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Detailed Solutions

ESE-2019 E & T Engineering
Mains Test Series TestNo: 7

Section A : Signals and Systems + Electronic Measurements and Instrumentation

Q.1 (a) Solution:

Given that:
Applied voltage, V=150V ; Current,I =5 A ; Power, P=VI=150 x5=750 W
Now, P=VI
oP oP
v - I=5A; o =V=150V
Uncertainties, W, =01Vand W,=0.05A

. oP \? oP V
Uncertainty in power | W2+ == | W
ymp \/[ 8VJ 1% ( ol j i

J(3)% (0.1)% +(150)? (0.05)2 =+7.52 W

Power dissipated in resistance,
P

(750 +7.52) W

+ @xloo ~1%
750

Uncertainty in power (in %)

Q.1 (b) Solution

Given data:

2000 V
Length of deflecting plates,/, = 1.5 cm =1.5 x 10> m

Anode voltage, E

a
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Distance between deflecting plates, d =5 mm =5 x 103 m

Distance between screen and the center of the deflecting plates,

L

(i) Velocity of beam, (.

(ii) Deflection sensitivity, S
(iii) Deflection factor, G

Q.1 (c) Solution

V(z)

V(2)

Y(2)

H(z)

50cm=05m

2¢E,
m

) \/2><1.6><10_19><2000

9.1x107! =26.5 x 10° m/sec
AX

Ll;  05x15x1072
2dE, 2x5x10™° %2000

1__ 1
5 0375

=(0.375 mm/V

=2.66 V/mm

1—12_1
2

2[3X(2) + V(2)] +2z7 1 V(2) =6X (z) + 2(1 + z7Y) V(2)

{m

By taking inverse z-transform, we get,
h(n) = 8(0.5)" u(n) - (0.5 tu(n-1)

Q.1 (d) Solution:
Given,

rect [t-1/2]
1 ;0<t<1
0

; otherwise
J.:ox (t)e_j“’tdt

fll e IO gt = i(1 —e_j‘”)
0 jo

2 o012 _ pmj0/2 02
® 2j
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sinw/2

Flx(H)] = ©/2 ejo/2
1 ;-1<t<0
and x(-1) = 0 ; otherwise
= ()it g [0 1. ot g L (—jor)
Flx(-)] = J._wx( t)e dt—J‘_ll e dt_—jw<e )_1
1 . . .
I = e](n/Z_e jo/2 e](n/Z
= /,—m(ef‘”—l)— jco[ }
2 pI0/2 _ pmj0/2 Jjo/?
O 2j
Flx(n] = 2022 o2
/2
sinw/2 . ,
Therefore, Flx(t) +x(-t)] = (1)/2/ [e7®/2 + ei®/2]
. ’ .
= 812);32/ zcosm/2=2smc(%Jcos(%)

Q.1 (e) Solution:
x[n]=1{-2,0,1, (%, 3,0,321,0 -1}

oo

() xX@= X x[nfe’®
X(0) = _ix[n]=7

(ii) Using central ordinate theorem;
T
[ x(Q)da = 2nx[0]=0
-7

[eS)
[}

(iii) Xmy =Y x[n]e ™ = ¥ x[n](-1)’

N=—oco n=-oo

=2-1-3-3+2-1+1=-3
(iv) Using Parseval’s theorem,

T ‘X(Q)|2 dQ = 2n i ‘x[n]‘z

11=—00

=on[4+1+9+9+4+1+1]=58n
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Q.2 (a) Solution:
Given that, h(t) = e? u(1 - t) and x(t) = u(t) - 2u(t - 2) + u(t - 5)

x(t) h(t)
1 /’/l
2 5
: — t | | t
0 2 1 ‘0 1
-1+

[ e u-u(t-1)-2u(t-2-1)+u(t-5-1)dr

—oo

e Fort<1,
h(t
x(t-1) o
| 1
t-5 t-2
t
y(t) = [ e Tut-t)-2u(t-2-1)+u(t-5-1)]dv
t-5
t-2 t
_ [ ()ean [ et
t-5 -2
_ _l[eZ(t—Z)_eZ(t—S)j|+l|:62t_eZ(t—Z)j|
2 2

1 - _
y(t) = E[1—2(3 Yre 10:|€2t;t<1

eFor1<t<3or(t-2)<1<t,
()

x(t-1)
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) 1
27 27
A = f—e dt+fe dt
v t-5 t-2

_ _%[62(t—2)_e2(t—5):|+%[62 _eZ(t—Z)]

_Ir o4 07,26, 1 o
y(t) 2[ 2¢e " +e }e +26 ;1<t<3

*For3<t<b6or(t-5)<1<(t-2),
1
v = | ‘ezrdf=%[€2(t_5)—ez} ;3<t<6

t-5
h(7)
x(t-1)
t-5 1 t ’
t-2
eFort-5>1ort>6,
y) =0; t>6

The total solution is given by,
l|:1—2€_4+€_10:|€2t ; t<1
2

1[—2(3_4 +€_10J62t +%e2 ;0 1<t<3

y() = 12
1[ez(t_5) —€2j| ; 3<t<L6
2

0 ; t>6

Q.2 (b) Solution:
The Aryton shunt to provide an ammeter with multirange can be given by,
R,=100Q,1,=1mA

9
AvAvA'A' o AvAvAvAv Py A'A'A'A'
Rl RZ R3
10 mA
50 mA 5mA,
-0 +

ocopyright: [MADE ERASY www.madeeasy.in



14 | ESE 2019 : MAINS TEST SERIES MADE EASY
* For0-5mA range,

I, = 1mAandISh=5mA—1mA=4mA
Rsh Ish = Im Rm
Ry =Ry +R, +R,
100x1072
So, R, +R,+R, = ————=25Q (1
172008 yx1073 0
* For 0-10 mA range,
I =1mAandl;, =10mA -1mA =9mA
Rsh Ish = Im(Rm + R3)
Ry =R, +R,
(100 Q + R3) y
So, R, +R, = 9 ..(ii)
From equations (i) and (ii), we get,
100 Q + Rj
25Q-R, = G
10R, = 25 x9-100 =125 Q
R, =125Q
So, R, +R,=25-R,;=125Q ..(iif)

* For 0-50 mA range,

=1mAand I, =50 mA -1 mA =49 mA
IshRsh Im(Rm + RS + RZ)

Ry, = R,
100Q+125Q+R, 1125Q+R, .
So, R, = 19 = 19 (i)
From equations (iii) and (iv), we get,
1250 R = 1125Q+ R,
' 2 49
50R, = 12.5Q x 49 - 112.5 Q = 500

R, =10Q
From equation (iii), we get,

R, =125Q-R,=25Q

* So, the values of shunt resistors required for the desired Aryton shunt are,
Ry =25Q,R,=10Qand Ry =125 Q
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Q.2 (c) Solution:
Ramp type DVM

The operating principle of a ramp type digital voltmeter is to measure, the time that a

linear ramp voltage takes to change from level of input voltage to zero voltage (or vice-
versa). This time intervals is measured with an electronic time interval counter and the count
is displayed as a number of digits on electronic indicating tubes of the output readout of the
voltmeter. The ramp voltage value is continuously compared with the voltage being measured
(unknown voltage).

At the instant the value of ramp voltage is equal to that of unknown voltage a
coincidence circuit, called an input comparator, generates a pulse which opens a gate. The
ramp voltage continues to decrease till it reaches zero voltage. At this instant another
comparator called ground comparator generates a pulse and close the gate. The time elapsed
between opening and closing of the gate is ‘" as indicate in figure. During this time interval
pulses from a clock pulse generator pass through the gate and are counted and displayed.

Input voltage
o
Input
Ranging and comp.
attenuator .
= Start
pulse
CTLK — Gate Counter Seadie
oscillator - 0oo0o0o0
Stop
Ramp pulse
Generator
Ground
comp.
Sample
Rate MV

Block diagram of a ramp DVM
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+12V Start of measurement

Coincidence

F X
Unknown voltage
0

— Time

-12V

Gating time
interval

Clock
pulses

Timing diagram showing voltage to time conversion

Q.3 (a) Solution:
Kelvin’s Double Bridge:
Resistances having a value under 1 Q is known as low resistances. The resistance of
leads and contacts, though small, are appreciable in comparison in the case of low
resistances.

R, E
Whh—|
1!

The Kelvin’s Double bridge incorporates the idea of a second set of ratio arms - hence
the name double bridge and the use of four terminal resistors for the low resistance
arms. The first of ratio arms is P and Q. The second set of ratio arms R and R, is used to
connect the galvanometer to a point d at the appropriate potential between points m and
n to eliminate the effect of connecting lead of resistance r between the known resistance
R, and the standard resistance S.
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The ratio R_ /R, is made equal to P/Q. Under balance conditions there is no current
through the galvanometer, which means that the voltage drop between a and b, E  is
equal to the voltage drop E__ ;.

P
Now, E, = P+Q E,,
i (R +Rb)7’ .
E =1IR+S+—2—2—
and ac i R, +Ry+r 0
I R R, +R,)r
and P | ELLY i LR B S ... (i)
amd | RiHR, (R + Ry +7 R, +Ry+r

For zero galvanometer deflection,

P .I[R+S+(R“+7Rb)r} - I[RJ,L}

or

P+Q R, + Ry +71 R, +R,+7
R P R
or R=L.gs N |2 % ... (i)
Q Ru+Rb+7’ Q Rb

p

Now if — = % equation (iii) becomes
b

L.

Q

As the expression of R does not involve r hence the effect of r (contact resistance of

R = S

leads) is eliminated.

From given question,

R
Here, —4 _ &
RZ Ra
R, R 1
Therefore, 4= h o
eretore R, R, 1000
since, R,=05R,
5
R.=—>=10Q
205
Theref Ry T
cretore, 10 1000
R = 10x ~0.01Q
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Q.3 (b) Solution:

3 1
@) y)-7yr=-D+2y(n=2) =2x(n)
Taking the DTFT of the above equation, we get,
Y(ejm)—%Y(ejm)e_jw+%Y(ej‘”)e_j2w = 2X(efo)
; 3 _ip 1 _in .
JO B (O TP B o
Y(e )(1 4e +8e ]=2X(el )

The frequency response of the system is,

H(e®)

1-1 o1 o
2 4

Using the partial fraction expansion, we get,
4 2

H(e/*) = (1—le_ij _(1—le_ij
2 4

By taking the inverse DTFT of the above equation, the impulse response of the system
can be given by,

X(e®) '
o
1-— 1 e 1®
4
Y(e) = H(e) X(e)

Using the partial fraction expansion, we get,

ocopyigh: MADE EASY www.madeeasy.in



MRADE EASY Test No : 7 E & T ENGINEERING | 19

8 4 2

Y(el®) = . .
1] (1] [roen

Considering the following DTFT pairs,

() DTFT 1 |
1-ae”/®
(n+1)a*un+ 1)% ;2
(1-ae™'®)

So, by taking the inverse DTFT of Y (e/®), the response of the system for the given

y(n) = 8(1);1 u(n) —4(ljn u(n)—2(n+ 1)(%)11 u(n+1)

input will be,

Q.3 (c) Solution:
Given that, f.

1kHzand f, = 5 kHz
2nf,  2nx1000 2m
2 T = c = = —
G

So, )

1; |2t
5

0; otherwise

Therefore, H, (el®)

1 b ) ] 1 2n/5
— [ Hy(®)edo=— [ /" do

2n b 2n /5

. (27
i{e]-mnTﬂﬁ =sm <"

2n| jn n
-2n/5

The rectangular window, for the length of impulse response of 7, can be given by,
1, -3<n<3
wi(n) = {0 ;  otherwise
The filter coefficients can be given by,
h(n) = hy(n) wi(n)

=
QU
—~~
=
N
Il
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. 2T
SIN—n 2
h(0) = hy(0)wg(0)= lim =2=0.40
n—0 Tn 5
. 2T
SN ——
h(l) = h(-1)=—2-=0.3027
T
. 4m
sm?
h2) = h(-2)= =0.0935
@) = h(-2)=—
. bm
SN ——
h@) = h(-3)=——2-=-0.0624

h(n) = {-0.0624, 0.0935, 0.3027, O.%O, 0.3027,0.0935, — 0.0624}
The transfer function of the filter is,

H(z) = —0.0624z° +0.09352% +0.3027z+0.40+0.30272 ™" +0.0935z 2 - 0.06242 ™
But this filter is non-causal, which is practically non-realizable. The transfer function
of the practically realizable filter can be given by,

H'(z) = Z_3H(Z)
=-0.0624+0.0935z71 +0.3027272 +0.402 > + 0.30272"% + 0.09352 ™ — 0.06242°
Q4 (a) Solution:

_ _ a'; n=0
Given, impulse response, h[n] =
0; n<0
Also we can write,
h[n] = a"u[n]
1, 0<n<N-1
Xl = 0; otherwise
Also we can write,
x[n] = u[n] - u[n - N]

by taking z-transform,

HE) = —— >l
1-az
1-z7N .
X(z) = 1—_1; All z (by shifting property)
-z
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Therefore, Y(z) =

The ROC is |z|>|a|. Consider

P@z) =

For, A= ——7=
B =

P(z) =
Therefore, p(n) =
Now, note that,

Y(z) =
by taking inverse z-transform

yln] =

yln] =
This may write as,

yln] =

X(z)H(z)
1 1-zN 1-z7N
l-azt 1-71  (1-z")(1-az)
1 zN

1 A N B
1-zH(1-az?)  1-z' 1-az"
1 1
1-az ', 1.7 1-a
1 1
1-z 1.1 1-471
a
1 1
1-a +1—a_1

p(n) - P[n - N]

%_a{u[n] —u[n—-N]}+ -

0 ; n<0
n_ -1
(a ”1), 0<n<N-1
(1-a7)
ne _ ~N
Il B N
(1-a”

{a"u[n] —a"Nuy[n- N]}
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Q.4 (b) Solution:
(i)
Given: Currents, g, =50 ; I ;zsp =5 ; Resistance, R =0.09Q ; Inductance, L = 90 pH

Multiplying power of shunt, m = trsp 50 _ 10
Iyrsp 3

In order that the meter may read correctly at all frequencies, the time constants of meter

and shunt circuits should be equal. Under this condition multiplying power,

m=1 +i
Rsh

.. Shunt resistance, R, = R = 009 =0.01Q

s m-1 10-1

L
Also, == La

R Rsh
.. Inductance of shunt,

L 90
= — R, =——x0.01=10pH
L = R % T 000 g
With DC, the current through the meter for a total current of 50 A is,
I - _Ra o 001 5054

MFSD Ry R, TP 0.09+0.01

With 50 Hz, the current through the meter for a total current of 50 A is,
Rsh

\/(R +Ry )+’

= 001 x50=4.81A

J(0.09+0.01)? +(2mx50x 90x 1076)?

Since the meter reading is proportional to the current,
481-5

I = X1

MESD

x100=-3.8%

Error =

or meter reads 3.8% low.

(i)

Voltage across instrument for full scale deflection = 100 mV.

Current in instrument for full scale deflection,

vV _100x107°

R 20

Deflecting torque, T, = NBIdI =100 x B x 30 x 1073 x 25 x 1072 x 5 x 103
T, =375%x10°%xB Q-m

I = =5x107° A
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. Controlling torque for a deflection, 6 = 120°

T = K6=0.375x10"x 120 = 45 x 10-°* N-m

At steady state position, T,=T.
or, 375 x 10 x B = 45 x 10°°
- Flux density in the air gap,
-6
B= 20" _ 012 Wb/m?
375x10

Q4 (c) Solution:
Given, Permittivity € /= 8.85 x 102 F/m ; Plates area A = 500 mm? = 500 x 10-¢ m?
Separation d = 0.2 mm = 0.2 x 102 m

Initial capacitance, C =

()

(i)

€, A 885x107"2x500x107° .
d 0.2x107

C = 22.125 pF

Change in displacement,
Ad=0.2-0.18 =0.02 mm
Capacitance after application of displacement,

8.85x107 2 x500x107°

C+AC= F =24.583 pF
018x10°7 P
Change in capacitance, =~ AC = 24.583 - 22.125 = 2.458 pF
AC  (2.458)
. C _(22125) _
Ratio = A - (002) 1.111
d (0.2)

Initially the displacement between the plates is 0.2 mm. Since the thickness of mica
is 0.01 mm, the length of air gap between the plates = 0.2 - 0.01 = 0.19 mm.
Initial capacitance of transducer,

e, A _885x107?x500x107°
dy @ B (O 19 001) <103
€ & 1
When a displacement of 0.02 mm is applied the length of air gap is reduced to (0.19
-0.02) = 0.17 mm.

.. Capacitance with displacement applied,

_ 8.85x107?x500x10™°
(o 17 001j <103

C=

=23.137 pF

= 25.839 pF
1 8

© Copyright:
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Change in capacitance, =~ AC = 25.839 - 23.137 = 2.702 pF

AC ( 2.702 )
. ? 23.137
= = =1.168
Ratio Aid 0.02
d 0.2

Section B : Electromagnetics-1 + Basic Electrical Engineering-1

+ Analog Circuits-2 + Materials Science-2

Q.5 (a) Solution:
We have to verity,

Vx(VxA) = V(V-A)-V2A (i)
taking L.H.S
i, &, a,
9 9 9

= (z2-2z)a, +xa, =—za, +xi, ..(ii)
a, a, 4,
x(VxA) ox Jdy 0oz
-z x 0
= 0-&x—(+1)&y+&z = —&y+&z ...(iii)
now considering R.H.S
" 0 d 0
= —A +—A +—A
VAT dy 7 09z °
7 = —(xz)+i(zz)+— zZ=2z+
V-A T oy dy 27 Y
" 0 ,n 0 ,n 0 , .
0 0 . .
= - (zty)a, +o—(z+y)a, +——(z+y)a,
0x dy Yoz
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= a,+a, (iv)
VA = VPA4, +VPA 4, +VZA 4,
2 2 2
27 = xz)+ xz) + xz) |a
and V-A ax2 ( ) 9 2 ( ) azz ( ) x
0% 5 9, o 0%, .
+| —(2) +—5(2)" +—(2)" |a
_axz() ayz() azz()_y
92 92 92 .
+| —(y2)+ —=(yz) + —=(y2) | a
o2 (v2) P (y2) W (v )_ :
V2A = 2fly (V)
From equation (iv) and (v), we get,
V(V-A)-V2A = a, +a,—-2d,= a,-a, (Vi)

. From equation (iii) and (vi),

RHS = LHS=4a,-a

Y

Hence Proved.

Q.5 (b) Solution:

Area Of CI'OSS-SeCtiOIl = TIZT’2
= 1 x (25 x 10-3)2 = 1.963 x 10-3 m?
N2 N2

Inductance, L = =
Reluctance [/p,p, A

. (500)?
N [ 0.942 }
4107 x1.963x107°

L =654x10%*H

[~ n,=1for air]
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Q.5 (c) Solution:

Now, point B is at virtually ground potential and input current of op-amp is zero as

Rin = .
Va =V
10x10°> ~ 100x10°
-V,
Va4~ o
Now, applying KCL at node A,
I =1+1,

Vi=Va VA_VB+ Va—W

10x10° ~ 10x10° 100x10°
-V
Now, V, =0and V4 =1—00.
v

V,+| -0

10x10° ~  10° 10° 10°
V.= -01V,-0.01V,- 0.1V, - 0.1V, = -0.31V,
Vo -1
— - ~-322
Vs 0.31

Q.5 (d) Solution
The state of material at which resistivity reduces to zero is called superconductivity.
The temperature at which there is transition from normal state to superconducting state
is called transition temperature. Above critical temperature (T,) the material is in the
familiar normal state but below (T ) it enters an entirely different superconducting state,
resistance of these materials in the superconducting state is at least 10'® times smaller
than their room temperature values.
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Two independent conditions of superconductivity are

1. Zero resistivity.
2. Perfect diamagnetism.

Properties

(i) Atroom temperature, the resistivity ‘p” of superconducting materials are greater
than other elements.

(ii) All thermo electric effects disappear in superconducting state.

(iii) When a sufficient strong magnetic field is applied to superconductor below critical
temperature T, its superconducting property is destroyed.

(iv) When current is passed through the superconducting material the heat loss (I?R) is
Zero.

(v) The magnetic flux density in superconductor is zero.

Q.5 (e) Solution
The magnetization for a paramagnetic spin system is given by,

M = Npipo H
kT
Magnetization per spin in Bohr magnetons becomes
B
Where, pp = Bohr magnetron
= 9.27 x 10-2* Am?
B, = 4n x 107 H/m
H=10°A/m

k - Boltzmann’s constant = 1.38 x 10~ J /K
T - Temperature = 300 K (given)

9.27x10%* x4nx 1077 x10°
1.38x 1072 x 300

So, M =

2.81 x 103 Bohr magneton

Q.6 (a) Solution
In the free space, the velocity of the wave is 3 x 108 m/s.
® _ 2mx400x10° 8m

So, = = =—rad/sec
© b= 5a0? 3%10° 3
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The direction cosines of the wave normal are,

oo 1 o5 = = :
cosd, = cos60° = 5 COS(I)y = cos45° = NA and cos¢, is
unknown
For a wave normal, cos? ¢, + cos? ¢, + cos? ¢, = 1.
S 2 = 1_1_1—1 _1 < 90°
0, cos“0, = 1 o 4:>cos<l)z—2 0
The unit vector along the direction of the wave normal is,
PR T
2 TR

The electric field in the free space can be given by,
_]8_7[ f + L + E
E o= Eye T ofe 32422
Here, Eo is a constant vector perpendicular to the wave normal.
EO = EOX‘% + Eoyy + E022

Since, the wave is linearly polarized E ., Eoy and E,, should be in phase. Therefore,
without loosing generality, let us assume them to be real.

Since, for uniform plane wave E, is perpendicular to 71, we have

=3 EOx Eoy EOZ
o = + + =0 i
n-E, N ..(i)
It is given that, Eo‘ =10V/m and E = 2E,,
So, Eoy = 2E,, ..(ii)
Eg, +Ep, +Eg, = 100 ...(iii)

By solving the equations (i), (ii) and (iii), we get,
E, = ¥49V/m, Eoy =1245and E,, = ¥837V/m

So, two different solutions exist for E.

.8n(x y ZJ

E = (49%+245)-8372)e 3\2 V2 2) y/m
.87:(9( y z)

or E = —(49%+245)-8373)e 312 V2 2) y/m
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Q.6 (b) Solution:
Given: Iron losses = 200 W ; Secondary current = I, ; V, I, cosp, =20 x 103 W

20x10° . - o .
I,= v [- Assuming pure resistive as given in question]
2
3
1= 229 _g001A
2 220

Equivalent resistance referred to secondary,

R,

2
2.1 x(&) +0.026 =0.0514 Q
Nl

Total copper loss = I3 Req = (90.91)*> x0.0514 = 424.8 W

) Effici _ Output _ Output
® reeney Input  Output + Losses
3
Efficiency at full load and 0.5 p.f. lagging = §0><10 x0.5
(20x10°x0.5) +200 + 424.8

n = 94.12%

(@ii) Efficiency at half load and 0.8 p.f. leading
Lx20%107%08
n = 2 =96.31%

GXZOXW ><0.8)+ 200 +424.8(0.5)

Q.6 (c) Solution
Let us calculate the equivalent impedance of the op-amp circuit in parallel to C,, as

follows:
V. Rl R 3 \% I
o = MW 8 4"v"v"v"v AW 2 {l :
+ Im V3 Vin 13 12 C Vin
Vin R4
Vin
Now, I, = R,
V.
Thus, ]2 = Il =1
R4
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=

Now,

Thus,

where,

V2 = ‘/in—l—L
SCR4
Vi
I = —n
3 SR4R3C
V.

L =1 —__m
3 4T SCRyR,
V. = Vin _iniRZ
3 SCR4R;

I = VinRZ
5 SCR4R3R1
]5 = Iin

I = VinR2
in ~ SCR4R4R,

Z (s) = Vin(s) _ S CR4R3Ry =L
" [in (s) R, o

. {CR4R3R1}_100><10‘9><(104)3

1 =10H
eq R, 10

Thus an equivalent model of the given circuit can be represented as,

! |
f= om0 4
270, LeqCin £ Icm
100x10° 1 N
T 2110%xCy,
1

J10xCy,

2
1072 -
10xCy, = | 5og | =6 %109)

200 x 103

25x10712 i}
C, = %=2.5x10 12 _ )5 pF

eq
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Q.7 (a) Solution:
We have, %

(i) Aswe know,

100e5%* sin50y V

-V

il
I

| 100¢™" sin50y | a,
el

100e" sin50y |,

gJ|QJ @J‘QJ g)‘cv

[100(3 0% 5in 50 y}

= 5000(e " sin50y &, —¢ " cos 50y 4, ) (i)

-

ol
[
o

(o]
R

Also,

<
(ol
I

gg-V-E ...(ii)
= € 9 (5000 ¢ % sin 501/) + i(—5000 % cos 50y)
ox dy
= 5000&)| -50¢ " sin 50y +50¢ > sin50y |
=0
(ii) V = 100e72% sin50y V
Fory =0, V=0
Since, V is constant and independent of x and z.
- y =0, is an equipotential surface.

(iii) E (aty = 0), from equation (i), we have,

E = 5000 sin50y i, —cos50y d, |

Fory =0, E = 500070 [sin 04, —cos0 Zzy} = —5000 ¢~20%

E aty = 0 is perpendicular to the plane y = 0.

(iv) D

goE =—5000g e " 4, C/m?

and P, ‘ 5‘ =5000&y e % C/m?
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@)
I

w1
_[ps ds:f fps dxdz
00

g0 5000 ¢70% dx dz

-50x \”
500030(6 = ) (2)g
0

|
o—3
O —

= 5000¢, (%)xl =100¢,

or Q = 0.8854 nC
Since, y < 0 is the conductor interior, this charge should be negative.

) W, = =& |E[* av

Il
o
o
O —
O —y
O —
—
a1
o
o
o
ml
a1
o
=
p——
N
—~~
9]
-
)
N
a1
(e}
<
+
0
o
0
N
a1
o
<
N—"
=
2
<
IS
N
—

1l
—_
N
Q1
X
—_
(@)
(o)}
[e2]
o

VR
|

Juxy

o

o

=

N

[y
—
~—
S
—~~
~—
O =
—

1— 100

12.5%10°x8.854x 1072 x( J] =1.10675 uJ

Q.7 (b) Solution:

50
i E, = —==28.867V
(i) 2 3
At standstill with slip-rings short circuited,
E, 28.867

= = =1415A
JR3+X3 (0.4 +(2)?

L
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(i)

(iii)

(iv)

v)

The total resistance in the rotor circuit is 5.4 Q per phase.

L - E, _ 28807 _501A
2 JRo 2+ X3 (542 +4
. Ns-N,
Full load slip = = N
S
where, N, = 12(;)Xf = 120:50 =1500 rpm
.= 1500 -1440 004
1500
Rotor Emf = 28.867 x 0.04 = 1.155 V/ph
. sEy 1.155
2 RZ4(X0)2  (J(04)2 +(0.04x2)2
+(sX2)”  (04)7+(0.04x2)
I, =283A
R, 0.4

Rotor power factor at full load = =
JRE+(sX)2  {(0.4)2+(0.04x2)2

= 0.98 (lagging)

Q.7 (c) Solution:

(i)

The equation for i, current can be given as

i,=I,+By+ B,cos(wt) + B,(cos(2wt) + B,cos(3wt) + ..............

Thus, the given current equation for i y with that, we obtain
I+ B, = 35mA

B, = 17mA
B, = 10 mA
and B, = 0.3mA

Now, the total distortion or distortion factor ‘D’ is computed.

yD3 +Dj3

SORORCECR

Thus, the total distortion is 58.85% of the fundamental component.

D
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(i) Power delivered at fundamental frequency ), is obtained from

b BiR, _ (17x107°)*x2.2x10°
! 2 2
0.3179 W =317.9 mW
(iii) The total power delivered to the load is approximately equal to
P = (1+D?P, =1+ (0.5885)* x 317.9 mW
= 428 mW

Q.8 (a) Solution:

Given, 120¢ /47 a, V/m

p—.\j
I

and E = 30£50°¢/*™ 4 V/m

(i) From the given expression, we get,

Phase constant, p = 47

where, B = w\/ﬁ

For free space,

Jie

Jiogo = \/4nx1o—7xix1o—9 ~3.33x107
361

=3.769%10° rad/s

B B _ 41
o N VMogo  +/Hogo

2@ _599.85 MHz

and f= o
(ii) The reflection coefficient is,
E/ 0
= 1+—= S0£50° 0.25250°
E, 120
But reflection coefficient is,
M2~
N2+t

where, 1, = intrinsic impedance of free space
n, =377 Q

ocopyright: [MADE ERASY www.madeeasy.in



MADE EASY Test No : 7 E & T ENGINEERING | 35

M ™M _ 425500
Ny +MN1
N2 _q
M = 0.25/50°
1r]—2+1
Ui
or N2 _ 13670000
M
or N, = 515/222°Q
or N, = 477 + 1947 Q

Hence, the intrinsic impedance in the region z > 0, which would cause the given
reflected wave is,

n, = 477 + j194.7 Q
(iii) The total field in region 1, is addition of main and reflected fields.

The total field in region 1,

E, = E+E
= 120e /4™ +30.£50° /4™
= 120¢ /4™ (1+0.25ef8"z><ef5°°)
At maximum value,
8mz +50° = 0°, +360°, £720°, .....

1440°z + 50° = 0°, £360°, £720°, .....
347 cm and -285cm

.. We have, z
Q.8 (b) Solution:
@)
The magnetic field produced by the solenoid,

= NI _1000%2.5 ~10000 A/m
l 0.25

The increase in magnetic induction when placed in oxygen
= 1.04 x 10® Wb/m? = p,M

This increase is due to magnetization (M)
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-8
M= 222 5576x10 A/m
4ntx10™
M _8276x107° -
Magnetic susceptability, Y = = T =8.276x107

(i)

A nanoparticle of Si can be made by laser evaporation of a Si substrate in the region of a
helium gas pulse. The beam of neutral clusters is photolyzed by a UV laser producing
ionized clusters whose mass to charge ratio is then measured in a mass spectrometer.
The most striking property of nanoparticles made of semiconducting elements is the
pronounced changes in their optical properties compared to those of bulk material.

In a bulk semiconductor a bound electron-hole pair, called an exciton, can be produced
by a photon having an energy greater than that of the bandgap of material. The photon
excites an electron from the filled band to the unfilled band above. The separation
between the hole and the electron is many lattice parameters.

The existence of the exciton has a strong influence on the electronic properties of the
semiconductor and its optical absorption. The exciton can be modeled as a hydrogen-
like atom and has energy levels with relative spacings analogous to the energy levels of
the hydrogen atom but lower actual energies. Light induced transitions between these
hydrogen like energy levels produce a series of optical absorptions.

When the nanoparticle becomes smaller than or comparable to the radius of the orbit of
the electron-hole pair, there are two situations, called weak-confinement and the strong-
confinement regimes. In the weak regime the particle radius is larger than the radius of
the electron-hole pair, but the range of motion of the exciton is limited, which causes the
blue shift of the absorption spectrum. When the radius of the particle is smaller than the
orbit radius of the electron-hole pair, the motion of the electron and the hole become
independent and the excitation does not exist. The hole and electron have their own set
of energy levels. Here there is also a blue shift, and the emergence of a new set of
absorption lines.

Q.8 (c) Solution:

Drawing the small signal model of the amplifier we have,
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J=_ =

Thus, the overall gain of the amplifier,

R s 24)

Vin 21 +Rg

(21+2Z3)Z,

where, Z, = (Zy+ 25 +25)

For the feedback circuit,

Yi__ %
Vo Z1+Z3
The phase shift of the feedback circuit is negative.

The feedback gain, B =

Zy(Z1+23)
—AyZy | o
Ap - ~AyZ. 7, 21+ 25+ 24
Ry+Z: (21 +Z
(Ro+21)(Z1+23) {Ro+§2(z1+zs)}(zl+zg)
1t2Zy +2Z5
_ —AyZ1Z,
Ro(Z1+2Zy +Z3)+2Z5(Z1 +Z3)
Now, 7, = jX, Z,=jX,and Z, = jX,
- AB Ay(X1Xy)

jRo(Xq + Xy + X3) = X (Xq + X3)
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To produce sustained oscillations the phase shift of the loop gain AP should be 0°.

Thus, Ry(X, + X, + X;) = 0
= X, + X, + X, = 0
(X; + X;) = -X,
_AVX1
Ap = L
b= &)
Ay Xy
= AB = X,

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

0000
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