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Q1(@)

Section A : Electrical Circuits

Find the voltages at nodes 4, b, ¢ and 4 in the circuit shown.
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Q.1 (b)| Using nodal analysis, find v, and i, in the circuit shown in figure.
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Q.1 ()

For the circuit shown, find the Thevenin’s equivalent network between terminals

g and b.
200
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Q1(d)

An attenuator is an interface circuit that reduces the voltage level without changing the
output resistance. By specifying R_and R, of the interface circuit shown in figure, design

an attenuator that will meet the following requirements :

VO
V. " 0.125,R, =Ry =R, =100Q

Using the interface designed, also calculate the current through a load of R; = 50 Q

when Vg =12V.

_________ Attenuato
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[12 marks]
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Q1(e)
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[12 marks]
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Determine the equivalent inductance, L, that can be used to represent the inductive
network shown in figure.
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Q.2 (a)| For the network shown in figure, find the current i(t) for ¢ > 0.
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Q.2(b)| Determine the equivalent impedance of the circuit shown
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Q.2 ()

(i) An industrial load is modelled as a series combination of a capacitance and a
resistance as shown in figure. Calculate the value of an inductance L across the series
combination so that net impedance is resistive at a frequency of 50 kHz.

no

2000 Q

T501111
bo

(ii) An industrial coil is modelled as a series combination of an inductance L and
resistance R, as shown in figure. Since an AC voltmeter measures only the magnitude
of a sinusoid, the following measurements are taken at 60 Hz. When the circuit
operates in steady state :

V=145V, |V,|=50V,|V,|=110V

Use these measurements to determine the values of L and R.
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Q.3 (a)| Determine the y-parameters of two port network (1). Also determine V,(s) for
V,=2u(t) V.
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Q.3 (b)

For the circuit shown in figure, find V (t) for ¢ > 0.
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Q3 (9

Find the Thevenin’s equivalent of circuit shown in figure as seen from :
(i) terminalsa-b
(ii) terminals c-d

¢ d
100 | 4@
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20£0°V 85 (Duwra Fae
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Q.4 (a)| Anautomobile airbag igniter is modelled by the circuit shown in figure. Determine the
time, it takes the voltage across the igniter to reach its first extreme (minimum or

1
maximum) after switching from A to B. Let R=3 &, C= ~F and L = 60 mH.

30
A B
o Airbag
t=0 igniter

12v (%) C EL Ri

________

[20 marks]
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Q.4 (b)

In the figure shown, a 3-phase delta connected motor load which is connected to a line
of 440 V, draws 4 kV A at a power factor of 0.72 leading. In addition, a single 1.8 kVAR
capacitor is connected between line # and b, while 800 W lighting load is connected
between line C and neutral. Assuming abc phase sequence and taking V= V,£0° find

the magnitude and phase angle of currents [, I, I _and [ .

ac T
I, 1.8 kVAR

bo T 'e) Motor Load
I 4 kVA, 0.72 Pf Leading

co—=
Ly

n et e

800 W Lighting Load

[20 marks]
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Q4 (c)

Find current I through /5 Q branch using superposition theorem for the network shown.
I
+
5 Q 15290° V 20£0°V
10£0°V 3Q -j4 Q

[20 marks]
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Section B : Control Systems

Q.5 (a)| Using block-diagram reduction technique, find the transfer function 0] .

R(s)
[H, |
21
Ay
R(s) 1~ ren +/L e Cls)
16— 1Cel

[12 marks]
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Q.5 (b)

The closed loop transfer function of a system is

C(s) _ 100
R(s)  s%+3s° +8s* +18s> + 205 + 245 + 16

Determine the number of poles on the RHP, LHP and on the jo-axis and comment on

the stability of the system.
[12 marks]
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Q5 (9

The open-loop transfer function of a unity feedback system is

K(s + o)

G(s) =
2 s(s2 +12s5 + 32)

Find the value of K and o so that the velocity error constant is 6.25 and the second-order
response has a natural frequency of 5 rad/s. Assume that the system is stable.
[12 marks]

1
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QS5(d)

An asymptotic bode magnitude plot is shown in figure.
dB
18

[12 marks]
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Q.5 (e)

. 0 0 1
A system is represented by the state model, X = [3 _ _3] X+ [0} rt) andy=[1 2JX.If

1
the initial state vector is [

2} , find zero input response of the system.

[12 marks]
| | porhe_
2 g @ oo 10Put-ve
Iy =D

= QY
= OX

QPPLl’in Loplate . we g

) - x) = AXE) : Yl = oxty
(8I-8)mtls) = x (0)
Xl = @I- Q)Fl x (o)

=D Y = ¢ %(ST-PI)_] x (o)
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Q.6 (a)

K
The forward path gain of a first-order unity negative feedback system is G(s) = s

The unit step response reveals that the time constant is 1/6 sec. When the location of the
pole is moved toward the origin by half its distance, the new time constant is found to
be 1/4 sec. Find the value of 2 and K. For the time constant to be 1/8 sec, find the location
of the closed-loop pole.

[20 marks]
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Q.6(b)| A unity feedback system has open-loop transfer function

3(2-5)

GO = Gr D) +5)

Using Nyquist stability criterion, check whether the closed-loop system is stable or not.
If the system is stable, find the gain margin and phase margin.
[20 marks]
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Q.6 (c)| A feedback system has open-loop transfer function

K(s+5)
(s +1)2

G(s)H(s) =

Sketch the root locus.
[20 marks]
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Q.7 (a)| The stability of overall system shown in figure is controlled by tuning the PI parameters
K, and K. Find the maximum value of K| that can be selected so as to keep overall

system stable or in worst case, marginally stable.

+ K 2
a% - Kp+5 S +42+55+2 <

AR R e >

S(S'L-P‘i_q'l s +2)

C\Wh‘[ ']va A ol

2+ RKp >0 = Kp > -1

K7 >0 =85

QH 4 £ ot kg

§3 4 °2+&KP

St A k

2 ol s AR T
G

31 e (geakp) - B
(2p-2-2%)

o T
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Q.7(b)| The open loop transfer function of a unity feedback system is G,(s) = m . Design a

lead compensator to have a velocity-error constant of 205! and phase margin of at least

50°. Indicate each step that you are using.
[20 marks]
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Q.7 (g

A negative unity feedback control system is expected to meet the following specifications :

damping ratio is 0.5, natural frequency is +/10 rad/sec and the steady-state error is
K(s+a)

Find the values of K, o. and .
[20 marks]

10%. The open-loop transfer function is G(s} =

(s+B)*
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Q.8 (a)| Draw the log-magnitude asymptotic plot for the transfer function.

1000s
(s + 10)(s + 100)

G(s)H(s) =

Also find the gain cross-over frequency and the frequencies at 3 dB attenuation.
[20 marks]
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Q.8(b)

Consider the system with state equation

X(t) = AX(t) + BU(#)

g0 1 0 0
where A=10 0 1] =10
' -1 -5 -6 1

By using the state feedback control u = -KX, it is desired to have the closed-loop poles at
u, = -2+j4,u,=-2-j4, u,=-10
Determine the state feedback gain matrix K. Also check the validity of arbitrary pole

placement.
[20 marks]
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Q.8 (d)
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(i) For the block-diagram representation for a system shown below :
Ry —F 1[G} *% (G| cs)

Draw the signal flow graph and determine the overall transfer function using Mason’s
gain formula.

200
s{s+5)(s +10)

{if) A unity feedback system has plant transfer function G(s) =

The plant is controlied by a PD controller. Find the ranges of controller gains
(Ko Kp) for the system shown below to be stable. Also draw the region of stability.

R(s) + 200 Cls)
s(s + 5)(s + 10)

Controller

[12 + 8 marks]
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