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01. (a) Find the current flowing in the circuit as given in the figure, where two ideal diodes are

connected in parallel :

SECTION - A

20
AW
30
10V—=— % 3
Dl¥ Dz
(12 M)
Sol:
20
0 @
30
10V= % S0
D1¥ D2
Very Clear - D; ON
D, OFF
L 10V WV lzzg, o
2 3
60
= I, =1 =N 2Amp
Iy, =la =0
10—
L, = 0-Va _ 2 Amp
2
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01.

the developed torque and the developed power. a1z M
Sol:  DC Motor:
R,=13Q; [,=10A
Ev= 240 V, N= 1200 rpm
V=Ep: LR, =240+10(1.3)=253V
Torque developed
E,I
T= 9.55(#j
N
T=955 222190 _ 19 1 Num
1200
Pdeveloped =E, I, =240 x 10 =2400 W
01. (¢) Consider a unit cell of simple cubi¢ sfructure. Find the angle between the normals to pair

Sol:

(b) A certain d.c. motor has Ry = 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,

of planes whose Miller indices aresi) [INOA |sand [0'1 0], and (ii)) [21 1] and [101]. (12 M)
Given data, simple cubic structure

The angle between two crystallogtaphic.plane

hh, + K k=1,

cos0 =
VR + KA LA G

(i) [101]and [01.0]

MO+ OYBH +DO) 0
V2402 + 12402 +12 +0°

cosO =

0=90°
(i) [211]and [10 1]
@OH+MO)+Md - 2+1 3

cos0 = = =
V2 PP 0+ V62 V12
3 4B
cosf=——=—
322
0=30°
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01. (d) For the circuit shown in the figure, calculate the value of the voltage V which gives
Vo =520° volts:
+ Vs —
—— AW 1
5Q J2Q
v(Z
) o
(12 M)
Sol:  Since given V, =520° V, then
i 5£20°V
+ =1 @AJSMQA :
11
V{Z 2V
o
Using Nodal Analysis
[Vi-V] V] [V 5] ~0
(5- J2) 3 33
[V, =VII5+2], Vi, , =iV, =515
29 3 5
[V, = VI[75+ j30] +145V, — 87[Vy—5]." 0
29x 35
75V, + 30V, =75V, £ 130V + 145V < 87V, + j435=0
V,[220 - j57] - V[75+330)= =j435 ----(1)
Also Voltage division Rule
5
Vs =[V-V|] —}
1 5-)2
254310
V,=[V-V, ----(2
s =1 1]_ 20 } )
Also KCL
—[Vl,_ ol +2V, = > -
J3 (2-32)
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M_,_zvs :L.X2+J.2 zé
2—-312 2432 8

[2+2]

[10+10] , jV,-S5]

2V, =
8 5
V5=5+_]5+J[V1—5] .0
8 10

Sub (3) in (2)

5+35 +_][Vl—5]:[v_vl] 25+ 10

8 10 29

S+35 1, 0Vi 35 _[25+]10 v 254310

8 10 10 29 29
v i_l_25+_]10:|_V[25+J10:|=l_[5+_]5]
10 29 29 2 8

10x29 29 2 x8

250 j129 25 10}V F-5.]
—+— |-V —+ ] |=|—F=
1290 290 29 " 29 8/ 8

V,[0.862 + j0.445] - V[0.862 +0:345].=[-0.625 - j0.125] - - - - (4)

[i29+250+ leO} V[25+10]  j8<10j10

<

Now solve (1) & (4)
(1) x [0.862 +j 0.445]
[215 +j48.766]V| — [51.3 +j59.235]V=[193.575-j374.97] ----(5)

(4) x [220 — j 57]
[215 +j48.766]V] — [209.3 +j26.766]V = [-144.625 +j8.125] - - - - (6)

(5)—(6)
[158 — j32.469]V = [338.2 — j383.0]
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Finally

v - [3382-383]
[158 — j32.469]

V =[2.532 - j1.904]

V=32/-3746°V

01. (e) Shown below is an n-p-n transistor biased in the-activeregion":

1 1
E B C C
X + T_
Ve — Vs RL§ VL
) l
¥ | | —
B =1+
Vee

Assume that the emittefis much'more heavily doped than the base.

(i) Plot the potential’¥ariation across the emitter and collector junction

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

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

(iv) Plot the collctor current against base to emitter voltage for a silicon transistor when if
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 M)
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Sol:

(i) Since [E-B]; is f, biased = (V,),, is low (= 0.6V — 0.8V)

EB,
Also base is light doping than emitter and thin base

= Potential is nearly uniform (or) has only a slight slope as concentration of carriers is changing
slowly

Also as base collector junction is Reverse biased

= Potential increases sharply at B.C junction (depletion region).

Hence, variation of potential across n-p-n transistor (active region)

+Emitter —<«—Base —« Collector—

Electric ! !
Potential E :
Magnitude | |
0 i i Dista;lce
(E‘B)Junction (B'C)Junction
IF Vg — Grounded

= Ve =0.7V = V3 0.7V (F bias)
IfVc =5V = ViE=Nc=\Vp=43V (R.Bias)

(ii) Minority (or) excess minority carrier profile in forward active —

k— Emitter-+«—Base ——< Collector—

1 1
Excess | (@ (p) I (n)
Minority E E .
Concentration ) : T o
Pn(X ' X ”
i i pa(x")
| o ____l ] ]
] ]
pno | :
0 [ [ R >
) ! ! Distance
X =XE 1 o
x'=0 ' x=0 X=XB'x"=()
\ i J \ ! J
Y
(Wdep)BE (Wdep)BC
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(iii) Clearly given npn transistor,

(E-B), - F.Bias ‘
. Active
(C-B), - R.Bias

2

Small AC signal + DC bias applied at the BE

2

Small Vg charge will give large Ic change [ Ic = Br 5]
\2

Due to E; F.bias and C; R.Bias = most of injected electrons” from E reach B then to collector,

Oy =ty = 7P

2

Now as Vi =IcRy, where as Vc = Ve — VL

= Output voltage at the collector varies in the opposite phase = 180° phase shift if input is
given at the base.

\

Now transistor producer as voltage gain,

—BR,
T

(S

AV

1

26mV

Where r, =
Iz

Hence the above flow-chart gives an idea that how above design could be used for amplification.

(iv) Letlg=10"A

Vtr=26mV
Br =100 and V¢c =5V
Ry =2k
= (Vcg)sat = 0.2V
= % =2.4x10"amp
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Since I = Bl exp{%) - 1} + g

Ic(Amp)t

1021 ,~"Saturation

1074

10°T V<024V
10T Cutoff

10*10__
—12 L L >
10 ~0.24V 20.7 Vir

Under cutoff only leakage currents pas in the device
Under active region, the step nearly straight line ©On a logsplot, Where transistor act as an
amplifier.

In saturation I¢ cannot glow beyond, it isdimited by supply and resistor.
(v) As active mode = I¢c = Br I + I¢gg'(0r) lo = apls +1cBo

T

Also, I. =1, exp(%j <> by Ebbers:moll equation

lo =1, exp(%] (1 +AVag)— In'C.Emitter

T

I =1 exp(%] (I'+=AVcp) = In C.Base

T

With early effect.

F F

Aslg=Ig +Icand IB:[I3_C =Ig=1Ic [1+BLJ

= without early effect,

V 1
I =1, exp( \f‘E 1+—]

T F
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With early effect,

I, =1 exp( Ve J(l + ij(l + h}
VT BF VA

(vi) Since two diodes connected back to b

o Isg = Is = o Isc where Is —> 10 % to 10" *Amp

ack is ebbers moll model

KCL at the E — ig = ipg — ORric,

For forward active, Vgg =

.eC
1c
Ipc T OFlE=0LFiDC
B
¢ —
1 : .
B l OlR1Cc=ORIDC
IpE
ig
E

i =ig {exp{ \\/;35 j . 1} W {exp[ Vac j - 1:|OLR
T T
_Is exp(VBEj—l _ s exp(ﬁj—l Oy
G’F VT aR VT
: IS I VBE | VBC
1, =—=|exp| — |—1|—-Ig| exp| — |1 1
E a, p( v, j | s{ P( v, (D

BE

il
[

where Typ =g {exp[

BC

b= isc[exp( v
T

(+) Ve, VBE = (—) Ve

I
.3 _ S BE |_
Sl = exp v 1|+
a‘F L T ]
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L =I—Sexp Vor —I—S+Is
O LV ] o
T, =18 exp| Yee +Is(1—ij ar — 0.95 — 0.98
o | Vi | O ag — 0.01 > 0.5
49 — 300
KCL at the C br—
atthe L — Br — 0.01 — 1

ic = or Ipg — Ipc

Ol V; Oy Vi
soie =1l exp Ver -1 L exp Vac -1 2
Vi Oy Vi

At the forward active, Vpg = (+)Ve, Vpc = (-)Ve

A

= i. =1 exp|: \\/fE +1 Lﬂi —lﬂ = ‘I¢’ is.independent of Vc. I
T R

Commonly neglected as Is is very gery small;

* Now in sat region,
Ve =(-)Ve = CBy > Fg > Vs knee= 04V — 0.5V

= from (2),

e e
ol o

As Vpc T at the Vgg = constant — ic W exponentially in SAT region.

: ICSAT < ICF,Acnve = 1CSAT < Ol -
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02. (a) (i) The magnetic field of the earth is approximately 3x10™> 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. (azm

Sol:  Given data

B=3x10"T
I=10A
Magnetic field due to long straight rod
1
B=E0  B=10% ofearth=0.1x3x10"° = 3x10°°
2mr
-7
3510° = 4tx107" x10
2mr
r=0.67m

Methods of reducing effects on navigation compass
(1) use magnetic shielding
(2) Increase physical separation from electrical circuits

(3) Use twisted wires cancel ficld

02. (a) (ii) A typical deep/eyele-battery (used for electric trolling motors for fishing boats) i
capable of deliyering12.6°'V and 10 A for a period of 10 hours. How much charge ﬂowj
through the battery in'this interval? How much energy does the battery deliver? (8 M)
Sol: V4= 126V
Iq= 10 A
Tq4= 10 hours

= I4Tq= x 10 = = sec) = 36 x sec
Q= IgTg= 10 x 10=100 Ah = (100 A) (3600 sec) =36 x 10* A

Ed = Vd Id Td
=12.6 x 10x 10
=1260 Wh
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02. (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 2x10°, R; = o, Ry, = 0 and stray

capacitance of 1 pF across the input terminals:

R,=4kQ R,=4kQ
MW MW
Rlzle Rlzle
AN — AW +
B B
. + . _
Vits) Vo) Vi(s)
Fig. (i) Figi)
(20 M)
Sol:
4kQ)
Wi
1kQ I3
L ©_
in I — 5
1 IZlISC @% n Vo

Given C = 1PE
A=2x10
Vo = A(V] — Vz)

=2 x10° (0—Vy)

Vo=-2x 10"V, (1)

KCL at the V;,

Li=hL+];

\/in _Vz — VZ(SC)"F VZ _VO

1k 4k
4V, -4V, V,(4k)SC+V, -V,
4k 4k
ace Regular Live Doubt clearing Sessions | Free Online Test Series | ASK an expert
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Vs (1 + (4k)CS +4) = 4V, + V,

4V, +V,
— m 2
> 5+(4k)CS —@
Sub (2) in (1)
V, =-2x107 ot Vo | o ZpF]
5+(4k)Cs

Vo _ —-8x10°

V,  (2x10°+5)+(4k)IpF)s

vV, -4 B k | -

v 1 S 1+ st (low pass filter)

" Y e a3
5x10
4kQ
MWW
ko W)
—A\WW, * +
Vin 1 @ .
?E r_ ol

Vo = A(V] — Vz)
=2 x 10°V, 3)

. 4V 4V, )
Similarly, V, = Lt "0 4) from equation (2

Y, Vi 3K (4k)CS @) q (2)

Sub (4) in (3)
Vo _ -4 _k
V. S 1-s7T

S 13

5x10
The transfer function in the first case ) is stable.
+ ST

But the transfer function is the second case 1s unstable.

1-st

The stability of the feedback system is determined by the location of poles of its closed loop

transfer function.
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02. (¢) The state equation of a linear time-invariant system is expressed by

5] [0 1 x®] [o
th)H—l —JL@HJW

(i) Calculate the state transition matrix.

(ii) Find the state vector x(t) for t > 0, when r(t) = u(t).
Assume the initial state to be zero. (10 + 10 =20 M)

el | R W

ot e

(i) State transition matrix:

o) = =1 sI_A]l]:L-{M}

|SI—A|
[ s+2 1 s41 ! 1
O S S POy o O 1 (S S [ S A
o(t)=L -1 S =L —k s+1-1
(s+1)f  (s+1) (s-+1) (s+1)
! N 1 1
o s+l (sHI (s1) et +te e
(I)(t)_L 1 L.p 1 - —te el —te
L (1) s+17 (s+1)

. : e ' +te! te™
= State transition matrix ¢(t) = . . t
—te e —te

(ii) State Vector :
x(t) = e X(0) + L™'[¢(s) BU(s)]

0
X(0)= {0} initial condition are zero [given]

x(t) = L '[¢(s) BU(s)]
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(s+2) 1
Ll{ 1] G6+1) ‘O}H

(s+17  (s+1) ]

T e
LG+1) | (s+1)
LRI
x(t)=17| S+11 (s+1)
I CER))
o e R

the transistors T, and T4, and'the diode D

03. (a) Explain the operation of the TTijgate €ircuit shown below, clearly mentioning the roles of

Assume that when all>the imputs are at logic 1, the transistors T; and T4 are both in

saturation:
VCCZSV
1{c4 Rc2
IBll R, 1.4kQ 100k
I
4—

(20 M)
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Sol:

100kQ

A
o

Transistor-transistor logic belongs to the digital logic (family=Jt* consists of transistor at both
input and output side, diodes and few resistors. Mnlikesrtesistor-transistor logic and diode-
transistor logic, both the logic function and amplifying function are performed by the transistors.
In the given circuit of 3 input TTL NAND gate, it has four transistors T;, T, T3 and T4,
Transistor T; has 3 inputs on the emitter’side. Transistors T5 and T; form the output side, called
totem pole output.

When all the three inputs A, B and”C are lows the three diodes are forward biased. So the current
due to the supply Ve = 5V will go, to thesground through Ry, and it will not be sufficient to turn
ON the transistor T4, with’ Tapepen, the.transistor Ts will also cutoff. But the transistor T, is
pulled high. Since T, is/an emitter follower; the output will also be HIGH 1i.e., logic 1.

When any one input islows,.the diode'with low input will be forward biased. The same operation
will take place as explained above:In this case output is high.

When all the inputs. A; B and C are HIGH then all the three diodes at the emitter base junction
will be reverse biased.-Fhe diode at collector base junction is forward biased. It will turn on thg
transistor T4. with T4 turned ON, transistor T3 will also be tuned ON. So the output will be logig
low which is considered as logic 0.

In the circuit shown the transistors T,, T3, diode D and current limiting resistor R, from the
totem-pole output configuration of TTL.
There are few advantages of this configuration, when the output switches from low the HIGH|
state, the output transistor T3 goes from saturation to cutoff. During this transition the load
capacitance across T, charges exponentially from low to high.

Due to the low output impedance of both T, and Tj, the output voltage can change quickly from
Low to HIGH as the capacitance charge and discharge quickly.
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Sol:
®

HHHHOOOO}
»—‘»—‘oo_‘»—‘oow

el il Ll (el Ll fee L kel T o)
O»—‘>—a|—¢>—a>—A>—a>—a,.<

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

The thermistor is used for the measurement of” temperature and the resistance

measured is 2300 Q. Find the measured temperatufe, ifsthe‘thermistor is described by

the relation R =R exp{[}[% - TLH whep€ th€ symbols have their standard meanings.
0

(10 M)

(ii) The following are the data for a’Hayls bridge :

R;=1kQ £ 1 partin 10 K,R#=16.8k@+'1 part in 10 K,
R;3;=833 1 0.25 Q, C =143 QO50°001-1F
The supply frequency is §0 £ 01 Hz and the bridge's balanced conditions are

CR R R\R, R C’o’
L= 77 o AN R — 223202)
1+ o0 CIR; 1 #¥0°C°Rj

Calculate the valuesof I and R of the coil, and their limits of error. aom

B =3100k
R, =1050Q at 20° C = T, = 273 + 20 = 293

R{=2300 Q
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R\ 11
)

| 220 _3100( -~ -
1050 T 293

2.529x107* = v
T 293

1 5

— =3.6659%10

T

T
(i) R, =1000+0.1=1000+0.01%
R, =16800+0.01%
R, =833+0.25Q =833+0.03%
C=1.43+0.001uF = 1.43uF +0.07%
f=50+0.1Hz=50+0.2%

_ RR,R,C’e’
1+®’C’R}

=

(1000 +0.01%)(16800 £0.01%)(833 £0,03%)(1.43x107° £ 0.07%)*[41* (50 + 0.2%)*]
1+ 472(50£022%) (143 x10™° £0.07%)’ (833 + 0.03%)’

_2824.39£0.59%
1+0.13998 ¥ 0.6%

_2824.39£0.59%
1.13998 £0.0736%

=2477.57+0.6636%
=2477.57+16.44

CR,R,  (1.43x107° £0.07%)(1000 + 0.01%)(16800 + 0.01%)

'+ 0 CR? 1.13998 £ 0.0736 %

_ 24+0.09%
1.13998 +0.0736%

=21.05£0.1636%

=21.05+0.0344
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03. (¢) Find the Thevenin's equivalent of the circuit shown in the figure if ® =4 rad/s.

Also determine the voltage V, (t), when a 1.2 Q) load is connected to terminals a-b:

0.251
lc(t) a
+ —
+lc(t)
is)— ) vi(t) 30 25H  0.5F=voc(t)  Svau(t)
=cos(4t)A T
(20 M)
Sol: V()C
Ic/4
© X Q
I
12004 (1) jlOF TJQT o
J?_ |
—[140°]+Y— V =
g —=3/2
_.]V1+j2chc: --__(1)
IC
[Vl_voc]__ --__(2)
4
= =DV, £=E(3
C _ _]/2 J oc ( )
(3)in(2)
Vl - Voc =+ J2VOC
4
Vl _Voc = +iV0c -t (4)
2
Equation (4) x j, we get
. . A/
+JV1_.]V()C=_ - ____(5)
2
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(H+06)

V=1 = V| a1
2 2

V.. :{ 2_ }V:[0.4—j0.8]V:0.8944—63.43°V
1+32

= 0.894 cos(4t — 63.43°) V

S-11I: Isc

Ic/4
+ —

12004 () j10F _JQT Tse

Shorted, so, Ic =0

Then dependent voltage source is also zero, so short/it

12004 (1) /1Q8 Isc = 1.£0° A

V
Loy =—= ={ 2. }Q=[0.4—j0.8]§2
1+j2

Thevenin’s Equivalent Circuit becomes

[0.4 —j0.8] Q
a
0.894cos(4t — 63.43°) V
°b
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Sol:

04. (a) Consider that a double-heterojunctiognLED emitting at a peak wavelength 1400 nm has

[0.4j0.8] Q
+

Also

0.894cos(4t — 63.43°) VR 2120

Vi

0.894./ —63.43] — 2
1.6— 0.8

V, =[0.894/ —63.43°][0.6+ j0.3]
V, =[0.894/ — 63.43°][0.67.£26.56°]
Vi, =0.6£-36.87°

Vi =0.6cos(4t-36.87°)V

radiative and non-radiative recombinatioff times of 20 ns and 80 ns respectively. The drive
current is 30 mA and the refragtive indéx-of the light source material is 3.0. Calculate the
power emitted from the devieey QQ0M)
Given Peak wave length, A = 1400.nm

T 4 20 nS

e =80 ns

non“-rad

Drive current, I = 30 mA
Refractive Index, n = 3.0

80ns

non—rad — — 08
T . +7T 20ns + 80ns

rad non—rad

T

Since internal quantum efficiency, n, =0, =

Now, to calculate internal optical power, P =n,xIx hC ~11.3mW

int ernal

qr
. P. 11.3mW 11.3mW
Now emitter power, Py =—2< = = =1.2mW
2 2
n 3)
= Power Emitter =1.2mW
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04. (b) A spherical nanoparticle has diameter of 10 nm. Determine the surface area to volume

Sol:

4 Increased Reactivity

4 Enhanced Mechanical Properties

4 Changes in Electrical & Thermal Properties

4 Quantum Confinément

04. (¢) (i) A CR tube has an anode-screen distance of 30 cm. The accelerating potential is 1 KV,

Sol:

ratio and explain how this property affects the behaviour of nanomaterials compared to
bulk materials. Q20 M)
Calculate Surface Area to Volume Ratio

For a sphere:

Surface Area A=4nur’

Volume V=4xr"/3

So, the surface area to volume ratio is:

A/V =3/r=3/5nm =6 x 10°

At the nanoscale, the surface area to volume ratio is extremely. high. This has significant

consequences:

More atoms are exposed at the surface.

Surface atoms are less tightly bound — more reactive.
Higher surface energy contributes 46 strengthcand hardness.

Electron transport may/Occur via surface or' quantum effects.

Thermal conductiyity can-décrease due to boundary scattering.

Electrons are confined:in small volumes — changes in optical/electronic properties.

Example: Quantum dots emitting different colors based on size.

The tube is placed with its axis vertical. Find the maximum deflection of the spot due to
the earth's magnetic field having B = 0.018x10~° Wb/m?. (10 M)

Speed of Electron beam

o [2av _ /2ev_\/2x1.602x109x1000
m m 9.1x107*!
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04. (¢) (ii) Calculate the Y-parameters for the network shown in thefigure:

v=1.8755x10" m/s

Radius of curvature of magnitude filed

_mv _9.1x107" x1.8755x10’

=5.92 pm

r= =
eB  1.602x10™"° x1.8x107°

The beam follows a circular path

2
2r  2x5.92um

3V

1Q
+

I

of radius of arc length ‘L’

1

r s

I

Vi 20

V,

10
(10 M)

0

[og

Sol:

I @IQ

Here for Y-parameters just write Nodal’Equations

3V @

I,

<

Vi G—r) 2Q 10 C—r) \%Z!
1
KCL at V, X
V) [V, - V,=3Y,
_ Il +_1 + [ 1 2 1] — 0
2 1
=2, +V, +2V, -2V, -6V, =0
—21, -3V, -2V, =0
—21, =3V, +2V,
3
[ =—ZV,=V, ----(])
KCL at (V)
o, Vo, Va-ViH3V)
1 1
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I,=2V,+2V, ----(2)

So, from (1) & (2)
3

L=-2Vi-V,
I, =2V, +2V,
_3
So, [Y]=| > (¢)
2 2

SECTION - B

0S. (a) Derive a relation for the value of the capacitor for_frequency ervor compensation of
(azm

moving-iron voltmeter in terms of its parameters and*the.series resistance.

Sol:
C
[
17
I L R R;
MWW MWW
e Coil ™" Seride
resistance .

Frequency Compensation for'M.I yoltmeters
R/~ joCR?

Now Z = joL + s jgify 55— JOCR,
1+j0CR 1+ o C'R;

Since ®CR; << 1, we.can write
Z= joL+ (R, — joCR>)(1-o’C’R?)
= joL+R, - joCR? - ®’C’R} + jo'C’R}
= R, -0’C’R} + jl[oL - oCR’(1—o’C’R?})]
= R, -®’C°R’ + j[oL + ®CR]
= R, (1-»’C’R’)* + jo(L-CR?)
Or
7’ =R}(1-w’C’R})* + @’ (L—-CR?)*.
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s

3

This must equal R? in order that the a.c. calibration at all frequencies and d.c calibration is thg

same.
o RI=R}(1-0’C’R})* +®’(L-CR})’
=R} (1-20°C’R} +0*'C*'R}) + 0’ (L-CR?)’

=R2(1-20’C’R})+®’(L-CR?)
as ®'C'R? <<1

=R -20’C’R! + @’ + ®’C’R! - 20°LCR_
or [’-2LCR;-C’R!=0 or L=241CR}

N 241 R}
It should be understood that the above analysis-is valid for adimited range of frequency which in

practical cases is upto 125 Hz.

in

05. (b) For the circuit shown in the figure, find VL‘“ in terms of the parameter g,,.

v
o whersg s= 27

Then find
+ Vg - 30Q
ANV MWW
5002 +
+ mVa
va® gnVa 2003 Vou
Sol:

(12 M)
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KCL + OHM’S LAW

v
V. =20g V +-—
out |:gm a 50:|

1

V. .. =20V +—  ----- 1

out al:gm So:l ( )
Also V,=[V,-V]  ----- 2)
Also Vo, =v|—2 | Sv =2y L. 3)

20+30 5
Sub (2) in (1)
1

Vout = 2O[Vm - Vl {gm + %:| ____ (4)
Sub (3) in (4)

Vout = 20 Vin _évout gm +i
2 50

1
Vout = [20V1n - 5O\/out {Sog%}

500 41 500 +1
V. =[20V, ][%} =[50y [gs—mo}

50 1
Vout = [% Vin :l|:g++:| - Vout [Sogm + 1]

v

out

[1+1+50g, ] =§Vm[50gm +1]

v g{[SOgm +1]}
[50g,, +2]

out in
5

V. 5([50g, +2]

mn

Vo _2 {[SOgm +1]}
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if g =2
_ 2o 0.4x0.9901
5[102]

Vout
Vin
Vout

-
Vl

in

=0.396

05. (¢) For the circuit shown

Sol:

in the figure,
n,Co =0.1mA/V?, V, =1V, A=0 and I, =1mA. Calculate T ratio and voltage gain

all the MOSFETs are

identical. Assume

VO .
vV, -V,
5kQ % S5kQ —
*V() + - M4 _5|V
Ml M2 =
VSI _.I—"IJ VS2 Vi > MS — 5V
Q =
= M; X M
(12 M)
Given lq = mA s0'lg =15 =li'= ImA“~ Vgse = Vass = Vasa (1)
1.Cox = 0.1mA/N*
Vasa + Vass + Vase =5 = (5) = 10V () A+5V
" Vgsa = Vgss = Vgse = 3.33
. . . — [ M,
Assuming MOS in saturation + g
Vs
1 W =
ID = 5 H'Cox (TJ[VGS - Vm ]2 _| M
+ 5
vV
Im _ lO.lm(E)[&% ~1f oss |}
L
3.674 it
(%J == 745 =1.8367 (fOI’ M4, M5, Mé) Vass
5V
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AC Equivalent

Vs1—Vs2

KVL Vg = Vg, — Vggy (Vgs1 == Vg and 141 = — 1g2 = 14)
~ 2V,

KVLigpgRp+Vy—ip Rp=0
Vo = (141 — 142) Rp = 2igRp

Differential gain

Vo_ Vo _2iR, _ ‘e R,
Vd V51 _Vsz 2Vgs
= (0.42856) 5k

=2.1428

Where g =+/2kl,

- 206

- \/ 2(0.1m)[3 '62745 ](O.Sm)

=,/0.2m(1.8367)0.5m)

=0.42856
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05. (d) Design a JK 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? azzmM
Sol:
PS NS FF i/p’s

Q3 Q1 Q:Q Q3Q1Q:Q K 1Ky JiFr JoKy
1 0 001 0010 0x O0x 1x x1
2 0010 0100 0x 1x x 1 0x
4 0100 0101 0x x0 0 x 1x
5 0101 0111 0x x0 1 x.x0
7 0111 1 000 I x x1 & 1 x_
8 1 000 1 010 x 0 0x (1.7 (0%
10 1 010 1 011 x 0/ 0ax™ x0" 1 x
11 1 011 0 001 X000 x x 1.7x0

J3=3m(7) +d(0,3,6,8,9, 10, 11, 12,4334, 15)
Ks==m(11) +d(0, 1,2 3, 4, 5, 6,779, 12,1314, 15)
J,=3m(2) +d(0, 3,4, 5, 6,7,9, 1213,14,15)

Ko =3Xm(7) +d(0, 1, 2,3, 6, 80,1051, 12, 13, 14, 15)
Ji=3m(l, 5, 8) +d(0;253,6, 799, 10/11, 12, 13, 14, 15)
Ky =32m(2, 7, 11) ¥ d(0s1, 3,4, 5/6, 8,9, 12, 13, 14, 15)
Jo=3m(4, 10) + d(0;'L; 3. 5,6, 7,9, 11, 12, 13, 14, 15)
Ko=2m(1,7) +d(0,2,3,4,6,8,9, 10, 12, 13, 14, 15)

Q1Qo Q1Qo
Q3Q2 00 0111 10 Q3Q2 00 01.11 10
00| x | X 00| x ix xi| X
01 BE 01 [ [ | i] =
11| x| % ixi X 111 % éx xi X
10 [ x [x x| x 0] |x 1
J3 = QlQ(;“I K3 :l_Q_O“I
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QQQIQO Q1Qo
2N 00 01 1110 VLN 00 o1 1110
00| x '><1' 00| x | x [ix | x
01| x | x [ix ] x 01 1] x
Rl ol Rl B 1] x| % ix |
10 X 10 [ x| % '>f___x,:
63Q1 K,=Q,
QQQIQO Q1Qo
T N\00 01 1110 BN 00 of ppi0
00| x |1 | x| x 00 | DX LS
01| il | x| x 0} :L>s__iz<__1_i__>_<_,:
11 "><"¢:>_<_"><J: X1 L1 x ix xi %
10 LL ] xi] x! 10 | x [k |1
J1_Q3+Qo K1:63+Q0
QQQIQO Q1Qo
2N 00_01 1110 SN Do o 1110
00| x| x| x 00 :_Z<___1_,: x | x
O1 |11 | xi| x'x 01 | x 1] %
1 [ | <o 1 g
10 [ [x o] 10 [x x| | x
J,=Q,+Q, K,=Q,Q +Q,Q =Q,0Q,
Jo Qo
D_'KO 60
/\
Clock
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Sol:

05. (e) The transistor Q acts as a switch in the given circuit for the-applied input V; that varies

Case 2: Let Vi, = V, (low), the BJT is OFF and Ic =0, Vo= V¢

If a counter is entering into unused state and it is used as a don’t care, then depending on
utilization of don’t cares in flip flop input expression may result input is 1 or 0. So the next state

may be either used or unused state. Then there is a possibility for forming a loop in unused states

only and it is called lockout.

with time as shown below:

;}T

Vee
R,
b
v .
+T A Q ~Z( Vv,
Vi
i (L%
Viu
Vi
<—Tl—><-T2->
Vz___l |
0 T "t

Plot the variation of the collector current: I, and the output voltage vy, assuming that the

time constants are small compared to T; or T,. (azmMm

The given transistor acts as a switch. Consider the input V; is high and V; is low. The transitions
are instantaneous as the time constants are negligible.

V-V
Case 1: Let Viy = Vi (high), the BT is ON and I =~“— cclo) ;CC
C C
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The given transistor toggles between cutoff and saturation.

06. (a) The circuit of the figure has two sources of excitationi;(t)and i»()/Compute v,,(s):

+

M Di®  210Q vy

1;(t),A

(20 M)
Sol:  V_, =[i,(t)+1,(t)]10 Volts

Att=0

i (t=0)=2A
i,(t=0)=15A
i, +i, =3.5A

So, V_,(t=0)=3.5x10=35volts

Att=1"
i(t=1)=0A
ace Regular Live Doubt clearing Sessions | Free Online Test Series | ASK an expert

online Affordable Fee | Available 1M [3M |6M |12M |18M and 24 Months Subscription Packages




l Engmeermg Academy O n I I n e
i 95 Le

ading In e for ESE/GATE/PSUs (A Digital Initiative by ACE Engineering Academy)

India’s Leading Institute

ESE, GATE, PSUs

SSC, RRB, BANKING & 30+ other exams

oo G IS5
!I

Get 10% OFF
on all courses

Download on the Getiton & Dmhadnnihe -
‘ App Store ’ Google play Windows Store

Scan QR & start your
7-DAY Free Trial!

#let's ACE it!

Q 7799996602

www.ace.online | www.aceenggacademy.com




"

o
/4 N}
v v
v v
VN .Y Engineering Publications

34

ESE 2025 MAINS_Paper_I Solutions

i,(t=1)=15A
i, +i,=1.5A

So, V ,(t=1")=1.5x10=15 volts

Att=1"

i,(t=1")=0A

L,(t=1")=0A

1, +1, =0A

So, V_,(t=1")=0V
+ Vour (Volts)

Using Laplace Transfoermmi
1, ==2tu(t) + 2(t “Du(t-—-1)
2 2 2
——-—-—¢  ===[l+e"]A
s? s’ s’ [ :

L(s)=

i,(t)=1.5tu(t)—1.5u(t—1)

L,(s) :1;5—1'—565 :1’—5[1—efs]A
S S S

Vou (8) =[1,(8) + ()10

:10{—%[1+e51+1'—5[1—e51
S S

t (sec)

v

¥ ace
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06. (b) Consider the circuit given below with the following parameters:

R, =3K,R_ =3500Q,R, =50QR'=R, =12K,h, =50,h, =1.1K

and h,. =h,e=0

Analyze the circuit for —

(i) reverse transmission factor, 3;
(ii) transfer gain;

(iii) voltage gain with feedback;
(iv) input resistance with feedback;

(V) output resistance with feedback.

(20 M)
Sol:
Rs:1 21(

+

Vs
MWW
R'=1.2kQ
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hfe: BZSO
hi. =1, =1.1kQ
hre:hoe: 0

The given amplifier is a current amplifier with shunt-series feedback

500€2

33k
Is 1.2k

|
=
3]
~
—
=)

It 1.2kQ 500

: 1,[612.244]
(l) lbl:—
612.244+110
Iy _ 612248 _ 357568
I, 1712244
Qi) A =lo_do Lo By
open is ibz ibl iS
— (51) (-22.9077) (0357568}
—_417.7443

(iii) Desensitivity factor =1 + Agpen. B
=1+ (—417.7443) (-0.04)
=17.70977

bopen_ 612.244//1.1KQ
1+A,,. P 17.70977

(iv) Input resistance with feedback R, . =

393325

=————=22.2094Q
17.70977
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(v) Output resistance with feedback Ror = Roasic amp) [1 + AP]

R, =| =
(Bas1c) 1 + B

_ hie

1+h,

1 1k

51

Overall current gain-with feedback

i

0 | _ —
_J _Af -
1in

|

3k

=21.568 + 58.82 + 48
=128.392

= 128392 (17.7097)
Rog = 2273.79Q

Ro
%4 80

3k

j+48Q
1+

3k
1+h,

+ +48Q

3k +48
51

A VL =41707443

=-23.58835

1+ AB' 1770977
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Find vou(t):

Ve (D) 0.5H
AN 4111 %

_|._
\MOCD IF=S v.() 319 Vould

06. (¢) Consider the circuit in which v, (t)=5u(t)V, Ve, (07)=3V,v_(07)=0V and i, (07)=2A.

(20 M)
Sol:  Using Laplace Transform
3
Y v 2o
Vl(S) 2
O
+
-Q
5 S
-V Q) == lQ §IQ Vo/(s)
S S
v
By Nodal
Vl (S) - é + é
s s] Vi) Vi)
+ + =0
Nt
_ . 1 F&
S S 2
V,(s) s+s+i S 2
s+2 (s+2)
2 2 _
V(s) S"+2s+s° +2s+2 5 2 _ 2s+4-2 _ 2s+2
s+2 s+2 s+2 s+2
2(s+1 2(s+1
Vo 26+D 2+
25" +4s+2  2(s"+2s+1)
But
1 2
V() =[V,(s)+1] —5 =V ®+1] —=
1+3 s+2
2
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Sol:

07. (a) (i) A first-order thermometer is used for the measurémeng-efitempérature of air cycling at

[ s+l 2
V,(s) = +1
o) | s* +2s+1 }L+2}

[s+1+8>+2s+1 2
VO(S)= 2 |: :‘

| s +2s+1 S+2

2(s® +3s+2 2(s+2)(s+1 2
V(s =X ) _2s+2)(s+) _

(s+2)(s* +2s+1) (s+2)(s+1)* s+1
Do Inverse Laplace transform to get
Vo () =L [Vy(s)]

V,(t) =2e™'u(t) Volts

a rate of 1 cycle every 5 minutes. The time constant.of the thermometer is 20 seconds,
Calculate the attenuation of the indieated\tempegature/in percent. If the temperature

undergoes a sinusoidal variationgof 20 $C; calCulate the indicated variation in|

temperature. aom
__1 _1
5x60 300

o =2nf =0.02094 rad/sec

T =20 sec

(AR) ratio = A\ gl =0.923

1+ (ot)

.. Attenuation % = 0.923x100 = 92.3 %
Indicated amplitude = (AR) x 20 = 0.923 x 20 = 18.46 °C
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07. (a) (ii) Compare and contrast Type-1 and Type-Il superconductors based on the following

parameters:

(1) Magnetic field behaviour

(2) Critical magnetic field

(3) Material examples

(4) Meissner effect

(5) Applications. aom
Sol: Comparison: Type-I vs Type-II Superconductors

Parameter Type-I Superconductors Type-1I Superconductors
Exhibit perfect diamagnetism (complete  |Allow partial penetration of magnetic
1. Magnetic field ) ) Y
expulsion of magnetic field) below critical [field-throughvortex state between two
behaviour S A
field. Transition is abrupt. critical fields.
2. Critical Have a single critical magnetic field (Bc)./|Havye two critical fields: lower (Bcl)

magnetic field |Superconductivity is lost'completely abovejand upper (Bc2). Between Bel and Be2,

(Be) this value. mixed state exists.
' Alloys and complex oxides like
3. Material Elements like'Léadi(Pb), Mercury (Hg), o o _
‘ -\ Niobium-Titanium (NbT1), YBCO
examples Tin (Sn),Aluminium{Al).

(Yttrium Barium Copper Oxide).

Show partial Meissner effect in the
Show ¢omplete Meissner effect (perfect
4. Meissner effect ‘ . mixed state. Magnetic flux penetrates in
expulsion of magnetic field). _ )
quantized vortices.

Widely used in magnets, MRI, particle
Limited use due to low critical magnetic
5. Applications accelerators due to high critical fields
fields and current density. )
and current capacity.
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07. (b) The current through a 2 puF 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):

o

4 ic(t) (mA)

10

4.5 i(0) ()
0 : > e ) =wF v

|
\®]
S

1

1

1

1

1

1

1

1

1

1

1

1

1
o

(20 M)
Sol: V()= V(0)+ % j i(H)dtV
0<t<2msec

2m
Vc(t)=V(0)+Lj10mdt
2u sy

:0+10mt2m
2 °
So,att=0 —>V.=0V

Ramp Voltage
att=2m — V=10V

2m<t<4m
l 4m
vc(t)=V(0)+—jo dt
2 2m

Voltage remains at 10 Volts

4m <t <5 msec
1 S5m

V.(t) = V(0)+=— [-20mdt
2M4m

:10_20mt5m

2p
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So,att=4m —>V.=10V .
Ramp function
att=5m - V.=0V

V(volts) 4

10 7_\
0 | 1 > t (msec)

2 4 5

|

P.(t)=V_ ()i ()W

0<t<2m
att=0 — 0W }Ramp

att=2m — 10V x 10mW =100 mW

2m<t<4m

v ie=0 > P=0W

dm<t<S5m

att=4m — 10 V'x 20m =-200 mW
att=5m —» 0W

P.(W)a

+100mW 7]’ -
0 ] ]

~200mW |------------
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07. (¢) (i) A piezoclectric ceramic disc of thickness t = 2mm and area = 1.5x10~* m? is subjected to

Sol:

07. (¢) (ii) For a 2-port netwQrk; express Z-parameters in terms of inverse hybrid parameters.

Sol:

a compressive force of F = SON applied perpendicular to its faces. The material has the
following properties:

e Piezoelectric coefficient = 300x10™"* C/N

e Relative permittivity = 1200

e Volume permittivity = 8.854x10™"? 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 M)

Charge Q = dF = 300x10 x50 = 15x10°’ col
£oEx-A _8.854x107"% x1200x1.5x107

C= —7.97x107° F
t 0.002
-9
Vzgz%zlg,gv
C 7.97x10
(or)
=12
v=_4 E . 300%I0 N 5107 =188V

= X
€6, A 8.854x10=" x1200.- 1.5x107*

(10 M)
g-parameters
I,=g,V,+g,l,
V, =g, V, +g,l,

Z-parameters
Vi=z)l, +z,],

V, =2, Vi +2,],
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Forz, & z,, =1,=0

I,=0:
V. 1
=g,V le__lz_ ----(1)
L g,
v
V,=g,V, Zzl__zzh""(z)
L g,
For z,, & z,, =1, =0
I,=0:
g,V =g,
V, =g,V +8xl,
g Ag
V, = g21|: 12 :|Iz +tegplhb=—k
gi g
V, Ag
2 -
L, g,
z,, Vi__ 8%
2 g
So,
L —8i
_| &u g
7] =
7 8 Ag
gn g
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Sol:

08. (a) Explain the working of each stage of the voltage-controlled oscillator circuit shown below :

ot Vm

—[

R;

_F
BVO R2
_ + |

o o

Evaluate the effect of change in modulating voltage, Viw'to thetoutput frequency. 20 M)

Stage 1: Schmitt trigger

o—1_ R3

Vo V)

BVo

+_
+ 7
—MWW—
&
TS .

The given circuit is a Schmitt trigger with positive feedback. So the output V, can have two

states, V, +V, or —[VZ + VDj

ON ON

I{'Z
R, +R,

— The feedback factor =

So a portion of V which is BV is fed back to the non inverting terminal for comparison
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— If Vg > BVO then VO = —[VZ + VD

ON

)

)

V,+V,

ON

If Vo1 < BVO then VO = +(

Stage 2:

_{
_|

Vo

— The given MOS in the above diagram as used-as switch.

- If V, =V, +V, thenQ, is ONand Vi, =< V,
ON

SIfV, = _(VZ 4 VDJ then'QQ; is ON and V, =+V,,
ON

— The buffer (voltage follower) is used for Isolation as it has to drive the (inverting terminal

integrator

Stage 3: (Integrator)
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— If Vy=V, then V, —(

jt and the output is a negative ramp

1 I
V, =-V,=——|1ldt=— — mot
o ¢ cj (c ( RC j
—> IfVy=-V, then V,, = [ jt then output is a positive ramp
V()u
V,+V, ——
t
—(VZ + VDJ ------- h | 1 1
BVal - \ : \ :
of / | ! |
i | i | i
S N
v, b2 '
0 f

Calculation of frequency

A
slope = =
X
Vi — BVO — (_ BVO)
RC T
2
Vo _ 4BV,
RC T
RN l =f = L
T 4BV,RC
R2
Sub B = and V, =V, +V,
. f= Vm(Rl +R2)
4R2RC[VZ + VDj
ON
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08. (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 anod¢
seven-segment display. Assume that the inputs are positive logic signals. Q20 M)

Sol:  Binary to hexa character generation with 7 segment display.

]
fl] " [
0
L]
d

Bs; B, Bi By abcdefg
0 0 0 0 O 1111110
1 0 0 0 1 0110000
2 0 0 1 O 1101101
3 0 0 1 1 1111001
4 0 1 0 0 01100F11
5 0 1 0 1 101100
6 01 1 0 LOIT 111
7 0 1 1 1 1110000
8 1 0 0 O L1111 1
9 1 0 01 IT7FOY11
10 I 0 10 1111011
11 I 0 1+l 1111111
12 I 1 0 0 0001110
13 I 1 0 1 1111110
14 1 1 1 0 1001111
15 I 1 1 1 1000111

a=2xm(0,2,3,5,6,7,8,9,10,11,13,14,15)
b=2m(0,1,2,3,4,7,8,9,10,1 1,13)

¢ =2m(0,1,3,4,5,6,7,8,9,10,11,13)
d=%2m(0,2,3,5,6,8,10,11,12,13,14)
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e =¥m(0,2,6,8,9,11,12,13,14,15)
f = ¥m(0,4,5,6,8,9,10,11,12,13,14,15)
g =3m(2,3,4,5,6,8,9,10,11,14,15)

BBy

00; 01 1110
00 T
01 i1 1
SEERSHSLEN

B;B»

1)

BBy
B3B;
00 01 1110
00T T;
T F AT IO
11 I
o gL0or L

¢ =B,B, +B,B, ¥B,B;+B,B,+ B,B,

B1B0

BsB,
00 01 1110
1 ==

1y el_|

IET5
]
=

B,By
BB, \! ,
77 Ngo 01 11107
ool 1 ' g |

- 7

01 1L _I1|

11 I

= H ===
10 M Lyl T4 LJ

B o
BB N oot o1'1110 1
_ooli ) fifmygr
o[ T
ity e
ROKHEREI
: L

B;B,

1Bo

09 01 1110

00y

- or

-

1

11

10}

{
Ly 10
KNI

f =B, +B,B, +B,B, +B,B,
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g=B,B, +B,B, +B,B, + B,B, + B,B,B,

08. (¢) (i) A voltage 50 + 25sinwt volts is applied to“a_s€ries Rsh circait having a resistance of

10 Q and inductance of 0.1 H. A wattmeter is ¢ofinected in the circuit to measure power

Calculate the reading of the wattmeter if. © 100 7 rad/s. aom

Sol:

102 0.1H

50V 25 smot

S.C 1=20_sa
I ) 10

P, =R =(5)’10=250 W
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AC:

Sol:

08. (¢) (i) For the circuit shown in the figure/gfind L, Assume p C_=250pA/V’ and
1M

10Q joL
—~ joL =1007 (0.1)=10n=31.4 Q
)
S

25 sinmt

U
100

v, 2
VN2 25D ks, g0 566
10+ 314

rms
V4

P, =(0.5355)’10=2.8676 W

" Py =P, +P, =250+2.8676=252.8676 W

V,, =04V for both the MOSFETsS:

T1.8 v
> < \\Y
W, oM }H M 25
L, I L,
Y Lout
600 pA @ %10 kQ

!

Circuit given is a current mirror

Iout — Iin
L 2 L 1
( w
L 0.5
[, =221 =|—21|600p =150pA
[ L j 2
L 1
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