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Section A : Power Electronics & Drives + Engineering Mathematics

Q.1 (a) Solution:

z-1 A B
Let, A2 = i) z+3) “z+2 z+3
z-1=A(z+3)+B(z+2)
Putz = -2
-2-1=A(-2+3)+0
A=-3
Put z = -3
-3-1=A(0)+B(-3+2)
-4 =-B
B=4
3 4
flz) = z+2 z+3

Given regionis 2 < |z| <3
2<|z| and |z] <3
‘z

z

<1 and <1
3
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Q.1 (b) Solution:
(D?>+5D + 6)y

Auxiliary equation is

e ¥ sec?x (1 + 2 tanx)

m>+5m+6 =
(m+2)(m+3) =

m= -2

and m= -3

Hence complementary function (C.F.)
= Ce® + Ce™™
PL = 1 p~2xsec? x(1+2tanx)
D*+5D+6
2y 1
(D-2)? +5(D—-2)+6

=e sec’ x(1+2tanx)

= e ! sec? x(1 + 2tanx)

D?—4D+4+5D-10+6

e—2x

2D sec? x(1+2tanx)
+

ox sec’x 2tanxsec’ x
e +

D?+D D?+D

= ¢ #secz X+ #Ztanxsecz X
D(D +1) D(D+1)
= ¢ l— 1 sec2x+l2tanxseczx— 1 2 tan xsec? x
D D+1 D D+1

o2 [tanx — e_xjex sec? xdx +tan?x —e* I2ex tan xsec? x dx]

Now, Jex sec? xdx = e“sec®x— Jex 2secxsec? xtan x dx
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¢* sec?

x—ZJex sec? x tanx dx

Pl = ¢ [tanx _sec? x + tan? x:|

= [tanx — (sec® x — tan? x)]

e (tan x - 1)

Complete solution is

y=CF +PL

= e + e + e (tanx — 1)

Q.1 (c) Solution:

Peak value of resonant current,

o

C 30x107°
I, = Ve|= = 230,[ 22— =30837 A
L 10x10
1
JLC

Resonant frequency, 0, =

10°
7300 - 57.735 x 10° rad/sec

(i) Conduction time for auxiliary thyristor

T T
= ———————= =5441x10°
oy 57.73x10
= 54.41 usec
e o . —1( 300
. = Sin = . o
(ii) Since, o, 0 (398.37) 48.857

Voltage across the main thyristor, when it gets turned off
V' = Vg cosw,- 0

230 cos 48.857°

V' = 151.34 volts

(iii) Circuit turn off time for main thyristor

V' 30x107° x151.34

t. Iy 300 15.132 psec

©Copyright: NADE EASY www.madeeasy.in
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Q.1 (d) Solution:
Let d be the diameter of the sphere and x, y, z, the three edges of the rectangular solid

of volume V. Then

d? = x2+y>+ 22, ..(0)
and V = xyz ...(ii)
From equations (i) and (ii),

we have V= xy\/dz —x% - yz
V2 = nyZ(dZ _ xz _ ]/2)
For maximum or minimum of V2 and hence that of V

d
(V%) = 20 (- 2= ) =, (i)
9 V2 2 (2 252 :
ay( ) = 2x%y(d?- x2-2y?) = 0, .(iv)
From equations (iii) and (iv), we have
d?-2x2-y2 =0, ..(v)
and d?-x2-2y2 =0 ...(00)
(wx#0,y#0)
From equations (v) and (vi), we get
2 =2 d
X==y-= ?
2
Putting, x?= y?= 5 in equation (i), we get
2
z? = 4
3
d2
2 222
xt = yi=zts
d
Now at x=y=z=ﬁ,wehave
9? 8d*
r = ax—z(V2) =2y2(d?-6x%-y?) = R
92 4d*
= = 2 9,2 92y = _ 24
S = 9y (V?) = dxy (d?-2x2-2y?) 5
* 2 8d*
t = @(V ) = 2x%(d? x2-6y?) = R

©Copyright: MADE EASY www.madeeasy.in
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64d®  16d°  484°
81 81 81

2 =

Hence, rt-s , (+ve).

Since rt - s2>0and r <0,
d
V2 and hence V is maximum atx =y =z = Na)
d3
Thus the solid is a cube and maximum volume = m cubic units.

Q.1 (e) Solution:

A square matrix ‘A’ is said to be unitary if A®A =1,

Where, A® = (A)! and I is an identity matrix
" [0 1+21
We have, N = __1+2i 0
[1 0 0 1+2i
I=N=1o 1] [c1+2i 0
C 1 -1-2i _
Tl1-2i 1 (D)
Now we have to find (I + N)™
: 1ol [ 0o 142 [ 1 1+2z}
+N = = -
N 01 -1+2i 0 —1+2i 1
[+N| =1-(-1-4)=6

| 1 —1-92i
Adj. (I+N) = {1_9; 1

L AGUeN) 1 1 -1-2i
TN = TN “el1-2i 1

Il
—

For unitary matrix, A®A

From (i) and (ii), we get

U B T 13 | RS-
[-N)T+N™=¢l122i 1 |[1-2i 1

©Copyright: NADE EASY www.madeeasy.in
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1 4 —2-4i]
= — . :B
6|2-4i —4 |
1] 4 2+4i]
Now B) = 6|2+4i —4 |
A 4 2+ 4 2-d
(BB = 36| 2+4i —4 |[2-4i —4
1[3 0]_,
T 36/ 0 36]

Q.2 (a) Solution:

1 oL
(i) Impedance angle = tan 1(%)
[ 2x50%3.14%200x 107
= tan =72.34°
20
Since, tan ™! (%L) > o (60°)
So load current is continuous,
Average output voltage,
2V 2x100+/2 .
Voave) = Tm o= Tcos&) =45 volt
Average output current,
VO avg 45
(IOavg) = T = % =225 Amp

(i) First dominant harmonic will be 2"4 harmonic.

2nd harmonic voltage,

(V,) = \/a§+b§

T+0

2 J. V,, sinwt - cosnot - d(wt)

n TC(X

N
1l

V?m [ (sin(1+m)oot + sin(1 - mot) - d(wt)

©Copyright: MADE EASY www.madeeasy.in
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From equation (i),

TT+0

Vi | —cos(1+n)wt N —cos(1—n)ot
T (1+n) (1-n)

v la _|1_ 7 [cos(1+n)(m+ o) — cos(1 + n)at]
o " a 1 ) [cos(1—n)(rm+ o) — cos(1 - n)at]

2V, | cos(1+n)o N cos(1-n)o .
T (1+n) 1-n) | n = even (i)
) T+

j V., sinwt - sinnwt - d(wt)
o

T
+

Y | : (cos(1 - n)ot — cos(1 + n)ot)d(wt)

T
_m
T

a ‘§<

[ sin(1 - n)ot _sin(1 +n)wt e
(1-n) (1+n)

o

sin(m+o)(1—-n)—sin(1 —n)o
(1-n)

: in(1 in(1
__(1+n)(sm( +n)(n+ o) —sin(1 +n)o)
V., [ 2sin(1 - n)o; , 2sin(1+m)ar
T | (1-n) (1+nm) |7 TEVER

2V, —sin(l +n)o N sin(1—-n)o -
n | (1+n) 1-n) | n = even ...(ii)

3n COS —_TC
2x100+/2 C°s§+ 3

T 3 (-1)

ecopyight: [MADE ERSY
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a,

From equation (ii),

b,

Now, V2

£

2"d harmonic impedance,
Z = R+jQo)L

Z

27d harmonic current,

2

rms

2V, [ -1 1]
T |3 2

2V, ——5]
m |6

n 3 (-1)
2,43
T | 2

2v,, 25 3
VaE+h = 3ty

2x100v2 [25 3
n V36 4

108.20 V = Peak value of 2" harmonic voltage

20 + j(2 x 100x x 0.2)
20 +125.63
127.244./80.95° Q

V,  108.20
7, 127244 ~U80A

\/zgvg +%(12)2 = \/(2.25)2 +

2328 A

Power absorbed by the load,

P =12

‘R =2.3282x 20

rms

P =108.475 W

1 2
—(0.85
2( )

...(iii)
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Q.2 (b) (i) Solution:
dx . . .
We have E+y =sint = Dx+y=sint ..(i)
dy y
E+x = cost = Dy+x=cost ..(ii)
Multiplying (ii) by D, we get
D%+ Dx = D cos't
D%+ Dx = -sint ...(iii)
Subtracting (i) from (iii), we have
D> -y = -2sint
(D>-1)y = -2sint
AEism?-1=0
m? =1
m = %1
CF. = Ce'+C,e!
1 . .
Pl = m(—Zsint) = H(—Zsmt) =sint

Complete solution

y:

CF. +Pl

Cie' + Cye™ +sint

C1 + C2 or C2 = —C1

-C, in equation (iv),

Putting y = 0 and ¢t = 0 in equation (iv), we get
0

On putting, C,
Yy

C,et - Ce! + sint

On putting the value of y in equation (ii), we get

D(Ce' - Cie' +sint) + x = cos t

= -Ce! - Cpe!
On putting x = 2, t = 0 in equation (v), we get
=-G -G
= C,=-1

On putting the value of C, in equation (v) and (iv), we have

x = e +et

y = -et+e! +sint

(i)

ocopyright: [MADE EASY
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Q.2 (b) (ii) Solution:

4a
Let, I = I
0

The limits for y-varies from y = Z— toy = 2\ax and the limits for x varies from x = 0 to
a

x = 4a. The region of integration is enclosed between the curves (parabolas) x? = 4ay and
y? = 4ax and the lines x = 0 and x = 4a. The two parabolas intersect at (0, 0) and (4a, 4a). To
change the order of integration, first integrate w.r.t x and then w.r.t. y. Since first integration

2
Yy

is w.r.t x, we consider a horizontal strip. The limits for x varies from x = = to x =2,/ay
a

then y varies from y =0 to y = 4a.

x*=4ay

Hence, I

Il
O —

4a
4a 3 6
IR I YA
—_([ Zy 2y:|dy—[u3 3211260

3 6
[251, 64a> 1 (4a) } _ 128a* 64a* _ 64a*

3 32,2 6 3 3 3

©Copyright: MADE EASY www.madeeasy.in
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Q.2 (c) Solution:

2-12 -1 1
The characteristics equationis | =1  2-A -1 | =0
1 -1 2-A
2-M[2-1)2-1]+1[-2+A+1]+1[1-2+A] = 0
Q-N)@-dA+22-1)+(A-T)+A-1 =0
8-8L+2A2 -2 - 4L+ 4NN+ L +24-2 =0

N+ 602-9L+4 =0
M-6A2+9h-4=0 (1)
On putting A = 1 in equation (i) is satisfied. So A - 1 is one factor of the equation (i)
The other factor (A? - 5\ + 4) is got on dividing (i) by A - 1
A-1) (A>-51+4) =0
A-1)(A-1)(A-4) =0

A=114
The eigen values are 1,1, 4
2-4 -1 1 [x] [O]
When A =4, -1 2-4 -1 |[|x| =10
1 -1 2-4|[x3] 0]
Applying R, - R, + R, and R, = R, - R,
2 -1 1][x] [0
-3 -3 0|[x| =10
3 0 3] xs] 10

X1 =X
Let xy = kg
X, = =X,
_ K,
Eigen vector, X| = —kq
| ka
But, k, =1
[ 1
X, = -1
| 1

©Copyright: NADE EASY www.madeeasy.in
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2-1 -1 1 [y 0
When 7\’ = 1, —1 2 - 1 —1 x2 = 0
1 -1 2-1|x 0

Applying R, - R, + R, and R, = R, - R,

1 -1 1)[x
0 0 Oflx,| =0
0 0 O0f|x;
Let, x, = K| and x, = K,
Kl—K2+x3=0
x3=K2—K1
_ K,
X, = K,
Ky -K;
X, = (K, =1,K,=1)
[ 1
Let X3= m
K

As X, is orthogonal to X, since the given matrix is symmetric

!

[1 -1 1]m =0
n
or l-m+n=20

As X, is orthogonal to X, since the given matrix is symmetric

l

[1 1 0]jm| =0
n
or I+m+0=0

...(ii)

...(iii)

ocopyright: [MADE EASY
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Solving (ii) and (iii), we get

[ m n
0-1 1-0 1+1
l m n
971 2
-1
X,=11

Q.3 (a) Solution:

Given, Ve =400V, R =20 Q,
L = 50 mH, fo = 50Hz
(i) Instantaneous line to line voltage V, can be written as

Vo= ) AV, sin = sin | not + =
RY n=1,5.. M 3 6

Even and triplane harmonics are absent
4x400 . m 4 %400
V.., = ———sin—sin(wt + 30°) +
So, Ry - sin 3 sin( ) B

sinS?nsin(SO)t +30°)

©Copyright: NADE EASY www.madeeasy.in
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+ 4400 sin%sin(ﬁot +30°) +

/n
Vi, = 441.063 sin(ot +30°) - 88.212 sin(50t + 30°)
+ 63 sin(7otf + 30°) - 40 sin (11ot + 30°) +
Now, Z, = R? + (noL)* Ztan™ (%)
= J(20)? +(15.708n)* Ztan ™! (%)

Instantaneous line as phase current,

< 4ve . nm| .
_ E sin— [sin(nwt — 0
I = |:x/§nnZn 3 :| ( )

n=1,3,5

where, 0 = tan™! (%)

I, = 10.01 sin(wf - 38.146°) - 0.628 sin(5wt - 75.71)
+0.325 sin(7 ot - 79.69°) ....
(ii) RMS phase voltage,

., 2

Vo, = —V ——><400 = 188.561 volt

(iii) Rms phase voltage at fundamental frequency

Vi 441063 /42
V= fs 5~ 180063V

(iv) Total harmonic distortion,

_ 1/2
[ 3 an] - [Vf—vfl]l/z

n=5,7,11

NG

=0.3115 or 31.15%

2
2 (441.063
\/(188.561><x/§) —(7) = 96.94 Volts

96.94
440.063
V2

©Copyright: MADE EASY www.madeeasy.in
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(v) The lowest harmonic is fifth harmonic,

Harmonic factor = HF, = : =—=20%
(vi) Load power, P, = 3I?-R
1/2
; [(10.01)? + (0.628)” + (0325)” +... /
L 2
= 7.09 A
P, = 3 x7.095% x 20
= 3.021 kW

Q.3 (b) (i) Solution:

Divide the interval (0,6) into six parts each of width & =1. The values of f (x) = 5 are
x

1+

given below:

1 105(0.2]0.1]0.0588 |0.0385 | 0.027

X
/() Yo |Vl |VY2 |V3 Y4 Y5 Y6

1. By Trapezoidal rule,
J'6 dx
014+x%

N =

[(o+¥e) *2 W1t Yp t Y3 Ty, T 5]

1
) [(1+0.027) +2(0.5 + 0.2 +0.1 + 0.0588 + 0.0385)]

= 1.4108
2. By Simpson’s 1/3 rule,

J'6 dx

h
0742 LWty +AW YT ys) H2 (YT Y]

1
=3 [1+0.027) + 4 (0.5 + 0.1 + 0.0385) + 2 (0.2 + 0.0588)]

= 1.3662
3. By Simpson’s 3/8 rule,
6 dx 3h
.[0 1412 = g[@/o Ty T3 Wty tytys) 2y

ocCopyright: [MADE ERASY www.madeeasy.in
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= %[(1 +0.027) + 3(0.5 + 0.2 + 0.0588 + 0.0385) + 2(0.1)]
= 1.3570
Q.3 (b) (ii) Solution:
p = 0.001,
n = 2000,
m = np =2000 x 0.001 =2
T a2 1
Py = ——=°¢ Pl 2 !
1 P(Exactlv 3 —p3—i-£— 1 ><§—(0135)><é—018
2. P(more than2) = P(3) + P(4) + P(5) +.......+P(2000)
= 1-[P(0) + P(1) + P(2)]
-2 /70 -2 /91 —2/7\2
_ 1_[e @° , 2@ Q) ]
0! 1! 21
= 1-e2[1+2+2]= 1—32
e
=1-5%x0135=1-0.675=0.325
3. P(more than1) = P(2) + P(3) + P(4)+......+ P(2000)
= 1-[P(0) + P(1)]
-2 /70 -2 91
- 1—[6 @), @) }: 1-3¢2=1-3x0.135
0! 1!
= 1-0.405=0.595
Q.3 (c) Solution:
(i) For an A-type chopper, waveforms are drawn for vo Lt T L

load current I, , input (or thyristor) current i,
freewheeling diode current i,

©Copyright: MADE EASY www.madeeasy.in
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1
1
1
1
1
1
max 1
1
1
1
1
1
Irmn

When chopper is ON, voltage equation for chopper circuit,

i R+L- 9T p =
dt

Ripdt + L -dip + E- dt

Ripdt+L-dip + E - dt

Taking average on both sides,

ITON LTON
R-— | ip-dt+—= | di
T{ T T{ T

Imax
RI +— di
TAV T 1'[ T

min

L
Rlppy +=[I
TAV T[

max Imin] =

TAV

Vs

V. dt
(Vg - E)dt

ocopyright: [MADE EASY
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(ii) When the freewheeling diode is conducting, load voltage is zero,

The voltage equation

. di gy
Rlﬁi'{'L‘d—;'{'E =0

leddt+L?dt+Edt =0
Taking average on both sides,
T T T
R J' . L ) E
— | ig-dt+= | dig+—= | dt =
i | dig+ [ dt <o
TTOH TTOII TTOH
, i E
R'IFD‘F?IJ. dlfd+?[T_Ton] =0
L
R'IFD+?(Imin_Imax)+E(1_(x) =0

L El-a
IFD = E(Imax_lmin)_ (R )

Now average load current over a complete cycle can be obtained by adding I,,,and
I, from above equation,

Ly = Ipay * Ipp
a(Vs —E L L El-«o
= ( ; )_RT(Imax_Imin)+ﬁ(Imax_Imin)_ ( R )
oVg—0oE—-E+aE
IKZU = R
_oVs—-E_ V,-E
- R R
Q4 (a) Solution:
(i) Number of series connected SCR,
1. 6.79=7
s T 18kvx09 T 7T

7
Number of parallel connected SCR

So, series connected SRC

©Copyright: MADE EASY www.madeeasy.in
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_ KV ies
" T 1kvx09 T T

(ii) Static equalization circuit resistance is used in case of series connected SCR only. Let

us consider n thyristor connected in series. Let SCR 1 has minimum leakage current

I,,., and each of the remaining (n - 1) SCR have the same leakage current I,

Note: SCR with lower leakage current blocks more voltage

>]

max bmin

I Ib min Ib max Ib max Ib max
String ¢ Na D Nas Do
current |
: Il vvvy 1_2 vvvy 1_2 V;{VV 1_2 V;{VV
: e Vi —>1
l Ve
Il = P min
and IZ = L Ly max
where, I = total string current
Voltage across SCR-1,V, = I -R
Voltage across (n -1) SCR = (n-1)[,R
For a string voltage,
Vo = [R+(n-1)I,-R
=V, tm-1)R(I-1,,.)
= (n 1) R[Il ( bmax Ib min)]
= +(n-1) Rl - (n-1)R A,
where, AIb = Ib max I b min
as R, =V,
Vo = nV, -m-1)R-Al
anm — Vs
So, R = (n-1)Al,

The SCR data sheet contains only maximum blocking current [,
such a case, it is usual to assume Al,

When, I

b max

1%

bm

7/ZS

=1

b max

with = (.

b min

= 12mA,

1800V,
7(SCR) and V., =11 kV

and rarely Al, . In

ocopyright: [MADE EASY
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AL =1

b max

nVy, =V, _ 7x1800—11000

R="m-1a1, ~ 7-1)x12x107°

=12 mA

12600 — 11000

= = 22.22 kQ
6x12x107
Q.4 (b) Solution:
(i) The power returned to supply is,
P=0-o) VI
= (1-0.5)220 x 60
= 6.6 KW
(ii) E = KON
for series motor, ¢ o< I
= q) = KseIa
E=KK, ®
E
KK = ( 4
©se J,0,\ A—rad/sec
. V —sec
Given, KK, = 0'05(A—rad)
In the given circuit when switch is ON,
—I
Ia (Rﬂ+ RSE)
1C 8
E

E=1I1(R +R)=60x(015)=9V
- Emin

min 7. %0.05

9
= 760 0,05 - 3 rad/sec

Minimum breaking speed = 3 rad/sec

In the given circuit when switch is off,

©Copyright: MADE EASY www.madeeasy.in
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V=220V

By applying KVL:
-V4-I(R,+R)+E
E

0

VS + Ia(Ra + Rse)

220 + 60(0.15) = 229 V
229

Maximum breaking speed = ®__ = 0.05%60 - 76.33 rad/sec

E

max

Q4 (c) Solution:
99

IEo(x, ), W(x, ), y and e be continous functions over a region R bounded by simple

ox

closed curve Cin x - y plane, then

Jioacryan) = 530 frts

C
Then by Green’s theorem in plane, we have

P[(3x* ~8y?)dx + (4y — 6xy)dy ] = [](-6v+16y)dx dy = [[10y dx dy
R R

0 0

=10_T.dx j ydy = 1OIdx|:22:|1

0 %(2;( 6) 3(2x-6)

_53 5
- ?J.dx(Zx—6)

54 0 G,0)
Now we evaluate L.H.S of (1), B

= | [(3x2 —8y”)dx + (4y — 6xy)d3/]

©Copyright: NADE EASY www.madeeasy.in
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| [(3x2 —8y?)dx + (4y - 6xy)dy] + [(3x2 —8y”)dx + (4x - 6xy)dy]

OB BA
+ I I:(?wc2 —8y?)dx + (4x — 6xy)dy]
AO
-2 0 3 3 0 )
- j 4y dy + I [1(6 +3y)2 - 8y2](5dy}+[4y - 3(6+3y)y|dy + j3x dx
0 -2 3

0

= 2y’ ];2 + } [2(6 +3y)% —12y% + 4y — 18y — 9y2]dy +(x? )3

0

= 2[4]+ | [%(6 +3y)2 - 2132 —14y]dy +(0-27)
5

3 0
= 8+ EM_7y3_7y2 _27
8 3x3 5

= 19+ [%6 +7(-2)° + 7(—2)2]

= -19+27-56 +28
= -20

Section B : Basic Electronics Engineering-1 + Analog Electronics-1

+ Electrical Materials-1 + Electrical Machines-2

Q.5 (a) Solution:

Plane-A x y z
L L
Intercepts ) 5 o0
Intercepts (coefficients in terms of 1 1
lattice parameters) 2 2 =
Reciprocals -2 2 0
For plane-A, miller index = 2 2 0)
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Plane-B X y z
Int t L E £
ntercepts > >
Intercepts (coefficients in terms of 1 1
lattice parameters) 1 B B
Reciprocals 1 2 2
For plane-B, index = 1 2 2
Q.5 (b) Solution:
Li lati AVO _ Ty
ine regulation, AV R+,
20 38.5mV/V
500 + 20
Av, = AV, %385 mV/V

= + 385 mV

For a load resistance R; that draws 1 mA current, the zener current will decrease by
1 mA. The corresponding change in zener voltage would be

AV, = rAl,
=20x-1=-20mV
_ AV, -20mV
Load regulation, A_IL = 1mA - -20 mV/mA

Q.5 (c) Solution:
Applying KVL in the base-emitter loop,
5001, + Vi + (1 + B)[;(1) = 12V

[ oo 12V

5500+ (1+B)

1= 22707 jggua
500 + 101

Hence, IC = BIB =100 x 18.8 pA =1.88 mA
Calculating the small signal hybrid n-parameters of BJT,

_ e _18mA o simayv
8m = Vy  26mV
;o P 10 ____q 38310

T g 7231x107
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Using the hybrid n-model of BJT, the small signal equivalent of the circuit can be drawn
as below:

C

Biy,

R, =500 Q2 3 = Rc=1.5kQ

AAAA

AAAA

= R, =1kQ

Applying KVL in the input loop,
V.

1

i, xr +(1+B)i, Rg
Vi
Iy

= R . +(1+PB) Rp =1.383 +101x1=102.383 kQ

ib

Q.5 (d) Solution:

(i) The dielectric loss of polar dielectric consists of two components. Those due to
leakage current and those resulting from dipole polarization. The dependence of
tand on temperature is shown below:

tand A
0.22+
0.20+
0.16
0.12+
0.08 1

0.04

| | | | | | »
T T >

-10° -20° 0  20° 40° 60° 80° °C

At low temperature, the loss due to dipole polarization is greater than that due to
the leakage current. At temperature much below 0°C due to less thermal motion,
orientation of dipoles is limited. With increase in temperature the dipoles acquire
greater mobility, hence increase in temperature causes the loss tangent to drop off
due to enhanced thermal agitation. After falling to a minimum, tand begins to
increase, this time due to an increase in the leakage current.

The loss tangents of polar dielectrics depends on frequency. The variation of loss
tangent tand with frequency at a constant temperature is shown below.
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(i)

tand A

f

At low frequency the dipoles make less number of rotations per second resulting
in a small amount of power loss. As the frequency is increased beyond a certain
limit the dipolar polarization ceases because the molecules will not be able to keep
up with increased rate of field reversal. At some mid frequency (depending on the
temperature) the loss tangent will be maximum as shown in above figure.

At zero frequency the loss is due to leakage current only and hence tand is
minimum. At infinite frequency the losses due to both polarization and leakage
current become zero.

e, =4.94, n%=2.69
From Clausius Mosotti relation,

g —1 N(o, +o;)

= (1)

g, + 2 380

If measurement are done in optical frequency range,

e, =n*and o, =0

n2_1 = % )
n?+2 3 -
€r—1x”2+2 _ Oty
e, +2 n?-1 o,

1 % _ 4941 269+2

X
o, 494+2 269-1

1+~ 1576
O('e
%~ 0576
(xe
Ge _ 1735
o
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Q.5 (e) Solution:

Number of poles,

Phase current,

120f  120x50 _

Maximum value of phase current,

Slot angle,

Slots per pole per phase,

Breadth factor,

Turns/phase (series)

Q.6 (a) Solution:

P = 20
n, 300
L= - 400x10°
P 3%3300
I =70§2 A
180° % 20
V=g -
180
M= a0 o
sinm—y
k, = —2— =096
msin—
2
1808
= 2%3 =240 = Nph (series)
E = éx Ky x N py, (series) I
T
= 2 096x 2 7042
T 20

= 1452 AT/pole/phase

3
= —F, =2178 AT/pole

peak 2

Before an extra resistance is introduced,

E=V-IR,
=440-50x02=430V
E = K¢ N=K, I N (for a series motor ¢ o I )
K, = E 20 _ 0.0143

1" LN 50x600

T = Kol, =Ky I
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When torque is half, say, T, ,
T Ktllg
o KD
. T 50x50
T/2 ( I )2

I =

@

,/50;(50 =3535A

At this armature current I, and with a resistance R introduced in the circuit, the induced

emf E, is given by

E, =

But El
202 =
or R =

Q.6 (b) Solution:

No load, Vv, =
n =
(1) E, =
5.939 =
or K, =
(i) Rotational loss, P, =
(iii) Stalled current, o =
I (stall) =

Torque (stall)

(iv) P, (

(6-420) =

gross)

421> -61,+1.6

V-1, (R, +R)

= Kql; N1 =0.0143 x 35.35 x 400 = 202 V

440 - 35.35 (0.2 + R)
6.53 Q

6V, 1,=145mA,

12125 rpm or ® = 1269.7 rad /s
6-145x10°x4.2=5939V
K o=K x1269.7

4.677 x 1073 V-sec/rad

E I ;there is no load

5.939 x 14.5 x 102 = 0.0861 W
0soE, =0

6
E =1.4285 A

K I (stall) = 4.677 x 1073 x 1.428
6.67 m Nm

1L6W=E]I

1.6

0
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Solving we find,

Thus, I

Rotational loss (proportional to

P

rot

P_ . (net)

out

Power input, P,

n

(v) Motor speed, n

0.354 A,1.074 A

0.354 A; higher value rejected

6-0354x42=4513V =K o

4.513x10°
4.677

square of speed)

=965 rad/s

2

965

0.0861x| —=— | =
(1269.7) 0w

P . (gross) - P
1.6 -0.05=1.55W
VI =6x0354=2124 W

1.55

2124
10250 rpm or ® = 1073.4 rad/sec
K, ®=4.677x10°x1073.4=5.02V
6—-5.02

4.2

P,=E]I
5.02x0233=1171W

rot

x100 =73%

=0.233 A

2
0.0861 x 10734 1 _ 0.0615 W
1269.7

1.171 - 0.0615 = 1.1095 W
6 x0.233 =1.398 W

1.1095
1.398

%100 =79.36%
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Q.6 (c) Solution:
V,
= Vv = 5656V 40 V rms
For FWR with capacitor filter H
Ipc
Voo = Vin 4f,C 40 V rms
Ipc
= IDC RL =V — 4f7
= Ipc| Ry + L Vv
pc| fL g 7C m
= Ipc| 2000 + L = 56.56
Pe 4x50x40x107° '
= Ipe = 26.6 mA
(i) Peak to peak ripple voltage
-3
v - Ipc __ 26.6x10 =665V
r 2f,C  2x50x40x 10~
RMS value of ripple voltage
, V,
= Vims = 2\/% =191V
|24 1
ii) Ripple factor, r = —Sor
() Ripp Vo 43 f,CR;
1.91
= ——=0.035
- "7 532
. R 0
(i) % regulation = ——x100%
Ry
I .
We have, V.. =y —-DC ..
DC m 4foc ( )
also VDCFL = Vpene —IpcR ...(ii)
Comparing equations (i) and (ii),
R = ! L =125Q

4f,C  4x50x40x107°
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% Regulation

Q.7 (a) Solution:

l

i

i

autl

1200 x 103
d

pf =

Q.7 (b) Solution:

£><100% =£x100% =6.25%
R 2000

L

800 x 10° 4 B
5233005 051 0.8 = 174.95/36.87° A
X X U.
V -1z,
3300

5 102~ 174.95(36.87° x (0.8 + j5)

2447.67|-18.68° V(; _y)
2447.67/3 = 4239.488V(;
12000 kW

2
V—CoseS —Ecos(es +3)
ZS Zs

(3300)> 3300 x 4239.488

co0s(80.91) —
5.063 5.063
27.23°

2
V—sines —Esin(eS +3)
ZS ZS

-502.06 kVAR

1 (502.06)
tan
1200

22.70°
c0s22.70° = 0.9225 leading

cos(80.91+ &)

(i) Consider an elemental solid dielectric with number density N atoms per m? and

polarizability ‘o’ Farad m?

P

el

Also,

-

E’co’c
From Lorentz’s expression,

Etot

NoE,,, E,,: Total field
D-gE=¢y(e, —1)E

Tl

E+1—, v : Internal constant

ocopyright: [MADE EASY

www.madeeasy.in



MRADE EASY Test No : 6 ELECTRICAL ENGINEERING | 39

For atoms surrounded cubically

_1
T3
. . P
= E = E+E ..(1ii)
From (i), (ii) and (iii),
- P = Na(1§+%(sr —1)E):80(8r ~1)E
No, -1
= - & (Clausius - Mossotti relation)

3¢ €, +2

(ii) Pure copper resistivity, p_, = 1.56 x 108 Q W-m

With nickel, Powsni = XniPni + (1= %ni)Peu (X, : % nickel)
Apcu+m’
- =p.- =1.25 %108 Q-m/ %
AXni pm pcu /
= p.. = 281 x 10® Q-m
With silver, Peas ag = XagPag* (1-%ag )Peu (Xag : % Silver)
Apcu+Ag
- o _ _ = -8 _ 0o
Ming Pag ~ Peu 0.14 x 10° Q-m%

Pag = 170 % 108 Q-m
At 300 K,
Xy = 0.2, Xag = 0.4
Xew = 1= Ui = Xag = 04
Peu+ni+Ag — Xni Pni t Xag Pag * Xeu Peu
= 02x281x10%+04x1.70x 108+ 0.4 x 1.56 x 108
= 1.866 x 108 Q-m at 300 K
At 4 K < Debye temperature (0,

= pThermal =0

= = 0 (No residual resistivity due to impurity)

Peu +ni + Ag
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Q.7 (c) Solution:
99, I;,=05mA, Vo, =5V, Vp, =07V, V;=25mV

Given :
(i) DC equivalent circuit

B =

= ——xXI —2x05—
ICQ = B+1 EQ = J00 % =(0.495 mA

ICQRC = Vee- VCQ

R. = E—20201<Q
C 0495

Also,

Apply KVL in loop (1)

I;x 25+ Vi + IR, = 15

15—0.7—2.5x@

Re = 05

= 28.57 kQ

(i) For AC Analysis : DC — Grounded Capacitor — Short-circuited

Equivalent AC Circuit :
oV,

AAAA
LAAA
=

<
AAAA
LAAA
=3
A

Replacing the transistor by its equivalent t-model
www.madeeasy.in
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0 Vo
V(= R.|R)=R,
® T (Rel|R) =R}
® R,
I 0.495
where Sy = ‘(/:—f R 19.8 mA/V
B 99x10° .
yr = —= =
T Sm 19.8
R} = 20.20]10 = 6.68 kQ
From the circuit, vV, = -Bi,R}
Also, V. = (R +r)i,+ R (1+P)i,
. Vs
" T R +r +(1+PB)Rg
On putting eqn. (ii) in eqn. (i)
vV = _BRiVs
0 R+ 1 +(1+B)Rg
Therefore, Voltage gain Y% = PR
’ 5¢ satt, V, R, +7, +(1+B)Rg
-99x6.68
A, =
2.5+5+100x28.57
A, = -0.2308

Q.8 (a) (i) Solution:

The given values are

C = 0.035 uF = 0.035 % 10°F
tan & = 0.0005 =5 x 104
f=125x10°Hz

and

I =250A
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The voltage across capacitor is given by

Dielectric loss is given by

P
Q.8 (a) (ii) Solution:
We have,

I
or Vy
We also get, iy +1i,

Ve Va
R3 R,
11 RV
Ry Ry, ) Ry
Then, v,
Vo
Therefore, Ve

I 250
2nfC 21 % 25%10° % 0.035x107°

= 45495 V

V.Itan & = 45495 x 250 x 5 x 104 = 5686 W

V-V _ ; V-V,
R, 27 R,
Ry
_R_lvs (since V = 0)
I
Iy
I
'i4R4 + VX

—RyVs  R4RVs R4V
Ry R3Ry Ry

< 1+&+&

Vs
Ry Ry Ry

< 1+&+&
Rl R3 RZ

This circuit gives a high-input resistance and high gain without increasing the size of the

feedback resistors.

Q.8 (b) Solution:

(i) 1. When the properties of a material vary with different crystallographics orientations,

the material is said be anisotropic e.g. composites.

When the properties of a material are the same in all directions, the material is

said to be isotropic. eg. glass.
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2. Crystalline solids are firm, held a definite and fixed shape, are rigid and
incompressible. They generally have geometric shapes and flat faces. Eg.
diamond, metals, salt crystal etc.

Amorphous solids are rigid structure but they take a well defined shape. They
do not have a regular geometric shape, so they are noncrystalline e.g. glass. They
lack a systematic and regular arrangement of atoms over large atomic distances
relatively.

3. Allotropy refers to the natural existence of an element in different forms i.e.
bonded differently. eg. Diamond-Graphite. Catenation refers to the ability of an
element to form long chains eg. Carbon polymers.

(@ii) Two types of impurity point defects are found in solid solution:
* Substitutional type : Solute or impurity atoms replace or substitute the host atoms.

o o o o [mpurty
atom

[ ] L]
.) Lattice
e o o< o atoms
* Interstitial type : Solute or impurity atoms occupies a site in crystal structure at

which there is no atom usually.

) ) ) ) Impurlty
atom
o o

L] ®
Lattice
e o atoms
Several factors that determine the degree of impurity are:
* Atomic size factor : Appreciable quantities of a solute may be accommodated in

the solid solution only when the difference in atomic radii between two atoms is
less than +15%.

* Crystal structure : For appreciable solubility the crystal structure for metals of
both atoms types must be the same.

* Electronegativity : The more electropositive one element and the more
electronegative the other, the greater is the likehood that they form a intermetallic
compound instead of substitutional solid solution.

* Valencies : A metal will have more of a tendency to dissolve another metal of
higher valency than one of a lower valency.

(iii) Germanium atomic concentration,
N, = 2.43 x 10*! atoms/cm?
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Ge density, pg, = 5.32 g/cm?
Si density, pg; = 2.33 g/cm’
Atomic weight of Ge, A, = 72.61 g/mol
G i ight% needed 100%
T o N =
ermanium weig eede . N, Py _ Pu
NGe AGe PGe
= 1339 b =11.745%
6.022 x 10 233 233
+ X -
243x10%" 7261 532
Q.8 (c) Solution:
The circuit equivalent of the machine is drawn in figure
10x10° N
. 000 o +
= —— + - —_
(@) 1 73 % 400 14.43 A |,
p.f. angle, ¢ = cos™0.8=36.9°lag Ef45<~> V, £0°
I, = 14.43/-36.9° )
o —
400
vV, = B 231V
From the circuit equivalent,
Ef = 231/0°+j14.43 £-36.9° x 16
= 231 + 231£53.1° = 369.7 + j184.7
or Ef = 4133/265°
Torque angle, 8 = 26.5°E rleads V, (generating action)

(ii) Power supplied (source), P, = 10 x 0.8 = 8 kW (3 phase)
E;(20% more) = 413.3 x1.2=496V

E.V,
JALR
= sin
P X

e
S

8x10° 496x 231 .
3 ————S1In

Torque angle, d

21.9°
From the circuit equivalent,
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Ef£8-V,20°  496,21.9°-231

a " iX, j16
229 + j185
= T =11.6 -j14.3 =18.4£-50.9°
I, = 184 A, pf = cos 50.9° = 0.63 lagging
(iii) E =413 V; field current same as in part (i),
EV,
P, (max) = X—S; (6 =90°)
_ 4131><6 231 <107
= 5.96 kW/phase or 17.38 kW, 3-phase
T = 41349,00 —21 o584 j14.43
a jl6
= 29.56£29.2° A
I, = 29.56 A, pf = cos 29.2° = 0.873 leading

The phasor diagram is drawn

IX

a=—s

E=413V 1,=2956 V
V,=231V
kVAR delivered (negative)
Q
?: = tan (-29.2°)
or Q, = 17.38 x 0.559 = 9.714 kKVAR

Q000
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