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 BPHCT-131  

BACHELOR OF SCIENCE (B.Sc.) 

(BSCG) 

Term-End Examination 

June, 2022  

 

BPHCT-131 : MECHANICS 

Time : 2 hours Maximum Marks : 50 

Note :  Answer all questions. The marks for each question 

are indicated against it. You may use a calculator. 

Symbols have their usual meanings. 

1. Answer any five parts : 52=10 

(a) For any two vectors 

p and 


q , show that 

|

p .


q |2 + |


p  


q |2 = p2q2. 

(b) Classify the following ODE on the basis of 

order, degree, linearity/non-linearity and 

homogeneity/non-homogeneity : 

 L 
dt

di
 + Ri = E 
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(c) In the following cases identify the inertial 

and non-inertial frames, giving reasons :  

(i) A ball being swung in a circle 

(ii) A car moving in a straight line at 

constant speed 

(d) Calculate the impulse for a ball of mass 20 g 

which strikes a wall straight with a speed of 

10 ms–1 and rebounds at the same speed.  

(e) The average angular acceleration of a stone 

lodged in a rotating car wheel is 100 rad s–2. 

What will be its final angular speed after  

3·0 s if it starts from rest ?   

(f) Determine the reduced mass of a two body 

system consisting of a star of mass M and a 

black hole of mass 150 M. 

(g) Write the differential equation for the 

motion of a one-dimensional spring-mass 

system. What is its frequency of oscillation 

in terms of the force constant of the spring 

and the mass ?  

(h) Are water waves transverse or longitudinal ? 

Explain your answer.  
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2. Answer any two parts : 25=10 

(a) Determine the torque about the point  

(0, 1, –1) due to a force 

F  = 

^
i  + 3

^
j  – 2

^
k  

acting at the point (2, – 1, – 4). 5 

(b) Solve the following boundary value problem : 5 

 16y + y = 0,  y(0) = 2,  y(2) = – 3 

(c) A curve is represented by the following 

parametric equations : 

 x = 4,  y = t2 + 6,  z = 3 – 2t  

 Determine the unit tangent vector to the 

curve at t = 1.  5 

3. Answer any two parts : 25=10 

(a) A crate is moved across the floor by pulling a 

rope tied to it. The force on the crate is of 

magnitude 400 N and is directed at an angle 

of 60 to the horizontal. The force of kinetic 

friction on the crate is 100 N and the mass of 

the crate is 200 kg. Draw the free body 

diagram and calculate the acceleration of the 

crate. Also calculate the work done by each 

force in displacing the crate by 3·0 m. Take  

g = 10 ms–2. 1+2+2 
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(b) State the law of conservation of energy. A 

block of mass 1·5 kg is pushed against a 

spring kept on a table and compresses it by 

20 cm. Then the block is released and it 

slides along the table. If the coefficient of 

kinetic friction between the block and the 

table is 0·2 and the spring constant is  

150 Nm–1, how far will the block move 

before it comes to rest ? Take g = 10 ms–2.    1+4 

(c) Two particles of mass 2m and 5m, 

respectively, are separated by a distance 2r. 

A mass m is kept at the mid-point of the line 

joining them. Determine the net 

gravitational force on the mass m. At what 

point on the line should the mass m be kept 

so that the net gravitational force on it is 

zero ? 2+3 

4. Answer any two parts : 25=10 

(a) A disc having rotational inertia  

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

motor which delivers a torque of 30 Nm on 

the disc. Calculate the disc’s angular speed, 

angular momentum and work done by the 

torque in 20 s given that it starts from  

rest.   1+1+1+2 
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(b) What are the constants of motion for motion 

under central conservative forces ? Derive 

the Law of Equal Areas for central force 

motion.    2+3 

(c) Derive the expression for the total kinetic 

energy of a two-particle system in terms of 

the velocity of its c.m. and the velocities of 

the particles with respect to the c.m. 5 

5. Answer any two parts : 25=10 

(a) The velocities of an object executing SHM 

are 10 cm s–1 and 20 cm s–1 when its 

displacements are 8 cm and 4 cm, 

respectively. Calculate the amplitude of the 

SHM and its time period.   3+2 

(b) Consider two collinear harmonic oscillations 

each having frequency 0, amplitudes a and 

b, and phases a and b. Determine the 

amplitude of the motion resulting from the 

superposition of these two oscillations for  

(i) a – b = 2m, and (ii) a – b = (2m + 1)  

where m is an integer.      5 
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(c) The differential equation of an oscillator of 

mass 0·2 kg is :  

 0x15
dt

dx
10

dt

xd
2

2

  

 Calculate the force constant, angular 

frequency, damping constant and damping 

factor. What is the nature of damping ?  15=5 
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 ~r.nr.EM.gr.Q>r.-131  

{dkmZ ñZmVH$ (~r.Eg gr.) 

(~r.Eg.gr.Or.) 

gÌm§V narjm 

OyZ, 2022 

 

~r.nr.EM.gr.Q>r.-131 : `m§{ÌH$s  

g_` : 2 KÊQ>o  A{YH$V_ A§H$ : 50 

ZmoQ> :  g^r àíZm| Ho$ CÎma Xr{OE & àË`oH$ àíZ Ho$ A§H$ CgHo$ gm_Zo 

{XE JE h¢ & Amn H¡$ëHw$boQ>a H$m Cn`moJ H$a gH$Vo h¢ & àVrH$m| 
Ho$ AnZo gm_mÝ` AW© h¢ &  

 

1. {H$Ýht nm±M  ^mJm| Ho$ CÎma Xr{OE : 52=10 

(H$) {H$Ýht Xmo g{Xem| p  Am¡a q  Ho$ {bE, {gÕ H$s{OE 

{H$ |
p . 


q |2 + |


p  


q |2 = p2q2. 

(I) {ZåZ{b{IV gmYmaU AdH$b g_rH$aU H$s H$mo{Q>, 

KmV, a¡{IH$Vm/Aa¡{IH$Vm Am¡a g_KmVVm/Ag_KmVVm 

Ho$ AmYma na dJuH$aU H$s{OE : 

 L 
dt

di
 + Ri = E 
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(J) H$maU g{hV g_PmBE {H$ {ZåZ{b{IV V§Ìm| _| go 

O‹S>Ëdr` V§Ì H$m¡Z-gm h¡ Am¡a AO ‹S>Ëdr` V§Ì H$m¡Z-gm 

h¡ :    

(i) d¥Îm _| J{V_mZ J|X go Ow‹S>m V§Ì   

(ii) grYr g‹S>H$ na AMa Mmb go J{V_mZ Jm‹S>r go 

Ow‹S>m V§Ì  

(K) Ðì`_mZ 20 g H$s EH$ J|X H$m AmdoJ n[aH${bV 

H$s{OE O~ dh EH$ Xrdma na 10 ms–1 H$s Mmb go 

grYo Q>H$amVr h¡ Am¡a Cgr Mmb go dmng bm¡Q> AmVr  

h¡ &   

(L>) Jm‹S>r Ho$ KyU©Z H$aVo hþE n{h`o _| AQ>Ho$ EH$ H§$H$‹S> H$m 

Am¡gV H$moUr` ËdaU 100 rad s–2 h¡ &  3·0 s Ho$ ~mX 

CgH$s A§{V_ H$moUr` Mmb Š`m hmoJr, `{X dh 

{dam_mdñWm go KyU©Z H$aZm àma§^ H$aVm h¡ ?  

(M) Ðì`_mZ M Ho$ EH$ Vmao Am¡a Ðì`_mZ 150 M Ho$ EH$ 

ãb¡H$ hmob go ~Zo {Û-qnS> {ZH$m` H$m g_mZrV Ðì`_mZ 

kmV H$s{OE &  

(N>) EH$-{d_ H$_mZr-Ðì`_mZ {ZH$m` H$s J{V Ho$ {bE 

AdH$b g_rH$aU {b{IE & Ðì`_mZ Am¡a H$_mZr ~b 

{Z`Vm§H$ Ho$ nXm| _| {ZH$m` H$s XmobZ Amd¥{Îm Š`m h¡ ?  

(O) Ob Va§J| AZwàñW hmoVr h¢ `m AZwX¡¿`© ? AnZo CÎma 

H$mo g_PmBE & 
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2. {H$Ýht Xmo  ^mJm| Ho$ CÎma Xr{OE : 25=10 

(H$) {~ÝXþ (2,  – 1,   – 4) na bJ aho ~b  

F  = 

^
i  + 3

^
j  – 2

^
k  Ho$ H$maU {~ÝXþ (0, 1, – 1) Ho$ 

à{V ~b-AmKyU© H$s JUZm H$s{OE &  5 

(I) {ZåZ{b{IV n[agr_m-_mZ g_ñ`m H$mo hb H$s{OE :  5 

 16y + y = 0,  y(0) = 2,  y(2) = – 3 

(J) EH$ dH«$ H$mo {ZåZ{b{IV àmM{bH$ g_rH$aUm| Ûmam 

{Zê${nV {H$`m OmVm h¡ :   
 x = 4,  y = t2 + 6,  z = 3 – 2t 

 {~ÝXþ t = 1 na Bg dH«$ na EH$H$ ñneu g{Xe kmV 

H$s{OE &  5 

3. {H$Ýht Xmo  ^mJm| Ho$ CÎma Xr{OE : 25=10 

(H$) EH$ H«o$Q> H$mo µ\$e© na Cg na ~±Yr hþB© EH$ añgr go 

ItMm OmVm h¡ & H«o$Q> na bJZo dmbo ~b H$m n[a_mU 

400 N h¡ Am¡a ~b H$s {Xem Am¡a j¡{VO Ho$ ~rM H$m 

H$moU 60 h¡ & H«o$Q> na bJZo dmbm J{VH$ Kf©U ~b 

100 N h¡ Am¡a H«o$Q> H$m Ðì`_mZ 200 kg h¡ & Bg 

{ZH$m` Ho$ {bE ~b-{ZX}eH$ AmaoI It{ME Am¡a H«o$Q> 

H$m ËdaU n[aH${bV H$s{OE & H«o$Q> H$mo 3·0 m 

{dñWm{nV H$aZo _| àË òH$ ~b Ûmam {H$`m J`m H$m`© ^r 

n[aH${bV H$s{OE & g = 10 ms–2 br{OE &   1+2+2 
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(I) D$Om© g§ajU {Z`_ H$m H$WZ Xr{OE & Ðì`_mZ  

1·5 kg Ho$ EH$ ãbm°H$ Ûmam _oµO na aIr H$_mZr H$mo 

X~m`m OmVm h¡, {Oggo H$_mZr 20 cm go g§nr{S>V hmo 

OmVr h¡ & {\$a ãbm°H$ H$mo N>mo‹S> {X`m OmVm h¡ Am¡a dh 

_oµO na {\$gbVm h¡ & `{X ãbm°H$ Am¡a _oµO Ho$ ~rM 

J{VH$ Kf©U JwUm§H$ 0·2 h¡ Am¡a H$_mZr {Z`Vm§H$  

150 Nm–1 h¡, Vmo {dam_mdñWm _| nhþ±MZo VH$ ãbm°H$ 

_oµO na {H$VZr Xÿar V` H$aoJm ? g = 10 ms–2  

br{OE &   1+4 

(J) Ðì`_mZ 2m Am¡a 5m dmbo Xmo H$Um| Ho$ ~rM H$s Xÿar 

2r h¡ & BZ H$Um| H$mo Omo‹S>Zo dmbr aoIm Ho$ _Ü`-q~Xþ na 

Ðì`_mZ m Ho$ EH$ H$U H$mo aIm OmVm h¡ & Ðì`_mZ 

m dmbo H$U na ZoQ> JwéËdmH$f©U ~b kmV H$s{OE & 

aoIm Ho$ {H$g q~Xþ na Ðì`_mZ m dmbo H$U H$mo aIm 

OmZm Mm{hE Vm{H$ Cg na bJ ahm ZoQ> JwéËdmH$f©U 

~b eyÝ` hmo OmE ?   2+3 

4. {H$Ýht Xmo  ^mJm| Ho$ CÎma Xr{OE : 25=10 

(H$) EH$ MH$Vr H$mo, {OgH$m O‹S>Ëd AmKyU©  

1·5  10–3 kg m2 h¡, EH$ {dÚwV _moQ>a go Omo‹S>m OmVm 

h¡ Omo Cg na 30 Nm H$m ~b-AmKyU© Amamo{nV H$aVr 

h¡ & `{X MH$Vr àma§^ _| {dam_mdñWm _| hmo, Vmo 20 s 

~mX MH$Vr H$s H$moUr` Mmb, H$moUr` g§doJ Am¡a  

~b-AmKyU© Ûmam {H$`m J`m H$m`© n[aH${bV  

H$s{OE &   1+1+1+2 
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(I) H|$Ðr` g§ajr ~bm| Ho$ AYrZ J{V Ho$ {bE J{V Ho$ 

AMa Š`m h¢ ? Ho$ÝÐr` ~b Ho$ AYrZ J{V Ho$ {bE 

g_mZ-joÌ\$b {Z`_ ì`wËnÞ H$s{OE &  2+3 

(J) EH$ {Û-H$U {ZH$m` H$s Hw$b J{VO D$Om© H$m ì`§OH$, 

CgHo$ g§h{V H|$Ð Ho$ doJ Am¡a g§h{V H|$Ð Ho$ gmnoj 

CgHo$ H$Um| Ho$ doJm| Ho$ nXm| _| ì`wËnÞ H$s{OE & 5 

5. {H$Ýht Xmo  ^mJm| Ho$ CÎma Xr{OE : 25=10 

(H$) gab AmdV© J{V H$a aho EH$ qnS> Ho$ doJ H«$_e:  

10 cm s–1 Am¡a 20 cm s–1 h¢ O~ CgHo$ {dñWmnZ 

H«$_e: 8 cm Am¡a 4 cm h¢ & gab AmdV© XmobZ H$m 

Am`m_ VWm AmdV©H$mb n[aH${bV H$s{OE &   3+2 

(I) Xmo 
.
gaoI  AmdVu XmobZ br{OE, {OZH$s àË`oH$ H$s 

Amd¥{Îm 0 h¡, Am`m_ a Am¡a b h¢, Am¡a àma§{^H$ 

H$bmE± a Am¡a b h¢ & BZ Xmo XmobZm| Ho$ AÜ`mamonU Ho$ 

\$bñdê$n n[aUm_r J{V H$m Am`m_ {ZYm©[aV H$s{OE 

`{X :   5 

(i) a – b = 2m hmo Am¡a  

(ii) a – b = (2m + 1)  hmo &  

(m EH$ nyUmªH$ h¡) 
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(J) Ðì`_mZ 0·2 kg Ho$ EH$ XmobZH$mar qnS> H$m AdH$b 

g_rH$aU {ZåZdV² h¡ :  

 0x15
dt

dx
10

dt

xd
2

2

  

 ~b {Z`Vm§H$, H$moUr` Amd¥{Îm, Ad_§XZ {Z`Vm§H$ Am¡a 

Ad_§XZ JwUm§H$ n[aH${bV H$s{OE & Ad_§XZ H$s 

àH¥${V H¡$gr h¡ ?  15=5 


