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ENGINEERING MECHANICS
 (Common to Civil Engineering, Mechanical Engineering, Production Engineering, 
Mechatronics, Metallurgy and Material Technology and Aeronautical Engineering)

Time: 3 hours






         Max. Marks:80 

Answer any Five questions

All question carry equal marks

- - -

1.
A bar AB hinged to the foundation at A and 
supported by a strut CD is subjected 
to a horizontal 50 kN load at B, as shown in below figure. Determine the nature 
and magnitude of the force in the strut and also the reaction at A.
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2.a) 
Two blocks, connected by a horizontal link AB are supported on two rough planes as shown in Fig.  The coefficient for friction of block A on the horizontal plane is ( = 0.4.  The angle of friction for block B on the inclined plane is ( = 150.  What is the smallest weight W of block A for which equilibrium of the system can exist?
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   b)
Two blocks of weight W1 and W2 rest on a rough inclined plane and are 
connected by a short piece of string as shown in Fig.  If the coefficients of friction 
are (1 = 0.2 and (2 = 0.3, respectively, find the angle of inclination of the plane 
for which sliding will impend.  Assume W1 = W2 = 5 N.
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3.
A cross belt drive is to transmit 7.5 KW at 1000 r.p.m  of the smaller pulley. The diameter of the smallest pulley is 250 mm and velocity ratio is 2. The centre distance between the pulley is 1250 mm. A flat belt of thickness 6 mm and of coefficient friction 0.3 is used over the pulleys. Determine the necessary width of the belt if the maximum allowable stress in the belt is 1.75 N/mm2 and density of the belt is 1000 Kg/ m3 .
4.
Find the moment of inertia about horizontal centroidal axis and also find the radius of gyration about the same axis.
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5.
A square prism of cross section 200 mm x 200 mm and height 400 mm stands vertically and centrally over a cylinder of diameter 300 mm and height 500 mm. Calculate the mass moment of inertia of the composite solids about the vertical axis of symmetry if the mass density of the material is 2000 kg/m3.
6.a)
A particle is projected with a velocity of 10 m/s at an angle of elevation of 60( . Find

i)
The equation of the path of motion.

ii)
The length of latus rectum of the path of motion

iii)
Time required to cover the range.

iv)
The length of range.

   b)
An electric train which starts from one station is uniformly accelerated for the first 10 seconds, during which period it covers 150 metres. It then runs with constant speed until it is finally retarded uniformly in the last 40 metres. Calculate the maximum speed and the time taken over the journey to the next stopping station which is 600m form the previous station.
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7.a)
A homogeneous sphere of radius of a = 100 mm and weight W = 100 N can rotate freely about a diameter. If it starts from rest and gains, with constant angular acceleration, an angular speed n = 180 rpm in 12 revolutions, find the acting moment.          

   b)
A block starts from rest from‘A’ . If the coefficient of friction between all 
surfaces of contact is 0.3, find the distance at which the block stop on the 
horizontal plane. Assume the magnitude of velocity at the end of slope is same as 
that at the beginning of the horizontal plane. 
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8.  
A weight of 10 N attached to a spring oscillates at a frequency of 60 oscillations 
per minute.  If the maximum amplitude is 30 mm, find the tension induced in the 
spring. Also find the spring constant and the maximum velocity in the spring.          
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1.a)
State and prove lamis theorem of 7 m long.

   b)
A prismatic bar AB is hinged at A and supported at B as shown in Figure below.  
Neglecting friction, determine the reaction 
Rb produced at B owing to the 
weight Q of the bar.
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2.a)
A block of weight W1 = 200 N rests on a horizontal surface and supports on top of it another block of weight W2 = 50 N.  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 contiguous surfaces is ( = 0.3.









   b)
Two rectangular blocks of weights W1 and W2 are connected by a flexible cord and rest upon a horizontal and an inclined plane, respectively, with the cord passing over a pulley as shown in the below figure.  In the particular case where W1 = W2 and the coefficient of static friction ( is the same for all contiguous surfaces, find the angle ( of inclination of the inclined plane at which motion of the system will impend.  Neglect friction in the pulley.
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3.a)
Derive an expression for length of a crossed belt in standard form.

   b)
An engine drives a shaft by means of a belt. The driving pulley of the engine is 3 meters and that in the shaft 2 meters diameter. If the engine runs at 150 r.p.m. what will be the speed of the shaft when   (i) there is no slip  (ii) there is a slip of 3%.

4.a)
Explain the transfer formula for product of inertia.
   b)
Find the moment of inertia about shaded are parallel to x – axis.
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5.
A Cube of side 400 mm has mass density of 2000 kg/m3. Find out the mass moment of inertia of the cube about one of its edges and also about its centroidal axis parallel to one digits side.

6.a)
A body moves along a straight line and its acceleration ‘a’ which varies with time ‘t’ is given by a = 2-3t. Five seconds after the start of observation, the velocity is 20 m/s. The distance moved by the body 10 sec after the start of observation of motion from origin is 85 m.

Determine i) the acceleration, velocity and distance from the origin at the start of observation.

ii) the time after the start of observation at which the velocity becomes zero and the distance travelled from the origin.

   b)
A car is uniformly accelerated and passes sucessive kilometre-stones with velocities of 20 km/hour and 30 km/hour respectively. Calculate its velocity when it passes the next kilometre stone and the time taken for each of these two intervals of one kilometre.
7.
If Wa:Wb:Wc  is in the ratio of  3:2:1 , find the accelerations of the blocks A, B, 
and C. Assume that the pulleys are weightless. 
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8.  
A vertical shaft 100 mm in diameter and 1m in length has its end fixed to the ceiling. At the other end, it carries a disc of mass 500 kg having a radius of gyration of      450 mm. The modulus of rigidity for the material of shaft is 80 Gpa. Determine the frequency of torsional vibrations.                                                                          
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1.
A mast AB supported by a spherical socket at A and horizontal guy wires BC and 
BD carries a vertical load P at B as shown in the figure below.  Find the axial 
force induced in each of the three members of this system.
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2.
A smooth circular cylinder of weight Q and radius r is supported by two semicircular cylinders each of the same radius r and weight Q/2, as shown in the figure below.  If the coefficient of static friction between the flat faces of the semicircular cylinders and the horizontal plane on which they rest is ( = 0.5 and friction between the cylinders themselves is neglected, determine the maximum distance b between the centers B and C for which equilibrium will be possible without the middle cylinder touching the horizontal plane.
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3.
A belt transmits 15 kW from a pulley of 900 mm diameter running at 300 r.p.m.  The angle of lap is 1600 and coefficient of friction is 0.25, thickness of the belt is 6 mm and its density is 1000 kg/ m3. Determine minimum width of the belt required if stress in belt is limited to 2 N/ mm2.
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4.a)
Determine an expression from first principle to determine the center gravity of a ring circular solid cone about its base.

   b)
Locate the centroid of the shaded area as shown in the below figure.



[image: image6.png]



5.a)
A right circular cylindrical drum rotates at an angular speed of 600 rpm,. It is braked by a bar pulled by a force of 12 N as shown in the below figure.  If the radius of the cylinder 0.35 m, with a weight of 445 N, find the number of revolutions it will make before coming to rest. Also find the time required for the drum to come to rest. Weight of the drum is1800 N and a=0.70 m.
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   b)
A homogeneous sphere of radius r =0.30 m and weight of 180 N rotates about a vertical diameter with initial angular velocity ω=20 π /sec and is braked by the device shown in the below figure.  Neglecting friction in bearings, determine the time required for the brake to bring the sphere to rest,  if the coefficient of friction at ‘B’ is 1/3 and P = 45 N.
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6.a)
A baloon is ascending with a velocity of 20 m/s above a lake. A stone is dropped to fall from the balloon and the sound of the splash is heard 6 seconds later. Find the height of the balloon when the stone was dropped. Velocity of sound is        340 m/s.

   b)
The acceleration of a particle in rectilinear motion is defined by the relation          a = 25 - 4s2 where ‘a’ is expressed in m/sec2 and ‘s’ is position coordinate in metres. The particle starts with no initial velocity at the position s = 0. Determine (i) the velocity when s = 3 metres (ii) the position where the velocity is again zero (iii) the position where the velocity is maximum.
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7.
A cylinder of diameter 500 mm and height 1200 mm has mass density of           8000 kg/m3. Find out the mass moment of inertia of the cylinder (a) with respect to the axis of the cylinder and (b) about a line which coincides with an end face of the cylinder and passing through the centre of this face.
8.
Determine the frequency of torsional vibrations of the disc shown in the below 
figure, if both 
the ends of the shaft are fixed and diameter of the shaft is 40 mm. 
The disc has a 
mass of  600 Kg, and a radius of gyration of 0.4 m.Taking modulus 
of rigidity for 
the shaft material as 85 GN/m2.l1=1 m, and  l2= 0.8 m. 
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1.
A mast AB supported by a spherical 
socket at A and guy wires BC and BD 
carries a vertical load P at B as shown.  Point B is 0.3 m vertically below the xy 
plane.  Find the axial force induced in each of the three members of this 
system. 


2.a)
Referring to Figure the coefficient of the friction is as follows: 0.25 at the floor, 0.30 at the wall, and 0.20 between blocks. Find the minimum value of a horizontal force P applied to the lower block that will hold the system in equilibrium.











b)
Two identical blocks A and B are connected by a rod and rest against vertical and horizontal planes respectively, as shown in figure.  If sliding impends when ( = 450, determine the coefficient of friction (, assuming it to be the same at both floor and wall.
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3.
A shaft which rotates at a constant speed of 160 r.p.m is connected by belting to a parallel shaft 1800 mm a part, which has to run at 60, 80 and 100 r.p.m. the smallest pulley on the driver shafts is 150mm in radius.  Determine the remaining radii of the two stepped pulleys for 
(i)     a crossed belt
(ii)    an open belt.  Neglect belt thickness and slip form.

4.
Determine the angle that the line AB makes with the vertical when the shaded stem is suspended at A.
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5.
A cylinder of diameter 400 mm and height 1000 mm rests vertically. Over this, a cone of base diameter 400 mm and height 500 mm is placed such that the axis of the cone coincides with the axis of the cylinder. Find out the mass moment of inertia of this composite solid about a line which passes through the vertex of the cone and which is parallel to the base of the cylinder if the mass density is       4000 kg/m3.

6.a)
A train is traveling at a speed of 60 km/hr. It has to slow down due to certain repair work on the track. Hence, it moves with a constant retardation of                  1 km/hrper second until its speed is reduced to 15 km/hr. It then travels at a constant speed of for 0.25 km/hr and accelerates at 0.5 km/hr per second until its speed once more reaches 60 km/hr. Find the delay caused.

b)
The motion of a particle in rectilinear motion is defined by the relation                  S = 2t3 – 9t2 + 12t – 10 where s is expressed in metres and t in seconds. Find         (i) the acceleration of the particle when the velocity is zero (ii) the position and the total distance traveled when the acceleration is zero.
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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. 





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

8.
The weight of an empty railway wagon is 240 kN. On loading it with goods 
weighing 320 kN, its springs get compressed by 80 mm. (a) Calculate its natural 
period of vibration when (i) empty and (ii) loaded as above.  


(b) It is set into natural vibrations with an amplitude of 100 mm, when empty. 
Calculate the velocity when its displacement is 40 mm from statical equilibrium 
position.
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