23,  ALTERNATING
CURRENT

1. INTRODUCTION

A majority of electrical power in the world is generated, distributed, and consumed in the form of 50-Hzor60-Hz
sinusoidal alternating current (AC) and voltage. It is used for household andindustrial applications.

AC has several advantages over DC. The major advantage of AC is the fact that it can be transformedinto any form,
whereas direct current (DC) cannot. A transformer permits voltage to be stepped up or down for the purpose of
transmission. Transmission of high voltage (in terms of KV) implies that less current is required to produce the same
amount of power. Less current permits thinner wires to be used for transmission.

In this chapter, we will introduce a sinusoidal signal and its basic mathematic equation. We will discuss and analyse
circuits where currents i(t) and voltages v(t) vary with time. The phasor analysis techniques will be used to analyse
electronic circuits under sinusoidal steady-state operating conditions. The chapter will conclude with single-phase
power.

2. SINUSOIDAL WAVEFORMS A

AC, unlike DC, flows first in one direction, then in the B
opposite direction. The most common AC waveform is a < RMS value
sine (or sinusoidal) waveform. Peak value

In discussing AC signal, it is necessary to express the
current and voltage in termsof maximum or peak values,  paak-to-Peak
peak-to-peakvalues, effective values, average values, or
instantaneous values. Each of these values has a different
meaning and is used to describe a different amount of
current or voltage. V(t)=V sin wt. Where V_is the peak
voltage, m = 2nf is the angular frequency expressed in
radian per second (rad/s), f is the frequencyexpressed in
Hertz (Hz), t is time expressed in second (s). <«—— lcoydle ——p

Figure 23.1: Sinusoidal Waveform.
2.1 Instantaneous Value

The instantaneous value of an AC signal is the value of voltage or current at one particular instant. The value may
be zero, if the particular instant is the time in the cycle at which the polarity of the voltage is changing. It may also
be the same as the peak value, if the selected instant is the time in the cycle at which the voltage or current stops
increasing and starts decreasing. There are actually an infinitenumber of instantaneous values between zero and
the peak value.
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PLANCESS CONCEPTS

It is always advisable to find symmetries in functions while calculating rms and average value to reduce
the period of integration.It helps a lot in avoiding unnecessary calculations when functions are defined
part by part.

Yashwanth Sandupatla (JEE 2012, AIR 821)

2.2 Average Value

t
[ fdt ,
t
Average value of a function,from t, to t,, is defined as <f>= L . We can find the value of I fdt graphically if the
graph is simple. It is the area of f-t graph from+, —t, . 21 t
t
[ idt
Lvg = (1 ,where i is the instantaneous value of the current.
[ dt
0
2.2.1 For Sinusoidal Variation of Current and Voltages
t
[ iy sin(wt+0)dt
Case |: Average value over complete cycle 0 : . SimiIarIyVan =0
[t
0
t/2
_[ i sin(cor + e)dt
. 0 Ay 2i
Case IlI: Average value over half cycIeIav9 = 73 = Slml|ar|yVan = TO
[ dt
0
lllustration 1: An electric heater draws 2.5 A current from a 220-V, 60-Hz power supply. Find (JEE MAIN)

(a) The average current
(b) The average of the square of the current
(c) The current amplitude

(d) The supply voltage amplitude

Sol: In AC circuit, the average value of current over a long time interval is zero but I? is not zero. The rm.s. value of

current and voltage is given by I ... = 39( and Vi = =
2 V2

(a) The average of sinusoidal AC values over any whole number of cycles is zero.
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(b) RMS value of current =1 =25 Aso, (1) =(,,,)" =625 A’

av

I

() Lins = %; So, current amplitude I = \/Elrms = \/E(Z.SA) =35A

Vv
(d) Vg =220V = Tr; So, supply voltage amplitude V., = \/E(V ) = \/E(ZZOV) =311V.

rms

2.3 Effective Value (RMS Value)

This is the value of AC signal that will have the same effect on a resistance as a comparable value of direct voltage
or current will have on the same resistance. It is possible to compute the effective value of a sine wave of current to
a good degree of accuracy by taking equally spacedinstantaneous values of current along the curve and extracting
the square root of the average of the sum of the squared values. For this reason, effective value is sometimes called
RMS value.

t
[ fdt
Root mean square value of a function, fromtlto t, is defined as frms = ttl >
274
T T
J I°dt J Ié sin’ ((D‘C)dt )
. . . 2 O 0 0
The magnitude of | is givenby I* = = = - =5
jo dt fo dt

Vv

Y/
0 0
U et=Tims = E =0707 1y Where I, is the peak value of the current. Similarly Vs or Vims = E =0.707 Egp

PLANCESS CONCEPTS

RMS value is actually more important because in the context of power transmission,the loss in energy
due to a resistor plays an important role. And the power is given by iR, where R is the resistance.

Yashwanth Sandupatla (JEE 2012, AIR 821)

lllustration 2:Find the RMS value of current | = I sinot from (i) t=0 to t= r (it= zito t= ;—ﬁ (JEE MAIN)
® ® ®

Sol: In AC circuit over time interval 0 <t < T the RMS value of current is given by

T T
J I°dt J. Ié sin? (cot)dt
_ |o _|o
[} Ja

where T = 2_7:
(€3]

rms

S
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__m (i) I _ _Izm_ImA
__2 rms - - 2_\/5

PLANCESS CONCEPTS

The RMS value of one cycle or half cycle (either a positive or negative cycle) is same.

GV Abhinav (JEE 2012, AIR 329)

2.4 Difference between Sine and Cosine Representation of AC Signal

The sine and cosine are essentially the same function, but with a 90° phase difference. For example, sin ot = cos
(mt - 900) . Multiples of 360° may be added to or subtracted from the argument of any sinusoidal function, without

changing the value of the function. To realize this, let us consider

Vy = Vp; cos(10t+20°) =V, sin(10t+90° +20°) 0
= Vpy 5in(10t+110°) Leads V, = Vj, sin(10t - 40° ... (i)
by 150°. It is also correct to say that v,lags v,by 210° since v, may be written as

V; = Vp, sin(10t-250°) v ... (i)

Ve

Vpsin(mt+6 Vpsin ot

» ot

_VP

Figure 23.2: Representation of voltage as sine and cosine function
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3. POWER IN AC CIRCUITS t
j vidt
0

t
Idt
0

instantaneous values of voltage and current respectively. Let V=V, sin ot; i =i, sin(mt - ¢) , Average power over a cycle

Average power in alternating current circuit over time t is defined as Pavg = , where V andiare the

T T
I Vi sincot.sin(u)t—cl))dr Vi I [sin2 mtcos¢—1sin2mtsin¢jdt
p =20 = 0 2 =lVicos¢=V
avg T ! T 2 00 r
[ dt
0

The term cos¢ is known as power factor.

cosd

mslrms

If the current leads voltage, it is said to be leading, whereas, if it lags voltage, it is said to be lagging. Thus, a power
factor of 0.5 lagging means the current lags voltage by 60° (as cos™'0.5 = 60°). The product of V___and i _ gives

the apparent power, while the true power is obtained by multiplying the apparentpower by the power factor cos¢
Thus, apparent power =V __xi__and true power=apparent power x power factor

For ¢ = 0°, the current and voltage are in phase. The power is thus, maximum (V__x i ). For ¢ = 90° the power is

zero. The current is then stated wattless. Such a case will arise when resistance in the circuits is zero. The circuit is
purely inductive or capacitive. The case is similar to that of a frictionless pendulum, where the total work done by
gravity upon the pendulum cycle is zero.

We shall discuss more about the power and power factor later, shortly after we define impedance and its properties.

lllustration 3: When a voltage V, = 20042 sin (ot+15°) is applied to an AC circuit, the current in thecircuit is found

to be I=2 sin (ot+mn/4) then average power consumed in the circuit is (JEE MAIN)
(A) 200 W (B) 4002 W (C) 100~/2 W (D) 2002 W
Sol: Power in any AC circuit is calculated as P, =V I cos¢ where ¢ is phase angle between V and I.
20082 2 o
v = Vims Lims COSO = T.Ecos(% ) =100+/6 W

4. SIMPLE AC CIRCUITS

4.1 Purely Resistive Load V, =V, sin ot
(~)
e . . . . v
Writing KVL along the circuit (see Fig. 23.3), Vg iR=0
V. V_ sinot i v
Or I=Es=me=ImSin(,0t. w

Figure 23.3: AC voltage applied to

We see that the phase difference between potential differences across resistive load

resistance, Vi and iy is 0.
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Vv, Y v_?
Im :?mj Irms = gﬂs <P>= Vrms Irms COS(b :%
4.2 Purely Capacitive Vs =;m\5in ot
"~/
Writing KVL along the circuit shown in Fig. 23.4 ~
\A _a._ 0 And current in the circuit is ' 1
¢ C

I = dq _ d(cv) = d(cvm sinmt) =cv, osinot =

Fi 23.4: AC volt
_ _ M coset. igure voltage
dt dt dt

1/»C applied to capacitive load

\"
=_"cosot=1_cosot
X
C N

1 . .. -
where X. =— and is called capacitive reactance. Its unit is Ohm (Q). T
oC / t
From the graph of current versus time and voltage versus time,

- . T
it is clear that current attains its peak value at a time 7 before the

. . o . T .
time at which voltage attains its peak value. Corresponding to 7 phase difference.

_2nT
T 4

Since ¢ = 90° <P>= Vs Lms €O =0 rIm
The current leads the voltage by /2 in a capacitive circuit

\Y

=t = g ileadsv by m /2 diagrammatically (phasediagram) represented as Figure 23.5

m

PLANCESS CONCEPTS

<P>=0 doesn't mean it is zero in any period less than the time period. In actuality, first the capacitor
gets charged up, gaining energy during the first half cycle, and loses it for the next half cycle.So overall,
power becomes zero.Same goes for the inductor in a different fashion (magnetic field plays a role there).

Yashwanth Sandupatla (JEE 2012, AIR 821)

4.3 Pure Inductive Circuit

” o di di . , , Vs = Vi sin ot
Writing KVL along circuit, V, —La =0 ,La: V_sinot; ILdI = IVm sinotdt ; @
i Vin t+C; <i>=0;C=0
i=——"cosot+C; <i>=0; C=0; i
ol ' A1
L
.V, Vm . . i
si=——tcoswt =——From the graph of current versus time and voltage Figure 23.6: AC voltage
ol L applied to inductive load

versus time, it is clear that voltage attains its peak value at a time— before the time

at which current attains its peak value. Corresponding to%, the phase difference = ot = 2_I_—TC£ = 2n =

i
2
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Figure 23.7: Variation of current and voltage with respect to time

Vm
Diagrammatically (See Fig. 23.7) it is represented | as

I

m

i_lags behindV by n /2 sinced = 90°, <P>=V_ I cosd =0. The current lags voltage by © /2 in a purely inductive

circuit.

) bv popie

00

Induced
voltage

Figure 23.8: AC voltage applied to purely inductive circuit

5. IMPEDANCE

We have already seen that the inductive reactance X = oL and capacitance reactance X, =1/ wL play the role of

an effective resistance in apurely inductive and capacitive circuit respectively. In the series RLC circuit, the effective

resistance is the impedance,defined as Z = 4R + (XL - X )2

.(iv)

The relationship between Z, X, and X_ can be represented by the diagram shown in Fig. 23.9.

Following is a diagrammatic representation of the relationship between Z, X _and X..

The impedance has Sl unit of Q. In terms of Z the current may be rewritten as I(t)

=%sin(mt—¢)

Notice that the impedance Z also depends on the angular frequency  ,as do X and X

X - Xc

(V) R >

Figure 23.9: Impedance
Triangle

Using the above equations for phase ¢ and Z, we may readily recover the limit for

simple circuit (with only one element).
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PLANCESS CONCEPTS

By now, students should get a clear idea of individual behaviour of inductor, capacitor and resistor and
be able to visualize phasors. They should never get confused whetherinductor, capacitor is leading, etc.

Chinmay S Purandare (JEE 2012, AIR 698)

The upcoming series of circuits would be easy to understand because they are just a superposition of individual
phasor diagrams.

6. MIXED AC CIRCUITS

6.1 LR Circuit
If V., V_and V_are the RMS voltage across are R, L and the AC source respectively. Then,
Ve = ,/VFf +VL2 =1, R’ + XE Where |_is rm.s value of source current.

The total opposition to the current is called impedance and it is denoted by Z.

v,
Z=25 =[R2+ X2 =VR? + o’
IS

(a) (b)

Figure 23.10: (a) AC voltage applied to LR circuit (b) Phasor diagram of voltage drops across R and L

X
The phase angel ¢ by which the applied voltage leads the currentis ¢ = tan [FL] =tan! [%Lj

lllustration 4: An alternating voltage of 220V RMS at a frequency of 40 cycles/second is supplied to a circuit
containing a pure inductance of 0.01 H and a pure resistance of 6Q in series. Calculate (a) The current, (b) Potential
difference across the resistance, (c) Potential different across inductance, (d) The time lag. (JEE MAIN)

2 Vv
Sol: Theimpedance of LR circuit isZ = \[RZ +(mL) . The RMS value of the currentis I = % In LR circuit, the

current lags the applied voltage by phase angle¢ obtained as ¢ = tan* (%Lj .

The impedence of the L-R series circuit is given by:

2[R s (oL | <[ (R (e ]

1/2
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1/2
- [62+(2x3.14x40x0.01)2} - 65040

V
(a) RMS value of the current; | =M — 220 =33.83A
meez 6.504

(b) The potential difference across the resistance is given by: V =l R=33.83 x 6= 202.83 V

(c) Potential difference across the inductance is given by:
Vo= | (0L) =33.83x (2x3.14x0.01) = 96.83 V

L rms X

(d) Phase angle ¢ = tant [%LJ so, ¢ = tan"(0.4189=22.46)

Now time lag= L T= 2246 =0.0623s.

360 360

lllustration 5: A H inductor and a 12 Q resistance are connected in a series to a 225 V, 50 Hz ac source.

n
Calculate the current in the circuit and the phase angle between the current and the source voltage. (JEE MAIN)

[ V
Sol: Theimpedance of LR circuit is Z = 4/R? +(0)L)2 . The RMS value of the currentis [ = % In LR circuit, the

current lags the applied voltage by phase angle¢ obtained as ¢ = tan™ (%Lj .

=9Q

Here X = oL =2 nfl = 2n x50 x
100x

S0, Z = R? 4 X2 =122 + 9 = 150

X
(a)I=X:£:15Aand (b) (1):tan‘l ZLl=tan™ i =tan13/4=37°
Z 15 R 12

i.e., the current will lag the applied voltage by 37%n phase.

lllustration 6: A chokecoil is needed to operate an arc lamp at 160 V (RMS) and 50 Hz. The arc lamp has an
effective resistance of 5Q when running of 10 A (RMS). Calculate the inductance of the choke coil. If the same arc
lamp is to be operated on 160V (dc), what additional resistance is required? Compare the power losses in both
cases.

(JEE ADVANCED)

Sol: The choke coil is a LR circuit having large inductanceand small

Ark lam
resistance. The potential difference across the resistor and inductor is added P P
vectorially:V2=V 2+V 2 L % R

As for the lamp, V,=IR=10x5 =50V, so when it is connected to 160 V ac source dIIIIN
though a choke in series, V=V 2+V 2 V = 160% —50% =152V

\Y
And as, V=X =l oL = 2nfl1 L=~ = — 122 _484,102H (=~
2nfl  2xmnx50x10 V = Vysin ot
Now the lamp is to be operated at 160 V dc; instead of choke, if additional Figure 23.11

resistance r is | put in a series with it, V = [(R+r), i.e. 160 = 10(5+r) i.e.r =11Q In
case of AC, as choke has no resistance, power loss in the choke will be zero, while
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the bulb will consume P=12 R=102x 5=500 W. However, in case of DC,as resistance r is to be used instead of choke,

the power loss in the resistance r will be PL=102x11=1100 W

While the bulb will still consume 500 W, i.e., when the lamp is run on resistance r instead of choke, more than
double the power consumed by the lamp is wasted by the resistance r.

6.2 RC Circuits

Y
=<
P
] —wWw—

(a)

(b)

Figure 23.12: (a) AC voltage applied to RC circuit (b) Phasor diagram of voltage drops across R and C

If V, V. and V_are RMS voltages across a source, resistance and capacitor respectively

2 \2 2, y2
:«/VR +VE =1 =R*+ X
- Vs _ Rzax2 - R24
Impedance of circuit, Z= I_ 24 Xc R 2C2

V. leads | by ¢ =tan ( J tan” (—J
®C

The current leads the applied voltage by angel ¢ .

lllustration 7:An ac source of angular frequency o is fed across a resister R and a capacitor C in series. The current
registered is |. If now, the frequency of source is changed to /3 (but maintaining the same voltage), the current in
the circuit is found to be halved. Calculate the ratio of reactance to resistance at the original frequency o.

Sol: The impedance of RC circuit is:

2 1 i ; Vrms
Z=,R"+| — | .The RMS currentis [ ="
oC Z

According to the given problem, I= % = v e
R (1/Co) |
And for frequency of % , %: v v
[RZ +(3/Cm)2}

Substituting the value of | from equation (i) in (ii),

1 9 . 1 3,2
4| R? =R? ie. ==-R
[ i C’w’ j i C’w? C’w® 5

(JEE MAIN)

()

... (i)
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3 1/2
2
e %) g

So that, 5 = = =.|=
R R R 5

lllustration 8: In an RC series circuit, the RMSvoltage of source is 200V, and its frequency is 50 Hz. If R = 100 Q
andC= @uF, find
T

220V50HZ
(a) Impedance of the circuit (b) Power factor angle @
(c) Power factor (d) Current
(e) Maximum current (f) Voltage across R —ICI-WFYW—
(9) Voltage across C (h) Max voltage across R Figure 23.13
(i) Maxvoltage cross C (jy<P>
(k) <P.> (I <P_> (JEE ADVANCED)

Sol: The impedance of RC circuit is

2
Z=,[R? +(ij
oC

\Y X
The RMS currentis I = % The phase angle between current and voltage is given by tan¢ = ?C The RMS

. I V L
value of current and voltage is I =—% and V. =—2. Power developed in circuitis P=V 1 -cos¢.
\/5 rms \/5 rms-rms
6
X = % ~100
= (2n50)
T
(@) Z=+R?+XC? =100 +(100)° =100v202
X
(b) tand :?C =1 s =450
(c) Power factor=cos¢ = =l
2
200

rms

(d) Currentl =— 10042 V2

(e) Maximum current :Irms\/i =\/§A

(f) Voltage across R=V, =1 R=+2x100 V

I

=1 X =+2x100V

Crms — “rms”°C T

(g) Voltage across C=V
(h) Max voltage across R= \/5 V=200 V

(i) Max voltage across C= \/5 V. =200V

Crms
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[ .coso= 200><\/§><i w

V2

) <P>=V,

(k) <P,>I_2R=200W

() <P>=0

PLANCESS CONCEPTS

We observed here that inductor’s reactance is directly proportional to the frequency used in the circuit
and vice-versa for capacitor. So a combined circuit of them can be used as a frequency filter. High
frequencies can be received by noting the voltage across capacitor and low frequencies can be noted
using the inductor.

Nitin Chandrol (JEE 2012, AIR 134)

VS =V Sin())t XL
(~O) v
~— Vv 90° I
I
—— | N
C
L C
(a) (b)

Figure 23.14: (a) AC voltage applied to LC circuit (b) Phasor diagram for voltage drops across L and R

6.3 LC Circuits
From the phasor diagramV = I‘(XL -Xc )‘ =1Z; $=90°
6.4 RLC Circuits

2
For LCR series circuits V, = Vﬁ + (VL —VC)

2
1
Impedance of circuits Z = 4[R? +(XL - Xc )2 = \/Rz +[mL——cj
®

X —X (,Ol_—i
Vs leads I by q):tan‘l( L 2 C]:tan1 R“’c

rms rms rmsrms - — "Rrms

Power in LCR circuit=V._ I _cosf=V_ I ;—VI
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Y
—]
[
v

R v, Vi
O
~ >. Vs
Vs<> L Vi = ;
C Vi
T

VC ch

(a) (b)
Figure 23.15: (a) AC voltage applied to LCR circuit. (b) Phasor diagram of voltage drops across L, C and R

Where cos ¢ is called the power factor of the LCR circuit.
6.4.1 Resonance in RLC Circuits

At a particular angular frequency o  of the source, when X, =X, or o, in, the impedance of the circuit
becomes minimum and equal to R and therefore, the current will be maximum. The circuit is then said to be

in resonance. The resonance angular frequency ©_andfrequency V, given by
1 1

Wy =——=.Vg =———
0= 3V = odic T

The variation of RMS current with the frequency of the applied voltage is shown
in the Fig. 23.16. If the applied voltage consists of a number of frequency
components, the current will be large for the components having frequency V.

rms

o,
The Q factor of an LCR series circuit is given by Q= TO. A direct current of a

flows uniformly throughout the cross-section of theconductor. An alternating

current on the other hand, flows mainly along the surface of the conductor.
This effect is known as the skin effect. The reason is that when ac flows through —

. . S Vo V
aconductor, the flux change in the inner part of the conductor is higher.

Figure 23.16
PLANCESS CONCEPTS

The idea of resonance is used in TV channelsfor clarity: a particular frequency is assignedto a channel
and when this frequency is received by the receiver,the current corresponding to this frequency becomes
maximum. This helps in maximum possible separation of channels, thus increasing their individual clarity.

Itis also used by intelligence agencies to intercept the signals of anti-social elements. They generally use
frequency of a very high order.

Nivvedan (JEE 2009, AIR 113)
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lllustration 9: In the circuit shown in the Fig. 23.17, find (JEE MAIN)
(a) The reactance of the circuit 200V 50Hz
(b) Impedance of the circuit T//L
(c) The current ZH 1000 100 ¢
AMAAA |
(d) Reading of the ideal AC voltmeters W1
(These are hot wire instruments and read RMS values) @_®—'®‘
(V,)
&/
) . - , 5 |n2 2 V)
Sol: In series LCR circuit, the impedance is Z =4/R +(XC —XL) where X_ )
and X are the capacitive reactance and inductive reactance respectively. Figure 23.17
2 1
(@ X, =2nfL =27x50x—==200Q XC:T =100Q
T 2750~ x 107
T

The reactance of the circuit X=X -X__200-100=100Q

Since X >X_, the circuit is called inductive.

(b) Impedance of circuit Z= VR? + X2 =+/1002 +100% = 1002 Q

Vis _ 200 _
Z 10042

(d) Readings of ideal voltage

(¢) The current [oo= J2A

X =20032 V

1 : Irms

21, R=100y2 V

Vi1 X =100v2 V

rms” C

V,:1_R*+X?=100v10 V
4" rms A \/> , which also happens to be the voltage of source.
b LneZ =200V,

lllustration 10: A resistance R, inductance L and a capacitor C all are connected in series with ac supply. The
resistance of R is 16 Q and for a given frequency, the inductive reactance of L is 24 Q and capacitive reactance of C
is 12 Q. If the current in the circuit is 5 amp, find: (JEE MAIN)

(a) The potential difference across R, L and C
(b) The impedance of the circuit

(c) The voltage of ac supply

(d) Phase angle

/ 2
Sol: In series LCR circuit, the impedance is Z = /R + (XC - XL) where X_and X _are the capacitive reactance and

X, —X
inductive reactance respectively. The phase angle between voltage and current is given by ¢ = tan™ (%] .
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(a) Potential difference across resistance: V =iR =5x16 =80 V
Potential difference across inductance: VL=i><((DL) =5x24=120V
Potential difference across capacitor: V, =ix (1 / coC) =5x12=60V

b) Z= {R%(%-mﬂ: (16)" +(12)° =200

(O]

(c) The voltage of ac supply is given by:V =1Z =5x20 =100 V

olL—(1/onc
(d)¢=tan™ (ﬁJ =tan™! (&] =tan™' (0.75) = 36°46

R 16
lllustration 11: An oscillating voltage drives an alternating current through a resistor, an R
inductor, and a capacitor that are all connected in series. Calculate the RMS voltage across  V,4
each another by multiplying the reactance or resistance of each element by the RMS current. L
To calculate the RMS current, divide the RMS voltage by the impedance. (JEE ADVANCED) | c

| 2 .
Sol: In series LCR circuit, the impedance is Z =[R? +(XC —XL) where X_ and X are the Figure 23.18

capacitive reactance and inductive reactance respectively. The phase angle between voltage

o X —X . . Co . .
and current is given by ¢ =tan! (LTCJ Find the current in the series circuit, and multiply the resistance or
reactance of each element with the currrent to find the voltage drop across it.

1. Calculate X; Xe = i 1 =17.68 kQ

oC ~ 2n(60.0Hz)0.151F

2. Calculate X ; X, = ol = 21(60.0Hz)(25mH) =9.42r Q

3. Calculate the impedance:

zZ= \/RZ F(X =X ) = \/(9.9k§2)2 +(0.00942k 2 -17.68k )" = 2025 KQ

\Y,
4. Divide the voltage by the impedance: 1 __=-" 115V

= =57mA
rms Z 20.25 kQ

5. Multiply the current by the resistance: V.

rmsR

1. R=568MA(9.9kQ)= 56V

6. Multiply the current by the inductive reactance: V [ X =568mA(9.42kQ)= 54V

rms.L — “rms

7. Multiply the current by the capacitive reactance:

\Y [ Xc=568mA(17.68kQ) =100V = 0.10 KV

rms.C ~ “rms
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6.5 Parallel RCL Circuits

Consider the parallel RLC circuit illustrated in Fig. 23.19.
The voltage source is V (t) =V, sinot

Unlike the series RLC circuit, the instantaneous voltage acrossall three circuit
elements R, L, and C are the same, and each voltage is in phase with the current
through the resistor. However, the current through each element will be different.

In analysing this circuit, we make use of the results derived before. The current

V
in the resistor isI (t) = % = ?0 =sinot =, sinot

dI
Where IRO = V0 /R. The voltage across the inductor is V, (t) = V(t) = V,; sinwt = Ld_'t

t
V, V, V,
which gives], (t) = J—Osincot'dt' =L cosot = —Osin[cot —EJ =1, sin(mt —EJ
L ol X, 2 2

where I, =V, /XLandXL = ol is the inductive reactance.
Similarly, the voltage across the capacitor is V_ (t)=V,sin ot =Q(t)/c, which implies

v,
1. (t) =92 = eV, coswt = ~Csin wt + & | =1, sin[ ot + X
dt X 2 2

where [, =V, /X. and X. =1/l is the capacitive reactance.

Vm@ %R %L =cC

Figure 23.19 Parallel LRC circuit

- (1)

... (i)

... (iii)

.. (iv)

Using Kirchhoff's junction rule, the total current is simply the sum of all three currents.

[(O=LO+LO+L) = I sinot+], sin(mt —g] +1c sin[cot +gj

The current can be represented with the phasor diagram shown in Fig. 23.20

%
lcog
I, To +1i
0 T‘/ co *o
= >
Iro Vo
_)
oY

. (V)

Figure 23.20: Phase difference between current and voltage

From the phasor diagram, we see that. To =Iro +1i0 +Ico

And the maximum amplitude of the total current, I, can be obtained as

oo (i)
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2 2
e e .- 1 1 1 1 1
= IO‘=‘IRO +10 +1 ‘z B +(0. -1 2=V, |—t+|wCo—| =V |[— 4| —— = Wi
b ‘ co \/ ro + (Lo —1ip) 0y r2 Q ol 2 X, X (vii)

Note however, since I (t), I (t) and | (t) are not in phase with one another, | is not equal to the sum of the maximum
amplitudes of the three currents: I, # L, +1 , +1, ... (viii)

With I, =V, /Z, the (inverse) impedance of the circuit is given by:

2 2
LI U PSR G U 1 o
Z R? ol R? Xc X,
The relationship between Z, R, X and X_is shown in Fig. 23.21 which shows a relationship between Z, R, X _and X_
in a parallel RLC circuit.

1/Z 1. 1

1/R

Figure 23.21: Impedance triangle

; : Teo —lio Xc L Vo Vo
From the phasor diagram, we see that the phase can be obtained as:tan¢ = = =R| —-——

RO Xe X
= R[mt - Ej
2

o (X)
The resonance condition for the parallel RLC circuit is given by ¢ =0, which implies:
1_1 .. (xi)
Xe XL

The resonant frequency is: @, =

L ... (xii)
Jic

which is the same as for the series RLC circuit. From Eq. (xii), we readily see that 1/Z is minimum (or Z is maximum)
at resonance. The current in the inductor exactly cancels out the current in the capacitor, so that the total current

Vv
in the circuit reaches minimum, and is equal to the current in the resistor: I, = ?O ... (xiii)

As in the series RLC circuit, power is dissipated only through the resistor. The average power is

Vs /. Vs Vi (z .
(P)) = (1, V() = (T2 (0R) = ?°<S|n2 ot) - =2t = (Ej ... (xiv)

Thus, the power factor in this case is

Pt)  z 1

VS/ZZ_E_HR oy
0) _——
L

Power factor = =Cos¢ ... (xv)

()



23.18 | Alternating Current

lllustration 12: The image shows an inductor (L=0.22 mH) in series with a 15Q
resistor. These elements are in parallel with a second 15Q resistor. An AC generator S¥¥500 Yrvey

powers the circuit with an RMS voltage of 65V. R

In the limit of high frequency, the inductor behaves like a very large resistor. In such a

case, nearly all of the current flows through the branch with the lone resistor. Calculate ~~

the current by dividing the RMS voltage by the single resistor. —
Figure 23.22

In the limit of low frequency, the reactance of the inductor approaches zero.
In such a case, the current flows through each resistor equally. Calculate the
equivalent resistor and divide the voltage by the equivalentresistance to determine the current. (JEE ADVANCED)

Sol: For very high source frequency, the reactance of the inductor becomes practically infinite so that the current
doesn't flow through the inductor. Thus, the inductor acts as an open circuit. For very low source frequency, the
reactance of the inductor becomes practically zero, and theinductor behaves as a short circuit.

\Y 65V

1. Calculate the current at high frequency: L= % TR 43 A
-1
2. Calculate the equivalent resistance at low frequency: Req = [%4‘%) = % = 1579 =7.5Q3.
V
Divide the voltage by the equivalent resistance: [ === SV _ 87 A
Req 750

lllustration 13: For the circuit shown in Fig. 23.23, current in inductance is 0.8 A while its capacitance is 0.6A. What

is the current drawn from the source? (JEE ADVANCED)
————
I
C
— I
I Ic
S
Figure 23.23

Sol: For LC circuit, total current in the circuitis I=1, sin(mt + ¢) =1+ I.. The current in the inductor lags the applied
voltage by phase difference of gwhile in capacitor, the current leads applied voltage by gln parallel ac circuit,

V =V, sinot is applied across both the inductorand capacitor, current in inductor lags the applied voltage while
current in capacitor leads the applied voltage.

So, |L=lsin ot-= | =-0.8cosot; I =V gin| wt+ X | = 0.6cosot
X, 2 X 2

So, the current drawn from the source, I =1 +I. =-0.2cosot, i.e. |Io| =02A

7. MORE ON POWER FACTOR

(a) The factor cos¢ present in the relation for average power of an ac circuit is called power factor.

P
=29 Thus, ratio of average power and virtual power in the circuit is equal to power factor.

rmsrms pV

So,cosdp = —=¢
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(b) Power factor is also equal to the ratio of the resistance and the impedance of the P CaRaR e EEE e Z
ac circuit.

Thus, cosé =; oC

o
V.

(c) Power factor depends upon the nature of the components used in the circuit.(d) If R
a pure resistor is connected in the ac circuit then, Figure 23.24

. Eolo ES
$¢=0,cosdp=1; pavazﬁzErms L

Thus, the power loss is maximum and electrical energy is converted in the form of heat.
(e) If a pure inductor or capacitor are connected in the ac circuit, then

¢ #90°, cos¢ =0 .. P_ =0 (minimum)

Thus is no loss of power.

(f) If a resistor and an inductor or a capacitor are connected in an ac circuit, then ¢ = 0 or ¢ = 90°. Thus ¢ is in
between 0 & 90°.

(g) If the components L, C and R are connected in series in a circuit, then

tan¢=§= (mL—;/mC)

R

and cos¢ = R_ ; Power factor cos¢ = R
Z 2 Z

2TV
[RZ(mL—l/mC) }
(h) Power factor is a unit less quantity.

(i) If there is only an inductance coil in the circuit, there will be no loss of power, and energy will be stored in the
magnetic field.

(j) If a capacitor is only connected in the circuit, there will also be no loss of power, and energy will be stored in the
electrostatic field.

(k) In reality, an inductor and capacitor do have some resistance. So, there is always some loss of power.

(I) In the state of resonance, the power factor is one.

8. WATTLESS CURRENT

(@) The component of current whose contribution to the average power is nil, is called wattless current.

(b) The average wattle of power iszero because the average of the second Ins COSO
component of instantaneous power for a full cycle will be 0 o > —>E
Eysinot(ly sing)sin(ot—n/2) =0
(c) The component of current associated with this part is called Wattless X z i
current. Thus the current H

. v ;
(IO sind)) sin ((ot -n/ 2) is a wattless current whose amplitude is |, sing. Lms  sind Lims

Figure 23.25

(c) If RMS value of current in the circuit is |, then the RMS value of a
wattless current will be |, sin¢ . A wattless current lags or leads the em.f.
by an angle /2. RMS value of wattless current:
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I I . . X . N
[Sing= 2 sing ;= Yo X Since sing = 7 where X is the resultant reactance of the circuit.

NEMRNCY:

9. TRANSFORMERS

A transformer is a device used to convert low alternating voltage at higher current into high alternating voltage
at lower current, and vice-versa. In other words, a transformer is an electrical device used to increase or decrease
alternating voltage.

9.1 Types of Transformers

(a) Step-up transformers: The transformerwhich converts low alternating voltage at higher current into a high
alternating voltage at lower current is called a step-up transformer.

(b) Step-down transformers: The transformer which converts high
alternating voltage at lower current into a low alternating voltage = ‘::
athigher current is called a step-down transformer. Ep =P ST Es| [Load
4] —p
Principle: A transformer is based on the principle of mutual induction.
An e.m.f. is induced in a coil, when a changing current flows through its Core
nearby coil Figure 23.26

Construction: Itconsists of two separate coils of insulated wires wound
on the same iron core. One of the coil connected to a.c. input is called primary (p) and the other winding giving
output is called secondary (S) winding or coil.

Theory: When an alternating source of em.f. E_ is connected to the primary coil, an alternating current flows
through it. Due to the flow of alternating current in the primary coil, an alternating magnetic flux induces an
alternating e.m.f. in the secondary coil (E)). Let N_and N, be the number of turns in the primary and secondary coil
respectively. The iron core is capable of coupling the whole of the magnetic flux¢ produced by the turns of the
primary coil with the secondary coil.

According to Faraday’s law of electromagnetic induction, the induced e.m.f in the primary coil,

E:Ndd)

PP Gt o (1)

do

ot - (i)

The induced em.f in the secondary coil. E¢ =N

e . E; N N . . .
Dividing (ii) by (i), we get = = —; WhereN—S =K the transformation ratio or ratio.
P P P

E
Then, = =5 =K

K< 1 for step down transformer. In this case,Ng <N, and E < E i.e. Eo and output alternating voltage <input
alternating voltage.

K>1 for step up transformer. In this case,Ng >N, and E > Ep i.e., output alternating voltage is greater than the
input alternating voltage.
For an ideal transformer (in which there in no energy losses), output power= input power wee (i)

LetI and I, be the current in the primary and secondary coil respectively.
E 1
Then output power= E L ;input power= E, L from equation (iii) E, = E.or E—S :I_P; In general,E o T For

same power transfer, voltage increases with the decrease in current and vice-versa. Thus, whatever is gained in

voltage ratio is lost in the current ratio and viceversa. So, astep-up transformer increases the alternating voltage by
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decreasing the alternating current, and a step- down transformer decreases the alternating voltage by increasing

the alternating current.

ouputpower _ El For an ideal transformer, efficiency, n is 100%. But in a real

For a transformer, efficiency, n= -
inputpower  El,

transformer, the efficiency varies from 90-99%. This indicates that there are some energy losses in the transformer.
10. CHOKING COIL

Let us consider a choke coil of large inductance L and low resistance R. Then, the power factor of the given circuit

will be given by cos¢ =L =£ (@asR<< L)

RZ+p22 ol
Now, as we know that R< <wL, the power factor is small and hence the power absorbed will be very small. And also,
on account of its large impedance (large inductance), current passing through the coil is very small. Hence, such a

coil is preferred in electrical circuits for the purpose of adjusting the current to any desired value without having a
significant energy waste.

lllustration 14: An ac circuit consists of a 220 Q resistance and a 0.7 H choke. Find the power absorbed from a 220V
and 50 Hz source connected in this circuit if the resistance and choke are joined, (a) in series (b) in parallel
(JEE ADVANCED)

Sol: For a seriesLR circuit, impedance is Z = VR? + 0’12 and average power dissipated in circuit is calculated as

P=V . C0sh.
o011 1 .
In parallel LR circuit =5t 55 But for a choke, L is very large, so ~0.
Z° R° ol
Z
(a) in series the impedance of the circuit is: X

Z =VR2 + 02 = \/RZ +(2nfL) = \/(220)2 +(2x3.14x50x0.7)° =311Q 0

v R 220 Figure 23.27
S e = ';5 = % =0.707A. cos¢ = b = 311 =0.707

and the power absorbed in the circuit,P=V__i _cos¢ = (220)(0.707)(0.707) =110.08 W

rmsrms

(b) When the resistance and choke are in parallel, the entire power is absorbed in resistance, as the choke (having

v2 - (220)
zero resistance) absorbs no power. S P= % = 20 =220W
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(a)

(b)

(c)

(d)
(e)

PROBLEM-SOLVING TACTICS

In this chapter, we have seen how a phasor provides a powerful tool for analysing the AC circuits.
Below are some important tips:

1. Keep in mind the phase relationship for simple circuits.

(i) For a resistor, the voltage and phase are always in phase.

(ii) For an inductor, the current lags the voltage by90°.

(iii) For a capacitor, the current leads the voltage by 90°.

When circuit elements are connected in series, the instantaneous current is the same for allelements, and
instantaneous voltages across the elements are out of phase. On the otherhand, when circuit elements are
connected in parallel, the instantaneous voltage is the same for all elements, and the instantaneous currents
across the elements are out of phase.

For a series connection, draw a phasor diagram for the voltage. The amplitude of the voltage drop across
all the circuit elements involved should be represented with phasors. In Fig. 23.28, the phasor diagram for a
series RLC circuit is shown for both the inductive case X > X and the capacitive case X, <X.. Below is a

phasor diagram for the series RLC circuit for (a) X, > X (b) X <Xc.

vid r'
Vio 7 A
............. Vio
v, VooV,
0 —ViotVco >S5 >
3 N Io > VRO;
-7 27 0} e > -
Iy Vro \7) ™ Vio+Veo
0
\ZO" N
Veoy
(a) (b)

Figure 23.28: Phase angle between applied voltage and current (a) in RC circuit, (b) in LC circuit

From Fig. 23.28(a), we see that V|, >V in the inductive case and Vo leads io by a phase¢. On the other
hand, in the capacitive case shown in Fig. 23.28(b), V, >V, and loleads Vo by a phase ¢.
Students should directly learn the formula for reactance, impedance, etc.to solve any problem easily.

For parallel connection, draw a phasor diagram for the currents. The amplitudes of the current across all the
circuit elements involved should be represented with phasors. In the following Fig. 23.29, the phasor diagram
for a parallel RLC circuit is shown for both the inductive case X > X and the capacitive case X| < X..

— -
lo4 lcod
T T+,
- — 0 cot'o
Ipo . Vo () ;T‘/ g
® 'l > - - >
e

? Ieo +1i0 Iro Vo

0
- -
ILO A 4 ILO Y

(@) (b)
Figure 23.29
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(f) Phasor diagram for the parallel RLC circuit for (a) X, > X And (b) X < X: From Fig. 23.29(a), we see that

I o > I in the inductive case and V_0 lead g by a phase ¢.0On the other hand, in the capacitive case shown

in Fig. 23.29 (b), Iy >1, and g leads V_0 by a phase¢.

FORMULAE SHEET

(@) Inan AC circuit, sinusoidal voltage source of amplitude V, is represented as:V(t) =V sinwt.

The current in the circuit has amplitudel; and lags the applied voltage by phase angle ¢.

Current is represented as: I(t) = |, sin (ot—¢)

(b) For a single-element circuit (a resistor, a capacitor or an inductor) connected to the AC voltage source, we
summarise the results in the below table:

Circuit elements

Resistance/Reactance

Current Amplitude

Phase angel ¢

R R 0
VO
%R
L Inductive Reactance 5
— N X =ol v (n/2)
I'—o = X—(i i.e.current lags
voltage by 90°
C Capacitive Reactance
'_| |_‘ « _ 1 y (-m/2)
Y ICo =2 i.e. current leads
Xe

voltage by 90°

(c) For acircuit having more than one circuit element connected ina series,we summarise the results in the below

table:
Circuit elements Impedance Z Current amplitude Phase angle ¢
R C
Il V
AW— | JRZ +X2 Io=% O<¢<[Ej
\RE+X] 2
/vs\' |1 C [ = VO -
1] 2 2 0~ ad
R +X¢ ,R2+Xé ( 2j<(1><0
R L Y ¢ >0if
'—'VV\'_\QQQI_l R2+(XL_XC)2 Iy = - 2 o> %
\/R2+(XL_Xc) ¢ <0if XL<XC
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(d) For series LCR circuit,

() theimpedanceis Z = \R? +(X_ —X.)?

. -1 (XL B XC)
(i) the current lags the voltage by phase angle ¢ = tan R
. 1

(iii) the resonant frequency is 0, = c

At resonance, the current in the series LCR circuit is maximum, while that in parallel LCR circuit is minimum.

(e) Impedance for parallel LCR circuit, is given by

2
1 |1 (1 > 1 (1 1
R Sl Iy 2
Z RZ2 |olL RZ X Xc

The phase angle by which the current lags the voltage is

d=tan! R[XL—LJ —tan! R(i—wCJ

L c ol

(f) The RMS (root mean square) value of voltage and current in an AC circuit are given as

V, I
0 0
V. =-0 and I =

R T

(g) Average power of an AC circuit is <P(t)> = I e Vims COSO Where cos¢ = ; is the power factor of the circuit.

L
(h) Quality factor Q of LCR circuitis Q = (DTO :% %

. . . . . .V, N
(i) For a transformer, the ratio of secondary coil voltage to that of primary coil voltage is—2 = —2
1 1

where N, is number of turns in primary coil, and N, is number of turns in secondary coil.

For the step-up transformer,N, >N ; for step down transformer,N, <N, .
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JEE Main/Boards

Example1: A resistance R, inductance L and a capacitor
C all are connected ina series with an AC supply. The
resistance of R is 16 Q, and for a given frequency, the
inductive reactance of Lis 24 Q,and capacitive reactance
of Cis 12 Q. If the current in the circuit is 5 A, find

(a) The potential difference across R, L and C
(b) The impedance of the circuit

(c) The voltage of AC supply

(d) Phase angle

Sol: In a series LCR circuit, the impedance of circuit is

[ 2
Z=R?+ (XC - XL) where X_and X _are the capacitive

and inductive reactances respectively. Phase difference
. X =X
between voltage and current is ¢ =tan* (LTC]

Potential drop across resistance is IR and that across
reactance is IX.

(a) Potential difference across

(i) Resistance V; =IxR=5x16=280V

(i) Inductor V, =1Ix (mL) =5x24=120 V

(iii) Capacitor V. = Ix(l / coC) =5x12=60V

(b) The impedance of the circuit

y \/RZ +[@L—iCJ2 - \/(16)2 +(24-12)

®
=200

(c) The voltage of AC supply is given by
E=IxZ=5x20=100V

(d) Phase angle between voltage & current is

¢=tan’ !M] —tan! {ﬁ}
R

16

=tan'(0.75) = 36°52'

Example 2: A circuit draws a power of 550 W from a
source of 220 V, 50Hz. The power factor of the circuit is
0.8 and the current lags in phase behind the potential
difference. To make the power factor of circuit as 1.0,
what capacitance will be connected in the circuit?

Sol: In series LR circuit, the current lags the applied
voltage by angle ¢and the power factor of circuit is

R . .
. When capacitor is connected
R? + o’

in series in the circuit, the impedance of the circuit is

cos ¢ =

Z= R2+(XC—XL)2 and the power factor of the
R

\/RZ J{(XL —xc)z} .

We want to find the value of the capacitor to make the
circuit's power factor 1.0

circuit iscos¢ =

(A) Find the value resistance and inductive reactance.
For a LR circuit, current lags behind voltage in phase.

The power in AC circuit is given as

o _ Vs X COS N0
Z
2
2 220 x0.8
Lz Vimsxcose _(220) <08 _
p 550

R .
Power factor cos¢ = 7 so we get value of resistance as

R=2Zxcos ¢=704x0.8=56320

Inductive Reactance is

ol = /(22 —R?) = \/(70.4)2 ~(56.32)°

ol=422Q

(B) Capacitance needed to be connected in circuit to
make power factor = 1.0

When the capacitor is connected in the circuit.

Impedance

(i)
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and power factor is given by

cosd = R
1 2
R2+[(mL—J }
oC
1
When cosdp =1, oL =— L)
oC
1 1

From (iii) we get C = (L) 2nf(ol)
— 1 = *
~ (2x3.14x50)x(42.2) e

= 75uF.

Therefore to make a circuit with power factor = 1, 75 uF
capacitor is to be connected in a series with resistance
and inductor.

Example 3: A 750 Hz, 20 V source is connected to
a resistance of 100 ohm, an inductance of 0.1803
Henry and a capacitance of 10 microfarad all in series.
Calculate the time in which the resistance (thermal
capacity 2J/°C) will get heated by 10°C.

Sol: For an LCR circuit, the average power dissipated as
2

heatis P = ﬂzsx R, where Z is the impedance of the
z
circuit.

Product of power and time equals the heat generated.

X, =olL=2xfL =2rx750x0.1803 =849.2 Q and

_ 11
¢ wC 2=rfC

1
- 2nx750x107

=21.20Q

So X =X_-X, =8492-212-828Q

And hence Z = VR? + X2 = /(100)° +(828)° = 8340

But as in case of ac,

\Y
P,=V I cos¢=V __x rmsx;

av rms-rms rms Z

2 2

v

e, P, = ~ms | ,r=| 221 100 = 0.00575W And
Z 834

as,U:th:chG:(TC)AG;

(TC)xa0  2x10

= =348 sec = 5.8 min
P 0.0575

Example 4: A 100 V ac source of frequency 500 Hz
is connected to a series LCR circuit with L=8.1 mH,
C =125 pFand R= 10Q. Find the potential different
across the resistance.

Sol: For LRC circuit, total potential difference is

V= V2 + (Ve -V )

Inductive reactance,

X, =21x500x8.1x107% = 25.45Q

Capacitive reactance,
6
oo 10
2nx500x12.5
=X =X¢

=25.45Q

This is the condition of resonance. This means that total
potential drop occurs across the resistance only.

2V =y VE 4 (V =V ) =V, =100 V

The total potential difference across resistance is the
same as the applied voltage across circuit.

Example 5: A 0.21 H inductor and a 12 Q resistor
are connected ina series to a 20 V, 50 Hz ac source.
Calculate the current in the circuit and the phase angle
between the current and the source voltage.

Sol: In series LR circuit, the current lags voltage by phase
angle ¢ =tan™! (%Lj . And RMS value of the current is

[ = % where Z is impedance of the circuit.

Impedance Z = \/RZ +(03L)2 .
\/122 +(2 *3.14 *50*0.21)2

- \/(122)+(65.94)2 —67Q

Vrms

Current Irms = 7 =%

=3.28A

Phase angle ¢
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tant[ 2L | tant[ 8294 ;
R 12
tan = (5.495) =78.69°

Example 6: A current of 4 A flows in a coil when
connected to a 12 V dc source. If the same coil is
connected to a 22 V, 50 rad/sec ac source, a current of
2.4 A flows in the circuit. Determine the inductance of
the coil. Also, find the power developed in the circuit if
a 2500 p F condenser is connected in a series with the
coil.

Sol: For dc supply, the coil is purely resistive; inductance
does not come into picture. For AC voltage source,the
reactance of the inductor is non-zero. When a capacitor
is connected in a series in a circuit, the impedance of

circuitis Z = R+ (X ~X ) .

The real power in the circuit is

Resistance of the coil, R = % =3Q

(.- Reactance of inductor in dc circuit is zero)
12

Impedance of coil, Z=—=5Q ;
24

Now, 72 =R? + »?L?;

|52 2
® 50

Reactance of the capacitor

X :i 1 8Q

¢ ol 50x2500x10°°

When the capacitor is connected in series,

zz\/R2 F(X -Xc ) :\/32+(8—4)2 =50

Power factor, cos ¢ = R :é ;
Z 5

Power developed P= 2 Zcos¢= (2.4)2 x3 =17.28 W.

rms

Example 7: A resistance R, an inductance L, and
capacitor C are connected in series with an AC supply
where R=16Q. Inductive reactance X =24 Q and
capacitive reactance xC =12 Q. If the current in the
circuitis 5 A, find

Ve VoV,
—l—I——|

(a) PD. across R,.L and C

(b) Impedance of circuit

(c) Voltage of AC supply and
(d) Phase angle

Sol: For the LCR circuit, impedance is

Z=\R*+(Xc-X)*.

The phase angle between voltage and current is given

X =X
by ¢ =tan™" [%}

(a) PD. across each component is found below

V, =IX, =5x24 =120V,
V,=5x16=80V Lt~ L7~
Vo =1X. =5x12=60 V

(b) Using the formula of Impedance

Z=\R?+(X - Xc )

Z- \/(16)2 +(24-12)" =200

(c) Voltage of AC source is
E=1Z=5%x20=100V
(d) Phase angle is

X =X _
D = tanfl M = tanfl &
R 16

= tan‘1(0.75) =36°87"

Example 8: A coil of resistance 20Q and inductance
0.5H is switched to dc 200 V supply. Calculate the rate
of increase of current:

(a) At the instant of closing the switch
(b) After one time constant
(c) Find the steady state current in the circuit

Sol: The current in the LR circuit attains constant value
over a long period of time. Generally, the current in the



23.28 | Alternating Current

circuit is given by i=i, (1_e‘t/r) where 1 is one time
constant.

(@) Current at any time is given by:

R
i:io(l—e L] )

Differentiating above equation w.rt. t, we get

Rt
E_ XE e_T -i _X (i)
at RL =g
Attzo,ﬂ:X=@:4OOA/s
dt L 05

. L
(b) Current after one time constant t = E

From equation (ii)

% —400 et =147.15 A/s

(c) For steady state t = o

So from (i) we get i(0) =i, = 400A

Example 9: What is average and RMS current over
half cycle if instantaneous current is given by i=4
sinot+3coswt. ?

Sol: Reduce the given expression of current in standard
form i=i, sin(mt + (I)) , Where i is the maximum current
in the circuit.

Given i = 4sinot + 3cos mt.
=5 isin(x)t+§coscot :5$in(o)t+a)
5 5

3

1

4 .
where cos a =§ and sino =

5
Comparing with i=i, sin(mt + (I))
. 5 . 10
i (ﬁj g =)

JEE Advanced/Boards

b =5A; =

Example 1: A sinusoidal voltage V(t) = (200 V) sinot is
applied to a series LCR circuit with L=10.0 mH, C=100
nF and R=20.0Q. Find the following quantities:

(@) The resonant frequency

(b) The amplitude of current at resonance

(c) The quality factor Q of the circuit

(d) The amplitude of the voltage across the inductor at
the resonant frequency.

Sol: When the LCR circuit is set to resonance, the

. 1 1

resonant frequency is f = —, [—.
21\ LC

ol 1 L

uality factoris Q =—2> ==, [—.
Quality Q R ~R\C

(a) Using formula of resonant frequency

The resonant frequency, for the circuit is given by
fo® 1 |1
2n 2n VLC

_1 1
2n \/ (10 x10—3H)(1oox1o—9F)

=5033Hz

(b) At resonance current is Maximum i.e. ly

'V, 200

"R 2000
(c) The quality factor Q of the circuit is given by

=10.0A

ol 27(503357)(10.0x10°H)
R (20.00)

Q=

=158

(d) At resonance, the amplitude of the voltage across
the inductor is

V

Lo = loXL =Toogk

- (10.0A)27(5033 5 )(10.0x10H)
=3.16x10°V

Example 2: Consider the circuit shown in figure. The
sinusoidal voltage source is V (t) =Vosincot. If both
switches s, and s, are closed initially, find the following
quantities, ignoring the transient effect and assuming
that R, L, V, and o are known:

(a) The current I(t)as a function of time
(b) The average power delivered to the circuit

(c) The current as a function of time, a long time after
only S, is opened



(d) The capacitance Cif both s, and s, are opened for a
long time, with the current and voltage in phase.

(e) The impedance of circuit when both s and s, are
opened.

(f) The maximum energy stored in the capacitor during
oscillations.

(9) The maximum energy stored in the inductor during
oscillations.

(h) The phase difference between the current and the
voltage if the frequency of V (t) is doubled.

(i) The frequency at which the inductive reactance X| is
equal to half the capacitive reactance X.

Sol: In LCR circuit explained above, when the switches
are closed, the current follows path of least resistance
i.e, L and C are short-circuited. Impedance of series
LCR circuitis Z = \/Rz +(XC =X )2 . The energy stored
in inductor isU; :%LI2 and that stored in capacitor is
Uc = %cvc2 :

(a) When both switches s; and s, are closed, the current

goes through only the generator and the resistor, so
the total impedance of the circuit is R and the current

is Iz (1) Y0 Ginot
is =—sino
"R
(b) The average power is given by:

(P) = (I V(D) = \/Tzo<sin2 (ot> = %

() If only S; is opened, after a long time a current
will pass through the generator, the resistor and the
inductor. For this RL circuit, the impedance becomes

11
JRZ+X2 AR + 0?2

And the phase angle ¢is ¢ =tan* (%Lj

Z:

Physics | 23.29

Thus, the current as a function of time is
Y/
I(t) =1, sin(ot — ¢) = —2——sin ot—tan Sk
VR? + 0?2 R

Note that in the limit of vanishing resistance R=0,
¢=mn/2, and we recover the expected result for a

purely inductive circuit.

(d) If both the switches are opened, then this would be
a driven RLC circuit, with the phase angle ¢ given by tan

olL——
=XL_XC: oC

R R

If the current and voltage are in phase, Ithen=¢,
implying tan¢ =0. Let the corresponding angular

frequency be,; we then obtain. oL :L And the
1 ®,C
capacitance is C = —-
oyl
(e) From (d), we see that both switches are opened; the
circuit is at resonance with X = X_. Thus, the impedance
of the circuit becomes

Z:\/RZ +(X =X ) =R

(e) The electric energy stored in the capacitor is
Ue :ECVCZj :EC(IXC)2 It attains maximum when the
2 2

current in at its maximum I

2 2

Lepy2 1Mo} 1 Wt
Uemax =5CoXe =5Cl o~ | w5 =77
2 2 (R) opC® R

Where we have used mé =1/LC

(g) The maximum energy stored in the inductor is given
by.
1, LV

UL,max =§ 0 =F

(h) If the frequency of the voltage source is double, i.e.,

o=20,=1 /LC, then the phase becomes

(I):tanil (,()L—l/(OC
R

(2/3kc)- (e /2]

R

=tan!
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:tan_l i L
2n\NC

(i) If the inductive reactance in one-half the capacitive
reactance,

Example 3: Two inductances of 50 H and 10.0 H
are connected in parallel circuit. Find the equivalent
inductance and RMScurrent in each inductor and in
mains circuit when connected to source of 10 V AC.

L

50H

Al L, 100H
()

N v
10V AC

Sol: When two inductors are connected in parallel, the

Lk, . If V is the RMS value of

L, +L,

applied voltage, then RMScurrent through inductor is

net inductance is L =

[=—.
Xy

Let E=E, sinwt, then current drawn from supply is,

E
[=1;sin o)t—E =9 sin o)t—E (Since current lags
2 ol 2

T
b —
y2)

Where L is equivalent inductance of circuit.

r r 1 1 1 15 3

L L, L, 510 50 10
:>L=EH
3

IrmsinLl_ 10 :

. 10 1
I[.inL, = —-= = ;
ol, 2nx50x10 100~=

L1
50r 100m 100m

Irmsmcwcwt =

Example 4: A series LCR circuit containing a resistance
of 120 Q has angular frequency 4 x 10° rads™. At
resonance, the voltage across resistance and inductance
are 60 V and 40 V respectively. Find the value of L and
C. At what frequency does the current lag the voltage
by 45°?

Sol: At resonance, X = X_.. The phase angle by which

X —X
the current lags the voltage is ¢ =tan* (%}

For resistance V= | _R;
V,
orl :—R:Q:O.S A
* R 120
Forinductor V| =1_ oL

40=05x4x10°xL= L=2x10"*H

At resonance, X = X_i.e. 0oL = L
(DOC
ol (4><105) x2x107

When the current lags behind the voltage by = 45°,

. XL _XC .
using tan¢ =———, gives
1
ol -—— 2
L
1o— o€ L pog-t _gL-|%
R oC )
SoR = sz—ng
1200 =2x10"* (0)2 —(4><105)2)
VL
Source Voltage
VIRVA . /
45° ,
Ve !
VC




On solving the above equation,we get
®=8x10° or @=-2x10°
"~ Frequency can't be negative

- Ignoring negative root we have ® = 8x 10° Hz

Example 5: An inductor of 20mH, a capacitor 100 pF
and a resistor 50Qare connected in a series across
a source of em.f. V=10 sin (314t). Find the energy
dissipated in the circuit in 20 minutes. If resistance is
removed from the circuit and the value of inductance is
doubled, then find the variation of current with time in
the new circuit.

Sol: For the LCR circuit, the energy dissipated over a
long time isU=(VrmSIrmS cosq))t. When resistance is
removed,the circuit becomes LC circuit, the impedance

and hence current changes.

The circuit is as shown in figure. One time cycle

2n  2n
= —=——=0.02s.So, we have to calculate the
®

average energy at time t>>T.

L R C
‘ ~ >—‘
/

10 sin 314t

Energy dissipated in time t

I V, R
U= (VrmSIrms cos¢)t = (%XT;XEJt

V2R V,
U=t | =2
272 z
2
U= 10%x50x20x60 _ o,
2x3153.7

When resistance is removed,and inductance is doubled,
then cos¢=0=¢p=mn/2

Value of impedance is

A :i—@L' :;—314x40x10_3ﬂ
oC 314x107*
=19.30Q

And the current in the circuit is found to be
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I= %sin(mtﬂb) = %sin(3l4t+n/2)

=0.52 cos 314t

Example 6: A choke coil is needed to operate an arc
lamp at 160V (rms) and 50 Hz. The lamp has an effective
resistance of 5Q when running at 10 A (RMS). Calculate
the inductance of the choke coil. If the same arc lamp is
to be operated on 160 V (dc), what additional resistance
is required? Compare the power losses in both cases.

L GR2R
ETEBO0 -
Lamp
VL VR

V =V, sin ot

Sol: Choke coil has large inductance and low internal
resistance, sothere is no power loss in the choke coil.
Hence, when alamp of some resistance is connected
in series with the coil, the net RMS voltage in circuit

is (Vs ) = (Voms )+ (V

2
s ms Jg rms)L. When the same lamp

is operated on dc, additional resistance in a series is
required to limit the current in the lamp to 10 A.

Voltage drop across the lamp is

(v, )R = (Is )(R) =10x5 =50 V Voltage drop across

rms

choke coil is

(Vi ), = (Vo) = (Vo

_ (1602)—(50)2 ~152V

AS (Ving ), = (s ) X = (irms ) (27fL)

(Vrms )l_
(27)(irne)

Substituting the values

L= 12 484410H

(2n)(50)(10)
When lamp is operated on DC supply with a resistance
R’ in series, then voltage drop across the circuit is

V= i(R+R') or 160=10(5+R");
L R'=110Q
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Choke coil has no resistance.Therefore,for ac circuit
power loss in choke coil is zero, while in case of dc, the
loss due to additional resistance R' is

p=i?R'=(10)" (11)=1100 W

Example 7: A series AC circuit contains an inductor
(20 mH), a capacitor (100 uF ) and resistance (50 Q). AC
source of 12 V (RMS), 50 Hz is applied across the circuit.
Find the energy dissipated in the circuit in 1000 s.

Sol: The average power dissipated in series LCR circuit
is P =V _1I

av — ‘rms'rms

cos¢. For timetl T, the energy
dissipated is U = P_t.

The time period of the source is,

T=1/f=20 ms.

and t=1000s0 T

The average power dissipated is

Vo R RV, _ (502)(12V)

Pav = Vims r£ns E - 72 = Z2
7200 ;
Py = 2 (D)

The capacitive reactance

C

1 1 o 100

1 -0
oC  27x50x100x107° n

The inductive reactance
X = oL =21x50x20x102 Q=271 Q.

. 1
The net reactance is X=——-onL
oC

=@Q—2TEQ=25.5 Q
T

Thus, 22 = (50 Q) +(25.5 Q) =3150 &
From (i), average power

700,y
3150

. The energy dissipated int = 1000s is

U =P, x1000s =23x10°J

Exercise 1

Q.1 The resistance of coil for direct current (dc)is 10Q.
When alternating current (ac) is sent through it; will its
resistance increase, decrease or remain the same?

Q.2 Prove that an ideal inductor does not dissipate
power in an A.C. circuit.

Q.3 What is impedance? Derive a relation for it in an
A.C. Series LCR circuit. Show it by a vector.

Q.4 An AC.supply E=E; sinetis connected to a series
combination of L, C and R. Calculate the impedance
of the circuit and discuss the phase relation between
voltage and current.

Q.5 What is the relation between peak value and root
mean square value of alternating e.m.f?

Q.6 Is there any device which may control the direct
current without dissipation of energy?

Q.7 What is the phase relationship between current
and voltage in an inductor?

Q.8 Find the reactance of a capacitance C at f Hz.

Q.9 Prove that an ideal capacitor connected to an A.C.
source does not dissipate power.

Q.10 State the principle of an A.C. generator.

Q.11 How are the energy losses reduced in a
transformer?



Q.12 Discusses the principle, working and use of a
transformer for long distance transmission of electrical
energy.

Q.13(a) What will be instantaneous voltage for A.C.
supply of 220 V and 50 Hz?

(b) In an A.C. circuit, the rms voltage is 100,/2V , find
the peak value of voltage and its mean value during a
positive half cycle.

Q.14 What should be the frequency of alternating 200
V so as to pass a maximum current of 0.9 A through an
inductance of 1 H?

Q.15 An alternating em.f of 100 V (rm.s), 50 Hz is
applied across a capacitor of 10 uF and a resistor of 100
W in series.Calculate (a) The reactance of the capacitor;
(b) The current flowing (c) the average power supplied.

Q.16 The effective value of current in a 50 cycle A.C.
circuit 5.0 A. What is the value of current 1/300s after
itis zero?

Q.17 A pure capacitor is connected to an ac source of
220V, 50 Hz, what will be the phase difference between
the current and applied emf in the circuit?

Q.18 A 100 Q) resistance is connected to a 220 V, 50 Hz
A.C. supply.

(a) What is the rms value of current in the circuit?

(b) What is the net power consumed over a full cycle?

Q.19 A pure inductance of 1 H is connected across
a 110V, 70 Hz source, find (a) reactance (b) current
(c) peak value of current.

Q.20 A series circuit contains a resistor of 10Q, a
capacitor, an ammeter of negligible resistance. It is
connected to a source 220V-50 Hz, if the reading of
an ammeter is 2.0 A, calculate the reactance of the
capacitor.

Q.21 A series LCR circuit connected to a variable
frequency 230V source and L=5.0 H,C=80puF, R=40Q.

(a) Determine the source frequency which drives the
circuit in resonance.

(b) Obtain the impedance of the circuit and the
amplitude of the current at the resonating frequency.
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(c) Determine the rms potential drops across the three
elements of the circuit. Show that the potential drop
across the LC combination is zero at the resonating
frequency.

Q.22 A circuit containing a 80 mH inductor and a 60 pF
capacitor in series is connected to 230 V, 50Hz supply.
The resistance of the circuit is negligible. (a) Obtain
the current amplitude and rms values. (b) Obtain the
rms value of potential drops across each element, (c)
What is the average transferred to the inductor? (d)
What is the average power transferred to the capacitor?
(e) What is the total average power absorbed by the
circuit? ['average’ 'implies’ averaged over one cycle;].

Q.23 Answer the following questions: (a) in any A.C.
circuit, is the applied instantaneous voltage equal to the
algebraic sum of the instantaneous voltage across the
series element of the circuit? Is the same true for rms
voltage? (b) A capacitor is used in the primary circuit of
an inductor coil. (c) A supplied voltage signal consists
of a super position of a D.C voltage and A.C. voltage
of high frequency. The circuit consists of an inductor
and a capacitor in series. Show that the D.C. signal will
appear across C and the A.C. signal across L. (c) An
applied voltage signal consists of a superposition of a
D.C. voltage and an A.C. Voltage of high frequency. The
circuit consists of an inductor and a capacitor in series.
Show that the D.C. signal will appear across C and the
A.C. signal across L. (e) Why is choke coil needed in the
use of florescent tubes with A.C. mains? Why can we
not use an ordinary resistor instead of the choke coil?

Q.24 An inductance of negligible resistance, whose
reactance is 22 Q at 200 Hz is connected to a 220 V, 50
hertz power line, what is the value of the inductance
and reactance?

Q.25 An electric lamp market 220 V D.C. consumes a
current of 10 A. It is connected to 250 V-50 Hz A.C.
main through a choke. Calculate the inductance of the
choke required.

Q.26 A 2 uF capacitor, 100 Qresistor and 8H inductor
are connected in series with an A.C. source. What
should be the frequency of this A.C source, for which
the current drawn in the circuit is maximum? If the peak
value of e.m.f of the source is 200 V, find for maximum
current, (i) The inductive and capacitive reactance of
the circuit; (i) Total impedance of the circuit; (iii) Peak
value of current in the circuit ; (iv) The phase relation
between voltages across inductor and resistor; (v) The
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phase difference between voltage across inductor and
capacitor.

Q.27 A step-down transformer converts a voltage of
2200 V into 220 V in the transmission line. Number
of turns in primary coil is 5000. Efficiency of the
transformer is 90% and its output power is 8 kW.
Calculate (i) Number of turns in the secondary coil (ii)
input power.

Q.28 What will be the effect on inductive reactance X
and capacitive X, if frequency of ac source is increased?

Q.29 The frequency of ac is doubled, what happens to
(i) Inductive reactance (ii) Capacitive reactance?

Exersice 2

Single Correct Choice Type

Q.1 A rectangular loop with a sliding connector of
length 10 cm is situated in uniform magnetic field
perpendicular to plane of loop. The magnetic induction
is 0.1 tesla and resistance of connecter (R) is 1 Q. The
sides AB and CD have resistance 2 Q and 3 Qrespectively.
Find the current in the connecter during its motion with
constant velocity of 1 meter/sec.

A D
2Q 3Q
R| —
B C

(A) oA (B) A (oA (D) oA

Q.2 For L-R circuit, the time constant is equal to (A)
Twice the ratio of the energy stored in the magnetic
field to the rate of dissipation of energy in the resistance.

(B) Ratio of the energy stored in the magnetic field to
the rate of dissipation of energy in the resistance.

(C) Half the ratio of the energy stored in the magnetic
field to the rate of dissipation of energy in the resistance.

(D) Square of the ratio of the energy stored in the
magnetic field to the rate of dissipation of energy in
the resistance.

Q.3 In the adjoining circuit, initially the switch S is open.
The switch’s’ is closed at t=0. The difference between

and minimum current that can flow in the circuit is

10V S
_“ (+

01H 10Q
5500
10Q
WWN
(A) 2 Amp (8) 3 Amp
€)1 Amp (D) Nothing can be concluded

Q.4 The ratio of time constant in build-up and decay in
the circuit shown in figure is

R
2R L
/ |1
it
\
(A) 1:1 (B) 3:2 Q) 2:3 (D) 1:3

Q.5 A current of 2A is increased at a rate of 4 A/s
through a coil of inductance 2H. The energy stored in
the inductor per unit time is

(A)2)/s (B) 1J/s (©16l/s (D)4)/s

Q.6 The current in the given circuit is increased with a
rate a=4 A/s. The charge on the capacitor at an instant
when the current in the circuit is 2 amp will be:

E=|4V
<— |
R=1Q
—
L=1H  C=3pF
(A)4 nC (B) 5 nC
(€) 6 nC (D) None of these

Q.7 A coil of inductance 5H is joined to a cell of emf 6 V
through a resistance 10Q at time t=0. The emf across

the coil at time t= \/5 s is:

(A) 3V (B)15V  (C)0.75V  (D)4.5V

Q.8 The network shown in the figure is part of a
complete circuit. If at a certain instant, the current I is
5A and it is decreasing at a rate of 10°As ' then V-V,
equals.



10 * 5mH
A e—>—AMA— 535808 — B
I 15V

(A) 20V (B) 15V (€10 D)5V

Q.9 In the previous question, if | is reversed in direction,
then V.-V, equals

(A)5V (B) 10V @G 15V (D) 20V

Q.10 Two resistors of 10Q and 20Q and an ideal
inductor of 10 H are connected to a 2 V battery as
shown in figure. The key K is inserted at time t=0. The
initial (t=0) and final (t>=00) current through battery
are

10 H
—— R —
W
100 § 200
K <
I e
2V
A Lala ®-LA La
15 '10 10 ' 15
© ZAL1A O)LA 2A
15 10 15 ' 25

Q.11 In the circuit shown, the cell is ideal. The coil has
an inductance of 4H and zero resistance. F is a fuse zero
resistance and will blow when the current through it
reaches 5A. The switch is closed at t=0. The fuse will
blow

2V
(B) After 2

(D) After 10s

(A) Just after t=0
(C) After 5s

Q.12 The circuit shown has been operating for a long
time. The instant after the switch in the circuit labeled
S is opened, what is the voltage across the inductor V|
and which labeled point (A or B) of the inductor is at a
higher potential? Take R,=4.0Q, R,=80Q and L= 2.5
H.
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(A) V=12V, point A is at the higher potential
(B) V=12 V; point B is at the higher potential
(C) V,=6V; point A is at the higher potential
(D) V=6 V; point B is at the higher potential

Q.13 The power factor of the circuit shown in figure is

1/\/5 . The capacitance of the circuit is equal to

V=2sin(100t)
Q)

~

\—
10 0.1H
I_
C
(A) 400 pF (B) 300 uF
(C) 500 uF (D) 200 pF

Q.14 In the circuit, as shown in the figure, if the value
of R.M.S current is 2.2 ampere, the power factor of the
box is

1000 C
2I1IR MWW — |
1/n Henry
Box
(=)
\/
V. .=220 volt, -100 s
1 3 1
A) —= (B) 1 © £ D) =
N 2 2

Q.15 When 100 V DC is applied across a solenoid, a
current of 1 A flows in it. When 100 V AC is applied
across the same coil, the current drops to 0.5 A. If the
frequency of the AC source is 50 Hz, the impedance
and inductance of the solenoid are:

(A) 1000, 093 H (B) 20002, 1.0 H
(©)10Q, 086 H (D) 200, 0.55 H
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Q.16 An ac current is given by I =1 +1, sin ot then its

rms value will be
(A) 1,7 +0.51,2 (B)y/I,” +0.51,
(D) /<2

o

Q.17 The phase difference between current and voltage
in an AC circuit is n/4radians. If the frequency of AC
is 50 Hz, then the phase difference is equivalent to the
time difference:

(A)0.78 s
(€)0.25s

(B) 15.7 ms
(D) 2.5 ms

Q.18 Power factor an L-R series circuit is 0.6 and that of
a C-R series circuit is 0.5. If the element (L, C, and R) of
the two circuits are joined in series, the power factor of
this circuit is found to be 1. The ratio of the resistance
in the L-R circuit to the resistance in the C-R circuit is

(A 6/5 (B)5/6 (C)_ 4 (D)ﬁ
343 4

Q.19 The effective value of current i=2 sin100, t+2 sin
(100 7w t+30°) is:

(A) V2A (B) 2y2++3
©4 (D) None of these

Q.20 In a series R-L-C circuit, the frequency of the
source is half of the resonance frequency. The nature of
the circuit will be

(A) Capacitive
(B) Inductive
(C) Purely resistive

(D) Data insufficient

Previous Years' Questions

Q.1 When an AC source of emf e=Egsin (100 1) is
connected across a circuit, the phase difference between

the emf and the current i in the circuit is observed to be
T . ) - .
2 ahead, as shown in the figure. If the circuit consists

possibly only of R-C or R-L or L-C in series, find the
relationship between the two elements: (2003)

Ragndy RS
/ \ K (s
! \ K. \
/ \ : \
[ J St
Y ' [
\ K
, /
S, /
)

(A) R=1KQ,C=10puF
(C)R=1KQ,L=10H

(B)R=1KQ,C=1uF
(D)R=1KQ,L=1H

Q.2 The current I, through the resistor and voltage v,
across the capacitor are compared in the two cases.
Which of the following is/are true? (2011)

@I2>B B) 12 <I

©L>T D) IF <L

Q.3 The network shown in Figure is part of a complete

circuit. If at a certain instant the current (l) is 5A and is

decreasing at a rate of 10° A/s theny, —v, = ...v
(1997)

0—>i—'VWW—||—f6mSUb‘—0

A 10 15v s5mH B

Q.4 An arc lamp requires a direct current of 10 A and 80
V to function. If it is connected to a 220 V (rms), 50 Hz
AC supply, the series inductor needed for it to work is

close to: (2016)
(A) 0.08 H (B) 0.044 H
(C) 0.065 H (D)8OH
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Exercise 1

Q.1 In the given circuit, find the ratio of i, to i, where i,
is the initial current (at t=0), i,is steady state (at t=o0)
current through the battery.

6Q 2 mH
40 40
10V
T

Q.2 Find the dimension of the quantity L where
symbols have usual meaning. RCV

Q.3 In the circuit shown, initially the switch is in position
1 for a long time. Then the switch is shifted to position
2 for long time. Find the total heat produced in R..

Q.4 Two resisters of 1002 and 20 Q and an ideal
inductor of 10 H are connected to a 2V battery as
shown in figure. The key K is shorted at time t=0. Find
the initial (t=0) and final (t-> o) current through battery.

L=10H

R =10Q
20Q

K

/.

Q.5 An emf of 15 V is applied in a circuit containing
5 H inductance and 10 Q resistance. Find the ratio of
the current at time t=o0 and t=1 second.

Q.6 In the circuit in shown in figure, switch S is closed
at time t=0. Find the charge which passes through the
battery in one time constant.

Q.7 Two coils, 1 & 2, have a mutual inductance = M and
resistance R each. A current flows in coils 1, which varies
with time as: |, = kt,, where k is constant 't" is time. Find
the total charge that has flown through coil 2, between
t=0andt=T

Q.8 Find the value of an inductance which should be
connected in series with a capacitor of 5 F, resistance
of 10 €2 and an ac source of 50 Hz so that the power
factor of the circuit is unity.

Q.9 In an L-R series A.C circuit the potential difference
across an inductance and resistance joined in series
are respectively 12 V and 16 V. Find the total potential
difference across the circuit.

Q.10 A 50W, 100V lamp is to be connected to an ac
mains of 200V, 50Hz. What capacitance is essential to
be put in series with lamp.

Q.11 In the circuit shown in the figure, the switched
S, and S, are closed at time t=0. After time t = (0.1) In
2sec, switch S, is opened. Find the current in the circuit
attime t = (0.2) In 2sec.

N
o
e}
_AAAAA—AAAAA
YYVYY Yyvyy
L‘
wn
N

=
T
000009~

Q.12 Find the value of i,and i,

1,
]- 100 V £ 200
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(i) Immediately after the switch S is closed.
(i) Long time later, with S closed.
(iii) Immediately after switch S is open

(iv) Long time after S is opened.

Q.13 Suppose the emf of the battery in the circuit
shown varies with time t so the current is given by
i(t) = 3+5t, where i is in amperes & t is in seconds. Take
R=4C), L=6H & find an expression for the battery emf
as a function of time.

R i(t)
MWW >

Q.14 An LCR series circuit with 100 €2 resistance
is connected to an ac source of 200 V and angular
frequency 300rad/s. When only the capacitance is
removed, the current lags behind the voltage by 60°.
When only the inductance is removed, the current
leads the voltage by 60°. Calculate the current and the
power dissipated in the LCR circuit.

Q.15 A box P and a coil Q are connected is series with
an ac source of variable frequency. The emf source at
10V. Box P contains a capacitance of 1[LF in series with
a resistance of 322 Coil Q has a self-inductance 4.9
mH and a resistance of 682 series. The frequency
adjusted so that the maximum current flows in P and Q
Find the impedance of P and Q atthis frequency. Also
find the voltage across P and Q respectively.

Q.16 A series LCR circuit containing a resister of 120
Q has angularresonance frequency4x10° rad s'. At
resonance, the voltage across resistance and inductance
are 60V and 40V respectively. Find the values of L and C.
At what frequency current in the circuit lags the voltage
by 45¢?

Q.17 In an LR series circuit, a sinusoidal voltage V=V,
sinwt is applied. It is given that

L=35mHR =11Q,V

rms

=220V, 2 —50Hz
2%

Andrn=22/7.

O T/4 T1/2 3T/4 T

Find the amplitude of current in the steady state and
obtain the phase difference between the current and
the voltage. Also plot the variation of current for one
cycle on the given graph.

Exercise 2

Single Correct Choice Type

Q.1 A square coil ABCD is placed in x-y plane with its
centre at origin. A long straight wire, passing through
origin, carries a current in negative Z-direction. Current
in this wire increases with time. The induced current in
the coil is

XV

A D

(A) Clock wise
(C) Zero

(B) Anti clockwise

(D) Alternating

Q.2 An electric current i, can flow in either direction
through loop (1) and induced current i, in loop (2).
Positive i, is when current is from ‘a’ to 'b" in loop (1)
and positive i, is when the current is from ‘¢’ to ‘d" in
loop

\
I \| Loop (1)
aée eb

I \ Loop (2)
ce od
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(2) In an experiment, the graph of i, against time 't is as
shown below by Figure which one (s) of the following
graphs could have caused i, to behave as give above.

B N
I

—+ \

(A) >t (B) >t

© >t (D) | >t
i |\

Q.3 In an L-R circuit connected to a battery of constant
e.m.f. E, switch S is closed at time t = 0. If e denotes the
magnitude of induced e.m.f. across inductor and i the
current in the circuit at anytime t. Then which of the
following graphs shows the variation of e with i?

I N
1 2
t,
e e
(A) (8) \\/
t t
e e
© (D)
t t

Q.4 Two identical inductances carry currents that vary
with time according to linear laws (see in figure). In
which of the inductances is the self-inductance emf
greater?

(A)1
(C) Same

(B) 2
(D) Data is insufficient to decide

Q.5 L, Cand R represents physical quantities inductance,
capacitance and resistance. The combination which has
the dimensions of frequency?

(A) 1 and R (B)Land E
RC L JRC L
C
© L D) =
JLc L

Q.6 In the circuit shown, X is joined to Y for a long time,
and then X'is joined to Z, the total heat produced in R,
is:

R,
MWW
X Z
TSSO v
L
I
| E Rl
il N i2 A
(A) (B)
>t > t
i3 N i4 A
(@) (D)
> 1 >t
2 2 E LER
W B © e O
2R? 2R? R, 2R?

Q.7 An induction coil stores 32 joules of magnetic
energy and dissipates energy as heat at the rate of 320
watt when a current of 4 amperes is passed through it.
Find the time constant of the circuit when the coil is
joined across a battery.

(A) 0.2s (B) 0.1s (C) 0.3s (D) 0.4s
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Q.8 In an L-R decay circuit, the initial current at t=0is 1.
The total charge that has inductor has reduced to one-
fourth of its initial value is

(A)LI/R  (B) LI/R () LI/v/2R (D) None

Q.9 An inductor coil stores U energy when i current

is passed through it and dissipates energy at the rate

of P. The time constant of the circuit, when the coil is

connected across a battery of zero internal resistance is
4U 2U 2P

(A) — © 7 (D) U

U
B) —
P ®5

Q.10 When a resistance R is connected in series with
an element A, the electric current is found to be
lagging behind the voltage by angle 6,. When the
same resistance is connected in series with element B,
current leads voltage by 6, When R, A, B, are connected
in series, the current now leads voltage by 6. Assume
same AC source in used in all cases. Then:

(A) 9:91_92 (B) tan6 =tan®, —tano,

(D) None of these

Q.11 The power in ac circuit is given by P=E_ | cos¢.

The value of cos¢in series LCR circuit at resonance is:

1
D) —=

NG

Q.121f 1, 1,1, and |, are the respective rm.s values of the
time varying current as shown in figure the four cases
LILITand IV in. Then identify the correct relations.

(A) Zero  (B) 1 @%

am I w I

e

A =1=1=1 B>l =11,

@1, >1,>1,=1 D), >1,>1 >,

Q.13 In series LR circuit X =3R. Now a capacitor with X_=R
is added in series. Ratio of new to old power factor is

(A) 1 (B) 2 O~ O

Vi

Q.14 The current I, potential difference V across the
inductor and potential difference V_across the capacitor
in circuit as shown in the figure are best represented
vectorially as.

vV, Vi I
v, Vi

© I (D) 1
Ve Ve

Q.15 In the shown AC circuit in figure, phase difference
between current I, and [, is

IIXC
[l
IL.A
1 ©
LY
R —— MWW —
X, R

X, =X
(B) tant ZL_"C
R

X X, =X
© XitantZL (D)tant L€ 4
2 R R

Multiple Correct Choice Type

Q.16 A circuit element is placed in a closed box. At time
t=0, constant current generator supplying a current of
1 amp, is connected across the box. Potential difference
across the box varies according to graph shown in
Figure. The element in the box is:

(A) Resistance of 2()  (B) Battery of emf 6V
(C) Inductance of 2H (D) Capacitance of 0.5F

N

>1(s)



Q.17 For L-R circuit, the time constant is equal to

(A) Twice the ratio of the energy stored in the magnetic
field to the rate of the dissipation of energy in the
resistance

(B) The ratio of the energy stored in the magnetic field
to the rate of the dissipation of energy in the resistance.

C
rssor— |
> —>

V, Vc
)
o/

(C) Half of the ratio of the energy stored in the magnetic
field to the rate of the dissipation of energy in the
resistance.

(D) Square of the ratio of the energy stored in the
magnetic field to the rate of the dissipation of energy
in the resistance.

Q.18 An inductor L, a resistor R and two identical bulbs
B, and B, are connected to a battery through a switch S
as shown in the figure. The resistance of the coil having
inductance L is also R. Which of the following statement
gives the correct description of the happening when
the switch S is closed?

e

(A) The bulb B, lights up earlier then B, and finally both
the bulbs shine equally bright.

(B) B, lights up earlier and finally both the bulbs acquire
brightness.

(C) B, lights up earlier and finally B, shines brighter
than B..

(D) B, and B, lights up together with equal brightness
all the time.

Q.19 In figure, a lamp P is in series with an iron-core
inductor L. When the switch S is closed, the brightness
of the lamp rises relatively slowly to its full brightness
than it would to without the inductor. This is due to

o
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(A) The low resistance of P
(B) The induced-emfin L
(C) The low resistance of L

(D) The high voltage of the battery B

Q.20 Two different coils have a self-inductanceof
8mH and 2mH. The current in one coil is increased at
a constant rate. The current in the second coil is also
increased at the same instant of time. The power given
to the two coils is the same. At that time the current,
the induced voltage and the energy stored in the first
coil are |, V, and W, respectively. Corresponding values
for the second coil at the same instant are |, V, and W,
respectively . Then:
1

DR

L
(B) L=4
I, 3 I

2

vV, 1
D) -2 ==
()V

Wl
© =4
W 4

2 1

Q.21 The symbol L, C, R represents inductance,
capacitance and resistance respectively. Dimension of
frequency is given by the combination.

(G

NTe

Q.22 An LR circuit with a battery is connected at t=0.
Which of the following quantities is not zero just after
the circuit is closed?

(A) 1/RC (B) R/L (D) C/L

(A) Current in the circuit

(B) Magnetic field

(C) Power delivered by the battery
(D) Emf induced in the inductor

Q.23 The switches in figure (a) and (b) are closed at t=0
C R L

3 I—c/. E I—c/.
€) (b)
(A) The charge on C just after t=0 is EC.
(B) The charge on C long after t=0is EC.
(C) The charge on L just after t=0is E/R.

(D) The charge on L long after t=0is EC.
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Q.24 Two coils A and B have coefficient of mutual
inductance M=2H. The Magnetic flux passing through
coil A changes by 4 Weber in 10 seconds due to the
change in current in B. Then

(A) Change in current in B in this time interval is 0.5 A
(B) The change in current in B in this time interval is 2A
(C) The change in current in B in this time interval is 8A
(D) A change in current of 1A in coil A will produce a
change in flux passing through B by 4 Weber.
Assertion Reasoning Type

(A) Statement-l is true, statement-ll is true and
statement-Il is correct explaining for statement-I.

(B) Statement-l is true, statement-Il is true and
statement-Il is not correct explaining for statement-I

(C) Statement-| is true, statement-Il is false.

(D) Statement-I is false, statement-Il is true.

Q.25 Statement-l: when resistance of rheostat is
increased, clockwisecurrent is induced in the ring.
Statement-1I: Magnetic flux through the ring is out of

the phase and decreasing.

Q.26 Statement-I: Peak voltage across the resistance
can be greater than the peak voltage of the source in a
series LCR circuit.

Statement-Il: Peak voltage across the inductor can be
greater than the peak voltage of the source in a series
LCR circuit.

Q.27 Statement-1: when a circuit having large inductance
is switched off, sparking occurs at the switch.

Statement-1I: Emf induced in an inductor is given by

|e|=L% (A) Statement-| is true, statement-Il is true

and statement-ll is correct explanation for statement-I.

(B) Statement-listrue, statement-Ilistrue and statement-
[l is not the correct explanation for statement-I.

(C) Statement-| is true, statement-Il is false.

(D) Statement-I is false, statement-Il is true.

Comprehension Type Question

Paragraph 1: A capacitor of capacitance C can be
charged (with the help of a resistance R) by a voltage
source V, by closing switch s, while keeping switch s,
open. The capacitor can be connected in series with an
inductor ‘L' by closing switch S, and opening S,.

\

%R Sy

]
Q.28 After the capacitor gets fully charged, s, is opened

and S, is closed so that the inductor is connected in
series with the capacitor. Then,

A
- N
-

(A) At t=0, energy stored in the circuit is purely in the
form of magnetic energy.

(B) At any time t>0, current in the circuit is in the same
direction.

(C) At t>0, there is no exchange of energy between the
inductor and capacitor.

(D) At any time t>0, instantaneous current in the circuit
is V\/E
L

Q.29 If the total charge stored in the LC circuit is Q,
then for t>=0

t
(A) The charge on the capacitoris Q= Q0 COS(E+—]
2 4LC

o i t
(B) The charge on the capacitoris Q = Q0 COS(E+—]

Jic

d2
(C) The charge on the capacitoris Q = LCd—t?

(D) The charge on the capacitor is Q= _T_
LC dt?



Paragraph 2: In a series L-R circuit, connected with a
sinusoidal ac source, the maximum potential difference
across L and R are respectively 3 volts and 4 volts

Q.30 At an instant, the potential difference across
resistor is 2 V. The potential difference in volt, across
the inductor at the same instant will be:

(A) 3 cos30° (B) 3 cos60°
(C) 3 cos45be (D) None of these

Q.31 At the same instant, the magnitude of the potential
difference in volt, across the ac source may be

4+343

(A)4+343 B) —
(C)l+§ (D) 2+§

Previous Years’' Questions

Q.1 A circuit containing a two position switch S is
shown in Figure.

R,

C
 AMAA I I
il

Yyvyy

20 5
R, E,

w
)
AAAA
YWYVv

10 mH

(@) The switch S is in two position 1. Find the potential
difference V, -V, and the rate production of joule heat
inR..

(b) If Now The switch S is put in position 2 at t=0. Find:
(i) Steady current in R, and(ii) The time when current

in R, is half the steady value. Also calculate the energy
stored in the inductor L at that time. (1991)

Q.2 Match the Columns

You are given many resistances, capacitors and
inductors. They are connected to a variable DC voltage
source (the first two circuits) or in AC voltage source of
50 Hz frequency (the next three circuits) in difference
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ways as shown in column Il. When a current | (steady
state for DC or rms for AC) flows through the circuit, the
corresponding voltage V, and V, (indicated in circuits)

are related as shown in column I. (2010)
Column | Column Il
(A) 10,V is ()
I | Vl VZ
Proportional to
P —
6mH 3puF
|
Xl
v
® 120V, >V, | @
Vl VZ
6mH 3puF
Lz
X[
v
© V,=0v,=v [
Vv, A
6mH 2uF
o)
O/
Y
(D) 1#0,V,is (t)
. Vl V2
Proportional to |
1kQ 3 uF
o)
O/
Y
(s)
Vv, v,
—
6mH 3puF
o)
N\
Y

Paragraph 1 (Q.3 to Q.8)

The capacitor of capacitance C can be charged(with the
help of resistance R) by a voltage source V, by closing
switch S, while keeping switch S, open. The capacitor
can be connected in series with an inductor L by closing
switch S, and opening S..
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\%
] l
M|
i SIK
C
|1 T
I K
L SZT
2101

Q.3 Initially, the capacitor was uncharged. Now switch
s, is closed and S, is kept open. If time constant of this
circuit is tthen (2006)

(A) After time interval 7, charge on the capacitor is CV/2

(B) After time interval 21, charge on the capacitor is CV
(1-e7)
(C) The work done by voltage source will be half of the

heat dissipated when the capacitor is fully charged

(D) After time interval 21, charge on the capacitor is CV
(1-e7)

Q.4 After capacitor gets fully charged, S, is opened and
S, is closed so that the inductor isconnectedin series
with the capacitor, then (2006)

(A) At t=0, energy stored in the circuit is purely in the
form of magnetic energy.

(B) At any time t>0, current in the circuit is in the same
direction.

(C) At t>0, there is no exchange of energy between the
inductor and capacitor.

(D) At any time t>0, instantaneous current in the circuit

IC
mayV, | —
y L

Q.5 If the total charge stored in the LC circuit is Q, then
fort>0 (2006)

o i t
(A) The charge on the capacitoris Q =Q cos(— + —J
R PINTS
(B) The charge on the capacitoris Q = Q, cos(E - L]

2 e

2
(C) The charge on the capacitoris Q = LC(il—(z'2
t

1 d’Q

Jicd?

(D) The charge on the capacitoris Q =

Q.6 In the circuit shown, A and B are two cells of same
emf E but different internal resistance r,and r, (r, >r))
respectively find the value of R such that the potential
difference across the terminals of cell A is zero a long
time after the key K is closed (2004)

W
AVVVVAV R I-

_IK“KM\_

fp

4
3
>
<
N

Q.7 In an L-R series circuit, a sinusoidal voltage V =V,
sinotis applied. It is given that L=35 mH, R=11Q
V.o =220V, o/ 2n =50Hzandn =22 /7.

Find the amplitude of current in the steady state and
obtain the phase difference between the current and
the voltage. Also plot the variation of current for one
cycle on the given graph. (2004)

VA

1 1 S -t

T/4 T/WT

Q.8 What is the maximum energy of the anti-neutrino ?
(2012)

(A) Zero

(B) Much less than 0.8x10° eV
(C) Nearly 0.8x10° eV

(D) Much larger than 0.8x10° eV

Q.9 At time t = 0 terminal A in the circuit shown in the
figure is connected to B by a key and an alternating
current I(t) =1, cos (ot), with I = 1A and ® =500
rad/s starts flowing in it with the initial direction shown

in the figure. At t= Z—n, the key is switched from B to
[O)

D. Now onwards only A and D are connected. A total
charge Q flows from the battery to charge the capacitor
fully. If C = 20 pF, R =10Q and the battery is ideal with
emf of 50V, identify the correct statement(s). (2074)
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A —
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AAAAAA
YWYVYY

R=10Q
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(A) Magnitude of the maximum charge on the capacitor

before t = 7_7: is1x1073C
(0

(B) The current in the left part of the circuit just before

7n . .
t= n is clockwise.
6w

(C) Immediately after A is connected to D, the current
inRis 10 A.

(D) Q=2x1073C

PlancEssential Questions

JEE Main/Boards

Exercise 1

Q. 15 Q.21 Q.22
Q23 Q.27

Exercise 2

Q1 Q3 Q11
Q12

JEE Advanced/Boards

Exercise 1

Q.3 Q4 Q7
Q14 Q15 Q16
Exercise 2

Q2 Q3 Q12
Q14 Q22 Q.23
Q.28 Q.28 Q.29
Q.30 Q31

JEE Main/Boards

Exercise 1

Q5. V —(V"J
*=* “rms \/EE

Q.6 No
Q.7 The current lags behind the voltage by phase angle
n/2.

1 1

Q.8 Capacitive reactance, X, = — = ——
P ¢ wC 2nfc

Q.10 It is based up on the principle of electromagnetic
induction.

Q.11 (i) By using laminated iron core, we minimize loss
of energy due to eddy current.

(i) By selecting a suitable materials for the core of a
transformer, the hysteresis loss can be minimized.

Q.13 (a) = 311sin314t (b) 200V, 127.4V
Q.14 50Hz

Q.15 (a) 318.31Q (b) 0.527 A(c) 9 W
Q.16 6.124A
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Q.18 (a) 2.20A, (b) 484 W

Q.19 0.354A
Q.20 1095 A
Q.21 (a) 50rad s™, (b) 40Q2, 8.1A, () V, =1437.5

1
=230V, (e =L (%L -@] -0

Rms LCrms

VV ___ =1437.5VV

Q.22 (a) For V =V sino,

I:—Osin((o’ugj;IfR =0

oL -——
oC

Where- sign appears if oL >I/oC, and+sign appears
if oL <loC.

I, =116A1, . =824A

rms

(B) Vicrms =207V, V¢ s =437 V

Crms Crms

(c) Whatever be the current | in L, actual voltage leads
current by ©/2. Therefore, average power consumed
by L is zero.

(d) For C, voltage lags by n /2. Again average power
consumed by C is zero.

(e) Total average power absorbed is zero.

Exercise 2

Q1B Q2A Q3C
Q7A Q8B Q9C
Q13 C Q14 A Q15D
Q198 Q.20 A

Previous Years’ Questions

Q1A Q.28,C Q3 15V

JEE Advanced/Boards

Exercise 1

Q108 Q2 [*
1 1 e’ -1
4 — .5
Q 15A"10A Q o2
2
Q7q- " ¢ a8 22=om
R 2

Q.23 (a) Yes. The same is not true for rms voltage,
because voltage across different element may not be
in phase.

(b) The high induced voltage, when the circuit is broken,
is used to change the capacitor, thus avoiding sparks,
etc.

(c) For dc, impedance of L is negligible and C very
high (infinite), so the D.C. signal appears across C. For
frequency ac, impedance of L is high and that of C is
low. So, the A.C. signal appears across L.

(e) A choke coil reduces voltage across the tube without
wasting power. A resister would waste power as heat.

Q.24 1.75x107? H; 5.5Q
Q.25 0.04H

Q.26 Resonant frequency=39.79 Hz

(i) 2000 Q (i) 100Q (iii) 2A
(iv) 90° (v)180°
Q.27 (i) 500; (ii) 8.9kW
Q4B Q5 C Q6C
Q10 A Q11D Q12D
Q.16 A Q17D Q18D
Q4cC
2
Q3 =
2R?
Q6 -
eR?
Q10 C=92F
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Q11694 A Q.12 ()i, =i, = 10/3A, (i) i, = 0, i, = 30/11A, (iv) i, =i, = 0
Q.13 42+20t V Q.14 2A, 400W
Q.15 Z=100Q, V, =9.8 V Q.16 0.2 mH, %HF,8><105rad/s

Q.17 20A, % .. Steady state current=20sin (100’[ —%)

Exercise 2

Single Correct Choice Type

Q1C Q2D Q3A Q4 A Q5 A
Q7A Q88 Q9C Q108 Q118
Q13D Q14D Q15 A

Multiple Correct Choice Type
Q.16 D Q17D Q18 A Q198 Q208B,C D
Q22D Q.23 B, D Q24D

Assertion Reasoning Type

Q25C Q.26 D Q.27 A

Comprehension Type
Paragraph 1: Q28D Q29C

Paragraph 2: Q30D Q318B

Previous Years’ Questions
Q.1 (a) -5v, 24.5w (b) (i) 0.6A (ii) 1.386 x 1073s, 4.5 x 10 )

Q2A->rs tBoagrns ttCoqp;D—>qrst

Q3B Q4D Q5C Q6 R = g(r1 -r,)

Q.7 Amplitude = 20A, phase difference = % Q8 cC

Q9CD

Q.6 A
Q12 8B

Q21A,B,C
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JEE Main/Boards

Exercise 1

Sol 1: In a resistance coil, when an alternating current
is flown, there will be a magnetic field generated across
the coil and so there will be an inductance induced into
the coil. Hence it will have more impedance compared
to the one withDC current.

Sol 2: We know that power dissipated = VI cos6.
cos 0 = (;]: power factor

now for an ideal inductor,Z = oLand R = 0
s.cos0=0

Hence power = VI (0) = 0

Sol 3: Impedance is the effective resistance of an
electric circuit or component to alternating current,
arising from the combined effect of ohmic resistance
and reactance.

R L C

—AWW——smr—

V =V, cos ot <~)

Now let ‘i’ (iota) be the complex number, square root
of 1.

Now, Impedance of resistance 'R' = R=Z,

Impedance of Inductor ‘L' =iolL =2
Impedance of capacitor ‘C' = [;J =Z.
Q)

now net Impedance of the circuit (figure (i)) is

Znet = ZR+ ZC + ZL

“R- - viol=R+iol-—L
»C oC

Sol 4: As derived above,

Z. =R
Z =iol
Z = -i/oC

z..=Z, + Z + Z_(Since they all are in series)

Now we can write any quantity in phasor notation,
forV =V, cos (ot + 6)

we write this quantity in phasor notation as,

V =|V| £6

=V =V, £0. [0 is the phase angle].

This is very helpful for us.

Now for the given potential, V = V sin ot

V =V, cos (ot - E)
2
L=V -2 - (0)
2

Wegothet:ZR+ZL+Zc=R+imL—ﬁ

Z_ =R+i [(DL—L)
oC

12
now |Z | = R? + mL——j
oC
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I Sol 6: No nothing is perfect. It is impossible to make a
perpetual machine.

Sol 7: Using the notation used in Q4 and Q5;

1z}
(I L
>Re — MWW————
R
With this we can write V =V, cos ot ~>
Zow =2 | £6 ()
Now we known that
VeixZ [V =IR] In phasor notation: V, =V £ 0
. T
: G . VOZ_E ZL=|03L<:>ZL:|ZL|LE
B E T 2,26 [*." use complex analysis in maths.]
T
. (V SZ =ol -
I= (Z—OJz—g— 0 . 2
0 Now we know that V =1 ZL
- |04—g+ej iy 20 g
olsr
. 2
Phase of current = —(§+ ej Y
j=_o0 _T
o oL 2
Phase of voltage = ——
2 T
. . =>I=lZ-=
.. Depending upon the ‘6" we can speak more about 2
the relation between ¢, and ¢,.
Phase of voltage = £ 0 = zero
Sol 5: Let V =V sin (wt + 0) be an ac voltage source.
Then
o ) 1/2
[vidt >\/(£0)
v..=|°
rms T
[dt
L o I
o 1/2 N
[ V2 sin? (@t +0) ( 5)
vo.=|°
" T Phase of current = /-~ = - T
2 2
) o . Hence current lags behind the voltage by an angle of
now for simplifying the calculation, n
- We put 6 = 0, and solve; (EJ
Vo
wegetV = ﬁ Sol 8: ® = 2nf

Now as derived in Q4;
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¢~ wC 2nfC

Sol9: V= Vp£0 [Inphasor] .. 0}

(@

V =V, cos ot ~)

e I O
¢ wC |oC 2

Z.=|Z.|£6;for i—>4—g

i s-I
2
Y V.20
NowI:%: 10
B
(wCJ 2
=Vocst
2
~ T ..
=1z . ii
0475 (i)

Now power dissipated P =V 1| standard notation get
familiar with this

P=(V,£0) (Iozg]
T
P=V, 1,20+ 2
T
P=V,l, £~
00 2

T
And cos B = zero

Hence P = 0.

Sol 10: Refer to theory.

Sol 11: Refer to theory.

Sol 12: Refer to theory.

Sol 13: (a) Instantaneous voltage V = V sinwt now V, is

the maximum possible voltage (or amplitude)

220 V given is the RMS value of voltage

— VO
rms \/5
VO = (Vrms) \/5

V, = (220) (+2)

V,=311V.

And given f = 50 H,,

o = 2nf= 2n(50) = 100 p
o =314

~v=311sin (314 t)

(b) Given V. = 10032V;

V
We know thatV = -0

V2

Comparing both of them;
V, =200V
V = 200 sin (ot)
V =200sin (314 1)
2n

Now; ®w =—
T

=V =200 sin(@j

T/2
[ 200sin(2“tjdt
! T

Average = =127 V.

T/2

[ dt

0

Sol 14: Let 'f' be the required frequency
o = 2nf
now V =V cos (2nft)

we are given V=200V

rms \/E

V, = 200§2V
= V =200v220
Z, = iol = i(0) ()

= io= i2nf

(i)



: 2007220

2nfs 2
2

20042

2nf

0.9

we want I0 =

o 20042

~ 21(0.9)

H,= 50 Hz

Sol 15:V, = V__. 2

100

10uf
|1

——A

V =V, cos ot ~>

(a) V, = 10042

o =21 (50) = 100 p

- V' =100v2 cos (100 nit) = 10052 £ 0
Z.=R =100

C

i —i
% [K] "~ (1007)(10x10°)
. Resistance of capacitor is |Z | ~ 318 Q
(bynowZ =7 +Z
Z_.=100-i(318)

Z = (100’ +(318)° Ztan* [ﬂ]

100
Z,. =334 2-725°

;Y _ 100V220
7 334,/-725

(P =V _ | coso

avg rms rms

=-i(318) Q

=042 £72.5=0.527 A

= (100) [%] .€0s(72.5) = 29.9 cos (72.5)
N7

P, = 9 watt

E)

Sol 16:f = 50 Hz .. & = 2w x 50 = 100
|..=50A

e

1 =50J2A

m

Let . | = 5v2sin(100xt)
when t = Lsec
300

then

| = 5ﬁsin§ - 5\/§x§:2.5\/g A

Sol 17:V_ =220

VO = \/5 (Vrms)
V, = 22042
o = 2rf

V = 22042 cos (2nft)

V= 22082 £ 0
V =V, cos (ot) C
o\ |
A4 |
S|

Y .
=—=—/——[In phasor notation
cToC oct 2 NP ]

Y V., Z0
Now T = = 0
Zc 1), =
_ . oC 2
[=V0Cs-+0
2
Tzvomczg

.. Phase of current = g
Phase of voltage = 0
-0 =

C b r
00, 5

N3

Sol 18: V = 22042 cos (50 (2n) t)
V = 22072 cos (100 nit)

V = 2204220

Physics | 23.51
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R =100

220V G,)

50H

(@)Z, =R =100 2, =100 £ 0

Z

—_

V2204220
10040

I

z
i=22¢2.0
= | = (2.2)+/2 cos (100xt)

now I, = (2.2)v2

Ll _ead) _,, Amp.

LR

(b) Net power over a full cycle

_ Vi) _ (220)°
R 100

= 484 watt

Sol 19: V = 110v2 cos (2x (70) t)

1H

1Ltk

110V 6)

10H,

V =110+2 cos (140 )= 11042 £ 0
Z =il =i (140 m) = i (140 n)
1Z] = 440 W
z=440 2
2
V1104220
Z 4404
2
~ 1 T 1 T
[=—"/—-— =| —|cos|140nt——
22 2 [NEJ ( 2]
I, = BN 0.354 Amp
o= 55 ° .

()

(i)

Sol 20: V = 22042 cos (27 (50) t)
100Q c

—AW—

220V ()

50 H

V = 22042 cos (100xt)

V= 22082 20 ()

Now let ‘C’ be the capacitance of the circuit;

S N B B . (i)
oC 2rfc 2nfc 2

Z,=R=1002=10 20 ... (iii)

Now Znet = ZR + ZC

1.
Z =(10+2)=10- —
™ { d 2nfc |
2
1
Z .| =007+ —
| Zpe | 19 {ZWij

C 5 12 2 af -1 )
5 Z=4J(10)" + (X)) Ltan [anRC] ... (iv)

Now V =17

—
Il
N <r

I= ﬂLO—tanl( -1 j
100 + X2 2nfRC

2202
100 + X2

I 220

Now | =

0

| = ey
V2 100+ x2
... = 2A (Given)
220

/100 + X2

=2 =



100+ XZ = (110)°

X = 109.5 A

Sol21: Z=Z, +Z +Z.=40 + imL—L

®
Z =40+i[wL—LJ
oC

Now condition for resonance is Imaginary part of
Impedance is zero

R=40 5SH 80uF
230V (=
20V Q)
V= 230\/§cos(mt)
V=230/2<0 - (D)
cool - i =0
oC
1 1
> 0= ,0C= —
LC Jic
1 1
o= = =
J5x80x10° 20x10
= w = 50 rad/s
2
f2 W _20_2 gy
2n 27: b
Z=40+i(0)=
< Z=40<0—> ()]
. =V
Now from (i) and (ii), I :?
. 230v220 _ 232 o
4020 4
I= 232/5 cos (50t)

| =8.13 cos (50 1)

Now potential drop across
(a) Resistance:

V=-(IR)

Physics | 23.53

V =-(813 £ 0) (40)

V =-325.20

<V =-325cos (50 t)

V.= =5 30
2

(b) Inductance:

v=—(iz) =-®13 2 0 [50@4%)

—{2033 4%} > (x,)

{2033cos(50t +gﬂ

(c) Capacitor:
v=—(1Z)
{ (8.1320) 1 4—3]}
50><80><10_ 2
{ 8.13 _E}
50x80x107% 2

{20334 - —} - (x,)

SV =- {2033cos(50t—gﬂ

Now from equations (x,) and (x,)
we getV +V_=0.

Study more effectively on Resonance conditions.

Sol 22: Z, =iwlL =i (100 m) (80 x 107)

80 mH GIOIHF
11100 11

230V (D)
50 H,

V = 230+/2 cos(2n(50)t)
V = 230+/2 cos(100nt)
V=230/2<0

Z =i(8m

Z <8n <§ ()



23.54 | Alternating Current

i S _ 500
¢ oC 100rx60x107° 3n
ZC<:> @4—2
3n 2
Zyo =2, +Z¢ = 8mi- —5;)0'
T

2304240
28/-%
2

230\/5471

28 2

I1=6.,/—
2

=1=6cos (100nt+g]

l,=6and| = 116 _ 8.2 amp

© o2

Potential drop across;

(a) Inductor;

v=1.7 = (11.64%} [8754%]

V. = (116 x 8n) <n
V, =290 Zn—(x,)
V. =290 cos (100 nt + m)

Y, = 290; (V) =29 _505v

0O rms \/E

(b) Capacitor

V. =(1) (2c) = (11.64%} (%4__

- 11.6><500Z
3n

V 0

V. =616 £ 0 (x,)

< V. =616 cos (100 nt + 0)
_ 616

rms \/5

(Vo), = 616 (V) = 4

|

.. (i)

... (iii)

... (iv)

Power transferred to Inductor

= (\7L) (1) = (290 <m)

(11.64£j
2

= (290 x 6) 437“

=290 x 6 cos (%Tt)

From (i) and (ii)

= Zero

Similarly zero for the capacitor to.

Total power absorbed by the circuit is

P=(V) (1) = (230\/5 z o) {11.6 % gj

T

p- (230J5x11.6)4E

p= (230\/§x11.6)cosg

P = zero
Sol 23: Explained in the key.

Sol 24: Initially

X =22 atf=200H,
[w, = 2n x 200]

(X), = o,L=22
=2nx200L =22

=22 _ 175 x 102 H and finally;

400%

f, = 50H,

®3 2 (50)

X2 = u)ZL

(i) :>X_1_2n><200><L

ﬁ X,  2mx50xL

X1_4

X5

X, —X—lz% = 5.5 ohm.

. (i)

... (i)
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Sol 25: Resistance of the lamp

= @ = 22 ohm.

10
Let 'L’ be the Inductance of the lamp;

X, =oL=(100n) L
Z . =22 +i(100nl)

Z,q =N(22)" +(1007)* Ltan™ (10202@} Now

Vo 2501220
Znet J(22)? + (100nL)? £ tan™ (1(;()2’“)
fo 2502 o (100@]
\484 + (1007L)2 22
. 2502 g1 2 b
0~ 2 an rms T
484 + (100nL) 2

250
=1 =

" /484 1 (1007L)?

Put we are given that| =10 A;

10 250
484 +(1007L)?
484 + (100 nL)? = 625
V141
100 7L = V141 = L=
1007
=119 | _p0an.
1007

Sol 26: Current drawn in circuit is maximum when the
circuit is in Resonance i.e. the Imaginary part of the
circuit is zero.

Now solve this question exactly as solved in Q 21.

V, N
Sol 27: >=—=>
V. N

P P
220 N
2200 5000

N, = 500 turns.

Output power

n (efficiency) =
Imput power

8 kW
X=—
P.

90 8kwW 8x100
= =T o p =
100 P 90

kw

=P = % KW = P= 8.9 kW,

Sol 28: X = oL ; X_ = ;é
(O]

Now as o is increased, both X and X_ increase.

Sol 29: X, = oL

X . o}
1_ % -2
___3X2— .X1
X, @ 1

= X,= 2X

Phasor method:-

Let V =V, cos (ot + 6,) be the emf of an AC-source,
then can write this is phasor method as,

V=V L0V =V, 0
Now for | =1 cos (ot + 0,)
s1=1,0,

Now let Impedance (Z);

=R

Resistance

zZ o=
capacitor oC
(i is iota; complex number)

Z =imL

inductor

Now in a circuit with series RCL;

+Z = R=——+iol
oC

Z =R+i(mL—%}—> 0!

Now let us write this in phasor notation,

2ot = | Z et | £6

2
1
2
|Znet|= R +((DL—RJ
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1
2 oL -——
W Z . =4R7+ ooL—i stant| —0C
C R

(O

Now for a source of emfV =V cos (ot + 0,)

Imga

1
L-—
(0) (DC) I Z,o I

>Re

For resonance, imaginary part in eq. (i) is zero!

Exercise 2

Sol 1: (B) Emf induced in rod = BLv

A D
2 - 3
R
B C
U
I iz

E=01ONT=E=102V
now applying KVL in mesh (i)
E-i()-i,(2=0

E=i+2i

In mesh-(ii);
=E-i@i)-3i,=0
=E=i+3i

=1=1+1

From this we get i= LA.
220

Sol 2: (A) For an L-R circuit,

T (time constant) = (%]

- (i)
.. (iii)

: R |
Now energy stored in magnetic field is ELIZ and rate of

dissipation of energy is I°R.

Sol 3: (C) At t = 0, inductor is open circuited
At t = oo, inductor is short circuited

Att =0,

10V
L
10
o W —
N
W
10 10
i=—=1 am
10 P
Att =0
10
It
II
10
- W
L w—
10
. 1ov 1oV
i=——="—"-— =2amp.
R 5

net

.. Difference = (2 - 1) amp= 1 amp.



Sol 4: (B) T, (time constant) during build up = (%)

T, during decay = (3%]

L3
T, 2

Sol 5: (C) Energy stored per unit time = Li%

=2(2)(4)=161J/s.

Sol 6: (C) i =2 amp % =4 amp/s.

Applying KVL,
YA,
1Q
N
>
1H 3uF
:>4—i(1)—Lﬂ—g=O
dt C
:>4—2(1)—1(4)—g=0
C
=>Q=-2x3
= Q=6C.
—Rt
Sol7: (A) i=iy|1-et
6V R L
. 6v
ih=—=0.6
%10
10t
i—06|1-e 5 |=i=06(1-¢€?
Putt:Inx/E

:>i=o.6(1—e””ﬁ)

= i=06 (1—ef”21j = i=06 [1—%]

= i:O.G[%j =i=03amp

Emf across coil = L ﬂ
dt

di . e di
G ThCEen = =2 en

Emf = 2L (0.6) e

=E=6e?=E=6 e'z'”ﬁ

: 1
'n21:>E:6><EE=3V

E=6e
Sol 8: (B) i =5amp
di

— =-10*A/S
dt /

[Since decreasing; —ve sign]

1Q 5mH
——\WWW—
A B

15V
. di
VA_I(1)+1S_La:VB
. di
VA_VB= i—15 + La

V~V,=5-15+5x 102 (-10")
V,-V,=5-15-5=V, -V, =-15V

Sol 9: (C) When i is reversed,

1Q 5mH
i B
A 15V
. di
V,+i(1)+ 15—L[a] =V,
. di
V-V, =-im15 4L

=-5-15+5(+10%) x 10°

[i is decreasing against the direction of KVL. Hence %

=10°.

V,-V,=-5-15+5
V, -V, =15V
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Sol 10: (A) At t = 0, inductor is open circuited,

att = oo, it is short circuited

att =0,
—w—
10 20
L
2V
- 2V 2
=7 | =
R et 10+20
ilzi:_ mp.
30 15
Finally; att =
AAAAA
\AAAA4
10 20
N
I
II
2V
i = 2V =i, = 2 amp
2=5 2 =54
R et 20
i —i am
2770 M

Sol 11: (D) At t = 0, no current flows in the circuit.

Fuse L =4H

]S

I
L
2V

As time starts, current starts flowing and at t = oo,
current in the circuit is infinity.

Hence at t = 10, i —» o so the fuse will get blown
[ Infinity is just an unknown number !]

Sol 12: (D) Just before the switch is opened, let us find
the currents,

Y
| =—

Rnet
R t_( R1R2 j:4x8:§
ne

R,+R ) 12 3

.12 .9
l=— = I=— amp.

8 2

3

Now just at the instant switch is opened, i would remain
same

R2
iR = 2x4
R iR = Ox4 v =18V
Now applying KVL;
12+ (V,-V)-18=0=V, -V, =6V.
Sol 13: (C) Power factor,
cos ¢ = R
JXe =X +R?
V=2sin (100t)
(~)
-/
100 0.1H
|_



XX
0 R SR
cos¢:% 6:%
sotan ¢ = M =|X.-X]=R

R

X, = oL =(0.1) (100) = X = 10 Q.

:>|XC—XL| =R
L =R+ X
oC
1 1

— =C=
oR+X)) 100(20)

C=-%x103:>c=500uF

Sol 14: (A) Z, =iol = = x 100 7= i 100 W
T

1
FH

,_.
o
S
@
@)

i

Z, =100 W
Z. -
oC 100xC

Znet = ZR +ZL +ZC

Z... =100 +i(100) -
net 100~ 100sc

2
1
Z . =.(100)’ +|100 -
net J( ) +[ 1ooncJ

100 - 1
-1 100%C

100

_ 22042

Juoof-+(100— 1 ]
100%C

100 - L
100xnC

—tan™ 100

—
Il
N <@

2

220

2=22
(100)? +| 100 — 1
100%C

2
220 _ 19002 +[ 100t
22

Irms -

100xnC

2
- (100)? = 1002 + | 100 — L
100nC

= 100 - L 0
100nC

;xc=—um{;xc=i%}
(O]

Xc
Now power factor; ¢ = tan™ (?]

1(-100] i

=tan” | 790 | = b=-—=

¢ 100 ) = ¢=-7%

Power factor; cos ¢ = cos (Ej L
I 4 ‘JE

Sol 15: (D) For 100 V D.C. source, i =1 amp.

Hence, R = ? =100Q

Now for AC source of 100 V

100 1 100

- =
Znet 2 Z

net

= Z,., =200

4a=4¥+xf

“ R+ X2 = (2002= X2 = (200)2 - (100)*
X =174 W
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ol =174
L= 174 =L=055H.
100~

Sol 16: (A) I =1, + I sin ot

.
[P dt
-0 7-20

LT
, IST+17 +0 2
_ 2 1
Lms T =lims =41 +E

Sol17: (D) F=ot; X
4 4

=100nt;t= Ls.
400
Sol 18: (D) for LR circuit;
R
L =06

JRZ 4+ X2

for CR circuit;

cos 0,=

Ry =0.5

JRZ+ X2

Now when L, C, R of two circuits are joined;

cos 62=

R, +R,

cos 0 =
JR, +R) +(Xc X, )

Given that cos 6 = 1

X=X =X

tan 6, _XL R, 3 R,
tan6, R, X. (R,
tan 0,= i

3

. (i)

tan 0,= V3
R

R, 4
(*) Don't run to catch cos 0.

Use tan 6 and simplify!

Sol 19: (B) i = 2 sin 100 nt + 2 sin (100 wt + 30°)

It is similar to superimposition of two vectors with an
angle of 30° in between them

i = Iy sin (100 nit + 6)

iy, =22 +22 +2(2)(2)cos(30°)

Iy = 84843 = i =2J2+43

Phase diagram will be shown as

N

i, = 2 sin (100t + 30°)

leffective

iy = 2 sin 100xt

Sol 20: (A) We can speak on nature by observing the
phase of final Impedance. If the phase of Impedance is
negative then it is capacitive, else it is inductive.

oo 1
2 2lc
L Zg =R
1 .1\F
Z =ioLl=i. —.L=I =,/=
) 24JLc 2\ c
zcz;'z - _ 5t
oC 1 C

1| =31 (L
Znet:ZOLtan [ﬁ\/%J

.. -ve phase

Hence capacitive.



Previous Years’' Questions

Sol 1: (A) As the current i leads the emf e by
R-C circuit.

E, itis an
4

1
X =

tan ¢ = - or tan~ = ©C - oCR =1
R 4 R

As o = 100 rad/s

The product of C-R should be Ls‘:L
100

’ 2
Sol2:(B,C)Z = ,/R2+xé = RZJ{LCJ
®

In case (b) capacitance C will be more. Therefore,
impedance Z will be less. Hence, current will be more.

..Option (b) is correct.

Further,
Ve = (V2 - V2
= V2 - (IRY’

In case (b), since current | is more.

Therefore, Vc will be less.

Sol 3: da . 10° A/s
dt
AC—MWW— 00000 —o g
1Q 15V 5 mH
~.Induced emf across inductance, |e| = L%|e| =

(5x103) (10 V=5V

Since, the current is decreasing, the polarity of this emf
would be so as to increase the existing current. The
circuit can be redrawn as

—
I=5A =
Ao—mwwW—— 0000 00—op
10 15V 5 mH

NowV,-5+15+5=V,
V=V, =-15V
orV,-V, =15V
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Sol 4: (C) For the lamp with direct current,
V =IR
= R=8QandP=80x10=800 W

For ac supply

2
P=I° R:EfﬂR

rms Zz
72 _ (220)* x 8
800
= Z=220

= R?+o’l® =227

= wL=\/@
= L=0.065H

JEE Advanced/Boards

Exercise 1

Sol 1: At t = 0, we can replace the inductor by open
circuit and at t = oo, the inductor can be short circuited

att =0,
6
10-[ 4 4
10
—E =1am
1710 b
Att = oo,
6
—WW
10— 4 4
o 10 _1oamp
, ==
Reff 8
fi=i=£=0.8amp
i E 10
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Sol 2: L
RCV
V=IR= L = L —>—AWMWNV—>—
RC(IR)  R(RQ)I 1 100
Now {RC} = time constant in RC circuit 200
L] . . o —
*" [RC] = [T] and R = time constant in LR circuit 2V
) =2
{E} = [T] Rret
2
I, =
L :ﬂ:[l]fl 10+20
LRCV ] [T ' 5
I, =— amp. I (
1730 p (1)
Sol 3: Let us calculate the total energy stored in the  att = o,
inductor before switch is shifted.
N 3
R, —WW—
—AWWWW——— 1 10Q
20Q
« L _<_|
— AW ’
2V
Here the resistor 10 Q is shorted.
A ———
E R I 2.2 1 amp.
2R 20 10

net

o 1
Energy stored in inductor = = LI?
2 Sol 5: Let us now derive the current in the circuit as a

1 function of time

= EL [Iatt=:n]2

1 (eY Y
CE= N[ E

LE? o L
E=— attime t = t; current = i amp;
2R? ,
using KVL;
Now this is the total heat produced in R,. di di

V-iR-L—=0=V-iR=L—
dt dt
Sol 4: This is similar to the Questions 1 (Ex. I).

1 di
. I —dt= ——

At t = 0; Inductor is open circuited, - L V—iR

At t = oo, Inductor is short circuited. Integrating;

Att=0; t i .

1 1 di .

“|dt= | ——— =i=i —Rt/L
LI Jv-iR 0(1‘e )

0 i



Att=0,i=zero
Att = oo, i =i, = constant

Now R =10Q, L =5

i = io(l—efzt)
Att=1sec

i=i, (1—e*2):——(1 e?)

Sol 6: i = i, (1—e*¥)

._dq _
i= dt:q Ildt

sl

Rt
=q=it+L et [0+t
R R
1o =
=q=hlt-—|1-et
R

inL —Rt
= g=i t—O— l-e—
=it [1-

. L
One time constant = t = [E]

R R
ioL oL 1 _ ioL
R R e Re
B
R’%e

Sol 7: Given mutual inductance between coils = M

And |, = kt?

. EMF induced in second coil= L% = L [2kt]

E = 2kLt

2kL ;

E
C tin the coil llis —=| —
urrent in the coil Il'is o ( R

q= jidt =>q-= I(ZEthdt

t=0
=

t
KLY t?
=l—|. = =
R 2
0

Sol 8: Power factor is cos (0)

Img A

|XL+XC|
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Given thatcos0=1=0=0
LX X =0=X = - X

XL= ol

X= 1o ol 1
(O] oC

R T
\/E ©°C

o =21 (50) =100 =«

L= ;:Q=2H.

(100n)°C  n°

Sol 9: We know that V_  and V _will have a phase

difference of I

= V2 V2 =167 +122 = 20v.

Sol 10: Resistance of Lamp = R

2
r_ [ V2] _(100x100) _, o
P 50

Maximum current the lamp can sustain,
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I = PmaX

max V

| = & = 1 am
max T390 2 OP

Now in the given conditions;
200V, 50 H,)

i:M = 1 amp which is greater than 0.5 amp.
2000

Hence we need to increase the Impedance by using a
capacitor of capacitance ‘C'. Such that ' I’ will be equal

toiam
2 P

1 2
R? + [_] = (400)
»C

l 2
(200)2 + [—j = (400)°
oC

o =2n(50) =100

Solving this will give the value of 'C'.

-10t
Sol 11: i:@ l-ec¢
10

S

40 S,
100V =

10

1H

i= 10(1 - e*lOf) - 0)

nowatt=10.1In2,S,is open;

40
100V =

10

1H

i, = % (1—e‘50t)

ow =2 (17 . (i)
But this equation; at t' = 0, we get ineW =0

But this is not true; Since there is a current flowing in
the circuit at that instant.

Alsot' =0=1t=0.1In2 sec.
~t=t-01In2
i = o [1_e—50<t—°-1'n2>} t>0.11n2 ... (i)

new

i =——=2 amp.
°" 50 P
using equation (iii) at timet=0.1In2,i=0

But this is not true, since there is a current flowing in
the circuit guided by the equation,

i =10 (1-eT) [from eq.(i)]
nowatt=0.1In2
i =10 (1 — e 10t0Nn2)

. 1 .

i=10{1-=| =i=5amp.

2

i=5+2 |:1_e—50(t—0.lln2)j|
Attimet = 0.2 In2
i =542 |:1_e—50(t—0.1 In2):| 542 {1—e'”25}

ne

=542 {1—i}
25

i =5+2ﬂ
new 32

. 31
= |5+—| amp. = 6.94 amp.
Inew ( 16} p p



Sol 12: After switch is closed;
(i) t = 0; open circuiting the inductor;

. 100 10
ip =i, =——="—am

30 3 NP
10 i, 30
T
100 [ 20

(i) now att =0

00

inductor is short circuited,

10 ip 30
>
A4 I2
100
1 Rnet
. 100 50
i, = ——=-—amp
22 11
10 i s 30
_AN‘NV > _> Av‘v‘v“v‘v
Yi,
100 20Z
and =i, + i,
o 3i . 2i2
L, =2o,=1,= —
2 3 3T 3
i 5i
=1t — 17 ?2
3. 3(50)_30
2 517 5{11 11
| —Q am
37 AP

(iii) Now when switch is open

(a) Immediately after that, current through inductor will
be same as just before
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X

.. Hence the current in loop ABCD will be % amp.

And this current will start decaying to zero

oAttt = oo, i = zero.

Sol 13: Applying KVL;
R i(t)

. di
E-if) R-L—=0
I (t) p”

i(t)=3+5t:>ﬂ=5
dt

E=Ri(t) + L(5) = E = 4(3 + 5t) + 5(6)
E=42 + 20t

Sol 14: Now when capacitance is removed;
R L C|—

200V ~
300 rad/s

V = 200~/2 cos(300t)

V = 2003220
Znet = ZR + ZL
Z... =R+iol

n

Z . =VR°o’*Ztan™! [%Lj
-~

net
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200420

VR? + 0?l? Ztan™t [(DLJ
R
I= —200\/5 Z—tan! (%Lj

R? + 0’l?

i:

Now given that current lags behind voltage by 60°,

ol
. 1| —|=60
..tan{RJ

" %L:\/gQXL= R\/§—>(x1)

RV3 1003

L
® 300
L :L H.
NE]

Now when the inductance is removed;

By intuition we can say that

Xl
tan R 3

%:\/5 = XCZ\/§R—>(X2)
1 1
Y N

1 100

C= m = C= mpF

Now when all together are present

Z,0 = Zg +Z, +Zc = 100+iRV3 -iRV3
[From X,and X_]

Z . =100

Z . =100£0

v :200640 L To293.20
7 10020

net

T:

power = VI = (200+/2) (2+/2)cos(0)

P =800W
20032 | (242
Pav = Vrms : Irms = T
i V2 )2
P, =400 W.

Sol 15: Maximum current flows when the circuit is in
resonance
P Q
L R
YV AVAVAVAVA
i149H 68

V =104/2 cos(ot)

V =104/220
e.w= —
NTd
1 1

®= N e —
J1x106x4.9x1073 J49x1071°

0= %x 10° rad/s.

Impedance of Box P is w/(32)2 +(XC)2

-1 -1

X == _
C oC 1

T = 70w
~x10°x107°
7

" Z, =4(32)* +(70)°

|Z, | =77 ohm,

And impedance of coil Q is ,/(68)2 +(XL)2

X=wL=% x 10° x 4.9 x 1073

L

X =70W
- Impedance = /(68) +(70)>

1Zg | =98 W
Z., =32-70i+68+70i
Z., =100W

10V2 0 5 N2
100 10

Voltage across P; V, = (I_) (|ZP |)

L)

V,=77V

T:

(77)
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N 1
Voltage across Q; V,, = (I, (|ZP ) "1 (98) X ~X] = R R S
oC
V,=98V. ,
oLl R @L-wCR-1=0
Sol 16: ®, = 4 x 10° rad/s. oC
GivenV -V, =60V Solving this would give us
a b
andV,-V_=40V ® =8 x 10° rad/s.
120 g Sol 17: V = 22042 sin (100 xt)
a -
b ¢ V =220+/2.20
Zow=Z +Zg=1i(1007 x 35 x 107) + 11
Z. =111+
We know that during resonance, z - /112 112 /tan ! (%}
V +V. =0
T
V,=-40V " V.-V, = - 40V Zet =11ﬁ41
(Va - Vb) = irms R ~ \/ ~
. ’ 1 IZXZM; 1:204_%
60=i_.120=1i__= = amp. Z 11\/54%
Now, V, =V =(i_).Z
& 1=20sin| 100mt -~
. 0 40 4
40=(,).(Z)= 2 = —="-=80Q
Irms l
. 2 .
ol =80 Exercise 2
(4x10°L=80;L=02mH
Single Correct Choice Type
Now V.-V, = - 40
) 7 a0 Sol 1: (C) Current is induced by varying magnetic flux.
L s - £e = Here there is no such phenomena as flux linked with
-1 the coil is zero. Hence induced current is zero.
Z =-80;—=-80
oC
Sol 2: (D
ol 1 ol 2: (D) |
80w 80x4x10° >t
1 .
C= —uF i I\
32" '
Current i, is constant and positive i.e. from 'c’ to ‘'d" have
t — | L _xc | H I 1 .
an = i, has to be from b’ to ‘a’. Hence negative
R di
L—
4 Also i, =—dt
L
|XL+XC| ------------- E ﬂ =constant
dt
0 Hence i, versus t is as shown.
R di

- Sol 3: (A) Emf induced across inductor = L—
Now at 6 = 2 dt
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. Rt . . Rt

_Rt R Rt

ﬂ = iO — _E e L = ﬂ = IO_ e L
dt L dt L

e=iR.el 0
R

I—I0 Ioe L

|:|O—E
R

e .o

E:4+b

e=RE=i+1i)[y=-mx+(]

Hence graph A.

Sol 4: (A) Self-induction Emf = —L%

gy _di | di

dt  dt dt = dt
E>E

1 2°

Sol 5: (A) We know that RC and % will have dimensions
of time. Hence % and % will have dimensions of

frequency.

Sol 6: (A) Refer to Questions — 3 (Ex —I JEE Advanced)

Sol 7: (A) %uz =32J ()

IR = 320
(1) L 2x32

(2) R 320

()}

’C:LZO.ZS.
R

Sol 8: (B) In an L-R decay circuit, the initial current at
t=0is 1. The total charge that has inductor has reduced
to onefourth of its initial value is LI/2R

Sol 9: (C) %le =U

IPR=P

Sol 10: (B) Let Z, be the Impedance of element A, and
Z, be that of element B.

Initially; when R is connected to A;

Znet =R+ ZA.
Z
[52 2 -1| “A
<:>Znet= ZA+R Ztan (?]
v
Z

Za
stanT| TR | =6, (i)

When R is connected to B

- Z

Z=+Z%2+R*/tan}| =B
|z K

- Z

oV ant (_Bj
JZ2 +R? R

Given that current leads voltage by ‘0.’

Zg
" 0,=—tan™ R

Using same method, when R, A, B are connected,

Z,+Zy
0 = —tan™ R

tan (- 0) = tan (-0,) + tan 0,

.. (i)

.. (i)

tan 6 = tan 62— tan 61

Sol 11: (B) Resonance is a condition of maximum power

Hence cos ¢ = 1.

Sol 12: (B) In calculating the rms value, we square each
value.

A

Hence both A and B have same square value at every
point.
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rmsA ~ 'rmsB

Hence i

Here we have every value greater than that of | in
graph A or graph B.

A\

(Irms)C> IA = IB'

Sol 13: (D) Initially in LR circuit;

R R
cos 0, = | ——=——=—==|=cos 0,= [—]
VR? + 9R? R\/E
o L
V10
Now finally

X, —X.=3R-R=2R

R
cos0, =| ———
2
[\/R2+4R2J

1
PZ:E
P1 P
-1 - f5=2-
P, 10 P

Sol 14: (D) Z,, =Z, +Z,

gr

1 : T
Znet: (@L—Kj 4 E
- V Y/
|:~V = 0 /- g
2
t
ne [(,)L—l)
o »C
Vi =iz
Vv
Vo= 0 /| E | oLl
1 2 2 2
(o)
oC
vo=vizZo|Z
2
Vo =12,
Ve=vig-Z|Z
2
VR e
2 |2

Hence phase difference between V and V_will be = and

between V and | will be +Z Graph D satisfies all the
conditions. 2

Sol 15: (A) Let us consider mesh (1);

XC
|1
[N
/A il
S
)
A 4 i2 (2)
— I AWW—
X, R
\~/=V0 <0
- 5 1 0
=7 == ,_=
N
-V V20
AR
oC 2
i, = vomczg . ()

Now in mesh (2)

Z,=2,+Z =R+iol



23.70 | Alternating Current

i R
7, =JR? + (L)’ Ltan™ (%LJ (82)
JR? +(wL)? Ztan™ (“;Lj

e |I \
i = igZ —tan™" [%Lj \,

Att = oo;

R
Phase difference between i, and i, Zg—tan’l (%Lj | @

i, =

N <

Y

T 1 XL ¥\
= ——tan" | — .
2 (R] ; WRM _)_‘_

n Y
. . 2i
Multiple Correct Choice Type | , N
Sol 16: (D) Using intuition; \'
Let us go for capacitance in the box Hence B, lights up early; but finally both B, and B, shine
- Q=CVv with equal brightness.
dq dv
Ay .
dt dt Sol 19: (B)
. . dq i L i)
Given i=— = constant !
dt > @ L1 i> @
o o

d
. &Y = constant

- dt —<—| I ™~ —<—| ﬁ
.. Graph looks like a straight line. \'

1) (2)
e
T Just after switch is closed, Inductor tries to oppose the
8.2 current 'i,. Hence i, < i,. As time goes on, the opposition
Slope of the graph = 3 2 given by inductor reduces.
" i=2C=1amp This opposition is due to the induced EMF in L.
1
C== C=05C . . . di
2 Sol 20: (B, C, D) Emf induced in coil 1 =L, Z1
. dt
. ; _(L E. =L dl
Sol 17: (D) Time constant t = R 2=
. - 15 . dip di,
Energy stored in magnetic field = =LI Given that —=—=
¥ 9 2 dt
Power dissipated in resistor = I°’R CE L A
% L12 E L
A 2 IZR =71 ) ﬁ :l
VA

And also given that power given to the two coils is
Sol 18: (A) Att = 0; same,

SV =V



1, 1,
W_I :EL]_II and W2 = §L212

2 2
ﬂ{i] [I—J _ ﬂ:@ (zj
W, L)L w, (2)(4
w1
W2

iy

Sol 21: (A, B, C) RC and % will have the dimensions

of time and hence L and R will have dimensions of
frequency. RC L
Sol 22: (D) When just after battery is connected, current

is zero in the circuit, and hence will follow magnetic

field energy (ELIZJ and power delivered (I°R) is also
zero. 2

EMF induced is (L %J Hence there is a finite value.

Sol 23: (B, D) At time t = O, capacitor is short circuited,
Inductor is open circuited.

At t = oo, capacitor is open circuited,

Inductor is short circuited.

Hence both the options follow from this.

di. d
Sol 24: (D) M. 36 _ 9%
dt  dt
v L _ Ada
At At
A
S = A0
M
4
AL =2
B2
Al = 2A
Adg _ \pAia
At At
Adg = 2(1) = 2

But given the values of 4 weber.

Hence options D isn't true.
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Assertion Reasoning Type

Sol 25: (C) Magnetic field is into the page

—<|

Y

N

MWAAWWAWWWWW

As resistance is increasing, current decreases
.. Magnetic field decreases.

Hence there will b e a clockwise current in the ring.

Sol 26: (D) In an LCR circuit,

2 2
1Z] = R?+(X_-X()
i - Vmax
max 2 2

JRE+(X - X0)

R ° Vmax .
JRZ +(X X’

(VR)max =

coL.Vmax

2 2
R% +(X_ - X¢)

(V,

L )max -

Now (V,),... = V... at resonance condition, (X - X_=0),

ma

now for (V) . we can set conditions,

max’

(@ R?0and (b) X =X,

This will lead to (V) _ > V_

ax”

Sol 27: (A) When circuit is suddenly switched off, there
will be a change in current, and it will lead to induced
EMF.

di

JEl =L
dt

Now for large ‘L, E is also high.
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Comprehension Type

Paragraph 1

Sol 28: (D) Now when S, is opened and S, is closed

cv cv

-+
—————
n

L Y
< T —<

Att = 0; energy stored is purely in capacitor.In this type
of circuits, charge and current will be in the form of sin
or cos. Thus oscillatory.

q=Q, cos(it] ;Q,=CV

Jic
.o -1 .
i=—— Q. sin ot
Jic

Qv —V\ﬁ
NI T S
Hence option D.

Sol 29: (C) q=Q, cos[LtJ

Jic
d_q — &S”’][Ltj

dt  Jic~ (Wi
d2q _Qo [ 1 ]
— =——cos| —t
a2 LC NTS
Fa_ 1

dt? Lc '

Hence option ‘C".

Paragraph 2

Sol 30: (D)
V =V, cos ot
Z =R+iol
1| ®
|Z,o | =VR®+ 0% Z, = Z,, | £ tan 1{ j
T:Z: V,£0
YA

_ szf; -t (?Lﬂ [R0]

V, R
Vy =2/ —tan {Q—LJ
| Znet | R
(V) VR _ 4 volts (given) (i)
R/ max -
R? + X}

V X
= { 0 ,_tan! (—LH [mLLE}
| Z o | R 2

RZ1x2 2
V, X .
Mmax = 2 - > =3V ... (i)
R+ X[
O _R_4
@i X 3
R 3R
C—=—X = ... (iii
x =375 (i)
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9R? _ 25R?
16 16

R +X? =R+

JRZ + X2 :%

In equation (i)

.. (iv)

VR, VR,
YR+ X2 R

4
Vo= 1V

you can just start from here if you understand how |
wrote them

- X
Vo =4/ —tan! {—LJ
R

[ X
<V, =4cos | ot-tan 3

- X
vV =3 /X _tanl| 2L
2 R

X
<V =3cos (wt+g—tan1 (ELJJ

X
V=3sin (mt —tan! FLJ

Given V, =2

X
s2=4cos |ot—tan | —
R
l=cos ot —tan™ ﬁ
2 R

X, oL
S ot—tan™ R =§—>(X1)

Now V = 3sin | VL:BSin60°=ﬂ
3 2
Sol31: (B)V,_ =V +V, = ?u
4433
source 2

Previous Years' Questions

Sol 1: In steady state no current will flow through
capacitor. Applying Kirchhoff's second law in loop 1:

20 i 2uk
—AWW {|

=2i,+2(,-i,)+12=0

s2i -4, =-12

ori,—2i,=-6 ..(0)
Applying Kirchhoff's second law in loop 2:
-12-2(,-i)+3-2i,=0

4i,-2i,=-9 (i)
Solving Equations (i) and (i), we get

i,=25Aandi, =-1A

Now, V, + 3-2i, =V,

orV,-V,=2i -3

=2(-1)-3=-5V

PRl =(,-i)?R, =(=1-25)*(2) =245W
(b) In position 2: Circuit is as under

—
3V 20

30
10Q

Steady current in R,

|_3
© 342

=06A
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Time when current in R, is half the steady value
L (10x107%)

thrL(InZ):EZn(Z): n(2)
= 1.386 x 10*s
1

U= =Li’= %(10 x 107) (0.3)> = 4.5 x 104

2

Sol 2: In circuit (p): | can’t be non-zero in steady state.

In circuit (q): V, = 0and V, = 2| = V (also)
In circuit (r): V, = X | = (2=fL)!

= (27'[ x 50 x 6 x 1073)| = 1.88l

V, =2l

2

In circuit (s): V, = X1 =1.881

1
V,=X1= /
2 ¢ (anCj

=[ 1 ]=I=(1061)I
2nx50x3x107®

In circuit (t): V, = IR = (1000) |

V, =X = (1061)l

Therefore the correct options are as under
(A)—>rs t (B)—>aq, st

(©)—>qorpq (D)—>aq, st

Sol 3: (B) Charge on capacitor at time t is
q=q,(1-¢e")

Here q,= CV &t =2t

Here g, = CV(1 -e?/) = CV (1 -¢e?)

Sol 4: (B) From conservation of energy,

= lcv2 = v\ﬁ
2 max L

Sol 5: (C) Comparing the LC oscillations with normal
SHM, we get

Lp

2 max

2
d_? = — sz
dt
Here, »* = 1
LC
2
~Q=- LCd—Q

dt?

Sol 6: After a long time, resistance across an inductor
becomes zero while resistance across capacitor
becomes infinite. Hence, net external resistance,

R
SRR
Rnet = =
2 4
L 2E
Current through the batteries, i =
Z+r1 +1,

Given that potential across the terminals of cell A is
zero.

s E-ir=0

or E- L rn=~0
3R/4+r1+r2

Solving this equation, we get, R = g(r1 -r,)

Sol 7: Inductive reactance X = oL

= (50) (2m) (35 x 1073) = 1MW

Impedance Z = \/Rz +Xf = \/(11)2 +11)°

=11V2 O
GivenV =220V

Hence, amplitude of valtage V, = NP Vims

= 22082 Vv
V,
- Amplitude of current i, = - = 22072
zZ 112
ori,=20A
X
Phase difference ¢ =tan™*| =% | = tan™ 11
R 11
I
*= 32

In L-R circuit voltage leads the current. Hence,

instantaneous current in the circuit is,
i = (20 A) sin (ot — w/4)

Corresponding i-t graph is shown in figure.

\Al
# V=

20 /-N\mzo sin (ot-n/4)
/] t t “‘:‘ t — LY 8t

~~~~~~




Sol 8: (C) When e has zero kinetic energy total energy
is shared by antineutrino and proton. This time energy
of antineutrino is its maximum possible kinetic energy.

As antineutrino is very light mass in comparison to
proton so it will have almost contribution in total
energy.

~. Its energy is almost 0.8x10°% eV

Sol 9: (C, D) As current leads voltage by n/2 in the
given circuit initially, then ac voltage can be represented
as

V =V, sin ot
q=CV, sin ot =Q sin wt
Where, Q =2x1073C

3

e At t=7n/60 ; I=——1I, and hence current is
anticlockwise 2

e Current i immediately after t = Z—n is
[O)

Charge flow = Qg ., - Q(7n/6m) =2x107°C
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