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MA.THEMATICS

( General )

Paper : 5.J.

( Statics and Dynamics I

Full Marks : BO

Time:3 hours

The figures in the margin indicate fuII marlcs

i &r the questions
tI Arrswer eit-her in Engtish or in Assczmese

L. Answer the following questions : ix10=10

ESs fr$ firc<F{r{ E-s-{ T-{',i '

ta) Is there arry single-force of r'vhich the
effect on a. body wili be equivalent to the
joint effect of two equal and unlike
parallel forces?

.sH .{h <ET qrcq-c{ {Ft c{l-{'t qh T€-{ e"r<s

sf,cfr{T <€cb{ sffio ffiq Kfi qrT{ qT-s

flBT$ qrfic<Fr aqq afrfuTl-{ sqYE ?
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(b) "The whole
rigicl body*.ff "ff::"'.'ffi ;*Til;"?imParting 

,,,o it any moti.n oftronslatirrn.,'

Is the above statement true?
"C$-lC+t qbT Tq frs< s"r<o fbflrc ,{br T"sTsK
'rftrs s&fun q,q rskT, t Fr* qG sqti;T+R]'ts,qeiffe 

Tr{tdl lu, 
:* .

serffis EffiT.i,yfe_qr

(c) A system of coplanar forces acting on arigid body are such that the algebraicsum of their 
-moments about each of anythree non_collinear points l" ii"r" pianeare separately zero. Wiil the systern offorces be in equiiibrium?

etT W Fre< e"rss ftTiftq ebr )ilqsfu+ {_{gTffr .{f;iTKt fi <qC<fE{ fi\o6K qcq,- trfifls{qrcl R rsteqr ftfrh RT {Kflr$ &pR<Egmfi ftw65p qqE c<rqeq Gmcq T{r I-<6i sfl"qcb rTlqlTsEls qrR_{c{ r
(d) Give the delinition of friction.

tdq-s xw fril r

(e) Write d.own the expressions for radiaiand cross_rad.ial 
""".f.r.tiorrl of aparticle moving in a plane 

"r*" at anypoint (r, 0) on it.

A15-1O00+ i300/ 12S ( Continued ) A15-1OOO+13OO/ 125 ( Turn Ouer )

t3l

fiwt{ cfttrIl <EF6{ qtr qt ffirifi 'sh RI?FqFt

qFrrqeFt R r+rs{r qbr RT tr, s) o qRq (radiai)

qte ffiE (cross-radial) v<t fr<t t

Wb,at is the amPlitud'e of a simPle

harmcnic rnotion?

.sfiqqqq{qc qkRsKfrt

Wtrat do you rneah by the relative velocity

of a poini P with respect to another point

@

A RT. qr'l-tr

Ft?
P RT{ qrfiffi ficf darq fr

{h) A particle is moving in a circular path of

radius a Write down the relation between

the angular velocity and linear velocity'

aft <s+qR a{tF*4-{ e?t {cr-+n qcqn {B rR
qrq I QgK ffin$ 6fi qrc f<R's {Kqr qtq-{

qq66rfr{r I

fi If u be the velocit5r of projection.and cr be

the angle of projection of a particle' then

write Jo*rr' the expression for tlte time of

fiisbt.

afit sg$"fi{ gr{Fei c<ot u qFF gr$Fel 6{t"l cr

R'84, Qqg tq"rgr;r< srf'l<Ift fr<l I

0) State the principle of conservation of

linear rrromenttrm'

A<ftr qr<fi:TissqryqoK sqeh fiqf t

{J)

(s)
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2. Answer the foilowing questions :

Eq\5 frTI $xzRK{ bs{ T3T :

(a) Two men are carrying a straight uniformbar 6 metres ron! ,ia *"iff;irrg 30 kg.One man supports it at a distance ofI metre from one end, and the other manat a distance of 2 metres from the otherend. What weight d.oes each man bear?
Kqr ITTR 30 cs&. sq-fi 6 fibrr fuE T{\ ksqvrq rfiTR qr6q I qq-c{. kav;+q qbT fuT"{fii 1 fibm qrv qFrqr* vtqrh envR_g "r<r2fibK rysro <R {R-cq, sfeqcr frqn eq-{.<_q{
oRl r

(b) Write the laws of statical friction.
eq&s rdl< 1uq-q 6..<p I

(c) Define coefficient of friction and angle offriction.

s{q eflin qt+ q{q c$tfi q\g.I fi$ r

(d) A particle moves along a straight iine, thelaw of motion being .r = A""o" (nt + k),where x is the position of the particle atany time f. Show that the acceieration isdirected to the origin and varies as the
distance.

,{ft T€-$TR x = Acos (nf + k) fuTWR
l_{-{'C{{s flB T6q {\o x q'q t q{rc Tq-$flUbIT
ESry I c,r{s$ C{ Ts-f.rEtT{ E{q mr TqRTqb{ft qI+ {qRT{ "m fuK 1q-c< wr1"nft-+ r

2x5= 1O
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(e)

{sl

A motorcar, weighing 10 quintals and
travelling at 12 metres/sec, is brought to
rest in 18 metres by the application of its
brakes. Find the work done by the force
of resistance due to brakes.

12 fibm/cus c{ls ?q crfi 10 T?fq \sq;K Ts
ufiQ q.trl-s 6"s-{ qqrg tB fibK T<gs <clR frTT

?<q r ca-+-< gR5cnR <6Fr qFil +qt sr{frfi <tql r

Prove that any system of coplanar forces
acting at different points of a rigid body
can be reduced to a singie-force through
any given point and a single-couple.

$tl6i s-{l c{, ,{bt W fie< s"fqs ftwft{ fr
mrclt qh qT{-sfi--s rE sqtfrs cbr ano Rqo
ffiis qil TE qrs qbr <-q1'liE flffi trR{
"nR r

or / aft1Y

A uniform beam of length 2a rests in
equilibrium against a smooth vertical
wall and over a smooth peg at a distance
h frorn the wall. If 0 be the inclination of
the beam to the vertical, show that
sin3 o = *.
2a?rc;t< T{T ?s qvm{ ebr T{ q{q g-ffi ck^rfE

q?rfi 5fl\5 qfi qrcq, ql{qTcs ksvldl stt T{.f
={ft< W" Etre \flr< | ?iE wt+ 0-c? ck<Fn-fi

T{q h qls qsvfcE b-a? 6q^Tm{ sqE e CfiT sfr
{Rzq. ckls$ c{ sin3 o = L.

3. (a)
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A uniform ladder is in equilibrium with
one end resting on the ground and the

other against a vertical wali. If the
ground and the wall be both rough, the

coefficient of friction being p and V'
respectively and if the ladder be on the

point of slipping at both ends, prove that
the inclination of the ladder to the

lnorizon is given bY 0, wher" 
,,

tano=1-PP'
2yt

qb 1lr q{FIt{ qtT 1< rtfrs qr+ qqeh 1< sl;l
Gq? cg<s qree qrcq I {fr TIF qiF K{ Ese-sQ.

*rqfi q{ qr fi-{w s{q e'fiqn 6rq p qFF !r/
q{, csrs a{l"t s-$ c{, frr R {lts RX PRrE

csfr$ q-Nfis< sqo q-{atr< Gqn+ c+rq 0, {'s

tan0= 1-pp'
21t

Prove that the periodic time of a simple
harmonic motion is independent of the
amplitude

gsl"t r-{I ({, qia q{qq qB{ fif-T{I-q R€I{3

so1-qs fiffiq T{$ r

A particle is projected from a point O so

as to pass through two given points in
the same vertical plane with O, at heights

(b)

(c)

(d)
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ht and h, above O, and at horizontal
distances d, and d2 frorn O on the same
side. Show that the angle of projection is

tan-r I a?n, - aTn, I
ldrar@ -dilJ

o R-T{ 'Fil ,sh T€?F6n qrlrn ercs'f +xt {E
{l-cs {q-s"ffch O R-T{ {l.qr{ c$-<I ,q?r{ qIEEFt

o fr'K{ K hr qFF h2 bs-sl€ \flT o R-T{
,srsrrcE dr el+ d2 \T{gfr-s 

T{xrc- a1_EI FI R1q
ql6q-c{ "fK ?q. {TI r cq$€<I ({ T€-f"ffctr{ sl6$"t

CSI"K {I{

or / afu7

A particle is projected with initial velocity
u making an angle s with the horizontal.
Find the velocity and direction of motion
at a given height.
q-Nfisq Elv o cst"t s-{ttr ,sh stl-o u qft
6{erlc{ elc{F i s-{t E'q r ,{bt fifta Us-sts q{K

C{q ql+ sfGT fr{ fr.fu o-{ r

d?

dP2 (q - d2l
,"'-'{ , - d3h,.
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4. Answer either (a) and (b) or (c) and (d) :

(a/ qr+ U ;tqqt fcl \1.1-+ (d/ < G-s< n-{I :

(a) Find the centre of gravity of the plane

lamina bounded by the parabola A2 = 4ax

and iis latus rectum lyrng in the first
quadrant. 5

a2 = 4ax qRtre qtr ?3K iTFqiq. qts<l

TEFF-{ gqn D'ss qrT qrK sl{aflr frqk qql t

(b) Find the centre of gravity of the sector of
the circle *2 + u2 = 49 lying in the first

quaclrant. 5

*2 + a2 = 49 {€{ aq{ u'4s crfl {s< sKcry

fr.fu +<t t

(c) Find the centre of gravity of the

the ellipse 5 .#= 1 lyins in

quadrant.

*2 ,,2

o2 b2

area of

the first

5

b"qw< qtq<I 65qq gqq 5'41e-

qfl qi'K s;Ecss frfr E-<I r

(d.) Find the centre of gravity of the
homogeneous arc of a quadrant of the

circle *2 + 92 - oz in the Positive
5quadrant.
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*2 * a2 = a2 1s-{ TW Dt'F{ firq-s D'4ro q-81

ugdi-m sKr+-e fr.fu +-$ r

5. Answer either (a) and (b) or (c) and (d,) :

(aJ qrs @) qr?{I (c/ qr+ (d/ < Gw< n-c :

(a) In a machine, establish the relation

Mechanical advantage = (Velocity ratio x
Efficiency) 5

ebrvq< csqs

{rQs TR<T = (c<onynv x qs-q)

q-"f+fi gG"1-4' <t<T r

(b) In a block and tackle, the velocity ratio is
B : 1. The fiiction is such that only 55%
of the force applied can be usefully
employed. Find what force wilt raise
66 kg by its use. 5

sh R-s qs &E{ (block and tackle)
CTfilXllE B : 1. flGfffrChio qf$t qd"K <fC{ ef($rt
3E4| 44q 6+TE 55% Ce. {qRcrsra< fiKTrfl sR-{

"trR r ?sK {qlr\o 66 cs&. sr qrfBrtq ft
o1ft$"K <6t $e$q Eft4 q1fe1.qT

(c) Draw a neat diagram of the third system
of pulleys. If there are npulleys of which
the upper one is fixed and rernaining
(n -1) are movable, find the mechanical
advantage when the weights of the
pulleys are neglected. 5
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VqT sPrss s"fifr{ stl "rRs'K Sq \nifl r {fr
g"nft-cbr n {\ctts uqft qnr+ {'s Ews{ rs?rtl
F< qr+ <rft (" - 1){i?trc u-+R e-{D-{ nR< "rrr<,

scs D-sfr{ sq-{ q$tq'sRc{, e+m vfr"+ $<t
frqk n-<t r

(d) A first system of pulleys consists of 4
movable pulleys each of weight B lb and
the string passing round the topmost
pulley passes over a fixed pulley. With
what force must a man of weight 22O lb
pull at the free end of the string in order
to balance himself suspended from the
lowest pulley?

gem s$fr{ FRs-{ efu +tT q-{F-{ +-qt ffi
qrcq qFF SffiT u+ft< *gs-{ e 'tIOe r Gwoq

D-sRc?r< sq-CEfr c{Kf \i,r-{sn Rq D-sR etK
.g"rc<fr ?arcq r 22O ttbs sq-fi {r{q qq-a{

sr<-sw{ lg {<s ft <q src{t{ TR-cE fix-sq

u-+R< "m rsffi cfifr-{r

6. Answer either (a) and (b) or (c) and (d) :

(a/ qr+ @) 4F<,I (ci qr+ 1a1n O-c< n-<l :

(a) Obtain the expressions for tangential and
normal components of acceleration of a
particle moving along a plane curve. 5

C$5EE C$IC{T T4r{ flG S-{ qbl T€-SqK =q'f{
ws qGqr{ frls v<t< G"tti-t bfrs$ r
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(b) A particle of mass m is acted on by a force
( oa\* 
[" 

. 
"r ) 

towards the origin. If it

starts from rest at a distance a, show that
it will arrive at the origin in time -L.aJv

m sfi T€-Scfi ebK sof{g, T{RT{ fu\5

,*(-. *)r.{ ft.3r nR qze r rfr a r<w

{€-sqt6rc< R={T{qI{ "r{t 6rtr s-r{, Csrs ckxs<l

c{ ? -+ qsns 
T-+R-T "tr<R ra^ltt (

(c) A person travels towards east at the rate
of 4 km per hour, and observes that the
wind seems to blow directly from the
north; he then doubles his speed and the
wind appears to come from the
north-east. Determine the direction and
velocity of wind.

qq-{ {l{E {fis 4 ft.fr. FBe-{ "I{pr.{ ?q qrcq
q|s <\5rq c'irr{ fl]-C{ bqcq "m q"qt cq-{ flraE I

cqd csfr$ wB let sfuq qr+ <eR O-s<-13-

{t+< "Kt qqf c{d tr.E r <erq{ fr{ qrc c{q frqh
FII I
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(d) The velocities of a particle along and
perpendicular to the radius vector from a
fixed origin al'e ir and p0; find the path
and show that the acceleration, along
and perpendicular to the radius vector
are

^c u2g"A."r-* - andp0[],+[1r \ r)
cslm TEfr"T qTe'rcs qtT {ssqK Wf*t qr+

sqTch qqc$ft cfir qrc ?sK ffifr'fi c{fl {q{l@n
1.r vl-s prO; E"lKbf< qfrG{ sTt 'tct fr.fu e-<t
qrs cqlsKr c{ {qR-T qTs s"rEb ric{Ift c$it
q-E Q6 E?fu q{T{ {t{ {qlqdr

^.) u28'
L-r -' qls rr0l;^, * []r \. r/

Answer either (a) and (b) or (c) and (d) :

(a/rcl+ (qqft1l (cleFF (d/<Vs<e<r:

(a) A shell of mass m is projected from a gun
of mass M by an explosion which
generates a kinetic enerS/ E. Show that
the velocity of recoil of the gun is

M s$t <h nT+x "m R"aTfd"K qKI ,{h m \5{:r

sfr ercsq TTI tq {r< T6r\o B a1foftq 6gq

e.'e t ct<1e< cl <-Tnrh< gzgtgR 1frsct c<at

7.

M(M + ml

M(M + rr)
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A ball impinges directly upon another
ball at rest, and is itself reduced to rest
by impact; if half of the initial kinetic
energ/ is destroyed by the collision, iind
the coefficient of restitution.

Rqr<Ers qrcT qh <"q?F EF{ qh {a{ g-€r{F-srr<

$rt{ qs E$d{ sns E fiffi? &EKvT {x; sft
q\qtrk TE'5 fllT.{B-$ qB{b{ w{T sfr q{,

?f"'*64 sc;1qq ffi{r.<t I

A shell of mass M is rnoving with velocity
V. An internal expiosion generates an
annount of e:r-:iergy -E and breaks the shell
into bwo port"ione rvhose masses are in
the ratia ft\: ttL2. '.l.lrc fragments continue
to move in the original Line nf motion of
lhe shell. Shcw t"trrat their velocities are

{c)

V-t-
r:--=-

arrd v - {t*t!-
\rn2M

Jl,f lrfi efi .{tT v fiefiE {& sfr qrq I qbl

q-s{ff Rewrqcq E 'tb Sq'tt{q i"R efi#Ts KtT
qits fiEg; sRCq qtT \q$ $m isv< q-fl\e

mr:mz" qq{ $R efte?m T<k tF< re
qB sR qfuq r ck-t€Kt cq frtq{ c{51
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(d) Three balls of masses trlyz trL2t m3 are in a
straight line, the last two being at rest.
The first moving in the straight line with
velocity rt, strikes the second which
afterwards strikes the third. Find t]'e
velocity of the third ball after impact.

. qZT T<Etcfils aiFf frfibf <qT q ftL1t trl27 trl3
qr+ clfi <-{ $1 R<I{qP qIcE I $qF[ 6Ir{ u

cqq-\r q<ar{qrsrrdt6{ {& TR effir+ $$T
qFF Rftr< sK fiw yftztm 1fum r

qi{ls{ Prqs Yqr {q(tK c{ bR's{t I

***
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