PHYSICS FOR JEE MAIN & ADVANCED

o] o

AC and DC Current :
A current that changes its direction periodically is called alternating current (AC). If a current maintains its direc-
tion constant it is called direct current (DC).

t t
constant dc periodic dc

Basic Principle of AC Generation
Alternating voltage is generated by rotating a coil of conducting wire in a strong magnetic field. The magnetic flux
linked with the coil changes with time and an alternating emf is thus induced. Instantaneous flux linked with coil is

11 ®
¢=(A.B)n =
P
= ABncos(wt +6,)
where A = area of the coil (in m?) -
B = magnetic field (in tesla) n = number of turns ():(,,]t3
2 . n
o = angular frequency = — =27 f (inrad s™)
T |
= frequency (in hertz) ~ 0, = initial phase angle

With the change of time cos(wt + 0,) changes consequently an emf V is induced. According to Faraday’s law

dg

dt

d
= —E[Abn cos(wt +6,)] = Abn wsin(wt+6,) = V=V, sin(wt+06,)

Here V_ = voltage amplitude of sinusoidal voltage or the peak value of ac voltage
where V- ABno

Alternating Current and Voltage
Voltage or current is said to be alternating if it is change continously in magnitude and perodically in direction with
time. It can be represented by a sine curve or cosine curve

=1, sinwt or I=I cosmt
where I = Instantaneous value of current at time t, I, = Amplitude or peak value
27 . .
® = Angular frequency o = T " 2nf T = time period f = frequency
Al
ly |7
Po\1 s
i \2 a7 R
I t
o
I as a sine function of t I as a cosine function of t
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ALTERNATING CURRENT

Amplitude of AC
The maximum value of current in either direction is called peak value or the amplitude of current. It is represented
by I,.  Peak to peak value = 21

Periodic Time
The time taken by alternating current to complete one cycle of variation is called periodic time or time period of
the current.

Frequency
The number of cycle completed by an alternating current in one second is called the frequency of the current.
Unit : cycle/s ; (Hz)
Inlndia : f=50 Hz, supply voltage = 220 volt In USA : f= 60 Hz ,supply voltage = 110 volt

Condition required for Current/ Voltage to be Alternating
(a) Amplitude is constant (b) Alternate half cycle is positive and half negative
The alternating current continuously varies in magnitude and periodically reverses its direction.

| sinosudial AC 4 triangular AC
/\ \ ’
‘ \/ \/ \ t y

OO0 AT,
OO vy

[AVAVEH oWV s

| mixture of AC and DC

Not AC (direction not change) NotAC not per|od|c)

Average Value or Mean Value

The mean value of A.C over any half cycle (either positive or negative) is that value of DC which would send same
amount of charge through a circuit as is sent by the AC through same circuit in the same time.

T/2

[ 1at
average value of current for half cycle <1 > = TO

[ at

0

Average value of I = I sin ot over the positive half cycle :
<sin®> = <sin20>=0
<cosp>=<co0s20>=0

iL
Iozlosmmt dt 21, o2 <sinfcosp >=0
A —[—coswt]g = < sin’0> = < cos’0 >=1-
[2at
0
. For symmetric AC, average value over full cycle =0,
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ALTERNATING CURRENT

- { ETOOS KEY POINTS ) ~\

 Z2ACcan'tbeusedin

(@) Charging of battery or caeacitor (as its average value=0)
(b) Electrolysis and electroplating (Dee to large inertia, ions cannot follow frequency of A.C)

——Minimum, at that instant when they are near their peak values

@ The rate of change of A.C. —

——Maximum, at that instant when they change their direction.

(@) ForaltematingamrrentI >I >T A

®) Average value over half cycle is zero if ore quarter is positive
ard the other quarter is negative. v

© Average value of symmetrical AC for a cycle is zero thats why average potential difference on any elarent in
A.Cciraiit is zero.

fd) The instrurent based on heating effect of current are works on both A.C and D.C suoely and also provides same
heating for same value of A.C (mns) and D.C. that's why a bulb bricht equally in D.C. and A.C. of sare value.
@) If the frequency of AC is f then it becares zero 2f times in one second and the direction of current changes 2f

L times in one second. Also it kbecare maximum 2f times in one second. y

Ex. Find the average value of current shown graphically,
fromt=0to t=2 sec.

Sol. From the i —t graph, area fromt=0to t=2 sec

1
=3 x2x10=10Amp. sec. t(sec)

10
.. Average Current = > - 5 Amp.

2n
Ex. Find the average value of current fromt=0tot= . if the current varies asi=1_sin ot .
2 !
T I 2
i T
J.Im sinwtdt m(1_COSwj +
. 0 @ ® /o 2n/w
. <l > >=—— = =
Sol 1 Zi zi 0 0 N
® ® -

It can be seen graphically that the area of i — t graph of one cycle is zero.
. <i>inone cycle=0.

Ex. Show graphically that the average of sinusoidally varying current in half cycle may or may not be zero

Sol.

£

PartA PartB

Figure shows two parts A and B, each half cycle. In part A we can see that the net area is zero
. <i>inpartAis zero.
In part B, area is positive hence in this part <i> 0.

Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035
+91-9350679141



PHYSICS FOR JEE MAIN & ADVANCED

I i 3n
Ex. Find the average value of current i =1 sin ot from (i)t=0tot= o (i) t= %0 tot= %0
31

E 20

Q I J-Im sinotdt

jl sinotdt m[m4m5m“j N i

® ®
Sol.  (i)<i> =2 = = Lm (i) <i> = 22— = 0.
L L3 ™ n
Ex. Current in an A.C. circuit is given by i = 2\/5 sin (7t + m/4), then the average value of current during time
t=0tot=1 secis:
1
ﬁm
! 4
Sol.  <i>=2 =22 jsin[nt+§j = Ans.
0
Root Mean Square Value :
Root Mean Square Value of a function, from t, to t, is defined as f =
Ex Find the rms value of current from t = 0 to t =—— if the current varies as i=1_sin ot
Sol.
Ex.
- 2 I
1 m
Sol. i) <> = 20 00000 _ |Im _ —
(= x > 2

Note: ® Ther m s values for one cycle and half cycle (either positive half cycle or negative half cycle) is same.
® From the above two EX.s note that for sinusoidal functions rms value (Also called effective value)

_ peak value

I
\/E o1 rms /2
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ALTERNATING CURRENT

Ex. Find the effective value of currenti =2 sin 100 tt+ 2 cos (100 wt+ 30°).
Sul. The equation can bz writkcn i i~ 2 sin W0 me= 2 sind 108 mo+ [207)
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AC Circuits

Basic AC circuit elements are resistors, indicators and capacitor we will discuss the behaviour of each of them when
connected in ac circuits.

AC Voltage Applied to a Resistor
A resistor connected to a source € of ac voltage as shown in the circuit diagram. The symbol for an ac source on
a circuit diagram is =. For simplicity, we consider a source which produces sinusoidally varying potential difference
across its terminals. Let this potential difference, also called ac voltage, be given by
V=V sinot ... @)
where V, is the amplitude of the sinusoidal voltage and o is its angular frequency.

EQ R

AC voltage applied to a resistor

The instantaneous potential drop across the resistor R is

V, sinot = IR
Vy .
or I =—"sin wt
R
I=1 sin0t ... (i)
where [ is the instantaneous current and the current amplitude 10 A
I, = I . (iii)
R
Vv, |
Equation (iii) is just Ohm’s law which for resistors work equally well
for both ac and dc voltaghes. The voltage across a pure resistor and 17 :
the current through it, given by equation (i) and (ii) are ploted as a !
function of time in figure. Note, in particular that both V and I reach o B m ot

zero, minimum and maximum values at the same time. Clearly, the voltage
and current are in phase for a circuit containing pure resistance.

We see that,. like the applied voltage, the current varies sinusoidally and has corresponding positive and negative
values during each cycle. Thus, the sum of the instantaneous current valuesover one complete cycle is zero, and
the average current is zero. The fact that the average current is zero, however, does not mean that the average power
is zero and that there is no dissipation of electrical energy. As you know, joule heating is given by I°R and depends
on I (which is always positive whether I is positive or negative) and not on I. Thus there is Joule heating and
dissipation of electrical energy when an ac current passes through a resistor.

The instantaneous power dissipated in the resistor is
PSS 2 RSl = 0 ... (iv)
The average value of Power P over a cycle is

1
P:EﬁRzlzR v)

rmsTY e

Where the bar over a letter (here, P) denotes its average value.

To express ac power in the same fprm as dc power (P=I’R), as special value of current is used. It is called, root
mean square (rms) or effective current and is denoted by I .

S

similarly, we define the rms voltage or effective voltage

Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035
+91-9350679141



ALTERNATING CURRENT

Sol.

Sol.

From equation (iii), we have

V=L ... ... (vi)
Vo _ 14
- —=—7=R .
ot NN (vii)
or Vrms = Irms R .. (Viii)

In terms of rms values, the equation for power and relation between current and voltage in ac circuits are essentially
the same as those for the dc case.

In fact, the I or rms current is the equivalent dc current that would produce same average power loss as tghe
alternating current. Equation (v) can also be written as

P=V2 /=R (sinceV. =1 R) .. (ix)
A bulb is rated 60 W at 220 V/30 Hz. Find the maximum value of instantaneous current through the filament ?
V.o =22012=311V

_ 2207 _ 220x220 _ 2420

R = 806.67Q2
P 60
I= Vo IEL S 0.39A
R 806.67

A light bulb is rated at 200 W for a 220 V supply. Find

(@) The resistance of the bulb
o) The peak voltage of the source; and
(©) The rms current through the bulb.

&) We are given P =100 W and V = 220 V. The resistance of the bulb is

2 2
Vo 2207 2420
P 200
o) The peak voltage of the source is

Vm 3 \/EVmax = 311V
(c) Since, P=1

ms ms

Representation of AC Current and Voltage by Rotating Vectors - Phasors

In the previous section, we saw that the current through a resistor is in phase with the ac voltage. But this is not
so in the case of an inductor, a capacitor or a combination. In order to show phase relationship betwen voltage and
current in an ac circuit, we use the motion of PHASORS. The analysis of an ac circuit is faciliated by the use of a
phasor diagram. a phasor is a vector which rotates about the origin with angular speed , as shown in figure. The
vertical components of phasors V and I represent the sinusoidally varying quantities V and I. The magnetic of phasors
V and I represent the amplitudes or the peak values V, and I of these oscillating quantities. Figure (a) shows the
voltage and their relationship at time ¢, i.e., corresponding to the circuit show in figure for the case of an ac source
connected to a resistor. The projection of voltage and current phasors on vertical axis, i.e., V sin ot and I sin o,
respectively represent the instaneous value of voltage and current at that instant. As they rotate with frequency o,
curves in figure (b) are generated which represent the sinusoidal variation of voltage and current with time.
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o N
o AN A i 4
I /

|
I, sin ot

)
@ ®)

(a) A phasor diagram for the circuit in figure
(b) Graph of V and I versus
AC Voltage Applied to an Inductor :
An ac source connected to an inductor as shown in the circuit below. Usually, inductors have appreciable resistance
in their windings but we shall assume that this is ideal inductor (having zero resistance). Thus, the circuit is a purely

inductive ac circuit. Let the voltage across the source be V =V sin wt. Using the loop equation Ze(t) =0, and
since there is no resistor in the circuit.

dil
V—-L—=0
7 (x)

e %L

An AC source connected to an inductor

where the second term is the self-induced emf in the inductor, and L is the self-inductance of the coil.
Combining equation (i) and (x), we have

ﬂ—K—&Sinwt .
d [ Lime¥ . WY v (xi)
4 v
dt =—Lsin et dt I= -2 cos(wr
L = oL @y

Using —cos(wt) = sin(a)t —%) , we have

A ! T
ey TR S — (xii)
where [ = — LOL is the amplitude of the current. The quantity oL is analogous to the resistance and is called inductive
1)
reactance, denoted by X :
X, =oL=27/ (xiii)

The dimension of inductive reactance is the same as that of resistance and SI unit is ohm(€2). The inductive reactance
limits the current in a pure inductive circuit in the same way as does the resistance in a pure resistive circuit. The
inductive resistance is the directly proportional to the inductance frequency of the voltage source.
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ALTERNATING CURRENT

Ex.

Sol.

A comparision of equation (i) and (ii) for the source voltage and the current in an inductor shows that the current

1

Vg
lags the voltage byE or one-quarter ( 4j cycle. Figure a shows the voltage and the current phasors in the present

Vs
case at instant t. The current phasor is 1 is 5 behind the voltage phasor V. When rotated with frequency o counter-

clockwise, they generate the voltage and current given by equation (1) and (xii), respectively and as shown in
figure (b).

V, sin ot
N % v
! 1
ot
0 T 2n ot
I
I, sin ot
(a)
(b)
(a) A phasor diagram for the circuit in figure
(b) Graph of V and I versus ot
) ) ) T =n/2
We see that current reaches its maximum value later than the voltage by one-fourth of a period n = o |- You

have seen that an inductor has reactance that limits current similar to resistance in a dc circuit. Does it also consume
power like a resistance ? Let us try to find out.
The instantaneous power supplied to the inductor is

A v, .
P=IV=1I, sin(a)t —%j V, sin(wr) = —1,V, cos(at).sin(wr) = — 02 YsinRet) (xiv)

So, the average power over a complete cycle is zero
since the average of sin(2mt) over a complete cycle is zero.

Thus, the average power supplied to an inductor over one complete cycle is zero.

Physically, this result means the follows, During the first quarter of each current cycle, the flux through the inductor
builds up and sets uo a magnetic field and energy is stored in the inductor. In the next quarter of cycle, as the
current decrease, the flux decreases and the stored energy is returned to the source. Thus, in each half cycle, the
energy which is withdrawn from the source is returned to it without any dissipation of power.

A pure inductor of 50.0 mH is connected to a source of 220 V. Find the inductive resistance and rms current in the
circuit if the frequency of the source is 50 Hz.
The inductive reactance.
X, =27fL =2x3.14x50x50x107°Q =15.7Q
The rms current in the circuit is

LA AN
X, 1570
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AC Voltage Applied to A Capacitor
An ac source ¢ connected to a capacitor only, a purely capacitive ac circuit is as shown.

A B

S e

An AC source connected to a capacitor

When the capacitor is connected to an ac source, as in figure, it limits or regulates the current, but does not completely
prevent the flow of charge. The capacitor is alternately charged and discharged as the current reverses each half
cycle. Let 1(t) be the charge on the capacitor at any time t. The instantaneous voltage V(t) across the capacitor
is

V(t)= % ....... (xv)

To find the current, we use the relation [ = %
t

I= di(VOC sinwt) = wCV, cos(wt)
t
] ) . Vs
Using the relation, cos(wt) =sin| wt +3 , we have
. T
I=1, sm[a)t +E] ....... (xvi)
where the amplitude of the oscillating current is

R
I/ @C)

v,
Comparing it to 1, = EO for a purely resistive circuitmm we find that (I/@C) plays the role of resistance.

It is called capacitive reactance and is denoted by X,
X =loC=12rxfC (xvii)
So that the amplitude of the current is

BAEE T N—— (xviii)

The dimension of capacitive reactance is the same as that of resistance and its SI unit is Ohm (Q2). The capacitive
reactance limits the amplitude of the current in a purely capacitive circuit in the same way as does the resistance
in a purely resistive circuit. But it is inversely proportional to the frequency and the capacitance.

iz 1\ /.

o ot ] 2m
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AS comparision of equation (xvii) with the equation of source voltage equation (i) shows that the current in a capacitor

T
leads the voltage by n/2. Figure shows the phasor diagram at an instant t. here the current phasor I is C rad ahead

of the voltage phasor V as they rotate counter clockwise. Figure shows the variation of voltage and current with
time. We see that the current reaches its maximum value earlier than the voltage by one-fourth of a period.

The instantaneous power supplied to the capacitor is
P =1V =1, cos(wt). V, sin (ot)
=1, V,cos(t) sin (ot)

INZ
02 SsinQQet) .. (xiv)

So, as in the case of an inductor, the average power

Since average of sin 2ot over a complete cycle is zero. As discussed in the case of an inductor, the energy stored
by a capacitor in each quarter period is returned to the source in the next quarter period.

Thus, we see that in the case of an inductor. The current lags the voltage by 90° and in the case of a capacitor,
the current leads the voltage by 90°.

Ex. 30.0 uF capacitor is connected to a 220 V, 50 Hz source. Find the capacitive resistance and the current (rms and
peak) in the circuit. If the frequency is doubled, what happens to the capacitive reactance and the current.

Sol.  The capacitive reactance is

1

X, = =106Q2
2z fC
The rms current is
i, = Vims =2.08A
X

¢

The peak current is

I, =~21_ =296A
This current oscillates betwen 2.96A and —2.96A and is ahead of the voltage by 90°.
If the frequency is doubled, the capacitive reactance is halved and consequently, the current is doubled.

AC Voltage Applied to a Series LCR Circuit

Figure shows a series LCR circuit connected to an ac source €. As usual, we take the voltage of the source to be

V=V, sinwt.
R

L

An series LCR circuit connected to an ac source
If q is the charge on the capacitor and I the current, at time t, we have, from Kirchhoff’s loop rule :

dl q
L—+IR+==V
dt c e (xx)

We want to determine the instantaneous current I and its phase relationship to the applied alternating voltage V.
We shall use the technique of phasors so solve equation (xx) to obtain the time - dependence of 1.
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Combination of Components (R-L or R-C or L-C)

Term R-L RC LC
R - R c 3 c
Circuit
(~\) (A (n))
\ &) Q&)
Iis same in R & L Iis same in R & C Iissamein L & C
VA vV,
|
Phasor diagram |
Ve Ve
V= Vp+ V] V=V -V.(V>V)
V=V.-V (V>V)
. T T T .
Phase difference Vieadsl (p=0to E) Viags1(d= 3 t00) VlagsI(¢= Y AfX >X))
T
in between V & 1 V leads I (¢ :+E’ifXL>XC Impedance Z =R* + X} | Z= 4/R* +(X, )2 Z = |XL - X,
Variation of Z as 7 V4 1 as T ,Z~L as T , Z first d thenT
z 0 z
with f R R \
f 1w —f f
At very low f Z~R (X —0) Z~X, Z~X.
At very high f Z~X, Z~R(X.—0) Z~X,
. o . 30 40
Ex. Calculate the impedance of the circuit shown in the figure. AW I I
Sol.  Z=\R*+(X.} = B0} + @0y = 2500 =50Q
@
Ex. If X, =50 Q and X . = 40 Q Calculate effective value of current in given circuit.
X=50Q X.=40Q
Sol.  Z =X -X.=10Q buLs
V, 40
10=?°:E=4A = Im=i=2\/2_A @
V2 V=40sin 1007 volt
Ex. In given circuit calculate, voltage across inductor _
A (TR
Sol. > V’=V:+V} Vi=Vioye |
")

Vo V2=V =100y - (607 = 6400 =80V Y

V=100/2 sinot volt
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ALTERNATING CURRENT

Ex. In given circuit find out (i) impedance of circuit (i) current in circuit “/\6/5}\/‘ | 152
’ [
Sol. () Z=R*+X2 =6} +®F =100
©
Vv, 20 2 V=20sinot volt
(i) vV=IZ = I=7°:E=2A SOIHnS:—Z:ﬁA
Ex. When 10V, DC is applied across a coil current through itis 2.5 A, if 10V, 50 Hz A.C. is applied current reduces to 2 A.
Calculate reactance of the coil.
. . 10 V20
Sol.  Forl0VD.C.»V=IR .. Resistance of coil R = E=4Q For IOVA.C.: V=1Z = ZZT:EZSQ
» Z=JRP+X2 =5 = R*+X1=25= X =5-4=X-30
Ex. When an alternating voltage of 220V is applied across a device X, a current of 0.5 A flows through the circuit and is
in phase with the applied voltage. When the same voltage is applied across another device Y, the same current again
flows through the circuit but it leads the applied voltage by m/2 radians.
(@ Name the devices X and Y.
) Calculate the current flowing in the circuit when same voltage is applied across the series
combination of X and Y.
Sol. )] X is resistor and Y is a capacitor
() Since the current in the two devices is the same (0.5A at 220 volt)

When R and C are in series across the same voltage then

220 \/ 220 220
R=X.= "7 =440Q =1 = = =0.35A

0.5 ™R exXE @407 +@a0p 44042

Inductance, Capacitance and Resistance in Series

. R L
(L-C-R series circuit) c R
A circuit containing a series combination of an resistance R, a coil of inductance
L and a capacitor of capacitance C, connected with a source of alternating e.m.f. of
peak value of E, as shown in fig. AC. source
©

Phasor Diagram For Series L-C-R circuit E = E, sinot

Letin series LCR circuit applied alternating emfis E = E sin ot.

AsL,Cand R are joined in series, therefore, current at any instant through the three elements has the same amplitude
and phase.

However voltage across each element bears a different phase relationship with the current.

Let at any instant of time t the current in the circuit is I Y

Let at this time t the potential differences across L, C, and R Visa
V, =IX,V . =IX_andV,=IR

Now, V_ is in phase with current I but V, leads I by 90°
While V. legs behind I by 90°. o — v.p X
The vector OP represents V,, (which is in phase with I) the vector VA
OQ represent VL (which leads I by 90°)
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and the vector OS represents V _ (which Iegs behind I'by 90°) Y
V, and V_ are opposite to each other. V“‘S
IfV, >V (as shown in figure) the their resultant will be (V| — V) which ~ S
represented by OT. ; &
Finally, the vector OK represents the resultant of V, and (V| — V), that s, the . ;
resultant of all the three = applied e.m.f. e A
Vv
Thus  E=JVi+(V, —Vo) =R+ X, -X) =~ ooy % ¢
VYR L c L c R? + X, - X, ¥ 9
XALQ
% T
mpedance 7= R0, KT~ R+ 0L =
%
The phasor diagram also shown that in LCR circuit the applied e.m.f. =
N
XL — XC
leads the current I by a phase angle ¢ tang = R
Xv
Series LCR and parallel LCR combination
Series L-C-R circuit Parallel L-C-R circuit
1. Circuit diagram
R
—VWW—
y L_|[c 111AC
| 1€
[
A ™)
Y )
V same for R,L and C
I same forR, L & C V same for R, L & C
2. Phasor diagram

@) IfV, >V _ then

VL—VC’ |

BV

R

(i) If V>V, then

VeV, Ve ool

(i) if 1> I then

11 ‘
o \V;

Ir

(i) if I, > 1 then

L1 ‘ L A%

Z

+91-9350679141
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ALTERNATING CURRENT

(i) V= VZ+(V, - V.Y (i) 1= B +Q -I.)
Impedance Z = JR* + (X, — XY Admittance Y = \/G” + (S, —S.)
X =X V-V, 7SL_SC 7IL—IC
tang = R = v, tang = G ="
(iv) Impedance triangle (iv) Admittance triangle
Y
XXX S-S
/)
{ 3\
f { ETOOS KEY POINTS ) \
(@) Series Parallel
() if X > X then V leads L,¢ (positive) &) if S, > S, (X, <X, then V leads L¢ (positive)
circuit nature inductive circuit nature inductive
() if X > X then V lags L,¢ (negative) (V)] if S > S, (X, <X,) then V lags I, ¢ (negative)
circuit nature capacitive circuit nature capacitive

(i) InA.C. circuit voltage for L or C may be greater than source voltage or current but it happens only when circuit
contains L and C both and on R it never greater than source voltage or current.

(iii) In parallel A.C.circuit phase difference between I, and I . is =
L

Ex. Find out the impedance of given circuit.

4Q
Sol.  Z=\R*+ (X, -Xc) =42+ -6] = 42 132 =25 =50
(> X, > X, .. Inductive)
")

N\

Ex. Find out impedance of given circuit.
| [3Q
I

2
1 1 1
Sper QY — | 41113
Sol. Y2 =G+ (S, -S.) 36J{6 3} %)
—\WWAN—
\/_ 6Q
2 6 )
Y= ?Q = Vi— ﬁ Q (capacitive, because X, > X ) L

Ex. Find out reading of A C ammeter and also calculate the potential difference across, resistance and capacitor.

Sol Z=4R*+X X)Z—l()\/EQ = Io_ﬁ_ﬂ_l_ 200 1060
) g C Z 102 2
> ter reads RMS val its readi 10 _sa
ammeter reads value, so 1ts reading = —F————
SENCINCY
E= 1OOS|noat100ntvoIt
So V,=5x 10=50V and  V_=5x10=50V

Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035
+91-9350679141



PHYSICS FOR JEE MAIN & ADVANCED

Ex. In LCR circuit with an AC source R=300Q,C=20 uF,L=1.0H, E__ =50V and f= 50/m Hz. Find RMS current

in the circuit.

Erms Erms 5 O
Sol. Irms = = =
Z ’ 50 1 ’
\/R2+[0)L—} 300 +(2ax —x1-— 50
® T 20x107° x27 x —
n
= tms 50 = =L=01A
10> T 10049 +16 10
G00Y {100 —2}
Ex. Calculate impedance of the given circuit :
. 5, 12V, 4V 02F  1H 30
Jos00
Z— 1200 _
() T (i) A i)
. A\ A\
7=7 WY Q) V=100sint volt
Sol. (i) It is parallel circuit so Y is evaluated
Y=S, -S,. = ! - ! =4 ! Z =240 Q (inducti
LT TU20 240 240 o Y (inductive)
.. . V., 13
(ii) V2=5+12"=169 = V=13 volt therefore Z = IS = > =6.5Q

(iii) R=30Q,X =oL=1as(o=1)

=—=——=5Q SO

¢ oC (0.2)1

Resonance

Z2=R2+(X, ~X )P =3+(1-57=25 = Z=5Q

A circuit is said to be resonant when the natural frequency of circuit is equal to frequency of the applied voltage.

For resonance both L and C must be present in circuit.

There are two types of resonance :

Series Resonance

(a) At Resonance
@ X, =X, (ii) V.=V,
(@iv) Z . =R (impedance minimum)
(V)] Resonance frequency
1 2
> X=X, oL=—— = o =
! »,C

(i) Series Resonance

(ii) Parallel Resonance

(iii) ¢ =0 (V and I in same phase)

(\4) L= R (current maximum)
= o, = L = = !
ENITE 2myLC

Z
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ALTERNATING CURRENT

(©) Variation of Z with f
0] Iff<f then X <X_ circuit nature capacitive, ¢ (negative)
(ii) Atf={f then X =X_ circuit nature, Resistive, ¢ = zero zT
(iii) Iff>1 then X > X. circuit nature is inductive, (positive) R
Variation of I with f as f increase, Z first decreases then increase f f—>
N
| / \
d \2 L= as f increase, I first increase then decreases

At resonance impedance of the series resonant circuit is minimum so it is called 'acceptor circuit' as it most readily
accepts that current out of many currents whose frequency is equal to its natural frequency. In radio or TV tuning
we receive the desired station by making the frequency of the circuit equal to that of the desired station.

Half power frequencies

The frequencies at which, power become half of its maximum value called half power frequencies
Band width =Af=f —f

Quality factor Q : Q-factor of AC circuit basically gives an idea about stored energy & lost energy.

maximum energy stored per cycle

Q=2n .
maximum energy loss per cycle
(i) It represents the sharpness of resonance. (ii) It is unit less and dimension less quantity
- X X _2«fL 1 L f £
(iii) Q = = = = = onlilae- = — e
R R R R VC Af  band width

Magnification
At resonance  V, or V.= QE (where E = supplied voltage)

So at resonance Magnification factor = Q-factor

Sharpness

Sharpness oc Quality factor cc Magnification factor

R decrease = Q increases —> Sharpness increases

Parallel Resonance

(@ Atresonance
L .. [ |€
(i S =8, (i) I =T, (iii) ¢=0 |
(iv) Z =R (impedance maximum) AW
L R
v
mIL. = R (current minimum) @
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1
) Resonant frequency f =
2n\/LC
(©) Variation of Z with f as f increases , Z first increases then decreases
Iff<{f then S > S, ¢ (positive), circuit nature is inductive
If f> f then S_> S, ¢ (negative), circuit nature capacitive.
d Variation of I with f as f increases , I first decreases then increases
NtFth"'tﬁllRZ:Z LF 1>Rz
ote : For this circuit §, = —,/——— max = == For resonance —— > —-
2nVLC 12 RC LC W
( ~
f { ETOOS KEY POINTS ) ~
@) Series resonance circuit gives voltage amplificaltion while parallel resonance circuit gives current amplification.
(i) At resonance current does not depend on L and C, it depends only on R and V.
(iii) At half power frequencies : net reactance = net resistance.
(iv) As R increases ,bandwidth increases
) To obtain resonance in a circuit following parameter can be altered :
()L (i) C (iii) frequency of source.
(vi) Two series LCR circuit of same resonance frequency f are joined in series then resonance frequency of series
combination is also f
(vii)  The series resonance circuit called acceptor whereas parallel resonance circuit called rejector circuit.
(viii)  Unit of [ C is second
\. J
Ex. For what frequency the voltage across the resistance R will be maximum.
Sol. It happens at resonance . 1wF 1w
f= ! = ! =500 Hz
2nvLC 1 s
27, [—x107" x — ~
T b )
R=220Q
Ex. A capacitor, a resistor and a 40 mH inductor are connected in series to an
AC source of frequency 60Hz, calculate the capacitance of the capacitor, if
the current is in phase with the voltage. Also calculate the value of X and I. S00vE 300V XV
(~)
Sol. At resonance Q)
110V, 60Hz
1 1 1
oL=—C= . S = —=176uF
oC oL 4mn°f L 4n° x©60) x40x10
vV 110
V:VR = X=110V and I:EZEZO'SA
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ALTERNATING CURRENT

Sol.

Ex.

Sol.

Sol.

A coil, a capacitor and an A.C. source of rms voltage 24 V are connected in series, By varying the frequency of the
source, a maximum rms current 6 A is observed, If this coil is connected to a bettery of emf 12 V, and internal
resistance 4Q2 , then calculate the current through the coil.

vV 24
T =40

At resonance current is maximum. [ = E = Resistance of coil R = = ?

E 12

When coil is connected to battery, suppose I current flow through it then [ = —— =
R+r 4+4

Radio receiver receives a message at 300m band, If the available inductance is 1 mH, then calculate required

capacitance

=15A

Radio receives EM waves. ( velocity of EM waves ¢ =3 x 108 m/s)

3x10°® 1
X = 10°Hz Now f=

300 2mJLC

In a L-C circuit parallel combination of inductance of 0.01 H and a capacitor

c=fA = f=

=1x 10 = C=

47°L x 1012 =25pF

C
of 1 uF is connected to a variable frequency alternating current source as

shown in figure. Draw a rough sketch of the current variation as the frequency N L
is changed from 1kHz to 3kHz.

L and C are connected in parallel to the AC source,

1 10*
:L; 1.6kHz

1
SO resonance frequency f: =
2nVLC  2740.01x10° 27

1.6kHz
In case of parallel resonance, current in L—C circuit at resonance is zero, so the I-f curve will be as shown in

figure.

Power in AC Circuit

The average power dissipation in LCR ac circuit
Let V=V, sinot and I=1,sin (ot- )

Instantaneous power P = (V sinwt)(I, sin(ot — ¢) = V I sinot (sinotcosd — sinpcoswmt)
1 T
Average power <P> = ¥I (V,], sin” otcos ¢ — V, I, sin ot cos ot sin ¢)dt
0

_ Iy . Lo . 1 .
AN ?!sm cotcostl)dt—¥J-smo)tcoscotsmd)dt}=VOI0 [Ecosd)—Oxsm(j)}

0

V,], cos
= <P> — ()I.#q) = Vrms Irm,s COS¢
Instantaneous  Average power/actual power/ Virtual power/ apparent Peak power
power dissipated power/power loss Power/rms Power
P:VI P - Vrms Irms cos q) P - Vrms Irms P - VO I0

(i) 1 cos¢isknown as active part of current or wattfull current, workfull current. It is in phase with voltage.

(i) I sing is known as inactive part of current, wattless current, workless current. It is in quadrature (90°) with
voltage.
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Power factor :

Average power P =E_ I cos¢ =rmspower x cos ¢

rms

Average power R
I and cosdp= =

Z
(ii) is lagging if T lags V

Power factor (cos ¢) = msPower

Power factor : (i) isleadingiflleads V

' )
7 { ETOOS KEY POINTS ) N\
(i) Pav = Prms'
(ii) Power factor varies from 0 to 1
G g Pure/Ideal [0} \% Power factor = cos¢ Average
power
R 0 V, I same Phase 1 (maximum) s L
I
L + 5 V leads | 0 0
T
C ) Vlags I 0 0
. I
Choke coil + 5 V leads I 0 0
(iv) At resonance power factor is maximum (¢ =0socosp=1)and P _=V_ 1
L J

1
Ex. Avoltage of 10 V and frequency 10° Hz is applied to . UF capacitor in series with a resistor of 500€2. Find the power

factor of the circuit and the power dissipated.

1 1
Sol. Xe=o—5= oA Z=JR*+X2 =(500) + (5007 =5002 Q
2mx10° x ——
T
P et ¢R 500 P . o vms osh - 10y lw
ower 1actor cos ower = CcCOSO) = =
Z 50042 f dissipated ™ ™ 5002 f

T
Ex. If V=100 sin 100 t volt and I = 100 sin (100 t + 5) mA for an A.C. circuit then find out

(@) phase difference between V and I ) total impedance, reactance, resistance
(c) power factor and power dissipated d components contains by circuits
T
Sol. (a Phase difference ¢ = . (Ileads V)

Total imped Z—ﬁ——loO
(V)] otal impedance = L, 100x10°

500

reactance X — 7sin60°=1000 x — = —Q
2 3

©  ¢=-60° =

Power factor = cos¢ = cos (—60°) = 0.5 (leading)

= 1kQ Now resistance R = Zcos60° =1000 x % =5000Q

Power dissipated P =V_ 1 cos¢ = 10 0t 1., SW
V2 22
()] Circuit must contains R as ¢ # g and as ¢ is negative so C must be their, (L may exist but X > X))

Z
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Sol.

Sol.

Ex.
Sol.

Choke

1
If power factor of a R-L series circuit is 5 when applied voltage is V =100 sin 1007t volt and resistance of circuit

is 200Q2 then calculate the inductance of the circuit.

R 1 R
csp=—-= =7 = Z=2R=\R +X; =2R=X, =3 R
3R 3 x200 243
(DL:\/?R:L:\/_ _¥3x200 243,
® 1007 T

A circuit consisting of an inductance and a resistance joined to a 200 volt supply (A.C.). It draws a current
of 10 ampere. If the power used in the circuit is 1500 watt. Calculate the wattless current.
Apparent power = 200 x 10 = 2000 W

True power 1500

3
..Power factor cos ¢= =7

Apparent power 2000

2
3) 1047
Wattless current = 1__sin ¢ = 10 4|1 _(Z] = TA

A coil has a power factor of 0.866 at 60 Hz. What will be power factor at 180 Hz.
Given that cos ¢ = 0.866, ® = 2nf = 21 X 60 = 120% rad/s, ® = 2nf” = 21 x 180 = 360n rad/s
Now, cos ¢ =R/Z = R=Zcos ¢ =0.866 Z

0.57Z 0.57
But Z= \R* + (L} = oL = 72 _R?2 = N2 -(0.866 zy =052 .. L= T = 20x

When the frequency is changed to @’ = 21 x 180 = 3 x 1207 = 300 rad/s, then
inductive reactance ® L=3 oL =3 x 05 Z=1.5

- New impedance Z’ = R+ (@'L}] = /0.866 Z} +(1.5 Z} =Z [[0.866} +(1.57] = 1.732Z

R : V4
_ 0866 Z _

.. New power factor = — = —
P VA 1.732 Z
Coil

In a direct current circuit, current is reduced with the help of a resistance. .
tube light rod

Hence there is a loss of electrical energy I? R per sec in the form of
heat in the resistance. But in an AC circuit the current can be reduced
by choke coil which involves very small amount of loss of energy.

starter

Choke coil is a copper coil wound over a soft iron laminated core.
This coil is put in series with the circuit in which current is to be N N

reduced. It also known as ballast. choke coil

Circuit with a choke coil is a series L-R circuit. If resistance of choke coil = r (very small)

The current in the circuit [ = E with 7 = ‘/a{ + r)2 + ((,JL)2 So due to large inductance L of the coil, the
Z

current in the circuit is decreased appreciably. However, due to small resistance of the coil 1,

T T T
g — cosp=—=——=~——0
The power loss in the choke P =V _ 1 cos¢p—0 » ¢ 7 ,71_2 o’ oL
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- ( ETOOS KEY POINTS ) \
@) Choke coil is a high inductance and negligible resistance coil.
(ii) Choke coil is used to control current in A.C. circuit at negligible power loss
(iii) Choke coil used only in A.C. and not in D.C. circuit
(@iv) Choke coil is based on the principle of wattless current.
) Iron cored choke coil is used generally at low frequency and air cored at high frequency.
L (vi) Resistance of ideal choke coil is zero y
Ex. A choke coil and a resistance are connected in series in an a.c circuit and a potential of 130 volt is applied to
the circuit. If the potential across the resistance is 50 V. What would be the potential difference across the choke
coil.
Sol. V= Jv2+Vv: = V, =V = V2 =130y —(50} =120V
Ex. An electric lamp which runs at 80V DC consumes 10 A current. The lamp is connected to
100 V — 50 Hz ac source compute the inductance of the choke required.
Sol. Resistance of lamp R = v - 80 =80
I 10
Let Z be the impedance which would maintain a current of 10 A through the Lamp when it is run on
V. 100
100 Volta.c. then.Z = T = W =10Q but Z= \R? + (@LY
6
= (oL =7*-R?>=(10> - (8)*=36=>wL=6 = L=—= =0.02H
o 2mtx50
Ex. Calculate the resistance or inductance required to operate a lamp (60V, 10W) from a source of (100 V, 50 Hz)
R
Sol. (a) Maximum voltage across lamp = 60V
» V A = 140 S V=40V
<
. 10 1
Now current througth Lamp is = Wattage _ 10 _ —A 100V, 50Hz
voltage 6 6
1
But V.=IR = 40= g(R) = R=2400 L
) Now in this case (Vme)2 +(V) = (V)
)
(60)* + (V,)*=(100)* = V, =80 V &
100V, 50Hz

1
Also V,=IX, = =X, 50 X, =80x6=480 Q=L (2nf) = L=15H

A capacitor of suitable capacitance replace a choke coil in an AC circuit, the average power consumed in a capacitor
is also zero. Hence, like a choke coil, a capacitor can reduce current in AC circuit without power dissipation.

Cost of capacitor is much more than the cost of inductance of same reactance that's why choke coil is used.
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Ex. A choke coil of resistance R and inductance L is connected in series with a

L, R C
capacitor C and complete combination is connected to a.c. voltage, Circuit
resonates when angular frequency of supply is ® = .
(a) Find out relation betwen o, L and C
(b) What is phase difference between V and I at resonance, o\

is it changes when resistance of choke coil is zero. V=V, gpgRvolt)

1 1
Sol. a At resonance condition X, =X = oL = = 0= T
@ Xe=als e = 0 g
R R )
o) » cos = Z R" 1 .. ¢=0° No,ltisalways zero.

LC Oscillation
The oscillation of energy between capacitor (electric field energy) and inductor (magnetic field energy) is called
LC Oscillation.

Undamped Oscillation

When the circuit has no resistance, the energy taken once from the source and given to capacitor keeps on oscillating
between C and L then the oscillation produced will be of constant amplitude. These are called undamped oscillation.

A
|

L & ANVAN
L B, YWY

After switch is closed

Q _di Q .dQ &Q 1
—+L—=0 —+L =0 +—Q=0
ctta 0 =¢ctte == @ "1

’x
By comparing with standard equation of free oscillation [dtz +0'x=0

1 1
2 . .
®” =—— Frequency of oscillation f=

LC 2mLC
Charge varies sinusoidally with time q = q_ cos wt

: e : dq n
current also varies periodically with t 1= o q,, ® cos (ot + 5)

- . . . o 14,

If initial charge on capacitor is q_ then electrical energy strored in capacitor is U, = >C

At t = 0 switch is closed, capacitor is starts to discharge.

As the capacitor is fully discharged, the total electrical energy is stored in the inductor in the form of magnetic

energy.
1 &
U, = ELIm where I = max. current
1q, 1.,
Upadere = Wodype = e ELIm
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Damped Oscillation

Practically, a circuit can not be entirely resistanceless, so some part of energy is lost in resistance and amplitude
of oscillation goes on decreasing. These are called damped oscillation.
R

L
C
. | |
I N
.
Angular fr F oscillation © = (|-~ X A%
illation ® = |——-—
ngular frequency of osc o TE &
1 [1 R /Y:7 """"""" =
frequency of oscillation f= —,|—-— | | [\ s
2 VLC 417 \/ ________ \‘/ ’
2
illation to b Lif —— >0
oscillation to be real if -~ =73
RZ
H fi ilation to b |l —>—~+
ence for oscilation to be real == > -5
((ETOOS KEY POINTS )
a \ J )
@) In damped oscillation amplitude of oscillation decreases exponentially with time.
T 3T 5T . .
(i) At t = —,T,T ..... energy stored is completely magnetic.
T 3T 5T
(iii) Att= g,?,? ..... energy is shared equally between L and C
. ] . T [when charge is maximum, current mini
(@iv) Phase difference between charge and current is 5 when charge is minimum,current maximum
. J
Ex. An LC circuit contains a 20mH inductor and a SOuF capacitor with an initial charge of 10mC. The resistance of the
circuit is negligible. Let the instant the circuit is closed to be t = 0.
)] What is the total energy stored initially.
o) What is the natural frequency of the circuit.
(c) At what time is the energy stored is completely magnetic.
()] At what times is the total energy shared equally between inductor and the capacitor.
1 g "1 0 DS
1. = ———= R e — 1.
Sol. @ U= o=  50x10°0 ¥
1 1
) ®= = =10%rad/sec = =159 Hz
VLC {20 %107 x50 %10
(c) > q = q, cos ot
Energy stored is completely magnetic (i.e. electrical energy is zero, q = 0)
¢ T 3T 5T . 1 63
at B S S U = — =0.0ms
a 14 2 where T :
()] Energy is shared equally between L and C when charge on capacitor become qT;
T T .
So, at t= g,%,% ...... energy is shared equally between L and C
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e Etoos Tips & Formulas e

T

fuae
Average value I, =% =¥J‘Idt RMS value I =
[
0
. . . _ 2Vo _ Vo
For sinusoidal voltage V =V sin wt : V, = & Vis = E
For sinusoidal 1=1,si =2 g1, =
= + . = ms = —
or sinusoidal current o sin(ot + ) : Ly = NG
AC Circuits
I R

m‘
' 1
V=, sinot \/ — >V
S

v =v, sinot \\/ ; v
S

1= VOwCsin(thrg)

Impendance : Z= {/R?+X* where X = reactance
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() Parallel LCR circuit : In this case
L
090000000
||
C
ANV
R
R
&~
V =YV, sint ot
¢ d [dd) 1 do ¢ 1 d¢
= = —+—C|— |[+—— —+——+—¢=—"sinot
=l b= 1% Rdt ~ df  RCde LC¢ ZC
Displacement (x) = Flux linkage (¢)
. (dx d(l))
Vel — Volt
eoc1ty(dtj = 0 age[dt
Mass (m) = Capacitance (C)
Spring constant (k) = Reciprocal Industance (1/L)
Damping coefficient (b) < Reciprocal resistance (1/R)
Driving force (F) = Current (1)

Z
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