku gksrh gSA la?kV~Vu ds 

ckn y{; vkSj iz{ksI; ,d&nwljs ds lkis{k fdl 

dks.k ij xfreku gksrs gSa \ 5 

5- dksbZ nks Hkkx gy dhft, % 2×5=10 

(d) fdlh voeafnr dekuh&æO;eku fudk; dk daiu 

vk;ke 200 s esa 10 cm ls ?kVdj 2.5 cm jg 
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tkrk gSA ;fn ;g nksyd bl le;kUrjky esa  

50 nksyu iwjs djrk gS] rks blds vkorZ dky dh mu 

nks fLFkfr;ksa esa rqyuk dhft, tc ;g voeafnr gS 

vkSj tc ;g vuoeafnr gSA 5 

([k) nks lajs[k vkorhZ nksyu fuEuor~ fu:fir fd, x,  

gSa %   5 

1( ) 4 sin 20 cm
6

x t t
 

   
 

 

2( ) 3 sin 20 cm
3

x t t
 

   
 

 

bu nks lajs[k nksyuksa ds v/;kjksi.k ds  

QyLo:i mRiUu ifj.kkeh nksyu ds vk;ke] dyk 

fu;rkad vkSj ifj.kkeh nksyu dk vkorZdky 

ifjdfyr dhft,A 
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(x) (i) Lian vkSj rjax esa Hksn crkb,A 2 

(ii) ,d izxkeh vuqizLFk rjax dks fuEufyf[kr 

O;atd }kjk O;Dr fd;k tkrk gS % 3 

 ( , ) 0.01 sin(1256 63 )my x t t x   

rjax dh lapj.k fn'kk fu/kkZfjr dhft, vkSj bldk 

vk;ke] rjaxnS?;Z] vko`fÙk ,oa osx ifjdfyr 

dhft,A   

× × × × × 

 

 

 

 

 

 

 

 

 

 

 


