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m (a) Find the current flowing in the circuit as given in the figure, where two ideal
diodes are connected in parallel:

2Q

AAAA
\AAAJ

3Q 5Q
10V —=—

[12 marks : 2025]
Solution:

To determine the current flowing in the circuit, we have to determine whether the diodes D,
and D, are in ON/OFF state.

3Q 5Q
10V —=—

Assume both the diodes are in non-conducting state:
In the non-conducting state, the diodes can be considered as open circuit. Hence, the
circuit can be drawn as below:

3Q 5Q
10V =—

V%1 V%Q

I Vi I Ve,

As, Vp, > V,,; Diode D, is in conducting state. As, V,, < V,,; Diode D, is in non-conducting
state.

Assuming the diode D, as conducting (short-circuit) and diode D, as non-conducting (open-
circuit), the circuit can be drawn as below,
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End of Solution
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KXl (b) A certain d.c. motor has R, = 1.3 Q, I, = 10 A and produces a back e.m.f.
E, = 240 V, while operating at a speed of 1200 r.p.m. Determine the voltage
applied to the armature, the developed torque and the developed power.

[12 marks : 2025]

Solution:

We have,
Armature resistance, R, = 1.3 Q
Armature current, I, = 10 A
Back emf, E, = 240V
Operating speed, N, = 1200 rpm

1. Applied voltage, V:
The applied voltage (V) to the armature of a d.c. motor is the sum of the back e.m.f.
(E,) and the voltage drop across the armature resistance (R,) due to the armature
current (/).
V=ILR,+E,
V= 1,R,+240
V =13 + 240 = 253 volt
2. Developedtorque, T

P
Iy= (‘f’ ,where P, = Developed power = £/,

_ Eul,  240x10

T9= 2aN = 2nx1200
60 60
T, = 19.09Nm

3. Developed power: P
P,=E,-1,=240 x 10 = 2.4 kWatt

End of Solution
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Xl (c) Consider a unit cell of simple cubic structure. Find the angle between the normals
to pair of planes whose Miller indices are (i) [1 0 1] and [0 1 0], and (ii) [2 1 1]

and [1 0 1].
[12 marks : 2025]

Solution:
In case of a cubic crystal, the direction [hkl] is perpendicular to the plane with miller indices
(hkl). Therefore, the angle between the normals to the planes is the same as the angle
between two planes represented by the Miller indices (h,k,l,) and (h,k,l,) given as

\/h12 +k? +l12\/h§ + k5 +15

cos 6 =

(i) For the pair of planes with Miller indices [1 0 1] and [0 1 O],
0+0+0

cos 0 = W=O:>G=9O°
(ii) For the pair of planes with Miller indices [2 1 1] and [1 0 1],
oS 6 2+0+1 __ 3
VA+1+11+0+1 B2
V3

0= —=0=30
cos > =

End of Solution

IFXH (d) For the circuit shown in the figure, calculate the value of the voltage V which
gives V, = 5£0° volts :

+ 5 1 2

~ AW T
]

50 —2Q fixe
V%
-jng l

V@) 303

\AAAJ

2V,

[12 marks : 2025]
Solution:
We have,

5Q
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On applying KCL at node 1, we get,

W-vV %, %i-Y% )
5=t 3" 5 =0 [V, =V, =507

1 1 1 v 5
1 ) +_+_ - . = 5=
5-j2 3 j5] (6-j2) ~ /5

0.52 £-14.52° V, -0.186 £21.80° = 1 £-90° (1)
On applying KCL at node 2, we get
-, %
B - =%
V-V
— 5
where, V5_{5_2j>< }
bL-Vi . Y% 5(V - Vi)
Thus, S+ —=— =2
- B 2.2 | (65-2)
Vo -V V5 1[0/ 104

5 "2-j2 =5-2j (5-2)
Substituting V, = V, = 5 £ 0°, we have

\/1—‘_1_|_1O._10V'= —11_45400
5 5-2j| (5-2)) 2—-j2 j5

(1.94£27.29°)V; —1.86£21.80° = 1.27./-168.69° ..(2)
Using Carson’s rule, we get

0.52£-14.62° 1£-90°
| 1.94£27.29° 1.27/£-168.69°
- ‘0.524—14.52° -0.186£21.80°

1.94.227.29° -1.86£21.80°

Vo 0.66£—-183.21°-1.94/-62.71°
- -0.9672£7.28° + 0.36.£49.09°

~155+ j1.76

_ 0 *JL0 349, _36.86°V
~0.72+ j0.15 3.192-36.86

End of Solution
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KXl (e) Shown below is an n-p-n transistor biased in the active region:

E c I

]E
—

L L

.l
Vee

Assume that the emitter is much more heavily doped than the base.

(i) Plot the potential variation across the emitter and collector junction.

(ii) Plot the minority carrier concentration in each section of the transistor.

(iii) Show how this transistor configuration works as an amplifier.

(iv) Plot the collector current against base to emitter voltage for a silicon transistor
when it is varied from -0.4 V to +0.8 V. Indicate the cutoff, active and
saturation regions.

(v) From the transistor characteristics, write the analytical expressions for the
collector current and the emitter current.

(vi) Show how these equations are used to replace the n-p-n transistor with two
back diodes in shunt with two dependent current sources.

[12 marks : 2025]

Solution:

L.oTL

o o 1]
-+

B Vee

Given, emitter is much more heavily doped than the base.

(i) Itis given that the transistor is biased in active region i.e. emitter — base junction is
forward biased and collector — base junction is reverse biased. The reverse biasing of
the collector junction increases the collector - base barrier by 1V4l, and forward biasing
of the emitter junction lowers the emitter base barrier by |Vl
Since E-B junction is forward biased, the E-B space charge region width is negligible
and due to reverse-biased C-B junction, the E-B space charge region width is increased.
Thus, the potential variation across the transistor is as shown below,
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B-C space
charge
_region

Emitter

()

i
i Vy Collector
i

i (m)

Je Base (p)

(ii) Minority carrier concentration in each section of the transistor:

e The quantities p,, and Neo gives the thermal equilibrium concentration of the holes
and electrons respectively. The emitter doping being much higher, the value of p,; in
the emitter is less than Npo in the base.

e Since the E-B junction is forward biased, the holes are injected into the emitter and
electrons are injected into the base. This injection causes the minority carrier
concentration at the junction - holes in the emitter and electrons in the base to
increase slightly above its thermal equilibrium value. The concentration of these
minority carriers decreases away from the junction , towards their respective thermal
equilibrium values.

e Since the C-B junction is reverse biased, the minority carriers i.e. holes from collector
and electrons from base drift across the junction. Therefore, the concentration of
minority carriers—electrons in the base and holes in the collector is approximately
zero at the C-B junction and increases away from it, towards their respective thermal
equilibrium values.

E-B space B-C space
charge region ~ charge region
Emitter fo— == Collector
-n- Base e
_p_

E-field _l, field

(iii) Forward biasing E-B junction injects electrons into the base. Because the base is thin
and lightly doped, most injected electrons diffuse across the junction and are collected
by the reverse-biased C-B depletion region contributing to collector current. Thus, a
small change in Vg causes an exponential change in collector current:

I = Ie"e!"T  (Forward active).

This change in current can be converted into a large voltage change across a load
resistor, resulting in voltage amplification.
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(iv) Thel.vs V. characteristics of the transistor is as shown below,

(a) Cut-off region: When the base-emitter voltage (V) is less than the “cut-in voltage”
(approximately 0.6 V), the transistor is in the cut-off region and the collector current
is zero.

(b) Active region: As Vincreases beyond the cut-in voltage, a smallincrease in V.
leads to a exponential increase in the base current (I5), which in turn causes an
increase in the collector current (/,,). In this region, the collector current is proportional
to the base currenti.e. I, = i

(c) Saturation region: When V. is increased further (around 0.8 V), the transistor
enters the saturation region. In this state, both the emitter-base and collector-base
junctions become forward-biased leading to a saturation in the collector current.

N
\~— Saturation region —
N

I(mA) S

\

Cut
off

-0.4

Vee(V)

0 0.6 0.8

(v) Analytical expressions for collector current and emitter current:
Let I.gand /4 be the E-B and C-B diode saturation currents, and o, and o are the
forward and reverse common-base transport factors (a-< 1, a5 << o because the
emitter is much more heavily doped). Using the Ebers-Moll model, the collector and
emitter current is given by

IE = IEs(eVBE/VT —1)—OCR Ics(evBC/VT —1),
Iz = [E_IC

(vi) Using the analytical equations obtained in part (v), the transistor can be analyzed as a
two back-to-back diodes connected in series along with two dependent current sources
in shunt with the diode as shown below:

Vee Vo _ )
_ Vee/Vr _
[DCB = ICS (e 1
OgIpcs O lpeg
& &>
1, I
c > I s
Emitter — - Collector
Ipes B Ipcs
Base
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e Two current sources in shunt model transistor action (carrier transport across the
base):
(i)  Asource from emitter to collector of value o1, (controlled by E-B diode current).
(ii) A source from collector to emitter of value a5 /55 (controlled by the C-B diode

current).

.. The two diodes account for the junction currents themselves; and the two controlled
sources “transfer” a fraction (., a.z) of one junction’s injected carriers to the other
terminal.

(a)

Solution:

(i)

End of Solution

(i) The magnetic field of the earth is approximately 3 x 10° T (tesla). At what
distance from a long-distance wire carrying a steady current of 10 A is the
field equal to 10 percent of the earth’s field? Suggest at least two ways to
help reduce the effect of electric circuits on the navigation compass in a
boat or an airplane.

[12 marks : 2025]

(ii) A typical deep cycle battery (used for electric trolling motors for fishing
boats) is capable of delivering 12.6 V and 10 A for a period of 10 hours.
How much charge flows through the battery in this interval? How much
energy does the battery deliver?

[8 marks : 2025]

Given, Magnetic field, B,,,, = 3x10°T
Current, I = 10A
The magnetic field around an infinitely long, straight wire carrying a current (/) at a
distance ‘r is given by
_ ol
2nr
where, Hy = 41 x 107 H/m
Let 'r be the distance from the wire at which the field ‘B’ is equal to 10 percent of the
earth’s fieldi.e. B=0.1B

earth
2nx B
41x 107" x10
T 2nx3x107°
r=0.67m

The following ways can be used to reduce the effect of electric circuits on the navigation
compass in a boat or an airplane:

1. Increase the distance between the compass and electric circuits/wiring.

2. Use magnetic shielding (soft iron or mu-metal) around sensitive instruments.

3. Twist current-carrying wires together to reduce net magnetic field.

4.  Route cables symmetrically to cancel fields.
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(ii) Given, Battery voltage, V = 12.6V
Current,I = 10 A
Time, t = 10 hours
Charge flow through battery,

Q=1Ixt
= 10 x 10 x 3600
= 360000C
Q=36x10°C
Energy delivered by battery,
E=VxIxt
= 12.6 x 10 x 36000s
E=454MJ
4.54x10°
(or) E = P 1.26 KWh

End of Solution

(b) During a laboratory experiment, a student tried to build an inverting amplifier as
shown in Fig. (i). The student accidentally reversed the connection of the two
input terminals and obtained the circuit of Fig. (ii). The student was greatly surprised
that the circuit no longer behaved as expected. Calculate the gain in both the
cases and explain the stability of both the circuits. Assume open-loop gain of
op-amp as 2 x 10°%, R, = e, R, = 0 and stray capacitance of 1 pF across the input

terminals :
R,=4kQ R,=4kQ
AAAA AAAA
\AAAl \AAAl
R, =1kQ R, =1kQ
—o —o
+ +
V,'(s) VO(S) V,'(s) VO(S)
° °
Fig. (i) Fig. (ii)
[20 marks : 2025]
Solution:

Considering the circuit given in Fig. (i),

For an op-amp,
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Applying KCL at the inverting terminal,

(V.= V)G, + (V, -~ V)G, + (0 - V)sC = 0, where G, = Rlanole2 =—
1 2

VG, + V,G,- V(G, + G, +sC) =0

V.Gy + VG, + Ai(@ +G, +sC) =0 ...using equation (1)
oL
VO{%M} e
AOL i
%_ -G
Z G, + G +G, +sC
Aov

A -Gy x Ao

L G +Gy(1+ Agy ) +5C
The transfer function has a pole at,
B -G, + G, (1+ Ay )]
B C
-1+ 0.25(1+ 2x10°)]x 1072

1x107'2
s = -5 x 10"3 rad/sec
Thus, the pole lie in the left half of s-plane. So, the above circuit is stable.

ISE=!

We can write, Aq =

Considering the circuit given in Fig. (ii),

Applying KCL at the non-inverting terminal,
(V.= V"G, + (0-V*)sC+ (V,- V)G, =0
VG, - VG, + G, +sC) + V,G, =0

ViG1 —i(G‘] Tr Gz T SC) Tr Voez — O
AOL
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vo{m—eg} _ve
AOL
Y% _ Gy
Vv, G1+Gz+SC_G
AOL ?
Ay = Gy x Aoy

Above circuit has pole at,
=Gy + G,(1- A, )]
C
-1+ 0.25(1-2x10%)]x 1072
1x107"2
s = 5x10"3 rad/sec
Thus, the pole lie in the right half of s-plane. So, the above circuit is not stable.

4

-2
5%10™

ISE=!

We can write, A

End of Solution

(c) The state equation of a linear time-invariant system is expressed by

AR RAEHS

(i) Calculate the state transition matrix.
(ii) Find the state vector x(f) for t> 0, when r(t) = u(t).
Assume the initial state to be zero.

[10 + 10 = 20 marks : 2025]

Solution:
, x6] [0 1 x(t) 0 ~
Given, |:552(t):| = L _Z}LZU)}MMI) = Ax + Bu
(i) The state transition matrix:

o(f) = L[sT - Al (1)

10 0o 1 s O 0 1
Here, [sI-A] = S{O 1}‘[_1 _2}=[0 S}_{q _2}

s -1
[S"A]=L s+2}
[S+2 1}
Adjfsi-A] | -1 s

(S =A" = 2 A " (s5+ 2+ 1)
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{s+2 1} {s+2 1}
(sl - A = -1 s _ -1 s
(s> +2s+1) (s+1?
's+1+ 1 1
sl AL = L s+ (s+10° (s+17°
- -1 s+1-1
(s+1)? (s+ 1)
1 1 1
. o) = L (S+1)+(s+1)2 (s +1)
- -1 11
(s + 1 (s+7) (s+1?

) (e:t +te Hu(t) teu(t)
| —tetut) (et -tehu)
(ii) State vector x(f) for t > 0, when r(t) = u(t):

We know, X(s) = [sI- A '[x(0) + BU(s)]
Given, x(0) =0
: X(s) = [sI- AT BU(s)

[ s+2 1

s+ (s+ OF}
I s 1]Ls

(s+1% (s+1?

J 1
_ (s+ 17 F} _ s(s +1)?

S

Take inverse Laplace transform on both sides,
(1-et —te)ult)

A0 = teu(t)

End of Solution
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(a) Explain the operation of the TTL gate circuit shown below, clearly mentioning the
roles of the transistors T, and T,, and the diode D.

Assume that when all the inputs are at logic 1, the transistors T, and T, are both
in saturation :

151l

AAAA

o
<
[20 marks : 2025]

Solution:
The given TTL gate represents a NAND Gate with totem-pole output.
The totem pole configuration have three stages:
1. Multi-emitter input stage
2. Phase shift stage
3. Totem pole/Active pull-up stage
If any one of the input is LOW or all the inputs are LOW, then the corresponding emitter base
junction of transistor T, becomes forward biased causing VB1 =0.2+0.8=1V and collector
base junction becomes reverse biased (i.e. T, is in active region), and as aresult 7, and T,
are turned off. The voltage V¢, rises and causes T, and diode Dto be turned ON and hence
Y = HIGH.
Now, if all the inputs are HIGH, the emitter base junction of transistor T, is reverse biased
and VB1 approaches to V., which causes 7, and T, to go into deep saturation. As T5is in
saturation, the transistor T, and diode D goes to cutoff state. Therefore output Y = LOW.
Operation:
TTL NAND gate:
When all inputs (A, B, C) are high, the BE junction of T, will be reverse biased but BC
junction of T, will be forward biased. Current will flow from to C, to B,. This will turnon T, and
thus T7,. Due to T, being on, output Y will be zero.
When one or more of the inputs is low, BE will be forward biased and T, will turn on. This will
lead to 7, and T, being turned off and Y will be logic 1.
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T, T, T, T, Y
Active Cut-off Cut-off Saturation | High
Active Cut-off Cut-off Saturation | High
Active Cut-off Cut-off Saturation | High
Active Cut-off Cut-off Saturation | High
Active Cut-off Cut-off | Saturation | High
Active Cut-off Cut-off | Saturation | High
Active Cut-off Cut-off | Saturation | High

Inverse
Active

alala|lo|jo|lo|lo| >
~|o|Oo|a|n~|Oo|lO| W
o|la|o|a|lo|lalo| O

-
-
=

Saturation | Saturation Cut-off Low

Here, transistor T, is the pull-down transistor, sinking current to create a logic LOW output
when conducting. T, is the pull-up transistor, sourcing current to create a logic HIGH output
when T, is off. The purpose of using diode D is to ensure that the transistor T, is off, when
T,is ON. In its absence, T, would go into saturation causing power loss.

End of Solution

(b) (i) A thermistor, having B = 3100K, has a resistance of 1050 Q at 20°C. The

Solution:

0

thermistor is used for the measurement of temperature and the resistance
measured is 2300 Q. Find the measured temperature if the thermistor is

1 1
described by the relation R = R, exp [f’(? - i}:l where the symbols have

their standard meanings.
[10 marks : 2025]
The following are the data for a Hay’s bridge :
R,=1kQ+t1partin 10K, A,=16.8kQ+ 1 partin 10K,
R,=83310.25Q, C=1.43%0.001pF
The supply frequency is 50 £0.1 Hz and the bridge’s balanced conditions
are
2 2
1+ w°CR3 1+ w°CR3
Calculate the values of L and R of the coil, and their limits of error.
[10 marks : 2025]

Given, p=3100K

R,=1050 Q at T, = 20°C = 273 + 20 = 293 K

Measured R = 2300 Q

Itis given that the resistance of thermistor varies with temperature as,
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R | 11
'”L?o - B{?‘ﬂ

Substituting the given values,
2300 | 1 1
In|l—— | = -
n[1050_ 3100[7 293}
T~272.8K

Convert to °C
T=2728-273 = T=-0.2°C

(i) Given, R, = 1kQ+(1/10000) x 100%
- 1kQ+0.01%
- 1kQ+01Q
R, = 1.68 kQ +(1/10000) x 100%

1.68 kQ +0.01%
16800+ 1.68 Q
R, = 833+0.25Q

C = 1.43+0.001 uF

f=50£0.1Hz
From the given expressions, the values of R and L of the coil can be calculated as
below,
CRR, _ RR,RC°0”
T 1+ 0’C?RZ T 1+ w?’C?R?

(1.43x1078)x 1000x 16800
= 1+ (2n(50))° - (1.43x 1076)2(833)

(1000)(16800)(833)(1.43 x 107°)2(2r x 50)°
- 1+ (2n(50)° - (1.43x1076)? . (833)°
R = 2477.54 Q
The relative error for various parameters can be determined as below,

=21.07H

Parameter Value Tolarance given | Relative error (fraction)

R, 1000 Q | £1Partin 10,000 0.0001(0.01%)

R, 16800 Q | £1Partin 10,000 0.0001(0.01%)

R 833 Q +0.25Q 0.0003 (0.03%)

C 1.43x107° +0.001uF 0.0007 (0.07%)

f 50 +0.1Hz 0.002 (0.2%)

CR,R, R,R,R;C%w?

We have, L=77 ?C?RZ’ R= 1+ 0?C°R2
Assume, D=1+ u)ZCZRQZ,
We have, w?C?R% = 0.13984

D= 1+0?C?R% =1.13984
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Relative Error in D:
D=1+X, where X= 0®C°R%
AX  2A0 2AC  2AR,
= + +

X 0) C R

1[2(0.002) + 2(0.0007) + 2(0.0003)]
= +0.0060 (or) +0.6%

Absolute change in D:

AD = AX(since 1is constant)

AD = X 0.0060 = +0.13984 * 0.0060 = +0.000839
Relative error in D:

AD 0000839

D ~ ~ 1.13984
+0.0737%

~ +0.000737

Relative errorin L:
_ CRiR,
D
AL _AC AR AR, AD
L C R, R, D
+(0.0007 + 0.0001 + 0.0001 + 0.000737)
+0.001637 (or) 20.1637%
AL = +21.07 x 0.001637 = +0.0345H

Relative errorin R:

_ RRA:C%0?
D

AR ARy , AR, ARy  2AC 2w  AD

R R R R C ® D

By}
|

%(0.0001 + 0.0001 + 0.0003 + 0.0014

+ 0.0040 + 0.000737)
AR
s +0.006637
AR = £0.006637 x 2477.54
AR = £16.44 Q
Thus, we get L =21.07+0.0345H
R =2477.54+16.44 Q

End of Solution
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(c) Find the Thevenin’s equivalent of the circuit shown in the figure if ® = 4 rad/s.
Also determine the voltage vRL(t), when a 1.2 Q load is connected to terminals

a-b:
0.25 i(t)
/ a
+
. N ic(t)
ig(t) — v, (t)% 0.25H 0.5 F == Vc(t) t
= cos (4t)A<D ot oc Ve, ()

[20 marks : 2025]
Solution:

Step I: Thevenin Voltage, V,,: To calculate Thevenin voltage across a-b, we remove the
load resistance. The circuit can thus be drawn as below,

1 1 .
= = —=——=-j05Q
For w = 4 rad/sec X, = oC~ j4x05 J
X =joL=j4%x025=/1Q
0.25 i
AN Y .
Y i a
o
140°ACD ngxL= jQ == —05Q
- b Vin
O
V,= Vi, = 0250,
V,
Vo=V, = 0.25(#67'5]
0.25
V, = Vp|1-——
g f{ /0-5}
V, = [1.11 £26.56°1V,, (1)
Applying KCL at node A,
Va. Wn
_.+,— =
j T jo5 = (2

Using (1) in (2), we get
1.11£26.56°V};, N Vi i
Ji —-j0.5
Vi, = 0.89£-63.43° Volt
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Step II: Z,: To calculate Z,, the independent current source is open-circuited and we connect
a voltage source V_as shown below,

0.25 i
AN
\/ (Ix_ix_iC) iC ix
Ejg — —05Q
v,
Using KCL, we can write
V. +\/x+o.25iC .
-j05 j
V.
V. +0.25 —=
v . 7t (—10.5 B
—j05 j o
v{ 1 +1+o.35{ v J .
-j0.5 j j (05 )| T x
v, 1
i 1 1
! —+— 0.5
L+_JO-5+ }
Z, = 0.89/-63.43°Q

th
Step Ill: Thevenin Equivalent Circuit

4{ Z, = 0.89./-63.43°Q }7
o or
V;, = 0.89./-63.43 VC—) |:| z

Step IV: When Z, =R, =1.2Q

4{ Z,, = 0.89./-63.43° }7

b

Ci V;, = 0.89./-63.77° V Ve, =
L <
-<

AAAS
=y
I
N
o
®)

[0.89./ — 63.43°](1.2)
VAT 121089/ -63.43°
Ve, 0.6 £-37° volt
Thus, VRL(f) = 0.6 cos(4t—37°) volt

End of Solution
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X} (a) Consider that a double-heterojunction LED emitting at a peak wavelength 1400 nm
has radiative and non-radiative recombination times of 20 ns and 80 ns
respectively. The drive current is 30 mA and the refractive index of the light
source material is 3.0. Calculate the power emitted from the device.

[20 marks : 2025]

Solution:

Given, wavelength, A = 1400 nm = 1.4 x 10 m
Radiative lifetime, T, = 20 nsec
Non radiative lifetime, 7, = 80 nsec
Drive current, I = 30 mA
Refractive index, n = 3
Power emitted by double-heterojunction LED is calculated by multiplying the external photon
flux (number of photons per second) and the energy of the emitted photons.
Pout = Nphotons X Ephoton

Quantum efficiency for light-emitting diodes (LEDs) is defined as the ratio of number of
photons emitted to the number of electrons injected. Thus, we have

N

I
g = Ntotal X a

where the number of electrons per second

L st ~ 1.875x 10 electrons/sec
g 16x10°
and quantum efficiency, Ny, = MNine X Next
]
- T
Internal quantum efficiency, 0, = EANED
- + -
s Tor
I
20x107°
T]iﬁt = 1 1
+
20x107° ) | 80x107°

T]int =08

For an LED with refractive index n, the external quantum efficiency is given by
_
n(n +1)?
1 00208
3x 4
ntotal = ninter R next

= 0.8 x0.0208

= 0.01664

next =

12

— X —
Nphotons = TMotal q

= 0.01664 x 1.875 x 107 = 3.12 x 10'% photons/sec
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Energy of a photon is given by

hc  (6.626x10734)(3x 10%)
Fproten = 14%107
1.419 x 10710
Power emitted from LED, P, , = 3.12 x 10™ x 1.419 x 10°
P = 4427 x 1074 W = 0.44 mW

End of Solution

m (b) A spherical nanoparticle has diameter of 10 nm. Determine the surface area to
volume ratio and explain how this property affects the behaviour of nanomaterials
compared to bulk materials.

[20 marks : 2025]
Solution:

Given, diameter of a spherical nanoparticle
d=10nm

d
= Radius, r = §=5nm

Surface area of nanoparticle, S.A = 4nr?

4
Volume (V) of nanoparticle, V = —nr®

3
Surface area to volume ratio (SA/V)
2
=] jnr =§=L_9=06nrﬂ_1
gnra r 5x10

Effect of SA/V on Nanomaterial behaviour:

The high surface area to volume ratio in nanoparticles significantly alters their physical and

chemical properties compared to bulk materials.

1. Increased Reactivity
e More atoms are exposed on the surface and surface atoms are less tightly bound.
e This leads to greater chemical reactivity useful in catalysis and sensors.

2. Enhanced Mechanical Properties

e Nanoparticles can be stronger or harder due to their surface effects.

e [Forexample, nanomaterials can have higher tensile strength than bulk counter parts.

Optical properties

¢ Nanoparticles exhibit size-dependent optical behavior (quantum effects)

e Gold nanoparticles, for instance, change color based on size.

Thermal and Electrical properties:

e Conductivity and heat resistance can be different due to limited mean free paths for
electrons and phonons.

5. Biological Interactions:
e Nanoparticles can easily penetrate cells and interact with biomolecules, important in

drug delivery systems.

2

&

End of Solution
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m (c) (i) ACRtube hasananode-screen distance of 30 cm. The accelerating potential
is 1 kV. The tube is placed with its axis vertical. Find the maximum deflection
of the spot due to the earth’s magnetic field having B = 0.018 x 10-3 Wb/m?2.

[10 marks : 2025]

(ii) Calculate the Y-parameters for the network shown in the figure :

11 ﬂ1ﬂgll < > 12
— <O

o——1
I
3 3V,
< <
<2Q <1Q
I %
o O

[10 marks : 2025]

Solution:
(i) Given fora CR tube,
L=30cm, V,=1kV, B=0.018 x 103 Wb/m?
Let [, = distance between the deflecting plates
V, = Applied potential difference across
deflecting plates
D = Deflection of the beam s
V, = Accelerating potential
B = Magnetic flux density
L = distance between the centre of
plates to the centre of screen
Due to the magnetic field, the electron beam moves along a circular arc. The force on
the electrons due to magnetic field, Bevis equal to the centrifugal force i.e.

2

mv mv
Bev= ——=r-=

Be
For an accelerating potential V, we have Gain in K.E. = Loss in PE. i.e.

0

1 5 2qV,
-m — V. =>v= ["1&
2 Y e m

(i)
From the given figure,

D
tan¢ = I

l
We have, ¢ = %. Since ¢ is very small, thus tan ¢ = ¢. Thus, we get

Using equation (i), the magnetic deflection is given by

Li,Bg
myv
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Using equation (ii), we get

D=L-1,-B -3
2mV,

where g = charge of electron = 1.6 x 10-'° Coulomb
m = mass of electron =9.11 x 1031 kg
Substituting the given values, we get

D -2 -3
7~ = 30x107 x0.018x 10 x
d

1.6x107"°
2%x9.11x10%" x1x 108

D
0.54x107° x 0.29 x /107" x 1028

Iy

= 0.1566 x 10° x y10% = 0.1566 x 10™° x 10* x V10

D

D 04952x10"1 = —=0.04952
Ly Lo

Foriy,=1cm = Max. deflection=D__ =0.04952 cm

(ii) We have,
1 JRQM <> I
O——1 ———
s 3V,
v Feo oy,
o J_ '
Applying KCL at node 1,
Y, -3V -V
—+ = =
2 1 !
L= 2V +2-V,
-3V
I = T‘—\/2 (i)
Applying KCL at node 2,
ﬁ+V2 +3Vi-V; =,
]
L= +2V, + 2V, ..(i)

Comparing equations (i) and (ii) with Y-parameter equations,
L= Y Vi+ YV,
L= Y Vi+ Y5V,

we get the y-parameters matrix as,

Yio Yo | =3 -10
Y = 2
Y21 Y22 20 20

End of Solution
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(a) Derive a relation for the value of the capacitor for frequency error compensation
of a moving-iron voltmeter in terms of its parameters and the series resistance.
[12 marks : 2025]

Solution:
Frequency errors: Changes in frequency may cause errors due to changes of reactance of
the working coil and also due to changes of magnitude of eddy currents set up in the metal
parts of instrument.
Reactance of instrument coil: The change of reactance of the instrument coil is important
in case of voltmeters where an additional resistance A, is used in series with the instrument
coil. Let the resistance and inductance of the instrument coil be Rand L. Then the current 7
in the instrument coil for given applied voltage Vis given by:
%
(R+R,) +w?l?
The deflection of the moving-iron voltmeter depends upon the current through the coil.
Therefore, the deflection for a given voltage will be less at high frequencies than at low
frequencies. To some extent, compensation to this type of error is possible by connecting a
capacitor C across the series resistance A, as shown in figure.
The idea of shunting the series resistor is to make the circuit behave like a pure resistance
so that the frequency changes have no effect on the readings of the instrument. Thus, the
compensated instrument will have a power factor nearly equal to unity. As the resistance of
the meter, R, is considerably smaller than the series multiplier resistance R, it can be
assumed that it is sufficient to ensure that the magnitude Zof the impedance of the circuit
formed by L, R and C has a value R, when used on a.c.

[ =

C
11
1
/ L R R,
W AVAVAVAV AVAVAVAV
| Coil e Series
resistance
I V |
Now, 7 = joL+ S
S R,
. R, — joCR?
= jol+—= 12 500
1+ 0°CRg

Since CA, << 1, we can write

N
[

= joL+ (R, - joCR2)(1- w’C?R?)

joL+ R, — joCR2 - 0°C?RS + ju°C3R?

Rs - 0’C°RS + loL - oCR5(1- o’ C°RE)]

R - 0’C°RS + oL -wCRZ]  ..as o’C°RE <1
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= Ry(1-0C°R5) + jolL - CRY)
or |22 = RE(1- ?C°RE)? + 0P (L - CRE)?

This must equal F.’SZ in order that the a.c. calibration at all frequencies and d.c. calibration is

the same.
RS = RE(1-PCoRE +oP(L - CREP
= R2(1- 20°CPR? + 0*C*RY) + 0?(L - CR2Y?
= R2(1-20°C°R2) + 0*(L - CRE)?
as o’C'RY << 1
- FE - 20PCPRY + o712 + oPCPR - 20PLOFE
or [2-2LCRE-C°RE = O
. | _ 2CRS+ 4c;R§+402R§ 24108
1L L
C= AR 0'41/?_52

End of Solution

(b) For the circuit shown in the figure, find % in terms of the parameter g, . Then

n

Vv
find -2, when g, = 2:

Vin
+ Va = 0
AAAA AAAA
VVVy VVVv
50 Q

Vin C:) <¢ Vs 20Q

AAAA
VVVY
<

[12 marks : 2025]

Solution:
Considering the given circuit,

V. A

5_(; + Va = [gm+ SOJVB 30 Q
AAAA AAAA o
\AAAJ \AAAJ
50 Q i

>
VinCi> ﬂf IV 2002 V,,
<>
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We have, vV o= ZO[gm+i /A
out 50
2 .
Vs = 2ogm+€ Va (1)
On applying KVL around the outer loop,
Viy+ Vo430 G+ 5 Vet Vo = O
3
—Vin + 1+309m+§ Vat+Vour =0 (i)
Substitute equation (i) in (ii),
—V,-,,+[§+309m} _ Vour +Vo =0
° 20g +g
m5
30g,, + &
V|14 ——3 Vou = 0
209, + =
gm 5
Vour 1 _ 1
Vi, 8 150g,, + 8
it P == "=
%975 | o, +2
20g +g
m5
Vout _ 100gm+2
Vi 250g,, + 10
Forg, =s,
Vo _ 200+2 _ 202
V., =~ 500+10 510
= Your 0,306
Vi =
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(c) For the circuit shown in the figure, all the MOSFETs are identical. Assume

w
n,C,.=0.1mAN2 V, =1V, =0andI,=1mA. Calculate - ratio and voltage

gain A, =

- 5V

- 5V

[12 marks : 2025]
Solution:
Consider current Mirror part of the circuit.

T 5V

+_| M4
Ves _
+_| Ms
V,

I GS _

| |
M3 | + 1 M6

g
L

-5V
Since all the MOSFETs are identical, we assume Vg, = Voo = Viggs = Ve
Using KVL : 5 = Voo + Voo + Vios—5
10
= 3Vg=10 = V= ?V
For MOSFETs M,, My and M, Drain is shorted to Gate, thus V¢ > Voo~ V;i.e. MOSFETs are
in saturation. The drain current,

C,e W
Ing = MnTOXT(VGS_VTN)Z
01 W(io 7
T L NSAA L
2713
w180
Yo ¥ _36735
= L = 49
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For M, and M, :

Thus,

The differential amplifier has a dual input balanced output. Thus, differential voltage gain,

’

Ips

9

9
9

A

g =

= —=O5mA
= \/2Mncoxx ><[,DS
= \/2><o.1><1o—3><@><o.5><1o—3
49
= 0.6061 MO
i g x R,=0.6061x5
= — = X D: . X
VS1 —VSZ ()
= 3.03

ESE 2025 Main Examination

Electronics & Telecom. Engg. §:J\=13:8|

End of Solution

(d) Design a J-K counter for states 1, 2, 4, 5, 7, 8, 10, 11, ... . What would happen if
the circuit were turned ON and the first state it entered was a don't care state?

Solution:

Since the highest state of the sequence is 11 = (1011),, hence the counter requires four J-K

flip flops.

Given states: 1,2, 4, 5,7, 8, 10, 11
Unused states: 0, 3, 6, 9, 12, 13, 14, 15

[12 marks : 2025]

AAOOO
-0 - 0olQ

X X =~ 0O«
o = X X|X

State Table:
Present State Next State Flip-flop Inputs Excitation Table
Q Q Q Q| Q@ Q Q Q|h K|h K| K| b K var S e
0O 0 0 O X X X X X X | X X X X X X
0O 0 0 1 0O 0 1 O 0 X| 0 X |1 X| X 1
0O 0 1 O 0 1 0 O 0 X |1 X | X 1 0 X
o 0 1 1 X X X X | X X[ X X| X X| X X
0 1 0 O 0o 1 0 1 0 X| X 0]0 X| 1 X
o 1 0 1 o 1 1 1 0 X| X 0 1 X| X 0
0 1 1 0| X X X X | X X|X X| X X| X X
o 1 1 1 1 0 0 O 1 X | X 1 X 1 X 1
1 0 0 O 1 0 1 O X 0|0 X| 1 X| 0 X
1 0 0 1 X X X X[ X X|X X| X X| X X
1 0 1 0 1 0 1 1 X 0|0 X | X 0 1 X
1 0 1 1 0O 0 0 1 X 1 0 X | X 1 X 0
1 1 0 O X X X X X X | X X X X X X
1 1 0o 1 X X X X X X | X X X X X X
1 1 1 0 X X X X X X | X X X X X X
1 1 1 1 X X X X X X | X X X X X X
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Minimization of expression for flip-flops inputs using K-maps:
J3 @,Q K3 @:Q
Qan_ 00 01 11 10 Qa>_ 00 01 11 10
0| x| o [(X)] o 0| x |[(x | X\ x
o1 o | o [[1]] X 01| X || x | x|| X
M| X | x [|x]|]| X 1| x || x | x|| x
10 10
X | x [(X)] X o \x | PJ|o
Jy=Q, Q Ky =Q,
2D 0 0 1 10 Ko Qi Q
Q,Q QO 00 01 11 10
00| Xx|| o (x 1) ol x| x |[x | x)
01 I LX XJ o1 o | o [[1 | X
- L o 1m| x| X || x| X
10 0 X 0 0 10
X | x || x| x
J=Qy- Q0N =0y Q Ky =Q
42% MI% 0 ot 1 10
QO 00 01 11 10 Q.0
ol x [(1 | x| x 00 (x x | x) q
01| o [|1 | X|| X 01 Lx X | 1 xJ
11 ‘ X [[x | X XW M| X || X | X[ X
10 ‘ 1 x | X XJ 10 X || x| 1)] o
Ji=Q3+ Qg K= Qy+ Q
R % % o 1 10
QO 00 01 11 10 Q.0
ool x| x| x| o ol(x | 1] x| x)
01 (1 x | x| x) o1l X | o [ 1 x}
11 Lx X [[x | X 11| X | X [|x | X
J
100 0o | X [(x | 1 10/ X | X | o] X
Jo= Q@+ Qy Ky = Q3 Q, + Q,Q,
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Logic Circuit:
The J-K counter for the given sequence is as shown below:
Q @
Q Q Q; Q Q Q
Q,
Jo Qo o Q b Qr— Jy  Q—
> > — >
Ko Qf— K Q— Ky Q— Ky  Qy—
N
CLK d
QO 63
63 62 Q, @

Checking for unused state:
For the above logic circuit, the next state when the circuit enters into the unused states can
be determined as below,

Unused State Flip-Flop Inputs Next State

Q |Q |Q (Q (U3 Ky | (K |Jy Ky | [Ko [Q3 Q5 |Q7 | Q5
ofojojo|jojo|1j]0|l0|1T|O]1T]O]1T]0]O
0o 0] 1 1 1 1 0| 1 1 1101 110 0|0O0
0|1 1 ol 0| 0|1 1 0|1 1 1/10(0}| 0|1
110 0] 1 0| 1 0| 0|1 17100 0]| 0] 1 1
1 1 ojojofO0|jOfO|1T]|]O|1]O0]|1 1 1 1
1 1 0| 1 0| 1 0| 0|1 1 171001 1 1
1 1 1 oy 0]0|O0]1 1101 1 1101 1
1 1 1 1 1 1 0| 1 1 1 1 17100 0|O

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 @ info@madeeasy.in @ www.madeeasy.in “




Il MADE ERSY ESE 2025 Main Examination
[S-15) Leading Institute for ESE, GATE & PSUs Electronics 8, Telecom_ Engg pAPE R'I

The complete state diagram of the counter can be drawn as below,

From the above state diagram, we can see that if the circuit entered into the unused state
when turned ON, it will enter into the used state in finite number of clock cycles. Thus, the
lockout condition does not occur.

End of Solution

(e) The transistor Q acts as a switch in the given circuit for the applied input v, that
varies with time as shown below :

A
VVVY
Py

A
Vv
2y

+
e

© V
"t ¢ HQ TC oy,
3 1
v;
2

T, T, >

Y — ;

- - t

0 P

Plot the variation of the collector current I, and the output voltage v,,, assuming

that the time constants are small compared to T, or T,.
[12 marks : 2025]
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Solution:

Transistor is acting as switch:

If V,= V, : Transistor becomes ON and the capacitor discharges to zero . Thus, v, becomes

zero and the collector current,
I= Vee -0 _ Vee

Rc Rc

If V|, = V, : Transistor becomes OFF and the capacitor charges to V.. Thus, v, becomes V,,,
and I, becomes 0.
Since the time constant are small compared to T, or T, the capacitor charges/discharges
completely during the time interval. Considering gradual charging and discharging of
capacitor, we can draw waveforms as shown below.

v, _

(VA S .

VCC”?C
Yo
VCC
Té T,
KX) (2) The circuit of the figure has two sources of excitation i,(f) and i(#). Compute

Vou(S):

+

>
210Q  Voy(s)

O OLIT

AAAA

iW(1), A io(t), A

t,s t, s

[20 marks : 2025]
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Solution:
Given,
i4(f) + (1)
+
Mo Dao F1e v
o
i(f), A i(t), A
2 15
t's t,s
1 0 1
We have, VoulD) = 10 x [i,(1) + in(1)]
iy(B) + i(t), A Voull), V

ol 1

5 Vo) = -20t+ 35, O<t<1
To obtain the Laplace Transform, we can write v, (1) as,
Vou(h) = (35 =200 [u(t) — u(t-1)]
V() = 35u(t) — 35u(t— 1) — 20tu(t) + 20(t - 1)u(t— 1) + 20u(t - 1)
V(D) = 35u(t) — 15u(t— 1) - 20tu(t) + 20(t— 1)u(t-1)
We know that,

u(l‘)<—>1
s
a1 1 -
fU(f)<—>—$ sIT 2 (Multiplication by ¢t property)
x(t —ty) ——e "0 X(s) (Time shifting property)
Using the above properties, we can write the Laplace Transform of v, (1) as,
35 15¢° 20 s
VoulS) = ?—T—S—zﬁ—e )

End of Solution
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m (b) Consider the circuit given below with the following parameters :
R,,=3K, R,=500Q, R, =50Q, =R, =1.2K, h, =50, h,,=1.1 Kand
h,=h,=0
Analyze the circuit for—
(i) reverse transmission factor, B;
(ii) transfer gain;
(iii) voltage gain with feedback;
(iv) input resistance with feedback;
(v) output resistance with feedback.

AAAA
\4
Py

|
o~
O—— :<
= ﬂ
a %
AAAA
Py
O—X
|

[20 marks : 2025]

Solution:
Given, R, =3kQ, R, =500Q, R,=50Q, R =R;=12kQ, h, =50,
h,=11kQ,and h = h, =0.
Small signal equivalent circuit:

IL
‘
o

2 <

Avﬁf‘ v — I)Q1 EE Rc1 M RCZ E;
AN T v vy

/N (]
v.@© —1 3R lI

=
Step 1: Identify the type of feedback:
R is not connected directly to output node = Current sampling

R is connected directly to input node = shunt mixing
The given feedback amplifier has current shunt feedback (current amplifier)
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Step 2: Calculate the feedback factor (B):
KCL:L=1 +1

= I=I-1
We have, feedback current,
V.-V,
= R,e
-V -IR —I; - I,))R
Put V,=0 = i — He’2= H’e (fR,L) e
N If|:1+’qe;:| _ ILRS
R R
= I{R +R) = IR,
= [—f = B: Re = 50 =i=i
I, R'+R, 1200+50 125 25
1
= B = >

Step 3: Draw circuit without feedback:

Break outputloop = R and R appear in series between B, and ground.
Groundinputnode = R’ and R appear in parallel between E, and ground.
The small signal equivalent circuit without feedback can be drawn as below,

+
V G § E
Q b B
B, < V
. 3R ™ E ’
@L 2R RE 3R |-
33 T
/?1 = Fry+Fw’e:1200+50z1250£2:1.25k£2
1200x 50
Ry = FII Ay = 12001190 = o5 1 5g)
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Step 4: Replace Q, and Q, with h-parameter model:

I
o — _hfelbl Iy —~ I

Bl Cl B2 CZ _l

+

> > > > < h <

I >R =R =h > S = <> n S
CT) s 75 71 e ¢ hfelhl ::RC1 hw:; s s Re

y [
=

2

(1 +hg) Iy

.|||_. !

R R =12]1.25
R.|| R, = 0.612 kQ R,

Ro=het (1+he) R,
= 1100 + (51) (48)
= 3548 Q
= 3.548 kQ2

Is(RS H R1)
(As || R) + hie
_ Mielbificy
le = Ret + Rz

o IL _ IL [b2 [b1
Current gain, A, = _13 —(EJ,[I_m . E
_h .| fefler ) [ As Ay
= ( fe)
Reo1+ R ) | Rs || Ay + hye

-50x3 0612
) (_50)'(3+3.548)'(0.612+1.1

From the circuit, Iy =

J =409.45

Resistance seen by current source ‘I, is
R, = Rs Ayl he

= 1.2 1.25]| 1.1
= 0.612]| 1.1
= 0.3933 kQ
Output resistance, R, = 500 Q
Desensitivity, D = 1 + BA,

1
+(25 x 409 SJ 17.378

With feedback:

A, 409.45
1+BA, 17.378
For a current shunt amplifier, the input resistance decreases by a factor of (1 + A, and
output impedance increases by a factor of (1 + BA,). Thus,

=23.56

Current gain with feedback, A,
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_ Rin — 3933
1+BA, 17.378
Output resistance with feedback, R = R,(1 + BA))
= 500 x 17.378 = 8.689 kQ
Vo _ IR _ AyRep _ 2356x0.5

Voltage gain with feedback, A ; = v IR R 10
S s’ 's S :

=22.63Q

Input resistance with feedback, A, ,

9.8167

= Avf

End of Solution

KXA (c) Consider the circuit in which v, (f) = 5u(f) V, v,4(0) =3V, v, (0) =0V and
i,(07) = 2 A. Find v, (1) :

Vc1(t) 05H

L .
I 00 °
1F

+ <;
Vin(t) (i) 1F—4 ch(t) 1 QE; Vout(t)

0
[20 marks : 2025]
Solution: +VC|1([t)— Qs
Given, v (1) = 5u(hV 'II\F HO0 °
Vv, (Oi) = 3 V + <
VC;(of) =0V Vin() i) 1F == Veo(f) 102 vould)
C. - <
i(0)=2A B
We can write, °

V/(s) = Lsl(s) - Li(0")

VAs) = % + —VC(S_)

Thus, the s-domain equivalent of the given circuit can be drawn as,
Li (07)

V,(s) Vou(s)
— ) —r—am—()——o
Y i
1 v _3 0% 05x2=1 |
5 S =— L 1 <
? CD s S T ? 1 QEE Vout(s)
o

Apply KCL at node V,(s):

3 5
\/1(8)+g‘g+ Vi(s) | VA(S) +1=Vou(s) _
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%(s)[@}—vm(sﬁ _ 2[3—‘1j

S S S
Vi(9)[2(s2 + 1)] -2 V_(s) = 2(s— 1) (1)
Apply KCL at node V, (s) :
Vout(s) -1- \/1(3) + Vout(s) -0
0.5s 1
2] 2
| 1+2]-2ue) - 2

Substitute equation (2) in (1),

S+2

{_1 + Vout(s)|:T:|}|:2(52 + 1):| - 2Vout(3) = 2(8 - 1)

—2(s2+ 1) + (P + 1)(s+ 2)V_ (8) -2V, () =2(s - 1)
Vo (92 + 1)(s+2)-2] = 2(s— 1) + 2(s® + 1)

25-2+25° +2 28° + 25

e -

oS = F o2 o2 S(s? +25+1)

v (9~ 2s(s +1) _ 2(s+1) _ 2(s+1)

T s(s?+2s+1)  (sPH2s+7) (s+1)
2

Voul®) = 559

Taking inverse Laplace transform on both sides,
V() = 2eu(t)
Alternate Method:
Given, V() = du(h) v,

v(0) =3V, v,(0)=0V,i(0)=2A
The s-domain equivalent of the given circuit is,

I—) w—(+)

+0

1 3 055 gg5x2=1
S s

*® TS

Apply KVL around loop 1:

11

>
1Q2 vu(®)
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Apply KVL around loop 2:

Substitute equation (2) in(1),

We have, Vou(8) = 1x I5(8) = ——

Taking inverse Laplace transform on both sides,

1 1
(0.53+ 1+§)12(s)—511(s)—1 ~0
(0582 + s+ 1)(s)-1,(s)-s=0
L(s) = (0.5 + s + 1)I,(s) - 5 ..(2)

2[(0.582 + s+ 1)I,(S) - ] - I,(s) = 2
(2+25+2-1)I(s) =2+ 2s
__2As+l)  _2As+n 2
Is) = (2 +2s+1) (s+1% (s+1)

2

(s+1)

v (f) = 2etu(l)

out

@

Solution:

(i)

End of Solution

(i) Afirst-order thermometer is used for the measurement of temperature of air
cycling at a rate of 1 cycle every 5 minutes. The time constant of the
thermometer is 20 seconds. Calculate the attenuation of the indicated
temperature in percent. If the temperature undergoes a sinusoidal variation
of 20°C, calculate the indicated variation in temperature.

[10 marks : 2025]

(i) Compare and contrast Type-l and Type-ll superconductors based on the
following parameters:

(1) Magnetic field behaviour
(2) Critical magnetic field
(8) Material examples
(4) Meissner effect
(5) Applications
[10 marks : 2025]

Cyclingrate : 1 cycle every 5 minutes = Period of the temperature cycle = 300 seconds
Time constant (1) = 20 seconds

Input sinusoidal temperature variation = 20°C

The frequency (f) of the temperature cycle is

1 1
= cycletime 300

Angular frequency (w) = 2nf = % ~ 0.02094 rad/sec

The transfer function of a first-order system is given by

1
T 1+1s

1(s)

Corporate Office: 44-A/1, Kalu Sarai, New Delhi-110016 @ info@madeeasy.in @ www.madeeasy.in




ERSYH

] MADE EASY

Leading Institute for ESE, GATE & PSUs

given by

Attenuation factor

Attenuation factor =

1+ (1)

Substitute w = 0.02094 rad/sec, T = 20 sec

ot = 0.4188
y

ESE 2025 Main Examination

Electronics & Telecom. Engg. §:J\=13:8|

For a first order system subjected to sinusoidal input, the amplitude attenuation is

=0.922

1+(0.4188)

The attenuation in percentis

Attenuation

{1-0.922} x 100 = 7.8%
The indicated variation is the input-variation multiplied by attenuation factor.
Indicated variation = 20 *0.922 = 18.44°C
(ii) Comparison of Type-l and Type-Il superconductors

magnetic field

of Type | superconductors is
generally low.

Type-| Type-Il
Parameters Superconductor Superconductor
1. Magnetic M M
field
behaviour .
H / : H
|
He ! Hei Heo
Exhibits an abrupt transition from It loses superconductivity gradually
superconducting to normal state and has two critical fields: Hg, (below
at a critical field, H. which full diamagnetism) and H,
It exhibit perfect diamagnetism (above which normal state). Between
until He. Hcq and He,: Mixed/Vortex state.
2. Critical Only one (Hc), The critical fields Two critical fields (Hg4 and He,y).

H., can be very high.

3. Material Pure elemental metals: Pd (lead), | Typically alloys and compounds:
examples Hg (mercury), Al (Aluminium), YBCO, NbTi, BSCCO.
Sn (tin).
4. Meissner Complete Meissner effect below It shows partial Meissner effect. It exhibit
effect Hc (perfect flux expulsion) complete Meissner effect only below Hc;.

In the mixed state, some flux penetrates
in quantized vortices; thus full flux
expulsion is lost.

5. Applications

Mostly academic and laboratory
demonstrations

Widely used in practical high-field
applications:

Superconducting magnets (MRI, NMR,
particle accelerators), superconducting
wires/tapes, power devices, fault-current
limiters, etc.

End of Solution
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(b) The current through a 2uF capacitor is shown in the figure. At t = 0, the voltage
is zero. Sketch the voltage and power waveform with respect to the time (scaled
voltage and power):

ig(t) (mA)

+0

=2 uF v (t)

\

tms) i CD

20| o

[20 marks : 2025]

Solution:
Given, C=2uF
i(f) (MA)
O
10 *
| 4 5
0 2 t(ms) G iy ==2UuF V(1)
20— 5
i) =10mA; 0<t<2ms
=0; 2ms<t<4ms
=-20mA;4ms<t<5ms
We know, voltage across the capacitor is given by
1 t
vl = 5 L i (t)at
For 0 < t< 2 ms:
1 3
v () = —————=|(10x10~)dt = 5000t
A 2><10-6£( )
For 2 ms < t < 4ms:
1 t
v(t) = —— O)dt+v.(2ms)=0+10=10V
D) = 5= ZL( ot +ve(2ms)
For 4 ms < t< 5 ms:
v(t) = ! j (-20x1073)dt + v, (4 ms)
¢ 2x107° ;¢

= —10000(t-0.004) + 10 = -10000¢ + 50
v(f) = 5000, O<t<2ms

=10; 2ms<t<4ms

= —-10000f+ 50; 4ms<t<5ms
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Power, p(t)

v(if) =50t O<t<2ms
0; 2ms<t<4ms
=200t-1;4ms<t<5ms

The voltage and power waveform with respect to the time is as shown below:

vi(®), V
Pt),W
10 --===-- . . 0.1 [-=----
| i s
' ' t(ms)
L 1 t
o 2 4 5 1) 0 2 V
B

End of Solution

(c) (i) A piezoelectric ceramic disc of thickness t=2mm and area = 1.5 x 104 m?
is subjected to a compressive force of F= 50 N applied perpendicular to its
faces. The material has the following properties:
¢ Piezoelectric coefficient = 300 x 10-'2 C/N
¢ Relative permittivity = 1200
e Volume permittivity = 8.854 x 10-'2 F/m
Determine the following :

(1) Charge generated on electrodes due to applied force
(2) Capacitance of the piezoelectric disc

(3) Voltage generated across the ceramic disc
[10 marks : 2025]

(ii) For a 2-port network, express Z-parameters in terms of inverse hybrid
parameters.
[10 marks : 2025]

Solution:
(i) Given, Thickness, t = 2mm = 0.002 m
Area, A = 1.5 x 1074 m?
Applied Force, F = 50 N
Charge sensitivity, d = 300 x 102 C/N
Relative permittivity, ¢, = 1200
g, = 8.854 x 1072 F/m
Charge generated (Q)
Q=dF=300x10"2x50=15%x10"°C
Capacitance of the piezoelectric disc,
g0e, A 8.854x1072x1200x1.5x 107

t 0.002
C=797x1070F

c:
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Voltage generated across the ceramic disc,
Q _ 15x107°

T~ C 7.97x107"
The z-parameter equations are given by,
Vi =2l + 2,0,
Vo = 21y + 2y,
and inverse hybrid parameters,
Iy =911 Vi + Gyl

~18.8V

(i)

.. (iil)

Vo = o1 Vi + 900l ~(iv)
For I, = 0:
1. z,=2 4 2=g
=5 N, I
1= and -y,
y
Thus, Y = = (V)
]1 911
1
Ly = —
11
V.
2. Loz, and2-g, = v=-2
1 1 921

...using equation (v)

_‘N

I

Q
/;\
@ |N<
L

v _ g
Ly = 1_2 —J21
1 G911
Forz, =0
v,
A_z
1. 2 12
~911V4 = Gl
V —
AT J12 — 212
[2 Q11
Va
2. — = Zy, and -0V, = 9550,
2
—0151
V, = {M}
911
Using equation (iv),
—04-1.
v, = 921( s )"‘922[2
11
Vs {—921912 }
= = |5+ 0n =4
I, 914
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i iz

|:Z11 211 _ 911 911

Zyy Z -
21 422 921 29128921 oo

L 911 911
1 =0

|:Z11 211 _ 911 G114

o Lo 91 Ag
L 911 O11
where Ag = 92,011~ 912921
KXY (2) Explain the working of each stage of the voltage-controlled oscillator circuit shown
below :
+Vm
Q, c
1l
R3
v, R

ge —0—MWW—

< —0

- v

T P Q
Bvo - ’ =
-V,

m

Evaluate the effect of change in modulating voltage v,, to the output frequency.
[20 marks : 2025]
Solution:

The given circuit has three stages:
Stage 1: Schmitt Trigger
Stage-1 is a Schmitt Trigger having the output as a square wave with outputs, (V, + VD(ON))
or (V,— Viyony)- Assuming the diode to be anideal diode, Vj o, = 0. Thus, the square wave
generated at the output of Schmitt Trigger has levels i.e. v, = +V, or -V,
The upper and lower threshold voltage of the Schmitt trigger is given by

My
= V = V
Vor [R1+R2]Z bVz

A, e
Vir= [R1+R2 )( V) =BV,

V,;if vy > By,

We h =
e nave, Yo {—Vz;ifv6<[3vo
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Stage 2: Voltage Follower
The MOS Transistors @Q, and Q, forms CMOS inverter and the op-amp circuit acts as a
voltage follower. Thus,
If vy=V,, then Q, : OFF and Q, : ON, we get v, = -v,_
If vy =-V,, then Q,: ON and Q, : OFF, we getv_ = v _
The op-amp prevents loading effect and provides isolation between the stages.
Stage 3: Integrator
The third stage is an integrator and converts square wave into triangular wave.
Forv. =v,_,

, 1 1%

Vo = ———|vdt=| ——Z |t

° HC-[ m ( ch

It generates a negative ramp until v < Bv, and thereafter, v_switches to-v,,

For V.=-Vv,,

V) = —% —vmdt=[/‘;—”é]t

It generates a positive ramp until vy > Bv, and thereafter, v, switches to v,

The waveform at the various stages of the oscillator is shown below,
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O+v,, Vv,
- R R

The output is a positive going ramp and v changes from -V, to + BV,. Thus,
AV, = Avgy =28V,
IxAt= CxAV,

1% Ty
Fm > = Cx2BV,
iy = 4RCX%
Vm
Oscillation frequency, f, = 1. L>< Ym
'O T, 4RC BV,

If v increases, then f; increases. Thus, f, can be controlled through v, .

End of Solution

IXY (b) Use a decoder to design a binary-to-hexadecimal character generator. The
outputs of the character generator are to be connected via current limiting
resistors to a common anode seven-segment display. Assume that the inputs
are positive logic signals.

[20 marks : 2025]

Solution:
Designing of a binary-to-hexadecimal character generator:
1. Inputs:
o Binary to hexadecimal means we need 4 input binary bits (A, B, C, D).
e  These 4 inputs represent hexadecimal digits O-F.
2. Decoder (Driver IC):
A 4-to-16 line decoder is used to convert the 4-bit binary input into 16 individual output
lines, one for each hexadecimal digit (0-F).
3. Display Type: Common anode display.
Segments turn ON when a logic O (low) is applied to their cathode pins through current-
limiting resistors.
4. Character Generator Design:
e  The outputs of the decoder are given to the character generator which generates
an active low signal for the corresponding segments of the seven-segment display
(a-g) to display the hexadecimal character.
e  The outputs of the character generator are connected to the 7-segment display
through current limiting resistors.
e  The common anode is tied to + V..
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5. Truth table: The truth table for the character generator is as below,

Binary Inputs Hexadecimal 7 segment display
A B C D Character a b c d e f g
0O 0 0 O 0 o 0 O O O o0 1
0o 0 0 1 1 1 0 0 1 1 1 1
0O 0 1 O 2 o o 1 0o O 1 O
o o0 1 1 3 o 0 O o0 1 1 0
0O 1 0 O 4 1 0 0 1 1 0 O
o 1 0 1 5 o 1 0 O 1 0 O
o 1 1 0 6 o 1 0 0 0O O O
o 1 1 1 7 0O 0 o0 1 1 1 1
1 0 0 O 8 0O 0 O O O o0 O
1 0 0 1 9 o 0 O O 1 0 O
1 0 1 O A o 0 O 1 O 0 O
1. 0 1 1 b 1 1 0 0 0 O O
1 1 0 O C 0o 1 1 0 0 0 1
1 1 0 1 d 1 0 0 0 O 1 O
1 1 1 0 E 0o 1 1 0 0 0O O
17 1 1 1 P 0 1 1 1 0 0 O

6. Design of character generator:
From the truth table, the outputs of the character generator which drive the common-
anode seven-segment display are obtained as below:
a=22m(1,4,11,13)
b=X2m(5,6, 11,12, 14, 15)
c=3m(2,12, 14, 15)
d=3m(1,4,7,10, 15)
e=2m(1,3,4,5,7,9)
f=2m(1,2,83,7,13)
g=2m(0,1,7,12)
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Using above expressions, we obtain the interface circuit as below,

Yo +Vee
Yy Seven-
! segment
4-t0-16 Y, Display
Line Y,
Decoder y4 T
Ys £ b
Ys g
A - Y7 I
B— Ye
c Yg e (o]
Yio ...;1...
D— Y
l Vi g|fle|d|c|b|a
Yis
Inputs Vaa
(Positive Y.
logic E
o AVAVAVAVAVAV.
a b @ d e f g
AAAA
VVVV
AAAA
AAAS
AAAA
AAA
AAAA
AAA
AAAA
VVVV
AAAA
VVVv
Current Limiting
Resistors
End of Solution

EX2 ) )

A voltage 50 + 25 sin ot volts is applied to a series R-L circuit having a
resistance of 10 Q and inductance of 0.1 H. A wattmeter is connected in
the circuit to measure power. Calculate the reading of the wattmeter if
® = 100x rad/s.

[10 marks : 2025]

For the circuit shown in the figure, find I,
V,,= 0.4V for both the MOSFETs:

T1.8\/

Assume p,C, = 250 pA/V2 and

ut*

LYy | S— VA T/

L1 L2 .
Iout

600 pA 10 kQ

.|||_

[10

marks : 2025]
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Solution:

0 —wWwW——a—

D)
N O/
50 25 sin wt

50 V source is applied to the circuit

10Q X =0Q
—WW——o  o—

(+)
o/
50V
50 _
10
P, = I?R=5%10) = 250 watts
25 sin ot source is applied to the circuit, where o = 100m.
10Q joL =/100m(0.1)

V= 5A

——MWW———000——
(~)
N\
25 sin ot
X =oL = (100m)(0.1)
X =31.416Q
25/2

I = 0.5355£-72.366° A

™s = 10+ j31.416
P, = (0.5355°x 10 = 2.8676 watts

Prota = Poc+ Pac

= 250 + 2.8676

= 252.8676 watts
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(i)
W,
T2
600 YA

Iout — %

600 A 2
I, = 150 A
EEEN
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