Leading Institute for ESE, GATE & PSUs

Detailed Solutions

ESE-2026 E & T Engineering
Mains Test Series TestNo: 14

Full Syllabus Test (Paper-I)

Q.1 (a) Solution:

(i) Power supplied to the motor,
Pyo = V3 VI cos® = 3x11000x60x0.8 =914.52 kW

(i) For star connection, Ly, = I; =60£cos ' (0.8) = 60.36.87° A
For star connection, phase voltage,
V,, = V/3=11000/+/3 =6350.85 V

Synchronous impedance per phase, Z¢ = (1 +j30)Q.
The induced EMF per phase is given by,

Eph = Vph - IphZS

(6350.85.20°) — [(60.£36.87°)x (1 + j30)] V

6350.85 - [(48 + j36)(1 + j30)] = 7382.85 - /1476
E = 7528.95/-1130° V

E.|= ﬁgph =/3%7528.95=13040.52 V = 13.04 kV

For star connection,
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Q.1 (b) Solution:
(i) Given: V=240V; V,=100V; P,=300W; f=50Hz

Power dissipated in the resistor,

V2
Py = &
R
2
300 = (100)
R
R = 3333 Q
Also, Py = IR
300 = I> x 33.33
[=3A
Impedance of the circuit,
V240
= —=—=80Q
z I 3
Thus, Xe = VZ?—R* =,/(80)2 - (33.33) =72.72 Q
We h X, = L
e have, ¢~ 2mfC
72.72 = S -
7T 2nx50xC
C = 43.77 uF

Voltage across capacitor,

Ve = V2-VE =1(240)2 - (100)* =218.17 V
Maximum value of capacitor voltage,

1% 218.17x~/2 =308.54 V
Maximum charge Q,.. = CV.__ =4377 x10° x 308.54 = 0.0135 C

Cmax

Cmax

Maximum stored energy

1
A C(VC max )2

max 2

E

%x43.77><10_6 x(308.54)% =2.08 ]
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14 | ESE 2026 : MAINS TEST SERIES MADE EASY
@ii) Applying KCL at Node 1,

V-V, V;-V.
5
Applying KCL at Node 2,
Vo=V, V,-V.
S
Applying KCL at Node 3,
&+V3—V1+V3—V2 =0
1 1 1

s
(s+2)Vy,-V, -V, =0
1 1
— —V _l_—V .o
V, a1t o2 ..(1ii)

Substituting the equation (iii) in the equation (i),

I

1

1 1
s+1)V, —-sV, -| —V, +—V.
( Wi 2 (s+2 ! s+2 2)

_ (S+1)(S+2)_1_V1—':M:|V2

(s+2) (s+2)
2 2
_|s +3s+1 v, - s +2s+1 v, (i)
s+2 s+2

Substituting the Eq. (iii) in the Eq. (ii),

~
Il

1 1
s+1V, -sV, -| —V, +—V.
( V2 ! (s+2 1 s+2 2)

_[se++1 ] [+D6E+2)-1],
S s+2) (s+2) 2

s+2 s+2

2 2
_ |s +2s5+1 Vl'{s +3S+1JVZ

Comparing Eqgs (iv) and (v) with Y-parameter equations,
L =Y,V +Y,Voand, =Y, V) + V),V
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we get
s +35+1  —(s*+25+1)
{Yn Y12} _ s+2 s+2
Y1 Y ~(s?+2s5+1)  s2+3s+1

s+2 s+2

Q.1 (c) Solution:
Given,
Quantum efficiency, n = 50% = 0.5

Wavelength, A = 900 nm =900 x 10 m
Multiplied photocurrent, I,, = 10 pA =10 x 10° A
Multiplication factor, M = 250
(i) Received optical power

Primary photocurrent,

IM
b= M
-6
I, = 1007 _ 41084
250
I, = 0.04 pA

Responsivity at unity gain,

7 _ 5(1.6><10—19)(900><10—9)
he T (6.63x107)(3x10%)
R, = 0.362 A/W

R,

0

Incident optical power,

Ip  4x1078
P = _— =

R, 0362
P =110 x107 W
P = 0.11 uW

(i) Number of photons per second:

Energy of one photon,

£ he_663x107x3x10°
P 900x10~°
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16 | ESE 2026 : MAINS TEST SERIES MADE ERSYH
E,, = 221 x1077]

Number of photons incident per second,

P 1.10x1077
E,;  221x1077

N = 5 x 10! photons/s
Q.1 (d) Solution:

(i) Junction to case Thermal resistance,

Ty, =Tc  180°-50°

= = =2.6°C/W
% = 7h, 50 W /
Temperature rise from junction to sink:
T,-Tg = 6,Pp
180° - Tg = (8)c +6c5)Pp
= T, = 180° - (2.6 + 0.6) x 30 = 84°C
(i) T,-T, = 044Pp
84°C -39°C = 0,5, x 30 W
= Required heat sink thermal resistance,
0, = 1.5°C/W
(iii) Given sink-to-air thermal resistance: 4.5°C/W per cm length. The size of heat sink
needed is
_ 45°C/W/cm —3em
1.5°C/W

Q.1 (e) Solution:

The Truth Table and Excitation Table for J-K flip flop is as shown below,

Truth table Excitation table
J|K[Qu+1) | Q) |Qu+1)| ] |K
00| Q(n) 0 0 01X
01 0 0 1 11X
110 1 1 0 X1
1{1] Q(n) 1 1 X|0
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Design of MOD-10 synchronous counter using J-K flip-flop: A MOD-10 counter counts
from 0 to 9 and then return to 0.

State diagram State assignment
0—-0000
1—-0001
2—-0010
3—-0011
4-0100
5—-0101
6—-0110
7—0111
8—-1000
9-1001
Present state | Next state Flip-Flop Excitations
Q Q O Q|Qs Q O Qlls KL KL K|y K
0/l0 0O O OO0 O O 1|0 x|0 x|0 x|1 x
110 0 0 10 0 1 0|0 x|0 x|1 x|x 1
210 01 0j/0 0 1 1|0 x|0 x|x 0|1 x
3/0 01 10 1 0 0]0 x|1 x|x 1|x 1
410 1 0 0|0 1 0 1]0 x|x 0]0 x|1 x
5/0 1. 0 1/0 1 1 0]0 x|x O0]1 x|x 1
6/0 1 1 00 1 1 1|0 x|x O0|lx 0|1 x
710 1 1 1(1 0 0 0|1 x|x 1|x 1|x 1
81T 0 0 0|1 0 0 1|x 0|0 x|0 x|1 x
911 0 0 1/0 0 0 O|x 1]/0 x|0 x|x 1
K.
DYeNe) XQ; Q
B\ 00 01 11 10 QGRN\ 00 01 11 10
00| O 0 0 0 00| x X X X
01 0 | 0 [T] 0 01 x || x | x|| x
]3=Q2Q1Q0 K3=QO
11| x X b] X 11 x X X X
10 x | x X X 101 O 1 X X
; Q9 Q 5 Q; Qo
Q& Q 00 01 11 10 % Q 00 01 11 10
00l 0| 0|f1] 0 00| x | x |[x] x
01| x X X X 01} 0 0 1 0
,=0; Qq Ky =0, Qp
11 x X X X 11] x X X X
101 O 0 X X 10| x X X X
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L Q1 Qo K, Q1 Qo
BR\_ 00 01 11 10 BLX\ 00 01 11 10
00| 0 | 1| x| x 00| x |[x ] 111 0
011 O 1 x || x o 01| x X 1 0 K =
]1 = Q3 Qo 1= Qo
11} x X X X 11| x X X X
101 O 0 X X 10| x X X X
]0 Q1 QO KO Ql QO
BABN 00 01 11 10 QLA 00 o1 11 10
00| 1 X X 1 00| x 1 1 X
01} 1 X X 1 Jo=1 01| x 1 1 X K,=1
11] x X X X 11| x X X X
10| 1 X X X 10| x 1 X X
Q1Q Q
Q.0 Qr39Q0
3 =0
QO Ql QZ Q?)
1— ]0 J Ji J > J ]3 J

> > |—«> >
1 K, K, K, K,
, , |
Qo

o
L

Q.2 (a) Solution:
Given: W =50um=>5x103cm
L=5um=5x10%*cm
= 0.05um=5x10®cm
N, = 10" cm™
w, = 800 cm?/Vs
Ignore body effect - V¢, = 0
Constants: g, = 345x10¥F/cm, e, =1.04 x 102 F/cm

t
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€, 3.45x1071 5 9
(i) Oxide capacitance, C PR — 6.9x10™° F/cm
ox fox 5x10

Fermi potential, ¢,

Flat-band voltage (n* poly),

VFB

Threshold voltage, V.

T
VT
VT

(i) IDsat at VGS =2V
IDsat
) 14
From the given values, T
W
”’ncox T
and VGS - VT = Vov
ThU.S, IDsat
IDsat

... Alp_

(iii) dVDS at VGS =2V, VDS =0

15
Vein| 24| = 0.0261n| 22" |- 0.0261n(10%)
n; 10'°

0.026 x 11.51 = 0.30 V

Qox Eg
s = £ = | L +0p | =-(056-+0.30) =086 V
ox

J29€5 Na(20F)

Vg +20r +
Cox

V2x1.6x1079%1.04x 1072 x 10 % 0.6

-0.86+0.60 + 3
6.9x10™

-0.86 + 0.60 + 1.45
-0.056 V

1 w
~u.C.. =
”’1’[ ox L

Vo —Vi)?
5 (Ves=Vr)

10

800 x 6.9 x 108 x 10 = 5.52 x 10* A/ V?

2 - (-0.056) = 2.056 V

1 5.50%107)(2.056)2
2

11.7 x 104 A
1.17 mA

For the given values: V., > V. and V|, < V¢ - V,, thus MOSFET is operating in

linear region.
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In linear region:

VA w
I, = k{(VGS ~ V)V —%5} where, k= MnCor 7
dlp,
dVps (Vs = Vi) = Vsl
At Vp, =0:
dlp,
— =k(V..-V
dVDS ( GS T)
= 5.52 x 10 x 2.056
= 1.13 x 1073 A/V=113mA/V
dlp,

(iv) @atvc=1v, Vp=2V

Since V, =2>V,-V,=1056

Hence, device in saturation region,

1
I, = _k(VGS_VT)2

b2
dl

g, = dVEs =k(Vgs = Vr)

= 5.52 x 104 x 1.056

b _ 583 %10 A/V
Q.2 (b) Solution:
Given
Vee =3V, V, =1V, V_ =15V

B — oo, Ve =07V, ry=0

(i) Collector currents and Transconductances:

For transistor Q,, Ve, =V, —VBE(OH) =1-0.7=03V
Vee =V, 3-15
For transistor Q,, I, = CCR out — s 4mA =Ip,
C2

Applying KCL at emitter of Q,,

o= Ves  Ves Vi
E3 200 300
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0004 = 200"~ 300
= 24 =3V, +2V,,-06
Ve, =06V
Thus, we can obtain
Vi1 Ve1—=Ves 03 03-0.6
[. = + = +
El 150 300 150 300
Iy = 1mA=I,
We have, Vps = Vit VBE(OH) =06+07=13V=V,
- Vee =Vea _ 3-1.3 o mA
2 Recs 850
The transconductances of MOSFET can thus be obtained as below:
_ Ier = AmA =40 mS
8m1 Ve 0025V
_ IC_Z — ﬂ =80mS
8m2 = Vp 0025V
m3 Vr  0.025V

(i)

The feedback resistor 300 Q samples the output current at emitter of Q, (current

sampling) and feeds back to the input emitter of Q, in series with input signal,
0y, = U;,, — Uy (series mixing). Thus, the topology is Current-Series Feedback.

(iii) Feedback Factor,
B
From the topology analysis:
Input-side loading,  Rp;
Output-side loading, Rp;

(iv)

Stage-1: A

ﬁ:

JX 150=46.15Q
Iy

200
300+150+ 200

150 || 300 = 100 €

2001 300 =120 Q

Calculating open loop gain without feedback,

U _ —8mRe1 __

| 4023
1+ ¢,1RE

1+40x0.1

in
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Uc2

Stage-2: A= " —8m2 XReo =—80x%0.850 = 68
c
Stage-3: Ay = = L - : ! =0.00792 S
U2 S 4Rpy o +120
Em3 160x10~

Thus, overall open-loop gain,
A=A A, A, =(-18.4)(-68)(0.00792) =9.91S
The open-loop voltage gain can be obtained as,
A, = -AxR=-991x375=-3716.25
(v) Loop gain of the feedback network,
AB = 991 x 46.15 = 457.35

(vi) The closed loop transconductance of the amplifier,
A 991
A= 17AB 1+457.35

The closed-loop voltage gain can be obtained as,

A = —Af X R =-0.02162 x 375 = -8.11

=0.021625

Q.2 (c) Solution:

(i) 1. Given, Diffraction angle =26 =27°. Using Bragg’s Law to obtain the interplanar
spacing for the (3 2 1) set of planes for rubidium (Rb) (n = 1 for first order
reflection)

_nh_(1)x0.0711x107°
21 2sin® 2X(sin27o)
2

2. The interplanar spacing for a set of planes with Miller indices (hkl) in a cubic

d =0.1523 nm

crystal system is given by
a

d= ———
Jh2 412 + K2

Lattice parameter, a = d3y, \/(h)2 + (k)2 + (1)2

= a = (01523x107°)(3)> +(2)* +(1)> = a=057nm

Atomic radius for BCC crystal structure is

a3 057x/3 N
4 4

R = m =0.2468 nm
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(ii) To extend the range of PMMC ammeter, the total shunt resistance R, is determined

by
Rm
R, = 1’ where, n = E
Given, I =100 uA
and R, = 1000 Q
Step-1:
For 10 mA range:
I 10mA
n = E: 100 pA =100
R, =R +R +R = R, _ 10008 =10.1Q
sh a b e p—1 100-1
Step-2:

When the meter is set on the 100 mA range, the resistance R, and R_ provides the
shunt. The shunt can be found from the equation

Im(Rm +Rsh)
R,*R) = —

I
100pnA(10.1 + 1000)
= 100 mA =1.01 Q
Step-3:
When the meter is set on the 1A range, we have
I-DR,+R) = LR, *+R,)
IR,+R) =1 (R +R +R, +R)
R = Im(RmI+ Ry,)
100pA(10.1 + 1000)
= 1000 mA =0.101 Q
Step-4:
R,+R.=1.01Q
R, =101-R =1.01Q-0.101 K
= 0.909 Q
Step-5:

Resistor R is found by
R, =R, -(R,+R)=9.09Q
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Q.3 (a) Solution:
(i) Relationship between polarizability and permittivity:

In a dielectric, the displacement flux density

D=¢eE+P (i)
where, E is the electric field strength and P is the polarization.
Also, we know that D = e, E ..(ii)

From equation (i) and (ii),
€c,E=¢€,E+P
= P =¢€,(e,-1)E

But polarization, P = NaE ;

where, N is the number of dipoles per unit volume, E, is the internal electric field in
the dielectric and o is called polarizability

So, €,(€,-1)E = NaE, ..(iif)
This is the desired relationship between the polarizability and permittivity.

In a cubic crystal, the internal field seen by an atom is given by the Lorentz field,

E = E+i
360
or Ei = E+€O(§7’7_1)E
€o
€, +2
: o (557
Using equation (iii),
€, +2
€o(€,~1E = NO{ r3 )E
e, -1 No
= = ..(iv)

€, +2 3¢e

This equation is the Clausius Mossotti equation.

(ii) Polarization, P =gy, -1)E
P -8 2
e = 1+ =14 4.3;10 C/m
gok (8.854x107* F/m) (1000 V/m)
e, =~ 5.86

Q.3 (b) Solution:

(i) Serial input X : 001101101, OutputY : 000010010
From the given input and output sequence, it is observed that the circuit can detect
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the overlapping sequences of 0110. Thus, the Mealy state diagram can be drawn

as below,

1/0 0/0

(52

10

01
01

1/0
Table from State Diagram :

State Next state Output (y)
X=0]X=1|X=0]|X=1

S0 51 So 0 0

51 51 5 0 0

5 51 53 0 0

53 51 So 1 0

A simple state assignment can be assuming the outputs of flip flops Q, and Q,

as given below :

State | Q; Qp
Sy 0 O
51 0 1
S, 1 O
S; 1 1
State Table :
Present state | Next State | Output Elil;ﬁiigﬁs
QA Q X | Q Q () D, D,
0 0 0 0 1 0 0 1
0 0 1 0 O 0 0 0
0 1 0 0 1 0 0 1
0 1 1 1 0 0 1 0
1 0 O 0 1 0 0 1
1 0 1 1 1 0 1 1
1 1 0 0 1 1 0 1
1 1 1 0 o0 0 0 0
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Minimization using K-Map:

QX 21 Qx 2o
Q, 00 01 11 10 Q 00 01 11 10
0| O 0 1 0 0o 1 0 0 1
110]1|0]0 1[I 1| o ||1
Do = ?_(+Q1@0
D, = QQX+0Q:1Q0X = (Q1 ®Q)X
pl
bDf D ’ J
X } 1 Do Qo
CLK—
Q) A
Qo

(ii) InaN-bit dual-slope ADC, the input voltage V, isintegrated for a fixed time period
T, =2NT_,where T is the clock period. Thereafter, a reference voltage V., . of opposite
polarity is integrated until the output of the integrator returns to zero. The time
taken during this de-integration process is T, and the counter value ‘n’ is
proportional to the input voltage. Thus, time for conversion is given by:

T=T+T,=2NT +nTc
At full scale input, n = 2N Thus, maximum conversion time is given by
T = JN+1 T,

Here, =1 MHz

Le sec =107° sec
10

f
TC
N =12
T . =28 x 10 = 8192 x 10

= 8.192 msec

Here,

The output of the integrator is given by V, = —ﬁt. Given that the peak voltage
T

reached at the output of integrator is 10 V. Thus, considering peak input V, =-10V,
we get
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VT \%
Also, 1 -q0vVv 0
T
10x2N xT
= X2 X 10 T1 J/ ;
T !
_ 12 -6 i
T =2%x10 v, t i
T = 4.096 msec T

Q.3 (c) Solution:
(i) The given circuit can be considered as two networks connected in parallel as shown
below,
1/s 1/s 1/s
11

+o0 1 o + +o0 11 1 o+

"4 v, "4 =1/s V,

I I
The y-parameters of the two-port network are given by,
L= yuVi+ Y,
Ly = ynVi+ ynY,
y-parameter of (I) network,

= 1_1 =g =
yll V]_ Vy=0 y22
and Yy, = I = 5=y
12 V2 V=0 21
y-parameter of (II) network,
1/s 1/s
+ 1l Il +
T L L T
Vi = 1/s v,
g |
_h
Yin = Vl Va0

Considering V, = 0, the circuit can be drawn as below.
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1/s 1/s
{1 1l
Il
@) —=1/s
V,=0
L 1L _2
v, 1.1 3
1+ s s
s 1,1
s s
2s
Y= 3 =Yn (. Network is symmetrical)
_h
Y12 = v, V=0

Considering V, = 0, the circuit can be drawn as below.

1/5 1/5 I
11 2

I
= 1/s Ci) V,
V,=0
v, 11 3 3
1 I
s 1,1
s s
Using current division rule,
2s 1
375 s
I= VZ 1 1 =§V2
— + —
s s
We have, I = -I
-5
Y2 = 3 TUn (. Network is reciprocal)
From above, we obtain
2 =
13 3
Yol = -5 2s
3
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For parallel connection, y-parameters can be added. Thus,

55 s
3 3
[y] = [Y(I)] + [Y(II)] = —4s 5s
3 3
g0 n v, 5 Vo L
L1®\Y @f;
(i) 1uv(®) 30 220 30
Applying KCL at node-1 and 2 (super node),
L+i+L,+1, =0
Vl _14+£+ﬁ+£ =0
4 3 2 6
Substituting V, =V, +6,
V1—14+£+V1+6+V1+6 0o
4 3 2 6
3V, —42+4V; +6V; + 36+ 2V, +12
=0
12
15V, +6 =0
-6
= —=-04V
Vi 15
V,=6-04=56V
Th =2 50 =28A
us, i= 5 =5 =2

Q4 (a) Solution:
@i Given, voltmeter readings,
112.5,112.0,112.2,112.3 and 112.4
Actual reading is 112.1 V

.. Mean of the voltmeter readings,
112.5+112.0+112.2+112.3+112.4
5

X =
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X = —5651'4 =112.28 V

Random error is defined as variability in measurements that results from
fluctuations causing some measurements to be overestimated and others
underestimated. The random error for each reading is calculated as below:

Reading (V,,) | Random Error = |Vm —V|
112.5 022V
112.0 028V
112.2 0.08 V
112.3 0.02V
1124 012V

The random error is usually expressed as the average absolute random error. Thus,

0.22+0.28+0.08+0.02+0.12

Random Error = 5 =0.144V

(i) For a multi-plate capacitive transducer,

(n-1)e A
d

Capacitance, C

where, number of plates

plate area

separation between plates

m o >
I

= €,€, (foraire =1)
Plate Area, A = 20 mm * 20 mm

A =4 x10*m?
d=025mm=25x10"*m
Sensitivity of capacitance transducer,
s
~ od
_d|(n-DHe A
°T
-(n-1)e A
5o -1
d
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~(5-1)x8.85x107 2 x4x10~*
(2.5x107%)?

= -2.27x 107 F/m
S ~ 0.227 uF/m (disregarding sign)

The negative sign indicates that the capacitance decreases as displacement increases.

Q4 (b) Solution:
(i) Given:I1=12A; P=1800W

Let T =12 £0°A
200
We have, 1Z,| = E=16.667Q
IZzl = \[R% +X%
16.67 = +/(10)? + X3
(16.67)2 = 10% + X3
277.88 = 100+ X3
X, =1333Q
Thus, V, = T(Ry+jXy)= (12 £0°)(10 +13.33)
= (12£0°)(16.666.£53.13°) = 200£53.13° V
We have, P = VIcos ¢
1800 = 200 x 12 x cos ¢
cos ¢ = 0.75
O = 41.41°

Applied voltage Teq =200£41.41°V

Voltage across parallel branches = Vreq —Vp =200-41.41° - 200.£53.13°

30 -727.71 = 40.84.-42.73° V

40.84£-42.73°

_ =2.04247.27°A
Current through branches 20/ —90°

Current through R, and X, = 12£0°-2.04£47.27°=10.616 -j1.5=10.72/-8.03° A
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Thus, we get

(ii) As per Millman’s theorem , ‘n’ voltage sources (V,, V,, ...

internal resistances (R, R,, ... R)) respectively can be replaced by a single voltage

Z, =

Rl +jX1

Ry
Xy

40.84£-42.73°

= 313 Q
= 217 Q

i’ 4 . { 4 :
source 'V, " and resistance ‘R, " given by,

10.72£-8.
3.81£-34.7° Q=313 -j2.17 Q

03°

V) in parallel having

Ve = i ]
i=1Ri
1
R, = i 1
i1 Ri
T o g 20
1 AvAvAvAv : AvAvAvAv ‘V‘V‘V‘V
: E, E, :
v 20V 90 2100
| 20 |
Millman’s equivalent,
E B 24 20
vV = Rl R2 7 2 :12+10
eq 1 1 1 1 1
Ri Ry 2 2
V=22V
1
Req =171 1Q
7+7
2 2
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The equivalent circuit can be drawn as below,

e 3
I
2VT 390 2100
L 22
! (1+2)+ 12x9
12+9
22
Il = —108:270A
3+~
21
Using current division rule,
o2
© 9+2+10
I = i>!<2.7O
21
I=115A

Q4 (c) Solution:

In an induction motor, at slip s, the rotor induced emf is given by
E), = sE,

where E, is the standstill rotor emf per phase.

and rotor reactance becomes
Xy = sX,

Where X, is the Standstill rotor reactance

Rotor induced emf at s, = 0.02,

E,=5,E,=002x141 =282V
The torque of an induction motor is given by,
2
_ 3 LR ez
e (1)2 S e S

Given in both the cases torque is equal. Considering the rotor current as I, at slip,

s’ =0.02. We have,
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I = 313/ 92 _23514
0.035

At s, = 0.02, Rotor Impedance,
Zy = R, +js, X, =0.16 + j(0.02 x 0.27)
Zy = 0.16 +j0.0054 Q = 0.16£1.93° Q
Thus, the net voltage needed in the rotor loop at s, = 0.02 is:
V. = I,Z5 =23.51 x 0.16.£1.93°

V. =376£193°V
The natural induced EMF in the rotor at s, = 0.02 without injection is E , = 2.82 V
Thus, the emf to be injected to the rotor circuit is given by
=V -E,=376£193°- 282
0.94 +0.127 V
i = 0.95£7.7°V (per phase)

Q.5 (a) Solution:
Given,strain gauge resistance, R = 350 Q
2
0.001
Supply voltage, V. = 10V
Quarter bridge resistances, R, = R, =R, =350 Q

inj

inj

Gauge factor, G.F

Strain, €

Resistance of strain gauge is,

R, = 350 + AR

Change in resistance of strain gauge due to strain,

AR

R - GF x e

AR

R 2 x0.001

AR = 350 x 2 x 0.001
Change in resistance; AR = 0.7 Q

New gauge resistance, R, = 350 + 0.7 = 350.7 Q
Bridge output voltage, Vo= V=V,
where, V, = Vix R
Ry +R;
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Q.5

350

= 10x——
350+ 350
V, =5V
and Ve = VX R 10w 207
Ry +Ry 350.7 + 350
Ve = 5.005V
Thus, V,= V-V, =5-5.005=-0.0056V =-5mV
(b) Solution:
Given,

65% = 0.65
Wavelength, A = 900 nm = 900 x 10" m
Optical power, P = 0.5 mW =5 x 104 W
Multiplied photocurrent, I,, = 10 mA = 0.01 A

Quantum efficiency, n

Responsivity (without multiplication),

_
R,=" e
0 65X(1.6x10‘19)(900><10‘9)
(6.63x1074)(3x10%)
R, = 0471 A/W
Primary photocurrent,
I, = R,P
I, = 0471 x5 x 10
I, = 236 x10* A
I, = 0.236 mA
Multiplication factor,
Iy
M = I,
M = 10 42.4
© 0236
From above, we can see that I, < 1. Thus,
I 1
Mo Mol
Ip M
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If quantum efficiency is lower than the given value, I, decreases and

therefore,multiplication factor M increase to maintain the same multiplied photocurrent.
Whereas if quantum efficiency is higher than the given value, I, increases and
therefore, multiplication factor M decreases for the same multiplied photocurrent.

Q.5 (c) Solution:
From the given data, the circuit can be drawn as below:
5Q

AAAA
\AAAJ

6.25Q j1.25Q

5Q _chQ
—W———

(~)
O/
100V, 50 Hz

Equivalent impedance of above circuit.

_ OOZjXe) 65, j1.25

5+5-jX,
_ (B PXJAO4Xe) | 954 j1.25
100 + X
2 .
_ X HAD0IBXe 6954105
100+ X
For resonance, imaginary part of the equivalent impedance = 0
ixcﬁ 125 =0
100+ X
On simplifying we get,
0.05X2-X.+5 =0 = X2-20X,+100=0= (X, -10)>=0
X =10
We h X = L
e have, e T o
and o = 2nf
f=>50Hz (given)
1
Thus, 27(50)#C =10
1
= =318.3 uF
<~ T000m "
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Q.5 (d) Solution:

Given, Astable multivibrator,

R, = 22kQ
R; = 39kQ
C =01pF

During the positive pulse width, the capacitor C charges through R, and Ry upto2/3 V
after which the output switch from HIGH to LOW. During the negative pulse width, the
capacitor C discharges through R, upto 1/3 V_ which triggers the lower comparator of
555 IC switching the output from LOW to HIGH. Thus, the capacitor charges and
discharges continuously between 2/3 V__and 1/3 V __as shown below:

2 Ve
=V
> Capacitor
lVCC______ ____EL__ ____EL__ ____i__ Voltage
3 ! ! 1 T T T ;

Vout i o P !

1_____| 1 __I 1 __I 1 L Output

Voltage
0 t
t | b
T

During the charging phase, voltage across the capacitor

= VCC+(%_VCCje—t(RA+RB)C

<
I

Att=t,V. =2V /3. Thus,
2Vee =V, _ZV_CCe_tl(RA"'RB)C
3 3
1 = (Ry+ Rp)CIn2 =0.693(R, + Rp)C

During the discharging phase, voltage across the capacitor

~
Il

_ 2Vcc —tRgC
v, = e
Att=t, V.=V /3. Thus,
t, = R,C In2 = 0.693R,C
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(i) Positive pulse width,

toy = 1, =0.693 (R, + Rp)C
= 0.693(2.2k + 3.9k) x 0.1 x 10-°
toy = 0.423 msec
(@ii) Negative pulse width,
to, = t,=0.693 R,C

0.693 x 3.9k x 0.1 x 107°

top = 0.27 msec

(iii) Total time period, T =ty + tp

T = 0.423 ms + 0.27 msec
T = 0.693 msec
Free running frequency,
1
fy= T 1.44 kHz
t
(iv) Duty cycle, D = %XlOO%

0.423x107°
_ —"x100% = 0.6104 x 100%
0.693x10 sec

Duty cycle, D = 61.04%

Q.5 (e) Solution:
For a thermometer, using the Newton’s Law of cooling,
o) = 0;(1—e /") +0,e7/"
where, 6, = final temperature (in °C)

0(t) = temperature at time ¢ (in °C)

0, = initial temperature (in °C)
Given, 0(30) = 97°C
6, = 100°C
0, = 30°C
t = 30 sec
97 = 100(1 - e30/7) + 30e30/7
= 100 - 100e-3%/7 + 30e-30/7
97 = 100 - 70e-3%/7
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70e30/7 = 3

30/% = 20,043
70

By taking ‘In” on both sides,

=30
5 In(0.043) = -3.15
T = % =9.52sec
For 6(t) = 98°C,
98 = 100(1 - e7/932) + 30¢~*/952
98 = 100 - 100e7t/9-52 + 30e¢t/9-52
98 = 100 - 70et/9>2
70e-t/952 =
2

e t/952 = — =0.0285
70

By taking ‘In” on both sides,
—t
9.52
t

-3.55

33.8 sec
Q.6 (a) Solution:

(i) Let the three inputs are A, B, C and output, Y is 1 when two or more inputs are 1.
Truth table:

S
oo

Y =R =R e R )
_ R O O R Rk OO

_ O R O R O R O 0O
_ R RO R O o o

o Y =Zm(@3,5,6,7)
For 4 x 1 MUX: Consider A and B are select inputs and C is input
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IO Il IZ IS
cC 0 2 4 (&
c1 060
0 C C 1
0— I
C— L 4x1
c— Mux [ Y
1— I

35Osl

A B

(@ii) Using the four-variable K-Map for simplification,
F(A, B, C,D) = Zm(7 ,8,9) + 2d(10, 11, 12, 13, 14, 15)

CD
AB 00 01 11 10
00 BCD
/
01 1

A
M| xX | X (| xX|| xnm—

10011 | 1 X | X
F = A+BCD
(iii) Given circuit,
A Y,

We have, Y, = AB
Y, = Y, +C
- AB+C
Y, = C+AB
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Y3 = YzD

= (C+AB)-D=C+AB+D
Y, = EF
X = Y;+Y,

=Y, D+Y,

= Y, -D+EF

= (C+AB)D+EF

= ABD+CD+EF
Q.6 (b) Solution:

803('
Oxide capacitance, Cox = oy

)
I

3.45x10BF/cm, t,_=15nm =15 x 10° cm

ox

-13
C, = %:zww”wcmz
o 1.5x10™
Total gate oxide capacitance is given by C = WLC__. We have,

W=10um=103cm,L=1um=10%*cm

WL = 107 cm?2
Thus, WLC,. = 107 x 23 x 107 = 2.3 x 10-4 F
WLC, = 23 fF

For N, =10 cm™,

q n; 1.5x10

1

17
. k—Tln(&J:o.ozmn(Llj:o.szv
r 0

Work function difference,
q)ms = Wm - WS = O
Thus, V;, = 0. The threshold voltage is given by
2qe4iN 4 (20r)

ox

VT = VFB +2¢F +

J2x1.6x1079 x11.7x8.854x 10 4 x 1017 x0.84

V.= 084+
T 23%x107
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V,=084+072=156V
For V=25V, Voo = Vs = Vp=25-1.56 =094V
Thus, Vissat = Vu =094V
Linear region (Vs < V¢_..)
At V=0:
1
Cgsi = ngl :EWLCOX
Saturation region (Vs > V..
2
Cgsz = EWLCU.X" ngl = 0
) Vps=0
1
Cgsi = ngi = 115~ﬂ:
(ii) VDS =1Vv> VDSsat
From the graph for V¢ > V...,
2 2
2 = £x23=153
Coi = 3 WLC,,= 3 fE
ngi =0
(ii)) Vpg=4V>Vy
2
o XB=153fF
ngi =0
gsi = 13 fF, Cyy =0
Q.6 (c) Solution:
V. = 100 sin(2t) V
Comparing with V sin(wt), we get
o = 2rad/sec
Thus, X, = jol=j2x2=4Q
_]' —]' .
Xe = oc Taxom T
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2H I, I,
050" + +
Two-port
Vi I, Network V2
+
100sin 2t (= L 22000
=100£0°V CD_ )
= -50/ Q
Y-parameter equations for two port network are given by:
L=YuVy + YV,
L = Y, Vi + YV,
Given that, Y, =33x103S
Y,, = 5%x1073S
Yip =Y =0
Therefore, I, =33x10°V, (1)
I,=5x10°V, -(2)
Applying KVL at input loop, we get
100 = j4I, + V, + (-50j) (I, + 1,) -(3)
From equation (1), (2) and (3) we get
3
100 = j4I; + LAl 50 )11 =507l
I 3
100 = ]4+£—50] Il —50]12
i 3.3
10° .
100 = _5—461}11 =507, ..(4)

Applying KVL at output loop, we get
-2001, = V, - 50j(I, + I,)

From equation (2),

3
V2=-%;Jz=%m5

Thus, -2001,

2001, - 50j1, - 501,

ocopyright: [MADE ERSY www.madeeasy.in



44 | ESE 2026 : MAINS TEST SERIES MADE EASY
50jI, = 4001, - 501,
50jI, = (400 - 50))I,

From equation (4) and (5), we get

10° | 400-50] .
= | =——46j || ————L |1, -50jI
100 3 }{ 50; }2 J2
100
ERPTE 400-50
g6 || |- 50
33 50
100 100

(303-46j)(-1-;8)-50j 671 72428
I, = 0.03969£105.44° A
Voltage across load = -200I,
= -200(0.03969.£105.44°)
= 7.9388.£-74.55° V
7.9388 sin(2t - 74.55°) V

Voltage across load

Q.7 (a) Solution:

(i) Anopen collector TTL inverter has an output that behaves like a switch to ground
(logic 0) when ON, and is left floating (open) when OFF. To get a valid logic output,
a pull-up resistor is connected from the output to V_. Let the two open collector
inverters have inputs A and B, and their respective outputs A" and B’ are tied
together at point Y with a pull-up resistor to V. Either open collector output “Pulls
down” the voltage at Y.
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v—o g<

AT

A
—-oY

B/

B
Truth table:

A" B|Y
0O 010
0 110
1 010
1 111
Y=AB

From above, we see that the outputs of two open collector gates, when put in parallel,

create an AND function. So, Y = A’B’. But by, DeMorgan’s law, A’'B’= A+ B. Thus,

two open collector inverters in parallel create a NOR function.

Ve
Ao Dc
——— oY
Bo {>c
(ii) Excitation table of T flip-flop:
Present Next
state state
QW [Qe+D| T
0 0 0
1 1
1 0 1
1 1 0
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State Table for LM Flip flop:

Present Next
state state
L M Q@ Q(t+1) | T(Based on Q(f) & Q(t+1)
0 0 0 0 0
0 0 1 0 1
0 1 0 1 1
0 1 1 0 1
1 0 0 1 1
1 0 1 1 0
1 1 0 1 1
1 1 1 0 1
Getting the value of T in terms of L, M and Q(?):
MQ
L 00 01 11 10
@ Q)
0 1 1 1
111 |® 1 1

T=M+LQ+LQ =M+ (L® Q)

Q
Q.7 (b) Solution:
(i) For MOS transistor to be in saturation region,
Vs 2 Vs = Vi

Vp 2 V-V
So, for maximum value of gate voltage, we have,

Vp = Vo=V

1 w

Now, Ip = ZHa CoxT (Vos =Vm)?

and from KVL in the output loop,
18 -1,(R,)-V, =0

...(ii)
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Substituting equation (i) in equation (ii), we get,
1 4%

18_5 uncoxf (VG _VTh)zRD _VG +VTh =

1.8—%x10x10‘6x11.11(VG —0.4)*x10° -V, +0.4 =0
2.2-0.055 (V- 04)2-V,=0

0.055V2 +0.956V,; —2.1912 = 0
V,=205V, -1943V

Thus, V,=V.=205V (Since V4> V)
Hence, the maximum value of V. for which the MOS transistor will work in saturation
region is 2.05 V.
(i) Given, diffusion resistance,

r, > 48 Q
Diffusion conductance,

¢ < =1 _00008s

r; 48
_ Ip

But, 8 = W
Diode current, In =g,V (Assumen =1)

I, < 0.0208 x 0.0259 = 0.539 mA
We know that, Iy = I exp(ﬁJ

Vr

where V_= applied forward bias voltage.

Is VT
Yo = In Ip
Vr I

\%

a = VT ln(I—DJ
IS

3
Hence, V. < 0.02591n(%) ~ 0443V

2x10

Therefore, the maximum forward-bias voltage that can be applied to meet the given
specification is 0.443V.
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Q.7 (c) Solution

(i) Redrawing the given network in resistive form, we get,

- é = 1 "])Q __]' XC
—H=
]U)Ll . </
é? IR, (1)
o = 5rad/sec (given)
Applymg KVL in the loop (1), we get
V = (1-j)I, +j5I,-j5I, (1)
Also, applying KVL in loop (2), we get
0 = -jX.I,+j151, + 21, - 51, ...(ii)
From equation (i),
_ Y+l
L (1+4j)
Putting the above value of I, in to equation (ii), we get,
. j5[V +j51,]
0= jA5-Xc), +2I) —————=
J( o)l +2 (1+j4)
= (1+j4)[jA5-X,) +2]I,+25],-j5V
or 5V = [j(23 - X )1, +4X - -33]1,

j5V
27 L (23— X()+4X--33

The average power delivered to the load,

. 2
P, = I%RLZ ‘JSV‘ RL
g (23 -Xc)+4X - -33]
. 5V2R;

L

2
N4XC —33)2 +(23- X, ) }
For maximum power to be transferred

dp,
X

c
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or [(4XC ~33)2 —(23—xc)2]><0—[2(4xC ~33)x4+ (23— X )x2(~1)]x5VZxR; =0

or [-8(4Xc —33)+2(23-X.)|x5V2xR; =0

or -32X.+264+46-2X.=0
-34X. = =310
or X-=9117Q=1/wC
= C = 21.935 mF
(ii) Loading of the transformer is as follows:

In first time slot : kVA load = 04_6 =6.667 kVA

Ohmic loss vary as the square of the kVA load i.e. P, = x2P L, Where x is the
fractional load given by kVA load/rated kVA.

. e 6.667 V-
. Ohmic loss during first time slot = 400 o |~ 177.778 W

6
In second time slot : kVA load = 08 =75kVA

2
7.5
. Ohmic loss during second time slot = 400 X(Ej =225W

10
In third time slot : kVA load = 09 =11.11kVA

) } ) ; 11.11
. Ohmic loss during third time slot = 400x 10

2
) =493.83 W

In fourth time slot : Ohmic loss = 0
- Daily energy lost as ohmic loss

= ﬁ [(177.778)x 6 + (225)x 5+ (493.83)x 7| = 5.649 kWhr
100x24
Energy lost as core loss on daily basis = 1000 - 2.4 kWhr

Daily total energy loss = 2.4 kWhr + 5.649 kWhr = 8.049 kWhr
Daily total energy output=[4x6+6 x5+ 10 x 7 + (0)] =124 kWhr
Daily loss in kWhr
(Daily output + Daily loss) in kWhr
_ 8049 1- 8.049
124 +8.049 132.049

All day efficiency, n=1-

=0.939 or 93.90%
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Q.8 (a) Solution:
(i) For the two-port network shown in Fig. (a), the ABCD parameters are given by,

V1 = AV2 + BIZ
11 = CV2 + DI2
L R R L
Vi 5§ R v,
Fig. (a)

From Fig. (a), using KVL, we can write
-V,+I [ R+LR+V,=0

V,=V,+ [R+ LR (1)
also, -V,-LR+([;-1)R =0
V, = -LR-LR+IR
1
Il = Evz +212 (2)

On putting the value of equation (2) in equation (1),
we get V, =2V, +3RI,
On comparison we get

1
A=2;B=3R;C=E; D=2

The equivalent ABCD parameters for two cascaded networks is the matrix
multiplication of their individual ABCD parameters. Thus, for the below network,

I R I
T MWW MWW MWW MWW T
Vi 5§ R R Eé Vs
A B 2 3R 2 3R
C D| l 2 l 2
- R R

ForR=1
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A B 7 12
[c D} ) {4 7}
Let the equivalent T-network be,
L R, R,

~
AMA
A4
=
N

We have,
V1 R1+R2
c A=yl TR
3[320 2
= R, =6R,
V.
° B=I_1
3l =0
R
For V, =0, we have, I, = Il[Rl +2R2]
R{R
d, V, = Ij| Ry +—12
an 1 1( ! R1+R2)

= 12= (Rl +R2)&+R1
R2

12=6(R, + R, + R,
12 = 6(7R,) + 6R,

12 = 48R,
1 3
=—Q; R =—Q
Rom ™ 173
Note: For a symmetrical T-Network
Zl Zl
° B B
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The ABCD parameters for this T-network are:

A= 1+é
Zy
2
B = 2Z1 +Z—1
)
€
D=1 +é
Zy
(@ii) Input admittance for the given circuit,
o
1 N 1
Yin = R +j10 4-j5 R, 340
B RL—j10+4+j5 100 -5 Q
T RP+100 41 T

[~

R 4 N JE 710

RZ+100 41 41 R2+100

For resonance, Y; must be real

S S5 __10
©r 41~ R2+100
5R? +500 = 410
R} = -18

The equation is not satisfied for any real value of R, . Thus, no value of R; can make

the circuit resonant.

Q.8 (b) Solution:

The moving coil instrument reads average value of current while hot wire reads rms

value of current. The electrostatic voltmeters do not take any current for their operation

and they read the rms value of voltage.
Let ‘i’ be the instantaneous value of current,
i=I,+I, sinot+]I, sin2ot

0.5 + 0.3 sinwf - 0.2 sin2mt

Average valueof i, I = 0.5 A

Hence, reading of moving-coil instrument = 0.5 A
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RMS value of current i,
2 2
— I% + Il_m + Iz_m
rms \/E \/E

2 2
\/(0-5)2+(%) +(%) = 056125 A

Hence, reading of hot-wire instrument = 0.56125 A

—
|

Reading of electrostatic voltmeter across 1000 Q resistance,

Ve =1 .R=0.56125 x 1000
= 561.25V
Instantaneous value of voltage across 1 mH inductor,
di
= L—
Vi dt
- (1><10‘3)%[0.5 +0.3sin wt —0.2sin 20t]
For o = 10° rad/sec, V, = (1x107)[(0.3)x wx cos wt — 0.2x 2mx cos 2wt

V, = (300 cos ot - 400 cos 2wt) V

Hence, reading of electrostatic voltmeter across 1 mH inductor,

2 2
v, = \/(?j)ioj +(‘j§oj =353.55V
Q.8 (c) Solution:

(i) 1. We know that, drift current:

av
ID = ancox(x)[(VGS_VT)_V(X)]E
€ €
here, C (x) = = F=—3"—
where (%) T, 218
€ av
= u,W—>= Vs =Vr)=V(x)|—
Iy = Wy Ax2+B[( s =Vr)-V(¥)] I

By rearranging above equation,

Ip 2
—=(Ax“+B)dx = - -
aneox ( i ) g [(VGS VT) V(X)] dV
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By integrating the left side from x = 0 to x = L and the right side from V(0) = 0 to

V(L) = Vp

L 3L 3
Left side j(sz +B)dx = AZ| +BL= AL Br

0 3 3

0

Vps V2

Right side _[ [(Ve =Vr)=V()dV = (Vgs = Vi )Vps —%S
0
V2
(Ves = Vr)Vps — %
ID = aneox AL3
——+BL
3
2. Saturation voltage V_.
At saturation condition:
VDsat = VGS - VT
Saturation current,
s L, (o)
Dsat — oy 0x 3
" AB)L +BL

3. Interpretation of constant V

Threshold voltage depends on oxide thickness:

1
Vre g
Given T, (x) = Ax*>+ B

* If variation is large = V, varies along channel.
* But assumption says V. is nearly constant.
Therefore, the variation in T, must be small.
Therefore, small W, (small oxide variation) is required for a nearly constant V.
(i) Given:
Threshold current, I, = 5mA
Wavelength, A = 1.33 um = 1.33 x 10* m

Quantum efficiency, n = 0.8

Required optical power, P, = 9 dBm

Conversion of optical power from dBm to Watts
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10 log P, (mW) = 9

9
= P, = 1019 mW
P,=794x10°W
Above the Threshold current, Laser diode power-current relation is given by,

ho
P, = n7(I_Ith)

Since, v =
he 6.63x104x3%108

Evaluate constant, 5" = 9" 00791 33%10°9

~ 0934 V
Thus, P, =08x0.934(I1-1,)
P, =0.747(I-1,)
Given, P, =794 x10°W

7.94 x 103 = 0.747(I - 5 x 10-3)
[-5x103 = 0.01063 A

I = 0.01563 A

I = 15.6 mA

The optical power vs input current characteristics for the Laser diode can be drawn as,

Optical
Power

Slope =0.747 W/ A

Input current
I, =5mA

* Below threshold — very small spontaneous emission

* Above threshold — The output power increases linearly (stimulated emission) with
a slope equal to 0.747 W/ A.

Q000
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