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Code No: RR-10105
I-B.Tech. Regular Examinations April/May 2003

APPLIED MECHANICS
(Civil Engineering)

Time: 3 Hours






Max. Marks: 80

Answer any Five questions

All questions carry equal marks

---

1.a)
Define free body diagram, transmissibility of a force and 
resultant of a force.

   b)
Two identical rollers, each of weight 100 N, are supported 
by an inclined plane 
and a vertical wall as shown in the figure. Assuming smooth surfaces, find the 
reactions induced at the points of support A, B and C.
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2.a)
Referring to the figure below determine the least value of the force ‘P’ to cause motion to impend rightward.  Assume the coefficient of friction under the blocks to be 0.2 and the pulley to be frictionless.
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   b)

A block of weight W1=1000N rests on a horizontal surface and supports on top of it another block of weight W2 =250N as shown in figure below.The block W2 is attached to a vertical wall by the inclined string AB.  Find the magnitude of the horizontal force ‘P’ applied to the lower block as shown, that will be necessary to cause slipping to impend.  The coefficient of static friction for all contact surfaces is (=0.3.
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    Set.No :1
 3.a)
Distinguish between initial tension and centrifugal tension in a belt.

 b)
An open belt of width 80 mm connects a pulley of diameter 600 mm on the secondary shaft to a pulley of diameter 400 mm on the machine shaft. 
The shafts are three meters apart. The secondary shafts has a speed of 100 r.p.m. Find the maximum permissible stress in the belt if the safe working tension is 15N/mm width and ( = 0.3

4.a)
Find the centroid of the ‘Z’ section shown.


[image: image3.png]150 mm
—

20 mm L]

500 mm

—| |<20 mm

— L

300 mrm





    b)
Find the moment of inertia about the horizontal centroidal axis.
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5.
A brass cone with base diameter of 400mm and height of 225mm is placed on a vertical aluminum cylinder of height 300mm and diameter 400mm. Density of brass = 85kN/m3 and density of aluminium =25.6kN/m3. Determine the mass moment of inertia of the composite body about the vertical geometrical axis.

6.a)
An  airplane is flying horizontally with a velocity of 450km/hr at an altitude of 1960m towards a target on the ground which is to be bombed. Estimate where the bomb must be released in order to hit the target and the time of travel of the bomb. What is the velocity with which the bomb will hit the target? Also find the angle made by the line of sight of the pilot when the bomb is released.

b)
The acceleration of a particle is defined by the relation a =kt-4. Knowing that 
v=4m/s when t=2sec and v= 1m/s when t=1 sec, determine the constant ‘k’. Write 
the equations of motion when x=0 at t=3secs.
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7.a)
A homogeneous solid cylinder of weight 100 N  whose axis is horizontal rotates 
about its axis, in frictionless bearings under the action of the weight of a 10N 
block which is carried by a rope wrapped around the cylinder. What will be 
angular velocity of cylinder two seconds after the motion starts? Assume the 
diameter of    cylinder as 100cm.    
   b)
A block of mass 5kg resting on a 300 inclined plane is released. The block after traveling a distance of 0.5m along the inclined plane hits a spring of stiffness 15N/cm.(Figure given below). Find the maximum compression of spring. Assume coefficient of friction between the block and the inclined plane is 0.2.
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8.
The circular disc  (figure(a) given below) has a radius r=150mm and weight of 225N.  The observed frequency of torsional vibration is 1 oscillation/sec.  When another body is attached to the same shaft (figure(b) given below), the observed frequency of torsional vibration is 1.2oscillations/sec.  Find the moment of inertia of the second body with respect to the axis of the shaft.
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1.a)
A ball of weight Q = 12 N rests in a right-angled trough, as 
shown in figure. 
Determine the forces exerted on the sides of 
the trough at D and E if all surfaces 
are perfectly smooth.
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b)
A pulley A is supported by two bars AB and AC which are 
hinged 
at points Band C to a vertical mast EF figure given below. Over the pulley hangs a flexible cable DG which is fastened 
to the 
mast at D and carries at the other end G a load          Q = 20 KN. Neglecting friction in the pulley, determine the forces produced in the bars AB and AC.  The angles between the various members are shown in the figure.

2.a)
Explain the principles of operation of a screw-jack with a neat sketch.

   b)
Outside diameter of a square threaded spindle of a screw Jack is 40mm.  The 
screw pitch is 10mm.  If the coefficient of friction between the screw and the nut 
is 0.15, neglecting friction between the nut and collar, determine 

i)
Force 
required to be applied at the screw to raise a load of 2000N 



ii) 
The efficiency of screw jack 

iii) Force required to be applied at pitch radius to lower the same load of 2000N 



iv) 
Efficiency while lowering the load 



v)
What should be the pitch for the maximum efficiency of the screw 



and what should be the value of the maximum efficiency.
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3.
An open flat belt drive connects two parallel shafts 1200mm apart. The driving and driven shafts rotate at 350 r.p.m and 140 r.p.m respectively and the driven pulley is 400 mm in diameter. The belt is 5mm thick and 80mm wide. Coefficient of friction between belt and pulley is 0.3 and maximum permissible tension in the belting is 1.4 N/mm2. Determine.

a) Diameter of driving pulley.

b) Maximum power that may be transmitted by the belting and

c) Required initial tension in the belt. Neglect centrifugal tension.

4.a)
Find the centroid of the plain lamina shown
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  b)
Find the moment of inertia about the horizontal centroidal axis and about the base A B
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5.
Derive the expression for the moment of inertia of a cylinder length ‘l’, radius ‘r’ 
and density ‘w’ about longitudinal centroidal  axis and about the centroidal 
transverse axis.

6.a)
The distance covered by a freely falling body in the last one second of its motion 
and that covered in the last but one second are in the ratio 5:4. Calculate the 
height from which the body was dropped and the velocity with which it strikes the 
ground.

      b)
A stationary car attains a maximum permissible speed of 80 km/hour in a distance of 40metres. It continues at this speed for a distance of 200 metres and then a uniform retardation brings it to a stop in 10 seconds. How far does the car travel from the starting point and what is the total elapsed time?
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7.a)
An automobile moving with a uniform velocity of 40kmph is accelerated by increasing the traction force by 20%. If the resistance to motion is constant, find the distance traveled before it acquires 50kmph.Use work-energy method.
b) A solid cylinder and a sphere are started top of an inclined plane, at the same time, and both roll without slipping down the plane. If, when the sphere reaches the bottom of incline, the cylinder has travelled a distance of 12m, what is the total length ‘S’ of the incline?

8.
In a mechanism, a cross-head moves in straight guide with simple harmonic motion. At distances of 125mm and 200mm from its mean position, it has velocities of 6m/sec and 3m/sec respectively.  Find the amplitude, maximum velocity and period of vibration.  If the cross-head weighs 2N, calculate the maximum force on it in the direction of motion.
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1.a)
A right circular roller of weight W rests on a smooth horizontal plane and 
is held in position by an inclined bar AC as shown in Fig.  Find the tension S in the bar AC and the vertical reaction Rb at B if there is also a horizontal force P acting at C.

   

b)
Two smooth spheres, each of radius r and weight Q, rest in a horizontal channel having vertical walls, the distance between which is b (Refer figure).Find the pressures exerted on the walls and floor at the points of contact A, B and D. The following numerical data are given: r = 25 cm., b = 90 cm., Q = 100 N.  

2.a)
Explain the types of friction with examples.


   b)
Two equal bodies A and B of weight ‘W’ each are placed on a rough inclined 
plane.  The bodies are connected by a light string.  If (A = 1/2 and (B = 1/3, 
show that the bodies will be both on the point of motion when the plane is 
inclined at tan-1 (5/12)
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3.
Power transmitted between two shafts 3.5m apart by a crossed belt drive round two pulleys 600mm and 300 mm in diameters is 6KW. The speed of the larger pulley is 220 r.p.m. The permissible load on the belt is 25N/ mm width of the belt which is 5 mm thick. The coefficient of friction between the smaller pulley surface and the belt is 0.35.


Determine:

i) Necessary length of the belt

ii) The width of the belt, and

iii) The necessary initial in the belt.

4.a)
Find the centroid of the plain lamina shown.
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 b.
Find the centroid of the shaded figure shown
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5.a)
Determine mass moment of inertia of slender rod of length ‘ L’ about its centroidal axis normal to the rod.

   b)
Derive the expression for mass moment of inertia of a cone of height ‘h’ and base radius ‘r’ and mass density ‘w’ with respect to its geometric axis.

6.a)
A train is uniformly accelerated and passes successive kilometer stones with velocities of 18km/hr. and 36km/hr respectively. Calculate the velocity when it passes the third kilometer stone. Also find the time taken for each of the two intervals of one kilometer.

   b)
A ball projected vertically upwards attains a maximum height of 400 metres. Calculate the velocity of projection and compute the time of flight in air. At what altitude will this ball meet a second ball projected vertically upwards 4 seconds later with a speed of 120 metres per second?
 Contd…3
Code No: RR-10105


   -3-




Set.No:3
7.a)
A solid cylinder and a thin hoop of equal masses ‘m’ and radii ‘r’ are connected by a bar . The system rolls down the inclined plane without slipping. Find the acceleration of the system and the tension in the bar.figure 

b) A car of mass 800kg  traverses an unbanked curve of 150m radius to 60kmph. The wheel base width is 2m and the centre of gravity of the car is 500mm above the road. Calculate the normal reaction at each wheel.

8.
The shaft shown in figure below carries two masses.  The mass A is 300kg with radius of gyration of 0.75m and the mass B is 500kg with radius of gyration of 0.9m.Determine the frequency of torsional vibrations.  It is desired to have the node at the mid-section of the shaft of 120mm diameter by changing the diameter of the 
section having a 90mm diameter.  What will be the new diameter?


    A                                            B

         Dia =             100                150     120          90





Lengths= 
300           160     125          400

 






(mm)








                          G=84x109N/m2
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1.a)
A ball of weight W rests upon a smooth horizontal 
plane and has attached to its 
center two strings AB and AC which pass over frictionless pulleys at B and C 
and carry loads P and Q, respectively, as shown in the figure below. If the string AB is 
horizontal, find the angle ( that the string AC makes with the horizontal when 
the ball is in a position of equilibrium.  Also find the pressure R between 
the ball and the plane.

   

b)
Determine the  forces S1 and S2 induced in 
the 
bars AC and BC in Fig. due 
to the action 
of the 
horizontal force applied load at C. The bars are hinged 
together at C and to the foundation at A and B.

2.a)
Define the following



i)
Friction  

ii)
Angle of friction






iii)
Limiting friction
iv)
Cone of friction
b) A Lader 5m long and of 250N weight is placed against a vertical wall in a where


its inclination to the vertical is 30o.  A man weighing 800N climbs 
the ladder.  At what position will he induce slipping?  The co-efficient of friction 
for both the contact surfaces of the ladder viz. with the wall and the floor is 0.2
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3.a)
Obtain the conditions for the maximum power transmitted by a belt from one pulley to another.

   b)
A shaft running at 100 r.p.m drives another shaft at 200 r.p.m and transmits 12kW. The belt is 100mm wide and 12mm thick and ( = 0.25. The distance between the shafts is 2.5 meters and the diameter of the smaller pulley is 500mm.


Calculate the stress in 

i) An open belt



ii)
A crossed belt, connecting the two pulleys.
4.a)
Differentiate between ‘polar moment of inertia and production of inertia.
b)
Find the moment of inertia and radius of gyration about the horizontal centroidal axis.
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5.a)
Define mass moment of inertia and explain Transfer formula for mass moments of 
inertia.
b)
Derive the expression for the moment of inertia of a homogeneous sphere of radius ‘r’ and mass density ‘w’ with reference to its diameter.

6.
A ladder AB of 3m length remains in contact with the vertical wall and horizontal floor and the angle of inclination of the ladder with horizontal is 60(. The ladder moves such that its ends remain in contact with the vertical wall at B and horizontal floor at A. If the end A moves with a linear velocity of 0.1m/s, find the velocity of its upper end B. If the linear acceleration of the end A is 0.05m/s2 , find the acceleration of the end B and the resultant acceleration of the ladder AB.
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7.a)
A weight ‘P’ attached to the end of a flexible rope of diameter d=5mm, is raised vertically by winching the rope on  a reel. The reel is turned uniformly at the rate of 2 revolutions per second. Find the tension in the rope. Neglect the inertia of the rope and the lateral motion of the weight ‘P’ 






b)
A right circular cylinder of radius ‘r’ and weight ‘W’ is suspended by a cord that is wound around its surface. If the cylinder is allowed to fall, prove that the centre of gravity ‘C’ will follow a vertical rectilinear path and find the acceleration ‘ac’ along this path. Determine also the tensile force ‘S’ in the cord.



W
 

8. A centrifugal pump rotating at 400rpm is driven by an elastic motor at 1200rpm through a single stage reduction gearing. The moments of inertia of the pump impeller and the motor are 1500kg.m2   and 450 kg.m2 respectively. The lengths of the pump shaft and the motor shaft are 500 and 200mm, and their diameters are 100 and 50mm respectively.  Neglecting the inertia of the gears, find the frequency of torsional oscillations of the system.  G=85GN/m2
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