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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION -A

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

(x + I?, if x ~ - I

1. (a) Sketch the graph of the function f(x) =~, if - I < x < I
x - I, if x ~ 1

and discuss continuity and differentiability of f(x) at x = -1 and at x = 1. (25)

(b) Test whether the limit
tanx I

lim e -
1t etanx + Ix-+-
2

exists. Ifpossible find the value of the limit. (10)

-I 2 2 ?
2. (a) If y = effiCOS x then show that (1 - x) Yn+2- (2n + 1) xYn+l- (n + m-) Yn= 0 and

find the value of Ynat x ~ O.

(b) If a normal to the curve xX + yX = aX makes an angle ~ with the axis of x, show

that its equation is Ycos~ - x sin~ = a cos2~.

?
3. (a) State and prove Mean Value Theorem and verify it for the function f(x) = 2x - x- in

the interval (0, I).

x3 _ 3 au au
(b) If u = tan-I Y; then show that x - + Y- = sin2u and evaluate

x+y ax ay
2 2x uxx + 2xyuxy + y uyy

4. (a) Find the maximum and minimum values of f(x) = 5x6 - I 8x5 + 15x4 - 10. Sketch the

(20)

(15)

(17)

( 18)

graph off(x). (13)

(b) Find the radius and height of the right circular cylinder of largest volume that can be

inscribcd in a right circular cone with radius 6 inches and height 10 inchcs (show in fi!,'lIre). (12)

(c) Evaluate lim (I + sin x )1/ x using the rules of indeterminate forms. (10)
x-+o
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SECTION - B

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

5. (a) Simplify the equation: 3x2 + 2xy + 3i - 18x - 22y + 50 = 0 by suitable translation

and rotation of axes.

(b) If the equation ax2 + 2hxy + bi + 2gx + 2fy + c = 0 represents two straight lines,

prove that, square of the distance of their point of intersection rrom the origin is

c (a + b) _ f2 _ g2

ab - h2

(18)

(17)

6. (a) Find the condition that the general equation of the second degree a/ + 2hxy + bi +

2gx + 2fy + c = 0 may represent a pair of straight lines, also find the condition of

perpendicularity and parallelism of the lines. (20)

(b) Show that, the equation ax2 + 2hxy + bi + 2gx + 2fy + c = 0 represents two parallel

lines if a : h = h : b = g : f. Also find the distance between them. (IS)

7. (a) Identify the conic x2 + 12xy - 4i - 6x + 4y + 9 = 0 and reduce it to its standard fonn.

Also find the equation of latus rectum, directrices and axes.

(b) Prove that, the two circles / + i + 2ax + c2 = 0 and x2 + i + 2bx + c2 = 0 touch if

_1_+ _1_ = _1_, also find radial axis of the pair of circles.
a 2 b2 c2

8. (a) Find the equation of the parabola referred to two tangents as axes.

(b) If Oland O2be the angles subtended by the major axis of an ellipse at the extremities

of a pair of conjugate diameters, show that cot20 1 + cot202 = constant.

( 18)

(17)

(18)

(17)
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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTlON-A

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

Use any reasonable value if required.

l. (a)

o

'L-
L

\

Ie.

c..

For the circuit shown in Fig. for Q. No. lea), plot vet), iR(+), iL(+). Phase dilTcrcnces

among these quantities should be clear. Why this phase differences occur? Explain

mathematically. How reactive power is related to power factor. (20)

(b) A sinusoidal voltage source of 50 Hz frequency is applied to a series RLC branch.

Choose a value of Land C for which source neither supply nor consume any reactive

power. Do you need any more data? If yes, why? (15)

2. (a) Find the Thevenin equivalent looking into a-b terminals of the circuit shown in Fig.

for Q. No. 2(a). (18)

'0'.
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Sheet steel throughout
(b)

N~
200 turns

Area for sections other than bg = 5 x 10-4 1112

lah = 'hg = 1f.:!J = lila = 0.2 m
II>< ~ 'rg ~ 0.1 m. lal = 1,/ = 0.099 m

For the series-parallel magnetic circuit for Fig. for Q. No. 2(b), find the value of I

required to establish a flux in the gap of $g = 1.8 x 10-4 wb. (17)

3. (a) Find rms value of the signal vet) shown in Fig. for Q. No. 3(a). (17)

'St+)

o

. . .

Q. tJO. 1,(c9
(b) A voltage v = 200 cos(l57t + 30°) volts is applied to a particular circuit element ami it

is found that i = 5 sin(1 57t - 150) amperes. Sketch v and i waves. Find the nature and

magnitude of the circuit parameters.

4. (a) Draw phasor diagram of all the voltages and currents indicated in the circuit as shown

in Fig. for Q. No. 4(a).

(18)

(18)
,

LtOQ
~

1f2.--
M + Vf-.-I +-+-
~ 'J'L- rv-....-
C
J\
G-

f1'(! . 1-t>'Y'

IL -]'SD
\

J2,O
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(b) Calculate current, power (both real and reactive) and power factor for each impedance

(a-b, b-c, bod) as shown in Fig. for Q. No. 4(b), and the total power, current and power

factor for the whole combination.

fl\~. fbY'O. f'J 0, ~ (b)
SECTION -8

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

5. (a) Find the equivalent resistance Rab in the circuit given in Fig. for Q. No. 5(a). If a

voltage source of 20 V is connected between a and b, what will be power dissipated in

(17)

3n resistor?

50.n.

1~ .0..

30Sl.

30.0.. (20)

\2.0..

h
O
.-Tort G..No . 50.)

(b) Find Vo in the circuit in Fig. for Q. No. 5(b). (15)

I 0 kn. 3 \<.Cl...
+vo~

\<.£1. L.t1:.11.
~'2. \c[) ..
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6. (a) Find the power dissipated in the 300 n resistor in the circuit of Fig. for Q. No. 6(a). (20)
o

300.n.. -t-1A

2S&V

lljClJ'L

'20 OJ).

\Oo.n.. 250-"- SOO.Jl.

~ oO.Jl. - J')/3 V

~a.San. Q.. Na. 60-)
(b) For the circuit in Fig. for Q. No. 6(b) (15)

(i) Obtain the Thevenin equivalent at tenninals a-b using source transfonnation.

(ii) Calculate the current through RL if RL = 8 n.
(iii) Find RL for maximum power transfer to RL' Detennine the maximum power.

'2.A

-1--
2.0V b

h~.-Jolt ~. No . E,(b)

7. (a) For the circuit in Fig. for Q. No. 7(a), find the voltage Vo using mesh analysis. (18)

of-

1':)3 V _ -Jl-o

(,.n.. f'S.l1. SSL

8a. foIl & No . "1(0..)

(17)

-+
'2. iLl.

\}. 20.0.
o

(b) Use the principle of superposition to find Vo in the circuit of Fig. for Q. No. 7(b).

S.n. 0'<'1 vi>
~ oj-

Contd PIS
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. 8. (a) For the circuit in Fig. for Q. No. 8(a), find the value of i if

(i) RL = 2 Q (ii) RL = 5 Q (iii) RL= 12.5 Q

2-', x.
--'>-

(18)

•
Ix..!,.

~.fl - IOV

S12
•.J,.I

(b) Thc network in Fig. for Q. No. 8(b) is designed for delivering power to a 11 W load.

Find the maximum allowable value of Rs.
&.l1. 3..fl.

12.n.

B(T)

2.0

1.8

(17)

1.6

1.2

1.0

0.8

0.4

0.2

o 100

Sheel steel

Cast steel

1500 1800 2100

Normal magnetization cUnJe for threeftrromagnetic materials.

H(At/m)



•

1.4

1.3

1.2

1.1

Sheetsleel

Cast steel

1.0

0.9

0.8

0.7

0.6

0.5

0.4

OJ

0.2

0.1

o 100

'<.
.,

(, .;',' .~

. ,",

200 300 400 500 600 700 H(Atlm)

Expallded view for the low lIIoglletizillgfOl'Ce region.
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USE SEPARATE SCRIPTS FOR EACH SECTION

SECTION -A

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

1. (a) Collar A starts from the rest at t = 0 and moves downward with a constant

acceleration of 7 cm/s2 as shown in Fig. for Q. NO.1 (a). Collar B moves upward with a

constant acceleration, and its initial velocity is 8 cm/s. Knowing that collar B moves

through 20 cm between t = 0 and t = 2s, determine (i) the accelerations of collar Band

block C, (ii) the time at which the velocity of block C is zero, (iii) the distance through

which block C will have moved at that time. (18)
(b) Milk is poured into a glass of height 140 mm and inside diameter 66 mm as shown in

Fig. for Q. No. I(b). If the initial velocity of milk is 1.2 mls at an angle of 40° with the

horizontal detennine the range of values of the height h for which the milk will enter the

glass. (17)

2. (a) As shown in Fig. for Q. No. 2(a), a 10 kg block B rests on a 20 kg bracket A. The

coefficient of friction are ~ls= 0.30 and Pk = 0.25 betwcen block B and bracket A, and

there is no friction in the pulley or between the bracket A and the horizontal surface.

Determine the maximum height of block C if block B is not to slide on bracket A. (17)

(b) A small 200 gm collar C as shown in Fig. for Q. No. 2(b) can slide on a semicircular

rod which is made to rotate about the vertical AB at the constant rate of 6 rad/s.

Determine the minimum required value of the coefficient of static friction between the

collar and the rod if the collar is not to slide when (i) e = 90°, (ii) e = 45°. Indicate the

direction of impending motion in both cases. (18)

3. (a) A 2 kg collar is attached to a spring and slides without friction in a vertical plane

along the curved rod ABC as shown in Fig. for Q. No. 3(a). The spring is undefonned

when the collar is at C and its constant is 600 N/m. If the collar is released at A with no

initial velocity, detenlline its velocity (i) as it passes through B, (ii) as it reaches C. (18)

(b) Two identical balls are moving at the same speed of 3 m/s and in perpendicular

directions when they strike each other as shown in Fig. for Q. No. 3(b). Assuming a

coefficient ofrestitution, e = 0.9, determine the magnitude and direction of the velocity of

each ball after impact. (17)

Contd P/2
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4. (a) Rod BDE is partially guided by a roller D which moves in a vertical track as shown in

Fig. for Q. No. 4(a). Knowing that at the instant shown the aOl,'lllarvelocity of crank AB

is 5 rad/s clockwise and that p = 25°, detennine (i) the angular velocity of the rod BDE,

(ii) the velocity of point E. (17)
(b) A uniform rectangular plate has a mass of 5 kg and held in position by three ropes as

shown in Fig. for Q. No. 4(b). Knowing that 0 = 30°, detennine, immediately after rope

CF has been cut, (i) the acceleration of the plate, (ii) the tension in ropes AD and BE. (18)

SECTION - B

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

Symbols indicate their usual meaning. Assume any missing data.

5. (a) A 200 kg cylinder is hung by means of two cables AB and AC which arc attached to

the top of a vertical wall as shown in the Fig. for Q. No. 5(a). A horizontal force P

perpendicular to the wall holds the cylinder in the position shown. Detennine the

magnitude of P and the tension in each cable. (20)
(b) A 800 N force P is applied at point A of a structural member as shown in the Fig. for

Q. No. 5(b). Replace P with an equivalent force-couple system at C. (15)

6. (a) A vertical load P is applied at end B of rod BC as shown in the Fig. for Q. No. 6(a).

The constant of spring is k and the spring is unstretched when 8 = 90°. Neglecting the

weight of the rod, express the angle 8 corresponding to equilibrium in terms of P, k and I.

Also detem1ine the value of 0 corresponding to the equilibrium when P = kl/4. (20)
(b) A pitched flat roof truss is shown in the Fig. for Q. No. 6(b). Detennine the force in

members EO, OH and HJ. (15)

7. (a) Knowing that each pulley as shown in the Fig. for Q. No. 7(a) has a radius of 250

mm, detennine the components of the reactions at D and E. (20)
(b) Block A supports a pipe column and rests on wedge B as shown in the Fig. for Q. No.

7(b). Knowing that, the coefficient of static friction at all surfaces of contact is 0.25 and

that 0 = 45°, detennine the smallest force required to raise the block A. (15)

8. (a) Detennine the moments of inertia of the shaded area with respect to x and y axis as

shown in the Fig. for Q. No. 8(a) when a = 20 mm. (20)
(b) A 15 mm diameter hole is drilled in a piece of 20 mm thick steel plate which

afterwards is countersunk as shown in the Fig. for Q. No. 8(b). Determine the volume of

the steel removed during the countersinking process. (15)
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SECTION -A

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

I. (a) Explain formation of [Fe(H20)6]3+ complex ion according to valence bond theory.

Show the geometrical structure of the complex ion and calculate the magnetic moment of

the complex. (12)

(b) What is Effective Atomic Number (EAN) rule and why is it considered as a rule?

According to EAN rule discuss, with suitable examples, fonnation of carbonyl complexes

of transition metals having both even and odd atomic numbers. (15)

(c) Discuss the different steps for naming complex compounds/ions according to IUPAC.

Cite suitable examples for naming. (8)

2. (a) Why is it important to know the structure of a molecule? Discuss, with examples, the

different methods of detennination of molecular structures.

(b) 10 Dq value for a splitting of d-orbitals in an octahedral complex, [Ti(H20)ri+ is

20400 cm-I. Show the possible electronic transition in the complex and calculate the

(IS)

CFSE in kl/mo!. (10)

(c) Discuss the factors on which the splitting of d-orbitals depends. (10)

3. (a) What are the informations obtained from Nephelanxetic effect and electron spin

resonance (esr) about the bonding characteristics in a complex? Discuss briefly the

molecular orbital theory of complex compounds. (15)

(b) Alfred Werner was awarded the Nobel prize in chemistry in 1913. Discuss briefly his

contribution. (10)

(c) What are K and p values of complex compounds? Deduce a relationship of P4 with

thc K values. (10)

4. (a) Draw the geometrical structures ofH30+, CIF3and ICIl" on the basis ofVSEPR Theory. (6)

(b) Draw molecular orbital energy level diagram for 02 molecule and answer the following: (9)

(i) Calculate the bond order in 02 and O! ion.

(ii) What would be the magnetic character of 02 and O!?

Contd P/2
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(c) Explain the tenn 'screening effect'. How does this tenn explain the change in the

values of ionization energies of elements? (10)
(d) What is 'inert pair effect'? Explain why carbon is tetravalent but lead is divalent being

in the same group of the periodic table? (10)

SECTION -B

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

5. (a) Discuss the properties of Alkaline earth metals (group - IIA elements) in rclation to

their electronic structure. (10)
(b) Compare the chemical properties of Alkali metals (group IA elements) with that of

coinage metals (group IB elements). (10)

(c) Draw the flow sheet of Solvay process for sodium carbonate preparation. Write down

the reactions in the production if this salt in Le Blanch process. Discuss the purification

process of common salt. (5+5+5=15)

6. (a) What is "The Hard and Soft Acid and Base" principle? Discuss the characteristics of

Hard and Soft Acids and Bases. Illustrate your answer with examples.

(b) Discuss the application of Hard and Soft Acid and Base principle in the following fields:

(i) Oxidation Reduction reaction.

(ii) Quantitative analysis scheme for metal ions.

(iii) Medicinal chemistry.

(iv) Geochemical classification of the clements and their occurrence in nature as minerals.

(v) Predicting favorable equilibrium.

(c) An acid solution is prepared in 250 ml volumetric flask with H2S04 of specific

gravity 1.85 and distilled water in the ratio I : I (v/v). Calculate the specific gravity of

the acid mixture.

(8)

(5x4=20)

(7)

7. (a) Compare the chemistry of carbon with that of silicon.

(b) Discuss the factors affecting the strength of acids and bases. Illustrate your answer

with examples.

(c) Justify the following statements:

(i) P-Picoline is more basic than a-Picoline.

(ii) Aqueous solutions of AICl3 and ZnCI2 arc acidic in nature but aqueous solutions

ofNaCl and KCI arc neutral.

(iii) K r is greater than K~ for oxalic acid.

(iv) HMn04 is stronger acid than H3P04.

(v) BF3 is an acid but NH3 is a base.

Contd P/3
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8. (a) What do you understand by the dual character of material particle? Derive an

expression for the wavelength of material particle waves.

(b) There are so many lines in hydrogen spectrum even though hydrogen atom contains

only one electron. How will you explain the existence of various lines in hydrogen

spectrum with the help of Bohr's model of atomic structure?

(c) What is meant by radial probability distribution curve? Discuss distribution curves for

3s orbital.

(d) The electron energy is hydrogen atom is given by

-21.7 x 10-12
E = 2 erg

n

Calculate the energy required to remove an electron completely from the n = 2 orbit.

What is the Longest Wavelength of light that can be used to cause this transition?
-1(R = 109686 cm ).

(3+7=10)

(10)

(3+7=10)

(5)
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SECTION -A

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

I. (a) State thennodynamic laws. (10)

(b) Deduce Clausius-Clapeyron equation. (15)

(c) One gram molecules of a gas expands isothennally to four times its volume. Calculate

the change of entropy. Given R = 8.32 J/mole-K and J = 4.2 J/cal. (10)

2. (a) State and prove Carnot's theorem. (15)

(b) Derive an expression for the change in entropy ofa perfect gas interms of temperature

and pressure. (1 0)

(c) A Carnot engine whose temperature of the source is 600 K takes 200 calories of heat

at this temperature and rejects 100 calories of heat in the sink of temperature of 300 K.

Calculate the efficiency of the engine. (10)

3. (a) What are the thennodynamic functions? (5)

(b) Deduce the Maxwell's thermodynamics relation by usmg the thennodynamic

functions. (20)

(c) Derive the most probable energy of a molecule according to Maxwell's law of

distribution of velocities of a gas molecule. (10)

4. (a) Distinguish between interference and diffraction oflight. (5)

(b) Define resolving power of a telescope. Deduce an expression for it. (20)

(c) Two pinholes 1.0 x 10-3 m apart are placed in front of a source of light of 589 nm

wavelength and seen through a telescope with its objective is stopped down to a diamctcr

of 0.4 cm. Find the minimum distance from the telescope at which the pinholes can be

resolved. (10)

Contd P/2
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SECTION - B

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

5, (a) In a Young's double-slit experiment, three light waves-blue, yellow and red are used

successively, For which colour will the fringe width be maximum? (5)

(b) Explain the fonnation of coherent sources in the case of Fresnel bi-prism, How is the

separation between such coherent sources measured in the experiment with a bi-prism? (20)

(c) In a double-slit interference pattern at a point, we observe the 8th bright fringe for 770

nm, What order will be visible here, if the source of light is replaced by light of

wavelength 473,8 nm? (10)

6, (a) What is plane polarized light? Explain the phenomenon of double refraction 111 a

uniaxial crystal. (17)

(b)Write short notes on (i) Optic axis and (ii) Quarter-waveplate, (8)

(c) A beam oflinearly polarized light is changed into circularly polarized light by passing

it through a slice of 0,003 cm thick crystal. Assuming this to be minimum thickness that

will produce the effect, calculate the difference in the refractive indices of the two rays in

the crystal. The wavelength oflight used is 600 nm, (10)

7, (a) Write down the characteristics of simple hannonic motion, (5)

(b) A body is subjected to an acceleration proportional to its displacement from a fixed

point and directed towards the point and oscillates in a medium which offers resistance

proportional to its velocity, Establish the differential equation of the motion and hence

solve it (20)

(c) A particle is moving simple hannonically in a straight line, If the distances of the

particle from the equilibrium position are XI and X2 corresponding to the velocities UI and

U2,show that the period is given by, T = 2rc [x/ - XI
2
/U/ - u/] 1/2 (10)

8, (a) Prove that in the case of progressive longitudinal waves, [particle velocity at any

instant] = [wave velocity] x [slope of the displacement curve at that instant], (10)

(b) Show that the energy density of a plane progressive wave is given by E = 2rc2n2/p,
where the symbols have their usual meaning. (15)

(c) A string vibrates according to the equation y = 5 sin(rcx/3) cos(40rct), where x and y

are in centimeters and t in seconds, What are the amplitudes and velocities of the

componcnt waves whose superposition gives rise to this vibration? (10)
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