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Q.1 (a)

Section A : Electrical Circuits

Find the voltages at nodes 4, b, ¢ and d in the circuit shown.

[

[12 marks]
By kcL ak Node-C
Ve -V + Ve + V=V =0
- = 2
Ve — 2VA + AVe + BYe=BVp =0
11Ve — b, —E VL = o TE— )
o
By R ok Node >
; Vol—=Ve 4 VA 4 Vd+30-Va = o
T s 29 4

BV~ 4 WV = BV - ISgy SYAE T
Q)

— 5Voa. + Vo — ZVQ/—\—W

/
CL ok NOOUL .

%,\i,
\/a 2o —Vd o Vat45=Ys = o

G a4 2
Ve 4+ AVoa — 20— 4 Vd + RV ¥90-2V, = 0

I — 3N, —ANA = BE — &)
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By e Sk SNoctiel= Bi
J

Vb 4+ Me=Va 4+ Vb — (Vat4S) =+ ©
' H 3

Wh = 2 Ve — 20k 4+ Vp— Va —48 = 0

F\Aﬂka\/o& Jﬁ%efnfw @ *n W,®,@~
—S(Sh—2Ve—45) +28Vd—2Ve #|50 = O

— a5V, +8Ve +8Vd + 105 =0 — &

ANA — -

T (5Vp=—2Ve—45) —2VL-4Y = 30 .

23V — 14 Ve —4Vd = 2458 — ()
%&mn- W;@z ¥
Ve 51::218?% wczj
N M
Ve=17F-8%F A (/Q,k& <
«/{\(ﬁq (o NG

V= 40-839<oter] "
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Q.1(b)| Using nodal analysis, find v, and i, in the circuit shown in figure.
4200 120V
_ (Vo-120Y y o
ID
jon | 208 Vo
""Vx vy No&a._\{
4
100V (%) 19, 2, saZo,
[12 marks]
S’ By KeL ok Node \nrbtcg,c ~ Vo=
U |
\/X‘-‘10_D 4 VQC—A\_VQ -‘» C = O
Fe. 25
L Vs — 2 ¥ Voe—4 Ve +20Ls = o
Ve —4Vo +20, = 2 o0vo DD

By L ok N}z(\/o—{;toaé__i CNO&&‘Y)
4
\—%/Jﬂo -+ ZEO
.

Vg = 240, — @

By ohm's Ram— aowee 403 Recudps -
J
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Ve & 46y = 6o

Vi, o e e Bl ()

FMX Wi = o 20 - o e esl/@ -

3(]?_o+ L%‘ocﬁo) — 940ls = 200w :

260 -—\O’OLO = 2 o0

L: L W/EGMWL

F(Akt"—‘ézb\oegi/@

U'o = 2.0 f,o

Vo= 240X |e

Vo = 384 vodx VWA
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Q.1 (c)

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

20Q

10Q

100
SA

30V

[12 marks]
Sl sk -1 Cstloud echesvn oéf[\ Ry~ —
‘ Canroenite : A
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13. R 1 &7 I | < Y T T
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Q.1(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 :
Y =0125,R_=R, =R_=100Q

U e T g

Ve

Using the interface designed, also calculate the current through a load of R; = 50 Q
when V, =12 V.

Attenuato

____________________

[12 marks]

'ofOtCP)
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Q.1 (e)

MBDE ERSY Question Cum Answer Booklet | Page 9 of 63
Determine the equivalent inductance, Leq that can be used to represent the inductive
network shown in figure.
4H Zfii—i
i AN
i T <

%r*fi> Ewﬁg) gsn

o A/w)?"f, AM‘%:—-QN

[12 marks]
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Q.2 (a)| For the network shown in figure, find the current i(t) for £ > 0.

IRV 0oV

[20 marks]
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Q.2 (b)

Determine the equivalent impedance of the circuit shown

-4 Q
il
Q -6 Q 4Q
ao MW 11 MY
§jeg E]‘SQ EjSQ Eﬂzsz
Z |_'
bo

[20 marks]
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Q.2 (¢)| (1) 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.

ao

2000

T501115
bo

(i) 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.

80 Q

[10 + 10 marks]
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Q3 (a)

Determine the y-parameters of two port network (1). Also determine V,(s) for
V. =2ut) V.

=
AAAA
LAk

b

o

VI— Vals) + Vi-Vo®) + i) = I,(s).
/5. L8 1

T,6)= (S+2) V(s + (=B=1] Vo (8} — @

Netwerk —1 becermesn — T‘Yﬁjt?ava:’g\
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_Eﬁ;ﬁll, ax Nodke —E
Vo ()— W(S) V_ﬁ(S\M\&CS) = L(g)

i i/g p:S

(2 - VUK (L34pt8) (S = Ta(9) —@

[[EN %W% equarion O £ @ wdﬁf»
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e W (8

2 Ui
2,
By chm'gz Aowv—
‘%f vis) — Vi) = Leixt —&
A — o
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Q.3(b)| For the circuit shown in figure, find V (f) for ¢ > 0.

St

K=

(] \ hd +
6u(t)(:P | )21—1% lHLL Q= 7,

n

L\/o (.t}._/cﬁ\ tz(?)_l — @

B(yj, KV L o i/@‘ﬁ’ﬁ\z“l

Gy el e R o
Sk L

] Aok e AR

6//g = T4 () + 92 Tile BEga ()

By VL s =
U
_L.O\f\)ﬂ_ —{—_LODSJ, .J(__\/o = O
Ak AKX

@

[20 marks]
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A
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Q3 (9

S

m

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

10Q | -4Q

1L
MW It —oa

20£0°V (>) E B (Dara 20

—0p

[20 marks]
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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.LetR=3Q, C= %F and L = 60 mH.

A B

@ Airbag
t=0 igniter
12V C E L | ER

______

[20 marks] l
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Q4 (b)

In the figure shown, a 3-phase delta connected motor load which is connected to a line
of 440 V, draws 4 kVA at a power factor of 0.72 leading. In addition, a single 1.8 kVAR
capacitor is connected between line 2 and b, while 800 W lighting load is connected
between line C and neutral. Assuming abc phase sequence and taking V,, = V_ Z0°, find

the magnitude and phase angle of currents I , I, I_and I

L
ao
I, L 1.8 kVAR
bo— L 0 Motor Load
I 4 kVA, 0.72 Pf Leading
co—=
L,
n —
800 W Lighting Load

[20 marks]
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Q4 (c)

Find current I through j5 Q branch using superposition theorem for the network shown.

I
+

15/90° V

BR 20£0°V

30

10£0°V _‘,

-j4Q

[20 marks]
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Q.5 (a)

Section B : Control Systems

Using block-diagram reduction technique, find the transfer function

(]
R} 1+ G +HN G Cls)
P 1&]

C(s)

R(s)

[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% + 20s% + 245 + 16
Determine the number of poles on the RHP, LHP and on the jw-axis and comment on
the stability of the system.
[12 marks]
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Q.5 (¢)| The open-loop transfer function of a unity feedback system is

SHA"-

K(s + a)

G(s) =
©) s(s® +12s + 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]
G ven \fd@t}:t& e i ey R cunk (Kv) =625

Wt W'j
Kv: J/\D/VY‘\ A e G]CS)

520
ke :L}/(
N

S{s¥+ 123 +22))

QS = B4 ot

b"'va'm%-’i
W’ﬂ 2yl oA ey Can bae .
N HAKALEN A lho( s don, Yok @a/yh/w\% +

(s+a) (s 2%Wn% + WA

G(s) = S+ (Ovlr 25RN) 27 4 (W + RSWnA)2
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Q.5(d)

Soi"-

An asymptotic bode magnitude plot is shown in figure.

dB
18

P T ng 3 160 o rad/s

Find the transfer function and gain cross-over frequency.
[12 marks]
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. 0 0 1
A system is represented by the state model, X = [3 _3}}( + [O]T(t) andy=[1 2]X. If

1

the initial state vector is [ >

}, find zero input response of the system.

[12 marks]
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Q.6 (a)| The forward path gain of a first-order unity negative feedback system is G(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—s)

CE) = G+ 1)s+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 (9

A feedback system has open-loop transfer function
_ K(s+5)
(s +1)°

G(s)H(s)

Sketch the root locus.
[20 marks]
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Q.7 (a)

St

)

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
(t) £ Kpt+ 5 P +452+55+2 <)

H(s)=1

[20 marks]
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Q.7 (b)

The open loop transfer function of a unity feedback system is G,(s) =

= 6+2)° Designa

lead compensator to have a velocity-error constant of 20s™ and phase margin of at least
50°. Indicate each step that you are using.

Stap-l
ScAP— ek X Mm&vm_ J@\Nﬂc;b\,e'm o%

BT WMG&;@@ e —

QCCS): Kw\

1 4£4T8) |
s OVER RN o«/vvy%ﬁbm Ak 0’% :
gavnge/m 4 =

HE = G!p@v) Ge (5)

[20 marks]
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A negative unity feedback control system is expected to meet the following specifications :

damping ratio is 0.5, natural frequency is v10 rad/sec and the steady-state error is

W K(s+a)
10%. The open-loop transfer function is G(s) = PR
5

Q7 {0

Find the values of K, o and B.
[20 marks]
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“ Q.8 (a)| Draw the log-magnitude asymptotic plot for the transfer function.

| 1000s
CEHE) = 5 10)(s + 100)

Also find the gain cross-over frequency and the frequencies at 3 dB attenuation.
[20 marks]
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Consider the system with state equation
X(t) = AX(¢) + BU(})
0 1 0 0
where A=0 0 1| B=|0
-1 5 -6 1

By using the state feedback control # = -KX, it is desired to have the closed-loop poles at
u, = 2+, 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 (c)| (i) For the block-diagram representation for a system shown below :

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

200
s(s+5)(s+10)°

(iiy A unity feedback system has plant transfer function G.(s) =

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

R(s) +~ eyl 200 C(s)
/ L= =l s(s + 5)(s + 10)
Controller

[12 + 8 marks]
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