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Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions.
Thefi.gures in the margin indicate Full Marks.
Assume suitable data if necessary.

Rotation of the arm about O is defined by 0 = A.23{ where 0 is in radians and t in
seconds. Collar B slides along the ram such that r : 0.9-0.12f where r is in meters- After
the arm has rotated through 35", determine the total acceleration of the collar.

2- St.at is the principle of conservation of energy of a system? Illushate it with suitable
examlile. A smali block starts from rest at point A and slides down the inclined plane'as
shown What distance along the horizontal plane will it travel before coming to rest? The
coefficient of static and kinetic ftiction between the block ald either plane are 0.35 and
0J respectively. Assume that the initial velocity with which it starts to move along BC is
of the same magnitude as that gained sliding from A to B. [2+61
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a
J. A double pendulum shown in figure oscillates in the xy plane. At the instant shown ro1 :

2 rails ccw and 0)z :3 rad/s ccw. Take a : 0.5 m and b : 0.7 m. what is the angular
momenftm (Ho) at this instant of m1= m2 : Ikg? It is given that the lower penduhun is
connected to mass m by pin joint and is free to rotate about this point.

Define instantaneous center of rotation with an example- In the position shown, bar AB
has an angular velocity of 6 rad/s clockwise. Detennine the angular velocity of bars BD
andDE. l2+{l

B- 200 mm D'

5' Explain D' Alembefis principle with necessary equations. Gear A has a mass of l0 kg and
aradius of gyration of 80 mm. The system is at rest when a couple M of magnihrde 8 Nm
is applied to gear B. Neglecting &iction. Take ra- 250 mm and rs :100 mm-Determine:

a) The time required for the angular velocity of gear c to reach 600 rprn.

b) Thetangential force whieh gear B exerts on gear A. [4+SJ
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Candidates are required{o give their answers in their own r.vords as far as practicable.

.4ttenrpt AII que s ti otzs.

The -figures in the margin indicate Ftill fularks

Assume suitahle dcla if necessary.

A radar grin at 'O' rotates with the anguiar velocity of (dO/dt) = 0.15 radlsec and angular

acceleration of 1a2e/#) : AJJ25 rad/se& at the irxiant 0 : 40", as it follows the rnotion of
the car travelling along tlie circular road having radius of r : 2-50 m. Determine the

magnitude of velocity and acceleration of the car at this instan+..

I
l.

--.-l
?. A 0.45 kg collar is attached to a spring and slides without friction along a circular rcd in a

vertical plane. The spring has an undefonned length af .127 rnm and a constant
- K - 146 N/m. Knowing that the collar is released from being held at A, deiermine the

spead of the collar and the normal force between the collar and the rod as the collar
passes throughB.

3- Ei-ne angular momenturn fcr a systern particle. a iO tg projectile is moving with a
reicciqr of 30 m/s whcn it explodes into two fragments A and B weighing 2.5 kg and
7-i kg respectively, knowilg tiiat inimediaiely after the explosion, fragments a and B
tr=r-:l in the directions riefiried respectively by ga = 45" ald 0s : 30o, determine the

12+41;=ioci.,1.'of each fragnrent. 
fA
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4. Define- Geneial plain motion with suitable exanrple. Knowing that at the instant shown
rod AB has zero angular ac.celeration and an angular velocity of 15 rad/s corurter
clockwise. Dete{rnine
a) angular acceleration of arm DE
b) the acceleration of Point D.

30 mra

5. The portion AOB of the rnechanism is actuated by gear D and at the instant shown has a
clocli:wise angular velocify of 8 radls bntl a counter clockwise aqngular acceleration of
40 rud/s2.Deterrrine tangential force exeited by gear D..Ta-ke me :4.i<g, [i = gS mm and.
mss:3 kg

[2+6]

i8l

A slender 4 kg rod can rotate g-e vertica plane. about a pivot at B- A spring of eonstanrk: 400 Nlm aad of unstretched ieng*r 150-rcm is auachei tg the rod as show:r. Knoivingthat the rod'is releiised To^*^t* ii tne posltion shorvrr, at rroin" ir angular veiocityafter it has rotated through 90".
t61
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i; t e ; rzp i Al i'q u-e st i o ns.

n=ef'6wii in the margirt indicate Fuli tr{lrrtg'

-*:-iee suitable data dnecessarY.

A ;clet is fired into a viscous medirirn r'vith an initiai veiccify of 8,C m/s' The resisiance

r-.i tlie ;rredium pro,Cuce's a resistance equal oi' a -: i: .0'5- "'; rri'/s-' lv;lere v ls lil 1'1'1"5'

C::,'::ia:= rhe bullet's velccity anti pc-sition 3 s':c atret it is frred'

ai Di-f,trcqtiaie the concept of ''u"'ork-energy" and "imptilse-momcntrx'" niinciples fcr

s:iliy of kinetics ofParticie.

bi + particle ha.ring mass 0.5 kg is releasecl from rest and strilies the statiorrary particle

of mzss 0.4 kg as shown in figuie. Assume the impact is direct and elasiic' If the

hcrizontal surface ha-s a kinetic c.oefficient of friction tp - 8'3. Lucate the {?iial

positicn of each mass from the origin of x-alis'

u, = ?5 itis

i4j

121

r5t
L-J

:- .1, 2-b -dia'neter water jet having a veiocity of 25 ftls impinges upol ? singie rnoving

bj.d: - sb.o*,:r in figure. If the blade moves with a constant velocity'of 5 fris a"i'ay frorn

E j+ determine tG horizontal and vertical ccrnponents of force which the biade is

"-\--:=E: 
+:: ihe water. Wliat pov,'ei tloes the rvater generete on the biaCa? Weter harr a

:-:iic r-;eiEht ,f ia.qib/ftr. [6]

R = O-25m
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If crank OA rctates with an angular velccity 12 radis, d.e"ermine the velocity of piston B,

;"***#,*ffiif3',T3"Hriliuiar 
verccrtv or rod AE at the instant shown' 

rc+zj

5. A wheei is wrapped aronnd the irurer drum of a wheel and puiled horizontally witli a force

of 2AA I,i. Th; wheei has a mass of 45 kg and radius of gyration of 70 nun- Knowing that

y;r= A.2 *d p* : 0.15, determine the acceleration of G and angr;lsl acceleration of lvheel.

r = 100 mnr

r=5Crnm

?OD I\J

6. A bullet rveighing 40 gm is fired with horizontal velocity of 600 m/g into ihe iowei end of
a siender ? kg bar of lenglh L = 600 rnm. Kaorving that h: 260 mm and that the bar is

initially at iest, eietermine (a) the anguiar velocit,*- af bar irnmediately.after the builei
becomes earbedded, (b) tle impulsive reaction at C, assurrri:rg that the bullet becomes

embedded in 0.001 s. [6j
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Candidatesarerequiredtogivetheirar.swersintheirowawordsasfaraspracticable.
AttemPt AII queslions''r;; ;;A in the margin indicate Futt il{arks'

esiire suitable tiata if neeessary'

The bali at A is kicked such that 0e:30o' If it is stikgs- the ground at B having

cs-ordinates x=i5 it and 5-9 ft, determin;h; #;;, r"iJ"i it it Li"-t"a t4l

.{rozzreai,**eJ;]ffi ;il;;- :'-':.:-::':::"in,Trflti#TH'Xfi:
:: :",.ffi l:::H5?':'#:lfr :: ffi "''", { ?.q*:H-,T1';}J frT,ffi : ;i; ffi :
;.l'#:.i;*'f, :ffi?il:F'#i;,^:trr1:':#"i:*:::ru:*'#T;
ffii:iliJ::"rl_,#r1;;1"ff X;:"#,*i*ir"rceexertedonthestreambv L)frl

D--5=ar91a::nromentumforarigidbodyinplanemoticnwitlrexamples't4]
n:o-ibprojeciileisrnovingwithavelocityofl00ff/swhenitexpiodesintotwo
f,agnents A and B, ;;i;ffi; ; {:9 1;ii' 

;'n*v'rv'-r"o*ing that immediatelv

ei::te explosion, fragments A.*d g tro"=f l' Jir""to"' dlfined respectively by 06=45"

.-.= 0r-30o, detenninl-the velocity of each fragment' -d., 
t6]
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5. Define Coriolis acceieration of a rigiri bcay rr general plane motion. For'rhe figure shov*a

knowing that at the instant shcrvn the veloci$ of point D is 2.4 rr/s upward, rieiermine (a)

the aogrilur veiocity of rod AB, (b) the velocity of the midpoint of iod BD. [2+8]

Each of gear A a.r.d B has aweiebt of 2.5 Kg and radius of gyration of 100 nnrn inch while

gear C h* u weight of 12.5 kg and radius of gyration of 180 iam. A couple ivl of
magnitude of i0 N-m is applied to gear C. Determine a) number of revoludon of gear C

required for its anguiar velocitv to increase frorn 100 to 450 rpm a) the correspondilg

tangential force on gear A. t8l
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Caldidates are required tc give theil'answers in their oul'n v,'cids as far as oracticabie.

.4 i r e rnp i A tj (i zie,s I i o tt.c.

TheJigtrres in lhe rnargin intiicaie Fuli fr{atks.

Assuine suitable dara if necessary.

Define rcLativerrelocity and aeceleration wiih suitable example. {2+21

a 30-kg block is dropped from a height of 2m onto the 10-kg pan of a spring scale.

-{ssurning the irnpact to be perfecily plasiic, deiei-mine the maximum def-lectior' of ihe

-.:r. The constant of the spring is k:30 kN/m. f8]

A#_-
-lE*

Ltpiain genetai pianernoiion of rigid bociies with suitabie example. l4J

D::irle an expressio_n for the faice exer-ed on the system di-re to cha:rge in rnass o','er time.

Sh.r* tirat the iinal acc,eleration incleases rvhen system loses tnass. i6l

Lr:i*e centre of roiation. In arr engiire system as shown in ihe figure beicw, crank AB has

= c,:nJtant clockwise angular velocity of 1800 rpm. For ihe crank position as showa,

::te:mine (a) tire angular veioeity of tire connecting rod BD and (b) the velociry of the

r:s-,or P. i2+81

j. -i c'i:et u,eighting 40grn is t-rred lvith a horizontal velocity of 600m/s into the lower end

ria siender.T kg bar of Ienglh L:600mm. Knorving thath:Z4Amm and that the ba: is

::::"iit- at rest, detennine

=. te angr-rlar velocity of the bar immediateiy after the bullet becomes embedded.

b 1l.e irnpulsive ieaction at C, assuming that the bullet becomes embedded in 0.001s.

i8l
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/ Candidates are required to give their answers in their own words as far as practicable.
,r Attempt 4!!questions.
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{ Assume suitable data if necessary-

l. Derive relations for the radial and transverse components of the acceleration when a
particle is moving curvilinearly

The 4 kg slider is released from rest from position A and slides down the frictionless rod
in vertical plane. Determine a) the velocity 'v' of the slider as it strikes the spring b)
maximum deflection of spring.

3. Two masses shown in figure oscillate on the smooth plane in the x-direction.

a) Write the differential equation of motion for each mass
b) Find the equation of motion for the center of the mass.

c) Write the expression for kinetic and potential energy of the system of particles.

14l

t8l

t6l

A
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?
4. A cord is wrapped around a homogenous disk of radius r = 0.5 m and mass 20kg. If the

cord is pulled upward with a force of magnitude F = 250N, determine (a) the angular
acceleration ofthe disk, (b) the acceleration ofthe disk and (c) the acceleration ofthe
cord.

A 15 kg slender rod pivots about the point O. The other end is pressed against a spring
(k : 300 kNlm) until the spring is compressed one inch and the rod is in a horizlntal
position. If the rod is released from this position, detennine its angular velocity and the
reaction at the pivot as the rod passes through a vertical position.

Define impulsive motion and eccentric impact. A slender 4 kg rod can rotate in a vertical
plane about a pivot at B. A spring of constant k = 400 N/m and of unstretched length 150
mm is attached to the rod as shown. Knowing that the rod is released from leslin the
position shown, determine its angular velocity after it has rotated through 90o. [2+6j

A

t6l

5.

t8l
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Candidates are required to give their answers in their own words as far as practicable.

Auempt AII questions.

The figures in the margin indicate FaIl Marks'

Assume suitable data if necessw.

The bob of a 2 m pendulum describes an arc of circle in a vertical plane. If the tension in

the cord is 2.5 times the weight of the bob for the position shown. Find the velocity and

acceleration of the bob in the given position.

Wh{ is the principle of conservation of energl of a system? Illustrate it with suitable

example.

2 kg collar is attached to a spring and slides without friction in a vertical plane along

Ihe curved rod ABC. The spring is undeformed when its length is 100 mm and its

constant is 800 N/m. If the collar is released at 'A'with no initial velocity, determine

its velocity (a) as it passes through'B' (b) as it reaches at'C'

t4l

2. a\

b)

13l

15l

3. Derive the expression for resultant force for the system of variable mass. A double

pendulum as shown in figure below oscillates in X-Y plane. At the instant shown,

wr = 4 rad/sec CCW and wz = 5 rad/sec CCW. What will be the angular momentum about

'o, at this instant, if m1 = 3 kg and rflz= 4 kg? Note that the lower pendulum is connected

to mass'm1'by a pin joint and is free to rotate about this point. [4+4]

I
I
I
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4. What is the meaning of corioli's acceleration in plane motion of Rigid body? Crank AB of
the engine system shown in figure below, has a constant clockwise angular velocity of
2000 rev/min. For the crank position as shown in figure below, determine the angular

acceleration the connecting rod 'BD' and the acceleration of point 'D'. Given that the value

of wee = 6t .9 rad/sec and the angle made by rod BD with horizontal B 
: 13.9.

5. Acordiswrappedaround ahomogeneousdiskofradiusr=0.5 m andmassm:15kg. If
the cord is pulled upward with force i of magnitude 180 N, deterrrine (a) the

acceleration of the center of the disk (b) the angular acceleration of the disk (c) the

acceleration of the cord.

Differentiate the central and Eccentric impact of the body. Each of the two slender rods as

shown in figure below is 0.75 m long and has a mass of 6 kg. If the systern is released

from rest when p : 50", determine (a) the angular velocity of rod "AB" when '$' = 20o

(b) the velocity of point'D'at the same instant. t2+61

'.*

t8l

t4l

6.

/=200mm
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Attempt All questions.

Thefigures in the margin indicate Full Marki.
Assume suitable data if'necessary.

Rotation of the arm about O is defined by 0 : 0.75t2 where 0 is in radians and t in
seconds. Collar B slides along the arm such that r = 1-0.31'where r is in meters. After the

arm has rotated through 45", determine (a) the total velocity of the collar, (b) the total

acceleration of the collar and (c) the relative acceleration of the collar with respect to the

arrn,

A 30 kg block is dropped from a height of 2 m onto the 10 kg pan of a spring scale.

Assuming the impact to be perfectly plastic, determine the maximurn deflection of the

pan. The constant of the spring is k:20 kNirrr.

t6l

2.

I8l

Full Marks



3. A double pendulum as shown in figure below oscillates in the X-Y plane. As shswn in

figure below, Vy'l = 2 rad/sec. CCW and Wz:4 rad/sec CCW. What is Hoat this instant
if mr - I kg and mt:2 kg. The lower pendulum is connected to mass mr, by a pin joint
and is free to rotate about this point.

The center of the double gear has a velocity and acceleration to the right of 1.2 m/s and
3 rnlsz, respectively. The lower rack is stationary. Determine (a) the angular acceleration
of the gear and O) the acceleration of points B, C and D.

5. A chord is wrapped around a homogeneous disk of radius r: 0.5 m and mass m : 30 kg
as shown in figure below. If the cord is pulled upward with a force T of magnitude 200N,
determine (a) the acceleration ofthe center ofthe disk (b) the angular acceleration ofthe
disk (c) the acceleration ofthe chord.

force on the system with variable mass.

**{.

'.u

i8l

4.

t8l

t5l

V1= 1.2 m/s

11 = 150 mm
rz: 100 mm

t4l
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Attempt AII questions.
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A bullet is fined at an angle of 30o to the horizontal from a point 'P' on a hill and it strikes

a target which is 100m lower than the level of projection. The initial velocity of the bullet
is 120 m/s. Neglecting the air resistance calculate:

100 m

i) The maximurn height to which the bullet will rise above the horizontal
ii) The actual v'elocity with which it will strike the target
iii) The total time required for the flight of bullet

*'2. The magnitude and direction of the velocities of two frictionless balls with the mass
ma : 30 kg and ms : 50kg before they strike each other are shown in figure below.
Assume e : 0.9, determine the magnitude and direction of the velocity of each ball after
the impact.

Va=30m/s

a=30m/s

1l.

t6l

t8l



?
A nozzle discharges a sbeam of water of cross-sectional area uA" with a velocity Va. The
stream is deflecled by single blade which moves to the right with a constant velocity V.
Assuming that the vi'ater moves along the blade at a constant. Determine:

i) The component of forces exerted by lhe blade on the stream.
ii) The velocity V for which maximum power is developed

AV

Crank AB of the engine system has a constant clockwise angular velocity of 200 rpm,

, which makes.the angle 60" with horizontal level. For the crank position shown in figure
below. Determine the angular acceleration of the connecting rod BD and the acceleration
of point D.

5. The system is at rest when a moment of M : 8 N-m is applied to gear B. Neglecting
friction (a) determine the number of revolutions of gear B before its angular velocity
reaches 540 rpm and (b) tangential force exerted by gear B on gear A.

ilt,a =10kg &, = 200rnm

na =3kB 4 =E6nrm

6. Deduce an expression which shows the relation for the force exerted by the vane on the
stream while you are dealing with the steady stream of particles.

'E: **(*

t8l

4.

t8l

l6l

l4l

rc = 190 mtn
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l. The magnitrde ad direction of the velocities of trvo balls A and B having masses 1.2kg
and 1.8kg rryectively before they shike each other are shown as in figure below.
Assuming e = 0.84, determine the velocity of each ball after the impact. How much K.E.
will be lost dueto the impact?

Y

Va=25 ny'sec

A 20-lb prqiectile is moving with a velocity of 100 ff/s when it explodes into 5 and 15-lb
fragments. Immediately after the explosion, the fragments travel in the directions
0a = 45" and 0s = 30". Determine the velocity 0f each fragment.

t8l

t8l

5b{*
vo = 100 fi/s

r.qri}-

20lb

3. Rod AB moves over a small wheel at C while end A moves to the right with a constant
velocity of 635 mrn/s. At the instant shown, determine (a) the angular velocity of the rod,
(b) the velocity of end B of the rod. t8l,4

5o8rnm 
/5/"

,,.'.'*;ffiit\ 
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4. The center of the double gear has a velocity and acceleration to the right of l.2rnls and
3m/s2, respectively. The lower rack is stationary. Determine (a) the angular acceleration
of the gear, and (b) the acceleration of points B, C and D.

5. A 2.5-kg sphere moving horizontally to the right with an initial velocity of Tmls sbikes
the lower end an 10-kg rod AB. The rod is suspended from a hinge at A and is initially at
rest. Knowing that the co-efficient of restitution between the rod and the sphere is 0.890,
determine the angular velocity of the rod and the velocity of the sphere immediately after
the impact.

m /s

'.*
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