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Special Instructions (if any) : Answer any FIVE questions. All questions carry equal
marks. Make reasonable assumption (s) wherever necessary after declaring the same very
clearly.

1. What do you mean by a first order instrument? Obtain the expression of operational
transfer function of any first order instrument and its parameters. Name one first order
instrument and prove it. Obtain the expression of ramp response of a first order
instrument and describe with plots. 1+ 2 +3 +4= 10

2. Find Laplace Transforms of the following functions: 5 + 5 = 10
(a) f (t) = t

2
for all t and A lzL-

(b) f(t)=tfort=OtoA ---.
f (t) = 0 for t > A .

A
3. Mercury in glass thermometer is to measure a sinusoidal fluctuation of ± 5 "C

amplitude in a hot water bath. If the frequency of oscillation is 12ht cycles min -1 and
the time constant of the thermometer is 5 s, then obtain the steady state amplitude of
the oscillation of the Hg column in degree Celsius. Also calculate the time lag in
seconds. Show by adding the steady state and the transient response, the total
temperature, as indicated by the thermometer after 2, 5 and 10 s.

Use: Xo = KTis [_I 1 2 2 sin(wt + 0) + w: 2 exp (- !)] 2 + 2 + 6 = 10
v1+ W "f 1+ W "f r

4. A PI controller is used to control the temperature of a water tank of 10 L capacity,
receiving 100 ml s -1 of water at a temperature of 30°C. If this temperature goes
through a step increase of 10 "C, then obtain the tank water outflow (100 ml s -1)
temperature (initially set at 45 ° C) after 10, 50, 100 and 200 s of operation. Use: K, =
100;"tI = 10 s; P = 103 kg m -3 and Cp =4.2 kJ kg -I K -I.

Use: fi = Ai exp (- 1. t) sin (../1- F t) 10
Tc../1- (2 Tc Tc

5. The response of a second order process with time constants of (1/3) s and (1/4) s is
being measured with a first order instrument having a time constant of 1 s. The
sensed signal is fed back to the negative terminal leading to a PI controller having K,
proportional band and (1/8)s integral time constant. Calculate (a) the OLTF of the
system; (b) the pole(s) and zeroes) of the system; (c) the number of asymptotes; (d)
the centre of gravity of the asymptotes and the angles of emergence of the same and
(e) the value of K, for which the stability is on the verge of being violated. Identify
the locations of the roots on the imaginary axis at this situation. 2+ I+ 1+2+2+2= 10

[Po T. O.

_.- ---------



6. Comment on the stability of the following system: 10

R+ £+ A 1 B \ 1 C
,/ (1/2) 5+ 1 (1/3)5 + 1

r + Bl
1

Cl /1/4\5 + 1
1--

2 s+ 1


