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Section A : Digital Circuits + Analog Circuits

Q.1 (a) Solution:
(i)
A j ac Y
C —
B
Do

A
C

[\ 4B (AT)
L )z

Y Y

[\ 4BC
|

The output, Z = ABC+ (AE(E)

I

(Since Demorgan theorem says, AB=A+B)
- ABC+ AE(?HE)
= ABC+ AB(A+CQ)
= ABC + AAB + ABC
= ABC+ AB+ ABC
= ABC + AB(1+C)

= ABC+ AB
= A[1§+ BC]
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(.. Distribution theorem says, A + BC = (A + B)(A + C)

A[(§+B)(E+C)]

A(B+C)

AB + AC

N
Il

AB+ AC=A(B+C)

B B+C
C A—}Z=A(§+ Q)
(i) Given, V=12V

A/D converter’s output is four bit binary number corresponding to the battery

voltage in steps of 1 V with the output HIGH when battery voltage is greater than
6 V. The truth table can be, thus, written as below:

Battery Voltage A B cC D Zz

(in'V)
0 0 0 0 0 0
1 0 0 0 1 0
2 0 0 1 0 0
3 0 0 1 1 0
4 0 1 0 0 0
5 0 1 0 1 0
6 0 1 1 0 0
7 0 1 1 1 1
8 1 0 0 0 1
9 1 0 0 1 1
10 1 0 1 0 1
11 1 0 1 1 1
12 1 1 0 0 1
13 1 1 0 1 X
14 1 1 1 0 X
15 1 1 1 1 X
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The output expression of ‘Z” can be obtained using K-Map as below:

CD
5o 00 01 11 10
0 BCD
— L —
01 1|
11 1 X _x X A
0001 1] 1]1

Z =A+BCD

Logic Circuit:

A —D—QZ=A+BCD
B T~
C

D— )

Q.1 (b) Solution:
Applying DC analysis, we get,

-8V
-4V l
Given data:
V, =2V
K = HuCor (W _180 (201 106 _ 580 %106 A/V2
2 \L) 275

Using the concept of virtual ground, V- = V* =8 V. Thus,
Vps = 8-(-4) =12V
Vps 2 Vgs = Vi

So, MOSFET is in saturation region.

So, drain current, Iy = K(Vgg - Vy)?
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Here, Veg =4V
I, = 280 x 107 (4 - 2)?
= 280 x 10° x 4
I, = 1.12mA
So, output voltage V_ . due to dc source
Vo= V- + IR,
Vy=8+112x25=36V
and 8m = 88125 =2K(Ves = V)
g, = 2x280x107°(4 - 2)
= 1.12mA/V

For AC analysis, the equivalent circuit can be drawn as below:

R
AA
v

F
AA
\AJ

v

+ 25kQ

v
Vin(9) “igs Em Y gs > v,
+ °

Here, V.. = V. (t)=230sin(4n x 10%) mV
Hence, Iy = 8nVe Or 1,=8, V()

1.12 x 230 sin(4n x 10%) x 10-° A
i, = 0.2576 sin(4m x 10°f) mA

So, output voltage due to ac source,

v, = iy(Rp) = 0.2576sin(4mx10°t) x 25
v, = 6.44 sin(4n x 10%) V
So, output voltage,
Vo) = Vy+ 1o,
Vo(t) = [36 + 6.44 sin(4n x 10°t)] Volts
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Q.1 (c) Solution:

. o o
(@) Data Data

input output
Control
A tri-state inverter has three stable states: a high output state, a low output state,
and a high-impedance state. It works as a normal NOT Gate when Control input is
1" and is in high impedance state when Control input is “0".

Truth Table:
Data Input Control Data Output
0 0 High Impedance
1 0 High Impedance
0 1 1
1 1 0
(i) 7

Control

Data input Y
Data output

When the control input is low, the drive is removed from T, and T,. The diode D,
is forward biased and acts as a closed switch. Regardless of the state of the data
input, both T, and T, are cut-off and the output is in the High impedance state.
When the control input is High diode D, is reverse biased and acts as open circuit.
The circuit works as a normal inverter and the output Y is logic 1 or 0 depending

on the data input.
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Q.1 (d) Solution:

(i) Given circuit is

v, C
o 1 o
+8V +
=R
¢ Vo
, -
l VB=3VT
| -
8VfE--- L ——- o hi o

Given circuit is negative clamper circuit.
When V. =+8V

Diode is forward biased and acts as short circuit. The capacitor charges through V..

C
o il °
- +
VC /,,—> ~~
/7 S
/// RE; ‘
1
!
V. Vo

Q1
+
—
o

Applying KVL in input loop,

-V.+V -3V =0
V.=V +3V (1)
The capacitor is thus, charged to 11 V.
When V. =-8V

Diode is reverse biased i.e, open circuited. Further, due to very large time constant
RC, the capacitor doesn't discharge and hence, the diode remains reverse biased at
steady state.

C

1 o

+ - +
Ve

+0

AAAA
LA/
=

] i) )
[} O

At steady state, V. =11V and diode is reverse biased. Thus,
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Vo=V.-V.
For V.=+8V V,=8-11=-3V
ForV.=-8V Vy=-8-11=-19V

+8V

T
5:

i
I |

1

|

&
<
|
I

-19V 1 1 1 1

(i) 1. DC analysis:

The Thevenin equivalent dc circuit can be drawn as below:

18V
Re=25kQ
Rth
Vth
1 R, =25kQ
Vo= Ve xRy _ 18x60 10285 V
th Ry+R, 60+45
R, = X _r5714k0
th 60+45
Now, applying KVL in base emitter loop, we get
L= Vi, —Vge  10.285-0.7
B Ry +(1+PB)Rg 25.714+101x2.5
= 0.0344 mA
I = BI; =3.44 mA

I, = (1+B)I, =101 x 0.0344 = 3.4744 mA
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Now, applying KVL in collector emitter loop, we get
Vee = Vee = IRg - IcRc
= 18 -(3.44 +3.4744) x25=0.715V

So, Quiescent point,
(VECQ, ICQ) = (0.715V, 3.44 mA)

2. AC Analysis : The small signal parameters of the transistor can be obtained as

below:
r = 0.026 =0.755kQ
T 0.0344
_ I—C:—3'44 =1323mA/V
&m = Vp  0.026
Va _ .
g = ICQ = (given)

Equivalent small signal model of the given circuit can be represented as

_l Ib ° Vout
+
L Vn Eg Tn <¢ gmvn L
] Ek, 3,
"
0
Vout = _ngnRC (1)
On applying KVL from input around BE loop, we get
_ Vi .
Vo= Vot —=+8,Vr |IRe ..(ii)
rTE
From equation (i) and (ii)
Vi 1+ 1 +8Qm jRE
rTC
B -132.3x2.5
) 107 -3 3
1+ +132.3x10™ |2.5%x10
0.755

A, =-0987 V/V
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Q.1 (e) Solution:

Let output of logic circuit is Y.
Y = CD+A®B
Y= (A®B)+C+D

Also, serial input is same as output Y.

Initially, ABCD = 1111
Y=(1®1)+1+1=0+0=0

Serial In = 0, in SIPO register serial input is applied to MSB flip-flop.

Clock  Serial In A B C D Output, Y
— X 0
1st

2nd

0

1
3rd 1
4th 0
5th 1
6th 1
7th 0
gth 1
9th 1
10th 0
11th 1

The output waveform is

—_ O R R O R RO R RO -
O R R OR R O R R O R R
R RO R PR OR R O R R R
—_ O R R O R RO R R |,
R R O R P O R R O R R

el ENEY RN ENEYEY RN ENENRE
1 2 3 4 5 6 7 8 9 10 11
L7 o 1 . 1 | o [ 1 | 1 o[ 1 1] 0o |
S S S S s N
11 | 0 ( 1 + 1 | O T+ 1 0 | 1 ¢ 1 =
YN R D NS S R N B R
1. 1 1 1 | o [ 1 11 0 T 1 | o [ 1 |
QDE i i i H i | | | | i
i1 b1 o1 o [T o [T1 1 | o |
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Q.2 (a) Solution:

(i) For DC analysis of the given circuit, all the coupling capacitor can be open circuited

and the resultant equivalent circuit will be as shown below:
6V

R, =15kQ

Rp=16kQ

-6V
By assuming that the transistor is in saturation mode and taking the numerical
value of | PO in mA, we get,

2
Ipg = K, (VSGQ —‘th|)
where, VSGQ =6-1.5 IDQ
So, IDQ = 2.5(6 - 1.51DQ -1.8)2

= 2.5(4.2 - 15I,,,)?
I, = 25(4.22 -2 x 42 x 1.5, + 2.25Ipg)

Ip

25(17.64-12.6Ipg +2.251p) |

5.6251pn —32.5Ip +44.1 = 0

By solving the above equation, we get
Ing = 3.6 mA, 2177 mA
For Ing =3.6mA, Vi, =6-15x36=06V<| th|
Ing = 2177 mA, Vs, =6-15x2177=27345V > | Vi |
So, for the assumed case, the valid value of | PQ is 2.177 mA.
Vspo = 12- (1.5 +1.6)I,,=12-31x2177=5.2513 V
Vscog = | Vipl = 2.734-1.8=0934V

Since, Vspo > Voo - | th |, so, the initial assumption is correct about the mode of
operation of transistor.
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The small-signal parameters of the transistor are,
&n = 2K,(Vsgo = IV, 1) =2 x 2.5 x0.934

= 467 mA/V
Va1
7 Tpg  Mpg

@ii) The small signal equivalent of the given amplifier will be

Rg=200Q Cg=47UF g %s b Co=25uF
——WW——| < H oV,

v:Q

=R, =16kQ 2R, =60kQ

AAAA
\AAAJ
AAAA

Calculation of time constant (t,) associated with C_;:

T = Ry Ca
While calculating R, ;, C, must be short circuited and voltage source V, should be
deactivated. To calculate R, a voltage source V, is connected across the capacitor
Cc, as shown below:

Vx
S
Ix ;— Reql g%s
AvAvAvAv - \7
S >
Rz v, SRy IR,
Ix_gmvgs )
+
V. =RI + VgS (1)
and Vgs = R/, - nggs)
v~ Ry,
&3 1+ng1

Put in equation (1) we get,
Ve (ro R
I x 1+ 8 le

o copyrignt: IMIADE EARASY www.madeeasy.in




22 | ESE 2024 : MAINS TEST SERIES MADE ERSYH

Yy g+t 200+ — 20

Rt = 1, "™ 15 g R, 1+467x15
= 387.382 Q
Ty = Ry Coy =387.382 x 4.7 x 10-°
= 1.82ms
Calculation of time constant (t,) associated with C,:
T = Rl

While calculating R, ,, C; must be short circuited and the voltage source must be
deactivated. To calculate R, ,, a voltage source V', is connected across the capacitor
Cc, as shown below:

Vx
D
gmvgs I -~
AN *
-V

AAAA
yvvy
=3

"]

Rs I Ry) 2 Vs

AAAA
yvy
=3
<

+
Vgs = _gm Vgs(Rs ” Rl)
So, Vgs =0
Yy =Rp+R; =60+1.6=61.6kQ
Req2=z— p+R;, =60+1.6=061.
Ty = R pCey = 61.6 x 10° x 2.5 x 107
= 0.154 = 154 ms
(iii) The corner frequency associated with C, is
1 1
= = =87.447 Hz
Ja 2nt;  2nx1.82x107°
The corner frequency associated with C_, is
! L =1.033 Hz

Jo = 211, - 2nx154x107°

So, the corner frequency due to C-, dominates that due to C,. Hence, the lower
cut-off frequency of the amplifier can be given by

f, = fo =87.447 Hz
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Q.2 (b) Solution:
(i) If A and B are connected to the select lines, the inputs to the data lines of 4 x 1 MUX

can be obtained as below:

tme | b | BB B ) :
AB—~00 | 01 | 10| 11 p, ool .
2
C @@ ®] ¢ R M
c |1|3]|5]|® S, S,
c|Cc|cC|c Jl ,‘3

(@ii) If A and Care connected to select lines, the inputs to the data lines of 4 x 1 MUX can

be obtained as below:

Select 1—1
I I I I 0
Line 0 1 2 3 0——I 11
AC—{ 00 01 10 11 B I, 4x1 F
5 MUX
B @1 ]|@®] 5 Iy
B @] 3| 6|® S, S,
1 0 B B A C

(iii) If B and C are select lines, the inputs to the data lines of 4 x 1 MUX can be obtained

as below:
Select
Line — Iy L I I 11—
BC |oo | o1 | 10] 11 0—h
7 AP R ok F
A 1O 1] ®@]| 3 , MUX
A
@[5 6@ s, s,
110 | A A | |
B C

(iv) Now drawing K-map of the above function, we get,

BC o0 01 11 10
A B

o[ ]| o | o O]
1ﬂ00

f(A, B, C) = =m(0,2,4,7) = ABC+BC+AC=C(AB)+C(AB)

Thus, using ‘C” as the select line, the function f(A, B, C) can be implemented using

2 x 1 as below:

www.madeeasy.in
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A
B

Q.2 (c) Solution:

For truth table of seven segment display when inputs b, b, b, b, = 0000, a decimal 0 will

be displayed i.e., all segments lit except X;.
Xo=X=X,=X;=X,=X,=1,X;=0

and E = 0 because 0000 is a valid input combination.

The values at the outputs for all other input combinations can be derived in similar

manner as below:

Dflci;‘i’;al b, b, b, b, | E X, X X, X; X, X, X,
0 o000 o000 101 1111
1 000 1T[0O0O0OT1TT1TO0O0 O
2 00100110 1 10 1
3 o001 10111 110 0
4 0100|0011 10 1 0
5 010101110110
6 o1 10|01 110 1 1 1
7 011 10001 110 0
8 100 0|0 1 1 1 1 1 1 1
9 100 101 11 11 1 0
Invalid 101 0|1 110 0 1 1 1
Invalid 101 1|1 110 0 1 1 1
Invalid 11001 1 10 0 1 1 1
Invalid 110 1|1 1 10 0 1 1 1
Invalid 111 01 1 10 0 1 1 1
Invalid 111 111100 1 11

From the above, we can write
E=%2m(10,11, 12,13, 14, 15)

X,=2m(0,2,3,5,6,8,9,10,11,12, 13, 14, 15)
X;=%2m(2,3,4,5,6,8,910,11,12, 13,14, 15)

X,=2Zm(0,1,3,4,5,6,7,8,9)

o copyright: MMIADE ERSY
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X,=3¥m(0,1,2,3,4,7,8,9)
X,=3m(0,2,3,5,6,7,8,9,10,11,12, 13, 14, 15)
X, =2m(0, 4,5,6,8,9,10,11,12,13, 14, 15)

X,. =m(0,2,6,8,10,11, 12, 13, 14, 15)

The above can be implemented using a ROM as below:
by by by by

3 2 1 0

4-t0-16 decoder

0 1.2 3 4 5 6 7 8 9 10 11 12 13 14 15

Q.3 (a) Solution:

Vee
> >
R-= =R
s s°c
v Iy + - Vg
outl ® \d L4 \d VoutZ
V Vout
inl &— |—<+ Vi
Ve~ v - Vi
X
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From circuit,

Voutl
Vout2
SO’ Vout
Applying KVL at input node,
Vinl - VBEl
Vinl - Vin2
But the collector current, I-
For transistor Q,
Iy
Ve
For transistor Q,,
I
Ve
We have, Via= Vi
Vinl - VinZ
Iy
Also, I+ 1oy
[ Vin1=Vin2 ]
5o, Iepet T 4l T

|: Vin1—Vin2 }
Icz e VT +1 -

= V-1 Re
= Vec-Igp Re
= Vourt = Voun ™ Relley - 1))

=V =V

X in2

= Ve = Vi

- VBEZ

VBE
= Ise“VT

VBE1

V-
= Isle T

= VT In IC—l
Isl

VBE2

1%
= Is2e T

152

VBEl - VBEZ

= VT ln IC_l
Ico

Q)
...(ii)
...(iii)

n=1]

o copyright: MMIADE ERSY
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Igg
I o (vii
2 (Vinl_VinZ J ( )
1+el VT
I I I»=1rp|1 1
cl EE €2~ 7EE (Vinl_VinZJ
1+el VT
[Vinl_VinZ J
1%
[ = e 7 (viii)
cl [Vinl_VinZ ]
1+l VT
From equation (iii)
SO’ Vout _RC(I c1- IC2)
Vin1—Vin2
I . I
e
_R EE _ EE
Vout ¢ 7{4”1_%’”2 Vin1—Vin2
Vinl_VinZ
Vr
e -1
—I-rR
VOUt EETC Vin1—Vin2
l+e VT
Vinl_VinZ Vinl_Vin2 _[ Vinl_VinZ ]
R e 2Vr e 2T _, 2Vr
EETC 7‘/1'"1_‘/1'"2 [Viﬂl_ViTlZ ] Vin1=Vin2
V.., -V ef—e "
-1 tanh inl in2 ‘~tanhx = -
Vout eeRe 2Vy e +e

o copyright: MMIADE ERSY
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Q.3 (b) Solution:
(i) The truth table for the given circuit,

A B C D X
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 1
0 1 1 0 1
0 1 1 1 1
1 0 0 0 0
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
(or) X (A, B, C, D) = Zm[my, ms, me, my, Mg, M, My, My, Mg, My, 1]

i

TQ

O
©
j

A Os ——

B 4x16 O p 7 == X
C Decoder (O, o8 =

D O p 0 |

T

T

O 00000
N

iy
)
[+

iy
'S
[+

J
(&
[+
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(@ii) Given output logic function,

F = (A+B)(C+D)E+F+GH)

A—d b bk
B— |°—D b—r
S
F
_l_ output
A— —B
c— —D>
Taan 4
E— b—r
S B
I
(@iii) 1. Given, 0.1101,, = R1x1)+22x1)+ (23 x0)+ (24 x1)

() (oo

0.5+0.25+ 0+ 0.0625

0.1101,, = 0.8125,,
2. 0.B2, = (167 x B) + (16 x 2)
11 2
= —+—
16 256

(0.0625 x 11) + (2 x 0.00390625)
0.B2, = 0.6953125

3. 0144, = (81 x 1)+ (82 x4) + (83 x 4)

1 4 4

8 64 512

1 1 1

8 16 128

0.125 + 0.0625 + 0.0078125

01953125,

®)

0.144 4

o copyright: MADE EASY www.madeeasy.in



30 | ESE 2024 : MAINS TEST SERIES MADE ERSYH
Q.3 (c) Solution:

Given circuit is

Ry=10kQ
AAAA
Yyvy
Q
Vex Vi
Cy=0.1puF= >
. T ZR,=10kQ
v L
! 2R, =10kQ
v, =410V

The given circuit is Astable multivibrator with the output oscillating between the high
state and the low state.

R, and R, forms voltage divider and it result in the feedback action.
VoiRq Ry
- —— = V . =
vV, Ry + Ry BVou ; p R, +R, feedback factor
At the input of comparator, V, =V, -V,

Thus, the voltage across capacitor is compared with V; and we have,

Vor = #Vap Vi = BV,
The upper and lower threshold voltage at which the output switch is given by
Vir = BV
Vir = BV
Case-I: Let V|, = +V_,
Vi = BV
V -y is compared with BV_,
Vi= BV = Vex

Capacitor C charges through resistor R, (opamp provides charging current to capacitor)

Hence, capacitor voltage; V., increases exponentially upto +gV_,..

When V., becomes slightly greater than BV, then difference input V, becomes -ve.

Hence output changes from +V_, to -V
Case-2 Let Vj, =-V_,

VOl
Vl

_Bvsat
_Bvsat = VLT
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V -y is compared with -BV_

at’
Vd = _BVsat - VCX
Capacitor starts discharging through resistor R, (discharging current flows into OPAMP).

Capacitor voltage decreases exponentially upto -BV_..

When V., becomes slightly less than BV, then difference input V, becomes +ve.

Hence, output changes from -V_ to +V__.
Given that at t = 0, output V, switches from its low state to its high state. Therefore,
Att=0, VCX = _B Vsat = Vinitial

For t > 0; C,, starts charging in the direction of +V__,.

t
RxCx

VCX = Vfinal + (Vinitial - Vfinal )e
3 t
RxC
Vsat + (_Bvsat - Vsat)e XX

¢t
sat |:1 - (B + 1)6 R i|

Vex = V.
T
Att= %, Vi = +BV,, and the output switches from high state to low state.
e s
So, Bvsat = Vet 1—(1+B)€ 2RxCx
~Tol
B = 1-(1+p)e>xx
_Tm
(L+B)e 2Rxx = (1-B)
To1
e2RxCx = 1+p
1-p
_Tn - In 1+p
2Ry Cy 1-B
1+P Ry 10
= 2RyCxIn| — |; 3= =—5=7--=05
Ty X=X n(1_BJ B=TR+R, 20
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T, = 2x10x10°x0.1x107° 1%%)
T01 = 2197 ms
Vex Vou
Ve =10V [-oi---- L —

+BV at = +5 V

S

_BVsat =-5V

-V =-10V

sat —

Q.4 (a) Solution:

(i) Assuming: both op-amps to be ideal and Q, and Q, to be in saturation.
T +20V

AAAA
VWy
N
0]
5
AAAA
Wy
=
Q1
5

Here, V, = V., =6V (voltage follower)
Vi _ 6 _

o h=5T1s e

By KVL, Vy, = Vee-(1))2.8

20-4x28=88V

Using the virtual-short concept,
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V,=V,=88V
Vee = V3 20-88
= = =7.467 mA
50, h= 715 15 "
So, output current, I, = 7467 mA
For maximum value of R, the transistor Q, should be at boundary of active and
saturation.
So, (Ved)ea = 02V
Applying KVL in transistor Q,,
Vee = 15+ R) + (Vo
20 = 7.467(1.5+R;) +0.2
R 415 = 20-0.2
Lo 7467
19.8
= ——-15=1151kQ
R, 7.467
R, = 1151 kQ

So, maximum value of R, =115 kQ

(i) Given data: Vp =160 V; f=60 Hz; R = 20 kQ
V_(Peak to peak ripple) = 25V
We know that, for a half wave peak rectifier with capacitor filter,
vV, 160

V,fR  25x60x20x10°
5.34 x 10°F
53.4 uF
The conduction angle wAt is found as

WA = \/ZV’ =\/2X2‘5 =0.176 rad

v, 160

C =

0.176
2n
= 2.8% of the cycle.

The average diode current is

The diode conducts for x 100

160
Load Current, I, = >0 =8 mA
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| 2V,
lDan = IL 1+m 7

7

8(1+n /2;1560 ] =292.34 mA

The peak diode current is found

| 27,
ZDmax = IL 1+2n 7

r

8| 1427 [2X160
\" 25

576.689 mA

ZD max

Q4 (b) Solution:
Given circuit has voltage-series feedback and acts as a voltage amplifier. The feedback
is created by R, and R, voltage divider.

Considering circuit without feedback,

Replacing the common base transistor Q, with equivalent small signal T model and
common collector transistor Q, with equivalent small signal n-model. We get,

R E C B
I el
Vs %E Te1 <T (X‘[el %

%Rl | R, (R +Ry) | R,
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From the figure,

VO = (1 + B)[(R1 + Rz) I RL]Ib2 [ Ib2 = O(‘Iel]
= 1+ B)IR; + Ry IR ]ad, (1)
Applying KVL in input side of amplifier,
VS = [Rs + Tl + (1 - O(‘)(Rl | R2)]Ig1

1+p

So, 1%

S

1]
1
e
+
Nﬁ
—_

+
VR
- |
+ |=
| =

N
N——
| |

—

I3

sy
—
N
~

From equation (1) and (2), we get,

Vo (1+B)[(Ry +Ry) | Ry Jeul

Vs B [RS+T61+(1—OC)(R1 HRZ)]Iel
A = Yo B[(Ry+Ry) IR, ]
v v,

- R IR 03
[RS +7, +(1 2 ﬂ
1+p

Input resistance, from equation (2) is obtained as

Ry [ Ry

R. = Rs+714+ (4
i s TTe1 1+B ( )
Output resistance, R, = R, || (R; + R,) .(5)
Now, the feedback factor,
VPl R
b= Vo Ri+R,
_ 2 1
b= 2277
On putting respective values in equation (3),
100[14||1.5] 287.058 V/V
V = — .
0.15+0.305+ 212
14x101
From equation (4)
2x12
= 0.15+0.305 + =
R, 14 % 101 0.4719 kQ
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From equation (5),

14x1.5

R, = R, Il (R, + Ry = 15||14= =1.354 kQ

As it is voltage amplifier the feedback reduces the overall gain, increases the input
resistance and decreases the output resistance by a factor of (1 + A_B). Thus,

A - Ay 287.058 V/V1 _6.833V/V

o 1+ AR 1+287.058x

Rif = R(1+AB)
= 0.4719(1 + 287.058><;j
= 19.8237 kQ
R, = R _ 154 T =00322kQ
L+AB 9y 287.058x
Q4 (c) Solution:
(i) State table for the given state diagram
Present Next state Output
state X=0 X=1 X=0 X=1
a a b 0 0
b c b 0 0
[ . a b 0 1|
[ 4 a b 0 1|

Thus, ‘¢’ and ‘d’ are redundant states. The reduced state table is thus obtained as

below:
Present Next state Output
state X=0 X=1 X=0 X=1
a a b 0 0
b c b 0 0
c a b 0 1
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Reduced state diagram,

0/0
wo(@" @ @
Sulnv
1/0
(i) Excitation table for JK FF:
Qn Qn +1 I K
0 0 0 X
0 1 1 X
1 0 X 1
1 1 X 0

Since there are 4-states in the given state diagram, i.e.,, N =4
The number of flip-flops,
2" > N
2" > 4
n=2

Therefore, 2 JK flip flops are required to implement the sequential circuit.

Input  Present Next FF-inputs Output
State State
X A B A* B* Ja K, Is Ky Y
0 0 0 0 0 0 X 0 X 0
1 0 0 0 1 0 X 1 X 0
0 0 1 1 0 1 X X 1 0
1 0 1 0 1 0 X X 0 0
0 1 0 0 0 X 1 0 X 0
1 1 0 0 1 X 1 1 X 1
0 1 1 X X X X X X X
1 1 1 X X X X X X X
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For J,: For K,:
XAB 00 01 11 10 XAB 00 01 11 10
o of[1 ] X]| X offx] x| x| 1
11 0| 0] X| X X | X| x| 1
J,=XB K,=1
For [: For K:
AB AB
T~ 00 01 11 10 T~ 00 01 11 10
0 X | X o [X[ 1] x]X|
101 | x| x| 1] 1| X X | X
Js=X K= X

AB
% 00 01 11 10
0 X
Y =XA
i x| 1
X Do A
4 QA—I_:
1 _
_KA QA
M~z Qs 5
_°>
I, N KB 63
Clk
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Section B : Advanced Electronics-1 + Electronic Measurements and Instrumentation-1

Electromagnetics-2 + Basic Electrical Engineering-2

Q.5 (a) Solution:

For the sake of ease in calculations, the observations are tabulated and manipulated as

under:
x d d*
(x-x) (x-%)
41.7 -0.27 0.0729
42 0.03 0.0009
41.8 -0.17 0.0289
42 0.03 0.0009
421 0.13 0.0169
41.9 -0.07 0.0049
42 0.03 0.0009
41.9 -0.07 0.0049
42.5 0.53 0.2809
41.8 -0.17 0.0289
Sx=4197 SP=0441
(i) Mean X = 2x = 419.7 = 49.7 =41.97

n n 10
(i) The value of standard deviation is,
>d>  [0.441

_ = =0.22
7 \n-1 \@10-1)

(iii) Probable error of one reading

r, = £0.67450

r, = £0.6745 x 0.22
r; = £0.15 volt

(iv) Probable error of the mean,

=10.05 volt

_n 015
"m = n—1 10—-1
425 - 41.7 = 0.8 volt

v) Range

o copyrignt: IMIADE EARASY www.madeeasy.in



40 | ESE 2024 : MAINS TEST SERIES MADE EASY
Q.5 (b) Solution:

Latch up refers to short circuit/low impedance path formed between power and ground

rails of a MOSFET circuit leading to high current and damage to the IC. It occurs due to
interaction between parasitic pnp and npn transistors. The structure formed by these
resembles a silicon controlled rectifier (SCR). These forms a positive feedback loop, by
short circuiting the power rail and ground rail, which eventually causes excessive current,
and can even permanently damage the device.

_,_7 __PMOS

= Gate oxide i Gate oxide Vddi

| p* ‘ n* nt : | p* Pt ‘ '

Q_ZL_ i IXQ MW i

: ’\L " NWell |

wWN———
p-substrate

Fig. Latch up formation in a CMOS Device
Latchup formation

Figure above is a CMOS transistor consisting of an NMOS and a PMOS device. Q, and
Q, are parasitic transistor elements residing inside it. Q, is double emitter pnp transistor
whose base is formed by n well substrate of PMOS, two emitters are formed by source
and drain terminal of PMOS and collector is formed by substrate (p type) of NMOS. The
reverse is true for Q,. The two parasitic transistors form a positive feedback loop and is
equivalent to an SCR.

Analysis of latch formation:

Unless SCRis triggered by an external disturbance, the collector current of both transistors
consists of reverse leakage current. But if collector current of one of BJT is temporarily
increased by disturbance, resulting positive feedback loop causes current perturbation
to be multiplied by B,B, as explained below.

The disturbance may be a spike of input voltage on an input or output pin, leading to
junction breakdown, or ionizing radiations.

Because collector current of one transistor Q, is fed as input base current to another
transistor Q,, the collector current of Q,, I, = 8, * I, and this collector current I , is fed
as input base current [, to another transistor Q,. In this way, both transistors feedback
each other and the collector of each goes on multiplying.
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Net gain of SCR device =, x 3,

Total current in one loop = Current perturbation x Gain

If B, x B, = 1, both transistors will conduct a high saturation current even after the
triggering perturbation is no longer available. This current will eventually becomes so
large that it may damage the device.

Latch up prevention techniques:

Latch up prevention includes putting a high resistance in the path so as to limit the
current through supply and make 3, * 8, < 1. This can be done with the help of following
techniques:

1. Surrounding PMOS and NMOS transistors with an insulating oxide layer (trench)
This breaks parasitic SCR structure.

2. Latch protection technology circuitry which shuts off the device when latch up is
detected.

3. Use of p* and n* guard rings around nMOS and pMOS connected to the ground
and V|, respectively.

4. Keeping sufficient spacing between nMOS and pMOS transistors.
Q.5 (c) Solution:

(i) The CMOS logic circuit design for Y = (A+B+C)(D+E)F is

T Vob
A—q
D— iql
B—dq
E—
cC—d

Y

F—
p—|

E
e
il

€
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144
The equivalent T ratios of the nMOS and pMOS network are determined by using

the series parallel equivalent rules.

For a number of MOSFETSs connected in series,

1 1 1
= + +...
(W/L)ey ~ W/Ly  (W/L),

For a number of MOSFETs connected in parallel,
(W/L)yq = W/L); + W/L), + .....

o (Thae - (TLATITL

2+2+2=6

T

2+2=4

7\
h‘§
N
Iy
o
™
I
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L p.eq L p.ABC L p.D,E L p.E
w 5 5 . 10+15+30 55
L = —+—+b=+"7"-——"—"=—
p.eq 2 6 6
(ii) Feature Dry Oxidation Wet Oxidation
Definition Oxidation process in an oxygen| Oxidation process in the

rich environment without the| presence of water vapour or steam.
presence of water vapour or steam.

Oxidizing Agent | Oxygen gas Oxygen gas and water vapour or
steam.
Temperature High temperatures usually Lower temperatures usually
required. required.
Mechanism Surface reaction between silicon Combination of surface reaction
and oxygen molecules. and hydrolysis of silicon dioxide.
Growth rate Slower growth rate. Faster growth rate.
Kinetics Typically follows a parabolic rate | Kinetics influenced by the concen-
law. tration of water vapour and
temperature.
Oxide quality High quality oxide layers are Oxide layer may contain impurities
produced, less prone to defects. and defects due to the presence of

water vapour.

Stress Lower stress due to slower oxida- | Higher stress due to faster oxida-
tion rate. tion rate and incorporation of
water molecules.

Uniformity Less uniform oxide thickness. More uniform oxide thickness.
Thickness range | Typically thinner oxide layers. Can produce thicker oxide layers.
Dopant Diffusion | Less dopant diffusion due to Increased dopant diffusion due to

slower oxidation rate higher oxidation rate and presence

of water vapour.

Q.5 (d) Solution:
Given:
Angular frequency, ® = 21 x 2 x 10°
o = 4n x 10° rad/sec
The voltage of the forward travelling wave is given as

V(i) = | V*|e ™ cos(¢* + wt - Px)

o copyright: MADE EASY www.madeeasy.in




44 | ESE 2024 : MAINS TEST SERIES MADE EASY

given, ¢* =0 and VA{)=2Vatx=0,t=0
Therefore, we get, | VT =2V

Similarly, for the backward travelling wave
Vi(t) = |V~ [e™ cos(¢™ + ot + Px)

n
Given: ¢~ = - and V(t) = 0.5V atx = 0 and t = 0. Therefore we have

3
‘V“Cos(zj
3

V-] =1V

Now, the propagation constant of the line is

0.5

v = J(R+ joL)(G+ joC)

= J(0.1+ jx2x7mx2x10° x0.01x10~°)x (0.01+ j4nx10° x100x107'2)

Y= [157.914179.498"]%

v =12.56 £89.749°

v =0.05 + 12.56j per meter = a + jf3
We get, oo = 0.055 nepers/m

B =12.56 rad/m

Voltage on the line is superposition of the forward and backward wave voltages giving
V(t) = Re{| V*|el0* e @ =B + | V- | gf0- g ei(©F +BY)}

T
V(t) = Re{26—0.055xej(mt—ﬁx) +e]560.055x .ej(wt+Bx)}

The current on the line is

+] L jo+ -] jo-
it = Re [ Ve SO (1)
Zy Zy
2 _0055x j(t ™3 0 055x iwt
i(t) = Rel 2 0 xe](w —Bx)__e . xe](w +Bx)
Z Zy
R+joL  [0.1+/125.66
where Zo \/ G+ joC \/ 0.01+ j1.2566
Therefore at x =50cm=0.5mand =1 nsec =10 sec
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We get, o(t) = 242V
i(t) = 0.148 A

Q.5 (e) Solution:

We have,
Stator copper losses, P, = 2 kW
Rotor copper losses, P, = 700 W
Friction and windage losses, P, = 600 W
Core losses, P, = 1800 W

(i) We know that,

input power, P,. = 3V, I; cos

P. = /3x480x60x0.85

P, =424 kW
The air gap power, P,- = P, - Py (Stator Copper loss + Stator Core loss)
Py = Pin-P. - P,
=424-2-18
= 38.6 kW

(i) The power converted from electrical to mechanical form is,

P_.. = The air gap power (P,.) - Rotor copper loss (Py)

con

P = P,;-Pr=386KkW-07kW
P, = 379kW
(iiij) The output power, P_ .. = Power converted from electrical to mechanical

form (P__ ) - Friction and Windage loss (P},
= 379 kW - 0.6 kW

= 373 kW

P
(iv) Efficiency, n% = —2%x100

m

37.3
o = 272100 =87.97%
%= ha

Q.6 (a) Solution:

An error may be defined as the difference between the measured and actual values.
During the measurement, errors may arise from different sources and are usually
classified as under:
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1. Gross Errors 2. Systematic Errors 3. Random Errors

Gross Errors:

This class of errors mainly covers human mistakes in reading instruments, recording
and calculating measurement results. The responsibility of the mistake normally
lies with the experimenter. The experimenter may grossly misread the scale. For
example, he may, due to an oversight, read the temperature as 31.5°C while the
actual reading may be 21.5°C. Gross errors may be of any amount and therefore
their mathematical analysis is impossible. However, they can be avoided by
adopting two means:

* Great care should be taken in reading and recording the data.

* Two, three or even more readings should be taken for the quantity under
measurement. These readings should be taken preferably by different
experimenters and the readings should be taken at a different reading points to
avoid re-reading with the same error.

2. Systematic Errors:
These types of errors are divided into three categories:
(i) Instrumental Errors (ii) Environmental Errors (iii) Observational Errors
(i) Instrumental Errors:

The instrument error is generated due to instrument itself. These errors arise
due to three main reasons:

* Due to inherent short comings in the instruments:

These errors are inherent in instruments because of their mechanical
structure. They may be due to construction, calibration or operation of the
instruments or measuring devices.

e Due to misuse of the instruments:

Too often, the errors caused in measurements are due to the fault of the
operator than that of the instrument. A good instrument used in an
unintelligent way may give erroneous results.

* Due to loading effects of instruments:

One of the most common errors is use due to the loading of the instrument.
For example, a well caliberated voltmeter may give a misleading voltage
reading when connected across a high resistance circuit.
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(i) Environmental Errors:

These errors are due to conditions external to the measuring device including
conditions in the area surrounding the instrument. These may be due to the
variations in temperature, pressure, humidity or effect of dust, vibrations or of
external magnetic or electrostatic fields.

The corrective measures which can be employed to eliminate or to reduce these
undesirable effects are:

* Arrangements should be made to keep the conditions as nearly constant as
possible.

* Using equipment which is immune to these effects, like resistance materials
with a low resistance temperature co-efficient to minimize variations in
resistance with temperature.

* Employing tehcniques which eliminate the effects of these disturbances,
such as hermetically sealing equipment to eliminate humidity and dust.

* By applying computed corrections, however efforts are normally made to
avoid the use of application of computed corrections, but where these
corrections are needed and are necessary, they are incorporated for the
computations of the results.

* Providing magnetic or electrostatic shields if external fields may affect
instrument readings.

(iii) Observational Errors:

Observational errors occurs due to improper observational methodology. As
an example, the pointer of a voltmeter rests slightly above the surface of the
scale. Thus, a parallax error will be incurrerd unless the line of vision of the
observer is exactly above the pointer.

To minimize the observational errors:

* Operators must be given training, on how to use the instruments. The skillful
operator with specilized knowledge can minimise the observational errors.

* Instruments with digital display can help largely eliminate observational
erTors.

3. Random Errors:

It has been consistently found that experimental results show variation from one
reading to another, even after all systematic errors have been accounted for. These
errors are due to a multitude of small factors which change or fluctuate from one
measurements to another. The quantity being measured is affected by many
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happenings throughout the universe. We are aware of the account for some of the

factors influencing the measurements, but about the rest we are unaware. The
happenings or disturbances about which we are unaware are lumped together and
called “Random” or “Residual”. Hence the errors caused by these happenings are
called Random Errors.

The measurement errors are represented in flow chart form with their types below:

Measurement Errors

Gross Systematic Random
Errors Errors Errors
Observational Instrumental Environmental
Errors Errors Errors

Q.6 (b) Solution:
For the waveguide 2 = 0.04 m and b = 0.03 m

2 mn > (nm )
Phase constant, B = ,|OME- — + >
For the dominant mode TE,, we have
2 2 2
mn* (nm n
( a j ( b ) (0.04)
B \/(an6><109)2><

B = 98.096 rad/m
The fields for TE,, mode are given by

4nx107 ([ m Y
36mx10"° | 0.04

H, = Ho COS(%MJCOS(%)B_]BZ ..(0)
0 nm mmux \ . (nny )\ _;
Ex = ]h—ZMHO(?jCOS(TjSIH(Ty)e ]BZZO (11)
mr Y ((nm )
where, h? = (—j +(_j
a b

E = _]C;M(m—njHo sin(mnxjcos(nny}_jﬁz
y h a a b
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E, = (]Oj (n)H sm( )e 1z (i)
H, = Iig(n:lnjHo m(mTﬂ:x)cos(nby)e Bz
B

B ( nn mnx ) . (nwy )\ _;
H, = }]Z—E ?JHO COS(—u )sm(%)e Ui ..(vi)
Hy =0
ouH
Now it is given that |E| = |Ey = %0 =50V/m
(=
s0[ ™
_ a
Hy =~
5 5t
H, = 5 —=82.89x10" A/m
2nx6x10” x4mx10

Substituting for H, we get the fields inside the waveguide as

T _
= —j50 Bz y
Ey= Sm(om) /m
H = ]@ 1n( al )e_]BZA/m
x ou 4
H, = jO 10355in(0—je_]BZA/m
H =

82.89x1073 cos| X e P A/m
0.04

Now the power density of the propagating mode is

P lRe{ExH*}— E,H,i,

!
Il

l><50><0.1035><sinz(Ej
2 a
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The total power carried by the mode can be obtained by integrating P over the waveguide

cross-section.

The total power carried by the waveguide in the propagating mode is

a b
W = _[ I Pdxdy
x=0y=0

a
W = 2.5875b sinz(ﬂjdx
a
0

W = 2.5875b><g: 1.55% 107 Watts

W = 155mW
Q.6 (c) Solution:
We have,
Rotor resistance per phase, R, = 0.2 Q

Maximum torque, T, = = 12N-m
Rotor speed at maximum torque,
Jnax = 825 rpm
. . N s (N r )max
(i) Weknow that, slip (8);,.« = T
120x f
where, N, = Synchronous speed = P
_ 12050 _ 1000 rpm
_1000-825
* 7 1000
(8)rmax = 0.175
At maximum torque,
R,
(S)Tmax - X2
R
X, = —2—
(S)Tmax
% = 0.2
270175

X, = 1.14 Q/phase
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Since,
Ats= () = T=T,..
_ 3x60 %4
T .. = 2N, —ZXZ (1)
AsT_ . =12N-m; N =1000 rpm and X, = 1.14 Q
We have,
2
1 = 3x60 o Vs
2ntx1000 2x1.14
, _ 12x21x1000x2x1.14
Vi = 3%60
V, = 31 Volt

When slip s = 0.05
_ 3x60 sVIR,
~ 21N, R3 +(sX,)?
3x60 0.05(31)*x0.2
211000 (0.2)% +(0.05x1.14)?
T = 6.37 N-m
(ii) Let R_, be resistance added externally,
3%60  VZ(Ry+R,)

T =

T = X At starting, s=1

start 27T’NS (RZ + Rext)2 + X% [ & ]
3x60 V3

T = X
max ~ 2N, 2(X,)

Tstart — RZ + Rext ) ( Xz)

Tinax |: RZ + Rext + X3 j|

Let, R,+ R, = R,

5 X,)
100 - Rt+X2

055 = —5——————x2(1.14
R? + (1 2996) (119
0.55R? +0.71478 = 2.28 R,
0.55R7 —2.28R, +0.71478 = 0
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R, = 3.80Q,034Q
or R,+R_, =380Q; R,+R,, =034 Q
R, =36 R, =014Q

It may be noted that, R, = 3.6 Q will correspond to T, lying in the region,
s = (R, + R,,,)/ X, > 1. Therefore, external resistance added is 0.14 Q to obtain 55%
of the maximum torque at starting.

Q.7 (a) Solution:

(i) The challenges imposed by inter connect lines in deep sub micron MOS (Metal
oxide semiconductor) devices are similar to those in other deep sub micron devices
but with some specific considerations due to the nature of MOS technology. These
challenges include:

1. Scaling: As MOS devices scale down to deep sub micron dimensions, the aspect
ratio of interconnect lines increases, leading to increased resistance and
capacitance, which can degrade performance and increase power consumption.

2. Interconnect delay: The RC delay of interconnect lines becomes a significant
factor limiting the speed of signal propagation in MOS devices, impacting overall
device performance.

3. Signal Integrity: Shrinked dimensions and increasing integration density can
lead to signal integrity issues such as cross-talk, noise coupling and
electromagnetic interference, affecting the reliability and performance of MOS
device.

4. Electromigration: With smaller feature sizes, the risk of electromigration
induced failures in interconnect lines increases, as metal atoms migrate under
high current densities, leading to line degradation and eventual failure.

5. Reliability: MOS devices face reliability challenges such as time dependent
dielectric breakdown (TDDB), hot carrier injection (HCI), and negative bias
temperature instability (NBTI), which can degrade the performance and lifespan
of interconnect lines.

6. Manufacturing variability: Variations in fabrication processes become more
critical at deep sub micron scales, leading to increased variability in interconnect
line dimensions, electrical properties, and performance, which can affect device
yield and reliability.

(@ii) To generate 1’s complement of a given binary number, the simple logic is that if the

input is 0 then the output will be 1 and if the input is 1 then the output will be 0.
That means there are three states. One state is start state. The second state is for
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taking 0’s as input and producing output as 1. The third state is for taking 1’s as

input and producing output as 0.

Hence, the Moore machine will be

For instance, take one binary number 1011 then

Input 1 0 1 1
State | G0 | 2 | 1 | 2 | %
Output | 0 0 1 0 0

Thus, we get 00100 as 1’s complement of 1011, we can neglect the initial 0 and the
output which we get is 0100 which is 1's complement of 1011. The transaction table

is as follows:

Next state

Current state 0 1 Output
— 4o T T2 0

T T 7 1

42 T ) 0

Q.7 (b) Solution:
(i) For the array, in general
D

Fig.: Two element array (example)
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2
Phase difference, y = Tn dcos0+38, where § is the intrinsic phase difference between

the two sources.
The total field is given by
Er
The normalized radiation intensity is given by
() = [AFP? = cos?(y/2)
and the radiation pattern is described by

= E,eV/2 + EeV/2 = 2E, cos(y/2)

CLEr | (Vv
Array Factor, AF = |——|=cos| —
ETmax 2
u 4m
Directivity of the array D = umax =>—

™8 [ [|Ef sin 0dodo
00

Broadside array: For Broadside array, 8 = 0. Thus, we get

2—ndcosﬂ
A

1}
47

D = p p
2nf cos? (7; Cos OJSin 0do

d
Integral can be solved by putting ﬂXCOS 0=t
4m

T (1+cos2tJ ;
d
A

=2nd /A
D = nd

1{t+sm2t} y
2 2 |nd
A
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~ =2nd / A
PU A 1 ond Cnd 1 (nd
2 A2 A A2 A
2nd /A
D="4Tond . (2nd
—| =—+sin| ——
VARS A
b 2 3 2
sin ZTnd + smégd))
1+ 2nd
A
End-fire array:
—2nd
In this case, § = —Pd= }ZT
= Y o= i\id(COSG—l)
The directivity of end-fire array can be calculated as:
4m
D= — y
21‘:f cos? {7; (cosO— 1)}sin 0do
0
d
Let 7%(COS@—l) =1, we get,
4m
D = —2md
X _
27 f cos? t(—}»Jdt
0 nd
—2mnd
A
D = —2mnd
A
J~ (1+COSZtJdt
) 2
—2nd
_ A
D = -2nd
sin 2t

}x
2
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—27d
A
P A 2nd 1 (4nd
20 A 2 A
~ 2 3 2
D= ="74nd\ . sm(2pd)
sin| ——
14 A 2Bd
4rd
A
h d = & d= Z_RX&—E
when =1 Bd = R
Directivity of the broadside array
D,. = 2 =1.222

I

Directivity of the end fire array

2
Dy = ——==2
H 1+sin ™
s
(ii) Let I be the amplitude of the current in the wire dipole having a loss resistance R,.

Then ohmic power loss is

1.
p, = EI R, (1)
In terms of radiation resistance R , the radiated power is
1.5
PT’ = EI Rr ...(2)
From (1) and (2), we get
_ P r Rr
"= P +p R +R ~(3)

where R is given as
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The loss resistance R, of the metal wire can be expressed in terms of the surface

Rs(i)
2ma
R = Il

c

1

n =
1+ R53 A2
1607” \ a )\ dl

resistance RS.

R,

Q.7 (c) Solution:

()

In figure, at the junction we have two impedances Z, and Z, in parallel. Since the
cable has been terminated in its characteristic impedance, Z, will be same as the
characteristic impedance 50 Q. Z, however will be transformed version of 75 Q
impedance calculated as

75cosfl; + j50sin Bl }

Z,=72(Lh)=Z
2 (h)=% {50 cosPBl; + j75sin P

and Bl, = %(0.3%) =0.6m=108°,
siving, Z, = Z(l)=50 75c0s108° + ]'505%n108
50co0s108° + j75sin 108°
Z, = 35200 + 8.621j Q

Since, at the junction, the two impedances are connected in parallel, the impedance
Zis
Z1Z,  50[35.200 +8.621j)]
~ Zy+Z, 50+35.200+8.621]

Z = 20.9549 +j2.9389 Q
The impedance at a distance of [, from the junction is
Z cosPly + j50sin B,
Z2() = Zy pr——
50cosPl, + jZsinBl,
and Bl, = %X(O.Zk) =04n=72°,
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(ii)

We get,
50[(20.9549 +2.9389 ) cos 72° + j50sin 72°]
() = T50c0s72°1 j(20.9549 + 2.9389 ) sin 72°
Z(l,) = 94 + j43.47 Q
The magnitude of the reflection coefficient on the line is

1Z-27y| ]20.9549 +2.9389j - 50|

1T = 1Z57Z,| 20,9549 +2.9389+50|
= 041
= VSWR on the line,
1+ 1+041
P= 1 1-041
p = 2.3898
The antenna has nulls when
F@®) =0
sin(10cosO_ ) = 0
provided sin(2cos0_ ) # 0
10cos 6, = tmn m=1,2,3, ...
= cosO_ = ir;z_z)t

|cos 0, | has to be <1. We therefore get,

1, mn mm . 10
0 .= cos |t—|and —<1 ¢iving m<—
( 10 ) 10 SVmE M=y

Since, m is an integer, we get, m =1, 2, 3.

The directions of nulls therefore are

0 — cos ! iﬂ ,cos_1 J_rE ,cos_1 J_r3—7I
null 10 5 10

. T . . .
Since, 0<0<m, the nulls are at 6 = 5 the denominator of F(0) is zero making 6 = g
the direction of maximum radiation.

To obtain the HPBW of the antenna, we have to find two angles 0, and 0, around

1
the direction of maximum radiation, 0 =g, along which the field is ﬁ of its

maximum value.
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The maximum value of F(0) is along 6 :g and can be obtained as

roy| = [2n(10cos)
1FO®) lmax = | sin(2c0s0) .

0
Since, at 0= g, F(0) has 0 form, we evaluate it in the form of a limit.

- sin(10cos 0)
| FO) | o = 07| sin(2 cos )

2

3
{10(:059—(10(:;59)+..}
= It 5 .e 5 =5
I
8> 2cose—(cgsl)+...

For the half power points, we have,
o) = —
©) =7
sin(10cos0) 5
sin(2cos) 2
Solving numerically, we get HP angles 0, and 0, as
0, = 82.08 and 0, = 97.93°
The HPBW =0, - 6, ~ 16°

Q.8 (a) Solution:
@) (a) Forlap winding,
A=P=4
Number of turns/path = % =30 turns/path
EMF generated per path,
EMF y number of turns
turn path

10 x 30 =300 V

Epath orE, =

www.madeeasy.in
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Generator current, [ =1 path x A
=15%x4=60 A
Generated power, P, = E I
P, = 300 x 60
P, =18 kW
(b) For wave winding,
A=2
Number of turns _ 120 _ 60
Path 2
Emf generated per path = 10 x 60 = 600 V
Generator current, [, = I path x A
=15%x2=30A
Generated power, P, = I E_
= 30 x 600
= 18 kW

(i) As Generator has 120 turns; and as we know, one turn has two conductors, hence
total number of conductors is 120 x 2 = 240 conductors.

For lap connection,

240 240
Number of conductors per path = i 60 conductors/path
t I=60A y15A 15A 15A 15A
Rl Rl Rl Rl
RZ RZ R2 RZ
E =300V
E
$ R6O $ R6O $R6O $ R6O
For wave connection,
240 240

Number of conductors per path = A5 120 conductors/path
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t 1,=30A Yy15A 15A

Rl Rl
RZ RZ
E =600V
a $R12O $ R120
Q.8 (b) Solution:
(i) We have, P, = 7500 Watt and P, = -1500 W
We know that, 0 = tan~! M}
P +P
5 = tan"l J3(7500 - (—1500)
| 7500-1500
o = 69°
Power factor cos ¢ = cos 69°
= 0.36
.. P +PD
(i) Power consumed by each phase = 3
_ 7500 +;—1500) _ 2000 W

For star connection, Voltage across each phase,
_ (400
Vph =B 231V

P 2000
I =V cosg 231036

Current in each phase,

=24.05 A

Impedance of each phase,
Vph 231

Zyy, = E = m=9.609
Resistance of each phase,
2000
R, (24.05)2 = 3.46 Q
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Reactance of each phase,

X, = \(9.60)* - (3.46)> =8.95Q
In order that one of the wattmeter should read zero, the power factor should be 0.5.
cos ¢ = 0.5and tan ¢ =1.73
X;)h

Now, tan ¢ R
ph

Reactance of circuit,

X;,h = Rph tan ¢

344 x1.73=595Q

Capacitive reactance required to be introduced,

X.=895-595=30Q
H it C= ;F
ence, Capacitance, = 2x50%3
C = 1060 uF

Q.8 (c) Solution:

(i) Reactor is that part of nuclear power plant where nuclear fuel is subjected to nuclear
tission and the energy released in the process is utilized to heat the coolant which
may in turn generate steam or be used in a gas turbine. A nuclear reactor consists of
the following basic components:

Control Rod
L
Coolant=—
+—Moderator
A//
Fuel —]__|
C Neutron
Detector
Reflector ~n
Coolant — shield
T

Basic Components of a Nuclear Reactor

1. Reactor Core: It contains a number of fuel rods made of fissile material. They
may be diluted with non — fissionable material for better control of the reaction
or to reduce the damage from fission product poisoning. The size of core, just
sufficient to maintain a chain reaction is the critical size. It can be brought down
by using enriched uranium as fuel.
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2. Moderator: Neutrons produced by the fission process are ejected from the

nucleus at a very high velocity of about 1.5 x 107 m/s and therefore, have a very
large kinetic energy and are termed as fast neutrons. The elements which can
undergo a fission reaction with fast neutrons are U-233, U-235 and Pu-239.
Natural uranium contains only 0.7 % U-235. Fast neutrons are slowed down by
elastic scattering process and chain reaction can still occur.

Moderator

U-235 Fast
Neutron
L L

Slow
Neutron

Moderator Slows Down a Fast Neutron

But during this process, there is a possibility of their getting absorbed by U-238
and the chain reaction may not be maintained. If the proportion of U-235 in the
metal is increased to more than 10%, the above absorption effect can be overcome
and a chain reaction is possible. This occurs in fast reactors but the enriching
process is expensive.

For more effective use in nuclear reactor, it is desirable to slow down the fast
neutrons to speeds corresponding to the speed of molecules in a gas at NTP
(i.e. to a speed of about 2.2 x 103, m/s). Such neutrons are known as slow or
thermal neutrons. The absorption properties of U-238 are very much reduced
with thermal neutrons. Thus, if natural uranium is bombarded by thermal or
slow neutrons, the chain reaction can be maintained. This is accomplished with
the help of 'moderator' which is mixed with the fissile material in a suitable
manner.

Thus the purpose of moderator material in the reactor core is to moderate, or
reduce the neutron speeds to a value that increases the probability of fission
occurrence. The fast neutrons collide with the nuclei of moderator material,
loose their energy and get slowed down.

Heavy water is an ideal moderating material and is used in many reactors
inspite of its heavy cost. Ordinary water is cheap but it has high neutron
absorption and can be used only with enriched uranium.
The moderator and the fuel can either be intimately mixed or the fuel may be
scattered through out the moderator in discrete lumps. These two arrangements
are called homogenous and heterogenous arrangements respectively.

3. Control Rods: Control rods are meant for controlling the rate of fission of U-235.
These are made of boron-10, cadmium or hafnium, that absorb some of the
slowed neutrons. In a reactor, nuclear chain reaction has to be initiated when
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started from cold, and the chain reaction is to be maintained at a steady value

during the operation of reactor. Also the reactor must be able to shut-down
automatically under emergency conditions. All this requires a control of reactor
so as to prevent the melting of fuel roads, disintegration of coolant and
destruction of reactor as the amount of energy released is enormous.

The control rods are inserted into the reactor core from the top of the reactor
vessel. These rods regulate the fissioning in the reactor by absorbing the excess
neutrons. These rods can be moved in and out of the holes in the reactor core
assembly. If the fissioning rate of the chain reaction is to be increased, the control
rods are moved out slightly so that they absorb less number of neutrons and
vice-versa.

4. Coolant: It is a medium through which the heat generated in the reactor is
transferred to the heat exchanger for further utilisation in power generation.
Sometimes when water, is used as a coolant it takes up heat and gets converted
into steam in the reactor which is directly used for driving steam turbines.
Coolant flows through and around the reactor core. It performs the additional
function of keeping the interior of reactor at the desired temperature.

A good coolant should not absorb neutrons, should be non-oxidising, non-toxic
and non-corrosive and have high chemical and radiation stability and good
heat transfer capability. Air, helium, hydrogen and CO, amongst the gases,
light and heavy water amongst the liquids, and the molten sodium and lithium
amongst the metals are the materials used as coolants.

5. Reflector: This completely surrounds the reactor core within the thermal
shielding arrangement and bounces back most of the neutrons that escape from
the fuel core. This conserves the nuclear fuel, as the low speed neutrons thus
returned are useful in continuing the chain reaction. The reflector gets heated
due to collision of neutrons with its atom, therefore, its cooling is essential. The
reflector should have good neutron scattering proper ties and preferably a small
tendency to absorb neutrons. It is often a moderating material and sometimes
the same material is used both for moderator and reflector.

6. Thermal Shielding: The shielding is usually constructed from iron and help in
giving protection from deadly o and B particle radiations and y-rays as well as
neutrons given off by the process of fission with in the reactor. In this manner it
gets heated and prevents the reactor wall from getting heated. Coolant flows
over the shielding to take away the heat.
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7.

Reactor Vessel: The reactor core, reflector and thermal shielding are all enclosed
in the main body of the reactor and is called the reactor vessel or tank. It is a
strong walled container and provides the entrance and exit for the coolant and
also the passage for its flow through and around the reactor core. There are
holes at the top to allow the control rods to pass through them. The reactor,
core (fuel and moderator assembly) is usually placed at the bottom of the vessel.
The reactor vessel has to withstand high pressures (upto 21 MPa).

Biological Shield: The whole of the reactor is enclosed in a biological shield to
prevent the escape or leak away of the fast neutrons, slow neutrons, -particles
and y-rays as these radiations are very harmful for living organisms. Lead iron
or dense concrete shields, are used for this purpose.

(i) Advantages and Disadvantages of Nuclear Power Plant

Advantages:

1. The amount of fuel required is quite small, therefore, there is no problem of
transportation, storage etc.

2. The demand for coal, oil and gas is reduced which are tending to rise in cost as
the stocks are becoming depleted.

3. These plants need less area as compared to any other plant of the same size. A
2,000 MW nuclear power plant needs about 80 acres whereas the coal-fired
steam power plant of the same capacity needs about 250 acres of land.

4. Inaddition to producing large amounts of power, the nuclear power plant can
produce valuable fissile material, which is extracted when the fuel has to be
renewed.

5. These plants, because of the negligible cost of transportation of fuel, can be
located near the load centres, therefore, primary distribution cost is reduced.

6. These plants are most economical in large capacity (100 MVA and more).

7. The output control is extremely flexible i.e. the output can be instantaneously
adjusted from zero to an upper limit. The limit is set by the capacity of the heat
- removal system to prevent over heating of the pile.

8. There are large deposits of nuclear fuel available all over the world. Therefore
such plants can ensure continued supply of electrical energy for thousands of
years.

9. A coal-fired steam power plant needs thousands of tonnes of coal per day and

usually, looks like a mad house of trains, trucks, coal and ashes, whereas a
nuclear power plant will be very neat and clean and is hospital quiet.
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10. The operating cost is quite low and once the installation is completed, the loading

of the power plant will have no effect on the generation cost. Therefore, a nuclear
power plant is always operated as a base load plant. The nuclear power plant are
usually not operated at a load factor less than 0.8.

Disadvantages:

1. The initial capital cost is very high as compared to other types of power plants.

2. The erection and commissioning of the plant requires greater technical know-
how.

3. The fission by-products are generally radio-active and may cause a dangerous
amount of radio-active pollution.

4. Nuclear power plants are not well suited for varying loads since the reactor
does not respond to the fluctuations of load efficiently.
The fuel used is expensive and is difficult to recover.
Maintenance charges are high owing to lack of standardization. Salary bill of
the maintenance staff is also high as specially trained personnels are required
to handle the plant.

7. The disposal of the products, which are radio-active, is a big problem. They
have either to be disposed off in a deep trench or in a sea away from sea-shore.

8. The cooling water requirements of a nuclear power plant are very heavy (more

than twice the water required for the same size coal-fired steam power plant)
Hence, cooling towers required for nuclear power plants are larger and costlier
than those for conventional steam power plants.

0000
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