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EXAMINATION OF MARINE ENGINEER OFFICER

APPLIED MECHANICS

CLASS I

(Time allowed - 3 hours)

INDIA (2001)                                                          Morning Paper
                                Total Marks  100

N.B. -        (1) Attempt  SIX questions only.

                  (2) All questions carry equal marks.

                  (3) Neatness in handwriting and clarity in expression carries weightage

1. A force field represented by  F = 6xyi+ 3 xj  acts on a circular plate of 2 m radius placed in the x-y plane with the z-axis passing through the centre of the plate. Determine the force at the points (A, B, C, D, E, F, G, H)on the periphery of the plate.

2. Locate the centroid of the area of a circular sector. Thereafter, obtain the coordinates of the centroid of a quarter circle and a semi-circle with reference to a set of axes at the centre of the circle.

3. Two boats start from A simultaneously and reach B after 2 hours on the same channel. The first travelled half the distance at a speed of 30 km/hr and the other half at a speed of 60 km/hr. The other boat covered the entire distance with a constant acceleration. At what instants of time were the speeds of both the boats the same?

4. Two spherical soap bubbles of radius 3.00 cm and 4.00 cm coalesce to form another spherical bubble.  Calculate the surface tension of the bubble.  The radius of the bubble formed = 4.498 cm and the atmospheric pressure = 105 Pa.

5. A point mass m is suspended at the end of a mass less wire of length ‘l’ and crossection A. If Y is young modulus of elasticity for wire, obtain the frequency of oscillation for simple harmonic motion along the vertical line.

6. [image: image48.png]


In the figure of the rotary viscometer, if the clearance at the bottom is also (r, find the total torque on the inner cylinder. Angular velocity of outer cylinder is (.

7. [image: image49.png]


A dock gate 3 m wide is to be reinforced with three horizontal beams. If water acts on one side only and is 10 m deep from the top of the gate, find the positions of the beams so that each will carry equal load. Also find the load on a beam.

8. One way to lift up sunken ships is to tie big steel tanks and then remove the water in the tanks with compressed air. Due to buoyancy ship will rise up. Find how many 2.5 m size cubical steel tanks weighing 9.81 kN each should be tied to a sunken ship which has a displacement of 1500 m3 of sea water so that the ship raises up to a level just below the water surface. Weight of air under compression is 19.1 N per cubic meter.

9. [image: image50.png]


A pipe converges from 0.2 m diameter to 0.1 m over 1 m length such that velocity varies uniformly. If the rate of flow is 10 L/s, find the convective acceleration at the middle of the pipe. If the rate of flow changes uniformly from 10 L/s to 20s L/s in 20 s, find the total acceleration at the middle of the pipe at the 10th second.
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Answers

Answer for Question No. 1

Solution Let us consider the points A, B, C, D, E, F, G and H on the periphery as shown in Figure below. The forces at these points are determined by substituting the
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values of corresponding x and y. For example, at point A(2, 0), F=6x2x0i+3x2j=6j

	Point
	x
	' y
	Force F

	A
	1
	0
	6J

	B
	1.414
	1.414
	12 i+4.242 j

	C
	0
	2
	0

	D
	-1.414
	1.414
	-12 i-4.242 j

	E
	-2
	0
	-6J

	F
	-1.414
	-1.414
	12 i-4.242 j

	G
	0
	-2
	0

	H
	1.414
	-1.414
	-12 i+4.242 j


Answer for Question No. 2

Solution Consider the sector of a circle as shown in Fig. Ex. 4.4 (Solution) with reference to the coordinate axes at the centre of the circle drawn symmetrically with respect to the sector. Symmetry about the x-axis ensures that the centroid lies on the .x-axis or

yc =0,

 In order to determine xc consider an area element 

dA =1/2.R.Rd( = 1/2R2 d( 
at an angle 0 from the -c-axis. The centroid of the elementary area must be at 2/3 R from the center such that 

X=2/3R  cos(
By definition of the centriod ,

                                       Xc = ( (x dA / ( dA )

                           (
( [2/3 Rcos(.1/2R2 d(] / ( 1/2R2 d(
(                                    - ( 

                     (          (
 =2/3R [sin(]   /[ (]

                             - (        - (   

  =2/3R sin (/ (

[image: image2.wmf]
Hence, the limits of integration become

(/4 to + (/4 

The X-coordinate of the centroid is

XC=2 /3 (sin ( /4)/ (/4= (2 (4R/3()

Generally, the centroid of a quarter circle is referred to the x' and   y y ‘axes:

x’ = y ’=  x’cos(/4  =  4R/3(  = 0.424

For a semicircle,

2( =(,  ( = (/2

and the limits of integration become

(/2 to +(/2

 The x coordinate of the centroid is

X=  2/3R (sin(/2)/ (/2  = 4R/3(  = 0.424R

Answer for Question No. 3

Solution Let the distance AB be 2x. From the data for the first boats,

x/30+x/60=2hrs;x=40,2x=80km.              
For the second boat,             80=0+1/2at2 =1/2az2
                                                  a = 40 km/hr2 

                                                  V= 0 + 40 x 2 = 80 km/hr at B .

At any instant of time, for boat B

                                                  V=40t

It becomes 30 km/hr at t = 3/4 hours and it becomes 60 km/hr at 

t = 3/2 hours after departure from A.

Let us check the state of the first boat at these timings. At t = 3/4 hours, it was 30 x 3/4, i.e., 22.5 km from A running at 30 km/hr. At t = 3/2, it was indeed running at 60 km/hr, having crossed the 40 km mark. Hence, the two had the same speed at these two timings. It can be checked that there was no overtaking!

Answer for Question No. 4
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The magnitude of force of viscosity is given by  
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Shearing stress  
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= 10–3 N/m2.

Answer for Question No. 5

   
According to definition 
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But T = mg 
Hence mg = YA  / (

lf the mass is displaced down a little through a distance x. The tension in the wire acting upwards will be 
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( Resultant downward force acting on the mass will be 



F = [  mg / (( ((( +x) - mg] = - mg /(( (x)
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hence f = -k(

      or
      F( - (

So the motion is S. H. M>


Now a = F/m = - (k/m) (

Standard equation of S.H.M is a = - (2(

We get ( = ( k/m


( T = 2(/( = 2( ( m/k = 2( ( m( / (Y


and frequency of vibration = n = 1/T






    = 1/2(  ( AY/m(
Answer for Question No. 6

Sol:
Relative tangential velocity of inner cylinder v1 = (r1

The clearance between the cylinders (r = (r2 – r1)


The intensity of shear stress at the inner cylinder



( = ( 
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Torque due to shear stress on vertical face of the cylinder



T1 = 2(r1h(
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Consider torque on an element circular area of radius x and width dx at the bottom.



DT = 2(x dx
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Hence torque T2 = 
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Total torque
T = T1 + T2 = 
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Answer for Question No. 7

Sol:
The gate is to be divided into three parts such that the forces acting on each of the parts are equal. The beams are to be placed in the horizontal planes, where the center of pressure of each part acts.


Let the depth of each part be h1, h1 to h2, h2 to 10 m from the surface. Now, the force acting on each part is equal to one-third of the total force on the gate. Therefore, considering unit width of gate,
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Hence 
h1 = 5.76 m



h2 = 8.15 m


The center of pressure in the top portion from the free surface is



= 
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 x 5.76 = 3.84 m.


The center of pressure for the next portion, from the free surface is,
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 = 7.04 m.


Similarly for the bottom portion the center of pressure from the surface is
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 = 9.12 m.


Force on each portion = 3 x 
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 x 9.81 x 5.762 = 488 kN.

Answer for Question No. 8

Sol:
Weight of a steel tank = 9.81 kN


Weight of compressed air = 2.53 x 19.1 = 306 N = 0.306 kN.


The buoyant force on a tank = 2.53 x 9.81 x 1.035 = 159 kN.

Hence the net uplift force per tank



= 159 – (9.81 +0.306)



= 148.884 
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 149 kN.

Weight of ship = 1500 x 9.81 x 1.035 kN.

Neglecting the volume of water displaced by the ship,



n x 149 = 1500 x 9.81 x 1.035



n = 102.2 Adopt 103 tanks.

Answer for Question No. 9

Sol:

Q = 10000 cm3/s



V1 = 
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V2 = 31.9 x 4 = 127.6 cm/s

Velocity at any section x from the inlet is given by,



Vx = 31.9 + 
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Convective acceleration at x = 50 cm.



a = V
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 = 76.4 cm/s2.

At the 10th second, Q = 150000 cm3/s



V1 = 
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V2 = 47.7 x 4 = 190.8 cm/s



Vx = 47.7 + 
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Convective acceleration



= 
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Local acceleration at the middle of the pipe due to increase in flow.


Velocity at x = 50 cm, when Q = 10 L/s.



V = 
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 = 79.75 cm/s.

when 

Q = 20 L/s



V = 79.75 x 2 = 159.5 cm/s.


The above velocity change occurs over 20 seconds.


Hence the local acceleration



= 
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Therefore, the total acceleration



= 170 + 3.99 = 173.99 cm/s2.
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Fig. Ex. 4.4 (Solution)

For a quarter-circle,

2a=%;a=

FNEY
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