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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION-A
There are FOUR questions in this Section. Answer any THREE.

1. (a) The equation 3x2 +2xy+3y2 -18x-22y+50=Ois transformed to

4x2 + 2y2 = 1when referred to rectangular axes through the point (2, 3). Find the

inclination oflatter axes to the former. (18)

(b) Show that the area of the triangle formed by the lines represented by

2 2 . n2Jh2-ab (1 )ax +2hxy + by = 0 and Ix +my + n = 0 IS 2 2 . 7
am -2hlm+bl

2. (a) Show that the equation ax2 + 2hxy +bi + 2gx + 2.fY + c = 0 represents two parallel

lines if a =!!: = K and when these conditions are satisfied, the distance between the
h b f

(18)

(b) Show that if one of the lines gtven by the equation ax2 + 2hxy +by2 = 0

perpendicular to one of lines gtven by a'x2 + 2h'xy + b'y2 = 0 then

(aa' -bb'Y +4(ah' +b'hXa'h +bh')= 0

3. (a) Find the common external tangents to the two circles x2 + y2 = 16 and

x2 +y2 +6x-8y = O.

(b) Find the co-ordinates of limiting points of the coaxial system to which circles

x2 + y2 +4x+2y+5 = 0 and x2 + y2 +2x+4y+7 = obelong.

.22

4. (a) Show that, if e be the angle between the tangents to the ellipse .;- +.;- = 1 drawn
a b

(b) Show that if tangents be drawn tb the parabola y2 = 4ax from a point on the line

x + 4a = 0 then their chord of contact will subtend a right angle at the vertex .•
Contd P/2
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SECTION -B

There are FOUR questions in this Section. Answer any THREE questions.

5. (a) Form a differential equation from x = asin(b +ct) where a, b, c are constants.

(b) Solve: (x3+ y2 ~ x2 +y2 }tx = xy~x2 +y2 dy.

(c) Solve: (I+eY,}ix+eY,(I- ; Jay ~ O.

6. (a) Find the integrating factor and solve: (12y +4i +6x2 ~ +3(x + xy2 ~y = o.

(b) Solve: V - x2 ): - xy = (1- x2r sin x .

(c) Solve the equation for dy +L = -;- at y(l) = 2.
/ dx 2x y

7. (a) Solve: (02 - 2D + l)y = xsinx.

(b) Solve: (D3 -3D2 +4D-2)y=ex +cosx.

(c) Solve: (D2 -4D+4)y = x2e2x.

d2y d
8. (a) Solve: (1+X)2-2 + (1+ x)2+ y = 2sin[en(1 +x)].

dx dx

(b) Solve: y" = X(y,)3 .

(c) Solve: 3yy);" = (y,)3 -1.

(11)

(12) .

(12)

(11)

(12)

(12)

(11)

(12)

(12)

(13)

(11)

(11)
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USE SEPARATE SCRIPTS FOREACH SECTION

SECTION -A
There are FOUR questions in this Section. Answer any THREE.

1. (a) A venturi meter with a 90 mm throat is installed vertically in a 100 mm diameter

pipeline. A certain oil of specific gravity 0.84 flows at a rate of 0.05 m3/s in the upward

direction. At first, deduce an equation for the actual flow rate of fluid through a

venturimeter and then find the difference of pressure between the inlet and throat. Find

also the deflection the inlet and throat. Find also the deflection of mercury in the

manometer shown in Figure l(a). Take Cd= 0.97.

(b) Explain Reynold's experiment to distinguish between laminar and turbulent flow with

a sketch. Also define true critical Reynold's number.

(25)

(10)

2. (a) A vertical cylindrical tank 2 m diameter has, at the bottom, a 0.05 m diameter sharp

edged orifice foi' which the discharge coefficient is 0.6. (25)

(i) If water centers the tank at a constant rate of 0.0095 m3 Is find the depth of water

above the orifice when the level in the tank become stable.

(ii) Find the time for the level to fall from 3 m to I m above the orifice when the

inflow is turned off.

(iii) If water now runs into the task at 0.02 m3/s, the orifice remaining open, show that

the rate of rise in water level is 0.252 m/min when the level has reached a depth of

1.7 m above the orifice.

(b) Express the Bernoulli equation in three different ways using energies, pressures and

heads. What are the major assumptions used in the derivation of the Bernoulli equation?

Explain. (10)

3. (a) The outlet pipe from a pump is bend of 45° rising in the vertical plane as shown in

Figure for Q. No. 3(a). The bend is 150 mm diameter at its inlet and 300 mm diameter at

its outlet. The pipe axis at the inlet is horizontal and at the outlet is I m higher. By

neglecting friction, calculate the force and its direction if the inlet pressure is 100 kN/m2

and the flow of water through the pipe is 0.3m3/s. The volume of the pipe is 0.075 m3. (20)

(b) Mention the advantages of pitot static tube over pitot tube. A pitot-static prob,e, shown

in Figure 3(b), connected to a water manometer, is used to measure the velocity of air.

If the deflection is 7.5 cm, determine the air velocity .
•,

(c) Write a short notes on cavitation.

Contd P/2
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4. (a) Water is flowing at the rate of 40 lis through a horizontal 100 mm diameter and 200 m

long last ironpipe. Find the power lost due to friction. Take ~ = 1.02 x 10-3 Ns/m2(water)

E = 0.00026 m (cast iron) and f= 0.0255 (10)

(b) In a fluid mechanics experimental setup, water is flowing over an 80° V-notch with a

constant head of 0.3 m into a vertiCal cylindrical tank of diameter 0.5 m. If the level in

the tank rises 0.8 m in 20 seconds, determine the co-efficient of discharge of the notch. (10)

(c) Define the following terms. (15)

(i) Boundary layer thickness.

(ii) Karman Vortex street

(iii) Stalling Angle

SECTION -B
There are FOUR questions in this Section. Answer any THREE questions.

5. (a) Explain why the viscosity of a liquid decreases while that of a gas increases with a

temperature rise.

(b) The velocity distribution of a viscous liquid (dynamic viscosity, ~ = 0.9 Ns/m2
)

flowing over a fixed plate is given by u = 0.68y - y 2, where u is velocity in mls.

y is the distance from the plate in m. What are the shear stresses at the plate surface and

at y = 0.34 m?

(c) A retaining wall against a mud slide is to be constructed by placing 0.8 m high and 0.2

m wide rectangular concrete block (p = 2700 kg/m3) side by side as shown in Figure for

Q. 5(c). The friction coefficient between the ground and the concrete blocks is f= 0.3 and

the density of the mud is about 1800 kg/m3
. There is concern that the concrete blocks

may slide or tip over the lower left edge as the mud level rises. Determine the mud height

(8)

(10)

at which

(i) the blocks will overcome friction and start sliding and

(ii) the blocks will tip over.

r .. ~ - "' __ "u._'" il
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6. (a) The pressure difference between an oil pipe and water pipe is measured by a double

fluid manometer as shown in Figure for Q. 6(a). For the given fluid heights and specific

gravities, calculate the pressure'difference LiP= PB - PA.

Contd P/3
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(b) A room in the lower level at a cruise ship has a 30 cm diameter circular window. If the

midpoint of the window -is 5 m below the water surface, determine the hydrostatic force

acting on the window, and the pressure center. Take the specific gravity of seawater to be

. ,

1.025.

12t:'. . r
j:: I
.1 . I
~I' !
'1 . I
I .' . I
I .

l
J

(13)

(c) What are the Newtonian and non -Newtonian fluids? Explain with the help of shear

stress vs. rate of strain diagram. (10)

7. (a) Distinguish between: (10)

(i) Compressible and Incompressible Flow

(ii) Steady and Unsteady Flow

(iii) Laminar and Turbulent Flow

(iv) Ideal Fluid and Real Fluid

(v) Uniform and non-uniform Flow

(b) The drag force F on a boat depends on its length L, Velocity v, acceleration due to

gravity g, density of water p and viscosity of water !-t. Using Buckingham 7t-theorem
,

show that the relationship between F and other variables can be written as,

F = pV2L2f(Fr, NRe)

(15)
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(c) Water flows in a circular pipe which increases in diameter from 400 mm at point A to 500

mm at point B. The pipe then splits into two branches of diameters 0.3 m and 0.2 m

discharging at C and D respectively.

If the velocity at A is 1.0 mls and at Dis 0.8 mis, what are the discharges at C and D and

the velocities at Band C? (10)

8. (a) With necessary diagrams, explain the different conditions of stability for completely

immersed bodies. (5)

(b) State and explain the physical significance of Reynold's Number in fluid flow. (5)

(c) A block of wood having specific gravity of 0.8 floats in water. Find the metacentric

height if the size of the block is 1.2 m x 0.6 m x 0.5 m. (13)

(d) List and describe the three necessary conditions for complete similarity between a

model and a prototype. (12)
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3. (a) Write down some of the fundamental postulates of statistical mechanics. (5)

(b) Write down the mathematical expressions of the three statistical distribution functions

by mentioning each term. Distinguish between them with examples. (20)

(c) Define the term root mean square (rms) speed. Find the rms speed of oxygen

molecules at O°C. (10)

4. (a) Explain with suitable diagrams spherical aberration and astigmatism of optical images

formed by ordinary lenses. (10)

(b) What is aplanatic lens? What are the conditions that must be satisfied for a lens to be

aplanatic? (15)

(c) Two plano convex lenses of focal lengths 32 cm and 20 cm and of the same material

are used to exhibit minimum spherical aberration. Find the distance between them. If

refractive index of the material of the lenses is 1.5, find the radii of curvature of the lens

surfaces.

SECTION-B
There ar~ FOUR questions in this Section. Answer any THREE.

5. (a) Discuss with a suitable diagram the principal points and principal planes for a thick

lens. Show that the deviation produced by a lens is independent of the position of the

object.

(b) What is an equivalent lens? Calculate the equivalent focal length of two thin co-axial

lenses separated by a finite distance.

(c) Two thin converging lenses of power 5 diopters and 4 diopters are placed co-axially

10 cm apart. Find the focal length of the combination and the position of the principal

points.

6. (a) What is meant by dispersive power? Deduce the relation, (j) = dJl , where the terms
Jl-I

(10)

(12)

(13)

(10)

have their usual meaning. (7)

(b) Calculate the magnifying power of a compound microscope. (20)

(c) Two converging lenses of focal lengths 4 cm and 5 cm form the objective and eye-

piece respectively of a compound microscope. The lenses are placed 20 cm apart. Where

must an object be placed so that a virtual image is formed at a distance of 25 cm from the

eye? (8)

Contd P/3



=3=

PHY 161(NAME}

7. (a) Define Lissajous figures. Suppose a particle is simultaneously acted upon by two

simple harmonic vibrations at right angle to each other. The incident vibrations have

same time periods, but different amplitudes and phases. Derive the general expression for

the resultant vibration of the particle. What type of Lissajous figures will be observed if

the phase difference between the incident vibrations are (i) n/4 and (ii) n/2 radians. (20)

(b) A two-body system consisting of blocks of masses mj and m2 which are separated by

a spring with the spring constant k and moving on a horizontal smooth surface. Prove that

the type of vibration showed by the system can be considered as simple harmonic

vibration. (10)

(c) A two body oscillator consists of two point masses 0.2 g and 0.5 g and the system is

undergoing horizontal motion. The point masses are connected by a spring with the

spring constant of 500 dynes/cm. What is the time period of oscillation of the two body

oscillator? (5)

8. (a) Differentiate between particle velocity and wave velocity. If the equation of a plane

progressiye wave is given by, y = a sin 2; (vt - x), establish a relation between particle

velocity and wave velocity. (The symbols carry their usual meaning) (10)

(b) Which of the following equations represents the solution of the one dimensional wave

equations? (i) y = x2 - 2v2~, (ii) y = 2 sin x cos vt. (10)

(c) Find the expression for resultant stationary wave due to the superposition of sound

waves reflected at a rigid boundary by using analytical treatment. Discuss nodes and

antinodes with respect to the change of position. (15)
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SECTION -A
There are FOUR questions in this Section. Answer any THREE.

Assume usual meaning for symbols if not stated otherwise.

1. (a) A sinusoidal voltage v = V lCOS(wt- 45°) is applied to a capacitor C. Find the

expression of instantaneous power and calculate average power from it. Explain why this

setup does not consume any real power.

(b) Find the average power delivered to the 16 Q resistance in the circuit shown in Fig.

for Q. 1(b).

2. (a) Determine the value of ZA in order to deliver maximum power in the 10 + j4 Q load.

Calculate the power delivered to the load.

(b) What is the advantage of a 3-phase system over a single-phase system of equal power

rating? Explain your answer with proper mathematical derivation.

3. (a) Find the value of real power, reactive power, apparent power and power faqtor of a
,

balanced 3-phase system where line voltage VL leads line cUJTentIL by an angle 8.

Contd P/2
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(18)

(18)

(17)
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(b) For a balanced 3-phase system, show that

I L = Ip and VL =.J3 Vpfor Y - connection and

I L = .J31p and VL = Vpfor Ll- connection.

(c) A single phase motor in Figure for Q. No. 3(c) takes 10 kVA at 0.6 p.f. lagging from a

source of 220 V. Consider a line impedance of 2 + 4j n. Design a system where you can

reduce line loss by at least 100 times by installing transformers .

. &.~OV ...

4. (a) A 3-phase motor consumes 20 kVA at 0.8 p.f. (lagging) from a Y-connected 3-phase

source. It is in parallel with a balanced 3-phase ~-connected inductive load that has an

impedance 10 + j 20 n at each phase. Line-to-line voltage is 220 V. Calculate (i) line

current, (ii) total real power consumption, (iii) power factor of the combined system and

(iv) kVA rating of capacitor bank to be connected to improve overall power factor to 0.95

(lagging).

(b) A 15 kVA 2300/230 V transformer has been tested to determine its excitation branch

components and series impedances. The following data has been acquired.

(10)

(15)

(20)

Open Cricuit Test
Voe = 2300 V
Ioe = 0.4 A
Poe = 100 W

Short Circuit Test
Vse =20V
Ise = 5 A
Pse = 120 W

Draw the approximate equivalent circuit of this transformer with exact value of each

component.

SECTION-B
There are FOUR questions in this Section. Answer any THREE.

Symbols have their usual meanings.

5. (a) Consider the infinite ladder network circuit shown in Fig. for Q. 5(a). Find the

equivalent input resistance Rin given all the resistances have an equal resistance

R = 2017 n. Note, you can safely assume that, the resistance does not change if we add

another ladder section in front of the network.

Contd P/3
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Contd ... Q. No. 5(a)

R R R

. Rin R R • • • R R R •• •

R R R R R

. Fig. for Q.g;;)

(b) For the circuit shown in Fig. for Q. 5(b), output voltage Vo is either 26 V or 24 V. The

value of Vo depends on whether the switch is closed or open. Determine Rz and RJ.

50n

(8)

.'

+
39V

+

FigforQ. gb)

(c) Consider the circuit shown in Fig. for Q. 5(c). Device 1 and Device 2 are rated as

shown in the circuit. Find the values of the resistors Rj and Rz needed to power the

devices using a 24 Vbattery. Please make sure that the fuse rating is not exceeded in your

designed final circuit.

6. (a) A black box with a circuit in it is connected to a variable resistor with resistance R as

shown in the Fig. for Q. 6(a). An ammeter with zero resistance and a voltmeter with

infinite resistance are used to measure the current and voltage respectively, as shown in

the circuit. The readings of the ammeter and voltmeter are shown in Table for Q. 6(a).

Determine the maximum power that can be obtained from the black box.

Contd P/4
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--
Black
box

Fig for;i-a)
RO VV IA
2 3 1.5
8 8 1.0
14 10.5 0.75

Table for Q. (a)

(b) Using superposition theorem find the Thevenin and Norton equivalents between

terminals a-b of the circuit shown in Fig. for Q. 6(b).
---- ------1Ion

20n

30n

10V + .b
400

5A t
5 50n

, Fig for Q.,icb)

7. (a) Using nodal analysis find the power developed by the 20 V source in the circuit in Fig.

(20)

for Q. 7(a). -------- 35 ..-----, 1 -, (25)

20 1!} 4.0
Vo

i~ 40 fl

, ----~
-- F~ig_fO_r~Q1l1'~a~) ~--

Contd PIS
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(b) Consider the circuit shown in Fig. for Q. 7(b). If VOU1 = 9, Find the value of A.
Vs

(10)

30
._~--~- ~-- --~_.~~.~---.----~-

120 120 30
+

60

8. (a) Consider the circuit shown in Fig. for Q. 8(a). i (Current through the 6 k n resistor)

was calculated to be 3.5 mA before the 5 mA current source was attached to the terminals

a, b.

(i) Using superposition theorem, find the value of i after the 5 mA current source is

attached.

(ii) Using mesh analysis, verify your solution obtained in (i) when all three sources

are acting simultaneously.

(b) For the circuit shown in Fig. for Q. 8(b), find the voltage Vab between terminal a-b.

--- -----11fuOO;----:----------~

(20)

(15)

, -
\

lOY + 50

150

a
+

.• 5A l{b

b

Fig. for Q1(b)

-----------------~---------------------------------------------
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SECTION-A
There are FOUR questions in this section. Answer any THREE.

1. (a) With a schematic diagram, briefly describe the working principle of a single cylinder

4-stroke IC engine.

(b) Draw the value timing diagram and indicator diagram for a four stroke SI engine.

(c) What is detonation ofIC engines? Discuss its effects and their remedies.

2. (a) Write short notes on (i) IC engine scavenging, (ii) Boiler safety valve and (iii)

Bourden pressure gauge.

(b) Draw he schematic of a Babcock and Wilcox boiler.

(c) What are the four accessories of a boiler? Discuss their functions and usefulness.

3. (a) Describe briefly a combined cycle power plant with a schematic diagram.

(b) Draw the T-s diagram for each of the modes of thermal improvement of a simple gas

turbine.

(12) ,

(8)

(15)

(15)

(10)

(10)

(10)

(9)

(c) In a Brayton cycle gas turbine, air enters in the compressor at 0.1 MPa and 15°C.

Maximum pressure and temperature of the cycle are 1 MPa and 1000°C. Determine the

net work and thermal efficiency of the turbine. Also calculate the optimum pressure if

compression is done in two-stages. (16)

4. (a) Why turbine staging is important? Draw the pressure and velocity profiles along the

turbine axis from entrance to exit of the steam for impulse and reaction turbines. (10)

(b) In a single stage steam turbine: steam velocity is 360 mis, blade velocity is 160 mis,

nozzle angle is 20°, axial thrust is negligible and ratio between the exit to inlet relative

velocities is 0.9. Calculate the work done per kg of steam and turbine efficiency. (17)

(c) Draw the schematic and T-s diagram of a simple regenerative steam turbine with one

feed water heater. (8)

Contd P12
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SECTION -B

There are FOUR questions in this section. Answer any THREE.

Assume any data if necessary. Symbols have their usual meaning and interpretation.

5. (a) Explain Microscopic and Macroscopic views of thermodynamics. Differentiate

between Intensive and Extensive properties with examples. (5+5)

(b) State Zeroth law of thermodynamics with proper explanations. Mention the basic

difference between Closed System and Open System. (10+5)

(c) Deduce the relation Cp - Cy = R, for an ideal gas where Cp and Cy are the specific

heats and R is the gas constant. (10)

6. (a) Prove that, whenever a system undergoes a cycle, f~;'~o. (17)

(b) Satisfy Clausius inequality for the following simple steam power plant in the

Fig. Q. 6(b).

1'S'alurate<:fl iq~id;:;&#MPa
.@

10% quality, 15 kPa

Fig: Q6(b).

I
I
I

I
I

I
I

I
. I

'@o9q%,"q4~lity;t5kf'a ,
.. , .,' - - .

I
I

, Condenser;'

\

I

(18)

.~'.

7. (a) Write down the steady state, steady flow energy equation and explain each term of

that equation. List the assumptions made in its derivation.

(b) Steam enters a turbine operating at steady state with a mass flow rate of 4600 kg/h.

The turbine develops a power output of 1000 kW. At the inlet, the pressure is 60 bar, the

temperature is 400°C, and the velocity is 10 mls. At the exit, the pressure is 0.1 bar, the

quality is 0.9 (90%), and the velocity is 30 mls. Calculate the rate of heat transfer

between the turbine and surroundings, in kW.

8. (a) State the two important propositions regarding the efficiency of a Camot cycle and

prove with illustrations.

(b) A heat source at 800 K loses 2000 kJ of heat to a sink at (i) 500 K and (ii) 750 K.

Determine entropy generation in each case and then mention in which heat transfer
J.

process is more irreversible and why?

(20)

(15)

(20)

(15)
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