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FIRST PROFESSIONAL B.TECH DEGREE EXAMINATION

MAY/JUNE 2007

APPLIED MECHANICS
Answer all the questions.

Draw diagrams wherever necessary.
Use of Scientific calculator is permitted.
Time : Two Hours                                                                             Maximum : 100 Marks

Part A

1. Find the most appropriate answer from the choices. Each question carries 1 mark.
(i)  P and Q are the magnitudes of two like parallel forces. A couple of moment G is combined with them. Then the resultant of the parallel forces is displaced through a distance

(a) G / ( P + Q ) 

(b) G / | P – Q |

(c) G ( P + Q ) / ( P² + Q² )

(d) G ( P + Q ) / | P²  – Q² |

(ii)  About what axis would a uniform cube have its maximum rotational inertia?

(a) Along any one side

(b) Axis through the centres of any two opposite faces

(c) Axis through the centre of the cube connecting opposite corners

(d) Axis through the centre of the cube connecting mid points of opposite edges
(iii)   If you want to stop the car in the shortest distance on an icy road, you should
(a) Push hard the brakes to lock the wheels

(b) Push hard enough to prevent slipping

(c) Pump the brakes

(d) Not apply the breaks

(iv)  A lift has same acceleration while moving up and down with total weight W. The tension in the cable while moving up is twice the tension when the lift is moving downward. The acceleration is

(a) g / 9
(b) g / 5

(c) g / 2

(d) g / 3

2. Pick all the right answers. No partial marks. Each question carries 2 marks.
(i)  Three constant forces P, Q and R of magnitudes 6 N, 8 N and 14 N respectively act on a particle. The particle moves at a constant velocity of 40 m/s. It can be concluded that

(a) P and R act in opposite directions
(b) P and Q act at 90°
(c) Q and R act in opposite directions
(d) One of the forces is non-concurrent
(ii)  The principle of conservation of energy can be used in the case of
(a) Simple pendulum
(b) Particle moving in a gravitational field
(c) Frictionless movement of a particle over a surface
(d) Frictional movement of a particle over a surface
3. The displacement x, velocity v and acceleration a of four particles undergoing one dimensional motion are given by the equations of motion in list A. Match with the properties of motion in list B.

	A

	B


	(i)
	x = t et

	(a)
	Initial Acceleration = 1m/s²

	(ii)
	x = 1 + 2 cos t

	(b)
	Acceleration = 0 at the Origin

	(iii)
	v = x – sin x – 1

	(c)
	Initial Velocity = 0

	(iv)
	v = log (1+t)
	(d)
	Initial Displacement = 0


	
	
	(e)
	Initial Displacement = 1m


4. 2 marks for each of the following questions.
(i) A screw jack has a mean diameter 45mm and helix angle 4.852°. A lever 600 m long is used to raise a load of 1 800 kg. If the angle of friction is 5.71°, what is the force necessary when applied normal to the lever at its free end?

(ii) The tension in the slack side of a belt is 1 000 N. If the coefficient of friction is 0.6 and the angle of contact is 60°, find the tension in the tight side of the belt.

5. A uniform beam of length L hangs from a fixed point by two ropes of lengths a and b. Find the ratio of the tension in the ropes.
4
6. Two forces 
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 act through points P1 and P2 whose position vectors are given by 
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. If the lines of action of 
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intersect, find the value of .
7. A 15 kg solid sphere whose radius is 7.5 cm rolls across a level surface with a speed of 2 m/s. Calculate its kinetic energy.

8. A weight 500 N just starts moving down a rough inclined plane supported by a force of 200 N acting parallel to the plane and it is at a point of just moving up the plane when pulled by a force of 300 N parallel to the plane. 

Calculate
(i)  Value of Normal Reaction
(ii)  Value of limiting friction
(iii)  Inclination of the plane
(iv)  Coefficient of friction

9. Answer the following questions. 
(i) An  uzhunnu vada has inner radius 1 cm and outer radius 5 cm. Find its volume and surface area.

(ii) A chappathi has 10cm radius. Let it be on your plate that is XY-plane with the Origin as the centre of the chappathi. X and Y axes are marked on the chappathi. The first quadrant of the chappathi is cut and is given to your younger sister. Calculate the moment of inertia of the part remaining on your plate with respect to the Z axis. 
Note: Assume the uzhunnu vada to be a homogeneous toroid and the chappathi  a thin homogeneous circular disc of mass M.
10. Consider the rectangular plate PQRS in plane motion. SP = 4 m and SR = 10m. For the instant represented, the instantaneous centre of zero velocity is located at O. If the plate has an angular velocity 7 rad/s at this instant, determine the magnitude of velocity of the centre of the plate.


[image: image7]
Part B
11. Answer any two

(i) Determine the product of inertia of the right triangle with vertices (0,0),(0,h),(b,0) 

(a) with respect to x and y axes

5

(b) with respect to centroidal axes parallel to x and y axes

5

(ii) Two particles of masses m1 and m2 are connected by a light elastic spring and rest on a smooth table. When the mass m1 is held fixed and the spring is slightly stretched and released, m2 is observed to make n vibrations per second.

(a) If m1 is set free and m2 is held, the number of vibrations per second would be 
n √ ( m1/ m2)
5

(b) If both are set free to vibrate in the line of the spring, the number would be

n √ ( m1 + m2) / m1
5

(iii) Six equal heavy bars are freely joined at their extremities. One is fixed on a horizontal plate and the system is at rest in a vertical plane, the middle points of the two upper non-horizontal bars being connected by a rope in the state of tension. If w is the weight of each bar and  is the inclination of the non-horizontal bars to the horizontal, show that the tension in the rope is 6wcot
10

12. Answer any two. Each question carries 10 marks.
(i) Draw the shear and bending moment diagram for the beam loading shown below

[image: image8]
(ii)  Using the method of joints, determine the force in each member of truss below. All dimensions in metre.

[image: image9]
(iii) A 100 kg block rests on a wedge of negligible weight. Knowing that the coefficient of static friction is 0.25 at all surfaces of contact, determine the angle  for which sliding is impending and compute the corresponding value of the normal force exerted on the block by the vertical wall.

[image: image10]
13. Answer any two. 10 marks for each question.
(i) What do you mean by the momentum of a particle? When is it conserved?
2
(a) State linear impulse momentum principle. A 2g particle moves in yz plane (z axis up and y axis horizontal) under the action of its weight and a force F, which varies with time. The linear momentum of the particle is given by
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. Determine F for the instant when t = 2 seconds.
1+3
(b) Define coefficient of restitution. A sphere of mass m and velocity 2u impinges directly on a sphere of mass 2m and velocity u moving in the same direction. If the velocity of the sphere of mass m is halved by the impact, find the coefficient of restitution. 

1+3
(ii) A metal hoop with radius 15 cm is released from rest on a 20° incline. s = 0.15 and k = 0.12.  Check whether the hoop slips or not.

10
(iii) At the instant represented, the disc with the radial slot is rotating about its centre, O with anticlockwise  = 4 rad/s, which is decreasing at the rate of  = 10 rad/s². Motion of A is separately controlled and at this instant, r = 6m, dr/dt = 7 m/s and d²r/dt² = 81m/s², where r is the distance between O and A. Determine the absolute velocity and acceleration of A for this instant with respect to you.
10
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