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Detailed Solutions

ESE-2025 E & T Engineering
Mains Test Series TestNo: 7
Q.1 (a) Solution:
From the figure,
V,=40V (i)
Nodes 2 and 3 form a supernode. We have,
V, = 5i +V, = 5{( V2 ;Vl H+V2 =2V, -V, ...(i)
Applying KCL at Node 1,
6+ﬁ+V1_V2 +V1_V4 - 0
10 5 6
o+ 1=Vo 11740
10 5 6
7 1 2
V.-tV = £
1517572 3 ..(1ii)
Applying KCL for the supernode,
Va-Vi Vo Vs Va-Vu _
5 20 15 2

Va-Vi Vo (QVa=Vi) (@Vy-V1)-40
5 20 15 2

...using equation (ii)
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—%Vl +%V2 = 20
Solving Egs. (iii) and (iv), we get
vV, =10V
V,=20V
From equation (ii), V,=2V,-V,=

Q.1 (b) Solution:
For full subtractor, the truth table is,

Difference (D) Borrow (B)
0 0

y

[ e ===
R O O R R O O
R O R O R O R O N
c o R O Rk =

e M = T < S S G S Y

—_

1 1
For difference D(x, y, z) =Zm(1, 2,4, 7)

Borrow B(x, y, z) =Xm(1, 2, 3, 7)

—

..(iv)

40-10=30V

Consider y and z are connected to the select lines S, and S, of the Multiplexers to get the

Difference D and Borrow B. The expressions for the input lines is obtained as below,

Sum | [,
x| 0 @
x @ 5
x X
For Borrow B:
B |1, I

L I
2 3

6 @

X x
L, L
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—3
1
Q.1 (c) Solution:
Given,
120 Q
Strain 1‘\28 AQ
gauge \AAAJ
|t
+ _
15V
When no stress is applied,
Volt trai y = 210 55y
oltage across strain gauge, V, = 15" =55=7"
When stress is applied, the resistance of the strain gauge changes. We have,
(AR/R)
Gauge factor G = (Al—/l)
We know that,
, stress  stress
Young’'s modulus = —=
strain (Al
I
6
Al _ stress _ 150%10 0.75%10°
l Young’s modulus  200x10°

AR GxATl: 2%0.75%x1072
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AR =15x103x R=15x 103 x 120 = 0.18 Q

Voltage across strain gauge when stress is applied,

= 15x——0 1S 750562V
120+120.18
Difference in voltage = 7.5 - 7.50562 = 0.00562 V
= 5.62 mV

Q.1 (d) Solution:
Given, For BCC iron,

2.866 x 108 cm
55.847 g/mol
Density, p = 7.87 g/cm3

ay

atomic mass, M

A BCC unit cell has atoms located at each of its eight corners and one atom at the center
of the cube. Each corner atom is shared by 8 unit cells, contributing 1/8 to the unit cell.
The body-centered atom is entirely within the unit cell. Therefore, the total number of
atoms per unit cell is given by

N %x8+1 =2 atoms/unit cell

mass M

(i) Number of unit cells = (Volume of unit cell)x(Density) ) a(?)’ Xp

0.59
(7.87 g/cm® )(2.866>< 1078 )3 cm®/cell

3.185 x 10?! unit cells

(ii) Number of Iron atoms = (No. of unit cells) X (No. of atoms per cell)
(3.185 x 10%1) (2)

6.37 x 10?! atoms

Q.1 (e) Solution:

Consider the circuit at t = 0. At steady state, the inductor acts as short circuit and the
capacitor acts as open-circuit.

=
|
1
=
—~
<
N
AA
l Wy
318
_»'4_
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. -\ -\ -\ VS — —
Thus, 1,(07) = 1,(07) =1,(0) R +R, i,(0)
Voltage drop in R, = —= 1 _y
oltage drop In Ry = R, + Ry = Vi
As inductor is short, so V, will be distributed between C, and C,. We get,

Vr1Co
VCl(O ) = C;+C,
L VriG
and Vo (0) = C,+C,

Consider the circuit when switch is closed,
i.e., circuit at t > 0,
At t=0%

i4(0") @ JE/L(0+) & vel0?)

The capacitor does not allow sudden change in voltage. Thus,

Lo VG
Va0 =Va@) = o
VriG
V(01 =V, (0) = C,+C,
Similarly, the inductor does not allow sudden change in current. Therefore,
. C Vs
1,(07) = 1,(07) = R, +R,
. . C, ViR
V@) =Va®) = e, R+ R,
0% = Vr1(07) _ ViCo
L0 Ry (Rq + Rp)(Cq +GCy)
o Ve Ver(07) + Viea (0M)]
11(0 ) - R,
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Vs—( VriCr | VG j

Ci+Cy C1+GCy

R,
RS
S Ry+R, ViR, +ViR, - ViR,
B R, B (R; + Ry)R,
VR, v,

] N —mmM—————— = ——
7 (07) (Ry +Ry)R,  Ry+R,

Q.2 (a) Solution:
(i) Let the state of emergency shutdown switch be denoted by “A” and,
state of sensor 1, sensor 2 and sensor 3 denoted by B, C and D respectively.
If the switch is pressed or sensor is activated, it is treated as logic 1.
The state of assembly line is denoted by F, with the shutdown of line considered as
F=1.

The truth table for the circuit is as shown below,

A B C D F
(Emergency Switch) (Sensor1) (Sensor2) (Sensor3) (Shutdown)
0 0 0 0 0
0 0 0 1 0
0 0 1 0 0
0 0 1 1 1
0 1 0 0 0
0 1 0 1 0
0 1 1 0 1
0 1 1 1 1
1 0 0 0 1
1 0 0 1 1
1 0 1 0 1
1 0 1 1 1
1 1 0 0 1
1 1 0 1 1
1 1 1 0 1
1 1 1 1 1

By using 4-variable K-map,
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CD
CD
AR~ 00 01 11 / 10
00 1
01 T 1] |~ BC

1011 | 1 (|1 1f—A

10| 1 1 14 1

. The output logic expression, F = A + BC + CD

A+BC+CD

el
Il

A-BC-CD

Two input NAND realization for the logic expression F is,

A | }7
:},7

D

(i) Given, Hexadecimal number,
7B8,; = 011110111000,

Also given, 5 bits represent integral part and 7 bits represent fractional part. Thus,
the binary equivalent of the number is given by

N = 01111.0111000,

Thus, the decimal equivalent can be obtained as below,

l><0+i2><1+i><1+l><1

3 4

DJ=(24x0+23x1+22x1+21x1+20x1)+ . 2 ) 2

+2—5X0+2—6X0+2—7X0
=8+4+2+1)+(0+0.25+0.125 + 0.0625 + 0 + 0 + 0)

=15.4375,,
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Q.2 (b) Solution:

(i) For maximum power transfer in an AC circuit, Z; = Z:h, where Z,, is the Thevenin

equivalent impedance across the load Z, . First we obtain thevenin equivalent circuit.

ForZ,, :
40 L
8Q
<—|
-j6 Q Zy,
T o
Z, =j5+41](8-j6)
= 4x(8-76)
= 5 + - . = ]
] 126 2.933 + j4.4667
For V,, : Using voltage division rule, .
—j 10sinot V (~ Vi
Vo= 5715 (10409 V@ o '
th = 448- 6 J082= -

7.4535./-10.3°

The load impedance draws the maximum power from the circuit when,
Z, = Z, =(2.933 - j4.467) Q =R, - jX,,

The Thevenin’s equivalent circuit is as shown below:

Zth

wo ) [

The current through the load is,
Vi _ Vin
Zy +7Z; Ry + Xy +Rp + X 2R

2
_ L1V PRy _ Vil
2 (2R))*> S8Ry

The maximum power drawn from the circuit is,

1
p= E|Im|2 Ry

_ val® _ (7.4535)°

Pmax SRL a M =2368W
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(@ii) Let the voltage and current at the terminal of the AC circuit be
o(t) = V,, cos (ot +0)
i(t) = I cos(wt+0,)
P(t) = o(t)i(t)=V, I, cos(wt+0,) cos(wt + 0,

P(t) = %VmIm cos(0, —0,) + %VmIm cos(2mwt +0, +0;)

The average power is given by,
1T
P = ?'[P(t)dt

= I V.1, cos(6 I Vil cos(2mt + 6, +0;)dt
avg
The second integrand is the average of a sinusoidal over its period, and is equal to
zero. Thus, the second term vanishes and the average power becomes,

1
P = EVmIm cos(0, —6;)

Vv,
= \/’ﬁ xTxcos( -0,)=V,,s,,s cos(0,—0;)

For purely resistive circuit or resistive load R,
1
P = EVmIm

Q.2 (c) Solution:
(i) < LetIisthe number of carriers which are injected per unit time at x = 0, then the
number of carriers which have not yet recombined at a distance x can be given
by,

X

L,
Ie 7
* Considering a small slice of thickness dx at a distance x from the injecting surface,
the number of carriers which have recombined in the slice can be given by,

X _(erdx} x dx X
L L T T T
Ie P —1Ie P = Je Lp |:1—e Lp:|z1£dxe Lp

P

[ e*=1-xfor |x]| <<1]
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* Dividing the above expression by I, we get the probability of a carrier

recombining between x and x + dx as,

X

dx L
LP

* In the above expression, we can define x as the length travelled by a carrier
before recombination and it can be modelled as a random variable with the
probability density function,

* The statistical average or the expectation of X will be equal to the average
distance travelled by the carriers before they recombine and it can be calculated
as,

X

oo

E[X] = _LXfX(x)dx:Iie de = Lpzue_”du =L, [—ue‘” —e‘”}: =L,

* Hence, it is proved that the average distance travelled by the carriers before

they recombine is L.

(@ii) Since the collector is heavily doped compared to the base in a BJT, the depletion
region width of the Collector-Base junction will primarily be determined by the
width of depletion region of CB junction extended into the base region. Thus, the
width of depletion region of CB junction extended into the base region, for uniform
base doping, depends on V ; as,

Wiaep = VB +Voi =y/Ves
Given: I/\/dep = (0.3 wum, when Veg=5V.
Total base width = Neutral base width + Depletion layer width =12+ 0.3 =1.5 um

When the neutral base region is completely depleted, W, , =1.5 um

. W, Vepo
o Wy Vet
2 2
W, 15
VCBz = (WlJ XVCBl = (ﬁj x5V=125V
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Q.3 (a) Solution:
Let I, I,, I, and I, represent the input data lines of MUX. Based on the select lines S,S,

one of the input data lines is propagated to the output.

From the given facts:

(i) f(S=00rS,S,=00)thenF= A ie,l,= A (use an inverter)
(i) If(S=1orS5,S,=01)thenF=A+B

= I[=A+B

Use full adder with C,, =0
(iii) If (S=2o0r S,;S,=10) then F=A - B,

= F=A-B

F = A+ (2's complement of B)

A + (I's complement of B + 1)

A+B+1

A+Be1)+1
F=A+Bo®1)+1

Use full adder with C,. =1 and an XOR gate.

(iv) If (S=3o0rS,S,=11) then F=B
= I[;=B=B®1
Use XOR Gate with one input as B and other input as S,. It is also used as an input

to the full adder i.e. B when S1 =0and B when 51 =1.

The logic design can thus be implemented as below,

Do P
A 2 1
4x1
B §:> FA MUX ——F
—— 2
Cin Cout
F 3
/lr‘/
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Q.3 (b) Solution
Given that there is one (Cs* - Br") pair per unit cell and a = 0.430 nm. So, the number of

ion pairs per unit volume (N) can be given by,
N = %: L S m " =1.258x10% m~
a”  (0.430x1077)

(i) From Clausius-Mossotti equation, at very low frequencies,

€ -1
rlow) =~ _ 1 [Noci+Noce]:L[Noci+NoceB +Not,c |
Sr(low) +2 380 380
Given that, o, =5.8 x 10" F-m?, o, = 4.5 x 10-*° F-m? and o = 3.35 x 1074 F-m?
€r(low) 1 1.258x10%

- — [(5.8+4.5+3.35)><10—40] = 0.6465
€r(low) +2 3x8.854x10

(gr(low) - 1) (gr(low) + 2) (06465)
(1-0.6465)¢, ., = (2 % 0.6465) + 1
(2x0.6465)+1
€ = z65
rlow) = T (1-0.6465)

(ii) At optical frequencies, only electronic polarizability is dominant.

Sr(opt) -1 NOLe N((X‘BB T0,c )

So, —Sr(opt) 5 = 3e, = 3¢
(1.258%10%%) (4.5+3.35)x 104
= - =0.372
3x8.854x10
€ opy ~= 1) = (0.372) (&, 5py * 2)
(1-0372)€,,py = (2%0.372) +1
(2x0372)+1 _
ropy) = (1-0.372)
Q.3 (c) Solution:
(i) The Thevenin equivalent circuit can be obtained as below, ; 5V
SD
_ 5x594+(-5)x20.6 2K
- 504+206 2V o
R SG
Veg = V5= Vg it - | Ve,
= S_ZISD_2'425 VThl _
= 2575 -2l =
2.575 -V T
= Iy, = — (i)
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Assume MOSFET is in saturation,

After solving, we get V.

Mpcox W 2
Ip = —5 'T(VSG ~[Vrp))
2,575 Vse , )
f = 05 (VSG - 15) = VSG _2VSG —0325 = O

215V, -0.153 V

But, Ve > | Vipl (For MOS transistor to be ON)
Therefore, Voo = 215V
2.575-2.15
(ii) lyp=—F = 0.2125mA  (From eqn. (i))

(iii)

Vep = 5-215,=4575V
Vsp > Voo = | Vip| = MOSFET is in saturation.

\%

Q.4 (a) Solution:

@ 1

Given 4% digit voltmeter is working on 100 V range. The 1/2 digit is used to

represent either 0 or 1 and the full digit can represent any digit from 0 to 9.
100 V is represented on the voltmeter as shown below,

ie., 1100100

In 100 V range, the minimum voltage that can be measured by 4% digit
voltmeter is @ ie. 10 mV.

10

Resolution = 10 mV for 4% digit voltmeter.

For 3l digit voltmeter, range is 10 V with 10 V represesented on the voltmeter

as shown below,

ie., 110]0(0

In10 V range, the minimum voltage that can be measured by 3% digit voltmeter

10
s —=10mV
1S 103 .

1
Resolution = 10 mV for 35 digit voltmeter.
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2. In 4% digit voltmeter, 0.4312 V is displayed on 100 V range as,

0O[0]0]| 4|3

In 3% digit voltmeter, 0.4312 V is displayed on 10 V range as,

00| 4,3

ii) 1. en X = 0.0 cm, i.e. the displacement is zero, the entire space between the
ii) 1. When X = 0.0 i.e. the displ ti the entire space bet th
plates is filled by dielectric. Thus, capacitance of capacitive transducer is,

c_EA_S& A

d d
where, Area, A = 0.05 x 0.05 m?
d =001m

4x8.854x10712 % (0.05%0.05)
0.01
C = 8.854 x 1012F

2. When X =2.0 cm, the region between the plates in the range x =0 to x =2 cm is

filled with air and the remaining region with dielectric. Thus,

Total capacitance,
CT = Cair +C

dielect.
_ o Aq 4 EoEr Ay
d d
where Area, AA, = 0.02 x 0.05 m?
A, = 0.03 x 0.05 m?

(8.854x1071%)x(0.02x0.05) . (4)(8.854x10712)(0.03x0.05)
T 0.01 0.01

8.854 x 10713 + 5,312 x 10712
6.197 x 1012 F

@
I
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Q.4 (b) Solution:
@ RS flip-flop using NMOS

Operation of the circuit:

<

DD

. H . Sy
Clko—]| = - | cix

* When S =0and R =0, transistor T, and T, are OFF and output Q remains in the
same state.

* When § =1 and R = 0, transistor T, is ON and thus, Q becomes one which
makes Q =1 when clock =“1".

* When § =0 and R = 1, transistor T, is ON and thus, Q becomes zero when
clock ="1".

* When S=1and R =1, both transistor T, and T, are ON, thus both Q and Q try
to become 0 which leads to an invalid date.

The truth-table for the circuit is as below:

R|S|Qn+1)
oo Q.
01 1
110 0
11 X

(i) The turns ratio k, for the transformer can be calculated as:

V, 200 oo

V, 2000

Referring the low voltage winding resistance to the high voltage side, we have

, R
R, = R1+R2=R1+k—22
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06+%=1.2§2

le T (0.1

R

kVA 50x10°
The full-load current, Iz, ) = 3= 000 = 2%
L=y

Hence, the full load copper losses is given as

— 12
Pcu (FL) ~ I1(F~L~) xRy,

625 x 1.2 = 750W

When the transformer is operating at half load, the efficiency is given as

% = xVAcosd i %100
xVAcos¢+Ironloss + x°F,, ;)
1
For half load, x=
Therefore,
o 0.5x50x10%%0.8 100
on = 0.5x50x10° x 0.8 + 400 + (0.5)* x 750
= 20000 x100
20000 + 400 +187.5
= 97.15%

Q4 (c) Solution:

(i) The given circuit can be considered as two networks connected in parallel as shown

below,
1/s 1/s 1/s
+o 1 o + +o 11 1 o+
L L L L
"4 V, Vi =1/s V,
-0 0 — -0 o -
I II
y-parameter of (I) network,
Iy
Yn =y =5%Yn
Vi Vo =0
L
and V= | T8 Ua
2lv1=0
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y-parameter of (II) network,

1/s 1/s
+T 11 il il Iz T+
Vi =1/s v,
4 L
_h
Yin = Lﬁ Vos0

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

1/s 1/s
Il Il
L
1v(®) =1/s
V,=0
12
L = 1 1 3
1 7
1.s s
s 1.1
S S
2s
Yig = 3" Yoy (. Network is symmetrical)
_h
Y12 = V, V=0

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

1/s 1/s |
Il 11 2
LR 1

=1/s  (D1v

V,=0
2s
I, = 'E;
Using current division rule,
2s 1
375 s
I ==
1,13
s s
We have, I = -I
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Y2 = 3 TUn (. Network is reciprocal)
From above, we obtain
(25 =
_ 13 3
Wl =1 = 2
L 3
(s -s
Yol = s s
For parallel connection, y-parameters can be added. Thus,
55 s
_ _| 3 3
[]/] - [Y(I)] + [Y(H)] - —4g 5s
3 3
?AVAVAV Il Vl g VZ 13
LI®\Y @yf;
(i) 14v(®) S350 320 Ze0
Applying KCL at node-1 and 2 (super node),
L+i+[,+1,=0
V-1V Y
4 3 2 6
Substituting V, =V, +6,
V1—14+£+V1+6+V1+6 _
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 26 28 A
us, i= 5 =5 =2
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Q.5 (a) Solution:

Given, Astable multivibrator,

R, = 22KkQ
R; = 39kQ
C =01uF

During the positive pulse width, the capacitor C charges through R, and Ry upto2/3V
which cause the output to 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
3« , Capacitor
lvcc_ 1\ :L :L i Voltage
3 I I I T : t

Vout 1 1 I 1 1 1

1_____| l___l 1 __l 1 . Output

Voltage
0 t
t | ty
T

During the charging phase, voltage across the capacitor
V.=V, +(%—VCC je‘“RA*RB )

At=t,V_=2V_/3. Thus,

2V,

Z7cc p~11(RA+RB)C

NG

.= (R, + Ry)CIn2 = 0.693(R, + Ry)C

During the discharging phase, voltage across the capacitor

~~
|

V. = —2‘3/“ ¢ HRBC
At=t, V =V_/3. Thus,
ty

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
fb = ? =1.43 kHz
t
(iv) Duty cycle, D = %XlOO%

0.423x1073
- —Cx100% = 0.6104 x 100%
0.693x107 sec

61.04%

Duty cycle, D
Q.5 (b) Solution:

Given, resistance temperature relationship

R = aRB/T
@ AtT=0°C or 273K, [ T (in K) = T(in°C) + 273]
R = R,=3.9kQ

From equation (i),
3.9 x 10°
At T=50°C =50+ 273 =323 K
Resistance, R = 794 Q
794 = (3.9 k)F/32

Dividing equation (iii) by equation (ii), we get

(3.9 k)B/27
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B/323 BB
794 _ (3.9Kk) _ (39K
39k oc(39k)B/ 273
794
In| =~ | = B| —-— |In(3.9k
(3.91<] P 323 27 3} )
1 1
159 = B| ———|In[3900
1.59 6[323 273} n[3900]
B = 339.5 K-!
Substituting value of ‘B’ in equation (ii),
3900 = (3900)%%5/273
o = 0.133

(i) When T =40°C =40+ 273 =313 K

R = 0.133(3.9 k)335/313 = 1,045 kQ
When, T =100°C = 100 + 273 = 373K
R = 0.133(3.9 k)335/572 = 246.8 O

Hence, the thermistor resistance decreases from 1.045 kQ to 246.8 Q as the
temperature varies from 40°C to 100°C.
Q.5 (c) Solution:
(i) Truth table for the MUX is given as,

C B A|Y
0 0 0|D
0 0 1|0
01 01
01 1|0
1 0 0|D
1 0 110
1 1 010
1 1 110

Using above, the truth table for the output Y showing all 16 possible combinations
of input variables can be written as below,
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= T e ==l el el el el el )
= = I = I« i R S R S = I = =Rl )
= R = R S = I = N T = R =N A S e N el W v ¥
_ O R O R O R O R O R OROR Ol
O 0 OO0 O R O R O OO RO RO O

(i) In SOP form, we can write
Y = DCBA + DCBA + DCBA + DCBA
= (D+ D)CBA + DCBA + DCBA
= CBA+DCBA + DCBA
= CA(B+DB)+ DCBA
= CA(B+ D)+ DCBA

Y = CBA+DCA + DCBA
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Q.5 (d) Solution:

Given circuit,

R =560{Q
100 kQ

At25°C:
By applying KVL in input loop,
Vee=1pRp = Ve = 0

Voc—Vge  12-07
Base current; Iy = Rg = 100 kQ

I, = 0.113mA
Collector current, I. = BIB =100 x 0.113 mA =11.3 mA
Applying KVL in outerloop,
Vee=IRe=Vep =0
Vep = Vee= IR
12 - 11.3 x 1073 x 560
5.672V

VCE

At75°C,

Base current from input loop,

Vec —Vpe _12-07
B Rp 100 kQ

=0.113 mA

I = BI; =150 x 0.113 mA =16.95 mA
from outer loop,
Ver = Vee ~ IR
= 12 -16.95 x 1073 x 560
Vep = 2508V
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Q.5

percentage change in I,

Ic

Ic

75°C
Ic

°C %100

25°C

_ 16.95 mA -11.3 mA 100

11.3 mA

Ve

75°C Vee
Ve

25°C 100

percentage change in V., =

25°C
2.508-5.672

=50%

= ————x100 = -55.78%

5.672

i.e.,, with increase in temperature from 25°C to 75°C, the percentage change in Q-point

values are I = 50% (increases), V. = -55.78% (decreases).

(e) Solution:

Output equations of full adder,

Sum,S = X®Y®Q
Carry, C = XY + XQ + YQ
Input to flip-flop is,
D

C
XY+ XQ+YQ
Characteristic equation of D-flip-flop,
Q(t+1) =D=XY+XQ+YQ
State equation, Q(t +1) = C

State table:
Present Inputs Next Output
state state
Q X Y Q" S
0 0 0 0 0
0 0 1 0 1
0 1 0 0 1
0 1 1 1 0
1 0 0 0 1
1 0 1 1 0
1 1 0 1 0
1 1 1 1 1
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State Diagram:
10/1 11/0 01/0
00/0 ' , 10/0
S e
00/1

Q.6 (a) Solution

(i) ¢ Letus denote the input binary values corresponding to d; as b, .

+1 V; whenb; =0
2

So, d, = 1
-—V; whenbp; =1
2

1- 1
di = (Ebz_zszv

* Redrawing the given circuit,

R b
dy o——ANW——
I R

R/4 | I.
d; o MWW : mo \? < - v
——O
R/7 I + 0
dy o——WW——

Output voltage,

V,=-LR
where I = I,+1 +1,+1I,
iy D
R R R R
2 4 7
Vv, = +2d1+4d2+7d2]
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* The output voltages for all the possible input binary combinations can be

obtained as shown in the table below.

Digital input

by | by | by K
0|0 0 ov
0|0 1 1V
0|1 0 2V
0 1 1 3V
1 0 0 |3V
1 0 1 |-2V
1 1 0 [-1V
1 1 1 ov

* From the relation between input binary combinations and corresponding output
voltages, it can be concluded that the given circuit can be used for converting
digital signal in ones complement format to analog output.

(ii) Resolution (step size) of DAC is defined as the smallest change that can occur in
the analog output as a result of a change in the digital binary input. The resolution
is always equal to the weight of the LSB and is also known as the step size, since it
is the amount that V_ , will change as the digital input value is changed from one
step to the next.

Step size

Percentage resolution = x 100
Full scale output
It can also be calculated as,
% Resolution = 1 x 100

Total no. of steps
In general, for an N-bit DAC, the total number of steps = 2N _1

1
So, % Resolution = N x 100
2

Settling time specifies the speed of a DAC, which is the time required for the DAC
output to go from zero to full scale as the binary input changed from all 0’s to all
1's.

Actually, the settling time is measured as the time for the DAC output to settle
within £1/2 step size of its final value.

Temperature sensitivity of a DAC determines the stability of D/ A converter. For a
fixed digital input, the analog input varies with temperature, normally from +50 ppm/°C
to £1.5ppm/°C. This is produced due to temperature sensitivity of the reference
voltages, the resistors used in the converters, the op-amp and its off-set voltages.
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Q.6 (b) Solution:

Given, no. of turns in moving coil,
N =

diameter, D

power factor = cos ¢

flux density, B =

The flux linking with moving coil

500

30 mm

0.866, [ =0.05 A
15 x 10> Wb/m?

Area x Component of flux perpendicular to area

2
%XBXCOS@

The flux linkages with moving coil

2
= NX%XBXCOS@

where, D is mean diameter of pressure coil.

flux linkages of moving coil

Mutual inductance, M = (current of fixed coil)

%NDzB cos0 =M, cosO

where, M, ., = maximum mutual inductance
- (i)NDZB
4]
Rate of change of flux linkages,
daM _
0 M_ . sin6
If I, and I are the currents in the moving coil and the fixed coil respectively, then
Y dM
Deflecting torque, T, = I,]cos¢——=—1cosdp—
g torque, 1, = Lylcos=pg R, "
_ VICOSO a sing
R
P
= (IpI cos )M, sin O
- ngDzBIP cos0sin 0
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(i) For 6 =060° sin 6 = 0.866

g><500><(30><10‘3 )2 x15%107° x0.05%0.866 % 0.866

~
Il

. =198.8 x 10 Nm
(i) For 0 =90°sin0 =1

~
Il

ijsow@xw‘z)z x15x107° x0.05%0.866x 1

229.5 x 10° Nm
Q.6 (c) Solution:

Electron current crossing the depletion region

(i) Electron injection efficiency (y) = Total current

L A,
TS L L () A ]

where ], = Electron current density, ], = Hole current density

1

=

= v =

(i)
1+ ]—”
I
In a p-n junction, the electron and hole current density are given as:

eD p ei”l<2 D

pFn0 r oV /kT i pr eV/kT .. —

= ——|e -1]=—- |—]e -1 L =Dt
]p L, [ | Np \t [ ] [ ! g po]

. eD,ny en? [D,. .,
Slmllarly, ]n = L—po[e V/kT -1] :N_A T_[e V/kT -1] [ L, = ,Dn TnO]

n

Substituting the values of I, and | in equation (i), we get

y = 1
14 N4 [Pr [T
N, \D, Ty

Since, Dp = “pVT and D, =u V.. Hence,
1

Y =
1+& /ﬁ. Tﬂ
ND Mn Tpo
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Using t,,=0.11,and u, =24 u, we get

1

1+ 2.04(2\]"]
N

’Y:
D

@ii) The critical magnetic field at a temperature T for the superconductor is given by

It is given that H - (4K) = 0.02T
H-(BK) = 0.03T

4V
1-| =
0.02 T

Hence, 0.03 = ( 3 j2
1-| 2
TC
0.02 T:-16
= 003  T2-9
- 0.01T2 = 03
= T. = 5.48K

To calculate H(0), 0.02

1]
QI
—~
=)
A
1
—_
|
VR
&3 | =
K
| |

= 0.02 = H.(0) x 0.467
= H(0) = 0.043T

Critical magnetic field at 2K can be calculated as

2 2
= 0.043|1-| —
H.(2K) = 0.037T
Q.7 (a) Solution:

(i) An even parity checker outputs a ‘0" if the number of “1” s in the input is even, and
a‘l’ if the number of “1’s is odd. Thus, the output ‘P’ indicates an parity error. Let A,
B, C and D be the inputs and P be the output of even parity checker.
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A B C D P
0 0 0 0 0
0 0 0 1 1
0 0 1 0 1
0 0 1 1 0
0 1 0 0 1
0 1 0 1 0
0 1 1 0 0
0 1 1 1 1
1 0 0 0 1
1 0 0 1 0
1 0 1 0 0
1 0 1 1 1
1 1 0 0 0
1 1 0 1 1
1 1 1 0 1
1 1 1 1 0
By using 4-variable K-map,
ABCD 00 01 11 10
00 1 1
01| 1 1
11 1 1
10] 1 1

P= ABCD+ABCD+ ABCD+ ABCD+ ABCD + ABCD + ABCD + ABCD
P= AB(C®D)+AB(C®D)+ AB(C®D)+ AB(C®D)
P=(A®B)(C®D)+(A®B)(C®D)

P=A®B®C®D

The logic circuit diagram of 4-bit even parity checker is given as below,

parlty
z%ﬁbﬁﬂ»ﬁ

b5 CL
{ Output

to
Receive
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(i) 1. Given,  (70)4+ (122), = (211),
Converting the equation into decimal number system,
(B x7+8x0)+(62x1+6-x2+60x2)=2xx2+1xxl+1xx0)

56 +50 = 2x2 +x + 1
106 = 2> +x +1
x(2x+1) = 106=7x15
x =7
2. Given, (135),, = (x)g + (78),

Converting the equation into decimal number system,
122x1+121x3+120x5=x+7x 91 +8 x 90

144+36+5 =x+63+8
185-71 = x
x =114

Q.7 (b) Solution:
At no load, terminal voltage is V, = 2500 V = E,

2500
No load phase voltage, E; ;, = N 1443.37 V

2200
At full load, V, =220V = thh = W— 127017 V
As we know that, Py, = V3V, I, cos®
1460 x 10° = /3 x2200x1I; x0.8
I, = 478.94 A
I, =478.94 A
+
X,
) Vo= 127017V [] Load
Efph _

|Efpn| = (Vi cOSO+L,R,)* +(Vy 5in0+ X, )

Neglecting the armature resistance, we get

144337 = \[(1270.17x08)? +[(1270.17x0.6) + 478.94X,
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X, = 0.55 Q/ph
For aload Z, = 6 + ;8 Q, the circuit can be drawn as below,
I
+
70.55 Q 6Q
+ Vt ph
|Ejon | = 144337V i 8L
[ = 1837 ag18, 5490 A
6+ 78.55

V, oh (138.18 £-54.9°) x (6 + j8)
|Vipn| = 13818V
For a star-connected load,

terminal voltage, V, = /3x1381.8=2393.34 V

Q.7 (c) Solution:
The operation of the parallel multiplier in symbolic form is given below,

By B, B, B, Multiplicand
A, A, A, Multiplier

AyB; AB, AB, AB, Partial Product-1 } Added in 4-bit

AB, AB, AB, AB, Partial Product-2 | parallel binary adder
G G G
G S S 5 S Partial Sum-1 Added in 4-bit
A,By A,B, AB, AyB, Partial Product-3 } parallel binary adder
G G G
G 5 S S 5 Partial Sum-2
b b

P, P, P, P, P, P, P,=finalresult

It requires two 4-bit parallel binary adders and 12 numbers of 2-input AND gates. Here,
each group of 4 AND gates is used to obtain partial products while 4-bit parallel adders

are used to add the partial products. The circuit can be drawn as below,
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X, Y5 X Y, X, Y, X Y

Cout (CS) 4-b1t I;adrdaélre_l_ ?mary Cin

!

X, Y, X, Y, X2 Y5 X, Y,
4-bit parallel binary

Cout (C7) adder -2 " j__
T S S, S, S, N
! ! !

7
PG P5 P4 P3 PZ Pl PO

Q.8 (a) Solution:
(i) Given data: Output = 10 kW ; Number of poles = 6 ; f=50 Hz ; N = 960 rpm
Ny =90% ; p.f. = 0.88 lagging.
Full load line current drawn by 3 phase, delta connected induction motor can be
obtained as below,

_ Output power in watts

e = V3V I} cosd
10x10°
I = =18.22 A
L \/3x400x0.88x0.90
18.22
= ———=1052A
Ly, 5
For direct on line start, the starting current drawn by the motor per phase is given
by,
85
= —==49.07 A
T, pn J3
Synchronous speed = N = 12(;;(][ = 1206X U _ 1000 rpm
Slip at full load, s, = Ns =N, 10002960 _, o4
fl N, 1000
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The torque of induction motor is given by
IRy
S
If I, is the starting current, then starting torque (T,,) is, (Slip at starting, s, = 1)

2
Tst<>c Ist

If I [ is the full-load current and S is the full-load slip, then full load torque,

T =

2
w2
f sp

Thus, for Y-A starter,

2
I 2
Ta _ 1[ S'Ph] sﬂ=1(49'07) %0.04 = 0.29

Ty 3\ Iy 3110.52
(ii) Synchronous speed = N, = 12(;;(]( = 1206x 0 _ 1000 rpm
- . _ NS—Nr_1000—900_01
1p at maximum torque, s__ = N, 1000
R, 0.25
We know that,s__ = X, = 0.1= X_2
X,=25Q
2
Torque at any slip, = i;El—Rzz
@, RZ + (SXZ)
ALS% ol . 3E? 0.05%0.25
o SI1p, = :
P 0, (0.25)2+(0.05x2.5)?
2
T = &x0.16 ..(0)
('OS
3 Ef _3E_1
Given, T =200 N-m = — =L x—
max o, 2X, o, 5
3E2 3
— =1000 ...(ii)

S
Substituting equation (ii) in equation (i), we get,
T =1000 % 0.16 = 160 N-m.
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Q.8 (b) Solution:

The small signal equivalent circuit of the given amplifier can be drawn as

Ri—~ Ry
1 s
R, sCc |y i
—MWW——— °Vy
Ii | Ib :<>+ <
s " EE_V“ 8m Vn EE RC
v, C~> Ry=R; || R, s
Sk
Let the resistance R; = R, || R,
. Vi
The input current, I = — where R, = R; || R,
Ry+—+R;
sC,
. Y
Now, resistance R, = I_
b
We have, V, =1l +(B+1R.I,
Y
)= B DR
and R, = R; || R,
Using current division rule,
_ Rp
Current, [, = Ry + Rib. ;
We have, V. =1r,
and Vo = -8RV,
= _ngC Ib e
R
= —¢ Rt - B
Emicln (RB"'Rib) i
R V.
) _g’"r”RC(R VR ) 1
BTRib) R.+——+R,;
SCC
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_ + R RB SCC
A) = Vi(s) Em'nC Rp+Ry, )| 1+s(Rg + R;)Cc

A _ _gmrnRC RB | 5T
v = | R.+R | Rg+Ry, || 1+st,

where = (R, *+ R)C.
Now,
A o) = ~8u'zRe { Ry || R, }{ S(R, +Ry || Ry || [ +(B+1)Re]) }
v(®) = RO+ R, [|R, [ + (B+1)Re]| Ry [[Ry +[r + (B+DRg] || 1+ (R + Ry || Ry [[[72 +(B+ DRg )
We can write, As) = AUO(S+S(1) ]
A = ngch { Rl “RZ j|
VO Re+Ry || Ry [[[1 +(B+1)RE]| Ry || Ry [|[1 +(B+1)Rg]

1
Cc [Rs +Ry H R, H (rn +(1 +B)RE)]
The transfer function A (s) represents a high pass filter with cut-off frequency .

Ay(s)

andwc=

1
CAR, + Ry || Ry || (rz+ B+ DRy)]

c

Q.8 (c) Solution:
In the above circuit, when trigger is applied, the transistor is turned ON and the capacitor
starts charging. When the voltage across the capacitor reaches 2V _/3, the upper
comparator of 555 IC causes the output to switch to a low state and thus, the transistor is
turned OFF.

The Thevenin equivalent circuit for the biasing circuit of linear ramp generator is drawn
as below,
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0 +VCC

where, Vin = Ry +Ry

R4R,

Ry = RylIRy= R sk
By using KVL in base-emitter loop of PNP transistor,
Vee = 1eRg = Vi = Ry Ip = V=0
Vee=(Ie + Ig)Rp = Ve = Ry I = Vy = 0

Since ‘B’ is not given hence treated as very large. Thus, base current can be assumed to

be zero.
Vee—IcRg = Vg = Vy, =0
Io=i

Vec—iRg = V-V =0

= Vec =Vin = Ve
Rg
_ RyVee
_ CCT R tR, B
Rp

Ve [Ry+ Ry |- RoVee —Ve(Ry +Ry)
b (R1+Ry)Rg
- VecRi —VBe(Ry +Ry)
! Rp(R; +Ry)

t
1r¢.
Voltage across capacitor, V.= EIZ dt
0
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_ 1| RiVee —Vae(Ri+Ry) |4,
C Rp(Ry+R5)

O =

t
0
V. = {Rlvcc_VBE Ry +R2)}t

Rp(R+Ryp)

From the given ramp waveform,

2
VC = —Vec att=T

3
20 _ 1 RiVee —Vee(Ry +Ry) |
“Vee =
3 C Re(R1+Ry)

R1Vee = Vpe(Ry +Ry)

Q000
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