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Detailed Solutions

ESE-2024 Electrical Engineering
Mains Test Series TestNo: 12

Q.1 (a) Solution:
#include<stdio.h>
#define MAX 5

int main(){

int i;
int space=4;

/*run loop (parent loop) till number of rows*/
for(i=0; i< MAX; i++) {

/*loop for initially space, before star printing*/
for(j=0; j< space; j++) {

printf("");
}
for(j=0; j<=1; j++){

printf(" = ");

}
printf("\n");
space --;

}

/*repeat it again*/
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space=0;
/*run loop (parent loop) till number of rows*/
for(i=MAX; i>0; i--){
/*loop for initially space, before star printing*/
for(j=0; j< space; j++){
printf("");
}
for(j=0;j< i;j++){
printf(" = ");
}
printf("\n");
spacet+;
}

return 0;

}
Q.1 (b) Solution:
(i) Given, electric flux density,
D = D,,sin(ot+p)a,

From Maxwell’s equation,

_ oB
VXE = o
and D =¢€yE
D
= E = g for free space
iy 1,
B - -
ot ox dy oz
D,, .
—Lsin(wf+Pz) 0 O
€o
Jd . . DB .
= — ot + - = of +
- aZ(sm( Bz))a, . cos(wt +Bz)d,
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_ D A
B = j(VxE)-dt = —eioﬁjcos((otﬂiz)uy dt
= —D—"ﬁsin(o)tﬂ:‘sz)&y
(DEO
Also for free space,
® 1
- — v = m—e
B VMo €o
2
u ®
= — = =
€0 O[B)
— D,B . A
= ——sIn(wt +pz)a
B e (ot +Bz)a,
2
D, o) . A
= ——n — ot +pPz)a
- BMO[B) sin(of +B2)3,
B = —Msin(wt+ﬁz)&y

(i) Given,
Magnetic flux density, B = B,/ (mHBZ)Zzy

From Maxwell’s equation,

0B __ 0 (B9,

VXE = “or ot
ay a,
o d 0 ,
— = | _ P inpl(0t+Bz)~
or x dy oz B, jwe a,
E, Ey E,

By comparing both sides,

(aEx _ aEz )ay _ _ijo)ej(mtﬂiz)ﬁ

Jz  ox

JE |
= —Bujod @) (FE =0)
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E = J—ijwej(mt+ﬁz)dz

= B, josel(©!+B2)

B
E - _%eﬂwth) _ OBy jorpa);
Q.1 (c) Solution:
Thevenin equivalent
R = KRy

I Ry+Ry’
Thevenin equivalent circuit is drawn below,
Applying KVL in loop shown,

“Vee t IgRp + Vg + Ry Iy + Vi, =0

AsB=co, I, =0
1
I, = R_(VCC_VTh Vep)
E
Vee =V =
I=I. = "
R4
- Ve =V,
o CCTR 4R, ccVeB
c RE

1 R,
= — Vee =V,
I- RE(R1+R2 cc EB)

The maximum allowable value of R is obtained by equating the base and collector

voltages. For R-> R the transistor operates in saturation region as V. > V.

C max’
ie., V= Ve
V= Vpy = =
BTN T R +R, ©
Ve = Ic Repax
R, 1( R,
— Ve =Vrp |'R

R1+R2 CcC RE(R1+R2 cC EB) Cmax
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RgRy Vee - ( Ry

VCC - VEB ) RC max

Ry +R, Ri+R,
RpR4 1
lzClnax 1{14_I§2‘4:C 122
R Vee — Vs
1+ Ry
Q.1 (d) Solution:
2
Here, we have I “ 2_ 222 dz
C (z+1)°(z" +4)
Y

K> 2i
X’ o X
-1 10
0 -2i
Y

The poles are determined by putting the denominator equal to zero,
ie., (z+1)2?(z2+4) =0

z=-1,-1and z = +2i

The |2| =10 with centre at origin and radius = 10 encloses a pole at z = -1 of second order
and simple poles z = £2i
The given integral = [, + 1, + I,
2> -2z
2 -2z 2’ +4
I = j o) dz = J 5 dz
L(z+1)% (22 +4) ¢, (z+1)

.—d Z2 -2z
2mi| ————
dz 72 +4

| z=-1

(2% +4)?

o [ (22 +4)(22-2)- (% - 22)22]
z=-1
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Test No : 12

ELECTRICAL ENGINEERING | 15

J 22 -2z

2(z+1)%(z" +4)

dz

omi (1+4)(-2-2)- (21 +2)2(-1)
(1+4)

[ -14 —28Ti
21| ——
25 25

J~ 22 -2z .
(z+1)% (2% +2i)
(z - 2i)

C

2ni— 22 -2z }
_@+1f@+2nzﬂi

[ a4
2mi . 2 n- .
| (21 +1)7(2i + 2i)

2mi(—4—-41)  2mi(—4(1+1)
(—4+1+4i)4i  —(3+4i)d

2m.(1+1?
4+ 3i

dz

J~ 22 -2z
(z+1)*(z +2i)
(z - 2i)

2ni— -2z }
(z+D%z—2QZ}%

C

Il 4+ 4i
| (-2 +1)7(=2i - 21)]

2ni(f_1)
(3i—4)

L+1+1,
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Q.1 (e) Solution:

—28mi
25

27

27

(14 (1+)3i-4)+(i-1)(4+30)

1-—
3i—

1+1

- [+ 2mi
4+31) (

=

+2ni( 1 )
4

[-14
+
| 25

1+1
4+ 3

2mi

0

|

| 25 9-16

s[4+ (31 =4 -3 4i) + (4 -3~ 4-3)]

Superposition Theorem: According to this theorem, voltage across or current through

any element due to multiple sources present in a linear network is equal to the algebraic

sum of voltage across or current through that element due to individual source with all

other sources replaced by their internal impedances.

Now, taking only the voltage source into account, we get,

I, 3Q I -f5|52
' l
20 20
120.£0° VC~>
_|_ -3 Q aQ
120£0°
Hence, Total current, I, = " ~(2 _3]_) || (2 T4 5])]
B 120£0°
3+[(2-3))l1(2-)]
I, = 27.84+59j=2846 £11.97° A

Using current division rule, I,

|

2-3j

|

2+4j-5j+2-3j

28.46411.970[ﬂ]

4(1-J)
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I, = 18138 +0.208j A
Now, taking only the current source into account, we get,

30 J58
1
I

20 20
SC (1 20.245° A

_‘_-jagz 4Q

(2+4)

(2+74)-j5+[311(2-3/)]
I = -15.28 +j15.62 A

Now, Net current through the capacitor is

I =1L-1

I 18.138 + 0.208; - (-15.28 +j15.62)

33.418 - j15.412 = 36.8£-24.76° A

Using current division rule, Il’ 20./45°

C

Q.2 (a) Solution:

At t =07, the network has attained steady-state condition. Hence, the capacitor, C, acts
as an open circuit, full charged to V ) volt.

v0) =V,
Since the voltage across the capacitor cannot change instantaneously,
v(0%) =V,
At t =07, switch is at position ‘b’. R "
C, is uncharged at t = 0. Hence, it acts as short-circuit at t = 0* +
G = i) ==C v,
on . Yo
Hence, i(0%) = R, )
Now converting the above circuit in Laplace domain,
Writing KVL equation, .
1 1 1 R
Vo 1) x 2t T(s)Ry + I(s)x— _ g T -
s sCq sCy 11
; I ©)  Fi V6
1 1 =
I(s)] —+—+R - Jo s
( )|:SC1 sCy 1:| S -; o
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I(s)|:ﬂ+sR1]><1 Yo

C1C2 S S
1) e
S =
Ci+C C+C
[sRl + é C 2:| R1|:s+7clc Rz]
142 14208
Taking inverse Laplace transform, we get,
v _L[m]t
i() = —2e Rl G t>0
Ry
1
Now, v,(s) = I(S)XE
VO
y(s) =
R1C25 |:S + C1 +C2 :|
GGk
Using partial fraction, we get
A B
) = e
S Cl + C2
S+———=
[ C1(:21{1]
A = Yo | __ VGGR
RiCy x(C1+C
R1C2|:s+7glg;2:| 1C2X(C1 +Cy)
1“2 ]|
_ Vocl
(C1+Cy)
B = Vo __VGiGRy
T RiGos|_ (C1#C)  RiGH(Cr+(y)
G162k
_ _Vocl
G +G
V,C V,C
VZ(S) — = 0 C;l _ o1
(C1+Ca)s (C1+Cy) S R ]
L C1CaRy
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Taking inverse Laplace transform, we get,

_i>ﬂ}t
v (t) - Vocl _ Vocl e Ri| GGy £>0
? (C1+Cy) (C1+Cy) ,
1[G, |
o,(f) = Lq[l_e Rl[ ¢1G }t St>0
Ci+GC, )
_ GG : : L
Let, C = C.+C, i.e. series combination of C, and C,.
Cq _C
C1 + C2 C2
t
viel,_ e |
o,(f) = CLZ 1—e RC | t>0
Q.2 (b) Solution:
Given : flx) =x+x% -m<x<m
The fourier series expansion,
flx) = %" + 2 (a, cosnx + b, sinnx)
n=1

Tc—n
B e . S e G0
o 2
3

1 T
= — J. (x + x?) cos nx dx
T

—T

©Copyright: NADE EASY www.madeeasy.in
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So, fourier series expansion,

f0)

1% 1%
— _[ xcosnxdx +— j x? cos nx dx
T T

—T T

2% . .
0+ —sz cosnxdx (- x cos nx is an odd function)
T
0

%rxz sinnx  2x(—cosnx) N 2(—sinnx):|7t
| " 2 3 .

[ . 2 _ _ .
2 L2 ST 7o( c;)snn) N 2( sn’;mt) B 0]
| n n n
4(-1)"

2

1 T
= i d
- __Lf(x) sinnx dx

1 T
— j (x+x2)sinnxdx
n—TE
1
T

1

I
J. x? sin nx dx
T

T
_[ xsinnx dx +

—T —T

27[
—jxsinnxdx +0
o

{x? sin nx is an odd function}

—

o))

L

2  cosnm sinnm
—| - +———-0
| n n
_ _ n
2( 1) :_(_1)n+1
n n
2
71:—+4|i—cosx+i2c0323c—izcos3x+...:| +
3 2 3

..(i)

Z[Sinx - %sian + %sin3x + ]
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On putting x =

2 r
fim) = %+4 1+—cos2nt ——cos3m+..... :|+2x0
2 r
1 1
T+ = %+4 1+2—2+3—2+ ..... :I (ii)
Putting x = -n
2
T 1 1
-m+ (-m)? = ?+4[1+2—2+3—2+ ..... ] ..(iif)
Adding eqn. (ii) and (iii),
212
2n2=T 8[1+ 7t 5t :I
4n? 1 1
3 = 8[1+2—2+3—2+ ..... ]
1 1 n?
1+ =+—=+... = —
22 32 6

Q.2 (c) (i) Solution:
Classification of insulating materials is given below:

Insulating Materials

Solid Materials Liquid materials Gaseous Materials
U U
Exp.: Mica, Ceramics, Exp.: Air, N,,
Asbestos, PVC, Beckalite, Inert rubber,
Class, etc. Halogens, SF; etc.
. . . Synthetic
Mineral Insulating Oil Insa]lating oil Miscellaneous oil
4 U 4
Transformer oil, Exp.: Askarels, Exp.: Vaseline,
cable oil, Aroclors, sovol, Silicon liquids
capacitor oil etc. sovtol etc. Varnish, Vegetable
oils etc.

©Copyright: NADE EASY www.madeeasy.in
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Insulation Resistance:

The function of insulation resistance is to prevent the flow of current through it and to
conduct the heat generated. Insulation resistance (IR) must be very high to prevent failure
of electrical equipment. It is of 2 types:

1. Volume Resistance 2. Surface resistance.

The resistance offered to the current which flows over the surface of the insulating material
is called surface resistance. The resistance offered to the current which flows through the
volume of the insulating material is called volume resistance.

Factors affecting insulating resistance:

1. Temperature : IR decreases with increase in temperature.

2. Moisture: Exposure to moisture decreases insulation resistance.
3. Voltage: IR decreases with increase in applied voltage.

4. Age: IR decreases with increasing age.

Q.2 (¢) (ii) Solution:
Given: a, = 0.45258 nm, bO =0.45186 nm, ¢, = 0.76570 nm

Atomic Radius R = 0.1218 nm
Density d = 5.904 gm/cm3
M, = 69.72 gm/mol

1. The number of atoms in each unit cell.

The volume of unit cell is V.=a, bo o
= (0.45258) x (0.45186) * (0.76570)

V., = 1.566 x 1072 cm3
n_ Naxd
We know, 7 = M.,
. VexNyxd  1.566x107** x6.023x10% x5.904
M 69.72
n =799
n = 8 atoms/cell
, , _ ”X(;XR3) 8x4mx(0.1218x1077 )
2. Atomic packing fraction = - =)
V. 3x1.566x%x10
APF = 0.387

©Copyright: [MADE EASY www.madeeasy.in
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Q.3 (a) Solution:
Replace Q, and Q, by their small signal models

5
N
A
VVVv
7
;@
I
N
A
Vv
~
=1
N
=
o
o
<
(=}

— I
Y; Im Bilin §§ Tor
-
Since 7y, is ignored therefore,
Iy (@ %o
= I ~ y
v, e B.1, To1 §§ o §§ BoI,, L
14
L b2
From the circuit, vy = —BI,R; (1)
at node g, current flowing through r, is
I'=(1+B)l, - Byl
Also, A
Tra Ty = Bl = (L + Bl - 7y
[+ Bo)ron + 1alliy = Byrnlin
Biro1lp1 .
= I, = (i
2 [+ By + o] )
Also v, = Iry ..(iii)
On putting equation (ii), in equation (i),
_ —Bo B 101 - Ry - Iy
Y07 [(1+B)rn + 12
vy = B2 By 1 Ry o using equation (iii)
Tt [(L+B2)o1 + 7z |
Theref , ' A = Vo _ —BiBomr Ry
erefore voltage gain, o= Vi [+ Bo)or + o

©Copyright: NADE EASY www.madeeasy.in
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Now, given that,

ro = 50 kQ,
rq = Tp=05 kQ,
B, = B, =100
R, = 5kQ
. v —100x100 x50 x 10° x 5 x 10°
Voltage gain, o, ~ 5x10°(101x50x10° +5x10%) ~ o V/V

Q.3 (b) (i) Solution:

+

12020°(~)
\ ID

Applying mesh analysis for mesh -1,
-120 + (20 + 30)I, - 30L, + V, = 0
501, - 30L, + V, = 120 (1)

2100

For mesh - 2,
-V, + (10 + 30)I, - 30I; = 0

~301, + 401, - V, = 0 ..(ii)

-1
From transformer action, v, = 7V1 ..(iii)
I, = -2, (iv)

Put equation (iii) and (iv) in equation (i) and (ii),
50I, + 601, + V; = 120

1101, + vV, = 120 (V)
—3011 —8011 +%V1 = 0
V, =220, = 0
vV, = 2201, (Vi)
Put equation (vi) in equation (v),
330L, = 120

©Copyright: [MADE EASY www.madeeasy.in
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4
I = 1 A(rms)

4
v, = 220Xﬁ =80V (rms)

-8
I, = - —0.7272 A (rms)

The power absorbed by the 10 Q resistor
P = (-0.7272)>x 10 =5.289 W
Q.3 (b) (ii) Solution:
Given: R=500€, L =0.06 H, C,=0.01 pF, C, =10 pF. Therefore, series resonant frequency,
1 1

fs = = =6.497 MHz
2m,JLC, 2n\/ 0.06x0.01 1012

Parallel resonant frequency, 0.01 x 10
27 L &S \/ 0.06 <107
C C 0 01+ 10

p = 6.5007 MHz

Q.3 (c) Solution:
Reactance of pressure coil = 271t x 50 x 10 x1073
= 3.14 Q

Resistance of pressure coil = 362 Q

3 4 (o} (o}
Phase angle of pressure coil = = tan ( 362 ) 0.5° =30

Let, phase angle of current transformer = 6
Phase angle of potential transformer = &
6 = +90",
o = 45
50°=¢
Phase angle between pressure coil current, I ) and a current, I of wattmeter current coil,
o=0-0-P-06=50°-90"-30"-45
= 47.25°

Phase angle of load

©Copyright: NADE EASY www.madeeasy.in
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I » reversed
AY

I, reversed
/

Correction factor, K

% ratio error
Actual ratio, R
Actual ratio of C.T.

Actual ratio of P.T.

Power of load

Q4 (a) (i) Solution:
RMS value of voltage supplied,

Maximum value of voltage,

Instantaneous value of voltage,

Resistance in the forward direction,

Vv

cos¢ cos50°
cosBcosa  cos30 X cos(47.25°)

K,-R

=0.947

x 100

K, x100
100 + % ratio error
20 x 100
100 -0.2

160 x 100
100 +0.8

=20.04

99.2

K x actual ratio of C.T. x actual ratio of P.T.

x Wattmeter reading
0.947 x 20.04 % 99.2 x 350
658.899 kW = 658.9 kW

V =100V
= 2x100V
V = J2x100sin0

R, =50+ 50 =100 Q

f

Resistance in the reverse direction, R, = 300 Q

Instantneous value of current in the forward direction,

ocopyright: [MADE EASY
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v, J2x100
=R, T 100 OO = 2sing

Instantaneous value of current in the reverse direction,

Vy _2x100 . o V2

i = = nd=—sind
rT R, 300 3
2
15 s 2 17F(N2
RMS value of current = Z—I(\/ESIHG) d9+—_|. —sin6 | d6
Ty 2 . 3
= (0.745 A
1T 5. 2
Average value of current, I, = %[I V2sin6 d6 + _[ ?smede =03A
0 T

Power taken from the mains = Power supplied in the forward half cycle

+ power supplied in the backward half cycle

1fv2 Vi 1{@oo?  (100y?
" 2| Ry R, |7 2| 100 300
= 66.7 W
Power consumed in 50 Q resistor = I’R
= (0.745)2 x50=277W

Power dissipated in rectifier = Total power supplied - Power consumed in

resistor

66.7 -27.7=39 W
Q4 (a) (ii) Solution:

Characteristics of ceramics:
High Brittleness

High hardness

High melting point
Chemical Inertness
Electrical insulation

Low water absorption

N ol LN

Low thermal expansion

8. High temperature withstand capacity
o©copyright: [MADE EASY www.madeeasy.in




28 | ESE 2024 : MAINS TEST SERIES MADE ERSYH

Mainly ceramic materials are divided into two groups depending whether permittivity

(€,) is less than or greater than 12.

Materials with (€ , <12) are more used in insulators, bushing, housing and as like Example
Porcelain, alumina etc. Porcelain is used as insulators in transmission lines and
distribution lines, fuse links, plugs and socket.

Material with permittivity (€ ) > 12 is mainly used as dielectric in capacitor because size
of dielectric should be as small as possible. Example BaTiO,.

Q.4 (b) Solution:
Magnetostatic deflection in CRT:
When a charged particle passes through the magnetic field or electric field, in both of the

cases there will be a mechanical force acting on the charged particle.

In magnetic field, when the e~ passes, there will be a Lorentz force acting on it
perpendicular to the direction of motion as well as the direction of the magnetic field.
When this electron will pass through electric field, due to Coulombic force, there will be
a deflection.

We can use both electrostatic deflection and magnetic deflection in Cathode Ray Display
(CRD) but we generally use the electrostatic deflection in CRD which is used for viewing
electrical waveforms.

But when CRD is used as picture tube (CRT) of television, then we use magnetic deflection

of the electron beam:s.

Lorentz force, F = BIL Newtons

and g = ne coulombs
_ dq_ne
Codt ot
_ BnelL
St
L
Now drift velocity of " v, = n
F =Bnev,

F
~.Force acting on singlee- = P Be v,

The electron will have circular motion in magnetic field.

07 .
— = angular acceleration.
’
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Magnetic field B
X X X X

electron
X X
X X
X X
mo3
Now force acting on electron is —-2 where m is mass of one single e”.
r
Equating both the forces,
2
mo
—4 = Bep d
B
mog4 .
r= o (1
Be @)
Magnetic field B Screen
o |
| : L
““““““ *‘\:Ie"" B RERRECEREEEE I Gl v

I I

Now from AOPQ

D
- —~0
tan 6 I

where, | — width of magnetic field region
D — Deflection of ¢~ from centre of the screen

L — The distance of screen from the intersecting point.
From the arc AB, we can write its angle as also 6.
0 is very small.

tan® = 6=
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Ll

D

Now, from equation (i)
LIx Be
moy

...(ii)

Again, Energy of e~ when passing through magnetic field.
E = mo3
2

and V  is the accelerating voltage, the voltage difference between anode and cathode of
an electron gun system.

E = eV,
2
. mo
Now, we can write, Td = eV,
o = 2eV,
d m

Put in equation (ii)
LIx Bex~/m LIB e
e
2mV,

LIB

S
I

Q4 (c) Solution:

The cutoff frequency due to capacitor C, can be given as

_ 1
f 21C Req

0.5 kQ 40 kQ 40 kQ

M
0O

in
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r. = 2.5kQ
R, =25+101x05
R, =53kQ
Therefore, Ry = [Rin 1140 [ 40 +0.5kQ |
= [5320+0.5]
R,, = 15.02 kQ
N 1 1
o L7 nCiRy ~ 21x10x 107 x 15.02 % 10°
f, = 1.059 kHz

The upper cutoff frequency f;, can be calculated as

0.5 kQ 20 kQ £

oV,
Re Ry G
R
Ju = 2nC, R}
R = Re||Ry=2]|2=1kQ
1
1 X 15x107 x10°
fy = 10.61 kHz
.. 3-dB bandwidth can be given as
BW = fy-11

= (10.61 - 1.059) kHz
BW = 9.551 kHz
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Section-B
Q.5 (a) Solution:
r = a(l + cos 0) (1)
r=a ...(it)

Solving (i) and (ii), by eliminating, we get

o="
2
A r=a(l + cos 0)
r=a /
(@] B D
0=m
C
a(l +cosB) = a
1+cosB =
cos® =0
6o F T
"2 %2
Limits of r are a and a(1 + cos 0)
Limits of 6 are —° to -
imits of 6 are —- to
Required area = Area A BCDA

n/2 for cardiode
rdo dr

—nt/2 r for circle

2 m/2
[ [@+cose)>~1]de
-n/2

2

az /2
5 J (cos2 0+ 2cos0)do
-n/2

/2

Elz J

0

n/2
cos’0do+2 j cos0 do
0
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= a2[3+2(sin6)g/2]
2 T a’
= —+2 =
a [4 ] 1 (m+8)

Q.5 (b) Solution:
Open circuit parameter are also known as z-parameters.

Transform the given two port network into Laplace domain,

L1Q 10 L
+0 MW MW o+
VIR 5T BoP
-0 0 -

By applying KVL in Mesh 1;
Vi-I, x1-5s(l;-1) = 0
V., = s+ -sl, ..(i)
By applying KVL in Mesh 3;
-s(l,-I)-1;x1-s(I,+1) = 0

—sI3 + 511 —13 —sI3 - 512 =0

I,2s+1) = -sl, +sl;
s s
= I _ I .o
L= et T (i)
By applying KVL in Mesh 2;
V,-s(I,+1;) = 0

V, = s, +sl, ...(ii)

Substituting equation (ii) in equation (i),

| = (s+1)Il—s( SR A 1)

25+1 1 25417
s?+3s+1 L+ 52 I ‘
v, = 2s+1 ' | 2s+1)°? (i)
Substituting equation (ii) in equation (iii),

5 5
= sl,+s I - I
Va 2 (25+1 T os41 2)
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52 I+ 52+S I
Vo= | 2s41 ) | 2541 )2

Comparing equation (iv) and (v),

s +3s+1  s°
|:211 le] 3 2s+1  2s5+1
Zq Z;| 52 s%+5
25+1 2s5+1
Q.5 (c) Solution:
For resonant circuit frequency,
1

f:l ) 27t«¢L1C1

.. Inductance of circuit-1,

1 1

Impedance of circuit-1 at 50 Hz,

. 1
Zl = R]_ +]((DL1 —E)
1

100 - 7968.28 Q2

Impedance of circuit-2 at 50 Hz,

1
- R, +ijl oL, ——
Z, 2]( 2 mCz)

U an?f2C,  4m® x60x60x1x107°

=705H

100 + j(27t><50><7.05 -

1
2nx50x1x10”)

100+j(2nx50xL2—

For equal current in two circuits,

zZ,=7

or 314L, - 2122.67

2
968.28

1
2nx50x15x10*)
100 + j(314L, - 2122.67)
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Inductance of circuit-2,

L, = 3.676 H
Resonant frequency of circuit-2,
1 1
/= 2_n\/3.676 <15x100 771
Q.5 (d) Solution:
Given :
Forward voltage, Vp =05V
The current equation of diode,
YD
I, = I,[e"'T -1
I, = Reverse saturation current
V; = Thermal voltage
n = Ideality factor
At T =400° K, for diode D,
Thermal voltage, V= L
11600
Vo= % =0.0345 V
VD _ 05
I, =1, e —1| =1, [e2x0.0345 _1]

I, = 1402.011,
At T = 300°K; for diode D,

T
Thermal voltage, V, = TTe00
300
V= 11600 0.0258 V
VD
IDZ = IO enVT _1
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0.5
I,|e2x0.0258 _1q

by = 16152.991

I,  1402.01],
Iy,  16152.991,

—
|

Required ratio,

I
DL~ 0.0868

Q.5 (e) Solution:
1
No. of slits per mm

The distance between two consecutives slits =

- L x10%m
500
d =2x10°m
The diffraction angle for red light can be calculated as,
) ni
sin@® = 7
for n =1 (first order diffraction) and A =7 x 107 m
-7
sin® = % =0.35
2x10
0 = 20.48°
The diffraction angle for green light can be calculated as,
) nh
sin@ = i

for (n = 1) first order diffraction and A = 5.38 x 10~ m

1x5.38x1077
sin@ = ——=0.269
2%x10
0 = 15.6°

The angle of deviation (angle of diffraction) for different wavelengths are not the same.
Hence, it is possible to examine the contents of an incident wave by looking at the different
angles of deviation produced by the different components of a beam.
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Q.6 (a) (i) Solution:
f(x)

We have, J' F(x)dx

of ce M dyx

—o0

"+ ¢ is an even function,

ZCT e “dx
0

Mean of the distribution,

Since in xe"x' function is odd

i

Variance of the distribution, 62

o2

Required probability

N[~ P

ce ™ o<y <o

1

—_

—3

— 3

1,
= —5 (e =1) =04908
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Q.6 (a) (ii) Solution:

Given, u-o

Add equation (i) and (ii),

A+ fz) =
Let, Fiz) =
ou _
ox

au
dy -
Now, F(x) =
F(z,0) =
= [F(z,0) =
= F(z) =

From equation (iii) and (iv),

A+ fz) =
flz) =
= f2) =

(x - y) (¢ +dxy + )
u+iv

-0

(u-v)+i(u+0)

U+iV=(1+1)f(z)

d

@y axy 7))

X2+ dxy + P+ (x - y) (20 + 4y)

X2+ dxy + y? + 2x2 - 2xy + dxy - 4y?

3x2 + 6xy - 3y?

=(F + Ay + ) + (x - y) (4 + 2y)
—x% = dxy - y? + 4x? - 4xy + 2xy - 2y
3x2 - 6xy - 312

oU .0V _oUu .aU

o ox ax oy

3x? + 6xy - 3y? - i(3x? - 6xy - 3y?)
322 - i3z = 3(1 - i)z?

F(z) = [3(1-i)z*dz

(1-9)22+c¢

(1-9)22+c¢

(1—i 3 C
ol P ;
1+ 1+1

—iz3+

...(ii)

...(iii)
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Q.6 (b) Solution:
C C C
o—| il il
v, 11) =R 12> 3R 13/) 2R |V
o
Applying KVL in the three loops, we get
11(R+$)—12R =V,
joC
“LR+L|2R+—— |- LR
1 2 joC s =0
1
0—12R+13[2R+,—] =0
joC
R+L R o |[L] [Y]
sC
R 2R+~ R || |=]0
sC 2
0 -R 2R+i
| sC | |15 0]
_ (1+sRC)(1+2sRC)> R*(1+2sRC) R*(1+sRC)
s3C? sC sC
(1+sRC)(1+4sRC +4s*C*R?)— R?*s*C*(1+2sRC +1+5sRC)
B $°C?
1+5sRC +85°C*R* +4s°C°R* - 3s°R°C° - 2R?s*C?
= 33
s°C
1+5sRC +6s2C2R? +s3C°R3
- s3c?
1+sRC R v
sC
1+2sRC
Ay =] —R o = V.R?
0 -R 0
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- V,R*s°C®
35 A 1+5sRC+6s’C?R?+s°C°R?
V.R3C?
V. = V,=L.R= i
O S 1455RC+65°C7R? +5°C°R’
Vo _ R’°C’
B = ¥ T1+55CR+652C2R% + °C°R°

B —jo’R°C’
=175 jOCR - 60*C*R?* - j0’C°R®

Replacing s by (jm) we get,

1
Dividing the numerator and denominator by -j@*R3C?® and replacing SRC by awe get,

1
B = 1-6jo.—50% + jor’
1
B = (1-502)— jou(6 —ar®)
For ‘B’ to be real o6 -0?) =0
o= .6
_ 1
®= Rcve
. 1
. At this frequency, B = 1—5(7\/_6)2 ~ 59
To have sustained oscillation
|AB] 21
|A] =229
Q.6 (c) (i) Solution:
) ) 100
Nominal ratio, K, = 5 =20
In the absence of any other data, the turns ratio is taken equal to the nominal ratio,
n =20

Neglecting the burden of the secondary winding, the total burden of the secondary circuit
is equal to the burder of the meter,

Burden of secondary circuit = 25 VA
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Voltage across primary winding,

Va_25
E, = I, 100 - 025V
Ironloss 0.2 08 A
Load component of current, I, = E, 905 O
Magnetising current, I =15A
.. a X 41
Secondary circuit phase angle, § = tan Etan 5= 11°18’
cos 6 = 0.98
and sin 6 = 0.196
Actual ratio, R = n+ , cosd -Ii_ [,y sin®
S
K,-R
Ratio error = ——=—x100
20-20.125
= —————x100 = - 9
20.215 1075%

Phase angle error, - nl

o 180 FImCOSS—IeSiI’IS]
S

180[ 15x0.98 —0.98x0.196

R | 20x 5 ]=0‘750

Q.6 (c) (ii) Solution:
The special arrangements incorporated in electrodynamometer wattmeter to make it a
low power type of wattmeter are as follows:

* Pressure coil current: The pressure coil circuit is designed to have a low value of
resistance; so that the current flowing through it is increased to give an increased
operating torque. The pressure coil current in a low power factor wattmeter may be
as much as 10 times the value employed for high power factor wattmeters.

* Compensation for pressure coil current: The power being measured in a low power
factor circuit is small and current is high on account of low power factor.

If ordinary wattmeter is used, it result into large power loss in the current coil and
therefore, it will give large error.
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Hence, it is absolutely necessary to compensate for the pressure coil current in a low
power factor wattmeter.

* Compensation for inductance of pressure coil: The error caused by pressure coil
inductance is VI sin ¢ tan 3. Now, with the low power factor, the value of ¢ is large
and therefore, the error is correspondingly large. Hence, in a low power factor
wattmeter, this is compensated by connecting a capacitor across a part of series
resistance of the pressure coil circuit.

* Small control torque: Low power factor wattmeter are designed to have a small
control torque so that they give full scale deflection for power factor as low as 0.1.

Q.7 (a) Solution:

Given : p, = 75cm?/V-s; p =943 x 10° Q-m
(i) We know, o = nep,
1
n —3
pU,e
_ 1
 9.43x107°x7.5x1.6x107"
= 8.84 x 10?2 cm™
: . dN 4
Atomic concentration, n, =
Mut
7.3 % 6.023 x 107
n o= 22X 380 x 102 cm”?
“ 115
Effective number of electrons denoted by per In atom
n _ 8.84x10%
n = —-———
o my  3.82x10%
Mo = 2.3141
(i) Given: I, = 8.2nm
Drift mobility, n, = &
me
_ Kl _
T= (m, = mass of electron)
75x107* x9.1x 107!
T =

1.6x107%
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T =4266x101s
We know, [, = o1
82x107° m/s
v, = ————————=¢
4 4266x107°
v, = 1.922 x10° m/s

(iii) According to Wiedemann-Franz law,

Thermal conductivity, K = oTCyyp.
where Cyp. = Lorentz number (or) Wiedemann-Frantz-Lorentz
coefficient

A n’Kz  n°(1.38x107%)?
WEL 302 3x(1.6x107)2

245 x 108 WQ/K2

TC
K = 6TC,,,, = —20k
p
_300x245x107°
9.43x107°
K = 0.78 W/K
Q.7 (b) Solution:
Given : ID(ON) = 3 mA at VGS(ON) =10V
Vesany =2V
I
We know, k = DON) 5
[Vasony = Vas(rayl
3
k= —— =012 mA/V2
(10 -5)
40 x 18
Thevenin equivalent circuit, Vip = 13 :_( ) =18V
18 x 22
Ry, = R;=18]122= TR, =99 MQ
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Thevenin equivalent circuit,

Apply KVL in G-S loop,
Vi +IRg + Vs + IngRs

Also, the current in MOSFET

From eqn. (i) and (ii),
18 — Vs
820

9.84V2. - 984V ¢ + 246

9.84V2.  + 1.6V - 1554

Vas

Ves

Ing

Ing
Apply KVL in D-S loop,

~40+ Rplpg *+ Vps + Relpg

%

DS
VDS

D=

K[VGS - VGS(TH)]2
0.12 x 10'3[VG5 - 5]2

0.12 x 103 V24 - 10V + 25]

1800 - 100V
0

12.486, -12.648
12.486 V

18 —12.486
820
6.724 mA

=6.724 x 103 A

0
40 - (3 +0.82) x 103 x 6.724 x 103
14314 V

ocopyright: [MADE EASY

www.madeeasy.in



MRADE EASY Test No : 12 ELECTRICAL ENGINEERING | 45

Q.7 (c) Solution:
Let, f(x) = 3x-cosx-1
f(0) = -2 = negative,
f(1) = 3-0.5403 -1 = 1.4597 = positive
so a root of f (x) = 0 lies between 0 and 1. It is nearer to 1.
Let us take x, = 0.6
Also, f'(x) = 3+ sinx
Newton’s iteration formula gives,
flx,) 3x, —cosx, —1
Yypq = Y _m_ n 3 +sinx,

x,sinx,+cosx,+1

3+sin x,

Putting n =0, the first approximation x, is given by

(0.6) sin (0.6 X 180) + cos (0.6 X 180) +1

Xgsin xy+cosxoyt1 T T
x, = - =
' 3+ sin xg 3 +sin (0.6><180)
T
_ 0.6x0.5646+0.82533 +1 _ 0.6071
3+0.5646
Putting n = 1 in (i), the second approximation is
. 0.6071 sin (0.6071 X @) + cos(0.6071 X @) +1
N _ Xxysinxg+cosx;+1 T T
2 . =
S+sinx 3+ sin (0.6071 X 180)
T
_ 0.6071x0.57049 + 0.8213 +1 _ 0.6071

3+0.57049

Clearly, X, = X,
Hence the desired root is 0.6071 correct to four decimal places.
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Q.8 (a) Solution:

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

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

R, =15kQ

R, =16kQ

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

2
Iy = K, (VSGQ ~[vi|
where, \% = 6-15 IDQ
So, Ing = 2.5(6 - 151, - 1.8)?
= 2.5(4.2 - 15l,)’
I, = 25422 -2 %42 %151, +2251pq)

2
I, = 25(17.64-12.6Ipg +2.2517)

5.6251pn —32.5Ipn +44.1 = 0

By solving the above equation, we get

IDQ = 3.6 mA, 2.177 mA
For IDQ = 3.6 mA, VSGQ =6-15%x3.6
= 0.6 V< | th|
IDQ = 2177 mA, VGSQ

= 6-15x2177=27345V > |V, |

So, for the assumed case, the valid value of | PQ is 2.177 mA.

Vepg = 12- (15 +1.6)I,
= 12-3.1x2177=52513V
Veeo = | Vipl = 2734-18=0934V
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pa > Vsco ~ | th |, so, the initial assumption is correct about the mode of

Since, Vg
operation of transistor.

The small-signal parameters of the transistor are,

8 = 2K,(Vsgg = V1)

2 x2.5x0.934
4.67 mA/V
Va_ 1 _
Ing Mpg

7’0=

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

Rg=200Q Cg=47UF g 8;&& b Co=254F

—AWW—| & H oV,
<R, =15kQ SR,=16kQ SR, =60kQ
Vs <~> " v, FP st
+

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

T = Reql CCl
While calculating R, ;, C, must be short circuited and voltage source V should be
deactivated. To calculate R ;, a voltage source V is connected across the capacitor

CCl as shown below:

Vx
D
~ —R nggs
L RN
AVAVAVAV _ V
S >
Rzv, SRR,
Ix_gmvgs )
+
V.= RL+V, (1)
and o = Rl(lx—nggs)
RyI
V X
8% 1+ng1

www.madeeasy.in
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Put in equation (i) we get,

L R, R
IX 1+ng1

V, Ry 1500
R = —=Ri+—"—= —

eql I, 1+g,,Rq 1+4.67x1.5
= 387.382 Q

Ty = Ryy Coy =387.382 x 4.7 x 10-¢
= 1.82ms

Calculation of time constant (1,) associated with C_,:
T = RepCo

While calculating R ,, Cr; must be short circuited and the voltage source must be
deactivated. To calculate R, ,, a voltage source V is connected across the capacitor

Cc, as shown below:

Vx
o
8m Vgs I <
AN ¥
A V4
(Rs || Ry) %E Vs EE Rp >

AMA
VWV
=
<

Vgs 8 Vgs(Rs ” Rl)

So, Ve =0
V"—R R; =60+1.6=61.6 kQ
Req2=Z_D+L_+'_'
T, = R pCep =616 X 10% x 2.5 x 10-°
= 0.154 =154 ms
(iii) The corner frequency associated with C, is
1 1
= = =87.447 Hz
fa 2nt,  2wx1.82x107°
The corner frequency associated with C, is
L L =1.033 Hz

fo = 2n1, T 2mx154x107
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So, the corner frequency due to C, dominates that due to C.,. Hence, the lower cut-
off frequency of the amplifier can be given by

f, = fo =87.447Hz

Q.8 (b) Solution:
(i) Each source is sinusoidal and hence

V=17
where V is the phasor voltage, I is the phasor iOCD ilCD iZCD [] 050 L omF
current, and Z is the driving point impedance
of the RC circuit, which is given by
1 1
Z = 0S5 s
Y 2+ jw(0.02)
Using superposition theorem,
1
With the dc source, V, = EX 5=25V
With the first harmonic source,
o = 100,1, =3 £45° A
1 3.£45°
= 3£45°= ———=1.06£0°
and Vi = 202 2.828./45°
Thus, v,(t) = 1.06 cos 100t V
With the second harmonic,
o = 200,I,=22-10°A
1 2/-10°
= 2/-10°=————=04472£-73°
and Vo= 51 4.472/63°
Thus, v,(t) = 0.447 cos(200t - 73°) V

By superposition, the output voltage is:
v(f) = 2.5+1.06 cos 100t + 0.447 cos(200t - 73°) V

w = Vi)

3 1.06 2 0477
5x25+] ——= IX| —= [cos45° +| —= [x Ccos 63°
12.5 + 1.59 cos 45° + 0.477 cos 63°
13.84 W

(i) P
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Q.8 () (i) Solution:

The voltage circuit is shown below :

R,

d R,
~)
o/
VS
For balance, Y,Y, = Y,Y,
L+ j0C L+ i0C, | = (JoCy) L+ j0C
or, R1]1R4]4]2R3]3
. C
or, L —0°C,Cy [+ jo STRS ) jo=2 — ©°C,Cy
RyRy Ry Ry R,
Equating the real and imaginary parts, we have
1 2 5 .
-0°C,C, = -0°C,C .
TR0 = GG, ()
C, ¢ C, .
—_ + _ = —=
and R, R, Ry ..(it)
From (i) and (ii), we have
—C;I:‘l + 0°CyC3C4R]
C. =
! 1+ 0’CiR;
CoRy
Now 0)2C2C3C4Ri << R3
and w?C2R? <<1
CoRy
Hence we can write, C, = R,

When the capacitor C, is without specimen dielectric let its capacitance be C, .
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C,R, 5000

= =150x —— =
©0 = TR 5000 ~ 0 PF
When the specimen is inserted as dielectric, let the capacitance be Cs .
CoRy 5000
= =900 x —— =
Cq R, 5000 900 pF
€gA €,€0A
Now, C, = e and Cg = g
Hence relative permittivity of specimen
Cs 900
8 — —_—__—— T = 6
rCy, 150

Q.8 (c) (ii) Solution:
Primary winding turns, N, = 1
Secondary winding turns, N, = 199
Turns ratio, n = 199

Nominal ratio, K, = =200

Magnetizing current, [ = 7 A
Loss component, [, = 4 A
Case I: for 0.8 p.f. lagging
For lagging p.f. the secondary phase angle § is positive
cos 0 = secondary p.f. =0.8

sin & = \/(1)? - (0.8)% =0.6

. I,cosd+1,,sind

From equation, actual ratio, R

IS
4x0.8+7x%x0.6
= 199+ 5 = 200.48
K., —-R 200 —200.48
Ratio error = —2% x100 = ———— %100 =-0.24%

200.48

180 I, cos& — I, sind
T nlg

L

and phase angle, 6

180[7x0.8 -4 x0.6

= 72| 19x5 ]=+0'185°
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Case II: for 0.8 p.f. leading:

For leading p.f. § is negative:

cos & = 0.8
and sin 6 = -0.6
I,cosd+1,,sind
Actual ratio, R = "+ I
S
_ 1994 4x08-7x0.6 _ 1088
5
K,-R 200 —198.8
i = x 100 = ———————x 100
Ratio error R 198.8
= +0.603%
180| I,,,cos0 —1,sind
and phase angle, 6 = — il
1807 x0.8+4 x0.6 .
= 199x5 |~ 046
Q000
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