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HINTS & SOLUTIONS

Distend means to expand or stretch or swell. Hence,
the opposite meaning is diminish.

Frugal means saving, not wasteful.

The word nondescript and the phrase easily
recognized make for just the sort of contrast that lends
coherence to the sentence as a whole.

Let number of 1 rupee coin is x, 50 paisa coin is y, and
25 paisa coin is z. According to question

AR

2 4
o _ _y iy
Againy=2xandy=4zor X =5 and Z_Z

y ¥y, ¥
Thus, 2+ 2+ % 51
=5 y=48,y=24,z=12
Sum of the digits of a number with any number of digits,
which is divisible by 9 is 9. Working in options wages.
Thus,x=9. And hencey=9andz=29.
Honeybees, unlike many other varieties of bees, are
able to live through the winter by clustering together
in a dense ball for body warmth.
Main ideas are unlike other bees, honey bees form
cluster in winter to gain body warmth for survival. The
numbers, how they eat, how they move are secondary
ideas according to the passage.
Total number of steps elapsed in both the case is'same
as speed of escalator is constaiit. Hence according to
question
26+30x=34+18x

= X 2ste
= S
3 P

Thus, required number of steps = 26 + 30x

26+ 30xx% -i—: 46 steps

Total fravel time in¢luding rest time according to watch
athomefrom 2:35pmto4: 00 pm=1h 25 min.

Total travel time exeluding rest time= 1 h 25 min - 25
min

= I'h.60 min

The ratio of time for going to office and coming from
offiece=2 : 1 and total time taken only for travelling= 60
min =>3x= 60 min be 2x =40 min.

He took 40 min to go to office. Thus the time while he
reached at office must be 2.35+40 min=3 : 15.

But the time at office watch was 3 : 10. Hence the office
watch was 5 min late.

Considering relative speed, as A meets C every 88
seconds then if C is at a constant point then A covers
the circular track in each 88 seconds same for B also
which covers the distance in 110 seconds.

10.

11.
12.

(c)

(d)
(a)

T
With respect to C speed of A is 2 x 7t 33 and that of

Bis2xmx 0"

Relative speed of A and B is
2x nxi—ZX J'r.xL =2 1':><E
88 110 t
where, t is the timezfterwhich A meets B

oW
Thus e ) (110 )T ¢
o t =440)

One line divides the whole space into two and two
linesinto 4.

=,
\

2 regions 4 regions
\\}\
7 regions 11 regions

Ifno two lines are parallel and no three are concurrent,
then 3™ line can cut the existing lines atmost two places
or three extra spaces are added. Thus 3 lines divide the
whole space into4+3 =7,
One more line can intersect at most 3 points and will
provide additional 4 spaces. The n'" line can increase
the region by k if and only if it divides k of the old
regions and it divides k (regions) if and only if it
intersects the existing lines at atmost k — 1 points.
1 line= 2 region
2lines=2+2=4regions=1+1
3lines=2+2+3=7regions=1+1+2
4lines=2+2+3+4=11regions=1+1+2+3
nlines=2+2+3+4+ .. nregions
=1+1+2+..n—1regions
= SIl # ]'
where, S is sum of n natural numbers. n = 12 = number
of non-overlapping regions inside the circle (as all
intersects are inside the circle, the total regions are
inside thecircle)=1+S8,,=1+78=79.

R;=R[(R+R,+R)



@ Pracrice Test-7

R d
o— 1. The element at indicates dynamic, so the system is
R dynamlc
R {t) is non-linear function, so the above DE
Rab Rab
is non-hnczm
Rah:R” (2R+Rab) ay()
R 1 " 1 3. 3t at is a time varying function. So the above
(e —
R 2R+Ry, system is time variant,
_2R+R,; +R 16. (a)
® 7 (R)2R+R,,)
3R
Rab =

2R%+ (R, +R)
After solving

R, =(-143)R
13. () Given Power supplied by 2V source
22 x (Ah5)
Ry b, ¥
A =—3W.

Vo Vg 05A 2A-5V+

Rl | | ) T, e
t=0 1 10 0.5A

T SR, g 40 8V+<1‘ 2A
i -
VR, : N
Vo, = L . _ . _ Power supplied by 2 A source=2x8=16 W
R, R,+R, [at t= 0] by voltage divider rule. 17, )
Nowatt—w
18. I=1.6 mA when terminal B is left unconnected.
VR; (&

ch (00} =—lA

I
R]"rRz C|+C2 ng&[ \N — A

G
14, V,=5sin (20t+ 10°)+3 cos (30t 20°)+4 sin (40t +45°) | G,

i, =2 cos (20t + 30°) =4sin (30t + 60°) — 3 sin (40t —45°) DB
i Gate G, will sink same current irrespective of terminal B.
. Hence, I will remains same.
5 One 19. both base.
v port
—lo——— network H, new= gx%: 6
P PRyt PR P B
=V I, cos6 +V213c0592+\/313c0593 HEl new = 6XE=12
3
=05 110+ —=%x —cos 10+ —=- —=cos 90° H. =H, xe.+H, xe
o ARG S y, e 15y 25
=4.198 W H, =(6x4)+(12x3)
d?y(t dy(t I
15. (c) Given y(1) y{ I o Y( }+ y(t) = x(1) By =90
¢ 10. (d) @GE=V,
(i) E;>V,

(iii) Eg=< 'V, just like DC motor
(iv) E¢behind V,



20%

202

23.
xkVA pF 1F
Eﬁiciency n= pﬁ I I A
xkVA pF“F X P(TU 39
Where, P, = iron loss of transformer, P; = Cu loss at full s
load x = percentage loading of transformer 1F== ==IF 23Q C) 3A
Atmaximum efficiency (n,,,..) )
x=1= Pem ,
P. For finding time constant, we neglect current source as a
P _p open circuit becomes
it IF 30 1B 30
l :
T it |—WW——— ——ww
kVA+2P,
= P.=0.555kVA i [— 2 . z
o § oo 23Q = 3
Athalfloadi.c., x=0.5 IF ==IF 3 2F 230
kVAx0.5
= n= 0
kVAx0.5+0.01389MVA +0.0555MVA
S M= 100
0.5+0.0694
— 2 I. _—
1=87.8% A T FAO=Ry,
@ Gain of amplifier
Q
Time constant #0R&Quired C., = @n.%.l: 4s
N 24 (d) L
1A lSQ Vi 3 1kO
ok - IF 1 11 |1 2
! Tia. €Y kQ | 1 21 2]
\'7 4= I I - Vl e ‘r‘t‘r‘t‘!’ - - OVU
+ Ve yid >
2HIY, - ]
\" 1kQ N =
Vi o—AMMN—— - oVU
; ="V
R Solution L +—=0
By KCL, I, + Ty 1= 0 10
2+ 1+ 144 p=10 = V==10V
dv V V V-V
But, ]_c=CX— Now o 2 -
dt 1001 20
A
IC=1><E{4sm2t)—Sc052t 115V =0
[[ =%(2 + 1+ 8 cos 2t)
=75 — B cos 2t
Vi =L—=2x2xX8sin2t :
dt 25 (d)
Vi =32 sin 2t
L | L L | L|L|L| Ll
D'(@]| 2|46 s]10f12
DD [7]o [ 15
I D|{o]| D)o |D]|D

D
Y=2m(0,1,3,5,8,13,14)
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2. (a)
L
6o00™

R -
1 C
o—wwWW— } o oV,
Vi 24kQ
"
R,sL
Z;=Ry|sL=—2
R, +sL
1 sR,C+1
Z = Ry+— |=—1=—
and 41 [1 sC] C
V,(s) [ sR,L (SR}LH)
Vi(s) \sL+R, sC
V,(s) s’R,LC

Vi(s) (R,+sL)(sR,C+1)
By observing this equation and by plotting bode plot we get
it is a expression of high pass filter.

27. (c¢) Thethyristor isa device in which the holding current is
associated with the turn-off process and the latching current
is associated with turn-on process.

28. (d) During the positive half-cycle of V;

Don
o i e
+ AL
V,23.2kQ
\% f; $32k0
s
= 332kQ
o
Applying voltagédivider rule,
_ A% W
U 32%3.2
_ 32x150
3.2 P32
vo rmx= ?5 V
Duringthe negative half cycle of V,
o
— L ]
+ Doy
V L ]
O N !
L =3.2kQ
&) $32kQ } o
i 232k
o

Applying voltage-divider rule

Vomax -

=75V
Hence, V,.=0.636V
=0.636 x75=47.7V

F2RW, e _ 3.2x150
32432 64

400

® k=pn
=20.99A

[ \2
Losses = 3(?“] x5

=16529 W
30. @) JAswe know
P

e
Vcoso

2
Loss = I"—
a

I 1
Volume oc a o< —— o<
loss c052 ¢|

3. (d) (D-1)y=xe
1 x

T

BL

32. P (number of heads = number oftails)

6
= i 1 =0.3125
26

2 2
3. (a ﬂx,y)=x2+y2+;+;

Atpoint (1, 1),r=8,t=8,s=0,rt—s>>0,r >0 minimum
at(1,1).

p O] 1 0
M0 | 2q 14|76 143

= p=1,q=-3
~1+3r=14
= r=+5
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36.

37.

0 1 =2 3 §5/[=7
00 1 0 1]10
00 0 0O0]0

is the augmented matrix of a system

38.
of linear equations.

Number of variables = 5
p(A/B)=p(A)=2<5
n-r=5-2=3

Variables are assumed as arbitrary constants.

1 4
Rp = @ =6.25Q, Rg =0.25
4

Xp =(Zp) —(Rp Y =y/(15) - (6.25)° 3.
=13.635Q

Xg=0.54

10x10°
= =25A
7 400

Voltage drop =1IRg cos 6 +1 X, sin 0
Z25%0.25% 0.8+25% 0.4 x 0.6
=13.16V

Voltage drop with respect to primary
=13.16x5=65.8V

Voltage to be apply=2000 + 65.8
=2065.8V

V, =400V

F,=50Hz

Ns, = J=h =1500

P

N, 1470
150014 40.

S = 1500147 =0.02

1500
Vi
— — constant
K
V,=J
F,=40
£ 120x 40 o

As uis constant

ViwrVv, 400 _V,
—_—=— = ==

f, f, 50 40
V,=320V
o KSV? _ 180 V*
R, 2nNg R,
e SV? SV _8,V3
£ f,

S,=0.025

07

I\Ir: = NS: (1_52)
=1200(l—0.25)=1l70rpm

os(B-98)- |4 ||V| cos (B —o1)

Pr :7
®) (B) 3]

75)* 0.85

2
150 J—cos (75~ 8)—%(275) cos(75-5)

5=28.46

Pslivel
8 —
T (B)
After solving, we get
=—27.6 MVAR

- 10-6
®) 4x10°

[=1,40.5mA
= 97 —OSmA
ApplyKVL

65 0.792651.=0
=, 26553

53

lp=—==20mA
265

in(B-8)— { {(V) sin(B=a)

=1mA

I =(1+B) 1y = (1+8) = £ = 40
B

I
——(39+1) 40

=B 1z=19.5mA
Apply KVL to outpu'f terminals
1(} 2007~ -2651.=0
=10— 200 I9SXIU‘3 265 %20 1073
—10 3.9-53=0.8volts
(@) Theammeter reading A, in figure records the resultant
of the components current I, I, I;and ...

JE+E+2 41 =046A

The third harmonic current and its multiples can flowin
thc delta, But not in the lines,
1;;,. = Reading of Ammeter A,

line

(o)  \BIZ+12+13 =0.75A
(or) 1/1$+1§+l—% O—J?A 0.433A

1, =/(0.46)% - (0.433)’

=0.1553 A
With the transformer in star/star with four wire supply,
the neutral wire will carry three times 7.
. Currentin the neutral wire =3 I,

=3 (0.155)=0.4659 A

. Theline current = \[I? + 17 + 17 + 1 = 046 A
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41.

42,

4.

) Xg=08pu

For an input kVA of 100% at ¥/,= 1.00

V1 =1.00and/ =1.00pu

As E,= 1.2 puis more that ¥, = 1.00

Sym:’f]ronous motor is working at a leading power factor
E . =(V,cos0—1,r,)" +(¥,sin0-1,Xg)’
1.22=cos? 0 + (sin 0 — 0.8)?

1.44=cos?0 +sin?0 + 0.64— 1.6 5in O

sin@ = % =0.125, cos 6= 0.992 lead

Mechanical power developed by the motor
=V,1,cos0=1x1x%0.992=0.992pu

1 1
ic(0)=0,T=—=—

RC 2
ic(0h)=2x2=4A
ic()=0,

io(t)=4e™,

i (17)=4e2=0.54

V(0)=0, V. (0M)=0,

V()=2V, V. ()=2(1-e?2)
V(19)=1.732,i. (11)=-1.732 x 2=-3.464
V(1H=1.732

(a) —6dB/oct=-20 dB/decade
T -20dB/oct
Yo— 6, —40dB

log40—log2 " 1
Y7 =—46dB |y ;= 40radss
y3 —(=46) _ —60dB

log80 —log40 1
y; =— 64[at @ =80 rad/s

2

(a) RMS value of output voltage,
V=Vy=220V
RMS value of fundamental component of output
voltage
_ 4x220

Vi ot
01 \/EXTE

45.

=198.07V
RMS value of all harmonic voltages

2 2
Voh = Vjvc!r _V(H

= (220)? - (198.07)?

=05.151V
V i
THD = ~eb = BT _ 4 4o
Vo, 198.07
or =48.34%
o Vy 19807
Distortion factor, L= = =(0.9
B "4 220

(c)

Letthe value of R be R+X after connecting some components
to R for making the bridge balance. Under balanced condition,
voltage V, appears across R + X(x) and voltage V, appears
across Z,.
Vi W%
R+K Z,

R+X)=Lz,
Vs,

—

V,
X=—1Z,-R
V2
5£0°

X= x111.8£(63.44°—50)
10£45°

X=(3.03+j17.68)
Comparing X with (R, +jmL),

17.68
Then R, =3.03Q, L=—"-

=

1798 _ 35 36mm
500

A resistor of 3.03 Q and inductor of 35.16 mH are
connected series with the resistor R =50 Q.

5 001
[h]{m 0.2]

= input impedance seen by short circuiting V,
=h; =5
1

Input impedance of network N

For the primary circuit
2Q
l'l'l'h'.i‘.l‘ @ - O
Vv
2Q
+ & 3
= =20

M o

=T —10v

T o Ry




C“' . 48. (b) Signal Flow graphs and state space analysis
20 v e x = Ax+BU
tz = 2 + Deactivate independen
Vé; 20 20 éé é.E. 20 Vch) sourcles alnd cnn[r:ecr V:h,
= = = — across the open terminals
X
8]
o o I y=x%
D e o
—\1—/ -
V
+<, < e re g
Ven 5 R £ %y = =3%) + %3 +3U
Ve =Tg | S8 0 1 %,| +[3([U]
1 3 b & 2
Also,\\/f(z}v #0170 Ol x5l [ 3])
=] - {
¥ X=AX+BUY=CX+DU
. 1
oy Idc x_i
M: 1 [Y]=[1 0 0] x,
50 10 X3l
|| 49. (6). S,=P,+jQ, :%(15+j[0')
For maximum power transfer 5C2 should be matched with 1. S,=35+j3.33MVA
2
E=M—:>M=\/§=2.236 V:Q:GB.SkV
1 12 T \/5
47. (d) Internal circuit of the 555 timer is "
6V Qc = (V,)? "JZ' :%x(63.5)2x219x10_6
[ 1 Q.=0.441 MVAR
b3 3 S'=S, —jQ.=5+j3.33-j.0.441
b3 b 2 1 Xc
2 st E 2 A S’=(5+j2.89) MVA
< C = %
N output _ S R
4 Power loss in line ~ W
3 R @ r
SR
25kQ) 3 s 5L [52 +(2.89)2 }x 26.4
b : = =0.218 MW
& + (63.5)
% T -
Vinc {[ & !S, 2
10kQ) R AQp =-—=X
. v,
Y [57+289) ]
Voltage at node C is = 0% =2V == — =x33.9=0.279 MVAR
25+50 (63.5)°
o 2 §"=S8"+AP, +jAQ,=(5.22+]) 3.169) MVA
—=1V L 1, .
Voltageatnoder i S, =S"—jQ. = 5.22+j3.169j 0.441
Two decision boundaries of the Schmitt trigger are 1V S, =(5.22+j2.73)MVA
&2V S=3S,=(15.66+]8.19) MVA

Itis a Schmitt trigger. It is readily shown that for very 50, A, B, C are at logic 1, output = logic 0 i.e., transistor is in
small V. . §=1and R =0, thus making ouput high. saturation.
Hence the correct hysteresis loop is (d)
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V VD +VD +VBE

l Vee = V)
)

—2.2\/

v
B _ 08 _ 0.16mA
5k 5kQ

I;=1,-1,=0.56-0.16=0.40 mA
At the output node O, V=0.7+ V¢

“{sat)

IZZ

=0.74+0.2
=0.9Volts
5-0.9
S(), ID = m= 0.82 mA
5-0.2
I =2.18 mA
and, Ilc= 22k0

If'N is the fan-out then,
[ =082 N+2.18=hg Iy
0.82N+2.18=30x04

= N=12

5. (d) GivenK =50rpm/V:
To find The range of motor speed.
Solution Speed =K V|
V111=4V51x{:d
R,

=5 Lt !
Ropot ]
R2=dRp0t=R|—' —a) _
Combining relationships to eliminate VS e Vields a
relationship between motor speed and o that isrpm =

20

Vspeed =5

=S

52 V=1V,R=200X

vEw () \¢

R, I
o= -+ 4
SNT— «—0 <_> 4vs1)eed C_

j
<

R, o =0
speed
= = _T_ = =
Here, K| =50rpm/V
So, speed Vel
Speed =50x200
=1000e

Ranges=10 to 1000
Ry ZEnd Y ,=Y,, =1

Network

Formaximum power transferred from the source, R; should
be equal to the equivalent resistance seen from the terminal
22,
TheY parameters are written as

L=Y,V,+Y,Y,

AAAAAR
L

L=Yy VitY, Y, ) )
Putting the given values of Y parameters in above equations
I,=2V,-V, P
L=-V,+2V, .. (i)
Make V_= 0, to determine Z;,
I I I 2
T + g T +
ER =20V, Network vV, +—Z,
1 2
From above network it is clear that
V,=-2I,
-V,
= L =—
e
Putting this value of T in equation (i) we get
-V,
| 2V,
2
)
V==V
= 15572
Putting this value of V| in equation (ii) we get
~2 8



V, 5
= I, 8
5
S R =20Q=06250

53. (a) Given/=2A

I A

To find Thevenin equivalent circuit about R |.
Solution Equivalent resistance

Req =14147(|2+1)=4.1Q

[=] o
= >
3 2
1Q > = 1Q
- >
7Q
AAAAAA
YYYyyyy
3Q2
AAAAAAA

AAAALALS

Thevenin equivalent voltage, by applying KVL

8A SA
W&o 2 7
Vin
103 g 10
_ x | 7Q
4A 1A
\rx—l
ml 20 3x
1A
26— -Tx+@d-x)1=0
— x=1
Vo, =8x1+1x7+5x1
Vo, =20 Volts

dv
54. (a) Given §=25Vm5

L=02mH=02 x103H
Vrms=230V

55. (@
=
— |
—
—
4. (o)

109

To find The value of R and C of the Snubber circuit.
Solution V=230 x .JE =32527V

L=02x103H
V25V asx105v/s
dt us
£=0.65
]
_ 1[0564V,
S| dV
dt
2 I "0.564%325.27 }2
2x0.2x-10_3L 75 10°
C=134.62x<10YF
T
R=QE. |—
e
2
- . 0.2x1077
=% —
7 1 134.62x107°
R=2.866 MQ

Given that SRIM (Slip Ring Induction Motor) and
syncrhonous machine are coupled. Therefore, SRIM
rotates at synchronous speed of the synchronous
motor.

Speed of the induction motor (N)

_ 120x 50

=1500 rpm
Given slip across rotor terminals = 5/= 150 Hz
f=50Hz
S=3=8=+3

For S=+3 and N_= 1500 rpm
1500=N_(1-3)=N_ =750 rpm

1201
N 21207
P
750 — 120x 50
P=8

ForS=1annd N = 1500 rpm
1500=N_(1 +3)= N_=3751pm
120x 50

375=

P=16

Given A generator delivers power of 1.0 pu to an infinite
bus through a purely reactive network § = 110 elec
degree.

To find The rotor angle in electrical degrec as t=t .
Solution By equal area criterion

o - 5]1] - - -
P,(8,, — ;) = jae P, sinddd

2sind, (8,,~6,) =P, (cosd—cosd, )
E‘)ITIHXZO
8,=30
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.
P . 2 P=2sind
v A
P, 1 —
éA]% E
% : -
30° 6(‘ 6m::\x
2x 0.5% =2(cosd, —cos 110)

0,=69.138°=69.14°

57. (c) A step-down chopper operates from a DC voltage
source V_and feeds a DC motor armature with a back

emfE,.
1,1
T
Vot )
E, Vs _ :
] N

Vet +Epty

Vp(average) =
“r Fdgk t(]}
2e7 18
58, (a) X(w)= m
o
) A
1-0.25¢ 1%
— jo
X(w) = 2 .
(1+ 0.5 )(1-0.5¢73?)
X(0)= =2, 2
140.5¢7 1-0.5¢79°

x[n]=—2 (-0.5)"u(n) + 2 (0.5)" u(n)
x[n]=2 (0.5)" u(n)—2 (— 0.5)" u(n)

59.

61.

62.

(c) 4

L

_ K(s+2)
s(s+5)(s+10)

G(s) =

|G(jo)| o) at=0.1 =207log K - 20 log
32=20log K 20 log (0.1
32-20=20log K

12=20logK

K=1000=398=4

G2 4(s+2)
s(s+5)(s+10)
(b). The open loop transfer function of unity feedback
prototype.second order system is

o
&= s(s+ 28 m,)

Phase margin =180° +¢,,_,

To get OIS

a(jo)| =1

W= e

2.2, 2[4
mgc:\,—Zé‘; o, To 48" +1

Substitute Dy in|G(jo)|=1

1
PM=tan™ | — 22
Vg +1-2¢||

j j:t‘3’2(| —eYdt

_ P32 -t
f_jut (1—e ") dt

"2l %
A
r= 0+20+1j0 et 24t

1=2r%=2JE

I=2/n=3544
J’ [(1-y)dx + 3xydx]



63.

)(2

= YI:T’

=y, =2/x,x=4

x=0

Green theorem = _” (3y+ l)dydx
R

4
I=[ [ @Gy+ndydx
02

du
—=—2y=0,(x,y)
dy

Now, by Midne Thompson’s method, on replacing x by z
and y by 0, we have

£(z) = [[4)(2,0)~i4,(z,0)]dz +c
f(z) = j [2z—i(0)]dz +¢

f(z)= Iszz+c=zg+c

6 @ [f@dz and f(z)=""
flz)dz and f(z) = o
[0y
lz|=1

65.

(@)

We know that, the Cauchy-integral formula

f(z)

[==dz=2rif(a) (i)
Z—a

On comparing Egs. (i) and (i)
flz)=coszanda=0

fla)=cos a
= fl0)=cos 0= 1
From Eq. (i)
| “O%8 4z = 2mif(0) = 21
Z—a
X} +4x—-9=0

Let fix)=x? +4x-9=0
f(x)=3x>+4=0
Now, Newton-Raphson method

f(xg)
XK+l = XK _—f’(x )
K
X3 +4xg —9
X

3x% +4xg — X% —4xg +9
3xZ +4

2xy +9
XK+ = 5
3XK +4

XK+l =




