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- Derive an expression for normal and tangential component of acceleration. [4]

The magnitude and direction of the velocities of two balls A and B having masses 1 kg
and 2 kg respectively before they strike each other are shown as in fi gure below.
Assuming e = (L8, determine the velocity of each ball after the impact. How much kinetic
energyg will be lost due to the impact? (8]
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A 20-1b projectile is moving with a velocity of 100 fi/s when it explodes into 5-1b and 15-
Ib fragments. Immediately after the explosion, the fragments travel in the directions
84 =45° and By = 30°, Determine the velocity of each fragment Define variable system of

particles. [6+2]
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Define general plane motion with suitable examples. (41

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

3m/s?, respectively. The lower rack is stationary, Determine {(a) the angular acceleration
of the gear, and (b) the acceleration of points B, C and D, [8}




6. A 2-kg sphere moving horizontally to the right with an initial velocity of 5 m/s strikes the
lower end and 10-kg rod AB. The rod is suspended from a hinge at A and is initially at
rest. Knowing that the co-cfficient of restitution between the rod and the sphere is 0.9,
determine the angular velocity of the rod and the velocity of the sphere immediately after
the impact. [8]
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jectile is fired with an initial velocity of 240 mJs at a target which is located 600 m
the gun and at a horizontal distance of 3,600 m. Caleulate the firing angle. [4]

o,

mine the maximum deflection of the pan as a 40 kg block is dropped from a height

+ 0of 1.5 m onto the 10 kg pan of a spring scale. Assume the impact to be perfectly plastic.
> Potential energy and its types for particles with relevant equations, [8+2]

40 kg

. Crank

Defin

Derive an expression for kinetic energy of a system of particles, Explain variable system
of particle with suitable examples, [4+2]

AB rotates with a constant angular velocity of 5 rad/s, Determine the velocity of

midpoint of BC, piston C and the angular velocity of link BC at the instant @ = 40°,
Define Coriolis acceleration. [8+2]
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[4+6]
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I. a) A projectile is fired with an initial velocity of 240 m/s at a target M located 600 m
above a gun G and at a horizontal distance of 3600 m. Neglecting air resisiance,
determine the value of firing angle p. (3]

US240mis, o

3600

b) A pulley system having a mass of 6 kg and radius of gyration of 200 mm is connected
to two cylinders as shown in figure. Determine the angular acceleration of the pulley
assuming no friction of the axle. Take ry=250mm and rg=150mm, [5]

2. Explain conservative and non-conservative forces with examples. A slider having weight
of 4 kg is released from its position of rest at position A which then slides down a
frictionless rod in vertical plane. If the spring constant is 20 kN/m, determine the
maximum deflection of the spring and the velocity with which the slider strikes the
spring. [3+5]




3. Derive the force for variable system of particles. Two sphere 1 kg and 2

kg are connected
by & spring of un-stretched length 0.3 m with a modulus of 800N/m along a smooth plane
at the instant shown force F = 20 N acts on ms. Find the acceleration of each mass and
acceleration of center of mass.

[4+4]
y

4 0.8 m

——————— Pron -

4. What is meant by coriolis’ acceleration in plane motion of a rigid body? If bar AB has an

angular velocity wap =6 rad/s counterclockwise, determine the velocity of the slider block
C at the instant shown.

[2+6]

5. A 2-kg sphere moving horizontally to the right with an initial velocity of 5 m/s strikes the
lower end of an 8-kg rigid rod AB. The rod is suspended from a hinge at A and is initially
at rest. Knowing that the cocfficient of restitution between the rod and the sphere is 0.80,
determine the angular velocity of the rod and the velocity of the sphere immediately after
the impact.

8]
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a) A projectile is projected as shown in figure with an initial velocity of 30m/s,
Determine the time of flight and range. 3]

ry
o

¥
B
b} A cord is wrapped around a homogeneous disk with a radius of r = 0.5m and a mass
of m=15kg, If the cord is pulled upward with a force T of magnituds 180N,
determine, 5]
{i) The angular acceleration of the disk.

(ii) The acceleration of the cord.

T
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2. Explain types of impact. The 4-kg smooth collay has a speed of 3 m/s when it is at 5 =0,
Determine the maximum distance s it travels before it stops momentarily. The spring has
an un-stretched length of 1 m. [3+5]




1. Define vaniable system of particles. A 20 kg projectile is moving with a velocity of 30
m/s when it explodes into two fragments A and B, weighing 5 kg and 15 kg, respectively.
Knowing that immediately after the explosion, fragments A and B travel in directions
defined respectively by 84= 45° and 8= 30°, determine the velocity of each fragment. [2+8]

/‘1«1
5bf
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v, = 100 {t/s
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4, What is meant by corioli’s acceleration in plane motion of a rigid body? [IF link CD has
an angular velocity of wep = 6rad/sec, determine the velocity of point E on link BC
and the angular velocity of link BC at the instant shown. [2+6]
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5. Explain impulse momentum principle for rigid body. A rod AB of length 1.5 m having a
mass of 15 kg is piveted about point O which is 0.3 m from the end B. The other end of
the rod is pressed against a spring having a spring constant of 300 kN/m until the spring is
compressed about 25 mm. The rod is then released from its initial position of rest in
horizontal position. Determine the angular velocity of the rod through the wvertical
position, [2+6]
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1. The car travels along the circular curve of radius r = 400 m with a constant speed of

v =30 m. Determine the angular rat¢ of rotation 0 of the radial line r and the magnitude
of the car’s acceleration. 14]

2. Determine the maximum deflection of the pan as 2 40 kg block is dropped from a height
of 1.5 m onto the 10 kg pan of a spring scale. Assume the impact to be perfectly plastic.
Explain central impact and its types, [6+2]

S

o




3. Derive a expression for kinetic energy of a system of particles. A stream of water of
cross-sectional area A and velocity vy strikes a plale which moves to the right with a

velocity, v. Determine the magnitude of v if A = 600 mm?, v; = 30 m/s” and P = 400N, [4+4]

4. Crank AB rotates with a constant angular velocity of 5 rad/s. Determine the velocity of

piston C and the angular velocity of link BC at the instant 6 = 30° Define coriolis
acceleration.

[8+2]

3. Explain’ constrained plane motion with examples. The 50N slender rod is suspended from
the pin at A. [f a 10N ball B is thrown at the rod and strikes its centre with a horizontal

velocity of 9 m/s, determine the angular velocity of the rod just after impact. The
coefficient of restitution is e = 0.4,

[4+6]

r
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1. Derive the radial and transverse compenents of velocity and acceleration of a body
moving in curvitinesr path, [4]

AR S

2. Explain impact and its types. A 500-g collar can shide without frictien on the curved rod
BC in a.horizontal plane. Kaowing that the undeformed length of the spring is 80 mm and
that k = 400 kN/m, determine (i) the veloeity that the collar shouid be given at A to reach
B with zero velocity, (1) the velocity of the collar when it eventually recaches C. [2+6]

N |- 11T e
£ —l
gz en

3. A system consists of three particles A, B and C with masses my = 1 kg, mg = 2 kg and
mc = 3kg and that the velocities of the particles expressed in mfs are respectively,

—* —* o —
vy =3i—~2j+4k, vp=4i+3],and vp =2i43]- 3k, [6]
Determine;
-
{i) The angular momentum Hy of the system gbout
-
{ii) The position of vector 1 of the mass centre G of the system.
. -
(iii} The anpular momentum Hy; of the system about GG

TSCEEES. | P |




4. Explain different types of rigid body motions. The double gear shown rolls on the
stationary lower rack, the velocity of its center A is 172 m's directed to. the right.
Determine (i) the angular velocity of the gear, (i} the velocities of the upper rack B oand
of point I of the gear. [2+6]

5. A cord wrapped wound the inner drum of a wheel and pulled horizontally with a foree of
200 N, The wheel has a mass of 50 ke and a radius of gyration of 70 mm. Knowing that

the coefficients of fiiction are p, = (.20 and b = 015, determine the acceleration of G
and the angular acceleration of the wheel. (6]

100 mim &0 mm

P 200 N
e

6. Each of the gears A and B has a mass of 2.1 ke and a radius of gyration of 10%mm and
gear C has a mass of 10.5 kg and radius of gyration of 187mm. A couple of M of constant
magnitude 9.26Nm is applied to gear €. Take 14 = 15 = 107mm and rm = 265mm
Determine:

(1) The number of revolutions of gear C required for its angular velocity to increase from
10D to 450ipm
(i) The corresponding tangential force action on gear A,

(8]

107 mm

B
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1. An airplane used to drop water on brushfires is flying horizontally in a straight line at 315
km/h at an altitude of 80 m. Determine the distance d at which the pilot should release the
. water so that it will hit the fire a1 B. (4]

=5 .

A

/]

fe—— i —

2. Explain variable system of particles. In the game of pool, ball A is moving with a velocity
vy of magnitude vp = 4.57m/s. When it strikes ball B and C, which are at rest and aligned
a5 shown. After the collision, three ball moves as indicated and assuming friction less
surfaces and perfectly elastic impact, determine the V, Va. Take Vo =3.42 m/s. [2+6]

3. Explain about the conservation of energy in study of kinetics of particles with relevant
equation § kg collar is attached to a spring and slides without friction in a vertical plane
along a 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. [2+6]
a) AS it passes B

b) As it reaches at C.




4. If link CD has an angular velocity of wep = 6 rad/s, determine the velocity of point E on

link BC and the angular velocity of link AB at the instant shown. Explain General plane
motion { GPM) [8+2]

r

5. A 3 —kg sphere with an initial velocity of 5 m/s strikes the lower end of an 8- kg rod AB.
The rod is hinged at A and initially at rest. The coefficient of restitution between the rod
and sphere is 0.8. Determine the angular velocity of the rod and the velocity of the sphere
immediately after impact. Explain D’ Alemberts Prineiple. [2+8]

Fkk
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The truck travels along a circular road that has a radius of 50 m at a speed of 4 m/s. For a
short distance when t = 0, its speed is then increased by a, = (0.4t) m/s’, where t is the
seconds, Determine the speed and the magnitude of the truck’s acceleration whent = 4ds, [4]

|

Two frictionless balls (m, = 6 kg. mg = 3 kg) strike each other as shown in figure. The
coefficient of restitution between the balls is e = 0.67. Find the velocities of A and B afier
the impact if initial velocity are vi = 3 mfs and vg = 4.5 mfs. Explain the principle of
work and energy with governing equation. [6+2]

Define linear and angular momentum of system of parlicles. A nozzle discharges a stream
of water of cross-sectional area A = 100 mm? with a speed of v = 60 m/s and the stream is
deflected by a fixed vane as shown in figure. The mass density of water p = 1000 kg/m?
Determine the resultant force F exerted on the stream by fixed vane, [2+6]




-

4. Define Instantaneous centre of rotation (ICR) with examples. Crank AB of the engine
system has a constant clockwise angular velocity of 2000 rpm. For the crank position
shown, calculate angular acceleration of rod BID and acceleration of piston P (point D).

[ Fake oap = 61.87 rad/s (cow) and v, = 13.2558 my's {~+] {if necessary)] [248]

D

5. Explain the principle of impulse and momentum for the plane motion of rigid body. A
cord is wrapped around a homogeneous disk of radius = 0.5 m and mass m = 15 kg, If

the cord is pulled upward with a force T of magnitude 200 M, determine [4+6]
a) the acceleration of the center of the disk,

b} the angular acceleration of the disk,
e} the acceleration of the cord,
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A radar gun at ‘O’ rotates with the angular velocity of (di/dt) = 0.15 rad/sec and angular
acceleration of (d6/dt®) = 0.025 rad/sec? at the instant 0 = 40°, as it follows the motion of
the car travelling along the circular road having radius of r = 250 m. Determine the
magnitude of velocity and acceleration of the car at this instant,

A 045 kg collar is attached to a spring and slides without friction along acircular rod in a
vertical plane. The spring has an undeformed length of 127 mm and a constant
K = 146 N/m. Knowing that the collar is released from being held at A, determine the
speed of the collar and the normal force between the collar and the rod as the collar
passes through B.

i

C
F o e N B e |
178mm

Define angular momentum for a system particle. A 10 kg projectile is moving with a
velocity of 30 m/s when it explodes into two fragments A and B weighing 2.5 kg and
7.5 kg respectively, knowing that immediately after the explosion, fragments a and B
travel in the directions defined respectively by 8, = 45° and 8, = 30°, determine the

velocity of each fragmeni.
Va
1.5 kg
A
'
Vo=30mfs %
1ﬂ kg e AR A
& 4
a4 B
15kg

t4]

(8}

[2+4]



4. Define General plain motion with suitable example. Knowing that at the instant shown
rod AB has zero angular acceleration and an angular velocity of 15 rad/s counter
clockwisc. Determine _ [246]
a} angular 2cceleration of arm DE
b) the acceleration of Point D,

Aomm; 50mm ) 50 mm L_|,4ﬂmn_i){
! | T

5, The portion AOB of the mechanism is actuated by gear D and at the instant shown has a
clockwize angular velocity of 8 radfs and a counter clockwise agngular acceleration of
40 rad/s”. Determine tangential foree exerted by gear D. Take me = 4 kg, ke = 835 mm and
mgop = 3 kg (8]

40 mm

3
B'L_.J' e

6. 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°, [6]

A

480mm

150 mm

| R T T RO AT R L R

130mm
[ E—— +
0 % ;
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A bullet is fired into a viscous medium with an initial velu:tcigy of 80 m/s, The resistance
of the medium produces a resistance equal of a = (- 0.5 v)) m/s’. where v is in m/s,
Calculate the bullet’s velocity and position 3 sec afier it is fired, [4]

[
H

2. a) Differentiate the concept of “work-energy” and “impulse-momentum” pringiples for
study of kinetics of particle. [2]

b) A particle having mass 0.5 kg is released from rost and strikes the stationary particle
of mass 0.4 kg as shown in figure. Assume the impact is direct and elastic. If the
horizontal surface has a kinetic coefficient of friction p = 0.3. Locate the final
position of each mass from the origin of x-axis. (6]

L

3. A 2-in —diameter water jet having a velocity of 25 fus impinges upon & single moving
blade as shown in figure. If the blade moves with a constant velocity of 5 fi/s away from
the jef, determine the horizontal and vertieal components of force which the blade is

exerting on the water. What power does the water generate on the blade? Water has a
specific weight of 62.4 Ib/ft’,




4, If crank OA rotates with an angular velocity 12 rad/s, determine the velocity of piston B,
velocity of midpoint of AB and the angular velocity of rod AB at the instant shown.
Define constrained motion with examples. [6+2]

5. A wheel is wrapped around the inner drum of a wheel and pulled horizontally with a force
of 200 N. The wheel has a mass of 45 kg and radius of gyration of 70 mm. Knowing that
pe = 0.2 and py = 0.15, determine the acceleration of G and angular acceleration of wheel. [8]

e I 100 mrmn

r =60 mm

200 N

A bullet weighing 40 gm is fired with horizontal velocity of 600 m/s into the lower end of
a slender 7 kg bar of length L = 600 mm. Knowing that h = 260 mm and that the bar is
initially at rest, determine (a) the anguiar velocity of bar immediately after the bullet
becomes embedded, (b) the impulsive reaction at C, assuming that the bullet becomes

A

embedded in 0.001 s, [6]
A
— () T
4 n
3
| L
L 41 el
1 C
: YVa
e &=
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1. 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 if is kicked. [4]

w*qﬁgﬁﬁ

= "f”ﬁ‘

z J*
™
j—w o

PR M

2. 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. ;o [5+3]

3. Decfine angular momentum for a rigid body in plane motion with examples. [41

4. A 20-lb projectile is moving with a velocity of 100 fi/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 8,=45°
and 85=30°, determine the velocity of each fragment. [6]

‘;/VA
SThacty

vp = 100 fts -
mmo-‘—q_-__ "\._‘ BB

15



5. Define Corioliz acceleration of a
knowing that at the instant sho

wn the velocity of point D is 2.4
the angular velocity of rod AB

» (b) the velocity of the midpoint

i,

:
3

>

QIS

e

rigid body in general plane motion. For

the fipure shown
mv's upward, determine (a)
of rod BD,
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- Derive the radial and transverse components of acceleration when a particle moves in a

[6]

2. In a game of pool ball A is moving with a velocity Vy of magnitude Sm/s when it strikes
balls B and C, where at rest and aligned shown knowing that after the collision the three
balls move in the directions indicated and assuming frictionless surfaces and perfectly

elastic impact, determine the magnitude of the velocities Va, Vg and Vi,

[6]

3. Derive the coefficient of restitution for two particles involve in direct central impact. A
30 KN car starts from rest at point I and moves without friction down fhe track shown.
Determine the force exerted by the track on the car at point 2, and the minimum safe

value of the radivs of curvature at point 3.

[4+4]

4. Define instantaneous center of rotation with example. In the position shown, bar AB has

an angular velocity of 6 rad/s clockwise, Deterraine the angular velocity of bar BD.
4in, |

e

|

Lin. [’fr I

[ II:Er f

Fal 1

T“—:F'._x"?_“'ﬁ : »
Jim] H “E%%-[«.—E:

[3+5]



3. A sphere of weight 80 KN is released with no initial velocity and rolls without slipping
on the incline. Determine: a) the minimum value of the coefficient of friction, b) the

velocity of G afier the sphere has rolled 15 fit and ¢} the veloci ty of G if the sphere were to
move 20 ft down a frictionless incline. [6]

6. A 15kg slender rod AB is 1.5m long and is pivoted about a point O which is 0.3m from
the end B. The other end is pressed against a spring of constant K = 300KN/m until the
spring is compressed 25mm. The rod is then in horizontal position. If the rod is released
from this position, determine the angular velocity as the rod passed through a vertical

position.
!I{\ 1.5m
—{ 03m
(o)

(6]

“"é” f ==
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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 cach ball after the impact. How much K.E,

will be lost due to the impact? (8]
¥
A f B TN I_M: T ;"*%r ?ﬁ
St i i :1:':_. ..il ;!;' .:1.
P W e Ak i
L A s M N BT FE o M
[P /,}.—" a ..-’/:5_,‘

x""“-\-...__._,-'-"" : Tt ek

-
— —\a=25 mfsec
W b"m

2. A 20-Ib projectile is moving with a velocity of 100 fi/s when it explodes into 5 and 15-Ih
fragments. lmmediately afler the explosion, the fragments travel in the directions

8, = 45° and O = 30°, Determine the velocity of each fragment. [8]
51bax,
vo = 100 fit/s s
e -{,f A
2‘0 —— e —
b G- o,
15 ib@\
Ve

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



4. The center of the double pear hes 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. [8]
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3. A 2.5-kg 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 impaet.
[
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L. Define relative velocity and acceleration with suitable example. [2+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

Zm 3 '_'---:1
B 1Ckg 3 N
v
e .U-':f.iﬁ -":I_
T y o
- G
3. Explain general plane motion of rigid bodies with suitable example. [4]
4. Derive an expression [or the force exerted on the system due to change in mass over time,
Show that the final acceleration increases when system loses mass. [6]
5,

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. [2+8}
Ty
E %Hx'h

5. S Eid

i __._@;JT&D_LM..__%

| 7z

P
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 suttable data i 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 i figure oseillate 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 potentizl energy of the system of particles. [6]

A |




4. A cord is wrapped around a homogenous disk of radius r = (.5 m and mass 20kg, If the
cord 15 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.
E
A

-
L7

Y
A “c;_ “'1
\ T/

o
s

5. A 15 kg slender rod pivots about the point 0. 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
reaction at the pivot as the rod passes through a vertical position.

6. Define impulsive motion and eccentric impact. A slender 4 ke 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°,

[8]

[2+6]
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O S

ThebobofaZm pendﬁlum 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.

—

2, a) What is the principle of conservation of energy of a system? lllustrate 1t with suitable
example.

b} 2 kg collar is attached to a spring and slides without {riction in 2 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, determine
its velocity (a) as it passes through 'B' (b} as it reaches at 'C”

150 mm 250 mm

3. Derive the expression for resultant force for the system of variable mass. A double
pendulum as shown in fipure below oscillates in X-Y plane. At the instant shown,
w, =4 rad/sec CCW and w; = § rad/sec CCW. What will be the angular momentum about
'0" at this instant, if m; = 3 kg and m; = 4 kg? Note that the lower pendulum is connected

to mass 'my' by a pin joint and is free to rotate about this point.
w, =X
0.4 m
30°
my T Es_“:l-'_
! 60°
TT | iz

4]

(3]

(51

[4+4]




4. What is the meaning of coricli'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 revimin. 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 wap = 61.9 rad/sec and the angle made by rod BD with horizontal § = 13.9. [8]

B ! = 200 mm
oy \

: = e
A - == — = ORE
=139 D

5. A cord is wrapped around a homogeneous disk of radius r = 0.5 m and massm = 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 anpular acceleration of the disk (c) the

acceleration of the cord. (4]
6. Differentiate the central and Eccentric impact of the body. Each of the two slender rods as
shown in figure below is .75 m long and has a mass of 6 kg. If the system is released
from rest when f§ = 50°, determine (a) the angular velocity of rod "AB" when 'fi' = 20°
[246]

{b) the velocity of point 'D at the same instant.

dekk
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L R

o)

Rotation of the arm about O is defined by 0 = 0.75t" 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 otated through 45°, determine (a) the total velocity of the collar, (b) the total
acceleration of the collar and (¢) the relative acceleration of the collar with respect to the
armi. [5]

2. 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 maximum deflection of the
pan. The constant of the spring is k = 20 KN/m. (8]




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

figure below, W, = 2 rad/sec. CCW and W> = 4 rad/sec CCW. What is I_-imﬂ this instant
if m; = 1 kg and m; = 2 kg. The lower pendulum is connected to mass my, by a pin joint
and is free to rotate about this point. [8]

4. The center of the double gear has & velocity and acceleration to the right of 1.2 m/ds and
3 m/s’, respectively. The lower rack is stationary, Determine () the angular scceleration
of the pear and (b) the aceeleration of points B, C and D, 8]

S

L

A chord is wrapped around a homogeneous disk of radius r = £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 of the center of the disk (b) the angular acceleration of the
disk (c) the acceleration of the chord, (5]

6. Derive the expression for the resultant foree on the system with variable mass. [41
LE A
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I. Abullet is fined at an angle of 30° to the horizontal from a point ' on a hill and it strikes
a target which is 100 lower than the level of projection. The initial velocity of the bullet
is 120 m/s. Neglecting the air resistance calculate: (6]

20 mds

1) Themaximum height to which the bullet will nse above the horizontal
if) The actual velocity with which it will strike the target
iii) The total time required for the flight of buliet
2. The magnitude and direction of the velocities of two frictionless balls with the mass
iy = 30 kg and mg = 30kg before they strike each other are shown in figure below.

Assume e = .9, determine the magnitude and direction of the velocity of cach ball after
the impact. (8]

Va=30m/s




LS

A nozzle discharges a stream of water of cross-sectional area "A" with a velocity V4. 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: 8]

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

4, Crank AB of the engine system has a constant elockwise angular velocity of 200 rpm,
which makes the angle 60° with horizontal level. For the crank position shown in fipure
below. Determine the angular acceleration of the connecting rod BID and the acceleration
of peint D. [8]

/\/‘\ L=hsm
r=0,1%m

5. The system is at rest when a moment of M = § 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 [6]

T, = 250 mm
¥ |f

m,=10kg k, =200mm
m, =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. [4]

L
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i Mt

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 = .84, determine the velocity of each ball after the impact. How much K.E.
will be lost due to the impact? [8]

P

Va=25 misac

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

84 = 45° and Og = 30°. Determine the velocity of each fragment. (8]
J"{l
5lb
vg =100 ft/s Yl
e 7 NPa
Y — 4
~rp 3

15 lb@\

Vi

3. Red 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 () the angular velocity of the rod,
(b) the velocity of end B of the rod. [8]

Y. i
_i_'gtm'_-::--\n" e .)

|
F 354 mm




4. The center of the double gear has a velocity and acceleration to the right of 1.2m/s and
3my's2, respectively. The lower rack is stationary. Determine (a) the angular acceleration
of the pear, and (b) the acceleration of points B, C and DD. [8]

3, A 2.5-kg sphere moving horizontally to the right with an initial velocity of Tm/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. (8]




