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CHAPTER 4: ALTERNATING CURRENTS

Test Your Concepts-l (Based on AC)

1. Foranac, I=I,sin(at)

Therefore, instantaneous value of heat produced in
time dt across a resistance R is,

dH = I*Rdt = I?Rsin® (wt ) dt

Average value of heat produced during a cycle

T 2n/w
_[dH J' (I3Rsin?(wt))dt
0

2
= H, =I—”R(2—H)
2 w

= H,=I RT

ms

i.e.,, ac produces same heating effects as produced by
dcofvalue I=1,,

2. Since hot wire voltmeter reads only rms value we
will have to find rms value of the given voltage.
Considering one complete cycle,

21

i J V240 where 0= wt

(=1

ans:%j(2003in9+1005in(39)+50s.in(59))2 do
0
2n

ngzi'[(zooz sin® 9+100% sin” 36+ 507 sin56 ) 46
0

The integral of all cross terms comes to be zero over
one complete cycle. So,

2 2 2
Vim=i[@+ﬂ+ﬂ)zx=ze,25o
w2 2 2

= V. =26250=162V

1’dt

=0 e

3. By definition, I,st = T

4,

3 2( 3V g2
= .= =1J(kr}2dr=k—(i] I
) 2 2 213 0 3
0
= [ = E
rms \/5 ¢
For the given time function as shown in problem, the [+ 4
RMS value of the voltage is given by E
I -7
1Fs <
0 v
= Vrmq = EO l[z)
T\2
E
= =—=
ms \/E
V. = =y(v?)

T

= V= J(VUZ +‘F/12 cos’ ot +2V,V, coswf)

= V _=\j(voz)+V12(coszwt>+2V0V1(coswt)

Since, (cosat)=0 and {cos? ot ) = % for one cycle

2
= Vm5=,’V02+V71

(a) 1=V (2 V)sin((10% rads™)t)
R 100

1=(2x10? A)sin((10° rads™ )¢)
(b) X, =Lo=(4H)(10’ rads™)
= X =4x10°Q
(c) The amplitude of voltage across inductor is
V, =I,X, =(2x107 A)(4x10° Q)
= V=80V
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For an ac input, voltage across the inductor leads

the current by 90° or g rad. Hence
VL = VU Sin(ﬂ‘)t‘l"g]

V= 803in{(103 rads™ )H—g} Vv

7. Please remember that the designated or assigned val-
ues are the rms values. So, V,,,, =200 V.

Since, in case of an ac, the voltage leads the current in
phase by an angle,

0= tan"](ﬁj = tan"l(L—w]
R R
Here, X; = oL=(2nfL)
X, =(27)(50)(0.01) = 7Q

and R=1Q
= ¢=tan(z)=tan1(3.14) =72.3°
Further, I = Voms
|Z|
v

[ = Yms
R X2
Substituting the values, we get
200
(1% +(x )
= I =6067A

=

I =

rms

1 1

8. (a) T=?=55

®=2rf =377 rads™
X, =Lo=(377)(0.04)=15.08 Q

Z=X?+R*=2505Q

p=tan™ ( %] =tan™(0.754)

= ¢=37°
(b) Amplitudes (maximum value) are,
Yo 150
"7z 2505

(Vy), =L,R=120V

Also, we observe that V, = /(V; );21 +(Vy )i

9.

10.

ae
Forlamp, Vi =IR=10x5=50 V
In series, V2 =Vg +V}
choke L Iamp‘@’:r
A1DA €
—> —s]
Vi Vg
)
py
V = Vysin (of)
= V=\V-g
=V, =+(160)*=(50)*
= V=152V
Since V; =IX; = 2rlIfL
N
2rfl
Substituting the values, we get
L= 2 4g4x10? H=484 mH
(2)(50)(10)

Now, when the lamp is operated at 160 V dc and
instead of choke, an additional resistance R’ is put in
series with it then, we have

V=I(R+R’)
= 160=10(5+R")
= R=11Q
In case of ac, as the choke has no resistance, power loss

in choke is zero.
In case of dc, the loss in additional resistance R’ is,

P=1"R'=(10)*(11)= 1100 W

10=5=£=8.33x10-3A
R 300

(@) [=833x10" cos[ (950 rads™ )t ]
(b) X, =Lo=08x950="760 Q

© Vi=(V), cos((950 rads™ )t + g)
= V= (833%x107 x760)cos[950t+g)

=V, =(633 V)cos[(‘)SO rads™ )t + ﬂ

=V, =-(633 V)sin((950 rads™ )¢ )
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1. X, =Lw=100Q, X, =Ci=312.5£z and R=300 Q

V. 120
Z  J(3125-100) +(300)?

I=@= 326 mA
368

(@) I

(b) Since X >X,,s0
Vo>V,

= tamp:%

= V lagsbehind I by ¢, where

o= tan_l( 312.5-100
300

So, we have voltage lagging behind current by
35.3°

(©) Vip=1I;=(0326)(300)=97.8V
V, =IX; =(0.326)(100) =326 V
Ve =IX-=(0326)(3125)=102 V

] =35.3°

12. (a) X;=Lo=(2)(27(50))=2007r =628 Q
(b) X, =Lw
= 2=L(2z(50))

= L[=637mH
© Y=ot o1 14k
Co 2zfC (314)(2x107°)

1 1

e G o

(d)

13. (a) Inseries, the impedance of the circuit is,

Z=\R+0’ = R+ (2nfL}

= Z=\(20+(2x3.14x50%07 )
= Z=311Q

14.

Hints and Explanations H.229

R

V.. 2
Since 1., =vms ~ 220 _ 707 o
Z 311

and cos¢= R = = =0.707
Z 311

So, the power absorbed in the circuit is

P=v_.I

rms” rms

= P=(220)(0.707)(0.707) W
= P=11008W

cos ¢

¢
<4
L
=
o
<
I
Vv

(b) When the resistance and choke are in parallel, the
entire power is absorbed in resistance, because
the choke (having zero resistance) absorbs no
power.

2 2
p_ Vow _(220)
R 220
= P=20W

Inductive reactance

X, =al=(50)(2r)(35x10°) =11 Q

Impedance Z = R?+X? = (11)" +(11)" =1142 @
Given V. =220 V

rms

Hence, amplitude of voltage

Vy=2V,  =220/2 V

The amplitude of current is

Vp_ 22042

SN _20A
"z

Phase difference ¢ = tan™ (ﬁj =tan” (E) T
R 1) 4

In LR circuit voltage leads the current. Hence, instan-
taneous current in the circuit is,

I=(2DA)sin(wt—g)
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15.

16.

Corresponding I-t graph is shown in figure.

A

A
20Af--""3>
|

0 / T8 5T/8\/9T/8 f
1042 A

Given R=X,

When the plate separation of the capacitor is halved,

then C is also halved. So, X = CL is also halved.
0]

Now, the current doubles only when Z becomes half
of its initial value.

1
= Zf:EZ’

= 2Zf=
2 X V| e 2
= 4 R+|R-E | =R +(R-XC)

2
= 4R2+4(R—ﬁ) =R*+(R-Xc)
2

= 8R*-4RX_ +X¢ =2R" - 2RX. +X¢

L=2H,C=10x10"°F, R=10 Q and V =100sin(wt)
volt

(@) = ! = ! =224 rads™

JIC Ji2)(10x10°9)

V2 (100)
(b) P= R 2010) =500 W

(c) Since P=E,I,cos¢p=E_ ] cos¢

P= DIU

V22

R E
Since, cos¢=— and [, =—2
Z Z

—=C0sQ

2
Pe ER
27?
Further P is maximum, when Z is minimum
L.e., at resonance. So, maximum value of P is

()

E2
p=-L (2
b= @
As per the question we must have
p=lo
2

17.

an
2 2
L ER_E
272 4R
= Z7'=2Rr?

= (Lw——] +R*=2R?

5 (o= L) -

= (12c?)e* - (20c+RACY)w* +1=0

) (2LC+R2C2)i\/(2LC+R2C2 f-arzc?
W =
21°C?
Substituting values, we get

®* =51130 OR o* = 48894
= @ =26rads ' OR w,=221rads "

®=6280
= 2nf=6280
=  6.28f=6280
= f=1kHz
(5 3el)2
cosp=cos| ——= |=cos| = |=—
6 2
R
cos¢-z
whereszzz[}Q
8.5

R=20g=10\/§=17.32 Q
Since this circuit has voltage lagging behind the
current, so this must contain a resistance and a
capacitance. Hence

Zi= - +R?
Cw
1
= 400=—5—5=+300
nfC
= 100= 1 5
(27fC)
= 2rfC=01
0.1
= (C=———— =16 4F
(2)(3.14)(1000) a

18. (a) The resonance frequency of a rejector LCR circuit

or the parallel circuit is given by,

/1 R?
f'_ T2
2nNLC L



19.

20.
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1 1 (20

f_ZJr\/(1,6)(10‘2)(250><10_u)_(1.6><10_2 y

= f=796x10" Hz
(b) The circuit impedance at resonance is given by,
_ L 16x107
CR (250%10712)(20)
= Z=32x10°Q

1

=1000x10° H
Zn\/ﬁ :

(@ f=

1 1
T4l (4)(10)(10%)(400x1072)
= C=625x10"* F=625pF

gA
c=2=
(b) p
85x1072 /2
=  625x107"7= M
10
I 62.5%107°

8.85

= /=84 mm
(© X, =Lo=2rf=(2)(314)(10°)(400x107)
- X,=2510Q

1 1
2 1,C, 2nL,C,

fn=

= Llcl = L2C2 . (1)

When connected in series, the new resonant frequency
besay f,then

f_QIE LSCS
where [g =L+, and Cs = GG
C +G,
= /= 1 C,C
27 (L +L 1-2
”\j( ! 2)(cl+cz]
f‘ 1 B 1
o LG, +L,C G, o l1c G +G,
G +GC, e+
1 1
f= = =fo

LG, 2mL,C,

Hints and Explanations H.231

Test Your Concepts-ll (Based on
Transformer)

1.

By applying a dc voltage, no flux variation takes place
in the core of transformer. Hence no voltage is induced
in the secondary coil.

3
@ N2 Yo _10X107 54
N, V, 120
A
(b) n=-=%
VIII ¢
Vi (24
o Iz_ﬂ( 11] w
v, E
Bt11_£=@ 5 <
Y
5
_(09)(120)(5) U
27 10x10°

= [,=54x10"° A=54mA

Vv, _10x10°

= =185 kQ
I, 54x107

(© 7=

Given that, Ng =25000 and N, =10000

Ny 25

2225
N, 10

Hence it is a step-up transformer. Since, we have

a_N
52 N2

25000
= & [ ]51 (10000)50)V
= &=125V

m) =300 Q

. P 5x10°
Since I, =——= ==
Vins - 500x10

So, power loss is

(@) R=(5x10")(600x10’

=(100)(300) = 30 kW

I)IOSS rms

Bos _ 30x10° W

——=6x10"
5x10° W

(b) Fraction f=

input

(c) Itisimpossible to transmit so much power at such
alow voltage. Since we know that from Maximum
Power Transfer Theorem, the power transferred is
maximum for load resistance to be equal to the
line resistance of 300 Q and
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2 3\2
_VE_lSx0) o
4R 4(300)

This value happens to be far below 5 MW.

Single Correct Choice Type Questions

1. For series RC circuit impedance,

1

2

Z =R +C2w2

= Z= 1004 ——
J (1072)(10*)

= 7=102Q
Ammeter will give a reading which is the virtual value
or the value that is the labelled value. So
Ems  Eo
== 7z
20012

V2(1042)
= =102 mA

Hence, the correct answer is (B).

2. Atresonance, voltage across resistance is 60 V
= I,= 0 05A
120
Also, voltage across inductance is 40 V
= 4:0 = IUXL
= 40=05(Lw)

= 80=L(4x10%)
= L=02mH

= 16x10" =

= C=—uF

Hence, the correct answer is (A).

14
Output current = 2—; A

140
Ij=—
Y
(5)
_Ssls 24\ 4

Elp 240 0.7
= n=0833
= n=83.3%
Hence, the correct answer is (B).
According to the problem, we have

22 =\3X
From the figure, we get X

V3 5

X
sing=—=-—
mne=-=" R

= d):sin'](%]:é(}"

Hence, the correct answer is (A).

| _(300«/5
rms \ﬁ
= e =(300)(100)(50)
= [,.=15mA

Hence, the correct answer is (B).

](Cw)

Power factor is cos¢ = ;, where
7' =(X, - Xc ) +R?

= 7=(100-20)" +(40+20)*

= 72=(80)"+(60)°

= Z=100Q
So, cosg= (40+20)= 0.6
100

Hence, the correct answer is (C).

An ideal choke coil should have almost zero internal
resistance. Otherwise, it will consume some power.
Hence, the correct answer is (A).

1
W, = —
' JIC
f = 1
OZE\/E
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ae
1
= 10°= ———
2mJ1072C
= 102= 1

10.

11.

~4(10)(10%C)
= C=25x10"F
= (=25pF
Hence, the correct answer is (A).
At resonance
_E _01x10°
R 50
= I=2x10°A
= I=2uA

Hence, the correct answer is (C).

|

The inductive reactance is
X, =oL=(5x107)(2000)=10 Q
The inductive capacitance is
XC = i = —1 5 = ].0 Q
oC  (2000)(50x10°®)
Since, X; =X, so the circuit is in resonance and
hence we have

Z=7,, =R=6+4=10Q

(E}
I..= Vo =£=1.414 A
Z 10

This is also the reading of ammeter.
The reading of the voltmeter is

V=IrmSZABf Where ZAB = 4 Q
= V=IrmszAB = 5.6 Volt
Hence, the correct answer is (C).

When a dc is applied across the coil (an inductor) only
resistance is offered to flow of dc
Hence

_E

"R

100

"R

= R=100Q

On application of 100 V ac of frequency 50 Hz we
have I'=05A

E E

Z R*+ 2’

I

I

= I

12.

13.

14.

15. Since Z= R + 120" =R + 47212

Hints and Explanations H.233

= I :;
JRE+ 42 1
=0 100

5=
V10* +4(10)(2500) 12
= 10*+10°12 =4 x10*

4
X0,
10
= L=J03H <
So, R=100Q, L=+03 H o
Hence, the correct answer is (D). ll'l_J
Given that V, =240 V &
5 V= 20y I
22 2 J
©=120 rads™
foo 10 gy,
2r 2x3.14

Hence, the correct answer is (A).

2

E’
p=-=
Zcosgf)
2
= 3000:@(0.75)
Z
2
7. (2407 3
3000 4
= Z=1440Q

Hence, the correct answer is (C).

When coils are connected in series, we have
R, =Ry +R, and L, =L, +L, . Further, we have

Power Factor = cos¢ = R = Ri+Ry
Z Z
3 5+K,
4 144
= R,=58Q

Hence, the correct answer is (B).

€]
= (144)"=(58)"+ L}, (4)(10)(2500)
= 207.36=33.64+100000 L,

> L,=004H

= L +L,=004
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16.

18.

19.

20.

21

= L,=0.04-002
= [,=002H

Hence, the correct answer is (B).

&= Mg (in magnitude)

E=MI, : [sin(t)]

= &= Mlwcos(wt)

= Cpax = Mo

= ... =(0.005)(10)(1007)
=

émax = 5”
Hence, the correct answer is (B).

1
0 ZE\/E
1
= fiE——m——
2748(0.5%107¢)
1000 250
—_— Hz
fg i T

Hence, the correct answer is (C).

The current in the circuit is

(o)

If R is increased, then the current will definitely
decrease. However, by changing L or C, the current
may increase or decrease.

Hence, the correct answer is (A).

X,
tang="L
an g R
= tan45=L—m
R
_E_ 100
o 2r(1000)
1
= =—
20m

Hence, the correct answer is (B).

For the given circuit, the current flowing through the
capacitor is
vV
I 7= =
Xe 3

23.

where, V is the rms value of the ac input.
Similarly, the current I; flowing through the resistor is

LovoY

R 4
The current I, leads the applied voltage by a phase
angle of 90° whereas the current I; is in phase with

the applied voltage.

ta-u:u:):VL,?):E
Vie 3

= (¢=53°
Hence, the correct answer is (C).

Since, we have

i=—\/§cos(wt+%]

n T

= z'=x/isin ot+—+—
( 4 2)

Hence, phase difference between V and i is — . So,
power consumed is zero.

Hence, the correct answer is (D).

RMS value = (E2>

= — |[64sin®(wt) + 36sin? (20t ) +

4
—
™
—
~| =
O ey,

96sin( ot )sin( 20t ) |dt
- (E2)=%[64(§)+36(%)+0]
(E2> 64+36 - 50
2

— RMSvalue =(E?) =50 =52 V

Hence, the correct answer is (A).
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Problem Solving Technique(s)

The RMS value can also be calculated using the
formula

7 2
E =8 ;6 —52V

fms

25. Since we know that, for an ac passing through the
series combination of inductor and resistor, we have

V=\Vi+V}

= V=y(20/+(15/ =25V
Since this is the rms value, so the peak value is given by
V=2V, =25\2 V
Hence, the correct answer is (C).
2. M=LL,

When number of turns in the coil are interchanged
then M remains same.

Hence, the correct answer is (C).

3
2. 1,=2 00X 554
& 220
Further
N, = :_SNP _ 4.4 %1000 x 1000 ~ 20,000
- 220

N
Also IS=FPIP=1.5A
s

Hence, the correct answer is (C).
28. X; =Lw=2mvL
X = vwhich indicates a graph for a straight line.

Hence, the correct answer is (A).

29. Since the resistance R equals the capacitive reactance,

so we have
1
R=Xp=—
e
The impedance of the circuit is
Z=\R*+ X2 =V2R [+ Xc=R}
Ww_ %
=0_-_0 (1
0 7 \/ER ( )

When ® becomes % times, X will become 3

times or 3R , so the new impedance is

30.

31

32.

33.

34.

35.

Hints and Explanations H.235

z'=(R?)+(\3R)" =2R

o o Vo I
"7 TR 2

Hence, the correct answer is (B).

The power factor is given by
R
cosp=—
¢ Z

Where the impedance can be

7 =vR*+ 20*

OR Z= /R2+C21 >
(0
OR Z=y(X, - X} +R?

Hence, the correct answer is (B).

¢
<4
L
=
o
<
I
Vv

For an ideal capacitor or an ideal inductor, the phase
difference between current and voltage is 90°.
Hence, the correct answetr is (D).

These ammeters use the heating property of current to
calculate its value and hence can be used to measure
both ac and dc.

Hence, the correct answer is (C).

Since we know that

V=V2i+VE
= Ve=yV2-V2 =410 -(8) =6V

V. 8 4
= tang=—S=—S=—=—

X, Vi 6 3
Hence, the correct answer is (A).

At resonance, no phase difference exists between
applied voltage and current.
Hence, the correct answer is (B).

Applied voltage V is a sine function and we see that
the current is leading the voltage by 45°. So, the cir-
cuit should be capacitive in nature.

Since ¢ =45°
= ta11:1|45"=ﬁ=L
R RCw
= XC=R
= wC=R
Ko R ooir
@ 100
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36.

37.

38.

39.

40.

The best suitable combination for satisfying the given
condition is in OPTION (B).
Hence, the correct answer is (B).

The average emf during the positive half cycle of an
acis

2E,

K3

E_ =

av

Hence, the correct answer is (D).

In first case, X- = V.20 880 Q
I 025

vV 22
In the second case, R=—= 220 =880 Q
I 025
In the combination of P and Q,
Xc
tang=—=1
¢ R
= ¢=45

Since the circuit is capacitive in nature, so current leads
the voltage by a phase angle of 45°.
The impedance of the circuit is

Z=R*+X2 =880v2 Q

I—Z— 20 1 A
Z 880y2 42
Hence, the correct answer is (B).

= I:lOUJL+L
400 400
= I=@\/§
20

= I[=5\2A
Hence, the correct answer is (D).
Ny 550 1
N, 2000 10
Hence, the correct answer is (C).
el
JLC
C goes to 4C, so to keep @, the same L must go

L
to —
4

Hence, the correct answer is (C).

42.

43.

44.

45.

46.

47.

41. The capacitive reactance is given by

1 1
XC == ——6 =
oC 10010
The ac ammeter measures the rms current, so we have

10° Q

(2002)
m:h=—\/2; ~0.02 A
X, 10
= [..=20mA

Hence, the correct answer is (C).

Is= EE_2 14
Z 220
Further
b :E—SIS :E(O.l):ﬂ.[}l A
Ep 20

Hence, the correct answer is (A).
According to the problem, we have
T = l = i S

f 50
T 1

VT

= t=5x10"s
= t=5ms
Hence, the correct answer is (A).
_Ne

N
Iy =(%)(2>
I;=10 A

s Ip

Hence, the correct answer is (D).

For the series combination of resistor and a capacitor,
we have

Ve = (V2 -V2 =4(20)° - (12)?
Hence, the correct answer is (B).

I,sing component of current gives no power con-
sumption and hence is called wattless current.

Hence, the correct answer is (B).

Since we observe that

1=—

R
Hence the given circuit is in resonance.



ICON

48.

49.

50.

51.

52.

= VC = VL = 200 V
Hence, the correct answer is (B).

For steady voltage, we have

(10)°

R
For AC voltage, we have
x_E
2 2R
= E=10V

Hence, the correct answer is (C).

Current in the circuit is maximum at resonance and

v
JIn'\ax:ﬁ
= g2t
R
= R=4Q
74 12
= Jyp=——=—""-=15A
PCTRer 444

Hence, the correct answer is (C).

V =V, cos(ot)

dl
L% =V, cos(at
" ycos(at)

= dI:—%cos(wt)dt

= I= —(f—zj)sin(wt)

= I=-I,sin(ot)

Hence, the correct answer is (B).

The power consumed in the circuit is
P=V I

= P=(%](%]c0560°
- 5Bl
= P=220W

Hence, the correct answer is (C).

cos¢

For current to lag behind the voltage, circuit should be
inductive in natureie. X; > X

53.

54.

55.

56.

Hints and Explanations H.237

= Lm>L
Cw

, 1
= 0 >—
LC

= o>
= 0>0,

Hence, the correct answer is (B).

Power Factor = cos¢ = %= 0.6

Hence, the correct answer is (B).

The voltage of the source is given by

¢
<4
L
=
o
<
I
Vv

Viowee =\ VE+(Ve-V, )} =10V

source
Since V. >V, , hence current leads the voltage.

=10V

VSOUFCG‘

VC—VL=6V

Vp=8V

Power factor of the circuit is
8
cosp=—=038
¢ 10

Hence, the correct answer is (D).

tan(D:ﬁ:L—w
R R

[1](2;:)(200}

T

= tan¢g= 300

4
= tang=—
(DS

el E)
= ¢=tan [3

Hence, the correct answetr is (D).

Current will lead the voltage by 90°, so we have

i=i0cos[m+90°)= —1 sin(m]
2 2

So, the current function plot versus time is shown in
Figure.
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Hence, the correct answer is (A).

57. 5 _ I
§P IS
46 I
230 5
= IP=O.1A

Hence, the correct answer is (A).

58. For a resistor, the voltage and current are in the same
phase, whereas for an inductor the voltage leads the
current by 90° or current lags behind the voltage by
90°. Hence, we have

I =I,sin(wt) and
I, =Iysin( @t —90°) = I cos(wt)
Hence, the correct answer is (C).

59. For ac of rms value 10 A

P =I’R (1)
For dc of value [

P, =I'R (2
Equating (1) and (2), we get

I=1,=10A

Hence, the correct answer is (A).

60. Resistance does not depend on the frequency of AC.
Hence, the correct answer is (A).
61. Effective current is the rms value. Here 220 V is the
labelled value of ac which is also the rms value. Hence
_Ems . 220
R 100x10°

= [h=22mA

1111’15
R

Hence, the correct answer is (A).

63.

65.

66.

67.

62. The power consumed in the circuit is

2
—y—y

(%)

P= L
R?+ 0’

- ViR
2(R? + w?12)

Hence, the correct answer is (C).

st =(§_i]éj
w(%)(sm
= £=240V

So, potential difference across each turn of the second-
ary is
G5 _ 240

=——=0.08 V/turn
Ne 3000

Hence, the correct answer is (D).
b L 1
)= =
JIC  Jo5x8x10

= @, =500rads™

Hence, the correct answer is (A).

I? =16t
2 2
Jlétzdt #
16— 32
()2 o 3h gt 8)
f
0
64
(P)=2
3
8
= Iye=\I2)=— A
RMS \/5

Hence, the correct answer is (C).

Since current in the capacitor I- is 90° ahead of the

applied voltage and current in the inductor I; lags

behind the applied voltage by 90°. So, there is a phase

difference of 180° between I; and I-.Hence
I=I.-1,=02A

Hence, the correct answer is (C).



68.

69.

70.

71.

72.

73.

74.

ICON

0 +Vy Y,
rms = T=ﬁ

Hence, the correct answer is (B).

The inductive reactance is
X; =0l
Since @ is very low,so X, =0
= V. =0
= V=V.=V,
Hence, the correct answer is (B).

ALeclanche cell is a dc voltage source and transformer
does not work for dc sources.
Hence, the correct answer is (A).

The impedance of this circuit is

2
1 1 1
—= —2+(wC——)
Z \R oL

1 1Y
o)
R wL
Hence, the correct answer is (B).

_k
XL

and IO=%=VO

I
_E
Lo

L . 202
"7 1(27(50))

= I

22042
1007

= I,=1A

= I

Hence, the correct answer is (C).
Power consumed is
P=E,I;cos¢
T
Also ¢= 5
= P=0
Hence, the correct answer is (D).
For DC current passing through the resistor, we have
Hpe = IRt

For AC current passing through the resistor, we have

2 2
I I*Rt
= Hy=I Rf:(—) Rt=——

rms \/E 2

75.

76.

77.

Hints and Explanations H.239

Hence, the correct answer is (A).
V =V, sin(wt)+ V,sin(2wt)
= V = Vl + VZ

where V, =V sin(@t) and V, = Vsin(2wt)

Now, I, =‘1an and I, =% where

1 2 g
1 1 (24
7= |R*+—— and Z,= [R?+
: 20’ PN 4k’ E
Since Z, < Z; &
= Li<l, T
Hence, the correct answer is (C). V
ool 1
oC 2rfC
= XC o< 1
f

So, X versus f graphis a rectangular hyperbola
Hence, the correct answer is (B).
w, =2m(100) =600 rad s~ {Given 7 =3}

Further

1
QO—E (1)

Also X =——=60

L
Cay

C=
600 x 60
C= ! - F
36 10"
So, put values in (1), we get

1

! 007)
36x10

36%x107
L

600 =

= 36x10%=

= L=01H

Hence, the correct answer is (A).
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78.

79.

80.

81.

83.

I,= % (at resonance)

Hence, the correct answer is (C).

The net source voltage is

Ve = (VE+V?

= Vi=v(70+(20’ =728V
= tan¢l-X——£ 20 2
R Vg 70 7

Hence, the correct answer is (A).

v
[ = — where
Z

2
22=R2+(Lw1)
Co

Lo=2rfL=120x0.37
= Lw=36r=113.04

11 1

Co 2rfC 72007
= L =44.723

Cw
= Z=85.05Q

I= ﬁ =15A

85.05
Hence, the correct answer is (A).
P=E,I;cos¢
R

= p=(z)(n) &)
= P=IR

= P=(15)*(50)
= P=1125W

Hence, the correct answer is (D).

V =V,sin(2zft)
= V= 10511‘1( 100”]
600

= V=E=5V
2

Hence, the correct answer is (C).

ICON

84.

85.

86.

Ng _ 22000
Ny, 220

=100

Hence, the correct answer is (B).

Average value of 5sin100wt is zero. But average value
of 6 A (which is a constant current) is 6 A . Hence,
average value of currentis 6 A .

Hence, the correct answer is (B).

P,=E]l, cosg= J_J_COS¢

El
Py = =080

2
100x100x 10~ 1
Pp=——rx_
2 2

= P =25W

Hence, the correct answer is (C).

Multiple Correct Choice Type Questions

1.

The average power consumed in the circuit is

VIR

s 10- |

(P)=0,when @—0orwhen @— o ie. (P) iszero
for extremely small and extremely large frequencies.
So, (A) is correct.

The average power consumed in the circuit varies with
the frequency, because the impedance Z depends
upon the frequency. So, (B) is incorrect.

(P)=

2

Also, (P)= 12% =P, ., atresonance i.e. when

1
JLC
= o’LC=1
So, (C) is correct.

=

2 2
Also, (P):V—U ie. (P)=V—D
4R 4R

cies that are also called half power frequencies, such

=% at two frequen-
R .
that Aw = I So, (D) is also correct.

Hence, (A), (C) and (D) are correct.

R
Power factor, cos¢ = 7

When circuit is purely resistive, then
Z=R
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= cosp=1

When circuit is purely capacitive or inductive, then
R=0

= cos¢=0

When the difference of inductive reactance and capaci-

tive reactance ie. X; — X is 1.732 ie. 3 times the
resistance R in the circuit, then, we have

X, -X.=1732R=+/3R
Since, 7= R*+(X, - X. )
- Z=\R*+(\3R)" =2R

R R
= sp=—=—=

Z 2R
Hence, (A), (C) and (D) are correct.

05

Mean current (i)= Alrea
Time
—XigX—
n_s _2 2
<1>_1m_ I
2
= IWI_I_O
2
. 20
Asi=—t
L T2
4igjf2dt
. x4 TP 32
= 12— = =—
T T 3x8 3
2

i
= irms = \/? = L
V3
Hence, (B) and (C) are correct.

Since we know that

Py =Vii
_&—@—1A
Vi 60

Also, for the given circuit
Vv, =yV2-V3
5 2
=V, =(100)"-(60)
= V,=80V=iX; =i(2nfL)

L
2 fi

Hints and Explanations H.241

80 B i H
(27)(50)(1) 5z
When we connect another resistance R in series, then

it should consume 40V, so that remaining 60V is
used by the tube light.

RV g
i1

Hence, (A) and (D) are correct.

SlnCE VL - VC

So, V=(V, -V ) +VE = Vg

o o2V Yk _20_,
R R 100
Hence, (C) and (D) are correct.

¢
<4
L
=
o
<
I
Vv

The voltage across the resistor is
Vi =IR=80V
The capacitive reactance is
_ Ve _100

X = =500
12

Voltage across the inductor is
VL = IX L= 40 V
The net voltage across the combination is

V=V =(VE+(Ve -V,

= V=1(80)+(100-40)* =60 V

So, the peak value of voltage is
Vo=2V,. =602V

Hence, (A), (B) and (C) are correct.

E.l
P=""Ccos
5 ¢

At resonance, ¢=0°
= cos¢=Power Factor =1
Also, Z=Zy =R and
IR

2

No power is consumed across the capacitor and the
inductor at resonance.
Hence, (A), (C) and (D) are correct.

p

Current through the resistor is
Vi _ 200

_ 'rms

= = =2
R R 7100
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]
Capacitive reactance is 1
. , = Lw< o
7f (2n)(5x103)(—><10‘6] o o< b
T LC
= X-=100Q > B<ad
= IC=Vrms=@=2 = 0<w,
X 100
¢ When the frequency is increased from the given value,
Since I is 90° ahead of the applied voltage and I is in X, will further increase, whereas X, will increase, so
phase with the applied voltage, so there is a phase dif- X - X, will decrease and hence the net impedance
ference of 90° between Iy and I- too. Hence .
will decrease.
[=\2+12 When frequency is increased from the given value,
then till the resonant frequency ,, the current
- = /( 272427 =2J2=283 A increase, becomes maximum at resonant frequency
and after that it again starts decreasing.
Hence, (A), (C) and (D) are correct. Hence, (A), (C) and (D) are correct.
9. For voltmeter V;, we have 1
R feo—— T
VZ+V2 =100V (1) d
For voltmeter V, weh > fizhef=—
or voltmeter V,, we have 1=hEhEy e
V. -Ve|=120V (2) Also, we have, from Law of Conservation of Energy,
Since the applied voltage is 130 V, so we have p 1 v
max 2
V2+(V-Ve) =130V ..3) .
Solving these three equations, we get = I = \/; 4
Ve=50V, V; =866V and V. =206.6V \/F \jE
i S
R V L L
Power factor cos¢=—=—L= 03 !
Z VvV 130 13
C, 1]/C d
Since V- >V, circuit is capacitive in nature. E oV
Hence, (A), (C) and (D) are correct. c c
Ly
10. Inseries LCR circuit \/; 2\/:
2 2
Vans = (V&) +(VL - Ve) = IL<l<l,
(170 )2 - Vg + (VL _ VC }2 Hence, (A) al'ld (D) are correct.
. 5 13. The given function i=3 sinw! + 4 cosf can be re-writ-
Obviously Vi <(170) ten as
Here V; and V. may be greater than 170 volt or less i=5sin(wf +53°)
than 170 volt 4 cos wt
But |V, -V |<(170) volt
Hence, (A), (C) and (D) are correct.
11. The resonance frequency is 3 sin wt
o = 1 So, we have i, =5 A
)= ——
LC .
vic iy 5 52

. 2
Since X, < X, S g = =E=T=Z.5\/§A

S
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Mean value of current in positive half cycle is
N2 2 1
<z>=ﬂ=(—)(5)=(—0J=32A
s /4 T

For V =V, sinwt, the current i=5sin(@t+53°) leads
the voltage. Hence, circuit is capacitive in nature.
However, for V =V, cosat =V, sin(at+90°), the cur-

rent i=>5sin(@t+53°) lags behind the voltage and
hence the circuit is inductive in nature.

Hence, (A), (B), (C) and (D) are correct.

14. Since, X; > X, hence voltage function will lead the
current function.

Also, Z=[R* +(X, - X )’

= Z=+(10)*+(20-10)
= Z=10{2Q

R
= cosp=_=
¢ 4

N
= ¢=45°

So, power factor is given by

R 1
cos¢ = 7" 5
Hence, (A), (B), (C) and (D) are correct.
Reasoning Based Questions
1. Atresonant frequency
X; =Xc
Z =R (minimum)
Therefore, current in the circuit is maximum.

Hence, the correct answer is (A).
4. Forhalfcycle I, =0.636;

or  Epe=0.636E,

mean

Average value is always defined over a half cycle cause
in next half cycle it will be opposite in direction. Hence
for one complete cycle, average value will be zero.
Hence, the correct answer is (B).

5. The capacitive reactance of capacitor is given by

1 1

So, this is infinite for d.c. (f =0) and has a very small

value for a.c. therefore a capacitor block d.c.
Hence, the correct answer is (A).

Hints and Explanations H.243
o> m,
2 2
Since, X, ~Xo=Lo-—=2 "1y [[2] 21
Co Co @,
= X, -X:>0 [ w>0}

= tamj):M

= Vleads I by ¢and the circuit will be inductive in
nature.

¢
[+ 2
L
-
o
<
I
V

Ve

Hence, the correct answer is (A).

The maximum value of rms. current is
E E
Lims = % = % . It does not depend upon .

Hence, the correct answer is (D).

Linked Comprehension Type Questions

1

The given equation E=310sin(314t) is compared
with the equation E =E;sin2xft , we get
f =314

= 2x27—2><f=314

7x314
f=2m
Hence, the correct answer is (B).

cps = 50 cps

Inductive reactance is

XL=Lm=2?rfL=2x2—72x50><{].l ohm=314Q

Capacitive reactance,
11 1x7
T Co 2mfC 2x22x50%x25x 107
= X.=1273Q
Net reactance

X=X--X,=(1273-314) Q=959 Q
{+ X and X; differ in phase by 180°}

Hence, the correct answer is (A).
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a0
2 2 EO
3. Impedance, Z=R"+(X; -X¢) 9. I;= =
of 1
= Z=2549592 Q=991 Q R(wc ‘”L)
Hence, the correct answer is (C). For maximum current
E 1
4, Current, I, SEo bk L 0 a4 == [ —-Lw=0
Z 27 J2x99.1 R Co

Hence, the correct answer is (B). Hence, the correct answer is (B).

1
5. If ¢ be the phase angle, then 10. =
px . & oo f 21JLC
tang=—C——L— B9 5 250
R 25 = fO = T HZ
= ¢=754°

Hence, the correct answer is (D).
Thus, the current leads the voltage by 75.4°. This is

iti i induc- 1 1
because the capacitive reactance is greater than indue- 15 Ecvz 2

tive reactance and, therefore, the circuit is capacitive in 2
nature. C
Hence, the correct answer is (A). = I= V\/;
6. The current at any time t is given by Hence, the correct answer is (A).
I=1Iysin(ot+¢) 1
13. f=
= I=I;sin(2nft+9) 2n\LC

Hence, the correct answer is (C).
where I, =v2xI, =v2x221A=313 A

v, 283 283

= [=3.13sin(314t+132) . ¢=754°=132rad} 14 Vm:ﬁ=ﬁV:@V:200V

Hence, the correct answer is (A). Hence, the correct answer is (C).

7.  Effective voltage across inductor is
Vi=I,xX; =221 Ax314Q=694V
Effective voltage across capacitor is
Ve=I,xX-=221A%x1273Q=2813V

15. X, =oL=2m0L=2x3.14x50x2548x10 Q

Hence, the correct answer is (D).

Effective voltage across resistor is 16. X-= 1T
wC  2mvC
Ve=L,R=221Ax25Q=553V . .
Hence, the correct answer is (A). = Xc= 2% 3.14%50%7.96 x 10~ = 025 =40
8. Impedance will be minimum, if X; =X Hence, the correct answer is (B).
1
= 2nfl=—+H 1 \2
2rfC 17. Z= R2+(a)L—E) =32 +(8-4)
1
= LR = Z=0+16 Q=5 Q=50
. 1x7 x7 . Hence, the correct answer is (D).
= s
4x22x22x50x50x25%x10 18, I,,,=ﬁ=@A:56.6A
= L=041H Z 5

Hence’ the Correct answer is (D}. Hence, the COI‘I‘ECI: answer iS (A).



19.

20.

21.

22,

23.

24,

25,

26.

27.

28

ICON

0= tanl( XLI_{XC] =tan™ g =53.13° 29.

Hence, the correct answer is (B).

m= gt T 0A
‘ 30.
X > Xc

So, the current lags the voltage

Hence, the correct answer is (D).

(Ve),. =4x40 V=160 V 31.

Hence, the correct answer is (B).
(V) =8%40V=320V
Hence, the correct answer is (C).
(Vi) =3%40 V=120V

Hence, the correct answer is (A).

P=12 R=40x3 W =4800 W

rms

Hence, the correct answer is (A).

Power factor = cos¢=c0s53.13°=0.6

Hence, the correct answer is (D).

Power input =V, 1. cosf

= P, =200x40x0.6 W =4800 W

It may be noted that the power input is the same as
the power dissipated in the resistor. This is because the
capacitor and the inductor do not absorb or produce
any net power.

Hence, the correct answer is (A). 3

1
For resonance @, = ——
JLC

1
Wy =
0 2548 %103 x7.96x10*

33.
10* o
W, = =222.1rads
0" 2028
, 2221
Wy =270, , Vg = —2L = Hz=354 Hz
0= 0 T o 31a 34.

Hence, the correct answer is (A).
. At resonance condition
Z=R=3Q

Hence, the correct answer is (C).

Hints and Explanations H.245

e
R 3

At resonance, I

ms

= 1., =66.67 A
Hence, the correct answer is (A).
Power consumed at resonance is

P =12 R=6667x66.67 x3 W =13.33 kW

Hence, the correct answer is (A).

¢
<4
L
=
o
<
I
Vv

= R=1732Q

Hence, the correct answer is (B).

Y
Cw
= (C=1592uQ

Hence, the correct answer is (A).

5
cosP=cos| — |=—
3 2

Hence, the correct answer is (C).

1
[, ismaximumat w=®, = —
! N
1 1

—_— rad S_
V0.12x 480 %107

= my=4167rads "'

=
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35.

36.

37.

38.

39.

40.

41.

If f, is the frequency corresponding to resonant angu-
lar frequency @, , then 27 f, = @

o f= 67 sz
2r  2m

Hence, the correct answer is (D).
Maximum current is

E, 2x230
[=—=———— ampere
R 23

Hence, the correct answer is (D).
1o
Average power = EIOR
It is maximum at the same frequency i.e., resonant fre-

quency of 663 Hz for which I; is maximum.

Hence, the correct answer is (D).

Maximum average power

1, 2
P=—(I

()
P =2286 watt

Hence, the correct answer is (C).

R= %(14.1)2 % 23 watt

max

A’cmzcuo,E {iffi«mg]
2L 2L
Aw = £ = ﬁ rads? =958 rad s
2L 024
I N L AT Y
2r  2x3.14

Power absorbed is half the peak power at
f=648 Hz and f, =678 Hz

Hence, the correct answer is (A).

. . 1
At these frequencies, current amplitude is —= times

V2

(Iy),,, i-e.currentamplitude (at half the peak power
points) is 10 A
Hence, the correct answer is (D).

w,L 4167 x0.12
R 23

Hence, the correct answer is (A).

@ Py
s 1lo e

Q= =217

®

42,

43.

44.

45.

46.

47,

rms values of voltages are
Ve=100V, V; =125V and V=150V

. %
Since, 7 = -1

rms

(VL*VC):!*VI%
I

rms

=517 Q

= Z=

Hence, the correct answer is (C).

Power factor cos¢ = R__10__ 4
Z 2617 17
Hence, the correct answer is (A).
v, =257 =50
rms \/E
= E,=25/34V

Hence, the correct answer is (D).
If E=Eycosat , then

j-—f

Cos(mHEJ ,if R is zero.
’wL 2
oC

If wL>$, then —ve sign appears. However, if
aJL<i then +ve sign appears
oC’ §f1 appears.

Loy——— = 2x rx50x80x 107 - ! :
Co 27 x50 x 60 x 10

= X, -X.=2512-53.08=-27.96 Q=-28 Q

The negative sign indicates that the reactance is capac-
itive in nature.

Current amplitude,
B 14Mx20 o
28 28

Hence, the correct answer is (D).
I,= 20 ampere =8.2 A
28
Hence, the correct answer is (D).
(Ep),=1,(Lo)=2512x8.2 volt =206 V

Hence, the correct answer is (B).

1
(Ec), = Ii,(—) = 53.08x8.2 volt = 4353 V
v Co

Hence, the correct answer is (D).
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48,

49.

50.

51.

Applied rms voltage is
E, =(435.3-206) volt=2293 V

(The voltages across L and C get subtracted because
they are 180° out of phase).
Hence, the correct answer is (A).

Whatever the value of current in the inductor, the

actual voltage leads the current by g .

So, the average power consumed by L is zero.

Hence, the correct answer is (A).

For C, voltage lags by g So, average power con-

sumed by C is zero.
Hence, the correct answer is (A).

Total average power absorbed by the circuit is zero.
Hence, the correct answer is (A).

Matrix Match/Column Match Type Questions

L

(r
(s
(t
(9)

For a series LCR circuit, current lags behind the volt-
age when X; > X, so we have

tanq):%

— e i

A—
B—
C—
D—-

Also, V=2V,

= IX; =2IX-

= X, =2X,

So, for ¢ =45°, we get

tan(45°)=1=M

= X.=R=20Q and X, =40Q

So, (A) — (r) and (B) — (s)
Further

Z= (X, - XcJ} + R =\(20) +(20)

= Z=20{2Q

So, (C) = (t)

Further, when ¢ =60, then
Xc

X _
tan(60°) = =L _=C
an(60°) R

Hints and Explanations H.247

= XL_XC=\/§R
= D)-(9

A=(q)
B—(p)
C—()
D —(s)
The resistance is given by

R=Ye -0 _nq
I 2

Since, we know that
Ve=1X:=2x30=60V
V, =1X, =2x15=30V

V=VZ+(Ve-V, =50V

D - (p)

For a non-ideal inductor, the voltage leads the current.
For both ideal inductor and capacitor, phase angle
between voltage and current is 90°.

For series LCR circuit, impedance is minimum at res-
onance, so there is no phase lag between the voltage
and current.

For a non-ideal capacitor, the current leads the voltage.

_ Erms

Since, P=12 R, where I = 7

2
ance 7 is given by Z=1’R2+(Lm—i]
Co

By increasing R, current I will decrease but the

and the imped-

power, P= I R may increase or decrease. Similarly

when C (or L) is increased, then Z may increase or
decrease and hence P may increase or decrease.

For (A), the phase difference between voltage and cur-
rent is ¢ =0°. This is possible when the circuit is only
resistive in nature.

¢
<4
L
=
o
<
I
Vv
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For (B), I=1I,sin(@t-90°) i.e. voltage leads the cur-

rent by ¢=90°, which is possible only for an ideal
inductor.

For (C), I=1, sin(a)H%) i.e. current leads the volt-

age by ¢=30°. This is possible only when circuit is
capacitive in nature

For (D), I=1, sin[ wt:;] Le. voltage leads the cur-

rent by ¢=60° . This is possible only when the circuit
is inductive in nature.

Integer/Numerical Answer Type Questions

(a) Atresonance frequency X; =X, so we have
Z=R

R
Since cos¢=—
Z

= cos¢=1

(%)
_ (300 {2
(b) <P>—Vrm51rmsCOS¢—[ﬁ]>< 00 x1

= (P)=150W

(c) Average power delivered is still 150 W, because
still we have Z=R and cos¢=1.

Inductive reactance of the inductor is
X, =27fL=100 Q

Impedance of the circuit is

Z=\R*+X]

= Z=+(100)*+(100)* = 1002 Q
L Em_ 20
10042

rms Z
The coil consists of an inductance (L) and a resistance
(R) and for the dc input only resistance is effective.
So,

=1.1J2=156 A

12
4

For AC, Iy, = s = —Voms

!rms_Z

R= 3Q

—_
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5.

Substituting the values, we get
2
L [E) ~(3/=008H
50\ 24

= L=80mH

When capacitor is connected to the circuit, the imped-
ance is

Z=R*+(X,-Xc)
Here R=3Q, X; =wL=(50)(0.08)=4 Q and
1 1

“wC ™ (50)(2500x10°°)

= Z=y(3+(4-8)’=50

Now, (P)=V_ I cos¢= (Vims ]( g\s ]( ;)

<P>=(%)2R

Substituting the values, we get
2
12
(P)= (—] X3
5
= (P)=1728W
= (P)=17W

Since an AC voltmeter reads the rms value of voltage.
The applied rms source voltage is

V, 502
V=V . =-L= =50V
N
Let the reading of voltmeter V, be x, then the com-
bined reading of voltmeters V; and V, equals the
applied rms source voltage, so we have

V2 +40* =50 V

= x=30V
f\= 1
0 Zm/ﬁ
1
C=——
An*fiL
1
= (=
(40)(25x102)(2x107)

= C=500x10" F=500 pF

When capacitor is removed, then the circuit is simply
an LR circuit, so we have

X
tang=—
¢ R
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X

= tan@=tan45°=—L
R

= X, =R

When the inductor is removed, then the circuit simply

becomesa CR circuit and then

1

’ XC
tang' =—=—
¢ R 2

So, the impedance of the complete LCR circuit is

Z=R*+(X, - Xc)

2
= Z= R2+(R—E) =£R
2 2
E_. 200 R 2
Since, I, =—™="—=08 A and cos¢p=—=—
Z 250 Z 5

= P =V_I_ cosp=64/5W=143W

rms rms
Since V, =100v2 volt , so the rms value of voltage
across the source is

Vo 10002 o

SN N

Since = 1000 rads™ and the impedance of the circuit
is

Z=(R*+(X, - Xc )
where, X; =Lw=(2)(1000)=2000 Q and

Xe=m=— L1 _jom0

Co (10°)(1000)

= Z=4(1000) +(2000-1000)* =1000¥2 Q
Voo 100 1

— _ ms

I = = =
™71 100042 1042
= 1,.=00707 A

=

The current will be same everywhere in the circuit,
therefore, if potential difference across the inductor,
capacitor and resistor is denoted by V,, Vi and Vy
respectively, then

Vi = (Ls )X =141V
Ve = (Ime ) Xc =71V

Vi = (I JR=71V

Hints and Explanations H.249

The resonant frequency is given by

, Where

‘= 1
ZE\/E

L=04mH=04x10" H and

C=400 pF=4x10"F

1 1
20VIC T 2(3.14)04x 107 x4x 107

= f

= =—H
f 8r 8

The speed of electromagnetic wave produced is

c=3%x10° ms!

¢
[+ 4
L
=
o.
<
L
Vv

Since, at resonance, the angular frequency @, is given
by

1
0y = —
0 \/ﬁ
2
Now, when cu=2w0=ﬁ,then
2L
=lw=—=2|= and
g Jic “\c
_ L _JIc 1L
““co 2¢ 2\C

Since by definition, we have

72 =(X, - X ) +R?
2 2 L
> 7*=R +225(]
C

Further, we know that

So, energy delivered to the circuit in one cycle is

E:PT:p(z_”]z( 27RCV? JJE

o R*C+2.25L) 2
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10.

11.

12.

£ _ 4nRCVZVLC
4R’C+9L
Substituting values, we get

E=242m]

For DC supply, we have

I=

< =I<

= R= = 50 Q
For AC supply, we have
V,

] = Jms
mez
100
'z
= Z=100Q

Since, we know that for a series LR circuit, the imped-
ance Z is

Z=|R*+X}

= X, =503 0Q=87Q

1

The power factor cos¢ is given by
R
cosp=—
¢ Z

where, Z =R+ (X, - X )’

60
J60% + (100202

= cos¢=

= cosf= 0 =0.6
100

At resonance, the current in the circuit is

1= B _ER_60 _o5a
Z R 120

min
Voltage across inductor is
V, =IX; =(05)(Lw)=40 V

40
L= {0y a00) 21
= L=20mH
At resonance, we have
X, =X,

= Lay= L , where @, = 4000 rads™
Cayy

13.

14.

15.

i»Cl: !

TLa? (20x107)(4000)

1 .., 25
— C=—x10"*==2 yF=3.125 4F
32 g 1 :

The impedance of the circuit is given by

7Z=+R*+&’I*

= Z=yR2+(2afL) =R2+4n’f212

2
= Z= \/(12)2 + 41:2(50)2[@]

b/l

= Z=+144+25=13Q

Current in the circuit is given by

e 100
Z 13

Potential difference across resistance is
Ve=1,R=10x12=120V
Inductive reactance of coil is
X; =Lo=2rfL

= X = 27{(50)(@] =5Q
T
Potential difference across inductance is
Vi =1, X, =10x5=50V
From the given voltage and current equations, we con-
clude that current leads the voltage by a phase angle
¢ given by

So, the power factor is given by
cos¢ = cos45° = L
V2

Average power (P) dissipated in the circuit is

(10)(2) 1
2

E,I
(P)=%cos¢=

=

= (P)=52W=7W

Required current for bulb is

P 10W 1
_O_A

[ =—= =
" Ems 30V 3
E

TS

rms —
XC

= 1 A

LI =
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Y I :Er—ms]:Ems(zﬁfC)

ms 1
2rfC

I 1

rms

) 2:,Ir}rE:I'IHS

C=71
660 x 7 x 100

S
66 x10° x

= C=48uF

3(220)27(50)

F=4.82 (F

16. Since the power consumed across a resistor is

2
P = Eyplp =

~ “rms rms
R

_Enpe220Xx220 22x22 484

= == > 2
= R=242Q
The rms value of current is

P 200 10

== A=09A
E,. 220 11

17. The circuit can be thought of as a parallel combination
of 3L, C and R.
Since we have been given that each capacitor has a
reactance of 4R , so we have

1
4R =
(C;;f"ﬁl)m
= R= l
Caw

So, for four capacitors in parallel the equivalent capac-
itive reactance is

ARCHIVE: JEE MAIN

1. Since I =1, sin(100xt)

m

= =1, sin(100xt)

Since w =1007
2r 1

=——=—35
100z 50

18.

Hints and Explanations H.251

1 1

Cq Co

c

Since we have been given that each inductor has a

R
reactance of 5 , 0 we have

5=Lw
3
= R=(3L)w

So, for three inductors in series the equivalent induc-
tive reactance is

= X =Lyw=0L)o=R

Reading of the ammeter is

1 (1 1Y
lrrms=Erms\/Rz+[XLXC]

Since here we see that X; = X =R, so we have

¢
<4
L
=
o
<
I
Vv

HHS:%:E:zA
R 5

So, the reading of the ammeter is 2 A

When current is in phase with the voltage, then we get
the condition of resonance. So, we have

f 1
0 ZE\/E
an* fELC =1
1
= C=—
an’ fIL
= (C= 1 =250 uF
4(3.14)%(50)* (40x107)
T
SO, treq = Z_tl

tre =L7i=i=i s=33ms
9200 600 600 300
Hence, the correct answer is (D).
T
As g=—, x.=R
s ¢ 1 X
Hence, the correct answer is (C).
Q=1x4200%80+2260x10° J

= Q=(336+2260)x10° ] = 2596 x10° |
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200

Since Q=1 .V ..t= 200x2—0t—2000f Please note that, if we had been given R, =20 kQ

instead of R,=20€Q, then we would have got

rms’ rms

259
f= % s = 21.6 minute = 22 minute

Xc
¢, =tan” ( ) 30° and then our result would
Hence, the correct answer is (C). R,

Inductive Reactance

X, =Lo=(20x10")(27x50) =27 Q=628 Q

have been 30°+60°=90°

€ Iy
Capacitive Reactance 7. Average power, P, =e_ i = cos¢= Eﬁcosqﬁ
1 1x10° 1000 n
Xe=—= = Q=2653Q h =1 =2 =—
©"Co (120)(27x50) 27x6 where, =100, 1 =20, 0=
100 20 1000
= Z=(R*+(Xc-X,) = P, =—=X-=c0s45° = — units
o ta) NN )
= [Z|=4(60)"+(20.25) =6332 Q Wattless current is given by
4 24 o iy . .
[ o= T Iy = Iis SINGY = —=5in45° = 10 units
Y T
. R 60 Hence, the correct answer is (B).
Since, cos¢p=—=——
Z 63.32 8.  Quality factor is given by
24 60 2
= AE=——x24x——x60=517x10"] Lmo
63.32 63.32 Q=—=
H , th t is (B).
ence, the correct answer is (B) Hence, the correct answer is (A).
P tis P. Vo)1, )=2300x5W
ower inputis Py =(V, (1) 9. Using Law of Conservation of Energy, we have
Since n= Four _ 0.9 Loss in Gain in
P . .
" Electrostatic Energy |=| Magnetic Energy
= PBuupu =09 Popy = Vsls of capacitor of Inductor
0.9%x 23005 1
[f=————=45A = Lo2xw0®) [0y -(512]=1 05><10 Sl
230 2
Hence, the correct answer is (C). — I=3x10"'A=017 A
Capacitive reactance is Hence, the correct answer is (B).
Xc = 1 - 1x2 %108 = 20 kQ 10. Efficiency of the transformer is
Co 100x+3 3 ,
Inductive reactance is n=09= F‘
p
X, =Lo=10y3 Q
= VI, =09xV,],
For the C-R, path, since, X->R,, so we have
0.9x2300x5
0, —+90° and hence I, leads V by 90° [s= T30 =45 A
For the L-R, path, we have tang, = ;_“’ -3 ie Hence, the correct answer is (C).
! 11.  According to the problem, we have

¢, =60°, hence I, lags V by 60°

So, phase difference between I; and I, is 150°.

*No given option is correct.

E,=283V, »=320s", R=5Q,

L=25mH=25x10" H, C=1000 yuF=10"F
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= X, =0L=320x25x10"=8Q

_ 11 1000
oC 320x10° 320
Impedance of the circuit is

Z= R+ (X, - X )
= Z=y5+(8-3125) ={19=7Q

Since X; > X, so the voltage leads the current by a

= X =3125Q

phase angle
p= tan‘](MJ = tan‘l( 4875 ) ~ 45°
R 5

Hence, the correct answer is (D).

12. Foradcsource I=10A, V=80V
R 80Q L

47=10A
|| )

80V 220V

Resistance of the arc lamp is
R = K = @ =
I 10
For an ac source,
Cms =220V

v=50 Hz

8Q

® =27 x50 = 1007 rads ™"
Arc lamp will glow if I, =10 A,
= I = Erms

™ R+ o1

2
= R +a’? =(ﬂ]
I

rms

2
- 82+(1001r)2L2=(%)

2 Q2
- LZZLSZ
(1007)
L= 30X a5
1007

Hence, the correct answer is (D).

. N V . b
13. Current in LR circuit is [ = 7”sm[mf——] ,
VR + @I 2
i.e., it is sinusoidal in nature.

Hence, the correct answer is (D).

Hints and Explanations H.253

14. Since the current is observed to lead the applied volt-
age, so the circuit is capacitive in nature. Now to make
the power factor 1, effective capacitance should be
increased thus the capacitor should be connected in
parallel.

cosp=1 9
1 C
= Llo=———
(C+Cao !
’ 1 FnY
= (C+C = ~
L
1
= (=—-
o’L
1-0’L
= ('= ﬂ; in parallel
L
Hence, the correct answer is (D).
15. Given that R=200Q, V. =220V, v=50 Hz

When only the capacitor is removed, the phase differ-

X
ence between the current and voltage is tan¢= ?L
X
= tan30°=-L
R

= XL:%R

When only the inductor is removed, the phase differ
tan30° = e
R

1
= XC=_R

V3

Since we see that X; = X, therefore the given series

LCR circuit is in resonance. Hence the impedance of
the circuit is minimum and is given by

Z=R=200Q
The power dissipated in the circuit is

rms

P=V I cosd, where [ = VZ

2

= P=-¢ps
7 0

At resonance, power factor cos¢ =1

Vi, (220V)?
= = =
zZ  (200Q)

Hence, the correct answer is (A).

=22W

¢
<4
L
=
o
<
I
Vv
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Single Correct Choice Type Problems

when @ increases, I, increases so the bulb glows
brighter.

Hence, the correct answer is (B).

. T, .
As the current i leads the emf e by e it is an R-C
circuit.

Xc
tang=—
¢ R

RN
oC

T
= tan—=
4 R

= wCR=1
As  ®=100 rads™

The product of RC should be ﬁ 7!

Hence, the correct answer is (A).

Multiple Correct Choice Type Problems

L

1
At w=0, Xq= E—)m. So, current is nearly zero.

Further at resonance, current and voltage are in phase.
This resonance frequency is given by,
0, = 1 _ 1
JIC V0 x10°
So, we observe that this frequency is independent of R.
1

Further, X; =L, X = o

At, w= C!JO = 106 l‘adS_l ’ XL = XC

=10° rads™

For w>w,, X; > X and hence circuit is inductive in
nature.
Hence, (A) and (B) are correct.

The potential difference between the points X and Y

18
Vyy =Vyx - Vy

If ¢ be the phase difference between the two voltages,
then the peak value of this potential difference is

(Vier ), =\/(VX N+ (Vy ) =2(Vy ), (Vy )y cosé
From the problem, we see that the phase difference

T
between Vy and Vy is ?, so we have

(Viy ), = \/VOZ +V2 202 cos(%ﬁ) =3V,
Similarly, we have phase difference between V) and
V, tobe 23—7[ and hence

(VXY )g = (VYZ )0 = (sz )g = ‘/EVU

J3v, [3
= (ny)ms:(vrz)mszfo= EVU

Hence, (B) and (C) are correct.
Since [ = 4
dt
= Q= J.Idt = j(lo coswt )dt
I 1

= Qua=—=—=2x107C=2mC
o 500

JUST AFTER SWITCHING

-Q,
Q=1mC 41 50V
Q,

» AN ———
R=100Q

IN STEADY STATE

2

\+|

|+
+
+
|

- 50V

|
O

At t= Z—” ,I(t) = NEGATIVE
0]

So, current is anti-clockwise sense. Charge supplied by

7T
source fromt=0to t=— 1is
bw
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ae
T
n 60 = ¢,=cos [R ) 45°
T in500¢ =
sin
Q= J- cos {5001 )dt = ( ]‘ In this circuit, voltage leads the current by 45°.
0 0 So, we have
Sin(%ﬂ) 12=£=ﬂ=£
Q=—27-"1mC Z, 5082 5
500
Apply Kirchhoff’s loop law just after changing the = Viyg=(50)I,= 50(@] ~1042 V
switch to position D, we get 5 <
Q Since phase difference between the currents I; and I, ot
50+=-IR=0 is 90°
C is 907, so we have w
Substituting the values of Q;, C and R, we get [=yI} +15 =034 E
[=10A Hence, (A) and (C) are correct. <
In steady state, we have :
U

Q,=CV=1mC
So, net charge flown from battery is Ag =2 mC 5. Z=(R'+X¢= K +

Hence, (C) and (D) are correct.

In case (B), capacitance C will be more. Therefore,

100 pF 000 1mpedance Z will be less. Hence, current will be more.

Further, V. = V2 - V2
I, 05H 500 = Ve=yV*-(R)

In case (B), since current I is more. Therefore, V- will
be less.
Hence, (B) and (C) are correct.

CIRCUIT 1:
The capacitive reactance is Linked Comprehension Type Questions
Xe= % =100 Q 1. The power consumed is
P=Vi
= Z,=1(100)" +(100)’ P 600x10°
= 1 =—= = 150 A
= Z,=100y2 Q Vo 4000
R, Total resistance of cables is
= $i=cos’ (Zl] H R=04x20=8Q

In this circuit, current leads the voltage by 45°. SO, power loss in cables is

So, we have P =R =(150)*(8) = 180000 W = 180 kW

=Y 20 __ 1, This loss is 30% of 600 kW
Z, 10032 52

Hence, the correct answer is (B).

1
= Vipo=(100)]; = (100)ﬁ V=10y2V 2. For a step-up transformer, we have
CIRCUIT 2: & E
The inductive reactance is Ny Vs
X; = 0L =(100)(0.5)=50 Q _, 1 _4000

0 V.
=(50)* +(50)* =5042 @ '
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= V,=40000V

For a step-down transformer, we have
& B E _ 40000 _ 200
N, V, 200 1

Hence, the correct answer is (A).

Matrix Match/Column Match Type Questions

1. A->(rs,t)

B % ( U rl SI t}

C—(qp)

D—(qr,st)

For Circuit (p):

I cannot be non-zero in steady state
For Circuit (q):

Vi=0 and V,=2I=V (also)

For Circuit (r):

V,=IX, =I(2fL)

= V,=(2rx50%x6x107)1=1881
= V=2

For Circuit (s):
Vl = IXL = ]88[ aﬂd
1
V,=IX-=I| ——
e ( 2nfC ]

= v2=(—1 %]I=(1061)I
2rx50x3x10

For Circuit (t):

V, =IR=(1000)I and V, = X.I =(1061)I

Integer/Numerical Answer Type Questions

1. For the circuit, impedance is

Z=\R*+X% =RJ125

= R*+X}=125R*

= Time constant =CR = E = is =4 ms

[



