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Q.1 (a) Solution:
Before closing the switch,

lclv2
2

Energy stored

%x4><122=288]

CV=4x12=48C

and Charge Q
After closing the switch,
ChargeQ = (C,+C) V
where V is the common terminal voltage.
48 = (4+2)V
V=8V

and the energy stored after closing the switch

- %cv2 = —(4+2)8%=192]

1
2
Initial stored energy was 288 ] and final energy stored is 192 J, so total 96 Joule is lost
during redistribution.
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Q.1 (b) Solution:

Given,

Area of hystersis loop on graph:
A = 32cm?
Scales: 1cm = 800 A/m and 0.6 Wb/m?
l=12m; A=8cm?; f=50Hz
(i) Energy lost per cycle per unit volume
= (Area on graph) x (H-scale) x (B-scale)
= 32 x 800 x 0.6 = 15360 J/m?
(ii) Total hysteresis energy loss per cycle
= (Volume of Magnetic Material) x (Energy density)
= Area x length x 15360 J/cycle
= 8 x 107* x 1.2 x 15360 = 14.75 ]/ cycle
(iii) Hysteresis power loss in the specimen
= (frequency) x Energy lost per cycle
= 50 x 14.75 = 737.28 Watts
(iv) If f=75Hz,
Then, hystersis power loss,

75

P %X 737.28 = 1106 watts

L

Q.1 (c) Solution:
For case-I:
Z- = (0.06 +0.02)Q2

I=1.=10A

cos 0, = 0.174 lag
V, =2V
I Ze  1,=10£-79.97° A
+ 0
CC +

T AAPAA (L)
V \AAAS °
l P.C. 25/0°V %
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= 25./0° + (0.06 +j0.02) (10£-79.97°)
Vpe = 25.30£-1.25° volts

Measured power = (Vpc 'ch*)

P

m

Real{(25.30£-1.25) (10.£79.97)} = 49.54 Watt

True power Py, Real[V, -I-] = 25x10 % 0.174 = 43.5 Watt

Pm_PT

%error = TXlOO%
T
49.54 —43.5
= ——x100 = 0
135 13.88%
For case-II:
I. Zc  1,=10£-79.97° A
+ 00
+
Aﬁ,{",v L
v 25£0°V|Q
.
VL _ 2
Ip = R, " 6250 ~0004A
I. = I; +1p = (10£-79.97° + 0.004.£0°)
I = 10£-79.94°A
Measured power, P = Real(VL 'TCC*) = Real [25 x 10£79.94°]

P = 43.64 watt
P. = 25x10x 0.174 = 43.50 watts

Pu=Pr 100 _ 43.64-43.50

% = x100 =0.32%
% error Pr 1350 0.32%
Q.1 (d) Solution:
_ . .
We know that, H. = Hyl1- T
Cc
16
Given: 1.6 x10° = Ho|1-| =
c
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4 x10°

16

40

(3]
(7))

iz [256-78.4]
TC

T?

TC

Now, 1.6 x 10°
H,

At4.2K, H,
HC

Q.1 (e) Solution:

u(t)

Slope, A
u(b)

%

0.6

296
17.205 K

1]
296

1.184 x 10° A/m

2
11.84x10° 1—(4i
296

1.113 x 10° A/m = H_at 0K

At where A is slope of ramp.

100-0
20 =50
50, 0<t<T

o 1/2
1j 2(t) dt]
— ’U .
_TO

—

|1 1/2
—j50t2 : dt}
20

L
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15

2500
6

,1/2
0}
2500 x 8
T = 57.735 Volts

T
. 1
While v = ?_([v(t)-dt
2 2
- EJ.SOt-dt:lx&
2 0 2 0
V., = 50 Volts
~F fact K—@—@—lﬁéﬂ
.. Form factor, A 50 L
For sine wave, Kf = 1.11
Hence, the meter will read less by a factor.
K¢ (sine 1.11
foine) - _ - 0.9613
K ¢ (sawtooth) 1.1547
% error = Measured - True < 100%
True
— 0.9613 -1 x 100%
1
% error = -3.87%
Q.2 (a) (i) Solution:
We know that,
Ryl B
Hall voltage is given by V|, = = dx .
where R, is Hall coefficient given by
- M
Ry, = p
where, u, = Electron mobility of aluminium

6 = Electrical conductivity of aluminium
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So,

H
Given, Ix
BZ
d

Using Hall voltage equation
Vi

Q.2 (a) (ii) Solution:

We know that, IS

Where, € : permittivity of medium

Capacitance, C =

Given, Area of plates, A

Seperation of plate, d

C

Charge stored in each plate,

Q
1. Dielectric displacement, D
2. Polarization, P

0.0012m? / V —s
3.8x107(Q—m)™
25A
0.6T
15mm=15%x102m

= -3.16 x 101! V-m/A-T

(-3.16 x 10711)(25)(0.6)
15% 1072

=-3.16 x 108V

ErEO

(6) x (8.85 x 10-12 F/m)
531 x 10" F/m
€ XA
d
6.45 x 104 m?2
2x10° m

(6.45x107%)

vET = 1711071 F
X

(5.31x1071

cv
(1.71 x 10711y x (10 V)
1.71 x 10-10C

vV (531x1071)10V)
cE=€e—= 3

d 2x10
2.66 x 107 C/m?

D—EOE

(8.85x1072)(10)
2x107°

D- & % = (266x107) -

2.66 x 107 - 4.43 x 10~
2.22 x 107 C/m?
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Q.2 (b) Solution:

* To simply the circuit, the portion left side to be base terminal of the transistor can be

replaced with it’s Thevenin’s equivalent circuit, which can be determined as follows:
BV

+5V

By applying KCL at node B, we get
5- Vi 5=V _ Vm

30 60 20
6V, = 15
Vy, = 25V
Ry = (6011301120) kQ =10 kQ

* So, the equivalent of the given circuit will be as shown below.
+10V

500 k€

5V

* By assuming that the transistor is in forward active mode, we get,

. 25-07+5 6.8 _68
B Ry +Rp(1+B) 10k+(200x100) 30
= 0.2267 mA

—~
|

o = Bl =99 x0.2267 = 22.44 mA
. = (1+B)l;=22.67 mA
Ve = 15-IR.- IR, =-0754V

V- is negative. It indicates that the initial assumption of forward active mode

—
Il

operation of transistor is wrong. Hence the transistor is working in saturation mode.

©Copyright: NADE EASY www.madeeasy.in
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e For saturation mode of operation,

Ieg = Icgsay

Ver = Vepga =02V
Viro = Vippay = 08 V
Ipg = Iy * Ing

By applying KVL in collector-emitter loop, we get,
5001 (o + 200I5 = 15 - Vg, =15-0.2
5001 (o) + 200(Igapy + Ipg) = 14.8

70010 + 200L5, = 14.8
By applying KVL in base-emitter loop, we get,
10k Iy + 200I = 7.5 - Vipy =75-0.8

1000015 + 200(I¢ (g + Ipg) = 6.7

By solving the equations (i) and (ii), we get,
Iy = 02437 mA
Ieg = Icpay =21.073 mA
Irg = Ipg * Ipy = 21.317 mA

Q.2 (c) Solution:
(i) y-x < 2ory<(x+2)isinregion-1

...(ii)

Let the surface of the plane be described by f(x, y) = (y - x - 2); the unit vector normal

to plane is given as
Vf _ By
"N N2

Magnetisation vector is
VI, = Xty = (01 —1)H;

(5-1)(-2i +6] +4k)

=
|

= —8i +24j+16k A/m

By = WwiHp = pol,1Hy

= 4nx107 x5x (=20 + 6] + 4k)

= —12.5i +37.7] +25.13k uWb/m?>
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(ii) Inregion-1, normal component of the field is

Ay, = (Hi-4,) 4,

—

s )

L

- (550

2

(—4i +4j)
Tangential component is
Hy = Hy-Hy,
= (<21 +6] +4k) - (—4i + 4j)

= (21 +2j+4k)

Ay, = Hy, = (22+2}'+4i€)

and B2n = Bln

S M 7 5, 1+ A “

H,, = EHln = E(_4Z +4j)=(-10i +10j)

Hy, = Hy +H,, = (21 +2]+4k)+ (10 +10j)
= (-8i +12j+4k)A/m

B, = woH, = pol,»Hy
= 4nx10_7x2x(—8f+12f+412)

= —20.117 +30.16] +10.05k pWb/m?

Q.3 (a) (i) Solution:
High Performance CPU design
1. High performance computer exhibit the concurrency.
Concurrency means two or more instruction execution at a time.
2. According to flynn’s classification, computer Architecture is of 4 types:

(i) SISD (Single Instruction Stream Single Data Stream microprocessor computer)

©Copyright: NADE EASY www.madeeasy.in
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(ii) SIMD (Single Instruction Stream and Multiple Data Stream microprocessor)
(iii) MISD (Multiple Instruction Stream and Single Data Stream)
(iv) MIMD (Multiple Instruction Stream and Multiple Data Stream)

Shortcuts:

CU : Control Unit

PU : Processing Unit

MU : Memory Unit

IS : Instruction Stream

DS : Data Stream

To increase the performance of CPU, concurrency is needed which depends upon CPU
and Memory organization. No relation to the Input/Output device.

In Von-Neumann Architecture:

.....eu oo memory

| IS ' units

—CU / Pg}-- :I-‘MU
IS\

(Instruction decode)  (Instruction fetch)

* No concurrency for instructions.
* Low performance hardware
* SISD Architecture
* 8085 uP, Personal Computer
SISD Architecture:

* Implemented as a uni-processor system design
Ex: 8085 uP [Von-NeuMann Computer]
8086 uP [Von-NeuMann Computer]

©Copyright: MADE EASY www.madeeasy.in
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SIMD Architecture:

CPU
S DS
PU MU
PU PS5 -MU

PU| IS
PU PS5 MU
| PU;
Mo DS
PU MU
IS

* Implemented as an Array processor system design (Vector processor)
Ex: Staran Processor, PEPE processor
MISD Architecture:

DS

* Single instrument is executed on multiple CPU with single data stream.

* This architecture contains multiple processor but only one processor is in use at
a time.

* It is not yet implemented.

©Copyright: NADE EASY www.madeeasy.in
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MIMD Architecture:
cPU
[cul2{pu 1SS MUl
CPU
U H{pulHMY
cPUl i |
’:—{CU}—I§—{P FEE%MW

IS
More than one instruction is executed at a time

Implemented as a multiprocessor system design

Ex: Cray processor, Cyber processor
Q.3 (a) (ii) Solution:

Simplified circuit for dc analysis

1MQ§

By applying KVL in the Gate source loop,

VGS + IDRS =0
Vs = —IpRs
Vg = 4701, (i)
2
V. ..
ID = IDSS( _VLI;S) ...(11)

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

©Copyright: MADE EASY www.madeeasy.in
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2
4701

I, IDSS(I_ VDJ
P

I, = 3x107°%(1-1,195.83)°

(38349.389)13 —724.99I +1 = 0

On solving the quadratic equation we obtain two roots,
I, = 174mA (rejected because I, » I¢,)
and I, = 1.5mA
By KVL in the drain source loop,
~Vpp * IpRp + Vs + IpRs = 0
Vs = Vpp = Ip(Rp + Ry)

Now calculating V[, taking,

I, = 1.5mA
Vps = 30 - (1.5 x 107) (12 x 10° + 470)
Vpg = 113V
from equation (i),
Ves = ~IpRs
= -1.5 x 1073 x 470
Ve = -0.705V

Q.3 (b) Solution:

* The given two-port network can be viewed as a combination of two individual two-
port networks with parallel connection at port-1 side and series connection at port-2
side as shown below.

Two-port ¥ , 2
Network-1 _Va
+
Vi Va
L
Two-port tyr
Network-2 < 2 5

©Copyright: NADE EASY www.madeeasy.in
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I, 8Q 6Q I, I 4Q L, I,
o—WN—FWW——o ° MWW 1:2 o
+ + + +

+
’ = ’ ” s "
Vi v (@ )10Q 3 @r W, Viv@) 5Q 3 @14V, v,
_ _ _ I, 20 _
o ° o A o
Network -1 Network -2

*  Asthe input side has parallel connection and output side has series connection, it is
convenient to calculate the overall g-parameters (inverse hybrid parameters) from
the g-parameters of individual two-port networks.

So, [g] = [81] + [82]
To determine the g-parameters of network-1:

* By applying KVL in loop (1) of network-1, we get,

v, = 8I;+10(I; +15)=18I; +10I,

I = (%)V{ —(%) I ..(0)

* By applying KVL in loop (2) of network-1, we get,

4

V, = 6I,+10(I3+15)=16I,+101;
, 1., 10 .
= 161, +10| =V; ——1I
2 (18 T 2)
, 10Y,,- (188 y
V2 = 1—8)‘/1 +(§)I2 ...(11)
* From equations (i) and (ii), we get,
&l =10 188
[ 18 18

To determine the g-parameters of network-2:

*  From the basic properties of the transformer,

’”

V, W
Vp = 7 and Ip— 21,

* By applying KVL in loop (1) of network - 2, we get,
v, = 4l +5(I +1,)=9I; +10I,

©Copyright: MADE EASY www.madeeasy.in
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. 1Y..» (10Y.~
I, = (§)V1 —(?)Iz ..(1ii)

* By applying KVL in loop (2) of network - 2, we get,
p

5(1,+11)+2(1,)-V, = 0
5(11/1" —%I§+21§)+4I§ —‘% =0

9
A EV{+(8—%+20)I§

2 9
” 10 ’” 152 ’” .
VZ = (?) Vl +(T) 12 ...(IV)
* From equations (iii) and (iv), we get,
1s W0
(o] 9 9
&1 =
10 12,
9 9

To determine the z-parameters of the overall network:

* The g-parameters of the overall network can be given by,

[g] = [g]+ (8]
1y D112y 2
|18 18 1,18 18
10 188|720 304,
[ 18 18 | L 18 18 |
(3 _30] ;
18 18 |_1 10 -10
T30 492,| 6[10 164Q]
[ 18 18 ]
*  Which can be expressed as,
v 100
Il - 6 6 (V)
Vo= 1OV1+16412 _
2= T T (Vi)
* From equation (v), we get,
Vv, = 6l +10I, ..(vii)
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* From equations (vi) and (vii), we get,

%(611 +101, )+

1641,

2

, = 101, + 441, ...(viii)
* From equations (vii) and (viii), the z-parameters of the overall network can be
expressed as,

6Q 10Q
2] =
10Q 44Q
Alternative Method:
* The standard equations of z-parameters can be given as,
Vi =zl + 200,
Vy = 2k + 2l
V;
211 = 1—1
=0 . o
» When port-2 is open circuited
V.
= 1—2
Ll =0
_h
> When port-1 is open circuited

<
+0

VS
- °
20 0A 0A
Vv, = 8 +10I =18]
Also, V, = 4l +5I, =9I

©Copyright: MADE EASY www.madeeasy.in
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So, 181 = 9],
I, = 21
I = I +I,=3I
v, = 5l,=101,
vV, = 2V, =20l
V, = 10L,+ V_ =30l
181
le = ﬁ = a =6Q
hiy_y 3l
I
Zy = % :3()[&:109
1l,=0 3 a

When port-1 is open circuited:

By applying KVL in input side loop, we get,
8I +4l +5(I +2I,)-10(I,-1)=0
271 +10I,-10I, = 0

I, =0
So, v, = =8I,+10(I,-1)=10I,
V, = 6l,+10(I,- 1)+ V =16l + 2Vp
= 16I, + 2(51 +10I, + 41,)
= 16, + 281, = 441,
Vi
le = I_ :1OQ
2l =0
V)
Zyy = T =44 Q
2l =0
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* By summarizing the results, we can express the z-parameters of the overall network

6Q 10Q
2] =
10Q 44Q

as,

Q.3 (c¢) (i) Solution:
t be arrival time of vehicles of the junction is uniformly distributed in [0, 5].
Let y be the waiting time of the junction.

0 t<?2
Then, y = |:
5—t 2<t<5
y—[0,5]
_ 1 1
fy) = T 0" %
0 5
Ey) = [y dy=[yfy)dy
—oo 0
)
1
> Waiting
time

5

oo
He3) (w—a}
{3 g

2

Q.3 (c) (ii) Solution:
Since the total probability is unity,

_Tf(x)dx =1
0
2 4 6
ij dx + J.ZK dx + j(—Kx +6K)dx =1
0 2 4
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G

K X Kx?

6
4
—| +2K|x|, +|——+6Kx | =1
[ o]
2K + 4K + (10K + 12K) = 1
(o1
-8
6 2 4 6
Mean of x = [*f(X)dx = [Kx?dx + [2Kxdx + [x(-Kx + 6K)dx
0 0 2 4
2 4 6 6
3 2 3 2
= k|2 +2k2 +|-k|2] +6k]
2 3 2
0 2 4 4
= k[ 8 )+ k(12)- k[ 122 }+ 3k (20)
3 3
= %(24):3
Q4 (a) Solution:
(i) v,
Vio_ (] 2R C
AMW—] T
“ R =20V,
R Z2 !
vy © I
Z
= Vyx——2
Viz X737,
V. = 1+& Vix#
f R, 1+2,Y,
1= (1+%Jx 11 - (V= V)
2 1+(2R+—)(—+25C)
sC J\R
1= (1+&)x 1
R,

1+2+4sCR+L+2

sCR
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1 = (1+R—1)x L T
2/ 5+ j(4wCR - )
oCR
j terms should be zero,
1
4 w,CR = ©,CR
2+
@0 = 4R2C?
1
® = 2RC
1
Jo = gmre
Given R = 1.591 kQ
and C =01uF
~ 1
Jo = X 1591 % 10° x 01 x 1079
f, = 500 Hz
(ii) Magnitude analysis:
(1+II§1)
2
1 =
5
5= 1+&
Ry
R, = 4R,
Given, R, = 2kQ
R, = 8kQ

Q4 (b) (i) Solution:
Given, A long narrow rod has an atomic density,
N =5x10%® m
Atomic polarizability, oo = 1040 F-m?
Applied axial field, E = 1 V/m
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The Lorentz internal field is given by

. E
i~ _Na
3E,
where €, = 8.854 x 10> F/m
- 1 1
i ; 5%108 %1074 1-0.188
3x8.854x 10712
E = L~123 V/m
i 0812

Q.4 (b) (ii) Solution:
Ferromagnetic materials which have wide applications in electrical engineering has a
disadvantage that they have low electrical resistivity. The laminations used for electrical
machines have resistivity of about 14 x 10-* ohm-m and the highest value obtainable in
ferromagnetic alloys is less than 10-2 ohm-m. This disadvantage of the ferromagnetic
materials limits their application in the high frequency alternating current applications,
and results in high eddy current losses and poor magnetic utilization of materials occur
in sheets even at low frequencies. Ferrites on the other hand, with useful magnetic
properties have d.c. resistivity of many orders of magnitude higher than that of Iron and
are used for frequencies upto microwave in transformer cores.
In ferrimagnetic substances, the magnetic moment of adjacent atoms are aligned in
opposite, but the moments are not equal so that there is a net magnetic moment, i.e. if the
net magnetization of magnetic sublattice is not zero, the material exhibits a net magnetic
moment, however it is less than in ferromagnetic materials. This moment disappears
above a curie temperature T, analogous to neel temperature at which thermal energy
randomizes the individual magnetic moments and the materials becomes paramagnetic.
The general electric and magnetic characteristics of ferrites are:
* Very high resistivity, generally more than 10° ohm-cm.
*  Microwave dielectric constant of the order of 10 - 12.
* Extremely low dielectric loss.
* High permeability.
* A saturation magnetization which is appreciable but noticeably smaller than that of

ferromagnetic materials and low coercive field.

* A curie temperature which varies from 100° C to several hundred °C.
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Q4 (c) (i) Solution:
The flux linking with the moving coil is given by N(A cos 6) x B

T2 . .
where A = Zd =area of moving coil
d = diameter of moving coil
0 = angle between axes of fixed and moving coils
B = flux density
N = number of turns of moving coil.
(Z )dZNB cosO
Mutul inductance, M = I
where [ is the current through the fixed or field coil.
- _ nd°NB sin O
de 4]
Deflect T, = ~Tcosolt
eflection torque, i - Rp 79
2 2
= Llcosq)nd NB sinezwcombsine
RP p
_ T(25x107%)*x500x1.1x10°x100x0.7 . o
4 %2000
- T, = 9.45x107°sin 6 Nm
(i) Given, 0 = 45°
T, = 9.45 x 107 x sin 45° = 6.69 x 10 Nm
(ii) Given, 8 = 90°
: T, = 9.45 x 107 x sin 90°
= 9.45 x 10"° Nm
Q.4 (c) (ii) Solution:
Given, count displayed = 1133

Pulses of f, are counted during 100 cycles of f,
f, = 33kHz
Let T = time for 100 cycles of f,

100 100 1
T = = = sec
f1 33000 330
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The display shows the total number of pulses of frequency f, that occurred during this
time T. Thus,

Count = f, x T
1133 = f2><L
330
f, = 1133 x 330
= 373890 Hz
= 373.89 kHz

Q.5 (a) Solution:

J' smx
x2 +2x+2

J' San
Z2 +22+2

sinz = imaginary part of e”

oo

1z
_ LPofe g

22 +22+2
0

2+J4-8 -2+2i )
z = = > =-1%+1

Poles are z2 + 2z + 2

z=-1-1
\J
Outside upper half
\J

Residueis0

-1+1
\:
inside upperhalf

elZ

Res d(z) = Iim z—-(-1+1
Rese) = O )
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ez(—1+1) e—z—l e—z—l

(L+i)—(1—i) —d+i+1l+i 2i

—i-1 ,
I=1LP.of 2ni| &— | =1Pof x(e” e
2i
= 1P of me (cos1—isin1) = —msinl
e

Q.5 (b) Solution:

The Fibonacci series is the sequence where the next number is determined as the sum of
the previous two numbers of the sequence.

C Program:

#include<stdio.h>

int main ()

{

unsigned int fib[100]; / /Use integer array to store the fibonacci numbers
fib[0] = 1;

fib[1]=1;

for (inti=2;1 <100; i++)

{

fib[i] = fib[i - 1] + fib[i - 2]; / /Generate first 100 Fibonacci numbers.
}

for (inti=0; 1< 100; i++)

{

printf (“%d\n”, fib[i]); / /Print the first 100 Fibonacci numbers

}

return 0;

}
Q.5 (c) Solution:

Wiedemann-Franz Lorenz law states that in metals the ratio of heat conductivity k to
electrical conductivity ¢ at a constant temperature is same,

k
ie. — = constant
c

©Copyright: MADE EASY www.madeeasy.in



MADE EASY Test No : 14 ELECTRICAL ENGINEERING | 35

Where, k = heat conductivity at a temperature t °C.

6 = electrical conductivity at a temperature ¢ °C.

k ,
Also, P LT ..(i)

Where T is absolute temperature and L is Lorenz number
At 273 K,

Diameter = 4 cm = 0.04 m

Thickness = 20 mm =20 x 10 m
Resistivity, p = 70 x 10~ Q-m
Heat transported = P=12W
Using equation (i),
k
— =LT
c
or k=ocLT
LT — 2.23x10° x273
So, k= —— = 22X X0 86.97 Wm! K-
P 70x10
by heat conduction formula,
(i)
i) _yfar)
A Ax
Power transmitted = thermal conductivity x Temperature gradient
L k(A_T)
A t
AT = LF
Ak
P = Heat transported,
t = length of disc
A = disk area,
k = thermal conductivity
-3
AT = 12 x 20 x 10 — 9196 K

Tx4x107* x 86.97
. Drop in temperature is 2.196 K
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Q.5 (d) Solution:

Energy consumed in one minute with rated current and 0.8 p.f. lagging

= 240><10><0.8><%>< 107 =0.032 kWh

..Revolution made in one minute = 0.032 x 600 = 19.2

Speed of disc = 19.2 rpm

When lag adjustment is altered: Steady speed N = KVI sin (A - ¢)

If the lag adjustment is correctly done A = 90°

Under this condition, steady speed N = KVI sin (90° - ¢) = KVI cos ¢

. Error introduced because of incorrect lag adjustment

~ KVI[sin(A —¢) —cos 0]

%100
KVIcos¢
_ SIn(A=0)=cosd 4 percent
a cos 0

We have, A = 86°
(i) Atunityp.f.¢=0

sin(86°—0°) -1

Error

(i) AtO0.5 p.f.lagging, ¢ = 60°
sin(86° — 60) — cos 60°

%100 =-0.24%

Error = x100=-12.3%
cos60°
Q.5 (e) Solution:
AC equivalent hybrid parameter circuit,
I/ e 1,
AvAvAvAv o +
" I
1kQ ! N 0 L
eV, hV i I 247k
VS
[ O o .
L
zZ! Zi‘ =
Iy
(i) Current gain, A=
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1
hel; X —— 1101, x %
_ hoe  _ 20 x 10
=73 =71 ;
SHATKQ o+ (47 %10%)
Ho 20 x 10

IO
A; = 7 =100.548

(ii) Input impedance Z,:
By applying KVL in the base emitter loop,
Vit L+ h,Vy =0

V.= (1.6 x 10%)[. + (2 x 107%) (I, x 4.7 x 10%)
= (1.6 x 10%)[. - (2 x 10%) (AL, x 4.7 x 10%)
Z,= 7 =15k
(i) Voltage gain (A,):
Vo —Ipx47x10° -LA x47x10°
vy, v T
—A, x4.7x10°  -100.548 x 4.7 x 10°
Av = Z, 15x10° =315

Q.6 (a) Solution:
Given, Y =80 GPa and p = 2.65 g/cm? = 2650 kg/m?.

So, the velocity of ultrasonic wave will be,

Y _ | 80x10”Pa .
2= \p "\ 2650kg/m> ~ OAAm/s
For fundamental mode, n=
For f=1kHz:
v 5494

The length of quartz crystal at 1 kHz for the fundamental mode is,

L= n(lk)=&22.75m
2 2

©Copyright: NADE EASY www.madeeasy.in



38 | ESE 2026 : MAINS TEST SERIES MADE ERSYH

For f’ =1 MHz:

v _ 5494

A o= 7— 10° m =5494 mm

L’ n(lk) = A ~2.75 mm
2 2

From the values of L and L’, it can be observed that,

*  When fis small, a huge crystal is required which is impractical. As f increases, the
crystal dimensions will be reduced to practically possible values.

* Increasing the value of n also increases the size of the quartz crystal.

Q.6 (b) (i) Solution:

. dy
Given, el x(y - x), X, = 2,
Yo = 3, h =02,
y(2.4) = to be calculate

Formulaa to be used for Ranga-Kutta 4" order:

Y +%[K1 +2K, +2K;5 + K, ]

Yier T
Where, K, = hf(x.,v)
h Ky
K2 = hf[xi +E,yi +7:|

~
[

h K
3 hfl:xi+5,yi+72:|

4 = hf(x;+hy, + Ky

~
I

First iteration:

h=02 x,=2, y,=3
K, =022%x(3-2)]=04
K, = 0.2[2.1 % (3.2 -2.1)] = 0.462
K, = 0.2[2.1 x (3.231 - 2.1)] = 0.4750
K, = 0.2[2.2 x (3.475 - 2.2)] = 0.5610

Now, y22) = 3+ %[0.4 +2x0.462 +2x0.4750 + 0.5610]

3.4725
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I'I'IFIDE EnSH Test No : 14
Second iteration:
y(2.2) = 3.4750;
K, =02x[22x
K, =02x[23x
K, =02x[23x
K, =02x[24x

x, =22
3.4750 - 2.2)] = 0.56
3.755 - 2.3)] = 0.6693
3.8071 - 2.3)] = 0.6932
4.1657 - 2.4)] = 0.8475

o~ o~ o~ o~

y(2.4) = 34725+ %[0.56 +2x0.6693 +2x0.6932 + 0.8475]

= 4.1612
Q.6 (b) (ii) Solution:
Since, I f(x)dx =1,
We have a j e Mgy = ZaJ.e_zxdx = ZaX% =a=1
—eo 0
Mean = _[ xe 2y =0 (Integrand is an odd function)
Hence, Variance = J. e Wgy = j x2 e dx
202 2 2T g
— 2 p— — —
2 4 2
0
Q.6 (c) Solution:
(i) Given, I = 12£0°A
P = 1800 W
Rl Xl
e
I . [=12A
I
e 200

® 200v

C\D 10Q

Since the voltmeter reads 200 V
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200

Thus, Z,| = e 16.667 Q
where |Z2‘ = JR% +X§
- 16.667 = /(10)% + X3
- (16.667)> = 100+ X3
= X, = 13.33375 Q
We have, V, = I1Z,=(12£0° x (10 + j13.33375)
= (12£0°) x (16.667.£53.131°) = 200£53.131° V
Also, P = VIcos ¢
1800 = 200 x 12 x cos ¢
= cosd = 0.75
= o = 4141°

Applied voltage, V, = 200£41.41°V

Voltage across parallel branches

(200.£41.41°) - (200.£53.131°)
40.843£-42.73°V

Current through capacitor,

L 40.843/ —42.73° 04D £ 47970 A
c 20/-90° 7 '

Current through R, and X,

(12£0° - 2.042 £47.27°) =10.72 £-8.043° A

40.843 ./ —42.73°
1 10.72/-8.043°
3.81 £ -34.687° Q = (3.133 - j2.1682) Q

3.133 Q
2.1682 Q

< A
o

(ii) For drawing the oriented graph,

1.

2
3.
4

replace all resistors, inductors and capacitors by line segments.

. replace voltage source by short circuit and current source by an open circuit,

assume directions of branch currents arbitrarily, and

. number the nodes and branches.
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1 (4) 2
(1) )
©)
3

Complete Incidence Matrix (A ):

Nodes l ]iranczhes 3—;
-1 1 0 -1
o 0 1 1
1 -1 -1 0
1 1 0 -1
A, = 0 1 1
|1 -1 -1 0
Eliminating the third row from the matrix A , we get the reduced incidence matrix A.
(-1 1 0 -1
A=10o 01 1 ]

To write the Tieset and f-cutset matrix, assume the tree with branches 2 and 4 as

twigs and branches 1 and 3 as links.

Tieset Matrix (B):

A tie-set is a closed path in a graph containing one link and remaining branches are
twigs. The number of tie-sets is equal to the number of links in the graph.

1 (4) 2
, - - Twigs : {2, 4}
1) 4’/ @) L Links : {1, 3}
) Tieset 1: {1, 2}
|7 Tieset 3 : {3, 2, 4}
3
1 2 3 4

B_11100
B -1

3
f-cutset matrix (Q):

0 -1 1

A cut-set is the smallest set of branches in a connected graph that, when removed,
separates the graph into two sub-graphs. A fundamental cut-set of a graph with
respect to a tree is a cut-set formed by one and only one twig and a set of links.
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(4)

)

M4

P

f-cutset 2

Q.7 (a) Solution:

(=
e

P 7 f-cutset 4
“3)
f-cutset 2: {2, 1, 3}
f-cutset 4: {4, 3}
1 2 3 4
21-1 1 1 0
410 0 1 1

For t <0, given circuit is source-free RLC circuit.

= i(0) = 0A
v(0) = 0V
At t=0":Since the inductor current and capacitor voltage cannot change instantaneously,
i(0") = i(0)=0A e
) = i) W T Lo
v(0") = v(0)=0V ‘
1V (<
We have, 0,0 =1V C_) s
4i(0*) o (oY) 1
— i = L1 =1A/s
For t 2 0: The s-domain equivalent of the given circuit is,
2Q s Q
AV‘V‘V‘V ’m
+ —_
Vi (s)
13 L2
HO) /3 Ve =50

Apply KVL around the loop,

—%+(2+s+%)l(s)

I(s)
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1
- 1 = s*+25+2
Ve = Zxi(e)=2xo LA, BstC
S S §°+2s+2 s sT+2s+2
= 2 = A(?+2s+2)+ (Bs+ CO)s
On comparing the coefficients of ‘s*
0=A+B (1)
On comparing the coefficients of ‘s'’
0 =2A+C ..(ii)
On comparing the coefficients of ‘s”
2 =2A
= A =1
From equation (i), B = -1
From equation (ii), c=-2
1 (s+2) 1 (s+1) 1

V) = ———5———== -
) s 242542 s (s+1)2+1 (s+1)2+1

Take inverse Laplace transform on both sides,

o(t) = u(t)-etcostu(t)-etsintult)
= v(f) = 1-etcost-etsint; t>0
do(t)

Tl -[e7!(- sin t) - 7' cos t] - [e7(cos t) - e sin ]
= etsint+efcost-etcost+elsint
= 2¢tsint

d*v(t) _
P 2[etcos t - et sin t]
Att=0":
d*v(0") )
T = 2[1—0] =2V/S

For the given RLC-circuit, R=2Q,L=1H, C= %F The roots of the characteristic

equation are given by
s = —oci\/ocz —o)%

ocopyright: [MADE EASY www.madeeasy.in




A4 | ESE 2026 : MAINS TEST SERIES MADE EASY

R 2
where O = —=——=
2L 2x1
1 1
and ®, = = =2 =1414
o JLC \/ 1
1XE

As o < o, poles are complex conjugates with negative real parts. Thus, the circuit is
underdamped.

Q.7 (b) (i) Solution:

The characteristic equation of A is

1-» 4
2 3-x "0
A2 -41-5=0
By Cayley-Hamilton theorem, A must satisfy its characteristic equation, so that
A2-4A-51 =0 .. (i)
(1 4][1 4 (1 4 10
AZ-4A -5] = -4 -5
2 32 3 2 3 01
]9 16 416—50—0
|8 17] |8 12 |0 5]
This verifies the theorem,
Multiplying (ii) by A,
We get A-4[-5A"1=0
e %(A _41)

S EER

1{-3 4
B E[ 2 —1]
Now dividing the polynomial
A° - 4\ - 703 + 11A% - A - 101 by the polynomial A? - 4\ - 5, we obtain
25— AA TN~ A -101 = (A2 - 4% -5) (A2 =20 +3) + L +5

www.madeeasy.in
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Hence,
AS - 4A* - T7A3 +11A%2-A-10] = A +5I]
Which is linear polynomial in A.
Q.7 (b) (ii) Solution:

The characteristic equation of A is given by

3-% 1 -1
|A—M\ =2 1-1 2
0 1 2-A
=M -6A2+11A-6=0
A=1273

Since the matrix A has three distinct eigen values, it has three linearly independent eigen

vectors and hence it is diagonalizable.

The eigen vector corresponding to the eigen value A = 1 is the solution of the system

(A-Dx =

X, =

The solution, 1

[2 1 -1][x ] [0
2 0 2| x|[=]|0
|0 1 1|x3] |O
[ 1
-1
1

The eigen vector corresponding to the eigen value A = 2 is the solution of the system

(A-2DX =

X. =

The solution, )

(1 1 -1][x;] [0
2 -1 2| x|=|0
|0 1 0 |[x3] |O
1
1

The eigen vector corresponding to the eigen value A = 3 is the solution of the system,

(A-3DX =

0 1 -1[x] [0
2 =2 2 |[x =0
0 1 -1fx3| |0
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0
The solution, X, = |1
1

Hence, the modal matrix is given by

P=1[X; X, X;]

1 10

_|-1 01

|1 11
(-1 -1 1
and pt=12 1 -1
-1 0 1

It can be verified that,
P1AP = diag(1, 2, 3)
We have, D = diag (1,2, 3)
D? = diag (1,4, 9)
A?+5A + 3] = P(D?+ 5D + 3[)P!

(1 0 0 5 0 0 3
Now, D2+5D+3/=10 4 O(+(0 10 O [+]|O0
[0 0 9 0 0 15| (O

0 0 9 0 O
3 0[=(0 17 O
0 3 0 0 27

(1 1 0][9 0 Of-1 -1 1 25 8 8
-1 0 1)0 17 0|2 1 -1|=(-18 9 18
|0 1 1J{0 0 27)-1 0 1 -2 8 19

A2+5A+3] =

Q.7 (c) Solution:
(i) Digital Voltmeter (DVM):

* A digital voltmeter (DVM) displays the value of AC or DC voltage being
measured directly as discrete numerals in the decimal number system.

* Numerical readout is advantageous in many applications because it reduces
human reading and interpolations because errors and eliminates parallax errors.

* The use of digital voltmeters increase the speed with which reading can be
taken, also the output of digital voltmeter can be fed to memory devices for
storage and future computations.
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* A digital voltmeter is a versatile and accurate voltmeter which has many
laboratory applications.

Types of DVMs:

(i) Ramp type DVM. (ii) Integrating type DVM. (iii) Potentiometric type DVM.
(iv) Successive approximation type DVM. (v) Continuous type DVM.

Basic Function:

In every case the basic function that is performed is an analog to digital (A/D)
conversion.

For example a voltage value may be changed to a proportional time interval, which
starts and stops a clock oscillator. In turn the oscillator output is applied to an
electronic counter which is provide with a read out in terms of voltage values.

Ramp Type Digital Voltmeter:

*  When an analog voltage of ramp type is applied to the ramp type digital voltmeter
it measure the time interval with an electronic time interval counter and count is
displayed as a number of digits on electronic indicating tubes of the output read
out of the voltmeter.

*  Block diagram of ramp type DVM is shown on figure below:

Input

o——| Ranging
voltage and
-|_—' attenuator
= Start pulse
Clock Read out
oscillator Gate Counter oeg oog
Stop
ulse
Ramp P
Gen. +
Ground
= comparator
Sample
Rate MV

*  The conversion of a voltage value of a time interval is as shown in figure below:
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Start of measurement

+12V L T
N/ Coincidence
Unknown! i
voltage !
. BE t
| Voltage —— Time
i » ramp

T v R

£_
]

RN S

Gating time
interval

Clock
Pulses

(Timing diagram showing voltage to time conversion)

*  The decimal number as indicated by the read out is a measure of the value of input
voltage.

*  Thesample rate multivibrator determines the rate at which the measurement cycles
are indicated.

*  The sample rate circuit provides an indicating pulse for the ramp generator to start its
next ramp voltage.

e At the same time it sends a pulse to the counter which sets all of them to 0. This
momentarily removes the digital display of the readout.

(ii) Controlling torque at full scale deflection
T. = 240 x 10-° N-m
Deflecting torque at full scale deflection
T,= NBIldI
100 x 1 x 40 x 1072 x 30 x 103 I
120 x 103 I N-m

At final steady state position,
T,=T,
or 120 x 1031 = 240 x 10°°
.. Current at full scale deflection, I
=2x103A=2mA

Let the resistance of the voltmeter circuit be R

. Voltage across the instrument = 2 x 10 R

This produces a deflection of 100 division
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Volts per division = 2 x 10~ R/100
This value should be equal to 1 in order to get 1 volt per division
2x10° R/100 = 1

or R = 50000 Q =50 kQ
Q.8 (a) Solution:
Given, yd1) =1
and y2) = 2
The given differential equation is Cauchy’s homogenous linear equation so,
Putting, x = ¢t
ie. t = logx ()

the given equation becomes,
[D(ID-1)+D+1]y = #sint

= [D?+1]y = #sint
Now complete solution (CS) of this differential equation,
CS= CF+PI ..(ii)

Where complementary function CF is solved using auxiliary equation,
ie. D?+1=0

AE m?>+1=0
m= *i
= CF = C,cost+C,sint ..(iif)
And P.L
PIL = ;tzsint = —tz(IP of e”)
T D+1 D*+1
Where, L.P. stands for imaginary part,
= P.IL = IP.of ¢" -%tz
(D+i)"+1
it T p
P.I = IP.ofe 271}
D* +2iD
PI = LP.ofe"- ! t?

2i

-1
I.P.ofl_-eit-l- 1—2 t2
21 D 2

2iD(1 + 2)

P.I
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. . 2
P.L I.P.ofl,~e”~l~ 1+2+(2) +o|F?
D 2 2

2i

. 2
Pl = I.P.ofl,-e”-l t2+i-2t—(1)
2i D 2 4
Pl = LP.of—-¢

1, R
2i D\ 2
PL = LP ofl-etj.(t +1t——)dt
A T M * 2. 2

3 2
P = I.P.ofl,-elt[t—+i_£:|

P1 = IPof e if3+t i
6 4 4

.3 .3
PI. = LP.of (cost+isint) Z—t+t—+E
6 4 4

) era Esing .
= PL = | =g Fg|eosttsm (i)
Using (ii), (iii) and (iv),

2
CS. = C cost+C2smt+(i Jcost+zsmt

Now using equation (i),

y = C, cos(logx) + C, sin(log x) + [logx 10% x]cos (logx) + 8 x sin(log x)

Now, y(1) = C,cos (0) + C,sin (0) +0.cos (0) +0.sin (0) =1

= c, =1 (V)
and y(2) = 1-cos(log?2)+ C,sin(log2)+ [10%2 10g6 2]cos(log 2)

= y(2) = 1.029+ C, - 0.2965 = 2

= 0.2965 C, = 0.971
3.27847 = 3.275

= C,
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= Complete solution,

2

3
y = coslogx + 3.275sin(log x) + (10% - longJ cos(logx) + Ioi al sin(log x)

Q.8 (b) (i) Solution:
Consider the projection of S on the x-y plane

The projection is the circular region, x? + y> <16, z = 0 and the bounding curve C is circle
z=0,x>+1y2=16

We have,
CJSCV dr = cﬁc(3x — y)dx — 2yz*dy - 2y zdz
= 9Sc (Bx —y)dx
Since, z =0,
Setting, x =4cos6,y=4sin0, we obtain
§.(Gx-y)dx = [*"4(3cos0sin6)(~4sin6)do
C 0
_ —16]2“[§sm 20-L(1-cos 29)] d6
0 [2 2
= 16(1)271: =16n
2
a, 1, a,
Now, VxV = i i i
ox dy 0z
3x -y —2y22 -2y°z
= (—4yz+4yz)a, — O&y +1a, =14,
2(xay + ya, + za,) A . .
_ =—(xa, +ya, +za,)
" 2\/x2 + y2 + 27 ! ! )
(VxV)-n = i
z zdxdy ¢ oz dxdy
Therefore, HS(VXV) ndA = IISZ B IRZ n-K -UR 4(z/4)
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Which is the area of the circular region in the x-y plane. Hence, Stoke's theorem is proved.

Q.8 (b) (ii) Solution:

= ﬂR dxdy =16n

The formula for the Modified Euler-Cauchy method is given by

yn+1

Ky

K,

We have the following results,

Q.8 (c) (i) Solution:

Given:

B,

I
Es

out, max

£

= yn + K2
= hflx,,y,),
h k
=h +=,y, +—-
f(xn > Yn 2)
=0, x,=1, Yo =2, h=0.2
= (3, yp) = 02A(1,2) = 1

hf(xo + g Yo + %Kl ) = 0.2f(1.1, 2.5) = 1.492

=Y, =Yt K, = 3.492
=1,
=12, y,=3492

hf (x,, yy) = 0.2/(1.2, 3.492) = 2.7268

r]/1+&

h
h +—
f(x1 2 )

) = 0.2(1.3, 4.8554) = 5.0530

= yz
y; + K, =3.492 + 5.0530 = 8.545

99; B, =49

1OIEsz =5x10"10 A
02V

25 mV

For the maximum output voltage,

ICZ(max) =

V

out, max _ 0.2

=—% =04m
Re 05K

A
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_ Br+1 ) 50
IEz(max) - ICZ(max)( Bz =04 E
I Ep(max) = 0.408 mA
To calculate VBE2
VEB

For pnp transistor, I = I e I We get,

IEz
VEBz(max) - VT In IE
52
0.408x107
VEBz(max) = OOZSID[WJ = 0743 V

VB
From the circuit, it is clear that I = I} . For the npn transistor, I = I e I Thus
2 1 7 LE s ’

Ig
e 2]

-3
= 0.025In % =0.685 V
5x10
Thus, the maximum input voltage that can be applied to the circuit is given by
Vin(max) = VBEl (max) +VEB2 (max)
= (0.512 + 0.685
= 1428V
Q.8 (¢) (ii) Solution:
Vi
As each diode is identical. So, the voltage across each diode is V|, = ?0.
Vb
Diode current, [ = Le"r
V,/3 14 [ 2/3
For V,=2V, I = 072 | =10""e =3.81 mA
or V, Isf{ v ] (0.025 m
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If a current of 1 mA is drawn away from the output terminals by a load, let’s say now the
changed voltage across each diode is AV =V, - V,

I=378 mA
VO
l —1mA
2.81 mA
I V2-"1)/3
We can write, 1—2 = ¢ 0025
1
(V2-2)/3
281 _ e 0025
3.81
V, = 2+0.075In(0.73)
On solving, we get V, = 1976 V
Thus, AV = V,-2=1976-2
= -0.024 = -24 mV
Q000
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