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Q.1 (a) Solution:
The h-parameters of a two-port network are given by
Vi = hyly + hyV,
L = hyly, + hy,Vy

To calculate h,; and h,,, we put V, = 0. Thus, the circuit can be drawn as:

L A I,
WW
‘ 20 kQ
v, 501,
1
I —— and h,, =
11 11v,=0 1lv,=0
From the circuit, V, = 20kQ) - I,
. no= Yioko

11
To find I,, applying KCL at node A,
I, +50I,+1,=0
= I, = =511,
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12 —
= h21 = Z——Sl

To calculate h,, and h,,, we put I, =0

L=0 L
+0 MWW o+
20 kQ
Vi z o.cC 200 kQ §§ Vs
-0 O —
V I
h,, = - andh,=-%
12 21=0 21=0
For I, = 0, the current source acts as open-circuit
We have, V, = (200k) ‘1,
I, 1 P
- 2=_— _=5x1
= Iy = v, =500k 2100
Since I, = 0, there is no voltage drop across 20 kQ resistance.
%
Hence, hy, = 71:1
2
Hence, the h-parameters are given by
20x10° 1
=1 51 sx10%
Q.1 (b) Solution:
oo _ 2 _
Given signal, x(t) = Z et n)”(Zt —1)
N=—oo0
For x(t) to be periodic,
x(t+T) = x(f)
Therefore, x(t+T) = z e_[z(t+T)_”]u[2(t+T) —n]
=—o0
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= e~ (2T (04 4 2T — 1)

Nn=—oo
Let 2T-n = -m (m is an integer)
asn =-oco= m = —oo
Nn=oc0= m = oo
Therefore, x(t+T) = ), e~ My (2t — m)
M=—o0
= x(t)
Thus, x(t) is periodic if
2T -n = -m
po o
S22
Fundamental time period, T = o sec
(as least possible meaningful value of n - m is 1).
Now for power,
1, t-n)>0—t>_
ut-n) = 2

0, otherwise

1
To determine x(t) over the interval 0 < t < 5 n=0,-1,-2, ... Therefore, we have

0
1
= —(2t-n) << =
x(t) _24 e ,0<t >
1N=—oo
0 oo
— e—2t 2 e = e—2t z (e—l )1’1
Nn=—oo n=0
-2t
e 1
)= ——,0<t< —
x(t) 1— o1 >
Average power contained in x(t) is given by
T o2 P
1 2 e
P(x) = —||x(t)| dt=2 dt
® = 7]k g[l_e_l]
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1/2
3 2 1/2 4t g, 2 e—4t‘
= _12je dt = _12><4
(1-ehy? 3 (1-e 12 - \O
2 e
o (1-e? |4 4
1 (1-¢?) 1(1-eHA+e™)
= 5% 12 5 122
2 (1-¢e7) 2 (1-¢)
1 (e+1) .
= = Unit
2 (e-1) nits

Q.1 (c) Solution:

As we know, diode current equation is,

I = IO(EVD/nVT -1)

Case-1:
When, VD1 =04V

I, = 10mA
= 10 x 103 = 10(60.4/n><0.026 _1)

1<< e04/n x 0.026
= 10 x 103 = IO (615.385/1]) (1)
Case-2:
When, Vb, = 042V

I, = 2
= 2x10 %103 = Io(e0.42/n x 0.026 _ 1)

1<< 042/m x 0.026
= 2x10 %103 = Io(e16.153/n) (11)
Dividing equation (i) by (ii),

1 £15:385/m

2 = I6153/m

16.153 15.385
= +In2
n n
Solving, n = 1.1079
Using this value in equation (2),
2x10 %103 = IO (616‘153/1.1079)

= I, = 9.312nA

ocopvion: MADE ERSY
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Q.1 (d) Solution:

(1+y?)dx = (tan"'y - x) dy
dx tan~! y—x
dy 1ty
dx x tan”'y

—+
dy 1+y2 1+y2

This is a linear differential equation

1
dy .
IF. = efl+y2 — etan 1y
~ -1
X - etan_ly = J‘etan 1ym72ydy +c
1+y
Put, tan'y = tonRH.S.
1
So that, dy = dt
2
1+y
_ -1
XY = Iet tdt+c=t-el—el+c=e" y(tan_ly‘l)"‘c
x = (tan_1 y- 1) feettan Ty
Q.1 (e) (i) Solution:
aZ

A

d,

VNG

Im
X
Im P
Im

The potential due to linear charge distribution,
1

1
V = ;J‘p—LdLV _PL (24
47'560 r 41[60 _17’
_ 1
100 1
where, r= 72 12 —~ | —dz
10 r
4rx ——-1
36m
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0.9[ln(z+ V22 +x2 )L = 0.9x2In[1++2]

V=159V
Q.1 (e) (ii) Solution:
Given, V.=10V, Z,=50Q
Z, = 200Q

1. The reflection coefficient,

Zy -7y 200-50 3
W= 7, +Z, 200+50 5

2. The reflection coefficient is equal to the ratio of the reflected voltage to the input

voltage at load,
VT'
ie., n = VZ

1%

T

uxvi=%><1o =6V

3. Let P, be the power incident, percentage of incident power transmitted,
p T= p i [1 - Hz]

1l
| E—
—_
I
N\
a1l W
\—/I\)
—_
Il

s
25
P. = 0.64P,

. 64% of the incident power is transmitted.
Q.2 (a) Solution:

¥y

2
bz

x2
For the ellipse —*
a

=
I
I+
—
I
‘ =

a
y = i%\/az —x?

.. The region of integration can be expressed as

©Copyright: NADE EASY www.madeeasy.in
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HIY

X=-a. x=a

b o > b > 5
-4 < x<aand —— llz—xz Sys<-— 112—x2
a a

ﬂ(x + y)2 dxdy = H(xz + y2 + 2xy)dx dy

a b/a\/az—xz
= J. J. (x? + y? + 2xy)dx dy

~4 (—p/apWa®-x*

a b/a\/aZ—x2 a b/a\/aZ—x2
_ J. j (x% + y?)dx dy + _[ j 2xy dy dx
=0 (=b/apa®—x* =0 (=b/aya®—x*
a b/ava®—x?
= J j 2(x? +y2)dy dx +0
—-a 0

[Since (x? + 1) is an even function of i and 2xy is an odd function of y]

(E 22

a 3\ 2

= _[ [2(x2y + %J] dx
Za 0

a 3

= ZI[xz XE\/aZ —x? +%b—3(a2 —x2)3/2:|dx
a a

—a

a 3
= 4_[ ExZ\/uz—x2 +b—3(az—x2)3/2 dx
ol 4 3a
On putting x = a sin 0 and dx = a cos 0 d0

/2 3

= 4J. E-azsinze-acose+b—3a3cos39}<acoseale
a 3a
0

/2 ab>
=4 J. 2°bsin? 0cos® 0 + 7cos4 0 |d6

0

©Copyright: [MADE EASY www.madeeasy.in
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3
a3b11n+ab 3 1m

= 4|y = =. 2y 222

4 22 3 422

= (@b +ab®) = —ab(a® +b*)
Q.2 (b) Solution:
Given circuit,

3Q
e/ —
SOV a3

Figllre 1
Nodes 1 and 2 as well as nodes 3 and 4 form supernode
We apply KCL to the two supernodes shown in below figure.
At supernode 1 - 2,
i, +10 = i, +1,
Expressing this in terms of the node voltages,

Vi-V, _ - v
G +10 3 5
or 5V, + V,- V, -2V, = 60 (D)
3Q
AW
i + Vv, -
e 6Q
| 1 b 7 MWW N A V4 )
e S TV, Vet

iy i
y
Figl;re 2
At supernode 3 - 4, L =iy ti,tig
Vi-Vy, ViV, +ﬁ+£
3 6 1 4

©Copyright: NADE EASY www.madeeasy.in
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or 4V, +2V,-5V,-16V, = 0 ...(id)
A%AA
N V{/:v_ -
Loop 3\1’:
2 Y3V
oV 4a, : 3V,
i Canriiairn Vank
V1§ Looplin2 §V3 Loop2w§ V,
I B
Figure 3
For loop 1, V,-V,=20V ..(iif)
For loop 2, -V, +3V.+V, =0
ButV =V, -V,
So that 3V, -V,-2V, =0 .(iv)

After solving equation (i), (ii), (iii) and (vii), we get,
V, = 2667V, V,=6.67V
V, =17333V V,=-46.67 V

Q.2 (c) Solution:

(i) Critical temperature : It is the temperature below which the material changes from
conductor to super conductors. The transition from conductor to super conductor is
sudden. i.e., when the temperature of material is reduced below the critical
temperature, its resistance suddenly reduces to zero.

Critical Magnetic Field : The value of magnetic field beyond which the super

conductors return to normal conductor state is called critical magnetic field. The

value of critical magnetic field is inversely proportional to the temperature.

Properties of super conductors are:

1. Resistivities of super conductors are greater than other elements at room
temperature.

2. In superconducting state, materials do not show thermoelectric effect.

3. The heat loss (I°R loss) in super conducting material is zero. Below critical
temperature, if strong magnetic field is applied to a super conducting material
its super conducting property is destroyed.

(i) Given:

Maximum current, I = 0.005mAat4K

©Copyright: [MADE EASY www.madeeasy.in
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Critical temperature

Critical magnetic field, H

C

We know, H_

Hc(4 K)

We know, I
Given maximum current

0.005 x 103

Radius of wire, r

So, Diameter of wire

Q.3 (a) Solution:

()

I;

8.60 K
72x 104 A/m

2
7.2x1074 {1— %) } =5.642 x 10* A/m

2nr H,

2y X 5.642 x 104

0.005x107°
21 x5.642 %107
2.82 x 103 m = 2.82 mm

=141 x10° m

5-V

o

2 kQ

1. Assume transistor is in saturation

I

5-V,
Since I, = 0,
5-V,

5-V,

5-V, (0.3mA/V?)
2kQ 2
0.3(Veg - V)2

2
(Ves = Vr)

0.3(V, - 1)2
03(V2+1-2V)

03V2-0.6V,+03+V, -5=0

0.3V2+04V, -47

0
335V, -4.683 V
-4.683 V

Since V  is negative, then MOSFET is in cut off region, so negative value of V is

VO
Now taking, v,
discarded.
Now taking, v,
Vb
Condition for saturation,
Vb

335V

= V.=V, =335V

\Y

Ve-V;

o©copyright: [MADE EASY
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335 > (3.35-1)

3.35 > 2.35
So V_ =3.35V is valid and MOSFET is in saturation.
5-2 1 W 2
2. ID = T - Ep‘ncox (T)(z - 1)

w 3
My Cox (T) E X2 =3 mA/V2

(ii) Given : Ve = 20V, V=8V, I.=5mA, V. =6V, S=10, =200

We have to find R;, R,, R~ and R;. With equivalent Thevenins’ circuit, we have

R
Vo = Veex—2F
T TCCT R 4R,
Ry, = Ry|IR,
V., = IR,
Ve Ve . L
R, = —=—=12kQ (Since [ is quite large)

E Ig Ic
Vo= V,+ Vo =6+8=14V
Vee —Ve  20-14

R- = =1.2kQ
c I 5x107°
For voltage divider circuit,
1+
S = BR
1+Bx B —
RE + RTh

©Copyright: [MADE EASY www.madeeasy.in



Q.3 (b) Solution:

(i) A current of 1 HA causes a deflection of 85.4 mm

Current sensitivity, S. = 85.4 mm/uA

(ii) Voltage across the galvanometer for current of 1 A

Voltage sensitivity, S|, =

(iii) Megaohm sensitivity,

So =

=1x10°%x120=120%x10°V
85.4

120x107°

0.712 mm/puV

Deflection B 85.4

=0.712 x 10° mm/V

ix10°

T 1x107° x10°

MADE EASY Test No : 10 ELECTRICAL ENGINEERING | 21
. 1+2
1+ (200) x| — 2K} _ 1+200
1.2K+ Ry, 10
R;, = 11.365K
Sl 65k i
R, +R, T ()
I 5
The current, Iy = F = ZTOO =0.025 mA
So V,, can be given as,
Vin = Ry + Ve + Ve
= 0.025x11.365+ 0.7 + 6
~ 6.98 Volt
Ry
and Vi = R, + R, Vee
Ry
So 698 = R 4R, (20) ...(ii)
From equation (i) and (ii),
R,  11.365K
20 698
R, = 32.545 kQ
and R, = 17.46 kQ

=85.4 MQ/mm

(iv) The deflection of galvanometer is governed by the equation given below:

%0 _de

J—+D—+K6

dar? dt

o©copyright: [MADE EASY
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Frequency of damped oscillations

J4K] - D?

0, = 2]
_ J4x12x107° x50x 107 - (5x10°)?
2x50x107
= 0.487 rad/s
o, 0487
(or) f; = o o 0.0775 Hz
(v) Frequency of natural oscillations,
N 712X10_9 =0.078 H
b= 22\ 7 T 2n\s0x10° O z
1 1

Period of natural oscillations, T = E = 0078 = 12.82 sec

(vi) Damping constant required for critical damping,

D, = 2JK] = 2412x 10 x50 x 10
= 49 x 10 Nm/rad-s™!
D 5x107
Relative damping, & = D = 19<10° = 0.102

c

(vii) First maximum deflection,

0

eF |:1 + e—n&/\ll—&2 :| _ 0, |:1 n e(—me.lOZ/m)]

1.7246,=1.724 x 85.4 = 147.2 mm

Q.3 (c) Solution:
Using the superposition theorem, analyzing the circuit with dc input only:

300 Q
MW

— 10V K11>

300 Q3 100 Q

300 Q= :
2 i) 500 Q

Applying KVL in three loops, we get

©Copyright: [MADE EASY www.madeeasy.in
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= 90i, - 30i, - 30iy

300(i, - i) + 100i, + 200(i, - i5) =
= “3i, + 6iy - 2iy =
300(i5 - iy) + 500i, + 200(i, - i,) =

= “3i, - 2i, + 10i,

Writing in Matrix form,

90 -30
-3 6
-3 2
We have,
Hence,

For ac input,

Impedance of LC Branch, Z,;

300(iy —iy ) +300(iy — i3 )+300i;

1

0
0
0
0

Ay

A

Az

A

I3

9 1 -30
-3 0 -2
-3 0 10 36

90

230 —30] 3240

=30 1
6 0
-2 0 24

3240 3240

= £ =3.7 mA
3240

10 sin 100¢, ® = 100 rad/sec

(o - L
(oe)
j(lOO—

1)
100x10

Hence, Z, acts as short-circuit at o = 100 rad/sec.

...(ii)

...(iii)

o©copyright: [MADE EASY
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The circuit can be reduced as below:

MW
300 Q !
~ 3003 vz_a
i ~ h AAAA
10sin (100) (~) . - <
500 €
Applying KVL in three loops, we get
10 sin (100¢) = 600, - 300i,
= sin (100t) = 607, - 30i, ..(iv)
300(i, - 1,) +200(i, - i5) = 0
= -3i, + 51, - 2i; = 0 (V)
200(i, - 1,) +500i, = 0
= -2i, +7i, = 0 (Vi)
Writing equations (iv), (v) and (vi) in matrix form,
60 =30 O || [ sin(100¢)
-3 5 2|l = 0
0 2 7|4 |0
60 30 0
where, A=|3 5 -2/=60(31)+30(-21)=1230
o 2 7
60 sin(100¢) O
A, = -3 0 —2| = 21sin(100¢)
0 0 7
60 -30 sin(100¢)
A, = -3 5 0 = 65sin(100¢)
0o 2 0
A, — A3 15sin(100¢ .
Therefore, i(H==2 A 3 = 12(30 ) 122 sin(100f)mA

Hence, total current i(t), by superposition theorem

i) = 1,0+, (0
i(f) = (3.7 +12.2 sin 100t) mA

©Copyright: [MADE EASY www.madeeasy.in
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Q4 (a) Solution:

Equivalent circuit for the system is shown as:

10KQ
E.(>) 1 MQS  T50pF E,

Oscilloscope

(@) When f=100 kHz,

Value of capacitive reactance at 100 kHz,

1 1
X. = =
C  2nfC 2rx100x10°x50x 1072

31.8309 x 103 Q
Net impedance of the oscilloscope
R(-jXc)  10°x(-31.8309/x10%)
217 R-jxe | 10°-31.8309x10%]
31.814 x 103£-88.176

Voltage across the oscilloscope = E_

E = Ein X L
0 R, +Z;
31.814x10% £ —88.176
10x10° +31.814x10% 2~ —88.176
0.9454/-17.27° V (peak)

0.9454 -1
The error in voltage = ————X 100 = -5.46%

1.0£0°x

The voltage under loaded conditions lags the voltage under open circuit conditions
by an angle of 17.217°.

(b) Whenf=1MHz
Value of capacitive reactance = X -
1 1

X = =3.183 x 103 Q
© 2nfC 2mx10%x50x10712

©Copyright: NADE EASY www.madeeasy.in
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Net impedance across the oscilloscope,

_ R(jXe) _ 10°x(-3.183x10° )

L R-jXc  10°—-(3.183x10°%j)
3.1829 x 10°/-89.1817 Q

Voltage across the oscilloscope
Zy
R,+Z

= L, X

3.1829x10% ~ —89.18°
10x10° +3.1829x10° ~ —89.18
0.303£-71.54° V (peak)

_ 0.303-1
The error in voltage = ————X 100 = -69.7%

1.0£0° x

Here, voltage under loaded condition lags by 71.5°.

From (i) and (ii) part, we can see that error in voltage increases with increase in
frequency. This indicates the effect of distortion of signal on account of increased
shunting effect due to increase in frequency.

Q4 (b) (i) Solution:
The resolution of a 3% digit voltmeter on 10 V range is 10~ x 10 = 10-2 = 0.01. So, the

error due to +1 digit on 10 V range is £0.01 V.
1. When the instrument is reading 5 V on the 10 V range,
error = (£0.5% of 5V) £0.01V

=+ E><5 +0.01V=+0.035V
100

2. When the instrument is reading 0.1 V on 10 V range,
error = (£0.5% of 0.1 V) £0.01 V

= = E><0.1 +0.01V=+0.01056V
100

%error = 0'81105 x100=10.5%

©Copyright: [MADE EASY www.madeeasy.in
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Q4 (b) (ii) Solution:

Diagram from the given data

o

(~)
|\
Zl = R1+j0)L1,Z3=R3
J -]
Z,= Ry——2—,72, =—
2 2 oC, 4 0Cy
At balance condition,
Z.2, = Z,Z,
: —j J
Ri+joL))| — | = R3| R, ———
(Ri+]j 1)[(0C4) 3( 2 mCzj

_]R1+L_1 - R
oCy Cy4 oC,

On equating Real and Imaginary parts,

Ly

C, = RyR,

L, = RyR,C,
Ry Ry
(0C4 h (DCz

H%
Il
=
@D
—
('3‘('3
N
N——

Given: 834 Q, R, =100 Q
0.124 uF, C, = 0.1 uF, f=2 kHz
. = R,R,C, =834 x 100 x 0.1 x 106

1 = 834mH
©Copyright: NADE EASY www.madeeasy.in

~ =~ O X
NN
Il




28 | ESE 2024 : MAINS TEST SERIES MADE ERSYH

R, = Rs (g—i) =100 (001%) =80.65 Q
R, = 80.65 Q
Impedance of specimen, Z, =R, +joL, =80.65+ 21 x 2 x 10° x 8.34 x 10~
— 80.65 + /1048 O
Z, = \J(80.65) +(104.8)>
= 13224 Q

Q4 (c) Solution:
The characteristic equation of the matrix A is
6-A 2 2
-2 3-2 -1 | =9
2 -1 3-A
6-M)[9+A2-61-1]+2[-6+2AL+2]+2[2-6+2A] =0
(6-M)A?>-6A+8)-8+4L-8+4L =0
6A2 - 36A +48 — A3 + 602 - 8L - 16 + 8L = 0
-A3 + 1202 - 364 +32 = 0
A% -12A% + 361 -32 = 0
A-22(A-8) =0

A=2228

Eigen vector for A = 2
(4 2 20[x] [0]
-2 1 -1ifx,| =10
[ 2 -1 1 ||x3] 0]
(2 -1 1][x;| [o0]
-2 1 -1|lx]| =10
|2 -1 1 [[x3) 0

R, — R, + R,and R, — R, + R,
2 -1 1][x 0
0 0 0fx]| =10
0 0 0]x] [0

2x1—x2+x3= 0

©Copyright: [MADE EASY www.madeeasy.in
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This equation is satisfied by
=0, x=1 x=1
X, =
and again x;, =1 x,=3 x=1
17
X, =13
_1_‘
Eigen vector for A = 8
-2 2 2|[x (0]
2 5 “1f|x| =10
2 -1 5||x 10
-2x, = 2x, +2x, = 0
-2x, =5x, - x; = 0
Y1 o _ X _ X
2+10 —4-2 10-4
X1 Yo _ X3
12 -6 6
o XX
2 -1 1
[ 2
X, =1-1
|1
0 1 2 41 -7
p=|13 -1 P—1=_—1—2 2 2
11 1 ° 1 -1
4 1 7|6 -2 201 2
Now, P'lAP=%1_2 2 2|2 3 -1
2 1 12 -1 311 1
2 00
_10 20
0 0 8

o©copyright: [MADE EASY
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Q.5 (a) Solution:

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

= 240><10><0.8><61—0>< 107 =0.032 kWh

.. Revolutions made in one minute
= 0.032 x 600 =19.2
When lag adjustment is altered:
Steady speed, N = KVI sin (A-0)

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 ¢] 100
- KVIcos®

We have, A = 86°
(i) Atunity power factor, ¢ =0

sin(86° -0°) -1

Error = x100 =-0.24%

@ii) At0.5 power factor lagging,
¢ = 60°
sin(86° — 60°) — cos 60°
cos60°

Comment: Thus it is evident that at low power factors, the errors due to voltage flux not
being in quadrature with applied voltage is very serious even though the phase

Error = x100 = -12.3%

displacement differs from 90° by a small value of 4°.

Q.5 (b) Solution:

0 28 vy
Let, A=la B -y
o B vy

©Copyright: MADE EASY www.madeeasy.in
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On transposing A, we have

0 o o
a=|2% B P
A

It A is orthogonal, then AA" =1
0 28 vJ[0 a o] [1 0 0
o B —y|I2B B B|=1]01
o B v]ly -v v] 001

4p% +y 2B% -y —2B% +7 1 0 0]
2B° -y P+PP+y PP 010
B2+ o2 —B2-v? o2 +BE+y? 00 1

L .

Equating the corresponding elements, we have

42 +y =1
2B - =
1 1
= 4+ =+
B 6’ Y \/5
But >+ pP+y=1
1 1 1
=i_1 =i_1 o=tT—
as B A Y \/5 7

Q.5 (c) Solution:

The tree is arbitrarily selected, which is shown in figure below with branches 4-1-2-3.
Thus the twigs are these branches while the links are dotted lines.

Tie-set-1 (loop current I,): Formed by twigs 1 and 2 with link 5.
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Tie-set-2 (loop current I,): Formed by twigs 1, 2 and 4 with link 6.

Tie-set-3 (loop current I,): Formed by twigs 3,1, 4 and link 7.
[Each fundamental loop contains only one link]

The Tie-set matrix is shown below:

Loop Branches
currents | 1 D) 3 4 5 6 7
I -1 1 0 o 1 0 0
I, -1 1 0 -1 0 1 0
I -1 0o 1 -1 0 0 1

To obtain the cut-set matrix, the graph is redrawn with twigs in bold and links in dotted
lines as shown in figure below.

Cut-sets are formed by taking one twig at a time.

C,, Cut-set-1: Twig 4, links 6 and 7

C,, Cut-set-2: Twig 2, links 5 and 6

C,, Cut-set-3: Twig 3, links 7

C,, Cut-set-4: Twig 1, links 5, 6, 7.

[Note that total number of fundamental cut-sets = Number of nodes -1 =5 -1 = 4]

The necessary cut-set matrix is shown below:

Branches
Cut-Sets
1 2 2 4 6 7
(o 0 0 o0 1 1 1
G, 0 1 0 0 -1 -1 0
G, 0 0 1 0 0 0o -1
G 1 0 0 o0 1 1 1
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Q.5 (d) Solution:

(i) Consider the transistor is inactive region,

I.=ol,
b,
(B+1)
99
e = g,y <1mA =0.99mA

15V

R, =
Vg = 07V
V,=1,x1kQ=1V
V-V, =07
V,=07+1=17V
Ve 17

I = 1710 " 17kQ =1000A

I}  1mA
Iy =871 (99+1) =10nA

By writing KCL at base,

~
|

RF ~ IB + IRl

10 + 100 =110 pA

- IC +1p

0.99 mA +110 pA =1.1 mA
15-LR-=15-(1.1mA) (1 kQ)
139V

~
|

(i)

=
I
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Vo= Vs
(iiij) Currentin R, I, = R,
13.9-1.7
R, = 110.9 kQ
Q.5 (e) Solution:
Comparison of Crystalline Allotropes of Carbon : Graphite and Diamond
Graphite Diamond

Structural Covalent and Vander Waal bonding | Covalently bonded network.

Property within layers is present. Diamond crystal structure.
Hexagonal unit cell.

Electrical It is good electrical conductor. It is very good electrical insulator.

Property

Thermal Thermal conductivity comparable Excellent thermal conductor about

Property to metal. five times that of silver or copper.

Mechanical It has good lubricating property. Itis | It is hardest material and a High

Property stable at atmospheric pressure. pressure allotrope.

Applications Graphite is used in Metallurgical Diamond is used in Cutting tool
crucibles, welding electrodes, heating | applications, diamond film coated
elements, electrical contacts, refractory| drills, blades, bearing, jewellery etc.
applications

Carbon Nanotube : It is a very thin filament like carbon molecule whose diameter is in

nanometer range but length can be quite long. e.g., 10 to 100 micron depending on how

it is grown or prepared.

Carbon nanotube is made by rolling a graphite sheet into a tube and then capping the

ends with hemispherical buckminister fullerence molecules. The high aspect ratio
(length/diameter) of the CNT makes it an efficient electron emitter. CNTs have high
thermal conductivity and high electrical conductivity. CNTs has very high tensile strength.

CNTs are very elastic and flexible in nature.

Following are the applications areas of carbon nanotubes :
* (CNTs field emission
* CNTs thermal conductivity

* CNTs energy storage

* Molecular electronics using CNTs
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e CNTs fibre and fabrics

* CNTs biomedical application
* CNTs air and water filteration
*  CNT catalyst support

Q.6 (a) Solution:
Here, we have
M2 -pyz = (M +2)x (i)
4x%y + 2% = 4 .. (i)
Normal to the surface (i),

= V[Ax? - pyz - (A + 2)x]

2d 20 ~d 2
= |ilg+]@+k£:|[kx —uyz—(k+2)x:|

= (20— A =2)+ j(~uz) + k(-uy)
Normal at (1, -1, 2)

= i2Qh—A—2)— j(-2u) + ku
= i(A—2)+]z(2u) +ku ...(iii)
Normal at the surface (2),

2d 20  ~d 2 3
= (za—x+]@+kg](4x y+z —4)

= i(8xy) + j(4x?) + k(32?)
Normal at the point (1, -1, 2)

= —8i+4]+12k ..(iv)
Since (iii) and (iv) are orthogonal so

[i(v=2)+ j2w) + k|| -8i + 4] +12k] = 0

“8(L-2) +4(2u) +12u = 0
8L +16+8u+ 121 = 0
~8L+20+16 = 0

oA -5p = 4 (V)
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Point (1, -1, 2) will satisfy (i),
M1?-n(-1)(2) = A +2) (1)

A+2u=A+2
n=1
Put p =1 in equation (v), we get
2L -5=4
9
2

9
Hence A = > and p = 1.

Q.6 (b) Solution:

Pipeline hazards are the situation that prevent the next instruction in the instruction
stream from executing during its designated clock cycles. Any condition that causes a
stall in the pipeline operations can be called a hazard.

There are primarily three types of hazards:

* Data hazards: A data hazard is any condition in which either the source or the
destination operands of an instruction are not available at the time expected in the
pipeline. As a result of which some operations has to be delayed and the pipeline
stalls.

e  Structural Hazards: This situation arises mainly when two instruction require a given
hardware resource at the same time and hence for one of the instructions the pipeline
needs to be stalled.

e  Control hazard: The instruction fetch unit of the CPU is responsible for providing a
stream of instructions to the execution unit. The instructions fetched by the fetch
unit are in consecutive memory locations and they are executed. However the problem
aries when one of the instructions is a branching instruction to some other memory
location. Thus all the instructions fetched in the pipeline from consecutive memory
locations are invalid now and need to be removed (Also called flushing of the
pipeline). This induced a stall till new instructions are again fetched from the memory
address specified in branch instruction. Thus the time lost as result of this is called a
branch penalty. Often dedicated hardware is incorporated in the fetch unit to identify
branch instructions and compute branch addresses as soon as possible and reducing
the resulting delay as a result.
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Q.6 (c) Solution:

Given, Nominal ratio, K = 6900 =60
n 115
Primary winding turns, N, = 22500
Secondary winding turns, N, = 375
Turn ratio n = 20 =60
’ 375
No load current, I =0.005A
No load power factor, cos 73° = 0.292
sin 73° = 0.96
Primary power factor, cos 53° = 0.60
sin 53° = 0.798
Now taking primary voltage,
V, = 6900 + jO
I, = 0.0125 (0.6 - j0.798)
= 0.0075 -;0.01
I, = 0.005(0.29 -(0.96))

0.0014 -;0.0048

I
Phase ;S is the phasor difference of I, and I

I

;s 0.0075 - j0.01 - (0.0014 - j0.0048)

0.0061 - ;0.0052

I
I, (reversed) = nX-* =60 x (0.0061 - j0.0052)

= 0.366 - j0.312
I, = ~(0.366 - j0.312)

= -0.366 +j0.312
I =048A
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Q.7 (a) Solution:
Drawing the AC equivalent circuit,

<
1, =
470 kQ E§ %E 47kQ
] +
- | @
1kQ . % -~—2Z, Y
Z[
P
| o o
7! =
Substituting h-parameter equivalent circuit:
r; hie I C
W "
1
1 kQ = = > 0
470kQS V, hV, <+> Iy I F4TRQV,
VS ’_> < r < <_‘ <
] T | °
Z; z, = A
Current gain (A)):
1
+hg I, —
o fe ti hoe
0 1
—+4.7kQ
hDE
I +h
R b g e om0
I; 1+hx4.7kQ  1+20x107° x4.7x10
= A = _Ho 100.548
1+0.094
Input impedance (Z):
Applying KVL in input loop,
V.=h,L+h, V =h,I-h_ x( x47kQ)
=h,l.-h, (+4.7kQ) A, -1,
Vi
= [ = Z;=h,-h,x4T7KkQx A,

= 1600 - 2 x 10~* x 4.7 x 103 x 100.548
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Z, = 15kQ
V, I,x47k A x47k
Voltage gain (A): A=V T v Vi

i i i

_ A x47 _100548x47 -
- Z 15 -

1
Output impedance (Z ):

Step-1: Disable external sources present in the input.

Step-2: Disconnect load resistance R, from output circuit.

Step-3: Assume that voltage V_ is applied at output port and current I is flowing into

output node then R is calculated as V_/I .

1.6 kQ I I
MW 1 - °
+
13 20k 1V nId heE v,
o
KCL at output node,
Ix = hoe Vx + hfe Ii
I I
= V—z = hoe + hfe V_;
1 I, I;
S A AT A I
Zo x * f Vx (l)
KVL in input loop,
L1kQ|[470kQ) +1.6 kQ L. +h V =0
= 09978 .+1.61. = h, V.
L he 2x107*
- V.  259kQ  259x10°
-4
Now, 1 _ 20x10° +110><&03
Z, 2.56x10
1
— =285x%x10"°
ZO
Z, ~ 35 kQ
7z 7/ = 470kQ|Z _270X15 1 495k0
! ! 470 +1.5
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I I
1kQ ! !
S40kQ 27,
VS < <
X gow ol iy h
I I I I
|- . A470KQ
LD Zo 4 470KQ
I
- - = A70kQ 9968
I; 1.5kQ + 470 kQ
A = 100.548 x 0.9968 = 100.226

Q.7 (b) Solution:
Given,
Electric field wave, E = [sz +E,a, +(2+ j5)512:|6_j 23(-0.6x+08y)

(i) The general form of uniform place E, wave propagates in an arbitrary direction is

given as,
E=Ee/P
where, E, has components in the X, Y and Z direction
Br = B+ By + B
= B(cos 6,x +cos6,y + cos GZZ)
Where as, given, B =23
Br = 2.3 (-0.6x + 0.8y + 0)

the direction of propagation,

ny = 064, +084,

Since, the electric field, E must be perpendicular to the direction of propagation r,
therefore it must satisfy n; - E = 0 relation

o (064, +084, )[4, +E,, +(2+j5)i, | =0

-0.6 +0.8 Ey 0
Ey 0.75

©Copyright: [MADE EASY www.madeeasy.in




MADE EASY Test No : 10 ELECTRICAL ENGINEERING | 41

(ii) From the Maxwell’s equation,

_ 1 <F . E _

where, 1y is the propagation direction of E

A A A

ay  d, a,
G = LnyxE=—tl|o6 08 0 sm= R = 1207 =377
n 377 . €o
1 075 2+j5

q = %[0.8(2 + j5)iy +,(0.6(2+ j5) +3,(~0.6x0.75-0.8) |

[(4.24+ 110.6)x 1034, + (3.18 - j7.95)x 107 4, -331x1074,

.. The magnetic field,

(424 +j10.6)x 1074, + (318 - j7.95)x 104, —3.31x 1074, | ¢ 723(-06x+08y)

—
L

(iii) The wavelength,

2n
B=
A = ZB—TC = i—g =273m
C _3x10°
The f , = == =0.11GH
e frequency f k 573 z
Q.7 (c) (i) Solution:
Given, f=14GHz
po=1
E’ = EAej((ot—ZSOE)aZ V/m
H = 3ej((ot—2801t)ax A/m
V = 3 x10® m/sec
2n
Phase constant, B = 280r = =
Lo L
140
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v =fA
— 9 1 —1n8
v = 14x10" x— =10° m/sec
140
C
but v =

K, €,
3x10°

—_
?‘ o
[0e]
I 1]
w
=
d

= c =9
E
We know that, A = Hok,
HA €€y
Ea _ Mo _120n><1
e E
3% 120mx
EA= X nxg

E-field, E = 120me/ (290 v/m

Q.7 (c) (ii) Solution:
For the toroidal solenoid,
The average flux density is given by,
Where, [, = mean length of path of flux
[, =2t R,
Where R is mean diameter of toroid,

NI
2R,
N¢ = NBA

MoNI |2 woN?Inr? _ woN2r?I
2R, 2nR 2R

m m

m

>
I

A MoNr”
~ 1 2R,
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Using above relation,

o = 4m x 1077
N = 1000
. 2
radius, r = W m
41t x 107 x 800 % (1000)> (2 Y
k= 20 “\ 102
2X—— 10
100
_ 4nx107 x800 %1000 x1000 2 2
) 20 *700 100
2X ——
100
4t x1077 x8x10” x1
= =41 x 107 x 8 x 10°
100 "
=4nx8x102=1H
, 4107 x (10002 ( 2 Y
For air core, L= E X 100 =~1.25mH
100
Q.8 (a) Solution:
(i Let, Z, = Impedance of the 2-mF capacitor
joC  j50x2x10
Z, = Impedance of the 3 Q resistor in series with the 10 mF capacitor

1
3+——————=
750x10x10
5 = Impedance of the 0.2 H inductor in series with the 8 Q resistor
8 +750 x 0.2

(8 +710) Q
The input impedance is

(3-72)Q

N
o

(3-72)(8+j10)
11+;8

Z. = Z,+Z,|Zy =~ j10+ =(3.22-j11.07) Q

(i) To find R
source.

e We set the independent source equal to zero but leave the dependent

Applying 1 V voltage source at terminal a-b.
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2V,
&
O
. vy \AAAJ b Io
v.24Q L) 26Q L) O
i b
Applying mesh analysis to loop 1
2V +2(,-1) =0
V.=1-1,
But, 4L, =V =1 -1,
Hence, I, = =3I, ()
For loops 2 and 3 applying KVL
4L, + 2(I, - L) + 6(I, - 1,) = 0 .. (i)
6(I,-L)+2[,+1 =0 ..(iid)
Solving these equations
1
_n=1a
But, IO = —lj3 —g
Hence, Ry, = ﬂ =6Q
IO
To get V,, we find V- in the below circuit,
2V,
N
A4
O
2 a
A'A'A'A' A'A'A'A' o +
+ > >
sa() hyv.240 L) Ze6Q Voc
- b
0o —
I, =5A ..(iv)
2V +2(I,-1) =0
V.=1-1, (V)
4,-1)+2(,-1;)+6l, = 0
121, -41,-2I, = 0 (Vi)
But, 41,-L) = V.,
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4l - 41, = I, -1,
41, -31,-1, = 0 ...(vii)
Solving equations (iv), (vi) and (vii)
10
We get, I, = EY
Hence, Vinh = Vo =6, =20V

Q.8 (b) Solution:

(i) The circuit as described in question can be drawn as :

Impedances of four arms

7 = R il = JOR{L4y
1 = Ry||joL; = R, + jol,
Z, =R,
1 R
Z3 = R ” . = . :
](DC3 1+]0)R3C3
Z, =R,
At balance condition,
2,24 = 2,2,
iR L R
je, LI o 3 R,R

Ry +joL, 1+ joRyCs 2%

JOR R3L4
(Rq + joL;)(1+ joR3Cy)

= R,R,
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joR,R,L; = R,R,[R, + joL, + joR,R,C, - @’L,R,C,]
joRR,L, = (RR,R, - 0?L,R,R;R,C)) + jo[R,R,L, + RR,R;R,C,]

On equating real and imaginary part equal to zero,

Real part =0
R,R,R, - ®’L;R,R,R,C;= 0
R :
R, = —5- (i)
(Q)) L1C3
Imaginary part =0
R,R,L, = L,R,R, + RR,R,;R,C, ...(id)
C. = (R1R3Lq = RyRyly)
’ RiRyR3R4
1 1
C,=1L - ..(iii)
RyRy  RiRg
Put C; in eqn. (i)
R
Rs = T
w?Ly - Ly -
RoRy  RyRg
1 1 R
RR; RiRs |2 2
2Ry RyR, (L)
R3 1 _ Rl

and G, = >
m2L1 [R2R4 {( Ry ) + 1H
Ry )

By putting R, in eqn. (iii),

G, =
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(i) Given : f=50Hz R, =500Q,L,=0.1H,
R, = 100 Q, R, = 1000 Q
100 x 1000 ( 500 )2
R, = 1+
3 500 2nx50x 0.1
R, = 50.86 kQ
Ry 500
G = o’ Re (2 2 3
1Ry (2rx50)” x0.1x50.86 x 10
= 0.997 x 10 F
C, = 0.997 uF
Q.8 (c) Solution:
n = Np,=45x105/cm?
, n?  2.25x10% 10 e
= - = X
Np  45x10%° /em
T, = 1 =107 sec
D, = V,up,=0.026 x 500 = 13 cm?/sec

—
|

» = Dptp =V13x107°

3.6 x 1013 cm

D = V,.p =0.026 x 1300 = 33.8 cm?/sec
Ly = {D,t, =581 %x10° cm

An‘x:O = AP|x=0 = G, = 102! x 10-° = 10'%/cm?®

Excess hole concentration at any distance x ;

AP(x) = 101t for x>0
-
An(x) = 10Pets forx>0
Total hole concentration:
_x
P(x) = P+AP(x)=P+10%¢

Hole diffusion current, L(x) = —AeDp P
x
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—X

_ 1072 x1.6x107 x13x 10 (Li Jeg
P

—X
102 x1.6x107 x13x10% L(3:6x107)
3.6x107°

34.6x107*
= 577x10 2 xe 36x10° —22mA

Electron diffusion current,

I(x) = AeA d_i’l

n " dx

X
= 102 x1.6x107” x33.8x10° X(Z—l]e Ly

n

1072 x1.6x107? x33.8x 10 x ¢ 5:51x10”
5.81x107°
= -513mA
Q000
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