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Section-A

Q.1 (a) Solution:

The oriented graph of the network is shown in figure below. Since we have to find v, we
take the branch (2) in the twig and a posible tree is selected.

The fundamental cutsets are identified as
fcut-set-1 : [1,2,3]
fcut-set-2 : [3,4]

The fundamental cut-set matrix is given as

1 2 3 4 A @ G op
Q=¢G 1110 N
G 0 0 -1 1
The node equations are given as,

[QIY,IQTIV,] = [QUIY I V] - L]}
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Here [Q1[Y,]1QT] =[ } . =| 2 ?
7 b . —
00 -1 1}, , 1 11 1] |1 |
2 0 1 2
00 0 X
i 2
Lo 0 0
2
1 27 70
YVI_11000§000 o1l [1
[Q]X{[b][s]_[s]}_ 0 -1 1 1 1 0 0 _—20
00 = 0
2 0| |20
00 0 L
L 2

Thus, the KCL equations are
3 -

2 2 |:Vt2} ) [ 1 }

4
Here, V,, = v. Putting this in the KCL equations and solving we get, v = 9 V.

Q.1 (b) Solution:
(i) We want the excess carrier concentration

dn = dp =10 cm™3

g't =10
. 107 2 3 1 -
g = 10—_7=10 cm ° s~ = generation rate
now, we have, hv = 1.9 eV
1.24
= ——=0.65um
A 19 n
So that, o =1.3x10*cm™!

ocopyright: TMNIADE EASY www.madeeasy.in



12 | ESE2019: MAINS TEST SERIES

h , _ od(x)
en g = ho
g(hv) 10 x1.6x107Yx1.9
I(x) = = 1
o 1.3x10
1(0) = 0.234 W/cm?
) 6
(ii) , -02= exp(-ow)
- _—11n(0 2)=1.24um
Co13x10t T

Q.1 (c) Solution:

The logic diagram of the circuit can be constructed by assuming X, and X, as the input

and Y to be feedback path as its value is equivalent to the output valueie., Y =Z.

| __l—\
X, {/
— Z=Y
The state table can be constructed as
Present total state Next total state
oot mpur | Present| mmput | Outpu
Y X, X, Y Xi X, Z
0 0 0 0 0 0 0
0 0 1 0 0 1 0
0 1 1 1 1 1 1
0 1 0 0 1 0 0
1 0 0 0 0 0 0
1 0 1 1 0 1 1
1 1 1 1 1 1 1
1 1 0 1 1 0 1
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Q.1 (d) Solution:
(i) Weknow that

c ~ AR/R
Gauge factor, Gf— —AL /L
Change in length, AL = —=—
Gy
(0.0B)
240
=-"—""72%01 = -6
AL X 246 x 10°m
AL 207x10°x2.46x107°
= E'— =
Stress S 7 01
stress S = 5.092 x 10° N/m?
Force, F = SA

=5.092 x 10° x 4 x 10~
F=2037 x103N
(ii) Advantages:
*  Semiconductor strain gauges have a high gauge factor.
*  Useful for measurement of very small strains of the order of 0.01 microstrain.
*  They have excellent Hysterisis characteristics.
*  Frequency of operation upto 10'? Hz.
*  They have very small sizes ranging in length from 0.7 to 7 mm.

Disadvantages:

*  These are very sensitive to changes in temperature.

*  Linearity of the semiconductor strain gauge is poor.

*  The gauge factor varies with strain.

*  This gauge is non-linear at comparatively high strain levels.

*  More expensive and difficult to attach to the object under study.

Q.1 (e) Solution:

(i) If in a magnetic material different magnetization is achieved by the application of
magnetic field in different direction, this property is known as magnetic anisot-
ropy. The magnetization curves in different directions of an iron single crystal are
shown in figure.
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In bulk materials, there are three basic methods by which uniaxial anisotropy can
be induced:

(@) Cold working: Cold working such as cold rolling brings some regularities in
the orientation of the unit cell and this help in achieving a large value of
magnetization for the applied magnetic field.

Example: CRGO(Cold Rolled Grain Oriented)-Si steel is made from this process
which is used in making core of the transformer.

(b) Magnetic annealing: The material is cooled down naturally in the presence of
magnetic field. This also makes material anisotropic.

(c) Magnetic quenching: Material is fast cooled in the presence of a magnetic field
through the Curie temperature, leading a uniaxial anisotropy, either parallel or
perpendicular to the field direction.

@ii) 1. Meissner discovered that superconductors not only exhibit zero resistance but
also spontaneously expell all magnetic flux when cooled through the
superconducting transistion temperature that is they are also perfect diamagnets.
This is the Meissner effect.

2. Ithasbeen observed that when a long superconductor is cooled in a longitudinal
magnetic field from above the transition temperature, the lines of induction are
pushed out. Then inside the specimen

B=0
B = uy(H + M)
For B =0, we have
H+M=0
= H=-

Since x,, = M/H = -1, we may state that magnetic susceptibility in a
superconductor is negative. This is referred to as perfect diamagnetism. One of
the Maxwell’s equations gives
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OB
VxE= -2
* of

and from ohm’s law
] = oE or E = p] where p = resistivity with p =0, E = 0. So 9B/ dt should be zero,
but this is not so because the flux exclusion from normal to superconducting
state takes place. The perfect diamagnetism and zero resistivity are two
independent properties in the superconducting state.

3. Meissner effect is not a consequence of zero resistance and Lenz’s law.

Q.2 (a) Solution:
Let us consider a Thevenin’s equivalent circuit as shown here,

. Voltage across terminal A-B is, A A
\AAAJ
Ry
= ——=—V i &
VAB RTh + RL Th (1) VTh - EE RL
-.Current through R, is,
V. B
[ = —h— ...(ii) Vo A
R, + Ry,
Now let us consider a Norton’s equivalent circuit.
RyR
V= =L (i
487 RoaR, N (i)
Current through R, is
A
R
IL = ﬁll\] (IV)
N TRL " CD §§ Ry g; R,
V-
If Ry =Ry and I, = Rih , then equations (iii) becomes .
Th B ‘VAB
- _ Rm Ry Vm
AB - Ry + R, Ry
Ry
_ V.
= Vab = R 4R, T (V)
Putting values in equation (iv),
;= _Bm Vm
" Ry +Rp Ry
Vh :
= I = Rop + R, (Vi)

Since equations (i) & (v) and (ii) & (vi) are same, it is clear that Thevenin’s and Norton’s
theorem is dual of each other and the values are related as,

ocCopyright: IMIADE ERSY www.madeeasy.in



16 | ESE 2019 : MAINS TEST SERIES MADE ERSYH

Ry, = Ry
and Vo, = IRy, Proved

In order to determine the value of Ry, the circuit can be redrawn as

20Q
AVAVAVAV
10Q
ao MWW MW op
20
Z0Q e 2100
10Q 10Q
ao MW MW op
- 2100 2100 210Q
Using Y to A transformation, we get,
30Q
ao MW ob 30 Q
ao MM ob
1002 2300 3003 2100 — 30QMm0QES S 30Qm0Q
30 Q
ao MW ob
AAAA
\AAAJ
75Q+750Q)
or R, = Ry, =30Qll(75+75)Q
Ry, =10Q

In order to determine V7, let us modify the given circuit using source transformation as

10Q 10Q 10V

—©b

100
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Using mesh analysis at loop (i), we get,
-30 +50 +30i, - 10i, = 0

or -2

3i, -1,
For loop (ii),

-50 - 10 + 30i, - 107, = 0
or, 6 = -i, +3i,

From equation (i) and (ii), we get,

i, =0
and i, =2A
Vi, =V, =20-10=10V
Vi, =10V

Q.2 (b) Solution:

The small signal equivalent circuit can be drawn as

Ri— Rih—»é
1 |
R, sCe v, ;
—WW——— . ° V,
i Ib i < <
< rT[ EE VT[ gm Vn EE RC
R, TR, ZR -
V. <~> 1182 =8B

AAAA
VVVV
=

m

Let the resistance R, = R, || R,

V.
the input current I = 1’
Ri+—+R;
sC.
. Y
now,  resistance R, = <
I
V, = r1,+ @+ 1R,
Vi
= _bzrn +(B+ DR
ib Ib
and R, =R, [| R,
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Rpg
_ I L
Current, I, Rp+Ry | (current division)
and then V. =1r,
and Vo = -8RV,
= _ngC Ib Tn
R
= —¢, Rt | —2— |1,
St (RBJFRﬁJ l
R V;
- _g’"r”RC(R vy ) 1
BTRib) R.+——+R,;
SCC

Vo(s) Rp e
= = R
AV(S) ‘/1 (5) 8mln e ( RB + Rib 1+ S(RS + Ri )CC

A _ _gmrnRC RB | ST
v = | Rg+R. | Ry+Ry ) | T+st,

where T, = (Rg+ R)C.

Now,

Al = ~8u'zRe { R || R, }{ S(Ry+ Ry || Ry || [1 + (B+ 1)Rg]) }
) = Rg+ R, [| Ry [[[r + B+ DRE1| Ry [ Ry || + B+ DRg] || T+5(R, + Ry [[ Ry [ [ + (B+ )Rz ])

gmrnRC |: Rl H RZ :|

Ayls)
Y SR
AVO ________
e[
E ()
1
fe

) 2nC R, + R, TIR, T(r, + (B + 1)R,)]
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Q.2 (c) Solution:

Let a wire be having a resistance, length, diameter and area of R, /, D and A respectively.

Let a tensile stress S be applied on it.

Thus, the length of the wire increases and it’s area reduces. Let charge in length be &/,

change in area = 8A, change in diameter be 8D and change in resistance be dR.

L

| OL |~

U

Tensile Force

Initial resistance, R = —, Where p = resistivity of wire
®_B(0) . L3, 51
85 3S\ A AdS AdS " 3SLA
SR I 8p p & pl (SA)
OI', _— —.—+—.———. —_—
8 A dS A SS A?\8S
or 1oR _ 1 L.@+Bﬂ_0_l(5_f\)
’ R S (pl) A 3dS A BdS A%\8S
A
18R _[18 18 18A
or, —_——— = | L. _—
R &S p oS [ 35S A 3dS
Now A—_nD2.8A _mb oD 184 1 @(S_D)
’ T4 88 2 85" A 8S (gp2?) 2\8S
4
184 _ 23D
A dS D &S
Substituting (2) in equation (1), we get:
18R _ 13 138 238D
R 3S pdS [ 85 D &S
or, 6—R = @+§—26—D
R p 1 D
OR Sp SD
=) _ o) A5
or, = +1-

%)

7]
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»)

Neglecting P
dl

(%)
dR /R

( 51/1 J

where, Y

Q.3 (a) Solution:

At no load terminal voltage is V,=2500 V =

Ef ph

At full load, \%

t

As we know that, P

39
1460 x 10°

I

|E|

1443.37
X

S

-~——<, we have

OR /R

= G,=1+2yor = =1+2

f L SN v
= —SD/D = Poisson's ratio

ol /1
E

2500

= ——=144337V
V3
2200
=200V = Vi = W— 1270.17 V
= 3V, I, cos®
= /3x2200x 1, x0.8
= 478.94 A
I, =47894 A
¥
XS
Viph = 1270.17 V I:I Load
+
E

= (Vi 0O+ L,R,)? + (V) sin0+ 1, X, )?

J(1270.17x08)? +[(1270.17x0.6) + 478.94X,

= 0.55 Q/ph
I
:
j0.55Q 6Q
N Viph '
[EO)= 144337 V 8O

[«
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= BB 38185090 A
6+ j8.55
Vi = (13818 £-549°) x (6 + j8)
|Vione| = 13818V

Terminal voltage, V, J3x%1381.8=2393.34V

Q.3 (b) Solution:

The built in voltage can be calculated as
NN

VT 1n|: A2 D j|

n;

v

108 x5x10"°
(1.5x101%)?

n(5 x 10742
7.85 x 107 cm?

- 1/2
4 W 2831‘/{ 1,1 H/
an =
. 9 |Na Np

0.0259 ln{ } =0.796 V

Area, A

) 1/2
_ [2011.8)(8.85x1074)(0.796) (10_18”0_16)(2)}

1.6x107¥

0.457 um

Now,

W 0.457
i x = = =0.455 um
0 © 1 Np o 145%x107

N

0.457 0.457 3
ss = = =227x%x10 m
(i) Xpo 1+ Np 1+200 H
N4

|Qp |= lgAx, N, | = |qAxp0NA|
1.6 x 10719 x (7.85 x 1077) (2.27 x 101) |
2.85 x 10714 C

(iii) now, 0 ; |
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Q.3 (c) Solution:

thus, the circuit can be redrawn as

Vino— °V,

3 8 Vm R
-3
>

g ml an

=
1
AAAA
VVVV

rrrZ

V
Vin = an +(r_nl+ gmlvnlJ (RE H 7’1'52)
nl

1
= {1 "'(_*' 8m1j (RE | rnZ):|Vn1
Tn1

ocopyright: [MADE ERSY www.madeeasy.in




MADE EASY Test No : 14 E & T ENGINEERING | 23
Now, Vo= =8m Re Vn
VO _gmlRC

(a) Solution

nl

1
1+ Lt 8m (Rg I 72)

The sequence diagram of the counter to be designed is,

(6) (2) = (19 (@000

(00

(109

Excitation table:
Present state Next state Excitations
Q A Q| Q Q Q| D, Dy D,
0 0 O 0 1 0 0 1 0
* 0O 0 1 x x x x x x
0 1 0 1 0 0 1 0 0
* 0 1 1 x x x x x x
1 0 O 1 1 0 1 1 0
* 1 0 1 X X X X X X
1 1 0 0 0 0 0 0 0
* 1 1 1 x x x x x x
“x” indicates unused states of the counter
Minimization:
K-map for D, K-map for D, K-map for D,
QQ T 1 — QQy —
19) 00 01 11 10 0 00 01 11 10 0 00 01 11 10
2 2 2
0 X X 1 0 1 X X 0 X X
1 1 x x 1 1 x X 1 x X
D2=Q2§1 +§2Q1= Q,®Q, D, =§1 D, =
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Logic circuit:
—(= .
Logic -0
D, Q, D, Q L | T Dy Qo _|
Q, Q Qo
D - FF D - FF D - FF
52 — 51 Go —
Clock o

Checking for self starting:

A counter is said to be self starting when it enters into a used or valid state from an
unused state within finite number of clock cycles.

In the above designed counter, there are four unused states (1, 3, 5, 7). In order to
determine the self starting capability of the counter, the next states of the unused
states are to be examined, which can be done as shown below.

D,= Qe
D 1 = Ql
D, =0
Present state Excitations Next state

Qz Q1 Qo DZ Dl DO Q2+ Q1+ Qo+
01]0 1 0 1 0 0 1 0

0] 111 110 0 1 0 0

1101 1 1 0 1 1 0

1 (1 1 010 0 0 0 0

From the above sequence table, it is clear that, from all the unused states, the counter

will enter into a valid state within finite number of clock cycles. So, the designed
counter is said to be self starting.
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Complete sequence diagram:

Q.4 (b) Solution:
We need to consider the three time intervals t <0, 0 <t <4, and t > 4 separately. For t <0,
switches S, and S, are open so that i = 0. Since the inductor current cannot change instantly,
i(07) = i(0") =0
For0<t<4,S, is closed so that the 4 Q and 6 Q resistors are in series. (Remember, at this
time, S, is still open). Hence, assuming for now that S, is closed forever,

40
(o0) = ————4A,
=)= 476
R, =4+6=10Q
L 5 1
T= —=——=—5€eC
Ry 10 2

i(o0) +[i(0) - i(eo) e/

=4+ (0-4)e?=4(1-e2) A, 0<t<4
For t >4, S, is closed; the 10 V voltage source is connected, and the circuit changes. This
sudden change does not affect the inductor current because the current through the

~.

~

N
Il

inductor cannot change abruptly. Thus, the initial current is
i4) = i4)=41-¢e¥~4A
To find i(e0), let v be the voltage at node P in figure. Using KCL,

40-v 10-v v 180
+ Y
4 2 6 11
o) = 2=20 20727 A
6 11
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The Thevenin resistance at the inductor terminals is
4x2 22

RTh = (4| | 2)+6=T+6=?Q
L 5 15
and T= ——=———=—5€C
Ry, 22/3 22
Hence, i(t) = i(c0) + [i(4) —i(e0)] et-D/7, >4
We need (t - 4) in the exponential because of the time delay. Thus,
15
i(f) = 2727 + (4 - 2.727) e t-4/7, 1= b3

= 2.272 + 1.273 714667t -4) >4
Putting all this together,

0, t<0
i(h = {4(1-e2h, 0<t<4
2.727 +1.273 ¢ 14067(t=4) 4> 4
At t=2, i(2) = 4(1-e% =393 A
At t=5, i(5) = 2.727 +1.273 ¢714667 = 302 A

Q4 (c) Solution:

(i) The dielectric loss of polar dielectrics consists of two components those due to leakage
curent and those resulting from dipole polarisation. The dependence of tand on
temperature is shown below:

tand
022 +
0.20
0.16
0.12
0.08

0.04

[ | o
0 -40° -20° 0 20° 40° 60° 80° c

At low temperatures, the loss due to dipole polarisation is greater than that due to
the leakage current. At temperature much below 0°C due to less thermal motion
orientation of dipoles is limited. With increase in temperature the dipoles acquire
greater mobility hence it increase the dipole polarization which inturn will increase
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loss tangent tand. A further increase in temperature causes the loss tangent to drop

off due to enhanced thermal agitation. After falling to a minimum, tand begins to
increase, this time due to an increase in the leakage current.

The loss tangents of polar dielectrics depends on frequency. The variation of loss
tangent tand with frequency at a constant temperature is shown below.
tand

I3 f
At low frequency the dipoles make less number of rotations per second resulting in
a small amount of power loss. As the frequency is increased beyond a certain limit
the dipolar polarisation ceases because the molecules will not be able to keep up
with increased rate of field reversal. At same mid frequency depending on the
temperature the loss tangent will be maximum as shown in above figure.

At zero frequency the loss is due to leakage current only and hence tand is minimum.
Atinfinite frequency, the losses due to both polarisation and leakage current become
zero.

(i) e =494 n>=2.69
from clausius Mosotti relation
ﬂ _ N (Oce + OCi) .
e, +2 —380 ..(i)
If measurement are done in optical frequency range
g, =n’and o. =0
n’-1  No .
le +2 380

from equation (i) and (ii)

e, -1 n’+2 o,+q;
X
8r+2 n2—1 o,
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_494-1 2.69+2

1+ =1.576

o,  494+2 2.69-1

(X.

~i = 0576

ae

(04

=~ 1735

a.

1

Q.5 (a) Solution

Top-Down Technique: In top-down technique, generally a bulk material is taken and
machined it to modify into the desired shape and product. Examples of this type of
technique are the manufacturing of integrated circuits using a sequence of steps such as
crystal growth, lithography, etching, ion implantation, etc. For nanomaterial synthesis,
ball-milling is an important top-down approach, where macrocrystalline structures are
broken down to nanocrystalline structures, but original integrity of the material is
retained. Sometimes this method is used to prepare nanostructured metal oxides by
chemical reaction between two constituents during crushing. The crystallites are allowed
to react with each other by the supply of kinetic energy during milling process to form
the required nanostructured oxide.

Bottom-Up Technique: Bottom-up technique is used to build something from basic
materials, for example, assembling materials from the atoms/molecules up, and, therefore
very important for nano-fabrication. Unlike lithographic technique of top-down approach,
which is extensively used in silicon industry, this bottom-up nonlithographic approach
of nanomaterial synthesis is not completely proven in manufacturing yet, but has great
potential to become important alternative to lithographic process. Examples of bottom-
up technique are self-assembly of nanomaterials, solgel technology, electrodeposition,
physical and chemical vapour deposition (PVD, CVD), epitaxial growth, laser ablation, etc.

Q.5 (b) Solution:

Thermistor: It stands for thermal resistors. Thermistors are sensitive to temperature
variation. Thermistors are available with positive and negative temperature coefficient
of resistance. However, most of the application of thermistors are based on negative
temperature coefficient of resistance.

The negative temperature coefficient of thermistors is very large. For some thermistors,
resistance may decrease by 5% - 6% for 1°C rise in temperature. Thermistor are mainly
used as temperature sensors, inrush current limiters, over current protection and self
regulating heating element.

ocopyright: [MADE ERASY www.madeeasy.in



MADE EASY Test No : 14 E & T ENGINEERING | 29

Resistance temperature characteristic: T
. 1 1 § Thermistor
For a thermistor, R=RyexpB|| =—=— s
0 T T ®
0 8
o
: o
R,— Resistance at T}, (°K) . Temperature
R%Resistance at T (OK) Thermistor resistance temperature

characteristic
B— A constant depending upon material

The characteristic of thermistor is non-linear and it has very high negative temperature
coefficient of resistance.

Thermocouple: A thermocouple is also used to measure temperature by measuring the
emf induced in the thermocouple junction. Emf induced is a function of temperature.

E o AT
AT — Temperature difference between two parts of junction
E — emf induced

Characteristics of thermocouple: Voltage
* Thermocouple has wide temperature ranges e.g.

Type T = -200 to 350°C
Type | =95 to 760°C
Type K = 95 -1260°K Temperature
Thermistor has narrower sensing range -55°C to 150°C.

* Thermocouple are less non linear as compared to thermistor.
* In thermocouple, temperature is sensed by the voltage generated, whereas in
thermistor temperature is sensed by the, change in resistance.
Q.5 (c) Solution:

(i) Drawing the small signal equivelent of transistor T, we get

now, applying KVL in input loop we get
Via =L+ (B+ DI, R
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V.

m

To=rt B R,

thus, Input resistance =R, =r_+ (B +1) R,

(ii) Drawing the small signal equivalent model of the circuit, we get

- Ve _2Vy
now, 1= rn/2_ -
and Vin = Vn + (I+ ngvn) RE
_ vy, Re@Vs)
Tn

V. = (rn+2Rg +2gmrnRE)ﬁ
»

in
T

Vi = O+ 201+ B)RE)E

Vo r
V = mn 'm
T (+2(1+B)RE)

now, substituting equation (ii) in (i), we get

2V;
I= 201+ B)Ry)
R = Vin _ e +2(1+B)Rg
in I 2

+28, RgVy = [1+2RE +2ngEJVn

n
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Q.5 (d) Solution:
Length of airgap = [, =02 x10”?m
Mean length = [ =40 x 102 m
Without airgap, mean length of the core (I/)) =40 - 0.2 =39.8 x 102 m.

o = mmf
Reluctance
0o 1
k
! l I
k1 — _ ag + m [ Hr=°°]
Holy A HoA  pop, A
k. = lag _0.2X10_2
oA A
oo g L, _02x107  39.8x107 _ 0.2398x10*
2w, A u,u, A n, A 1000, A i, A
0= B
o _ B
kh B
-2
B, = Dok, 02XA0° 635 Tesla
2 ky 0.2398 x 10~

Q.5 (e) Solution
In order to find the maximum power transfer let us first calculate Z, across 20 Q load as

follows.
Ly 100
MW /lljjll N °
@ 12 Q§ gj15 Q @ ®1v

For mesh (1)

0 = (8-jX+j12)I, -j10I, (1)
For mesh (2)

1+j151,-510I, = 0 =1,=15I,-0.1j ...(id)

Substituting (ii) into (i) gives
| -1.2+j0.8+0.1X
2 12+j8-j1.5X
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1 12+78-71.5X
“m S 12 j08-01X
2 . JY. .
For maximum power transfer,
1Z ] = 20Q

J122 +(8-1.5X)?
J(1.2-01X)%+0.8?

144 + 64— 24X +2.25X?
0.64+1.44—0.24X +0.01X>
or 208 +2.25X2-24X = 832 -96X + 4X?2
or 1.75X2 - 72X + 624 = 0
On solving the above equation, we get,

X = 28.73,12.40

400

Q.6 (a) Solution:
(i) Given data: P =4, N =400 rpm, ¢ = 0.05 Wb/pole
Wave wound i.e. number of parallel paths = A =2
Total number of turns = 220 x 10 = 2200
.. Total number of conductors = Z = 2200 x 2 = 4400

¢ZNP  0.05x4400x400x 4

= =2933.33 V
60 A 60x2

Emf induced = E =

Number of parallel paths are 2, therefore conductors in each path

%OO = 2200 conductors

, 2200
Total number of turns in each path = — =1100 turns

Resistance of each turn = 0.02 Q
Resistance of each path = 1100 x 0.02 = 22 Q

22
Total armature resistance = > =11Q

.. Effici Output Input - Losses 1 Losses
(i) rdency Input Input Input

Losses

- Output + Losses
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At rated load: 097 =1- 1;0 + P
(10x10°x1)+P.+ P,
097 (10x10*)+ P.+P.,— P.- P,
' (10x10*)+ P. + P,
P.+P_ = S0 _ 309078 (i)
097
P.+(0.57 P,
At half rated load: 097=1- 1
(10 x10° x Zj +P. +(0.5)? P,
097 - 5x10°+ P, +(0.5)*P,, - P.—(0.5)* P.,
' 5x10° + P, +(0.5)*P,,
P.+0.25P_ =154.639 ...(i)

By solving equations (i) and (ii)
Coreloss=P___ =1031W

core

Ohmic loss = Copper loss = P_, = 206.185 W

Q.6 (b) Solution:
(i) Truth table:

A B C|X Y Z
my|0 0 0|0 0 1
m10 0 1[0 1 O
ml0 1 0|0 1 1
myl0 1 1|1 0 0
m|1 0 0|0 1 0
ms11 0 10 1 1
mg|1 1 0|1 0 0
m;11 1 1|1 0 1

Minimization:
K-map for X
BC —

A 00 01 11 10
0 1

|T
4 5 7 6
B

X=AB + BC
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K-map for Y
BC -
A 00 01 11 10
0 1 3 2
0 1_|

1 5 7 6
1|1j

Y = AB+BC+ ABC

K-map for Z

A 00 01 11 10
1 3 2

o[’ o
4 5 7 6

1 [ ]1]

7 = AC+AC
Logic circuit:
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(ii) The truth table of the given circuit can be constructed as shown below.

A B C D |X=ABC|Y =A+D|Z=Y |F=XZ
0 0 0 O 0 0 1 0
0 0 0 1 0 1 0 0
0 01 0 0 0 1 0
0 0 1 1 0 1 0 0
01 0 0 0 0 1 0
01 0 1 0 1 0 0
01 1 0 1 0 1 1
01 1 1 1 1 0 0
10 0 0 0 1 0 0
1 0 0 1 0 1 0 0
10 1 0 0 1 0 0
1 0 1 1 0 1 0 0
11 0 0 0 1 0 0
11 0 1 0 1 0 0
11 1 0 0 1 0 0
11 1 1 0 1 0 0

The given circuit can be used to detect the binary combination (ABCD) = (0110).

Q.6 (c) Solution:
At T =300 K, the junction voltage

N.N 17 17
Vy = Vpin| NAD | = g,02501| £ 1000 )
n; (15X1O )
V, = 0.8556 V
For 1% changein V,, n? o exp £
' KT
]
In| —AD
V(1) n2(T,) | IN(NANp)—In|nf(Ty)]
Now, W = r 5 = >
5i(T1) 1o NaNp ln(NAND)—ln[ni (Tl)]
i ”iz(Tl) ]

KTy
—Eg
KT,
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In(N,Np) = In[(5 x 1017) x 1017] = 79.897
In(N_N,) = In[(2.8 x 101%)(1.04 x 101°)] = 88.567

Eg Eg Eg
-8.67 + —2- -8.67 +—2- -8.67 +—2-
Vhi(T2) _ kT, _ KT, kT,
Vi(h)  ge74 B8 g7y 112 3457
kT, 0.0259
V(1) 0.8556x0.99
% —ss . T PP .99
For1% change y, (7,) 0.8556
—8.67+ 151%
099 = ——~2
34.57
If_]gj _ 49~ 1.12 .
2 (0.0259)| ~2-
300
T, = 3024 K

Q.7 (a) Solution:

Display
Latch
Input C(‘)ndi‘tiom'ng Main gate Coupting
Input circuit register
signal
Main gate
FF
Time base
generator
Fig. (a)
Input attenuator Amplifier Schmitt trigger —— To main
signal gate
Fig. (b)
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The frequency f, of repetitive signals is defined as the number of cycles of that signal per

unit of time and is measured by the conventional counter by counting the number of
cycles, N, and dividing it by the time interval t.

The input signal is first conditioned to form a signal compatible with the internal circuitary
of the counting register. The block diagram of this conditioning circuit is given in figure (b).
It consists of an attenuator, an amplifier and a wave shaping circuit in the form of schmitt
trigger. Attenuator control, gain control and trigger controls are available on the instrument
panel which control the attenuation level of the input, gain of the amplifier and threshold
levels and hysterisis window of the schmitt trigger.

The output of the conditioning circuit produces a pulse train which is fed as one input of
the main gate. The other input of the main gate is fed from main gate flip-flop (FF) which
decides the opening time of the main gate. With the main gate open, pulses are allowed
to pass through it and get totalized by the counting register and displayed through the
latch. The main gate flip-flop (FF) is controlled by the time base.

base oscillator N * + = - +
100pus 1ms
10 us 10 ms
1 1 100ms
To main gate FF
Fig. ()

The time base consists of a number of decade (+10) blocks which divide the frequency by
10. The input to the first decade block is provided by the time base oscillator.

By dividing this oscillator frequency a number of times by 10, a pulse train with different
time is generated. A selector switch is then used to select proper time for the pulse output
from the time base. Fig. (c) shows a typical time base circuit generating pulses with
period starting from 1 pusto 1 s.

The number of pulses totaled by the counter for the selected gate time yields the frequency
of the input signal.

Counts (N)

gate time () T

Frequency, f, =

counts (N) x Frequency of the time base (f)
The total frequency measurement error is defined as the sum of its + 1 count error and its
total time base error.
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Period measurement: The period of an input signal is the inverse of its frequency. i.e., it

is the time taken for the signal to complete one cycle.

1
Period = f_A

If the time is measured over several input cycles, then the average period of the repetitive
signal is determine. This is often referred to as multiple period averaging.

The basic block diagram for the conventional counter in its period measurement mode is
shown in Fig. (d). In this mode of measurement, the duration over which the main gate is
open is controlled by the frequency of the input signal rather than that of the time base.
The counting register counts the output pulses from the time-base for one cycle of the

input signal.
1 counts (N .
Period = —= ( ) = Counts (N) x Gate time (t)
fa frequency of the time base (f.)
Input conditioning Main gate Main gate Counting
Input circuit R register
signal ‘/>
Time base
generator
Fig. (d)

Gate can be started (triggered) at positive or negative edge of the input pulse and stopped
at negative or positive edge or started at positive edge and stopped at the next positive
edge.

The conditioned input signal may also be divided so that the gate is open in decade
steps of the input signal period rather than for a single period. This is the basis of the
multiple period averaging technique.

Further, lower the frequency of the input signal, the longer the time for which gate is
opened and more accurate is the result. We can define the resolution as the smallest time
interval that can be measured on the counter and is reciprocal of the time base frequency.
Period measurement, therefore, allows more accurate measurement of unknown low-
frequency signals because of increased resolution.
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Q.7 (b) Solution:
From the governing equations of h-parameter network, we get,
Vi = hyly + hy,V,y
I = hyly + hy,V,
From equation (ii), we get,

h 1
I, = (—h—ijvz +(—E)(—Iz)

and from equation (i) and (iii), we get,

h 1 |
V= Iy H‘ﬁ}vz J{—Ej(—lz) +h1pVs

—hy1hyy +hyphy —hyq

= Vo +| —= (-1

or V1 ( Iy, 2 Iy, (-1I,)

hyyhyy —hyphy —hyy

= |- Vo-| — |(I2)
{ hyy hy

.(iv)

Comparing equation (iii) and (iv) with the original ABCD (transmission) parameter

equations, we get,

V, = AV, - BI,
I, = CV, - DI,
Iy, —hoh
A=(_ 11 22h 12 21]
21
h
g = | M
h21
h
= |2
h21
D= | L
h21

Now, the given circuit can be redrawn as

L

=0
V<

N
o

A
v

“@® Q.

<
<
-
<
<
<
-
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Considering V, = 0, the circuit can be redrawn as

L 2Q V. I
AAA - AAAA
vvvy \AAAJ

v, @) 1Q

V, =4l
and I, = -1
hy, =4Q
and hy = -1
by considering I, = 0, the circuit can be redrawn as
Il AZAS V" AAAA 12
@ IO
2V,
Vx — Vl Vx — VZ
+ =
> > 2V,
=0
V.=V,
> =2V,
or -1, = 2V,
I
or h,, = V_2 =-20
Also as I, = 0, the circuit becomes
2Q 1,
+
1Q
Vi @) Vs
2V,
Vi-V,
> 2V,
or V-V, =4V,
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or V1 =5 V2

or hy, =5

From obtained value of h parameters, the ABCD parameters can be calculated as,

hllhzz - h12h21 4 x (—2) -5x-1

A= -
h21

-1

h21

C=-7=|="|=
hz1]

A

=—=1

and D =

Q.7 (c) Solution:

Drawing the small signal model of the amplifier we have,

L. =0;

The above circuit can be reduced as

Thus, the overall gain of the amplifier,

A= Yo _ZAvZ4

Vin ZL+Rg

_ (Z41+Z5)7,

where, Z, = (o474 +25)

j=—8+5=—3
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For the feedback circuit,

4 Z
The feedback gain, B = LA
Vo Zy+2Z4
The phase shift of the feed back circuit is negative.
_AyZ, Zy(Z1+2Z3)
AB = -AyZiZ; 3 Z1+2Zy+ 7,
C (Ro+Z)(Zy+2Z3)
(Ro +Z1)(Z1 +Z3) Ry + Zy(Z1+23) (Zy+2Z3)
Z21+Z2y+7Z,
_ ~AvZ1Zy
Ro(Z1+ 2y +25)+ 25 (21 + Z3)
Now, Z,=jX,Z,=jX,and Z, = jX,
N AP = Ay(X1X5)

JRo(Xq + X5 + X3)— X (Xq + X3)

To produce sustained oscillations the phase shift of the loop gain AP should be 0°.
Thus,R (X, + X, + X;) = 0

= X, + X, + Xy =0
(X3 + X5) = -X,
AB = _AVX1
(X1+X3)
= AP = %
X

Hence X, and X, should be of the same type of reactance.

Q.8 (a) Solution:
(i) Given data: Output = 10 kW ; Number of poles = 6 ; f=50 Hz ; N = 960 rpm
n=90% ; p.f. = 0.88 lagging.
Full load line current drawn by 3 phase, delta connected induction motor.
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_ Output power in watts
J3 Vi I1 cosd

- 10x10° _
L /3x%400x0.88x0.90

[ o B2 05

ph /3
On direct on line start, the starting current drawn by the motor per phase is given by,

= ﬁz 49.07 A

Is, ph \/g

Synchronous speed = N =

n

18.22 A

120 f  120x50
P 6

N,—-N, 1000-960
N, 1000

2 2
L _1 L .sﬂ:l(ﬁ) X0.04 =0.29
T, 3|1 301052
120x f 12050
P 6
N.-N, _1000-900 _ .

*max” N, 1000

=1000 rpm

Slip,, = 0.04

(ii) Synchronous speed = N, = =1000 rpm

Torque at any slip, T=_"2.

3E? 0.05x0.25

o, (0.25)% +(0.05x2.5)?

a8
T

T x0.16 (i)

S
3 E2 3EF 1
Given, T . =200N-m=-———= —1><g

o, 2X, o,

3E? 3

— =1000 ..(ii)
(DS

Substituting equation (ii) in equation (i), we get,

T =1000 % 0.16 = 160 N-m.
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Q.8 (b) Solution:
(i) Givencharge, g=kK . X
dx;

. _dg _
Also, i, = i qu_tl

i,=i+i iy (D

e, 1¢,. .
V,(t) = Efzcdt= EJ.(zcr —i)dt

dvV, 1,. .
d_to = E(lcr _lr)
cto _ o odx Vo
dt 7dt R
rReWo vy -k .9
dt T dt
T = RC is time constant
Kq
K= el = Sensitivity in V/m
T%+VO = Krdxi
dt dt

Taking Laplace transform,
s V(s) + V(s) = K 1sx;(s)

Vo(s) _ Krts _( Krs)
Ts+1

x;(s) (ts+1)
Transform function form.

(ii) Amplitude ratio, M = (14%002)%
Case I: Flat response within 5% is obtained for

M=1-0.05=0.95
For 5% response, o = 2nf

f=5kHz=5><103Hz,

eq

~

AAAA

T = Time constant is required to be found out

ot (u)r)2
——5775 =095 =5 ——F—
(1+w?t?)l/2 1+ 012

=(0.95)> = ot =3.04
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_ 3.04 _ 3.04
o mGX10%)

=9.67 x 107° sec

Case II: 2% inaccuracy,
M=1-0.02=0.98
w="7
T=9.676 x 10~ sec

Mo 9T
(1+w?7?)l/2
2.2
(098)2 = ——5-
1+w°t
( )

0.9604 + 0.9604 ®?12 = w212

2= 09004 24.25= 01 = 4.92
0.0396
0= ——2____5084k-rad/s
9.6766 x10
f=8.095 kHz
Q.8 (c) Solution:
_ 5x59.4+(-5)x20.6 Y 5y
Th — 59.4 +20.6 T I,
Ve = Vg= V¢ 2kQ
=5-2 ISD -242 Ry, Vet |+
= 258 -2[, TWW—| Vsp
VTh -
258 Ve , L
= ISD = T (1) - L
Assume MOSEFET in saturation,
Mpcox 12% 2
Iyp = 5 'T(VSG - |1VTP|)
2.58-Vyq
— 5 = 0.5 (V4 - 1.5)

After solving Ve = 215V,-0153 V
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But, Vee > | Vipl (For MOS transistor to be ON)

(i) Therefore, V.. =215V
2.58-2.15
(ii) Ip= —> = 0.215mA  (From eqn. (i))
(iif) Vep = 5-215,=457V
Vsp > Voo = | Vip| = MOSFET is in saturation.

0000
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