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Section A : Basic Electronics Engineering + Analog Electronics + Electrical Materials

Q.1 (a) Solution:

Vs ~) Vi 3x 10‘4VL+C) 501,,(D 80 1<9§

\AAAJ
<

AAAA
yvvy
I
5

Zin Zout
Given, R; = 1kQ,
h,=18kQ,
R, = 4kQ,
h, =3 x107%,
hfe = 50
1
and — = 80 kQ
hOe

(i) To obtain the current gain,

h _

A = fe _ 50
! T+hgRp 1,4
80

= -47.62
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(i) Inputimpedance (Z):

Z; = h,+h, AR,
= 18K+ (3 x 10 x (-47.62) x 4 x 10%)
/. = 1742.86 Q

mn

(iii) To calculate the voltage gain :

AR, (-47.62)x4k
Ay = "7 = 1710860 - 10929

m

1A AyZy,  —109.29x1742.86

A = - = —69.45
Vs v Z. +Rs  1742.86+1000

(iv) To calculate the output resistance (R) :

Y. = I hfehre

; _
Oc h;, + R,

1 50x3x10™*

80k 2.8k
= 0.0125 x 10-® - 53.57 x 10~/
= 7.143 x 10°°
R, = 1. 0.14 x 10° = 0.14 MQ
Yo
Q.1 (b) Solution:
VCC
VCC
C
IO ¢> e Q‘l
Igs+1g Vg lJ‘_*
Iey = Ie;=1Ig
Qs \| < Q,
rfi Iy, Ip DA

.|||_

Applying KCL at collector of Q,, we get
Iy + Iy +Ipy = I

Iy = I+ 2I,(. All transistors are identical, I, = I};,)
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Also, Ig = In=1Ip (0 Vg = Vip)
B+2
I, = IE1|: B :|
1+P)I
But, I, = (Dler +E) <
(1+B)B+2)Icy
I, = Bz
Iop° .
I = A5p)2+p) - (0)
But, we know,
Al
Stability factor S” = W (For collector current of Q)
-. Differentiating equation (i) w.r.t. B
g dlcr _  [A+B)@+B)2p-p[2B+3]
B L @By’
_ [ 2B? +ep+a-—2p2-3p
- IO 2 2 B
(1+B)"(2+B)
b~ |G+
i Io_(1+B)2(2+B)2]
For B =100 and I, =1 mA
& = 1x10-3| 100[300+4]
(101)% x (102)?
S” = 2.865 x 1077

Q.1 (c) Solution:
Resistance of copper conductor at 0° C,
R, =175Q
Temperature coefficient of copper at 0° C,
o, = 0.00428 per °C

Percentage conductivity at 16° C
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Now, R Ro(l + o)

17.5(1 + 0.00428 x 16)
17.5 x 1.06848
18.6984

Since conductance is reciprocal of resistance

t

.. Percentage conductivity is at 16° C

Resistance at 0° C

= x 100
Resistance at 16° C

= 175 100 =9359%
18.6984

Hence, percentage conductivity at 16° C = 93.59%
Q.1 (d) Solution:

Given non-inverting amplifier

By applying virtual short circuit concept,
Vin - Vl
Applying KCL at node (1)
L_l_ V.-V; N V.-V,
R, R; Ry
V,

Ve iyf1,1, 1] v
Ry Ry Ry Ry| Ry
Applying KCL at node (2)

£+ (Vl _Vx)
RZ R3

X ‘/1 l + i
R3 R2 R3

= R3Vl i"‘i
g RZ R3

<
|
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Substitute this value in equation (i)

VO = R3V1|:i+ij|

Ry R, Rs
Ry L RJ[Ry Ry Ry Ry
V. = Vi||1+ R 1+ Ry + RillBy
’ & Ry Ry| Rg
vV, V R R; R R
Closed loop gain, A = —2=_2¢ :|: 148 142141 __1:|
& ? 1 ‘/in RZ R3 R4 R3
when R, - 0and R; — 0
i © Vout
Vo = Vin (Using concept of virtual short circuit)

Q.1 (e) Solution:

Ferromagnetic materials are broader class of magnetic materials of which ferrimagnetic

materials form a special subdivision. Ferrimagnetic materials exhibit all the properties

of ferromagnetic materials like high permeability saturation, magnetization, hysteresis

etc. They are different from ferromagnetic materials in the way in spin magnetic moments

are aligned in a crystal.

Below given are electric and magnetic characteristics of ferrites:

* They exhibit a high value of resistivity, normally more than 10° ohm-cm.

* They exhibit extremely low dielectric loss.

* Permeability is quite high.

* They exhibit appreciable saturation magnetization, but smaller than ferromagnetic
materials.

* They exhibit low coercivity.

*  Curie temperature varies from order of hundred degree Celsius to several hundred
degree Celsius.
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Q.2 (a) (i) Solution:

We know that,
_ . -
HA(T) = Hc(0)|1 _(T_] (1)
C
Given, At T=14K, HL(T) = 0176 Tand at T =13 K, H(T) = 0.528 T
(1Y
Therefore, 0176 = H-(0)[1-| — ...(ii)
Ic
_ -
13
and 0528 = H-(0)|1-| — ..(iii)
Ic
Division equation (iii) by equation (ii), we get
2
1-[ 13
Tc ~ 0528 3
14 2 0.176
1-| =
Tc
or 1- g = 3- £28
T¢ TG
419
or 2 =2
TIe
1/2
or T. = (%) =1447 K

Substituting this value of T in equation (ii), we get

2
14
0176 = H-(0)|1=| —=— | | = H(0) [1 - (0.9672)2
o )[ (14'47” (011~ (096727
Ho = —276 ooy
of c® = 100356 ~ %

ForT=42K

2
4.2
H((T) = 2.731|1-| —== | | =2.731[1 - 0.0842

ol [ (14.47) ] | ]

HL(T) = 2.731 x 0.9158 =2.5 T
ocopyright: [MADE EASY www.madeeasy.in
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Q.2 (a) (ii) Solution:

We have, Af= 1+%:1+%=1OO
2
5
Therefore, 1+AB = i:%: 103
Ar 10
Hence, Zins = Zip (1 +AB) =1 MQ x 10° = 1000 MQ
Zout 300
= Ri+R,) = 100 kQ) =
and Zoutf 1+AB H( 1+ 2) 1000 ||( ) 03Q
When R, =0and R, = o, Af=1
A
1+AB = — =10°
Af
Zinf = Z._(1+AB)=1MQ x 10° = 10° MQ
Zou__ 300 _ 0.003 Q

7 = _Zout _ OV
outf 14+ AR 10°

Q.2 (b) Solution:

(i) The magnetic field by which the super conducting property of the material gets lost
may not necessarily be an externally applied field. It can also be a magnetic field
due to current flowing in the super conducting wire itself. It is defined as the
maximum value of the current flowing through the super conductor at which the
superconducting property ceases, it is denoted by I.. If a superconducting wire of
radius r carries a current I, then by ampere’s law

[ H-d =1
C
or 2nrH =1
At H = H.
=1
I = 2nrH
77 Magnetic
=~ fluxlines
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Using ab lati H.- 2o
smg above relation, c = r
as B = n,H
or I = 2nrB-(T) _ nDB-(T)
Ko Mo
D = 2r=1mm,
o = 4m x 107
_ mx107 x0.0548
¢ 4 x1077
0.0548 x 107
= ——————=137A
4x10

(ii) Critical magnetic field at 0 K,
H-(0) = 7 x 10°
Critical temperature, T.=726K

&)

We know, HA(T) = Hc(0)

2
= 7x105[1—(% ] =487 x10°A/m

Q.2 (c) (i) Solution:
We have defined the stability factor ‘S’ as follows:

Alc
Alcpo

S =

Constant Vpr and By,

S gives us the change in I - due to change in the reverse saturation current I . As I,

changes by Al , the base current I; will change by Al, and the collector current I

changes by Al -
For a CE configuration we know that,
Ie = B I * Iepo
= Baclp + (1 +Bac)lcro
Therefore change in I . is given by

Al = ByAlg +(1+ By )Alcpo

©Copyright: NADE EASY www.madeeasy.in
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Dividing both the sides by Al . we get,

1 - Bdc[fl—ﬂﬂlwdc)[ﬁ?}
I_Bdc[ﬁ_i} = (1+Bdc)|:AIA§IZO:|

Alc (1+Bg)
Al
But, §s=—C
Alcgo
s - L+
1= =B
Bdc [ AIC :|
But for the fixed bias circuit,
~ Vec — Ve
In this equation V-, V. and R, all are fixed. Thefore I, cannot change
Al =0
Substituting this in equation (i),
We get, S=1+p,

Q.2 (c) (ii) Solution:
The stability factor S for the fixed bias circuit is given by
S=1+8,
Therefore we must find the value of ;.
I
But, B, = i
So, we have to obtain the values of I .and I,
We know that,
Vee=Veg 12-6

Ie Re =~ 1kQ

=6 mA
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Vee = Ve 12-07

and Iy = Ry = 700kQ 113 pA
I 6x107°
Therefore B = < = —————¢ =53.097
¢ Iz 113x10
Hence the stability factor, S =1+ 530.97 = 54.097

Q.3 (a) 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 Vo _ —AvZp

- Vin Zp+R

" 5 - (Z1+23)7Z
where, L™ (Z1+2y+7Z3)

For the feedback circuit,

©Copyright: NADE EASY www.madeeasy.in
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Vs 2y
The feedback gain, B = Vo = Zi+ 74

The phase shift of the feed back circuit is negative.

_AyZ [Zz(zl +Z3)}

AB _ —AVZ1ZL _ 1 Zl +ZZ +Z3
(Ro+Z1)(Z1 +Z3) Zo(Z4 +Z
Ry + 22D N7, 4 7,)
1+22+23
B -AyZ1Z,
RO(Zl + Z2 + Z3)+ ZZ(Zl + Z3)
Now, Z, = jXy Z, = jX,and Z, = jX,
Ay (XX
- AB = v(X1X2)

JRo(Xq + X5 + X3) = X5 (X7 + X3)
To produce sustained oscillations the phase shift of the loop gain AP should be 0°.
Thus, Ry (X;+X,+X;)=0

= X, + X, + X, =0
(X;+X3) = -X,
A -AyXq
p= (X1 +X3)
Ay Xq
- AB = v
B X,

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

Q.3 (b) Solution:
(i) Assuming transistor is in saturation,
1 w 2
I = 5HCor (T)[VGS ~Vr] --.(1)
w
Given: Ve = 18V, WCo (f) =2mA/V?
Ve = 051, V,=1V (I is in mA)
Ve = 1.8-05I,
1.8-V,
and ID = 7%22[1.8—VG5]
I, = 3.6-2V, ...(ii)

©Copyright: MADE EASY www.madeeasy.in
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Now, from equation (i) and (ii)
36-2V., =
36-2V., =

Vés =

Vs =

Hence, from equation (ii),

Now,

1

EXZ[VGS —1]2

Vs +1-2V,s

2.6
1.6124 Volt

0.375 mA
0.1875 V

33 -I,R,

3.3 -0375 x 10

~045V e, V<V,

V[, can’t be negative. It means conditions for saturation are not being satisfied.

Transistor is in triode region.

But

I, =

99.751% —49.21, +5.61 =

After solving we get,

w V3
= uncox (_) |:(VGS - VT )VDS _ﬁ:|

L 2

%
2[VGS—VT—%]VDS (I, isinmA) (i)

3.3 - 101, V, = 0.5I,,

Z[VG—VS—VT——+—][VDS]

Vb

2[1.8—0.5V5 - —7][3.3—10.5117]

2[0.8 - 0.5V, - 0.5V,][3.3 - 10.51,)]
(1.6 - Vo - V,)(3.3 - 10.51,)

(1.6 - 0.5I, - 3.3 + 101,,)(3.3 - 10.51,))
(9.51,, - 1.7)(3.3 - 10.51,)

31.35Ip —99.7513 —5.61+17.851,
0

0.31428 mA, 0.17895 mA
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Case (I): I, = 017895 mA
Vg = 05x1,=0.089475V
V, = 33-10I,=15105V

Vps = Vp-V=14210V
(Ves= Vo) (1.8 - 0.089475 - 1) = 0.710 V
Vs> Vs = Vi which is not valid, as transistor is in triode region.
Case (2): I, = 0.31428 mA
0.5 x 0.31428 = 0.1571 V
p = 33-10I,=0.1572V
Vps = Vp-Vg=0V
(Ves-Vy) = V-Ve-V,=18-015714 -1 =0.64286 V
AsVp<(Veg-Vy) oo I,=031428 mA is valid value which confirm that transistor
is in triode region.

Drain voltage V, = 0.1572'V

(i) Transconductance: Transconductance is the ratio of change in drain current (dI},) to

N <
wn
Il Il

change in the gate to source voltage (dV ;) at a constant drain to source voltage (V
= constant)
_ dlp
S T Vs

at constant VDS

This value is maximum at V4 = 0. This is denoted by g, .

_dlp _ 2Ipgs |:1_ Vs :l
8m = :

Vs Vos(oft Vs (off)
where 8 0 = 2lpss.
' "0 Ves(offy
Vs
o= 8mo|1l-
8 " [ VGS(off):I

Dynamic Output Resistance : This is the ratio of change in drain to source voltage
(0Vpe) to the change in drain current (dI,) at a constant gate to source voltage
(Vg = constant). It is denoted as 7.

oVpg
= g Iy at constant VGS

Amplification factor: It is defined as the ratio of change in drain voltage (dV ) to
change in gate voltage (dV ;) at a constant drain current (I, = constant)

©Copyright: MADE EASY www.madeeasy.in
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oV,
DS at constant D

There is a relation between transconductance (g, ), dynamic output resistance (r,)
and amplification factor (n) given by

2 0ves  olp ~ oVgs

H=7y X Em
Q.3 (c) Solution:
By virtual ground,
Vp=0V
R VvV, R v,
S —oV,
= C v. C
— —
R/2
Apply KCL at node-A,
Ya—VYs +VA(2sc)+‘% =0
Vy-Vs+V,(2sRC)+V, =0
Vs = V,(2+2sRC) ..(i)
Apply KCL at node-C,
(VC — VB)SC + %4‘ (VC - Vo)SC =0
Vel 2sC 21
c|4s +E = VysC
V[2sRC +2] = V;sCR
Vo= VosCR .
C = 2(1+sRC) (i)
_ VA=V _Va
Also, I= R R

©Copyright: NADE EASY www.madeeasy.in



24 | ESE 2024 : MAINS TEST SERIES MADE EASY

and I=(Vy-V)sC=-VsC
_Ya
Therefore, —VCsC = ?
V,=-VsRC
Now from equation (i),
Vs
= —=2——=-VsRC
Va = Ja+sr0) - V€
VS V05CR
———— = —-| ———— |(sRC
2(1+sRC) (2(1+SRC)J( )
Vo 1
Therefore, V_S = —W
By taking the Laplace transfer of above equation
1 Lt
V, = - [ [vat

(RC)* -

00 —0o

Hence the output expression clearly shows the given op-amp circuit acts as double integer.

Q4 (a) Solution:

The DC equivalent circuit can be drawn as below:

V. = 5Volt, V. =1 Volt
Let’s consider MOSFET is in saturation.
1 12%
I, = Euncox (f) Ves —VT)2

I, = %><4><1o-3(vcs—1)2

©Copyright: MADE EASY www.madeeasy.in
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Also, Vs

Substitute in eqn. (i),

)

5- Vs

14V2, - 28V ¢ + 14

14V2, - 27V + 9

VGS

Ves >V o Valid Vg

Now, Vi
Ves =V,

t
VGS - Vt
VDS

2(Vg - 1)

14[ V2 +1 -2V 4]
5- Vs

0

1.5 Volt, 0.428 Volt
1.5 Volt

2(1.5-1)?

0.5mA

0.5 x7=3.5Volt
15-1,(16 +7) =3.5 Volt
5-35-1

0.5 Volt

(Ves= Vo)

Hence, MOSFET is in saturation mode.

Now, drawing small signal AC equivalent circuit.

200 k2

Vg 333 MQ

+ +
Ve P&V 16k Si6kQ Z1, Y,
- A= 00k
I, 05

(i)

ocopyright: [MADE EASY
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Now, V, = -g,V,(16]/16 || 200)
Vo = -8,V (7.69) x 10°
w
8n = Mncox(f)(VGS_VT)
= 4x05x1073
g, = 2m0U
6
,oo Vg (3:33%10°)
$  (200x10% +3.33x10°)
V,(200x10° +3.33x10°)
V. =
sig (3.33x10°%)
g = Vi X 1.06
N A = Yo _2x769
oW VT V106
A, = -1451V/V

Q.4 (b) Solution:

AAAA
VWV
>
S
>
<
S

=

=

1
AA
vV

<

+@ LoV,

!
AAAA
\AAAl
D —
~
<

AA

\AJ
< 1
12:: %%{22
>

Vy > v,

=
S

As all op-amps has -ve feedback so current zero concept is applied
ViV V-V,

So, we have, I= R+R+Rg_ Rg
2R+Rg
V-V, = g 1=V2) ..(0)
8

For op-amp-3,

=~
|

= V, x Re 1+ f2 —Vax&
Ry +R, Ry Ry
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R,
—=(V, =V .
Rl( b= Va) ..(it)
From equation (i),
[2R+R, |[R
14 . [—2:|><(V2—V1)
0 | Ry ] R,
AtV,=5Vand V,=505V; V,=5V

So, 5

Gain of I*! stage , A

Gain of 1" stage, A,

From equation (iii) and (iv),

Ry R
Ry 1

10 %

From equation (iv),

2R + 1}[&] % (5.05-5)
R

_Rg 1

100

vV, -V, _ 2R+Rg
Vi-V, R

g
Ww _R

Vb _Vu R_l
10

1

1ox X2
R

1

100

3.16

10 x \/ﬁ
10410

15.3

...(iii)

..(iv)

ocopvion: MADE ERSY
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Q4 (c) (i) Solution:

The soft magnetic materials are characterized by low hysteresis and eddy current losses.

These materials are easy to magnetize and demagnetize. This enables them to reverse

magnetize rapidly in response to alternating electric field where they are required to

concentrate magnetic flux in transformers and inductances.

Characteristic of soft magnetic materials:

* These are easily magnetized and demagnetized rapidly hence suitable for rapid
switching of magnetization needed in AC fields.

* They have low retentively.

* They have low coercivity.

* They have high permeability.

* They have high magnetic saturation.

* They have high curie temperature.

* They have low hysteresis loss (small hysteresis loop area)

* Nature of hysteresis loop is tall and narrow.
Example of soft magnetic materials are:

Fe-Si alloy, also known as soft iron Si-Steel, FeNi alloys like permalloy, Mu-Metal etc.
These are used for construction of transformers and inductor cores.

Q.4 (c) (ii) Solution:

Magnetic dipole:

The magnetic field produced by a small current loop is similar to the electric field
produced from a small electric dipole. That is why a small current loop is called magnetic
dipole. Its dipole moment is defined as equal to the product of the area of the plane loop
and the magnitude of circulating current. The vector direction of the dipole moment is
perpendicular to the plane of the loop and is along the direction of a right hand screw
when moved in the direction of current in the loop.

Dipole moment, p, = current in the loop X area of loop.

For a circular loop, dipole moment as shown in figure (a) is in z-direction.

p, = ma’la,
Written as 4, is a unit vector in z-direction. The field lines produced by a magnetic

dipole are shown in figure (b).
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(@) (b)

When a magnetic dipole is placed in a magnetic field it has tendency to orient itself in
the direction of the magnetic field.

Magnetization:

All materials are affected by the presence of a magnetic field. It is found experimentally
that they acquire magnetic dipole moments. The magnitude of dipole moment per unit
volume, is called the magnetization of the material and is described by a vector

quantity M, A/m. When a magnetic field is applied to a material, the magnetic induction
(flux density) is the sum of the effect on vacuum and that on the material, so that,
B = pH + puM = pou H
Then, M= (uw-1)H=y H
Where ), is the magnetic susceptibility. Above Equation defines M to have same units

as that of H, A/m.

The magnetization M of a material may be expressed in terms of its elementary magnetic
dipole moment, p, by

M = Np,

where N is the number of magnetic dipoles per unit volume.

Section B : Electrical Machine-1 + Power Systems-2
Q.5 (a) Solution:

Operation of motor on dc,

Back emf, E,. = V-1R,=250-0.8x30=226V
and speed, N, = 2000 rpm
Operation of motor on ac,

X, = 2nfL

2r x 50 x 0.5 =157 Q
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From the phasor diagram shown in figure below,
AF? = AG? + GF?
V2 = (AB + BG)? + GF? = (AB + DF)? + GF?
(LR, + By + (1,X)?

bac

bac + IaR = V2 - (I{ZXL)Z

= —0.8x30 +/(250)2 — (0.8 x 157)?

T
I

bac

-24 +216.15=192.15V

Since the currents in dc and ac operation are equal, the flux will also be equal (®,.= ®, )

Epge ~ KNge @ge _ Ngc
Epac KN,. ®ac N,

192.15
= 2000 x——-= = 1700 rpm

E
= Ndc Ebac
bdc

from above figure,

AG  Epp +1R,
AF \%

192.15+ 0.8 x 30
= 50 = 0.8646 (lagging)

Power factor, cos ¢

Mechanical power developed,
p E, I =19215%x0.8=1537W

mech bac “a

Prech — Prech
®,, 2t N

Torque developed, T

= 107 _ 863N
T 2nx(1700/60) m
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Q.5 (b) Solution:

DC transmission possesses many technical and economic advantages over AC

transmission. Some of these are given below:

1.

Cheaper in cost: Bipolar HVDC transmission lines require two-pole conductors while
AC system requires 3 conductor to carry power.

HVDC transmission can utilize earth return and therefore can operate with single
pole (conductor) while EHV-AC transmission always requires three conductors.

The potential stress on the insulation is case of dc system is 7 times of that in AC

system for the same operating voltage. Hence for the same operating voltage less
insulation required.

An HVDC line can be built in stages: The DC line can be built as a monopolar line
with ground return in the initial stage and may be converted into a bipolar line on a
later date when the load requirement increases.

No skin effect: There is no skin effect in DC so there is a uniform distribution of
current over the section of the conductor.

Lower transmission losses: HVDC transmission system needs only two conductors
and therefore, the power losses in a DC line are lesser than the losses in AC line of
the same power transfer capability.

Voltage regulation: There is no line inductance, hence the voltage drop due to
inductive reactance does not exist in DC transmission line. Thus voltage regulation
is better incase of DC transmission.

Line loading: The permissible loading on an EHV-AC line is limited by transient
stability limit and line reactance to almost one-third of thermal rating of conductors.
No such limit exists in case of HVDC lines.

Surge impedance loading: Long EHV-AC lines are loaded to less than 80 percent of
natural load. No such condition is applicable to HVDC lines.

Greater reliability: A two conductor bipolar DC line is more reliable than a 3-wire,
3-phase AC line because the DC line may be operated in monopolar mode with
ground return when the other line develops a fault.

Rapaid change of energy flow: The control of converter (thyristor) valve permit
rapid changes in magnitude and direction of power flow when the two AC systems
are interconnected by a DC line.
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10.

11.

12.

13.

14.

15.
16.

17.

Independent control: The AC systems interconnected by a DC line can be controlled
independently. They can be completely independent as regards frequency system
control, short-circuit rating, future extension etc.

Lesser dielectric power loss and higher current carrying capacity: The cables have
lesser dielectric power loss with DC in comparison with AC and therefore, have
higher current carrying capacity.

Negligible sheath losses: In case of DC, only leakage current flows in the cable sheath
wheareas in case of AC charging, circulating and eddy current flow through the
sheath of cable. Thus in case of DC transmission with cables, the sheath losses in the
cable are negligible.

Higher natural dielectric strength and longer life of cable insulation: The natural
dielectric strength of cable insulation with DC is substantially greater than that with
AC. Phenomenon of dielectric fatigue is also absent, therefore the cable insulation
has longer life.

Absence of charging current and limitations of cable lengths: Because of large
charging currents, the use of EHV-AC for underground transmission over long
distances is prohibited but because of absence of charging current in DC system
there is no limit on the length of the cable.

Lesser corona loss and radio interference.

Higher operating voltages: The level of switching surges due to DC is lower than
that due to AC and therefore the same size of conductors and string insulators can be
employed for higher voltages in case of DC as compared to AC.

HVDC lines do not require any reactive power compensation like EHV-AC lines. It
is because of absence of charging currents and unity power factor operation.

Q.5 (c) Solution:
Case-1:

Power factor = 0.8,
6%

Voltage regulation

Case-2:

Power factor = 0.6,
6.6%

Voltage regulation

In a transformer,

1% =Ruc039+Xpusin9

regulation P

Where R, and X are per unit resistance and leakage reactance in percent
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Vieg1 = Ro, (08) + X, (0.6)
6 = 0.8R_, +0.6X
30 = 4R, +3X
Viegs = R, (0.6) + X (0.8)

6.6 = R, (0.6) + X, (0.8)
3R, +4X,, =33
On solving equation (i) and (ii), we get
R,, =3%and X  =6%

= Rpu Ccos 0 + Xpu sin 0

regulation
For maximum regulation,
dVregulation =0
dao
—Rpu sin 6 + Xpu cos 0 =0
X
tanf = —
Rpu
tan@ = 2
0 = 63.43°

Power factor at maximum voltage regulation
cos (63.43°) = 0.4472

Full load efficiency, Pyp =R, =003
Ny = XV 100 = 94.37%
1x1+0.03+0.03

Q.5 (d) Solution:

For maximum efficiency,

Output = 20 x 1.0 = 20 kW
Output 20
Input = m 0.98 — 20.408 kW

Total losses = Input - Output
20.408 - 20 = 0.408 kW

Full-load copper losses, P_ = Iron loss,
Total losses  0.408
P, = > =T 0.204 kW
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2x12+10x6+20%x6
204 kWh
0.204 x 24 = 4.896 kWh

All-day output

Iron losses for 24 hours

2 2
2/0.6 10/0.8
Copper losses for 24 hours = (/2—0) x0.204x12 + (2/—0) x0.204 x 6

2
+ 20/0.3 x0.204 x 6
20

0.068 + 0.478 + 1.511 = 2.057 kWh

All day efficienc = Output x100 =96.7%
y Y= 204+ 4.896 + 2.057
Q.5 (e) Solution:
T.
Given, = = 16and T =2
Ty T,
I
T T. 1.6
. /L s _ 16 _
Dividing, = = =£="=08
ividing T, T. 2
Tn
. L 2a Ry
Again, T, = 1+ where a = Xa0
Hence, 2(12 = 0.8
1+a
a2 = -25a+1=0
a=2,05

a = 0.5 is permissible value,

because a = 2 lies in plugging region

a =05
R _os
X250
Slip at maximum torque, s, = 05
120f 120x50
N, = P~ 1 =1500 rpm
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Substituting value of a,

or,

Full load speed,
Q.6 (a) Solution:

and

N, = (1-s)N_ = (1-0.5) x1500 =750 rpm
T_m _ (12 +S%1 _
TfL 2asﬂ
(0.5)" +5%
2x05x%sy =2
0.25+s7 = 25,
Sp = 1.866, 0.1339
Sp = 0.1339

r

= 1.05 p.u.

= 0.98183 p.u.
1.00125 p.u.
= 0°

= -3.5035°

= -2.8624°

—_

N

Jum

oo <<
N (e8]
1]

(O8]

Defining impedances,

Line admittances,

N
Il

1 = (0.02+0.04) p.u.
15 = (0.01+;0.03) p.u.
23 = (0.0125 +0.025) p.u.

N N
Il Il

11
Y27 7 T 0,02+ j0.04

= 10 - j20 = 22.36/-63.435° p.u.

11
Y137 7.7 0.01+0.03

= 10 - 30i = 31.62£-71.565° p.u.

1 1
Y3 T 7 0.0125 + j0.025

N, = (1-s)N, = (1-0.1339) x 1500 = 1300 rpm
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= (16 - j32) = 35.78./-63.433 p.u.

Y11 Y12 Y13
Yous = | Y21 Yo Y23
Y31 Y32 Y33
Elements of Y are
Y1 = Yy + Yy = (10 - 20) + (10 - 30)
= (20 -} 50) = 53.85./-68.2° p.u.
12 = Vi U = (10-20) + (16 - 132)
= (26 -j52) =58.13£-63.435° p.u.
33 = Y13+ Yo = (10 -730) + (16 - j32)
= 26-762=67.23/-67.25° p.u.
Y,, = Yy = -y, = 22.36.£(180° - 63.43°)
= 2236.116.57° p.u.
Y5 = Y, = -y, = 31.62£(180° - 71.565°)
= 31.62£108.435° p.u.
Y,, = Yy, = -, = 35.78£(180° - 63.435°)
= 35.78./116.565° p.u.
Now, power injected at ith bus

n
P, = V; Y, ViYycos(8; + 8 — )
K=1

Q= -V i ViYigsin(8y + 8 - §;)
K=1
Slack bus power, P, = V,[V,Y,; cos(8,, + 6, - 6,) + V,Y,, cos(0, + &, - §,)
+ V,Y,; cos(0,; + 6, - §))]
= 1.05 [1.05 x 53.85 cos (-68.2°) + 0.98183 x

22.36 cos (116.57° - 3.5035° - 0) + 1.00125 x
31.62 cos(108.435° - 2.8624° - 0)]

= 1.05[20.998 - 8.597 - 8.499]
= 4.094 p.u.
Q = -Vi[VyYyy sin (8 + 8, - 8)) + V, Yy, sin (8, + 3, - §))
+ V.Y, sin (8,5 + 8, - 3,)]
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Slack bus power

MVAbase

So, S,
Complex power on line1-2:

51

where, L,

512

(MVA)base

So, S1n

Q.6 (b) Solution:

~1.05[1.05 x 53.85 sin (- 68.2°) + 0.98183
x 22.36 sin (116.57° - 3.5035°) + 1.00125
x 31.62 sin (108.435° - 2.8624° - 0°)]

1.874 p.u.
S, =P, +jQ,=(4.094 +;1.874) p.u.
100 MVA

(409.4 + j187.4) MVA

Vilis

V, -V, 1.05-0°-0.981832 —3.5035
Z1s 0.02 + j0.04

2.062/-22.835° p.u.
V 15 =1.0520° x 2.062.£22.835° p.u.

2.165.22.835° p.u. = (1.995 +j 0.84) p.u.
100

199.5 +784) MVA
J

The leakage reactances referred to common base of 12.5 MVA are

X, T @
@o—'ow—<_m‘_q
V X3 @ ISClZ
(o]
1%
I = X=X +X,
SC12
Xp =X +X,
Xy = X, + X
X3 =X+ X
X+ X3 - Xy = 2X
1
X, = E(Xlz + X3 = X3)
1 0.2+0.3-0.15
= E( 2+0.3-0.15) =0.175 p.u.
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1
X, = E(Xu + X3 — X13)
= L02+015-03) = 0025
= ) . . . =Uu. p-u.
X, = 5(X13+Xo3 - X12)

(0.3+0.15-0.2) = 0.125 p.u

N|— N

Both the secondary and tertiary windings operate at rated currents. Let us assume that
secondary and tertiary terminal voltages V, and V, are in phase. Then with V, and V, as
reference phasors,

Secondary current, I, = 1/-cos™ 0.8° = (0.8 - j0.6) p.u.
1£0°=1+j0p.u.

= I,+1,=08-j0.6+1=(1.8-;0.6) p.u.

Tertiary current, I,

Primary current, I

@

(i) From figure,

V=V, + )2, + 1,7,

Since the secondary voltage is equal to the rated voltage

V, =10
V,=1£0°=1+0
I, = 08-j0.6pu.
I, = 18- j0.6 p.u.
Z,=7X,=j0175 p.u.
Z,=7X,=70.025p.u.
V,=1+j0+(0.8-;0.6) (j 0.025) + (1.8 -7 0.6) (j 0.175)

= 112 +70.335 = 1.169.£16.7° p.u.

. Primary line-to-line voltage= 1.169 x 220 = 257.18 kV

(ii) Again from figure, by KVL in secondary and tertiary circuits,

Vy+ 1,2, - LZ, -V, = 0
Vy=Vy+ L2, - 1,7,
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1+70+ (0.8 - j0.6) (j 0.025) - (1 + j0) (j0.125)
1.015 - j0.105 = 1.0204£-5.9° p.u.

V, = 1.0204 x 11 =11.22 kV
(iii) When the secondary load is reduced to zero,
I, =0,
and L =1

173
By KVL in primary and tertiary circuits

Vi=LZ+5Z,+V,

Vi=LZ + 23+ V,

112+ 0.335 = 1( 0.175) + 1(j 0.125) + V,
V, = 1.12 +0.035 = 1.1205/1.8° p.u.
V., = 11205 x 11 =12.32 kV

3
Therefore with the secondary load reduced to zero, the tertiary voltage rises from
11.22 kV to 12.32 kV.

Q.6 (c) Solution:
(i) Rotor standstill impedance per phase,
Vi 1000

E, = == =288.675V
3 Bx2

120f 120x50
Synchronous speed, N, = P o4 - 250 rpm

N,-N _250-245
At full load, Slip, S = SN == - 0.02

S
3R,sE2  3%0.02x0.02x288.675°

Power input to rotor, p, = = = 229358 W

RZ+s2x2  0.02%+(0.02x0.3)>

Torque developed at full-load,

Tf _ P, _ 229358 x 60 _ 8761 N-m
21N 21 %x 250
60

At maximum torque,

Slip corresponding to maximum torque,

R, 0.02
S 1 = —>==——=0.06667
max, X20 0.3
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(ii) Slip corresponding to maximum torque

Nmax, T — NS(1 - Smax, T)
250 (1 - 0.06667) = 233.3 rpm

3E3  3x288.675

2X, ~ axos | 416667 W

(iii) Power input to rotor

Power input to rotor _ 416667 x60

Maximum torque, Tmax = 27N, = W = 15915 Nm
60
Q.7 (a) Solution:
(i) Current the coil,
i = v_10 =20 A
R 6

Because of reluctance of magnetic core is neglected, the field energy in magnetic
core is negligible. All field energy is in the air gaps,

B
8
1 = = _l
Therefore, Ni = H gl T
WoNi 4w x 1077 x 300 x 20
Bg = 2g = P x5x102 = (0.754 Tesla
Therefore the field energy is,
B2
— i
W, = o x Volume of air gap
2
= %x2x6x6x10_4 x5x107°]
2x4mx10"
= 8.1434]
The lifting force can be given as
B2
g .
= —°-Xairgap area
T
2
= &xzmmxw‘m
2x4nx10"
f,, = 1628.67 N
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(ii) For AC excitation, the impedance of the coil is

Z = R+joL
Nz NZMOAg
Inductance of coil, L= =
Reluctance ly
300> x4nx 107 x6x6x 107"
= - =40.71 mH
2x5x10
Therefore, Z = 6+j377 x 40.71 x 1073
= 16.48.268.65° Q
Current in the coil is
[ = 120 _ 120, =729A
ms |z 16.48
Airgap flux density,
Ni
p = Mot
8 28
The flux density, B, o1, therefore changes sinusoidally with the time. The rms value
of flux density is
 WoNIy _ 4nx1077 x300x7.29
B .= 2¢ 2% 5%102 = (0.2748 Tesla
Therefore, the lifting force is
B2
fo= —x2A,
2
lavg = 2B—g X2A,
Ho avg
Ba 0.27482 x 2 x 6 x 10~
= —EX2A, = — =216.37 N
21 2x4mx10

Lifting force with ac excitation is almost one-eight as obtained with dc excitation.
Therefore the lifting magnets are normally excited/operated from dc source.
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Q.7 (b) Solution:

150
Secondary load kVA per phase = =3 50kVA

Secondary voltage per phase = 1100 V
InA, vV =V =11kV

p
Load kVA per phase _ 50
Voltage per phaseinkV 1.1

Secondary current per phase

Phasor secondary current per phase referred to primary,
50 _ 1100

I = | —X—/—— / —cos10.8°
2 1.1 33000

1.515(0.8 -j0.6) = (1.212 -j0.909) A

%0 kVA
3

Tertiary load kVA/phase

20 sy

J3

Tertiary voltage/phase

Terti t h. -
ertiary current per phase Voltage per phase inkV ~ 0.231

Phasor tertiary current per phase referred to primary,

I = (50/3)( 231 )4—cos_10.9°

0.231 J{ 33000

Magnetizing current, I, = 47% of rated current

3
= 2| 200 808 A
100 | 3x33000
Core loss component of no-load current,
= 2% 601014
¢ 3%33000
.. Primary no-load current, I, =1.- jlM

(0.0101 - j0.0808) A

Total primary current, L= Ih+I3+],

1.6766 - j1.2908 = 2.116£-37.6° A

Load kVA per phase  50/3 A

0.505 (0.9 - j0.436) = (0.4545 - j0.220) A

1.212 -;70.909 + 0.4545 - j0.220 + 0.0101 - ;0.0808
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Alternate Solution:

By complex power balance in the transformer,

—

Siinputy = S0 +5,+ 53

q 200%10°
Sy - I =004x]  =004x—""—
0 m rated \/5)(33000
[, =014A
LR 1000
L BxVy;  ~/3x33000
I, = 0.0175 A
I,* = (0.0175+j0.14) A
Sy = +/3x33000(0.0175 + j0.14)
= 8.064./82.88° kVA
S, = 150.36.87°kVA
S, = 50£25.84°kVA
S, = 8.064.,82.48° +150.£36.87° + 50.£25.84°
= 204.71/35.82° kVA
3V I} = 204.71/35.82° kVA
. 204.71x10°£35.82°
h = T B %3500
I, = 3.58£-35.82° A (line current)
3.58

~
|

1(ph) = —\/5 =2.07 A (in each phase of A)

Q.7 (c) Solution:

(i) Given, G = 100 MVA, H=10MJ/MVA
Kinetic energy stored in rotor= G - H x 100 x 10 MJ = 1000 M]
(ii) P, = P,-P,=(60-50) MW =10 MW
GH _100x10

-2 M]J-sec/ele-deg.

know, _ _
We know M = 1807~ 180x60 54
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d3
Now, M-— = P
dt
ERCI
- 54 a7
2
Z—S = o= 1054 _ 108 elec-deg/sec?
t
o = 108 elec-deg/ sec?
= 108x % mech-deg/ sec?
= 108><%><(36600o ): 9rpm / sec
(iii) 12 cycles is equivalent to 0 0.2 sec
: 1 2 _1 2
Change in load angle, Ad = E(X(At) =5X 108%(0.2)
Ad = 2.16 elec-degree
Now, o = 108 elec-degree/ sec?
o = 60x%x% =9rpm/sec
Assuming no accelerating torque, before beginning of 12 cycle period
Thus, rotor speed at the end of 12 cycles
= % + 0At = [120 x60 + 9% O.Z)rpm =1801.8 rpm

Q.8 (a) Solution:

The admittance of the various lines are calculated :

Line Admittance (p.u.)
1 :
1-2 0.05+j0.15 2 /60
1 :
1-3 m =1-73.0
1 .
2-3 m = 0.666 -2
1 :
2-4 m =1-73.0
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1

34 0.05+ j0.15

2-76.0
Bus admittance matrix :
3-79.0 -2+ 0.6 -1+0.3 0.0
v - -2+j6.0 3.666—/11.0 -0.666+72.0 —1+;3.0
Bus | 14 j3.0 —0.666+j2.0 3.666—;11.0 -2+ 6.0
0.0 ~1+j3.0 —2+j6.0  3-j9.0

Since all buses except slack bus are PQ buses, we start the iterations with following
initial voltages.

Vo = 1.04£0°
Ve = V3= V8=1.0£0°
1st Iteration:
,  1|p-jQ
vy = Y_[72 X2 ¥ VP~ YoV~ Yy, Vi ]
»n| V2
1 0.5+ 0.2 _ _ '
= — (<24 j6)(1.04) — (<0.666 + j2.0)(1.0) — (=1 + j3)(1.0
3.666—j11.0[ 10 2o~ j20)(1.0) = (-1+ j3)( )]
_ 426110 L e
©3.666-j11.0 '

1| P—7
vy = —l: 20 — Y5 Vi = YapVy =Yy, V) }

Y3 Vap :

1 [—1.0— j05

36| 10 —(<1+3.0)(1.04) —(~0.666-+2.0)(1.01908+ j0.04636) —(~2+ j6.0)(1.0)]

2.81142-j11.62  11.9552/£-76.39°
3.666 - j11 11.5948 2 -71.568°

=1.03108£-4.83°

1 | Py—jQy 0 1 1
V= —|ATI% y y0_y vl
4 Y44|: V4>k 4171 4272 43V3

1 [0.3+ j0.1

—(0.0)=(-1+;3)(1.01908 + j0.04636
oa| 1 (00~ (L3100 + j0.04636)

- (-2 +j6)(1.02741 - j0.08683)]
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2.996 — j9.249
= —————— =1.0247 - 051
3-79.0
vV, = 1.024682-0.51°
Q.8 (b) Solution:
03Q 06Q  j06Q
[0
Vo =%V 350§ S RSéQ
@ Ats=1,
400
= ——==231V
Vph 3
Z, = i35/ (0.25 +0.6) = 0.639£67.78 Q

(i)

Power factor

Output, P gross

= 0.241 +j0.591 Q = R+ X,

Veh 231
Zy+Z;  03+]0.6+0.639.£67.78°

176.48 £-65.56° A

BIZR;  3x176.48% % 0.241

x60 =143.35 Nm

W, 21 x 1500
_ NsoN _1500-1450 1 _
N 1500 30
J 0B g
30
= 35| (7.5 + j0.6) = 7.23,16.47 O
= 6.94 +j2.052
= Z,+03+j0.6=771£2012Q
= 72442650
_ Ve _ Bl _2996,-2012° A
Z. 724+ ]2.65

cos 20.12° = 0.938 lagging
BITR;(1-s)
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gross

Rotational loss
Net, P_

T

net

P.

n

Overall efficiency,

Internal efficiency, Ning

(iii)

3 x 29.96% x 6.94(1 - 0.033) = 18.07 kW
1.5 kW
18.07 - 1.5 =16.57 kW

P, 16.57x10° y
27x 1450

60 =109.12 Nm

@,

\/§VLI 1COS 0
V3 %400 % 29.96 x cos 20.12° = 19.49 kW

P, 16.57
Zout 5100 = %100 = 85.02%
S 1949 85.02%

i .

I 18.0
gross .07
——x100 = x100 =92 719

in .

2
VRS + (Xy+ X,)
7351 (0.3 +70.6) =0.29 +0.592 Q

0297 +(0.592 + 0.6)?

0.204
0.25

Gross Pout
Net POut

max

0204 1.225 Q

(35) || (j0.6 + 1.225)

1.183 +j0.631 Q
Von 231

Zy+7Z; | 1342281+(03+j0.6)

119.89.£-39.69° A

BIR,

3 x 119.892 x 1.183 = 51.01 kW

P(1 - 5) = 51.01(1 - 0.204) = 40.61 kW
P.(1-5)-P.,

40.61 -1.5=39.11 kW

P 39.11x10°

out
® 1500 4 _g.004
60

=312.76 Nm

m 2mX
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Q.8 (c) Solution:

From the condition for maximum torque we have,

R, = sX,,
or s = & = 0_02 =0.2
Xy 01
and N, = 120P><f _120%x50 _ 1000rpm
Ns - N,
Substituting the valuesins = —
S
02 = 1000 - N,
“ 1000
N, = 1000 - 200 = 800 rpm
T T KSRZ
orque, = 555
d R +5°X3)
At starting, s =1,
KR
.. Starting torque, T, = 2722
Maxi t T R
aximum torque, =
1 m T 2X5
2
Here, T, = ng
KR, K
o R3+X3 33Xy
Substituting the value of X,, = 0.1,
We have7
R, 1
R +(0.1)>  3x0.1
or 03 R, = R3+0.01
or R3 —0.3R, +0.01 =0
or 100R3 —30R, +1 = 0
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Calculating, R, = 0.262 or 0.038

This R, is the value of the total rotor circuit resistance,
Rotor winding resistance/phase = 0.02

Therefore, extra resistance = 0.262 - 0.02 = 0.242 Q
or 0.038 - 0.02 = 0.018 Q

R, = 0.018 Q should be chosen to keep rotor copper losses at a low value.

Q000
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