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ALTERNATING CURRENT 1
Alternating current: (AC) “An electric current, magnitude of which changes with time & polarity reverse periodically

is called alternating currents” (The same is true for alternating emf)
- A direct current is that cu‘{'rent which flows with a constant magnitude in the same direction, as shown in Fig.

Direct current

Alternating current

[Alternating and direct currents]
It is represented by sinusoidal wave
I=lpSinwt YA
I=lgCoswt

Where lp = Peak or maximum value of current (amplitude of a c)
I = Instantaneous value of current (mag. of current at any instant of time t)

= Angular frequency of ac, w = 2n v
Where T = Time period of ac it is equal to the time taken by the ac to go through
one complete cycle of variation i.e., zero to max; max to zero,
zero to max. (Opposite direction) & finally max to zero.

-lo Y’
= The no. of cycle complete by ac in one second is known as frequency of a c.
= When a coil is rotated in a magnetic field, an alternating emf is induced in the coil. At any instant, the emf is.
or| E=EoSin w t E = instantaneous value of emf

E=EoCoswt Eo= Peak value of emf.
w t = phase of alt. emf

Explanation: We know that when a coil is rotated in a magnetic field, an alternating emf is induced in it, which is given by the
relation:
E = Eo sin ot
Suppose this emf is applied to a circuit of resistance R. Then by ohm’s law, the current in the circuit will be
| =E = Epsin ot
R R
or I =losin @t , Thus the current in the circuit varies sinusoidally with time and is called alternating current. Here
| = instantaneous value of a.c. and is called current amplitude.
| 0 = Eo = Peak or maximum value of a.c. and is called current amplitude.

O Phase of alternating emf (or current) :- “Phase of alt. emf or current may be defined as the fraction of the
time period that has elapsed, since the emf (or current) last passed its zero value in positive direction”.

O If ‘R’be the resistance of the circuit, then E/R = Eo/R Sin w t
I=lbSinwt

O In fact, in the ac circuits, two additional circuit elements are used, there are inductor (L) and capacitor (C) i.e.,
current & Voltage in ac circuits are controlled by three circuit element L, C and R.
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O - V=IR(WhenR controls I)

|

m] V = L dI/dt (Voltage across a pure inductor) Y |
o I=CdV/dt [~ 1=dg/dtorqg=CV]
Rate of change of potential |

O Inductor affects the voltage only when current | changes with time.  ac /\
O Capacitor affects the current only when V changes with time. Cosine function _

V and | is time dependents in case of L and C. |
V and | is independent in case of R. Y’ t—>

O TRANSIENT CURRENTS:- When the electric circuit contains an inductor or a capacitor or both, the growth and decay of
currents are opposed by emf induced (however, CIRCUIT containing resistance only achieve growth & decay of element of around
in almost zero time). Therefore, electric current takes some time (finite) to reach it max. value (when switched on) and zero
value (when switched off) Thus.

“Electric current which vary for a small finite time while growing from zero to maximum value of while decreasing from maximum
value to zero value are called transient current”.

O Amplitude : 7he maximum value attained by an alternating cuveent in either divection is called its amplitude or peak value
and is denoted by lo.
O Time Period: 77he time taken by an alternating current to complete one cycle of its variations is called its time period and
is denoted by T. This time is equal to the time taken by the coil to complete one rotation in the magnetic field.
As angular velocity of the coil is @ and its angular displacement in one complete cycle is 27, so

Time period:= Angular displacement in a complete cycle or, @
Angular velocity

O FREQUENCY: The number of cycles completed per second by an alternating current is called its frequency and is denoted
by f. The frequency of an alternating current is same as the frequency of rotation of the coil in the magnetic field. Thus

So an alternating current be representedas | =losin wt=losin2n vt =1losin 2w t
T

O VARIATION of alternating current with time. It rises from 0 to maximum in one direction, then falls to zero and then rises from 0 to
maximum in the opposite direction and again falls to zero, thus completing one full cycle.
@®The alternating current supplied to our houses has a frequency of 50 Hz.

¥ As the alternating current is positive in one half cycle and equally negative in the other half cycle, so its mean
value over a complete cycle is zero.
PROOF: The average value of alternating current over one complete cycle is zero.
Average value of a.c. over one complete cycle: The alternating current at any instant t is given by
| =lo sin ot
Assuming the current remains constant for a small time dt, then
the amount of charge that flows through the circuit in small time dt will be dq = Idt = lo sin ot. dt
The total charge that flows the circuit in ine complete cycle of a.c.,

T
q=qu=f|osin ot dt
0

= lo(=cost)T = —_lo [cosZ_nt]T
[0 0 2n /T T 0

(C_B:S EPhysics, ALE P o

IT-JEE | NEET | CB:
STUDY CIRCLE

ACCENTS EDUCATIONAL PROMOTERS




A\ IE I: Altelr n.a ltIL]Dl(Q
STUDY CIRCLE ( I e

ACCENTS EDUCATIONAL PROMOTERS

= —loT[cos2m—cos0]=—10T[1-1]=

27 27
[ The average value of a.c. over one complete cycle of a.c.,
lav=q=0
T
[ Thus, the average value of a.c. over a complete cycle of of a.c.,
lav=q=0
T 00000 Thus the average value of a.c. over a complete cycle of of a.c. is zevo.

. Ordinary moving coil galvanometer used for d.c. cannot be used to measure an alternating current even if its
frequency is low. Explanation: Ordinary moving coil galvanometer cannot be used to measure a.c. Ordinary moving
coil galvanometer is based on magnetic effect of current which , in turn, depends on direction of current. So it cannot
be used to measure a.c. During one

half cycle of a.c., its pointer moves in one direction and during next half cycle, it will move in the opposite direction.
Now the average value of a.c. over a complete cycle is zero. Even if we measure an alternating current of low
frequency, the pointer, will appear to be stationary at the zero-position due to persistence of vision.

We can measure a.c. by using a hot-wire ammeter which is based on heating effect of current and this effect is
independent of the direction of current.

To measure a.c., we have to define the mean value of a.c. over half a cycle or its root mean square value.

oo. MEAN OR AVEARAGE VALUE OF A.C. 3
Average value of a.c.: Jt is defined as that value of divect curvent which sends the same chavge in a civcuit in the
same time as is sent by the given alternating curvent in its half time peviod.

@It is denoted by - lay, Imorly

OO0 RELATION BETWEEN AVERAGE VALUE AND PEAK VALUE OF A.C.: I =1losin ot
This current can be assumed to remain constant for a small time dt. Then the amount of charge that flows through
the circuit insmall time dt is given by
dg=1.dt=losin ot. dt
The total charge that flows through the circuit, say in the first half cycle, i.e., fromt =0 to t = T/2 is given by

T/2 T/2 T/2
q=qu=flosin(otdt=lo[—cosmt]
0 0 ® 0
= — 1o [cosZ_nt]T/2
2n /T T 0
= — |oT [cos - cos 0] ['.'co=2_n]
27 T
= —bT[-1-1]=
27 T

X The average value of a.c. over the first half cycle is
m] [aw=charge= _q =29=2.10T=210=0.637o
Time T/2 T T = T
Thus, the mean or average value of an alternating current is 2/7 or 0.637 times its peak value. The similar relation
can be proved for the alternating emf, which is
a Eav =LEO = 0.637 Eo

T
OOROOT MEAN SQUARE (RMS) OR VIRTUAL OR EFFECTIVE VALUE OF A.C.

Jt is defined as that value of a divect curvent which produces the same heating effect in a given vesistor as is
produced by the given alternating current when passed for the same time.
@It is denoted by lrms, Iv or by lefr.

®Relation between the effective and peak value of a.c.: Suppose an alternating current | = lo sin @t be passed through a
circuit of resistance R. Then the amount of heat produced in small time dt will be
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If tis the time period of a.c., then heat produced in one complete cycle will be

T
H=[12Rdt
0
Let letf be the effective value of a.c. Then heat produced in time T must be
= lef® RT
T T
le® RT=J2Rdt or PPer=1]12dt
T 0 T 0

But 1/T [I12dt is the mean of the squares of the instantaneous values of a.c. over one complete cycle, hence the effective or
0

virtual or virtual value of a.c. equals its root mean square value, i.e.,

-
leff = lrms = l.[ |2 dt
To
T T T T T
Now [Rdt=Jl?sin?wtdt=12J1—cos2otdt = = Ig? rJ\ldt-J\COSZ(ut
0 0 0 2 2
ﬁ[—sianﬁT [ " Cos2wt=Sin2 wt ]
2 20 ®
=12 ((T-0) - sindmt| T [© Sin4w =Sin0 =0 ]
2 [ 20) T o ]
= 12[T-0]=1’T
2 2
leff or lrms = 1. |02_T
T 2
or leff or  Ims= \/L lo=0.707 lo Thus the effective or rms value of an a.c. is\% time its peak value.
2 2

OROOT MEAN SQUARE (RMS) Of AN ALTERNATING EMF

Jt is defined as that value of a steady voltage that produces the same amount of heat in a given resistance as is produced

by the given alternating emf when applied to the same vesistance for the same time.

@1t is also called virtual or effective value of the alternating emf. It is denoted by Erms or Eest orE..

@ Relation between the rms value and the peak value of an alternating emf: Suppose an alternating
emf € applied to a resistance R is given by
E = Eosin ot
Heat produced in a small time dt will be
dH=E2dt=_E¢® sin? ot dt
R R
Let T be the time period of the alternating emf. Then heat produced in time T will be

T
H=JdH=]_Eo® sin?otdt
° R
T T
=Eo® | (1-cos2mt)dt=Ed? (t-sin2 ot
R o 2 2R 20 Jo
sin4mt

Eo? ((T-0)-_1_
2R 20 T
Eq? [T—Lsin (4Tt—sin0)]

2R 20
or H=E?[T-0]=
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If Erms is the root mean square value of the alternating emf, then the amount of heat produced by it in the same resistance R in

the time T will be H=E%msT

R
From the above two equations, we get
Ezrms T= EOZ_T
R 2R
ﬂ Erms == & =0.707 80
V2

Conceptudl HiPS.ceeiiiiiiiiiieiiiieiieiieaees

4]

The alternating current and voltages are generally measured and specified in terms of their rms values. When we say
that the household supply is 220 a.c., we mean that its rms value is 220 V. The peak value would be
Vo=V2. Vims =V2 x 220 =311 V.

Both alternating and direct currents are measured in amperes. However, it is not possible to define a.c. ampere in
terms of forces between two parallel wires carrying a.c. currents, as the d.c. ampere is defined. This is because the
alternating current changes direction with the source frequency and so the net force would add up to zero. To
overcome this problem, we define a.c. ampere in terms of Joule heating (H = 1 Rt) which is independent of the
direction of current. Hence the rms value of alternating current in the circuit is one ampere of the current that
produces the same average heating effect as one ampere of direct current would produce under the same conditions.

Alternating currents and voltages are measured by a.c. ammeter and a.c. voltmeter respectively. As the working of
these instruments is based on the heating effect of current, so they are called hot-wire instruments.

Examples based on Induced EMF in a Rotating Coil

*

Q. 1.

Sol.

Sol.

Q. 3.

Sol.

FORMULA USED
1. Instantaneous value of a.c., | = lo sin ot,
2. Average or mean value of a.c. over half cycle,

lav=210=0.637 lo

T

3. Effective or rms or virtual value of a.c.,

leffor Imsorlv=1 1lo=0.707 lo

V2

4. For alternating voltages, we have

E =Esin ot, Eav=0.637 EO, Erms = L Eo

V2

UNITS USED : Current|, lo and lmms are in ampere, voltages E, Eo and Ems are in volt.

The electric mains in a house are marked 220 V, 50 Hz. Write down the equation for instantaneous voltage.
Here Erms =220V, f =50 Hz
Instantaneous voltage is given by

E = Eo sin ot = V2 Erms sin 27 f t= 1.414 x 220 sin (2 x 3.14 x 50 t) = 311 sin 314 t volt.

An electric bulb operates 12 V d.c. If this bulb is connected to an a.c. source and gives normal brightness, what would be the
peak value of the source?
For normal brightness of the bulb, Ems=12 V. Eo=12V =1.414x12=17V

The peak value of an alternating voltage applied to a 50 Qresistance is 10 V. Find the rms current. If the voltage frequency is
100 Hz, write the equation for the instantaneous current.
HereR=50Q, Eo=10V, f=100 Hz
lo=Eo=10=1A =200 mA
R 50 5
lrms = 0.707 lo = 0.707 x 200 = 141.4 mA. The instantaneous current is given by , | =losin 27 ft = 200 sin 200 w t mA.

(BSE Physics, AL P e
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Q. 4. Calculate the rms value of the alternating current shown in Fig.
| A

Sol. lims = 112 + 1% + 132
3
2A = [22+(=2)>+2%=2A
'\] 3

0 >
t
-2A
Q. 5. The electric current in a circuit is given by I = io (t/7) for some time. Calculate the rms current for the periodt=0tot = 7.
Sol. The mean square current for the rms current for the period t =0 to t = tis given by
T
T2= 1 [ i?[1)? dt
w
T T
= i | t2dt= ﬁ[% =2 . 1 o= i
0 ©(3Jo 1 3 3
irms = Vi = [l = _io_
3 43

Q. 6. If the effective value of current in 50 Hz a.c. circuit is 5.0 A, what is (i) the peak value of current (ii) the mean value of current
over half a cycle and (iii) the value of current 1/300 s after it was zero?
Sol. Here lett =5 A, f=50Hz
(i) lo=v2 left=v2 x 5= 7.07 A. (i) In=2l0=0.637 x 7.07 = 4.5 A.
T
(iii) At t=1/300s,
I=losin2mft=7.07sin (2rx50x _1 )
[ 300]
=7.07sint=7.07xV3=6.12 A
3 2
Q.7. The instantaneous value of an alternating voltage in volts is given by the expression & = 140 sin 300 t, where t is in second.
What is (i) peak value of the voltage, (ii) it rms value and (iii) frequency of the supply? Take =3, v2 = 1.4.
Sol. Comparing the equation: €:=140sin 300 t
with the standard equation: E = Eo sin ot, we get
(i) Peak voltage, Eo = 140 V.
(i) rms value of voltage, Erms = Eg = 140 = 100 V
V2 14
(iii) Angular frequency, ® = 300 Frequency,f= ® = 300 =50Hz
2t 2x3
Q. 8. Aresistance of 40 Qis connected to an a.c. source of 220 V, 50 Hz. Find (i) the rms current (ii) the maximum instantaneous
current in the resistor and (iii) the time taken by the current to change from its maximum value to the rms value.

Sol. (i) Ems=220V,R=40Q (ii) Maximum instantaneous current,
: lems = Erms = 220 = 5.5 A. lo=V2 lms = 1.414 x 5.5 = 7.8 A.
R 40
(iii) Let the alternating current be given by
I =losin wt,

Let the a.c. take its maximum and rms values at instants t1 and t2 respectively. Then lo =lo sin ota,
Which implies oti =7 and Irms = lo = lo = lo sin otz

2 V2
Which implies ot =+ 1t

2 4

b-ti=_m = T
4o 4 x2nf = b1y = 1 s=25ms

(BSE Physics, 4x2m x50 400 ALEP e
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ooPHASORS AND PHASOR DIAGRAMS

A rotating vector that represents a sinusoidally varying quantity is called a phasor.
% This vector is imagined to rotate with angular velocity equal to the angular frequency of that quantity.

% Its length represents the amplitude of the quantity and its projection upon a fixed axis gives the instantaneous value of the quantity.
¥ The phase angle between two quantities is shown as the phase angle between their phasors.
% The study of a.c. circuits is greatly simplified if we treat alternating currents and voltages as phasors.

A diagram that represents alternating current and voltage of the same frequency as rotating vectors (phasors) along
with proper phase angle between them is called a phasor diagram.
Suppose the alternating emf and current in a circuit are given by
E = Eo Sin wt and I =losin (ot +¢.)
where [1is the phase angle between E and |.

Representation: To represent these quantities as phasors, we draw circles of radii €0 and lo as shown in Fig.
Let ZAOX = ot
and £BOX = wt+ ¢.

then vector ﬁ represents phasor?of magnitude Eo and vector% represents phasoﬁof magnitude lo, both rotating with
the same angular velocity o in the anticlockwise direction. The projection OM (= E) of OA on the vertical axis represents the instan-
taneous value of the alternating emf. the projection ON (=1) ofa on the vertical axis represents the instantaneous value of the alter-
nating current. The angle ¢ = ZAOB represents the phase angle between the phasors% and? In the present case, the current leads the
emf by phase angle ¢. If the current lags behind the emf,

I =losin (ot — ¢)
Al
- -
/ -
- N
/ I/, M
/ P
] 1
]
X | l‘ S X
v
\
\\ \\\ [A phasor diagram for an alternating emf and current]
N el
~
~ —
For Your Knowledge.......coconeenaa....... ) (P
] Through in phasor diagram, we represent alternating current and voltage as rotating vectors, these quantities

are not really vectors themselves. These are scalar quantities. In fact, the amplitudes and phases of the harmonically
varying scalars combine mathematically in the same way as do the projections of rotating vectors of corresponding
magnitudes and directions. Thus, the representation of the harmonically varying quantities as rotating vectors enables
us to use the laws of vector addition for adding these quantities.

| In an a.c. circuit, the current may lag behind or lead the voltage, depending the type of the circuit through which the
current flows. This concept is analogous to two cars running at the same speed, with one following the other at a
distance. More appropriately, it is like two pendulums of the same frequency which start their motions at different
instants of time.
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ElfA.C. CIRCUIT CONTAINING ONLY A RESISTOR 7

¥ The voltage and current always vary in the same phase in an a.c. civcuit containing resistance only.
suppose a resistor of resistance R is connected to a source of alternating emf E given by

E =Eosin ot .. (1)
Such a circuit is known as a purely resistive circuit.
R

—— AN

[A.C. through a resistor]

7

&)
Eo sin ot
If | be the current in the circuit at instant t, then the potential drop across R will be IR. According to Kirchhoff’s loop rule,

Instantaneous emf of the source = Instantaneous p.d. across R

or Eo sin ot = IR
or | = Eosin ot
R
or | =losin mt .. (2)

where lo = Eo = the maximum or peak value of a.c.
R
Comparing lo = Eo / R with ohm’s law equation, i.e., current = voltage / resistance, (resistance to a.c. is represented
by R-which is the value of resistance to d.c.)

O Hence, behaviour of R in d.c. and a.c. circuits is the same. R can reduce a.c. as well as d.c. equally effectively.

From equation (1) and (2), we note that both E and | are functions of sin ot. Hence the emf E and current | are in same phase in a
purely resistive circuit.
O This means that both E and | attain their zero, minimum and maximum values at the same respective times.
@®This phase relationship is shown graphically in Fig. (a).

g | Y
4 €osin ot
L &o
S|/ | - -loSin@t- - - - A6
IO J /_’j— \‘\
ok l A l wE >
w2 N3/ ot ot X
O
(a) (b)
[(a) Graph of Eand | versus ot and (b) Phasor diagrajm, for a resistive a.c. circuit.]

. Both the phasors E and | are in the same direction, making same angle ot with x - axis.

.The phase angle between E and | is zero.

O Though voltage and current in an a.c. circuit are represented by phasors i.e. rotating vectors, they are not
vectors themselves they are scalar quantities.

M The vector diagram [(ii) & (iii)] representing phase relationship between alternating current and alternating e.m.f. In this diagram peak
values of alternating current (lo) and alternating e.m.f. (Eo) are represented by arrows called phasors, rotating in the anticlock wise
direction.

M The length of the arrow represents the maximum value of the quantity.

M The projection of the arrow on any axis represents the instantaneous value of the quantity. In the sine form, projection is
taken on the vertical axis and in the cosine form; projection is taken on the horizontal axis.
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>
B The phase difference between the two alternating quantities is represented by the angle between the two vectors_I:?n & lo.
é é In the a.c. circuit containing R only, current and voltage are in the same phase. Therefore, both phasors lo, Eo are

in the same direction making and angle (wt) with OX. This is so for all times. Their projections on YOY' represent the
instantaneous values of alternating current and voltage i.e.

I=hhsinwt & E = Eo sin wt.
Bl A.C. CIRCUIT CONTAINING ONLY AN INDUCTOR

B. A sinusoidal emf is applied to a circuit containing an inductor only. The current lags behind the voltage by /2 radian.

An inductor of inductance L connected to a source of alternating emf € given by E= Eo sin ot .. (1)
We assume that the inductor has negligible resistance. Thus the circuit is purely inductive a.c. circuit.
L

[A.C. through an inductor]

()
N
Eo sin ot
Let a source of alternating e.m.f. be connected to a circuit containing a pure inductance L only. Suppose the alternating e.m.f.
supplied is represented by E=zEosinwt (i)

If dI/dt is the rate of change of current through L at any instant, then induced e.m.f. in the inductor at the same instant is

= -dl/dt. The negative sign indicates that induced e.m.f. opposes the change of current.

-------- To maintain the flow of current, the applied voltage must be equal and opposite to the induced voltage.

| L

ie. E=- L dI]=Eosinwt PR
dt - . —
or dl= Eosinwtdt
T
Integration both sides, we get
I'= _Eo [sinwtdt

= Eo -coswt}= -Eo cos wt
L w wlL

&%wt} . @ .

or I= Eo sin(wt-m/2) = e (ii)
Tl
-------------- The current will be maximum i.e. | = lo, when sin (wt — rt/2) = maximum = 1
From (ii), lo= Eo x 1
[T — (iif)
putting in (i), we get I=1lo sin (@t —1/2) =-memmememme- [iv]

Comparing (i) & (iv), we find that in an a.c. circuit containing L only, current I lags behind the voltage E by a phase angle of 90°.

- . The veg‘)r diagram [(ii) & (iii)] represents the vector diagram or the phasor diagram of a.c. circuit containing L only. The vector
representing Eo makes an angle (wt) with OX. As current lags behind the e.m.f. be 90°, therefore, phasor representing
lo is turned clock wise through 90° from direction of Eo.

(C_B:S E Physics, AE P o
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- The projection of these phasors on YOY’ give instantaneous values E and I.
Comparing (iii) with ohm’s law equation, i.e., Current = voltage/Resistance, we find that (wL) represents the effective resistance offered by
inductance L. This is called inductive reactance and is denoted by X..
Thus, Xe=wl=2nvlL
(Where v is the frequency of a.c. supply.)
- In d.c. circuits, v=0, JoXe=0
i.e., a pure inductance offers zero resistance to d.c. Further, X. a v i.e., higher the frequency of a.c., more is the inductive reactance.

- The units of inductive reactance.
Xt=wl =1 Henry

= 1 volt = Ohm. Hence XL is measured on ohm, just as resistance is measured in ohm.

Sec amp/sec

- In a circuit containing R, opposition arises on account of obstruction to the passage of electrons through
the resistor. In an inductive circuit, it is the self-induced e.m.f. that opposes the growth of current.

L Y
Voltage === EFPFF=—-—-—————
Current power E w EO
p,vandi 177
41115 ! o}
o Veu O X
rlr wt
) - - T T = L - -
® | lo
YI
(i) (ii) (iii)
A *\0_) VAT
A
oé -~
e Vi
g
> ot n et
o 1S - A
£ K B /
£ i

lEpranation:

IN an inductive a.c. circuit, the voltage is ahead of the current in phase by 90° or the current lags behind the
voltage in phase by 90°. This means that the voltage E attains its maximum value (Eo) a quarter of cycle (time T/4) earlier
than the current |, or the current attains its peak value (lo) a quarter of cycle later than the voltage €.
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l Inductive reactance: Comparing equation lo = Eo/oL with the ohmic relation lo = Eo/R, we find that @L plays the same
role here as the resistance R in resistive case. It is a measure of the effective resistance or opposition offered by the inductor to the flow of
a.c. through it. Such a non-resistive opposition to the flow of current is called reactance. In this case, it is called inductive reactance and is
denoted by X..
Xi=wL=2nvlL

where f is the frequency of a.c. supply. The Sl unit of inductive reactance is ohm (Q).

For a.c., XLocv

Ford.c., v=0, so Xt=0

Thus, an inductor allows d.c. flow through it easily but opposes the flow of a.c. through it. Obviously,
Ims=lo= __ Eo =Ems=Erms
V2 ®lLv2 ol X
Variation of XL with frequency: As X. « v, so the graph of X. versus v is a straight line with a positive slope. As f increases, X also increases.

1

[Graph of X. versus f]

—
0 v

Bl A.C. CIRCUIT CONTAINING ONLY A CAPACITOR
Effects of a capacitor in a d.c. circuit: A capacitor of capacitance C connected to a battery through a tapping key K.

As the circuit is closed, electrons start flowing from the plate A to the positive terminal of the battery and from the
negative terminal to the plate B of a capacitor. The plates A and B start acquiring positive and negative charges respectively.
The capacitor gets progressively charged until the potential difference across the plates A and B becomes equal to the p.d.
across the terminals of the battery. As soon as this happens, the charging of the capacitor stops. Thus, during the capacitor

is being charged, an electric current does flow through the rest of the circuit, as is clear from the momentary deflection in
the ammeter. The maximum charge on the capacitor plates will be go = CVo. Thus a capacitor stops a d.c.
A B

+ —
o | <
i e C e’ [A capacitor in a d.c. circuit]

(1 Ammeter

SN

v |l K -

OIf a resistance R is also included in series with the capacitor, the process of charging of the capacitor gets slowed down
and the capacitor takes longer time to get fully charged. Fig. shows the variation of charge g with time t. Clearly, the charge grows
exponentially from zero to the maximum value go. We may define the time constant of the RC-circuit as the time in
which the capacitor gets charged to 0.632 times the maximum charge qo.

qo|------------"---"-"----"-----
-=0.86501p — - _—=
--0.6320

[Variation of charge q with time t during the charging of a capacitor]

(0] RC 2RC 3RC
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Effect of capacitor in an a.c. circuit: Capacitor of capacitance C connected to a source of alternating emf. Due to the alternating

voltage of the source, the capacitor gets charged in one direction in the first half cycle, then discharged, and then charged in the opposite
direction during the second half cycle and again discharged and so on. As a result, there is a continuous, though alternating, current in the
circuit. Thus, a capacitor provides an easy path for a.c.

=

CD Ammeter

[A capacitor in an a.c. circuit]
() 7\
—

K
O Alternating emf Applied to a capacitor: -
Consider an ideal capacitor of capacitance ‘C’ connected to source of ac supply
The alternating emf applied is E = Eo Sin wt.................... (i)
Due to this applied emf, an alternating current flow in the circuit. The two plates of the capacitor become appositively charged.
Let g be the charge on the capacitor at any instant. | |

Therefore, potential difference across the capacitor, V. = q/C I I
But Vc=E or E=q/C C
or EoSinw t=q/C
qg=ECSinwt I;/_\/\\
Now, Instantaneous current, | = dg/dt ~—

d (EoC Sin wt),

dt
| = EoC d (Sin wt)

dt
| = wE(C (Cos wt)
I=Eo (Cos wt)
1/Cw I=Ep (SiN@t+T/2) | .o, (i)
1/Cw
= The value of | will be maximum i.e. lo, if Sin (wt + 11/2) = 1 = maximums
Therefore, lo=Eo/1/ Cw
« from (ii), =10 Sin (@t +T0/2) v, (iii)

Comparing (i) & (ii), we observe that current leads the emf by an angle n/2 in a purely capacitive circuit.

0 Phase relationship between € and I. On comparing equations (1) and (2), we find that in a capacitive a.c. circuit, the current leads the
voltage or the voltage lags behind the current in phase by ©t/2 radian. The phase relationship between € and | is shown graphically in Fig.
(a). We see that the current reaches its maximum value earlier than the voltage by one-fourth of a period.

g 1A Y
€ A
Sob----5 Elomm g &o
lo {-.
\\ loww=—"""- |
0 S —f2 /2
\\\ ot
~ X’ [e) X

(a) (b)

(a) Graph of € and | versus @t and (b) phasor diagram, for a capacitance a.c. circuit]
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[ Vo = Vasin(et) |

-

| Igy = Imsin(et + 90°) I

B(ot)

Fig. (b) shows the phasor diagram for a capacitive a.c. circuit. The phasor € makes an angle ot with X-axis in anticlockwise
direction. As the current leads the emf in phase by 1/2 rad, so the current phasor | makes an angle nt/2 rad with phasor E in
anticlockwise direction.

O Capacitive reactance: Comparing the relation,
lo=__Eo
1/®C
with the ohmic relation lo = Eo, we find that the factor 1 is the effective resistance or opposition offered by the capacitor to
the flow of a.c. through it. It is called capacitive reactance and is denoted by Xc. Thus
Xe= 1 =_1
oC 2nvC
The Sl unit of capacitive reactance is ohm (Q).

OFfora.c,, Xcec 1
v
Oford.c,v=0 = Xc =

Thus, a capacitor allows a.c. to flow through it easily but offers infinite resistance to the flow of d.c.,
0 i.e., a capacitor block d.c. Obviously,
lms= lo_= Eo = Erms =Ems
V2 1/»C.v2 1/0wC Xc
Variation of capacitive reactance with frequency: Capacitive reactance,
Xe= 1 =_1
oC 2nvC

i.e., Xcocl

v |
Thus the capacitive reactance varies inversely with the frequency.
As f increases, Xc decreases. Fig. shows the variation of Xc Xc

with v. [Graph of Xc versus f]
r—>

O Capacitative Reactance (Xc =1/ Cw)
“The capacitative reactance is the effective resistance offered by a capacitor to the flow of current in the circuit.
Xc=1/Cw =1/C 2nv
I:I For DC v (frequency) = 0, Therefore, Xc =«
Capacitance offers infinite resistance to the flow of dc so dc cannot pass through a capacitor.
O For AC v = finite, Therefore, Xc = 1/finite value = smaller value.
Capacitor offers small opposition to the flow of ac can pass through a capacitor easily.
Unit = Xc = 1/ Cw = 1/farad x sec = sec/ C/V = Sec x volt / amp x sec = ohm.
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Numerical Examples based on (i) Inductive reactance (ii) Capacitive reactance
L g FORMULA USED
1. For an a.c. circuit containing inductor only,
(i) Inductive reactance, XL = oL = 2nvL
(i) Current amplitude, lo = €0 = &
XL ol
(iii) Effective current, lrms = Ems = Ems = __ o
X ol V2. ol
2. For an a.c. circuit containing capacitor only,

(i) Capacitive reactance, Xc=_1 =_ 1
oC 2nvcC
(i) Current amplitude, lo=Eo=_ &o
Xc 1/wC
(iii) Effective current, lrms = Erms = Ems = &o
Xc 1/oC V2.1/oC
g UNITS USED

Inductance L is in Henry, capacitance Cin farad, reactances XL and Xc in ohm, currents lo and Irms in ampere and voltages €o
and Ems in volt.
Q.1. A 100H:za.c. is flowing in a 14 mH coil. Find its reactance.
Sol. Here v=100Hz, L=14 mH=14x 103 H
Reactance, X.=2nvL =2x22/7x100x14x103=8.8Q
Q. 2.  Apureinductor of 25.0 mH is connected to a source of 220 V. Find the inductive reactance and rms current in the circuit if the
frequency of the source is 50 Hz.
Sol. Here, L=25.0 mH=25.0 x 103 H, Ems =220V, ¥ =50 Hz
Xe=2nvL=2x3.14x50x25.0x103=7.85Q
lrms = Erms = _220 =28.03 A
Xt 7.85
Q. 3. Find the maximum value of current when an inductance of one henry is connected to an a.c. source of an inductance of one
henry is connected to an a.c. source of 200 volts, 50 Hz.
Sol. Here L=1H, Eerf =200V, =50 Hz
Maximum current, lo=Eo=V2 x Eett = V2 x 200 =09A
XL 2nvl 2x3.14x50x%x1
Q.4. Acoil has an inductance of 1 H. (i) At what frequency will it have a reactance of 3142 Q? (ii) What should be the capacity of a
capacity which has the same reactance at that frequency?
Sol. (i)Here L=1H,X.=3142Q
Frequency, v=_X. = 3142 =500 Hz [“Xe=2mvL]
2l 2x3.142x1

(i) Xce=XL=3142 Q
But Xc = 1
2nvC
C=_1 = 1 = 0.11x 10°F=0.11 uF
2TV Xe 2x3.142 %500 x 3142
Q. 5. An a.c. circuit consists of only an inductor of inductance 2 H. If the current is represented by a sine wave of amplitude 0.25 A
and frequency 60 Hz, calculate the effective potential difference (Ves) across the inductor. (7= 3.14)
Sol. Here L=2H,10=0.25A,f=60Hz
Inductive reactance, X. = Vest
leff
Veff = Xi. leff = 2 f L. lo
V2
=2x3.14x60x2x_0.25 V=133.2V
1.414

Q. 6.  Alternating emf, € = 220 sin 100 7t t is applied to a circuit containing an inductance of 1/% H. Write an equation for
instantaneous current through the circuit. What will be the reading of an a.c. ammeter if connected in the circuit
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Sol. Alternating emf, €=220sin 100t t
Comparing with € = Eosin 2 7 ft, weget & =220V, f=50Hz
Current amplitude, lo=&Eo=_&p = 220 =2.2A

oL 2xfL 2nx50x1/=%
Since the current in an inductive circuit lag behind the emf in phase by /2 radian, therefore, instantaneous current through
the circuit is I = lo sin (100 mtt — 7t/2) = 2.2 sin (100 ntt — 7t/2)
The a.c. ammeter will read the rms value of current, Irms =10=2.2=1.556 A
V2 V2
Q.7. Aninductor of inductance 200 mH is connected to an a.c. source of peak emf 210 V and frequency 50 Hz. Calculate the peak
current. What is the instantaneous voltage of the source when the current is at its peak value?
Sol. Here L=200mH=0.2 H, Eo =210V, f =50 Hz
Peak current, lo=_& =_& = 210 =3.3A
Xt 2nflL 2x3.14x50x0.2
As in an inductive a.c. circuit, current lags behind the emf by 71/2, so the voltage is zero when the current is at its peak value.
Q. 8. A 1.50 uF capacitor is connected to a 220 V, 50 Hz source. Find the capacitive reactance and the current (rms and peak) in the
circuit. If the frequency is doubled, what happens to the capacitive reactance and the current?
Sol. Here C=1.50puF=1.50x 10°F, Ems=220V, f=50Hz
Capacitive reactance,
Xe=_1 = 1 =212 Q
2nfC 2x3.14x50x 1.50 x 107
Irms = Ems =220 =1.04 A

Xc 212
Peak current, lo= V2 Ims=1.414 x 1.04 = 1.47 A.
The current in the circuit oscillates between + 1.47 A and — 1.47 A and is ahead of emf by 90°. Now, Xcoc 1

If frequency is doubled, the capacitive reactance is halved and consequently, the current is doubled.
Q. 9.  Acapacitor of 1 uF is connected to an a.c. source of emf £= 250 sin 100 x t. Write an equation for instantaneous current
through the circuit and give reading of a.c. ammeter connected in the circuit.
Sol. HereC=1puF=10"°F, E=250V, ® =100 w rad s%.
The instantaneous current through the circuit,
I =losin [(ot + E] = oCE&o sin [mt + g]

2 2
=2x3.14 x50 x 10° x 250 sin (100 tt + &
[
=0.0786 sin [100 Tt + g]
2 Reading of the a.c. ammeter is Irms = 0.707 lo = 0.707 x 0.0786 =~ 0.06 A.

- A.C. CIRCUIT WITH RESISTANCE AND INDUCTANCE IN SERIES
Consider a resistor R and inductance L connected in series to a source of alternating emf €
given by € = €o sin ot

Vi =Rl L VL = Xul
§ L
Vi
_
—> W&
/2 |
A series LR — circuit
(D) —— [ 1
\—~ &osin ot

Let | be the c?rent through the series circuit at any instant. Then >
¢ Voltage%n = ross the resistance R will be in phase with currena. So phasors'Vr and>l are in same direction, as shown in Fig.
The amplitude of Vr is
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$2. VoItage% = Xﬁacross the inductance L is ahead of currena in phase by 7t/2 rad. So phasor%L lies /2 rad anticlockwise w.r.t.
the phasorl. Its amplitude is , Vo' =1lo X1

where X. is the inductive reactance.

By parallelogram law of vector addition, %R +%L =%

[Phasor diagram for series LR-circuit]

X

0] (o{—(l)

Using Pythagorean theorem, we get
Eo? = (Vo) + (V') = (1oR)2 + (IoXL)2 = l1o? (RZ + Xi2)
or lo= Eo
VRZ + X2
Clearly, VR? + X/ is the effective resistance of the series LR circuit which opposes or impedes the flow of a.c. through it. It is called its
impedance and is denoted by Z. Thus
The effective opposition offered by the LR series combination to ac is called impedance (Z) of LR circuit.
Therefore, I =E/Ziiiieeee, (i)
From (i) & (i) | Z=\R*+Xi= ] R*+ oL’
@ The phase angledbetweentheresuttantvottageend current is given by
tan ¢ =_Vo' = loXi=X. = ol
Vot bR R R
@ The phasor diagram that the current lags behind the emf by phase angle ¢, so the instantaneous value of current is given by

I =losin (ot —¢)

¢ ¢ Numerical Examples based on series LR-circuit
4 FORMULA USED

1. Impedance, Z = Ems = VR + 2= VR? + 02 L2

2. Current |rms Erms

VA
3. Phase angle ¢ given by tan ¢ = XL = oL or cosp=R
R R VA
4. Instantaneous current, | = lo sin (ot — ¢)
4 UNITS USED : R, XLand Z are all in ohm, inductance L in henry and angular frequency o in rad s™.
Q. 1. When an inductor L and a resistor R in series are connected across a 12 V, 50 Hz supply, a current of 0.5 A flows in the circuit.

The current differs in phase from applied voltage by 7/3 radian. Calculate the value of R.
Sol. Here, Ems =12V, f =50 Hz, Iims = 0.5 A, ¢ = 7t/3 rad
Impedance, Z=Ems=_12 =24 Q)
Irms 0.5
Ascos =R R=Zcos$p=24cosn/3=24x%=12Q
VA
Q. 2. A bulb of resistance 10 3, connected to an inductor of inductance L, is in series with an a.c. source marked 100 V, 50 Hz. If the
phase angle between the voltage and current is 7/4 radian, calculate the value of L.
Sol. Here R=10Q, f =50 Hz, ¢ = /4 rad
Astanp=XL=2nflL
R R
L=Rtand=_10 xtan /4 =0.0318 H.
2nf 2x3.142 x50
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Q. 3.

Sol.

Sol.

Q. 5.
Sol.

Sol.

Sol.

Q. 8.

A coil of resistance 300 2 and inductance 1.0 H is connected across an alternating voltage of frequency 300/2 r Hz. Calculate
the phase difference between the voltage and current in the circuit.
HereR=300Q,L=1.0H, f=300 Hz

2n
tand=olL=2nfl=21x300x1.0=1 -~ Phase difference, ¢ = 45°
R R 2 1t x 300

A coil ‘when connected across a 10 V d.c. supply draws a current of 2 A. When it is connected across a 10 V — 50 Hz a.c. supply,
the same coil draws a current of 1 A. Explain why it draws lesser current in the second case. Hence determine the self
inductance of the coil.

The coil draws lesser current in the second case because of the reactance offered by the inductor.

Incaseofd.c,V=10V,I=2A Incase of a.c., Eerf =10V, lesr= 1 A
R=V=10=5Q Z=E€=10=10Q
I 2 leff 1
Inductive reactance,
XL =VZ2-R2=V102-52=5V3 Q or 2nfl=5V3

L=5vV3=_ 5+3 =0.0288H.
2nf 2x3 x50
An 80V, 800 W heater is to be operated on a 100 V, 50 Hz supply. Calculate the inductance of the choke required.
AsP=VI.. I1=P=800=10AandR=V=80=8Q

vV 80 I 10

As the choke is connected in series with the heater, the current should remain same for the impedance adjusted.
: leff = Vett = Veff

VRZ+ 0?12 VRZ+4m2f212
or 10= 100

V82+ 412 x 50% x 2

or 64 + 10000 72 L2 = 100
or 2= 36 or L= 6 =0.019H

10000 72

A student connects a long air core coil of manganin wire to a 100 V d.c. source and records a current of 1.5 A. When the
same coil is connected across 100 V, 50 Hz a.c. source the current reduces to 1.0 A.
(i) Give reason for this observation. (ii) Calculate the value of the reactance of the coil.
(i) For d.c. circuit, resistance
R=V=100=200=66.7Q
I 15 3
For a.c. circuit, impedance
Z=Vefi =100 =100 Q2
let 1  Asthe effective resistance of the coil is greater for a.c. than for d.c. so the current decreases in a.c. circuit.
(i) As Z = VR? + X2
Xi=VZ2-R?= 1002 - [&] 2
3
=100 V5 = 100 x 2.2361 = 74.53 Q
3 3

When 200 volts d.c. are applied across a coil, a current of 2 ampere flows through it. When 200 volts a.c. of 50 cps are
applied to the same coil, only 1.0 ampere flows. Calculate the resistance, impedance and inductance of the coil.

(i) For d.ccircuit, V=200V, 1=2A (iii) Let L be the inductance of the coil. Then
Resistance, R = VV = 200 = 100 Q ®? 12 =72 - R?=2002-1002=30,000 [~ Z=VR2+ ®?L?]
2 or ol=100V3Q
(ii) For a.c. circuit, Eeff =200V, left = 1.0 A, f = 50 Hz.| - L=100+/3=1003 = 100V3  =0.55H
[0) 2n f 2x3.14 x50

A 60 - 10 W electric lamp is to be run on 100 V - 60 Hz mains. (i) Calculate the inductance of the choke required. (ii) If a
resistor is to be used in place of choke coil to achieve the same result, calculate its value.
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Sol. Here Eef=60V,P=10W
Resistance of the lamp, R = £% = 60 x 60 = 360 O
P 10
Current through the lamp, leffi= P =10=1A
st 60 6

(i) € =100V, f =60 Hz
Required impedance, Z = E€’ef = 100 = 600 Q
lett  1/6

A Le I an €L e
( wrire ]ﬂl lt

Required impedance, Z = £’ef = 100 = 600 Q2
let  1/6
Reactance of required choke = Vz72 -
or XL =V600% - 360% =480 Q
Inductance of required choke,
L=_X. = 480
2nf  2x31.4x60
(ii) Value of resistance required in place of choke
=600-360=240Q

=1.273H

and current.
L

Q. 9. A 12 Qresistance and an inductance of 0.05/7 H are connected in series. Across the ends of the circuit is connected a 130 V
a.c. supply of 50 Hz. Calculate (i) the current in the circuit and (ii) phase difference between the current and voltage.
Sol. HereR=12Q,L=0.05H, Ems=130V, f =50 Hz. (i) Phase difference ¢ is given by
T tand=olL=2nfl=27n x50 x0.05=0.4167
Impendence of the LR-circuit R R 12xm
Z=VR?+ ®? 2= VR? + 41’2 |2 ¢ =tan"!(0.4167) = 22.6°
122 + 4m? x 2500 x 25 x 10~ Here the voltage leads the current by a phase angle of 22.6°.
TEZ
=144+ 25=169=13 Q
(i) Current in the circuit,
|rms=§m=m=10A
Z 13
Q. 10. The a.c. circuit shown in Fig., has a choke L and a resistance R. The potential difference across
the resistance R is Vr = 160 V] and that across the choke is V. = 120 V. Find the virtual value of the applied voltage. If the virtual
current in the circuit be 1.0 A, then calculate the total impedance of circuit. If the direct current be passed in the circuit, then
what will be the potential difference in the circuit?
R L
YV —
< W e S
h Vk o VL -
()
[E =}o'si/n ot]
Sol. As VR is in phase with current | and Vi is 90° ahead of current | in phase, so the phase difference between Vr and Vi is 90°,
as shown in Fig.
|
Vims = VV2r + V2 = V1607 + 1202 = 200 V
Impedance, Z = Vims = 200 = 200 Q2
|rms 1.0
When direct current (o = 0) is passed, reactance oL becomes zero. P.D. in the circuit = P. D. across R =160 V
Q. 11. In the circuit shown in Fig. the potential difference across the inductor L and resistor R are 120 V and 90 V respectively

and the rms value of current is 3 A. Calculate (i) the impedance of the circuit and (ii) the phase angle between the voltage

R
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Sol. (i) The voltages across L and C are 90° out of these. Their resultant voltage is
Vims = VVR? + V12 = /902 + 1207 = 150 V
Ims =3 A
Impedance, Z = Vims = 150 =50 Q
|rms 3
(iiftandp=X=Vi=120=4 Phase angle, ¢ =tan™t4/3 =53.1°
R Ve 90 3

Q. 12. Fig. shows how the reactance of an inductor varies with frequency.
(i) Calculate the value of the inductance of the inductor using the information given in the graph.
(i) If this inductor is connected in series to a resistor of 8 ohm, find what would be the impedance at 300 Hz?

A
E 8y .
= 1
1
3 6_ ——————————————— { 1
@ ! .
] ! |
5 1 1 H |
B : ! :
Q [-----> 1 ' 1
= 24 L L
| 1 | 1
1 ! ! ! >
0 100 200 300 400 500
Frequency (Hz)
Sol. (i) Inductance, L= _X. (ii) From the given graph, when f =300 Hz, X. =6 Q
2nf Impedance, Z = VR? + X2 =82+ 62=10 Q
=_1 xslope of XL —f graph
2t = 1 x_8-0 =_1 =318x1073H

2t 400-0 100w
Q. 13. In the circuit shown in Fig., the current is found to lag behind the voltage by an angle of 36.9 . Calculate the

(i) Inductive reactance, (ii) impedance of the circuit,
(iii) Current flowing in the circuit, and (iv) frequency of the applied emf.
Take L = 0.1 H, cos 36.9°=4/5 and tan 36-9°= 3/4.
R=40Q L
L
Sol. ()As tand=X o~ i) lrms = Ems = 110 = 2.2 A
R VA 50
. Xt=Rtan $=40tan 36.9°=40x % =30Q (iv) Frequency, f=_X. =_ 30 =47.75A
(i) Impedance, Z = VR? + X2 2rL 2mnx0.1

=402 +302=50Q

- A.C. CIRCUIT WITH RESISTANCE AND CAPACITOR IN SERIES

Consider a resistor R and capacitor C connected in series to a source of alternating emf E given by E = Eo sin ot
P Vr =RI L VC = Xcl
< = o< C >
—_— | /2
—p R
Vc
@ [Series LR — circuit]
N\— Eosin ot

Let | be the current through the series circuit at any instant. Then
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L I8 Voltage%R = Iﬁa ross the resistance R will be in phase with current>l. So phasors%a anq>lare in same direction, as shown in Fig.
The amplitude of Vr is Vo® = Ig}
$2. VoltageVc = Xc>lacross the capacitance C lags behind the current?in phase by 7/2 rad. So phasor%c lies /2 clockwise w.r.t. the
phasorl. Its amplitude is
Vo© = o Xc where Xc is %e capacitive reactance.
By parallelogram law of vector addition, R +%L =C%

3
| S %
) 7 [Phasor diagram for a series CR-circuit]
ot al
/TE/Z ,«’/
’,%c
By parallelogram lqw of vector addition,
R+Vc =%

Using Pythagorean theorem, we get

Eo? = (VoF)? + (Vo%)? = (IoR)? + (loXc)?

= lo? (R? + Xc?)
or lo=__ Eo
VR? + X¢?
Clearly, VR? + Xc? is the effective vesistance of the sevies (2 circuit which opposes ov impedes the flow of current
through it and is called its impedance and is denoted by =>. Thus
Z=VR?+X?=VR*+1/ 0*C? [“Xc=1/oC]

The phase angle ¢ between the resultant voltage and current is given by
tan ¢ = _Vo© =loXc=Xc=1/wC
Vo8 IR R R
@ From the phasor diagram that the current ahead of emf by phase angle ¢, so the instantaneous value of
current is I =losin (ot + ¢)

¢ ¢ Numerical Examples based on series LR-circuit
L g FORMULA USED

1. Impedance, Z = Ems = VRZ + X2 = [RZ+__1
w? C?

2. Current, lrms = Erms
YA
3. Phase angle ¢ is given by
tandp=Xc=1/wC or cosp=R
R R VA
4. Instantaneous current, | = lo sin (ot + ¢)
L 2 UNITS USED
R, Xcand Z are all in ohm, capacitance C in farad and angular frequency o in rad s7*.

Q. 1. What is the value of current in the a.c. circuit containing R = 10 £, C = 50 uC in series across 200 V, 50 Hz a.c. source?
Sol. Here R=10Q, C=50 uF =50 x 10°° F, Vet = 200 V, f = 50 Hz

z= [Rm+ _1
amf

=10%+ 1
47? x (50)2 x (50 x 1076)2
=+/100 + 4053 = 64.4 Q
Current, leff= Vet =200A=3.10A
Z 64.4
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Q. 2. When an alternating voltage of 220 V 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 flows through the
circuit but it leads the applied voltage by 7/2 radian. (i) Name the device X and Y. (ii) Calculate the current flowing in the
circuit, when same voltage is applied across the series combination of X and Y.

Sol. (a) Device X is a resistor and Y is a capacitor. Z=R? + X2 C =/4402 + 440?
(b) Here R = Xc = Eeft = 220 = 440 Q =1/387200 = 622.25 Q
lef 0.5 Current, leff=Eeff=_ 220 =0.35A
When X and Y are connected in series, their impedance becomes Z 622.25

Q. 3.  Aseries circuit contains a resistor of 20 €2, a capacitor and an ammeter of negligible resistance. It is connected to a source of
220 V - 50 Hz. If the reading of the ammeter is 2.5 A, Calculate the reactance of the capacitor.
Sol. Here R=20Q, Ems =220V, f=50Hz, Ims=2.5A
Impedance, Z=Ems=220=88Q
lrms 2.5
But, Z = VR? + X
Xc = V72 - R? = /882 — 202
=+/(88+20) (80— 20) = V108 x 68 = 85.7 Q)
Q. 4.  Analternating current of 1.5 mA rms and angular frequency w = 100 rad s™ flows through a 10 k Q2 resistor and 0.50 uF
capacitor in series. Calculate the value of rms voltage across the capacitor and the impedance of the circuit.
Sol. Here ®=100rad s, Ims=1.5mA=1.5x 103 A
R=10kQ=10*Q, C=0.50 uF = 0.5 x 10°°F
Impedance, Z=[R?+ 1
w? C?
= [(10%Z+ 1
(100)2 x (0.5 x 1076)?
=108 + 4 x 108 = /5 x 108 = 2.23 x 10* Q.
The rms voltage across the capacitor is, Vims = Xc Irms = _1 X lrms
oC

= 1 x1.5x103Vv=30V
100 x 0.5 x 107®
Q.5 A20V-5WIlampis to run on 200 V - 50 Hz a.c. mains. Find the capacitance of a capacitor required to run the lamp.
Sol. Current rating of the lamp,
I=P=_5 =0.25A
vV 20
Resistance of the lamp, R=V=_20 =80Q
| 0.25
In order to run the lamp on 200 V — 50 Hz a.c. mains, a capacitor of capacitance C must be connected in series to increase the
effective resistance so that current through the lamp does not exceed 0.25 A. Then

Z2=VR2+X2= [RZ+(_ 1 V= [0+ 1 )?
2nf 314 C

As rms = Srms
Z
0.25= 200
80%+ 1 ?
314 C
or 802+ 1 =(200)2 =8002
(314 C)? [ 0.25]
or 1 =8002-802=2880 x 720
(314 ¢)?
or 1 =+/880x720=796
314C
: C= 1 =4.0x10°F=4.0uF
314 x 796
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Q. 6. Aresistor of 200 2and a capacitor of 15.0 uF are connected in series to a 220 V, 50 Hz ac source. (a) Calculate the
current in the circuit: (b) Calculate the voltage (rms) across the resistor and the capacitor. Is the algebraic sum of these
voltages more than the source voltage? If yes, resolve the paradox.
Sol. Here, R=200Q, C=15.0 uF =15.0x 10®F, Vims =220V, f = 50 Hz
(@ Xc=_1 = 1 =2123Q
2nfC 2x3.14x50x15.0x 107

Z=vVR?+X2C=+(200)? + (212.3)>=291.5Q
Therefore, the current in the circuit is

Irms=Vms=_220V_=0.755A

Z 2915Q

(b) As the current is same throughout the series circuit, we have

VR ms = Irms. R=10.755 x 200 = 151 V

V¢ ms = Irms. Xc = 0.755 x 212.3 =160.3 V
The algebraic sum of the two voltages, Vr and Vcis 311.3 V which is more than the source voltage of 220 V. These two voltages
are 90° out of phase. These cannot be added like ordinary numbers. The voltages is obtained by using Pythagoras theorem,

Ve + C=VV% + V2= V(151)% + (160.3)> = 220 V
Thus, if the phase difference between two voltages is properly taken into account, the total voltage across the resistor and the
capacitor is equal to the voltage of the source.

Ve +C=VV%+ V2 =V(151)? + (160.3)2=220 V
Thus, if the phase difference between two voltages is properly taken into account, the total voltage across the resistor and the
capacitor is equal to the voltage of the source.

Q.7. In a series R-C circuit, R = 300 €2, C=0.25 uF, V =100 V and @ = 10,000 rad s™*. Find the current in the circuit and calculate the
voltage across the resistor and the capacitor.
Is the algebraic sum of these voltages more than the source voltage? If yes, resolve the paradox.
Sol. Here R=300Q, C=0.25x10°%F, Vms=100V, ® = 10,000 rad s*
Xc= 1 = 1 =400 Q2
10%x 0.25 x 107®
Z =VR? + X% = V/30% + 400% = V160900 = 401.1 Q
Irms = Vrms =_100 =0.25A
Z 4011
VRms = Ims. R=0.25x30=7.5V
VCms = lrms. Xc = 0.25 x 400 = 100 V
Yes, the algebraic sum of the voltages across R and C is more than the source voltage of 100 V. This is due to the fact that these
voltages are not in the same phase.

Q. 8.  Ana.c. circuit consists of a series combination of circuit elements ‘X’ and ‘Y’. The current is ahead of the voltage in phase by 7/4.
If element ‘X’ is a pure resistor of 100 £, (i) name the circuit element ‘Y’ and (ii) Calculate the rms value of current, if rms value
of voltage is 141 V.

Sol. (i) The circuit element ‘Y’ is a capacitor. (ii) Phase angle p =1
4
But cosp=R cos =100 Q
YA
or Z=_100 =100+2=100x 1.414=141.4Q
1/V2
lrms=Vms=_141V =1A
Z 14140Q
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¢ SERTES ICR - CIRCUIT

Suppose a resistance R, an inductance L and capacitance C are connected in series to a

source of alternating emf € given by E= Eo sin ot
5 Vr =RI P V=Xl Y Ve=Xcl .
< ¢ ¢ >
—— VW ——l<
Vi
I |
, VR /2
2 | Vc
(L)
(~
E sin ot

Let | be the current in the series circuit at any instant. Then

o1 VoItagVR =>R I across the resistance R will be in phase with curre>nt l. So, phaso>rs VR a>nd | are in same direction,
m The amplitude of?R is VoR = IR

, R Z Xt—Xc

(i] o
?L—?C ot R

[Impedance triangle when X. > Xc]

Y

[Phasor diagram for a series LCR circuit when V. > V¢]
> >

€ 2. Voltage V. —}XL I across the inductance L is ahead of current | in phase by ©/2 rad. So, phasor Vi lies /2 rad anticlockwise w.r.t. the
phason>f.- Its amplitude is Vot =lo Xu

# 3. Voltagé Vc < Xc | across the capacitance C lags behind the current | in phase by n/2 rad. So, pha%r Vc lies /2 clockwise w.r.t. the
phasoﬁ. m 'ts amplitude is Vo© = lo Xc

As YL and?care in Qpposite directions, their resultant is (?L—?C). By parallelogram law, the resultant of?a and (?L_?C) must
be equal to the applied emf E, given by the diagonal of the parallelogram.
Using Pythagorean theorem, we get
Eo? = (VoR)? + (Vo- — Vo©)?
= (lo R)? + (lo XL — lo Xc)?
=lo? [RZ + (XL — Xc)3]
or lo = Eo
VR + (XL - Xc)?
Clearly, VR? + (XL — Xc)2 is the effective resistance of the series LCR circuit which opposes or impedance the flow of current
through it and is called its impedance. It is denoted by Z and its Sl unit is ohm (). Thus
z=4’R2+(xL—xc)2l=\] RZ + [o)L—i]Z

oC

The relationship between the resistance R, inductive reactance X, capacitive reactance Xc and the impedance Z is shown in Fig
The right angled A OAP is called the impedance triangle.

| SPECIAL CASES:
®1.

When X. > Xc or VL > V¢, we see from Fig.[i] that emf if ahead of current by phase angle ¢ which is given by
tan ¢ = XL—Xc or cosp=R

R z
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The instantaneous current in the circuit will be I =losin (ot —¢)
( The sevies (L CR-civeuit is said to be inductive. ]

®2. When X. < Xc or V1 < V¢, we see from Fig. that current is ahead of emf by phase angle ¢ which is given by

tandp=Xc—=X. or cosp=R
R z
The instantaneous current in circuit will be | =1losin (ot + ¢)
([ The sevies [/, C2-civcuit is said to be capacitive. ]

Z Xc—Xu

¢

R
[Impedance triangle when X. > Xc]

[Phasor diagram for a series LCR circuit when V. > V(]
®3. When XL =Xcor VL=Vc, ¢ =0, the emfand current will be in the same phase.
The sevies (/,C2-civcuit said to be purely vesistive)
lo= Eo or lo=_Eo or Irms = Erms

Z V2 V212 y

@ Susceptance: The reciprocal of the reactance of an a.c. circuit is called its susceptance. Its Sl unit is ohm™ or mho.

¢ s Admittance:
Reciprocal of impedance of a circuit is called Admittance of the circuit. i.e. Admittance (A)= 1/Z
---- Unit of impedance (Z) of the circuit is ohm.
---- Unit of admittance of the circuit is ohm™ i.e., mho or seimen.

solmpedance and AAIMMITTARICE -+ -+ oosrrrrerteettcattitttatiitsnssistssssstccatsatsssssssssssssssnss
The total effective opposition offered by LCR circuit to alternating current is known as Impedance. In general, impedance (Z) comprises of
three parts i.e., resistance (R), inductive reactance (X.) and capacitive reactance (Xc), where XL and Xc are opposite to each other. In series
LCR circuit, the total reactance is taken as + (X1 — Xc) reciprocal of reactance is known as susceptance. Impedance (Z) of LCR circuit can be
represented diagrammatically by Impedance triangle as shown in fig.
Z=+R? +[Lw - EIZ = VRZ+ (Xc — XL)?
C
Impedance of LR circuit is given by
Z=VR?+ (Lw)2 = VR? + X2
And is represented by fig.

4 XL —Xe Z X y/ Xc

¢ ¢
R A R A
The phase difference between current and voltage is
tanp = Lw = X

R R
(( B: S E P h Y s i C s‘:his shows that current leads the voltage by an angle of ¢ l_\ IE I: e,
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Impedance of CR circuit is given by
Z=VR?+[_1 )% =VR?+Xc?
Cw
The voltage lags behind the current by anangletand =1 =1= Xc¢

OO0 RESONANCE CONDITION OF A SERIES LCR-CIRCUIT
A sevies [, 2 civeuit is said to be in the vesonance condition when the current through it has its maximum value.
The current amplitude lo for a series LCR-circuit is given by
lo= &o

RZ+ oL— 1)2
®
Clearly, lo becomes zero both for ® — 0 and ® — . The value of lo is maximum when

oL-_1 =0 or o=_1
oC (Yo

Then impedance,Z= [R?+( wL—- 1)%2=R
oC

..... the impedance is minimum. The circuit is purely resistive. The current and voltage are in the same phase
and the current in the circuit is maximum. J7his condition of the (/,C2-circuit is called vesonance condition.
@ 7he frequency at which the curvent amplitude (J, attains a peak value is called natural or resonant frequency of the

& CR-civeuit and is denoted by vr.

% Determination of resonant frequency: or=2nvi=_1
Vic
or Vi = 1
2L
The current amplitude at resonant frequency will be
lo=Eo
R

€ ¢ IMPORTANT CHARACTERISTICS OF THE SERIES RESONANT CIRCUIT.
@ 1. Desonance occurs in a sevies (/,C 2-civeuit when
XL = Xec.
@2. Desonant frequency, vi= 1
2nLC
@ 3. 7he impedance is minimum and puvely vesistive.
@ 4. The curvent has a maximum value of (Eo/R) at resonant condition.
@5. 7he power dissipated in the civcuit is maximum and is equal to E*ms/R.
€ 6. 7he curvent is in phase with the voltage ov the power factor is unity (cos ¢ =1 when ¢ =0)
@ 7. Sevies resonance can occur at all values of resistance 2.
€38. 7he voltage across 2 is equal to the applied emf.

€9. The voltages across /, and C ave equal and have a phase diffevence of 180° and so their resultant is zevo.

€ 10. 7he voltages across /, and C ave very high as compaved to the applied voltage. Sence a sevies (/,C 2-civeuit is
used to obtain a large magnification of a.c. voltage.
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@ 11. The sevies vesonant cireuit is also called an acceptor civcuit. 4/hen a number of frequencies ave fed to it, it

accepts only one frequency v and vejects the other frequencies. 7he current is maximum for this frequency.

Conceptual tipPS.ccccccccccccccccccccccccccae
™M Resonance occurs in a series LCR-circuit when XL = Xc or or = 1/\/LC. For resonance to occur, the presence of both Land C

elements in the circuit is essential. Only then the voltages L and C (being 180° out of phase) will cancel each other and current
amplitude will be Eo/R i.e., the total source voltage will appear across R. So we cannot have resonance in LR-and LC-circuits.

Q0 QUALITY FACTOR OF RESONANCE CIRCUIT:

0 factor of series LCR circuit is defined as Zr times the ratio of the energy stored in the circuit to the energy dissipated in resistance

per cycle of a.c. supply.
i.e. Q= 2mn x energy stored in the circuit per cycle (i)

energy dissipated per cycle

¢ It measures the ability of the circuit to differentiate between different frequencies of nearly equal magnitude. It is proportion to the
sharpness of the resonance curve. Sharper the resonance curve, larger is the Q factor.
direction. The resonant frequency is independent of R, but the sharpness of peak depends on R. The peak is higher for smaller values of
R. Thus the resonance is sharp for small R and a flat one for large R.
U e sharpness of resonance is measuved by a coefficient called the quality or &-factor of the civcuit.

Moderate R

[Variation of current amplitude with frequency in an LCR-circuit]

_/_\ High R

Bandwidth =2 Aw

EXPRESSION:
In an LCR circuit, maximum energy is stored in the inductor when the current through it is maximum i.e. at resonance.
On the other hand, maximum energy is stored in the capacitor when voltage across it is maximum.

Thus, the total energy stored in the circuit remains the same.

Maximum energy stored =% Ll> = coeeem (ii)
Now, energy dissipated per cycle at resonance is in the form of heat energy produced in the resistance R in time period T.
Therefore, Energy dissipated per cycle = 1 ims RT =~ ————--—omeeeemeeee - (iii)

Using (ii) & (iii) in egn. (i), we get

((BSEPhysics, A
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Q= 2nx%L% = nll%
12 tms RT 12 rms RT (iv)
Now T= 1 ,  where v isresonant frequency and Ims = |o
Ve 2

Therefore, equation (iv) becomes

Q = Tt Llg? = 21t v L

l? R) % 1 R
2 Vi (V)

Putting 2T vi = Wo
Therefore,
Since wo =1

VLC
Therefore, Eqn. (v) can be written as

Q= 1L=|IL—
JLC R R\/c

% Q factor of series resonance circuit is also referred to as voltage multiplier of the circuit because it can also be defined in
terms of valtages. It is the ratio of voltage across the capacitor or inductor to the voltage across resistor at resonance.
i.e. Q= Voltage across C or L

Voltage across R

O Values of Q: Being ratio of same quantities, Q is just a number. It normally varies from 10 to 100. In VHF circuits, its
value may be very large

@® Importance of Q: Circuits having large factors are more selective and have

numerous applications in electronics e.g., the tuning of a radio set to a particular frequency. There are many signals

in air whose frequencies are very close to each other.

A radio set is tuned to a station by turning the tuning knob. When we turn the tuning knob of the radio, we basically change
the value of the capacitance of the capacitor of LC circuit. Thus, the natural frequency of the LC circuit is adjusted till it
matches the frequency (u) of the desired signal and the radio catches desired station. Hence, we can select the desired form a
large number of signals of nearly same frequencies.

¥ We see that if Q-factor is large i.e., if Ris low or L is large, that bandwidth 2 A is small. This means that the resonance is sharp or
the series resonant circuit is more selective.

% Tuning of radio receiver: The tuning circuit of a radio or TV is an example of LCR resonant circuit. Signals are transmitted by

different stations at different frequencies. These frequencies are picked up by the antenna and corresponding to these frequencies, a

number of voltages appear across the series LCR-circuit. But maximum current flows through the circuit for that a.c. voltage which has

frequency equal to v = 1 . If Q-value of the circuit is large, the signals of the other stations will be very weak. By changing the
27nVLe

value of the adjustable capacitor C, the signal from the desired station can be tuned in.

Antenna
bal D recei
—-=C To receiver
o
[Series resonant circuit]
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Examples based on series LCR-circuit, its Resonance and Q-Factor

*

Q. 1.
Sol.

Q. 2.

Sol.

Q. 3.

Sol.

&

FORMULA USED
1. Impedance of a series LCR-circuit
Z = Erms = VR2 + (XL — Xc)2
R2 + [(oL— 1?2
®
2. Phase angle ¢ between current and voltage is given by
tan¢p=X.=Xc or cosp=R
R z
3. Resonant frequency of LCR-series circuit (when X. = Xc), fr= 1

2nVLC
4. Q-Factor = Or =orl=1 ’_E
02— M1 R RN C

where w1 and m: are the frequencies at which current falls to 1/\/2 times its resonant value.
UNITS USED
R, X, Xc and Z are all in ohm, inductance L in henry, capacitance C in farad, angular frequencies w1, ®2 and or in rad s™.
Determine the impedance of a series LCR-circuit if the reactance of C and L are 250 £2and 220 2 respectively and R is 40 (2.
Here Xc=250Q, XL =220Q,R=40Q
Impedance, Z = VR? + (XL — Xc)?
=402 + (220 - 250)% = V1600 + 900) = 50 Q
A resistor of 50 ohm, an inductor of (20/7) H and a capacitor of (5/7) uF are connected in series to a voltage source 230V,
50 Hz. Find the impedance of the circuit.
Here R=50Q, L=20H,
T
C=5puF=5x10"°F
T T

Eeff =230V, f=50 Hz

Xe=2nfL=20x 2 x 7t x 50 =2000 Q2
T
Xc= 1 = 1 =2000 Q
Cx2nf 5/t x10¢x 2 x x50
Z =R+ (XL — Xc)?
= \/(50)2 + (2000 — 2000)? = V2500 Q=50 Q

What will be the readings in the voltmeter and ammeter of the circuit shown in Fig.?
®

= Xc=40 9ov@
—L——W

X=4.0 R=450

Impedance of the circuit is
Z=VR2+ (XL - Xc)? = Va52 + (4 - 4)2=45 Q)
Reading of the ammeter = Irms = Ems =90 =2 A
VA 45
Reading of the voltmeter = (XL—Xc) Ims=(4—-4)x2=0

A 0.3 H inductor, 60 uF capacitor and a 50 Qresistor are connected in series with a 120 V, 60 Hz supply. Calculate
(i) Impedance of the circuit (ii) Current flowing in the circuit

Here L=0.3H,C=60 uF =60 x 10°F, R=50 Q, Verr= 120 V, f = 60 Hz

(i) Inductive reactance, Xt=2mnflL=2x3.14x60x0.3=113.04Q
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Capacitive reactance, Xc= 1 = 1
2nfC 2x3.14x60x60x 10°°
Net reactance  =X.—Xc=113.04-44.23 =68.81 Q2
Impedance, Z = VR + (XL — Xc)? = V502 + (68.81)2
=+/2500 + 4734.8 =1/7234.8 ~ 85 Q)
(i) Current in the circuit is leff = Verr = 120 = 1.41 A.
Z 85

Q.5. Arresistor of 12 ohm, a capacitor of reactance 14 ohm and a pure inductor of inductance 0.1 henry are joined in series

and placed across a 200 volt, 50 Hz a.c. supply. Calculate: (i) The current in the circuit and (ii) The phase angle

between the current and the voltage. Take & = 3 for purpose of calculations.
Sol. HereR=12Q,Xc=14Q,L=0.1H

Er=200V, f=50Hz

Impedance, Z = VR? + (XL - Xc)? and, Xi=wlL=2nfL=2x3x50x01=30Q
Z2=v400=20Q
(i) The current in the circuit, (i) The phase angle O between the current and voltage is given by
letr = Eert = 200 =10 A tan =X -Xc=30-14=16=4=13333
Z 20 R 12 12 3

¢ = tan™' (1.3333) = 53.1°
Q.6. A100 mH inductor, a 20 pF capacitor and a 10 ohm resistor are connected in series to a 100 V, 50 Hz a.c. source.
Calculate: (i) Impedance of the circuit at resonance (i) Current at resonance (iii) Resonant frequency

Sol. Here L=100mH =0.1H,f=50Hz,C=20 uF=2x105F,R=10Q, Ems =100V

(i) Impedance at resonance, Z=R=10Q
(ii) Current at resonance, (i) Resonant frequency
lrms = Ems =100 =10 A fr = 1 = 1 = 112.6 Hz.
YA 10 2t VLC 2x 314 xVv0.1x2x10°°

Q.7. A series LCR circuit consists of a resistance of 10 ), a capacitor of reactance 60 Q and an inductor coil.
The circuit is found to resonate when put across 300 V, 100 Hz supply. Calculate (i) The inductance of the coil
(ii) Current in the circuit at resonance.

Sol. Here R=10 Q, Xc = 60 Q, Vetr =300 V, f = 100 Hz

(i) At resonance, XL = Xc or 2 nfL = 60 (ii) Current in the circuit at resonance is
Inductance, L=_60 = 60 =0.095 H lert = Verr = 300 = 30 A
2nf  2x3.14x100 R 10

Q.8. Arresistance of 2 ohms, a coil of inductance 0.01 H are connected in series with a capacitor, and put across a 200 volt,
50 Hz supply. Calculate (i) The capacitance of the capacitor so that the circuit resonates. (ii) The current and voltage
across the capacitor at resonance. (Take & = 3)

Sol. HereR=2Q,L=0.01H, € =200V, f =50 Hz

(i) Resonance frequency, f = 1 (ii) lesr = Eerr = 200 =100 A
2t VvLC 2
C= 1 = 1 Ve = lest Xc = lest 1 = 100
L2 L 4x(3)2x (50)2x (0.01) 27fC  2x3x50x1x10%
= 1 = =100 x 104 = 303.03 V.
4 x 9 x 2500 x 0.01 900 3300

=0.001MF=1x10"“F.
Q.9. Aninductor coil joined to a 6 V battery draws a steady current of 12 A. This coil is connected in series to a capacitor
and a.c. source of alternating emf 6 V. If the current in the circuit is in phase with the emf, find the rms current.
Sol. Resistance of the coil,
R=V=_6 =050Q
I 12
In the a.c. circuit, the current is in phase with the emf. ~ Impedance, Z=R=05Q,Ims=Ems= 6 =12A
y4 0.5

STUDY CIRCLE
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Q.10. A radio wave of wavelength 300 m can be transmitted by a transmission centre. A condenser of capacity 2.4 u F is
available. Calculate the inductance of the required coil for resonance.

Sol. Frequency of the radio wave, v=c=3x10%=10°Hz Inductance, L= 1
A 300 4n2v?iC
For resonance, = 1
V= 1 4 x 9.87 x (104)? x 2.4 x 106
2nvLC =1.055 x 108 H.

or V2= 1
4n?LC

Q.1. A 25.0 mF capacitor, a 0.10 henry inductor and a 25.0-ohm resistor are connected in series with an A.C. source whose emf is
given by € =310 sin 314 t (volt). (i) What is the frequency of the emf? (ii) What is the reactance of the circuit?
(iii) What is the impedance of the circuit? (iv) What is the current of the circuit? (v) What is the phase angle of the current
by which it leads or lags the applied emf? (vi) What is the expression for the instantaneous value of current in the circuit?
(vii) What are the effective voltages across the capacitor, the inductor and the resistor? (viii) Construct a vector diagram for
these voltages. (ix) What value of inductance will make the impedance of circuit minimum?

Sol. (i) Given € =310 sin 314 t (volt)
Comparing it with € = & sin 2 &t ft, we get
2n f =314 or f=314= 314 =50 Hz
2r  2x3.14

(i) Xc = 1 = 1x7 =127.3Q [+ 1uF=10"%F]

2nfC 2 x 22 x 50 x 25 x 10-¢

Xe=2nfL=2x22x50x01=31.4Q
7

As XL and Xc are out of phase by 180°, therefore, Net reactance = Xc - XL =127.3 - 31.4 = 95.9 Q and it is capacitive.
(iii) Impedance, Z = vVR? + (Xc - XL)? = v(25)? + (95.9)?
= V625 + 9196.81=v9821.81=99.1Q

(vi) The instantaneous current is given by
(iv) Effective current, les = Eer

| =1losin (2 =« ft + 0O)

z But lo=lerv2=222v2=313 A
But Eeit=E0=310=220V | =3.13 sin (314 t + 1.31)
v2 V2 (vii) Effective voltage across the capacitor is
leir= 220 =222A Ve = letr = Xc = 2.22 x 127.3 = 282.6 V
99.1 Effective voltage across the inductor is

(v) The phase and O is given by
tan 0 =Xc - X, =95.9 =3.84
R 25
Hence O = 75.4° or 1.31 rad.

Vi =ler XL =222 x 31.4 =697V
Effective voltage across the resistor
VR =lef R=222x25=555V

As the circuit is capacitive, the current leads the voltage by 75.4°.
(viii) Vector diagram of voltages is shown in Fig.

. (ix) Impedance, Z = VR + (XL - Xc)?
Z is minimum, if XL = Xc

or if 2nfl= 1
A 2nfC
Ve (555 V) > or L= 1 = 7x17
o ! 42 f2C 4 (22)% (50)% x 25 x 10
i = 0.405
Eef i
2129V |
Ve (282.6\) - N\
Q. 12. Fig. given below{shows how the reactance of a capacitor varies with frequency.
(i) Use the inforrLation on graph to calculate the value of capacity of the capacitor.

(ii) An inductor of inductance ‘L’ has the same reactance as the capacitor at 100 Hz. Find the value of L.
(iii) Using the same axes, draw a graph of reactance against frequency for the inductor given in part (ii).

(iv) If this capacitor and inductor were connected in series to a resistor of 10 QQ, what would be the impedance of the
combination at 300 Hz?
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[

Resistance (£2)
6

4

2 \\‘

100 200 300 400
Frequency (Hz) —»

Sol. (i) For f=100 Hz, Xc =6 Q (ii) For f=100 hz, X, =Xc=6 Q

As Xe=__1 As Xe=2nfl
2nfC Lo L= _X_ = 6 =9.459 x 103H
C= 1 = 1 =2.65x 10™F 2nf  2mx100
21 fXc 21t x100x%x 6
(iii) As X, oc f, so values of X, at difference values of f are as follows:

f (Hz) 100 200 300 400
X (Q) 6 ‘ 12 18 24

24

20 ——

16

12

100 200 300 400
Frequency (Hz) —
(iv) Now f' =300 Hz
Xc’:i. XC=MX6:2Q
f 300
XL'=L— XL=@X6=18Q
f Z=VR2+ (XU = XC')2 = V102 + (18 — 2)> = V3.56 = 18.87 Q
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A 2 pF capacitor, 100 Q resistor and 8 H inductor are connected in series

with an a.c. source. What should be the frequency of the a.c. source, for which the current drawn in the circuit is

maximum? If the peak value of emf of the source is 200 V, find for maximum current: (i) The inductance and

capacitor reactances of the circuit, (ii) total impedance of the circuit (iii) peak value of current in the circuit,

(iv) the phase difference between voltages across inductor and resistor, and

(v) the phase difference between voltages across inductor and capacitor.

HereC=2 uF=2x10°F,R=100Q,L=8H, E =200V

The current drawn in the circuit will be maximum when the frequency of the a.c. source is equal to the resonant

frequency f; of the circuit. |

fi= 1 = 1 =10%=39.8Hz | (ii) Total impedance at resonance,

2nVLC 27nV8x2x10° 8n | Z=R=100Q

|
[

(i) XL and Xc at resonant frequency, (iii) Peak value of current,

=2 nfL =2m x 103 = 2000 Q lo=Eo=E=200=2A

87 YA R 100

(iv) Phase difference between voltages across inductor and resistor = 90°
(v) Phase difference between voltages across inductor and capacitor = 180°
A series LCR-circuit is connected to an a.c. source (220 V - 50 Hz), as shown in Fig. If the voltages of the three
voltmeters Vi, V,> and Vs are 65 V, 541 V and 204 V respectively, calculate:
(i) the current in the circuit, (ii) the value of the inductor L,
(iii) the value of the capacitor C, and (iv) the value of C (for the same L) required to produce resonance.

W
NV
@ 100 2 —
220V, 50 Hz C
L
@
Here €ms =220V, f=50Hz, R=100CQ, Vk =65V, Vc =415V, V, 204 Voo Xe= _Vc = 415 =638.46 Q)
(i) If I;ms be the current in the circuit, then ! Irms 0.65
Vi = Irms R i But  Xc=_ 1
or lms=Va=_65 =0.65A i 2nfcC
R 100 C=__ 1 = 1
S - 2mfXce 2 x 50 x 638.46
(ii) As Vi = lrms Xu I =5x10°F=5pF.
Xi=_V. =204=313.85Q : (iv) Suppose a capacitor of capacitance C’ produces
lrms 0.65 : resonance with an inductor of 1.0 H. Then
or  2nfL=313.85Q ! 2nfl= 1
or L=313.85=_313.85 I 2nfC
2nf  2mx50 ! - C=_ 1 = 1
=1.0H ! 4mFP L 4x9.87x (50)°x 1.0
(iii)) As Vic = lrms Xc =5x 10 F =5 pF.

In a series LCR-circuit, the resonant frequency is 800 Hz. The half power points are obtained at frequencies 745 and
855 Hz. Calculate the Q-factor of the circuit. Also calculate the bandwidth.
Here f,=800 Hz, f1=745 Hz, f, =855 Hz
(J)a=_f1 = 800 =800=7.27 (i) Bandwidth = f, — f; = 855 — 745 = 110 Hz.
f,—fi 855-745 110
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¢ ¢CHOKE COIL
@ Choke coil: A choke coil is simply an inductor with large inductance which is used to reduce current in a.c. circuits
without much loss of energy.
@ Principle: The working of a choke is based on the fact that when a.c. flows through an inductor, current lags behind the
emf by phase angle of 7t/2 rad.
# Construction: It made of thick insulated copper wire wound closely in a large number turns over a soft-iron laminated core.
Choke coil offers a large current XL = 2 v L to the flow of a.c. and hence current is reduced. Laminated core reduces losses due to
eddy currents.
¥ Working: As shown in Fig. a choke is put in series across an electrical appliance of resistance R and is connected to an a.c.
source. This forms an LR-circuit. [Chock coil]

L R
L R I AR AT A A%

G
Average power dissipated per cycle in the circuit is
Pav = Vet letf COS Bl = Vet lefr . R
VR? + ®° L2

Inductance L of the choke coil is very large so that R < < BlL. Then
Power factor, cos@=_R =0
ol

i.e., @ Average power dissipated by the coil is very small. As Z = VR? + o? L% IS large, so current is reduced without
appreciable wastage of power.

@ Preference of choke coil over the ohmic resistance: A choke coil reduces current in a.c. circuit without consuming any

power. When an ohmic resistance is used, current reduces but energy losses occur due to heating, So a choke coil is preferred.
Uses: The most common use of choke coil is in the fluorescent tubes with a.c. mains. If the tube is connected directly across 220 V source,
it would draw large currents which would damage the tube. With the used of choke coil, the voltage is recued to an appropriate value,
without wasting any power. Choke coils are also used in various electronic circuits, mercury lamp and in sodium vapour lamp.

¢ ¢POWER IN AN A.C. CIRCUIT
The rate at which electric energy is consumed in an electric circuit is called its power. In a d.c. circuit, power is
given by the product of voltage and current. But in an a.c. circuit, both voltage E and current | vary sinusoidally with time
and are generally not phase. So for an a.c. circuit, we define instantaneous power as the product of the instantaneous voltage and

instantaneous current.

Suppose in an a.c. circuit, the voltage and current at any instant are given by

E = Eo sin ot
and I=losin (ot —¢) where ¢ is the phase angle by which the voltage € leads the current I.
The instantaneous power is given by
P =El=Eolosin ot . sin (ot — ¢) =Eo lo [cos ¢ — (cos 2 ot cos ¢ + sin 2 ot sin )]

=Eo lo sin ot [sin ot cos ¢ —cos o t sin §] 2
Eo /
2

= Eo lo [sin* ot cos ¢ — sin @t cos wt sin ¢) Eo Io [cos ¢ — cos (2ot — ¢)]
=Eo /o [(1 = cos 2 wt) cos ¢ —sin 2 ot sin ¢]
2
If we assume the instantaneous power to remain constant for a small time dt, the work done during this time is
dW = Pdt =E/ dt
Total work done over a complete cycle (i.e., fromt=0tot=T)is
T
W = [ El dt
0
Hence average power dissipated in the circuit over a complete cycle is
T
Pav=W JEl dt
T 0

(BSE Physics, AE P e
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T T
= Eolo |/ cos. ¢ dt— [ cos (2wt — ¢) dt
2T 0 0

T

= Eolo [cosd)ltl—o}:Eo_lo[cosd)(T—O)]

2T 0 2T
or Pav = Eo. lo. cos ¢
V2v2
or Pav = Erms Irms cos ¢ = Erms lrms. R
Z

00 Power €Consumed in a series LER circuit (Predominantly inductive@

Let in series LCR circuit, the phase difference between current and voltage be ¢.
The instantaneous values of voltage and current in LCR circuit are given by E

E = Eo sin wt and I =losin (wt + )
Therefore, instantaneous power input to LCR circuit are given by

Pi = El = Eolo sin wt sin (wt + ¢)

= Eolo sin wt [sin wt cos ¢ + cos wt sin P]
[Since, sin (A+B) = sin A cos B + cos A sin B]
= Eolo [sin? wt cos ¢ + sin wt cos wt sin ¢]

H
= Eolo {sin2 wtcos ¢ + 2sin wt cozs wt sin ¢] ] &
i

or Pi=Eol{[sin? wtcos ¢ + sin 2wt sin ¢] ]

) (i)

[Since, 2 sin A cos A = sin 2A]
The average power over a complete cycle of a.c. through LCR circuit is given by

T
p= f P; dt

o T
Using eqn. (i) in egn. (ii), we get

.
P =_1f Eolo[[sin2 wt cos ¢ + sin 2wt sin <|>]] dt
TO 2

T T
= Eolo{[fs.in2 wt cos  dt + [ sin 2wt sin ¢] dt}
0 o - 5

T 2
T T
= Eolo{cos ¢ [sintwtdt+ sing [ sin 2wt dt} (iii)
T 0 2 0
T T T T
Now [sin%wtdt=] [1—005 2wt ]dt = 1[ [ dt- [cos 2 wtdt]
0 0 2 2 0 0
=% [T-0]= T
. 2 - (iv)
and [sin2 wtdt=0 -~ (V)
0

Using eqgns. (iv) & (v) in eqgn. (iii). we get
P3Eolo cosdp xT+sind x0=| EoloT _cosd =EoloCosp=Eo . lo 0S¢ =Ermslms Cos ¢
T 2 2 2T 2 V2 V2

m The quantity ‘Cos ¢’ is called the power factor.
EE SPECIAL CASES:

H Pure resistive circuit: Here the voltage and current are in same phase, i.e., $ =0 and cos ¢ = 1.

Pav = Erms. lrms X 1 = Erms. Irms = E%rms
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2. Pure inductive circuit: Here the voltage leads the current in phase by &, i.e., ¢ =x
2 2 “ Pav=Ems Imscost=0
2

Thus, the average power consumed in an inductive circuit over a complete cycle is zero.

3. Pure capacitive circuit: Here the voltage lags behind the current in phase by &, i.e.,, ¢ =—1
2 2
Pav = Erms. lrms COS [— E]= 0
2

Thus, the average power consumed in a capacitive circuit over a complete cycle is also zero.

4. Series LCR-circuit: For a series LCR-circuit, Pav = Erms lrms cos ¢, where ¢ = tan™ X, — Xc. Some, ¢ may have a non-zero value for
R

series LR-, LC- and LCR-circuits. So power is consumed in such circuits, but only in the resistor R.

Hs. Power dissipated at resonance in LCR-circuit. At resonance, X, = Xc. and ¢ = 0.
So cos ¢ = 1, and Pav = Ems Ims. That is maximum power is dissipated in the circuit (through R) at resonance.

¢ BPOWER FACTOR: The average power of an a.c. circuit is given by Pay = Erms . Irms €0s ¢
Average power = Virtual emf x Virtual current x cos ¢
Ratio of true power and apparent power (virtual power) in an a.c. circuit is called as power factor of the circuit.

i.e. Power factor, cosy ¢ = P = P
Erms lrms Prms

@ Power factor (cos ¢) is always positive and not more than 1.
(i) For circuit having pure resistor, cos ¢ =1 (Since, ¢ = O)
(ii) For circuit having pure inductor or pure capacitor,cos ¢ = 1 (Since, ¢ = 1©/2)
(i) For RC circuit, cos ¢ = R

VR* + 1

w2C>

(iv) For LR circuit, cos ¢ = R = R

z VR2+[Lw—Z_qJZ

% The product Ems . Irms does not give the actual power and is called apparent power. It gives actual or true power only when multiplied
by factor cos . The factor cos ¢ is called the power factor of an a.c. circuit.

True power = Apparent power x Power factor.
Thus, power factor may be defined as the ratio of the true power to the apparent power of an a.c. circuit. Its value varies from 0 to

¢BEWATTLESS CURRENT
The current in a.c. circuit is said to be wattles if the average power consumed in the circuit is zero. The
average power of an a.c. circuit is given by Pav = Erms lrms €OS ¢

m Wattless current is that component of the circuit current due to which to power consumed in the circuit is zero.

% The phase and ¢ between Erms and lrms. The current Iims can be resolved into two components:
Srms

Irms Sin ¢ 7 [Phasor diagram]
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(a) Component Irms cos ¢ along Ems. As the phase angle between Irms cos ¢ and Erms is zero, therefore
Pav = Erms (|rms Cos (I)) €0s 0 = Erms lrms cOs (I)

(b) Component lims sin ¢ normal to Erms. As the phase angle between lrms sin ¢ and Ems is 1T, therefore
2
Pav = Erms (Irms sin ¢) cos T =0
2
7he component Iims sin § as the idle or wattless current because it does not consume any power in a.c. civcuit.
This happens in a purely inductive or capacitive circuit in which the voltage and current differ by a phase angle &, i.e., ¢ =+ x, so that

2 2
Pav = Erms Irms cOs (i T / 2) =0

Thus, the current in the circuit has no power. It flows sometimes along the voltage and sometimes against the voltage, so that

the net work done per cycle is zero. For example, when the secondary of a transformer is open, the current in the primary is
almost wattless.

m Wattful current is that component of the circuit current due which the power is consumed in the circuit.

¢ B Behaviour of Real or Ideal Resistor, Inductor and Capacitor:

(A) Real resistors. An ideal resistor has only ohmic resistance. But the real resistor, say a metallic wire possesses wire some inductance
and capacitance in addition to resistance.

When current is passes through the metallic wire (resistor), magnetic field is set up around the wire, thus it has some inductance. Two

current carrying parallel wires in the circuit possess some capacitance also.

[i]

Thus, a metallic wire not only acts as a resistor but also as an inductor and capacitor.

(B) Real inductors. An ideal inductor has only inductance. But the real inductor consists of a conducting wire wound in
the form of a coil. The conducting wire possesses some ohmic resistance. Each turn of the coil has some capacitance
also. So a real inductor is equivalent to a LCR circuit as shown in fig. {i}

(C) Real Capacitor. A capacitor consists of two parallel plates separated by a dielectric. The dielectric has high resistance
and the leads connected with the plates of the capacitor has some inductance.

So a real capacitor is equivalent to LCR circuit as shown in fig. {ii}

Plate lead

Di¢lectric material

L [ii]

¢ In an actual practice, the inductor is not pure but has some resistance may be very small. Due to this small value of resistance of an
inductor, power is dissipated in the form of heart.

 Similarly, some power is also dissipated in the form of heat produced in a capacitor.

| im-see | Neev I cse | szcus:
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OOAVERAGE POWER ASSOCIATED WITH A RESISTOR

O An ideal resistor dissipated power of V2, / R in an a.c. circuit.
In case of a pure resistor, the voltage and current are always in same phase. So we can write the instantaneous values of voltage and

current as :
V = Vo sin ot and | =losin ot T
Work done in small time dt will be =Volo [ t—sin2wt| =Volo [(T—0)-0]
dW =P dt =VIdt=Volosin® ot dt 2T 20 JO 2T
=Volo (1—cos 2 ot) dt = Volo = Vo?
2 2 2R
The average power dissipated per cycle in the resistor will be or Pa =_Volo  =Vims lrms = VZms ** Vo = Vims
T V242 R [ V2 ]
Pv=W= 1 [ dW=Volo f 1-cos 2 mt) dt
T TO 2T O

OOENERGY AND AVERAGE POWER ASSOCIATED WITH A PURE INDUCTOR
When an inductor is connected to a source of emf, the current starts growing through it. An induced emf is set up in the
inductor which opposes the growth of current through it. The external source has to expend energy in building up the current
through the inductor against the induced emf. The energy is stored in the inductor as magnetic field energy.
Let | be the current through the inductor L at any instant t. The current rises at the rate dl/dt. So the induced emf is
E=-Ldl
dt
The work done against the induced emf in small time dt is
dW=Pdt=-Eldt=+Ldl.Idt=LIdl
dt
The total work done in building up the current from 0 to lo is

lo lo
W= [dW= [LId |=L%] = 1LI¢?
0 0 2

This work done is stored as the magnetic field energy U in the inductor U =% Ll¢?

OO0 An ideal inductor connected to an a.c. source does not dissipate any power.

Average power associated with an inductor: When a.c. is applied to an ideal inductor, current lags behind the voltage in phase
by /2 radian. So, we can write the instantaneous values of voltage and current as follows:
The average power dissipated per cycle in the inductor is

V = Vo sin ot T
and [=losin(ot—x Pv=W=1 [dW==Volo [ sin2otdt
[ 2] T TO 21
—losin( T —ot) =—locos ot T T
[2 ] =+Volo(cos2wf) =Volo (cosdnt
Work done in small time dt is dW = P dt = — Vo lo sin wt cos ot dt 2T [ 20 1Tw [ T ]
=—Volosin 2wt dt 0 0
2 = Volo [cos 41 —cos 0] = Volo [1 — 1]
Thus, the average power dissipated per cycle in an inductor is zero. 1To 1Tw
Conceptual Hips..ccceeeeeiineciieceiiecccicccecencnne.
= | The energy stored in an inductor resides in the region of its magnetic field.
a The average power consumed per cycle in an inductor connected to an a.c. source is zero. The physical meaning

of this result is as follows. During the first quarter to each current cycle, as the current increases, the magnetic flux
through the inductor builds up and energy is stored in the inductor from the external source. In the next quarter of
cycle as the current decreases, the flux decreases and the stored energy is returned to the source. Thus, in half cycle,
no net power is consumed

by the inductor.
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OOENERGY AND AVERAGE POWER ASSOCIATED WITH A PURE CAPACITOR
Consider a capacitor of capacitance C. Suppose the displacement of charge q from one plate to another sets up a potential
difference V between its plates. Then V=q
C
Suppose now a small additional charge dq be displaced from one place to another. Then work done is
dW=Vdq=gdq
C
Total work done in displacing a charge g from one plate to another is

q q
W=[dW =[ gdgq= 1 @
0 0 C 2 C
This energy is stored as the electrostatic energy U in the capacitor.
U= 1 ¢g2=1CV? [+ q=CV]
2 C 2

O An ideal capacitor connected to an a.c. source does not dissipate any power.
Average power associated with a capacitor: When an a.c. is applied to a capacitor, the current leads the voltage in

phase by /2 radian. So we write the expressions for instantaneous voltage and current as follows:

V = Vo sin ot =—Volo [cos4_nt]T
and I=losin ot+ 1 =locos mt 4To T Jo
2 = — Vo lo [cos 41t — cos 0]
Work done in the circuit in small time dt will be ATw
dW = Pdt = VI dt = Volo sin ot cos ot dt = Vo lo sin 2 ot dt = —Volg[1-1]=0
2 4Tw
The average power dissipated per cycle in the capacitor is Thus the average power dissipated per cycle in a
T T capacitor is zero.
Pawv=W= 1 f dW = Vo lo fsianotdt
T TO 2T O
= Volo (~cos2 o) 7
2T [ 20 ] 0
Concetual HiPS...ccceeiinnneeccceiiiinecnnneccdenens
a Energy stored in a capacitor resides in the region of its electric field.
=] The external source has to supply an energy % CV2 to charge a capacitor to a p.d. V but this energy is returned back

during the discharging process. When the capacitor is connected across an a.c. source, it absorbs energy from the
source for a quarter cycle as it is charged. It returns energy to source in the next quarter cycle as it is discharged.
Thus, in a half cycle, no net power is consumed by the capacitor.

Examples based on Energy and power associated with A.C. Circuits

L 4 Formula Used
1. Average power consumed per cycle in any a.c. circuit, Pav = Erms lrms oS [,  Erms Irms is the apparent power
2. Power factor, cos p=R = R
Z  VRZ+XL—Xc)?
3. Average power consumed per cycle in a pure resistive circuit, Pav=E0% = Ems.  lrms = Exms

2R R

4. Energy stored in an inductor, U = % LI?
5. Average power consumed per cycle in pure inductive circuit=0
6. Energy stored in a capacitor, U=%cvi=%Q?

C
7. Average power consumed per cycle in a pure capacitive circuit =0
8. For an LCR-circuit in resonance, XL=Xc andf; = 1

2 mvLC

4 Units Used
Power Pay is in watt, current lrms in ampere, voltage Ems in volt, inductance L in henry, capacitance C in farad, energy U in

Joule and R, X, Xcand Z are all in ohm.
(B ysics, AE P o
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Q.3.
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Q. 4.
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Sol.

Q. 6.
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A light bulb is rated at 100 W for a 220 V supply. Find (a) the resistance of the bulb; (b) the peak voltage of
the source; and (c) the rms current through the bulb.
Here, Pav =100 W Vims =220V

(a) R = Vms = (220) = 484 Q) (b) Vo = V2 Vims = 1.414 x 220 = 311V
Pav 100
(C) Irms=_Pav_ = m =0.45A
Vrms 220

A capacitor and a resistor are connected in series with an a.c. source. If the potential differences across C, R are 120V, 90 V
respectively and if the r.m.s. current of the circuit is 3 A, calculate the (i) impedance, (ii) power factor of the circuit.
Ems = V2 + V2C = v90? + 120?

=V22500 =150 V Irms=3 A
(i) Impedance, Z = Ems = 150 = 50 Q (i) Power factor,cos ¢ =_Vr =_90 =0.6
|rms 3 Erms 150

In the following circuit, calculate (i) the capacitance ‘C’ of the capacitor, if the power factor of the circuit is unity, and (ii) also
calculate the Q-factor of the circuit.

200 mH 1002
C
505
-—
(i) Power factor, cos p=R=1 (ii)Q-factor=1 [T = 1 [200x103=6.32
Z RJ_Cr 10 \l 5x 107
or Z=R
: Xc=XL or 1 =27fl
2 nfC
or C= 1 = 1
4m2f2L 4 x 9.87 x (50)% x 200 x 1073 =5x10°F=50uF

An alternating voltage € = 200 sin 300 sin 300 t is applied across a series combination of R = 10 Q2 and an inductor of 800 mH.
Calculate: (i) impedance of circuit(ii) peak value of current in the circuit (iii) power factor of the circuit.
Given € =200sin 300 t
Comparing with equation, € = &o sin [t, we find that
€=200V,A=300rads™?
(i) Impedance, Z = VR? + B2 L =v10? + (300)? x (800 x 1073)? = 240.2 Q
(ii) Peak value of current, lo=E=_200 =0.832A

Z 240.2
(iii) Power factor, cos@=R=__10 =0.041
Z 240.2

A 200 V variable frequency a.c. source is connected to a series combination of L =5 H, C = 80 puF and R = 40 Q. Calculate (i)
angular frequency of the source to get maximum current in the circuit, (ii) the current amplitude at resonance and (iii) the
power dissipated in the circuit.
Here Ems=200V,L=5H,C=80puF, R=40Q
(i) Resonant angular frequency, Br=_1 = 1 =50rads™

VLC V5x80x107°

(ii) At resonance,Z=R=40Q (iii) Power dissipated in the circuit
The current amplitude at resonance, = E%ms = (200)? = 1000 W
lo=Eo=V2 Ems =1.414 x200=7.07 A R 40

R R 40

A sinusoidal voltage of peak value 283 V and frequency 50 Hz is applied to a series LCR circuit in whichR=3 Q, L = 25.48 mH,
and C = 796 pF. Find (a) the impedance of the circuit, (b) the phase difference between the voltage across the source and the
currents, (c) the power dissipated in the circuit, and (d) the power factor.
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sol. Here  €0=283V,f=50Hz,R=3Q,L=2548x103H,C=796x 10°¢F
(@) Xt=27fL=2x3.14x50x25.48 x 103=8Q ! () lms= lo = &€ = 1 =x283=40A
Xe=_ 1 = 1 =4Q | V2. V2R 1414 5
27nfC  2x3.14 x50 x 796 x 107° I Power dissipated in the circuit,
Z=VRZ+(X.—-Xc)?=vV32+(8-4)?=5Q i Pav = [%rms R = (40)? x 3 = 4800 W

(b) Phase difference ¢ is given by
tanp=XL—Xc=8-4=4
R 3 3
¢=tant4=53.1° i
3 i
Thus, the current in the circuit lags behind the voltage across the source by a phase angle of 53.1°.
Q.7. Suppose the frequency of the source in the previous example can be varied. (a) What is the frequency of the source at
which resonance occurs? (b) Calculate the impedance, the current and the power dissipated at the resonant condition.
Sol. (a) Resonant frequency of the source,
fr = 1 = 1
2mVLC 2x3.14v25.48 x 103 x 796 x 107®
=_2211 =354Hz
2x3.14
(b) At resonance, the impedance is
Z=R=3Q
The rms current at resonance,
|rms Srms—0707 80—0707>< 283 =66.7 A.
VA R 3
The power dissipated at resonance is Pav = I%ms R = (66.7)% x 3W = 13.35 kW.
Obviously, the power dissipated at resonance is more than the power dissipated in the non-resonant condition of the above example.
Q.8.  Avirtual current of 4 A flows in a coil when it is connected in a circuit having alternating current of frequency 50 Hz. Power
consumed in the coil is 240 W. Calculate the inductance of the coil if the virtual potential difference across it is 100 V.

(d) Power factor = cos ¢ = cos 53.1° = 0.6

Sol. Here left =4 A, f=50 Hz, Vert =100 V, P = 240 W
P=1%#R 240=16R
or R=240=15Q; Z=Vef=100=25Q
16 leff 4
But Z=VR2+ 22 or Z2=R2+ ®? L2
: L=v2Z2—R2=1/252-152
0 27 x50
= 20 =1H [+ ® = 2 =f]
100 5=

Q.9. Adcircuit draws a power of 550 W from a source of 220 V, 50 Hz. The power factor of the circuit is 0.8. The circuit lags
behind the Voltage. Show that the capacitor of about 1/42 1t x 1072 F will have to be connected to bring its power factor

to unity.
Sol. As Pav = Veft. leff COS ¢
: lett = Pav = 550 = 25
Veit COS ¢ 220x0.8 8
R=_Pa_=550x8x8=22x64Q [ Pay = 1% R]
12eff 25 x 25 25

tandp=sin¢p=1-(0.8)2=0.6=
cos ¢ 0.8 08 4

But tan ¢ = X,
R
Xie=tan$.R=3x22x64=42Q
4 25
For power factor to be unity,
XL =Xc or oL=_1
oC
or c= 1 =1 =1 .1=_1 .1 [+ oL =X or C=_1 x1072F
Ll X, 2xnf X, 100mw 42 427
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Q. 11. Show that if a coil of self-inductance L and resistance R is connected to a source of emf,
&= & sin wt, the average power consumed is % &7 R / (R? + & L2).

Sol. Given € = & sin ot

I =losin (ot —¢), where tan¢=ol

R
The power is consumed only across the resistance and not across the inductance. So average power consumed per cycle is
T T
Pav=_1 [PRdt=_1 [lo?sin?(wt—¢)Rdt =1?R[T-0)= € R
T O T O 2(R2+ @? 1?)
T s o= &o
=12R [ 2sin? (ot - ¢) dt 2(R2+ 0?1}
2T 0 = 1R [[1-cos 2 (wt—¢)] dt
2T

noLC-OSCILLATIONS

“Y/hen a charged capacitor is allowed to discharge through a non-vesistive inductor, electrical oscillations of constant
amplitude and frequency ave produced. These oscillations ave called (/,C-oscillations”.

Qualitative explanations for the production of LC-oscillations:

¥ Fig. (a) shows a capacitor with initial charge qo connected to an ideal inductor. The electrical energy stored in the charged

capacitoris Ue =1 go® As there is no current in the circuit, the energy stored in the magnetic field of the inductor is zero.
2 C

¥ As the circuit is closed [Fig (b)], the capacitor begins to discharge itself through the inductor, causing a current |.
As the current | increases, it builds up magnetic field around the inductor. A part of electric energy of the capacitor gets
stored in the inductor in the form of magnetic energy, Ug =% LI?

¥ At the later instant [Fig. (c)], the capacitor gets fully discharged and p.d. across its plates becomes zero.
The current reaches its maximum value lo, the energy stored in the magnetic field is % Llo% Thus the entire electrostatic
energy of the capacitor has been converted into the magnetic field energy of the inductor.

X After the discharge of the capacitor is complete, the magnetic flux linked with the inductor decreases, inducting a
current in the same direction (Lenz's law) as the earlier current, as shown in Fig. (d). The current thus persists, though with
decreasing magnitude, and charged the capacitor in the opposite direction. The magnetic energy of the inductor begins to
change into the electrostatic energy of the capacitor. this process continues till the capacitor is fully charge [Fig. (e)]. But it is
charge with a polarity opposite to that in its initial state [Fig. (a)]. Thus the entire energy is again stored as % qd%/C in the
electric field of the capacitor.
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[The oscillations in an LC-circuit]

¥ The capacitor begins to discharge again, sending current in opposite direction [Fig. (f)]. The energy is once again
transferred to the magnetic field of the inductor. Thus, the process repeats in the opposite direction [Fig. (g) and (h)].

The circuit eventually returns to the initial state [Fig (a)].

Thus, the energy of system continuously surges back and forth between the electric field of the capacitor and the magnetic
field of the inductor. This produces electrical oscillations of a definite frequency vo. These are called LC-oscillations.
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If there is no loss of energy, the amplitude of the oscillations remains constant as shown in Fig. (a). Such oscillations are
called undamped oscillations.

«—Amplitude —>

Time — [(a) Undamped oscillations]

O LC-oscillations are usually damped | reasons |:
O1. Every inductor has some resistance. This causes energy loss as heat. The amplitude of oscillations goes on
decreasing and the oscillations finally die out.
O2. Even if the resistance were zero, the total energy of the system would not remain constant. It is radiated away in
the form of electromagnetic waves. In fact the working of radio and TV transmitted is based on such radiations.
m (i) /n LC circuit, resistance of the circuit plays the role of friction which decreases the amplitude of the oscillations.
m (ii) As energy in the LC circuit is dissipated in the form of heat, so LC circuit becomes warmer.
m (iii) With the rise in temperature, the resistance of the LC circuit increases and hence the dissipation of energy becomes
faster. As a result of this, the amplitude of LC oscillations decreases rapidly.
m An electric circuit containing an inductor of inductance (L) and a capacitor of capacity (C) connected in parallel is called
as tank circuit.

Examples based on LC-Oscillations

g FORMULA USED
1. Angular frequency of free oscillations of an LC-circuit, o=_1
Vic
2. Frequency of free oscillations of an LC-circuit, f= 1
2L
3. Instantaneous charge on the capacitor, g =qo cos ot
4. Instantaneous current in the LC-circuit, 1=—-dq =losin ot, where lo=® qo
5. Electrical energy stored in the capacitor at any instant, Ue=%.q2
C
Ue™* = % . go?
C
6. Magnetic energy stored in the inductor at any instant, Us =% LI2
Us™* =% Llo?
7. Total energy stored in the LC-circuit, U=Ue+Us=%.00% =% Lle?
C
4 UNITS USED :Charges q and qo are in coulomb, current | and lo in ampere, inductance L in henry, capacitance C in

farad, angular frequency o in rad s72, and energies U, Ue and Us are in joule.
Q. 1. Calculate the wavelength of radio waves radiated out by a circuit consisting of 0.02 uF capacitor and 8 uF inductor in series.
Sol. Here C=0.02 uF=0.02 x 10°F,L=8 uF=8 x 10°H

f=_ 1 = 1
27nVLC 27V0.02x10°x8x 107
=3.98 x 10° Hz
The wavelength of the radio waves produced is A=c= 3x10® =754x10"m

f 3.98x10°
Q. 2.  Aninductor of inductance 2.0 mH is connected across a charged capacitor of capacitance 5.0 uF and the resulting LC-circuit is
set oscillating at its natural frequency. Let q denote the instantaneous charge on the capacitor and I the current in the circuit.
It is found that maximum value of charge q is 200 uC.
(a) When q = 100 uC, what is the value of dl ?
dt
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(b) When q = 200 uC, what is the value of I? (c) Find the maximum value of I.
(d) When | is equal to one-half its maximum value, what is the value of q?
Sol. HereL=2.0mH=2.0x13H,C=50uF=50x%x10°F | and di/dt = go w? cos ot = w? q
The natural frequency of LC-oscillations is given by | (a) When g =100 uC=10"C,
wo=_1 = 1 | dl=w?q=10%x 10" =10*As"
VIC V2.0x10°%x5.0x 10 | dt
=10%rad s? i (b) Here g =200 uC. Also go = 200 uC
The charge on the capacitor at any instant t during LC-oscillations, I As g = go cos mt 200 = 200 cos ot
g = go cos mt ©oor cosot=1 or ot=0°
| =—dqg =qo o sin ot =lo sin ot I I=go®sin0°=0

dt !
This can also be followed from the fact that when g = 200 uC = qo, the capacitor is fully charged. At this instant, the current
in the LC-circuit is zero.

(c) lo=® qo=10% x 200 x 10 = 2.0 ! ot =30°
(d) I'=1losin ot ! Here  q=qocos mt=200x 107 x cos 30°
When | = 1o/2, we have i =200 x 10 x 0.866

lo = lo sin ot or sin wt=0.5 i =173.2x10°C=173.2 uC.

:
s

L b/ time
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E time
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