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Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions.

The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

The ball at A is kicked such that 8,=30° If it is strikes the ground at B having ‘
co-ordinates x=15 ft and y=-9 fi, determine the speed at which i; is kicked. [4]

4

: 8

A nozzle discharges a stream of water of cross sectional area A = 4000 mm? with a speed
v = 48m/sec, and the stream is deflected by a fixed vane which is moving in the same
direction of water flow with constant speed of 16 m/sec as shown in figure. The mass
density of water p=1000 kg/m’®. Determine the resultant force exerted on the stream by
the fixed vane and maximum power developed. = [5+3]

3. Define angular momentum for a rigid body in plane motion with examples. [4]

A 20-lb projectile is moving with a velocity of 100 ft/s when it explodes into two
fragments A and B, weighing 5 Ib and 15 Ib, respectively. Knowing that immediately
after the explosion, fragments A and B travel in directions defined respectively by 84=45°

and 05=30°, determine the velocity of each fragment. [6]
</ 2
SbaCs
v = 100 ft/s &
D i i A
G



5. Define Coriolis acceleration of a rigid body in general plane motion. For the figure shown
knowing that at the instant shown the velocity of point D is 2.4 m/s upward, determine (a)
the angular velocity of rod AB, )

the velocity of the midpoint of rod BD;, [2+8]
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Assume suitable data if necessary.

The ball at A is kicked such that 9,=30°. If it is strikes the ground at B having
co-ordinates x=15 ft and y'—-g ft, determme the speed at whxch iti is kxcked [4]

4

Ak
»

2. Anozzle dxscharges a stream of water of cross sectxonai area A= ﬁOOO mm® with a speed
v = 48mfsec, and the stream is deflected by a fixed vane which is moving in the same
direction of water flow with constant speed of 16 m/sec as shown in figure. The mass
density of water p‘IOOO kafm Determine the resultant force exerted on the stream by
the fixed vane and maxxmum power developed . [5+3]

3.. Define angular momentum for a rigid body in plane motion with examples. [4]
4. A 20-Ib projectile is moving with a velocity of 100 fi/s when it explodes info two
fragments A and B, weighing 5 Ib and 15 Ib, respectively. Knowing that immediately
after the explosion, fragments A and B travel in directions defined respectively by 8,=45°
and 05=30°, determine the velocity of each fragment. [6]
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5. Define Coriolis acceleration of a rigid body in general plane motion. For theﬁgure shown
knowing that at the instant shown the velocity of point D is 2.4 m/s upward, determine (a)
the angular velocity of rod AB, (b) the velocity of the midpoint of rod BD. [2+8]

s

ki

6. Each of gear A and B has a weight of 2.5 Kg and radius of gyration of 100 mm inch while
gear C has a weight of 12.5 kg and radius of gyration of 180 mm. A couple M of
magnitude of 10 N-m is applied to gear C. Determine a) number of revelution of gear C
required for its angular velocity to increase from 100 to 450 rpm a) the corresponding
tangential force on gear A. . L ‘ 8]
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3. Define angular momentum for a rigid body in plane motion with examples.

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

Attempt All questions.
The figures in the margin indicate Full Marks.
Assume suitable data if necessary. :

The ball at A is kicked such that 9,=30°. If it is strikes the ground at B having
co-ordinates x=15 ft and y=-9 ft, determine the _sp;e;d at which_it_ is kicked.

[4]

4

A nozzle discharges a stream of water of cross sectional area A = 4000 mm? with a speed
v = 48m/sec, and the stream is deflected by a fixed vane which is moving in the same
direction of water flow with constant speed of 16 m/sec as shown in figure. The mass
density of water p=1000 kg/m®. Determine the resultant force exerted on the stream by

the fixed vane and maximum power developed. [5+3]

[4]

A 20-Ib projectile is moving with a velocity of 100 fi/s when it explodes into two
fragments A and B, weighing 5 Ib and 15 1b, respectively. Knowing that immediately
after the explosion, fragments A and B travel in directions defined respectively by 8,=45°
and 05=30°, determine the velocity of each fragment.

,;;/ Y4
. Sy
vy = l{}ﬁ ft/s <
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[6]



5. Define Coriolis acceleration of a rigid body in general plane motion. For the figure shown
knowing that at the instant shown the velocity of point D is 2.4 m/s upward, determine (a)
the angular velocity of rod AB, (b) the velocity of the midpoint of rod BD. [2+8]

6. Fach of gear A and B has a weight of 2.5 Kg and radius of gyration of 100 mm inch while
gear C has a weight of 12.5 kg and radius of gyration of 180 mm. A couple M of
magnitude of 10 N-m is applied to gear C. Determine a) number of revolution of gear C
‘required for its angular velocity to increase from 100 to 450 rpm a) the corresponding
tangential force on gear A. : (8]
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Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions.

The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

1. Define relative velocity and acceleration with suitable example. o [2+2]

™

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

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

pan. The constant of the spring is k=30 kN/m. [8]
30 kg

3. Explain general plane motion of rigid bodies with suitable example. 41

Derive an expression for the force exerted on the system due to change in mass over time.

Show that the final acceleration increases when system loses mass. | [6}
Define centre of rotation. In an engine system as shown in the figure below, crank AB has
a constant clockwise angular velocity of 1800 rpm. For the crank position as shown,
determine (a) the angular velocity of the connecting rod BD and (b) the velocity of the

piston P. o [2+8]

6. A bullet weighting 40gm is fired with a horizontal velocity of 600m/s into the lower end

of a slender 7 kg bar of length L=600mm. Knowing that h=240mm and that the bar is

initially at rest, determine [8]
a) the angular velocity of the bar immediately after the bullet becomes embedded.
b) The impulsive reaction at C, assuming that the bullet becomes embedded in 0.001s.

.
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Assume suitable data if necessary..

Derive relations for the radial and transverse components of the acceleration when a

particle is moving curvilinearly. : {4}
" 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. [8}

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.
¢) Write the expression for kinetic and potential energy of the system of particles. [6]




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 of the disk, (b) the acceleration of the disk and (c) the acceleration of the
cord. [6]

N

\ //
\.Q«\\\?—_:/_//

5. A 15 kg slender rod pivots about the point O. The other end is pressed against a spring
~(k = 300 kN/m) until the spring is compressed one inch and the rod is in a horizontal
. position. If the rod is released from this position, determine its-angular velocity and the

(€]
6. 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 rest in the
position shown, determine its angular velocity after it has rotated through 90°. [2+6]

A

i
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600mm .

_B
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126 };nm
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]. The magnitude and direction of the velocities of two balls A and B having masses 1.2kg
and 1.8kg respectively before they strike 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 due to the impact?

(8]

Y

A

e

: X
NV o
. —~Va=25 m/sec

2. A 20-1b projectile is moving with a velocity of 100 ft/s when it explodes into 5 and 15-1b
fragments. Immediately after the explosion, the fragments travel in the directions = "

94 = 45° and 6 = 30°. Determine the velocity of each fragment. (8]

/VA
5 1b a3t
STA

Vo= 100 ‘&/S
-

Vg
3. Rod AB moves over a small wheel at C while end A moves to the right with a constant

velocity of 635 mm/s. At the instant shown, determine (a) the angular velocity of the rod,

(b) the velocity of end B of the rod. [8]




4. The center of the double gear has a velocity and acceleration to the right of 1.2m/s 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.

V= }.2m/

{ﬁfma%\m

a=3mis™2

5. A 2.5kg sphere moving horizontally to the right with an initial velocity of 7m/s strikes
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.

L
LO!JA 4
1.2 m
{
(D & \
-5m /s ~ B

®dk
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1. 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.

(4]

2. a} What is the principle of conservation of energy of a system? Illustrate it with suitable

example

b} 2 kg collar is attached to a spring and slides without friction in a vertical plane along
the 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, determme
its velocity (a) as it passes through '‘B' (b) as it reaches at 'C'

150mm 250 mm

St

B3]

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,

= 4 rad/sec CCW and w; = § rad/sec CCW. What will be the angular momentum about

" at this instant, if m; = 3 kg and m; = 4 kg? Note that the lower pendulum is connected
tomass 'my" by a pin joint and is free to rotate about this point.

.

0
\

i
. 0.4m
30°

m 0.5m

W2

YY

N
<
°

mpz

=X

[4-+4]



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 wgp = 61.9 rad/sec and the angle made by rod BD with horizontal § = 13.9. [8]

5. A cord is wrapped around a homogeneous dxsk of radius r = 0.5 m and mass m = 15 kg. If

the cord is pulled upward with force T of magnitude 180 N, determine (a) the
acceleration of the center of the disk (b) the angular acceleration of the disk (c) the
acceleration of the cord. v [4]

6. 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 system is released
o from rest’ when B = 50°; determine (a) the angular velocity of rod "AB" when'$' = 20°

" (b)ythevelocity of point 'D':at the same instant. [2+6]
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Assume suitable data if necessary. \79

Derive the expression for radial and transverse components of acceleration when a
particle moves in a curvilinear path. (4]

Two identical balls collides with the velocities of V= 15 m/s and Vg = 15 m/s as shown
in figure. What are the final velocities after the impact? Given that the coefficient of
restitution e = 0.8. [8]

Va=15m/sec

Ve = 15 m/sec

Derive the expression for the resultant force exerted on the surface of pipe due to the
steady stream of particles. [4]

a) Describe about the types of rigid body motion with suitable sketches. : [4]

b) Determine the angular velocities of link BD and AB and also find the velocity of
- point B at the position shown in figure below. Provided that the block 'B' moves with
a speed of 2 m/s. : [8]




s ——

5. Describe about the constrained motion of rigid body in plane with suitable examples.

6. A 250 kg block is suspended from a inextensible cable which is wrapped around a drum
of 400 mm radius rigidly attached to the fly wheel as shown in figure below. The drum

and flywheel have a combined centroidal moment of inertia [ =20 kgm®. At the instant

given in figure, the velocity of the block is 1.5 m/sec directed downward. Knowing that
the bearing at ‘A’ is poorly lubricated and that the bearing friction is equivalent to a

couple M of magnitude 80 N-m, Determine the velocity of the block after it has moved 1
m downward. - :

400 mm

[4]

(8]
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- 1. Rotation of the arm about O is defined by © = 0.75¢* where 0 is in radians and t in
seconds. Collar B slides along the arm such thatr = 1-0.3t* 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 -
arm. : 1

o ‘_2. ‘A 30 kg block is dropped from a height of 2 m onto the 10 kg pan of a sgmxg scale.
Assuming the impact to be perfectly plastic, determine the maximum deflection of the
pan. The constant of the spring is k = 20 kN/m. ' 18]




3. A double pendulum as shown in _figure below oscillates in the X-Y planef As shown in

figure below, W =2 rad/sec. CCW and W, = 4 radisec CCW. What is Hoat this.in?la.ﬂt
if m; = 1 kg and m; = 2 kg. The lower pendulum is commected to mass m, by apm jomt
and is free to rotate about this point. o ‘

(8]

- X

4. The center of the double gear has a velocity and acoeleration to the right of 1.2 m/s and
3 m/s’, respectively. The lower rack is stationary. Determine (2) the angular acceleration
of the gear and (b) the acceleration of points B, C and D. 181

5. A chord is wrapped around a homogeneous disk of radius r = 0.5 m and mass m = 30kg
as shown in figure below. If the cord is pulled upward with a force T of magnitude 200N, -
determine (a) the acceleration of the center of the disk (b) the angular acceleration of the .
disk (c) the acceleration of the chord. . ‘ ' [6]

6. Derive the expression for the resultant force on the system with variable mass. . [4]

ok ok
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l. Abullet is fined at an angle of 30° to the horizontal from a point 'P' on a hill and it stzﬂ(es
a target which is 100m lower than the level of projection. The initial velocity of the bullet
15 120 mys. Neglecting the air resistance calculate: - [6]-

. 120 m/s

1) The maXimum height to which the bullet Will rise above the hdrizontal S
i) The actual velocity with which it will strike the target

iif) 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 mp = 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. ' ' - :

[8]

Va=30m/s =




3. A nozzle discharges a stream of water of cross_—sectioﬁ_al area "A" with a velocity Va. The
stream is deflected by single blade which moves to the right with a constant velocity V.
Assuming that the water moves along the blade at a constant. Determine: T

81

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

4, Crank AB of the engii;é system has a.éoﬁs;cant clockwise Angxﬂar irvél’@%ity of 200 rpm, o ,
" which makes the angle 60° with horizontal level.tFor the crank position shown in figure -

. below. Determine the angular acceleration of the connecting rod BD and the acceleration
~ of point D. A S ‘ R

(8]

CL=nsE

5. The system is at rest when a mdment.'ief M = 8 N-m'is applied to gear B. Neglecting
friction () determine the number of revolutions of gear B before its angular velocity
reaches 540 rpm and (b) tangential force exerted by gear B ongear A. [6]

m,=10kg F,=200mm - |
- my=3kg k,=80mm

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. o - [4]

LR
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A radar gun at O rofates with the angular velocxty of 9 .0.1rad/s and angular

acceleranon of 9 0.025rad/s* , at the instant § = 45°, as it follows the motion of the car
: | travelling along the circular road having a-radius of r = 200 m. Detemnne the magnitude
| of velocity and acceleration of the car at this instant. ‘ [41

eI Tow block A and B are connected by means of an inextensible and we1ghtless cord as
" shown in ﬁgure below. The bodies start to slide from rest. If the dynamic coefficient of
-+ friction is 'pd" for block A on the surface inclined at an angle o, compute the velocity of
¢ the object A at any time t, before the body A reaches the end of incline. - 8]

3. Derive equation for kinetic energy of a system of particlés. A 10 kg projectile is moving
with a velocity of 30 m/s when it explodes into two fragmients A and B, weighing 3 kg
and 7 kg respectlvely Knowing that immediately after the explosmn fragments A and B
travel in directions defined respectively by g, = 45° and By = 30°, determine the

velocity of the each fragment. ¥ . o s[4+

Y
3kg @4

\GA

I
¥
3




4. When does a générai ﬁlane motion occur in a rigid body? Give some exa.mples of GPM.
The end B of the rod AB moves with a constant velocity Vg = 0.9m/s (toward right).
Determine velocity of};end A and angular velocity of rod AB. . - [3+5

/
m/’
4

O\ Bi“.vs'-f'&.g- mls ,
7 7 7 7

—3 et

5. The entremities ofa 1.5 m rod of mass 30 kg may move freely and with no friction. If the - o :

' rod is released initially from rest from the position shown, determine angular acceleration . ]
. oftherod. : o I oy [41
.

—

S 6. Write the -exptession’

:'4*kin“c‘t?ic;‘sfeﬂéi:gya;fifbf,v‘fsaff"ijﬁgi‘d>'€¥:bddy,_fr'iﬁ=s'fm’cati.dnal smotion:with - - P

. .. notations. A slender 4 kg tod AC can totate in a vertical plane about'a pivot at B. A
A " . spring of constant K =400 N/m and of outstretched length 150 mm is attached to the rod ‘ 1o
a5 shown, Knowing that the rod is released from rest in the position shown, determine its - ] |

angular velocity after it has rotated through 90°. S RS 1{ E

v - ] (

3 ; I '
i
|
: i
: I
:
I i
| i
I
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A sky jumper starts with a horizontal take off velocity of 25 m/s and lands on a stralght
~landing hill inclined at 35° as shown in figure below. Determine the time between take-off
and Iandmg : : 4]

i

2.0 Determme the magmtude and dlrectlon of the velocities of two identical balls after collision

and Ioss of energy due to 1mpact ife= 0 8. . ‘ 3 _ 81

" Va=30ms S o L #

3. Derive the expression for the kmetlc energy of the'system of pamcles A stream of water

with vélocity 80 m/sec and a mass flow of 6 kg/s strikes a turbine blade. moving with
constant veloc1ty 20 m/sec, Determme the force exerted on the blade by the water. L[4+4]

¥




P o | | R
4. Crank AB has constant angular CCW- velocrty of 15 rad/s. For the posmon shown '
Determine: , ‘ , [8] -

i) The angular velocxty of rod BD
ii) Velocity of collar D -

5. Acord is wrapped around a homogenous disk of radlus (r) = 0.5m and mass (m) = 15 kg as
" shown iin figure below. If the cord is pulled upward with. a force T of magnitude 180 N,
. ’determme (a) the acceleration of the center of the dlsk and (b) the angular acceleratlon of the
: dlSk ' _ : » T 1 B

e

T

6. Gear A has mass 10 kg and radius of gyration 200 mm while Gear B has mass 6 kg and -
radius of gyration 60 mm. The system is initially at rest when a couple of magmtude 10 Nm S
" is applied constantly to Gear A. Neglectmg frlctxon E 18] R

i) Determine revolution of Gear A before: 1ts ® reaches 800 r/mm |
ii) Tangentlal force enerted. on Gear B. ' S

ok .
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1. Rotation of the arm about "‘O’ is deﬂned by 0 = 0.45t%, Where ‘D’ is in radian and ‘¢’ is in
seconds. Collar ‘B’ slides along the arm such that r = 1-0. 4%, where ‘1’ is in meter. After
the arm has rotated through 60°; determine: (a) the total veloc:lty of the collar (b) the total

acceleration of the collar (¢) the relatlvc acceleration of the collar with respect tothe arm. ~ [4]

2. :The two balls of masses 2 kg and 4 kg w1th a velocities 8m/s and 2m/s respectlvely,
- collides to each other. At the instant of impact, the velocities of the two bodies are
‘paralle] and inclined at 30° to the line of impact. Determine the magnitude and directions

_of the velocities after the impact 1f the coefficient of restitution, p =0.6. ‘ [8]

3. Show that the moment due to force resultant force about the fixed pomt 0 Gf the external
forces is equal to the rate of change of angular momentum about O of the system of
partlcles While crushing in level flight 4t a speed of 913. 3 km/hr a jet airplane scoopsin |
air at a rate of 108.86 kg/s and discharges it with a velocity of 670.56 m/s relative to the

airplane. Determine the total power developed by the engine. [2+6] :

4. Define the instantancous center of rotation with examples. The center of double gear has
a velocity of 2m/s to the right and the acceleration of 3 m/s? to the right. If the lower rack
is stationary; determine: (a) The angula;r acceleration of the gear (b) The acceleration of
the points B, C and D of the gear. [4-+4]

o R

B oty =  — V2Q;”3A=3HV¥
r =150 SR ANE \Aw

<12 =200 mm




5. Explain De’Alembert’s principle in relation to Newton’s 2™ Law of motion.

(4]

6. Define conservative and non conservative system with two examples for each. A 13.6 kg

slender rod AB is 1.5 m long and is pivoted about a point O which is 0.3 m from end B.
The other end is pressed against a spring of constant k = 315 kKN/m until the spring is
compressed 2.54 cm. The rod is then in a horizontal position. If the rod is released from
“thijs pesition, determine its angular velocity and the reaction at the pivot O as rod passes
through'a vertical position. : . -

A0 B
eI ¢
é B ‘ RN NN
R
‘ Cooskkk

[2+6]
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1. Derive expression for tangential and normal components of acceleration while the particle
moves in a curve path. A pulley weighing 5.44 kg and having a radius of gyration of 20.3
cm is connected to two blocks as shown in figure below. Assuming no axel friction,
determine the angular acceleration of the pulley. [4-+4]

R13.2cm R254 cm

2. Illustrate “Principle of conservation of energy” with an appropriate example. The
magnitude and direction of the velocities of two identical frictionless balls before they
strike each other are as shown in figure below. Assuming e = 0.9, determine the
magnitude and direction of the velocity of each ball after the impact. : [3+5]

W)

A system of parncles has masses m; =5 kg, my =2 kg and m3 = 6 kg and theu locations
and velocities at time t; and time t; are shown in figure (a) and (b) respectively. What is
the total linear impulse on the system during this time interval? Also determine the total

angular impulse of the system during this time interval about the origin. [8]
Y : Y
_ - 8§ m/sec . my . :
my /ﬁ : - 7mysec ‘ o—>2 6 m/sec
b 30° Goc‘?\%m (4,8)
- e (_ , /
my 15°
- 10 m/sec i\—j\é 6 m/sec ey
45— ! 7 X ) ’
(-4,0) T3 0 ' l‘ggymz (3,2)°

Figure (a) R - : 8 m/sec Figure (b)




Sttt 2RI

R

4. . Gear A rotates w_ith an angular velocity of 120 rpm clockwise and angular velocity of ,
arm AB is 90 rpm. Determine the corresponding;angular velocity of Gear B. 8]

14 =60 mm
15 = 90 mm

. *..5. Each of the two sliénder'rods shown in figure below is 0.75 m long and has a mass of 5

kg, If the system is released from rest when p=50°, determine: (a) the angular velocity of
tod AB, when B = 30° (b) the velocity of point D at the same instant. ~ (8]

B —-ﬁ ‘ | "_. L -

T T T VN A R R :
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. What do you understand by Radial and Transverse components of acceleration? Derive an
expression for the same.

C

2. Two balls A and B having mass 5 kg and 8 kg respéctively collide as shown in figure
below. Determine. their velocity immediately after the impact if the coefficient of
restitution is 0.80. How much K.E will be lost due to the impact? - '

A [ B
—— i o ., X -
4% AN g #
. 10 m/sec ; 15 m/sec\

|

’ . . . -
3. A nozzle discharges a stream of water of cross sectional area A with a velocity V, . The

stream is deflected by a single blade which moves to the right with a constant velocity V .
Assuming that water moves along the blade at constant speed, determine the components

power is developed. (see figure below).

- -
of the force Fexerted by the blade on the stream and velocity V for which maximum;

Moving blade

[4]

(8]

(8]



4. Crank AB of the engine system has a constant clockwise angular ve1001ty 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. ' | - [8]

5. Define the term rigid body. Descnbe with an example, how you would apply D'
Alemberts principle in plane motion of rigid body. [4]

6. A 20 kg slender rod AB is 1.5 m long and is plvoted about a point 'O' which is 0.3 m from
end 'B'. The other end is pressed against a spring of constant K = 400 KN/m until the -
. spring is. compressed; 20 mm. The:rod is then in:horizontal pesition. If the rod is released -
- from this position; determineit's:angular-velocity :and reaction’ at the pwot 'O' as’ the rod '
.. -passes through a vertical position. (see figure below) , : - 81

1. o 12m :r‘LO.L3m;g,

o A

’M . Lk
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1. Derive an expression for tangential and normal components of a acceleration for a
particle moving along a curve path. {4]
2. The magnitude and direction of the velocities of two frictionless balls with the mass
ma = 100kg and mp = 20kg betore they strike each other are shown in tigure below.
Assume e = 0.7, determine the magnitode and direction of the velocity of each ball after
the impact. How much K.E will be lost due to the impact? : {8]

V=2 Sm/’s

Vg = 20m/s

3. Mass m, rotates about mass m; with angular velo-c'ity ws and mass m; rotates about 0
_with angular velocity wi. Calculate the angular momentum of the system about origin.

“wi=Sradiscew oy =22kg  wy=4radiscew  mp=1.6kg : i8]
| L) , $
¢ \0.5m
Wa !
my~N0.6m
1 45° .
- LA ) ‘ ‘ L

4. The gear A of the system as shown in figure below rotafes with angular velocity
wy = 200rpm ($) and connecting arm CD rotates with wep = 70rmp (%) . Determine
the angular velocity of gear B. Radius of gear A and B are 100 and 150 mm respectively. [8]




5.

(&3

State De' Alembert's principle and show thai the external force acting on the body are
equivalent t0 a force-couple system consisting of a vector force attached to the mass

~center and a couple about the mass center. [4]

Each of two slender rods AB and BD has length 1.5m and has the same mass of 12kg as
shown in figure below. If the system is released from rest with © = 50°, determine (a) the
angular velocity of rod AB when 6 = 10° (b) the velocity of point D at the same instant, [8]

ek
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SRNANENEN

. Co . s g > 2 1 30 .
The motion of a particle is defined by the position vector r = S5ti+3t%] +§t3k where 1 is

[y

in meter and t is in seconds. At the instant when t is two seconds, find the tangential and
normal components of acceleration and the principle radius of curvature, , {4]

2. Explain variable system of particles with examples. A system consists of three particles
A, B and C. The masses of A, B and C are respectively ms = 3kg, mg = 2kg, and m¢ =4
kg and that the velocities of the particles expressed in m/sec are respectively

—

-~ A -~ -_) A ~ _> ~ A A
V, =4i+2j+2K, Vy=4i+3] and Ve =-21+4j+2K, determine the angular

momentum H of the system about Q. ' ) [3+5]

/z.zm.\//‘

3. The magnitude and direction of the velocities of two identical frictionless balls before
they strike each other are as shown below. Assume e = 0.5, determine the magnitude and
direction of the velocity of each bail after the impact. - [8]

50° e
Va=15m/s '

P.5



4, Bneﬂy desr‘nbe the canstramed motion of ngld body in plane with smtable examples. -

5. Infi ?13111‘». shown a meghamnm with two ‘sliders, Slider A at the instant of interest has a
speed of 3m/s and is accelerating at the rate of 1.50v/s, If member AB is 3m in length,
what are the angular velocity and angular accelerstion for this member? Find the

mstamanems center of rotation of bar AB 1f Vai is 3m/s and is decelerating at the rate of
1.5m/s%

4]

[4+4]

6. Define the eccentric impact-and also derwe the expression. for coefficient of restitution of

the ewemr;c impact.

OR

A slender 4 kg rod can rotate in a vertical plane about a pivot at B. A spring of constant k
= 400N/m and of outstretched length 150mm is attached to the rod as shown. Knowing

that the rod is released from rest in the position shown, determine its angular velocity
after it has rotated through 90°. ' ‘

pP.6

18]

18]
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1

curvilinear motion.

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

. Derive an expression for radial and transverse component of acceieration of particle in

The 2-1b block is given an initial velocity of 20fY/s when it is at A. If the spring has an

untsiretched length of 2 ft and a stiffness of k = 1001b/ft, determine the velomty of the

block when s = 11t.

3. A 45kg block is dropped from a helght of 3m on to the 15kg pan of a spring scale as
shown in figure below. Assume that the impact is perfectly plast1c Determine the
+ maximum deflection of pan. The constant of the spring is 25000N/m.

4. What is the general plane motion of the rigid body? Explain with suitable examples. How

will you Jusnfy the statement “The work done due to the internal forces in a I‘lgld body is

always zero™?

[4]

(8]

(8]

[4]




5. A drum of radius 120mm is mounted on a wheel of radms 180mm as shown where rope -
is wound around: the drum. The end E of rope is pulled with constant velocity

Vg = 0.6m/s (-—a») and wheel rolls without slipping. Determine: (a) Vp of point D, (b) Rate
- at which rope is wound or yunwound. » : [3+3]

$ome 0.6 m/s

-\\v\ >~

F-
A
g

6. A spherical mass is pmJected along horizontal surface, with no angular velocity.
Determine the time at which sphere will start rolling without sliding and linear and
angular velocity of sphere. Assume sultable notation.. 7 - [4]

7. When will YOu observe conohs acceleration? Develop such acceleratlon on your 4
expression. , » - [6]
- OR

. Two balls. of identical .mass collide “with: vcalommesmas..shmwn :For «a:coefficient. of -

restitution 0:85, what will:be-their final velocities after they impact? Find loss of kmenc B Sy
"energyrdunng lmpact ’ '

| AR | 10 m/s-

ek




