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BACHELOR OF SCIENCE (B. Sc.) 

(BSCG) 

Term-End Examination 
December, 2022 

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 may use a calculator.  

1. Answer any five parts : 2 each 

(a) Show that . 0,d aa
dt

→
→

=  if a
→

 is a constant 

vector. 
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(b) Obtain the general solution of the following 
first order ODE : 

G ( ) F ,d t t
dt

=  

where F is a constant.  

(c) What are inertial and non-inertial frames 
of reference ? 

(d) Calculate the work done by a variable force 

= − − 2F ,ax bx  where a and b are 

constants, in moving a particle of mass m 

from point 1x x=  to 2x x=  along a 

straight line.  

(e) A merry-go-round makes 3 complete 

revolutions every 9 minutes. What is its 

angular speed in rad s–1

(f) State Kepler’s law of equal areas for 
planetary motion. 

 ?  

(g) Write the differential equation describing 

the SHM of mass m attached to a spring of 
force constant k. 



 [ 3 ] BPHCT-131 

  P. T. O. 

(h) Depict graphically the time-variation of 
displacement of a critically damped 
system. 

2. Answer any two parts :  

(a) (i) Determine the projection of 2a b
→ →
+   

on a
→

, where ˆ ˆ ˆ2 3a i j k
→

= − +  and 
→

= − − +ˆ ˆ ˆ2 .b i j k   3 

(ii) Obtain a unit vector perpendicular  

to both ˆ ˆA 5 3i j
→

= +  and 
→

= − − +ˆ ˆ ˆB 2i j k . 2  

(b) Obtain the general solution of ODE : 5 

xy' + 2y = 6x  

(c) Solve the following boundary value 
problem : 5 

         9y" + y = 0; y (0) = 4; y (π) = –1 

3. Answer any two parts :  

(a) A train of mass 69.00 10 kg×  is moving in 

a straight line at a constant speed of  

80.0 −1km h .  The brakes, which produce a 
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net backward force of 62.70 10 N,×  are 

applied for 25.0 s. What is the new speed of 
the train ? How far has the train travelled 
in this time ? 3+2 

(b) A stone of mass 0.6 kg is swinging in a 
vertical circle of radius 1.0 m. The speed of 
the stone is constant and equal to  

15.0 ms− . Calculate the tensions in the 

string at the top and bottom of the circle. 
Draw the free-body diagrams. Take 

210 ms .g −=    2+2+1 

(c) State work-energy theorem. From what 
height would an object need to be dropped 
from rest so that it acquires kinetic energy 
equal to that it has when travelling at a 
speed of 24.0 ms–1 210 msg −= ? Take . 1+4  

4. Answer any two parts :  

(a) (i) A bicycle wheel of radius 3.0 m starts 
from rest and a particle on its rim 
moves a distance of 30 m in 20 s. 
Calculate angular displacement of the 
particle and its average angular speed 
in the time interval of 20 s. 2 
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(ii) By what factor will the angular speed 
of an object change if its rotational 

inertia is reduced by half, when the 
net torque on it is zero ? 3 

(b) What is the total mechanical energy of a 

satellite of mass 1000 kg moving about the 
Earth in an orbit with a = 6000 km ? Here 
a is length of semi-major axis. Also 

determine the eccentricity and shape of the 
orbit when the apogee distance is 10000 
km.   3+1+1 

Take :       11 2 2G 6.67 10 Nm kg− −= ×   

and               24
EM 6.0 10 kg= × . 

(c) (i) Determine the reduced mass of a 

system of two particles having masses 
4.0 kg and 2.0 kg, respectively.  2 

(ii) In a car accident, a car A (mass  
1200 kg) is initially at rest. It is hit at 
the back by a car B of mass 1800 kg. 
From the markings of the tyres on the 
road, determined that after their 
collision, the speeds of car A and B 
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were 112.0 ms−  and  18.0 ms ,−  
respectively in the same direction. 
Assuming that the collision is head-on 
and elastic, determine the speed of car 
B before collision.  3 

5. Answer any two parts :  

(a) (i) For what value of displacement do the 
K. E. and P. E. of a simple harmonic 
oscillator become equal ? 2 

(ii) In a spring-mass system, a 0.3 kg 
mass is attached to a spring of force 
constant  120 Nm .−  The mass is 
released from rest at x = 20 mm. 
Calculate the P. E. and K. E. of the 
system at x = 10 mm. 3 

(b) Calculate the amplitude and the period of 
resultant oscillation obtained on 
superposing following two collinear 
oscillations : 5 

                       1( ) 2 sin 20 cm
6

x t t π = π + 
 

 

and           2( ) 5 sin 20 cm
3

x t t π = π + 
 

.  
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(c) The equation of motion of an oscillating 
body of mass 0.6 kg is : 

2

2 6 4 0d x dx x
dtdt

+ + =  

Calculate : 

(i) force constant k 

(ii) angular frequency 0ω  

(iii) damping constant γ  

(iv) damping factor b. 

Also determine the nature of damping. 5 
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      BPHCT-131 

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

(ch- ,l- lh- th-) 

l=kkar ijh{kk 

fnlEcj] 2022 

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

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

uk sV % (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 iz;ksx dj ldrs gSaA  

1- fdUgha ik ¡p Hkkxksa ds mÙkj nhft, % izR;sd 2 

(d)  ;fn a
→
 vpj lfn'k gks] rks fl¼ dhft, fd 

. 0d aa
dt

→
→

= A  
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([k)  fuEufyf[kr lk/kj.k vody lehdj.k dk 

O;kid gy izkIr dhft, % 

G ( ) F ,d t t
dt

=  

 tgk¡ F ,d vpj gSA 

(x)  tM+Roh; vkSj vtM+Roh; ra=k D;k gksrs gSa \ 

(?k)  nzO;eku m ds ,d d.k dks fcUnq 1x x=  ls 

fcUnq 2x x=  rd lh/h js[kk eas ys tkus eas 

cy = − − 2F ,ax bx  tgk¡ a vkSj b vpj gSa] 

}kjk fd;k x;k dk;Z ifjdfyr dhft,A 

(Ä)  ,d esjh&xks&jkm.M gj 9 feuV esa 3 lEiw.kZ 

ifjØe.k djrk gSA 1rad s−  esa mldh dks.kh; 

pky D;k gS \ 

(p)  xzgh; xfr ds fy, dsIyj ds leku&{ks=kiQy 

fu;e dk dFku nhft,A 
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(N)  cy fu;rkad k okyh dekuh ls tqM+s nzO;eku 

m dh ljy vkorZ xfr dk o.kZu djus okyk  

vody lehdj.k fyf[k,A 

(t)  Økafrdr% voeafnr fudk; ds foLFkkiu dk 

le; ds lkFk ifjorZu vkjsf[kr dhft,A 

2- fdUgha n k s Hkkxksa ds mÙkj nhft, %  

(d)  (i) a
→
 ij 

→ →
+ 2a b  dk iz{ksi Kkr dhft,] 

tgk¡ ˆ ˆ ˆ2 3a i j k
→

= − +  vkSj 

ˆ ˆ ˆ2b i j k
→

= − − +  gSaA 3 

 (ii) ˆ ˆA 5 3i j
→

= +   vkSj 
→

= − − +ˆ ˆ ˆB 2 ,i j k  

nksuksa lfn'kksa ds yacor~ ,dd lfn'k izkIr 

dhft,A 2 

([k)  fuEufyf[kr lk/kj.k vody lehdj.k dk 

O;kid gy izkIr dhft, % 5 

xy' + 2y = 6x  

(x)  fuEufyf[kr ifjlhek eku leL;k dks gy 

dhft, % 5 

             9y" + y = 0; y (0) = 4; y (π) = –1 
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3- fdUgha n k s Hkkxksa ds mÙkj nhft, %  

(d)  ,d jsyxkM+h ftldk nzO;eku 69.00 10 kg×  

gS] vpj pky −180.0 km h  ls lh/h js[kk esa 

xfreku gSA jsyxkM+h ij 25.0 s ds fy, czsd 

yxk, tkrs gSa tks foijhr fn'kk esa 

62.70 10 N×  dk usV cy vkjksfir djrs gSaA 

jsyxkM+h dh ubZ pky D;k gS \ bl nkSjku  

jsyxkM+h fdruh nwjh r; djrh gS \ 3+2 

([k)  nzO;eku 0.6 kg dk ,d iRFkj f=kT;k 1.0 m 

okys ÅèokZ/j o`Ùk esa xfreku gSA iRFkj dh 

pky vpj gS vkSj mldk eku 15.0 ms−  gSA 

o`Ùk ds mPpre vkSj lcls fupys fcUnq ij 

jLlh esa ruko Kkr dhft,A cy funsZ'kd 

vkjs[kksa dks fpf=kr dhft,A −= 210 msg  ysaA 

2+2+1 

(x)  dk;Z&ÅtkZ izes; dk dFku nhft,A fdlh fiaM 

dks fojkekoLFkk ls fdruh Å¡pkbZ ls fxjkuk gksxk 

fd mldh xfrt ÅtkZ] mldh mruh gh xfrt 
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ÅtkZ ds cjkcj gks tk, tks −124.0 ms  dh 

pky ls pyus ij gksrh gS \ 210 msg −=  ysaA 

4- fdUgha n k s Hkkxksa ds mÙkj nhft, %  

(d)  (i) f=kT;k 3.0 m dk lkbfdy dk ifg;k 

fojkekoLFkk ls pyuk 'kq: djrk gS vkSj 

mlds fdukjs ij fLFkr ,d d.k 20 s esa 

30 m pyrk gSA d.k dk dks.kh; foLFkkiu 

vkSj 20 s ds le;karjky eas mldh vkSlr 

dks.kh; pky ifjdfyr dhft,A 2 

(ii) ;fn fdlh fiaM ij usV cy vk?kw.kZ 'kwU; gks] 

rks mldh dks.kh; pky fdrus xq.kd ls 

cny tk,xh vxj mldk tM+Ro vk?kw.kZ 

vk/k dj fn;k tk, \ 3 

([k)  i`Foh dh ifjØek dj jgs ,d 1000 kg 

nzO;eku okys mixzg dh dqy ;kaf=kd ÅtkZ D;k 

gS tcfd a = 6000 km ? ;gk¡ a v/Z&nh?kZ 
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v{k dh yackbZ gSA lkFk gh d{kk dh mRdsanzrk 

vkSj vkdkj fu/kZfjr dhft, tcfd Hkwfe mPp 

nwjh 10000 km gSA  3$1$1 

        11 2 2G 6.67 10 Nm kg− −= ×   

 vkSj    24
EM 6.0 10 kg= ×  ysaA 

(x)  (i) Øe'k% 4.0 kg vkSj 2.0 kg nzO;eku okys 

nks d.kksa ds fudk; dk lekuhr nzO;eku 

fu/kZfjr dhft,A 2 

 (ii) ,d dkj nq?kZVuk eas dkj A (nzO;eku 1200 

kg) vkjaHk eas fojkekoLFkk esa gSA mlls 

nzO;eku 1800 kg okyh dkj B ihNs ls 

Vdjkrh gSA lM+d ij Vk;jksa ds fu'kku ls 

fu/kZfjr fd;k tkrk gS fd la?k u ds ckn 

dkj A vkSj B dh pkysa leku fn'kk esa 

Øe'k% 112.0 ms−  vkSj 18.0 ms−  FkhaA ;g 

ekudj fd la?k u lh/k (head-on) vkSj 

izR;kLFk gS] la?k u ls igys dkj  

B dh pky izkIr dhft,A 3 
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5- fdUgha n k s Hkkxksa ds mÙkj nhft, %  

(d)  (i) foLFkkiu ds fdl eku ds fy, ,d ljy 

vkorZ nksyd dh xfrt ,oa fLFkfrt ÅtkZ,¡ 

leku gksrh gSa \ 2 

 (ii) ,d dekuh&nzO;eku ra=k esa 0.3 kg nzO;eku 

cy fu;rkad 120 Nm−  dh dekuh ls 

tksM+k tkrk gSA nzO;eku dks x = 20 mm ij 

fojkekoLFkk ls NksM+k tkrk gSA x = 10 mm 

ij fudk; dh fLFkfrt vkSj xfrt ÅtkZ,¡ 

ifjdfyr dhft,A 3 

([k)  fuEufyf[kr nks lajs[k vkorhZ nksyuksa ds 

vè;kjksi.k ds iQyLo:i mRiUu ifj.kkeh  

nksyu ds vk;ke vkSj vkorZdky ifjdfyr 

dhft, % 5 

            1( ) 2 sin 20 cm
6

x t t π = π + 
   

 rFkk  2( ) 5 sin 20 cm
3

x t t π = π + 
 
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(x)  nzO;eku 0.6 kg ds nksyd dk xfr dk 

lehdj.k gS % 

2

2 6 4 0d x dx x
dtdt

+ + =
 

 ifjdfyr dhft, % 

 (i)  cy fu;rkad k 

 (ii)  dks.kh; vko`fÙk 0ω  

 (iii) voeanu fu;rkad γ  

 (iv) voeanu xq.kkad b  

 lkFk gh] voeanu dh izÑfr fu/kZfjr dhft,A  

5 
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