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Section A

Q.1 (a) Solution:

Applying KVL to Mesh 1,
V,-1,-3L,-2(I, +1,) = 0
V, = 3l +5I, (i)
Applying KVL to Mesh 2,
V,-2(,-L)-2(I;+1,) = 0
V,-2I,+2[,-2I, -2, = 0
V, = 2I, +4I, - 2, ..(ii)
Writing equation for Mesh 3,
I, = 2V, ..(iii)
From figure above Vy,=2(I, +1,)
I, = 2V, =4I, + 4, (iv)
Substituting the equation (iv) in the equation (ii),
V, = -6l -4, (V)

Comparing Egs. (i) and (v) with Z-parameter equations, we get

le Z12 _ 3 5 Q
ZZl ZZZ —6 4



MADE EASY Test No : 12 E & T ENGINEERING | 13
Y-parameters
We know that, [Y] = [Z]!

Hence, Y-parameters are

{Yll
Yy
Q.1 (b) Solution:

We have, V. ,=-2V;

AZ = Z1Zy - Z1yZy
(3)(-4) - (5)(-6) = 18

Yip | _ i{ Zy —211
Y, AZ|~Zy Zn
Zy, 4 -2
- ——= = _—U
Y1 AZ 18 9
—Zy _ —(-6) _1
— —_ :—6
Yo AZ 18 3
Z, -5
Y27 X7 T8
_Zun_1
Y AZ 6
2 5
le} _ |9 By
Y 11
3 6
M=1mA/V2.
10V
19kQ 3 32k
VGS +
+
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We can redraw the circuit in Thevenin equivalent form as shown below:

10V

(10 X 60) + (19 x =5) _ 600 — 95

= =6.4 Volt
where, Y 60+ 19 79 °
We know that, Veg = Vo=V
Veg = Vo, = (10 = 2Ig,) = Vo, =10 + 21
Put V,, = 6.4 Volt, Vg = 64-10+2I,
Vs +3.6 .
I =~ Q)

Assuming MOSFET in saturation,

“pcoxw 2
Iy = oL ‘(VSG _|VTP |)
1 2 .
Iy, = ) (Vsg —2) ...(if)
Put equation (i) in equation (ii),
Vgs +3.6 1 2
—2—— = — (Vg -2
> > (Vs =2)
Here, Voo = -V
We get, Ve +3.6 = (Voo -2)2

(Voo - 22+ Vg = 3.6

Vi +4-4Vsc +Vso = 3.6

V2 -3Ve+04 =0

Voo = 286 V,0.14 V

For MOS transistor to be ON, Vgs > | Vrp |
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Hence, V- = 0.14 V is discarded.
Therefore, Voo = 286V
Thus,

(i) Vg=-286V

. Ves +3.6 —286+3.6
(i) I,= > = > =0.37 mA

(iii) On applying KVL in loop A, we get,
-10+ 2, + Vg, = 0
Vep = 10 -2l
Vep = 10 - (2% 0.37) =9.26 Volt

Since, Vgp > Vg — ‘ Vip ‘ = Our assumption is correct and MOSFET is in saturation
region.

Q.1 (c) Solution:

The given circumstances 1, 2, 3, 4 and 5 are expressed in terms of the defined variables,

S,M, Tand Has MS,TMS, THS, TMS and TH respectively. Thus, the boolean function

for turning ‘ON’ the sprinkler system can be written as:

F = SM+SMT +STH +SMT +TH
or we can write in canonical form as,
F(S, M, T, H) = 00XX + 101X + 1X11 + 100X + XX10
0000 + 0001 + 0010 + 0011 + 1010 + 1011 + 1011
+ 1111 + 1000 + 1001 + 0010 + 0110 + 1010 + 1110
The expression in minterm and maxterm are, thus, obtained as
F(S,M, T, H) = 2m(0,1, 2,3,6,8,9,10, 11, 14, 15)
= ntM(4, 5, 7,12, 13)

Minimization:

TH __ _ _
sM~_ TH TH TH TH

Sl 1 1 |1
M 0 1 3 2

SM 1
4 5 7 6

SM 1 1
12| 13 15 4
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InSOP Form, F = M+ST+TH

IH ___ _ —
sM>~ TH TH TH TH
§M 0 1 3 2
S 0 010 1
SM 4 LL’J7 6
SM[LO0_| 0
12 13 15 14
SM
8 9 11 10
In POS Form, F = (M+T)(S+M+H)

Logic diagram:

Q.1 (d) Solution:

=D

Given, t_ =50 A =50x108cm
N, =1x10%cm
fixed charge, Q, = 2 x 101 q C/cm?
0, =-01V,e _=39€,€,=119¢,
(i) Threshold voltage, V., = 20p — Qa + s — Qi
COX cox
14
where, C = S 5.9 x8.85 ><_180 =6.9%x107 F/cm?
ox T 50x10
= —kTIn—% = -0.0259In| ——
O " (1.5 x 1010J
0, = 0467V
Depletion charge, Q, = +qN.W
1 1
where W= 2| € (9) 2 _,|11.8x8.85x% 107 x (0.467) |2
' N, 1.6x107Y x1x10'®
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W =349 x 10 cm
Qd = 1.6 x 10719 x 3.49 x 10°° x 108 = 5.536 x 10~/ C/CIn2

Q. = 2x 101 x 1.6 x 101° = 3.2 x 10 C/cm?
-7 -9
V= 094556107, 32107
r 6.9 10" 6.9%x10"
Vy=-185V

(ii) The given MOS is enhancement Mode p-channel device since V is negative.

(iii) To achieve V..=0V, AV, =1.85V is required

so that Vi+ AV, =0
Q
Boron dose = %
Where’ QBoron = AVT ’ Cox
= 1.85 x 6.9 x 107 = 1.2765 x 107° C/cm?
1.2765x107°
Boron dose = —————5— =7.98X% 102 / cm?
1.6x10

Q.1 (e) Solution:

Diamagnetic material: As diamagnetism is due to the orbital motion of the electrons
and it depends upon the electronic configuration of the element. As electronic
configuration is independent of temperature, diamagnetic susceptibility is independent
of temperature.

Paramagnetic material: Paramagnetism is due to the presence of unpaired electrons in
the material, so paramagnetic atoms and ions include particles having one electron over
and above a complete shell (alkali group), atoms of transition elements, ions of the rare
earth elements with incomplete shell, etc. The alignment of atomic dipoles with external
tield direction is limited by temperature. As temperature increases, thermal agitation of
atoms increases and magnetization decreases, thereby decreasing susceptibility. Thus,
paramagnetic susceptibility is inversely proportional to temperature.

< (Curie’s law)

The paramagnetic substance posses a characteristic temperature, called curie temperature
T, above which they become diamagnetic.
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1
The plot of (%) vs T is shown in the figure which is a straight line which illustrates the

-
-
-

Ferromagnetic materials: Ferromagnetic materials are characterized by spontaneous

curie’s law.

T

magnetization i.e, they posses a large amount of magnetization even in the absence of
external magnetic field.

A ferromagnetic material has a characteristic temperature above which its properties
are quite different from those below that temperature. It is called the ferromagnetic
curie temperature 0 .

ForT>9

» a ferromagnet behaves like a paramagnet. The susceptibility obeys the curie

law as

X = 7 Cis called the curie constant.
T-6¢

This expression is not valid for T <6 .

The variation of susceptibility with temperature is as shown in the figure below:

X :
Ferromagnetic| P .
region . arama}gnetlc
; region
Complex :
behaviour |

Q.2 (a) Solution:
State diagram reduction:

*  Let us assume that, the input variable of the circuit is X and the output variable of
the circuit is Z.
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*  The state table for the given Mealy type state diagram can be given as follows:

Present Next State Output
State | x=0 Xx=1 | X=0 X=1

—————————————————————————————————————————————————

pa | ¢ a_____ b | o 0
b a c 1 0
c d c 0 1

bd | a b | 0o 0|

For states “a” and “d”, next state and output are same for an applied input. Hence,

" _r

state “a” and “d” are said to be equivalent and the state “d” can be replaced with

o _7

state “a’.

*  After replacing state “d” with state “a”, the resultant state table can be given as
follows:

Present Next State Output
State | x=0 Xx=1 | X=0 X=1

a a b 0 0
b a c 1 0
c a c 0 1

* Intheabove state table, no two states have same next-state and output for an applied
input. Hence, it is not possible to reduce the state table further.

*  So, the reduced state diagram can be given as follows:

State assignment:

*  There are three states in the above reduced state diagram. If # is the number of flip-
flops required,
So, 2"23 = n_ =2

*  The state assignment can be done easily, by assuming the outputs of the two D flip
flops as Q, and Q,, as follows:
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State ‘ Ql QO
a 0
b 0 1
c 1
Excitation Table:
Present State | Input | Next State | Output | Excitations
Q Q X Qr Q Z D, D,
0 0 0 0 0 0 0 0
0 1 0 1 0 0 1
0 1 0 0 0 1 0 0
0 1 1 1 0 0 1 0
1 0 0 0 0 0 0 0
1 0 1 1 0 1 1 0
1 1 0 X X X X X
1 1 1 X X X X X
Minimization
QX — o — - QX _ -
0, QX QX QpX QX 0, QX QX QpX QX
Ql 0 1 1 3 2 Ql 0 1 3 2
Q 1 Ix]] x Q X | X
4 5|——7 6 4 5] 7 6
D;=Q, X+ QX D, = éléox
K-map for D, K-map for D,
K-map for Z
QX - - — =
o) QX QpX QpX QX
61 0 1 3 ’T‘z v
Z = le + QO X
o |[EIx|x]
4 5] 7 6
Thus, D, = QX +QpX =X(Q +Qp)
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D, = éléox

Z = Q1 X+QyX

Logic Circuit:
Input
)

ah\

output

T

D, & :) D, Q

> D-FF > D-FF j
2 L

Clock
Q.2 (b) Solution:

(i) Case-I: When the two resistances are connected in series, the equivalent resistance
is:

Req = R, + R, =100 + 50 = 150 Q
dR oR
_— = _— 1
3R, 1 and oR,

Hence, uncertainty in the equivalent resistance is

2 2
dR 2 JoR 2
W, =t |l —| Wg +| =—| W,
R \/(aRJ K (HRJ ko

= +J(1)? (0.1)% + (1) (0.03)? = +0.1044 Q

The equivalent resistance for series combination can be expressed as
R,, = 150 £0.1044 Q

Case-II: When two resistances are connected in parallel, the equivalent resistance is

R;R, 10050

R = _ =33330
" R +R, 100+50
OR _ Ry(Ri+Ry)-RiRy(l) _  R3  _ 0.111Q
dRy (Ry +Ry)’ (Ry +Ry)?
OR _ Ry(Ry+Ry)—RiRy(1)

dR, (Ry +Ry)?
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2 2
S 5= 100 > =04440
(Ry +Ry)> (100 + 50)

Hence, uncertainty in the equivalent resistance,

2 2
W, = + IR W32 + IR W32
R, 1 9R, 2

J0.111)% (0.1)2 + (0.444)% (0.03)> =+ 0.01734 Q
Equivalent resistance for parallel combination can be written as
= (33.33 £ 0.01734) Q

(@ii) The Schering’s bridge measure the value of unknown capacitance in terms of

standard capacitance.
The circuit diagram of Schering bridge is shown below:
Given: C,=035uF; R,=318Q; C,=106 pF; R,=130Q; E=25kV, 60 Hz

] oY : L=1
LR, : E,=E,=LR;=1/0C,= IR,
P I ;

Ez I E4 i ------------- E?l- -------------------- E

) oc,

O/

E
At balance,
R1+~1 .R4 =Rg,><.1
JoCq )\ 1+ joCy Ry joC,
(1+joCiR)Ry  _ Ry

joCq1 (1+ joCy Ry) joCy
JoCy(R, +joC, R, R)) = joC, R, (1+j0C, R))
(-w?’C,C, RR, +joR,C,) = joC,R, - ©*C,C,R,R,
Equating the real and imaginary terms, we get,
R3Cy R4 Gy
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According to given values,

_ 318x106x107*2

130 0.35x107°
106 x 10712

=429.245 kQ

=2.592 %107 = 259.29 pF

130

259.29 pF

Power factor of series RC circuit,

cosG1

where

Power factor

P.F.
P.F.

Q.2 (c) Solution:

Ry
| Z4 |

0Cq
Ry

1
R, C, =21 x 60 x 429.245 x 103 x 259.29 x 10-1

0.0419 = 0.042

= R1(0C1

The above network can be considered as a parallel connection of two networks, N; and N,,.

For the network N,
I 20 20 I I 20 3 20 I
———WW——o o—«mv—l—ww—o
+ + + +
1
Vv, =2F v, Vv, _‘, > v,
o ° o °
(@) (b)
Applying KCL at Node 3,
I +15 = 2s(V,) (1)
From above figure,
Vi-V3 1 1
= ==V, -=V. ..
Il 7 7 1 ) 3 ...(ll)
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==V Vs ...(ii)
Substituting the Eq. (ii) and Eq. (iii), in the Eq. (i)

i s, Va Vs

) 2t T T @
Vl VZ
= —+-—=
s+ 1)V, = S+
1 1
= Vi + V- .
V= 202s+1) ' 2(2s+1) 2 (1)

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

1
I =>5"5 Vitso V2
1 2(2s+1) 2(2s+1)

B
(;Lz :4) (8s+4j 2 (V)
B e

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

1
Vit——=W
2(2s+1) 2(2s+1) }

I = 5~
4s+1
= Vi+ V. i
(85+4) ! (85+4) 2 (Vi)
Comparing Eqs (v) and (vi) with Y-parameter equations, we get
4s+1 -1
Yii Yo |  [8s+4 8s+4
Yy Yy| |71 4s+1
8s+4 8s+4
For the network N,
’” l l 4
T T S (A S
+ + + +
Vi 21Q Vv, 14 21Q V,
o o ° °
(@) (b)
Applying KCL at Node 3,
IV+15y =V, (i)
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From above figure,

144 V _V .o
= 1 2=sV) -5V, ..(ii)
s
V- V.
Iy = 2y =sVy-sV; ..(iii)
S

Substituting the egs. (ii) and (iii) in the equation (i),
sV, -8V, +sV,-sV, =V,
(2s+1)V, = sV, + 5V,

S S
= Vi + \% 1
Vs (2s+1j ! (25+1) 2 (i)

Substituting the Eq. (iv) in the Eq. (ii),
s s
= sV - Vi + V.
== SK25+1) L 2s+0) 2}

s(s+1) 52
- {25+1}V1_(25+1)V2 (V)

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

S S
v, - v+ v
72 SK25+1) 1 (25+1) 2}

2 —_

s s(s+1)
- — Vi + V. .
B (25+1J ! {25+1_ 2 (Vi)

Comparing Eqs (v) and (vi) with Y-parameter equations, we get

1y

s(s+1) 52
Y] Y} 2s+1 2s+1
{Yz’{ Yzlﬁ} ) B 52 s(s+1)
2s+1 2s+1
Therefore, the overall Y-parameters of the network are

{Yn le} ~ (Y[ +Y{] Yo+ Y{,Z}
Yy Yp _Y2,1 +Y5 Y +Yp
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(45 +8s+1  —(4s> +1)
4(2s+1) 4(2s+1)
~(4s* +1)  4s* +8s+1

| 4(2s+1)  4(2s+1) |

Q.3 (a) Solution:
(i) 1. Nodal equation at node ‘X’.
V,-0 0-V; N 0-V,

Ry/B Ry Ry/o
BV, = -V, - V,a

S

2. V,, = Voltage at non-inverting terminal of op-amp A,

v, = {Vl(Rerleﬂ/[R2+st+(R2”s%fﬂ )

Now applying KCL at inverting terminal of op-amp A,.
Vi-Vo.o Vo=V

R, 2R,
( Vo, = V2_) due to virtual short circuit.
2V, =3V,, -V, -(2)
Substitute the value of V,, from eqgn. (1) into eqn. (2).
3V1 |:R2 + 13j|
s
2V1 = 1 R _VO
R, + ol —21
s SC(Rz + —)
sC
3V (1+ RysC
v o RSO

1+ R23C+L
1
sC

3V, (1+ RysC)?
2V, = 5 — Vo
17 (14 R,5C)2 + RysC
S | 3(1+R,sC)? L
0 M (1+RysC)? + RysC

3(1+ RysC)? =2(1+ R,5C)* —2R»sC
[ (1+RysC)> + RysC |
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v [ (1+ RysC)? =2R,sC |
' 14 (RysC)? +3RysC |
[ 14+(R,sC)?
VO = V1 ( is )
| 1+ (RysC)? +3RysC |
3. BV, = -V, - V,a [from part (i)]

Substitute value of V, from part (ii)

2
V. = ¥/ 1+ (RzSC) + 321225(:
! 1+ (R,sC)

1+ (R,5C)% +3RysC
BV _ _VO ( 2 ) 2 2 —V00(
S i 1+(R25C)
By = 1+ (Ry5C)? +3RysC + 0+ (RysC)
s ° 1+ (R,5C)>2
[1+(RpsC)? J[1+ ] +3RysC
BV = _VO 3
s 1+ (R,sC)
v B[ 1+(RosC)” |

Ve [+ o)[1+(RysC)*]+ 3RysC |

d S
andp=—
O

]
v [(noc)[“(oiﬂﬂ((’i’ﬂ

Given, W, = ﬁ
2

s
again putp = o
0

vo  Bl1+p?]
Vi, (1+Oc)(1+p2)+3p
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(ii) A regular diode has a voltage drop of near 0.7 V across it. To eliminate this diode

drop voltage, we use an op-amp to create a “super-diode” which eliminate the
0.7 V (dead-band) and fairly simple to use. It is also called a precision rectifier.

The circuit diagram of super diode is shown below:

~> Super diode

|
|
|
|
I
|
|
1
I
|

When V., is positive, due to the very high gain of the opamp, the output tries to go
towards +V_, which forward biases the diode. Finally, the conducting diode closes
the feedback loop such that V_ =V, (virtual short). In a regular diode, this relation
would have been V_ . =V, -0.7 V. When V__ is negative (less than inverting pin
voltage), due to high gain, the output tries to go to -V_, , which makes the diode
reverse biased. So, the opamp output eventually saturates to -V_ . V_ . remains as

high-impedance terminal like a regular diode circuit.

Super diode is used generally where the signal to be rectified is small (e.g. of the
order of 100 mV or so) and thus, clearly insufficient to turn on a practical diode. A
super diode behaves as ideal diode i.e. a very small voltage drop is sufficient to
turn on the diode. Hence, super diode can be used in the rectification of a sine
wave whose amplitude is very small.

The transfer characteristics of super diode is shown below:

Q.3 (b) Solution:

()

VD
4 V- V: whenV;>0
1 ° |0 whenV,<0
V;
As generator
—— I,=3A I I =44A
Ia = 3Sh+ 44L =47A E @R”’ b
a - E(g)
Armature voltage drop (E,) = 5% of 460 V
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5
= ——x460 =23 volt
100
E, 23
i = 4=—=049Q
Armature resistance, R Y
Now, Generated emf, E g(g) =460V +23V
E g(g) = 483 volts
Output
(iii) efficiency, n = Input
460x 44
0.75 = 7 nput
Input = 27 kWatt
Rotational Losses, P, = Input - EI,
= 27000 - (483 x 47)
P, = 43kW
When working as Motor,
Iu - IL B Ish i +
I =44-3 L o
a
R,1I
- a ta \%
L =4lA % @Eg(m)
Here, E g(m) = V-IR, i
= 460 - 41 x 0.49
= 439.91 volt
. p oo NPOZ o lesE
Since, ¢~ 60A it implies g N
E,(m) N
Thus, g = Nm
Eg (g) g
N = 439.91x1200 rom
TR
N, = 109294 rpm
It is given that P, o N?
2
p rot (m) — N—’g
Pyt (g ) Ng
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Rotational Losses in motor,

2
) 5 (1092.94
Py = (43%10 )(—1200
P,y = 3566.96 = 3.566 kW
Output power, P, ., = (439.91 x 41) - 3.566 x 10°
Py = 14469 KW
P
nmotor = o x100
in(m)
_ 14.469x1000 100
44x460
Mo = 71.49%

Q.3 (c) Solution:

Quantum numbers are the sets of numbers that describe an electron’s orbit and movement
within an atom. When the quantum numbers of all the electrons in a given atom are
added together, they must satisfy the Schrodinger equation.

Quantum numbers are set of numbers used to describe the position and energy of an
electron in an atom. There are four types of quantum numbers: Principal, azimuthal,
magnetic and spin, which can be used to fully describe all of the properties of a given
electron in an atom.

(@) Principal quantum number: (n)

The principal quantum number is one of four quantum numbers assigned to each
electron in an atom to describe that electron’s state. ‘n” designates the principal
electron shell. The value of the principal quantum number ‘n” can be any integer
with a positive value that is equal to or greater than one. The value n =1 denotes
the innermost electron shell of an atom, which corresponds to the lowest energy
state of an electron. As ‘n’” increases, the electron is also at a higher energy and is,
therefore less tightly bound to the nucleus.
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(b) Azimuthal Quantum number ([):

* The azimuthal quantum number is also known as angular momentum quantum
number and it is denoted by symbol ‘I’.

* The azimuthal quantum number ‘I’ is a quantum number of an atomic orbital
that determines its orbital angular momentum and describes the aspects of the
angular shape of the orbital. The azimuthal quantum number is the second of a
set of quantum numbers that describe the unique quantum state of an electron.

* For a given value of the principal quantum number ‘n” (electron shell), the
possible values of ‘" are the integers from 0 to ‘n - 1".
ie, forn=1,1=0 = S-shell
n=21=0tol = [=0(ssub-shell), /=1 (p sub-shell) and so on.
() Magnetic quantum number (1m1)):
* Magnetic quantum number is used to determine the number of orbitals and the
orientation of orbitals in a given subshell. It is denoted by “m,". For each value

of ’l', quantum number m, varies between +1 to -1 (including zero)

S

ie., [=0—m=0;

14
I=1->m=-1,to1 = -1,0,1; [Py [ P:]| Px]

d
I=2— ml =-2t02 = —2, —1, O, 1, 2, de—yZ dyz dzZ dxz dxy

d) Magnetic spin quantum number (m):
& pmngq s
* The spin quantum number is a quantum number that describes the intrinsic

angular momentum of an electron or other particle. The component of the spin
along a specified axis is given by the spin magnetic quantum number ().
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1 -1
Electron can spin either in clockwise (ms = 5) or anti-clockwise (ms = 7) .

Spin quantum number helps to describe the magnetic properties of material.
Q.4 (a) Solution:
(i) v
v

w AAAA
\AAAJ
I

m Ry, L Rq

To extend the range of moving iron voltmeter, a series resistance of high value is
added in the voltmeter circuit.

Let the resistance of voltmeter be R, and inductance be L.
Let, the external series resistance to increase the range be R_. Thus,
Vv
J(Rs +Ry)? + 022
320
(2200 + Rg)? + (2% 50X 0.6)°

Voltage drop across instrument,

IJRZ + (oL)?
v = 14 R? + (oL)?
J(Rs + Ry)? + 0 12

The maximum voltage drop across the instrument can be 150 V. Hence,

Voltmeter current, I =

0

V _ J(Rg+Ry)? + (oL)?

v JRZ + (0L)?
320 +(Rg +2200)% + (27 x 50 X 0.6)°
150 J(2200)? + (27 x 50 x 0.6)>
(R, +2200)% = 22189 x 106 - (21 x 50 x 0.6)?
(R, +2200)% = 22153 x 106

R, = /22.153x10° 2200 = 2506.755
R, = 2.506 kQ

The multiplier resistance is shunted by a capacitor in order to compensate for the
frequency errors introduced due to inductance of the operating coil given by
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C= 0.41L2 =0.41x Lﬂ =39.171x10° F
R2 (2.506x10°)
C = 39.171 nF

(ii) Strain gauge 1 is in compression mode, hence resistance of strain gauge 1 after
application of strain = R - AR.
Similarly, resistance of strain gauge 2 after application of strain = R + AR.

The circuit can be redrawn as below:

+
R+ AR T
D Vo

V,=V,-V, (i)
V, = L(R+AR)-I,(R) ...(ii)
Total resistance in arm CAD = Total resistance in arm CBD = 2R
-
Putting these values in equation (ii), we get,
I I
vV, = E(R+AR)_E(R)
VvV = lAR (iii)
0= 3
1. For strain gauge, change in resistance AR due to application of strain (€) is
given by
AR
T
Strain (€) f
AR = G, xR x Strain (€)

f
3 x 130 x 120 x 1076 = 0.0468 Q
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From equation (iii),

I 100 x 1072

vV, = EAR S % 0.0468 =2.34 mV
2. Sensitivity: It is defined as output voltage for unit microstrain,
I I
VO = EAR :EXRXG]CXE
Here, e =1x10°
-3
Sensitivity = 100x10°~ x130x3x107° =0.0195 mV /ustrain

Sensitivity = 0.0195 mV/pstrain

3. Resolution: It is defined as the minimum input quantity that can be measured

accurately.

Output of galvanometer per scale division =1 mV.

Since —; of division can be read with accuracy,
10
The minimum output voltage that can read by the galvanometer
= 1mV><i:O.1mV
10

I I
We have, V = E(AR)ZE(RXGfX €)

V, x2 0.1x107° %2

IxRxGy  100x107° x3x130

€ = 5.128 Microstrain = Resolution

Q4 (b) Solution:

(i) Given, n, = 101 cm=
G, = 10" electron-hole pairs/cm?3/us
n
1. E. -E; = len(—”j
n;
nn = nnO + TeGL
= 10" +2x107 S 10"°cm™

n = 10 ecm=3

16
_E, = o.ozwm(Lj

Fn 2.25 x 10°

_ =5.128 x 107° Strain
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E. -E; = 0575eV
PTZ
2. Ei - EFP = len(n—lJ
where P = DB+1Gp
2 612
n; (225 x 10 ) 4 -3
= = =5.06 x10
We have, P, o 10%° cm
13
Hence, p = 5.06x107*+2x107 (18—_6)
P = 2x10"Ycm
2x10%°
_ - 0.0259In| ————
Ei-Ep, (2.25>< 10° J
E - EPP = 0.235 eV
@ii) 1. The photon energy
he
= hf =<
E = hf ,
he
Therefore, A= =
E
6.626 x 1074 x 3 x 108
A= -19
1.5x10

A =1325x10"%=1.32um
The photodiode is operating at a wavelength of 1.32 um.

ne
2. Responsivity, R = E
-19
R = 0.65><1.6><jg) 0,693 A/W
1.5x10
Ip _ Photodiode output current
Also, . Py Incident optical power
25x107°
P, = 5x10
0.693
P, = 3.60 uyW

The incident optical power required is 3.60 uW.
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Q4 (c) Solution:
Applying KVL to the circuit, we get

o1l 1¢,
Ri(t) + E_{o i(t)dt + = { i(t)dt = o(t)

. —4,(0%) 1 ¢ _
500i(t) + + —[i(t)dt =100 sin(1000¢ + 30°)
0.5x107°

0.5x107°
-6 t
500i(t) — 25X—10_6 +2x 1o6ji(t)dt = 100/ 0.5c0s 1000t + ﬁsin 1000t
0.5x10 ) 2

t
500i(t) - 50 + 2 x 10° [ i(H)dt = 50[ cos 1000¢ + /3 sin 1000t |
0

Taking Laplace transform on both sides, we get

50{ s N J3 %1000 }

50 2x10°I(s)
500I(s) -+ 2+ (1000)% 52 + (1000)>

S S
4 3 x 1000
101(s) - L4 £X20°0C) s, ;/—x 2
s s s” +(1000)~  s” +(1000)
Dividing both sides by 2, we obtain
2x10% 0.5 5 /3 x 1000
5+ I(s) = — 5 ot —— 5
s s 2(s*+10007) 2(s” +1000°)
05 0.5(s ++/3 x1000) s
= + X
o 19 = 5er2x10° (s +1000%) "~ (5s+2x10%)

01 0.1(s++/3x1000)s
+
s+4000 (s + 4000)(s* +1000?)

Using partial fraction expansion, we get

0.15(s + /3 x 1000) 0.15(s + /3 x 1000}
(s +4000)(s> +10%) (s +4000)(s + j1000)(s — j1000)
3 Aq N Ay N As
= (s+4000) (s+ j1000) (s — j1000)
0.05336 , 0.0233 - j0.00667  0.0233+ j0.00667
s + 4000 s+ 71000 s — 71000
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__ 01 005336 00233~ j0.00667 0.0233+ j0.00667
" 5+4000 s+ 4000 s+ 71000 s — 71000

Taking inverse Laplace transform, we get
i(f) = 0.1533640%0f + (0.0233 - j0.00667)e 7100 + (0.0233 + j0.00667)e 1000
= 0.15336¢4000¢ 4 0.0233 [¢/1000F + -710001] + j,00667[e/1000f — ¢=j10001]
= 0.15336¢400% + 0.0466 cos 1000t - 0.01334 sin 1000t A

Q.5 (a) Solution:
Step I: Calculation of V,,

Therefore, I(s)

+ I

50°V _C~) g BQ

- a—

- —]3 Q th

Z,y
7 =3+ 2078 3, 9% 5.3,
&4 3+73-7j3
= 6+/3=06.71 £26.57° Q
I.= _ 240 =0.75£-26.57° A
T 6.71£26.57°
i3
Using current division rule, I = 0.75£—-26.57° X ]7 =0.75£63.43° A
3+j3-73

Vo, = (<3)(0.75.£63.43°)
2.25 £ -2657°V

Step II Calculation of Z,

The impedance seen from the open terminal after short-circuiting the voltage source is
shown below:

o copyright: MADE EASY www.madeeasy.in



38 | ESE 2024 : MAINS TEST SERIES MADE ERSYH

Zyy, = [(B1173) +3] 11 (-j3)
=3/-5312°Q=18-/24Q

Step III Calculation of Z;
For maximum power transfer, the load impedance should be a complex conjugate of
the source impedance.
Z, =18+j24Q
Step IV Calculation of P

max

(1.8 - j2.4) Q
| S|
+
2.24/-26.57°V C~> /> [] (1.8 +j2.4) Q
I = 2242 -2657° 01 2657 A

L~ 18-j24+18+j24

P .= I?R;
(0.621)% x 1.8 = 0.694 W

max

Q.5 (b) Solution:

We have the circuit as

Now, from the above circuit diagram, we get,

IC1 +IC2 =]

T
I, = I,

Since, Iy =0 = Ig =1Ig =1,

and IC2+IB2 = IE2
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IE = ICZ + Icl

IT = IE2 (1)

We know that, Io = o + 1,

I = Io-al,

For the first transistor, we put I = Ic ; Ig =1Ig =1I¢,

Ieg = Ic, = 0lc,
Ico .
Ie, = (1_()(] ..(if)
Similarly for second transistor, we put I =1 ; Ig =1Ig, =(I¢c, +Ic,)
ICZ = OCIE2 +ICO
Icz = a(lcl + IC2)+ ICO

ICZ (1 - OC) = Odcl + ICO

_ I
Ie, = A= o) + a an) ..(iii)

Since, I = Ic, +1c, (i)

Put equations (ii) and (iii) in (iv), we get,

I.= lco + +
' (l-a) (1-a) (1-a)

_ 2lco , Ao _ Ico o |_| (2-%)
Ir = 1—0c+(1—0c)2_1—a[2+(1—a)}_{(1—o¢)2}a)

We get the required relation as

_ | 2-a)
I. = I
T {(1 - oc)2 o
Now, we have, o = 0.98
I, = 5mA
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I = {%} x5x10° A=12.75 A
Q.5 (c) Solution:
Work function of metal, ¢, = 4.3 eV
electron effinity, x, = 4 eV
acceptor doping cocentration, N, = 1017 cm3

Energy band diagram of p-type Si,

1 -
EX/Z
_______________ S
----------------------------- E,
EV
E
“s o M gssev
2
Na
We have, E,-E; = kTln
1
17
- 0.0259In—0
1.5x10
E - E; = 0407 eV
(i) The equilibrium band diagram of metal-semiconductor junction is as below:
T Vaccum
T 4oV level
43 eV |
) P
Epm -] 0.55 eV
__________ b
I 0.407 eV
_____________________ E,
EV

Work function of semiconductor,

Eg
0, = Xe+— + (B —Ep)

4+ 0.55 + 0.407
¢, = 4.957 eV
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The band diagram after bending is as shown below:

Barrier height, gV, = (E.- E;) - 0.3 eV

2

= 0.55eV + 0407 eV - 0.3 eV
gV, = 0.657 eV

(ii) For reverse bias voltage, V, =2V the band diagram is as given below:

I,
_ |24 (E, - Ep)|-03eV

From the above energy band diagram,

E
0.3eV +4qV, = 2eV+7g+(Ei ~EF)
03 +gV, =2+0.55+0.407
qV, = 2957 -0.3
qV, = 2.657 eV
Q.5 (d) Solution:
We know that,
120 f
Synchronous speed, N, = —p rpm

We have two systems operating at 25 Hz and 60 Hz. For motor generator set to run
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Nsm = ng
120/, 120,
P P
fi_ b
%) B
h_ Bk
fo B
Since, f, = 25Hz and f,=60Hzthen

B _ 2
P, 60
60

= =P

Py =25h

P, = 2.4P,

As, poles exists in pair. Hence, number of poles must be even integer.
So, the lowest three values of P, can be 10, 20 and 30.
Given corresponding synchronous speeds are

120x 1 120x 25

For P, =10, Ng = =300 rpm
! ! 2] 10
120x f;  120x 25
For P, = 20, Ns, = D 1_ 0 - 150 rpm
120 x 25
For P, = 30, Ng, = —0 100 rpm

Q.5 (e) Solution:
(i) Inductive reactance of pressure coil,
X, = 2m %120 x 15 x 10 = 11.309 Q
Resistance of pressure coil circuit R = 2300

So phase angle of pressure coil,

B = tan "t ﬁ =tan"! 11.309 =0.28°
R 2300

For lagging inductive load with power factor cos$ and pressure coil inductance

with phase angle £,

o copyrignt: IMIADE EARASY www.madeeasy.in



MADE EASY Test No : 12 E & T ENGINEERING | 43

(ii)

P =V xI xcosf xcos¢-p)
28 = 260 x 5.2 x cos(0.28°) x cos(¢p - 0.28°)
¢ = 89.090° = 89°

Without pressure coil inductance, the current in the pressure coil is in phase with
the voltage across the coil, hence, True Power, P = V_x I, X cos¢.

COSBCOS(¢—B)—COS¢X100

Therefore, % error =
cos ¢
_ c0s(0.28°) cos(89° — 0.28°) — cos(89 )>< 100
cos(89°)
= 27.994 = 28%
%error = 28%
LI E,

The deflection on the screen is given by D = 7 ;¢
a

where E, = anode voltage = 3200 V

L = Distance between screen and the centre of the deflecting plates
=38 cm = 0.38 m

1, = length of deflecting plates = 2.6 cm
=26%x102m

d = Distance between deflecting plates = 6.3 mm
=6.3x10°m

and E, = Potential between deflecting plates

To obtain a deflection of 2.8 cm on the screen i.e. for D =2.8 x 102 m,

2dE,D 2x63x107° x3200%2.8x107

Fa= 1, 0.38x2.6x1072
= 114.267 V
Input voltage required for a deflection of 2.8 cm
E; 114.267

=0.816 V

Fin = gain 140
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Q.6 (a) Solution:

(i) From construction point of view, there are two types of rotor construction.

1.

Salient pole type

2. Cylindrical rotor type (Non-salient)

Features of salient pole type:

They are larger in diameter but smaller in axial length.

The pole shoes are wide and usually cover (2/3) pole pitch.

Poles of the rotor are laminated in order to reduce eddy current loss.

This type of rotor construction are suitable for medium and low speed operation.
(120 - 500 rpm).

Due to low speed operation, they are used in hydroelectric plant.

Features of cylindrical rotor machines:

(ii)

=

They are smaller in diameter and larger in axial length.

Usually number of poles on rotor is usually two.

Windage loss is less.

Mechanically more balanced and suitable for high speeds (1000 to 3000 rpm).

Due to high speed, cylindrical rotor generator are also called as turbogenerators.

Given, open circuit voltage, V- =450 V
short circuit current, [,-=200 A

Effective armature resistance,

R =02Q
Impedance angle, 6 = cos_lg
7 = Yoc _ 430 =225Q
Isc 200
1( 0.2
So, 0 = cos 1(5) =84.9°
Z=|Z| £6=225/84.9°Q
R+jX, = 02+;2241Q
Synchronous reactance,
X, =2241Q

S
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55x%10°
550

=100 A

2. Full load current =

At pf 0.8 lagging, I = 100./-cos™1(0.8) = 100£-36.87°

P—

Er = V+I,Z

550 + (100 £ -36.87°)(2.25 £ 84.9°)
720.17 £13.43°V

Ef=V 72017 -550
v 550

30.94%

=0.3090

Voltage regulation

Q.6 (b) Solution:

(i) As Cucrystalis arranged in FCC unit cell structure, we can draw the FCC unit cell
structure with the Cu atom at each corner shared with eight other adjoining unit
cells and one Cu atom at each face center shared with the neighbouring unit cell.

(==

1. Number of atoms in the unit cell

i) (or)

1+ 3 =4 atoms
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2. From the unit cell shown in figure with lattice parameter ‘a” and radius of Copper

atom ‘R’, we have

4R

a

From the Pythagoras theorem, we can say that
7 - R
V2a = 4R
224

3. In general, if there are x atoms in the unit cell, the atomic concentration is

R

Number of atoms in unitcell  x

Mar = Volume of unit cell T8
4
Thus, for Cucrystal, n,, = —
a
4R
We have, N

. (ﬁ)3_(4x0.128)3 Given R = 0198
a’ = N e N [Given, R = 0.128 nm]

a’ = 0.0474 x 10721 cm3

4
Thus, Mat = 0.0474 %1072

= 8.43 x 102 cm™

nat

Mass of all atoms in unit cell

Now,density of crystal, p= Volume of unit cell

nat M M
p = Z\]Aﬂ3

8.43%x10% x 63.55
6.022 x 10?2 x 0.0474 x 10721
p = 1.876 x 102 g cm™

at

p:
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(@ii) 1. Super paramagnetism: When the grain size of ferromagnetic and ferrimagnetic
materials falls below a certain critical size, these materials behave as if they are
paramagnetic. The magnetic dipole energy of each particle becomes comparable
to the thermal energy. As a result of thermal energy, this small magnetic moment
changes its direction randomly. Thus, the material behaves as if it has no net
magnetic moment. This is known as super paramagnetism. Thus, if we produce
iron oxide (Fe,O,) particles in a 3 to 5 nm size, they behaves as
superparamagnetic materials. Such iron-oxide superparamagnetic particles are
used to form dispersions in aqueous or organic carrier phases or to form “liquid
magnets” or ferrofluids. The particle in the fluid move in response to a gradient
in the magnetic field. Since the particles form a stable solution, the entire
dispersion moves and hence, the material behaves as a liquid magnet. Such
materials are used as seals in computer hard drives and in loudspeakers as
heat transfer (cooling) media. The permanent magnet used in the loudspeaker
holds the liquid magnets in place. Super paramagnetic particles of iron oxide
(Fe,O,) also can be coated with different chemicals and used to separate DNA
molecules, proteins and cells from other molecules.

2. Wiedemann Franz Lorentz law:

The Wiedemann Franz law gives relation between thermal conductivity and
Electrical conductivity at a particular temperature. It states that ratio of thermal
conductivity (K) to electrical conductivity (o) is directly proportional to temperature.

K
_OCT
o
K

= — =LT
o

where, K =Thermal conductivity (W/m-K)
o = Electrical conductivity
L = Lorentz constant = 2.45 x 108 WQ/K?

T = Temperature

Q.6 (c) Solution:

(i) A 16 bit word represents 26 or 65536 levels. Since, these levels are equally spaced
across the 2 V range, thus each step is given by
2V
ize = ——=30.52uV
step size 65536 [

Therefore, the system can resolve voltage changes as low as 30.52 uV.
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The dynamic range of a system represents the ratio of the largest value obtainable

to the smallest value. Therefore,
2V

Dynamic range = 30.52 uV = 65536
(DR) 5 = 20 log 65536 = 96 dB
(i) For the binary input b, b, b, b, = 0111,
b\Vg 10
L= 2R T ox10x10°
LV /2 Ve _ L
27 2R 4R 2

=0.5mA

= I, = 0.25mA
bVr /4 _ Ve _ 4
3 2R 8R 4
0.5
= I3 = T:0125 mA

Since b4 = (0, hence 1,=0
Therefore, the current I; delivered to the op-amp is given by

I, =1L+, +1,+1,=05+0.25+0.125 = 0.875 mA
The output voltage Vo = - R;=-0.875 x 107 x 10 x 10°

Vo

-875V

@iii) 1. The decimal equivalent value for binary input 10001010 is given by,
D = b2"+b20+b.2°+ ... + 52"
D=12"+0+0+0+125+022+12'+0

D =128+8 +2=138
Therefore V. = 138><10m—'V =138V
’ 0 bit

2. For binary output = 00010000
D=0+0+0+(1)2*+0+0+0+0
D =16

Therefore, V, = 16X 1Om—,V =016V

1t
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(iv) f(A, B, C) = mtM(1, 2, 5)
The equivalent sum of product function can be written as,
f(A,B,C) = Zm(0,3,4,6,7)

The truth table for the given Boolean function is given below:

A B C|f(AB,C)
0 0 0 1
0 0 1 0
010 0
01 1 1
100 1
101 0
110 1
111 1

The given function can be implemented with a 4 to 1 multiplexer with 2 select

lines. Variables B and C are chosen for selection lines. The implementation table as

drawn with the help of truth table is given below:

BC| 00 01 10 11
Al © 1 2 (3
Al® 5 © @

I=1

L=0 L=A L=1

Figure below shows hardware implementation of the given Boolean function using

4 x1 MUX:

P g e

L

4x1

;, MUX

I

51 5
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Q.7 (a) Solution:
(i) We have,
Open loop gain, A ) = 4000 + 10

The percentage change in closed loop gain, aAf <0.05
f
1. We know that,
A, = Ao
f1+AB
Now, differentiate A s with respectto A ,
0A o 1

On rearranging, we get,

o (BAO)
0A ?
i A

Ar 1+ AB)
94, _ 10 100=025
A, 4000

Using equation (i), we get,

(aAO]
i < 0.05

(1+A4,P)

0.25
1+ 40008

where,

< 0.05

@ < 1+ 4000
0.05 — B

0.001 < B
Thus, feedback factor, § > 0.001

2. We know that gain with feedback is given as A

1+A,P

= AU
F1+A,B

A - 4000 _ 800
1+ (4000 x 0.001)
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(ii) Excitation of flip flops are

T,=Q

T=Q+0Q

Ty =

The sequence table of the given circuit can be given by

Present State Excitation Next State
QQ Q& Q |L=0Q T=Q+Q T,=Q Q Q Q
0 0 0 1 0 0 1 0 0
0 0 1 1 0 0 1 0 1
0 1 0 0 1 1 0 0 1
0 1 1 0 1 1 0 0 0
1 0 0 1 1 0 0 1 0
1 0 1 1 1 0 0 1 1
1 1 0 0 1 1 1 0 1
1 1 1 0 1 1 1 0 0

The complete sequence diagram of the given counter circuit is,

e The modulus of the counter = 6
e Number of unused states = 2

e Since the counter comes back to the used state from the unused states, hence no
lock out problem exists in the counter.

Q.7 (b) Solution:

If a voltage source is located between two non reference nodes, it is considered as a
super node.
In the given circuit, V, and V, is forming a super node. Applying KCL for both nodes at

a time,
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Vi Vo Vi-V5

—+=+4—2 =
IR ] 1+2V,
where, Vo=V, -V,
i Vo i-Vs
a2ttt T 1+2V, -2V,
V,+4V,+4V, -4V, = 4+ 8V, -8V,
3V, +4V,+4V, = 4 (1)
Here, V,-V, =4I, where [ = %
V3
V,-V. = 4 —=
2 1 ( 4)
-V, +V,-V,=0 (2
Apply KCL at node (3)
2V, V510 Vool 0
4 2 1
8V, + V,+2V,-20+4V, -4V, =0
where, Vo=V, -V,
8V, -8V, + V, +2V, +4V, -4V, =20
4V, -V, =20 -(3)
Writing equations (1), (2) and (3) in matrix form,
3 4 41w 4
-1 1 1|V,| =10

4 0 -1V, 20

3 4 4| A=-3(-1)—4(1+4)+4(-4)
A=|-1 1 -1 =A=3-20-16
4 0 -1 A=-3

4 4 4 A1 =4(-1)-4(20) + 4(-20)
A —lo 1 _g/=2=-4-80-80

Ay = —3(20) — 4(1 + 4) + 4(-20)

3 4 4
p =1 0 =8 =60-20-50
4 20 -1 A2=7160
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Using Cramer’s rule, vV,

Q.7 (c) Solution:

(i) A basic digital frequency meter is shown below:

V, =

3 4 4| Ay =-3(20)—4(-20) + 4(-4)
-1 1 0|=A;3=-60+80-16
4 0 20 A3 = 4

ﬁ=i64 =497V
A -33 '
ﬁ=L60=485V
A -33 '
Ay 4
X_—_33=_0'12V

Amplified
o |
attenuator
| Amplified/attenuated
UV U U\ input
Wave shaping i i i i i i
circuit ' ' | ' ' |
| I | | | . Shaped waveofrm
Q ! ! ! ! ! ]
Time Flip [ = E : E E ! !
base ﬂop _Q E I 1 I 1 I
E i Time base
| | output
AND
GATE | i i i i i
Register . | i i
reset i i i i Qoutput
o Register i | | E | i
Latch tri | ' | ! -
atch tugser L Latch . | | | Q output
BCD to 7 Segment - i i ; : !
Diaceder ~ Reglglster rese:;t i ! i
Display . Counting | No counting |

=—— Latch triggered
to correct display

Digital frequency meter (DFM) consists of an accurate timing source (or time base),

digital counting circuits to count the waveform cycles, circuitry for shaping the

input waveform to square wave, and a circuit for gating the shaped waveform to
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the counter. The input is first amplified or attenuated as necessary and then fed to

the wave-shaping circuit, which converts it into a square or pulse waveform with
the same frequency as the input.

The presence of this wave-shaping circuit means that the input can be sinusoidal,
square, triangular or can have any other repetitive-type waveform. The shaped
waveform is fed to one input terminals of a 2-input AND gate, and the other AND
gate input is controlled by the Q output from a flip-flop. Consequently, the pulses
to be counted pass through the AND gate only when the flip-flop Q-terminal is
high.

The flip-flop is controlled by the timing circuit, changing state each instant the
timer output waveform goes in a negative direction (a negative going edge). When
the timing circuit output frequency is 1 Hz, the flip-flop Q-output terminal is
alternatively high for a period of 1s and low for 1 s. In this case, the counting
circuits are toggled for a period of 1 s, and the total count indicates the frequency
directly in hertz. The counting circuits are reset to the zero count condition by the

negative edge of the Q output from the flip-flop, so that the count always starts
from zero.

Latch or display enable circuits are employed to make the digital display readable.
The latch circuits are briefly triggered at the end of the counting time by the positive-

going of the flip-flop Q output. The display is corrected at this instant and then

remains constant until the next latch trigger input. Different time base frequencies
could be used to give several range of frequency measurements.

@ii) The governing equation of the temperature-resistance characteristics of the

- offi-d]

thermistor is given by

The given data is, R, = 1050 Q
T, = 273 +27 =300 K
B =3140K
R = 2330 Q

Taking the logarithm on both sides of equation and rearranging, we get,
1 InR-InR, N 1

T p T,
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3140

~
I

Q.8 (a) Solution:
(i) We have the circuit

7.754 - 6.957
+

278.77 K=5.77°C

=3.587x107°

Vout

Z, B
1 1
% A ? AW
Vin Z4 l 1

Assuming the op-amp to be ideal, using the concept of virtual ground,

V.=V, =V,
On applying KCL at node C, we get,
V_C + VC — Vout =0
Ry Ry
Ve=V_ =V,
Vout = (14'&} VB
Ry
— V. = Vout
’ 1+ Ry
Ry
Applying KCL at node A,
Va—Vin  Va=Vour , Va=Vs _
Z Z3 Z;
VA(;;LJ_@_@_Q 0
21 2Ly Z3) Zo Ly L
Similarly applying KCL at node B,
Va-Va Vs _
Zy
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=

VB{L+L} _Va
Zy 74 Zy

v, = ...(iii)

|
=
1
—_
+
| N
N
1

Using equations (i) and (iii) in equation (ii), we get,

@(Héj(gg@j_ Vour  Vour _Vin

1+& Z2e)\ 21 2o 23 Z, 1+& Zs 7y
Ry 1

=V 1+é i+i+i RS D /) 1+&

out Zy)\ 21w 2y Z3) Zy Z3 Z, R4

V.

out _
‘/i é_ & é+ﬂ+é+1
Zy \R)Zy 237, Z,

(i) For Z,= 2,=2,=72,=10 kQ and R1=5kQ;R2=10 kQ, we get,

[5)

Vio w_(wj(w)+(10x10)+w+1
10 5 /)10 10x10 10

Q.8 (b) Solution:

@ 1

Vout = 3
Vin 1-2+1+1+1
Vout = 1 5
Vin
Programmable ROMs:

The architecture of a PROM (Programmable Read Only Memory) allows the
user to hardware implement an arbitrary combinational function of a given
number of inputs. An n-input and m-output PROM can be used to implement
m different combinational functions with each function being chosen function
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of n variables. A generalized PROM device with n inputs and m outputs has 2"

hardwired AND gates at input and m programmable OR gates at the output.
Thus each OR gate can be used to generate any conceivable Boolean function
of n-variables and this generalized ROM can be used to produce m arbitrary n-
variable Boolean functions. The AND array produces all possible minterms for
a given number of input variables, and the programmable OR array allows
only the desired minterms to appear at their inputs. Figure below shows the
architecture of a PROM having 2 input lines, hardwired array of 4 AND gates
and programmable array of 4 OR gates.

B A Programmable OR-Array
RE B
|
—o—6 D X X
° ® D X X
. ® )
TVVVY
Y Y5 Y3 Yy

Hard-wired AND array
PROM with 2 input and 4 output lines

A X indicates an intact or unprogrammed fusible link and a dot(-) indicates
hardwired interconnection. PROM are slower than dedicated logic circuit and
consume more power. Also they can not be used to implement sequential logic
owing to absence of flip flops.
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A B C
)3
X—X X X X X

JUUUUUU

k
k
#
*
F
X X
N
Programmable AND
Array
Y5
—

e
Programmable OR Array

Programmable Logic Array (PLA)
2. Programmable Logic Array (PLA):

PLA has a programmable AND array at the input and a programmable OR
array at the output.. The number of AND gates in the programmable AND array
for m input variables is usually less than 2" and the number of inputs of each of
the OR gates can generate an arbitrary Boolean function with a maximum of
minterms equals to the number of AND gates. A PLA device makes more
efficient use of logic capacity than PROM. However, two sets of programmable
fuses makes it relatively difficult to manufacture, program and test. The figure
above shows the internal architecture of a PLA device with three input lines, a
programmable array of seven AND gates at the input, and a programmable
array of seven OR gates at the output.
3. Programmable Array Logic (PAL):

It has a programmable AND array at the input and a fixed OR array at the
output. The programmable AND array of a PAL device is similar to that of a

PLA device. The OR array is fixed and AND outputs are equally divided
between available OR gates. For example, a practical PAL device may have
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eight input variables, 64 programmable AND gates and four fixed OR gates,
with each OR gate having 16 inputs. That is, each OR gate is fed from 16 of the
64 AND outputs. Figure below shows an internal architecture of a PAL device
that has four input lines, an array of eight AND gates at the input and two OR
gates at the output.

A B C D

?7 } ?7 Hardwired OR array
I
|/
).
K—X—X—X _J
)
K—X—X—X _/
[ )
|/
[ ) .
|/
) .
|/
) .
|/
)
|/
Programmable AND Array :7 t%
Y, Y,
Programmable Array Logic

(@ii) The output waveform is drawn with following explanations:

1. Initially J=0, K=0, clk = 0. Assume that the initial state of the flip flopisali.e.,
Q = 0 initially.

2. Atthe negative going edge of the first clock pulse (i.e., ata), [=1, K=0so Qs
set to 1 and therefore Q =0.

3. At the trailing edge of second clock (i.e., at b) ] = 0, K =1 so flip-flop resets. It
means Q=0and Q=1.

4. Atc J=1,K=1,soflip flop togglesie. Q =1,

5. Atd, ]=0,K=1, so flip flops resets i.e., Q =0,
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clk
plelplely
P R v t
] : | | | |
; ; Z Z Z t
K | | : : :
e =
of i 1
: t
Q.8 (c) Solution:
Considering the
Open circuit test data
Voe =220V, 15-=04Aand P, =26 W

We know that
POC = Vocloc Ccos 60

where cos0), is the power factor of the transformer at no-load.

Poc 26
050y = Y Ioe  220x0.4
cos 6, = 0.3
Vo 220
Thus, Core loss resistance, R = I, cos 0, T 04x03
R. = 1.833 kQ
Yo
and Magnetizing inductance, X, = m cos 0,=0.3; sin6,=0.95
¥ - 220
mo0.4x0.95
= (0.578 kQ
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Considering the short-circuit test data,

Vee =18V
I = 82A
P, =413 W
As, Py = Vg% 14-cos 0
41.3 = 18 x 8.2 cos 0
cos O = 0.28
Equivalent resistance referred to primary side,
Vsc 18
Thus, L Igc cosB T82x028 - /840

Equivalent reactance referred to primary side,

Vec 18

C___ ~2290Q
ISC sin©® 8.2x0.96

X =

Hence, the equivalent circuit can be drawn like this

784Q j229Q
| %VV% QRRr

220 1833k § j0578 ke

000,
OO

AAAA

220:110
(i) Equivalent circuit referred to low voltage side,
220
= —=2
7 110
7 Zeq 7.84+j2.29
eq T T 27 2)2
Ziq = (1.96 +0.5725))Q
, 1.833k
Similarly, R. = Y 0.458 kQ
X, = O&;#k =0.145kQ

Hence, equivalent circuit referred to low voltage side is as below,
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05725 Q
BOO

.5
o~
[0)]
Qo
©
AAAA
VVVv

@ii) 1. For 0.8 pf lagging,

NN X
TR B

2. For Unity pf,

NN
TR

N
I

V.R. =

3. Atrated conditions,
P

out

Copper loss, p =

cu

- ‘/2 +-12 Zeq

- ‘/2 +-Iézzeq

126.159.22.13°

126.159-110 y
110
0.1469 x 110 = 14.69%

900 x 0.8

Using the value obtained in part (ii),

Iron Loss, P, =

= =
I I

V2 (125.812)

458

125.812 £-2.68° Volt

125.812-110
110

(8.2)2 (1.96) = 131.79 W

=34.56 W

720

110 + (8.22-cos™ 0.8)(1.96 +0.5725)

x100 =14.37%

110 + (8.24-cos™11)(1.96 + j0.5725)

100

T 720+ 3456113112

Q000
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