Leading Institute for ESE, GATE & PSUs

Detailed Solutions

ESE-2025 E & T Engineering
Mains Test Series TestNo: 3

Q.1 (a) Solution:
For a two element antenna array,
E, = E +E¢eV
where y = d cos 8 + 3 is the phase difference between the waves radiated from two
antennas

E, = E, + E/(cos y +jsiny) = E,[(1 + cos y) + ] sin y]

|E;| El\/(1+cosw)2+sin21|1 =E;/2(1+cosy)

|E;| = 2E; cos(y/2)
Since the antenna element is the Hertz dipole, the normalized primary element radiation
pattern is given by f(0) = sin 0. Thus, radiation pattern of the array is,

|E;| = 2cos (%) -sin O

T>e/
27
Where, Y = BdcosO+8= 7dcos€)+8
Elements are excited in phase, thus § =0 A2
The array phase v is,
_ 2n( A _ Arr;y of collinear
v T(E) cos0+0 = cos 0 Hertz dipoles
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The normalized field pattern is,

F(®, 9)
Directivity, D =
= D
= D
Let T cosH
€ 2

= - sinBO x 40
sin O d0

i
Also, (—) cos’ 0

2
)2

= (E) [1—sin2 9]
= 1 - sin20
= sinZ0

. (ncos@j
sin O - cos

4m

2n W

[ [ IF©,0)f sin6do do
0=06=0

47

o TcosO
f J.sinzﬁ-cosz( )-sin@-dﬁ-dd)
$=06=0 2

47

ra: T Ccos0
f do J. sin® e-COSZ( ) do
0=0  6=0 2

4m
[0 _[ sin® 8- cos? ( ch;s 0 )de

0
6=0

Limits:e:0:>t:§

(9:1t:>1t:—E
2

2
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Substituting in equation (i),

D = 4m
- -n/2 2
27 I (1—4%}&521%(—21#)
2 i i
b 2
= = n/2 2
g j (1—%J-Coszt-dt
n—n/2 T
D T
= = n/2 2
J~ (1_4%J(1+C082tjdt
)2 n 2
i
= D =
’T 1 cos2t 212 24
—+ ——2——2C082t dt
2 2 T T
-n/2
D= i
- . n/2 3 n/2 ) n/2
1[t]f7/52+1[sm2t} —% L — 22 t—sin2t+£cos2t—1sin2t
2 2L 2 1y w3 ap T 2 2 4 )2
D= T
1 1 2 nﬂ 21m
|+ =0 - 5| |- = (-1)+
o+ 0] n2[12 n2[4( )
N D=-—" __-23
[£_£+1}
2 6 T

Directivity, D = 2.3
Q.1 (b) Solution:

Here, we make use of the boundary conditions of the electric field i.e.

1. The tangential component of the electric field is continuous across the boundary

i.e. Elt = EZt’

2. The normal component of the electric field density (D) is continuous across the

boundary if there are no free charges at the interfacei.e. D, =D,

(i) At the interface between g; and 2¢:

3
E,, = E,cos 30° = %Eo
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. Ey
E,, = E,sin 30° = 7
Ey
We have, E,,=E, = >
and, D, =D, = &,E,, = &E,,
E, = 8_1]51” :‘C’_O(EEOJ = EEO
€y 2g,\ 2 4

The angle that E makes with the z-axis in region A is,

(on

4 E _ 2 -1 2

0. =tan'| =2 | = tan'| ~2%< | =tan (—J =49.11°
1 ( j V3 J3

2n o E,
(i) At the interface between 2¢; and 3¢
E,, =E, = %
and, D, =D,, = &E;, = §E,,
B - S2E, - ﬁ(ﬁEgJ:i
nog, 3g,\ 4 23

The angle that E makes with the z-axis in region B is,
E

E
0, = tan_l(iJ = tan " 1520

243

= tan_l(\/g) = 60°
(iii) At the interface between 3¢ and €

E,
Ey = Ey = 7
and, D,, =D, = ¢kE, =¢&E;
€
E4n = _3E3n= 3&E3n =3 —EO = \/§E0
€y g 2.3 2

The angle that E makes with the z-axis in region Cis,

ocopyright: [MADE ERSY www.madeeasy.in



16 | ESE 2025: MAINS TEST SERIES MADE ERSYH

Ey
0, = tan”! (%} = tan™" é = tan"! (%) = 30°
7 0
Q.1 (c) Solution:
Given, Z, = 300 Q
Y, =0.01+;0.020
The characteristic admittance is,
Y, = LR =3333x1030
0 Z, 300

(i) The reflection coefficient at the load-end is,

Ay 19 (e (3.333x107)-(0.01+0.02)
L Zi+Zy Yy+Y; (3.333><10‘3)+(0.01+j0.02)

(<6.667x107%) - j0.02
L7 (0.013333 +0.02)
. = - 0.8462 - j0.23075
(i) Reflection coefficient at a distance of 0.2A from the load-end:
I(l) = Ie7?P

= r

= r

~j2x X021
T(0.21) = (- 0.8462 -7 0.23075) e = *

(- 0.8462 - j 0.23075) x (- 0.80902 - j0.5878)
= ['(0.2A) = 0.549 + j0.6841
(iii) Impedance at a distance of I = 0.2 A from the load-end :

20) - 7, [L(l)}

1-I(I)

R 2020 = 300] LH0549+/0.6841
1-0.549— j0.6841
= Z(0.21) = 103.042 + j611.36 Q

Q.1 (d) Solution:
Using the concept of virtual short, V_=V, =0
Apply KCL at inverting node of op-amp:
Vi, Vo W%

—t—+— = 0
R1 1/SC RF
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EZAV - “Re/Ry
‘/i (1+SCRF)
Substituting s = jo,
Vi Rrp /R
vl -
i (0CRp)” +1
Atw=0;
R
Ayl -0 = R_l
R
10 = %
R, = 10R,

From the characteristics, corner frequency (0. =10 krad/s

Since; at corner frequency, gain is reduced by 3 dB from its peak value.

From the given characteristics, AVLD: 0= 20 dB =10. Thus,

Therefore, O3 45 = L
RyC
1
10 x 10° = — ¢
Rp-(1077)
R; = 10 kQ

From equation (i), we get R, = 1kQ

Q.1 (e) Solution:

(i) Given, R, =2MQ; R, =100k; R, =2kQ; ¢ =10mS; A=0; r,=

[e e}
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Small signal equivalent model:

R
i; |
AVAVAVAV
Rl
V.
Rin
KVL in input loop:
-Vi+ (Ry + R,
= v,
= v
We have, N
Vo
Gate voltage, Vg
= Vg
Source voltage, V
Ve
Using equation (3),
Vo
Vo
Vo
= A,
Using equation (2),
i
= (N
= A

0 = &V gs

R.=2MQ

=0
[(100 x 10%) + (2 x 109)];,
= (2.1 x 109,

gmvgs R,
[ R }_ { (2x10°)
"[Ri+Rg | '] (100x10%)+(2x10°%)
0.9524V,
Vo =1R,
V- V,=09524 V-V,

(10 x 10-3) x [0.9524V, - V] x (2000)
20[0.9524V, - V,]
19.048V, - 20V,

Vo 19.048
V.

1

=0.90705

8 Ve = (10 1079) x [(2 x 1093, - (2 x 10%)i]
200004, - 20i,

i _ 20000 _g5r g
21

i

ocopyright: MMIADE ERSY

www.madeeasy.in



Test No : 3

E & T ENGINEERING | 19

To find R ;: Disable “V’, disconnect R, and connect a voltage source V_across the

load terminals.

Avmhv °
R * l=
Re Ve D 8V
= il Ix
Vx
= Rout
V=0 = V =-V,=-V,
I, = -g,V, = -g,(-V) =10 x 107V,
R, = 2= a___1000Q
out =TT (10x1070)V,

A, = (0.90705) V/V
R, = 2MQ
R, = 100 ©
A = 0-(95238)A/A
1 1;
Q.2 (a) Solution:
Given, 6=0; u=2u,; e=10s; J,=60sin(10°t-Pz)d, mA/m?
— D
@i We know, Ja = aa—t
= D = fﬁ-dt
N — . 9, ~ -3
= D = [60sin(10”t-Bz)d, x 10~ dt
~  —60x107° .
= D = Tcos(logt—[?)z)ax
D = —60x1072 cos(10”t—Pz)a,
D = —60x107"? cos(10”t—Bz)a, C/m?
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From the time-dependent Maxwell equations,

UxE =
Y
-~ D oH
Vx—= = —u—
= - h— (i)
i, a4, a,
Wecan it o, D _12 @ 2o
e Can write, c = c ax ay 8z
D, D, D,
le Ay EIZ
1 9 9 9
e ox dy 0z
~60x1072 cos(10°t—-Bz) 0 0
. 9D - 12 ox102 Cos(109t—Bz))&y}
€ 8_aZ
-~ D —60x1072B . o .
= Vx— = —sm(lO t—Bz)uy
€ €

Using equation (i),

- _%xzjdt
u 3
-12
N O = l_[{6OLOBsin(109l‘—Bz)&y}dif
w €
— —60x10712B 9 R
= ———cos(107°t-Bz)a, A/m
= H ex10° ( be)ay A
= H = —60><10_21£cos(109t—ﬁz)&y A/m
ue
(i) We know, VxH = K+E

As 6 = 0, thus the conduction current density ], = 6E =0. Thus, we get

—

= Ja

Tl

Vx
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MADE ERSYH Test No : 3
ay a4, a
ox dy Oz
H, H, H,
iy i, a,
ol K 9 9
- Ja = ox dy 0z
0 —60><10_21£C05(109t—Bz) 0
ue

I —%[—60x10_21%cos(lO%—Bz)}ﬁx

On equating with the given E ,

—d 21 P 9 .
60sin(10° ¢ —Bz)a, x10°> = g[—60><10 ECOSGO t—Pz) |a,

2
= 60x1072! B—sin(109t ~B2)a,

-3 . 9 ~
60x107 sin(10” t —Bz)a, e
gz 107
- ue 1072
-9
- B = yuex10'® :\/2x4nx10‘7x10x%x1018
T
= B = 14.907 rad/m

Q.2 (b) Solution:
(i) The circuit is as given below,

www.madeeasy.in
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On applying KVL in loop 1, we get
S12+25k 1.+ Ve = 0
12—V .
I = sk ..(i)
On applying KCL at node A, we get
Va—(-12) VAV,

50k 20kQ | B
Here, V, = V, (Base voltage). Thus,
Vpt12 Vy-Vi _
50k 20k B
V{1+1}_Vi+12_ .
5|50k " 20k 20k 50k ~ 7l (1)
Now, assume the circuit is in saturation region i.e., (Vg.).,, = 0.8 V and
(Vep)sa: =02V,
On substituting the above values in equation (i) and (ii), we get
’ _12-02
( C)sat Y
(I = 472mA ..(iii)
1 1 V. 12
d —(I = 0.8 + -—+
" Up)sa {SOk ZOk} 20k ' 50k
- - V;
- = (5.6x107°)+(24x107*) -
(Ig)ow = )+ ( )5
)., = (2 96x1074) + (iv)
B/sat ) 20k
Now, we know that the minimum base current required for transistor to be in
saturation,
o U0 _ 4.72x107°
lhwin = g 100
(Ip) i = 472 X107
Up) i = 472 1A (V)

For transistor to remain in saturation region,
(IB)sat > (IB)min

YV
—[(2-96><10 - } > 47.2 x 106

20k
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oV
—2.96x107* + -6
Sor > 47210

Vi > 47.2 x 1076 +2.96 x 10~
20k ’ ’

V,> 6864V

For given transistor to work in saturation region, input voltage must be greater
than 6.864 Volt.

(ii) Drawing the Thevenin equivalent circuit,

12V 12V

2.5kQ 25kQ

ICOl
o (o

l Vth

(<12x20k) +50kx2
Where, Vth = (20+50)k -

Ry = (20]150)k = 14.28 kQ

In the cut-off region, both the collector-base and base-emitter junctions are reverse

u

-2V

biased. Assuming the base current to be zero in the cut-off region, we have
Vg = 2+ IRy,
The reverse saturation current I -, increases with temperature and thus, V', increases.
For the transistor to be in the cut-off region, at 100°C, V. =0.7 V. For T>100°C, V.
junction is forward biased.
2+I.,R, =07
.. = 27 0.189 mA
€0~ 14.28x10°
We know that the reverse saturation current doubles for every 10°C rise in
temperature. Thus,
)
(Ico)n = (Ico)m2 10
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(100—37)
0189 mA (Ico)Tzz 10

(Ico)p = 2.4 WA
Thus at room temperature, reverse saturation current | o= 24 uA.

Q.2 (c) Solution:
(i) We know, s-parameters
Vi = SV +5pV;
Vy = SyVi +SpVy
where V] and V5 represent the incident voltage at port 1 and port 2 respectively.
And, V; and V, represent the reflected voltage at port 1 and port 2 respectively

To find S and Sy

158
Sn = vy

V2
Sn = v}

Vi=0 V=0

V; =0 = No wave isincident at port 2.

and the port 2 is matched to transmission line.

_ \/\/\/\»VI i-_--_--_--_--_--_--_--_-l \/\/\/\»‘/2_

Vlm c_>1 l |

1 ! l

5 S0 | 3800
o :
Z;, R
7 = [80]180] =40 Q
o _ Zu-Z, _40-80 -1

nT oz +7, 40480 3

Here, V1 = V1+ +V1_ =V1+(1+511)
V, = Vi=V(1+Sy)
V, 1 2
-2 _1_g.=-1--=%
STy n= 373
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As the network is symmetrical as well as reciprocal,

1
Sy = 5= 3
2
Sip = 5n 3
The s-parameters for the given two-port network is,
12
Su S| | 3 3
Sn Sp| |2 1
3 3
(i) Given, Z,=1009; [=0651 V, =2V, Z =509Q; Z;=25-j25Q
ZX
| —| - Py
Vg <~> Z, |:| Z
_ .
Z. 065\

1. The input impedance of the line:

;s -7 Z; +jZ,tanpl
in °| Z,+jZ; tanBl

25— j25+ j100 tan( 2}:‘xo.65xj
100

100 + j(25— j25) tan(z}ztxOﬁSk)

. 7 _ 100 25125+ 13764
in 100+ (25— j25)(1.3764)

(37.59 + j74.18) Q = (83.161 £63.127°) Q

= Z.

m

2. The input voltage:

Ziy .y __(37:59+]74.18)
V=0 = 7 7 78 = 3759+ j74.18+50)
m g ‘ ] ‘
= V(0) = (1.3352 + j0.56305)V = 1.45 £22.87° V

The voltage and current on the transmisison line is given as
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Q.3 (a) Solution:

()

V(x) = Vye ™ (1+I(x))

1) = e (1-T()

0

At the source (x = 0), we have
V(0) = V, - Zl(0)

Given,

<
S+
—
—_
I
ﬂ
—
=
N~—"
N—"
Il

10 = Wer-rw)

0

V(0) = V, - Z,l(0)

V, =V (1+T(x))

(VO)+Z,])=>

- | (1:45222.87°) +(100)

= [1.333 - j0.2813] V
= 1.3622 Z-11.917° V

Using Poisson’s equation,

V+ = &:l
0 2
1
P,X
Py =
V2V= __pU
€

1%
V(0)+ZO[ 8 ﬂ
+Z,
2
37.59 + j74.18+ 50

Since the device is one-dimensional (x-direction), we can write

On integrating w.r.t. x, ——

Onintegratingw.r.t.x, V

d?V._ pyx
dx? €a
dv -0 x?
S + A; where ‘A’ is constant.
dx 2¢ea
= 6# + Ax + B; where ‘B’ is constant.
ea
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We know, F=-VV
L —dV&
= E ™ g ™™
2 2
= _| 2P A LN
- |:28[1 +A x_(ZSIZ X
Given E =0 at x =0, thus
A=0
2
- PoX 4
= ——q
Therefore, E DeA
.3
= v =P 0+B
6ea
Given V =0 at x = g, thus
3
_poa
0= —2—+B
6ea
2
P4
= B =
6¢€
Thus, V= p—0(513—x3)
6ea

1
e
(=)

=

>

2¢ea
A
(i) —
Z,=50Q Z, Z, 37,=75Q

Zinl Zinz
2
For 1 transformer the input impedance is given by, Z, = i
25 _ (30 _
= ZinZ = Z = =12Q
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Zy
. . — 0
Similarly, Z,, = Z.0s
It is given that there is no reflected wave to the left of A, thus
Z., = Z,=508Q
2
= 50 = (Zol)
12
= Z, = J50x12
= Z, = <600
= Z, =245Q

ol

Q.3 (b) Solution:

Given, amplifier circuit

(i) Given, V,,=15V; K =225uA/V% V. =-3V, R,=22MQ; R,=75kQ;
R, =10k®; R,;=220kQ; A=0.015V"!
DC equivalent circuit:

Capacitors acts as open circuit for dc.
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(ii)

As the gate current is negligible, we assume I = 0. Thus we get V=0V

MOSFET acts as a amplifier in saturation region. Thus,

Ing = Ky Vee= Vo )? (1 +AV
DS = 9 (Vs = V)™ ( Ds)
: by & 2
Since AV <<1, Ips = > Ves= Vi)
225x107° 2 3

= I = f[O—(%)] =1.0125x10
= Ipe = 1.0125mA
KVL: -V, +I,sRy+ Ve =0
= Vs = Vop = Ips Rp

= 15 - (1.0125 x 1073 x 7.5 x 10°)

= 7.40625 V
As Viyg > Vg = Vi, MOSFET is in saturation region.

The Q-point = (V, 1)
= (7.40625V, 1.0125 mA)

AC analysis: As C, and C, are very large, the capacitors C; and C, are considered
as short circuit in the ac analysis. The ac equivalent circuit can thus be drawn as

below:
G D
+ +
§ Ves &m Ves §§ Rp ié Tas §§ Ry Vy
_ s ] )
i Rout
1 1
T = = =65.844 kQ

S AMps  (0.015x1.0125x1072)

Output Resistance, R, = Rp || 745 = (7.5k || 65.844k)

_ 7.5kx65.844k —6.733K0

(7.5k +65.844k)
Input Resistance, R;, = R, = 2.2 MQ
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The small-signal equivalent representation for the amplifier is as shown below:

R, =10kQ R, = 6.733kQ
+ +
V.2 Ra=Rg AV R,ZV,
vi T -22MQ o =
<
Finding A :
6
v =v-Re _y (23;2“0 ) — |=0.9955V;
8 Ri+Rg '] (10x10%)+(2.2x10%)
Vo = _gmvgs [RD [ 74 || R3]= _gmvgs [Rout I R3]
dlpg
where 8= 3y =K, (Vgs =Vrn)(1+AVps)
GS
-3
__20ps  _2x10125x107 oo o
(Ves =Vr) [0-(=3)]
= V, = -6.75 % 104 x 0.9955 V. % [(6.733 x 10%) || (220 x 10%)]

i
Q.3 (c) Solution:

(i) 1. The direction of propagation is given by poynting vector. For poynting vector
we need to find out magnetic field intensity.

Magnetic field intensity in terms of electric field intensity can be obtained from

Maxwell's equation VX E = — juwﬁ as

OE, OE, ), o0E, OE.). JoE, JE. ).
( z__yJax+( x z)ay_l_( Yy _ X]az=—j(1)M(Hxﬁx+Hyfly+Hzﬁz)

oz 9z ox o
As electric field has only y component and it varies with z only, so
dE, ,
- g a, = —](,OMH X
E = —Eoe_jﬁzﬁy

H = LEoe_jﬁzfzx = E—Oe_jﬁzfzx
Q1% Mo
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In time domain,

= 0, niEO cos(ot —Bz) A/m
0

The pointing vector is,

- - — . 1
P=ExH = [—ayEO cos(wt — Bz)]{%

E, cos(wt — Bz)&x}

£2
= % cos® (ot - Bz)d,

No

The direction of power flow in z-direction. This is also the direction of

=l

propagation of the wave.

2. The instantaneous power density

E2
P(z,t) = E(z,t)x H(z,t) = =L cos? (ot — Bz)d,
Mo

The time averaged power density is found by integrating the instantaneous

power density over one cycle of the wave (T L 2—TEJ

Q)
2
Puw(z) = —fn—cos (ot —Bz)a, dt
o 10
2T
_ 1k {1 + 1cos 2(ot — BZ)j|LAlZ dt
Tmgyl2 2
2T 2T
_ o hpdty l—oj cos2(wt — Bz)a,dt
T mog2 ° Tmgy2
_E 1 T 1E 1sin2(wi-p2)|
My T 2 Tny 2 20 0
_E,
- 4
2ng
L E3 . (1200)* ) R
Paw(z) = M a, = X377 1909.814a2, W/m

3. The power density is uniform throughout space and doesn’t depend on the
location (except for phase, which varies in z-direction).

ocopyright: [MADE ERSY www.madeeasy.in



32 | ESE2025: MAINS TEST SERIES MADE ERSYH

Thus, both the total instantaneous and time averaged power are infinite. This is
true of any plane wave.

4. The amount of power received by antenna equals the power density multiplied
by the surface area of the antenna (S).

For 2 m diameter dish, the instantaneous power received is
2, 12
[Pz, 8-S = Eond” 62 (i —B2),
4ng
where S = d?/4 in a direction perpendicular to the surface i.e. in +z-direction.
b (1200)? x m(2)>
! 4 x 377
11999.717 cos?(8m x 103t Pz)

P, = 12000 cos(8m x 103 - Bz)

The time averaged power received is

p, =

cos?(8m x 108+ — Bz)

N

t

2,12 2 2
|PaU|S=E0nd _ (1200)* x 7 x(2)

avg 819 8x 377
= 6000 W
(@ii) According to Maxwell’s third equation or Faraday’s law, we have
_ 0B
VXE = _a
We have, B = VxA (A— Magnetic vector potential)

0 = — = —0A

VxE = ——(VXA)=E=——

VxE 57 (VX A4) o

The static electric field intensity,

E, = -V V must also be added to this electric field intensity.

- —8A_§V
ot
As per Maxwell’s first equation
V-D=p
VD - eVE=eV(—%—‘?—W)=p
_§.8_A_V2V — P
ot €
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9
ot

As per Lorentz condition,

(V-A)+ V3V

V-A

Substituting this in (i),
0 ( BV)

ot ot
V3V -ue

V3V +

ot
0%V

ot?

Mmoo m|lo m|o

o2

VZV—ue

Q.4 (a) Solution:
(i)

()

The configuration of a voltage divider bias network is drawn below:

T24 \%
Inp=25mA
RiZ22MQ R,=25R.
Vo=4V
=
Using voltage divider rule, we get
Vee xR,
G~ Ri+Ry
24xR,
4 = 6
R, +(22x10%)
88 x 10° + 4R, = 24R,
20R, = 88 x 10°
R, = 44 MQ
v 2
= GS
As we have, IDQ = IDSS |:1—V—P:|
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2
10[1—‘/—‘25} %1073

25 %107 = ~
VJ0.25 = [1+%}
05x4 =4+V_
Veg = -2V
Since, Veg = Vg -Vy=-2
4-V = -2
Vo=6=Ip," R,
R, = L ° =24kQ
s Ipg  25x107° 7
and R, = 25R,
R, =25x24=6kQ
(@ii) For the given specifications, we can draw the voltage regulator as,
R, Vv,
IZ
30V < V<50V () V=20V §§RL=10009

For zener diode to be in breakdown region, V, > 20 V.

By voltage division rule, we get

z

20 <

Consider V, = Vi(min) =30V;
20(1000 + R,)

1000 + R,

RS

_ ViXRp
Ry +Rg
V; %1000
1000 + R,
thus

< 1000 x 30
< 1500

< 500 Q

Hence, we can assume R_ = 500 Q.

For V. =30V,[ =1

s min
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30-20 10

I . = =——=20mA
smin 500 500
For V. . =50V;I = L ox
poo= 2020 30 ghma
§ max 500 500
Using KCL, I =1+I
\% 20
where [ = 2=——=20mA
L R; 1000
Izm = Is max IL
= 60-20=40mA

Q4 (b) Solution:
(i) Given,c=58x10"S/m

6, =10*S/m

€ = 2.6g), L= U,
f=12GHz
a=2cm
b=1cm

The propagation constant in a rectangular waveguide with dielectric loss is given

by
. mn ¥ ()
Yy = Oy +]Bg = 7 + 7 —0UE,

where € , is the complex permittivity of the medium in the waveguide. We have,

Thus, we get

. mnz 1’11132 2 .
y = 0g+Be =4 — +7 — W UE +jOUC,

a

For TE,, mode,

o’ + U3 + jouc
o, + ]Bg = 1 72 ) d

Uo€q
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92 2
\/_(%j (2,6)+(21th)2+j271;><12><109><471:><10_7><10_4
X X

J-164230.22 +24674.011 + j9.475

= /-139556.209 + j9.475
~ 373.572./89.998°
o, + jB, ~ 0.013 + j373.572 m™!
= o, = 0.013 Np/m

(i) Given, Zg = 60Q
Z, = (60 +;60)Q
Z. = (120 - j60)Q
| Z; + jZy tan(Bl)
Input impedance, Z,, = Zq| 2t '
nput impedance, Z, | 0{ Zy +jZ; tan(Bl)

where [ is the length of the transmission line or the distance of load from the generator

(60 + j60) + j60 tan( %z)
(120 - j60) = 60

60+ j(60 + j60)tan(%zJ

(1+j)+jtan(2}ztl)
@-p= """
1+](1+])tan(71j
1+j(1+tan(2}ztl))
2-)) =
- ! 1—tan(2}ztl)+jtan(2}ztlj

= 2-2tan El +j2tan 2—nl —-j| 1-tan El +tan 2—ﬂl
A A A A
. 2ml
-1-j| 1+tan| — || =
]( + an( . D 0
= 1-tan %l +j2| tan 2—nl -1|=0
A A
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2m
=t —_
. e
" imm = 2—nl
= ZI nm = )&

A
= l §(1+4n);n=0, 1,2, 3.

Q4 (c) Solution:

(i) The 555 IC can be configured to work as an monostable multivibrator as shown

below:
[ ]
) |
=R 8 4
T 6
7 555 3——o V,
[k

1
Trigger
input

The output of the monostable multivibrator using 555 timer remains in its stable

5
i 0.01 UF

state until it gets a trigger. We have,

Stable state : Vyo=0
Quasi stable state : Vy="1" or V.-
Using the internal circuit of 555 IC, the circuit can be redrawn as below,
9
L S5k
SR ® 7

.|||j:

AAAA
yvyy
Q1
7~ w

> & @
® _
2V
R Q Power Output
Amplifier —o
‘ -
I Trigger 2

(NOT gate) ©)
@ input

I
@
[°F

0

A
W
a1
~

(:) I
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Case-I (Trigger input is not applied):

Output remain in stable state, hence
Vyo=0
AsV,=0; Q=1 = Transistor Q,is ON
Hence, capacitor discharge fully through Q, and voltage across capacitor, V.= 0.
Case-II (Trigger input is applied):
VCC

0
If trigger input is a negative spike, voltage at trigger pin becomes zero when trigger
is applied and lower comparator generates logic 1 output which causes SET input
‘S to flip flop as logic “1".
IfS=1; Q=1; Q=0 = V,=1
Hence, output changes to Quasi stable state.
WhenV,=1 = Q=0 = Transistor Q, is OFF.

Since discharge path is disconnected, therefore capacitor can’t discharge. Hence,
capacitor starts charging through resistor R.

, : 2Vec
V- increases exponentially upto 3

When V. becomes > 3CC , then upper comparator generates logic 1 output which

acts as RESET input to flip flop.
IfR=1; Q=0ie.

Q=1 =V,=0
Hence, output returns back to stable state

The output voltage and the voltage across the capacitor when trigger is applied is
as shown below:

Vs v,
Veel yd
2Vec
3 Ve Rapid discharging as it
discharges through ON
\( switch (Q,)

t=0 t=T, —=t
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Suppose at t = 0, the trigger input is applied and the capacitor starts charging
through resistance R. When capacitor is charging,

Ve = Vo(l - e /RC)

2Vec
Att=T,; VC = —3
2Vee -T,/RC
5 = Vec(1-eP/R)
2 1
¢ To/RC = 1_§=§

T, = RCIn(3) =1.1RC
It is given that T, = 1 us and C = 325 pF. Hence,
11RC = 1x10°

1x10°°
R = ————7 =3.076 kQ
325x10
(i) 1. For FWR with inductor filter, ripple factor
R; 650
= = =0.0677
"7 32 w0,L  3J2x2nx60x6
2V, 2V, Vpc
=—"—-]pcR=—"-—=-R
2.  DC Output voltage, V|- - DC - R,
R 2V,
V 1 + — = —m .o i
DC( RLJ m ®
where, R = R;w +Rf + Ripq =§+ 20+30=725Q
We have % =50 =V, =502 =70.7106 V
Putting above value in equation (i),
72.5 2x70.71
Vol 1+—| = —
DC( 650) n
Vpe(1.1115) = 45.015
45.015
= =405V
Ve 1.1115
AC output voltage is V/,s so
Vims = 1 Vpc=0.0677 x 40.5 =274V
R 72.5
. % Regulation = — x100% = —=x100=11.15%
3 % Regulation R 650

L
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Section B : Analog Circuits + Electromagnetics

Q.5 (a) Solution:

Given, f = 50MHz, r =500 km
Eys =10 uV/m
o
S 2
3x10°
(i) The wavelength, h= = — =
f 50x10
Hence, the length of the half-wave dipole is
=2 0o5m
2 2

(@ii) The electric field from the half-wave dipole antenna is given by
noloe cos(;t cos 6)
2mrsin©

Noly Cos(g cos 6)

2mrsin®

Ees =

Thus, |Eql

|Ees | 27rsin©

B I
cos| —cos0
Mo ( 2 )

10%x107° x 27t x 500 x 10° sin ~
= 2 _8333mA
1207 % cos(ncos n)
292

(iii) For % monopole,

R, =~ 3656 Q

1, 1 2 -6
= P._4= EIORrad = 5(83.33) X107 x 36.56

= 126.9 mW

(iv) For % monopole, the total input impedance is Z, = 36.5 +j21.25 Q.

. . e ZL - ZO
Reflection coefficient, ' = ————
Z; +7Z,

(Z, = Z,, in this case as antenna acts as the load)
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365+ j21.25-75
] = 0.298141 +j 0.2474
365+ j21.25+75

I' = 0.3874£140.31°

=

Standing wave ratio,
1+|0]  1+0.3874

1-1] ~ 1-0.3874

= S = 2.265

Q.5 (b) Solution:
Given, H = y?zd, +2(x + 1)yzd, —(x+1)z%4, A/m.
From Ampere’s circuital law in differential form, the conduction current density is,

>
IS

|
:D%|Q)w>
¥l

H, H, H,
a, a, a,

N 9
ox dy 0z
vz 2(x+1)yz —(x+1)2

= {%[—(x+1)22]—%[2(x+1)yz]} a, —{%[—(x+1)zz]—%[yzz}}ﬁy

+ {%[2 (x+1)yz]- %[yzzJ} a,
={0-2(x + 1)y} &, —{-2* -y*}4, +{2yz-2yz}4,
We get,
J = -2(x+1)ya, + (y2 + 22)&y A/m?
The conduction current density at point (2, 0, -1) is,
7‘( = —2(x+1)y&x+(y2+zz)fzy

2,0,-1)

A

= 2(2+1)(0), +| 0% +(-1)* ]a,

www.madeeasy.in
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—

= J = 1.04, A/m?

‘(2,0,—1)
The square loop is in xz-plane, i.e. perpendicular to the y-axis. The current enclosed by
the square loop is,

1= (17 = [](7) (v

”[—2(X+1)y ﬁx+(y2+zz)&y][aydxdz] aty=1
(

1

[+ )iz = [ ax | (102

x=0 z=0
37t 1
1 z
= . _— = 1'1+_
4
- ZA
= I 3

Q.5 (c) Solution:

Let analyse the common emitter amplifier with bypass capacitor as shown in figure

below:
] Vcc
SR 2R ¢
il oV,
RS CB l
I RL I Csh
\% = = =

where, C. = Emitter bypass capacitor
Now, Lets draw the AC equivalent circuit of the above amplifier.

In AC equivalent circuit, all the DC sources are disabled and large capacitances like
Bypass capacitor, Blocking capacitor and Coupling capacitors acts as short circuit.
Whereas, smaller capacitances like shunt capacitor C, is open circuited.
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AAAA
VWV
=
5
AAA
\AAAS
=
@]

AAAA

B Iy e e
IS -‘|— yyvy hd +
Rs s 5 =1 T
R RSV, h,V, <_> Iely e V,3Rc 3R
VS
E
’” ’ 1 .
V, = —(hplp)XRy  where Rf =[RL | Re ”h—} (i)
oe
V.=h,l,+hV, ...(id)
Using equation (i) in (ii),
V= il + Ny [_hfeIBRlL/}
V, = [l =hyehRY 1g .. (i)
From equation (i) and (iii), we get,
E _ _hfeIBR’L’
Vi (hie _hreR/L/hfe )IB
Vo _ MR |
Vi - hie _hreRlL/hfe ...(IV)
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Now, analysing the circuit without bypass capacitor,

>
>Ry

C s Lo
k. 1
Vs R, Rg ) )

The ac equivalent circuit can be drawn as below,

AAAA
AAAA
vyvvy
=
@)
=0
(@]

=0

AAAA
\AAAJ

(]

<
>Re

b R,
Rg
Vs Ry R

Using the h-parameter model of BJT, the circuit can be redrawn as,

AAAA
v
=

-
AAAA

oV

AAAA
\AAAJ

B L i c
\AAA
I + .
RS < hrevo hfelB <¢> < 1 < <
Ri[IRZ . S5 3R 2RV,
Vs Vi
(1 +hg)lp _
Loop 1 EERE
<>
= —(h 4 h Ry = ! R.||R
Vo = ~(hplg)xRy  where L—hf|| c IRy (V)

e
On applying KVL in loop 1, we get
=Vt gy + 1, Vo + Re(1+ T )y = 0
Vi - IB(hie + RE(1 + hfe)) + hreVO
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Using equation (v), we get

Using equation (v) and (vi), we get

We have,
Y

i

Vi = IB(hie +RE(1+hfe))_hre(hfeIBR,L,)

Vi = IB[hie +Rg + REhfe _hrehfeR,L,]

Yo
Vi

Yo

=~

with Bypass capacitor

_(hfeR,L,)IB

) (hie + RE + REhfe _hrehfeR/L/)IB

—h feR,L,

B hie +Rg (1 + hfe) - hrehfeR,L,

—h feR,L’

B hie - hreRih fe

where negative sign represent 180° phase shift

Yo
Vi
Vi
and _?
1
Hence,
Yo
Vi

with Bypass capacitor

without Bypass capacitor

with Bypass capacitor

hfeRf
L hie - hreR/L/hfe
I hfeRI/:
_hie + RE (1 + hfe) - hrehfeRlL/

Vo

i

without Bypass capacitor

...(vii)

The emitter resistance R provides bias stability but causes a decrease in the AC voltage

gain at higher frequencies. Thus, to enhance the voltage gain of the amplifier, R, is

bypassed by capacitor so that it acts as a short circuit for AC.

Q.5 (d) Solution:

Given,

roll-off rate

40 dB/decade — 2" order filter
2kHz, f,=4kHz

1 kQ

108 F

107 F
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Gain

/X

3 n 7

In the bandpass filter, the low pass section defines the upper cut-off frequency f, =4 kHz

and high pass section defines the cut-off frequency f, = 2 kHz.

Given, circuit (a) is second order Sallen-key low pass filter. Thus,

1
o= =5
e L
- O = SaRx10"
1
= R= 2mx4x10°x107°
= R = 3.98 kQ
Gain, K = 1+&:1+& ..(i)
R4 1000
For the given circuit,
Yo K

Vi 1-0’C?*R*+ joRC(3-K)
Comparing with the standard characteristic equation s> +2§0)ns+0)% =0, the Quality

factor can be obtained as,

_1_ 1
26 3-K
' . 1 R,
From equation (i), 6 1000
1 R,
= i 1000
\E
N = 585.79 Q

N

1
Note: If Q = Nk then maximally flat frequency response is achieved, and such circuit

is called 2 order Butterworth LPF.
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Given, circuit (b) is second order Sallen-key high pass filter. Thus,
1

- = =2kHz
h= firgme
s_ L
= 2x10° = 2nR3X10—7
R. = 1
- 37 2rx2x10°x1077
- R, = 795.775 Q
Q.5 (e) Solution:
The given circuit is a series-fed class A amplifier.
For DC analysis
___________ V18V
l:< RC =16 Q)
Ry i
| B=40

(i) On applying KVL in dotted loop, we get
Vee =07V 18-0.7

Iy = Ry 17 =1442mA
We know that,
I = Bl
I = 40 x 14.42 x 107
I = 576.8 mA
Now, Vep = V=161,
= 18 - (16 x 576.8 x 107%)
= 8.7712 Volt
Thus
Quiescent point Q(Io, Vpo) = Q(576.8 mA, 8.7712 V)
(ii) Input power, P, = V- x I,
= 18 x 576.8 x 1073
= 1038 W
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(iii) As small signal base current,

IB = 5 mA rms

Iome = Bl =40%x5=02A
Output power, Py, ., = I, xR, = (0.2)2 x 16
= 0.64 W
Bo(a.cy , 064 .
(iv) Power efficiency, %n = = x100% =——-x100=6.16%
Py 0.38
Q.6 (a) Solution:
(i) We have,
B
h AE}A Ny AAMAA
AAAZA Iz \AAA VV:V Nz _Al
J_ VVVv N4 _A2 * Vout
= Vie— 0
N5
Vyeo
Nl

For amplifier A, using the virtual short concept, node N, and N, have same
potential.

Hence, Vi = Ve =%
Similarly, for amplifier A,, the potential at node N, and N; is same, i.e.
Vs = Ve = Vi
On applying KCL at node N, and neglecting input current of op-amps, we get
Vo =Vna |, Vivo =Vins | Vivo = Vour
Ry Ry Ry
Substituting V,, =V, and V,, = V,, we get
VomVi Vo-Vns Vo —Vour

R, Rq R, Y
v H% [L+L+L}M Y r
R, Ri Ry Ry] Ry Ry

Similarly, on applying KCL at node N,
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(i)

Va0 Vna=Vns  Vna—VNo _ 0

R, R, R,
Substituting Ve = Vyand Vy, =V, we get
Vi Vi-Vns Vi-Vp 0
R, Ry Rs
M = Vl L+L+L _ﬁ (11)
Ry Ri Ry Ry| Ry
On equating equation (i) and (ii), we get
Vl i+i+i _ﬁ = _£+V2 i+i+i __VOW
Ri Ry, Ry| Ry R, Ri Ry Ry| R,

On multiplying both sides by R,R,R,, we get
V1[R2R3 + R1R3 + R1R2] 'V2R1R2 - 'V1R1R2 + Vz[R2R3 + R1R3 + R1R2] B R1R3V0ut
RiR3Voye = (Vo = V(RRy + RyRy + 2R R))
% = 1+§—?+%
Let both diodes be OFF, then V_ =5V
If V. <5V then both diodes are OFF.
50 Q v, 100Q

Therefore, current through 100 Q is zero for V. <5 V.

If V.>5V, then normal diode becomes ON and zener diode undergoes breakdown.

50 Q v,  100Q

—

Since zener diode is in breakdown region, hence V = 0 V. The current through
100 Q resistor is given by,
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I = EZOA
100

Since no current flows through the 100 Q resistor for any value of V,, hence power
dissipated in 100 Q resistor is zero.
Q.6 (b) Solution:
(i) Given,a=2cm; b=4cm; P, =2mW; f=10GHz
The dominant mode for b > a is TE;; mode.

c 3x10%

Cut-off frequency, f,, = o xan102 =3.75x10°
= for = 3.75GHz
377
We have, N = Ny = ——0 — 406.68 Q

TE 2 - 2
(fe _(3.75%10°
\/1 (f} \/1 ( 10x10° )

For TE_ A mode, the electric field in rectangular waveguide is given by

E. = ]:—zw(n—:jHo cos(—m:xjsin(%J

E = —]M—zw(ﬂ)Ho sin(mnx)cos(rmyj
ys h a a b

For TE;; mode, we have

E,,=0and [E | = E Sin(%j where E = :—?(%jHo

Thus, the average power transmitted is,

P = ji '? M{ixd
ave - Zn y
x=0y=0
a b 2
= J‘ J‘ E2 sinz(ﬂ)dxdy=EO—ub
x=0y=0 b 4an
P, 4x406.68x2x107°
2 - ave _ = 4066.8
=
ko ab 2x1072 x4x1072
= E, = 63.77 V/m
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The peak value of the magnetic field in the waveguide is,

(i) Given,
Let

i

Egh® (b
uw |
2
—) for TE,, mode
TCEO

oub
nxX63.77

21x10x10° x4mx1077 x4x1072

0.2 cos(wt —Px)a, A/m

x+y-1

X

A

a, +a

Yy
V)2 +(1) =2

Y

0 . 0 . 0
a—(x+y—1)ax +a—(x+y—1)a +£

Thus, the unit vector normal to the plane x + y = 1 is given by

The average power density is given by

=
Pave =

Vf a, +a,
‘Vf‘ V2
1 94
EnHOHx

=63.43 mA/m

(x+]/_1)az

Total power passing through a square plate of side 10 cm on plane x + y =11s,

P

t

[P s

i, +a
%nH%&x ( i ]x(Area of square plate)

V2

1 5 1
—x120mx(0.2) x| —
y ¥ 120mx(02) (JE

0.05331 = 53.31 mW

)x(lelO_z)z
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Q.6 (c) Solution:
(i)

Assuming transistor to be in saturation,

1

w 2
I = 5 HaCox (T) [Ves —Vr] (1)
2%
Given: Ve =18V, WCo (f) =2mA/V?
Ve=051, V.=1V
Applying KVL in the input loop,
Ves = 1.8 -0.51,
1.8-Vgs
= ——==2=2|18-V,
= ID 0.5 [ GS]
I, =3.6-2V_ ..(i)
Now, from equation (i) and (ii)
1 2
3.6 -2V = 5x2[Vos 1]
3.6-2Vgs = Vis+1-2V;g
V25 =26
Vs = 1.6 Volt
Hence, from equation (ii),
I, = 0.4mA
Ve =051,=02V
Now, Vp = 33-1,R,
=33-04x10
Vp=-07V

Hence, V,; =-0.7V -02V =-09V <V, - V.. Thus, the conditions for saturation

are not satisfied.

Assuming transistor is in triode region, thus

Here,

w

B0 (s -vi)vis - 5|

Mncox( >

1%
Z{VGS -V —%}VDS ...(ii)

3.3 -10I,, V¢ =0.5I,
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Vo V.
ID = 2|:VG _VS _VT _7D+75j|[VDS]

2{1.8 ~0.5Vs — —%}[3.3—10.5119]

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

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

31.35Ip —99.7512 —5.61+17.851,

—
1]

99.7513 —48.2I +5.61 =0
After solving we get,

I, = 0.28778 mA, 0.1954 mA
Case (I): I, = 01954 mA

Ve =05x1,=0.0977V

V, =33-10I,=1346 V

Vps = Vp-Ve=12483V
(Ves-Vyp) = (1.8-0.0977 -1) =0.7023 V
Vps > Vg = Vp which is not valid, as transistor is assumed to be in triode region.
Case (2): I, = 0.28778 mA
0.5 x 0.28778 = 0.14389 V
= 3.3-10I,=04222V
Vps = Vp=-Vs=027831V
(Ves—Vy) = V- Ve-V,=1.8-0.14389 -1 = 0.65611 V
As Vys < (V- V), therefore I, = 0.28778 mA is valid value for which transistor is
in triode region.
Drain voltage, V[, = 04222 V

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

< <
95
| I

change in the gate to source voltage (dV) at a constant drain to source voltage
(Vg = constant)

dlp

" Vs

at constant VDS

This value is maximum at V¢ = 0. This is denoted by g, .
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2
V.
We have, I, = Ipgs| 1- GS
Vs (off)
¢ = dp _ 2Ipss|q__Ves
"o dVes  Vesofty|  Vas(ofr)
where S 0= “Zlpss
' "0 Vs off)
Vs
= &mo|1-
S = o [ VGS(off)]

Dynamic Output Resistance : This is the ratio of change in drain to source voltage
(0Vp) 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)

dVps

u = Vs at constant I},

There is a relation between transconductance (g, ), dynamic output resistance (r,)
and amplification factor (1) given by
dVps _ 9Vps o dlp
= 0vVes oIy 0V

n= rd x gm
Q.7 (a) Solution:
(i) Given, a=2cm; b=15cm; f=10GHz t,=50nsec

The waveguide is operating in dominant mode (TE,;). The cut-off frequency of the

o el ) (2]

1 |=m
For TE,, mode, O, = E{;}

TE _,, mode is,
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3x10°m .
= 0. = 7 =15nx10%rad/s
2x10

The phase constant of the mode is,

VvV = T = —/—
& dPp 2
B
®
At10GHz, o = 21 x 10'° rad/sec
The group velocity is,

3x10°

’Z) =
§ 1.51x10"° ’
1- 10
2ntx10
— v

, = 4.536 % 108 m/s
For a delay of 50 nsec, the length of the wave guide is,
L=ot = 4.536 x 108 x 50 x 10~
= L = 22.68m
The length of the section to realize a delay of 50 nsec is 22.68 m.

(@ii) The reflection coefficient at the load is given by,

r = Mzm el
Z; + 2y
The voltage maxima occurs on the line where
2Bx, . = 2nm+0
27
2 7 Xmax = 2nm + 0
nh  OA
x = -+

max 2 E

Here, x is the distance from the load (x = 0) towards the generator. The distance
between two consecutive maxima is A /2. Further, consecutive minima and maxima
are separated by A/4.
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1. For complex inductive load (Z, = R + jX),
(R+jX)-Z,
(R+jX)+Zy

Thus, 0= tan! X —tan! X > 0.
R-Z, R+Z,

Thus, the first voltage maxima occurs for n = 0 in between 0 < x <A /4 followed
by a minima in between A/4 < x <A/2.

r= =[re”

2. For complex capacitiveload (Z, = R - jX), 0 <0. Hence, the first voltage maxima
occurs for n =1 in between A/4 < x < A/2. It means minima occurs first i.e. in
between 0 < x < A/4.

3. For pureresistive load (Z; = R), if R > Z, 0 = 0. In this case, the voltage maxima
occurs first at x = 0 followed by a voltage minima at x =A/4. If R< Z, 6 = 7,
hence the voltage maxima occurs at x = A/4 and voltage minima occurs first at
x=0.

4. For pure inductive load (Z; = jX), 6 > 0. Thus, the first voltage maxima occurs
for n =0in between 0 < x <A/4 followed by a minima in between A/4 <x <A/2.

=V,1-|I'|)=0.

5. For pure capacitive load (Z, = -jX), 0 <0. Thus, the first voltage maxima occurs

Here, |I'| =1, thus, voltage minima, V,

in between A/4 < x < A/2. It means minima occurs first i.e. in between
0 <x<A/4.Here, |I'| =1, thus, voltage minima, V_. =V, (1-[I'|) =0,

Using the above, the voltage standing wave patterns for the different types of load

impedances can be drawn as below:

14

— Complex Inductive Load (R + jX)

P A

Towards generator

— Complex capacitive load (R - jX)

P

Towards generator
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3. — Pure Resistive Load (R)
4. — Pure inductive load (+jX)
5. — Pure capacitive load (-jX)

- Vmin =
Towards generator Load

Q.7 (b) Solution:

(i) Replacing the Op-Amp with the equivalent voltage controlled voltage source model,
the given circuit can be redrawn as below,

AAA
VVVy
=

ol

AAAA

yvy
—_
5

1
v, = Vi_vo(wﬂj (1)

ocopyright: MMIADE ERSY

www.madeeasy.in



58 | ESE 2025: MAINS TEST SERIES MADE ERSYH

Assuming R, = e and neglecting the current into the terminals of op-amp, we can

write
N V, = AV, 10+1
10+1+ Ry(k )
11
= AV)| ——
- Yo g 11+0.075)
= VO = AVd 1
11.075
Vo= Vo (11.075 5
= "y (2
From equation (1) and (2),
Vo (11.075 1
= V.-V,
s
N &{11.0754_1} _ v
20000 '
V.= 0091V,
Vy=11V, (3)
L/ A,=11
vi

The given circuit is a voltage series feedback amplifier. Hence, the input impedance
increases by a factor of (1 + AB) and the output impedance decreases by a factor of
(1 + AB), where A is the voltage gain without feedback and f is the feedback factor.

Here, Feedback factor,
11
b= T0v1 11
Thus, Input Resistance with feedback,

R, = Ri(1+AB)=2M9x(1+$j

R.. = 3638.36 MQ

if
Output Resistance with feedback,
Ry 75 3
Ry = T+ 4B (1+ 20000) =0.0412 Q
11
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Q.7

(ij) The voltage to current converter in which load resistor Z, is floating (not connected
to ground) is shown in below figure. For an ideal op-amp, the voltage at inverting
and non-inverting terminal should be equal. Thus, voltage at inverting terminal,
V. =V.

Applying KCL at inverting terminal,

Z
L =L
V=0 _ -
R = ZL Iy
AVAVAVAV . -
Vin L =1 O Vout
= I, = = Vin
L R

Thus, the load current is independent of load impedance and depends only on the
input voltage. Hence, the given circuit acts as a voltage to current converter.

(c) Solution:

Given, e, = 10

Loss tangent = 102

o = 100 rad/sec
P, = 100 W/m?
o
Loss tangent, L T
WE WE(E,
= o = 1072 x wee,
1077 1
- 102 10 10 = —(S/m
102 x 101 x ——x10 = 2—(S/m)
Power density of the incident wave is,
2 2
_ B[ E]
m 2“1 2n0
where E. : Peak electric field value of incident wave.
E[
= 100 = ———
2x120m
= |E| = V100x2x1207 =274.59 V/m

The transmitted field at the surface is,

= Et = TEZ :ZLEI ...(i)
Ny +Mo
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Here, n, =mn,=1207

_ JOMg
2 O+ jwe €,

ix10" x4mx 1077

= n, = -9
i+jx101°x%x1o
T

367

n, = J14211.52.£0.573° =119.212./0.2865°
= N, = 119.21 + 0.6j Q
2(119.212
Using equation (i), IE,| = ( 2) = x(274.59)
J(119.21+120m)? + (0.6)
= IE,| = 0.4805 x 274.59 = 131.94 V/m

Since, the dielectric slab is lossy, the field amplitude reduces exponentially (e**) as a
function of distance where,

Re \/]wuo (o+ jogge, )}

RQ
Il

T

-9
]><1010><41'c><10 ( L +j><1010><&><10)
36m 36

4000 400000)
36

\/( 400000 . 4000)
Re - +7
{ 36 36

Re{\11111.67 £179.43° }
Re{105.412.789.715°}

Re{0.524337 + j 105.411}
0.524 nepers/m

U
Q
Il
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The magnitude at 10 m distance from the surface is,

E] = [E] xee
z=10m surface
= 131.94 x ¢~(0.524 x 10)
= 0.7V/m
The power density of the wave is,
2
oo B[ (0.7)?
2xRe{n,} 2xRe{(119.21+0.6j)*}
_ (0.7)? 07y
~ 2xRe{119.21-0.6j} ~ 2x119.21
= P = 2mW/m?
Q.8 (a) Solution:
Vi + @
— R,

AAAA
VVVY

\A A A B4

AAAA

AA

= @@= ® =
\/
|

A
\A A A B

AW
=
N

V, 55 @

(i) The circuit is known as instrumentation amplifier.

The circuit has two stages:
(@) Amplifier stage
(b) Ditference amplifier stage

CMRR: Common Mode Rejection Ratio = j—d

cm
In instrumentation amplifier, differential mode signal (V, - V,) is amplified by both stages
(input stage and differential amplifier stage). The first stage amplify the difference signals
(V; - V,), however does not amplify the common mode signal. Second stage (differential
amplifier stage) has common mode gain = 0. Thus, overall common mode gain (A_, ) remain
very low resulting in high CMRR for the circuit.
Thus, instrumentation amplifier provides high CMRR compared to op-amp.

www.madeeasy.in
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(ii) Due to virtual short-circuit,

V.=V,

vV, =V,
Current in ab branch,

oV

i R,
Voltage at (c), V.=V +i, R

[.- Current in the inverting terminals of op-amp is zero]

V.=V +(V1—V2)£ =V 1+£ —(Vz)£
R, Rq R,

Similarly, voltage at (d), V, = V, -i R=1V, —( V1R— Vs ]R

8
Vo1 Ry R
R R
8 8 ,
Voltage at (e), MW
KCL at pOint (1)1 V.o ‘v‘v":‘v @ >
V. —oV,
Vx_Vc+Vx_Ve =0 Va R @ >
Rl RZ ! R2
Vx Rl +R2 — %_l_l‘:_c (1) =

Rl RZ 2 1

KCL at point (2),
Ry R,
Rl RZ Rl

From equation (1) and (2),
Vo _ Ve, Ve ViV Ve
Ry Ry Ry Ry R

= v = R—l(vd ~V,) .(3)
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Putting V,and V_ in equation (3),

R, 2R
= = 1+— |(V, -V
v, Rl{ Rg]( - 11) )
(iii) Given, V,=5V, V,=505V
V,=5V
Using equation (4), 5= R 1+§ (5.05-5)
Ry R,
= 100 = R 1+§ (5
Ry R,

2R
We have, First stage gain = [1 +R—]

: Ry
Second stage gain = ==
Ry
1+ 2R
Rg
Given, Ratio = =10
Ry

10 . R,
= 1428 = o0
Rg
2R R
— =3162-1= R—=15-31
Rg 8
and B o L 1+§ =i(31.62):3.162
R, 10| Ry | 10
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Q.8 (b) Solution:

(i) Given, R4 = 280 Q
n =038
I, =5A
Iy, 5
I = —:—A
w27

The average power radiated from the antenna will be,

2
5
rad ~ IfmsXRrad = (ﬁj 280

P j—
= 3500
= P_4,=35kW
. . Rrad
Efficiency factor, n = R +R_.
280
08 = ——
- 280+ Ry,
= 0.8 (280 +R, ) = 280
= Rloss =70Q
The ohmic loss is, P = Irzms X Rjpes
2
5
= | —| x70
)
= loss = 875 W
(i) Given, P, = 100 kW
E=12mV/m
r = 20 km
2
4mr? 1E° 200
oo : U, _ AnrP. 2 m 2nr°E
1. Directive gain, G, = P /4 = P = P T
[ U®,0)=rP,.l]
2 2
2mx(20x10%) x(12x107)
= G, = [n = 120x for air]

1207t x 100 x 10°
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9.6 x 1073 = 0.0096

= G p
In decibels,
Directivity, G = 10 log,, G, = 10 log,, (0.0096) = -20.18 dB

2. Maximum power gain,

Gp = m, G, = (0.98) x (0.0096)

= Gp = 9.408 x 1073
Q.8 (c) Solution:
(i) Let the circuit is in saturation region i.e., (V). = -0.8 Vand (V) ,, =-02V
-10V
3kQ

Now, on applying KVL in input base loop, we get
(I % 500) - Vg + 7k(lp),,, -3 =0
where Ip = Tpg, + 1oy
5001, + 5001, + 7k, . = 3+ V,,
5001, + 7500I,_, = 3-0.8
5001, + 75001, = 2.2 (i)
Similarly on applying KVL in output collector loop, we get
+[.500 - Vo + 3kl -10 = 0
+5001 -, + 5001, + 3000I,, = +10 + V.
35001, + 500I,_, = 10-0.2
35001, + 500I,_, = 9.8 ..(ii)
From equation (i) and (ii), we get

Ioo, = 278 mA; I, = 0.1077 mA

sat
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The minimum current required for the transistor to be in saturation region,

e 278 mA

Calculate I, . ; Ip i = B 100 =27.8 uA
We get, Iy .. = 27.8 uA =0.0278 mA

We have, Ip.. = 0.1077 mA

As, Ipear > Ipmin

Thus, it implies the transistor is in saturation region.

Now, V,
Using KCL at the collector terminal, we get
Vo —(-10
% = 278 x 103 A
V,+10 = (3 x2.78)
V, = (3x278)-10 01077 A
V, = -1.66 Volt v I; = 2.8877 mA
As I = 0.1077 mA then, I Ve
Ve —(=3) = R, =500 Q
B 0.1077 mA
Vy+3 = 01077 x 7
Vy = -2.2461 Volt
We know that in saturation region,
Vge = -0.8 Volt
ie. Vy-V,=-08
Ve =V, +08=-22461 + 0.8 = -1.4461 Volt

(@ii) To prevent thermal runaway, the rate at which the heat is generated at the collector
junction must not exceed the rate at which the heat can be dissipated i.e.
o  dPp

< 2 ..(i)
o1, ~ T

where P is the heat generated at the collector junction.
In a steady state, in which the transistor is dissipating P, watts, the temperature

rise of the junction relative to the surrounding ambience can be expressed as follows:
T-T) =0, Pp
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Differentiating above equation w.r.t, we get

_ 9. .9
1= 6 E
ly 1
= T "o
j JA
From equation (i), to prevent themral runaway,
ob, - 1
oT; 0

J

Q000
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